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GENERATION AND TRANSMISSION

In this issue of the Review we conclude our 
series of articles on the War Work of the 
General Electric Company, which will have 
shown our readers how thoroughly the 
resources of the Company were devoted to 
helping the National cause. The bulk of this 
issue is, however, devoted to a special collec
tion of articles on Power and Transmission 
which will emphasize the fact that, although 
the armistice was signed only a year ago. those 
who were so ardently working for the great 
cause have lost no time in turning their atten
tion to the cause t>f peace.

In many respects the articles in this issue 
form a remarkable collection; they show the 
magnitude of some of the tasks that confront 
the engineer of today. It was only a few years 
ago that the engineer was puzzling over 
armature connections and what today would 
appear as simple electric circuits. At the 
present he is studying electric circuits which 
embrace a host of towns, many counties, and 
in some instances a number of states.

It was only a few years ago that we pointed 
with pride to some of our large power houses 
and talked of their ‘'enormous" capacity and 
told of the load they were carrying, the 
number of lights they were supplying, the 
street railways they were operating, and then, 
later, of the power load that was being added.

A later development was tying some of 
these stations together in a single town, but 
now, as it is told in some of our articles, many 
towns are tied together. In building up such 
interconnected systems many stations can be 
eliminated. In Air. Hunt’s article an instance 
is cited where as many as 121 plants were 
abandoned. Now hydraulic power sources 
have been connected up with steam power 
houses and the network of transmission lines 
span many states. Enormous economies have 
been secured in this way. The movement on 
foot now is to tie these systems themselves 
together until it looks as if the future will see 

whole countries served by comprehensive 
carefully planned systems of transmission 
lines. The control of such large ¡lowers 
presents peculiarly difficult problems, many 
of which are dealt with in this issue.

We shall leave the reader to learn of these 
developments from the articles themselves as 
we wish to point out that there is a perfectly 
definite reason for these developments and 
that, as in previous perio Is of our history, it is 
the engineer who has realized the situation 
and is working to meet it.

We ha\ e heard a great deal of the conserva
tion of fuel, and, indeed, a series of articles is 
still appearing in our columns on this imp >r- 
tant subject. Coal, water an 1 oil are our 
chief sources of energy, and water is fast 
becoming of paramount importance, but we 
are interested only in our fuel resources as a 
means of getting energy, and one of the chief 
considerations that concerns us is how to get 
the energy from its source to the place where 
we want to use it. This is just why electric 
transmission lines are to play such an impor
tant part in our future welfare.

With an electric transmission line the con
version of the chemical energy in coal or oil, 
or the mechanical energy of falling water. < an 
be carried out at the s >urce and the electrical 
energy can be transmitted to the actual place 
of use. It can be taken into the factory, 
street or home ami there converted into heat, 
light and mechanical energy as the case may 
be. What is of still great; r importance is that 
this form of energy is un ler the most wonder
fully ’perfect control. It is available day and 
night. The closing of one switch may start 
a huge motor in a steel mill, the closing of 
another switch may light a city street with arc 
lamps, and the closing of a third may heat 
the baby’s milk in a nursery There is no 
other form of energy that can be used so con
veniently as electrical cm rgy. There is no 
other known form of energy that can be so 
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economically derived from so many other 
forms of energy, transmitted over great 
distances and then converted to the form of 
energy required at the spot where it is wanted. 
There is no other form of energy that can be 
handled with so little labor.

So the main purpose of our great trans
mission systems is to provide energy wherever 
it is needed. This has been done so success
fully in the past by electricity that its use is 
extending all the time and we are daily becom
ing more dependent upon it.

If future progress can be judged by the past 
we shall soon be absolutely’ dependent upon 
our transmission systems for our supply of 
energy in the factory and in our homes. It is 
a recognition of this that is causing the 
engineer to take such pains to devise appa
ratus that will assure continuity’ of service.

With all our enthusiasm for our work and 
our pride in our accomplishments, we must 
remember that with the growth of civilization 
and industrialism man has made the children 
of his own creation the master of his destinies. 
Should machines of his own making.suddenly 
fail a large percentage of the population would 
perish. The more civilized the area, the 
greater would be the percentage to die. 
Imagine ^■transportation facilities to New 
York, London, Paris and some small town in 
the West to fail suddenly. The loss in the 
large cities would be appalling, while the 
inhabitants of the smaller communities might 
suffer more from inconvenience than from 
actual lack of necessities.

The further we progress the more intensi
fied w’ill these conditions become and larger 
will be the percentage of people who will 
become absolutely dependent on man-made 
devices for the necessities of life. This is 
serious but inevitable. There is no chance so 
far as the human mind can see of altering this 
condition of affairs. Man must become more 
and more dependent for his everyday neces
sities on the work of man. Machines have 
civilized the world and on machines men must 
depend. Of course the seriousness of this 
depends on how well man-made machines are 
made and how well they are operated. Past 
experience has shown t hat man has made good 
machines and that they have been operated 
with an extraordinary degree of success, and 
both past and present conditions would 
indicate that the engineer is thoroughly’ aware 
of the extreme importance of making develop
ments to keep pace with the requirements or 
of even setting the pace.

Ei ery machine built requires energy to 
operate it. The least important may be 
operated by’ human energy- or some small 
energy storing device such as a spring, but 
the more important machines must depend for 
their supply of energy upon some remote 
source —the coal mine or the waterfall.

We feel that the series of articles in this 
issue show how thoroughly the electrical 
engineer is awake to the importance of his 
work, and how hard he is working to perfect 
his part of the great plan of modern life. 
We sometimes wonder whether the mechanical 
engineer is as fully alive to the importance of 
making his machines as efficient as they might 
be made by applying the same methods of 
research to their production as the electrical 
engineer has applied in bringing electrical 
apparatus up to its present wonderful state of 
efficiency.

It is interesting to contemplate what 
machines are doing today and still more 
interesting to think of what they may be 
made to do in the future. The steam engine 
is still in its infancy—and the results that may 
be achieved in mechanical science are just as 
far reaching as those we are so constantly- 
hearing of in the realms of physics. There is 
just as much need for research in mechanics 
as there is in other sciences and we expect to 
see many- new developments when the same 
methods of research are applied. The higher 
cost of labor demands that more work be done 
by machines and also that machines be made 
more efficient. .

If we are to rely on machines and on electri
cal energy more each year for the necessities 
of life, we must make our machines as effi
cient as it is possible to make them, and further, 
we must guard ourselves by providing assur
ances that they will be operated for the good 
of the communities they serve. Operators 
must be made to understand that they- are 
public servants and that any interference with 
service for selfish reasons is a crime against 
the c( immunity. The more we do by machines 
the greater responsibility we are placing in the 
hands of those who are responsible for the 
operation of our transmission systems, because 
after all, machines are but machines, and we 
must still depend upon our fellow man to 
operate them. Kipling, in the “Secret of the 
Machines,’’ tells this part of the story well— 
“Bw remember, please, the Law by which we live,

We are not built to comprehend a lie, 
We can neither love, nor pity, nor forgive,

If you make a slip in handling us you die!
J. R- H.
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Some Fundamentals of Engineering Economics
By D. B. Rushmore

Chief Engineer, Power and Mining Engineering Department, General Electric Company

For the ordinary comforts and luxuries, attainable today, many of which we have come to look upon as 
necessities, we are indebted, in part, to the discovery that man can enhance his own productiveness many fold 
by substituting mechanical power for his own labor, and in part to the. wonderful discoveries and inventions 
which have made available nature's vast stores of energy for this purpose. The author sketches the evolution of 
the present industrial era, and draws attention to the dependence of our prosperity upon an ever increasing use 
of power as a substitute for human toil. That research and invention should be encouraged is emphasized as a 
condition preeedi nt to our continued development along the lines of material betterment Mention is made of 
the more imj ortant problems resulting from our present use of electric energy in the industries, and a plea is en
te red for a greater measure of co-operation between manufacturers and users of electrical apparatus in their 
station —Editor.

Every age has problems peculiar to itself, 
and history is a record of the continuous 
evolution incident to their solution. The laws 
of nature are immutable and xve prosper as 
xve recognize and xvork in accordance xvith 
them or suffer as xve run counter. The method 
of attacking any problem is first to collect the 
facts and then carefully and intelligently to 
analyze the principles and natural laws which 
are involved. The deductions therefrom are 
applied with judgment to the modified con
ditions of a new problem.

What are then the important problems and 
difficulties of the present time? Primarily 
there is a demand for a life containing more 
happiness. The individual wants, amongst 
other things, more to say regarding his own 
destiny, more opportunity for self-expression 
and the satisfaction derived from useful 
achievements, and. incidentally, more of what 
we call wealth, that which contributes to the 
satisfaction and pleasures of mankind, and 
that for which man will give his work in ex
change.

No political or industrial democracy can be 
founded xvith safety on anything but the in
telligence and character of the people xvho 
compose it, and among these mental posses
sions must be included a knoxvledge of funda
mental economics. From this standpoint, 
xvhat claims have xve for membership in such 
an organization and xvhat in this direction are 
xve doing to prepare ourselves or others for the 
responsibilities connected there with?

We must understand, and xvork in ac
cordance xvith, the laws of nature and of 
economies, or suffer accordingly . At the pres
ent time many* of us are suffering; xve do not 
want to; we do not clearly understand why’ wc 
are. We are trying to strive intelligently and 
energetically to remove the difficulties and 
to find a solution to the problem.

Never before in our history have such 
great things been involved in xvorld problems, 

and never before has there been such neces
sity’ for clear and correct thinking. On being 
right in our conclusions will depend the happi
ness of many’ hundreds of millions of human 
beings.

We can here treat of but one phase of this 
situation—the increased production of xvealth 
in order that the amount per capita may be 
sufficient.

Wealth, the commodities xvhich satisfy’ the 
demands of life for food, shelter, clothing, 
heat, light, etc., is produced in certain 
amounts each year and only’ the amount ac
tually produced is available for distribution. 
What, then, are the elements involved in the 
production of xvealth and hew can these be so 
modified as to increase the output?

For our present purposes all wealth may be 
said to be created by operations comparable 
to those of a manufacturing company. The 
raxx’ materials of nature, of the animal, 
vegetable, or mineral kingdoms found in the 
earth, water, or air are converted into finished 
products for ultimate consumption by various 
manufacturing processes xvhich involve, 
among other things, poxver driven machinery, 
energy in various forms, and labor. Labor, on 
careful analysis, is a combination of poxver and 
intelligence- -txvo factors xvhich xvhere possible 
should be, and often are, separated—man 
supplying the intelligence, nature the power. 
The elemental raxx materials have existed in 
fixed quantities and locations since the coming 
of man. Civilization has continuously’ im
proved, and the material condition of the 
xvorld has generally been one of steady’ ad
vancement. In part, the explanation is found 
in the influence of inx’ention and discoveries, 
and in part in the utilization of large sources 
of energy xvhich are available as a substitute 
for the physical xvork of man.

The development of articulate speech, the 
discovery’ of fire, the invention of the boxv 
and arroxv, the domestication of animals, 
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and tin- discovery of methods l<.r preparing 
and working iron, all mark eras <>f progress in 
the upward march of mankind. So also are 
distinct advances marked by the ¡mention of 
writing, of gunpowder, of the compass, of 
paper and the printing press. At last came 
the steam engine and the great era ot in
dustrial development during which man began 
to use the forces of nature for his own pur
poses. Since then inventions have become too 
numerous to mention. Formerly man con
sumed as power only the energy which he per
sonally produced. Then the wild animals 
xvere domesticated, and. especially for trans
portation purposes, served as prime movers 
for poxver purposes—thermodynamically the 
most efficient ever developed. Energy from 
the earth’s rotation and from the sun, the lat
ter found in many forms and places, xvood, 
eoal, oil, gas and xvater power, utilized in 
machines of man’s invention, is the basis of 
our present industrial activity. The material 
status of a civilization may. therefore, be 
judged by the energy consumption per capita. 
The xvhole age is denoted by, and is dependent 
upon the increased use of poxver in the various 
economic activities. No reiteration of such 
fundamental facts can properly! be called 
trite. They constitute the basis of a policy for 
future ¡flans.

The cost of most finished products is. in a 
very large measure, made up of the xvages paid 
to labor. If xve take the various costs in
volved in making a finished razor blade from 
the iron ore lying in the ground xve shall find 
that labor, directly or indirectly, has received 
by* far the largest part of the expenditure. 
This being true, a change in xvages or in the 
return paid to labor is reflected almost di
rectly in the cost of the product, and. therefore, 
increasing xvages mean necessarily increasing 
prices and the “vicious circle" is in full opera
tion;

At the present moment the high cost of liv
ing is one of the most important problems in 
the xvorld. People of all classes are beginning 
to understand that merely raising xvages is 
not a solution. The xvorld is short of com
modities. What xve need is increased pro
duction, increased efficiency in production, 
and a decreased labor cost per unit of output. 
This only xvill solve the problem. High 
xvages and loxx* labor cost per unit are not by 
any means incompatible, but all restrictions 
on production must be removed, all possible 
increases in the efficiency of production must 
be attained and also, at a time like this, 
every* possible indix'idual and collective

s_T

economy in consumption should I»- pi.e in । d 
< Inly along these lines ol -onnd ” "nomc < an 
the serious problem of high lr. me <o • b>-
solved

Xow what is our object ' In par’ a’ 
least, to produce in this country an 1 in the 
world more wealth so that we may all have 
more of those things which arc nwo-ar: for 
life. More pro hu tion. that is the thing of 
first importance. Without greater labor and 
more hours it means more research, more dis
covery and invention, more labor saving and 
automatic machinery, more utilization of the 
materials and forces of nature for the pury es 
of man. in fact, more fagme ring. From the 
age of human labor we come, through the sub
stitution of ¡lower driven machinery for physi
cal effort, to the greatest of present and future 
economic needs, an available supply of en rgy 
in large quantities and at a minimum cost. 
()n this our present civilization, and still more 
the hope of a better future, absolutely depends.

In treating the economic question from its 
industrial aspect, the question of power sup
ply is of paramount importance. Power sup- 
olx- at present is derived from a limited num
ber of sources of energy—coal. oil. gas, and 
xvater poxver. ()ur coal deposits are limited in 
quantity ami xvhen once use 1 are not replace
able. The same holds true of oil an 1 gas. 
But the xvonderful source of energy known as 
xvater poxver is only xvasted xvhen it is not 
used, and is being continuously renewed. 
The pressing demands of the present, and 
ordinary precautions of preparedness for the 
future, urgently- deman 1 the development of 
all water poxvers up to the limit of commercial 
feasibility. The nation nee Is these as it needs 
no other natural asset and the public is 
rapidly coming to understand and appreciate 
the vital importance of this situation. The 
millions of dollars of energy xvhich are an
nually xvasted in this country at such places 
as Niagara Falls and elsexvhere by the non
utilization of water ¡lower constitute an eco
nomic crime of the first magnitude. That all 
parties interested in the development of such 
xvater poxver should be properly safe-guar led 
and protected is admitte 1 by all.

The development of xvater ¡lowers must 
follow all of the economic laws in xvhich 
labor, capital investment, and < mpetitive 
sources and methods are involved. England 
and other countries of Europe on which the 
economic pressure has been greatly increased 
of late are directing their attention forcibly to 
the importance of this subject of xvater poxver 
development. and from an econom^Wtand-
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point there is nothing in ihc whole world of 
greater importance to its inhabitants. Table I 
gives important data concerning the water 
|xwer of North America and Europe, ;m>l 
Table 11 shows the horse |><iwer used by the 
leading manufacturing industries in the 
United States. These tables show very forci
bly what a tremendous factor power has be
come in our modern civilization. Fig. t is of 
special interest as it shows the distribution of 
hydraulic power sources in our own country.

The location of an industry is a matter of 
great importance and not only present, but 
future conditions of labor, transportation, 
manufacturing facilities, and power supply 
must be considered. In general, the most 
economical site for a water power development 
is not always that best suited for the manu
facturer who consumes the energy produced; 
hence power transmission is nearly alwaw 
essential. The great diversity of load on 
modern distributing systems and the peculiar 
character of some manufacturing processes 
renders an interruption to power supply of 
great importance. Water power develop
ment ami high voltage power transmission 
must necessarily compete with local steam 
plants utilizing fuel, not only in cost, but also 
in quality of service. The difficulties to be 
met with at each new step in the development 
of high voltage transmission, as regards the use 
of increasing pressures, the complexity of net
works, the magnitude of the power generated 
and distributed from particular points, and 
the amount of power which can be con
centrated at a particular fault, have made this

ii< d< I of engineering mil onl , on< ■ ! ■ ।'
imporlam-c but also om- r< rpiiri11; I ’no ’ 
studv ami expcrH-mc. It i . a till>nl< ■ . il ■

TABLE 11

PRIMARY HORSE POWER USED BY
LEADING MANUFACTURING 

INDUSTRIES

IH1 I ChSsrs
Agricultural implement.-...................... 121,428
Automobiles including bodies and part 173,<18 I
Boots and shoes, including cut slock and

findings......................................................... 1 1 2.' <2 •
Bootsand shoes, rubber............................. L.’
Brass, bronze and copper products......... 1 J2.7OO
Bread and other bakery products...........  107,771
Brick and tile...................................... 170,70s
Cars and general shop construction and

repairs by steam railroad companies. 13.3,99 1
Cement................................................. 190, lu2
Chemicals............................................ 282,3«
Copper, tin and .-.heel-iron products. . . . 75,263
Cotton goods, including cotton small

wares.................................................. 1,515,953
Electrical machinery, apparatus, and 

supplies................................................ 227,731
Fertilizers.............................................. 114,281
Flour-mill and grist-mill products. . . . 02,381
Foundry and machine shop products . . l,12'.i,768
Ice, manufactured........................... 161,988
Iron and steel blast furnaces......... 1,222,273
Iron and steel, steel works and rolling

mills............................................................. 2,70l),7>53
Leather, tanned, curried md finished. . . 172,712
Lumber and timber products.................... 2,796,902
Paper and wood pulp................................... 1,621,154
Printing and publishing............................... 335,210
Slaughtering and meat-packing .............. 260,996
Smelting and refining, copper................... 04,980
Woolen, worsted and felt goods, and 

wool hats................................................. 398,367

Total all industries

TABLE I

WATER POWERS OF NORTH AMERICA AND EUROPE*

Country Area Sq. 
Miles

Population 
Latest 
Census

U.S.A....................
♦Canada “A” 
jCanada “B” .
Populated . . . 
Austria-Hungary, 
France..................
Norway..............
Spain.....................
Sweden.................
Italy ......................
Switzerland.........
Germany............
Great Britain . . .

2,973,S90 
2,090,1)1)0

927,S00
\ 261,2911

207,500 
124,130 
190,401 
172,960 
91,400 
15,976 

20S,S00
SS,729

98,783,300 
8,033,500
8,000,000

51,173,800
39,601,500

2,391.7.80
19,588,700
5,522,4110

28,601,600
3.781,500

64,926,000
40.831,400

H.P 
Available

H.P.
Developed

Per 
Cent 
Util
ized' !

H.P.
Av 1 
able

Per Sq. 
Mile

H.P i 
Devel
oped 

Per Sq.
Mil

H.P. per Capita

Avail
able

Devel
oped

2S,100,000t 7,000,000
24.9 i 9.4 2.35 0.2s 0.071

18.S03.0l 10 1,735,000 9.2 9.4 0.87 2.34 0.216
8,094,000 1,725,000 21.3 . S,7 1.S6 1.01 1.216
6,460,000 566,090 S.S 24.8 2.17 0.13 0.011
5,587,000 1,109,000 11.6 26.8 3.14 0.14 0.016
5,500,000 1,129,000 20.4 44.3 9.02 2.30 0.46s
5,000,000 440,000 26.3 2.31 0.26 0.022
4,500,000 704,500 15.6 26.0 l.i IS O.Sl 0.127
4,000,090 976,309 24.4 43.S 10.7 9.14 0.034
2,000,090 511.099 125.2 32.0 9.53 9.135
1,425,000 61S.109 43G 6.8 2.'16 0.92 0.010

963,000 89,909 ! 8.3 J 10.9 0.91 1 0.92 0.002

■ From the Electrical Xews April 15. 191S.
t This represents continuous power. Compare with the value given on page $22 154 millions!, which evidently represents the maximum 

,, power available during a certain portion of the year, thus requiring considerable auxiliary reserve to make it continuous.
* ''A" excludes Yukon and Northern Area improbable of immediate development. ”B" included in "A" in area actually settled.
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careful study of those engaged on this work 
that increasing distances and higher voltages 
have been attained without increasing the 
troubles involved, and in many cases actually 
reducing them.

Every man in business knows that pro
duction in general naturally overtakes de
mand. All business men and manufacturers 
of every kind are engaged in a study and effort 
to legitimately increase the demand for their 
goods. This is so well known, so entirely 
proper and desirable, and so generally adopted 
as not to need discussion. Public utility con
cerns devote not a little time and money to 
investigating new loads for their systems. 
Manufacturers of power machinery of all 
kinds are naturally interested in new fields 
and opportunities for the use of their prod
ucts, and in many cases new apparatus and 
developments have been worked out with the 
joint co-operation of the manufacturer, the 
utility, and the consumer. The close rela
tionship which has existed between these 
three parties to the electrical industry and 
the clear appreciation of the mutual diffi
culties and problems involved have been an 
important factor in the rapid development of 
the electrical industry.

Electrical machinery, as is well known, is so 
complicated in its own characteristics, and is 
involved in such a variety of factors in con
nection with its application that it cannot be 
sold by the same methods utilized in many in
dustries. Sugar is a standard product ami the 
buyer does not need expert advice or any 
specific tests or inspection in purchasing such a 
commodity. With electrical machinery, how
ever, matters are different. The technical 
ability which has been developed in con
nection with this industry is such that in many
cases the engineers of a particular establish
ment, or those employed by a public utility- 
are fully competent to purchase and operate 

electrical apparatus without special assistance 
from the manufacturer. Many- consulting 
engineers are also doing excellent work in 
helping to solve the problems involved in 
these situations, especially- with regard to 
large developments.

The necessities of the situation, however, 
require, and the manufacturers of electrical ap
paratus recognize, that they- owe to the public, 
to the purchaser, and to all parties involved, a 
duty for the successful and satisfactory per
formance of their products. This is met by
maintaining an organization of many highly- 
trained engineers who have devoted years of 
study to the peculiar requirements of the ap
paratus manufactured and the conditions of 
its application. A great many years of ex
perience, a wide acquaintance with systems 
and individuals, and a continual activity in 
studying possible advances has developed a 
corps of engineers who have become experts 
on the work of power generation and trans
mission.

To sum up in a few words the essence of the 
present economic situation, we can say- that 
the greater part of the wealth produced each 
year is the result of industrial activity. In
dustrial production is fundamentally de
pendent upon labor and power supply. The 
great demand of the present moment is for an 
increase in production in all lines of com
modities necessary- for life. Production 
necessitates the investment of capital, the 
contribution of real work on the part of labor, 
utilization of inventions and discoveries, the 
supply of energy available in large quantities 
and at low cost, and the continued develop
ment of highly trained and efficient intelli
gence for the utilization and harmonious 
operation of these factors. With these clearly 
understood and faithfully applied, the serious 
and important problems of the present and 
the future will be successfully solved.
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Power transmission is still in its infancy, 
from the point of view of its place in our 
industrial organization. It is difficult for 
those who have seen and taken part in the 
advances of the lust 2(1 years to appreciate 
that these advances have brought us to a 
merely preliminary stage and that the present 
transmission developments are casual and 
small scale in comparison with the coming 
system, which is to constitute the backbone 
of our industrial civilization.

As an industrial factor, electrical power 
transmission has hitherto been tentative and 
semi-experimental. Transmission has only 
recently been developed to a point where it 
is capable of assuming its eventual industrial 
responsibilities, and the industrial and eco
nomic situation has not been ripe for such 
comprehensive handling of the power supply 
problem as would afford scope for full develop
ment of electrical transmission. But the 
period of reorganization and readjustment 
following the war has, with startling sudden
ness, opened opportunities for large scale 
development, and the ¡»eriod of intensive 
industrialism into which we are about to 
enter will convert these opportunities to 
urgent necessities.

That we are on the threshold of a period 
of unprecedented industrial activity we must 
believe, if we believe in the industrial future 
of America, since the developments of the next 
five or ten years will determine whether 
America is to be the predominant industrial 
nation or primarily, in an international sense, 
a mere producer of raw materials and a con
sumer of industrial products. The United 
States, with half of the world’s coal resources, 
must eventually be the ¡ire-eminent center of 
industry. There are no compelling reasons 
why it should not so establish itself during 
our generation. In any event, whatever the 
extent or rapidity of our industrial develop
ment, power supply is destined to be one of 
its most important problems, and electrical 
transmission of energy the principle around 
which the solution of the power supply 
problem will be built.

Significance of Power Supply
'I’lie greatest, step in the hi:.tore of human 

advancement was the establishment. k than 
a century ago, of Ilie so-called " Factory 
System" in England, and the accompanying 
period known as the "Indu-trial Revolu
tion." This movement, the beginning of 
modern industrial civilization, consisted es
sentially of the organized and specialized 
production of manufactured commodities, 
and was based upon and particularly char
acterized by the extensive use of mechanical 
power. A second great -tep was the develop
ment on a comprehensive scale of transporta
tion facilities—railroads and steamship lines— 
an essential condition to a large industrial 
system, since it freed the factories from close 
local limitations as to supply of raw materials, 
supply of fuel for power and distribution of 
manufactured products.

An equally important and significant step 
will be the establishment of a comprehensive 
power supply system. It likewise will enlarge 
the scope of industry and reduce its limita
tions. It will unquestionably be attended by 
economic, social and political effects of the 
same order as those resulting from the other 
two great movements mentioned.

Power is the basis of industrial civilization. 
Industrial development and standards of 
living are closely dependent upon the per 
capita use of power. The report of the 
British Reconstruction Committee, which 
attracted such wide attention last year, 
presents a most interesting series of statistics 
showing that the average net output of 
workers increases consistently and almost 
directly as the ¡lower use per capita. The 
report presents the following conclusion, very 
pertinent to any consideration of our own 
plans fur the future:

"It is scarcely possible to exaggerate the 
national importance of a technically sound 
system of electrical supply, because it is 
essentially one with the problem of the 
industrial developmen of the country, which 
largely depends upon inert asing the net out
put per head of workers. * * * * In the U. S A. 
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the use of power, where it can be used, is 
nearly double what it is here. On the other 
hand, not only are the standard rates of wages 
higher in the U. S. A., but living conditions 
are better. There is little doubt that in the 
U. S. A. the average purchasing power of 
the individual is above what it is here, and 
that this is largely due to the more extensive 
use of poxver xvhich increases the individual’s 
earning capacity. The best cure for loxv 
wages is more motive power. Or, from the 
manufacturer’s point of viexv, the only offset 
against the increasing cost of labor is the more 
extensive use of motive power. The solution 
of the workman’s problem, and also that of 
his employer, is the same, x*iz., greatest 
possible use of poxver.”

It is interesting to note in this connection 
that in sustaining its position, the United 
States, xvith one fifteenth of the population 
of the globe, burns nearly one half of the coal 
produced annually and is estimated to use 
half of the power generated.

For the future, the aspirations of the labor 
classes to higher living standards, involving 
1 igher xvages and shorter xvorking hours, 
together xvith the necessity for our industries 
meeting keener international lompetition, 

xvill inevitably require an increase in per 
capita productiveness made possible only by 
increasingly great use of poxver.

A consequent great increase in our power 
supply must and will be effected. Our 
growth as an industrial and highly productive 
nation xvill, hoxvever, be vitally influenced by 
the adequacy7 of this poxver supply, whether 
the minimum xvhich must be provided or the 
maximum xvhich can advantageously be used. 
The manner of obtaining it, moreover, will 
have far-reaching effects upon our industrial 
and political system. It is the purpose of 
this article to discuss certain phases of the 
problem of power supply, and in particular 
the x’ital part to be played by electrical trans
mission.
Functions of Electric Transmission

In a general power supply7 system, electrical 
transmission as distinct from distribution to 
local areas, has txvo primary7 functions:

1. To transmit poxver from distant energy7 
sources to industrial areas. The energy 
sources may be either water powers or coal 
fields. The latter is the condition of par
ticular interest, since it involves radical 
departure from the present general practice 

Fig. 1. Curve showing the increase in the annual consumption of coal in the United States, and the
increase in consumption per capita, from 1860 to date
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of hauling coal for pmer generation locally in 
the industrial areas.

2. To interconnect ¡uwrr systems and 
enable pooling and organized treatment of 
power requirements and resources over wide 
areas.

The fulfillment of these two functions 
enables the establishment of a comprehensive 
power supply system which, while presumably 
starting in the more distinctly 'industrial 
regions, should eventually be extended to 
cover the entire developed portion of the 
country, constituting the sole and exclusive 
source of power oxer the territory covered. 
The xital improvements in our industrial 
system resulting from such a power supply 
system, ns will later he pointed out in some 
detail, may be briefly summarized as follows:

1. Maximum efficiency of power genera
tion and economy of investment.

2. Bringing xx'ithin economic range other 
important measures of national economy, 
such as extensive xvater power development, 
railroad electrification and recovery of valu
able coal by-products.

3. Stimulation of industry generally and 
development of new specialized industries, 
due to assurance of adequate power supply 
over the entire region involved.

4. Great extension of areas suitable for 
industrial development and consequent check
ing of present tendency toward excessix-e 
localization of industry.*

Power Sources
Since the poxver supply problem depends 

directly upon poxver sources, the part to be 
played by electric transmission must be con
sidered in the light of the conditions surround
ing these sources. There are at present only 
txvo significant sources of primary poxver: 
xvater poxver and coal. The use of oil and 
natural gas as poxver sources is confined to 
relatively small regions and xvill not affect 
the general situation. These fuels are too 
limited in quantity and too valuable for other 
purposes to be considered in any general 
survey of poxver resources. For the greater 
portion of the United States, xvater poxver is 
an incidental rather than a determining factor 
in poxver supply. There is not enough xvater 
power, except in the Rocky Mountains and 
on the Pacific Coast, to supply more than a 
small portion of the power requirements of 
the immediate future. In nearly all cases

* The problem of power supply. and this subject in particular, 
are admirably analyzed in a monograph published by the Smith
sonian Institution: "Power, Its Significance and Needs." by 
Chester G. Gilbert and Joseph E. Pogue.

< hir principal power < >ur< <■ i < " i ( hir 
(<>al reserves, relatively in nilur inumrie . 
are tremcixhius, and the'.- are v.ubT. r, ganli'l 
as so extensive that no present tlioiivlit m<>l 
be given to t heir exhaustion 11 L coining 1 o be 
recognized, however, that. at the rate at ■. "Hi 
eoal consumption is incrca'inv, Big I. ■ 
of the coal fields, and especially ol ’lie higher 
grade and more acii-sibk deposit-,! a in; tt<r 
of x'ital concern. For a long scries of year' our 
coal consumption lias been doubling approxi
mately every ten years, an annual increase of 
nearly 7 per cent, and during the past three 
years lias been increasing at a much faster 
rate. If our coal consumption were to con
tinue to increase at the apparently normal 
rate of 7 per cent per annum, the life of our 
known coal rescrx'es would be as follows:

Eastern District, which includes the most acces
sible anil best quality of our fuel . . 5'.i

East in. Central and Southern Districts . . 65
Entire United States and Alaska, two thirds of

this being low-grade coals and lignites . . si
Norn These figures are based upon estimates 

of the United States Geological Survey They in
clude coal in veins as shallow as 14 in., all coal up to 
30 per cent ash and all known deposits within 6000 
ft. of the surface. The proportion of recovery from 
the mines is taken as two thirds, considerably higher 
than has been obtained heretofore.

If figures were available as to the rate of 
exhaustion of coal reserves mineable and 
usable under present standards -a small 
portion of the total—they would be still 
more startling Direct evidences of approach
ing scarcity of high grade coal and increasingly 
higher coal prices are already unmistakable. 
Floyd W. Parsons, editor of the Coal Age, 
writes as folloxvs:

“Each year noxx- witnesses the exhaustion 
of a number of high grade coal areas. Far 
more mines producing better grades of coal 
are being worked out than there are new 
mines commencing to produce. In many 
famous coal regions, such as Cambria and 
Clearfield counties in Pennsylvania. the 
original areas are practically worked out. 
The same story may be told of other famous 
districts. Coal that sold ten years ago for 
S.5i) an acre noxx- brings $701 Seams that 
netted the owners royalties of six to ten cents 
a ton are noxx- leased on a royalty basis of 
thirty cents a ton. Operating companies are 
noxx- going over their acreage, taking out 
pillars and xvorking loxv grade thin seams.
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Some beds are being worked that wouldn’t 
have been looked at five years ago. All this 
means high operating costs and a lower grade 
of product.”

The conditions obtaining in the coal situa
tion thus indicate clearly that the time is in 
sight when xve must curtail our rate of in
crease in coal consumption, when consump
tion will be determined not merely by our 
needs, but by increasing scarcity and expense 
of supply. Curtailment of the growth of 
our fuel production will tend to carry with 
it a curtailment of our industrial development 
xvhich can, hoxvever, to some extent at least, 
be offset by increasing economies in utiliza
tion. The need of such economies in poxver 
generation is emphasized by the fact that 
poxver use of coal is the use xvhich is most 
Wasteful of its chemical and thermal values.

It is of interest to review the important 
relation of electrical transmission to the 
principal feasible measures of economy:

1. Centralization of poxver supply in 
highly efficient electric generating plants of 
the largest practicable size. Such plants 
x ould have a thermal efficiency of about four 
times that of a reasonably good isolated 
plant and about twice that of an ordinary 
large central station. This centralization 
xvill be practicable only through the establish
ment of a comprehensive interconnected poxver 
supply system.

2. Superseding or minimizing of railroad 
hauling of coal for poxver by generation at or 
near the coal mines and transmission of poxver 
electrically. At present it is estimated that 
ex ery 101) tons of coal shipped involves burning 
10 tons in the railroad locomotives. (Sub
stitution of mine plants xvould of course be 
gradual. Good existing plants xvould be 
continued in service until economically obso
lete, then relegated to a peak load or reserve 
function.)

3. Fullest possible utilization of xvater 
poxver xvithin economic limits as to costs, 
xvhich, as xvill be discussed later, is to a great 
extent dependent upon development of a 
comprehensive transmission system.

4. Electrification of steam railroads. It 
is estimated that the present railroad use of 
more than 25 per cent of our fuel output 
xxould be reduced by complete electrification 
to 8 per cent or less, and that in addition the 
efficiency and capacity of present railroad 
facilities xvould be greatly increased. Eco
nomic feasibility ol railroad electrification 
on a large scale would be greatly expedited 
by. if not contingent upon, the existence of an 

extensive transmission system. Such a trans
mission system xvould not only reduce directly 
the investment required for electrification, but 
xvould enable full advantage to be taken of 
the great diversity betxveen railroad and 
general poxver load.

5. Electrification of coal mining opera
tions, particularly in case of anthracite mines, 
xvhere a mine use of more than 11 per cent 
could be reduced to possibly 1}4 per cent by 
electrification, representing an effective sav
ing at present rates of production of nearly 
10,090,000 tons annually. In bituminous 
mining, the mine use is not so great in per cent, 
but a similar saving could be effected, prob
ably somewhat greater in aggregate amount. 
Mine electrification is not directly dependent 
unon electric transmission, but the full pos
sible economies can be realized only when it 
is dev'eloped in connection xvith a general 
power system.

0. Improvement in our extravagantly 
wasteful methods of coal mining. Of deposits 
xvorked to date, it is estimated that more 
than half of the coal content has been irretriev
ably wasted.

(If these principal measures of economy, it 
xvill be noted that the first four are directly 
dependent upon extensive transmission, and 
that all except the last are dependent upon 
it directly or indirectly for lull feasibility and 
efficiency.
Relation of Power Supply to Transportation

The problem of power supply is intimately 
associated with the transportation problem. 
The United States with its high industrial 
development and its large extent of territory 
is peculiarly dependent upon railroads, and 
this dependence involves elements of danger, 
both on economic grounds and for political 
and other more general reasons. Recent devel
opments in the railroad situation have served 
to make some of these dangers clearly evident.

From the economic standpoint, as a par
ticular instance, railroads are inflexible in 
times of industrial expansion. They are 
expensive and slow to construct, have very 
little efficient overload capacity and are sub
ject to inescapable congestion at certain 
geographical ‘'bottlenecks." Rapid industrial 
expansion imposes a demand upon transporta
tion facilities for:

1. More raxv materials,
2. More finished products,
3. More coal for industrial power.
Railroad inflexibility in the face-,of this 

triple stress results in congestion and expense, 
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with consequent checking of c^pnsioil. In 
slack times there follows an over-develop
ment of railroads with consequent likelihood 
of ineflieieney creeping in. an inefficiency 
which it is dillienlt to eradicate during the 
next period of stress. The railroad break
down under the industrial emergency of the 
war was not an abnormal phenomenon. It 
is something which, to some extent at least, 
will occur in every period of industrial 
expansion.

The country has thus far placed practically 
the entire burden of its industrial develop
ment. including the supplying of power, upon 
its transportation facilities. The hauling of 
coal for power purposes constitutes ovei one 
third of our annual freight movement. It is 
easy to understand the reasons both of an 
economic and engineering character why this 
has been the ease. The engineering art has, 
however, reached a stage where this depend
ence is no longer physically necessary, and 
economic considerations point strongly to 
gradually relieving the transportation facil
ities of the burden of supplying power. A 
system of trunk electrical transmission lines, 
collecting energy from water powers and 
steam stations located near the mines and 
thence delivering it where it may be utilized 
most advantageously, will serve to relieve 
our unduly great dependence upon trans
portation. At the same time it xvill form the 
foundation of an efficient and economical 
power supply system which will open up what 
might almost be described as a new economic 
era. The relief to transportation will be 
effected to the greatest extent at the times and 
in the places where congestion is most severe.

Electrical transmission is far more flexible 
than railway hauling of eoal. Transmission 
lines can be constructed much more quickly 
when need appears and ean temporarily be 
heavily overloaded with no other penalty 
than a temporary increase in losses. It is 
likewise inherently more economical, on a 
sufficiently large scale, than railroad hauling 
of coal. There is accordingly no industrial 
justification for transporting power in the 
enormously bulky form of eoal xvhen it is 
capable of 1(H) per cent concentration on the 
spot and shipment xvith a maximum of effi
ciency and convenience over electrical trans
mission lines. The relative balance of costs 
xvill be a special problem in each particular 
project, but various studies have shown, at 
present high construction prices. a direct 
saving in energy costs for a large capacity 
transmission system as compared xvith rail-

mail freight cost- In addinmi ' : i d
be the important, a'.itw o it 11 m l: '- T ■ ■ 
sitx. flexibility a- to poium uf i|< h' - r .md '!.• 
other advantages of mt creonne. t a ,n 'He o 
will also be xarimis incidental adx an'a." 
such as civic betterment and inq.ro' id 6 •• .■ 
conditions for labor, resulting from ri . . i ■ ! 
the industry of power generation iron. T .• 
immediate neighborhood of karje eem. r of 
population.

Any comparison of costs under imtnedia'e 
conditions will not. however, oresent 'he prob
lem in its true economic light. Freight rati - 
arc certain to increase, tmd the policy gtiminj 
in favor in author.’ative circles of a radical 
lessening of the extreme differences in the 
present classified freight schedules would, if 
carried out. result in a further material it - 
crease in low commodity rates, such as tho-e 
for coal. Furthermore, the coal situation 
xvill soon compel the use of relatively 1 over 
grades of fuel, with consequent higher freight 
costs per unit of energy. In general trans
mission costs tire almost wholly fixe 1 charges, 
xvhile freight cost.- are largely for labor. The 
xvhole trend of industrial jm gross has been 
characterized by substitution of machinery 
and e iumment for man power.

There has been extensive discussion I late 
as to the general feasibility, from the engineer
ing standpoint, of long distance, high capacity 
electrical transmission, and it appears to be 
the consensus of enlightened opinion that the 
problems of development and operati >n can 
be approached with full confidc"ee < I prompt 
commercial s. lution.

Interconnection of Power Systems
A comprehensive system of power supply 

involves other features, hoxvever. than cen
tralized production of ¡tower near its source. 
An element of equal importance is the inter
connection of central station systems and 
large industrial establishments noxx- operating 
independently in contiguous districts. This 
function of electrical transmission supple
ments that previously discussed in an espe
cially fortunate maimer, since the same system 
of electrical transmission lines, xvith usually 
relatively minor additional expense, may 
serve to effect interc mnection.

Diversity. The primary advantage of inter
connection lies in the fact that the combined 
load may be carried with a materially smaller 
amount of installed generating capacity and 
at the same time with higher efficiency. The 
saving possible as a result of diversity in 
maximum had between s.marate systems. 
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even where the loads are of a generally similar 
character, is greater than is ordinarily realized. 
A similar saving will result from the relatively 
smaller amount of spare generating capacity 
required for reserve purposes. Studies of a 
number of typical projects indicate that the 
increased load which may thus be carried 
from a given amount of generating capacity 
as a result of interconnection will usually 
amount to 15 or 20 per cent. It will naturally 
be greater as interconnection is extended to 
wider limits. The saving in investment is 
highly important, and at the same time the 
higher load factor upon the generating stations 
will enable more efficient use of fuel.

Large Units and Plants. Interconnection 
over a wide area will alone make feasible the 
increased sizes of stations and of individual 
units which constitute so essential an element 
in working out the economies in investment 
and in fuel consumption toward which we are 
aiming. In this connection it should par
ticularly be borne in mind, in any com
parison with the present method of relatively 
local generation, that the comprehensive 
system will bring the benefits of large scale 
generation not merely to large cities and 
important industries, where to some extent 
they may already be realizable, but to the 
entire area served by the system.

Flexibility. An important industrial advan
tage of interconnection is the flexibility as to 
points of power delivery, and the readiness 
with which load may be shifted from one part 
of the district to another. New large loads 
may ordinarily be taken on at any point on 
very short notice, whereas, under present 
conditions, they frequently could be supplied 
only after long delay involved in the building 
of new power plants. This flexibility is of 
particular advantage in the case of large loads 
of a temporary character.

Relation to \\ ater Power Development. Inter
connection is also of peculiar and vital signifi
cance in connection with the utilization of 
water powers, at least in the East. Most of 
our more important undeveloped eastern 
water powers are located on relatively large 
streams where it is not feasible to develop 
seasonal storage. Accordingly if water powers 
of this type are to serve a relatively local 
market they must either be developed only for 
the minimum flow of the stream or must be 
supplemented by large steam reserve capacity, 
either of which is likely to put the project out
side of the range of economic feasibility.

The large aggregate load which becomes 
available for organized treatment on an inter

connected system opens an opportunity for 
economic development of water powers of 
this typical character. If operated to carry 
base load during periods of high stream flow 
and to carry peak loads only during periods 
of low stream flow, they may be developed 
for many times the minimum flow of the 
stream without any duplication of investment 
in reserve steam capacity being necessary.

Another limitation on development of large 
water powers is that the high investment 
required must practically all be made at the 
start, whether or not load is available for the 
full output of the plant. This limitation will 
obviously become of relatively less significance 
when water power projects are considered as 
portions of a large system.

Relation to Coal By-product Recovery. A 
most important measure of national economy 
is the development of some economically 
feasible system of extensive recovery of coal 
by-products. Each ton of bituminous coal 
is estimated by Mr. Floyd W. Parsons to 
contain useful products of a value of possibly 
$20 in the form first extracted. In a broad 
sense their value to the nation is much higher, 
since the*- open the way to a whole series of 
new industries. The development of the coal 
by-product industry will be enormously 
facilitated by concentrating the consumption 
of coal for power purposes in a relatively small 
number of large plants.

Influence of Comprehensive Scheme for Power Sup
ply Upon Industrial and Economic Develop
ment

Regional industrial development depends 
primarily upon accessibility of raw materials 
and of power, chiefly upon the latter, since 
even the crudest raw materials are usually 
more readily transported than is coal. The 
centralization and localization of industries 
around power sources has been clearly marked 
in our industrial development thus far. Our 
earliest industries were in New England 
around the small water powers which the 
mechanical art at that time was able to 
develop. Later, with the advent of relatively 
large steam plants, the industrial center 
shifted to the vicinity of the coal regions and 
in the main has continued there. Even in 
the districts adjacent to the coal regions 
the larger industries show a forced concentra
tion along the main lines of supply from the 
mines and near the ports where tide-water 
coal is available. A cumulative secondary ’ 
influence of concentration is the necessary 
immediate proximity to large condensing 
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water supply. This centralization in rela
tively small areas, if continued, will constitute 
an effective limitation upon both the effi
ciency and the magnitude of our industrial 
system.

This restrictive inlhiencc upon industry 
may be largely and effectively reduced by a 
comprehensive system of interconnected trans
mission lines. Such a system, by making 
adequate power readily available over the 
wide areas within the range of feasible elec
trical transmission, would greatly extend the 
territory suitable for general industrial de
velopment. The tendency to concentrate 
industries near the coal fields, while it would 
not be removed, would be lessened to an 
important degree. and the more local limita
tions of established coal routes ami con
densing water supply would cease to function. 
Furthermore, by rendering feasible more 
extensive development of water powers, the 
regions xvithin economic range of poxver 
sources xvould be materially enlarged.

The possibilities of electric transmission 
as an industrial decentralizing influence have 
an excellent illustration in the new and 
important industrial development in the 
southeastern States, xvhich has arisen since 
the advent of electric transmission. These 
industries are supplied mainly from xvater 
poxvers, but instead of being concentrated 
in the immediate vicinity of the water poxvers, 
are widely distributed over five states.

The effects of such a distributed develop
ment of industry, in contrast to a concen
trated development, xvill be far-reaching. It 
xvill leave industries free to seek favorable 
locations with respect to markets and raw 
materials. It xvill relieve, relatively, the 
excessive transportation congestion in certain 
districts and give to transportation a better 
balanced and more diversified character. It 
will have a marked and most important 
effect upon labor supply and living conditions 
and xvill tend to cheek the concentration of 
population in large cities, xvhich is recognized 
as a serious menace to our economic and 
social xvell being. It xvill tend to prevent a 
xvide divergency of interests betxveen dif
ferent sections of the country, with conse
quent sectional antagonism and inability to 
develop national constructive economic poli
cies.

The establishment of electricity and elec
trical transmission in their proper roles in 
our industrial life will do more than exercise 
an equalizing effect upon industry. It xvill 
greatly stimulate the use of electrical poxver

electrich v m other form» than power 'I !>< - 
new uses, particularly in the pro-nice "I 
electro-chemistry and elect ro-n eta i ir 
not merely constitute per re an advam e in 
our industrial development. but the n. . 
products furnished will form the ba 
new chain of highly specialized and valuable 
industries, which will free us from dangerous 
dependence upon foreign supplies and will 
add greatly lo our national wealth and 
prosperity.

Obstacles to be Overcome
'I'he reasons for the present inefficient 

individualistic state of the power supply 
industry are clearly evident. and many of 
them xvill persist as obstacles to a compre
hensive handling of the power supply problem. 
Aside from the fact that the engineering art 
has only recently reached the stage where it is 
capable of handling adequately the technical 
features involved, the folloxving considera
tions may be noted:

1. A general power supply system neces
sarily involves large scale undertakings, even 
initially, and hence presents a tremendous 
financing problem. The present method of 
power supply shoulders a large portion of its 
financing upon the railroads, xvhich. xvhile 
not conducive to ultimate economy, does 
reduce the direct financial burden.

2. The pooling of poxver requirements of 
various industries and public utilities implies 
a higher degree of co-operation than has 
hitherto been feasible.

3. Competition has not been an effective 
stimulus, since the benefits to be obtained 
xvould accrue to industries generally rather 
than to any specific industry as an advantage 
over others.

4. Legislation and public sentiment, at 
least in pre-war times, xvere adverse to sub
stitution of large, inherently monopolistic 
enterprises for individualistic handling of 
problems.

5 Public utility regulation has usually 
tended toxvard restriction of return upon 
investment rather than t< ward ultimate 
economy to poxver users and to the country.

It is evident that the obstacles are not to 
any material extent physical, and that they 
do not arise primarily from mere inertia 
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and short sighted conservatism on the part 
of those directly interested. The power 
supply problem is one of essentially public 
importance, and effective progress will be 
very difficult without the support of enlight
ened public interest and a constructive policy 
on the part of regulatory authorities. The wide
spread attention which the subject is receiving 
and the broader viewpoint which experience 
is giving to our relatively new public regula
tory bodies afford a basis for optimism.

Conclusions
1. Industrial development depends upon 

the use of power, and the per capita power 
use is a direct index of individual produc
tivity and national economic well-being.

2. If our industrial position and our high 
standard of living are to be maintained and 
improved, we shall become more and more 
dependent upon adequate power supply.

3. Our industrial future depends primarily 
upon our coal resources, and our best and 
most accessible coal is being exhausted at 
a rate so rapid that every feasible economy 
in fuel consumption is a national necessity.

4. Our present method of individualistic 
local power generatl^P tends to concentrate 

industrial development in a few geographically 
favored localities, to the detriment of industrial 
growth and efficiency, and of sound social 
and political conditions.

5. Railroad hauling of coal for power is 
inherently uneconomical, and it accentuates 
a dangerous dependence of industry upon 
transportation facilities.

G. A comprehensive system of power sup
ply. based mainly upon a network of high
capacity transmission lines collecting power 
from large steam plants in the mining regions 
and from water power plants, will conserve 
fuel resources, increase industrial efficiency 
and stimulate new industries. By making 
power available over relatively wide areas, it 
will tend to distribute industrial oppor
tunities over a greater portion of the country, 
with consequent incalculable advantage to 
our economic well-being and our national 
unity.

7. The development of such a power 
supply system requires large scale handling 
and presents a critical financing problem. It 
will require the most thorough co-operation 
of the numerous diverse interests involved. 
Pr< gress will be greatly facilitated by the 
support of enlightened public interest.



Designs of Large Vertical Alternating-current 
Waterwheel-driven Generators

By M. C. Olson

Al.llikSUlSi. Ct HK1XI liM.IMIKIM. Dll'tKIMk'.l, (list KM. Ell' IKK CoMl'tS.

The author calls attention to some of the special feat tires t hat have to be con nh t .<1 tn tie n . a: 
electrical design of large hydro-electric generators. Such machines are being < on trie :■ d m >/■ up 'o no 
kv-a. capacity and therPavins to be no insurmountable dill'ieulty in building mm h larg. r mu' 1 "T'i o , . ■ 
demand. Editor.

The speed oi waterwheel-driven generators 
varies over a wide range, the head of water 
available being the chief factor in determining 
the speed and consequently the diameter of a 
machine for a given capacity.

We are limited in peripheral speeds with 
our present material; so if we wish to secure a 
sufficient margin of safety in design at the 
run-away speed, machines of larger capacities 
and high speeds inherently become very long 
in the direction of the shaft. The rotor 
becomes much more difficult to construct 
than rotors of lower speeds.

The range of speeds of larger waterwheel- 
driven generators varies approximately from 
50 to 750 r.p.m. This extreme variation in 
speed necessitates different designs in which 
the construction of the stator and rotor differ 
greatly, and in which special provisions for 
ventilation must be made for the various 
designs.

For slow speed machines the question of 
stresses, as far as the rotor is concerned, is 
not very difficult; but slow speed machines 
become very large in diameter, which requires 
both stator and rotor to be so designed that 
the parts will come within the' allowable 
weights and dimensions that can be handled 
and transported.

In some cases the flywheel effect, or WR2, 
demanded by the waterwheel makers, in 
order to obtain certain required speed regu
lations, compels the generator builders to 
go to larger diameters and more expensive 
machines to meet this requirement.

Fig. 1 shows a sectional view of a generator 
of moderate speed. It is a 14,060-kv-a., 
11,250-kw., U.S p-f., 3-phase. 50-cyele, GGiMJ- 
volt, 375-r.p.m. machine. Two such machines 
were built for the Ebro Irrigation Co., Spain.

The special requirement here was low 
temperature guarantees, such as 9000-kw., 
1.0 p-f., 30-deg. rise; 9000-kw., 0.8 p-f., or 
11,250-kv-a., 35-deg. rise and 11,250-kw, 
0.8 p-f., 40-deg. rise, all temperature rises 
being measured by thermometer or by tem-

peratuie coils. It is seldom that the tu — 
tomer’s specifications request such low tem
perature guarantees as 30 deg. C. ri-e, and 
there seems to be no reason why such guar-

Fig. 1. Cross Section of Vertical Type Alternating- 
current Waterwheel-driven Generator. 16 Poles.

14.600 Kv-a.. 375 R PM , 6600 Volts
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antees, which are very difficult to meet, should 
be called for, as the customer is primarily 
interested in the safe operation of the machine 
at the maximum guaranteed load.

The machine is furnished with base, shaft, 
two guide bearings and direct connected ex-

Fig. 2. Stator of Waterwheel-driven Generator 
shown in Fig. 1

citer. A General Electric spring thrust bear
ing is located at the top f<>r supporting the total 
revolving element, which amounts to 240,000 
lb. Of this, 130,000 lb. is the weight of the 
turbine runnel’ and water thrust.

On account of the maximum shipping 
weight of 50,000 lb. and limitations as to 
dimensions, the stator was made in two parts, 
the base in two parts, and rotor field spider 
in four sections.

Stator
One half of the stator or armature, with 

its punchings and windings, is shown in 
Fig. 2.

The armature punchings are securely 
dovetailed and clamped in the stator frame, 
the lower clamping flange being cast as part 
of the stator, while, the upper flange consists 
of a number of rigid steel castings. The air 
ducts for ventilation can be seen at regular 
intervals in the armature core.

The armature winding is of the distributed 
type, all the coils being alike. The distribu
tion is such as to reduce the higher harmonic 
voltages to a minimum, to facilitate radiation, 
and to equalize the temperature in the wind
ings resulting from the copper losses. The 
armature windings are equipped with im
bedded temperature coils located throughout 
the different parts of the winding. By means 
of suitable instruments it is possible to 
determine the internal temperatures of the 
windings while in operation. The tempera

ture coils located in the center of the core 
and in immediate contact between the coils 
have been found by experience to show the 
highest temperatures

The projecting ends of the coils are mechan
ically braced by means of insulated steel 
ring binding bands, rigidly attached to the 
stator frame. The individual coils are firmly 
laced to these binding bands. This con
struction will prevent the distortion of the 
coils due to the heavy mechanical stresses 
re-ulting from short circuits.

Rotor
The complete rotor is shown in Fig. 3. The 

rotor spider consists of four solid cast steel 
wheels keyed to the shaft and bolted together. 
The pole pieces are made up of laminations 
riveted together and fastened to the spider 
by means of two “T” dovetails. The field 
winding consists of copper strip wound edge
wise; and as the outer edge of the copper 
is exposed to the air, very effective cooling 
is obtained. The coils are clamped firmly 
between the pole tips and the field spider in 
such a way as to prevent distortion during 
the maximum overspeed condition.

This machine has one pole bracket between 
the poles for supporting the field winding. 
Between the sections of the field spider are 
openings for air and at each end of rotor is 
attached segmental sheet iron fans for assist-

Fig. 3. Rotor of Waterwheel-driven Generator 
shown in Fig. 1

ing the rotor in drawing in air for ventilation. 
These fans are so designed as to obtain suffi
cient pressure to give the required amount of 
ventilating air.

The lower bearing bracket is made of cast- 
iron in one piece. In addition to supporting 
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the lower guide bearing it is so designed ns to 
support the total rotating element when dis
mantling the thrust bearing.

The upper bearing bracket is made of east 
steel in two parts. It is supported from the 
armature frame and carries the upper guide 
bearing, the General Electric spring-thrust 
bearing, and the direct-connected exciter.

In order to obtain the proper clearance 
between the waterwheel and the waterwheel 
casing, tin adjustment between the upper 
bearing bracket and the stator frame is pro
vided for by means of adjusting bolts.

To avoid the possibility of circulating cur
rents flowing through the shaft and bearings, 

the generator through dm t Tin opvim ,■ 
or ducts for the admission of tin air Lonld 
1 ic of such dimensions that t hr \ i loi it v ot 1 hr 
air entering the pit will In approxima^T.' 
loot) to 1,'itlO fl. per infinite.

The number of cubic trrt of air per ininutr 
required for \-cntil;ition depend upon tl e 
losses of the machine. The pole . together 
with the fans at each cud of Hie field spider 
rim. will draw air in through the rotor. The 
air is then forced over the fiedd coils and poles 
through the armature ducts and windings 
and finally into the stator frame.

The heated air in the machine being 
described then passes out at the top of the

Fig. 4. Equipment for High Speed Test on Generator shown in Fig. 1

the upper bearing bracket is insulated from 
the stator frame.

The thrust bearing for supporting the total 
revolving element is a standard General 
Electric spring-thrust bearing, furnished with 
copper cooling coils through which water is 
circulated.

The amount of oil required for the step 
bearing with cooling coils is approximately 
two gallons per minute, and for the two 
guide bearings approximately three gallons 
per minute.

Ventilation
The usual method of ventilating vertical 

generators is to have air enter the pit beneath 

generator at the outer periphery of the frame, 
the openings in the stator frame as shown in 
Fig. 1 having sheet iron covers.

In some cases the warm air passes into the 
room through openings in the stati r frame. 
In other cases the warm air is led t< the out
side of the building through sheet iron hi us
ings.

Overspeed
All waterwheel-driven generators ar* re

quired to be so constructed that they will 
safely withstand the maximum run-away 
speed which can he attained by the water
wheels, which usually is from 1.7 to 2 times 
the normal rated speed.
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The maximum overspeed for these water
wheels is l.S times the ncrmal speed. The 
rotors were therefore tested at a maximum 
speed of 675 r.p.m.

Fig. 4 shows the equipment for making this 
overspeed test. It- consists of a pit 31 ft. in

Fig. 5. Rotor of Waterwheel-driven Generator 
in Testing Pit

diameter and 15 ft. high. The rotor to be 
tested is supported by heavy girders, upon 
which is m<rnnted a direct-connected induction 
motor for driving the rotor at the proper 
speed.

Fig. 5 shows the assembled rotor in the 
testing pit.

The external circumference of the rotor 
over the poles was measured by means of 
a steel tape as this is the dimension that 
would be changed most if any bulging out 
of the poles took place, due to the cen
trifugal force. A careful measurement and 
inspection was made after the overspeed 
test, and was found to be the same as the 
original dimension, which indicated that 
there was no distortion whatever.

Fig. 6 shows the external appearance of the 
largest capacity waterwheel-driven generator 
built. The armature punchings are not as
sembled in the stator. It is a 32,500-kv-a., 
25-cycle, I50-r.p.m., 20-pole, 12,000-voltl ma

chine. It was designed with special reference 
to high efficiency and all round reliability.

The temperature guarantee at 26,667 
kv-a., (1.9 p-f. continuously, is 45 deg. meas
ured by a temperature coil in the armature 
winding, and 40 deg. on rotor by thermometer. 
At 32,500 kv-a., 0.8 p-f. continuously, the 
temperature guarantee is 55 deg. C. on the 
armature winding by temperature coil and 
55 deg. by thermometer on the rotor.

The armature coils are insulated with class 
B insulation. The reactance of the generator 
is approximately 20 per cent. The II’T?2, or 
flywheel effect, is approximately 12,000,000, 
which is normal for a machine of this size and 
speed.

The shaft has a forged coupling, and is 
arranged for one guide bearing, and a 
thrust bearing at the top to support a 
total revolving weight of 477,000 lb., of 
which 150,000 lb. is the weight and water 
thrust of the waterwheel parts. This ma
chine is designed for a maximum runaway 
speed of twice normal speed.

In order to facilitate handling and ship
ment. the stator spider is split vertically in 
four parts.

Fig. 7 shows the assembled stator spider 
on a 60-ft. boring mill, the upper flange 
being machined by one tool and the lower 
flange by another tool. The punchings and 
windings will be assembled up at destina
tion.

The armature winding consists of a standard 
barrel type winding, with two coils per slot. 
The windings have imbedded temperature 
coils located throughout the different parts 
for indicating the temperatures. The external 
insulation of the coils and the turn insulation 
consists of mica tape. The projecting ends 
of the winding at both the top and bottom 
arc supported by two insulated steel rings 
carried by brackets attached to the stator 
spider. The individual coils are firmly laced 
to the supporting bands.

The core of the armature is built up of the 
best grade of 0.014 silicon steel sheet, and is 
so treated as to keep core losses a minimum.

Rotor
The field spider is shown in Fig. S. It 

consists of six cast steel wheels with spaces 
between for the flow of air for cooling. These 
wheels are rabbeted together at the hub in 
addition to being held together by bolts 
through the arms. The figure shows two 
milling machines cutting dovetails at diamet
rically opposite points.
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it is very essentia! that reliable castings be 
obtained for the rotor of waterwheel-dm en 
generators in order to withstand the stresses 
occasioned by the overspeed requirement.

The poles are attached to the field rim by 
means of two “T" dovetails. The field wind
ing is of copper strip firmly supported between 
poles by means of supporting brackets.

Ilie pit underneath tin- general or. and io 
exhaust; through ventilating hole m i|, 
stator spider into a sheet iron । a mg ujc 
plicd by the customer. Thi ca mg v.111 
surround the machine and will conduit th, 
air into an exhaust chamber under t lie operat
ing gallery, then to the outer air or dynamo 
room as desired.

Fig. 6. Photograph of the 32,500-kv-a. Waterwheel-driven Generator for the 
Niagara Falls Power Company

The brakes for stopping the rotor will act 
against the loxver section of the field spider 
rim and in this case xvill be furnished by the 
waterwheel builder.

The upper bearing bracket xvhich supports 
the thrust bearing and carries the guide bear
ing is made of cast steel in halves, xvith eight 
arms.

Ventilation
The machine is arranged to take in air from 

the dynamo room, both at the top and from

Prox’ision will be -made in the chamber 
underneath the gallery for an exhaust fan, 
xx’hich may be required to insure a suffi
cient flow of air during all conditions of 
weather.

To the upper and loxver rim of the rotor 
spider suitable fans are attached to assist the 
poles in the proper circulation of air for 
ventilation. The housing to serve as bafflers 
is arranged at the top and bottom, and is so 
designed as to minimize eddies and to prevent 
the return of the air.
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DESIGN OF LARGE VERTICAL A-C. WATERW 11 EE1. 1 >RIVEN GENERATOR ■

Rigs. ‘J and Id show (lie stator spider of 
the largest diameter and lowest speed water
wheel-driven generator ever built. It i: a 
IO,tW-kv-a., 0.75-p-f., .«.(i-r p.m., (KUMi-volt. 
136-pole machine, with a temperature rise of 
•15 deg. C., and will stand a 2.5 per cent over
load for two hours without injury. In one 
of our illustrations four slotting machines 
are at work at one time, while in the other 
four ¡milling machines are operating at the 

’ same time.
The stator is east in four parts and bolted 

together. The outside diameter is approxi-

uiat d v 418 11 w bili- 111<• lieigl t i .un • i ■ 
fi
l'ig 11 shows (he rotor (or tln- ina. ‘.un 

Il coiisists of a split (<i'( iron cenier o| t .•. ■ >
arms and a rim nitide of ia-.t ini m tour 
parts firmi}- krycd togctlivr Tln- pdc tire 
altached to thè rim l>y means ol bdi-.

Tei) of illese machines were bulli <>n > he 
originai <>rder and two on a siibsequciit niKr.

The itisi two machines htiw General Elec
tric spriug-tlirusl bcarings l’or supporting 
thè total revolving denteili, whidi amounts 
to 5.5(1,(UHI Ib.

Fig. 11. Rotor Spider of 10.000-kv-a. Waterwheel-driven Generator 
Ready for Boring and Turning Operation
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Spring Thrust Bearings and Cooling Coils on the 
Large Vertical Generators at Cedars Rapids 

Power Station
By T. W. Gordon

Alternating Current Engineering Department, General Electric Company

For many years one of the limiting features of large vertical machines was the need of a simple thrust 
bearing. We now have such a bearing. The author takes a specific case and describes the bearings as installed, 
bringing out the requirements that must be met in the design of such bearings and telling of their successful 
operation. The bearings described have now been in operation for a sufficient length of time to demonstrate 
their success. —Editor.

The combination of great weight with very- 
low speed imposes especially severe condi
tion on the thrust bearing supporting the 
rotating clement on the 10,000-kv-a., 55.6- 
r.p.m. vertical shaft hydro-electric generating 
units at the Cedars Rapids Poxver Station of 
the Montreal Heat, Light & Poxver Co. Txvo 
critical periods occur in the operation of low 
speed bearings: First, in starting, as most 
of the oil has been squeezed out while at 
rest, and second, in shutting down, when, on 
account of the higher temperature of the 
oil and bearing parts, the oil film cannot be 
maintained for the last few revolutions. 
In machines of this size, on xvhich the thrust 
bearing encircles the shaft, the bearing surface 
is a considerable distance from the center of 
the shaft. With this undesirable, but equally 
unavoidable construction, it is quite evident 
that a very slight departure from a perfect 
alignment xvill tend to shift most of the load 

’to one side of the thrust bearing, and result 
in an extremely high local pressure.

The critical condition, due to sloxv starting 
and stopping, is made xvorse by increased 
local pressures, and a combination of loxv 
speed and very high pressure is liable to cause 
injury to the bearing. The last two units 
installed at Cedars Rapids have thrust bear
ings xvith flexible supports which eliminate 
the danger due to high pressure on a small 
part of the bearing by providing for an equal 
distribution of the load at all times.

Another unique feature in the installation 
of the last two generators in this station is 
the use of water cooling coils in the oil bath 
surrounding the thrust bearings. For the 
proper lubrication of a thrust bearing, the 
only requirement is a bath of clean oil, from 
xvhich the heat is being remox*ed as fast as it 
is generated in the bearing. Until recently 
it has been customary to continuously circu
late a large quantity of oil from a central 
station system to the thrust bearing housing, 
to carry off the heat. This method requires 

large pipes, oil pumps, filters, and often xvater 
cooling pipes at some point in the system. 
The logical and most economical way to get 
rid of the heat is to abstract it from the oil 
in the thrust bearing housing. It is then only 
necessary to supply enough filtered oil to keep

Fig. 1. Parts of Spring Thrust Bearing (in foreground) to 
Support Lead of 550,000 lbs. on ATB-136-pole, 

10,000-kv-a., 55.6-r.p.m., 6600-volt Gen
erator, Cedars Rapids Power Station

the oil bath in good condition. In the case 
of certain large high speed generators the 
quantity of oil for the thrust bearing can be 
reduced from around 50 gallons per minute 
to three gallons for each generator.

Fig. 1 is a photograph taken at the Cedars 
Rapids Poxver Station on the St. Lawrence 
river during the. erection, in 191S, of the 
eleventh and twelfth generators, which, as 
stated above, xvere furnished with spring
thrust bearings and cooling coils. In physical 
dimensions these generators are the largest 



SPRING THRUST HEARINGS AND DOOLING ( OILS ON GENERAHdt Ml

in service, having an outside diameter of 37 
ft., I in. The weight of the rotating parts 
of tlie generator and the turbine, together 
with the downward pressure of the water on 
the runner, is 550,(till) lb. The thrust bearing 
is located in the bell-shaped housing at the 
top of the generator according to the present 
practice in the design of stations having 
vertical shaft hydraulic turbines. In the 
foreground is the base ring of the thrust 
bearing with sonic springs assembled on the 
center-pins which hold them in place. The 
large tube in the center, which projects above 
the level of the oil bath, is fastened to the 
base ring, and forms the inside annular wall 
of the oil housing. The springs, Fig. 2, 
are two inches on the outside diameter by 
one and a half inches high, and 36s of them 
are used in these bearings under a load of 
1500 lb. each.

Fig. 3 shows the bearing and cooling coils 
assembled in place on top of the generator. 
The distinctive feature of this type of bearing 
is the comparatively thin babbitted stationary 
bearing ring, resting on springs. This ring 
is a steel plate with a babbitted bearing sur
face, 56 inches outside diameter, 28 inches 

Fig. 3. Spring Thrust Bearing and Cooling Coils to Support Load of 
550,000 Lbs., Cedars Rapids Power Station

inside diameter and two inches thick. There 
is a saw-cut through one oil groove to prevent 
any tendency of the ring to dish with changes 
in temperature. It is held in place by two 
heavy dowel pins mounted in the base ring. 
The rotating ring' is bolted to the thrust

Fig. 2. Springs Used in Spring Supported Thrust Bearing. 
Illustration about actual size

of oil across the babbitt. At 55 r.p.m. every 
portion of the babbitted surface is washed 
by a stream of cool oil, flowing at high radial 

velocity, five and one half times 
per second. The bearing is im
mersed in a bath of filtered oil to 
a level about three inches above 
the rubbing surface.

The design of this spring thrust 
bearing is based on the idea of pro
viding one bearing surface which 
is so yielding, flexible and elastic 
that it automatically adjusts itself, 
while in operation, to any tendency 
toward unequal distribution of the 
load, due to inaccuracies in work
manship or alignment. On large 
generators the machining cannot 
be as accurate as on small units, 
hence there is an added advantage 
in having a flexible support for the 
thrust bearing. The babbitted 
surface of a spring thrust bearing 
is given a good machine tool finish 
at the factory, and ordinarily does 
not require any "scraping" by 
hand, or other special attention 
when put in service.

Fig. 4 is a photograph of one of the bab
bitted surfaces at Cedars Rapids after the 
first run of ten hours. This surface was 
finished at the factory in the usual way, as 
just stated. The rubbing marks indicate that 
the load was well distributed over the entire 
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surface. The. fine radial lines are tool marks 
presumably due to a faulty tooth in the driv
ing gears of the boring mill at the factory on 
which this part was machined. These fine 
ridges were too small to be noticed until 
after the bearing had been run, and then were.

Fig. 4. Babbitted Surface of Spring Thrust Bearing After 
Initial Run, Cedars Rapids Power Station

discernible only by the reflections in a good 
light. The tops of the ridges were evidently 
flattened and polished while the unit was 
starting and stopping, when the speed of the 
bearing is too low to maintain a perfect oil 
film between the rubbing surfaces. The 
babbitt was not wiped at all, and the bearing 
was placed in commercial service without 
further attention.

Specifications for the thrust bearings and 
cooling coils at Cedars Rapids contain, in 
part, tlie following requirements:

The. bearing shall be capable of sustaining 
a maximum load'of 600,000 lb. continuously 
without injury at a normal speed of 55.6 
r.p.m.; the temperature of the oil is not to 
exceed 45 deg. C., when water is supplied 
at 25 deg. C. It shall also be capable of 
operating without injury at a maximum run
away speed not exceeding 111 r.p.m. for a 
space of one hour, and the oil temperature is 
not to exceed 55 deg. C. under these con
ditions. The bearing shall be capable of 
starting from rest, and stopping as often as 
required by service conditions, or operate at 
a speed of 10 r.p.m. for one hour, without 
injury. The bearing shall also be capable of 
suffering no injury from an interruption of 
the water circulation for half an hour while 
operating under otherwise normal conditions, 
or for the space of 20 minutes at an over-speed 
not exceeding S3 r.p.m.

Fig .5. Babbitted Surface of Spring Thrust Bearing After First Ten Hours Operation, showing fine radial 
lines not visible before the run and presumably due to machining at the factory



Concrete Parts for Generators
By C. M. 11 a< ki.tt
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rile development of our large hydro-elect rie pioje'i require . llu- <i nuiuiueio .......... ' ' ' •

faeturing facilities in the eonstrueliou of the eh-etriea! equipment. Some of I he large al',' i. ....... o o' ■
orators require stator Irami' and bearing support castings of cmirmon ize.that tax miiimta .e p; ■
l.ieilities as well as add considerable expense I o I he equipment. The aui Imr pnmi out ihai linn cm ....... ...
may offer a solution to these problems in certain eases and calls at I ent ion to some ol I he po ibb- 11 ■ • < <n ■ 
erct i- in the const ruction of t hese large units, set ting fort h some ot I hi' special I eat u res In be looked m ■. r in th' 
design and installation. Should we come to the use of outdoor generator» in ,mm- ot our large d> ’.e'up"! c , 
such construction would show many advantages, Em Ion.

'The manufacture of reinforced concrete may 
now lie regarded as having reached the seicn- 
lificstage. Haphazard methods will doubtless 
continue to be used in the selection of materials 
and in the manner of mixing for many kinds 
of xvork, but it is possible with our present 
knoxvledge of aggregates, cement, water and 
the Methods of combining them, to get not 
only uniform strength in all parts of a con
crete structure of large size and mass, but, also, 
to produce duplicates of that structure in 
any quantity desired. This progress, com
bined xvith the great strength of the finished 
product, has led to the. adoption of concrete 
for various classes of xvork xvhere metal has 
heretofore been regarded as the only suitable 
material.

There are txvo parts of large size, loxx- speed, 
vertical shaft generators usually made of 
steel or iron that can xvith advantage be made 
of reinforced concrete, namely, the stator 
frame, and thrust bearing support.

The use of concrete instead of metal for 
these parts does not involve any problems of 
stability or strength that cannot be readily 
solved by care in design and construction; 
and, provided technical and practical knowl-

rm □ mm
Fig. 1. Elevation of Generating Unit

edge of conditions to be. met are kept in mind 
xvhen carrying out the xvork. the chances of 
trouble Kveloping are no greater than xvith 
all-metal machines.

The concrete stator framexvill, in most eases, 
be combined xvith the poxver plant structure.

If a house is lo be built over the gener
ators. the stator will likely be nearly, if not 
completely, below the llior level; but. if the 
machines arc to be of the out-of-door type, 
then it will generally consist of a cylinder be
txveen the operating floor and upper deck or

Fig. 2. Plan of Bridge

platform, extending somewhat above the lat- 
ler, and xvill be an important part of the sup
port for that deck as xvcll as a means of carry
ing the load imposed by the thrust bearing.

The main points to be considered in the de
sign of the stator frame are ample cross sec
tion for carrying load, and reinforcement so 
placed as to distribute the stresses produced 
by short circuits and unbalancing.

The admission of air to the machine, as well 
as its discharge after having passed through 
the xvindings. xvill also form a feature of the de
sign. and in case generators are of the out-of
door type, and recirculation of air is necessary 
during a portion of the year, outlet ports and 
dampers for air control xvill be required in 
the stator as xxell as in thrust bearing sup
porting structure, so that the discharge of air 
from the machine can be regulated according 
to temperature conditions.

The securing of the stator laminations and 
xvindings to the concrete can be accomplished 
either by anchor bolts, spaced and arranged 
to support and adjust the clamps xvhich hold 
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the laminations, or by the use <if a skeleton ring, 
cast in sections and machined to the proper 
form and dimensions. If a ring is used it will 
rest on a shoulder formed in the concrete and 
will be bolted and grouted in place after the 
final adjustment of the rotor has been made.

Fig. 3. General Section of Generating Unit

When the bolt type of support is adopted, the 
placing of the stator laminations and windings 
must be done at the power plant. They may 
be put in either at the factory or at the plant 
if the skeleton ring is used.

The taking off of leads, the shrouding to 
control the direction of air, and the placing of 
vanes for driving it will be approximately 
along the same genera1 lines as for an "all 
metal” machine. Also, the arrangements for 
braking and lifting the rotor will contain no 
novel features.

The bracket or bridge for supporting the 
thrust bearing may consist of a heavy floor 
or cover with deep girders rising from it, or 
the girders may extend below the floor in 
truss form.

In designing this part, the following points 
should be carefully considered:

The reinforcing steel should be of a high 
grade, viz., equal to the best structural steel.

In placing the steel, the heavy, or primary . 
bars should be located so that they carry the 
load to the best advantage while the lighter or 
secondary reinforcing should be so placed 
that there is no portion of the concrete that is 
not effective, not only for supporting the load, 

but for distributing and absorbing vibration. 
To meet this latter condition, a massive struc
ture is desirable.

To facilitate handling, eye bolts or tapped 
sockets, into which eye bolts can be turned, 
should be so placed that they are well tied

Fig. 4. Section Through Stator and Bridge

into the primary reinforcing, and cause the 
structure to be held level when being lifted.

The bearing plates may be formed of steel 
plate if no adjusting of the position of bridge 
is to be made b}T them, but in case such ad
justment is desired, then flanged castings, 
strongly anchored to the stator and bridge, 
with the necessary adjusting screws and al
lowance for the desired movement, will be re
quired.

The simplest method of adjusting thrust 
and guide bearing housings will be by wedg
ing and shimming, and to seam them in place 
after rotor is accurately centered. They 
should be so designed as to permit the pour
ing of grout, into all open spaces between 
castings and concrete structure before anchor

Fig. 5. Plan Section of Stator showing 
Openings for Air Discharge

bolts are tightened. If desired, the guide 
bearing housing can easily be designed to 
allow for a small adjustment of that portion 
which holds the bearing shell and in this way 
make it possible to correct any inequality in 
the air gap.
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The bolts lor holding the bearing plates in 
position may be moulded directly into the 
concrete, but if anchor bolts are to be used for 
holding the bridge to the stator, properly 
located tubes of suflieienl size to allow the 
bolts some play should be moulded into the 
structure. It should be possible to remove 
anchor bolts from both the bridge and stalor 
when the bridge is to be lifted.

Only the vertical type of machine has been 
considered in the foregoing, but it is also prac
tical to build stator frames of concrete for 
large size horizontal shaft machines, using 
either a solid or sjilit ring as may be desired. 
The housing or weather protection of such 
machines, if of the out-of-door type, can also 
be conveniently made of concrete, and pro
visions can be made for handling the sections 
of the housing if at any time it is necessary to 
do anything in the way of repairs on the wind
ings.

The economics to be found in tie til, :'ii- 
tion of concrete lor metal for part ot y< n> ra- 
tors lie chiefly in the lower co t ot materials 
tmd labor, reduction m ■Imp espeu e . and 
the saving in freight and handling ehatye 
To these may be added a considerable sr. my 
in the cost of weather protection, it the yener- 
ators are to be of the out-of-door t’. pc. -ne e 
the concrete bridge structure can be water
proofed at a small cost, and it - general de-iyn 
makes the effective protection of till joints tmd 
openings a simple matter.

A stud v < >f the advantages <¡1 the use <it c< >n- 
erete in the construction of generators in
dicates that its special field lies with machines 
of large size. Just how far down the scale 
of sizes it is likely to show a gain over metal, 
ean only be determined by time and experi
ence. The indications tire, however, that it 
will prove practical and economic" in a ftiirly 
large field.
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Automatic and Remote Control Generating Stations
By A. G. Darling

Power and Inning Enginem*ng Department, General Electric Company

Experience has amply demonstrated the feasibility and economy of . automatic substations, and though 
actual operating data are somewhat more meagre, the automatic generating station has proven its right to a 
recognized place in the industry. The author discusses various, means whereby the automatic generating 
station may be controlled, depending upon the conditions surrounding the installation and the objects to be ac
complished. It is quite probable that the next few years will see a large number of these automatic and semi
automatic generating s.ations in operation, and the additional energy which is thus rendered economically 
available should be an important factor in our industrial life.—Editor.

Rising labor costs, together with lower 
grades of labor available for central station 
service, have caused the present day demand 
for devices that will insure successful opera
tion and reduced labor costs.

One phase of this demand has been met 
by automatic equipment successfully ap
plied to hydro-electric generating stations. 
The most striking example of this application 
is the generating station of the Iowa Railway 
and Light Company at Cedar Rapids, Iowa, 
which has been in successful operation for 
over a year and a half.*  The Drop plant of 
the Pacific Power and Light Co. in the 
Naches Valley is anothH prominent example 
of attendantless operation.

Full Automatic vs. Remote Control
Without regard to the size of the plant and 

its component parts, there are two distinct 
types of control to be considered as offering 
distinct advantages.

When the proposed plaifTis located so far 
from any attendant that it must perform its 
functions with its own brain power, then the 
full automatic control is an essential feature. 
But when, for example, it is convenient to run 
control wires for adjusting the gate openings 
from zero to full gate there may be an 
economy in remote control of water and 
equipment which will not be offset by the cost 
of pilot wires. Other features of the full 
automatic plant are quite as likely to be a 
detriment, in such cases, as they are an ad
vantage in other cases.
Size of Plant

Technically, there is no limit to the size of 
plant to which automatic control may be ap
plied. But with increasing capacity, the 
labor item per kv-a. installed decreases to such 
a point that it will equal the fixed charges on 
the investment in automatic features. While 
plants with automatic features have operated 
for weeks at a time without the doors being 
unlocked, yet practically, the superintendent 

* This station is described in detail in the A.I.E.E. proceed
ings of June 28. 19IS.

who does not periodically inspecl his appa
ratus, of whatever character, may expect to be 
shut down for repairs occasionally when he 
finds it least convenient. It is considered 
good practice to have a watchman inspect ap
paratus of this character at least once a week, 
and in plants of several units where consider
able sums of money are involved, a watchman 
of no special electrical or mechanical ability 
would not burden the operating charges. 
Automatic equipments for plants of 16,000 kw. 
capacity have been planned and proposed.
The Field of the Attendantless Generating Station

Many low head sites are undeveloped be
cause the labor items added to the large 
initial costs make the installation uneconomi
cal. But when automatic features can be 
paid for by the saving in labor in from one to 
four years' time, and thereafter result in clear 
gain, some of these sites prove to be money
making developments. It will frequently be 
found that such sites lie in close proximity to 
main generating stations where attendants 
are required. Therein lie fertile fields for re
mote control features which make it possible 
to utilize waste water and economize stored 
water.

Small power sites, which by themselves, 
would not be considered feasible, yield very 
readily to automatic apparatus when tied in 
with larger systems. The high head site with 
accompanying high speed waterwheels makes 
an ideal application of the induction genera
tor with its smaller number of auxiliaries, 
provided there is sufficient magnetizing cur
rent in the system to excite the generator 
without materially decreasing the system 
power factor.

Stations supplying small loads, important 
in their own field, can be relied upon to start 
and stop on time, demand, or water level set
tings 1 hereby relieving the usual one or two 
man shift.

The accuracy with which the control equip
ment can be set to perform its functions is 
equivalent to having the best technical and 
operating labor on hand at all times.
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Depending on the reliability of the source 
it is possible to secure control supply from a 
small 1 ransformer tapped with fuses from the 
main circuit into which the automatic station 
is feeding and outside ;my of its disconnecting 
switches

The more important schemes of perform
ing the general operations tire shown in the 
tabulation below.

General Features of Control Systems
With a schedule of operations to perform, 

and emergency conditions to be taken into 
consideration, the con^»ent parts of the 
control apparatus take very definite form.

Minimum induction generator control has 
the fewest number of parts. Its speed and 
voltage arc functions of paralleled syn
chronous generators. Its overload limit is the 
capacity of the prime mover, and so long as 
the induction generator is designed to carry 
that capacity plus a safe margin, it cannB be 
damaged by overload. Its mechanical speed 
limit is a function of waterwheel runaway 
speed, and so long as that is taken into con
sideration by the builders, it cannot do itself 
any harm from that standpoint.

Technically, then, a starting and stopping 
device which will function at the owner’s ¡ire- 
determined idea, together with protection 
against external and internal accident, is all 

that is necessary. I Ta< I nail . , :1 ■ ui'.tO ■ 
generally de ire a measure > d >it n pul, In .1; ■ ■ - 
slant ancons and cumulative, and inn 1 er pro
tection from overspeed, overload, Io ot ole 
phase, loss of water bead, hot bean id - 
terna! generator accident.. Automatic par
alleling feat tires will ent d> >wn t lie nt h ot < ttr- 
rent when paralleling is done out of -vn- 
chronism. Gate control will insure con 'ant 
output with normal head of water

Synchri >tu >us general or add t head anta 
giving a predetermined voltage and frequency . 
and so they improve the power factor instead 
of making it worse, also they give independent 
instead of dependent operation. 'Die addition 
of a direct current excitation source adds no 
unsolved problem and assists in obtaining a 
positive source of control supply. In stations 
of considerable size, it is often advisable to 
have an independent source of power to oper
ate. switches, gate motors, etc., etc. Small 
storage batteries charged front the exciter 
serve this purpose. In the induction genera
tor plant the same purpose may be served by a 
small low voltage battery charged from a di
rect current generator directly or belt con
nected to the waterwheel.

The proper sequence of events is best fixed 
by a master controller, motor-driven from 
either an external alternating current source 
or a storage battery.

GENERAL METHODS OF CONTROL 
Unit or Group Operation

Function Automatically Controlled by

Starting Conditions: 
Load Demand....  
Water Surplus ...

Starting:
From Water.

Synchronizing:

From External Electrical Source

Speed Control Within Fixed Limits

Voltage Regulation

Shutting Down:
Load Decrease
Water Deficiency

Contact Making Ammeter . . .
Pressure Gauge or Float Switch.

Elec. Control of:
(a Hydraulically Oper. Gate
(b) Electrically Oper. Gate

(a) Through reactance
(Ju Fractional Voltage Trans

former Taps

Started as a Motor by:
(a) Compensator
(b. Fractional Voltage Trans

former Taps

(a) EleOric Control with vary
ing water pressure

(bl Balanced hydraulic control
(a) Tirrill Regulator
do Fixed Setting

Contact Making Ammeter
Pressure Gauge or Float Switch

Main Station Operator 
Main Station Operator

Remote Eh • Ci n'rol of:
(a) Hydraulically Oper. Gate 
lb, Electrically Oper. Gate

Same as automatic, though function 
may be manually performed by 
attendant in main station if syn
chronizing switch is located 
therein

Same as automatic, except starting 
equipment may be located in 
main station and function per
formed manually

Same as automatic but may be ad
justed by main station operator

Same as automatic

Main Station Operator 
Main Station Operator
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The protective and control equipments uti
lized in such stations are all standard appa
ratus which has had long usage in other types 
of application, so that no question of relia
bility of untried apparaNBenters the project.

re not£ 
STATION

I GENERATOR 
¿ WATER WHEEL 
J EXCITER
4 FIELO RHEOSTAT 
S OH SWITCH FOR M

GENERATOR TROUBLED
6 OIL SWITCH FOR LINE TROUBLES 

ANO SYNCHRONIZING
7 SYNCHROSCOA»£
6 GATE Alo TOR 
9 CONTROL SWITCH

Fig. 1. Simplified Wiring Diagram of a Remotely Controlled 
Synchronous Generator Station

Figure 1 shows a simplified wiring and 
connection arrangement of a remotely con
trolled synchronous generator station, in 
which the operator at the main station has 
complete control of the speed, and 
of the load that the remote sta
tion will carry. By closing the 
control switch in one position 
the gate motor opens the water 
gates. The operator then syn
chronizes at the main station. 
The plant is then operating on 
the load determined by tlie 
operator. Shutting down is per
formed in the reverse order.

Figure 2 illustrates an auto
matic station which is started ( 
and stopped by a float set in i 
the forebay to operate at a pre- i 
determined water level. The ' 
drum controller then actuates 
the remaining control appa
ratus to perform its functions 
in proper sequence and time. 
The generators are synchron
ized with the line by paralleling, 
at approximately normal speed 
and voltage, through the reactor 
which prevents destructive rushes of

/ Gt AERATOR
£ WATER WHEEL
3 Exciter
1DRUM CONTROLLER 
SGRTE MOTOR
6 FLORT
7 WRTER WHEEL GATE SHAFT
Q3TAATING REACTOR
9 STORAGE BATTERI

current.
With a time delay relay, to allow the set to 
come to proper speed, the reactor is paralleled 
by the main generator switch and then 

dropped out of circuit to be ready for the 
second generator. Interlocking devices pre
vent simultaneous synchronizing.

A motor driven exciter, supplied from an 
external source, may be used as a method 
of excitation and battery charging, which 
is particularly apt when the generator speed 
is low enough to cause expensive direct con
nected exciters, and belted exciters are 
deemed inadvisable.
Speed Regulation

Comparatively speaking, automatically con
trolled generating plants are small when com
pared with the systems into which they feed. 
(This, of course, excludes all stations which 
may be operated independently of other sta
tions.) For that reason, it is not so essential 
to provide a means of careful speed regulation. 
Having once determined the gate position 
that will give the desired output, adjustments 
are made to always bring the generator to that 
speed. Any normal variation in water head, 
system frequency, etc., will not, as a rule, be 
great enough to cause interruption of service 
from the automatic plant. For these reasons, 
it is found possible to eliminate the water
wheel governor as being somewhat unneces
sary. Considerable economy in the first cost 
of the governor, and the control apparatus 
for it, is effected thereby.

In most cases of existing stations there is 
just as great a field for automatic control as therefc ire

Fig. 2. Simplified Wiring Diagram of an Automatic Controlled 
Synchronous Generator Station

there is in the undeveloped plants, more so 
perhaps as not a few operating stations have 
high labor costs continually being charged to 
their operation.
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Features of Design in Large Hydraulic Turbines
By F. 11 Kogers
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AMI ENGINE B< It.DIM. CliSIPSM

The work of producing highly efficient hydro-electric generating units devolves equally upon the hs dra die 
and electrical engineers. Manufacturers of hydraulic machinery have not been idle in devising mean:, lor pro
ducing the ever increasing quantities of poxver required by the nation's industries, and at the same time a. < om- 
plishing a real conservation of natural resources by a continually more efficient use of potential water |ioa<- 1 u 
X'iew of this tendency toward units of large and larger size, a gain of even a small percentage in overall ollu u ncy 
becomes of importance. In this article the author analyzes problems encountered in designing wheels of higii 

. efficiency, for both high and low-head applications. The relative importance of losses occurring in pen to< k, 
runner and draft tube at various heads and specific speeds is discussed in detail, and attention is called to 
conditions under which certain of these losses become sufficiently important to warrant considerable effort to 
minimize them.-- Editor.

The great importance of high efficiency for 
hydraulic turbines is noxv unix-ersally a]>- 
preciated and in recent years extensive ex
periments have been made and much study 
given to the subject, xvith the object of re
ducing the losses in the various parts of the 
turbine and xvater passages. 

put of 300 horse poxver continuously for the 
same xvater consumption, xvhich is equivalent 
to 1,900,000 kxv-hr. in a year.

In considering the features of design xvhich 
affect the efficiency, txvo classes of turbines 
xvill be studied: '1) low-head units, and <2) 
high-head units, as the head determines the

Fig 1. Interior View of the Long Lake Station of the Washington Water Power Company, near 
Spokane, Washington, showing two 22,500-h.p. turbines designed for a head of

168 ft. at a speed of 200 r.p.m. A third unit is now being installed

Modern demand calls for large size units; 
and xvhile txventy years ago a 5000-horse- 
poxver turbine was considered of exceptional 
size, today the building of a 30,000-horse- 
power xvheel causes little comment. Among 
the most noteworthy turbines which have re
cently been built, or arc noxx* under construc
tion, might be mentioned: One 22,500-horse 
power for the Washington Water Poxver Co., 
Spokane, Washington; three 37,500-horse 
power for the Niagara Falls Poxver Co., 
Niagara Falls, New York; txvo 52,500-horse 
poxver for the Hydro-Electric Poxver Com
mission of Ontario (Queenstown Plant). A 
gain in efficiency of one per cent on a 3(1,000- 
horse-poxver turbine means an increased out- 

characteristic of the runner design, or, in other 
words, the specific speed. Expressed as a 
formula:

.. R.p.m. X X HP 
-

which defined, means the specific speed N. is 
the revolutions per minute of a unit at best 
efficiency if the runner xvere reduced in size so 
that it xvould develop one horse ¡tower under a 
head of one foot.

For low-head units high specific speeds are 
used, whereas for high heads the reverse is 
true. This can be more readily explained by 
a study of the runner. For low heads, the 
velocities are loxv and the water will follow the 
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radical curvature of the high specific speed 
runner, Fig. 3; whereas for high heads, gradual 
curvatures must be used to suit the high 
velocities and so prevent corrosion. Fig. 4. 
Another limiting factor is the draft head, or 
the total vacuun^E the discharge of the run-

Fig. 2. 37,500-h.p. Turbine for the Hydraulic Plant of the Niagara Falls 
Power Company, Niagara Falls. N. Y., designed for a head of 214 ft. 

at a speed of 150 r.p.m. One of these units is now being 
installed and another is under construction

ner. This is made up of the vertical height 
from the runner to the tail-race level plus the 
velocity head at the runner throat D2, minus 
the velocity head at the outlet of the draft 
tube minus the friction loss in the tube. The 
maximum possible draft head is about 33 feet 
at 70 deg. F. at sea level, but in practice it is 
well not to exceed 28 feet and to maintain this 
margin when the plant is located at higher 
elevations. For high heads, if a high specific 
speed runner were used, the velocity through 
the throat D2 would be high so that the runner 
would have to be located close to the tail-water 
or it is possible that the velocity head at this 
point might exceed the maximum allowable 
draft head. Hence, to avoid danger of pitting 
the runner (corrosion) and to permit of a 
practical location of the runner above tail
water, it is necessary to use low specific speed 
runners for high heads. For low heads, the 
high specific speeds may be used with the result
ing advantage of high revolutions per minute.

Low-head Units
In considering the various features which 

affect the efficiency in the design of low-head 
units, particular attention must be given to 
the draft tube. Of course the design of the 
runner is of primary importance, however, it 

is not the intention of this article 
to deal with this phase of the mat
ter but rather to assume a runner 
of correct design and to study the 
relative importance of the losses 
which occur outside of the runner ' 
itself.

The curves shown in Fig. 5 are 
plotted from the average values 
taken from a number of typical 
runners. The velocities at the top 
of the draft tube are expressed as 
velocity heads and are plotted as 
percentages of the total heads for 
various specific speeds. As the 
water does not usually leave the 
runner in a direction parallel to 
the axis of the draft tube, there are 
two components of velocity to be 
considered: (1) the axial velocity, 
and (2) the tangential or velocity 
of whirl.

It is seen that for high specific 
speeds, both of these items become 
of great importance. Thus, for a 
head of 30 feet the specific speed 
would be about 83 and the energy 
to be regained in the draft tube 
would amount to 12.5 per cent 
of the total available head con

sidering the axial velocity, and 8.25 per cent 
considering the whirl velocity. As velocity 
heads are used in plotting these curves, the 
total energy to be regained is represented by 
the sum of the values taken from curves A and 
B for any particular specific speed. For such 
runners, therefore, the draft tube design is of 
great importance for no matter how efficient 
the runner may be in itself it is possible to lose 
a considerable percentage of the total head 
(20.75 per cent in the case assumed above) 
with a design of draft tube which fails to re
gain any of the velocity.

The problem confronting the designer of 
high-speed turbines is, therefore, to construct 
economically a draft tube which will regain as 
much as possible of the energy at the dis
charge of the runner. A long straight draft 
tube with a small angle of diffusion is found 
to be the most efficient design, but for large 
units such construction would involve costly 
excavation and hence a curved tube must be
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used. As the losses due to change in direction 
of flow tire usually severe this point Ims been 
given considerable stud\ in recent years and 
many experiments have been carried out to 
determine the best design of curved tube with 
the result that etlieieneies of 90 to 93 per cent 
have been obtained for high specific speeds, 
proving that a large part of the energy at the 
runner discharge is regained in the draft tube.

The principal remaining losses which occur 
outside of the runner itself arc: ill in the in
take and penstock. (2) in the casing, (3) disc

f> >r the axial iclmil}. v Ie r< a ’i • I irl
vclocity wotild bc ncghgiblc Ih me, il ’h. 
<lraft tube lia<l an clticnncv of onl. .'>n per 
ceni instead < il 75 per ceni. 1 he etili lem -, . 4' 1 he 
unii would ikerease bui mie half >4 mie per 
cent. Thereforc. for sudi liciuk thè Grafi tubi- 
design is of but minor importarn e.

Fig. 3. Typical Runner of High Specifiers peed 
for Low-head Wheel

1*----------------------- o2----------------------------------ri

Fig 4. Typical Runner of Low Specific Speed 
for High-head Wheel

Fig. 5. Curves showing’Energy to be Regained in Draft Tube for Average Wheels of 
Different Specific Speeds

friction of the runner, and (4) leakage at the 
runner seals. The first two losses can be kept 
small if these parts are properly designed. For 
the penstock, the question of pressure change, 
speed regulation, and first cost are the de
termining factors. The third and fourth 
losses are of minor importance in high specific 
speed runners due to the relatively small 
diameter of the runner, but as will be shown 
are of far greater significance for low specific 
speeds.

High-head Units
For high-heads low specific speeds must be 

used and it will be noted from Fig. 5 that

There are two losses, however, that deserve 
special attention: ID the disc friction of the 
runner and (2) the leakage at the runner seals. 
The former loss is the power required to drive 
the runner submerged. It has been found by 
experiment that the water above and below 
the runner rotates at about one half the speed 
of the runner and. hence, a friction 1c ss - iccurs 
between this water and the stationary parts 
(the upper and lower covers' and an additional 
loss occurs between this water and the runner. 
To keep this loss as low as possible, the inner 
surfaces of the head covers and the outer sur
faces of the runner arc made smooth and free 
from unnecessary projections.
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The loss due to revolving a flat disc in water 
is given by the formula :

HP = KD5N3 
where HP = horse power lost 

D = runner diameter in feet 
N = revolutions per minute 
K = coefficient depending on character 

of surfaces
Experiments which have been made on 
machined brass discs give a value of K = 
0.000,000,000,413. No tests have been made 
on turbine runners to determine this loss, but 
for comparatix e purposes the same coefficient 
may be used.

As an example, consider a 20,000-horse- 
power turbine designed for a head of 500 feet. 
For a specific speed of 22 the speed xvould be 
36S r.p.m. and the runner diameter 6.-15 feet. 
The disc friction loss as given by the formula 
is 230 horse power or 1.15 per cent of the full
load output. As this disc loss is constant for 
all gate openings, it would amount to 2.30 per 
cent of the output at half load. Gn the other 
band, a 10,000-horse-pcwier turbine designed 
for a head of 30 feet and a specific speed of 80 
xvould run at 56 r.p.m. and have a runner 
about 11.8 feet in diameter. Hence, the disc 
friction loss is 161 2 horse power xvhich is only 
0.165 per cent of the full-load output, or 
0.33 per cent of the output at half load. 
Therefore on high-head units this loss is of 
considerable importance especially at part 
loads and must be taken into account in cal
culating the possible efficiencies to be ex
pected.

The second loss mentioned—leakage at the 
runner seals—is also an important factor in 
the design of high-head units. This leakage 
xvater escapes between the periphery of the 
runner and the stationary parts and, hence, 
performs no useful work. The amount of this 
leakage depends on the pressure existing at the 
intake to the runner and on the area between 

the runner seals and stationary parts. For 
high-head turbines the pressure at this point 
is proportionately greater than for loxv-head 
units, and in addition the diameter of the run
ner is relatively greater as xvill be noted from 
the txvo types of runners shown in Figs. 3 and 
4. ' Thus, xvith the ordinary design of runner 
seals the leakage at this point is an important 
factor for high-head units.

As a comparison of this leakage loss be
txveen high and low-head turbines consider a 
20,000-horse-power unit operating under a 
head of 500 feet as compared to a 10,000- 
horse-power turbine under a head of 30 feet. 
If the ordinary type of seal rings are used in 
both cases, the leakage at the runner seals of 
the high-head unit will amount to approx
imately 10 cubic feet per second which is 2.4 
per cent of the full-load quantity required by 
the unit; xvhereas for the low-head turbine, 
the leakage loss xvill amount to approximately 
8 cubic feet per second or only 0.2 per cent of 
the full load quantity. This leakage is, 
therefore, of great importance on high-head 
units and hence special seal rings have been 
designed to reduce this loss to a minimum. 
By the use of such seals on the runner 
and stationary parts it has been found pos
sible to maintain about the same per cent 
of leakage for high-head xvheels as occurs 
on loxv-head wheels xvith the ordinary design 
of seals.

In conclusion, it should be noted that the 
design of each hydraulic turbine presents a 
different problem in xvhich special attention 
must be given to the particular features of the 
design xvhich are of most importance for the 
head under xvhich the unit is to operate. It is 
safe to predict that the future development of 
the hydraulic turbine will be along the lines of 
large size reaction xvheels for high heads and 
higher speed units for loxxr heads, so that the 
particular features of design discussed will 
become of ever-increasing importance.

Vol.XXII.No.il


Some Recent Developments in Power Transformers
By W. S. Moody

ENGINE!' K, TkW-IOHMI K Em.ISIU.KING I >1- I'\K I Ml X I, I'.IXI KXL El I i IRK < UMHM

Transformers play an important part in our large transmission rvstem ami the author ho.'. > u 1 ■ ir
design has been kept abreast of other developments to «ithsta« the In aw s<-rM< <- impon d 1.x t) . .,u r ,■ .)y
increased capacity of the individual unit ami the adoption of higher \oltagw. The improv.fmnr in .'l- 
cooled transformers, brought about bv the development of the radiator tank, have made it po ihh- to u <■
Self-cooled units in many places where water-cooling 
author tells how the special problems involved in the < 
successfully and he also deals with the use of conservat

It is, of course, generally appreciated that 
the possibility of transforming electric power 
from low potential to high potential and back 
again to low potential, with an almost neg
ligible loss, by means of static transform
er; i.e., transformers that have no moving 
parts, adds greatly to the possibilities of 
power transmission. Even the engineer, how
ever, seldom stops to consider seriously what 
a relatively insignificant industry power trans
mission would be without any means of trans
forming electric power except rotating appa
ratus.

Generators with revolving armatures were 
not successfully made for voltages over 2500 
for many years after alternating current was

would formerly have been eou-ulered . .euiial. I e 
lesign of transformer- tor eleetrie furua. ■ .'.er. r ,. t
nrs Eihiok.

generally used, and those built for pres-ures 
as high as lililll) volts were never wry reliable. 
The use of revolving field generator- later 
made the problem somewhat simpler, but 
today a generator for over 25.000 volts i- to 
be avoided, even in the very large capacities.

If limited to such a voltage and to the use 
of a similar high voltage machine as a motor, 
the writer ventures to say that not 15 per cent 
of the present ¡rower transmitted by elec
tricity would be practical, commercially.

In the June. HHii, issue of the Review the 
writer presented, in considerable detail, some 
of the many electrical and mechanical features 
of large, high voltage transformers that must 
be treated with skill and care in their design

Fig. 1. Outdoor Substation of the Great Northern Power Company. Radiator-type Self-cooled 
Transformer. Recent developments in transformer design have made possible the installation of 
large high-voltage transformers out doors. The use of this type of station has been accelerated 
by recent power demands with corresponding shortage in material, labor, and time necessary 
for building stations to house transformers.
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and manufacture if they are to give reliable 
service and transmit p^Hr for many years. 
In the years intervening < ngineering and 
industrial activities have been so largely 
devoted to the demands of war that the usual 
growth of power transmission has not been

Fig. 2. 33,000-volt, 150-kv-a Outdoor Substation. Typical 
of small transforming stations which have been coming into 
favor for a number of years with consequent saving in 
building expense.

possible; but there has been a splendid oppor
tunity to test transformers already in service 
and to demonstrate that such of them as are 
in conformity with the best practice are 
thoroughly reliable even when conditions 
necessitate heavy overloads and continuous 
service. '

Perhaps the most noteworthy feature of 
recent development that has thus been 
thoroughly tested during this period is the 
installation of large and high voltage units 
in outdoor stations. At first it was only the 
more adventurous of operating engineers who 
were willing to trust the designing engineer 
to furnish them with transformers that should 
stand up xvhen so installed, and then it was 
considered only in the less important and 
smaller substations. So xvell were the designs 
xvorked out, hoxvever, in all the many details, 
that even from the first little additional 

trouble xvas experienced. When the xvar- 
time shortage of structural steel, labor and 
the urgency of demand combined to make 
station building almost out of the question, 
practically no operating engineer hesitated 
to install even the largest and highest volt
age units out-of-doors in both water-cooled 
and self-cooled types. Fig. 1 shows an out
door installation of three self-cooled, 60,000- 
volt transformers, while Fig. 2 is representa
tive of a modern pole-type substation of 
small capacity.

An article in the August, 1918, issue of the 
Reviexx' described “Radiator Tank Trans
formers,” a good example of which is shoxvn

Fig. 3. 50,000-volt Moderate Capacity Power Transformer. 
Use of the all-welded steel radiators on transformer tanks 
has made practical the building of self-cooled units in any 
desired capacity. The installation of such transformers 
out of doors has eliminated the difficulty often experienced 
with large self-cooled units when installed indoors, of 
keeping the ambient temperature at a conservative value.

in Fig. 3. By the use of these radiators we 
are able to build self-cooled transformers 
in any desired capacity. It is of particular 
advantage for out-dopr installation in that 
the transformers require the minimum amount 
of attention. Furthermore, in large self



SOME RliCENT DEVELOPMENTS IN PoWliR TRA NSI < »R M E R

cooled units (lie problem of properly ventikit 
ing the room in which they arc insl ailed so as 
to keep the ambient temperature at a con
servative value, is of no small importance on 
account of the large amount of hoat liberated 
into the room. The installation of such units 
outdoors, therefore, is an ideal solution of this 
problem. It will be noted that radiators are 
used on the transformers shown in Fig. I.

In the early history of transformer design, 
the importance of building transformers to 
meet short-circuit conditions was of minor 
importance, because the systems back of the 
transformers were small and the maximum 
possible short-circuit current could be only 
a few times that of normal. Some of these 
transformers, however, did not stand up when 
placed on large systems, having practically 
unlimited amount of power compared to the 
size of the transformer. In the article in the 
July, 191G, issue of the Review previously 
mentioned, the writercalled attention to

Fig. 4. Water-cooled Furnace Transformer. Due to recent 
largely augmented demand, the design of such trans
formers has been given special consideration. The trans
former must deliver very heavy currents without exces
sive stay loss and be reliable in a class of service where 
short-circuits are common.

various methods of designing transformers 
to withstand electro-magnetic forces gen
erated in them under short-circuit conditions. 
It is gratifying to note that failures due to 
short circuit on transformers designed to meet 
this condition have been eliminated, notwith-

sl and ing the fact that •. 
ci mt intiall v growing tn size

Fig. 5. Low Voltage Bars of a Furnace Transformer Showing 
Dust-proof Outlets. The large number of secondary volt
ages often required, and protection from the dust and dirt 
inseparable from such service, aid other problems to the 
design.

design transformers xvith special reference to 
such use. These transformers are. commonly 
classed as “furnace transformers.” Fig. 4 
shows a complete furnace transformer of xvhich 
a large number xvere supplied for one of the 
government nitrate plants during the xvar.

The special problem in such transformers is 
that of producing a design capable of deliver
ing the very heavy current usually required 
for these processes, without excessive strax- 
losses and with requisite reliability in a class 
of service xvhere short circuits are common.

In general, the secondary or low voltage 
windings of these transformers must be 
divided into a number of circuits or coils, 
connected in parallel, to obtain the necessary 
current carrying capacity. It is essential 
that the current in these various parallel 
circuits be properly divided, otherwise there 
xvill result high excess losses due to the 
currents in the individual circuits being out 
of phase with one another.

The difficulty of this problem is frequently 
accentuated by the fact that a considerable 
range in secondary voltage is required, which 
is generally obtained by taps in the primary 
winding, changing the ratio to give this 
required range in the secondary voltage xvith 
a fixed primary voltage impressed. The 
windings must, therefore, be so arranged that 
not only is the resistance of each secondary 
circuit approximately the same, but the 
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reactance, with respect to the Primary wind
ings, must also be the same.

The duty on such transformers is usually 
very severe, especially in arc furnaces, due to 
the variation of the resistance of the material 
in the furnaces, variations of the length

Fig. 6. Essential Features of the Transformer Oil Con
servator. The features include: Transformer tank com
pletely filled with oil under slight pressure. Cool oil only in 
contact with air; Breathing through Calcium Chloride; 
and Provision for preventing moisture which may enter 
through breather from getting in the main Transformer 
Tank

of the arc, breaking electrodes, etc., xvhich 
cause a great variation in the current flowing. 
From these causes sudden current rushes, 
reaching values a number of times normal, 
are quite frequent. This, therefore, neces
sitates a very rugged design to withstand the 
constant subjection of mechanical forces in 
the xvindings due to current surges. The 
structure must be such that vibration incident 
to these forces cannot loosen the means of 
supporting the coils and cause failure in this 
manner.

In some types of furnaces, particularly 
those of the are type, the character of the arc 
itself causes oscillations of current and voltage 
at high frequency xvhich are impressed on the 
secondary xvinding and may be reproduced 
by induction in the primary xvinding. It is 
necessary to insulate for these conditions. 
Therefore, it has been found adxnsable to 
insulate such transformers more highly than 
those of a similar rating employed for ordinary 
distribution power.

Most electric furnace operations are very 
dirty. The atmosphere is frequently filled 

xvith dust which may be of a conducting 
nature. Therefore, it is essential that oil- 
immersed transformers be made thoroughly 
dust proof and that the leakage distance 
betxveen terminals of opposite polarity out
side the transformer be made especially 
liberal, so that no trouble xvill be experienced 
even with considerable accumulation of dust 
on these terminals. It has frequently been 
thought desirable to use regular outdoor 
style bushings for high voltage terminals on 
account of dust accumulation.

Some details of construction are shoxvn in 
Fig. 5, of a dust proof outlet for a low voltage 
bar terminal for a very complex three-phase 
design.

A device xvhich is gaining in popularity 
among users of high voltage poxver trans-

Fig. 7. Interior of a 10,000-kv-a. 120,000-voIt Transformer 
with Oil Conservator shown Mounted on Transformer 
Cover. Auxiliary tank must be slightly higher than the 
highest point of the main tank.

formers is the oil conservator, brief mention 
of xvhich was made in the January, 1919, 
issue of the Review. As was there stated, 
the conservator eliminates contact between 
the warm oil and the air, thereby preventing 
the oxidization of the oil, and the consequent
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formation of sludge; eliminales all possibility 
of moisture in the main transformer tank, 
thereby preventing breakdown due l<> a 
lowered dielectric strength of the oil, and also 
eliminates the air space above the oil in the 
main transformer tank, thus preventing 
explosions due to a mixture of air and gas 
being ignited by a spark or static discharge.

Fig. 6 shows dearly the principal features 
of the conservator. This consists of an 
auxiliary tank, connected to the main trans
former tank, in which the oil expansion due 
to changes of temperature in the transformer, 
can take place. The auxiliary tank is placed 

ing takes place at I Ins point A a < on ■ 
(|ucnec, even should the <hlmi<lc Im-alber 
become inelTcctivc, and the tempcrature drop 
below ambient, and moisture lie drawn mt" 
the conservator, the moisture will fall info 
the sump when condensed

Several methods of momitmg tin coiner a
tor have been used, but the cs' cntial pom i 
that the auxiliary lank be slightly above 
highest point of the main tank. While •' 
conservator may be mounted on the trans
former cover. <>r on a wall or trestle, tin- 
preferred method of mounting is to place the 
conservator on the side <>f the transformer

Fig. 8. Outdoor Station of the American Gas and Electric Co., at Canton, Ohio, showing an Installa
tion of Conservator Type Water-cooled Transformers. The outdoor installation combined with 
the use of the Oil Conservator makes this typical of up-to-date transformer practice.

a little higher than the main tank in such a 
way that the latter is always filled with oil. 
The pipe connecting the two tanks is large 
enough for free flow of oil, but too small to 
allow of free circulation. This results in 
practically ambient temperature in the aux
iliary tank where the oil is in contact with the 
air, a feature which is essential for the pre
vention of sludging, and yet there is suffi
cient temperature rise to avoid any con
densation.

Since the expansion and contraction of oil 
due to changing temperature affects the oil 
level in the conservator tank only, the breath

tank or support it on suitable brackets from 
the transformer truck or base.

A large number of the conservator type 
transformers, covering a range in size from 
1000 to 10,000 kv-a.. have been in operation 
two or three years and have everywhere given 
satisfactory service. Fig. 7 shows an interior 
view of a 10,000-kv-a., 120,000-volt trans
former with conservator, while Fig. S gives 
some idea of the appearance of an installa
tion of these transformers. This last view 
is also representative of a thoroughly modern 
high voltage outdoor station using water- 
cooled transformers.



S5S November, 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 11

Recent Developments in Oil Circuit Breakers
By J. W. Upp

Manager, Swik hboard Department General Electric Company

The transmission of large powers at high voltage is one of onr great engineering problems. The con
centration of power in large interconnected stations is a modern economic necessity, and an increase in voltage 
means more economy. This constant increase in power and voltage demands that everything that enters into 
the transmission system must keep pace with the development. Those that are to lead must keep ahead of the 
present requirements and make future advancements possible. Mr. Upp, in this connection, shows how oil cir
cuit breakers have been kept “ahead of the game” in interrupting capacity and in increasing voltage require
ments with the necessary reliability of operation. The importance of safety devices has not been overlooked as 
is shown by the author’s description of the removable truck type of oil circuit breaker.—Editor.

The interconnected power system with its 
modern generating stations of increased 
capacity has been made possible through the 
development of apparatus and devices of 
various kinds, but no single device entering 
into this development has received more en
gineering consideration than the design of oil 
circuit breakers of adequate capacity for 
known and contemplated requirements.

( )n these systems one oil circuit breaker may 
be required to control a small alternating cur
rent motor; another oil circuit breaker on the 
same system may be required, to interrupt a 
short circuit in one or more generators or even 
the entire output of the station.

Fig. 1. Small Capacity Oil 
Circuit Breaker

()il circuit breakers may be required for cir
cuits of 600 volts or less; they may also be re
quired for 15.").000 volts or more; and they are 
used on circuits of 30 amperes and on circuits 
of 10,060 amperes. Gii circuit breakers may 
use but one quart of oil and weigh less than 20 

pounds, or they may use 5000 gallons of oil 
and weigh many tons. They may be man
ually or electrically operated, be installed in
doors or out-of-doors and be arranged to open 
or close automatically—each type having its 
own special use and particular field of appli
cation.

The lines of oil circuit breakers which are 
hereinafter described and illustrated are. of 
two general types. -

1. The FK type or those with a double or 
quadruple break per pole, comprising 
vertical downward moving conducting 
members and carrying, except in a few 
cases, the entire current load in a com
mon oil tank.

This family of breakers varies in 
structural details, but have the com
mon characteristics of stationary con
tact members passing through insula
tors substantially mounted on a frame 
forming the top of the oil tank, and 
projecting beneath the oil surface in 
the tank. The moving contact mem
ber is carried by a vertical rod which 
passes through the top framework and 
then makes attachment with the oper
ating mechanism.

The oil tanks are made of sheet 
steel with welded seams, the shape 
is circular or elliptical in section 
in those breakers constructed to 
withstand high pressures, rectangular 
with rounded ends for medium ca
pacity breakers, and rectangular for 
breakers of small capacity.

2. The FH type, or those with a double or 
quadruple break per pole, comprising 
vertical upward moving conducting 
members, each main contact rod 
breaking the arc in a separate oil 
vessel, xvhile in breakers of all but the 
smallest capacities nearly all the cur
rent is earned by parts external to 
the oil vessel.
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Fig. 2. Small Capacity Breakers of the FK Type

4. 73,000-volt High Capacity Oil Circuit Breaker of the 
FK Type, Mounted on Angle Iron Framework

Fig. 3. Moderate Capacity Oil Circuit Breaker
of the FK Type

Fig. 5. 15,000-volt High Capacity Oil Circuit Breaker of the 
FK Type Mounted on Pipe Framework
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The moving contact member is carried by a 
vertical rod which passes uj -u ard through the 
top of the cell in which the breakers are in
stalled and then makes attachment with a 
motor operated mechanism. The oil tanks 
are of one piece cylindrical drawn steel with-

Fig. 6. Standard Pole Unit for
Fig. 3

out seams, which construction enables the 
tanks to withstand the heavy pressures en
countered in the interruption of large currents.

Each of these types of breakers have been 
in general use for many years and during that 
time have been constantly improved. This 
improvement still continues and the engineers 
engaged on this class of work supplement 
practical application of existing designs with 
equal energy devoted to the development of 
designs for the future.

The more recent advances in oil circuit 
breaker developments have been along the 
following general lines:

1. Standard unit method of construction.
2. Increase in interrupting capacities.
3. Increased safety; easy inspection and ad

justment, and quick replacement.
Standard unit construction is of value to the 

manufacturer, but the principal reason for its 
adoption is the opportunity it affords to give 
the best possible service to a purchaser.

In breakers that are made in large quanti
ties the standard unit types are always cheaper 
than other breakers of equal quality made for 
similar service, and the time to manufacture 
and deliver are lessened considerably.

In types of breakers where the line is 
limited, or the sales are comparatively small, 
the actual cost of standard unit construction 

may be, and often is, greater than a special 
breaker built for a specific application; but 
the ultimate cost is less, because of the saving 
in cost of maintenance. Repairs are easier to 
make, the price and time of obtaining parts 
are less, and the liability of extended shut
downs is decreased materially.

The plan followed on the types of oil cir
cuit breakers hereinafter described is to stock 
the unit components, this being of advantage 
to any purchaser, but especially to large com
panies which have on their systems breakers 
of various types and sizes. The user can ob
tain complete breakers, or replacement parts 
more readily, and he can also carry in stock a 
sufficient number and variety of standard 
units to meet any ordinary emergency.

Fig. 3 illustrates the standard unit parts of 
a small oil circuit breaker. The triple-pole 
breaker shown consists of five standard units,

Fig. 7. Moderately High Capacity Oil Circuit Breaker of the 
FK Type, with Four Contacts in Bach Oil Tank

that is, the mechanism unit, the frame unit, 
and the three single-pole units.

The mechanism unit with the addition or 
omission of the tripping coils is the same for 
all capacities of the breaker; the frame unit is 
the same for all breakers of the same number
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Fig, 8. 115.000-volt High Capacity Oil Circuit Breaker 
of the FK Type Mounted on Floor

of poles; and the pole min mi- ■ Ie 
same for all Breaker ot the am. 
voltage ami ampere raimc Tim 
principle applies in general to all 
new dev elopnn-nts m oil nrnm 
breakers. The details varv, how - 
ever, to suit the particular type of 
construction involved.

'The interrupting capacity of any 
oil circuit breaker depends, among 
other things, upon the ability of 
the breaker to resist the preMire 
produced by the gases generated 
in the tank, and the secondary 
explosion of these gases xvhen mixed 
with air above the oil level within 
the oil tank; and if the other de
termining factors are within safe 
limits. the breaker which has the 
strongest oil tank xvill have the 
greatest interrupting capacity.

In the Type FK oil circuit break
ers, except those of considerable 
size, the arcs are drawn openly in 
the oil, and are free to move to 
any position in the tank as may

Fig. 9. 115,000-volt High Capacity Oil Circuit Breaker of the FK Type. 
Mounted on Structural Steel Girders which Rest on Concrete Foundation 

Pillars between which a Pit is Built to Allow Removal of the Oil Tanks

Fig. 10. Single Pole of High Capacity Oil 
Circuit Breaker of the FK Type, 

showing Insulating Shield 
and Explosion Chamber
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Fig. 11. High Capacity Oil Circuit Breaker of the FH Type

Fig. 13. High Capacity Oil Circuit Breaker of the FH Type 
with Semi-portable Steel Cell

Fig. 12. High Capacity Oil Circuit Breaker of the FH Type 
with Single Pole Units, Mounted on Removable Trucks

Fig. 14. High Capacity Oil Circuit Breaker of the FH Type, 
Mounted on Removable Truck
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be determined by the magnetic repulsion 
of the arc and the size and shape of Ha
gas volume. In the largest eapaeitv break
ers of this type advantage is taken of tins 
known action in a xery novel and efficient 
manner; and a brief description of the con
struction readily shows (lie xery high 
factor of safety obtainable xvith a mini
mum use of material. In these cir
cuit breakers, which have to interrupt 
circuits carrying very large amounts 
of poxver, the quantity of gas gener
ated and the danger of the are stabi
lizing are so great that it becomes 
desirable to use some limiting means 
to reduce the gas volume, the are 
spread, and the accompanying gas 
explosive pressures. This is accom
plished by the use of a strong metal 
vessel attached to the loxver end of 
the insulating bushing as shoxvn in 
Fig. 10. By means of these chambers 
the time required to rupture the arc 
resulting from a given load and load 
condition is greatly reduced. Also 
the volume of gas generated xvithin 
the oil tank is reduced. Moreover, 
this gas is directed downxvard into 
the oil and cooled, xvhich reduces its 
volume and also makes impossible its 
igniting any explosive charge of gas 
xvhich may be above the oil level in 
the tank. In addition, the oil xvhich 
is ejected from the chamber when the 
breaker opens under load is projected 
at high velocity upon the incandes
cent end of the electrode, cooling it 
and making reionization much more 
difficult.

The explosion chamber of Type FK oil cir
cuit breakers is of small cubical capacity, but 
is constructed to xx-ithstand pressures of many 
hundred pounds per square inch, thus re
lieving the large outer oil tank from pressures 
which might be destructive if the arc had 
been drawn directly in the outer tank.

In the Type FH breakers the relative in
terrupting capacities depend also upon the 
strength of the oil tank, and upon the physical 
dimensions of the tank combined with break 
distance, speed of operation, and other varia
ble quantities. In this breaker there are txvo 
or more breaks per pole, and each break is 
made in a seamless draxvn steel oil vessel of 
great strength and small oil capacity, xvhich 
assures the minimum fire hazard. The 
vertically* moving contact rods pass through 
openings in insulating baffle plates xvhich are

Mip|iunni us w 111 i ■ 111 < i । •:< nn

When the contacts part, a lnph pr< me । 
gt-lKiated in the oil space bdov. 1Ii< Iov.ii 
baffle. and this high pi’essmc ■ p-< 1 Hh- .,-| at 
high spied into the path of the arc ami in
stantly extinguishes it.

1
Safety Enclosed Swing-out Panel, with Type FK-20 Oil Circuit 
Breaker. Unit for Mounting on Vertical Flat Surface

Marked progress has been made in develop
ing means xvhich xvill prevent accidental con
tact xvith oil circuit breakers while alive, and 
this development has also increased the effi
ciency of operation by giving greater ease of 
inspection, adjustment, and replacement. 
The method is to enclose and interlock the oil 
circuit breakers, xvith their necessary auxil
iary apparatus, in a housing so that:

1. Access cannot be had to them xvhile alive.
2. They ean be sxvung out or drawn out 

from the housing xvhen dead.
Figs. 12, 14, 15, 16 shoxx- this construction. 

With the Type FK breakers the current and 
potential transformers are housed in the same 
enclosure.

Fig. 15 shoxvs an industrial type of oil cir
cuit breaker totally enclosed in a steel housing 
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and consequently free from the hazard of 
live current carrying parts. The breaker 
as shown is in the swing-out position, and 
it is so interlocked with the housing that 
the panel can be swung out only when 
the breaker is in the off position and the 
disconnecting device is therefore carrying no 
current. The interlock also prevents the panel 
from being swung back into operating position 
when the breaker is in the on position.

Type FK breakers may be operated on the 
removable truck plan if desired and when 
used in a switchboard of truck construction 
not only afford the highest possible degree of 
protection against accident to the operator, 
but reduce very materially the duration of a 
possible interruption. And it is the consensus 
of opinion of those who have given such mat

oil circuit breaker is locked so that it cannot be 
operated until the disconnecting switches are 
entirely open. Then the breaker mechanism 
can be operated for inspection or repair.

It is impossible to close the disconnecting 
switches except when the oil circuit breaker is 
open, and the truck and breaker are open, and 
the truck and breaker are in position and the 
cell doors closed.

The cell doors can be opened and removed 
only when the disconnecting switches are fully 
open.

While a cell door is open, it is impossible to 
close the disconnecting switches irrespective 
of the position of the operating mechanism.

The truck cannot be removed until the cell 
doors are open, and the oil circuit breaker is in 
the open position.

Fig. 16. Safety Enclosed Unit Panel Switchboard Removable Truck 
Type, Front View, One Truck Removed

ters consideration that this particular kind of 
panel will be applied more and more as time 
goes on and eventually will supersede the 
stationary type of slate or marble switch
board now in general use.

Type FH breakers are also made in remov
able tiuck form, Fig. 12 and Fig. 13, so that the 
entire breaker or any pole may be removed for 
inspection or adjustment and a spare breaker 
placed in service within a short time. With 
breakers of this construction, an interlocking 
arrangement is used which possesses several 
safety features that are worthy of mention.

The disconnecting switches on all phases are 
opened simultaneously.

The disconnecting switch cannot be opened 
until the circuit has been opened by opening 
the contacts of the oil circuit breaker.

As soon as the disconnecting switches are 
opened, no matter to how small an extent, the

When the truck is removed the discon
necting switches are locked in the open posi
tion.

The description of the oil circuit breakers of 
the types illustrated would not be complete if 
emphasis were not laid again upon the 
primary importance of having safety in in
stallation and in operation, and the consensus 
of opinion among operating and designing en
gineers is not too strongly- stated when it is 
said that circuits of every description should 
be fully protected against accidental contact 
and that in modern installations of electrical 
apparatus every' precaution must be taken to 
avoid the possibility of any accidental con
tact with live parts. The manager of a power 
plant or of an industrial installation who per
mits the use of apparatus without adequate 
safety protection is not conserving his re
sources in a proper manner.
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High voltage bushings were lor a long time one of the limiting features of high ten-ion trim • ■■ w 

author shows that the litiivullKS have been overcome ami that a successful line of bu-hmg have ■ 'm 
izecl There now seems no limit to the size for which these bushing- can be made. Tin- artu b- < ..mam mw 
valuable data which should be known by those interested in the technical side of tran-mi -ion hm- d. '..'m 
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With the increase in voltage and size <>f 
power transmission systems, the intercon
nection of such systems, and the demand for 
greater reliability and absence of service 
interruption, there has arisen a need for 
greater attention to the high voltage bush
ings or terminals of the various classes of 
apparatus connected to these high Hltage 
circuits. The General Electric Company has 
recognized this need of the operating com
panies by the establishment of a High Voltage 
Bushing Engineering Department, which is 
devoted to the peculiar problems of the design 
and manufacture of bushings for high voltage 
apparatus.

Fig. 1. Filled Type Flange Clamped Porcelain High Voltage 
Bushings for Transformers, Oil Circuit Breakers and 

Lightning Arresters. Range of Operating Volt
ages, 73,000 to 177,000 volts

The General Electric Company’s standard 
types of bushings are divided into two groups: 
those for operating voltages not exceeding 
73,000 volts, which are of the "solid" type. 

and those for voltages above 73.IUMI, which 
are of the ‘‘tilled’' type. Some of the more 
important features of design and performance 
of the "tilled type" bushings arc dealt with 
in this article.

A line of filled type bushings, which is 
partly illustrated in Figs. I and 2, has l>cen 
standardized for operating voltages between

Fig. 2. Filled Type, Flange Clamped Porcelain High Voltage 
Bushing for Transformers, Oil Circuit Breakers and 

Lightning Arresters. Maximum Operating
Voltage 250,000 Volts

73.000 and 250,000 volts. The keynote in 
the design of these bushings, both electrical 
and mechanical, has been reliability; in their 
application, it has been interchangeability.



S66 November, 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 11

As illustrated in Fig. 3, these bushings are 
interchangeable between all the standard 
classes of high voltage apparatus, so that a 
given bushing, when equipped with the 
proper detachable terminal accessories, may 
be assembled xvith a poxver transformer, an

Fig. 3. Filled Type High Voltage Bushings Class F2 400 A. 
Equipped with Terminal Accessories (Detachable) for the

Class of Ser vice Indicated. Leftto Right: Constant Poten
tial Transformer, Lightning Arrester. Oil Circuit

Breaker and Metering Current Transformer

oil circuit breaker, a lightning arrester, a 
potential metering transformer or a current 
metering transformer, or may be transferred 
from one to the other. They are supplied 
in designs adapted to high and loxv altitude 
installations, as shoxvn in Fig. 4, according 
to the location of the system, and are uni
formly suitable for outdoor service.
Rating

The voltage rating of a bushing is related 
to, and should not be less than, the highest 
normal operating voltage of the circuit to 
xvhich it is connected. As far as the bushings 
are concerned, this normal rating should apply 
to all parts of the circuit, including both the 
generating and receiving ends of the line. 
This is desirable because the over-voltage 
stresses to xvhich the bushings, as xvell as other 

insulation, are subjected, may be as great 
at the receiving end of the line as at the gen
erating end, although, under normal operating 
conditions, the x'oltage at the receiving end is 
usually loxver.

As a general rule, no distinction is made 
between systems xvhich are Y-connected, 
and those xvhich are delta-connected, in so 
far as the choice of bushings is concerned. 
This is the regular practice also in the case 
of high voltage lightning arresters. No 
system may be considered grounded, from 
the standpoint of the bushings, unless dead 
grounded at both ends of the line, at present 
a rather unusual condition. Even such 
grounds may be disconnected from the sys-

Fig. 4. Filled Type High Voltage Bushings 
for High and Low Altitude Service. 

Transformer Contacts on Bush
ings, Lightning Arrester Trans

former Contact in Center 
and Oil Circuit Breaker 

at Right

tern by opening the high voltage oil circuit 
breakers, xvhich xvould leave the line bushings 
on the circuit breakers connected to un
grounded lines. Until experience has shown 
conclusively that so-called grounded systems 
present less severe operating conditions for 
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the bushings, it appears to be g.... I cngimvr- 
ing practice to treat al) system» alike. di»- 
regarding their connections.

The coefficient of s;if<.-t v is based on the 
A. I. E. E. specifications for the test voltage 
of high voltage apparatus. Taking as a basis 
of reference the highest test specifications, 
namely, two and one quarter times the normal 
line voltage, plus 20(H) volts. as in tin- case 
of oil circuit breakers, it has been found by 
careful review of past experience that a 
factor of safety in the bushings represented 
by a ratio of 7:1(1 to Did of this test speci
fication, has resulted in occasional flash- 

nr'. <- i < i^Hi-nt n g tie i< '.c ■ I’
■., .huge at difleri ni ah II mb ot ,
I he I ■ pc how n in 1’ig I 1 a f i ■ n • 
will be naticcd that a ridm'm'. ''a 
ukt \oltagc of about U'j [<:■■■': '■ 
result of an imrca»e in alt it mb- I f m. ■ a b . ■ 
to loon |\-<t Likcwi»c. an altnmb"- Idooo 
feet correspond» to a redm i ion ot _’7 p> r ■ ■ t • 
in the flashover voltage Thu- a bn I mg 
which has a flashover voltage of -oh.(inn v oh 
;it sea level, would flashover a' about (BihHiIi 
volts at 1(1(11) het altitmb . ami a' about 
275.011(1 volt» at |U.(KU) feet Till- ilm-'rao 
the necessity for taking into amount the

Altitude Correction Factor

Fig. 5. Curves showing Variation in Flashover Point with Change in Altitude 
and Correction Factor for Different Altitudes

over of the bushings in service. Ratios 
greater than 1 have always given successful 
operation. The test specification of the 
A. I. E. E., therefore, is considered safe and 
sufficient for the bushings, as well as for the 
completed apparatus. These "filled type" 
bushings are designed to withstand a test, 
with or apart from the apparatus with which 
they are operated, equal to the test specified 
in the Standardization Rules of the Institute.

The effect of altitude on the flashover 
voltage of bushings is similar to its effect on 
other types of gaps, such as lightning arrester 
gaps and line insulators. Fig. 5 shows a 

altitude of the installation. Since the maxi
mum one-minute test voltage of the bushing 
is definitely related to the flash er voltage, 
it follows that the normal operating voltage 
is also definitely related t the flash ver 
voltage, and consequently is affected by the 
altitude of the installation. For instance, a 
bushing having a normal opera’ing voltage 
rating of 154.IK KJ volts at s< a level, would be 
reduced in rating to 135.1 mil volts at 4dd0 
feet, and to 112.(MIU volts at Id.ddO feet.

This great effect of the altitude upon the 
rating of the bushing involves only the upper 
end of the bushing, whose insBKing surface 
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is exposed to the atmosphere. The puncture 
strength of the bushing is not affected by the 
altitude, nor the strength of the insulating 
surface of the lower end of the bushing, which 
is entirely submerged in the oil of the appa
ratus in which it is assembled. For this 
reason, installations at high altitudes, par
ticularly those exceeding 4000 feet, are 
supplied xvith “high altitude” bushings, 
xvhose upper section has been lengthened to 
increase the striking distance, corresponding 
to the decrease in the dielectric strength of 

factors of safety which apply to all instal
lations. Other conditions also affect the flash
over voltage, such as the condition of the 
surface of the bushing, whether clean or 
dirty, different degrees of humidity and 
especially rainfall. All of these conditions, 
likewise, are present to a greater or less degree 
at all altitudes, and at all places of instal
lation. Experience has shown that these 
conditions, inclusive of temperatures, are 
properly provided for by the factor of safety 
represented in the A. I. E. E. test.

Fig. 7. Wet Flashover of F3 Bushing 
at 305,000 Volts

Fig. 6. Dry Flashover of Filled Type Flange Clamped 
Porcelain Bushing at 395,000 Volts

air at the high altitude. As illustrated in 
Fig. 4, the high altitude and low altitude 
bushings are exactly alike beloxv the sup
porting flange.

Temperature also affects the relative air 
density, and consequently the arc-over volt
age of the bushings. A difference of 1 deg. C. 
in temperature has the same effect on the 
relative air density, and therefore on the are- 
over voltage, as a difference in altitude of 
100 feet. Thus a difference of 40 deg. C. in 
temperature corresponds to a difference of 
4000 feet, in the altitude of installation. Such 
temperature conditions, however, exist at all 
altitudes and have to be considered in the

There should be some definite relation 
between the insulation strength of the bush
ing and that of the line to xvhich it is con
nected. There exists, however, such a xvide 
variation in the actual value of line insula
tion, not only on different systems, but at 
different points on the same system and at 
different periods of time after the erection 
of the line, that it is quite out of the question 
to establish any very definite relation betxveen 
the bushing and the line insulation. Pro
tective devices such as lightning arresters, 
on the other hand, offer a basis of comparison 
which can be utilized in the rating of the 
bushing.
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Tests have shown that these standard 
bushings an^Bry "slow'’ under high fre
quency impulses, which feature is highly 
desirable in order that high frequency dis
turbances shall be ^■'barged over the pro
tective gap, rather than over the bushings, 
(hi the other hand, in order to safeguard 
against low frequency disturbances, it is well 
to have the (ill-cycle arc-over voltage of the 
bushing equal to at least twice the arc-over 
voltage of the protective spark gaps. This 
relation results from the theoretical value 
of the reflected wave. Considering a wave 
of potential just below the breakdown voltage 
of the protective spark gap, such a disturb
ance would not be discharged upon approach
ing the apparatus protected by the spark gap, 
and the wave would pass on to the trans
former or end of the line, there to be reflected 
at theoretically double its initial value. 
Under such circumstances, the bushing should 
not flashover, but should withstand the double 
value of the wave, which would then be dis
charged by the spark gap.

All of these considerations have led to the 
assignment of an arbitrarily chosen symbol 
to each bushing in the standard line such as 
Fl, F2, F3, etc., to the "low altitude” bush
ings, and F1A, F2A, F3A, etc., to the "high 
altitude” designs. These symbols serve to 
distinguish the different sizes of bushings in 
all particulars except current carrying ca
pacity. The "flat” voltage rating has been 
superseded by the "voltage-altitude" rating, 
so that a given bushing may operate on sys
tems of different voltage at different altitudes 
with the same factors of safety. This classi
fication symbol also allows the bushing to be 
assigned to a system according to its operating 
conditions without violating any arbitrarily 
established voltage rating.

Performance
With bushings, as with other apparatus, 

and all the more so because upon the 
bushing depends the serviceability of the 
apparatus, reliability is the one character
istic which stands out above all others in the 
requirements of design. The successful 
bushing must be able to withstand all of the 
normal and abnormal conditions against 
which ingenuity can fortify it. Among the 
most important of these conditions is the 
ability of the bushing to protect itself against 
destruction from voltages in excess of its 
breakdown strength. Xot only must the 
bushing be able to operate under all normal 
voltages, and such abnormal voltages as are 

within the range <>f it , de i/n. but i' I 
provided with a safetv ’.a'-e a,'an. '
higher voltages which would <-ri-lanv r 
puncture strength, and con .e<pi< nt 1 i' 
further usefulness. In other word Hie bn li- 
ing should have a puncture irengili .ti aw r

Fig. 8. Curve showing the Wet Arc-over Voltage of Bushings 
for Various Specific Resistances of Water and the Per

centage of This Voltage to Dry Arc-over Voltage

than its flashover strength, ■^conversely 
it should have a flashover voltage lower than 
its puncture voltage. That is. it should be 
able to withstand flashover without puncture 
so that upon application of a voltage exceed
ing its flashover voltage, a flashover of the 
bushing will result, which will protect it 
against puncture. This is one of the char
acteristics embodied in the line of filled bush
ings here described. Figs. C> and 7 illustrate 
this characteristic of flashover without punc
ture. both dry and wet. The bushing should 
be able to withstand such an experience an 
indefinite number of times.

The "speed” of the flashover of a bushing 
is also of special importance, just as is true 
of protective spark gaps, except that the 
bushing should have the opposite character
istic from the snark gap. It is essential that 
the spark gap, installed to protect the other 
apparatus, should discharge over-voltages 
promptly, with as little delay or "time-lag" 
as possible. Spark gaps differ greatly in this 
respect. Those which develop corona before 
flashover are subject to a comparatively long 
time element, and are termed "slow." 
Those which do not develop corona befofe 
flashover are fast. Examples of these two 
types are the needle gap and the sphere gap, 
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respectively. The bushing, which is not a 
protective gap, should be so designed that it 
will have a considerable time lag, that is, 
it will be slow to flashover. This character
istic has been included in the design of the 
filled type bushings.

Fig. 9. Curve showing How Uniform Surface Distribution is 
Accomplished by Increasing Distance Above Grounded 

Support in Proportion to Voltage Applied

Reference has already been made to the 
A. I. E. E. test specifications of times the 
normal line voltage plus 2000 volts. In order 
to apply this test for a period of one minute 
it is necessary to provide an instantaneous 
flashover value of about 10 per cent greater, 
or about 2? ■> times the normal line voltage. 
In the design of General Electric bushings, a 
flashover voltage equal to at least three times 
the normal line voltage is provided, and in the 
case of the. lower voltage ratings, a still higher 
factor is used.

The wet flashover voltage under a rainfall 
of 0.2 in. per min., at an angle of 45 deg., 
varies from 70 per cent to 90 per cent of the 
dry value, depending on the size of the bush
ing, those of lower rating having the higher 
ratio. The value of the wet flashover voltage 
is affected greatly by th< specific resistance of 
the water used in making the wet test. It 
was found in tests on a sample bushing, that 
a ratio of wet-to-dry flashover voltage of 
SO per cent with water of 10,000 ohms per 
cubic cm., was reduced to a ratio of 55 per 
cent with water of 2000 ohms resistance. 
Fig. 8 illustrates the variation in wet arc over 
of a bushing due to change in the specific 
resistance in the test water. As a rule rain 
water is higher in resistance than any tap 
water available for such tests. Distilled 
water represents an artificial condition which 
should not be employed in making wet tests 
on bushings and insulators. Naturally dis
tilled water gives a higher wet test than tap 
water or even rain water, because of its higher 
resistance.

In order that the bushings shall not dete
riorate under the voltage stress of normal 
service, the insulating surfaces should be 
entirely free from corona at all normal volt
ages, and preferably also of double normal 
voltage or those voltages which may appear 
repeatedly on the line. To accomplish this 
efficiently, a potential distribution is neces
sary which is uniform along the external 
insulating surface of the bushing. This is 
accomplished in the filled type bushings by 
features of design which give an essentially 
uniform surface distribution, such as is 
illustrated in Fig. 9. This uniform surface 
distribution means a uniform surface effi
ciency, so that the flashover voltage is propor
tional to the striking distance through the air 
from the top terminal to the grounded sup
port. The ratings of the bushings are therefore 
directly proportional to their linear dimensions. 
The absence of corona on the insulating sur
face, even up to voltages approaching flash
over, constitutes a protection of the surface 
from heating, which is always dangerous to 
the insulation. Corona is not suppressed, 
however, on the metal terminal parts at 
points not adjacent to the insulating surfaces, 
because the presence of corona previous to 
arc-over represents the. dissipation of energy, 
and this in turn requires a time element which 
increases the time lag of the bushing.

Corona within the tank is entirely sup
pressed by the use of a grounded metal sleeve, 
which forms the central portion of the externa 1 
shell of the bushing. The upper end of the

Bottom Low Altitude High Altitude Bottom 
Top Top

Fig. 10. Porcelain Parts for Bushings

sleeve is flanged to form a support upon the 
cover of the tank; the lower end extends below 
the surface of the oil. Thus all of the exposed 
surface of the bushing within the tank is at 
ground potential, and there can be no dif
ference of potential along this surface, and 
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consequently no corona or static discharge on 
the hushing in the air space above the oil 
This is essential in order to prevent danger 
from the explosion of the gases which max 
collect in the air space between the oil and the 
cover.

These bushings are all designed to carry 
the rated current of the circuit at temperature 
rises which shall not injure the insulation nor 
exceed any established specifications. In the 
following paragraphs attention is called to the 
current carrying circuit through these bush
ings, which is dilTerent in the case of trans
formers and oil circuit breakers. 

in)"., has pcrmitlcd the llmc'c < lamp ■ 
lew remaining joint . and ha <!!•<’! • 
removed the danger ol oil leal.a;

I lie \ able ol oil as an In >nlaI m;' m< (limn 
cvcrxwhere recognized. Tin apple 1' 
bmhm • as well a other t\ pc . o| high \ allay 
apparatus. 11 high msnlatmg tr"m'th. 
reaching extremely high values under im- 
pnlse voltages. its ability to circulate fro I . 
and thus serve as a heat dissipating medium, 
and its fluid character which eliminate air 
pockets or xoids in the insulation, all combine 
to make mineral oil the best possible insula
tion for high voltage bushings.

Fig. 11. Details of Flange Clamped Joint of Filled Type High Voltage Bushings

Construction
General Electric standard filled type bush

ings as illustrated in Fig. 1, consist of an 
external shell of porcelain and iron, through 
which there passes, from end to end, a metal 
tube surrounded by insulating barriers, spaced 
concentrically to form ducts filled with the 
oil, or insulating compound. The porcelain 
shells, one above the grounded metal sleeve, 
and the other below, arc each in one piece as 
illustrated in Fig. 10, which shows a low 
altitude top, a high altitude top, and two 
duplicate bottom sections. The develop
ment and utilization of large single-piece 
porcelains for bushings represents a decided 
advance in the mechanical construction. It 
has eliminated the numerous joints between 
the narrow sections of earlier types of bush-

The method of attaching the porcelain 
shells to the adjacent metal fixtures is 
illustrated in Fig. II. Around the grooved 
tapered end of each porcelain is a flanged 
metal clamping ring, secured to the por
celain xvith steam cured Portland cement. 
The end of the clamping ring is located 
flush with the carefully ground end of 
the porcelain xvhich rests upon a varnish 
treated, composition cork gasket, between 
the porcelain and the machined surface of 
the adjacent metal part. By means of the 
many bolts through the flanged clamping 
ring, the gasket is tightly compressed between 
the porcelain and the adjacent metal. Thus 
a joint is made xvhich is independent of any 
clamping pressure derived from the center 
tube through the bushing, and which depends 
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for its tightness upon the local bolting of each 
clamping ring. The universal satisfaction 
which this construction has given is ample 
testimony to its reliability .

The center metal tube, extending length
wise through the bushing from end to end, 
serves in the case of constant potential trans
formers and lightning arresters, as a conduit 
for the detachable cable conductor which 
connects the transformer winding or lightning 
arrester cone stack to the top terminal of the 
bushing. In the case of oil circuit breakers,this 

bushing and to increase the puncture strength 
between the center tube and sleeve. The top 
of the bushing is fitted with a glass gauge, 
through which the level of the filler may be 
observed, and which acts as an expansion 
chamber to allow for the change in volume of 
the filler with change of temperature. In the 
bottom casting there is a drain plug for draw
ing off the oil when necessary.

Each bushing is provided xvith a name 
plate, on xvhich there are indicated the 
nomenclature, classification, current capacity,

Fig. 12. 110,000-volt Outdoor Trans
former Equipped with Class F2 

High Voltage Bushings

Fig. 14. Assembled Tank Unit of 115,000- 
135,000-volt Aluminum Lightning Arrester
Equipped with Class F3 Line Bushing 

and Class Fl Neutral Bushing Fig. 15

center tube itself serves as the conductor, con
nections being made at the ends by means of 
suitable detachable contact parts. When used 
on a current metering transformer, the center 
tube of the bushing serves as -one side of the 
double-conductor circuit, the second or return 
conductor being a concentric rod assembled 
inside, and insulated from the center tube.

The oil space inside of the bushing betxveen 
the center tube and the external metal sleeve 
is divided into concentric ducts by means of 
insulating cylinders, xvhich serve to direct 
the circulation of the oil lengthwise of the 

serial number and specification number. A 
caution plate mounted beside the name plate 
indicates the kind of filler used xvith the 
bushing, i.e., xvhether oil or compound, and 
xvarns against an admixture of the txvo. The 
oil supplied with oil-filled bushings is gen
erally of the same quality as that supplied 
xvith the apparatus with xvhich the bushings 
are to be used. The compound in compound- 
filled bushings is the General Electric Com
pany’s standard No. 239 which is a heavy 
rosin oil mixture, having the consistency of 
thick molasses.
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Caution plates on high altitude bushings 
state that they should be used only at alii 
tudcs above •¡00(1 feet. 'This restriction is 
imposed to safeguard the puncture structure 
of the bushing against the increased are-over 
voltage which would result from the use of a 
high altitude bushing at low altitudes. With 
the accessories assembled on these bushings 
for current metering transformers, there is 
provided an additional name pkitc, indicating 
the combined current rating of bushing and 
accessories, which, because of the double-con
ductor feature, may differ from the main name 
plate rating of the bushing for other uses.

Interchangeability
A bushing of this type may be used on a 

’ power transformer, a potential metering 
transformer, a current metering transformer, 
an oil circuit breaker, or a lightning arrester. 
Detachable terminal accessories are used to 
adapt the bushing to any one of these classes 
of apparatus. The bushing may be inter
changed among the different classes of ap]B- 
ratus by exchanging the terminal accessories. 
The name plate rating of course must be 
observed in considering interchangeability. 
Fig. 3 illustrates the four classes of service 
to which these bushings are adaptable.

The left-hand Dir hing in thi- ligurr i 
equipped with terminal', for a con Tant 
potential transformer. 'Die conductor r a 
detachable flexible cable, whose lower end 
extends to the terminal Board or winding of 
the transformer, while the upper end ter
minates in a threaded stud, secured in the 
lifting hook easting at the top of the budling 
By loosening this connection at the top, the 
bushing may be removed from the trans
former without effecting an entrance through 
the cover. It may be installed likewise by 
drawing the cable up through the center tube 
while the bushing is being lowered onto the 
cover. 'Phis eliminates the necessity of 
removing or lowering the oil in the trans
former, which is usually required by an 
internal connection to the bushing.

The second bushing in Fig 3 is equipped 
with terminal parts for a high voltage light
ning arrester. The contact shoe above the 
top terminal is a part of the transfer device, 
used for charging the third and fourth tanks 
of a four-tank arrester. In this case also, a 
flexible detachable conductor is used, passing 
from the connection on the cone stack up 
through the center tube to the top terminal. 
The neutral side of the arrester is usually 
fitted with a lower voltage bushing, which is

Fig. 13. Triple pole. Single-throw. Solenoid Operated Oil Circuit Breaker 
Equipped with Class F2 High Voltage Bushings
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Fig. 16. Method of Packing Filled Type Bushings for Domestic Shipment, 
Upright in Crates

Fig. 1 7. Horizontal Packing 
of Single Bushings for 

Domestic Shipment

Fig. 19. Another Type 
of Wall Entrance 

Bushing

not interchangeable with the 
line bushing, but usually of 
similar construction.

The third bushing in Fig. 3 
shows the top terminal used 
with oil circuit breakers. This 
terminal makes connection di
rectly to the center tube, which 
in this class of service is utilized 
as the conductor. The lower 
terminal or contact head which 
connects to the lower end of the 
center tube, is not shown in this 
illustration. This part varies 
with the design of the oil circuit 
breaker, and is different for 
breakers having different rup
turing capacities.

The fourth bushing shows the 
terminal accessories for use xvith 
a current metering transformer. 
In this case, the center tube 
serves as one conductor, and a 
concentric rod xvithin the tube 
and insulated from it provides 
a return circuit. The txvo con
nections at each end of the bush
ing are clearly distinguished in 
the illustration. Only one bush
ing is used on a single trans
former, and txvo such bushings 
on a metering outfit, containing 
txvo transformers.

These four classes of appa
ratus to which these bushings 
are applied interchangeably are 
illustrated in Fig. 12, Fig. 13, 
Fig. 14 and Fig. 15, showing a 
poxver transformer, an oil circuit 
breaker, a lightning arrester and 
a current metering transformer, 
respectively.

Packing and Shipping
For domestic shipment, these 

bushings are usually packed 
upright in crates as illustrated 
in Fig. 10. Compound-filled 
bushings are shipped filled: 
( )il-filled bushings are usually 
shipped empty xvith the oil in 
separate containers, although 
they can be shipped filled xvhen 
desirable.

When horizontal shipment to 
domestic customers is necessary 
or desirable, the bushings are 
jjacked singly in a double ex-
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cclsior lined box as shown in Fig. 17. For 
foreign shipment, a similar form of horizontal 
packing is employed, except that a heavier 
construction is used to meet the more severe 
requirements of Meign shipment. 'This is 
shown in Fig. 20.

Entrance Bushings
Bushings of the same general construction 

as described for the interchangeable type 
have been developed with the modifications 
required for roof and wail entrance service. 
Fig. IS shows a high altitude roof entrance 
bushing of the compound-filled type, and 
Fig. 19 shows a low altitude oil-filled wail 
bushing. These bushings are made as far 
as practicable from parts of the interchange
able standard bushings. Thus an additional 
top porcelain with clamping rings attached, 
such as used on the standard apparatus bush
ing, will serve as a spare part not only for the 
apparatus bushing but for cither end of the 
roof and wall bushings.

The center tube of the roof and wall bush
ings is utilized as the conductor with a ter
minal coupling at either end. The outside 
end of the wall bushing is closed with a metal 
expansion member, to allow for the different 
expansion of the metal tube and the por
celain shells. A connection is provided on 
the wall bushing from the grounded metal 
sleeve to an external oil reservoir, with a 
sight gauge in the pipe for observing the oil 
level.

Roof or wall thimbles are npph'd wh<-n 
desired. In the case of the roof thimbl.-, the 
opening is made large enou,'.h to pa., lie
supporting flange of ihe bushing, and an 
intermediate adapter is pro- ebd betwetu 
the bushing and the thimble. Thi> allows the 
bushing to be hoisted through the roof 
thimble from within the building, which is 
frequently more convenient than raising it to 
the roof from the outside. Both the bushing 
adapter and the roof and wall thimbles are 
laid out to receive standard blank pipe flanges 
for closing the openings during construction 
or previous to installation of the bushings.
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Fig. 20. Horizontal Packing of Filled Bushings for 
Shipment to Foreign Countries
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Power and Transmission
By H. H. Dewey

Power and Mining Engineering Department, General Electric Company

The stimulus of feeding our gigantic war machine affected the power supply companies in a peculiar man
ner. While the demand for power increased enormously, the. normal supply of generating equipment to meet 
that need was not immediately forthcoming, due in part to the urgency with which the necessary raw materials 
were required for the production of munitions, and in part to the long time essential for manufacture. To supply 
this deficiency the tendency, already in evidence, toward interconnection of power systems was Igreatly en
hanced. The' author graphically sketches the most striking features of this tendency, and calls attention to 
many of the problems which must be anticipated and solved if it is to continue at the present rate. The ex
perience of over a decade in the design and operation of large power systems has convinced him of the necessity 
for co-operation between manufacturers of electrical apparatus and the operators who use them, if serious diffi
culties in the handling of future power networks are to be avoided.—Editor.

During the past few years the development 
of large hydro-electric power projects has been 
practically at a standstill owing to the war 
and general economic conditions. The end 
of the war saw a great shortage of power in 
practically all civilized countries, even though 
extensive steps had been taken to increase the 
efficiency with which the sources of power, 
coal, oil, gas and water were used. The 
demand for power increased enormously dur
ing the war due to the necessary substitution 
of electrically driven machinery for labor in 
many industries and the development of new 
manufacturing processes requiring electric 
power in large quantities.

In the face of these conditions the large 
power companies arose to the occasion as best 
they could and squeezed the last kilowatt 
from their power supply, pooling their inter
ests with rival companies to take advantage 
of tin last gallon of water in their hydro
electric developments and to burn every 
pound of coal at its maximum efficiency. 
Electrical machinery, cables and transmis
sion lines were called upon for heavy con
tinuous overloads, considered far from safe 
in normal times, bi t the exigencies of the 
occasion demanded the heroic measures that 
were taken with surprisingly few disastrous 
results.

Toward the end of the war there were 
strong indications that new developments 
must be undertaken, even under the condi
tions of labor and high prices of material 
existing, and many projects were being inves
tigated and a few even started during the latter 
months of the war. Some of these develop
ments were financed by the Government and 
others encouraged in every way possible. 
Notable among these was the decision of the 
Cliff Electrical Distributing Company to ex
tend their hydro-electric development at 
Niagara Falls. Three 32,500-kv-a. generators 
were purchased and are well under way at 

this time. This decision was reached at a 
time when there was a crying need for power 
at Niagara Falls for war purposes, and had 
the war continued great use would have been 
made of the output of these large machines.

Other developments under way were the 
large steam plant at Sheffield for interconnec
tion with the Alabama Power Company for 
the purpose of furnishing power for the Air 
Nitrates Company at Sheffield. Work has 
been going on bjr the Government engineers 
at Muscle Shoals, making preliminary plans 
for the development of a large hydro-electric 
project on the Tennessee river, which is 
expected to take over the load of the nitrates 
plant and supplement other hydro-electric 
power in this section.

For the most part, however, few new pro
jects have been undertaken, with the result 
that practically all of tlie power companies 
have little power to sell, and it would seem 
that extensive developments in the next few 
years along the lines of large power systems, 
both hydro-electric and steam, with long dis
tance transmission in many cases, can be 
expected. There is no immediate prospect of 
a great reduction in the cost of either material 
or labor, and such projects will be handicapped 
by these conditions, but demands for power 
indicate that many of these developments 
must be put through even under existing 
conditions.

The European countries are seriously handi
capped by a fuel shortage, and are making an 
extensive survey of their hydro-electric pos
sibilities in a manner never before attempted. 
Many projects are being investigated involv
ing hundreds of thousands of kilowatts, with 
long distance transmission that must be ac
complished at voltages in excess of any hitherto 
employed in these countries. Conditions 
are somewhat different from those in the 
United States, but there is a tendency to 
take advantage of the experience in high 
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voltage transmission that we have gained, 
and many of the projects are being lax ed out. 
in a preliminary xvay along the lines of 
American practice.

Many projects are being studied in South 
American countries for the development of 
large blocks of poxver and for long distance 
transmission, some of which involve longer 
distances of transmission than have been 
previously used, at altitudes which are in 
excess of any noxx* in existence; and many nexx* 
problems arc being presented for the high 
tension engineer to solve.

In our oxvn country the demands during 
the period of the war have caused the con
centration of larger amounts of poxver, due to 
the interconnections of existing systems, than 
xvere previously employed and the problems 
of operation have become proportionately 
more complicated. Until the past fexx* years 
fexx* systems exceeded a connected generating 
capacity, in any one system, of 150,000 kxv. 
and even those xvere in many cases, either 
split into blocks of 50,01)0 to 75,000 kxv. xvith 
an emergency tie, or these blocks xvere con
nected together xvith comparatively light 
circuits which could be automatically dis
connected under conditions of short circuit 
or other trouble. There are noxv several 
systems solidly connected together xvith a 
generating capacity exceeding 200,000 kxv., 
which, under short circuit conditions, will 
concentrate in excess of 1,000,000 kv-a. in 
the fault, xvhere prex*iously few systems would 
give in excess of one half of this amount. The 
tendency toward the increase in size of poxver 
stations and the interconnection of systems, 
presents a very real problem to the designing 
and operating engineer, in so designing his 
system that the concentration of energy, dur
ing trouble in a short circuit, can be safely* 
handled by* oil circuit breakers and other 
protective devices. Mr. Merrick’s paper in 
this issue calls attention to some of the prob
lems that are apt to be met in systems of 
this kind.

The use of outdoor apparatus for high 
voltage work, both in the sub-station and 
generating station equipment, is being more 
and more extended. Only slightly more than 
five years ago the station designer very gin
gerly considered the possibility of placing 
transformers and oil circuit breakers out of 
doors, and xvent to considerable expense to 
provide for all possible contingencies. Such 
projects xvere only* considered xvhere the 
climate xvas especially favorable, and even 
then much criticism xvas heard of this 

radical step. Experience lia . pinxrd, how
ever, that practically all liigli tension equip
ment ean be safely installed out oi door , 
even in very severe climate'-', and our mo t 
conservative engineers are laying out. tle ir 
sub-stations, ami in many cases their power 
stations, with all high tension equipment out 
of doors. The space factor that can be used 
in many eases rentiers the equipment rvett 
safer than it would be if installed indoors in an 
expensive building. Great economics have 
been effected along these lines.

Tin re is a tendency, in addition to placing 
the high tension transformers and oil circuit 
breakers out of doors, to go still further and 
make an attempt to save the large investment 
in a ¡tower house by building generators that 
can be safely opc^Hed out of doors. In some 
of the extremely large developments many 
hundreds of thousands of dollars can be saved 
by building generating equipment for out of 
doors use, and xvith the present high cost of 
material and labor, and the necessity for as 
economical a development as possible, there 
seems to be no inherent reason xvhy the 
complete equipment for a large hydro-electric 
development should not be placed out of 
doors.

The cover illustration xvas sketched by* 
Mr. C. M. Hackett after an extensive 
study of the possibilities of different designs 
for a large development, involving the use of 
fifteen 25.<HH)-kv-a. generators. The sketch 
illustrates one of several proposals for this 
development, and it xvill be noted that the 
generators are built into and are integral 
with the downstream face of the concrete dam, 
xvhich is built up as a txvo-deck structure. The 
generator proper is located betxveen decks, 
xvith only the xx*aterproof cover and the thrust 
bearing housing shoxving above the upper deck 
to indicate the presence of a 300,000-kxv. 
generating station. A gantry crane xvill be 
used to handle the generators and water- 
xvheels during installation and for repairs. 
The ventilation is arranged so that air may be 
taken in from the outside and. after passing 
through the generators, discharged to the 
outside through the louvres shoxving above 
the deck; or, in cool weather, all or part of 
the heated air may be discharged betxveen 
decks and recirculated. It is proposed to 
house the auxiliary equipment, consisting of 
exciters, pumps, pumping, signal equipment, 
etc., in the space betxveen decks, but all 
switching equipment, possibly including even 
the low tension sxvitches, will be of the outdoor 
type and located on the shore as shoxvn in 
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the right-hand background. Connections 
from the generators to the switchgear are 
carried in the concrete tunnel shown on the 
apron of the dam above and back of the 
generators. Operation is to be from the con
trol house on the shore adjacent to the switch 
yard.

The saving that could be realized with an 
installation of this kind xvill be appreciated 
when it is considered that the generators and 
waterxx’heels must be installed on approxi
mately 60-foot centers, xxhich xvould require 
a power house about 1000 ft. long

Another source of economy in the develop
ment of hydro-electric stations, especially 
those of small capacity, may be the employ
ment of automatic or remote controlled gen
erating stations. Automatic railxvay sub
stations have been in operation for a sufficient 
length of time to illustrate their economy, 
and it is not unreasonable to expect similar 
economies with small hydro-electric generat
ing stations. The sax ing in labor effected 
xvould be no small item in the operating ex
pense of such stations. Mr. A. G. Darling’s 
article in this issue describes some of the 
features that should be taken into account 
in the design of such stations.

It has been the dream of many engineers 
and some captains of finance to extend trans
mission systems until practically the xvhole 
country is connected together into one vast 
transmission system. The advantages of 
diversity of load because of differences in 
standard time, differences in the run-off from 
the various watersheds, the types of industry 
to be served, the natural location of xvater 
and fuel for auxiliary steam plants, etc., are 
features that without doubt xvould be of 
tremendous advantage from an economic 
point of view if such an arrangement could 
be brought out. A comprehensive scheme 
for putting through such a project on a large 
scale has not as yet been satisfactorily worked 
out. In certain parts of the country, such 
as the New England States, in certain sections 
of the Southern States and in California and 
some other sections of the country a great deal 
has been done along these lines and very con
siderable economy effected. This has been 
accomplished, however, only xvhere existing 
systems came xvithin easy striking distance of 
each other and tie lines could be constructed 
with comparatively little expense, to effect an 
exchange of power between the systems. 
Where long distances have to be traversed 
carrying large blocks of power, the investment 
would be considerable and it xvill probably 

be difficult for some time to sufficiently inter
est enough captial to put through an extensive 
trunk line system for the economical transfer 
of poxver from one section of the country to 
another.

Much interest is being developed in the 
electrification of trunk line railroads, especi
ally xvhere heavy traffic is involved. Should 
xve greatly increase the electrification of our 
main line railroads an extensive system of 
transmission lines xx-ould be necessary for the 
supply of poxver. Such a system would cross 
the territory now covered by transmission 
systems and these transmission lines would 
undoubtedly be used, not only for carrying 
the necessary power for the electrification of 
the railroads, but for the transfer of energy 
betxveen existing systems and would allow the 
strategic location of large and economical 
steam turbine plants, where cooling xvater and 
transportation facilities xvould present the 
maximum advantages.

From time to time the question of the rel
ative economy of transporting fuel by rail 
from its source to power plants located at the 
center of the load versus the project of 
building large steam plants at coal mines 
and transmitting power, has been discussed. 
A difference of opinion as to the relative 
advantages has been apparent, this difference 
of opinion probably being due to particular 
projects that have come under consideration. 
The initial investment in transmission lines 
with a more or less fixed capacity for a given 
distance makes a project of this kind dif
ficult to handle. The location of coal mines 
is generally at a considerable distance from 
points xvhere extremely large blocks of poxver 
can be utilized and at the same time there is 
usually a dearth of cooling water at the mines. 
Such projects as the Windsor Development 
of the American Gas & Electric Company, 
the West Pennsylvania Traction Company, 
the Lehigh Power and Navigation Develop
ment at Hauto and a few others have illus
trated the economy of large steam plants near 
the mines. Their range is more or less limited, 
hoxvever, and xve have yet to see a develop
ment of very large proportion reaching out 
with large blocks of poxver for great distances 
from the mines. The longest transmission 
line at the present time is that of the Southern 
California Edison Company, which transmits 
approximately (¡0,000 kxv. for a distance of 
240 miles. It xvould take a large number of 
such transmission lines to serve New York 
and New England, from the mines of Penn
sylvania, for instance. Higher voltages are 
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in sight for such projcvis, and it is possible 
that we shall see in the near future some 
developments of this kind that will prove to 
be economical. Mr. R. J. McClelland's 
article in this issue discusses a project of this 
kind and his arguments in favor of the ceo- 
noinieal side of such a development tire very 
convincing.

The operation of transmission systems made 
up of thousands of miles of high tension 
lines will undoubtedly present many problems 
but as yet none have come up that cannot 
be solved. The natural growth of such 
systems will in most eases permit ¡»icking up 
many’ loads in Brions sections if care is taken 
in the original layout. Very long high voltage 
lines are difficult to handle when unloaded on 
account of the charging current, and they 
may be a source of high voltage trouble if the 
load is tripped off accidentally leaving a long 
section of unloaded line on a comparatively 
small generating station. Mr. T. A. Wor
cester’s paper in this issue discusses this 
point in the ease of ven high voltage lines. 
Several systems are now operating having in 
excess of 1000 miles of single circuit, 110,000- 
volt lines connected together, with compara
tively little difficulty from this source.

Another source of anticipated difficulty in 
the extensive interconnection of systems is 
the probability of trouble in one section 
affecting service disastrously on all other 
parts. The greater the number of circuits 
there are extending over wide areas, the 
greater the total number of line short circuits 
there must be and if. as some engineers antic
ipated, the whole system were affected seri
ously each time, it would be out of the ques
tion to operate such a network. EBperience 
has shown, however, that with long lines of 
high reactance connecting together distant 
parts of the system, short circuits have a 
comparatively local effect only and if the 
system is well laid out. and proper attention 
is given to relaying so as to cut out quickly 
the part in trouble, no disastrous effects are 
met with. See Mr. R. Treat's article in this 
issue for a discussion of the relay problem.

One of the most important features in the 
operation of such a system or interconnection 
of systems will be the question of load des
patching or power despatching. For such a 
system to be an economical success not only 
must all water be used at all times but steam 
stations and the transmission system as well 
must be operated in the most economical 
manner. Stream flow at the dam sites must 
be anticipated and steam plants brought into 

service or shut. down .if lie .oe,. r • ; . ■ ti 
due respeel to 1 he ' ' tein d' " at d :■ ■ ■ r
and the n ,e o| waler and I in I

All large power . onipame ph< < i -
porlanee on their load d< p: ' n. 
and have an efficient organization Hid n ■ 
the load and water and steam condition 
constantly, keeping accurate records of ehat 
ing conditions. Where large amounts of 
territory are covered local load dispatchers 
are employed, reporting to the main olliee 
Should our networks grow to the proportions 
suggested, the local sections would be des
patched as now, but an elaborate system of 
records and co-operating load dispatchers 
would have to report regularly to central 
offices where constant studies were being made 
to utilize the resources most efficiently.

Such a vast system as we have visualized 
would undoubtedly be under the control of 
many individual interests and many diffi
culties would be encountered in working out 
proper rates for exchange of power, co-opera
tion between operating forces, local managers, 
etc., and an efficient and powerful organiza
tion directing matters would be necessary.

It is becoming more and more apparent that 
we arc at an important point in the develop
ment of Power and Transmission, and some 
systematic study of the conditions to be met 
should be made.

Developments in this field up to the 
present time have been made with no com
prehensive plan in mind, and we find our
selves confronted with problems and limita
tions that wire not altogether anticipated. 
The rapid growth in the electrical industry in 
the past few years makes it very evident that a 
great amount of power must be developed and 
transmitted economically and efficiently with 
great attention given to reliability of service. 
To best meet this situation, future plans must 
utilize all of the experience obtained from our 
past developments and ¡»roper weight must 
be given to the requirements to be met and 
the facilities at hand for meeting them.

A considerable amount of study has been 
given various phases of the situation by many 
engineers working more or less independently, 
and many valuable suggestions have been 
made for taking care of the future needs of the 
country with respect to the proper develop
ment and transmission of power. Mar pn - 
lems remain yet to be solved, however, and 
some means should be devised for coordinat
ing the work of the various engineers to ob
tain the best results. A close co-operation be
tween the engineering societies, consulting 
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and operating engineers, as well as manufac
turing companies, is necessanl in order that 
the economic demands of the country may be 
served.

The limitations in concentration of power, 
and in voltage of transmission, require special 
consideration, and while many opinions have 
been expressed as to what the limitations 
are, if any, the subject is far from being ex
hausted. The construction and insulation of 
high voltage transmission lines has passed 
through various evolutions during the past 
few years and there is still a considerable 
difference of opinion as to the factors of safety 
necessary. With increasing length of lines 
and higher voltages in sight, the cost of the 
transmission line becomes of maximum im
portance, and a survey of our present prac
tice with its influence on future developments 
would seem wise. The problems of protection 

of high voltage lines, use of lightning arresters, 
effect of high current short circuits as well as 
many other similar problems should have their 
share of consideration.

The ¡lower handled in transmission systems 
with voltages of 6(1,000 and above is slightly in 
excess of two million kilowatts. Develop
ments are now' under consideration which if 
put through, will more than double this 
amount of transmitted power. Systems will 
be built that will dwarf any now existing. 
The success of these developments will have 
an important bearing on all future projects 
and every effort should be made to look be
yond immediate requirements so far as possi
ble.

The world looks to us to set the pace in the 
field of development and transmission of 
power, and we do not want to make any mis
takes that can possibly be avoided.

The Limitations of High-voltage Transmission
By T. A. Worcester

Power axd Mining Engineering Department, General Electric Company

Within the recollection of many who are still taking active part in the world’s affairs, the transmission of 
energy at 10,000 volts was an achievement, and a proposal to make use of 50,000 volts would have been con
sidered madness. Transmission of power at 150,000 volts is now an accomplished fact, and the inadequacy of 
this potential for our present needs is attested by the very serious and general consideration which is be ng 
given to the use of 220,000 as the next step. The author, who has been closely identified with the development 
of high-tension transmission for a number of years as engineer, speaks with the highest authority on this subject. 
The present discussion is timely and the conclusions drawn will be of great interest to all connected with the 
industry. - Editor.

The subject of this article has received con
siderable thought and attention by engineers 
since the very inception of transmission, and 
with the growth of systems and increase in 
voltages the ideas which have been expressed 
have been undergoing constant change and 
revision. The electrical transmission of 
energy is really not a very old industry and, 
indeed, might be said to be in its infancy even 
today. The first 1000-volt transformer was 
made only thirty years ago and had a capacity 
of only 9 kv-a., or 9000 watts as it was spoken 
of in those days. Lighting circuits were run 
from it for a distance of one half mile or so. 
In 1890 a company attempted the transmis
sion of a few kilowatts for several miles. In 
1892 the largest transformer which had been 
built was 30 kv-a., 500(1 volts; and since that 
date both the kv-a. capacity and voltages 
have been increasing at a rapid rate. The 
growth in voltages is shown in Table I.

TABLE I
INCREASE IN TRANSMISSION VOLTAGES

Maximum Maximum
Year Voltage Year Voltage
1894........................11,400 1907......................104,000
1896........................22,000 1909 ....................140 000
1900........................54,000 1912......................150,000
1901........................80,000

The capacities have increased at a like rate 
to the extreme size, in 1916, of 25,000 kv-a. 
With this increase in voltage and capacity 
there has been a corresponding increase in dis
tance of transmission until today we have 
¡lower carried 24(1 miles at 150,000 volts. It is 
an interesting feature also that high-voltage 
transmission is not rare now, but that there 
are some fifty companies operating lines at 
voltages of 70,000 and above, and that 
their systems aggregate some 14,000 miles of 
single-circuit line on which over 2,000,000 
suspension insulator discs are used and to 
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which over 2.(UK),OHO kw. in generating ca
pacity is connected.

These figures indicate the importance of this 
subject; and it is proper that we should be 
thoughtful in determining what the ten
dencies and necessi^B of the future will be 
and what the limitations are in the various 
elements entering into the design, construc
tion, and operation of systems.

That the voltages in use at present will be 
inadequate for future developments is already 
evident from a study of the characteristics of 
systems which have been in contemplation 
during the past few years. A number of very 
large projects have been studied and these 
might be divided into two distinct classes; 
(a) those which involve the transmission of a 
relatively large amount of power over com
paratively long distances, one to two hundred 
thousand kilowatts, two to six hundred miles; 
ami (b) those in which there is an even greater 
amount of power to be carried for shorter dis
tances. For each of these classes of system the 
present maximum of 150,01)0 volts is not suffi
ciently high and as the increase in the amounts 
of power and distances of transmission are so 
much in excess of past practice a voltage com
mensurate with this increase must be chosen.

In attempting to determine a suitable volt
age for systems of the classes indicated, one is 
confronted with the problem of striking a 
balance between opposing factors; one the 
desire for economy and the other the diffi
culties incident to the use of the higher volt
ages. If there were no limitations to permis
sible voltages, a value xvould be selected in the 
same manner as is noxx- done on lower voltage 
systems by balancing betxveen cost of lost 
energy and fixed charges on the installation. 
There are, however, limitations in the per
missible voltage and these must be taken into 
account as well. The various elements xx'hich 
enter into the problem of high-voltage trans
mission are; the transformers, oil circuit 
breakers, disconnecting sxxntches. lightning 
arresters, bus and line insulators, transmission 
conductor, and transmission toxvers; and the 
design of these elements for voltages much in 
excess of 150.000 involves many complicated 
and difficult problems xvhich increase almost 
in proportion to the increase in voltage. In 
the preliminary studies xvhich have been made 
on the proposed systems, a maximum limit 
of 220,000 has been set on the voltage and 
xvhile it is appreciated that this is not the 
maximum practical voltage for transmission, 
it is a value so much above xvhat has been 
used in the past that it is considered a con

servative top limit with pri-.ent i . p< <■ 
designs of the various clement . ,,t t he . fem 
A discussion of some of the probe-m m- 
countered in the stud', of 221MK)()-•.-'>lt equip
ment will be useful in determinmg tie- limita
tions of high-voltage transmission.

In the design of any transmission >y-t<-m 
the engineer usually has a given »et >,f condi
tions from which to work; he has a fixed 
amount of power at a xvaterfall to be taken a 
certain distance and delivered at a certain 
voltage and frequency, and the first ¡»robh-m 
is to select the voltage and frequency of trans
mission. In the majority of large industrial 
centers throughout this country (¡0 cycles is 
used, although there are some important dis
tricts using 25. 30. 40, and 50 cycles. Sixty 
cycles has so many advantages in cost and 
size of equipment that it bids fair alxvays to 
hold the preference. Most high-voltage sys
tems will have to supply poxver at this fre
quency and it xvill be advisable in most eases 
to build the lines for this frequency. F, < lines 
up to 200 or 250 miles the matter of frequency 
is not a very serious item. B(ch the reactance 
and the capacity of the line are directly pru- 
portional to the frequency so that when the 
higher frequencies are used the reactix-e drop 
at times of heavy load, and the capacity rise 
and the charging current at times of light load 
become relatively large, and these are vital 
problems for consideration.

The drop in voltage betxveen the generating 
and receiving ends of a 200-mile line <iperating 
at 220,000 volts, three-phase. 00 cycles and 
carrying loo.ooo kw.. O.s p-f. load could be 
approximately 75.000 volts and the rise in 
voltage from the general)>r to the receiver end 
at no load xvould. be 18.000 volts, making the 
variation between no load and full load at the 
receiver end of the line about 93.000 volts—a 
really excessive amount. These value s can be 
improved by the use of synchrom .us con
densers at the substation; in fact, if sufficient 
condenser capacity is used the voltage at the 
receiver station can be held at an almost c n- 
stant value. The charging kv-a. of a 2(" i-mile 
GO-cycle line operating xvith. 220.000 volts at 
the generating end xvould be approximately 
50.000 kv-a.—an amount xvhich wouil be 
difficult to handle.

It is alxvays desirable to be able to charge 
a transmission line xvith me generat Dr. the 
reason for this being that xx hen charging a line 
without load the fiel Is of the generators are 
very much over-excited due to the large lead
ing current being supplied by the armature 
to the line and the exciter voltage must be 
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reduced to practically zero in order that the 
armature voltage will not rise to an excessive 
amount. With such low exciter voltage it is 
difficult to hold two or more generators in 
synchronism. It would mean then that on 
the system in question the generators should 
each be capable of charging the line with 
50,000 kv-a. leading current and zero field ex
citation without the armature voltage ex
ceeding normal value. Obviously, it might 
not be feasible or desirable from other stand
points to have the generating units of such 
large kilovolt-amperes capacity; assume for 
instance that the waterwheel design works out 
most economically for a 25,000-kv-a. gen
erator and that it is desired to keep the charg
ing kilovolt-amperes within that value. This 
can be done by resorting to a special design of 
generator with low armature reaction so that 
with zero voltage field excitation when carry
ing 25,000 kv-a., leading the armature voltage 
will not exceed 70 per cent of normal. With 
this reduction in voltage the charging kilovolt
amperes of the line, which is proportionate to 
the square of the line voltage, would be re
duced one half, or to 25,000 kv-a. If a still 
smaller capacity generator is desired, a differ
ent design could be made to hold the voltage 
to a lower percentage of normal when carrying 
full kilovolt-amperes leading current. This 
would of course lower the line voltage and, 
consequently, the charging kilovolt-amperes.

From the foregoing it is evident that for 
lines up to 200 or 250 miles, 60 cycles is feasi
ble. For longer lines, however, conditions are 
such as to make a lower frequency worth con
sidering. At 220,000 volts, 60 cycles, the 
charging kilovolt-amperes of a 300-mile line 
would be 75,000 and the rise in voltage from 
generating to receiving station on an un
loaded line would be abc ut 50,000 volts. The 
drop in voltage at full load 0.8 power-factor 
would be over 100,000 volts and the range 
from full load to no load would be too large for 
practical operation. Even with synchronous 
condensers of such capacity to correct the full 
load power-factor to unity, the drop in volt
age over the line would be 45,000 volts, al
though at no load if the condensers are oper
ated lagging the receiver station voltage could 
be kept from rising more than 10 per cent 
above the generating station voltage. From 
this standpoint of regulation a 300-mile line 
could be handled at 60 cycles, but a more seri
ous feature would be the charging kilovolt
amperes to be handled at no load. The value 
of 75,000 charging kv-a. can be reduced by re
ducing the generator voltage if a special de

sign of generator is used, as previously de
scribed, but it would be necessary to hold so 
low a voltage to prevent the charging cur
rent rising to an excessive amount that the de
sign would be considered impracticable and 
should be avoided if desirable results can be 
secured by other means.

At 25 cycles, the characteristics of the sys
tem would be very much better. The charg
ing kilovolt-amperes at normal voltage would 
be only approximately 30,000. The drop in 
the line at full load 100,000 kw., 0.8 p-f. 
would be 62,000 volts as compared with over 
100,000 volts for the 60-cycle line, and this 
value could be reduced to a reasonable 
amount by the use of about one half the con
denser capacity required for a 60-cycle line. 
Furthermore, at no load without condenser 
capacity the voltage rise from the generator 
end to the receiver end of the line would be 
only 16,000 volts, or by operating the con
densers 20,000 kv-a. lagging, the voltage at 
the receiving station could be held down to a 
value approximately equal to the generator 
station voltage.

For lines of much greater length than 300 
miles it may be necessary to consider the use 
of frequencies below 25 cycles. For lines of 
double this length even with 25 cycles the 
charging current and increase in voltage at no 
load are quite large and frequencies of 10 to 
15 cycles offer certain advantages. The possi
bilities of such frequencies will not be dis
cussed at the present time, however.

Although a transmission system 600 miles 
in length might be a theoretical possibility, a 
question might be raised as to whether lines 
of this length can be considered practical from 
an economic point of view. A 600-mile 
220,000-volt line would cost between $25,000 
and $30,000 per mile erected, or a total of fif
teen to eighteen million dollars. The gener
ating station and step-up and step-down 
stations would cost another twenty million per 
100,000 kw., making a total investment for a 
100,000-kw. system of 48 million dollars. 
This capitalized at 15 per cent would mean a 
required income of seven million dollars, or 
$140 per kw-yr. on a 50 per cent load-factor 
basis. This is excessively high and coal would 
have to be very expensive to make such a pro
ject pay. However, it is not beyond the range 
of possibilities, and a consideration of lines 
of this length should not be considered as 
purely theoretical.

In the foregoing, mention has been made in 
several instances of 100,000 kw. per circuit, 
and at first thought this value might seem 
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^»ssive. However, when discussing these 
long high-voltage transmission lines one mm,( 
necessarily figure on dealing with large 
amounts of energy per circuit otherwise (hr 
projects could not be considered economi
cally feasible. For instance, it would he al
most absurd to consider transmitting 10,000 
kxv., 2(H) to 250 miles. Theoretically, this 
could be done with reasonable energy loss and 
voltage drop at say 1 10,000 volts, but the 
amount of money required to build such a sys
tem would be so great as to make the price ol 
power prohibitive. For a line of this length, 
an initially large investment, is required in 
right of way, towers, insulators, minimum 
size of conductors, and erection to make the 
line suitable for transmitting even a small 
amount of energy and its capacity ean be in
creased in large proportion with a much less 
proportionate increase in cost. To illustrate 
the point: a 250-mile 1 l(),(H)0-volt l(),(H)()-kw. 
line might cost $2,50^®(), whereas a line of the 
same length operating al 220,()()() volts with 
100,000 kxv. capacity would cost 87.500,000, 
an increase in output of 10 to 1, with an in
crease in cost of 3 to 1. In the one ease the 
line investment is $250 per kw. and in the 
other case $75 per kw.

One might argue that by this same line of 
reasoning higher voltages and greater amounts 
of power might be used, but it is doubtful if 
with the present state of development of line 
equipment and apparatus this would be 
economical or desirable. Even at 220,000 
volts the cost curve is going up rather steeply. 
High-voltage station apparatus, transformers, 
oil circuit breakers, lightning arresters, etc., 
would cost from 40 to 50 per cent more than 
for 154,000 volts and the transmission line 
25 to 30 per cent more, and there are line 
problems xvhich xvould be difficult to handle. 
In a 220,000-volt line, in order to avoid corona 
and secure necessary clearance betxveen con
ductors and towers, it xvould be necessary to 
space the conductors on from 20 to 25-ft. 
centers, depending on the altitude. For any 
higher voltages even greater clearances would 
be required, the length of insulator strings 
xvould be greater, and the conductor spacing, 
weight, and cost of tower increased pro
portionately.

For 220,000 volts at 4000-ft. altitude xvith 
20-ft. spacing it would be necessary to use a 
conductor having a diameter of one inch in 
order to prevent corona loss. ()bx iously it 
xvould not be economical to use an all copper 
conductor of this diameter for a high-voltage 
line, and a composite conductor of the same 

dianirt <t haxiii;' a . t < ■< 1 cun v. 11 h < :t 11 • r । < u r 
<>r ahimimim wrapping roiili] !»■ u rd An.' 
desired pr<>p<ntn>ii ol sti-rl In < ■ hi« Im i mg 
material can be used to .rmre tin- mr. ,ir,' 
diameter ami comluetivitv. In a Ion;'. n;'h- 
voltage line earn ing a large aninnnf n| power 
it would be permissible to allow .ome । oiona 
loss during storms, if in doing this a material 
saving could be made in the < omlm tor by re
ducing the diameter. Storms would not be 
apt to occur over any great length of a line at 
one time and a reasonable loss could be taken 
when they do occur. In fact, there an- cases 
xvhere proposed lines xvould traverse moun
tainous districts at very high altitude' — 
It),(1(H) to 15,000 feet and it would be more 
economical to design the line to have some 
corona loss under normal conditions rather 
than t<> use a conductor of such diameter and 
xvith such spacing as to entirely eliminate 
corona. This would not be an entirely new 
departure in transmission practice as there 
are a number of high-voltage lines which have 
been in operation for some years and on which 
there is considerable corona. The experience 
xvith these lines seems to indicate that there 
is no serious deteriorating effect from the 
corona as has been suspected and feared.

Up to the present time the only insulators 
xvhich have been seriously considered for use 
on 220,000-volt lines are the standard types 
of l()-ineh suspension discs; and if the cus
tomary practice prevailing in lower voltage 
systems is extended to this supervoltage xvork, 
it will necessitate using strings up to twelve or 
fourteen dises. As is xvell known, the voltage 
distribution along a string of insulators is not 
uniform; and when voltages of the order of 
200,000 are being considered, the voltage ap
plied across the disc next to the line is quite 
large in comparison with its flashover voltage 
and should be reduced by special means. 
Various schemes of grading have been sug
gested and the prospects are good that some 
practical arrangement of this sort will be 
worked out in a short time. It has become 
customary on loxver voltage lines to use a 
larger number of dises than would be required 
to give a certain flashover and puncture 
strength in order to provide against possible 
reduction in factors of safety due to deterio
ration of the insulators. With the re-intro
duction of the Hewlett link type of insulator 
xvhich is free from deterioration troubles, it is 
hoped that practice will soon again dictate the 
use of a more moderated number of dises per 
string. Such a change, together with suitable 
grading, will bring about some reduction in 
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the length of insulators for 220,000-volt serv
ice, which will be very much aj >; ire Gated in the 
design of towers for this voltage.

For anchor or dead end points a modified 
type of the 10-inch link type disc has been 
developed which has a very high mechanical 
strength and will eliminate the necessity of 
using multiple strings for this work. This will 
be a considerable help in the construction of 
lines using high strength steel reinforced 
aluminum or copper cable which would other
wise require four to six strings in multiple at 
all anchor points.

The high-voltage station apparatus to be 
used on a 220,000-volt system would be in 
most respects very similar to the apparatus 
for lower voltages. All apparatus, of course, 
assumes very large dimensions in order to pro
vide necessary clearances for insulation and 
for this reason it is more difficult to make and 
more costly than similarly rated lower voltage 
apparatus. The transformers would demand 
unusual construction owing to the large 
kilovolt-amperes capacities which would be 
required, resulting in large cores and the wide 
spacing of windings to care for the high volt
ages. In the step-down transformers in which 
there is likely to be a high secondary voltage 
for distribution, the size of coils and spacing 
are especially large.

The oil circuit breakers would be of the 
same type as used on lower voltages. Greater 
rupturing capacities would doubtless be re
quired, however, due to the large concentra
tion of power likely to be installed in in
dividual stations as well as the systems as a 
whole. For this reason it may be necessary 
to use two breakers in series, interlinked to 
operate simultaneously. Such breakers could 
be built to have quite a high rupturing 
capacity, but every effort should be made in 
the layout of high-voltage high-power systems 
to see that the short-circuit currents will be 
reduced to a minimum. In a recent article,*  
oil circuit breakers to rupture 3,090,000 to

* “Problems of 220,000-volt Power Transmission," by A. E. 
Silver, A.I.E.E., June, 1919.

4,000,000 kv-a. are spoken of. While it is the 
opinion of designers that such breakers can be 
built, it is questionable if any power company 
would care to have a short circuit of such 
magnitude occur on its system as the results 
of such a short circuit in its immediate 
neighborhood, even though interrupted very 
promptly' by' an oil circuit breaker, would very 
probably be disastrous. It is not necessary 
even on a very large system to have such 
heavy short-circuit currents, as they can very 
readily be reduced to more moderate values by 
the judicious use of the natural reactance of 
the transformers and lines and the use of 
artificial reactance where necessary without 
appreciably reducing the flexibility and effi
cient operation of the system.

It is recognized that transient disturbances 
on a high-voltage system are likely to be 
severe, but the theory has often been ad
vanced that the higher the voltage the greater 
the insulation and, consequently, the less the 
danger of breakdown of apparatus from high- 
voltage transients. While this theory may be 
true to some extent it is the writer’s opinion 
that potentials, either direct or induced, will 
at times be applied to the circuits in excess of 
the insulation strength of a 220,000-volt sys
tem and that it is not entirely' safe to omit the 
use of lightning protective equipment on sys
tems of this voltage. Lightning arresters for 
220,000 volts, although large and costly, would 
add only' a small percentage to the cost of an 
installation and should more than pay' for 
themselves in preventing damage to more ex
pensive and important apparatus, such as 
transformers, oil circuit breakers, etc.

While the foregoing does not fully cover the 
subject of limitations of high-voltage trans
mission, it is hoped that sufficient suggestions 
have been made to illustrate what some of the 
problems are and to indicate that these are 
capable of solution at least up to 220,000 volts. 
There is no immediate demand for voltages 
above this value and later experience only 
can show whether still higher voltages will be 
practicable.
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Willi the large and more or less intricate 
networks which tire Being built today, ami 
with the rapidly increasing practice of inter
connecting existing systems, the time has 
come when much more attention must be 
given to relay protection; because the only 
possible way of obtaining service which can 
be classed as satisfactory is by the aid of re
lays, which working in conjunction with the 
other protective apparatus will guard the 
system against numerous unhealthy condi
tions which at various times are set up during 
normal operation.

This article will not cover the history of the 
relay art, nor attempt to consider all the 
schemes that have been proposed or are in 
operation. It will concern itself merely with a 
discussion of several points in connection with 
the application of relays which should prove 
helpful to the man whose problem it is to pro
tect the electrical system; for after all it is 
he who applies the relay who counts much 
more than the relay itself. Tin relay has 
possibilities which can only be obtained by 
some, one who understands the nature and 
characteristics of his entire system. Only by 
harmonizing all the characteristics of each 
item entering in the system can the real 
value of the relay be obtained. Much de
tailed study of the subject is needl'd, and it is 
hoped that the following information which 
refers particularly to some of the newer 
schemes and describes briefly some of the 
later types of relays and their application will 
be of some value.

A separate article in this issue deals more in 
detail with the method of the procedure in 
handling the broader aspects of the problem.

Balanced Schemes for Parallel Transmission Lines
()ne of the most promising methods used 

in the protection of networks is the balancing 
of separate parallel circuits which normally 
carry approximately equal currents. If the 
currents maintain their equality in spite of 
high values, it is a good indication that no 

fault exists in that particular 'roup Un 
other hand, a certair di 'rw "I u ibalm ■ 
would be a safe indication "f Iroubb- The 
problem, therefore, is in general to j n'o a 
current which is representative "f ‘lie a< tual 
unbalancing, and pas> it through proper relay- 
to cause the faulty feeder to lie di-'-onnci ted.

It is impractical to descril>e here the variou- 
modifications of these schemes in detail. 
However, the basic principles inx ol"ol are 
discussed bch'W and these arc sulfieiemly 
flexible to permit application in variou- ways 
to the problem which may be in hand.

In the diagrams accompanying the descrip
tion of these Indanced schemes, arrows arc- 
used to indicate the relative direction of cur
rent and of ¡.lower. These arrows show power 
normally flowing from station "A" t" station 
" B.” In each case, however, the equipment is 
suitable for power flowing in either direction.

In general, the over-load relays used are 
adjusted to operate instantaneously or nearly 
so. Some operating companies report that 
the opening of the breaker is so rapid that 
tin re have been cases where a cable has 
healed immediately, due to the hot insulating 
material flowing into the opening ma de by the 
fault. Usually the point of breakdown has 
been located by subsequent inspection.

Balanced Protection of Two Parallel Lines Not
Discriminating ‘

An exceedingly simple scheme of balanced 
protection is illustrated in Fig. I-A. This has 
given good results on a system which is so ar
ranged that the lack of discriminati >n on the 
part of the relays, between the sound and the 
injured line of a pair, is not vital. On the sys
tem referred to the substations are in ring 
formation with two lines for each connecting 
link and consequently each station is provided 
with ¡lower over at least two different groups 
of lines, and from two different busses. The 
complete, though temporary, interruption of 
one of these sources does not, therefore, kill 
the bus and no hardship is imposed greater
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than the inconvenience of determining the 
good line preparatory to replacing it in serv
ice without its mate. This inconvenience is 
to a considerable extent compensated for by 
the freedom of the equipment from all 
alternating current potential connections.

Fig. 1. Balanced Current Protection for Two Parallel Lines 
(not discriminating)

While these potential connections, in present 
day relays, do not occasion the misgivings 
they were responsible for in older types, their 
elimination is desirable.

The balanced equipment as shown in Fig. 
1-A consists of “cross-connected” current 
tranformers in the similar phases of the two 
lines, to the equi-potential points of the 
secondaries of which an over-load relay is con
nected. Reference to the arrows will show an 
assumed normal current flow. So long as the. 
currents arc equal and in the same direction 
in the two lines there will be no current to flow 
through the relay coil as demonstrated by the 
arrows on the secondary circuits. A short 
circuit will not, therefore, improperly open 
these circuit breakers providing, of course, 
line characteristics are such that a suitable 
balance is maintained.

Assume now a restricted fault in one of 
these lines, as in Fig. 1-B, such that the power 
direction remains throughout as formerly, al
though the intensities have changed. It will 
be noted that the resulting difference in the 
currents in the txvo lines is reflected in the 
secondaries, appearing as a current through 
the relay coils, causing the contacts to close, 
and tripping both circuit breakers at each end 
of the two lines.

Following such an operation, it is necessary 
to find the healthy line and replace it in serv
ice xvith time over-load protection (not illus
trated in the diagrams).

If the fault should be more severe so that 
there is a relative reversal of current at one 
end of one line the results will be as indicated 
in Fig. 1-C. Here again the differential cur
rent passes through the relay coils. It should 
be noted that at the end where the reversal 
occurred the vectorial difference appears as an 
arithmetic sum.

If, at any time, the fault should occur so 
near station “B ” that the currents at Station 
“A” remained balanced, then the station “A” 
relay xvould not operate immediately, but at 
“B” the differential current xvould be very 
great due to the reversal in the relative di
rections of the currents. Station “B” would, 
therefore, clear quickly after xvhich there 
would be established a large differential at 
“A.” An open circuit in either of the lines will 
likewise unbalance the pair and result in their 
isolation in case of sufficient current floxv.

Balanced Protection for Two Parallel Lines (Dis
criminating)

In order to obtain discriminating action in 
the relay for short circuits in either of two 
parallel lines, reverse poxver relays may be in
cluded in the schemes shown in Fig. 1. With 
this modification the arrangement is as 
illustrated in Fig. 2. It should be noted that 
in case of an open circuit in one of these lines 
the resulting unbalance xvould cause the open
ing of the sound feeder at one end, in case of 
sufficient current flow.

As in the indiscriminating case, so long as a 
balanced condition is maintained between the 
corresponding phases in the txvo lines, there 
xvill be no current in the differential or relay 
circuit. When a fault occurs, however, the 
vectorial unbalancing in the main circuits will 
be indicated in the relay coils as illustrated in 
Figs. 2-B and 2-C. In these figures the arrows 
may also be considered as indicating direction 
of poxver floxv. The moving contact of the 
reverse poxver relay will travel in the direc
tion of the arrow.

Looking at the matter from another view
point, if we assume for the moment that only 
one line is in service, then the current and 
potential connections to the reverse power 
relay should be so made that for power flowing . 
from the bus to the line the contacts would 
close on the side to trip the breaker of the line 
in service. When both lines are xvorking, the 
circuit hax-ing the greater floxv of power from 
the bus to the line will control the operation of 
the reverse power relay and, therefore, trip 
the breaker of the line in trouble, which xvill 
always carry the greater poxver from the bus
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to the line. It should he borne in mind that, 
power flowing from the line to the bus is oi' 
negative value, therefore, for eases as shown in 
Fig. 2-B where power flows from the line to 
station " 1! ” bus over both circuits, the circuit 
having the greater flow from bus to line is the 
one having the least flow from line to bus.

In the event of one line being in sen-ice 
alone, it is the general practice by means of 
auxiliary switches on the circuit breakers, to 
automatically introduce time overload re
lays in the protective equipment, which will 
operate in conjunction with the reverse lower 
relays in a manner similar to that described 
in connection with Eig. 13 or Fig. 1(>. This 
time delay also serves to prevent the opening 
of the sound line immediately following the 
tripping of the faulty one.

In place of the single reverse power relay 
with double throw contacts, it is also possible 
to obtain substantially the same results with 
two sets of relays each equipped with single 
throw contacts arranged in a manner similar 
to that described for the protection of three or 
more parallel lines as shown in Fig. 6. Relay

Fig. 3. Instantaneous Balanced Power Protection for Two 
Parallel Lines, with Provision for Definite Time 

Action with One Line in Service

e

Fig. 2. Balanced Power Protection for Two Parallel Lines 
(discriminating i

Figs. 3, 4 and 5 illustrate in greater detail 
some of the methods by which this scheme 
using reverse power relays with double throw 
contacts is applied. One line diagrams are 
used for greater clearness. 

auxiliary switch on each circuit breaker, and 
finally through the proper set of reverse power 
relay contacts to the trip coil of the line at 
fault.

When one circuit breaker is open, the bal
ancing effect of the two lines no longer exists, 
therefore, it is sometimes necessary to intro
duce a time delay for further selective opera
tion. The opening of the circuit breaker auto
matically opens its auxiliary switch; therefore, 
in case of a fault with only one line in service 
the trip circuit is established from the negative 
through the overload relay contacts to the 
coil of the definite time limit relay and after 
the desired delay a new circuit is made 
through the definite time relay contacts to the 
reverse power relay contacts. Only in case the 
power direction is from the bus to the line will 
the reverse power relay contacts be closed on 
the side to trip the remaining breaker. Inplace 
of the definite time relax- with the d-c. poten
tial coil illustrated, there may be substituted 
a-c. time overload relays, the operating coils 
of which are connected one in each differential 
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circuit. The contacts may be connected 
similarly to those of the definite time relay 
shown. For a three-phase grounded neutral 
system, three time overload relays must be 
used in place of the one definite time relay 
with the d-c. coil, thereby resulting in slightly

Fig. 4. Instantaneous Balanced Power Protection 
for Two Parallel Incoming Lines

greater expense. Otherwise the use of the' ex
tra overload relays is preferable.

Another alternative, particularly for out
going lines, is to insert rime overload relays in 
each current transformer secondary circuit 
and connect the contacts to trip the cor
responding breaker directly. The extra 
auxiliary switches would then be arranged 
simply to disconnect the differential relay 
group in case one line is out of service. This 
last arrangement has the advantage or disad
vantage as the case may be of tripping both 
breakers in the event of a sustained balanced 
fault.

As an exact balance of currents in the two 
lines is very improbable the sensitive reverse 
power relay is likely to have its contacts closed 
on one side or the other, if the lines are at 
all loaded, even though both lines are in serv
ice, unless some means are provided to pre
vent it. In such cases it is possible that the 
instantaneous overload relay would close its 
contacts before the reverse power relay con
tacts would open, if closed on the wrong side, 
and trip the wrong breaker. On this ac

count the auxiliary relays are introduced in 
this equipment to disconnect the a-c. potential 
circuits of the reverse power relays until after 
the instantaneous overload relay has operated, 
thereby insuring that the reverse power relay 
contacts will be normally7 in a neutral position, 
and, therefore, unprejudiced in the event of a 
fault. If a time overload relay is substituted 
for the instantaneous overload relay* in the 
differential circuit the resulting delay would 
make these auxiliary relays unnecessary.

Fig. 4 shows a simple arrangement which 
may7 be used for incoming lines only. This is 
like that explained in connection with Fig. 3 
except that all special provision for single line 
operation is omitted. This is possible on ac
count of the fact that the line will be non
automatic for power flowing from the line into 
the bus, and being incoming lines only, no con
siderable power xvill flow out.

The third scheme is shown in Fig. 5. In 
this case the circuits are still balanced, but 
instead of instantaneous action with both 
lines in service the same time delay is intro
duced as fur single line operation. In order to

Fig. 5. Time Limit Balanced Power Protection 
for Two Parallel Lines

prevent the second line from tripping in case 
of a fault in one, the txvo relays—the in
stantaneous opening relay and the time delay7 
reclosing relays are installed. The tripping 
current for the circuit breakers is carried 
through the coils and contacts of these relays 
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in such a way that, when one breaker is being 
automatically tripped, the relay trip circuit 
of the other breaker is opened and does not re
close for a time long enough to permit con 
ditions on the system to become normal, after 
which the second line can be tripped in ease.of 
an overload which remains on a 
sufficient time, and providing the 
power flow is from the bus to the 
line.

This equipment is somewhat 
simpler than those previously de
scribed. Xo additional auxiliary 
switches and no auxiliary relays to 
open the potential circuit of the 
reverse power relays are needed.

Balanced Protection for Three or More
Parallel Lines

Where a number of parallel lines 
are involved the underlying feature 
is the same as described in connec
tion with Fig. 2, although the treat
ment of the matter is necessarily 
different. Here, as shown in Fig. (i, the 
current transformer secondaries are con
nected all in series in a loop circuit, so 
that when the primary currents are all 
equal the secondary currents will also be 
equal, and will circulate through the loop 
as one current of the magnitude of each, 
and practically none will pass through the 
coils of the overload and reverse power 
relays which are connected across each cur
rent transformer secondary’.

Fig. 6-B illustrates a fault in one line, sueh 
that power is reversed at Station “B ” in this 
line from the direction taken by the remain
ing sound lines. It xvill be observed that only’ 
in the case of the injured line is the poxver di
rection through the reverse power relays ias 
indicated by the arrows) such that the con
tacts will close—at Station “A” this is be
cause there is a preponderance of positive 
power flowing from the bus into this par
ticular line—at Station “B” the injured line 
is the only’ one having positive outward 
flowing power.

Inasmuch as the success of the scheme de
pends upon the relatix-ely lo\\’ impedance of 
the loop circuit as compared to the impedance 
of the coils, it will be apparent that some 
method should be provided to eliminate the 
useless impedance injected in the loop circuit 
by the relays of a dead feeder. This is usually- 
done automatically by short circuiting, by 
means of auxiliary’ switches on the circuit 
breakers or by auxiliary relays controlled by 

such auxiliary switvhv. tin- n .a . • qmp>:i< i t 
of the Inn- whose circuit breaker i . Hpoi.

It. will be noted that when all but one Ine i 
out of service, the rel.lV equipment ot tin la t. 
line will be short circuited l>v the auxiliar. 
switches or relays referred to in tin- preceding

a
Fig. 6. Balanced Power Protection for 

Three or More Parallel Lines

paragraph and accordingly the last line will 
be nori-automatic unless some means is pro
vided to open the loop circuit. This opening 
of the loop may be accomplished manually 
or it may be done automatically xvith consid
erable complication of auxiliary switches, etc., 
which complication is usually considered in
advisable. When the loop has been opened, 
eaeh feeder will be left xvith overload and re
verse poxver protection, at values determined 
by the settings of the overload relays. Vari
ous other means also somewhat complicated, 
may be used for inserting additional relays for 
the protection of this last line. But these 
schemes on account of their variety, will not 
be described here.

If an open circuit should occur in one of the 
conductors or if, xvhen putting another line 
into service only the breaker at one end is 
closed, an unbalanced condition xvill result 
xx-hieh may tend to open the good lines in use 
if the current flowing at the time is sufficiently 
great. This danger becomes relatively smaller 
as the number of lines involx’ed is increased, 
because the secondary unbalancing will be in
versely proportional to the number of lines in 
service. For instance, if the overload relays 
are set to operate at the normal load of each 
feeder and if four lines are in. three continuous 
and one broken, an overload of three times 
normal on each feeder xvould be required be
fore any trouble could be encountered. The 
break xvould usually be detected before this 
excessive current would oecur.
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Protection by Mechanically Balanced Differential 
Relays

This relay is illustrated in Figs. 7 and 8 and 
may be used for the protection of par
allel transmission lines against unbalanced 
current in the similar phases, such as would be 
occasioned by a fault in one of the lines. As 
the current increases in the lines, the difference 
in current in the txvo lines must also increase 
before the relax* will operate. This com
pensates for a normal inherent difference in 
impedance in the txvo lines. The character
istic curve, Fig. 9, shoxvs the results to be 
obtained on outgoing lines.

The relay operates to trip the line carrying 
the greater current. It may be used, there- 

the contact mechanism will be operated on 
the side to trip the breaker carrying the 
heavier current. So long as a balanced condi
tion exists xvithin the operating values, the re
lay xvill not trip either breaker no mater how- 
high the current may be in the two.

Protection for Three or More Parallel Incoming, 
Outgoing or Tie Lines—Current Relays Only

Fig. 11 shows the one-line connections for a 
balanced scheme for three or more parallel 
lines in xvhich no a-c. potential connections are 
involved.

Saturating transformers are connected to 
the secondaries of the instrument trans
formers. They are used for two reasons,

Fig. 7. Mechanically Balanced Differential Relay 
for Protection of Parallel Lines

Fig. 8. Interior of Relay Shown in 
Fig, 7

fore, for outgoing lines or, providing there is 
some source of power to insure that the in
jured lines xvill carry the greater current, for 
incoming lines. The simplicity of this relay 
strongly recommends it for the use referred to. 
The freedom from a-c. potential connections 
is a noteworthy advantage.

Diagram, Fig. 10, illustrates one method of 
making the connections. The relay consists 
of three solenoids, the two smaller outside 
solenoids tending to hold the moving mechan
ism down, while a differential current passing 
through the larger center solenoid will tend 
to raise the mechanism upward. When the 
difference becomes sufficiently great to over
come the weaker of the txvo small solenoids, 

namely: to limit the amount of current which 
any individual line can furnish to the loop and 
also to permit grounding each instrument 
transformer’s secondary circuit close to the 
winding. The resistance connected in the 
secondary of the saturating transformer also 
assists in limiting the amount of current 
furnished to the loop. The secondaries of all 
saturating transformers are connected in 
series through the respective resistors. An 
induction overload relay is then connected di
rectly across each saturating transformer and 
its resistor. The auxiliary relay contacts or 
the auxiliary sxvitch is connected across the 
protective relay circuit and is intended to 
short circuit the relay and other equipment
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The <wcrload r< la- ma i» ' ' i ' ’• <r
short । ircuits ol’ uhn li ni • 'ir li ' urb 
tlie System, tlie t'anltx Imi- I an 1 >< < .md m 
troni mie qnartvr to onr haif ond. io u a' '• r 
how near lo thè soline of power t In , n a. Re

Connections for Mechanically Balanced 
Differential Relay

rig. 9. Characteristic Curve for Mechanically 
Balanced Differential Relay

whenever the oil circuit breaker of that cir
cuit is open.

So long as there is a balanced condition with 
respect to currents on all lines, there can be no 
auion ot anx- relax- connected in this manner.

Consequently all breakers will remain in for 
all through short circuits.

If an unbalanced condition occurs, the 
majority of the circuits will control the 
minority irrespective of whether the minority 
carries more or less current than the majority.

In case of a fault in one of these lines, it will 
be disconnected nearly instantaneously re
gardless of whether it carries more current or 
less current than the two good lines.

If a balanced fault should occur on two or 
three feeders at one time, fault}’ operation 
might result. However, the chances for such 
a possibility are remote and do not outweigh 
the advantages to be had under the 
more usual faulty conditions. If five 
lines should be operating in parallel 
and two should simultaneously de
velop balanced faults, the faulty 
lines would both be cleared prop
erly. If four lines are in and two 
lines develop faults, it is possible 
that under some extreme and im
probable conditions all four lines 
xvould be tripped due. to the fact 
that the equipment cannot decide 
which set is in the majority. In 
ease two faults involve different 
phases, they are not to be considered 
anced faults.

It will be observed that the more 

as bal-

feeders
there are in circuit at any given time the 
more certain the operation of the equipment 
will be.

located. Higher time settings are. of course, 
permissible if they should be considered de
sirable. •

At hast three lines must be in service to 
give selective action. Should only two be 
left, both xvould open for trouble in either. 
When only one line remains in operation its 
relay equipment is short circuited by the 

Fig. 11. Balanced Current Protection for Three or More Parallel Lines

auxiliary switches of the circuit breakers in 
the other lines which are out of service. Such 
single lines would, therefore, have no protec
tion unless the loop circuit is opened by means 
of a lever sxvitch which may be inserted for 
that purpose.
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INVERSE TIME VERSUS DEFINITE TIME 
RELAYS

Quite often the question arises as to the ad
visability of using the definite time or the in
verse time relay for selective action, and in 
numerous cases the decision has been in favor

a Za 4a 8a 16 a
Current,

Fig. 12. Theoretical Inverse Time-Current 
Curve

of the definite time relay because of the more 
or less general understanding that the shape of 
the inverse time limit curve xx-as limited. 
That is true so far as relays are. usually con
structed, but a relay can be provided so de
signed as to give the curve desired.

The inverse time relay is often of greater 
value than the definite time relay, and one 
case of this character is as folloxvs: If for ex
ample txvo links of one circuit are in series, 
and the relay furthest from the generating 
station is equipped xvith a current transformer, 
whose ratio is one half the ratio of the cur
rent transformer connected to the relay near 
the station, or, if the current setting of the re
lay furthest from the station is one half that 
of the relay near by—it is obvious (with suit
able current transformers) that in the event 
of a short circuit beyond the relay furthest 
from the station, that the current in this relay 
xvill be proportionately txx ice as great as the 
current in the relay nearer the station.

Fig. 12 xvill illustrate the action of the relays 
under these conditions. In the curve it is 
assumed that doubling the current in the relay 
reduces the time of operation by a time in 
seconds “t ” xvhich is the time required to give 
selective action betxveen the circuit breakers 
controlled by the relays.

Since the relay nearest the fault receives the 
equix-alent of txvice the current in the relay 
next closer to the source, the difference in 
time between the operation of the relay con
tacts in the two relays xvill always be “t,” or 
the time required to give the proper selective 
action.

Of course to obtain the results as just de
scribed it is necessary that the relays should 

be so set that the time of action is never less 
than “t” except for trouble in the immediate 
section. If the current set up’ in the system 
because of a fault were so great as to be of 
serious danger to the system, the time of opera
tion of the relay would be so rapid that much 
damage might be avoided and synchronous 
apparatus would be less likely to fall out of 
step.

Use of Overload and Reverse Power Relays
Fig. 13 shows a method of applying the 

overload and reverse power relays to parallel 
incoming lines. It also illustrates the use of 
simple overload relays at the outgoing ends of 
the same lines. Their contacts are connected 
in series so that both must operate before the 
breaker will be tripped.

Although overload and reverse power relays 
have long been used for the protection of in
coming parallel feeders, the degree of pro
tection afforded has been advancing rapidly 
during the past fexv years, due principally to 
the greater reliability and sensitiveness of the 
later types of reverse-power relays. The 
polyphase reverse power relay has been par
ticularly successful. When properly applied 
and in good mechanical condition, its action 
approaches perfection. Of course, we must

Fig. 13. Overload and Reverse Power Relays 
Protecting Parallel Lines

be careful xvhen using the polyphase relay on 
a system xvith the neutral grounded through a 
resistance; that is, because of a tendency in 
the case of a ground to cause poxver to flow 
in one direction over one wire and in the 
opposite direction over the other two wires.
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This difficulty can usually be <»xvrc«»nil' by 
proper interconnection of the relays. By such 
interconnection, the power current which 
would cause the trouble is balanced out so that 
simply the fault, current is left to work in the 
relays. The fact that its use is lin^Hl on sys
tems where the neutral is grounded through a 
high impedance does not materially affect the 
situation because the number of such systems 
is far under one per cent of the. total of the 
country.

One reason for the success of the polyphase 
relay will be made clear by some detailed ref
erence to Figs. 1-1 and 15, which illustrate the 
quadrature connection used.

Fig. 14. Vector Diagram of Quadrature Connection 
for Reverse Power Relay (Normal)

tial 1! (which is used in < onm । Hsu v. H h lie 
ciliTetit. . 1 -.1'. (/, .L, i- I he di pla< < «I po-
tuntiiil C - 1 which is used in mnnn t ion w K h 
the current/i- H- H'. .1. /Ai.thcdi pla< ed 
potential A—H which is used in ronm , lion 
with the current C — C = C'. Thi» relal ion Jiq, 
of current and potential for proper re nil 
should remain reasonably fixed e\ en under I he 
most severe distortion of the voilage triangle 
which may be caused by a sing)e-pha»e hurt, 
circuit.

Let its consider the conditions which, with 
such connections, would arise in the even of a 
single-phase short circuit. \ n a umi' • 
unity jlower factor, tliu vector relations and 
the various potentials and currents would be 
as shown in Fig. 15.

Fig. 15. Vector Diagram of Quadrature Connection for 
Reverse Power Relay ¡Single Phase Short Circuit

In Fig. 14 “A,” “ B ” and “ C ” represent the 
voltage triangle of a three-phase circuit. At 
unity power factor

A—A' is the current in phase .4 
B —B' is the current in phase B 
C — C is the current in phase C

In most wattmeters and in the type of 
polyphase relay’ now under consideration 
maximum torque is obtained when the cur
rent in the current coil and potential across 
the potential coil are in phase.

In the diagram .4 —-4=--I' and B — C are 
90 deg. out of phase. Thus if we displace the 
potential of phase B — C 90 deg. it will be 
in phase with A — .4= A' and the use of 
this displacement would provide maximum 
torque at unity power factor on the circuit 
protected.

But serious faults result almost invariably 
in lagging currents. So instead of displacing 
B — C by 90 deg. to obtain maximum torque 
at unity power factor, we can displace it as 
shown by Ba — Ca and then obtain maximum 
torque with a power factor lagging say 40 
degrees. Gn the polyphase relay then there 
is made use of Ba — C„ the displaced poten-

It will be observed that the displaced 
potential Ba — Ca again properly lags behind 
the current .4—.!'. Not only is the vector 
relation good but the potential is nearly at 
full value, a very valuable combination. The 
same is also true concerning the short-circuit 
current C— C and its companion potential 
Ac-Bc.

Even in the case of the third phase which is 
not greatly affected by the fault, the relation 
of potential and current is still correct.

If we consider a dead single-phase short 
circuit between -4 and C, then potential .4 — B 
will be superimposed on potential B — C. The 
phase relationship of the connections to the 
relay’ coils is still correct and operation thereby 
safeguarded even with zero potential across 
the short-circuited phase.

For a single-phase load and no distortion of 
the voltage triangle, a maximum relative 
variation of 30 deg. between the current and 
potential is possible, a harmless amount. 
Some of the older connections result in rela
tive variations of three tunes this value.

In the polyphase relay as it is now being 
manufactured, three elements are used; three 
elements separate and individual except that 
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they are all working together on one common 
shaft. The relay consists then. < >f three single
phase relays working on the same shaft. Cur
rent and potential are connected in quadra
ture as described above. From these dia
grams it is seen that each individual phase of

Fig. 16. Overload and Reverse Power Relays 
Protecting a Ring System

that relay will operate properly so that there 
is no particular tendency—there seems to be 
no tendency whatever—for any of the three 
phases to work incorrectly. In the case of a 
single-phase short circuit we have, in two ele
ments, large currents working in good phase 
relationship with large potentials. These two 
elements provide many times more power than 
is needed, so that there seems no chance for 
the relay to go wrong in such a case.

SUBSTATIONS IN RING OR LOOP 
FORMATION

The comparatively simple method of pro
tecting substations in ring or loop formation, 
illustrated in Fig. 16, though far from being 
new, is worthy of repetition on account of its 
value in such cases. Each line at each station 
is provided with overload relays. Where these 
overload relays are given the lower time set
tings, reverse power relays are also used with 
the contacts of the two types so connected that 
both relays must operate before the circuit 
breaker will be tripped.

Reference to the time settings given on the 
diagram (these are purely relative and. in no 
waj represent absolute time value) will show 
that the*’ are graded on the same basis as a 
single series of tamdem connected substations, 
assuming that one end of the loop is open at 

the generating station bus, and neglecting 
those breakers which would then be "in
coming” at the various substations. It 
should be noted that when the other end of 
the loop is considered open the substation 
breakers which in the first case were ‘ ‘ incom
ing” will now be "outgoing” and vice versa. 
The reverse power relays are also installed if 
the time of an "incoming” line is lower than 
any “outgoing” line farther from the source. 
This must be checked separately for each end, 
in turn considered open, at the generating 
station.

DIFFERENTIAL PROTECTION FOR 
ALTERNATORS

Where differential or reverse power pro
tection is used for alternators, each circuit 
should be equipped with a device for opening 
automatically the field circuit of the alternator 
after the oil circuit breaker connecting this 
alternator to the busses has been opened. This 
requirement demands either solenoid opera
tion for the field switch, or a manually oper
ated field switch equipped with a shunt trip 
coil. A circuit closing auxiliary switch should 
be provided on the oil circuit breaker to in
sure that the breaker opens before the field 
switch. With the breaker open there will be 
less liability of damage to the field circuit, due 
to the high voltage which would be induced if 
it were opened when heavy currents were pass
ing through the armature. Opening the field 
last also reduces the possibility of the alter
nator falling out of step with the remainder of 
the system, thereby increasing the disturbance 
on the system. It is of course evident that un
der none of the above mentioned conditions 
is the difficulty entirely overcome by the 
opening of the oil circuit breaker first. The 
trouble is, however, sufficiently reduced to 
consider it the preferable method.

Relays with hand reset contacts are used to 
insure tripping the circuit of the field switch, 
after the main circuit breaker is opened. By 
resetting the relay contacts, the field switch 
may be reclosed with the main circuit breaker 
still open. One wiring for the equipment is 
shown in Fig. 17 and is for use with “Y” con
nected armatures. The relav is shown in Figs. 
IS and 19.

CIRCUIT BREAKER TRIP COIL CONTROL
Circuit closing relays are recommended for 

best results. I Direct current is preferred for the 
source; and a storage battery is the most re
liable means of supplying this on account of 
its greater freedom from effects of system dis- 
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[•bailees. Low voltage storage batteries 
such as are used in automobile? have been 
x-ery successful. 'I'he cost is low and 
charging by a Tungar Reetilier is exceedingly 
simple; 12-volt batteries in general have 
given satisfactory results, though as a 
greater safeguard 21-voll batteries are 
recommended.

Tripping reactors, a simjile illustration of 
which is shown in Fig. 20, may sometimes be 
used to supply the needed constant source of 
tripping potential. 'I'he reactor being con
nected directly in the secondary circuit of the 
current transformer will have a potential 
built up across its terminals by the passage of 
the current. If the current is sufficiently high 
to operate the relay it will be high enough to 
provide the necessary potential for the trip 
coil.

It is preferable to limit the use of circuit 
opening relays, even where available, to posi
tions where the maximum secondary current 
which the contacts must rupture will not ex
ceed 50 amperes. If xve consider only the 

Fig. 17. Connections for Differential Protection 
of Alternators

very sensitive trip mechanism, requiring the 
low value of 35 volt-amperes to operate, the 
contacB of the circuit opening relay xvould be 
required at 50 amperes secondary to rupture 
3.5 k-va., which is an appreciable amount of 
poxver.

METHODS GE SIMULTANEOUSLY TRIPPING 
TWO CIRC UITS BY MEANS OF 

ONE OVERLOAD RELAY
l'<>r this purpose either tin- tim<- limit induc

tion or the plunger type relays may be used. 
If manually operated circuit breakers arc in-

Fig. 18. Relay Used for 
Differential Protection 

of Alternators

Fig. ¡9. Relay Used for Dif
ferential Protection of Alter

nators (Cover Removed)

volved they* may have the two d-c. trip coils 
connected together in multiple to be operated 
simultaneously by one two-contact lone cir
cuit) circuit closing overload relay. This 
multiple connection is feasible due to the fact 
that either circuit breaker can be opened in
dependently’ by means of its operating lever 
without disturbing the other breaker. The 
need for auxiliary sxvitches to open a tripping 
circuit will be determined simply by the ability 
of the relax’ contact to rupture the circuit.

Electrically operated circuit breakers or
dinarily cannot have their trip coils wired in 
multiple, because if so connected it would be 
impossible to trip one circuit breaker manu
ally from a control sxvitch without tripping 
the other circuit breaker also. In this case, 
the closing of the contact of the overload re
lay should control an auxiliary relay or re
lays, xvhich will in turn control the txvo trip
ping circuits.

The. diagrams illustrate the methods by 
xvhich this may be accomplished. Fig. 21 
shoxx’s a scheme particularly applicable to in
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duction overload and reverse poxver relays. 
Fig. 22 shoxvs txvo auxilia - relays used with 
plunger type overload relays. In this case, 
the extra auxiliary switches are not needed 
because the plunger relay is capable of 
rupturing the current taken by the operating 
coils of the auxiliary relay.

FIGS.

Fig. 20. Simple Connection 
for Tripping Reactor

For electrically operated circuit breakers, 
instantaneous overload relays of the plunger 
type max- be properly prox-ided with three 
contacts (txvo circuits).

BUSHING TRANSFORMERS
Bushing transformers on account of their 

loxver cost, arc being used to a considerable 
extent for protective purposes. On account

Fig. 21. Connections of Induction Overload Relays 
for Tripping Two Oil Circuit Breakers

of the necessarily great length of the magnetic 
circuit and the fact that only one primary 
turn can be provided, the magnetizing current 
must be high and accordingly the transformers 
are rather inaccurate for the lower ratios. 
However, as most operating companies now 

relay for short circuit protection, there is 
seldom any need for using these low ratios. 
A bushing transformer of a ratio 150/5 am
peres xvill give good results xvhen used with 
relays. As the ratio increases the errors de
crease, and by the time a ratio of 300/5 am
peres is reached the bushing transformer is 
equal in most, and superior in some, respects 
to the standard instrument type of current 
transformer for protective relay purposes. 
Ratios of less than 150/5 amperes are not rec
ommended for the various balanced schemes, 
and even at this value it is preferable to con
nect the secondaries of txvo transformers in 
series. Ratios of 200/5 amperes usually give 
satisfactory results with a single transformer 
for balanced work.

TEMPERATURE RELAY FOR MACHINE 
BEARINGS

Figs. 23 and 24 shoxx- two views of this relay, 
one xvith the cover removed, and the other 
xvith the relay completely assembled.

This relay is used as a protective device to 
function in case the bearing of the machine to 
xvhich it is connected becomes overheated to a 
dangerous extent. The contacts of the re
lay can be either circuit opening or circuit 
closing.

A.C. Buses

Fig. 22. Connections of Time Limit Plunger Overload 
Relays for Tripping Two Oil Circuit Breakers

When the relay operates, the circuit 
breakers controlling the circuits to which the 
machine is connected will be opened and the 
machine stopped. .

The essential features of the relay consist of 
a “syphon,” the bulb of xvhich is embedded in 
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the bearing to be protected. 'Die syphon is 
filled with a volatile liquid which vaporizes in 
the bulb at the temperature at which the relay 
is to operate and the pressure produced ex
pands the metal bellows or "syphon” and 
through it controls the contacts.

After operating, the relay is ordinarily reset 
by hand thereby definitely bringing the mal 
ter to the attention of the attendant.

D-C. REVERSE POWER RELAY
This new d-c. reverse power relay shown in 

Fig. 25 is sufficiently sensitive to operate on 
the “running light” eurrent of a synchronous 
converter, that is, at I1" per cent of its con
tinuous rating. The current coil is connected

ciriuit breakers controlled are with
an auxiliary switch to automatically break the 
coil circuit <>f the control relay. The relay 
closes instantaneously but “hesitate-;" about 
one second after deenergized before the con- 
taets open again. By this time the breaker 
will have been positively latched closed. An 
earlier type of hesitating control relay made 
use of an oil dash pot to produce the desired 
delax, but it has been superseded by the type 
shown in Fig. 26. In the new de-ign the time 
delay is obtained by means of a heavy copper 
tube surrounding the relay plunger and inside 
the operating coil. When the coil is energized 
the plunger is raised and the contacts closed. 
When the operating coil circuit is broken the

Fig, 23. Temperature Relay for Protection 
of Bearings

to a shunt of the proper ampere capacity in 
the direct current circuit.

Extreme sensitiveness is obtained by the 
powerful excitation of the potential element 
acting xvith a xvell excited current element. 
Both current and potential windings are sta
tionary but xvithin the current coil there is 
a pivoted iron armature which is rotatable 
about a vertical axis and xvhich carries the 
contact button shown in the illustration.

When operation takes place the action is 
quick and positive. Contact pressure is un
usually good for so sensitix-e a device. The re
lay is regularly insulated for 1500 volt service.

HESITATING CONTROL RELAY
Hesitating control relays have been in use 

for a long time xvhere the electrically operated 

Fig. 24. Temperature Relay for Protection of Bearings 
(Cover Removed)

usual “inductive kick" starts up a heavy cur
rent in the copper tube which in turn tends to 
maintain the flux. As a result the flux dies 
away slowly, and in approximately one second 
the plunger falls again and opens the contacts.

LOCKING RELAYS
Locking relays are usually provided with 

circuit opening contacts xvhich are connected 
in series with the tripping circuit of an oil cir
cuit breaker. They are ordinarily used to pre
vent the tripping of the breaker in case the 
current flowing at the time is above the inter
rupting rating of the breaker.

Locking relays are usually provided xvith a 
very high secondary current setting. For this 
reason care must be exercised to see that the 
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current transformers intended for this pur
pose maintain their approximate ratio at the 

■ high current at which relays are desired to 
operate and with the full volt-ampere load of 
the locking relay and other equipment which 
may be connected to the secondary circuit.

Fig. 25. Sensitive D-C. Reverse Power Relay

NOTCHING RELAYS
Fig. 27 shows a relay designed to open its 

contacts after its coil has been energized a 
predetermined number of times, providing 
there is less than a predetermined time in
terval between these impulses. The con
tacts are reset by hand. This relay is used in 
connection with an oil circuit breaker reclos
ing scheme. Fig. 2S shows the wiring con
nections, the sequence of operation of the 
equipment being as follows: The overload re
lay trips the oil circuit breaker. The circuit 
closing auxiliary switch on the oil circuit 
breaker is closed. The notching relay makes 
one stop instantly.

The reclosing relay operates in a definite 
time, thereby operating the hesitating control 
relay and closing the oil circuit breaker. (A 
hesitating control relay is used in order to per
mit the oil circuit breaker to be positively 
locked in before the control contacts part.) 
The closing of the oil circuit breaker opens 
the auxiliary switch again.

The reclosing relay then opens immediately 
and is followed by the hesitating control relay 
in approximately one second.

The notching relay starts to reset and will 
do so if the circuit breaker does not open again 
in a pre-determined time. If it should reset, 
the first step made as referred to above will be 
lost and all further action will be as if the 
breaker had not opened at all.

If the circuit breaker opens within this pre
determined time before the notching relay re
sets, the complete cycle will repeat itself ex
cepting that the notching relay in this case will 
make the second step.

If the circuit breaker opens the third time 
before the notching relay is reset, this 
notching relay will make the third and 
final step and will lock everything open 
until the equipment is reset by hand by the 
operator.

The present interrupting capacity ratings 
of oil circuit breakers are based upon the 
breaker opening twice with an interval of two 
minutes between operations. L’sually in re
closing schemes the breaker recloses twice and 
in considerably less than two minute intervals.

Fig. 26. Hesitating Control Relay

Therefore, the interrupting capacity listed 
generally cannot be used, but lower figures 
must be obtained both on account of the fact 
that the breaker may be required to open more 
than twice at short intervals, and on account 
of the fact that the intervals between openings 
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are usually smaller than that upon which 
the standard interrupting capacities are 
based.

REDUCING THE ERROR OF OLD STYLE 
PLUNGER RELAYS

in the older types of plunger-bellows over
load relays (used previous to the standard 
unit type) a quick return valve “ F,” see Fig. 
29, was provided to permit the relay to reset 
quickly. This valve to accomplish its purpose 
necessarily had a section area much larger 
than that of the opening at “I’:” through 
which the air should be forced when the bel
lows is collapsed. Accordingly any leakage 
around “G” and then through “H” is apt to 
be a considerable percentage of the total ex
pelling air, and an error is caused. Cases are 
on record where errors as high as 25 per cent 
in successive tests have been reduced to prac
tically zero by simply eliminating this 
variable. To do this it is only necessary 
to drop away from its support the large 
metal body forming the upper part of 
the bellows, and drive a wire plug in the 
hole “H.”

The newer standard unit relay is regularly 
furnished without this quick return valve.

Fig 27. Notching Relay (Cover Removed)

OIL DASHPOTS FOR RELAYS AND TRIP 
COILS

(>n account of the change in vi <o if «,f 
oil, due to varying tempera!nn . oil da hpof 
should Hot be used on r<kr. , or trip foil 
where selective action is ®|Uircd m re poet t«j 
other circuit breakers in the sv-teni

Fig. 28. Notching Relay as Applied to Automatic 
Reclosing of Oil Circuit Breakers

Fig. 29. Sectional View of Old Style 
Time Limit Bellows
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Lightning II
THE EFFECT OF LIGHTNING VOLTAGES ON ARRESTER GAPS, 

INSULATORS AND BUSHINGS ON TRANSMISSION LINES
By F. W. Peek, Jr.

Consulting Engineer Transformer Department, General Electric Company

Probably the most fruitful sources of interruptions to service are line insulator failures and insulator 
flashovers due to lightning. Without doubt, some of the former are also directly chargeable to lightning 
disturbances. The author calls attention to the necessity of producing lightning arresters of very high speed, 
if steep wave front impulses are to be removed before damage is done to apparatus, bushings, and other equip
ment. Ue then proceeds with an analysis of the relative speeds of different forms of gaps, and shows the 
variation in the discharge value for any gaps under 60-cycle and lightning voltages, and under wet and dry 
conditions. A discussion is also given of the types of disturbances which damage apparatus and the protection 
afforded from each by different forms of lightning arrester gaps.—Editor.

The object of a lightning arrester is to pro
vide a short circuit path to ground for tran
sient voltages and a means of dissipating the 
transient energy. The ideal arrester would be 
one connected to the line without a gap and 
which sifted out all transient voltages and 
transformed the energy into heat without in 
any way disturbing the normal voltage. In 
practice it has been found necessary to use a 
gap. Between the gap and ground is usually 
connected an energy absorbing and arc sup
pressing device. 'I'he dynamic or power cur
rent always follows the discharge. Without a 
current limiting and arc suppressing device 
serious voltage and current disturbances 
would result. The ideal energy absorbing re
sistance would be one with high values for the 
dynamic, but with low values for lightning or 
over-voltages. This is approached to a high 
degree by the aluminum cell and the oxide 
film cell. .

Unfortunately, no practicable energy ab
sorbing and arc suppressing device has yet 
been developed which can be used without a 
gap on alternating current circuits. The set
ting of the gap is determined by its arc-over 
curve at normal frequency voltage. It must 
be set at such a spacing that under the condi
tions to which it is subjected by ordinary 
operation such as rain, harmless surges, dust, 
adjustment of parts, etc., it must not dis
charge the power voltage and thus create dis
turbances and destroy its energy absorbing 
device.

The effect of the various operating factors 
is not the same on ail gaps. Rain, for instance, 
greatly lowers the 60-cycle spark-over voltage 
of many gaps and makes it necessary to 
greatly increase the setting of uncovered gaps. 
The setting factor, which will be called a, is 
important when gaps are compared. This is

1F. W. Peek, Jr., “Lightning,” G-E Review, July, 1916. 
F. W. Peek, Jr., ’‘The Effect of Transient Voltages on 
Dielectrics,” A.I.E.E., Sept., 1915. 

especially so since, xvhile rain lowers the 60- 
cycle spark-over voltage and makes an in
creased setting necessary, it does not loxver 
the lightning spark-over voltage.

Gaps with different electrodes set at equal 
60-cycle spark-over voltages may have entirely 
different lightning spark-over voltages. We 
found, as discussed in former papers, that 
for the sphere gap, for instance, the lightning 
spark-over voltage and the 60-cycle spark
over voltage are equal, while for the needle 
gap the lightning spark-over voltage is very 
high.1 It is obviously desirable to design a 
lightning arrester with low lightning spark-

Fig. 1. Sphere Wet and Dry Spark-over Voltages, 6.25 cm.
Spheres 60 Cycles and Impulses 0.2 in. Rain 

One Sphere Grounded

over voltage and insulators and bushings xvith 
high lightning spark-over voltages. It is 
practicable to do this. The ratio 13 between 
the lightning spark-over voltage and the 60- 
cycle spark-over voltage is called the impulse 
ratio.
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'I'he reason for tlie high lightning spark-over 
voltages of some gaps is the time lag or the 
time required for the gap to discharge after 
the till-cycle spark-over voltage is reached.

When a (ill-cycle voltage is slowly applied to 
a gap and gradually increased, spark-over 
will occur at some «leiinite voltage. This is 
the minimum voltage that, will cause suffi
cient ionization for tlie gap to discharge and 
it requires a relatively long time.

Lightning voltages, or voltages of relatively 
steep wave front start at zero or line voltage 
and increase at the very rapid rate of millions 
or billions of volts per second. When such 
voltages are applied across a gap or insulator, 
spark-over does not occur at the instant the 
minimum or (iO-exele voltage is reached, as 
considerable time is requirB at this voltage. 
When this voltage is reached the spark be
gins to form, but is only completed after the 
rapidly rising voltage has reached some higher 
value. The "slower” the gap the higher the 
voltage will rise. In a uniform field, break
down takes place over a relatively short path, 
everywhere at the same time. In the ease of 
a non-uniform held represented, for instance, 
by the needle gap, corona forms around the 
electrodes before spark-over. A vast amount

Fig. 2. Horns Wet and Dry Spark-over Voltages 60 Cycles 
and Impulse, Wet and Dry

of air must be ionized. 'I'he condition is 
equivalent to putting the corona or arc re
sistance in series with an ever increasing 
capacity represented by the unbroken dielec
tric. Time is thus required to bring all of the 
space between the electrodes up to the break

down gradient and diirm; tin linn tin Ii; Ii'
ning voltage rises higher ami Ingliir

In comparing the relative proleiir. e '.alm 
of twi > gaps it is necessary t o consider Lof Ii t Im 
setting factor <», and the lightning park-oxer 
factor, or impulse ratio Thi i ole. iou . 
since there can be no gain in using a gap with 
low lightning spark-over voltage it it. is m-ee - 
sary to set it at large spacings to prevent the 
operating voltage from continually discharg
ing over the gap.

One of the greatest factors affecting the 
setting is rain. Kain reduces the fiO-eyde 
voltage without changing the lightning spark
over 'voltage. The effect of rain, etc., on the 
sphere gap is shown in the table below:

THE APPROXIMATE EFFECT OF RAIN, ICE, 
DUST, ETC., ON THE 60-CYCLE 

SPARK-OVER VOLTAGE OF
THE SPHERE GAP

Percentage of Norn.al
Voltage to Spark-over

Thin coating of dust..................... •. . . 98
Coating of oil........................................................ inn
Heavy coating of oil and sand......................... 75- 90
Thin coating of ice................................................ 75- 90
Thick coating of ice............................................. 75- si I
Surface oxidized...................................... 100
Ordinary pitting................................................. 90-100
Rain 0.2 inch precipitation per min. Polisht d 

spheres ................................................. 40- 50
Rain 0.2 inch precipitation per min. Pitted 

spheres............................................. 40- 50

It is seen that the setting must be at least 
doubled to prevent line voltages from dis
charging during rain. This practically dou
bles the lightning voltage.

The characteristics of the various gaps will 
be briefly discussed.
The Sphere-gap, Sphere-horn

The sphere-gap has an impulse ratio 3. of 
unity or very loxx- lightning spark-over volt
ages. It thus offers equal protection for all 
sorts of transient voltages. When exposed to 
the weather, hoxvever, the setting factor a 
must be increased so that the line voltage xvill 
not spark-over during rain. The wet and dry 
characteristics are shoxvn in Fig. 1.

The factor a is lower for the horn, but the 
lightning factor d is variable and high for 
very steep wave fronts. The point has the 
lowest a, but 3 is variable and extremely high 
for steep wave fronts. The characteristics of 
the horn are shown in Fig. 2.

In the practical gap the sphere and horn 
were combined, the horn being used to assist 
in breaking the dynamic arc and for the gain 
in discharging low frequency surges due to 
the smaller difference betxveen the wet and 
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dry spark-over voltages. A point is sometimes 
added to further increase the Totection at low 
frequency surges. This gap has proved very 
successful in its several years of practical use, 
greatly increasing the protective value of ar
resters. See Fig. 3. Take for comparison

Fig. 3. Sphere Horn. Relative Protective Values of the 
Component Parts

equal wet 60-cycle settings of 50 k-v. At 
2000 k-c. the spark-over voltage of the 
horn is 135, the sphere 100. For impulses be
low 500 k-c. the spark-over voltage of the horn 
is lower than that of the sphere. Thus, when 
as phere horn is used the discharge takes place 
across the sphere for steep wave fronts and 
across the horn for low frequency surges. The 
gain due to the sphere is greater at higher 
voltages and steeper wave fronts. The cov
ered gap shown by the dotted line is superior 
at all wave fronts. Such references on the 
curves as 2000 k-c., 100 k-c., etc., mean, unless 
otherwise stated, an impulse equivalent to a 
single half cycle of a sine wave at the frequency 
(in kilo-cycles) indicated.

The Covered Sphere
If a sphere gap is covered and shielded from 

the weather its protective value is greatly in
creased since the setting imposed by the con
dition that the normal line voltage must not 

2 C. T. Allcutt, Lightning Arrester Spark Gap, A.I.E.E» 
May, 1918. Discussion by F. W. Peek, Jr., A.I.E.E., Atlantic 
City, June, 1918.

discharge o\ er the gap is cut in half. Such a 
gap, therefore, discharges lightning voltages 
at half the value of the uncovered sphere. See 
Fig. 4. _ This gap gives the highest degree of 
protection. It is not possible to use it on all 
types of arresters, since a horn is often neces
sary to assist in breaking the dynamic arc.

A gap not appreciably affected by the 
weather and still providing an arc breaking 
horn may be built as in Fig. 5. The two gaps 
are balanced so that the voltage divides 
across them in proportion to their relative set
tings. This causes simultaneous break down 
and prevents lag. The rain affects only the 
outside gap. For example, if the outside gap 
is set at 10 kv. and the inside gap at 50 kv. 
the outside gap would be reduced to 5 kv. by 
rain. If balanced wet, the total wet spark
over voltage is 55 kv. while the dry spark-over 
voltage is 60 kv. The only object of the out
side gap is, of course, to transfer the dynamic 
arc to the horn when it rises and breaks. See 
Fig- 6.

Selective Gaps
Various forms of selective gaps have been 

proposed from time to time. Probably the 
most interesting and important one is that in
vestigated by Mr. Allcutt.2

Spheres-covered Gap, 60-cycle and Impulse, Wet and 
Dry, One Sphere Grounded

In this gap, shown in Fig. 7, the division of 
voltage is not greatly affected at 60 cycles if 
the auxiliary electrode is kept at the mid
point. This electrode is held at mid-potential 
by the two condensers. The capacity current 
at 60 cycles is too small to cause any appre-
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ciable drop across the resistance. If the con
denser current were opened on one side, the 
gap on till side would break down al about 
half voltage.

For steep wave fronts the resistance has the 
effect of opening the circuit on thut side. See

I Ito k v , but fi ir . er : i< । I ■ ■ ■
impulse ratio of the Ao I. ■ .1 ■■ . I !..
greater than <2i, or tin- -a: . . r '''a ■ 
would be greater than loo !.• 'I h. ■ on! • • 
ratio of the selective gap is ahi a- -, rea tir than 
unit}-; the “apparent " impel e ratio 1 ■. n an r

Fig. 8. The gap on that side breaks down. 
The voltage does not immediately disappear 
across the arc. The gap has lag because the 
arc over half the gap has the effect of putting 
resistance in scries with the other half. 
Whether the spark-over voltage is above or 
below the 60-cyele setting depends upon the 
steepness of the impulse. The effect is similar 
to that which would result from a needle gap

Fig. 6. Wet and Dry Spark-over Covered, Double 
Gap Balanced

which'could be set at, for instance, 100 kv. for 
GO-cycle operation and instantly and auto
matically reduced to a 50-kv.. GO-cycle setting 
whenever an impulse eame on the line. For 
moderately steep wave fronts the spark-over 
voltage would be greater than 50 and less than

Fig. 7 Fig 8

or less depending upon the steepness of the 
wave front. The reason this distinction is 
made is discussed elsewhere. The apparent 
impulse ratio should be used in comparing 
protective values. This characteristic for the 
selective gap is shown in Fig 9 and com
pared with a si here gap for the same dry GO- 
cycle settings. The sphere gap spark-over 
voltage is practically constant for all wave 
fronts. The spark-over voltages are the same 
for GO cycles. At moderate wave fronts the 
selective gap has about 5 to 20 per cent lowt r 
spark-over voltage than for spheres, while for 
steeper wave fronts the voltage is higher on 
the selective gap. The protective value of a 
gap, as already pointed out. depends not only 
on its lightning discharge voltage for a given 
GO-cvcle setting, but also upon the setting 
which is imposed upon it by operating con
ditions. Fig. 9 shows the relative protective 
values of spheres and selective spheres, assum
ing that equal dry GO-cycle settings are pos
sible. The settings must be such that the line 
voltage does not frequently spark-over and 
cause the destruction of the energy absorbing 
device under certain operating conditions. 
The effect of rain makes it necessary to set a 
non-shielded selective gap at about double the 
voltage that would be necessary in the 1 r< - 
teeted gap. See Fig. 10.

Other forms of selective gaps have been de
vised and it is possible to extend the selective 
principle to a number of gaps in series, 
theoretically (neglecting lag> making it pos
sible to discharge an impulse at a small frac
tion or line voltage. Such a gap would ot 
course necessitate high initial setting and 
give very little protection against lightning 
impulses. . _

The selective principle may also be readily 
applied to covered ga[ s if it is deemed ad
visable.
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Types of Disturbances Causing Failures in Practice 
and Relative Protective Value of the Horn, 
Sphere-horn, Selective Sphere Gap and Covered 
Gap for the Various Conditions

The over-voltages that cause insulation 
failures in practice may be divided into three 
classes :

Fig. 9. Variation of Spark-ovor Voltage with Wave 
Front Sphere and Selective Sphere

1. Gradual increase of voltage on the line 
due to static or low frequency* surges.

2. Very’ high frequency oscillations of volt
ages generally too low for any gap arrester to 
discharge, but which may cause very high in
ternal voltages in apparatus.

3. The form of voltage xvith xxhich xve 
are principally concerned—lightning voltages 
of very’ steep wave fronts where the voltage 
across the apparatus increases from normal 
to a very high value m perhaps a millionth of 
a second.

Condition 1 is readily taken care of by any’ 
gap and need not be further discussed. Con
dition 2 is of some interest, but is a condition 
generally’ not taken care of by a gap arrester. 
Some results of tests xvill be gix-en, however. 
Condition 3 is the steep xvave front condition 
that represents lightning proper and xvith 
xvhich we are mostly concerned.

Impulse Voltages of Steep Wave Front
The spark-over voltages of various types 

of gaps are plotted with equal wet 60-cycle 
settings in Fig. 11. Values are plotted for 
both wet and dry t h ctr<>des. The xvave ap

plied was a single half-cycle of a 2000-k-c. wave 
with a 340-kv. maximum; that is, at super
voltage. The application of a super-voltage in 
effect increases the steepness of the wave front. 
The rate of application of voltage or the wave 
front was thus about 70 x 1011 volts per second. 
Waves steeper than this occur on lines in prac

tice. In fact, it was first noted that
there was a difference between the 
60-cycle and lightning spark-over 
voltages of various electrodes by 
the existence of such waves on an 
operating line. The bushings on 
the line always protected the light
ning arrester horns although the 
horns had a lower 60-cycle spark
over voltage. By measuring the 
impulse spark-over voltages of the 
bushing and the arrester gap in 
the laboratory’ it was found that 
the bushing protected the horn for 
a wave front at which the impulse 
ratio of the horn was over (2); 
this corresponds to a steeper wave 
than the one under immediate dis
cussion. See Fig. 11.

It will be noted that the covered 
gaps give by* far the best protec
tion under this condition. For 
example, when all the gaps are set 
on the line at 100 kv., lightning

Fig, 10. Selective Sphere 60-cycle and 
Impulse, Wet and Dry
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Moderate Wave Fronts
A similar comparison is given in F>.;. 12 for 

moderate xvave fronts. 'I'he impulses being 
single half cycles of Hit) k-e. waves, the 
average fronts ranging from 0.5 to 1X10" 
volts per second.

It will be noted that here, also, the cox cred 
spheres give the best protection. I'or ex
ample, at 100-kv. line setting the impulse 
spark-over voltages are respectively 100 kr. 
for the covered sphere, 11(1 kv. for the 
balanced covered sphere, 170 kv. for the 
selective sphere. 17S kv. for a horn or the horn 
of the sphere horn, 130 kv. for ¡joints of the 
sphere-horn and 222 kv. for the sphere. Il 
this data is c^Hiarcd xvith that in Fig. 11 the 
value of the sphere-horn combination is well 
illustrated. For the steep xvave fronts the 
sphere affords the better protection, xvhile 
for the moderate xvax-es the horn affords the 
better protection and a still greater gain is 
made by adding points. This comes about, of

Fig. II. Relative Protective Values of Horns, 
Sphere-horns, Selective Spheres. Covered 

Spheres, Steep Wave Fronts. 2000 Kilo
cycles, 340 Kv., Impulse

course, due to the difference betxveen the xvet 
and dry setting.
Ratio for Comparing the Relative Protective Value 

of Various Gaps
From the above discussion it is readily seen 

that in order to compare the relative protect- 

i\c value of x ariou gap v.o factor mu Ik 
considered.

1. The increased (JO-c eie l itui;’ impo.cd 
by operating conditions to prevent tin- gap 
from continuously discharging due to rain or 
harmless surges. Let the ratio ol the arttial

Fig. 12. Relative Protective Values of Sphere
horn. Selective Spheres, Covered-sphere, 

Moderate Wave Fronts. Impulse, 
Single, Half-cycle 100 Kilocy

cles, Non-grounded

operating setting to the normal setting be 
called «, xvhere the normal setting is that 
xvhich just prevents the line voltage frond arc
ing over under ideal conditions.

2. The impulse ratio (or apparent im
pulse ratio for the selective gap.) for the wave 
under consideration. Let the impulse ratio be 
called 3- The relative protective x-aluc of txvo
gaps is then — —

For example:— a gap must be set at 50 k' 
(max.) to prevent the 60-cycle line voltage 
from causing it to spark-over under ideal con
ditions. The relative protective values of a 
horn and a cox-ered sphere for the 2000 c-c 
xvave are obtained as follows from Figs. 2 
and 4:

Horn C ?vert ’ Sf ’ -e
«1 = 75.50=1.50 «2 = 50 50 = 1
31=133 75= 1.77 32 = J 50=1

«■3i= 1.50 XI .77 = «.3i = l
«i3i «232 = 2.65

The horn permits the lightnin^^ltage to 
rise to 2.65 times the value of the voltages per
mitted by the covered sphere.
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Combination of Lightning and 60-cycle Voltages
The lightning spark-over voltage varies 

with the point on the 60-ct tie wave at which 
the discharge takes place; it is a minimum 
when it occurs at the maximum of the 60- 
cycle wave and in an additive direction. The

Fig. 13. Relative Protective Values of Various Gaps. 
Impulses Imposed on and Opposite to the 

Maximum of the 60-cycle Wave

Line Insulators, Bushings and Insulation Generally
Line insulators and bushings should have a 

high impulse ratio or lightning arc-over volt
age. The bushing mentioned above as pro
tecting the horn had a low impulse ratio. 
The 60-cycle and lightning spark-over volt
ages were nearly equal. The horn would have 
given protection in this case if the impulse
SPARK-OVER VOLTAGES DISC INSULATORS 

(One Side Grounded)

No.
of 

Units
60-cycle 
Spark

over
Impulse 
Spark
over

Impulse 
Ratio

String 
Efficiency 
60-cycle

String 
Efficiency 
Impulse

1

3
4
5
6

80 
142 
204 
261 
317 
368

85
167
262
345
410

1.06
1.18
1.28
1.36
1.30

0.87
0.85
0.81
0.79
0.77

0.98
0.99
1.01
0.97

ratio had been higher or the wave had not been 
so steep. Bushings are now designed with a 
high impulse ratio.

The 60-cycle spark-over voltage of a bush
ing or insulator is often very appreciably 
lowered by rain. It is fortunate, however, 
that the lightning spark-over voltage is not 
appreciably changed by rain.

lightning spark-over voltage is a maximum 
when it occurs at the max;mum of the 60-cycle 
wave, but in the opposite direction. The 
relative effects, however, are approximately the 
same for all of the types of gaps discussed.

Relative data for the condition when the 
discharge occurs at the maximum of the 60- 
cycle wave, but in the opposite direction, is 
given in Fig. 13.
High Frequency Oscillations

The effect of sustained high frequency 
oscillations not very highly dampened is 
shown in Fig. 14. It is probably very rarely 
that oscillations with such a low damping fac
tor occur on a transmission line. The arcing 
ground condition is more nearly approxi
mated by a series of the impulsfl discussed 
above. - Note that the horn and points give 
good protection for sustained oscillations.

3 Factors Determining the Safe Spark-over Voltage of In
sulator and Bushings for High Voltage Transmission Line.— 
F. W. Peek, Jr., G.E. Review, June, 1916.

Fig. 14. Relative Discharge Values of Spheres, Selective 
Spheres, Covered Spheres, 50,000-cyclc 

Sustained Oscillation

The data above, were taken on different 
lengths of strings of Hewlett disk insulators. 
The impulse was a single half-cycle of a 200- 
k-c. wave, or of very moderate wave front.

The wet impulse spark-over voltage is ap
proximately the same as the dry.

Impulse ratios of (3) or more have been ob
tained on bushings. More complete data on 
line insulators have been published elsewhere.3



Features of the New Steam Power Plant at the
Erie Works of the General Electric Company

By A. K. Smith
CoNsl KI < I UIS I'Al.lM-.IKIM. I )l I' \ K 1 M KM , (¡l-M KM lad IKK I „MI'lM

In describing this new steam power plant, the author successively . mi idet» the । oal and .. 
facilities, lighting and ventilation, the steam distribution, cable dist ril ml ion and power ,h 'obiuc.- lb -I 
deals with the turbine and condenser equipment. Many of the special balun-. in tin- >nod>rn n c im
plant will undoubtedly be of interest to our readers

Mr. A. II. Kruesi has written an introduction to Mr. Smith's article whnh appear a ’ ■ v f pa- ■ 
graph.- Editor.

Introduction
The Erie Works is situated on a rectangular 

tract, the Central Avenue of which is about 
45(1(1 feet distant from the shore of Lake Erie 
and the yard level of which is about H.’> feet 
above lake level. Early studies of the design 
and location of the power plant for this 
works indicated that there should be a central 
plant on the works tract of a size just sufficient 
to generate the steam required for heating 
the plant and to distribute power, compressed 
air, dive steam, etc. For the economical 
generation of the bulk of the power, a plant 
at the lake side of about 2l),0(ll)-kw. capacity 
was proposed. Later it was concluded to 
build a central station which should be 
capable ’ of expansion to provide for the 
ultimate works development, but which may 
never reach assumed capacity. 'I'he present 
plant represents, therefore, about one quarter

of what may eventually Be a plant capable ot 
supplying 25(>.()(HI pounds of exhau-t steam 
per hour and a power output of 25.(1(10 kw. 
Such a plant is to be regard«. 1 as a utility 
plant rather than as a pnwi-r plant for the 
reason that it must deliver many services, 
such as low pressure steam, high pressure 
steam, compressed air, water for fire pro
tection. etc. These services impose certain 
limitations. For example, the boilers must 
be built for moderate pressure and superheat 
so as to make them available for the supply 
of manufacturing steam as well as turbo
generators. In most other respects the 
requirements are expansive rather than re
strictive. Such a plant cannot be built com
plete and regarded as finished within a few 
years. It must grow slowly an 1 continuously 
with the factory it serves over a period of 
many years. Throughout this perio 1 it must 
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accommodate changes in kind, type and size 
in every part of its equipment as it grows. It 
must be adapted for apparatus far heavier 
and of different proportions than that 
originally planned for. This applies par
ticularly to ample head room, both in the 
basement and above. The economy of design 
of such a plant cannot be judged by the usual 
standards. Adequate space and flexibility to 
accommodate changes have 
been the leading considera
tions in the design of this 
station.

Coal Handling Facilities
Coal is received by rail 

and the standard coal cars 
are run in the boiler room 
basement, as illustrated in 
Fig. 1. Two of these three 
tracks are primarily in
tended for handling ashes, 
but all of the tracks may 
be filled with cars to per
mit thawing out the coal 
in winter, and the coal can 
be dumped from the cars 
on all the tracks. A crane 
is provided for reclaiming 
the coal from the low stor
age or for removing coal 
from flat 1 ><>ttom cars This 
crane will also serve to 
rehandle the coal in case 
of fire.

Normally, the cars are 
emptied into the track 
hopper, shown in Fig. 1, 
this hopper having a ca
pacity of approximately 50 
tons. The coal flows Tom 
the track hopper through a 
crusher to a belt conveyor 
and thence to a bucket 
elevator where it is lifted 
to the distributing belt con
veyor above the bunker. 
If the upper bunker is full 
and cars are waiting to be 
unloaded, they may be 
dumped into the low storage, thus avoiding 
demurrage charges, if the coal bunker is 
empty and an expected shipment of coal is 
delayed, the coal can be reclaimed from the 
low storage.

The li >w storage has a capacity for two days’ 
supply, or of 21 fifty-ton cars for half the 
ultimate station capacity. The overhead 
bunker has a capacity for two and one half 

days’ supply, or equivalent to 26 cars of fifty
ton capacity.

Method of Handling Ashes
The ash hoppers are sufficient in size to hold 

a normal 24-hour run of ashes; thus they 
need only be emptied once a day. The ashes 
are dumped directly into standard gauge cars, 
similar to those employed for the transporta

Fig. I. Traverse Section at Stacks in Boiler Room, Central Power House, Erie Works

tion of coal. These cars are emptied in the 
yard, where the ashes are used for fill.

Lighting and Ventilation
Particular attention has been given to the 

natural illumination and ventilation of both 
the boiler room and turbine room. The coal 
and ash handling room in the basement con
sists of a large chamber 74 ft. wide and 2S ft.
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high, exclusive of I lie coal p:l Tl : yaccina 
lie kept tree liom combust il >lc .aas 1>. 
means of any of the forced dralt blower . .no 
plying the stokers. The basement under tlu 
firing aisle- is provided with outside window' 
Tile firing aisles tire libcrallx supplied wit! 
windows ¡111(1 are also veil!Hated by means of 
tile monitor roof. The economizer room am! 
the header aisle between the boilers an 
lighted and ventilated by means of Hie 
monitor roof. The distributing conveyor 
room above the bunker is completely iso
lated from the rest of the building and 
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Di t rilxit ion of Stea in
The ' ( am tuii' ' ■ 

u x >in and the I» >ih ........ . ■ _‘i > ,
ft. high. This tut ml ( a::n t .
haust mains for heatmu, tl( liml, -it -.m 
Steam mains lor testing and ma: ula "■ • / 
purposes, the eoinprc"cd air n aim. and v 

return maim bringn g Imk 
drips from tl e manufacturmg 
and heating .'team. This 'ub- 
way leads to the ('ent ral A ve
nue of the Works; between 
the power house and the 
Central Avenue subwav it 
will be in the form of a twin 
subway, each about II ft. 
square. The exhaust steam 
for heating purposes is ex
tracted from the three 25IID- 
kw. turbines, which will sup
ply some 25( i.i H HI lb. of s’vam 
per hour. This is sufficient 
exhaust steani for the con
templated ultimate works de
velopment, but only repre
sents about one half of the 
heating steam which xvi’1 then 
be required. The maximum 
heating steam in winter is 
required for such a short 
period that the econom: oi 
by-product heating does not 
warrant the increased invest
ment charges consequent to 
enlarging the exhaust steam 
mains and tunnels. During 
extremely cold periods high 
pressure steam is fed into the 
heating mains at the van >us 
buildings.

Fig. 2. Longitudinal Elevation Boiler Room, Central Power 

separately- ventilated and lighted by outside 
windows.

The steam subway is lighted and ventilated 
by means of a monitor, shown in Fig. 3, and 
may’ also be ventilated by the forced draft 
stoker blowers. The turbine room is provided 
with windows on both sides. The basement 
of the turbine room is lighted and ventilated 
by means of large well openings in the main

Cable Distribution

House, Erie Works ]n , ,rJer t0 provide for the
maximum flexibility for the 

distribution of cables, al) of which will later 
be underground, a separate room has been 
allotted to the cable ducts for outg. ing 
cables. This room is dire: tly beloxv the 
11,000-volt switching equipment; and Bo 
below the 600-volt switching room, as shown 
in Fig. 3. There is one bank of ducts for 5H0- 
volt direct current cables, txvo banks fur 61)0- 
volt a-c. cables, and txvo banks for 11,000-volt
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Fig. 4. Erie Works Central Power Plant Main Floor Plan
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a-c. cables. Each bank of ducts is arranged 
so there are only two ducts side In side, and 
a space for air circulation is provided on either 
side of the bank. With this arrangement, 
cables can be taken out from the north or 
south end of the building and the ducts can 
be constructed to meet future requirements 
as regards the position of the switches.

Power Distribution
The major part of the power supplied to 

the manufacturing buildings is alternat ing cur
rent. The demand for direct current tor 
variable speed tools was reduced to a min
imum and the bulk of this is consumed in the 
large machine shops. On account of the large 
amount of alternating current which had to be 
distributed to individual motors, the voltage 
adopted was 600. For direct current serv
ice a 500 250-volt, 3-wire, grounded neutral 
system is employed. A separate system of 
230 115-volt alternating current is used for 
lighting. ..............................

The works is divided into districts. Each 
district is some SOO or 1000 feet square, and is 
provided with a substation containing both 
power and lighting transformers. A separate 
11,000-volt underground line will feed each 
substation and a ring feeder tapping into each 
substation will be used as an emergency in the 
event of failure of any main feeder.

For supplying the 500 250-volt direct cur
rent, a motor-generator set, designed for 
power factor correction, will be installed in 
each of the large machine shops. Other 
motor-generator sets located in the power 
house will serve smaller buildings and will act 
as a reserve through a ring feeder system in 
the event of failure of any of the distributed 
motor-generator sets.

An 11,000-volt distribution was found to be 
no more costly than 6600 volts, although the 
distances are rather short. In view of the 
fact that a lake-side power plant may possibly 
be installed and all of the power transmitted 
from the lake to the works, 11,000-volt dis
tribution was considered better.

Turbine and Condenser Equipment
The turbine generators are 2500-kw., 600- 

volt, 3-i base, 3600-r.p.m. Two turbineswill 
carry the existing load, while the third unit is 
used' for a spare. Eventually all three tur
bines will be equipped with stage valves and 
will be operated condensing. In winter the 
necessary heating steam will be extracted from 
thesecond stage, the second stage valve serving 
to regulate the pressure on the heating steam, 

thus controlling the amount of steam passing 
into the condenser.

The extracted heating steam pressure will 
vary from atmospheric to 5-lb. gauge, depend
ing on the weather conditions. Steam is con
veyed through check valves to the common 36
in. headers in the subway leading to the manu
facturing buildings.

The third unit is now equipped with the 
necessary condensing apparatus. The con
denser, which contains 6000 sq. ft. of surface, 
is rather unusual in that the tubes are %-in. 
diameter and only 9 ft. long. This makes a 
very short but large diameter condenser shell 
which gives a direct flow of steam and min
imizes the amount of ineffective cooling 
surface. The results so far obtained are 
very gratifying and, apparently, justify the 
design.

Considerable study was given to the ques
tion of obtaining condensing water. Lake 
Erie is about one mile from the works and the 
elevation of the works is 95 ft. above the lake 
level. To pump the circulating water against 
such a head was found uneconomical. The 
other alternative was to construct a power 
plant at the lake side. This meant carrying 
all of the industrial and heating steam a long 
distance, which entailed a large investment 
and considerable loss in radiation.

The natural location for a power plant, 
which primarily must supply industrial and 
heating steam, was at the center of the works, 
in practically the location selected. This 
necessitated the employment of a spray pond 
for condensing purposes.

The spray pond design represents a new de
parture, in that the water is sprayed by 
separate pumps and the circulating pumps 
take, their supply from the cold water tunnel 
and force it through the condenser. The re
liability and simplicity of a spray pond does 
not justify a spare equipment. We will, 
therefore, provide only two spray ponds, each 
good for 2500 kw. With the flexibility of 
pumping arrangement, as provided, three 
turbines can be operated from the two ponds 
with a slight sacrifice in the vacuum, or 
three turbines may be operated from one 
spray pond in case of an emergency. On 
the other hand, two ponds may be used for 
one turbine with a resulting improvement in 
the vacuum.

The piping to and from the spray pond is so 
designed that in winter the water may be cir
culated across the pond for surface cooling 
and the sprays shut down. Thus, it will be 
seen that any combination of cooling may be
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accomplished from no sprat inc, to full sprat 
ing to meet the weather condit ions wit liont re
gard to the power demand.

When the load requirements exceed .'><!(HI 
kw., a large power turbine of some GIMK) kw. 
can be installed and the power house can con-

Some Sidelights on Construction Work
By X L. Ria 

Coxstrvi not Dei'arimi-.m, GiiXEKti. Ei.i-.i mn UnMrtxv

Much time and money could lie saved if the good advice given in this article were Iofo-.'.cd. Ea'h case 
of the transportation anil installation of machinery presents its own problems, but the a<< umulati d experience 
set forth in this contribution will certainly meet some phases of every case. Ediiok.

One of the first considerations in undertaking 
a water poxver installation is “ transportation ” 
and its effect on machine design and shipment. 
"Transportation” covers all "handling” from 
the time the parts are placed on the cars until 
they are under the poxver house crane. The 
various parts of this transportation varies, of 
course, xvith every installation and deserves 
careful study for each case.

Railroad clearances are, of course, fixed for 
the various roads, but vary somewhat for dif
ferent routes. We have in mmd one case 
where it was possible to get a large piece 
through by special routing, turning the car 
several times on turntables, and taking down 
a couple of cattle loading chutes. The saving 
in assembly amply warranted the extra ex
pense involved. The ‘'handling" from the 
time the cars reach the nearest railxvay siding 
presents ever varying problems.

Sometimes it is a case of lighterage, again 
hauling over poor roads xvith the question of 
bridges to be considered. Speaking oi' bridgt s 
reminds the xvriter that it is not always ad
visable to cross the bridges xvhen you come to 
them.

A certain poxver house is reached by a high
way bridge about two hundred feet long and 
twenty feet above the bottom of a shallow 
stream. For years this bridge lias been 
strengthened by temporary xvooden posts 
whenever new machines were delivered to the 
power house.

This extra work usually caused cartage to 
cost from S15 to §20 per ton. ()n a recent in
stallation a rigger surprised us xvith a bid of 
SS.50 per ton. Furthermore, lie got away xvith 
it at a good profit to himself. He assembled 
the heavy pieces along the river bank near 
the. bridge approach, waited a couple of days 
till the river dropped after a rain and crossed 

above the bridge on a skillway supported on 
the rocks and temporary erib> made of rail
way ties.

The deliver}- from the railxvay to the power 
house is sometimes affected greatly by the 
various seasons. In some cases the material 
must be delivered by lighterage before the 
close of navigation. In tropical climates it 
max' be necessary to haul during the dr}' si a
son as the roads are impassable in the raink. 
Again, in some places heavy pieces can only be 
handled over the ice of frozen streams and 
marshes.

All of these factors as well as the limiting size 
of pieces deserve careful consideration early in 
the game as they may warrant radical changes 
in the design and methods of shipment.

The question of deliveries during certain 
seasons mav, in turn, bring up the questii >n of 
storage until such time as the power house is 
ready to receive the equipment. If ten >rary 
buildings are necessary, they should be cov
ered by the estimates and made a part ■ f 'ne 
contract. Armature windings should bt pr - 
tected fn m freezing by some safe and reliable 
heating system. An electric heater with 
thermostatic control is the best solution of 
the problem, providing of course, that suffi
cient current is available.

One of the most important considerations 
and one that deserves m< ire thought than it 
usuallv gets, is the living conditions for the 
men. The large power ulants are usually far 
from the cities, and the large gangs of men 
quickly swamp all the local facilities. The 
electrical erectors are the last t< anive and 
find poor picking in most eases.

The larger jobs last anywhere from six 
months to a year or more, and it is impossible 
to get g< 'i >d service from men living in the 
average construction camp bunk house.
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Fig. 5. Outdoor Storage Yard for Large Generator Parts Fig. 6. Tanking Transformer Core with Special Lifting Device

Fig. 7. Special Eye Bolt for Lifting Complete Rotor Fig. 8. Handling Armature with Cables and Special Hooks
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This question should be studied can-full)' as 
early as possible and plans completed before 
it is time to send men. The earlier tin- better. 
In fact, some of the waterwheel manufacturers 
are thoughtful enough to have living quarters 
for their erectors covered by their contract.

The power company usually build cot
tages for the operating crew and one of these 
may be ■stained if the request is tiled early. 
Failing this, a temporary shelter of some sort 
may be the solution of the problem. In some 
casB we have used a board floor, and three- 
foot side walls, topped by a heavy waterproof 
tent and fly. The ridge pole was carried by 
2 by-4 uprights which were a part of the side 
walls. The tents had a three-foot side wall 
which gave nearly six foot head room at the 
eaves. The space between the board side 
walls and the tent roof was screened and the 
end provided with a screen door. The side 
walls can be furled in warm weather. A small 
joker stove for damp, cold days is a great ad
vantage.

With this arrangement a 12 by 14 tent 
should be used for every pair of men and a 
large tent supplied for a dining room and 
kitchen. This outfit is satisfactory in the 
southern states all the year round, but, of 
course, cannot be used in our northern winters. 
For the northern states or Canada, a board 
structure should be used.

In one instance xve built a two-story house 
30 ft. by 90 ft. of matched lumber on a 2-by-4 
frame. This was covered outside by two 
thicknesses of building paper and lined with 
beaver board on the studding. The lower 
floor was equipped with a kitchen, dining 
room, dark room, wash room and three 
shower baths, and one tub with a hot water 
tank and heater. The balance of the space 
was used as storage for tools, supplies, etc. 
The second floor was divided into sleeping 
rooms and several sitting rooms, the sitting 
rooms being equipped with coal stoves. This 
club house has been used through several 
winters with great satisfaction. In fact, our 
men were rather proud about their quarters 
when compared to the other gangs, with a 
corresponding increase in their morale.

The next questions are those of assembly 
and erection which are, of course, in turn in
fluenced by local conditions.

Crane data should be obtained from the 
customer as follows:

Number and capacity of cranes.
Ho.v operated, i.e., hand or electric.
Number of hooks per crane and capacity 

of each hook.
Dimensioned sketches of crane hooks.

.Maximum beighf "1 1 o' 4. ' ■ "!
I he gencraO >r 9 nindaf r -

1 flaiur from tin- out 4- ■ d: ., ■ 'a- •
wlu'cl» to the center Ini'- "I ' r.i' >

With tin- al» w<- mfi .rmat mn He I ; ,"oy. • 
»ling» can be . .rd< n d and a him c ■!• :• ■■ ■!■ 
signed, if necessary In a lew .a c - ’ . la-.-e 
size of tbc venerators or lack of lead r--.ri: 
has made advisable a »trin tma’ te. 
device for use with two crane»

An eye bolt is usually nm-ssar;' 9-r l.;m'l!'.m- 
the field and »haft on vertical genera'■ r H 
is our opii ion that ibis b"h »h"iild lx -r , 
enough to lift the total revolving weivl.-. in
cluding the wheel »haft and rumor S • r 
or Liter » >me power house employee will me 
the eye bolt f. .r this purpose when charmine 
bearings < >r w< n'ki: g out lie wheel and the addi
tional cost of the heavier bolt i» cheaper in»ur- 
ance. If the machine ha» a solid rotor hub. 
some jacking equipment will be nccc<»ary 
and in many cases we have designed the eye 
bolt to serve as a strong back as well.

The jacks must, of course, be ordered .r b- 
tained locally. This point should be de
termined in advance of starting the er< tion.

The question of aligning and. leveling the 
generators must also be carefully -planned ami 
any special tquipment ordered.

Small machines are comparatively easy to 
erect and a thickness gauge, pluml bob. 
straigl t edge and a g<x d spirit level are alx >ut 
all the special equipment necessary. The 
larger machines are often beyond the range ■ f 
any practicable straight edge. These may 
necessitate a special tram swung on the tur
bine shaft for centering and leveling This 
leveling is. of course, checked with a special A' 
level and target xvhich xvill give results inside 
ten mils on diameters up to 4D feet.

It is advisable to have this work < hecked by 
the resident engineer, the xvaterxvheel erector 
and the generator erector before gn uting. 
and to have all three sign a statement of the 
facts in triplicate, each retaining a copy for 
record. Something like the folloxving will 
serve: "We, the undersigned, have this........  
day of. . . . 19 .checked the settii g • f Unit
Xo........in the Power House of.. ..Com
pany. at.......... with the folloxvi: g results:

This unit is on the center line ’f the genera
tors xvithin.......... thousandths of an inch.

On its oxvn center line xvithin ....thou
sandths.

1» at the prone- elevation within......  
thousands.

Is level xvithin. . . .th* usandths.
1 s central with the water vhed within .... 

thousandths.
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These three independent checks not only 
prove the alignment before the base is 
grouted, but prevent any future discussion in 
case of trouble developing during operation. 
It is very important that the wheel erector, 
generator erector and resident engineer co
operate to the fullest extent. The station 
cranes are usually the limiting feature in the 
erection and work should be scheduled so that 
there will be as little conflict as possible. 
Each party should know just when he will 
have the crane and plan his work accordingly. 
It is sometimes necessary for someone in 
authority to take a decided stand and force a 
showdown on the crane service. Far too of
ten one erector will deliberately tie up a crane 
for hours to delay the other work. Sometimes 
this is to cover up his shortcomings when his 

in view and also to take advantage of any 
holdups on the generator erection by trans
ferring men.

There are always delays on parts of the 
work caused by belated building construction, 
the erection of the waterwheels, building of 
switch cells, bus compartments, delays in 
shipment, or in transit, etc. Turning these 
to advantage by the proper shifting of men is 
one of the best ways of cutting erection costs. 
Each part of the work should be completed, 
if possible, and left ready to put in service. 
Far too many erectors leave a lot of minor ad
justments to the last minute only to find that 
the men have forgotten just where they left 
off and that the resulting confusion increases 
cost, delays the starting and creates a very bad 
impression with the customer.

Fig. 9. Rapid Transit in Manchuria

end of the work is behind, or it may be just 
general cussedness.

The actual details of the erection must, of 
course, be decided to suit local conditions and 
the particular design of the wheels and genera
tors. If the machines are shipped without 
punchings, core assembly tools will be neces
sary. If without windings an oven for heating 
coil's must be built.

If the armature is shipped wound, but in 
sections, direct current must be provided for 
warming the joint coils when making up the 
split. Sometimes it is necessary to heat the 
individual coils with current before placing 
in the slot. This current requirement some
times runs up to fifteen hundred or two thou
sand amperes which usually means an elec
trolytic generator and a motor or engine to 
drive it. In some cases the exciter sets will be 
of sufficient size and arrangements can usually 
be made for using one of them.

The switchboard, exciter and transformer 
work can usually be easily handled in the 
time required for the main generator erection. 
This work should be planned with this end

The best erectors have the loose ends tied 
up at all times and keep ahead of the other 
contractors.

The oiling system for the generators should 
be installed very carefully. Every length of 
pipe should be reamed at the ends and blown 
out with compressed air or steam before being 
connected up. It is advisable to rap the pipe 
smartly with a rawhide or wooden mallet 
while blowing out to dislodge any scale or 
chips.

Oil proof paint or pipe compound should be 
used on all joints and the complete piping 
flushed with oil or kerosene before it is ready 
for service. If the station has a circulating oil 
system the oil should be pumped through the 
piping and back through the filter several 
times as a further safeguard against abrasives 
getting in the bearings.

Too much care cannot be used during 
erecting and starting to prevent accidental 
or malicious damage to the apparatus. The 
machines should be examined very carefully 
just before starting until they are turned over 
to the regular operating force and all general
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^■struetion work is finished. There i-> 
always the chance of holts, mils or small tods 
being left where the vibration, windage or 
magnetic pull will draw them into the air 
gap. Malicious mischief is all too common 
and some warped mentalities take delight 
in causing damage. In times past we have 
found railroad spikes, or pieces of scrap iron 
placed on the air bailie plates between the 
poles of vertical generators. Machine screws 
or spikes have been driven into the air ducts 
so as to ground the winding to the core. 
Large tacks have been placed in the bottom 
of a slot while the winders were al lunch. 
In fact, nearly every kind of scheme that 
would cause delay or damage lias been tried 
sometime or other, it is, therefore, adx'isable 
to quietly, but finny discourage close 
inspection by all persons not directly con
nected xvith the xvork. The storage of lunch 
baskets, coats, hats, etc., on top of oil sxvitch 
pots or in the bus structure, by laborers, 
during erection, should be discouraged as it is 
liable to be continued after the plant is started 
with surprising, if not disastrous, results.

The amount of drying required xvill vary 
inversely with the protection given the 
apparatus during erection. The expense of 
temporary shelters over the generators and 
exciters will often be saved several times over 
xvhen drying and starting and time is very 
valuable when starting up.

The subject of drying is too broad for 
treatment in a short article; however, it 
may be noted that local facilities xvill deter
mine the best scheme and it is always xvise 
to play safe. It is better to dry a day or txvo 
longer rather than take a chance and burn 
out an armature. Of course, the op erating 
department xvill usually bring all sorts of 
pressure to bear as long as they get the credit 
for an early start and someone else xvill be 
the “goat” if there is trouble.

Perhaps we are over cautious, but that is 
a good fault, in insisting that the resistance 
of an alternator shall be higher than the limit 
given by the following empirical formula:

„ . . , 3 Xrated voltage
Resistance in megohms = —rating—

This is somexvhat higher than the value 
given by the A. I. E. E. rules, but the formula 
is an easy one to remember and we have never 
had any trouble from using it.

After the drying out is completed, the 
machines should be phased out, the syn
chronizer and meter connections checked and 
any necessary changes or adjustments made 
before the. equipment is turned over to the 
operating force. This transfer should be

caiTTcd < oil xx 1111 rnom'h n.m ,m' ' at
there can be no quo tn.ii a to ti . m • 
tnmslcr or of the operating 'ondnion of He 
equipment as turned <>x<-r. We haw l.nov.n 
of bearing failures due to failur. H tl.- ,,il 
supply, when there xvere wxaral nn n who 
were all supposed to be watching the unit, 
everyone of them assuming that some of the 
others xvere looking after things.

Personal responsibility is a great incentive 
to good, careful work in operating, as every- 
xvhere else, and all chance of starting the old 
game of “passing the buck.” should be 
avoided.

The last act of a successful installation is 
the disposal of scrap, excess material and the 
odds and ends that always accumulate.

()f course, excelsior, ¡lacking cases and skids 
should be looked after as fast as the^pre 
emptied to keep doxvn the lire risk.

It is usually adx’isable to burn the excelsior 
promptly, as this has little value and is very 
infammablc. Small boxes can usually be 
sold for packing or firexvood. Large skids 
can be dismantled for the blocking that is 
always at a premium during erection or sold 
to local contractors for blocking or as lire- 
xvood. The parts of very large machines may 
be shipped on special cars xvhich are returned 
to the factory for further shipments. In this 
case the skids should, if possible, be returned. 
It is always advisable to ask advice of the 
factory before disposing of any of the large 
skids as they are expensive and often can be 
used to advantage.

During erection all scrap should be saved 
for disposal at the completion of the xvork. 
The value of the odds and ends of scrap cable 
and xvire may run into several hundreds of 
dollars and will all disappear unless a careful 
watch is kept.

Short lengths of cable, spare armature 
coils, insulation, tape, insulators and floor 
tubes can usually be sold advantageously to 
the customer for his stock room. The office 
will always co-operate in this by granting 
an attractive price.

Any tests necessary for acceptance will, of 
course, be covered by the contract and all 
details determined by a conference with the 
customer’s engineers.

These may vary all the xvay from taking a 
saturation curve to complete efficiency tests 
and oscillograph records under short circuit 
conditions.

On completion of the tests the equipment 
should be turned over to the customer and 
a “Construction Foreman’s Release” pre
sented for signature to the proper individual 
in the organization.
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The Electrical Layout of Large Power Systems
By Robert Treat

Power and Mining Engineering Department, General Electric Company

The use of power is becoming an increasingly important factor in our daily lives. Many industries are 
totally dependent for their very existence upon a supply of energy. Electric energy has proved to be superior 
to any other form of energy as a means of transmitting power from the point of generation to the place of 
use. Our whole social and industrial existence is vitally concerned in the power supply being continuous, a 
characteristic which has not heretofore been realized with a full measure of success. The author discusses 
means for insuring continuity of service, with comments on the investment in protective apparatus and spare 
equipment which may be justified under varying conditions. A typical transmission network is described, 
and the application to this system of the principles of selective relaying is taken up in detail.—Editor.

The sum total of human happiness is prob
ably greater than it would be if we could see 
into the future. Notwithstanding this, there 
are certain lines of endeavor which would ap
parently benefit from a dependable power of 
prophecy. One of these is the industry of 
electric power supply. Unable to foresee 
clearly the trend of future developments, the 
present day power systems have, like Topsy, 
“just growed” from small stations with local 
distribution areas. Few companies have been 
without extensive plans for expansion and 
development; few have been able continu
ously and consistently to follow the same plans 
for any considerable period. Confronted by 
continually augmented and shifting demands 
for power on the one hand, and, on the other 
by frequent inventions or improvements in 
the art of generating and transmitting power, 
the electric supply companies have been forced 
to become opportunists; to discharge first the 
most pressing obligation, and rejoice if they 
were able to keep ahead of their demands. 
Thus, the present physical layouts of many 
systems may not be ideal for conditions as 
they now exist, but they represent unamor
tized investment, and. as such, must be used 
to the best advantage.

These power systems, developed from small 
plants located sometimes hundreds of miles 
apart, have expanded until now many have 
been combined into larger systems, while both 
those that remain as individual units and 
the larger combinations are serving territory 
more or less contiguous and overlapping. 
There is today, for very good reasons, a strong 
tendency toward interconnection of these 
systems. Here another set of problems is pre
sented. Not only have these individual sys
tems grown up with no very distinct picture 
of their own ultimate future in mind, but 
the* have had even less idea of ever intercon
necting with neighboring systems. Where 
the lines are of different voltage, and perhaps 
frequency, the interconnection necessitates 
the interposition of transformers or frequency 

converters or both, with the added invest
ment, losses and troubles incident thereto.

There is now much discussion of Secretary 
Lane’s proposal for a super-power line from 
Boston to Washington, taking power from 
large mine mouth and tidewater steam sta
tions, and numerous hydro plants, and supply
ing it to the large cities and industrial centers. 
Undoubtedly some such system will be in 
operation in a relatively short time, though 
what form it will take and by what means 
accomplished are not now self-evident. Such 
a project introduces complex problems for 
which solutions must be found. Before any 
of our present or future systems can sup
ply ideal service at a reasonable cost, many 
problems must be solved and many difficulties 
avoided. Whether or not we have yet reached 
a stage of development in the electrical art 
where the demands of the furute can be fore
seen more clearly than has been possible in 
the past, there is no reason for withholding 
a strong plea that operating companies take 
notice of what is going on around them; that 
they formulate their policies for caring for 
future business not only with due regard to 
the demands of their own present territory, 
but that they carefully analyze the effect of 
probable future interconnections with nearby 
systems on their own development.

Whether one agrees, with a certain portion 
of the public, that the function of a power 
company is to supply power at a reasonable 
rate, arbitrarily fixed by a Public Service 
Commission, or whether one believes with 
the operators and owners of the companies, 
that the primary purpose is to earn a profit 
on the investment represented, the essential 
fact remains that the business of a power com
pany is the generation, distribution and sale 
of electric power. Due to the pecular inherent 
characteristics of this form of energy, its mer
chandising is circumscribed by numerous con
ditions not associated with other commercial 
transactions. Lacking economical and ade
quate means of storage, the first requisite is 



'rill' ELECTRICAL LAYol’T OF LARGE ROWER SYSTEMS

that its delivery to the consumer :h;ill be 
continuous and adequate to his need. It 
should be delivered by such means as to 
prevent, in so far as possible, abnormal condi
tions origiiuifud on the lines of the power 
company to injure the customer's apparatus. 
The potential and frequency must be main
tained within commercial limits; and the shape 
of the voltage wave must conform to a certain 
standard. These requirements may be sum
marized as follows:

(1) Reliability of supply.
(2) Avoidance of abnormal conditions on 

power con^Hiies lines which injure 
customer's apparatus.

(3) Constancy of potential and frequency.
(4) Conformity of wave form to a certain 

standard.
These conditions, particularly the first 

three, are so interrelated as to make difficult 
a consideration of any one without also taking 
cognizance of the others. For example, an 
important load may be carried over duplicate 
feeders-, the primary purpose of xvhich is 
to insure continuous service; the voltage 
regulation over both lines may be accept
able, xvhile xvith one line out of service it 
may not be. Generally a disturbance on 
the poxver system of sufficient magnitude to 
injure a customer's apparatus will also inter
rupt his poxver supply; but it is a matter of 
little interest to the customer xvhether or not 
the power company temporarily loses its line, 
if his own transformer is broken doxvn. His 
plant has been shut doxvn and from a cause 
of which he believes himself innocent. The 
first requirement mentioned, that is, contin
uous service, is usually the most difficult to 
meet.

Reliability of supply presupposes adequate 
generator, transformer and line capacity. 
Barring such emergencies as xvar, ami its 
abnormal demands for poxver, a reasonable 
alertness on the part of operating managers 
should find little difficulty in meeting this 
condition. It is lightning, storms, sleet and 
other manifestations commonly attributed to 
the Almighty, which cause the larger number 
of interruptions to service, and the most 
worry to the operator. Insulator failures, 
xvire breakage, and acts of xvillful destruction 
have added their quota of troubles.

When planning the layout of a large system 
or subsequent changes thereto, one funda
mental principle should be kept constantly 
in mind—the greatest good to the greatest 
number. Certain portions of the system,

'll!»

embracing the principal general in; ’ation 
mid substations and the lines In-lwo n t ln-m. 
may be regarded as of primal'. import me 
all other lines and stations being -econdar-. 
'I'hc ruling motive should be to keep tlj<- 
primary portion of the system in operation at 
all times. It is, of course, very de.trablc to 
keep all the secondary circuits in continuous 
operation as well. Indeed, certain operators 
have been under the impression that «-rpial 
service could be maintained oxer the entire 
system. But the essential point is that the 
attempt to maintain continuous operation 
of all secondary circuits must, never jeopardize 
the safety of the primary circuits. 'I'hc anal
ogy of the railxvay system is not inopportune. 
Between certain points, the primary generat
ing stations and substations, express service 
is maintained. There may be local stations 
between these points, and there max- be local 
branch lines radiating from the main stations, 
or, indeed, connecting them. But this local 
service, xvhile possessing in itself a certain 
degree of importance, must never interfere 
xvith the express service, and should always 
be subordinated thereto.

The second fundamental principle! is that 
any portion of the system xvhich is in trouble 
should be disconnected as soon as possible. 
In a case of necessity it may be permissible 
to operate a loxx- or moderate voltage line 
whose neutral is isolated xvith one xvire par
tially or completely grounded. When such a 
line constitutes the only source of supply to a 
substation or customer, such operation may 
seem necessary in order to avoid a protracted 
interruption. However, there are some xvho 
incline to the opinion that the avoidance of 
an interruption by this means is only a post
ponement of the day of retribution, and 
may in the end be more injurious to the 
service than if the trouble were promptly 
remedied. Such a condition, however, xvill 
exist only on the secondary circuits. It is not 
considered good practice, even xvhere possible, 
to permit a ground to remain on the primary 
circuits; the danger from the abnormal voltage 
strain on the ungrounded xvires is too real and 
its possibilities for damage too great.

The maintenance of express service betxveen 
primary points necessitates the use of at least 
txvo circuits. In some eases it has been thought 
advisable not only to prox ide txvo circuits, but 
to support them on txvo sets of towers over 
different rights of xvay, m order to minimize 
the chance of an interruption to both lines 
from the same cause. Fre ¡uently it is desir
able to maint^Ptxvo circuits to certain points 
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in the secondary system, as for instance, a 
large and important customer. Sometimes 
this may be done for commercial policy, or 
because the details of certain industrial pro
cesses are such that a few moments interrup
tion will cause losses out of proportion to the 
actual duration of delay. In such a case it 
may be possible to secure such a rate for the 
power as to carry the extra investment neces
sitated by the additional line. In other cases 
it is possible partially to justify the second 
line by evaluating the probable loss in revenue 
from interruptions which might be eliminated 
by using two lines and from the reduction in 
line losses.

Some customers may desire, service over 
a line entirely distinct from the rest of the 
system, even when the tapping of an existing 
line is quite feasible, in order to be entirely 
independent as to voltage regulation and in
terruptions. If such a course involves much 
additional expenditure, it should be analyzed 
very carefully, for it may be that the voltage 
variation is less and the service just as good 
or better, when taking power from the system 
as when using a separate line to the generating 
station.

There has in the past been some uncer
tainty in opinion as to the value of a solidly- 
grounded neutral as a means of alleviating 
transmission line troubles. Entirely aside 
from any theoretical considerations, it is the 
experience of a number of power companies 
operating high voltage systems which extend 
over wide areas, that the troubles experienced 
with an isolated system decrease after solidly 
grounding the neutral. A number of such 
systems have operated under both conditions, 
first isolated, and later grounded, and it is 
noted that none have < ared to return to the 
former condition.*  A fault on a system 
having the neutral grounded causes a com
paratively large current to flow, whose mag
nitude can be readily predicted, within rea
sonable limits, from a knowledge of the react
ance of lines and transformers and of the 
characteristics of the synchronous apparatus 
which may be connected. This is of consider
able value in relaying the system.

Considerable progress has recently been 
made in the design of accurate and dependable 
relays, as well as in the number of forms and 
variet y of their application. With the modern 
induction type time limit overload relay, the 

* The relative merits of each method of operating are dis
cussed by Mr. W. W. Lewis in his article, “High Voltage Power 
Transmission Problems," see page 927of this issue.

t A description of this system is given in “The Alabama Power 
Company's System, Its Development and Operation," by Messrs. 
Oliver, Nikiforoff and McManus, page 9S0 of this issue.

directional relay, and the balanced current 
relay, it is possible to work out many schemes 
and combinations xvhich a few years ago were 
beyond the realm of practicability. This 
improvement, taken in conjunction with the 
possibility of predicting with considerable 
accuracy the current which will be caused by 
a fault on the system, makes possible the 
application of intricate and complex relaying 
schemes, which, however, when properly worked 
out, are quite dependable. By undertaking 
a comprehensive and exhaustive study of 
short circuit possibilities in all parts of the 
system under all probable operating conditions, 
and in conjunction therewith the use after 
careful examination of available types of 
relays best fitted for the service, the Alabama 
Power Companyt has been enabled materially 
to reduce the number and duration of its 
interruptions. More and more companies are 
coming to recognize that money spent for 
relays and in a very careful study and analysis 
of their application is an excellent investment.

A very important, factor in the problem of 
maintaining uninterrupted service has been the 
unexpectedly high depreciation w:hich has been 
manifested in the suspension and strain type 
line insulators. This proved to be the cause 
of very serious worry to operators until the 
practice of regular periodic testing and renewal 
of insulators, expensive though it was, became 
generally adopted, and in a measure served to 
alleviate the conditions. The seriousness of 
the situation has stimulated extensive research 
in the whole problem of insulator design and 
manufacture., with the result, homily, that we 
now seem to be on the way toward a solution. 
It is quite probable, therefore, that one of the 
most fertile sources of service interruptions 
may shortly be under control.

Considerable attention is likewise being 
given to the development of extra high speed 
lightn^B arresters in order to remove surges 
of lightning frequency from the line before a 
flashover or puncture of the insulators and 
apparatus bushings occurs. Unfortunately, 
however, due to the very steep wave fronts of 
such disturbances a lightning arrester at the 
end of a line, while it max- afford complete 
protection to the apparatus in the station, is 
of relatively little value as a safeguard to line 
insulators some distance away. To alleviate 
the effects of line insulator flashovers, xvhich 
on an isolated system may set up disturbances 
which injure other insulat ors, and in a grounded 
system usually trip the line out of service, 
various devices such as arcing ground sup
pressors and short circuit suppressors have 
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Been tried with more or less success. There 
is continual progress toward a state where 
such causes of interruptions to service as 
cannot be eliminated are reduced to compara
tive impotence.

The Metrical layout of a new generating 
station or substation always brings up ques
tions of policy with regard to the arrangement. 
Shall double or single busses be installed, or 
some combination? Shall selector oil circuit 
breakers, or disconnecting switches be used' 
What method of excitation shall be employed ?

The answers to these questions may be 
found in considering whether the stiltion is 
of vital importance to the system; that is, 
whether it is a primary or secondary station. 
If it be a part of the primary circuit, no pains 
compatible with a reasonable expense should 
be spared to prevent an accident to the switch 
gear from interrupting the operation of the 
station. Usually the switch gear, busses, 
connections and supports constitute but a 
small part of the total expense of the develop
ment, and the difference in cost between the 
simplest and the most elaborate switching 
schemes represents only a few per cent of the 
total station cost. It cannot, therefore, be 
called good engineering to jeopardize the out
put of the entire station for a relatively small 
item of cost. While an oil circuit breaker 
of high rupturing capacity, whether for a high 
or low voltage circuit, is. by itself, somewhat 
expensive, its cost is a small proportion of 
that of the generator or transmission line 
which it protects. The advantage of having 
an extra circuit breaker, for purposes of 
inspection, cleaning, and as a spare in case 
of emergency, is fully worth the slight addi
tional expense. In a similar manner, the use 
of a double bus, or some arrangement whereby 
a large capacity circuit is not incapacitated by 
a failure of any one bus insulator, is justified. 
It is also desirable to be able to remove a 
section of bus occasionally for purposes of 
cleaning without any impairment to service.

The excitation system is also a relatively 
minor item in the total station cost, and it 
does not pay to take chances with it. A 
scheme which is rather popular is the use of 
direct connected exciters, with a spare motor 
driven set. If the units arc of large size, it is 
customary to use a separate voltage regulator 
with each unit; a separate regulator may or 
may not be used for the spare exciter accord
ing to whether there are few or many machines 
in the station. When the units are quite low 
speed, there is some tendency toward the use 
of motor or water wheel driven exciters. If

it is manifestly imprai Iieal t" in ’all Hr • .e h 
generator a separate exciter wheel. Tin- qiir - 
lion of a proper si'tirce "f |mv.rr ii;qdv for

Fig. I. One Proposed Arrangement of Switching Apparatus 
for Generating Station of Four 'Ultimately Fifteen) Units, 

Using the Ring Bus and Reactors Between Each 
Machine and Bus to Limit Short Circuit Currents

the miters must then be decided. In some 
stations as, for example, the plant of the 
Mississippi Riv er Power Company at K. okuk 
use is made of two separate a-c. generators, 
each with direct connected exciter, anil each 
large enough to drive the entire exciter plant. 
A cheaper and less reliable method is to make 
the station service transformers large enough 
to drive the exciter plant. If this course is 
adopted the question of starting up the station 
after a complete shutdown is presented. For 
this purpose, two of the main general' ts may 
be equipped with direct connected exciters, 
and these need be only of sufficient capacity 
to excite the generators to partial voltage at 
no load. Some hazard, though not very great, 
would be introduced by thus equipping only 
one generator, since this machine might be 
down at the time of a complete interruption.

If the station is supplying a system which 
will probably remain in operation independ
ently. some, though not complete, reliance 
may be placed in this means of starting up 
the exciter plant. In such a case it would be 
desirable as an additional precaution to make 
the station storage battery of sufficient capac
ity to excite one generator to nearly normal 
no load voltage for five or ten minutes, until 
an exciter set can be started.

Opportunity has recently been afforded to 
study the preliminary plans for the develop
ment of a large hydroelectric project. This 



922 November, 1M9 GENERAL ELECTRIC REVIEW Vol. XXII, No. 11

scheme contemplates an ultimate installation 
of fifteen 20,000-kxv., 12,00(.)-volt generators, 
four of which arc included in the first instal
lation. Fig. 1 shows one proposed scheme of 
connection for the first four units, and four 
feeders. It is anticipated that the 
other eleven units, when installed, 
will be used largely to supply 
nearby power systems through 
sBpup transformers.

The scheme is to make the feed
ers and generators of equal ca
pacity, and connect the generators 
in parallel on a ring bus through 
reactors of .5 per cent, based on 
generator capacity. In order to 
permit serving a feeder from an
other generator than its own, with
out going through two reactors, the 
connection shown dotted may be 
utilized. This connection might 
be made through a disconnecting 
switch or through an oil circuit 
breaker, with a disci mnecting switch 
on cither side. The latter, while 
more expensive and necessitating a 
longer structure, is the more flexible. 
The main objection to this scheme 
is that there is but one generator 
oil breaker and no opportunity is 
afforded to inspect or clean it, nor 
is a spare immediately available in 
case of emergency. An accident 
to this circuit breaker xvould shut 
doxvn 2.5 per cent of the generator 
capacity during the first installa
tion. After all fifteen units are 
installed, the loss of one machine 
would decrease the plant capacity 
only about 7 per cent, m this ob
jection is less serious for the final 
arrangement. Fig. 2 shows one 
method of decreasing this hazard 
xvithout increasing the number of 
oil circuit breakers, though the 
number of disconnecting switches 
is somewhat increased. In addi
tion, a disconnecting switch may 
be placed in the outgoing line from 
each corner of the delta xvhich xvill 
afford still more flexibility to the 
system. Somewhat of a problem 
is noxx- encountered in providing 
the interchangeability between generators and 
feeders, which, in the scheme shoxvn in Fig. 1, 
is accomplished by a stub bus tie, because 
the stub bus itself has disappeared. Fig. 3 
illustrate^We means by which this can be 

accomplished, though there are other con
nections of equal advantage. Fig. 4 repre
sents another method of connection, which 
contemplates a double bus, a main and 
auxiliary. In the main bus 5 per cent reac

Fig. 2. Arrangement by Which Complete Reliance in One Oil Circuit Breaker 
(the Disadvantageous Feature of the Scheme Shown in Fig. 1)

is Avoided by the Addition of One Disconnecting Switch

Fig. 3. Arrangement Whereby the Interchangeability of Generators and 
Feeders Afforded by the Scheme of Fig. 1 May be Secured 

from the Arrangement in Fig. 2

Fig. 4. Arrangement Using Double Bus and Selector Oil Circuit Breakers. 
Main bus sectionalized by current limiting reactors and auxiliary 

bus by oil circuit breakers. Note the flexibility 
afforded by this arrangement

tors are inserted betxveen each pair of 
machines and feeders, while, the auxiliary 
bus is sectionalized by oil circuit breakers 
between each pair. It will be desirable 
“insert sectionalizing ^Bakers in the main
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bus about every fourth machine. in tin- ulti
mate installation.

Fig. 5. Arrangement by Which the Flexibility of the Scheme in Fig. 4 is 
Attained Without Increasing the Number of Oil Circuit Breakers. 

Note that the omission of double circuit breakers from 
the feeder circuits is less objectionable than 

the omission from the generators

ered from all standpoints. The number of oil 
circuit-breakers can be reduced by replacing 
one of the feeder breakers by selector discon
necting switches as shown in Fig. 5. This 
procedure is more defensible than the omission 
of double circuit breakers from the generator 
circuits, since it is. or should be. possible to 
carry temporarily the total load over three 
feeders, with only slight impairment to the 
operation.

Many power stations are operating with 
the neutral of the generators earthed, even 
when there is no local distribution, and the 
only connections to the low tension busses 
are the generators themselves, the stepup 
transformers and the stepdown station service 
transformers. It is possible that this practice 
may to some extent prevent damage to the 
low tension apparatus from static disturbances 
caused by abnormal conditions on the high 
voltage system. In some cases the earth 
connection is made through a current limiting 
resistance. The practical value of this resis
tance, however, is not above question. It is 
the general practice, when earthing the low 
voltage side at the generating station, to 
earth only one machine at a time, as trouble 
has sometimes been experienced when con
necting the neutrals of two or more machines 
together at once, from circulating currents. 
Theoretically, if the generators are all dupli-

*A diagram gj the layout 4 this system iqvcn it) Fir. 4 -n 
page g( this issue.

calc , anv irrvguianl ic m • 9 ■ !
I ,(■ t h<- same in all mm 11>n<• o i ha’ ■ j
harmonic current sliotiM । m u a'' flm ■
neutrals; and, in fact. nine inm >a .
found It ]>o»siblc to compel 1 Ip 1 . ill la 

I wi > or up >r<• ma< lime f ■ c ’ -p • 
with quite satisfaclor-.- n uh

An excellent illn-i rat p >n of 11 . 
practical application of tip- prim :- 
plcs here cnuini-ratcd i afford'd 
by a studv of the layout of '!»■ 
Alabama Power Company.*  Tip 
main generating station», the I lo- 
kv. substations and mtcrcomp'ct - 
ing lines, together with some । >f the 
more important customers may be 
regarded as the express portion of 
the system of primary importance. 
The radial feeders and their custo
mers constitute the local, or <• - 
ondary circuits It will be noted 
that there are at least two line» to 
all primary points and usually one 
line ti > < Kher p<dnts. At the express 
stations elaborate relay schemes

are utilized to prevent an interruption of 
service in ease one line goes out. Operation 
was started with an isolated neutral: subse
quently. one and later two points in the high

Fig. 6. Geographical Layout of Extensive Power System

tension system were grounded. The rather 
extensive 44-kv. system has also been 
grounded in two ¡daces in order to secure the 
beneficial results already obtained by ground
ing the 1 10-kv. lines.
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The geographical layout of an extensive 
transmission system is represented by Fig. 6. 
This sy stem, like many others, is the result of 
the growth and combination of several smaller 
companies. Stations E and F were first in the 
field, and each served a purely local load. 
Other small plants began to appear in the 
territory, and some of these, located on the 
southern end of the territory, were more or 
less interconnected. Then hydro stations A 
and B and steam reserve station D were 
built with a large part of the present 132-kv. 
system. Lastly station D was developed. 
Most of the smaller plants have been aban
doned and dismantled, only the two largest, 
namely, E and F, being retained as cold steam 
reserves, and used occasionally as synchronous 
condensers for voltage regulation. The river 
on which the hydraulic plants are located has 
little storage above B, but a considerable 
amount between B and C, so it is possible to 
use C somewhat as a reserve for seasonal 
storage. The B 132-kv. system is solidly 
grounded at substation 10. On the diagram, 
the heavy lines indicate the high voltage trans
mission network, and light lines the distri
bution system, most of which is for 44 kv.

In relaying this network, the best operation 
demands that the system as a whole be con
sidered, rather than individual stations or 
lines. The principle of express and local 
service should be kept in mind. The purpose 
will be so to select and arrange the relays for 
each and all operating conditions that when 
any line is in trouble, the circuit breakers 
controlling it, and only those, will be opened 
immediately. To accomplish this, the short 
circuit currents flowing in all portions of the 
system should be calculated for faults at a 
sufficient number of points to give compre
hensive data, and under a 1 probable operating 
conditions. This includes not only such 
changes in the method of operation as are 
due to the shifting of the load among generat
ing stations, according to water conditions, 
but also includes the changes caused where 
various of the lines are out of service, as they 
may be for testing, repairs and construction. 
It will seldom be possible to have the relays 
at both ends of a line set for instantaneous 
operation and usually some time delay will be 
required at both. It is, therefore, important 
to calculate not only for conditions at the 
instant the fault develops, but also the amount 
and distribution of current in the system after 
the first breaker has tripped. This will serve 
as assurance that the proper breaker will be 
next and only one to go. In both calculations, 

particularly the latter, due weight should be 
given to the fact that sustained conditions 
are being approached, and to the effect of the 
automatic voltage regulator on the output 
from each station. These calculations entail 
considerable labor and are next to impossible 
of performance, if carried out by the ordinary 
algebraic methods. A device which greatly 
shortens the amount of work is described in 
the October, 1916, and the February, 1919, 
issues of the Review. A description is also 
given of the method whereby the reactances 
of generators, transformers and lines are all 
reduced to a common basis and laid out on the 
table. When the table has once been set up 
for the system it is an easy' matter to assume 
faults at any desired point and to read the 
current distribution throughout the system 
for each fault.

With complete data as to the current dis
tribution under all possible conditions, con
sideration of the selection of relays and 
determination of the settings may be taken 
up. It should be kept in mind also that the 
relaying will depend largely on the method 
of operation. For instance, if all high tension 
lines are tied solidly together at each station, 
a very different relay scheme may be de
manded than if they are more or less sepa
rated and paralleled only on the low side. In 
the following discussion it will be generally 
assumed that all high tension lines are paral
leled on a single bus.

On a network as large as this it will not be 
possible to keep in mind all parts of the system 
and their various requirements at once. 
Consideration must be given to certain sec
tions by themselves, and then determine the 
effect of the scheme selected for each section 
upon the rest of the system. Take first the 
portion adjacent to station A. The four lines 
to F and B may be considered the express 
lines and the aim should be to keep them in 
service at all costs. The relays at the -1 end 
of the A-F lines must, therefore, be set so as 
to select the proper line in case of a fault, 
even at the far end; but they must not trip 
in case of a fault on the branch line of sub
station 2. This would indicate that the 
breaker at switching station 12 should be in
stantaneous, with enough delay on the relays 
at A to give time to open. However, 12 can
not be instantaneous, since it could not dis
tinguish, if a fault occurs close to 2, whether 
it is on the 12-2 or the 2-1 line. The relay 
at 12 must, therefore, have sufficient delay to 
permit 2 to clear first, if the fault is between 
2. and 1. With a simple time delay relay it 
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will be impossible to obtain proper selection 
between the txvo breakers at lor no matter 
on which of the branch hues the fault, oc
curred. practically Ilie same eurrent would 
pass through each breaker ami time delay 
cannot be us^Hsinee for a fault on the 2-! 
line, that sxviteh should go first, while for a 
fault on the 2-12 line, the other should go 
first. It is, therefore, necessary to make use 
of a directional relay, so the 2-1 line will trip 
only with current flowing from 11 to 1, while 
the 2-12 line will trip only for eurrent flowing 
from 1-12. Equipped thus xvith directional 
instantaneous relays at 2, relays at / and 12 
may be given sufficient delay to be sure the 
breaker at 2 has cleared for a fault beyond 2, 
and the sxvitches at .1 can be given still more 
time to be sure the breakers at 1 or 12 have 
gone in ease the fault is on cither branch line.

It will be desirable, though not alxvays 
possible, so to select and set each relax’ that no 
change in setting is re mired xvith changes in 
operating conditions. For example, one may 
be forced to use one eurrent setting for the 
relays at A xvhen all generators at A are 
running, and another xvhen only one or txvo 
are in operation.

In case of a fault on one of the A-F lines 
close to station F, the current floxving from 
A xx-ould be fairly evenly dixided and no se
lective action xvould be obtainable betxveen the 
good and the faulty line. In order to prevent 
both lines, or neither, from tripping at A, the 
switches at F must operate quickly. Again, 
in case of a fault near the A end of the line 
the current from F to the fault might be 
rather small so the relays on the F end of the 
A-F line must be set both quick and loxv. 
This xvould require either directional or bal
anced current relays, as otherwise they xvould 
both trip for faults beyond F, which is not 
permissible. Hoxvever, they must not operate 
on a fault on the 12-2 branch line, xvhich 
is protected at 12 by a time delay relay. 
All these various requirements can only be 
met by a nice, adjustment betxveen the current 
and time settings of the relays at .1. F 
and 12. Careful study should now be made 
of the calculated short circuit data and of the 
time current curves of the various relays to 
determine exactly the settings required so 
that only 12 shall trip on a fault on the 12-2 
line, xvhile the proper A and F relays will trip 
on a fault on the A-F line.

It may be desirable to equip the 2 end 
of the 2-11. 44-kv. tie line xvith a direc
tional instantaneous relay, so connected and 
set as to operate only on a transformer failure, 

or 1,1 U|r hwh loi :>»ii bo ai.'-r 2 
taih-d to tmii'limi II lli" O.t.d buul k.nd 
at 2 is too great to be earih d ati lai’mil. 
from //, this relax' ma-, be .■! n, trip on 
overload, thus dropping tie- b,. al load at / 
but continuing service to in- line <u tom
ers. < >u the other hand, it the 1.,< al load 
at 2 can l>e carried from // temporarily, 
though with some drop in xoltagm this play 
max’ be put on the transformer breaker ami 
save the local load on transformer failure, 
loss of high tension power, or failure of a high 
tension breaker al 2 to function. Similar 
arrangements may be made at // and 3. In 
addition the I I kx’. tie lines should be given 
ox’erload time limit protection against faults 
in tin- lines themselves.

At the B end of the A-B lines, essentially 
the same conditions obtain as at the /• end of 
the A-F lines, except that there will always 
be at least one generator on the bus at B.

For the B-E lines, which have no local 
stations, probably the most satisfactory ar
rangement would be balanced current relays 
at 13 and directional relays at E. This scheme 
xvould also be desirable for the B end of the 
B-D lines and for both ends of the 13-10 lines.

A fault on either 10-F line should open 
the breakers at each end, and in order to get 
positive selection xvith the least time delay, 
perhaps balanced current relays xvill be most 
desirable. A directional relay on the loxx- side 
of the transformer at 11 xvould save the 11 
local load, carrying it from 2. F and 3. in case 
the fault xvere on the line supplying 11.

The breakers in the F encl of the F-5 lines 
will be required to trip on any fault betxveen 
F and a, but they should not go on a fault 
beyond 5. Since all six lines at 5 can be 
given directional or current balance, relays 
with very small time delay, a little time on the 
breakers at F xvill permit the 5 breaker to 
clear first if the fault is beyond 5. Direc
tional relays on the loxx- side of the trans
formers at substations 3 to ' xvould save 
the load at those stations on failure of primary 
supply, provided it xvere not too heavy for 
the tie line to adjacent stati<Ks. The same 
applies to <9 and .9.

The breakers at the C end of the C-5 line 
xvill require the same treatment as the ones 
at the other end of the line in F. Adjustment 
of eurrent settings xvill undoubtedly be re
quired according to xvhether the load is largely 
on stations A and B or on C and D.

Since there are no taps therefrom and 
since each end is on the same bus. each end 
of the C-D lines may be given balanced eur
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rent protection, which will permit getting a 
fault oft one of these lines with the least delay.

If the pairs of lines betwen stations are 
split at either end, and terminate on different 
high tension busses, a different problem is 
presented. However, the same principles will 
apply, and the same objects are to be accom
plished, though the methods may be some
what different. For example, suppose at 
station F, normal operation is with one of 
each pair of lines on one high tension bus and 
the other three on the other. The relaying 
at F would be dependent upon whether both 
lines were solidly tied together at the other 
stations, or were there similarly separated, 
making, in effect, two separate systems on the 
same towers. Were such a course adopted, it 
is probable that best operation would dictate 
that for such stations as F, 10,etc., where there 
are two or more banks of transformers in 
multiple, that they be paralleled only on the 
low tension side, with the high side of each 
connected to each bus. While there arc at 
least two sources of power to each station, so 
any one line failure would hardly cause an in
terruption, still were this scheme adopted, a 
failure of one high tension bus, or even the 
loss of one entire system would not cause an 
interruption since the bank remaining in 
service would carry the load until the other 
could be put back. The proper protection 
would be directional relays on the low side 
of each transformer, to trip on reversal of 
power.

With this system of operation less use will 
be made of balanced current relays, which 
might have been used to good advantage on 
the .1 end of the A-F lines, when all lines were 
on the same bus at F. But with the two A-F 
lines separated at F, a fault on one of the F-5 
lines or on one of the F 10 lines would also 

cause some unbalancing at A, and it might 
not be possible to get such a setting at A as 
would give proper selection between faults on 
the A-F lines and faults on F-5 or F-10 lines.

Whatever relay system is adopted, it must 
be designed with full consideration of the pro
posed method of operation, and any departure 
therefrom may necessitate a radical revision 
of the whole scheme of relaying.

It is unlikely, however, that perfect opera
tion will be obtained from the start on a newly 
designed relay scheme for an extensive sys
tem, no matter how much study is given 
to the probable sources of trouble, distribution 
of short circuit currents and settings of relays. 
Unforeseen conditions are likely to arise, errors 
in connections and settings will creep in, and 
sources of trouble, due to special operating 
conditions, will occur that are bound to upset 
some of the plans. To get the best results 
from the use of relays in promoting continuity 
of service, every large company should have a 
competent man whose business it is to work 
out the problem, have charge of the setting of 
relays and follow up every case of trouble 
Accurate records of relay performance, in
cluding cases both of failure to operate and 
wrong operation, as well as correct operation 
with appropriate notation on system condi
tions, cause of trouble and other pertinent 
information, should be kept by the relay 
engineer. These records will serve as a basis 
for cheeking relay operation and for any 
changes in the general scheme which may 
be considered or necessitated as the system 
grows. Several power companies have already 
adopted the policy of employing an engineer, 
sometimes with one or more assistants for just 
this kind of work, and they report that the 
results are worth many times the expense 
involved.



High Voltage Power Transmission Problems
By W. W. I.i.xxts
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The voltages which have come into use for power transmission within the past ten nr ' ft. 
presented many problems not enconntered in dealing with more moderate potential . Ebn t r-> ‘.e 
is a factor which cannot be neglected in calculating the charae'e e ties of long, high volt.iy bn. . 
general, the charging current is beneficial to the operation ot a fully loaded line, u ju • ■ ,
serious consideration on a lightly loaded circuit. i'or the calculation >.f any lines which have o tar . ■.
one or two terms of the formulae developed by Dr. Steinmetz and discussed by Mr. I’.ek tn ‘he Jm. . l''l... 
issue of this paper are sufficiently accurate, but it is possible that voltages and lengtl s ,,f hm- ■ m m
reached where it will be necessary to employ the rigid hyperbolic formulae. The author di-Mi • • wfi. 
familiarity of long association some of the phenomena encountered in high voltage tran-mi -ion. tl ■ pr.w'i .<i 
aspects thereof and the theoretical considerations involved. Editor.

The art of transmitting poxver by high 
voltage lines has progressed steadily since the 
first 10(),0()()-volt lines were installed in l‘HH> 
and 1909. 'I'he problems arising in connec
tion xvith such transmission, hoxvever. still 
appear to be innumerable and inexhaustible. 
A fexx* of the present clay features of high 
voltage transmission and the problems that 
frequently arise in connection with such 
transmission will be briefly discussed in this 
article..

Voltage
The range of voltage has extended upxvard 

until noxx- there are at least two 15l).0()0-x-olt 
systems in active operation and voltages up 
to 220,000 are being discussed. In Table I 
are tabulated the systems of 70,000 volts and 
above xvith data as to their normal voltage, 
altitude of stations, grounding of neutral and 
frequency. The normal voltage here given is 
the voltage of the highest tap of the gen
erating station transformers, and this is the 
voltage xvhich should be considered in insulat
ing ti e transformers and other apparatus on 
the line, as it is apparent that all the appa
ratus may b'e subjected to this voltage or 
greater during certain periods of operation. 
Thus, at times of heavy load the generating 
station apparatus is subjected to this voltage 
and at times of light load the substation 
apparatus receives this voltage or higher.

In the interest of standardization of appa- 
ratusitisimportant that thenumberof voltages 
be kept as small as possible. It has happened 
usually in the past that a voltage was selected 
strictly xvith regard to local conditions, xvhereas 
the nearest standard voltage would have been 
equally suitable and had it been adopted 
fully developed and standardized apparatus 
for that voltage would have been available. 
The following normal voltages for systems

* If a voltage intermediate between 134.000 and 220,000 is 
required. 1S7.O(M) should be used.

44.ODD volts and above have been proposed 
and seem to lit all the usual requirements for 
present-day operation in tpPcountry.

Standard Normal System Voltages"

44,000 132,000
Oli.000 I54.OOO
SS.000 220,000

I 10,000

In systems employing transformers the 
normal voltage of the system is defined as 
the highest rated voltage of the secondaries 
of the transformers supplying the system. 
This voltage rating shall apply to all parts 
of the system. It is to be understood that 
the A. I. E. E. Standardization Rules on 
dielectric strength tests are based on the 
normal voltage of the system, as defined 
above, on xvhich the apparatus is to be in
stalled. All dielectric strength tests shall 
be based on the normal voltage of the system, 
even if apparatus is to be applied on a part 
of the system xvhich ordinarily operates 
beloxv normal voltage.

It is to be hoped that operating companies 
in planning nexv systems, or extensions to 
old systems, will adhere to the above voltages 
as it is believed that mutual benefit will 
result to all from the adoption of this practice.

The choice of voltage is based on a num’.er 
of factors, the main ones of xx’hich are econom
ical considerations as shoxvn by the calcula
tion of line losses and voltage drop. The 
voltage thus selected may be modified by 
praetieal considerations, such as the limits of 
apparatus developed. The size of conductor 
chosen is likewise based mainly on considera
tion of losses, but also on consideration of 
mechanical strength and other factors. The 
tendency has been largely to adopt a size of 
conductor that xvould not give corona loss 
at normal operating voltage. This frequently 
leads to a much larger size than necessary for 
carrying the power current and the tendency
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TABLE I
PRINCIPAL POWER SYSTEMS- 70,000 VOLTS AND ABOVE

* Dir. = Direct

No. System
Altitude 

of
Stations 

Feet
Normal
Voltage

Freq. 
Cycles

Neutral 
Ground

1 Alununun Co. of America (.Tallassee Dev.) 1(100 150,000 60 Dir.*
o Southern Cal. Ed. Co.......................................................... 0-5000 150,000 50 Dir.
3 Southern Sierras Pur. Co.................................................. 1000-4500 150,000 60 No
4 Consumers Pwr. Co....................... ... 750 140,000 30/60 No
5 ■evada-Cal. Pwr. Co.................... . . 5000 140,000 GO No
Ii American Gas & Elec. Co. 600-1000 138,500 60 Dir.

Central Pwr. Co.................................................................... 600-1000 138,500 GO Dir.
s Utah Pwr. & Lt. Co............... .. . 1000-6000 130,000 60 Dir.
9 Catalans de Gas y Electricidad Cia.............................. 0-3000 130,000 50

10 Pa< ific Gas & Elec Co......................................................... 0-4500 125,000 60 Dir.
11 Compagnie des Chemins de Fer du Midi . . . 3300 120,000 50
12 Tennessee Pwr. Co.... ........................ . 500- 900 120,000 GO No
13 'Wisconsin-Minn. Lt. Pwr. Co..................................... 800 120,000 60 Dir.
14 Minneapolis General Electric Co. 500 120,000 GO Dir.
15 Columbus Pwr. Co........................................... . 350- 950 115,000 60 No
io Inawashiro Hydro-Elec. Pwr. Co. . . . 0-2500 115,000 50 No
17 Hvdro-Elec. Pwr. Comm, of Ont.. . . . 600 110,000 25 Res.f
1,8 Hamilton 11 dn-Eb. System. . . 600 110,000 25 Res.
19 Lauchhammer A. G........................... 500 110,000 50 No
20 Georgia Rwx . & Pwr. Co.................................................. 600-1600 110,000 60 Res.
21 Alabama Pwr. Co................................................................. 200- 800 110,000 60 Dir.

Mississippi River Pwr. Co.. . 460- 530 110,000 25 Dir.
23 Lehigh Navigation Elec. Co. . . 1000 110,000 25 Res.
21 Aluminum Co. of America (Massena Dev.) 300 110,000 GO No
25 Virginia Rwy. & Pwr. Co........................................... 0- 100 110,000 60 Dir.
26 Mex. Northern Pwr. Co................................... 2000-3(100 110,000 60 Res.
■ I . Ebro Irrigation & Pwr. Co. . .... 0-3000 110,000 50 Dir.
28 Chile Exploration Co.... ...................................... 0-9000 110,000 50 Dir.
29 New England Pwr. Co........................................ ... 0- 500 110,000 GO Dir.
30 Washington Water Pwr. (. ... 2000-4000 110,000 GO Dir.
31 Puget Sound Tra<., Lt. & Pwr. Co. 0- 600 110,000 60 Dir.
32 C., M. & St. P. R. R. (Western Elect. 0-4000 110,000 60 Dir.
33 Southern Pwr. Co............... ............... 400- 850 110,000 60 Dir.
34 Citv ot Los Angeles.................................... . . 200-210(1 110,000 50 Dir.
35 Yadkin River Pwr. Co....................................................... 100- 400 103,900 GO Dir.
36 Carolina Pwr. & Lt. Co.. . 100- 500 103,900 60 Dir.
37 Palmetto Pwr. & Lt. Co. . . 100- 400 103,900 60 Dir.
38 Montana Pwr. Co................. 4000-6000 102,000 60
39 C., M. & St. P. R. R. (Eastern Elect.) 5000 102,000 60 Dir.
40 Great Falls Pwr. Co................................. 3300-5500 102,000 60 Dir.
41 Anaconda Copper Min. Co............................................... 3300-5500 102,000 60 Dir.
12 Thompson Falls Pwr. Co................................................... 4000-6000 102,000 60 Dir.
13 Great Western Pwr. Co............................. . 0- 500 100,000 60 No
44 Colorado Pwr. to................................................................. 5000-10500 100,000 GO No
15 Tata Hydro-Elec. Pwr. Supply Co . .............. 0-1000 100,000 50 No
46 Andhra Valiev Power Supply Co.................................... 0-1000 100,000 50 Dir.
47 Sierra & San Francisco Pwr. Co............... ......... 0-2000 104,000 GO Dir.
48 Truckee River General Electric Co. ........... 4000-6000 104,000 60 No
49 Shawinigan Wtr. & Pwr. Co............................................ 100- 300 100,000 GO Dir.
50 Pueblo Tramways, Lt. & Pwr. Co................................. 7000-7500 100,000 60
51 Appalachian Pwr. Co................. . 1000-2500 88,000 60 No
52 Societa Italiana di Elettrochimica ........................... 0- 500 88,000 42 No
53 Rio Janiero T. L. & Pwr. Co. . 0-1000 88,000 50 No
54 Tasmania Hydro-Elec. & Metal Co. . 88,000 50 Dir.
on Sao Paulo Elec. Co................................. . 0-1000 88,000 60 No
56 Energia Electrica de Cataluna............. .............. 0-1000 88,000 50 Dir.
57 Victoria Falls & Transvaal Pwr. Co............................. 1000 88.000 50 Res.
58 Sou. Sierras Pwr. C<............................................................ 1000-4500 87,000 60 No
59 Toron'<> Pw r. Co.. ........... 300- 750 86,500 25 No
60 Mexican Lt. & Pwr. Co................. 3000-7500 85,000 50 Dir.
61 Northern Pwr. Co. (N. Y.) ........... . . . 300 80,000 60 No
62 Hannawa Falls Pwr. Co. .... . 300 80,000 GO No

f Res. = Resistance
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TABLE 1 Onn'inu.d

PRINCIPAL POWER SYSTEMS 70,000 VOLTS AND ABOVE

63 Racquette River Paper Co.

liti So. Cal. Eli. Co. (Kern River No. 3 Dev.I.
70 So. Cal. Ei!. Co. (Los Angeles District) .
71 New England Pwr. Co.
72 City of Milan........................
73 Consumer-: Pwr. Co.
74 Società Generale Ellctrica del!' Adamella
75 City of Winnipeg . . . ..................
76 Hydroeleetri^Rspanola Molinar
77 Penn. Wtr. J Pwr. Co. .
78 Guadalajara, Mexico..........................................
70 Società Éllectrica Rivira di Ponente
SO Swedish State Railways......................................

3( M 1 SO,01 »0 «.<)
Ilion 20(10 SO,01 »0 15

0-1000 77,0110 5(1 R.
77,0( IO 61)

600 76,200 ->■
27( M1 75,0110 5B 611 Dir.
2700 5(1 61) Dir.

20O 72,000 5)1 Dir.
(1 - 5(10 72.0« )0 60 Dir.

S00 1000 72,01)0 12 R.- .
600 72,000 3) ) N o

500 2000 72.0( io 42 No
72,0( »0 til)

0-1000 70,(M »0 50 No
( ) 51 )( ) 70,0( »0 25 R< .

1000 3000 70,0( »0 50 No
0 100(1 70,000 50 R< .

1 ( K »0-2000 70,000 25 Dir.

now i-s to allow a reasonable amount of corona 
loss, which combined with the other losses 
should not give an economically excessive 
total loss.
Calculation of Regulation and Losses

Voltage regulation and line losses are the 
limiting features in determining transmission 
voltage and size of conductor. In calculating 
these the writer has found most useful the 
method outlined by Peek in the General 
Electric Review of June, 1913, and for 
longer lines and more rigid calculations the 
hyperbolic formula given below:

• Ei = E0 cosh usd Io Zo sinh ns (1)
Ii = Io cosh ns±(E0 Zo) sinh ns (2) 

in which
Ei and h are respectively voltage and 

current (expressed in vector quantities) at 
one end of the line.

Eo and Io are respectively voltage and cur
rent at other end of line.

If Eo and Io are voltage and current at 
the receiving end of line, the plus sign (+) 
between the two terms of the right-hand 
member should be used. If Eo and Io are 
at the generating end, the minus sign ( —) 
applies.

Voltage is from line to neutral and current 
for one. conductor.

n = \ Z1 = .1 -f- /B

A = \ff>[(gr-bx) + \ (gx+brf + lgr-bx/-]

D=\ ^-(gr-bx) igA+f>r)2+(gr-Fv):]

r = resistance per mile in ohms.
x = reactance per mile in ohms.
g=conductance per wile in ohms.
b = susceptance per wile in ohms.
3 = length of line in miles.

Z = rf-ix = impedance per mile.
V = g+/7> = shunted admittance per mile.

Zu=z ,! = a+]b
cosh ns =cosh (A —i IBs = cosh .4s cos Bs—’ 

sinh . 1.- 'in Bs
sinh ns = sinh (AA-jB) s = sinh .4s i es BsA~j 

cosh .4s sin Bs
Angles .4s and Bs are in radians.
When power-factor angles are plus + ', the 

power-factor is leading; when minus — ). the 
power-factor is lagging.

An example will be given showing the 
method of using these formulas:
Assume:

Receiver voltage 29(1.0(H) between lines.
Spacing conductors 20 ft.
Conductor 75(1.090 cir. mil. copper 1-in. 

diameter.
Frequency GO cycles.
Length 250 miles.
Leakage losses 2-kw. per mile per con luctor.

Then
r = 0.119 ohm per mile.
,v = 0.S05 ohm per mile. 
g=0.15X 10 6 ohm per mile.
5 = 5.28X19” ohm per mile.
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gr —ò.v =0.15X [(i «XO. 119-5.2SXKV1' 
X0..S05 = -4.23 X nr6

(gr—bx)2= 17.9 > 10-12
gx + 5r = 0.15X lfC6X0.S05 R5.2SX10 11 

XO. 119 = 0.7498X IO“6
(gx + hr )2 = 0.56 X 1 C«12

\ igA' + D'-' 1 (gr — bx)i = \ (17.9+0.56) 1C)-12 
= 4.3X10 6

-4 = X Ml - 4.23 o”' ) +4.3X 1Õ

= 0.184X10 3

B = \ M4.23X10- 6-4.3> 10-] =2.07X10 3
* = A + iB = (0.184 + 2.0®) 3

¿ = ^2^=(2.545+0.14S5;)10-3

(2.545+0.1 IS.WO"3
¿I)

= 294 + 17.18;
(. 1 + jB)s = (0.184 + 2 A)7;)10 ■ X 250 = 0.046 

+ 0.5175;
cosh As = cosh 0.046=1.0011
sinh As = sinh 0.046 = 0.046
co5 Bs = cos 0.5175=^5 29.65° = 0.S69
sii7Bs = sin O.5175=fc/n 29.65° = 0.495

cosh »5 = 1.00118 0.869+0.046X0.495; =
0.871 +0.02275;

sinh »5 = 0.0,® 0.869 + 1.0011X0.495; =
0.04 + 0.495;

For line open at receiver end, Ir = 0.
Eg = Er cosh »5=115,500 (0.871+0.02275;) 

= 100,700 +2625;
Eg=\ WOJOoM+bM2 = 100.801)

100,800X1.73= 174,000 volts between 
conductors

Ig = (Er Zo) sink »5= (294 + 17.18/) (0.04 + 
0.495;) = 3.26 + 146.49;

Ig = \ T262 + 1 16.192 = 146.5

tan a = = + 45 a = 88° 44'

0 = SS°44'-1 30'= 87° 14'
cos <> = 0.048 leading
Kv-a. = 3 X 146.5 X 100 ,8 = 44, -MO
Kw. =44,400X0.048 = 2130

These formulas are especially useful where a 
number of lines of different lengths having the 
same constants per mile are to be calculated.

Gn systems transmitting considerable power 
over a long distance it is necessary for good 
regulation and reasonable losses to employ 
synchronous condensers of from 50 per cent to 
75 per cent of the rating of the load. Without 
these condensers operation usually would not 
be feasible.

The Grounded Neutral
There has been a steady drift in the past few 

years away from the isolated neutral and 
toward the grounded neutral among the large, 
high voltage power systems.

The chief argument in favor of the isolated 
neutral is the possibility of continuing opera
tion in case one line becomes grounded. That 
this has been done in some cases is unques
tioned. Reports in general, howe\ er, indicate 
that this operation is not practicable on a line 
of high voltage or great length because of (a) 
the rise in voltage on the ungrounded lines 
causing danger of breakdown on these lines; 
(b) the increased charging current and corona 
due to the increased voltage of the two lines 
above ground, and (c) the telephone inter
ference due to the unbalanced electrostatic 
conditions, which experience has dem
onstrated makes it almost impossible to oper
ate telephone lines in the vicinity of the power 
lines, especially the power company’s own 
telephone system.

Experience has shown that arcing grounds 
on an isolated neutral system usually results 
in insulator breakdowns on one of the un
grounded lines, which may be followed by
secondary breakdowns at other points on the 
system. A ground on an isolated neutral sys
tem usually results in an arcing ground as the 
ground originally- takes place by- arcing over 
an insulator, the charging current of the line 
discharging into the ground. The combina
tion here of capacitance, inductance and arc 
produces an arcing or oscillating ground, 
which is capable of producing very- high over
voltages on the ungrounded phases. OfteB 
this results in breakdowns on several feeders, 
either simultaneously or successively, and 
several switches may trip out on different 
parts of the system, in which case there is no 
definite manner of quickly- selecting the faulty- 
line to clear the cause of the trouble.

A ground on a grounded neutral system, on 
the other hand, produces only a short circuit, 
which causes a reduction of voltage on the 
shorted leg and produces no over-voltage on
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tin* imgroiimled phases. In the ease of a 
grounded neutral system, there will occur 
practically as many first eases of line failure, 
such as breakdown of insulators or other ap
paratus, but. as soon as one phase becomes 
grounded there is a short circuit on one leg of 
the grounded neutral transformer and a re
duction in voltage on all three phases due to 
armature reliction in the generators, which 
causes no over-voltage stress on any part of 
the system. In consequence, secondary 
breakdowns are almost unknown on a grounded 
neutral system. Most of the troubles on a 
grounded neutral system will be confined to 
one Hint and the eurrent in the short circuit 
flows over definite and known paths which 
makes it possible automatically to select the 
line in trouble and save the serx-ice on the re
mainder of the system. Selective action by 
relays, therefore, becomes more positive with 
this connection. For these reasons the 
grounded neutral system is finding morjmd 
more favor with operating companies.

Operation with grounded neutral lends it
self most readily to networks where a section 
of line in trouble may be isolated xvithout 
cutting off the service from the customers. 
On single circuit transmission systems it is not 
desirable to cut off the line every time a ground 
occurs and for this reason such systems are 
usually operated xvith isolated neutral.

Even here, hoxvever, the advantages of the 
isolated neutral are doubtful. Hanging on to 
a ground in order to avoid interruption to 
service frequently results in destruction of the 
insulator or a burned-off conductor. This un
doubtedly causes a more serious interruption 
than would be experienced if the line xvere 
pulled off at once and then put back into 
service immediately.

At the Pittsfield meeting of the A.I.E.E. in 
May, 1914. the writer analyzed xvith respect 
to isolated or grounded neutral a list issued by 
the Electrical World of systems 7(1,0(10 volts 
and above. This analysis showed of thirty- 
five systems in North America, eighteen with 
grounded neutral and of nineteen systems in 
the remainder of the xvorld, six xvith grounded 
neutral. It is interesting to compare these 
figures with similar figures of systems at 
the present time. Of fifty separate systems 
in North America, thirty-two have grounded 
neutral and of twenty-txvo systems in the re
mainder of the xvorld, ten have grounded 
neutral. Thus, a gain is shoxvn in both cases, 
not only in the absolute number of grounded 
neutral systems, but in the percentage of the 
total.

Tlii . imriasr i- brotighi abuuf u" b
changes in ''hili, ilia! pre' ion ! .M
isolated neutral1 and parll. b. in".'. om 
Among the svslcms t1i;i1 (lian;''.| Iron i • , 
kited I" go hi in lei 1 neutral ma be mcmam'-'l 
Hie I'tah Power X Light Co operatin'.' at 
Lid,(Kill volts ami tin- Muntana P' .wr < om- 
pany, operat ing at |(i'_’.(Kin volts < hir n-< ord 
show the following foreign ''. stems wlm li WT' 
given in the 1911 list with isolated mntral 
now operating xvith gmundi'd neutral' Ebro 
Irrigation N Power ( < , I 10.0(H) volts; Chib
Exploration Co., I III.(Kill volts; and Em rgia 
Electrica de Catahma, sx.OlHI x-olts. The fol
lowing new systems have grounded neutral. 
Aluminum Company of America (TallaS'ec 
Development) 15(1,(1(10 volts; American Gas N 
Electric Co., ^Haoo volts; Wisconsin-Minne
sota Light ik Power Co., 12(1,0(10 volts; Vir
ginia Rwy. N Poxver Company, 1 lOJKio volts: 
Washington Water Power Co , 1 10.000 volts; 
and the Andhra Vallex- Power Supply Co., 
1(10,000 volts.

The following systems which xvere formerly 
grounded through resistance have made 
changes in their arrangement: Southern 
Power Company, from resistance ground to 
direct ground; Shaxvinigan Water & Power 
Co., from 120 ohms at the power station to di
rect ground at both ends of the line; Hydro
Electric Power Commission of (Intario. from 
high resistance of approximately 5000 ohms 
to 100 ohms xvater resistance. The Turners 
Falls Power N Electric Co., xvhich is almost 
in the 70.000 volt class, has changed from 
isolated neutral to direct grounded neu
tral.

In most cases one grounded neutral is con
sidered sufficient. This is usually at the gen
erating station. If, owing to the transformer 
connections, it is not feasible to ground at the 
generating station, then the ground is usually 
placed at some centrally located sub-station. 
This xvas done, among others, on the systems 
of the Montana Potwr Company and the Utah 
Power & Light. Company. The Turners Falls 
Poxver & Electric Co. ground at a standby 
steam plant, the ground being kept on at all 
times even though the steam plant is not run
ning. The direction of current iloxv in ease of 
a ground on the line is different xvith the sub
station neutral grounded than xvith the gen
erator neutral grounded. Nevertheless, the 
relaying is practically the same and seems 
to give equally good results. A discussion 
of the direction of floxx- of current with 
substation neutrals grounded and the selec
tion of the proper size of grounding trans-



932 November, 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 11

former was given in a previous number of 
the Review.*

Two or more grounded neutrals are some
times employed. This is to insure that even 
though part of the system is cut oft by trouble 
or otherwise, the remainder of the system will 
still have a grounded neutral. It also has the 
effect of reducing the length and impedance 
of the path for the short circuit current and 
insures that the grounded line is brought to 
approximately zero potenial from the acci
dental ground to the grounded transformer. 
The ground current will cause telephone inter
ference in case of a short circuit if either one 
or the two grounded neutrals are used, possibly 
more severe in the latter case but also of 
shorter duration. Of course a ground on an 
isolated neutral system would also produce 
telephone interference.

The question arises whether under normal 
operation there will be a circulating current 
between the two grounded neutrals sufficient 
to produce telephone interference. If the 
low voltage side of the transformers is con
nected delta, this is not probable, although 
there have been some eases reported in which 
even with this delta winding neutral currents 
have circulated of sufficient magnitude to 
cause serious disturbance. A circulating cur
rent could be produced from one of three 
causes: (a) An unbalanced voltage due to a 
difference in the three legs of the transformer, 
(b) an unbalanced current due to single-phase 
load; (c) a difference in the characteristics of 
the transformers at each end of the line, re
sulting in a small residual third harmonic 
voltage. In (a) and (b) the ground current 
would be of normal frequency, and in (c) of 
three times normal frequency.

In case Y-Y transfori rers were used with 
grounded neutral and there was a Y-dclta 
bank on the system with grounded neutral, 
then there would circulate between the trans
formers the third harmonic magnetizing cur
rent of the Y-Y bank. Such a connection is 
very seldom encountered in this country. 
Three-phase transformers of the three-legged 
core type greatly reduce the amount of 
third harmonic magnetizing current re
quired, and hence reduce the circulating 
current that can be obtained. If it is 
necessary, therefore, to use a Y-Y con
nection for any reason, then the trans
formers should be of the three-phase, three
legged core type, or else a tertiary' delta 
winding should be provided to take care of the 

* “Short Circuit Currents on Grounded Neutral Systems.“ 
by W. W. Lewis, General Electric Review, June, 1917.

third harmonic magnetizing current. It is 
well even if a three-legged core type trans
former is used to have the tertiary winding 
also as a precautionary’ measure.

A number of systems are operating with 
more than one neutral ground. Among 
these may be mentioned the New England 
Power Company, the Alabama Power Co., 
the Shawinigan Water & Power Co. and the 
Pacific Gas & Electric Company. The evi
dence as to the value of this operation and as 
to the danger of telephone interference is not 
at all conclusive. Where so many’ variable 
factors are involved and local conditions 
govern so largely, experience is more valuable 
than theory’ and so like many another problem 
in power transmission, this question is being 
worked out in practice.

Telephone Interference
The matter of interference of power systems 

with communication circuits has received a 
great deal of attention in the past few years. 
This matter has been most thoroughly in
vestigated by the Railroad Commission of the 
State of California through its Joint Com
mittee on Inductive Interference. The con
clusions of this committee were embodied in a 
final report issued last year.

General experience has shown little interfer
ence from three-phase power systems. What 
interference has been experienced has been 
due mostly’ to single-phase systems and direct
current railway circuits with a very small 
amount of trouble due to circulating currents 
between grounded neutrals on three-phase 
power systems. As a rule, the three-phase 
currents and voltages are fairly well balanced 
and this coupled with the fact that the com
munication circuits are usually xvell removed 
from the power circuits renders danger of inter
ference slight. In the single-phase and direct - 
current circuits the interference results from 
slot harmonics, xvhich are usually taken care 
of by’ resonant shunts at the terminals of the 
machines. Modern machines are designed 
so that the slot harmonics are a negligible 
quantity. Where there is danger of inter
ference it is possible in most cases to so ar
range the telephone circuit that such danger 
is reduced to a minimum.

Such questions as arise are usually*  satis
factorily' worked out by' co-operation between 
the power and telephone companies. Both 
companies recognize the fact that their serv
ice is necessary’ to the. public and that they 
should get along with as little interference 
xvith each other as possible.
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Lightning Protection
I^Hlning protection lias pr< 'grossed with 

the remainder of the art. The ;thi mi num cell 
arrester continues to be the standard for trans
mission voltages. 'I’he efficiency of these ar
resters has been greatlv improved by in
creasing the speed of the gaps by the use of 
^Beres. 'I’he oxide lihn arrester is coming 
into use for the moderate voltages and at 
^Bitic^Bvhere the charging of aluminum iir- 
resters would be a hardship. The high fre
quency absorber has proved its value in a 
number of installations.

There has been manifested a tendency to 
omit lightning arresters in some instances, for 
example, when tapping oil a high voltage line 
for a small power load. Here it is necessary 
to keep the cost of installation down to a 
minimum in order for the substation to pay. 
Extra insulated transformers have been used 
in these cases, but the safety of the venture is 
still to be proved. As an alternative to these 
expensive high voltage stations a number of 
operating companies run, wherever feasible, 
secondary distribution circuits of 33,000, 
44,000 or 66,000 volts, finding it cheaper to 
run such lines and install substations on them 
than to install substations on the high voltage 
line, even though that line passes by the sub
station. In discussing a proposed 220-kv. 
line a recent writer* advocated the entire 
omission of lightning arresters. The wisdom 
of such a policy is problematical and must be 
determined in the future.

There is this to be said for such practice: 
The apparatus on a 220-kv. line will be insu
lated for at least 350,000 volts. It is probable 
that insulation of this strength will be able 
to withstand all usual voltages induced by 
lightning. Direct strokes are rare and fre
quently result in breakdowns in spite of pro
tective apparatus.

High frequency and steep wave front dis
turbances resulting from switching, arcing 
grounds, charging lightning arresters without 
resistance, etc., act to build up voltage 
against the end turns of transformers. The 
causes of such disturbances are largely- 
eliminated by judicious switching, grounding 
the neutral and charging arresters through 
resistance, and those that remain are as a rule 
amply cared for by the extra insulated end 
turns of modern transformers.

The question resolves itself into one of tak
ing a chance on the possibility- of breakdown 
due to a disturbance of unforeseen severity 
rather than undergoing the large expense in

* A. E. Silver in A.I.E.E. Proceedings. June. 1919.

W d X <" I III ] Hi itri I 1'. i a| i] >. ' 

\ I >11 ap < • Till- pci >p t a pl 11 ■ . ' a-
dll ii Hh mu .1 al '' ha' i 11 > .’ ' ■
deci G Hl reached.

Soialhd "statu " p. .1. n- t '
causes breakdown un the I"1. ' ■ !•
either iii g< m iating -latmn nr A >. ■
This is potential induce III : । > i ■ .... 
trostatic e.'ipa< itan< i- of the i i or r an 1 
results, usually, from an nnllalam » • 1 < nmli- 
tii>n on the high voltage side, -m Ii a- a ground 
on the line, one of the three line vi h . - 
ing before nr after the other- etc. Smli 
static potential is usually prop-cted agaimt 
by a combination of an aluminum cell light
ning arrester and a surge abs<irber. The latter 
consists of a condenser in scries with a re
sistance connected directly to the bus without 
a gap in series. This absorber acts as a con
stant drain to any static that may appear on 
the bus. thus preventing the statiefrom gradu
ally eating into and destroying the insulation 
of the generator windings, etc. If a dis
turbance or charge of unusually high potential 
should appear on the busbars, the aluminum 
cell arrester would act through its horn gap to 
reduce the potential. The horns of the 
aluminum cell arrester also act to limit the 
voltage that can be impressed across the con
denser. Such a combination has also been 
used to good advantage in substations on 
cable systems, at the junction of overhead 
lines and cables, and on busses to which over
head lines are brought direc tly without trans
formers intervening. The absorber takes care 
of low voltage, high frequency disturbances 
and static and the arrester takes care of low 
frequency, high voltage disturbances. In 
some special cases the aluminum cell arrester 
has been eliminated and the condenser 
shunted by a horn gap. the combination 
being in series with a resistance. The high 
frequency takes the direct path through the 
condenser and resistance and the low fre
quency- high voltage passes over the horns and 
through the resistance. Such a combination 
has the advantage that the impedance of the 
condenser varies inversely as the frequency, 
so that the higher the frequency the greater 
the discharge through the absorber.

Absorbers have been developed for 6600. 
13,200 and 22,000 volts. Among the systems 
on which they have been installed are the 
Xarragansett Electric Light Co., Montreal. 
Light Heat X Pr. Co., American Gas & Elec
tric Co., Tallassee Power Co., Fall River 
Shipbuilding Co., Montreal Tramways Co. 
and Blackstone Gas & Electric Co.
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Arcing Ground and Short Circuit Suppressors
Devices for suppressing arcing grounds and 

short circuits have been in use to a limited ex
tent. These operate on the principle that 
when a ground occurs at any point on the line, 
such a ground usually being clue to an arc over 
an insulator, another and positive ground is 
placed on the same conductor just outside the 
station. The potential of this conductor is 
thus dropped to zero and the arc becomes ex
tinguished.

The arcing ground suppressors are used on 
isolated neutral systems. On some systems, 
especially of low or moderate voltage, they 
work very xvell. On others of higher voltage 
and loxver safety factor the artificial ground 
created at the station on one conductor raises 
the potential above ground of the other con
ductors to such an extent that one of them 
arcs over, the operation being repeated until 
the sxvitch locks, if it is a sxvitch type of sup
pressor, or until all of the fuses blow if it is the 
fuse type of suppressor.

The short circuit suppressor is used on a 
grounded neutral system. The danger here is 
that xvhen the artificial ground at the station 
is removed either by opening a sxvitch or blow
ing a fuse the sudden opening of the dead 
short circuit at the station causes a rise in 
voltage, xvhich, in turn, is liable to cause an
other arc-over and short circuit. This second 
arc-over may take place between the sup
pressor and the station and therefore not be 
capable of being extinguished by the sup
pressor. Again, the suppressors have a limited 
range, especially on a network xvhich is fed by 
a number of generators at different points, and 
in this case several suppressors are necessary 
to take care of arcs at different points on the 
system.

The main object of these devices is to sup
press the arc before it damages the insulators. 
On a grounded neutral system this can be done 
as quickly* and positively* by* relays. On an 
isolated neutral system the relay s xvill not 

operate until there is a short circuit. On such 
systems there is some basis for consideration of 
the suppressor. Even here, however, it is 
necessary to investigate thoroughly the condi
tions before using them. Although good re
sults have been obtained with suppressors on 
a fexv systems, sufficient experience has not 
been obtained with them to warrant their 
general adoption.

ERRATUM
In the illustration for Fig. 1 of the arti

cle, “Calculation of Short-circuit Currents 
in Alternating-current Systems,” by W. W. 
Lexvis, in our February, 1919, issue (p. 141), 
there was through error no electrical junction 
shoxvn betxveen the circuits crossing immedi
ately* beloxv the letter A. The corrected dia
gram for this illustration is shown here.



Effects of Short Circuits on Power House
Equipment
By E. G. Merrick

Power and Minim. Engineering IIkewtmksi, Giahivi. Ei.i.< iri< ('nunsi

The widespread tendency toward the interconnection of power systems and the development of yra-rating 
stations of capacities measured by the hundreds of thousands of kilowatts has created grave problems in 
properly handling the vast amounts of energy which can be concentrated in a single fault. In dealing with 
this class of problems, the author draws on considerable experience to analyze troubles which arc likely io 
occur in power house equipment due to the electro-magnetic stresses and abnormal temperatures resulting 
from short-circuit. -Editor.

The demands made upon electric power 
systems, as regards the quality of service 
rendered, are becoming more and more exact
ing. Whether the power is developed for 
public or private use, continuity of service 
must be maintained in so far as it is possible 
to do so.

In order to meet this condition, there must 
be no weak link in the chain of apparatus 
constituting the plant equipment; each piece 
of apparatus must be adequate for the duty 
to which it is subjected.

In the case of new installations, whose 
ultimate capacity is fixed, there should be no 
difficulty in selecting the proper equipment. 
The greater problem lies with plants whose 
installed capacity has grown by successive

Fig. 1. Oscillogram of a 3-phasc Short Circuit on a 2-pole, 
9375-kv-a., 1800-r.p.m., 7200-volt Revolving Field 

Turbine Alternator. Armature currents 
arc shown for all three phases

additions until it greatly exceeds the original 
contemplated limits. In such cases.it is almost 
certain that some of the older apparatus is no 
longer suitable and constitutes a menace to 
reliable operation.

♦See article by R. E. Doherty. General Electric Review. 
August. 1918. and paper by Hewlett. Burnham, and Mahoney. 
A.I.E.E,. February. 1918.

If normal conditions could be maintained 
at all times, the danger of failure of any part 
of the plant equipment would be very remote. 
Abnormal conditions are certain to arise at 
some time, however, and it is against those 
that full protection is required.

The object of this article is to ¡joint out the 
duty imposed on various apparatus during 
those transient periods. 'This may serve as a 
guide to the proper selection of equipment 
for new installations and as a caution against 
the overtaxing of that which has already been 
installed.
Generators

If an alternating current generator is sud
denly short circuited at its terminals when 
operating at normal voltage, an abnormal 
condition results as shown in Fig. 1. The 
armature current rises almost instantly to a 
value limited mainly by the transient react
ance and gradually dies down to a sustained 
value determined by the synchronous imped
ance. The characteristic variable displace
ment of the current in the different phases 
with respect to the zero axis, shown by the 
oscillogram, depends on the period of the volt
age wave at which the short circuit occurs.*

The transient current in the armature 
windings not only causes abnormal heating of 
the copper, but also produces forces of repul
sion or attraction between coils far in excess 
of those due to the normal current. These 
stresses vary as the square of the current and 
at the instant of short circuit may be several 
hundred times their normal values.

Experience gained from the results of actual 
short circuits has led to various methods of 
bracing the armature coils so as to obtain 
sufficient rigidity to prevent deformation.

The transient short-circuit current in the 
armature produces in turn a transient alter
nating current and voltage in the field winding 
as shown in Fig. 3. The induced field poten
tial may be greatly in excess of the normal 
direct-current voltage and sufficient insula-

cases.it
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tion must therefore be provided to insure 
against a failure to ground.

The danger of damage to the field insulation 
can be lessened by the installation of 
aluminum cells connected across the field 
terminals. These act as a safety valve by

Fig. 2. An Early Type of Turbine Alternator Armature with 
Insufficient Bracing of the End Windings, showing 

effects of short circuit at normal voltage.
Note grouping of coils by phases

limiting the induced voltage to the value at 
which the cell films break doxvn. This addi
tional protection is sometimes recommended 
for early types of machines which have given 
trouble, but it is not usually considered nec
essary for generators of modern design.

If the source of driving power, i.e., water, 
steam, gas, etc., could be interrupted at the 
moment of short circuit and there was no 
kinetic energy in the rotating parts, the latter 
would stop revolving instantly due to the 
locking action of the flux m the field structure 
and to the I2R loss in the armature circuit. 
As the tendency to stop is resisted by the 
sources of energy mentioned, intermittent 
stresses are induced in the shafts, rotor arms, 
coupling bolts, pole fastenings, foundation 
bolts, etc., due to the transforming of me
chanical energy into electro-magnetic energy 
and vice versa xvith varying positions of the 
field poles relative to the armature. Although 
the ratio of transient stress to normal stress 
in these parts may not be as high as in the 
armature coils, experience has shoxvn the 
necessity of liberal design factors to prevent 
undue strains.

Generally speaking, alternators of modern 
design are subject lo loxver stresses during 
short-circuit conditions than earlier types of 

machines of similar rating. The close voltage 
regulation demanded in the past resulted in 
loxver values of transient and synchronous 
reactance and hence higher values of short
circuit current than those realized at present 
with regulation limitations removed.

While a generator may be designed with 
ample factors of safety to withstand the 
effects of short circuits occurring at its ter
minals, xvhen operating at full rated voltage, 
it is possible for the operator to subject it to 
even more severe conditions. This may hap
pen if an alternator is paralleled considerably 
out of phase with a much larger source of 
poxver. Carelessness in synchronizing has 
thus resulted in serious damage to the 
incoming machine.

The sustained short-circuit current of an 
alternator corresponding to the excitation for 
full load and 0.8 poxver-factor usually reaches 
a value txvo or three times the normal rated 
current. If this condition is maintained, it is 
obvious that the armature winding will be 
subjected to abnormal heating. Automatic 
protection is therefore required for discon
necting faulty feeders from the bus before the 
coil insulation is endangered.

As generator switches are ordinarily non
automatic as regards disturbances external to 
the machine, a failure in the bus or in the 
generator leads necessitates hand operation 
of the generator switch at the earliest possible

Fig. 3. Oscillogram Accompanying that of Fig. 1, showing 
Transient Field Current (upper curve) and 

Transient Field Voltage (lower curve)

moment. Differential relays are provided in 
certain cases which are actuated only in case 
of internal generator trouble. For this con
dition, the generator switch becomes auto
matic and disconnects the machine instantly 
from the bus; at the same time, the field 
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circuit is < >i »i-nc« 1. thus "killing ’ " the machine 
completely. As tires oiut started in generator 
^Bilation may continue. due to the strong 
ventilation Produced by the rotor, it is some
times considered advisable to install special 
lire extinguishing equipment. This applies 
almost exclusively to high-speed totally en
closed machines, which continue to revolve for 
a considerable time after all power is cut oil 
and whose windings are inaccessible. The 
equipments generally recommended consist 
of piping for the admission of water spray or 
steam.*

Voltage Transformers
If voltage is applied to the primary winding 

of a transformer and the secondary is suddenly 

Fig. 4. Transformer Tested to Point of Mechanical Failure 
Under Abnormal Short-circuit Conditions. Trans

formers of weaker construction may be 
similarly damaged by short-circuit 

stresses due to normal 
impressed voltage

short circuited, the resulting current will tend 
to'force the individual coils into a circular
• ‘*?See article by M. A. Savage, General Electric Review, 
January. 1918. and the Report of the Committee on Electrical 
Apparatus presented at the Atlantic City Convention of the 
X.E.L.A.. May. 1919.

shape and w ill also prodin . n.n . ■ .m-, !i..n 
or repulsion between tin- ioil li -C > d- 
tngsj®e1 aiginallv of <iri nl.ir 9 >ni .11' ml■ rnal 
forces in each being radial and । pia iIko- 1 
little possibility of defonnatl"! ] f"*. ld''l 'he 
tensile strength of the copper 1» not < v • eded

n.n; j I 
F i

'____ I
C )

Fig. 5. Vertical Ar
rangement of Bas
hars with Sapports 
One Above the 
O.her

By a proper arrangement 
of spacers between coils 
and rigid clamping, the 
danger of axial displace
ment of the coils and 
crushing of the windings 
can also be avoided.

Modern transformers are 
generally guaranteed to 
withstand momentarily the 
effects of sudden short 
circuit at their secondary 
terminals with full sus
tained primary voltage. 
The fulfillment of this 
guarantee is a matter of 
proper construction for 
which only the designer is 
responsible. The sustained 
application of a short cir
cuit, however, will quickly 
cause abnormal heating 
which may damage the 
transformer insulation; it 
is therefore the province 
of the operator to provide, 
and to maintain in good 
condition, the proper auto
matic devices 9 >r interrupt
ing the short circuit with 
the least - ssible delay 
consistent with continuity 
of service.

As in the case of gen
erators. the short-circuit 
duty of the modern trans
former has been lessene 1 
due to the less rigid con
ditions imposed regard
ing close voltage regula
tion.

The guarantee mentioned, while given gen
erally for all transformers, is of particular 
interest only as applied to units f very small 
kilovolt-ampere capacity as com-pared with 
that of the systen in which they ar<_ used. 
The larger and more important transf rmers 
on the system will never be required to meet 
this extreme condition, for the reason that 
their reactance is relatively lower compared 
with the total reactance determining the 
short-circuit current.



938 November, 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 11

Oil Circuit Breakers
The duty imposed on oil switches under 

short circuit conditions is one ol the most 
important ami difficult phases of this general 
subject. Recent collaboration of the leading 
American switch manufacturers has resulted 
in a greatly increased general knowledge of 
the factors which are involved and the data 
which have been published* furnish a far 
more exact basis for the proper selection of 
breakers than existed heretofore. Recent 
European projects for the development of 
large power stations and the formation of 
system networks far more extensive than any 
heretofore considered have also awakened 
considerable interest among foreign engineers 
in this subject .

On account of the accessibility of the data 
mentioned, it is unnecessary to present it in 
detail at this time. The discussion of the 
selection of circuit breakers was limited, how
ever, to the duty imposed at the instant of 
parting of the switch contacts. Later inves
tigations have shown that the initial values 
of current must also be considered on account 
of the high mechanical stresses which they 
produce, due to the tendency of all current 
loops to assume a circular shape.

From the operating standpoint it must be 
borne in mind that every circuit breaker has 
fairly definite limitations as regards rupturing 
and current carrying capacity, and that initial 
arrangements of systems and also future 
modifications must be made with due regard 
to these points if reliability of service is to be 
maintained. .

Busbars
Busbars are usually constructed of bare 

copper strips which are supported at intervals 
of several feet on porcel in posts. The spac
ing between bars and the height of the insu
lator support are determined mainly by the 
voltage of the circuit.

If currents are flowing in two adjacent bars, 
forces of attraction or repulsion are produced 
depending on whether the currents arc in the 
same or opposite direction. In either case, 
the instantaneous value of the force F is

. p.ixi’ 
approximately , lbs. per foot

d

run; where I' and I" are the instantaneous 
values of the currents and d the spacing 
between the bars in inches. The relative pro
portions of conductor width and height intro

* See paper by Hewlett, Mahoney, and Burnham, Trans. 
A.I.E.E., February, 1919. 

duce modifying factors but, except for com- 
parativeh small values of d, they can generally 
be neglected.

In a three-phase circuit, the maximum forces 
are those occurring during a single-phase 
short circuit between phases and the preced
ing formula applies; at this timeZ' = L" and 
as they are in opposite directions the force 
exerted between bars is that of repulsion.

The value P multipliH by the distance in 
feet, L, between supports gives the total 
force exerted on each insulator post.

While the busbars themselves have a cer
tain amount of flexibility, the porcelain sup
ports may be considered to have practically 
none. To be entirely safe, therefore, in the 
estimation of the possible stresses, it is cus
tomary to base the calculations on the maxi
mum peak value of current corresponding 
to a totally displaced wave.

As an example, let the maximum possible 
peak value of current be 100,000 amperes, 
¿=18 inches, and L = 5 feet; then

fJMSLJ ■
lo

per foot run and
FL = 5X300 = 1500 lb.

If the plane of the conductors is parallel 
to the axis of the supports, see Fig. 5, the 
insulators will be under tension and com
pression; whereas a 90 degree relation be
tween the two, see Fig. 0, will subject all posts 
to bending moments. Tests made under 
these two conditions on a certain type of 
support gave breaking values of FXL in the 
two cases of 2000 lb. and 550 lb. respectively; 
these values would of course vary with dif
ferent designs.

If the stresses in the single type supports 
cannot be reduced to safe amounts without 
employ ing excessively large posts or busbar 
spacings, it becomes necessary to adopt the 
more expensive ‘‘compression type” supports 
as shown in Fig. 7. AVith this arrangement the 
porcelain post is under compression only, in 
which sense it may be subjectedto far greater 
stresses than when under tension or shear.

Single-conductor feeders may be considered 
as extensions of the supply bus and are sub
ject therefore to the same considerations as 
outlined for the bus proper.

Current-limiting Reactors
In performing their well understood func

tion of limiting the current under short-circuit 
conditions, reactors are subjected to high 
values of transient voltage and current whose 



[• FFECTS OF SHORT C1RCI ITS oN POWER llol'SE Eol ll’MEM

elTeets must be guarded against both by 
proper design and installation.

Reactors may seldom be called upon for 
protection but, when this does occur, it is 
necessary to place absolute confidence in their 
reliability. The cast-in-eoncrete type of con
struction has proven to be a most satisfactory 
one. The coils being of circular shape, there is 
no tendency to deformation from radial forces, 
and being rigidly supported by the concrete 
at sufficiently frequent intervals, there is no 
danger of movement due to the mutual attrac
tion between turns. Furthermore, no fibrous 
or organic material is used for insulation, 
which eliminates the danger of charring and 
consequent deterioration due to the heating 
produced by the short-circuit currents. The 
open type of construction also permits of easy 
inspcction and cleaning. Transient potentials 
between the top and bottom layers of the 
reactor may be many times the normal value, 
therefore the presence of any magnetic mate
rial—spch as through-bolts • offers a possible 
source of failure; this is obviated in the con
crete construction.

Reactors are generally guaranteed to with
stand the elTeets of short circuits, limited 
only by their proper reactance, for a definite 
period which may be from two to five seconds 
and to operate normally with a certain tem
perature rise. Such guarantees should cover 
all of the points mentioned above.

As there are also forces of attraction and 
repulsion set up between reactors, they must 
be so installed as to prevent any movement 
during short circuit. If sufficient spaH is

Fig. 6. Horizontal Arrangement of Busbars with 
Supports Parallel to Each Other

available, this condition is satisfied by proper 
spacing of the coils; otherwise some form of 
bracing must be used. Connections are usu
ally made so that the maximum forces are 
those of attraction. In the case of the bracing 
shown in Fig. 8, the porcelain separiwH art

therefore subjected mamb l>. <<>mpn- -¿i
stresses.

Single-phase reactors arc mmlmii m- 
stalled one above the <>tlur, a Hh- mmmd 
forces may exceed the dead w< ight |>r"\i i<<u 
must be made not only for yj-xcnimg mc/e-

Fig. 7. Compression Type of Busbar Support for 
Cell Mounting

ment but also for sufficient strength in the 
supporting I-beams, or other structures, to 
withstand the total thrust.

Formula- have been developed for the 
calculation of the mutual forces between 
reactors and these agree closely with actual 
measured values, but on account of the data 
involved they are not suitable for general 
use. The results, however, can be obtained 
for any specific installation.

Current Transformers
In many cases the application of current 

transformers has been based solely on the 
normal operating conditions of the circuits 
in which they were to be installed—the 
selection being governed by the primary volt
age and load current, the proper current ratio, 
and the volt-ampere loading of the secondary. 
The fallacy in this method of selection lies in 
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choosing the transformer xvith reference only 
to the individual circuit in xvhich it is to be 
installed and not xvith reference to the system 
of xvhich the circuit is a part.

If several feeders of different ampere capac
ities are connected to a common bus and 
short circuits occur consecutively one after 
the other, the actual short-circuit current xvill 
be the same in each instance—assuming the 
reactance betxveen the bus and point of short 
circuit to be equal on all feeders - and its value 
will be determined by the constants of the 
system. The ratio of this current to the nor
mal ampere capacity of each feeder is therefore 
a variable quantity. Assume, as an example, 
four feeders of 1 ()()('), 590, 100, and 50-ampere 
ratings and a short-circuit current in each 
feeder of 10,000 amperes; then the ratios of 
transient to normal current xvill be ID, 2d, 
100, and 200 respectively.

If standard transformers of primary am
pere capacity equal to that of the circuit in 
xvhich they are installed are unsuitable to 
meet transient conditions, others of higher 
current ratio may sometimes be substituted; 
should the normal secondary currents ob
tained xvith the latter be of too loxx* a value 
to give accurate instrument indications, how- 
cver, it becomes necessary to use special 
transformers having the correct current ratio 
and of greater current carrying capacity than 
the standard units. It is, of course, possible 
to reduce the short-circuit current, by means 
of reactors, to values xvhich xx-ill be safe in all 
eases for the standard transformers, but this 
method is expensive if protection of the cur
rent transformers only is desired.

The failure of a current transformer may 
not of itself be a serious matter, but contingent 
developments may be disastrous. The loss of

Fig. 8. Horizontal Arrangement of Three Single-phase Reactors. 
The small axial spacing requires bracing between coils

Each design of current transformer is 
limited m the amount of current xvhich it 
can safely carry, both by mechanical stress 
and heating considerations, and their selec
tion must be governed accordingly. For 
the type of construction in common use. 
the A.LE E. standards recommend that 
the transformer shall stand a cun-ent of 
forty times the normal rated value for one 
second; this is supposed to be a safe limit 
xvithin xvhich the compounds used will not 
vaporize and xvill therefore prevent porosità 
of the insulation. For the same tempera
ture rise the permissible current value xvill 
vary inversely as the length of time the 
current is applied. On the basis of the 
above recommendation, therefore, it xvould 
be expected that from a heating standpoint 
the transformer would stand 160 times normal 
current for one quarter second.

secondary control current xvould. for instance, 
render an automatic sxvitch inoperative at a 
time when it should function and this might 
result in an entire loss of load or possibly dam
age to some of the apparatus from overheating 
.before the faulty circuit could be disconnected. 
Choke Coils

The remarks xvhich have been made xvith 
reference to current transformers apply in 
general to choke coils used xvith lightning 
arrester equipments. Installations must 
therefore be investigated to ascertain the 
possible magnitude of the short-circuit tran
sients in order that the mechanical stresses in 
the eoils shall not exceed safe values.

Conditions unsuitable to the ordinary hour
glass type of coil require special constructions 
of greater rigidity; in extreme cases, it may 
even be necessary to adopt designs similar to 
those of current-limiting reactors.
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Disconnecting Switches
Where knife-blade disconnecting switches 

are mounted horizontali}' with blades opening 
downward, il is customary to provide lock» 
which hold the switch securely in the closed 
position; otherwise, if subjected to vibration, 
the blades may open accidentally due 
to insufficient ■esstire of the clips.

Regardless of the position of the 
switch, however, positive locking is some
times required to meet severe short-cir
cuit conditions. It has already been 
pointed out in preceding paragraphs 
that the tendency of I eurrent loop is to 
assume a circular form; this action in 
the rectangular shaped switch circuit 
may force the blade outward, unless 
held as mentioned.

The formula given under the section 
on "Busbars" can be a^Hed equall} to 
the parallel switch blades of the differ
ent phases and also to the free lengths 
of conductor between the switch and 
adjacent supports. The resulting force 
is transmitted to the porcelain posts at 
the extremities and therefore produces 
bending moments—the case being simi
lar to the busbar arrangement of Fig. 6.

In the case of switches which are back 
connected on one or both terminals, the 
formula can also be used for calculating 
the reactions between the conductors passing 
through the insulator posts of adjacent phases 
and those of the same phase; these two forces 
are at right angles to each other. As they are 
distributed over the length of embedded con
ductor, which may be considered as a beam 
fixed at one end, the equivalent forces applied 
at the extremity of the insulator post would 
be one half these values; combining these with 
the forces mentioned above gives the total 
bending moment of the porcelain support.

On account of the forces occurring in the 
switch circuit proper, it is evident that the 
spacing between the switch and adjacent 
supports must be less than can be allowed 
between succeeding supports if a given stress 
in the porcelain is to be maintained.

Insulated Cables •
The heat conductivity of cable insulation 

being comparatively low, transient currents 
of high value or sustained currents of greater 
value, than the normal rated capacity of the 
cable cannot be permitted without danger of 
deteriorating the insulating material.

Fig. 9. Unbraced Choke Coil Deformed by Short circuit Current. 
The vibration of the coil in a vertical position tends 

to force it downward, resulting in a 
pronounced distortion

Single-conductor cables are subject to 
the stresses discussed under the heading of 
“Busbars," and all cable runs should there
fore be rigidly clamped to prevent move
ment.

Conclusion
In pointing out the abnormal conditions to 

which power house equipment is subjected, 
it is not the intent of this article to create a 
feeling of distrust on the part of power plant 
operators or power purchasers in the reli
ability of electrical equipments and service. 
It is true that the increasing concentration 
of power in our modern stations tends to 
increase the severity of the duty imposed on 
certain apparatus; this in itself is not a serious 
matter, however, as we are now able to analyze 
the nature of the duty and also predict its 
amount with a considerable degree of accu
racy. The problem of realizing continuity of 
service is therefore actually simpler at present 
than it was in the past, being limited to the 
design and proper application of Ipparatus to 
meet known conditions.



',142 November, 1919 GENERAL ELF.C^C REVIEW Vol. XXII, No. 11

Hydro-electric Power and Its Use for 
Industrial Purposes

By Eric A. Lof

Power and Mining ^gineering Department, General Electric Company

The development of electro-chemical and electro-metallurgical industries has attained great importance 
in the last few years and has created a demand for electric power in large blocks. ()ther industries, such as the 
manufacture of paper and wood pulp, farming and agricultural work, irrigation, etc., require electric power in 
constantly increasing quantities. The successful development of these industries reqtSres a cheap power supply 
in large quantities. The development of our water power resources should be encouraged by the enactment of 
just laws governing their use and large economical supplementary steam plants be constructed at “strategic” 
points. Editor.

The importance of the electric power 
situatiiin, as an essential fact or in our industrial 
life, has never been more marked than at 
present and there is every indication that this 
condition will continue, possibly to ¡tn even 
greater extent, as lime passes by. The nation 
is now facing a very grave crisis in its history 
and a radical readjustment of social as well 
as economical conditions seems imminent. 
Labor’s constantly increasing demand fir 
shorter working hours is unfortunate at tile 
present time xvhen increased production would 
be the most sure, and far-reaching cure 
against the existing high prices of even the 
necessaries of life. Our productive capacity 
must therefore be kept up and even greatly 
increased, and the threatened shortage of 
labor must be made up for somehow. The 
remedy xvhich at once suggests itself is, 
naturally, an increase in the substitution 
of machinery and efficient met hanical de
vices to carry out the work xvhich has 
hitherto been chiefly done by manual labor, 
and xvhich must be conserved for more im
portant functions. Besides this, new manu
facturing processes must be more extensively* 
introduced by means o' xvhich raxv materials 
or finished products ean be more quickly 
and cheaply produced, as, for example^me 
manufacture of artificial fertilizers which natu
rally* would be of immense benefit in increas
ing the food production.

Very closely* related to this increase in the 
use of mechanical appliances, or chemical 
manufacturing processes, is the electric poxver 
problem. As a matter of fact, they are insep
arable, as it. is now universally conceded that 
electricity is the only form of poxver xvorth 
considering in a modern industrial manu
facturing establishment. Its advantages are 
so numerous and self-evident, and have been 
brought out so often in the technical press, 
that they* xvill not be repeated here.

I Electricity* is not in itself a source of energy, 
and some sort of primary power is required 

for its generation. The two chief sources of 
this are found in the chemical energy* of our 
fuel deposits and in the energy* of falling 
xvater, due to its position or head. The former 
can certainly* be exhausted, especially if the 
present enormous drain is to be continued, 
xvhile xvith the latter this is not the fact. The 
logical conclusion xvould therefore be to 
increase the development of our xvater powers, 
as the waters which constantly* pass through 
the rivers without performing useful xvork are 
naturally a total loss of valuable energy. As 
:i matter of conservation, water power should 
therefore be developed in order to save our 
coal supply* that is being so steadily depleted, 
or at least to provide, for the ever increasing 
demand for more and more power, and thus 
prevent the yearly* coal consumption from 
increasing, if it. cannot xvell be materially* 
reduced.

Unfortunately a large, if not the largest, 
part of our xvater poxvers are so situated, br 
are of such a nature, that their development 
is not practical and xve shall always have to 
use steam power, and it has been xvell proven 
by* actual practice that a combination of 
steam and xvater poxver xvill, in many* cases, 
work out as the most ideal solution of the 
poxver problem. Water power xvill, therefore, 
never replace steam poxver, but will merely 
supplement it.

As compared to a steam plant, a xvater 
poxver development is a far more complicated 
and, from a financial point of view, a much 
more risky undertaking. With a steam plant 
the conditions that are to be met can, as a 
rule, be very* closely predetermined, and the 
financing and design become, a rather easy 
matter. With a xvater poxver development, 
hoxvever, the conditions are. far more uncer
tain, xvith the. result that the financing of the 
project xvill be more difficult, xvhich naturally 
means a greater discount on the bond issue, 
or an increased rate of interest. The deter
mination of the amount of power for xvhich a 
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development can safely be built requires a 
painstaking study of the rainfall and Bream 
¡low conditions for a period of many years, 
and even with the best expert advices, abnor
mal conditions may occur due to nature’s 
whim which will upset all calculations and 
cause serious difficulties and inconveniences. 
It is these abnormal conditions, such as 
drought and Hood, which are constantly met 
with in water power developments and must 
be absolutely guarded against, and which 
naturally result in further increasing the cost 
of the already expensive undertaking.

In speaking of the cost of water power, it is 
a common fuilacy to base this only on the cost 
of the power station with its dam and head
works, and frequently the enormous invest-

Fig. 1. Wasted Energy

ment in the last two items, especially with 
low head developments, is not realized. As 
there are very few hydro-electric develop
ments so fortunately situated as at Niagara 
Falls, where the manufacturing industries 
are so closely located, it follows that most 

waler power development . will o qimi- long 
and expensive traiisuiisxii>u lm<- o’.er wlmli 
the energy must !><■ t ran mil 1 <<1 to unable 
market centers. Not onlv i it tie more t 
on the investment in these line but al <> flic 
value of the power lost I herein and ihe

Fig. 2. Large Hydro-electric Atmospheric Nitrogen 
Fixation Plant in Norway

maintenance, which must be chargeable to 
the actual cost of hydro-electric power and 
used in a comparison with the cost of steam 
power. Large storage reservoirs and auxiliary 
steam plants for regulating the stream flow 
and for reserve, are also in many cases im
portant items of the cost.

A hydro-electric development as a whole 
requires from two to three times the capiial 
investment of a steam plant, and the cost 
of water power is steadily increasing, while 
that of steam, if not now actually falling off. 
is not increasing. This is due to the fact that 
the increased cost of labor, fuel and material 
for a steam plant has been about offset by 
the continued improvements in the efficiency 
of conversion of chemical energy into elec
trical. The efficiency of th< utilization of 
water power has, however, evidently reached 
its maximum, or nearly so, and to offset 
this disadvantage the only means to obtain 
a really cheap ¡tower seems to be the develop
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ment on a very large scak. and the utiliza
tion of so-called “secondary power” for 
industries and processes which do not neces
sarily require an absolutely continuous power 
supply. From the above it is plainly evident 
that investments in water power develop
ments are in many instances difficult to 
obtain, and the stimulation of a rapid develop
ment of this industry requires in the first 
place, the confidence and encouragement of 
the general public, and the creation of just 
but more liberal laws and regulations by the 
governing bodies of the States and of the 
Federal Government. Only in this manner 
will it be possible to raise the capital necessary 
for an early resumption of developing our 
vast water powers which are now going to 

processes founded upon electro-chemistry 
have a large and important part in the manu
facture of a very wide range of commercial 
products. Among these may be mentioned 
fertilizers, explosives, iron and steel, alumi
num, copper, ferro-alloys, chlorine, soda, etc.

The most important ingredients in a success
ful fertilizer are nitrogen in some bound form, 
and phosphoric acid. Chile has been supply
ing practically all our demand for nitrogen in 
the form of Chile saltpeter or sodium nitrate, 
and it is just recently that this country has 
witnessed the establishment of at least one 
large plant where the inexhaustible supply of 
Nature’s free nitrogen can be fixed or com
bined with some other element so as to form 
a useful product. With the aid of electric

Fig. 3. Application of Hydro-electric Power to Railway Operation

waste, thus supp’ementing the steam power 
and conserving the coal supply, not to speak 
of possibly preventing a repetition of the coal 
shortage of two winters ago (and which is 
predicted even for the coining season) when 
some of the large power houses in New York 
city were running with only a. few hours 
supply in their bunkers, and others had to 
shut down entirely for lack of coal.

In the above, the necessity lor a rapid and 
intensive resumption of the development 
of our water power has been discussed, and 
it may be of interest also to briefly touch on 
some of the industrial fields for which the 
early solution of the water power problem is 
of the. utmost importance.

I If these the electro-chemical industry 
unquestionably comes first, as the industrial 

power it is thus possible to produce artificially 
unlimited quantities of nitrates to be used on 
our farms, and thus create an intensive 
production of crops of which the world is 
now so sadly in need and will be for a long 
time to come.

Phosphoric acid in the form of phosphates 
is also an indispensible fertilizer. Unfor
tunately, however, the large deposits of 
phosphate rock which are to be found in many 
places in the country, are available as fer
tilizers only through its treatment with 
sulphuric acid, and even then only a small 
percentage of the phosphoric acid is made 
water-soluble and is readily again reconverted 
into an insoluble form by the action cf in
gredients present in the mixed phosphates. 
By means of electric power, hoxvever, all 
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this phosphoric acid can be made waler 
soluble, and in addition the phosphoric acid 
obtained can be absorbed by various liases 
to form salts, which in themselves will form 
complete fertilizers of highest value, such as 
ammonium phosphate.

Nitrogen, in the form of nitric acid, is the 
principal constituent of explosives. and was, 
until quite recently, obtained entirely from 
Chile saltpeter. Even this industry will 
possibly before long be entirely independent 
of this raw material, as electro-chemical 
processes are now available by which nitric 
acid can readily be obtained front the free 
nitrogen contained in the atmosphere or in

The suci'esdul me ol 11.. . b . 1:1. I n ’.a' <• 
for relining of steel and tor He piodm ' . ■: ■ t 
lerro-alloys have resulted n a iapid d> ■ • '• ■ - 
ment of this indusirv. and n v, I,. ’ . d 
that before long the prohi. n, of diO't - 
smelting the iron ore m the Doth inrnre e 
will be successfully solved

Another group of <-h <-trolv 11< pro. e . - 
which is rapidly extending is Hu- n.i '.iM'.ii 
of cheap sail into more valuable prodm'-. 
such as chlorine and eauslie soda. ’Ilic 
manufacture of 1110^^.0 produeis is ilo-<ly 
allied in that when the electric lurrmi is 
passed through the cell, the brine >pli'~ up 
into its components; chlorine will c«a]>c at

Fig. 4. Application of Hydro-electric Power to Canal Operation

the coal. It is evident, therefore, that the 
nitrogen fixation industry must in the future 
be of considerable importance and magnitude 
as a stimulus to our food production in 
times of peace, besides being capable of an 
easy conversion for preparedness in case of 
war.

Several hundred thousand horse power of 
hydro-electric power is used in the manu
facture of aluminum, and for the refining of 
copper, zinc, etc. The ever increasing demand 
for these metals necessitates a constant build
ing of new plants, or additions to existing 
ones, and it is difficult to foresee the ultimate 
expansion of this important industry. 

the anode and caustic soda will be procBRd 
at the cathode. The use> >t chlorine are only- 
beginning to be touched, and its manufacture 
will increase many times in the near future. 
Among its many uses may be mentioned: 
bleaching in the paper and textile industry, 
sterilization for potable water, antiseptic dis
infection, sterilization of sewagt. etc. Tile 
caustic soda can readily be converted into 
carbonate of soda by a simple chemical 
operation. Both are used in the manufacture 
of other materials such as glass, soap, paper, 
drugs, paints, leather, etc.

('heap power is an essential factor in the 
manufacture of paper and wood pulp. A 
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considerable part of its cost of manufacture 
consists of the cost of power, and the imports 
of these products have been growing at an 
enormous rate. Canada and Sweden with 
their developed water powers which have 
been extensively utilized in this industry 
have been our main source of supply, but 
with the production of cheap electric energy, 
through the development of our own water 
powers, it is to be hoped that the pulp and 
paper industry will soon come back to its 
own in the United States.

The possibilities of the use of hydro-elec
tric power in connection with farming and 
agricultural work are many, and offer one of 
the most promising fields of the future. The 
unqualified success that the application of 
electric power has had in this line of work 
indicates that it has become a factor of such 
importance that it must now be seriously 
considered as affecting both the cost and 
quality of the products of the modern farm. 
The power supply may be obtained from the 
extensive net-works of high-tension trans
mission lines which are now being erected in 
so many sections of the country, and which 
are continuously being extended at a very 
rapid rate. While this supply, without doubt, 
offers the simplest and cheapest source of 
power, there are thousands of small streams 
whose, wasted energy might readily* be Irans- 

formed and applied to useful work on farms 
by* the installation of small and inexpensive 
water-power plants .

The advantages of hydro-electric power for 
irrigation purposes have been clearly demon
strated by the excellent work which is being 
done by- the United States Reclamation 
Service, The United States Indian Service, 
and numerous co-operative and individual 
enterprises. Electric power is generated on 
the nearest available river, and the energy* 
readily’ transmitted to pumping stations 
scattered over the territory to be irri
gated.

The electrification of portions of our vast 
railroad systems will consume very large 
amounts of power and will be dependent for 
their success to a very great extent on their 
ability to obtain cheap energy* from the water 
power developments in the territories which 
they traverse.

A careful review of the situation therefore 
shows that there is a vital and imperative 
need for early development and industrial 
utilization of the enormous quantity of energy* 
that is now going to waste in our streams. 
This power is required to increase the country’s 
production of the necessaries of life, to the 
end that the high cost of living may be re
duced and the comfort and happiness of the 
country increased.



Centralization and Conservation in Power Supply 
of Central Massachusetts

By F. L. Ht nt

(‘llll-.l- Eni.I NI-.IR, Tl UNI.Hs F.XI.I.s PoWI U \NI> Ij.lc IKI< C.iMfWX
The author brings out very foreibly the economies that can b- cffcdc.l by tin- n.c ot puw. i ir . o .

central stations, equipped with np-to Mate machinery, ami the cconom- il i c oi ■ n prv lb o.-- " .>• 
by closing down 12 1 isolated plants ami using cent ral station supply nearly )(((>,000 tons ot coal w.-rc aod it 
one year in this particular instance. There are still many localities where this good example < oiibl b<- uni’af* '! 
with great profit to the community. The description of the equipment in tins modern y fem .honld be ot 
eonsiderabh interest to many of our readers. Em ton.

With the completion of the stations, sub
stations and transi^Kon lines which have 
been put into operation during the past year 
by the Turners Falls Power A Electric Com
pany, and the operating arrangements that 
have been worked out between that company, 
The United Electric Eight Company, of 
Springfield, and the Greenfield Electric Light 
& Power Company, the power supply for 
central Massachusetts has been arranged for 
in a manner which typifies the present rapid 
movement in all parts of the country toward 
conservation, by centralization of power 
manufacture and by utilization of water 
supply.

A consideration of the complete electrical 
system of the Turners Falls Power ¿c Electric 
Company as it now exists, forming the trunk 
lines for the interconnection of its own power 
stations xvith those of the other two com
panies mentioned, and with several other 
distributing companies in this part of Mass
achusetts, will indicate hoxx- soundly this 
theory, advocated now by all the leading 
engineers of the country, has worked out in 
practice, and may point out hoxx' similar 
possibilities in other localities should be 
developed.

Fig. 1 is a geographical sketch of the 
territory served by the three companies 
mentioned. This sketch also shoxvs the 
general scheme of distribution throughout 
the territory.

Fig. 2 is an operating diagram, shoxving in 
detail the circuits interconnecting the gen
erating stations, the general scheme of sxviten- 
ing and the relay protection used.

Holyoke is the only town or city with a 
power load of more than 100 kw. in the 
territory xvhich does not have a connection 
to this system. The ¡tower facilities of that 
city are at present entirely inadequate for 
its requirements, and the authorities there are 
now discussing the question of how they should 
proceed to insure the future ¡lower needs of the 
city on the soundest economic basis.

3.000 kw.

loo kw.

5.050 kw.

15.01 III kw.

2,400 kw.

ii(K) kw.

30.000 kw.

25,000 kw.

these sta-

Outside <>f the city of Holyoke practically 
all the ¡lower used in this territory is supplied 
from the electrical system shown in Fig. I. 
'Phis is generated in six hydro-electric plant-; 
and two steam pltmts, as follows
Gardner Falls (Al • 1 lyilro-elect ric

Greenfield Electric Light X' Powe 
Green Riw Hi Hydro-electric

Greenfield Electric Light X Powe 
Turner:' Falls (' Hydro-electric

Turners Falls Power X Eh, trie C 
Cabot Station I) Hydro-electric.

Turner: Falls Power X Eh trie C 
Indian fin lard I E I Hydro-electric.

United Eh ctrie Light C< .
Blham Bend (F) Hydro-electric.

United Electric Light Co.
State St. i G I -Steam .............. 

United Electric Light Co.
Hampden H' -Steam . . .

Turners Falls Power X Eh .trie C

Letters indicate the location , 
tions in Fig. 1. The combined permanent load 
on these stations amounts to approximately 
5(1.11(1(1 kw. The maximum load during the 
past year, including surplus, was G!l.(KU) kw. 
The total yearly output, including surplus, 
for the same period was a little over 212.- 
(KKl.diK) kw-hr. Of this 172.00( 1.000 kw-hr. 
were generated from water.

The territory served by the United Electric 
Light Company consists of the city of Spring
field and nearby towns, xvith a population of 
150,000. The load served by this company 
directly, amounts to about 14,000 kw. in 
this territory not less than 38 isolated steam 
plants have been closed down permanently, 
and the power taken from the central station. 
This is in addition to 1000 industrial power 
customers xvhose loads have always been on 
the central station.

In the territory served directly by the 
Greenfield Electric Light \ Power Company, 
xvhose total load is approximately 3000 kw.. 
22 separate isolated steam plants, varying 
in size from 25 to 150 h.p., have been replaced 
by central station power. In the town of 
Greenfield, of 15,000 inhabitants, and a power
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Fig. 2. Operating Diagram of Power System of Central Massachusetts: Turners Falls Power & Electric Co., 
United Electric Light Co., and Greenfield Electric Light & Power Co.



Gardners Falls Station; Greenfield Electric Light & Power Co.

Fig. 5. Indian Orchard Station/„United Electric Light’Co.
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Fig. 4. Cabot Station; Turners Falls Powei & Electric Co.

Fig. 6. Bircbam Bend Station; United Electric Light Co.
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load of '.’000 kw. divided uiiiiuq', l.’> industrial 
customers, there exists todax only one steam 
pklUt, of 100 h.]>. capacilx, where sawdust 
from the industry is used ter fuel. Even the 
.'!2.‘>0-kw. steam pkmt of the central station 
company has been shut down and dismantled, 
its output to be replaced as far as possible 
by wttler power from its enlarged hydro
electric development at Shelburiu Falls. and 
the balance to come from the main trunk line 
system of the Turners Falls Power X Electric 
Company.

The completion of the interconnecting trans
mission lines ot the 'Purners Falls Power X 
Electric Company and of its larger hydro
electric arul steam plant developments has 
made possible a much more extensive cen
tralization of power production for the central 
part of the Slate, and has increased materially 
the proportion of water power used. It has 
also made possible the interchange of power 
between these three companies, so that water 
power available to ¡my one company may all 
be nyade use of before coal is consumed by 
any other company, and has further const rved 
capital by putting the reserve capacity of 
each company readily available for use by 
either of the other companies, eliminating 
the necessity of each company keeping an 
available reserve capacity of generating 
equipment, which would otherwise be neces
sary for the proper protection of their busi
ness. There also exists a eoM^tion at 
Leverett, see Fig. 1, of 20.000 kxv. capacity, 
betxveen the Turners Falls Poxver X Electric Fig. 8. State St. Station; United Electric L;ght Co.

F?g. 7. State St. Station; United Electric Light Co., Boiler Room Fig. 9. State St. Station; United Electric Light Co., Turbine Room
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In addition to the service of interconnec
tion outlined, the Turners Falls Power & 
Electric Company's system serves, directly, 
34 other customers, including nine smaller 
distributing companies and four street rail
way companies. The combined demand of 

Fig. 10. State St. Station; United Electric Light Co. Switchboard Room

these 34 customers is 33,COO ktu The power 
requirements of these customers was formerly 
supplied by 31 separate and distinct steam 
plants, varying in size from 50 to 8000 h.p., 
all of which have been permanently closed 
down by the present arrangement, with the 
result that all their power is supplied either 
by water or from one of the two modern steam 
plants connected to the system of the Turners 
Falls Power & Electric Company.

Twenty-nine small steam plants have been 
permanently closed dot n, and their output 
replaced by central station power from the 
feeder circuits of the nine distributing com
panies mentioned in the previous paragraph. 
A summary of the steam plants that have 
been closed down by the various companies 
is as follows:
Turners Falls Power & Electric Co............................31
United Electric Light Co. 38
Greenfield Electric Light Sr Power Co................... 23
Other distributing companies.................................... 29

Total number of steam plants shut down. . . 121

There are several months in the year when 
it is not necessary, with the present load, to 
operate either one of the two steam plants 
now connected to this system. This method 
of operation lias been tried out thoroughly 

enough to warrant its permanent adoption. As 
the total combined load of all the companies in
creases beyond the capacity of the hydro-elec
tric plants, one or more steam units will be 
operated as required, and the use of the water 
will become even more complete than now.

At the present time during 
low water periods, when steam 
power is required, the fluctua
tions in load are taken on the 
water power stations and a 
constant 24-hour, 7-day per 
week load is put on one or 
both steam plants to give the 
highest steam plant efficiency 
possible with the load to be 
handled. Waterwheels are 
only operated when sufficient 
water is available to allow 
their operation at a reason
ably efficient gate opening. 
Arrangements are being made 
to float waterwheel generators 
on the line as synchronous 
motors, with gates closed 
during low water periods, so 
that waterwheel generators 
and turbo-generators carrying 
load may be run at loads to 

give the highest efficiency possible on their 
prime movers, without being required to carry 
more than their kv-a. rating.

It is evident, therefore, that the completion 
of the general power system, as described 
above, and its present method of operation, 
results in the supply of power, formerly 
generated by 121 separate steam plants, now 
being generated entirely from water power 
during many months of the year, and the 
balance from steam in not more than two 
modern stations.

The average coal consumption of the steam 
plants which have been superseded by this 
central station power was not less than 
4 lb. The average coal consumption in the 
steam stations which supply the require
ments of the system above described is 
about 2 lb. per kw-hr. If we allow 15 per 
cent for transmission and distribution losses 
between generating stations and power cus
tomers, and take into account the water power 
that was applied to this load last year, we 
see that the conservation of coal during that 
year alone amounted to approximately 376,
400 tons.

This centralization of power supply has 
included a varied list of industries. In Green
field and vicinity are many tool and tap and
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die shops. In Turners Ralls are several 
paper mills, also cotton mills and enth-rv 
shops. In Easthampton and Ludlow are 
very large cotton mills. In (’Imopce and 
the Springfield district arc foundries, muni
cipal pumping plants. stone quarries, cc 
plants, and large factories building auto
mobiles, motor cycles, lircs, electrical ma
chinery, arms, sporting goods ami refractory 
products, Considerable amounts of puwer arc 
supplied to argieulturists throughout the 
territory, where tobacco and onions arc 
raised extensively, and much irrigation, cold 
storage, ami electric heating is done in winter.

I ’i • « er A Elc< I ri' < '"iiip.n swl b ' ‘ 
larger market Iw jh w. > i ■ I• • "p. ■! ‘
j 11 a 11 ’ , and the "Id i ■ i ■ 11111< " । t ■ ■ ■
mvt< d for 23HII • < ill s ami I v. • ■ n • uh ri ■ • ’ 
ii mt s, w ii h singlc-runm r w In • I • ■ r • : ■ I■!• • • 
I" the station. Mosl "I the p< iv. < r H"in il 
station is stepped up I" l '>.3<HI "J ’) ’m 
three 3 pl.a l2HH-kv-a. trail ' aid
I rai isi nit t w I at that vol tage to Gri । nle bl awl 
Turners Falls. An interior \ b w "I 'I 
statii m is sin iwn in Fi . 3.

The Green River Station of Ilie Green In Id 
Electric Light X Power (’ompan lm;i ed 
Greenfield and is a 11H 1-b.1 •. devdopwvi 1. • "ii-

Fig. II. Plan of Hampden Station Giounds

A brief descriptick of the generating sta
tions that supply this system follows:

Hydro-electric Stations
The Gardners Falls Station of the Green

field Electric Light X Power Company 
operates under a head of 34 feet and consists 
of two horizontal wheels, direct connected to 
two 500-kv-a., 2300-volt generators and two 
vertical wheels, direct connected to two 1 1 40- 
kv-a., 2300-volt generators. The 500-kv-a. 
generators were installed fifteen years ago 
and operated for ten years at 10,000 volts. 
At that time the increase of load of the Green
field Electric Light & Power Company and 
its interconnection with the Turners Falls 

sisting of one double-runner, horizontal wheel 
belted by a silent chain to a 100-h.p.. 230O-\ <ilt 
induction motor, which is connected to a 2300- 
volt feeder of the local distribution system in 
Greenfield, and operates without an attendant. 
Thisstationisdescribed in thearticle" Induct ii >n 
Generat<>r Plants" in this issue of the Review.

The Turners Falls Station. No. 1, and 
the Cabot Station of the Turners Falls 
Power X Electric Company, were described 
in detail in the Review in March, 1017. 
Since that description was written, two 
more units have been added at Cabot Sta
tion, and the head has been increased to 5s 
feet, increasing the capacity of all the units. 
There are now six 7501 )-kw. units in operatic n 
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here, and 57,000 kv-a. of step-up trans
formers. Plans have been completed for 
the addition of another unit in this station as 
soon as load conditions require it. Fig. 4 is a 
view of the generator room of this station, 
with six generators installed.

The Indian Orchard Station, No. 2, of the 
United Electric Light Company, is located 
on the Chicopee river, and operates under a 
head of 36 feet. The equipment consists of 
three 750-kv-a. and one 690-kv-a., 5500-volt, 
2-phase generators, each direct connected to 
a pair of horizontal wheels. The original 
installation at this plant consisted of belted 
generators, driven through jack shafts and 
clutches by the horizontal wheels. This 
station is connected to the main station at 
State street by two routes, each consisting 
of duplicate 5500-volt, 2-phase transmission 
lines and cables. In addition it is connected 
to the Turners Falls distribution system 
through 13,001) to 5500-volt, 3-phase- 2-phase 
transformers and regulators of 3000-kv-a. 
capacity. A view of this -ration is shown in 
Fig. 5.

The Bircham Bend Station, No. 3, of the 
United Electric Light Company, is also on 
the Chicopee River. It operates under a head 
of 13 feet, and consists of two 400-kv-a., 5500- 
volt, 2-phase generators, each direct con
nected to a pair of horizontal wheels. Both 
of the above stations are operated so as to 
utilize to best advantage all of the water 
power available, the wheel gates being gen
erally blocked open, and all the regulation 
taken care of by the larger stations.

Steam Stations
The State Street Station, No. 1, of the 

United Electric Light Company, is located 
in Springfield, on the Connecticut river. 
The boiler room contains twelve 700-h.p. 
Edgemoor boilers, with Taylor stokers, super
heaters, feed water heaters and turbine- 
driven feed water pumps, and blowers for 
forced draft. The turbine room contains one 
20,000-kv-a., two 5000-kv-a., one 2500-kv-a 
and three l()00-kv-a. Westinghouse turbine- 
driven, 5500-volt, 2-phase. generators, the 
turbines operating at 200 lb. pressure, with 
150 deg. superheat. In general, river water 
is used in the. Leblanc condensers with which 
the tubines are equipped, and this water, 
with water from the river, is passed through 
filters and feed water heaters to the boiler 
feed water pumps, which are turbine-driven.

Fig. 12. Cross Section



<I X Il:\l I \ I|i >X AX'D CoXSE RVATKi.X IX POWER I PPIA

The exciter sets are Tuuit outfits, and can 
therefore be driven cither by steam or by 
motor. As the greater part of the other 
auxiliaries tire steam-driven, the use ol 3-tmit 
exciter sets allows the amount of exhaust 
steam to be adjusted to take care of the 
requiremi'^Hof the feed water heaters under 
dilTerent conditions of load.

'I'he switch house consists of a three-story, 
brick structure, lionsing practically till of the 
control equipment for the distribution of 
current in Springfield, as well as the control 
anti switching equipment for generators, 
transmission lines, etc. This station is con
nected to the Turners l'alls system through 
(iti.OOO to 550t)-volt, 3-pliase 2-phase trans
formers and regulators, of IS.tlOt) kv-a. 
capacity. Tigs. 7. S, 0 and 10 show the 
principal features of this station.

The Hampden Station of the Turners l'alls 
Power Electric Company is located on the 
Connecticut river, near the mouth of the 
Chicopee river, on a 10-aere site of land, where 
coal may be delivered to it lay rail, and when
ever the river is made navigable at this point, 
coal may lie received readily by boat. I'ig. 11 
is a plan of the station grounds, showing the 
arrangement of condenser water tunnels, coal 
storage, transmission lines, tracks, etc.

The mam bmldmg and mol,' '.i' ,<i-
supported on a 0 iimdat ion ol appro\miai > 
1000 Raxmoml com ri te ptb- , ‘.ar mg m 
length troin T 1 । 35 r , ami dr igmd 
carry 30 tons each. Kcmtori rd । rm r> '<• v. a 
used for the 111 » >rs, the wall-, ami the > ohm n 
of the building, lip to tile level of the I mln r 
room lloor. At l imes o| high wat er the t m bim 
room basement lloor is 25 It. below water Im ri 
in the river. This floor was therefore dri -m -I 
with heavy c< nicretc be ams to resist t lie upward 
pressure of the water under these rondition . 
The cross-sectional view of the station in I’ig 
12 shows the general arrangement.

The boiler room equipment consists of 
eight H52-h’.p. horizontal, tubular boilers, 
with superheaters, under-feed stokers and 
forced draft. Two fans for supplying air 
tor the forced draft are driven, one bv u 
motor and one by a steam turbine, each fan 
being capable of supplying sufficient draft 
for operating all the boilers at 150 per cent 
rating. The cooling air from the turbo
generators is delivered to the fan intakes. 
The boiler room piping is carried in the base
ment to a header, from which the steam pipes 
lead direct to the turbine.

The turbine room equipment consists of 
two 15,000-kw., 80 per cent p-f., Curtis

of Hampden Station



Fig. 15. Turbine Room, 15,000-kw. Units; Hampden Station
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Fig. 18. View of 66,000-volt Transformers and Switching Equipment; Hampden Station

Fig. 19. 66,000-volt Line Construction Through Westfield, Mass.; Hampden Station
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turbo-generators, operating at Jt H > lb. steam 
pressure, 125 deg. superheat and 'J's.', in 
vacuum. Each turbo umt is connected to a 
cylindrical shell, twin-jet condenser, equipped 
with twin submerged, removal pumps, 
connected through reduetion gears to steam 
turbines. The condensers give 2s in. \aeuum 
with 71) deg. cooling water when condensing 
IS7,5()t) lb. of steam per hour. Radojet 
ejectors are used tor air removal. i'eed water, 
taken from the hot well through a heater, 
may be supplied through two l>0()-gallon, 
turbine-driven pumps, or one (ilK)-gallon, 
motor-driven pump. The turbo-generators 
operate at 13,2(10 volts, 3-phase, liO-eyele, 
with grounded neutral, and are equipped with 
250-volt, direct connected exciters. There is 
a spare motor-driven exciter.

Up to the present time the whole output 
from this station has been delivered to the 
fiO.OOO-vol ■ansmission lines of the company, 
which pass near by. This delivery of power 
made unnecessary an elaborate switching 
equipment, as is ordinarily required at a 
steam plant of this size. Each generator 
is switched through a motor-operated oil 
switch to one 13,200-volt bus and the cur
rent is then stepped up by two is.75n-kv-a. 
transformer banks, supplied from this bus 
through similar switches. These switches 
are installed on the main turbine room floor, 
the bus being located just below this floor, in 
concrete and brick compartments. The

t <. j । 11 p i ran .0 s mu m ■ .mt.. , *i u»
volt ■hila r.( ;.l)(tl > (.It V, -ill ' :' i;
” loimi led oi । l In- In; h ■ )■ h 'ID ' ' • '
and tlw lii'■.IIIII\oll will I n .• .r.' -■ . ••
pla. i d outdoor E.U ’ trail tm n ■ • ; ■ d

umd for tin r.ii.l ll ll )-\i ill switchmg. :n fl id 
outgoing line- arc protcclcd by almmmm. 
cell arresters The outdoor liG.i)))i) '.■ »It Lu 
and switch connections arc built ol gal u z< 1 
iron pipe, and are supported on ¡»in m-ulal ■ .r . 
and the vertical disconnecting 'willin' are 
supported on pin insulators.

Pigs. 11 to 111 show the principal feature- 
■ »f this statbm.

The construction of the station has been 
carried out with a view to allowing indefinite 
extension in units similar to. or larger than, 
the ¡»art already built. With the growth of 
the station it is probable that more or less 
distribution w 11 take place at 13,mil) \o‘. 
from this point. In any case the further 
extension of this statii m will pn »babh require a 
switch house, since the greater number of gen
erators and transformers would make advis
able a more complete switching equinment.

The author wishes to acknowledge the 
courtesies and assistance extended to hin in 
the preparation of this paper by Mr. J. P. 
McKiarm. Electrical Engineer of the United 
Electric Light Company.
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Hydro-Electric Power Collection
By Charles P. Steinmetz

Consulting Engineer, General Electric Company

This article amplifies the author's contribution published in our August issue. He discusses a future 
power development in which very simple generators are located at many small hydraulic power sources. These 
pump power to central stations where it is controlled and fed into the power lines. In other words, he does 
inversely with the generator what we have done so successfully for many years with the electric motor.—Editor.

In hydro-electric plants, by far the largest 
part of the cost of installation is usually the 
hydraulic dev elopment, and by far the largest 
part of the cost of operation is usually the 
interest on the investment. Of our country's 
potential water powers only a small part ean 
be economically developed by our present 
methods, since hydraulic poxver is rarely 
found so concentrated locally as to make it 
possible to bring together, in one generating 
station, a sufficiently large amount of power 
to have the value of this power pay for the 
cost of the hydraulic development required to 
collect the power in one place. As discussed 
in a prex ious article,* a much larger amount of 
the country’s water poxver may be dexmloped 
by applying to electric poxver generation the 
same economic principles xvhich have made 
the electric motor so successful. That is, 
to have individual electric generators xvher- 
ever xvater poxver exists, and collect the power 
electrically, just as economy requires to have 
individual' electric motors wherever power is 
used, and distribute the power electrically. 
Thus, when it is economically not feasible to 
collect all the available xvater power by 
extensive and correspondingly expensive 
hydraulic works in one place and there locate 
one large generating station, smaller gen
erators may* be located along the xvater 
courses and throughout the water shed, 
wherever some power exists, and by a system 
of collecting lines analogous to the distribut
ing lines of motor application- -the power of 
all these numerous generators collected in one 
system. These individual generators would 
be merely power producers, but the control 
of voltage, of frequency, etc., xvould be 
relegated to one large synchronous generator 
or synchronous motor station, possibly a 
steam turbine station acting at the same time 
as steam reserve on the system.

Electric generator and motor are identical 
machines, and if motor installations usually 
are very simple, comprising merely fuse and 
connecting sxvitch, xvhile generator installa
tions contain an elaborate system of con-

’"Electric Power Collection," General Electric Review, 
Aug., 1919. p. 565.

trolling and protective devices, the difference 
is not due to the nature of the machine and 
its function, but to the size of the installation. 
Thus very* large synchronous installations 
also have a more elaborate system of opera
tion and control, xvhile the smaller generators 
used in electric power collection require no 
more elaborate appliances than a motor 
installation of the same size, that is, in the 
extreme case, merely a fuse to cut off in case 
of accident, and a sxvitch to connect or dis
connect. They require no more attention 
than motor installations, that is, they can be 
left to run themselves xvithout any attention 
beyond an occasional inspection.

In larger motor installations, the syn
chronous motor is preferably used and offers 
material advantages, except in those cases 
xvhere specially heavy starting duty* is re
quired; but for smaller motor installations, 
the induction machine is exclusively* used, 
due to its far greater simplicity, and thus 
reliability* under these conditions. Thus 
also, in poxver collection by* distributed 
generators, induction machines xvould be 
used for all but very large units, especially 
xvhere—as xvould usually^ be the case with 
smaller installations—the generating station 
is to be operated without any* attention beyond 
occasional inspection. The induction gen
erator is the typical electric power generator 
applicable for these smaller stations; it is 
extremely simple, requiring no auxiliary* 
appliances or machines as exciters; it con
verts into electric power whatever mechanical 
poxver it receives, and as long as it is con
nected to an electric system capable of 
receiving electric power; it does not attempt 
to, and cannot, control voltage or frequency, 
etc., but leaves all the control to a central 
symchronous controlling station, as required 
in such a poxver collecting system.

Besides the advantage of simplicity, due 
to the absence of an exciter plant, perhaps 
the most important advantage of the induc
tion generator over the synchronous gen
erator, in a hydraulic plant, is that the 
induction generator cannot be damaged by 
overload, as it cannot be overloaded. The 
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power output <>f the electric generator !■ 
limited by the maximum power which the 
hydraulic turbine or waterwheel can give. 
In the induction generator, current, voltage 
and power output are definitely ami rigidly 
related to each other, and thus, with a given 
maximum power (that given by the water
wheel) the maximum current of the induction 
generator is limited and no excess current 
can occur. Not so, however, with the syn
chronous generator. With a given power 
output, the current in the synchronous 
machine feeding into a system varies with 
thd excitation, ami with wrong excitation 
a synchronous motor may be overloaded by 
excessive eurrent. though its power output 
is below full load. Thus^Herload eurrent 
protective devices, necessary in synchronous 
generators, are not needed in induction gen
erators.

In its simplest form, such a power collecting 
unit, as located along mountain streams, etc., 
thus would comprise:

A low dam across the creek, just high 
enough to raise the water sufficiently to cover 
the intake to the pipe line.

A few hundred feet of city water j>ij>e.
Some simple form of waterwheel, driving 

a low voltage induction motor as generator.
A step-up transformer connecting the 

induction machine with a medium voltage 
power collecting line, probabl^of a voltage 
betwetB Itl.OOO and 30.(1(H).

A disconnecting switch between trans
former and high voltage line.

Fuses between induction generator and 
transformer, to cut off in case of accident.

To this may be added an integrating watt
meter, to keep record of the total power 
delivered by the unit.

Ammeters, voltmeters, wattmeters and 
frequency meters may be installed in larger 
stations, for the information of the inspector, 
for test, etc., but are of no use in operation, 
as neither current nor voltage nor frequency 
can be controlled in the induction generator 
station, but are controlled from the main 
synchronous station of the system.

As the hydro-electric induction generator 
cannot be overloaded in operation, the fuses 
between generator and transformer are for 
the purpose of cutting off in ease the machine 
is held at rest under voltage, as would occur 
if the turbine were stopped by accident, such 
as by ice or other obstructions.

If the voltage comes off the line, the tur
bine races. The voltage then comes on again 
and temporarily large currents fow while 

pulling the ¡iced down (o iioni,.u 
cut oil m the ca'c. it r di irabh Io Ur <■ im,. 
limit fuses, that is. fu.c wlmli do not h|o'. 
instanth at excess iiiiietil. bin. dm to He 
presence oi a heat - st oring । lernem . on] ■. a I o i 
son c time, pfrliap' a minute or more T) a' 
is, such fuses as arc tued to •■omi । toil n 
iinliiition motor installation lor the pnrpo 
ol cutting ol) il the motor i-- pirman<ml 
stalled, but not to cut oil under the bn- 
porary excess current of starting

The disconnecting switch between trail - 
former and high frequency collecting line i- 
not really necessary, but in general if 
desirable to haxc some absolute cut off for 
use in case of inspection, testing, repair, etc

Lightning protective devices max' or ma.' 
not be installed in the induction generator 
station. depending on the frequency with 
which lightning is met in the territory, the 
value of the station, etc., in similar n .inner 
as applies to distribution transformers; or 
lightning arresters may be distributed along 
the power collecting lines, as is sometimes 
done with distribution lines, or located at 
special strategic points, such as the crest ot 
hills, etc. The ()F arrester is specially suited 
for this purpose.

In general, outdoor installation of appa
ratus would be used, though the induction 
generator, especially if large in siPmay be 
housed under a shed.

A speed governor on the turbine appears 
unnecc ssary, as the speed cannot be varied by 
the goxernor, but is held by the frequency 
of the system to which the plant is connected, 
and the speed governor thus, by partly 
closing the gates, could only reduce the out
put and thus xvaste poxver. An excess speed 
cut off max- be used to limit the speed in case 
of the voltage coming off the line, to 10 or 
20 per cent above synchronism. Tem
porarily, however, the turbine would probably 
run up to its free running speed anyxvay. 
before the gates are shut by the excess speed 
cut off. Turbine and generator thus must be 
built to stand free running speed, and it 
therefore is simpler and preferable, at least 
in smaller installations, to omit also the excess 
speed cut off, and let turbine and generator 
run up to tree speed if the voltage comes off 
the line. As soon as voltage is again pul on. 
the load pulls doxvn the speed to normal. To 
be able to ¡mil the induction generator down 
to normal speed, from free running speed, its 
speed-torque curve must be higher than 
that of the turbine, in the entire range above 
normal speed, as discussed in my * ■. viou> 
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paper,*  otherwise the machine may be stalled 
at over-normal speed. This, however, is 
rather more an interesting theoretical possi
bility, except in large machines of abnormally 
low armature resistance. The use of a reason
ably high internal resistance of the rotor, as 
customary in squirrel cage motors, eliminates 
this possibility.

Depending on local conditions, various 
arrangements can be made in operating the 
hydraulic turbine:

Where the water supply is fairly steady 
and uniform, the simplest arrangement is to 
let the plant run continuously, taking what
ever water is available up to the maximum 
power of the turbine, and letting the surplus 
run over the dam.

Where, as is usually the case, there are 
considerable seasonable variations of the 
volume of water, but the variations occur 
fairly slowly, the simplest arrangement is 
the use of a turbine with several nozzles, 
and the inspector at his daily or weekly 
round opens or closes more nozzles, in accord
ance with the available water.

Where there is some water storage, as is 
often the case, either by a dam impounding 
at least several hours’ supply of water, or in 
some reservoir back in the hills, the plant 
may be operated intermittently. Especially 
is this desirable, if power is more valuable 
at certain times of the day. A float then 
closes the circuit of a small motor when the 
water is high, and the motor opens the gate 
and thereby turns on the turbine. Inversely, 
when the water reaches its lowest level, the 
float closes the circuit of the motor xvith 
reversed phase rotation, the motor starts in 
reverse direction and closes the gate, and thus 
shuts off the xvater. Or, the motor may be 
permanently in circuit and open the gates 
and keep them open against a spring, until 
the float reaches its lowest position and cuts 
off the motor and the spring then closes the 
gates. If the poxver then comes off the line, 
the gates xvill automatically close until the 
poxver comes on again. This gate motor, 
connected to the power collecting line, starts 
and turns on the turbine, if the xvater level 
is high, and if there is voltage on the collecting 
line. Thus, if with such intermittent poxver 
it is desired to use the power during certain 
parts of the day, the poxver collecting line is 
switched off at the mam control station xvhen 
its power is not needed, and sxvitched on 
xvhen the poxver is desired. Thus, xvhen the 
reservoir is filled and the float closes the 

* “America's Energy Supply" - A.I.E.E. Trans. 1918, p. 985.

motor sxvitch during a part of the day when 
the poxver is not needed, the motor does not 
start until the power is needed and voltage 
is put on the collecting line at the main control 
station.

With such an arrangement of intermittent 
operation betxveen the collecting line and the 
induction generator a centrifugal cut-in and 
reverse poxver cut-out relay is inserted. 
Thus, when the xvater gates are opened and 
the turbine started, as soon as its speed has 
reached a certain percentage above syn
chronism, the centrifugal relay connects 
the induction generator to the power collect
ing line; it then falls into step and delivers 
power. When the geservoir is emptied or the 
xvater gates closed, the induction machine 
xvould still revolve, as induction motor driv
ing the turbine; but now the reverse power 
relay disconnects it from the power line and 
it comes to rest.

The same method of control by float is 
also usable to turn turbine nozzles on or off 
xvith the variation of the volume of xvater, 
where, there is no storage by reservoir. In 
this case, the overflow of the dam is made 
narrow and deep, so that the level back of 
the dam varies appreciably. The float back 
of the dam then closes the next turbine 
nozzle, when in the lowest position, where the 
overflow nearly stops, and opens the next 
nozzle xvhen the overflow has risen so much 
that the water flowing over it is ample to 
feed an additional nozzle.

In this case, where the creek does not run 
entirely dry. centrifugal cut-in and reverse 
power cut-out obviously are unnecessary, 
but one nozzle would always remain open.

In general, the induction generator instal
lation finds its best place where there is a 
fair head but small volume of water, and thus 
a very simple arrangement of induction motor 
direct connected to impulse waterwheel can 
be used along creeks, mountain streams, 
etc.

It is not the solution of the problem of the 
low head xvater power, however, because the 
very low speed and thus very large number of 
poles required for direct connection in low 
head xvater powers, makes the induction type 
of machine even less adapted than the syn
chronous machine, and small and moderate 
sized induction generator installations for low 
head xvater powers in general require chain, 
belt or rope-drive.

In small low head poxvers the cost of the 
dam will rarely permit economical develop
ment. Howexer, there are many cases 
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throughout the country where low head dams 
have been built or are being built for other 
purposes: for banking up the waler lor 
irrigation, for the use of condensers in big 
steam stations, for navigation and canaliza
tion, etc. Possibly in most of these eases 
there is a surplus of water which is wasted as 

overllow, and <an 1» utilizi Di ai ndui fio:, 
gem-rator plani In ’ ■
cconoinieallv kasiblv as thè co t ot t le- dan 
is tiot chargcablc agaiml thè lr.dro-i].i'rn- 
developinent. and thi> <onstitut< thè omnl 
important application of ila- indm'ioti et • 
emtor l’or hvdro-eleet ne power collo. lion

Induction Generator Plants
By C. M. Ripley

1’VHLieAllON Bl REAV, ('i E X E R AL ■lECTRH CoMl'WY

In this issue Dr. Steinmetz discusses a method of power collection, the U'C of which, to -omc extent, may 
be warranted by future economic conditions. In a very few instances, and under specially favorable < ircum- 
stances, the induction generator plant with little or no attendance is able t . juuify it installation. The 
author presents a brief description of such of these as have been in operation for a sufficient time to have 
demonstrated their practicability. If the prices of eoal and labor continue to soar at their present rate-, it is 
possible that the small induction generator plant may soon be economically more feasible than it i~ a-, pres
ent. —Editor.

Introduction
In the days of our frugal forefathers, coal 

was neither convenient nor cheap in the 
Eastern States. And so the streams of rapid 
flow and the small natural waterfalls were 
dotted with waterwheel “grist mills," where 
the farmers had their grain ground into flour, 
etc. Now nearly all of these grist mills have 
been dismantled or have fallen into decay— 
passing out of active use along with the 
abandoned farms, because the locations are 
now unsuited for industrial plants. The 
water powers, however, are still in existence.

In many eases these water powers can now 
be utilized for collecting this power and feed
ing it into the electric system of either an in
dustrial plant or an electrical company. The 
generators best suited for these small plants 
are regular induction motors of the squirrel 
cage type, which have no commutators nor 
brushes and are extremely simple.

The Pacific Power ami Light Corporation 
have had an induction generator plant in 
operation in the Naches Valley, near North 
Yakima, Washington, since 1915. The power 
plant consists of a small building 29 by 30 
ft. and contains one Pelton Francis water
wheel of 1900 h.p. which is connected to a ■ 
1400-kw. 2300-volt 3-phase General Electric 
induction generator. The hydraulic head is 
50 feet.

The only intruments on the generator panel 
are a voltmeter, ammeter and two wattmeters, 
one indicating and the other integrating, 
and a generator oil sxvitch of General Electric 
make, equipped with a low voltage release and 

an overload trip. A tachomear is provided 
to shoxx- the speed when the unit is s arh d up.

Three transformers of 5(H) kv-a. capacity 
feed the power into the C>G.i)(>0-volt trans
mission system, which is less than three miles 
from the plant. Because of the simplicity of 
the outfit, the entire plant is operated xvithout 
an attendant.

During the first two years of its operation it 
generated over twelve million kilowatt hours, 
and it is quite probable that the operating 
cost of this plant is the loxvest ever reached by 
any power plant of similar capacity.

Those engineers who are familiar with the 
plant state that it is impossible either to over
excite or under-excite the generate >r- it is fool
proof. It cannot be overloaded because the 
xvaterwheel capacity is less than the capacity 
of the generator; it cannot burn out due to a 
short circuit outside of the generator, because 
the short circuit will take axvay the excitation, 
and xvithout excitation the generator will not 
generate. The voltage and frequency of the 
system are determined by the synchronous 
generators, xvhich are controlled by govern rs 
and voltage regulators. The load dispatcher 
at the near-by synchronous plant instructs the 
patrolman how far to open the watenvheel 
gate of the induction generator plant to de
liver the load desired. When the induction 
generator circuit breakers are tripped the 
machine speeds up, but since the generator is 
designed to withstand 100 per cent over speed 
no damage can result.

After a shut doxvn the machine is put into 
service as follows: The xvaterwheel gates are 
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opened gradually until the machine is rotating 
at about it s normal speed. When synchronous 
speed is obtained, the generator switch is 
closed. Experience has shown that it is best 
to close the switch when the machine is run
ning slightly below synchronous speed. A 
stroboscopic indicator is provided to tel! when 
synchronism is reached. An arc lamp con
nected with the circuit is so hung as to illu
minate a series of black and white stripes 
painted alternately on the generator shaft. 
The number of stripes correspond to the num
ber of poles on the generator. The arc lamp, 
which is placed inside the frame between the 
generator and the waterwheel, illuminates the 
striped shaft and the stripes appear to move 
slowly ahead or backward, depending on 
whether the machine is running above or 
below synchronism. When running at syn
chronous speed the stripes appear to be 
stationary.

'I'he plant is connected to a transmission 
system of 31)0 miles of 66,000-volt lines and 112 
miles of 25,000-volt lines. The load is small 
and the system’s power factor is leading ex
cept during the irrigation season or at other 
times when there is a heavy demand for power.

During those periods when ice prev cuts full 
operation of the hydraulic plant, the problem 
of handling the charging current has been a 
difficult one, until recently. Since the Drop 
plant has been in operation, however, this 
difficulty has been considerably ameliorated, 
because 82.5 kv-a. is required for magnetization 
current. This current is supplied by the con
denser action of the transmission system and 
assists the synchronous generator just that 
much. When ice prevents the operation of 
the induction unit in the winter, the generator 
is kept running as an induction motor, merely 
for t he purpose of neutn lizing a portion of the 
line capacity.

()n occasions, the generator has maintained 
a coltage on the system and carried a load 
when the synchronous apparatus has been 
tripped off. Under these conditions it has 
been found that the frequency and load tire 
proportional to the waterwheel gate opening, 
while the voltage will depend upon the length 
of line connected and the voltage of the system 
at the instant the synchronous apparatus is 
disconnected. 'I'he load voltage and charging 
current will change with the frequency, which 
changes with a change in the waterwheel gate 
setting.

Tin. only attention that has been found 
necessary is given by the canal patrolman, 
who c isits the plant in the morning to inspect 

the. lubrication and record the wattmeter 
reading and at night to make such changes in 
the gate opening as may be requested by the 
load dispatcher. Occasionally the induction 
generator will trip off the line, and it is then 
the duty of the canal patrolman to put the 
unit back into service. The beat of this 
patrolman covers only four miles, one mile 
above and three, below the Drop plant, and as 
a telephone is installed every mile along the 
canal it is customary for the patrolman to re
port to headquarters at each station. He is 
therefore never more than three miles from 
the plant during the daytime, and as his sleep
ing quarters are in a house near the fore bay, 
with telephone connection, he can be reached 
at any time of night.

All in all, the engineers arc impressed with 
the fact that the installation, is fool-proof, al
most proof against neglect, and practically 
without operation costs. An account of the 
operation of this plant under various condi
tions is given in the following abstract from 
letters written by J. H. Siegfried, Superin
tendent of Power:

“I am enclosing herewith a copy of the data taken 
at the Drop plant when the induction generator was 
running alone, carrying the load from the Drop 
plant to Keenewiek, a distance of lit) miles. There 
was no synchronous apparatus on the line to furnish 
the magnetizing current, but the magnetization was 
taken care of By the capacity current of the high 
tension line. You will note also that the method of 
getting datl was as follows:

“All generating stations except Naches and Drop 
plant were disconnected from the line, and the load 
and < uricnt being carried by t he Naches plant on 
the 66 kv-a. line was brought to zero, after which the 
Naches plant was disconnected from the line, leaving 
the induction generator to carry the load Llone. 
'I'he speed was then increased gradually from fifty 
cycles to sixty-four cycles and readings taken at 
every two cycles, the data showing very plainly that 
as the speed Increased the voltage increased, and 
with it the charging current of the line. This in 
turn increased the magnetization of the generator, 
and the voltage rose still higher due to this. 
(Table. 1.)

“At another time we increased the length of the 
line thirty-five miles, adding 750 kv-a. in high ten
sion transformers to those already showing on the 
accounting sheet. The load at the two substations 
was practically zero, but you will note from the data 
that the load increased on the generator, as did the 
current and voltage when the machine was at normal 
speed. (Table II.) The greater part of the in
creases in load was due to the increase in voltage.

“There was connected to the line 11,750 kv-a. in 
transformers, which, together with the magnetizing 
current for the induction generator, brought the 
power factor to a reasonable figure when the machine 
was running at normal speed and normal voltage. 
The load at this time of the morning consisted of 
lighting load, and the power factor was leading.

“ In regard to the stability of the machine running 
alone and receiving its magnetizing current from
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READINGS TAKEN AT THE DROP PLANT WHEN THIS STATION WAS RUNNING ALONE 
ON Till-: 66 KV A. SYSTEM WITH III MILES OF LINE

*yclrp Kilowatts Atnprrrs \ Spirit ( t , ■ • .

50 300 210 210 -- 71 -- 17 1 110 ! ; '
250 220 221 ) 235 XO 170 1 -, 1 2X i < 1

54 425 240 245 250 88 ss X9 1X0 1 UI DD
56 260 270 04 01 19 2 1 < 102 06
58 050 285 290 9“ 99 100 21 H » 1 < M » 212
00 075 200 Hi , 110 1 10 1 10 2o7 177 _ 1
02 750 •>(i 300 305 117 1 17 1 IX 212 1X5 23t 1
04 s 315 325 : »1, 128 120 I2X — 1 '.»7 2 0

the high tension lines, 1 would say we have never 
observed anything which would indicate an un
stable condition. In making tests we have dropped 
the Naches plant when it was carrying 100 amperes 
of the charging current, but this did not seem to af
fect the Drop plant operation at all. In the last 
two years we have had all sorts of line trouble which 
caused us to lose the stations containing synchronous 
apparatus, but the Drop plant has hung on and car
ried the load after rill the other stations have tripped 
off automatically. There are no synchronous motors 
ted from the 06,i)00-volt system west of Kt enewick."

TABLE 11

Kilowatts Amperes V t Speed

800 320 105 207
310 1(16
310 105

Thirty-five miles of 66-kv-a. line added to the lit) . 
miles already charged.

1(150
380

The San Joaquin Light N Power Corpora
tion has in operation two induction generator 
plants, one of which is known as the Crane 
Valley power house, and the other the Res
ervoir 1-A power house. It is estimated that 
the former will deliver yearly three and one 
half million kilowatt-hours and the latter 
practically three million kilowatt-hours. The 
hydraulic head for each of these plants is 
created by the main reservoir dam, and they 
thus utilize the energy which otherwise would 
be wasted in the flow of the water from the res
ervoir to the fore bay for the penstocks of the 
main generating station.

The hydraulic head at the Crane Valley 
power house varies from SO to 120 feet. The 
waterwheel is rated at 1740 h.p.. 450 r.p.m. 

and is connected toa ] (i()0-k\-a.. .’dm >-v« H t. < a I- 
eyele, three-phase. squirrel cage induction 
generator. The set is designed to operate 
safely at 100 per cent oxer speed. As is cu-- 
tomary with the induction generator, no 
governor is used as the frequency is controlled 
from the main generating plant. 'The switch
board contains an automatic oil switch, am
meter, voltmeter and integrating wattmeter. 
The generator potential is raised to 70.000 
volts by three 400-kv-a. transformers, and the 
energy is delivered to the main network of the 
system through a transmission line seven miles 
long.

Tin Reservoir 1-A plant is located at the 
fore bay reservoir for Poxver Housi No. I. The 
hydraulic head is 3! 1 feet and the xvater is the 
same as that which earlier supplies the Crane 
Walley poxver house. Tin equipment consists 
of a G0()-h.p . 240-r.p.m. reaction turbine di
rect-connected to a 425-kv-a.. 3-phase. squirrel 
cage induction generator. The voltage is 
GGOII. This generating unit is also good for 
double speed. A small magneto belted to the 
shaft indicates the speed of the set on a direct 
current voltmeter. A float switch in the ditch 
controls the motor which regulates the wicket 
gates of the turbine to maintain the walr 
level at a constant height above the intake to 
the penstocks of the main power house. N’o 
regular attendant is necessary although it is 
visited from time to time by the patrolman.

It would have been economically imprac
ticable to use these extremely variable heads 
with a complicated installation requiring con
tinual supervision.

A small 100-li.p. plant of the Greenfield 
Electric Light & Power Company is operated 
under the supervision of Mr. C. F. Mosher. 
Supt. of Stations of the Turners Falls Power 
& Electric Company. A condensed descrip
tion of the plant, together with an interesting 
discussion of the proper charge for the dam.
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xvhich xvas needed for condensing xvater, are 
best told in the folloxving words by Mr. Mosher: 

"The Greenfield Electric Light & Power
Company has had in service since late in 1913 
a small induction generator hydro-electric described as

plant, located on the Green River at the Mill 
Street Bridge in Greenfield, Mass., shoxvn in 
detail on Fig. 1, together with photograph 
of dam and building exterior, Fig. 2, and

follows:

WWW

Plan and Elevation of the Green River Induction Generator Plant of the Greenfield 
Electric Light & Power Co. as Originally Constructed. Protection against floods has 

necessitated a rearrangement of the plant, involving silent chain drive

1 r

"There is a watershed above 
the dam xx ith an area of ap
proximately 50 square miles. 
The dam itself is a concrete 
gravity type ogee section, xvith 
a spillway 164 ft. long, creat
ing a head of Sty ft. from its 
crest to tail water. This is in
creased to 11ty ft. by means of 
flashboards during the season.

"The wheels are two in 
number, set in an open flume 
in a common horizontal shaft.

“The original installation 
consisted of two l()0-h.p., 
3-phasc, 60-cycle, 2300-volt 
squirrel-cage induction motors 
belted to the main shaft in a 
separate room adjoining the 
wheel chamber. The switch
ing installation consists of a 
single panel mounting an 
ammeter, a vatthour meter 
and an automatic oil switch 
connecting the motor to one 
of the Company's distribution 
circuits adjacent to the plant.

“A hydraulic relay gover
nor is installed to control the 
no-load speed of the unit to 
about 15 per cent above 
normal.

“The generator room is so 
low and the river rises so 
rapidly at times that trouble 
xvas experienced in the belt 
pit and once in the room itself, 
causing such serious belt 
troubles that in 1916 the 
motor xvas reset at a higher 
elevation and a silent chain 
drive substituted for the 
former belt drive.

“The annual output of the 
plant has been as folloxvs:

1915
1916
1917
1918

Kw-hr.
174,380
263,360
158,180
238,380
177,180

or a total of l,00MS0 kw-hr.
in five years.



INDI ('TK)X GliXERAToR I'LAXTS

"Tile-total plant invest incut is |26.1 l.'l SO. 
divided as follows:
Land an<l water rights. . I 3,non.On
Dam............................................ . 13.(lit).31
Bldg, foundations and wheel chamber 5,351.15
Elect. and hydraulic equipment............. 1,770.31

The repair and maintenance cost has been as 
follows:
1014..................................................................................... SI11.S5
11)15 .................................  332.HS
BUG....................... . . . . 35S.11
t'.)17................................................. . . S6.35
1918........................................................................lilt.17
a total of $940.69 for the five years, or 9325 
mills per kw-hr.

"No operating labor is charged to this 
plant, for it is located abt>ut 1 s 
of a mile from the Comjiany’s 
steam jilant and the only regu
lar .attendance given is a \-isil 
three times daily from one of 
the steam jilant operators on 
his way from or to work. ( )n 
this visit an inspection of 
bearings, racks, etc., is made, 
and if necessary, racks raked 
or the outfit started up or 
shut down, as may be indi
cated by the water condi
tions.

"Most of the repair and 
maintenance expense consists 
of flashboard maintenance, 
these having to be replaced 
complete once each year. 
The higher costs for 191B and 
1916 were due to necessary 
belt repairs and to replacing 
of belt with silent chain, as 
referred to before.

"It will be seen that if 
fixed charges of 15 per cent per annum for the 
eJiipment and 10 per cent per annum lor the 
remaining investment is charged against the 
output the statement would be as follows, 
assuming an average annual output of 200,000 
kw-hr. and an average annual repair and 
maintenance charge of .$200:
15 per cent.............S4770.34—*715.55
10 per cent.............21369.46—2136.95

2852.50 305250
Rep. & Main.............  . . 200.00 200000

Total...................... . 83052.50

“The answer in this particular case is this: 
An old log dam and grist mill occupied this 
location for years and from the pond above the 
dam the Company obtained the absolutely 
necessary condensing water for its steam 
plant. In the course of years the grist mill was

Fig. 2. Green River Plant of Greenfield Electric Light & Power Co. Photograph shows 
the dam and tiny Power Plant. The cable running up the side of the electric 

light pole connects this small generating station with the main system

It would seem to be apparent from the 
above that this method of utilizing a small 
power for this particular cast under discussion 
has been a commercially feasible propositi) n, 
but it would seem equally apparent from the 
figures given above that this installation 
would not carry itself as a commercial prop
osition if fixed charges on the entire cost of 
development were charged against the output, 
on the basis of 87.0(1 coal."

The Taylor-Wharton Iron & Steel Company 
at Highbridge, New Jersey, have an induction 
generator plant operating on a head of 14 feet. 
Between May. 191s. and May, 1919, inclusive, 
it generated 126.S00 kilowatt hours. The 
cost of operation amounts to about *150.00 
per year. A foundry employee makes an 
additional 51) cents per day by looking in at



, 4. The "Old Mill Pond" empties through the rack shown at the right 
The rack is raked occasionally to remove weeds, and little trouble is 

encountered with ice in winter. The power house is in 
the rear of the building on the extreme right
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This induction generator has pumped 126,800 kw-hr. 
into the power system of the steel plant
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the plant in the mornmg, I" see if it is oiled 
^Bperly. lie then locks the door until his re
turn trip home in the evening. The power cost 
runs between one half cent ami one and one 
quarter cents per kilowatt hour, depending on 
conditions. The Company has under con
sideration the deepening and widening of the 
canal leading from the river to the pond which

( hllcral Elci I l ie |imri ; ■■ ’

serves as a pem rat'>r
Mr B T Worth, Vne-Po' ,d. • ' ol \\ 

KlddcX- < 'ompanw ol Xev. Yor • "io • t 
Engineers and <'onu ruet or ol A m ■ 
t ion, is intensely in I ere-1 cd m it pi Horn ; 
ami is highly ph ased with the I"'.', up r: 
cost and the reliable s< r\ )< <• u hi< h n o >

Fig. 3. E evation of the Induction Generator Plant of Taylor Wharton Iron and Steel Company, High Bridge. N. J. 
This plant is illustrated in Figs. 4 5, 6 and 7

lies just above the power plant. By this im
provement it has been estimated that 30 per 
cent more power output for the same charge 
can be obtained. It will be interesting to 
watch the effect of this improvement if car
ried out, and the figures a year from now may 
make a still better showing. The extreme 
simplicity of the installation is shoxvn bv 
Fig. 3.

This little plant, xvhich is II ft. by 22 ft. by 
15 ft. high, is located at the lower end of an 
old mill pond, and is practically built into the 
end of the flume, thus almost eliminating the 
expense of a dam. The bank of the mill pond, 
which is also the main road, forms the dam. 
The walls of the poxver house are part of the 
flume, xvhich is 136 ft. long and 12 ft. wide. 
A 200-h.p., 3-phase, 2200-volt, 600-r.p.m.

CONCLUSION
These Plants Utilize Heads Too Small to be Profitably 

Developed by Synchronous Generating Plants

Per Year

Pacific Power A Light Co.
Drop Plant 1400 kw.i. ..

San Joaquin Light N Pow< r Ci irpora- 
tion

Crane Valhy Plant 1000 kv-a.
San Joaquin Light de Power Corpora

tion
Reservoir 1-A Plan 125 v-a.

Greenfield Electric Light & Power
(fompany

Green River Plant i 100 h.p.
Tailor Wharton Iron & Steel Com

pany..............................................................

6,000,01 in

3.5’ ll i.i il ii i

3.1 H H1.11' io

25t i.i »' l< i

15 'J H n i

12.900.no i

12.900.no
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Preventing Versus Correcting Poor Power-factor
By H. Goodwin, Jr.

Power and Mining Engineering Department, General Electric Company

All large power companies have the problem of power-factor constantly before them, limiting the capacity 
of apparatus, causing excess losses in transmission and distribution systems, and making voltage regulation 
difficult. Other authors have brought out the point that much can be done by fully loading induction motors 
to avoid the expense incurred by the use of synchronous condensers for corrective purposes. In this article 
the author makes some valuable practical suggestions for aiding in maintaining the load and power-factor of 
induction motors.- Editor.

All engineers dealing xvith alternating cur
rent are more or less concerned xvith “poxver
factor,” and the general subject of poor poxver
factor has received a great deal of attention. 
Transmission engineers have been most partic
ularly concerned xvith poxver-factor because 
it is on long transmission lines that its effects 
are most severely apparent.

The suggestions for improvement in poxx’er- 
factor may be divided generally into txvo 
classes: corrective and preventive. The cor
rective measure consists in the application of 
condensers, either synchronous or static. The 
preventive measures include the improvement 
of the power-factor of motors by the use of 
synchronous motors or induction motors oper
ating at full load.

The a] »plication of corrective measures is 
usually a problem large enough and so 
definite that it is placed in the hands of 
engineers xvith proper information and facili
ties for making recommendations. Further, 
the economy of correction can be definitely 
evaluated.

The application of preventive measures is 
apt to be a very intangible problem and to 
be in the hands ot persons having little inter
est in it. Hoxvever nexx interest in it is being 
added, in many eases, by the rapid intro
duction of demand charges proportional in 
some measure to the kilovolt-ampere demand 
instead of the kiloxvatt demand. So it 
behooves every power user to make studies of 
demand conditions in his plant either for 
present benefit or in anticipation of future 
benefit, or in an effort toxvard general national 
efficiency and economy in the use of our poxver 
supply. Many survey s have proved that, in 
general, industrial plants are largely “over 
motored.”

It is therefore the purpose here briefly to 
suggest some devices xvhich have proved 
useful to the practical plant engineer or 
electrician in meeting problems xvhich really 
only he can solve satisfactorily. Doubt
less many of these have read xvith interest 

articles on “over motoring” and the resultant 
poor poxver-factor, but have been at a loss 
as to hoxx’ to apply them in their particular 
eases. They may have counted their total 
motor load and compared that xvith the 
demand and seen the large difference, and yet 
not knoxx' just what to do next.

The next step is to make tests, preferably 
periodic tests, and to keep a record of the tests. 
The accompanying illustrations show means 
for facilitating these txvo operations. They 
need not be folloxved absolutely, but may be 
modified to suit conditions in each plant or 
material already ax’ailable.

It is essential that tests be made as far as 
possible without interruption to the serxuee. 
Sxvitches or fuses, across xvhich instruments 
may be connected, are often in semi-accessible 
places xvhere changing of instrument con
nections xvould be difficult. To meet both 
these conditions, it has been found very 
helpful to connect leads to the sxvitch or fuses 
in the motor circuit, and carry these to a 
portable test board xvith switches and ter
minals for the ready connection of the 
instruments. Such a board is shown in Fig. 1. 
With the current and potential double-throw 
switches a and b open, connections are made 
to the circuit and instruments. Various 
screxv connectors and clamps have been 
devised for connection to sxvitches and 
xvires and, for moderate sizes, have proved 
very satisfactory. The connections shown 
dotted are permanent and may be made on 
the back of the test board, or on the face with 
insulated xvire. All back connections should 
be fully protected by another board. The 
fuses, sxvitch blades or connections which have 
been bridged are then opened and everything 
is ready to take readings. Switches a and b 
are both throxvn to position A.

It is noted that the voltage is approxi
mately normal. The current short circuiting 
sxvitch U is opened, xvith readiness to close it 
quickly again should the ammeter scale be 
too loxx’ or should the xvattmeter read reversed.
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'I'he wattmeter connections should be cheeked 
carefully, bec^B.' if the power-factor is below 
D.5 the instrument will read reversed,and while 
it will be necessary to close ( ’ and interchange 
the current leads, the reading must be sub
tracted from the other phase reading obtained. 
To obtain readings on the other phase it is 
only necessary to close (' and “throw over” 
u and b and open (

Then comes the duty of recording the 
readings obtained. 'I'he value of many 
important motor tests has been entirely lost 
because there was no systematic means of 
recording them. Some plants have made, 
notable records for economy in use of motors 
and for high power-factor due almost entirely 
to a record system for motors and tests. 
Cards are used showing the location of every 
motor in service in the plant and those in 
stock or under repair. Other cards show 
motor locations and on these the test readings 
are recorded. This will be made clearer by 
referring to Figs. 2 and 3 which show cards 
suggested for this purpose. These cards may 
be ruled by hand, or printed, depending on 
the number required in each particular 
plant, and the information contained may be 
varied with local conditions.

The idea of the two cards is to separate con
veniently the information which belongs par
ticularly to the location of a motor from infor
mation about the motor itself, so that records 
of tests which belong essentially to the. 
machine or group of machines driven will not 
be made inaccessible by transfer of the motor 
to another location. The “Motor Record 
Card” contains all the. information pertaining 
to a particular motor and shows where it has 
been and is installed. On the back may be 
entered the record of any repairs made or other 
special information. The motor location card 
shows all the motors that have been installed 
at that location from time to time and the 
motor at present in service. The information 
about the motor is very brief; just sufficient 
to identify it so that the motor card may be 
found if further details are required. Stress 
is laid on the connected load and tests. The 
same form is continued on the back. In this 
connection, care should be used to get tests 
under average, maximum and minimum con
ditions and so to note them. Tests should be 
made after a change in machines in a group to 
see if a change in the size of the motor either 
up or down is necessary.

Just filling out the cards for each motor 
and each location and making a short sum
mary of them will probably bring out some 

iiHere.tiii" facts; but when th.- lir ’ round 
of tests is made sometInn;' i hl,. I- to be 
developed of considerable importance. The 
plant engineer is now read;. to inri improve
ments. It changes appear to be ;el'.i able, it 
will probably be well to check in each ca;ç,

Fig. 1. Diagram of an Arrangement of Instruments, 
Switches, and Connections for determining the 

conditions under which a motor is operat
ing without interrupting its service

to be sure that conditions were not abnormal 
at the time of the first test. If some motor 
appears to be overloaded, an inspection of the 
tests of others may show one underloaded with 
xvhich it may be interchanged xvith advantage 
to both. Some may be found enough below 
their capacity to xvarrant the purchase of new 
motors. In other cases, the over-capacity 
may not be sufficient to warrant the purchase 
of a nexx- motor immediately, but if extensions 
are planned, requiring motors of similar 
rating, nexx- smaller motors may be purchased 
and the old motors relieved for the new 
service.

Tests should also be made under starting 
conditions. All such facts have a bearing on 
the motor required and will be invaluable in
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ORDER 
NUMBER

DATE RECEIVED

PURCHASED 
FROM

Fig. 2. Card upon which may be recorded all information pertaining to a particular motor 
and showing where it has been and is installed

BUILDING

BAY

DEPT

REMARKS:

HOUR VOLTS KV-A. KW CONNECTED LOAD AND REMARKS

MOTOR LOCATION CARD OVER

Fig. 3. Card upon which may be recorded all the motors that have been installed 
at one location from time to time and the results of tests
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|Hisidering the purehtisc of new motors. 
And this leads directly to another thought 
So far we have been considering improve
ment in power-factor only by running induc
tion motors nearer normal load. 'Pests may 
develop good cases for the application of syn
chronous motors. Synchronous motors have 
now been developed with ammortiscur wind
ings in the pole faces giving starting torque 
equal to that of squirrel cage induction motors 
of the same rating. In the smaller sizes the 
supply of exciting current still presents a little 
problem, but it is not beyond comprehension 
to conceive of a i^H>r-generator set, centrally 
located, supplying excitation to a number of 
synchronous motors scattered throughout the 
plant. The power-factor could readily be 
controlled on the whole group by varying the 
exciter voltage either automatically or by 
hand.

It is not proposed to review here the appli
cation of synchronous motors, but it should be 
noted that if smaller size svnehronous motors 

can bi' installed throughout a p,.mf. 'In . 
improve the power-fact or on the di tribming 
mains and so increase I heir cap,m ir. It mb 
synchronous motors can be in tailed '.'.itli 
capacity for leading cnrri ii!. 11m pro . idmg 
also tor the < onci linn o| powcr-lact or. < > mm h 
tile better. ( ‘arc should bl' used 111 ordering 
such motors to specify what leading enrren’ or 
power-factor they shall carrv.

(>ne further t houghl: Would it be gom oo 
f;ir to suggest to power di tributmg com
panies that thev haw- prepared ‘ Mo nr 
Record Cards" and "Motor Test Card " 
for distribution to their customers to aid 
them in using the power ’hey purchase 
economically and help them to improve ’he 
power-factor of their loads'"

To sum up: Let us not consider any details 
in connection with poor power-factor too 
small for attention, but. by careful tests and 
records of them, determine upon means for 
prevention of troubles before ’hey accumulate 
to an amount requiring correction.
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The New England Power Company
By E. A. Dillard

Assistant Electrical Engineer, New England Power CompanI

and
H. R. Wilson

Power and Mining Engineering Department, General Electric Company

The system of the New England Power Company, and it- interconnections, is the result of the growth 
and combination of several smaller stations. Many of the problems of high voltage system operation dis
cussed in several articles in this issue are real problems of vital importance to the engineers of this system. 
The authors sketch briefly the development of the present system, and then discuss the operating problems 
which have presented the most difficult} and the means of their solution.— Editor.

The Development of the System
The present Nexv England Power Company 

originated in the Connecticut River Power 
Companx and the Connecticut River Trans
mission Company. The installation in 1909 
consisted of a 12,500-kv-a. hydro-electric 
development on the Connecticut River, eight 
miles south oi Brattleboro, Vermont, trans
mitting power at 66,000 volts to substations 
at Fitchburg, Clinton and Worcester. All 
three substations were built under the same 
general design, the first installation consisting 
of one 4500-kv-a. transformer bank. The 
original generating station at Vernon was 
later increased to 20,000 kv-a. capacity and 
a second 4500-kv-a. transformer bank was 
added to each of the substations. The trans
mission line consisted of 60 miles of double
circuit No. 2 copper with pin type insulators 
mounted on 40-ft. steel towers.

Three additional hydro-electric stations of 
6000-kv-a. capacity each were developed on 
the Deerfield River near Shelburne Falls, 
Mass. These stations were connected to the 
Vernon station by a 15-mile double-circuit 
66,000-volt transmission line and the original 
transmission line was extended from Wor
cester to Millbury, a distance of ten miles. 
This work was completed early in 1913. All 
three of the Shelburne Falls stations are of 
the same general design, consisting of three 
2000-kv-a. generators and two 3000-kv-a. 
transformers.

At the same time an outdoor substiftion 
of 12,000 kv-a. capacity was constructed in 
Millbury. This substation is of particular 
interest inasmuch as it was the first large 
outdoor station built in New England, and 
the first attempt to operate large water-cooled 
transformers exposed to the severe climatic 
conditions imposed by New England winters. 
The installation has proven satisfactory and 
all subsequent substations of importance have 
been of the outdoor type.

During this same year, a 60-mile. 66,000- 
volt, double-circuit line was completed con
necting the Shelburne Falls stations directly 
to the Millbury station. This line was con
structed of No. 2/0 copper with six disks of 
suspension insulators mounted on 75-ft. steel 
towers. The line was designed for ultimate 
operation at 110,000 volts.

A short time later a 15,000-kv-a. hydro
electric development was completed on the 
Deerfield River near Hoosac Tunnel, Mass., 
and connected to the Shelburne Falls plants 
by a double-circuit, 66,000-volt, No. 1 copper 
line. This line was also designed for ultimate 
operation at 110,000 volts.

The next addition consisted of an extension 
of the Shelburne Falls-Millbury line to an 
18,375-kv-a. outdoor substation at Paw
tucket; a distance of about 30 miles. The 
Pawtucket substation was connected to the 
35,000-kv-a. steam plant of the Narragansett 
Electric Lighting Company at Providence. 
Ten miles from Millbury this line was con
nected to a small steam plant at Uxbridge 
and connections were also made to the Wor
cester Electric Light Company’s 22,800-kv-a. 
steam plant at Worcester. When the Turners 
Falls Power and Electric Company’s plant was 
developed on the Connecticut River, con
nection was made between this plant and the 
New England Power system at Leverett, 
about 14 miles from Shelburne Falls. The 
Readsboro development of 3000 kv-a. on the 
Deerfield River was then completed and con
nected to the Hoosac Tunnel station over a 
7.6-mile single-circuit, 22,000-volt line. The 
Providence steam plant has been increased 
in capacity by 45,000 kv-a., and the Worcester 
Electric Light Company’s plant by 20.000 
kv-a.

During 1918 a 70,000-volt pole line was 
built to connect the Millbury substation 
xvith the 25,000-kv-a. steam plant of the 
Eastern Connecticut Poxver Company at
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Norwich and a 70,U0U-volt pole line built to 
connect the Clinton substation with the 
Boston Edison system. There xvas also con
structed this year a 70,000-volt outdoor 
substation at the Providence steam plant, 
and a 70,000-volt, double-circuit steel tower

Fig. 2. Diagram Classifying and Evaluating the 
Disturbances on the Lines of the 

New England Power Co.

line betxx-een this station and the Fall River 
Electric Company’s plant in Fall River. The 
construction of this line is interesting as it 
involved three crossings of navigable rivers, 
each demanding 115 ft. clearance. To effect 
this clearance, txvo 220-ft. toxvers and txvo 
177-ft. toxvers were required in Providence 
and txvo 215-ft. towers xvere required in 
Fall River.
. The system has continued to expand both 
in hydro-electric and st earn equipment ami at 
the present time its total generating capacity 
and that of the connecting systems is over 
500,0(10 kv-a. The New England Company’s 
system transmits energy, exclusive of con
necting systems, some 300 miles at 66,000 
volts and the normal week-day output 
averages about 1,100,000 kxv-hr., and the 
normal week-day peak averages about 80,000 
kxv.

Operation
A system of this capacity and complexity 

presents many interesting and difficult operat
ing problems in order to give continuity of 
service.

Complete records are kept of each system 
disturbance and studies are made of these 
records in order to reduce the extent of them.

Each disturbance is classified broadly accord
ing to its origin, and Fig. 2 illustrates the 
magnitude of each classification during one 
year’s operation. Another interesting point 
in connection xvith these records is the time 
of day that most of them occur. Fig. 3 
indicates that the period when most troubles 
occur is early in the afternoon as this is the 
time of day that lightning storms are. most 
prevalent. Disturbances generally originate 
from an accidental short circuit on some por
tion of the system, and in order that the 
remaining part of the system be not seriously 
affected, it is necessary to immediately 
segregate the section in trouble. It is essential 
to keep all generating stations in operation 
and on account of the number and distribution 
of these stations it is an unusually difficult 
relaying problem.

The scheme which has been adopted makes 
extensive use of balanced power relays to cut 
out of service that section of the double
circuit line which is in trouble but retain in 
service all sections that are not involved.
Balanced power relays are essential to sub
stations being served from double lines, and

Fig. 3. Chart showing the Relationship Between the 
Time of Day and Service Interruptions

between generating stations because of their 
reliability under all conditions of variable 
capacity. Fig. 4 shows the method of con
nections of the balanced power relays. Fig. 5 
shows the general scheme of relaying on the 
high tension lines. It will be noted that the 
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principal connections between generating 
stations are provided with balanced ponir 
relays on both ends. Willi these relays, the 
line in trouble is disconnected tjuickly and 
other connections are not disturbed. There 
is an additional advantage in this relaying 
scheme inasmuch as a very effective means is 
afforded for testing a line suspected of being 
in trouble. By means of small knife switches 
located on the switchboard, the balanced 
¡lower relay control circuit is made inoperative 
on the good line and operative on the line 
under test. Should this line prove faulty, it 
is disconnected immediately and there is little 
chance of disconnecting the good line. In 
addition to this balanced ¡lower scheme there 
is a “second line of defense” to take care oi 
double-line troubles and sustained short 
circuits caused by failure of other relays to 
function properly . This is obtained by use of 
straight overload relays that are given a low 
current and a long time setting. Relay set
tings arc made from studies of the value and 
distribution of the short circuit currents.

Fig. 4 Relay Diagram of the New England Power System

Calculations are made to determine the. limits 
of these values for various locations of short 
circuits and for the extreme limits of gen
erating capacity. Selections on low tension 
circuits are. generally obtained by means of 
inverse time limit overload relays. All

Fig. 5. Diagram of the General Scheme of Relaying on 
the High Tension Lines

In order to determine the relay “settings." 
a careful study of the short circuit current 
values was necessary, and it is necessary to 
repeat this study with each addition to the 
system. On account of the complexity of the 
system, calculations to determine these 
values would be extremely difficult and 
lengthy, so there has been constructed a cal
culating table to represent the entire system 
in miniature. (See Rrview issues of (>< tober. 
1916, and February. 1919. for a gt neral 
description of a similar table.)

When it is considered that high tension 
short circuits may develop instantaneous 
short circuit currents equivalent to suo.uoo 
kv-a., it will be seen that the dun imposed 
on the apparatus is extremely severe and the 
handling of this amount of energy presents 
an important problem. Thi operation of the 
system under these conditions necessitated 
several expedients to reduce the volume of 
these short circuits to an economical workable 
value. As an example, the high tension bus 
at Wlnon has been sectionalize 1 by me..ns of 
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an automatic oil circuit breaker so that when 
a fault occurs on one of the high tension lines 
from Vernon, this circuit breaker operates in 
time to effectively introduce the reactance 
of the Vernon transformers between the gen
erating equipment and the fault. By this 
means the duty on the high tension line oil 
circuit breakers is appreciably reduced.

The question of handling low tension short 
circuits is also an important one. Under war 
conditions, interconnections with relatively 
large generating capacities of other systems 
that had not previously been contemplated, 
were found essential, and in some instances 
such c<mnecth ms were made directly to the low 
tension distribution of the substations. These 
additions, of course, greatly increased the 
amounts of energy in low tension short 
circuits, and as the work was done under 
practically emergency conditions, it was not 
possible immediately to provide large enough 
oil circuit breakers to take care of this addi
tional duty. To overcome this situation 
tWnporarily, a scheme has been developed, 
u aking use of a reactor which is normally 
short circuited but automatically introduced 
between a feeder fault and the source of power 
until the feeder breaker operates and is then 
automatically again short circuited. As an 
example, in Fig. 6, the equivalent instan
taneous short circuit value on the low tension 
side of the transformers of a 24,000-kv-a. 
substation was 380,001) kv-a. This would 
normally mean that each feeder breaker 
would be required to interrupt this value. 
There was installed an 18 per cent reactor (X) 
which was normally short circuited by oil 
circuit breaker (B). When a fault occurs on 
one of the feeders, circuit breaker (B) instan
taneously opens and the reactor becomes 
effective, reducing the equivalent short cir
cuit to 100,000 kv-a. The circuit breaker in 
the faulty feeder then opens and circuit 
breaker (B) automatically closes, again short 
circuiting the reactor. The result of this 
arrangement is that there is required only 
one high capacitv breaker which is needed to 
interrupt (3.80,000 minus 100,000) 2.80,00(1 
kv-a., while the feeder breakers are only' 
required to interrupt 100,000 kv-a. Power 
loss and voltage drop in the reactor are also 
eliminated.

Insulators
One of the most interesting problems arising 

in connection with the operation of this 
system has been that of high tension insula
tion. On the high tension system proper 

there are over 9000 70,000-volt pin-type insu
lators and over 90,000 suspension-type insu
lator units. Experience has taught the neces
sity of periodically testing all of these insulators 
and testing and changing crews were organized 
to cover the entire system yearly.

66000 Vo/ts

Feeders
Fig. 6. Diagram showing a Reactance X, and 

a Short-circuiting Switch S, Between a 
Source of Low-tension Power and 

Distributing Feeders

No very satisfactory method for testing 
pin-type insulators has yet been learned. A 
v isual inspection is given these insulators and 
each section is “sounded out,” but results 
do not indicate that this method is thorough. 
The suspension insulator units were first 
tested with 1000-volt meggers, but this method 
was abandoned in favor of the simpler “buzz 
stick.” Megger testing necessitates removing 
a section of line from service, which is objec
tionable when the system is operating under 
even a medium load. Again, megger tests 
did not prove positive. When tests are made 
under the proper conditions, there is no doubt 
but that all units “meggering” low are bad, 
but it was found that many “meggering” 
high were also defective. This can be ex
plained by the fact that only a small fraction 
of an inch of porcelain is sufficient to give a 
reading of infinity on the instrument, whereas 
only a few thousand volts would be sufficient 
to break down this path. The “buzz stick” 
test is in effect a method of judging the 
quality of insulator units by visually measur
ing the charging current of each unit. A 
small wire fork, attached to the end of an 
insulating stick, is used to short circuit each 
unit one by one while the line is alive. The 
volume anil character of the spark drawn out 
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when one prong of the fork is removed H>m 
the metal parts of the unit indicate accuratel v 
the quality of that unit. Experience is, of 
course, necessary to pass judgment in this 
manner, but such experience is soon obtained 
Should the unit test badly, it is marked tor 
the changing crew by means of a small paint 
brush in the crotch of the testing yk. 
Check tests with high voltage and high 
frequency indicated very favorably for the 
“buzz stick" test. Only a small percentage 
of good insulators have been removed, and 
many that have tested badly but show high 
megger readings.

During 1918. (»7.156 units were tested by 
this method, the result being 5513 bad units, 
about S per cent of all tested. The cost of 
testing these insulators was about one and 
one half cents per unit.

Voltage and Power-factor
The territory fed by the New England 

Power system covers a considerable portion 
of the manufacturing district of the New 
England States, so that the load on this 
system is chiefly an industrial one, consisting 
of mills manufacturing cotton, woolen, paper, 
wire and rubber products, chairs, forgings, 
etc. There is also some railway and town 
lighting load. The industrial load, however, 
predominates and the character of this load 
is such as to necessitate wide applications of 
induction motors. Generally, the manu
facturers have shown a tendency to disre
gard the advantages of selecting motors for 
their various drives to give the best power 
factor conditions. Consequently, the system 
power-factor is not as high as is economically 
desirable. After extended studies of this situa
tion a 7500-kv-a. synchronous condenser has 
been installed at the Worcester substation, at the 
Woonsocket substation and at the Fitchburg 
substation, and further installations are being 
contemplated. These installations have ma
terially benefited the system power-factor as 
a whole and have been the means of obtaining 
much closer voltage regulation in the different 
substations. In addition to this, the con
densers effect a saving in line loss more than 
sufficient to pay the cost of their operation.

The hydro-electric stations and steam 
stations are on opposite ends of the system 
and they are not operated to capacity 
simultaneously. During low water periods, 
the steam plants supply most of the energy 
consumed in the vicinity of the hydro
electric plants. This, of course, introduces a 
problem of maintaining good voltage cun-

the customers in this \icinit. TIpt»- i ■ 
recently been purchased two c.ooo-': -;i 
generating units for the WrtiMi -fa'".:. 
These units are designed to opera' a' > ■ -
Will kw. at 70 per cent power-factor, or a- a 
synchronous condenser delivering noun k -.
0 power-factor. The power-factor situation 
is considered so important that a section < ' 
the Engineering Department devote their 
entire time collecting data and studying the 
problems involved. This section makes care
ful studies of the motor applications in each, 
mill with a view of rearranging such applica
tions to derive the maximum efficiency and 
power-factor from the motors. 'I’he results 
fully justify this work as an appreciable 
reduction of energy consumption and a better
ment of power-factor conditions has been 
achieved.

Inter-connections with Adjoining Systems
This system, like many anotin r. has had 

a rapid growth during the past few years 
In its beginning, when the system consiste 1 
of one generating station and a few sub
stations. the operation was a comparatively 
simple matter. Since then, however, the 
expansion of the system and its intercon
nections with adjacent systems, such as 
Narragansett Electric Lighting, Boston Edi
son. Turners Falls Power X Electric Com
pany. Colonial Light X Power Company. 
Worcester Electric Light Company. Black
stone Valley Gas X Electric Company. Fall 
River Electric Light C mpany. Eastern 
Connecticut Power Company, Rockville and 
Willimantic Lighting Company, and others, 
has made the oj»eration more difficult. Many 
complications have been i”tn duced. n< t only 
from the viewpoint of the most econ »mical 
use of the hydro and steam plants, but. als . 
from the point of continuity of service. as it 
must not be forgotten that the manufacturing 
industries arc of such a character that an 
instant shut down often means a consi lerable 
amount of damage in the products which are 
being manufactured. It is to be expected 
that the future growth of the system will be 
as rapid as the past and as the tendency at 
the present time is toward the interconnection 
of power systems, any changes or additions 
must take into account all such possibilities.
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The Alabama Power Company’s System, 
Its Development and Operation
By J. M. Oliver, B. Nikiforoff, and C. B. McManus

Operating Department, Alabama Power Company

The extension of high tension transmission and distributing systems into vast networks covering large 
sections of country, serving important industries, presents many operating problems that require careful study 
for their successful solution. The xontimuty of power supply has a great bearing on the growth of the trans
mission and distribution industry and every possible source of interruption should be anticipated and steps 
taken to minimize the effect on other parts of the system. The authors set forth in a clear and comprehensive 
manner many of the problems encountered in the operation of such a system and show some remarkable results 
from the use of relays and protective devices in preserving continuity of lervice.-EDiTOR.

The products of the industries of Alabama, 
such as cotton goods, eoal and iron, xvere 
among the most urgently needed during the 
xvar, and every effort was made to increase the 
efficiency tmd quantity of production. As a 
result of this came an increased demand for 
power. To take care of this demand the 
Alabama Power Company found it necessary 
to make several extensions to its system, and 
to improve methods of operation and pro
tection.

A complete description of the system xvas 
given in the June, 1916, issue of the General 
Electric Reviexv and various parts of the 
system have been described in other period
icals, so that it will be necessary to give only 
a brief outline here. The operation of the 
system, xvith a total generating capacity of 
about 150,000 kv-a., and approximately 1000 
miles of transmission tmd distribution lines, 
presents many problems xvith regard to the 
methods of operation, continuity of serxdce, 
protection against failures and their elimina
tion, together with the organization of main
tenance and repair xvork. A description of 
xvork done along these lines, and results 
obtained, will be th- cl ef subject matter of 
this article.

General
The main generating stations are: The 

Lock 12 hydro-electric plant, the Warrior 
steam plant, and the Gadsden reserve steam 
plant. Data of interest regarding ' hese plants 
xvill be found in Table I.

The main bulk of poxver is supplied from 
Lock 12, on the Coosa river, xvhere every 
effort is made to utilize the full quantiW of 
available xvater with maximum efficiency, at 
all times.

Fig. 1 is a general viexx* of the Warrior steam 
plant, and the 110-kv. and Ll-kv. switching 
yard. Fig. 2 shoxvs the switchboard at this 
station. The plant is located in the heart of 
the coal region of northwestern Alabama, on 

the banks of the Warrior river, and at 
present constitutes the main reserve capacity 
of the system. The plant was built in 1916 
and had installed one 25,000-kv-a. turbo
generator. In. 1918 a second unit of 33,000 
kv-a. xvas installed by the Government for the 
purpose of supplying poxver to U. S. nitrate 
plant No. I at Muscle Shoals.

Near Gadsden, on the Coosa river, is 
located the second steam plant used also as 
a reserve plant. A small hydro-electric 
station at Jackson Shoals is used largely* for 
boosting purposes.

The primary* substations are Magella, 
Bessemer, Anniston, Jackson Shoals, Syda- 
cauga and Muscle Shoals. Distribution lines 
are also fed from Warrior and Gadsden steam 
plants. A general layout, of the system shoxv
ing the location of generating stations and sub
stations, and territory served by* these stations 
is shoxvn by Fig. 3.

The Bessemer substation was constructed 
during the past year to take care of the 
increased load in the Bessemer district, and 
to form a point of interconnection between 
the Warrior steam plant and the main system. 
This station forms the central switching point 
of the western division of the system. It is 
connected with Lock 12 by* a double-circuit 
110-kv. line, and with Warrior steam plant 
by* one 110-kv. line and one 44-kv. line.

A 90-mile, single-circuit, 110-kv. line con
nects the Warrior steam plant xvith the sub
station at Muscle Shoals, serving U. S. 
nitrate plant No. 2.

Double-circuit, 110-kv. and 44-kv. lines 
interconnect the Magella and Bessemer sub
stations; Gadsden and Anniston are con
nected with Lock 12 by a double-circuit, 
110-kv. line, the Sylacauga and Jackson Shoals 
stations being normally* connected to one of 
these lines. The eastern and western sections 
of the system are tied together by one 110-kv. 
and one 44-kv. line betxveen Magella and Jack
son Shoals. A 44-kv. tie line interconnects



THE ALABAMA I’oWEK ('< >M l’AX Y'S SYSTEM 'N I

Fig. 1. General View of the Warrior Steam Plant. 110 kv and 44-kv. Switching Yard

Fig. 2 View of Switchboard at the Warrior Steam Plant
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Jackson Shoals and Anniston. Table 
III gives various data in reg:i'd to the 
110-kv. and 14-kv. lines.

As will be seen from Figs. 3 and 4 
the main primary substations, Besse
mer, Magella, Jackson Shoals and 
Anniston are interconnected with 
44-kv. tie lines. These lines serve 
materially in reducing the number of 
interruptions in case of 110-kv. line 
trouble. Each of the main substa
tions has at least three sources of 
power, and by a more or less elabo
rate system of relays, interruptions 
have been reduced to a minimum. 
Considerable study has been made in 
connection with the relay protective 
system, and the interconnection of 
the system. This matter will be dis
cussed in detail in another part of 
this article.

The section of country' covered by 
the transmission and distribution lines 
is subjected to lightning storms 
throughout the entire year. Summer 
storms are unusually severe and at 
times several storms have been ex
perienced in one day. Table II shows 
the number of days, during each 
month, on which lightning storms 
were observed for the year of 1918, 
and up to July for 1919. These 
observations were made by the 
Weather Bureau at Birmingham, this 
point being approximately the center 
of the system.

Such unusually' severe weather con
ditions, together with the fact that 
many of the lines pass through rough 
and exposed country offer sufficient 
explanation for a large percentage of 
troubles experienced in the operation 
of the system. The chief troubles on 
the 110-kv. lines, are, of course, insu
lator failures and flashovers; how
ever, troubles experienced on the 
44-kv. lines have been of a much 
more serious nature and more nun er
ous, quite a few failures having devel
oped in transformers. Up until the 
beginning of the present year the 
44-kv. system was operated with the 
neutral ungrounded. The electro
static unbalance in voltage, and the 
attendant high frequency surges re
sulting from a ground on one phase 
of this system was considered as a pos
sible reason for a part of the apparatus
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1 ABLE II 
LIGHTNING STORM OBSERVATIONS MADE BY THE WEATHER BUREAH AT API'POXI 

MATELY THE CENTER OF THE ALABAMA TOWER COMPANYS SYSTEM

In 1918, the grounding of the neutralfailure;

necessary chances 
equipment

jilant, and a UlMHi-kv-a. Lank at Lc, Is. early 
in January of the present year 'I'he neutral 
of a 31 )<MLank at Jackson Shoals will 
be grounded at an early date, and tin round

of the 4 1-kv. system was decided upon.
station

and the
1( IJ H H l-k’

lenirai was grounded through a 
a. transformer bank at the Warrior

Map shewing Territory Served by the Lines of the Alabama Fewer Company

grounded without resistance. The neutral 
of the 110-kv. system is grounded at Lock 
12 and Warrior. This system has been

years, and the results obtained an quite 
satisfactory.

It is imjiossible to m.ike a definite state
ment as to the results obtained by grounding 
the 44-kv. neutral, due to the short time which 
has elajsed since it was grounded; however,
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even in that time some impn >v<ment has been 
noticed. During the first six months of 1918 
failures developed in six transformers and two 
lightning arresters on the 44-kv. lines. 
Prior to the month of July of this year, fail
ures have developed in one transformer and 
one lightning arrester. It is interesting to 
note that the failure in the transformer 
developed at a time when the 44-kv. system 
was isolated from the grounding transformer 
banks. The failure of the lightning arrester 
presents also an interesting case. A ground 

percentage of causes of trouble is attributed 
to lightning. The interruptions attributed to 
“lightning” represent cases when a line was 
automatically disconnected during a lightning 
storm and no damage or failure was located.

Relay Protection
Before describing the layout of the relay 

protective system it will perhaps be of interest 
to show how it xvas xvorked out.

Thereactance of each piece of apparatus and 
line was determined, and a set of short cir-

Fig. 4. Single-line System Diagram, showing Normal Connections, Relay Protection, etc.

on the Warri or-Bessemer 4 1-kv. tie line caused 
the automatic operation of the line sxvitch at 
Warrior, thereby tripping off the neutral 
grounding bank al Warrior, and leaving the 
ground on an isolated system (the Leeds bank 
being out of serx-ice at this time). A con
tinuous arc xvas set up across the gaps of a 
lightning arrester on the isolated section, and 
before the trouble could be cleared failures 
developed in the cone stacks of txvo tanks of 
the arrester.

A classification of trouble for the first six 
months of this year is given in Table IV. 
It xvill be noted from this table that a large 

cuit calculations made, assuming short cir
cuits at various points on the system. The 
distribution of short circuit current through
out the system xvas shoxvn for maximum, 
minimum and average conditions on a single 
line diagram similar to Fig. 4. A “short 
circuit calculating device” xvas used to 
determine the current values, and the dis
tribution of short circuit current throughout 
the system, the complicated interconnection 
of lines and apparatus making accurate cal
culations by other methods practically im
possible. A complete description of the cal
culating device appeared in the February,
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1919, issue of the ('i1:xi:rai. Ei.h rule Ri:- 
v 1 u w.

'I'll«.' basic principle of the relay system is 
immediately to disconnect faulty lines ;uul 
apparatus in a way least allecting the normal 
operation of the system. The relays arc given 
settings to protect against short, circuits, and 
not against overload. With these principles 
in view short circuit conditions were studied 
and the proper relay settings given, all set
tings corresponding to the minimum con-

m-eted '’.emrating capai if fie i f ’ .
however. were checked lor m.i-.mmm r 'm 
mum and average condii ion al o for iou- 

diliotis in which comiecfion of llw • Dm 
were abnormal. It has been found that Hm 
sei tings as given will take car'- of pra< f i< all . 
all methods of operation.

The most important circuit • are profcibd 
with induction type overload rck, ■ :i - 
times in connect.ion with reverse power relax ,. 
Ritinger type relais are used on circuit ; of 

TABLE 111

110 KV. TRANSMISSION LINE DATA TOTAL LENGTH. 140 MILES

44-KV. TRANSMISSION LINE DATA TOTAL LENGTH, 535 MILES

Length Materials,
Total Size of
Miles Conductor

A r range -
Spacing ment of 

Conductors
Tower and

Poles

Vertical 
3 »2-ft. 
Horizontal 
5-ft.

Vertical

Triangular

Wooden 
P< des 
Creosoted 1 wire

* About 63 miles No. 2 0 and No. 1 equiv. aluminum.

TABLE IV
CLASSIFICATION OF TROUBLES FROM JAN, 1, 1919, TO JULY 1, 1919

(1) Lightning 
Line insulators 
Conductors. . . 
Poles, guys and cross arms

<2 । H.T. diconnecting switches 
H.T. oil switch bushing . . 
Blowing of H.T. fuses. 
Transformer failures. . . 
Trans, bushing failures 
Customers’ equipment 
(tperating errors . . 
Unknown. . . .

Total...................................... 4 100 us tun

(1) When line opens automatically during lightning storm and no failures are discovered.
(2) Switch blade dropped out while in scrvic«.
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secondary importance. The use of induction 
relays on all circuits is very lesirable due to 
the fact that it is, in certain instances, a 
difficult matter to obtain proper selective 
action between an induction relay on the main 
circuit, and a plunger type relay on a feeder. 
Experience has shown that the induction type 
relays are much more accurate and reliable 
than the plunger type relays, especially where 
selective action is essential, and where time 
settings of two seconds or less are necessary.

In deciding upon time settings the limiting 
feature xvas the consideration that no short 
circuit of appreciable value should be allowed 
to hold on more than txvo and one half 
seconds, this time being found safe for the 
operation of synchronous machinery con
nected to the system. A setting of txvo and 
one half seconds was given to all relays con
trolling outgoing lines of the generating 
stations, this setting corresponding to the 
minimum short circuit xvhich the relay must 
clear. For average conditions the relays will 
operate in from one to two seconds. Main 
line and tic line relays at substations were set 
for somexvhat less than txvo and one half 
seconds in order to obtain proper selective 
action. The differential in short circuit cur
rent betxveen relays on the main circuits is of 
great advantage in securing proper selective 
action of these relays. Feeder relays are given 
time settings of approximately one half 
second. It xvas found that about 0.4 second 
xvas sufficient time, in most cases, to alloxv for 
the operation of circuit breakers, but xvherever 
possible larger differences xvere alloxved. .

For convenience in describing the actual 
layout of relays the system xvill be grouped in 
txvo parts: Thu eastern division, consisting 
of the 110-kv. lines extending to the northeast 
from Lock 12 through Sylacauga, Jackson 
Shoals and Anniston to the Gadsden steam 
plant; the xvestern livision extending to 
the northwest from Lock 12 to Bessemer, 
Magella, Warrior steam plant and Muscle 
Shoals. These txvo sections of the system 
may be considered as being practically inde
pendent of each other, with regard to the 
relay protection, the only interconnection 
betxveen them being the Magella-Jackson 
Shoals 44-kv. tie line, since normally the 
Magella-Jackson Shoals 110-kv. line is left 
open at the Magella end, this line being used 
only' in ease of an emergency, or xvhen other 
sections of the 110-kv. system arc taken out 
for repairs.

The connections of the main part of the 
system are shoxvn by Fig. 5. It xvill be noted 

that a variety of connections is possible. 
Fig. 4 shoxvs the normal operating connections 
of the system, the location of oil sxvitches and 
the kind of relay protection used. It will be 
seen from this diagram that one transformer 
bank at both Anniston and Gadsden sub
stations is connected to each line, and that 
the banks are operated in parallel on a low 
tension bus. The Jackson Shoals and 
Sylacauga substations, having only one bank 
each, are connected to one of the 110-kv. 
lines. Jackson Shoals can also be fed from 
Magella or Anniston over the 44-kv. tie lines. 
Future developments of the 110-kv. system 
in the eastern section xvill probably require 
the installation of oil sxvitches in the lines at 
Jackson Shoals and Anniston and the con
nection of the lines at these points to a com
mon 110-kv. bus, this making necessary, of 
course, a decided change in the scheme of 
relay protection.

The western division contains the most 
important substations of the system, from the 
standpoint of switching and the amount of 
load handled. From a glance at Fig. 4 it xvill 
be seen that the operation of this section of 
the system is quite complicated xvith regard 
to relay’ protection, due to the several inter
connections between Magella, Bessemer and 
Warrior steam plant. It xvill be interesting 
to note that the connection of all 110-kv. 
lines to a common bus at the Bessemer 
substation is one of the first attempts at such 
operation on the system. To date, the opera
tion of both the reverse poxver and overload 
relay’s has been entirely’ satisfactory, not one 
failure to function properly’ having been 
charged against the relays.

The 110-kv. lines are connected to separate 
buses at Magella, and are paralleled on the 
low tension side of the 13,200-volt trans
former banks. A set of reverse poxver and 
overload relays are connected in the circuit 
of current transformers installed on the loxx’ 
tension side of each bank, the tripping con
tacts of the reverse poxver and overload relays 
being connected in series. Closing of these 
contacts operates an instantaneous direct 
current relay, and a definite time limit direct 
eurrent relay. Operation of the instantaneous 
relay trips the 110-kv. line sxvitch, likewise 
the definite time limit relax’ trips the low 
tension transformer switch. This scheme 
xvas adopted xvith the viexv of connecting the 
Magella-Jackson Shoals Line “A” to the 
Bessemer line “A” at Magella, thereby’ 
securing an additional feed into Magella. 
Trouble on one of the Bessemer 110-kv. lines
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causes a reversal of current direction through 
one of the transformer banks, causing the 
operation of the reverse poxver and overload 
relays and opens the 110-kv. line sxvitch. 
In case of trouble on one of the 110-kv. buses 
a similar operation occurs, the low tension 
transformer sxvitch clearing slightly after the 
110-kv. line sxvitch opens. It will be noted 
that in case of line trouble neither trans
former bank is lost, while trouble on a 110-kv. 
bus or in a transformer bank xvill be cleared by 
the operation of two switches leaving the Lock 
12 lines in operating condition and the Magella 
13.2-kv. load on one transformer bank. The 
operation of these relays has also proved 
entirely satisfactory.

Tin generator sxvitches at Lock 12 and 
Gadsden are non-automatic. At Warrior 
steam plant, the generator xvindings and their 
connections to the 13-kv. bus are protected 
by differentially connected relays. These 
relays operate only in case of trouble in the 
generator xvindings or the connecting cables, 
and trip the main generator oil switch and 
the source of excitation. This scheme proved 
successful during a recent failure of the 13-kv. 
cables interconnecting the generator and 
13-kv. bus. For normal operation the neutral 
of one of the Warrior generators is grounded.

Table V illustrates the duties imposed 
upon the relays ami indicates the system 
numbers of sxvitches xvhich must trip in order 
to clear certain eases of trouble. In analyzing 
each case of trouble it xvill be seen that inter
ruptions in every instance are confined to the 
smallest possible section of the system, and 
that complete interruptions to the most 
important substations are very unlikely.

It is quite evident from the foregoing that 
the relays are called upon to perform a very 
important, and in some cases, a complicated 
duty; the failure of any relay to operate 
properly can cause an interruption to a con
siderable section of the system xvith a cor
responding money loss involved. The ques
tion arises, therefore, hoxx* far ean one depend 
upon correct relay operation, and what must 
be done in order to keep the relays in first 
class operating condition?

Actual experience has shown that the 
present relays are quite accurate instruments, 
requiring very little attention. This is espe
cially true of the up-to-date reverse poxver 
relays and induction overload relays. The 
settings as given remain constant for an 
indefinite time. Time settings of induction 
overload relays are practically independent 
of the current settings, that is, the latter ean 

be changed without changing the time setting 
corresponding to the same percentages of 
overload on the relay. Plunger type relays 
require more frequent attention and do not 
hold their settings for any considerable time.

The operation of relays has proved, in 
general, to be very satisfactory and of great 
x alue in maintaining an uninterrupted service. 
There have been practically no incorrect 
relay operations on the system, and in nearly 
every case xvhen troubles have not been 
properly cleared, some defect, outside of 
faulty relay operation, was discovered. Com
mon defects are sluggish oil sxvitch mech
anisms. burned out trip coils and faulty 
control circuits. In order to insure proper 
protection, regular inspection trips are made 
for the purpose of cheeking and testing the 
operation of relays. As a rule, each relay is 
tested every txvo or three months, the trip 
circuits are tested, and when possible the 
operation of the oil switches checked.

Relax- circuits are provided with small test 
sxvitches, so that the current transformers can 
be easily short circuited and the relay dis
connected. Switches are also provided in the 
trip circuits. The use of these switches 
greatly simplifies testing, for the reason that 
relays may be quickly disconnected from their 
normal circuits and connected to the test 
apparatus. Jewel bearings are inspected and 
oiled xvhen necessary, and the bellows of 
plunger type relays oiled, and contacts cleaned 
or adjusted.

The current coil of the relay is then loaded 
xvith an artificial load and the time-current 
curves checked. The character of the arti
ficial load used affects to some extent the 
characteristics of the relay; for instance, if 
the load consists of a bank of large tungsten 
lamps the relay xvill trip, for a given setting, 
in from five to 15 per cent less time than if a 
standard unit xvire resistance were used, 
the. instantaneous rush of current being very 
much greater in the lamp bank than in the 
xvire resistance. When using a bank of carbon 
lamps the instantaneous rush of current is 
greatly reduced.

As some of the relays must operate with a 
minimum difference in time settings, it was 
found desirable to test all relays using the 
same type of artificial load. The standard 
meter testing resistance with a current range 
of from one quarter ampere to 30 amperes was 
adopted and is used for all relay tests.

Trip circuits arc tested, xvhere possible, 
by tripping the circuit breaker with the relay. 
This test has proved valuable in many
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instances for detecting trouble in the switch 
mechanism, or in the control circuits.

A careful record of each relay setting is 
kept in the office. From the tests, character
istic curves are plotted for each relay. These 
data, together with the short circuit cal
culations, facilitate the checking of relay 
operation, and the analysis of trouble.

Organization
The Operating Superintendent is in entire 

charge of the operation and maintenance of 
the system. The Superintendent of Produc-

It is the duty of the relay engineers to keep 
in close touch with the actual operation of the 
system, with regard to relay protection and 
operation, connections of lines, voltage regu
lation, improvements in service, analysis of 
troubles and work of a similar nature.

The general operation of the transmission 
and distribution system, with regard to 
switching operations and handling of load, is 
under the general supervision of a chief load 
dispatcher. Station operators of course 
report to their respective station superin
tendents, but also receive instructions from

Fig. 6. Mimic Switchboard in Load Dispatcher’s Office

tion, Superintendent of Maintenance and 
Repairs, Relay Engineers and a Chief Clerk 
report directly to him. The Load Dispatcher, 
Superintendents of Generating Stations and 
Isolated Plants report to the Superintendent 
of Production. The system is sectionalized 
into two divisions, eastern and western, each 
division being in charge of a superintendent 
reporting directly to the Superintendent of 
Maintenance and Repairs. Primary sub
station superintendents report to their re
spective division superintendents as do main
tenance foremen and division line supervisors. 

the Load Dispatcher with regard to switching 
operations and the handling of load.

Load Dispatching
The Load Dispatcher’s office, situated at 

the Magella substation, is connected with all 
points of the system by private telephone 
lines, enabling the establishment of immediate 
communication with any switchboard opera
tor on the system. Bell telephone service is 
provided at each of the primary stations, this 
service being used only in case of trouble on 
the private lines.
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Printed instructions covering in detail 11n- 
operation of the sxste-m, lor both norma) mid 
emergency operations, are distributed among 
the employees, and every employee engaged 
in the operation of the system is required to be 
thoroughly familiar with them. First aid 
methods, resuscitation from electric shock-, 
safety rules, mid, in fact, all points vital to 
the safety of employees and to the efficient 
operation of the system are included in these 
instructions.

For operation of the system, lines and 
apparatus arc divided into two classes:

1st Class. 110-kv. transmission lines, -I l-kv. 
tie lines and all apparatus interconnected for 
parallel or combined operation.

2nd ('lass. Distribution lines, with con
nected apparatus, radiating from stations 
which do not tie in with some other station on 
the main system.

Lines and apparatus of the first class arc in 
direct charge of the Load Dispatcher, and 
cannot be taken out of service or placed in 
service without his orders. This assures the 
continuity of service to each station, as the 
Load Dispatcher is in touch at all times with 
conditions over the entire system.

Lines and apparatus covered by the second 
class are handled by station operators, who 
are at all times responsible for their operation.

All switching operations, unusual weather 
conditions, lines and customers' interrupters, 
and, in fact, everything of interest in con
nection with the operation of the system are 
immediately reported to the Load Dispatcher. 
A daily log is kept in the Load Dispatcher’s 
office, covering switching operations, auto
matic or manual, affecting interruptions to 
lines or customers, climatic conditions, line 
and apparatus trouble and other events en
countered in the operation of the system.

Station operators keep daily log sheets, 
showing instrument readings, climatic con
ditions. power generated or transmitted, 
switching operations. interruptirMI to line 
or customers, etc.

Located in the Load Dispatcher's office is 
a “mimic switchboard,” see Fig. 6, represent
ing in detail the switching layout of all 
primary stations, interconnecting lines, an i 
feeders connected to station buses. This 
board consists of a number of sections of 
beaver board properly drilled and painted to 
show oil switches, disconnecting switches, 
buses, apparatus and lines, one section being 
used for each station. These sections are 
placed over a frosted glass, the switch numbers 
being painted on the glass under the holes

pm\ ided lor oil mid di ’ ■
The sw iti-li mi ml n r । ai .■ ■
distance from ihe board In n '■ 1
11\ lamps ] daced m I he : ■ .,i > ■ ■ . • I
Evers’ mimic suilih i d- m I
number corresponding lo tin nm imn.o r
। >1 the swil di w h H h it npi' 1 nt tn 
switches are given e\eii mimber . and di - 
connecting switches odd number. A e.,b< 
scheme is used tor rcpri scnt in lim 
different voltage. Special tags arc u -'d to 
cover holes representing oil and disconnect in 
switches. A tag covering a hole iiulii ate> that, 
the switch is open.

This board represents at all times the actual 
connections of the system. Whenever a 
switching order is executed proper changes 
are made on the board. In all switching 
orders the switches are referred to by their 
numbers.

Before giving clearance for work on the 
lines or apparatus, special tags or “hold 
cards" are placed upon each and every piece 
of apparatus which, if operated, might 
endanger the safety of men doing the work. 
Two types of “hold cards" arc used, a large 
size and a small size. Small cards cannot be 
placed or removed except by order of the 
Load Dispatcher. Large cards are used by 
the Load Dispatcher in tagging lines or appa
ratus directly under his contn>1 Ft>r instance, 
in clearing a 110-kv. line the dispatcher orders 
the proper switches opened and small cards 
placed, after which he fills out a large card 
and places it on the mimic switchboard. 
Large "hold cards" are also used by station 
opera'ors in tagging lines or apparatus under 
their supervision. Xo “hold cards" can be 
removed until the foreman of the repair crew 
has reported clear, and that the equipment 
he has been working on is in condition to be 
placed in service. In case of more than one 
gang working on equipment the foreman of 
each gang must report separately to the 
Dispatcher, who will place a set of “hold 
cards” for each of them. Figs. 7 and S show 
the types of “hold cards” used. These cards 
are tilled out in duplicate, one copy being 
tiled in the station at which it originates, and 
the other in the main office.

The Load Dispatcher keeps a daily report 
of all switching operations performed at his 
orders. One side of the report shows the 
system number of switches operated, time of 
operation and name of operator doing same. 
On the other side is a switching layout of the 
system, Fig. 5; at the end of each shift the 
retiring Load DispatcI^Rindicates with red 
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pencil marks the connections of the system at 
the time, and signs the rep. rt This report 
presents an accurate record of system con
nections, and switching operations and is of 
great value in checking conditions of the 
system from day to day.

’ Fig. 9 shows the form used for recording 
system troubles. A report of this kind is made 
for each case of trouble causing the automatic 
operation of switches, or for pre-arranged 
switching affecting an interruption to cus
tomers. On the reverse side is a map of the 
system and a table for rec<>rding the damage or 
loss of equipment. The Load Dispatcher 
indicates on the map the approximate location 
of the fault. Pre-arranged interruptions for a 
given day’s operation arc recorded if possible 
on a single sheet. These reports are of untold 
value in checking relay operation, and in study
ing operating conditions of the system.

N? 9903

HOLD
APPARATUS ____

SWITCHES HELO_

DHE ISSUED - K
HELD FOR -
WORK TO BE OONE ,

111 DATE RELEASED- «---------------- 191—
TIME REQUIRED____________________

PLACED IN SERVICE _______CLEARED BY
REMARKS _

. _ R E M O VE O B Y_______________ ;________ '

Fig. 7. Type of Large “Hold Card”

Should a 110-kv. line, or 44-kv. tie line 
trip out it is charged again after a two
minute interval. If it trips again the line will 
be sectionalized, and tested. When the 
trouble has been sectionalized the line is 
turned over to the division line supervisor 
who directs the patrol and repairs. After 
repairs have been made the fact is reported 
to the Load Dispatcher who is responsibfe 
for the tests and placing of the line in service.

After the automatic operation of a feeder 
switch, it is closed twice at two-minute inter
vals. If it trips upon the second applica
tion of voltage the line is held out, the trouble 
located and the necessary repairs made.

Division line supervisors are responsible 
for the patrol and upkeep of all lines in their 
division. As soon as possible after the auto
matic operation of switches controlling 110-kv. 
lines, 44-kv. tic lines, and feeders, the line is 

patroled even if it holds in upon the first or 
second application of voltage. This is done 
in order to locate possible defects which may 
cause serious trouble at a later date.

Emergency instructions cover the operation 
at various stations when telephone com
munication with the Load Dispatcher becomes 
impossible. It is impossible to furnish definite 
instructions for operation at such times, and 
the quick restoration of service depends, to 
a great extent, upon the ability of the operator. 
In general, however, operators are urged to 
carefully analyze their troubles and take only 
such steps as are necessary to restore service. 
No interconnection of 110-kv. lines and tie 
lines is to be attempted; operators simply

N? 24148 .

HOLD
APPARATUS BEARING THIS CARD

NOT TO BE OPERATED
CARO NOT TO FLACCO OR ACMOVEO tXCIPY OT 

OAOXR OF *»0T<M OFCAATOR

PLACED FOR------------------------- ----------

ON---------------------------- --  - -----------

PLACED_____M. BY

REMOVED___ — M. BY 

ORDER OF--------- i-----------------------------

SIGNED------- .-----„------—------------------

SIGN EO—------- ,------- „J—J

date --------------------'9»—

STATION _----- ~----------------- *—a---- -——

Fig. 8. Type dT Small “Hold Card”

restore service from the first source and com 
municate with the Load Dispatcher at the 
first possible moment.

Maintenance and Repairs
Taking into consideration the large extent 

of the system, as regards both lines and 
apparatus, it is quite evident that the main
tenance and repair work is of the utmost 
importance. This work is in charge of the 
Superintendent of Maintenance and Repairs, 
hav ing under his jurisdiction the up-keep of 
all properties pertaining to the transmission, 
transformation and distribution of electrical 
energy. Activities of the Maintenance and 
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Repair 1 >i partnu-nt rover, in general. Hie 
standardization of methods and mail rials, 
general inspections, special studies and investi
gations, statistical records and preparation of 
reports, and all maintenance and repair work.

For more efficiently handling this work, the 
system lias been separated into two divisions, 
tile eastern and western, and each divi
sion placed in charge of a superintendent, 
reporting directly to the Superintendent of 
Maintenance and Repairs. The eastern 
division includes Lock 12, Sylacauga, Jackson 
Shoals, Anniston and Gadsden, and the 
western, Bessemer, Magella, Warrior steam 
plant and Muscle Shoals substation. The 
divisional plan has proved quite suceess-

I 11n'linen are b>eal< >l a । .ir - w
the si slem, o as to 1>< qim l.k .n - J- m 
case of trouble. Whim lid on pmro'. ti- 
lepori to their respectivi- Ini' up e i • -i at 
least three times ilailv. El I ' ' I ' 
made to make Hie riglit-oi-v.a" al'.: z nan - 
mission lines easily ;icec"ible, le ¡»l:n mr 11 < 
bridges across streams, and olii:’ dilli' n ' 
¡mints along tile lines.

Each division,al organization mdnd' an 
Assistant |)i bion Superintendent v.loplm 
orders materials, and directs various wrl: to 
be performed by equipment and line mail - 
tcnancc crews.

Ri utinc inspections and tests have pro-, i d 
of great value in improving operating cim-

SYSTEM TROUBLE REPORT

Fig. 9. Form Used for

ful, in that competition in all lines of endeavor 
by the divisions has created a stimulus for 
further effort on the part of various employees, 
resulting in better work with greater econ
omies and more careful consideration of 
details.

The up-keep of transmission and distri
bution lines is in charge of Division Line 
Supervisors, who have charge of all patrol 
forces and line maintenance crews in their 
division. With the development of the 
divisional organization, and the placing of 
line supervisors in charge of smaller terri
tories, greater opportunities for specializing in 
the correction of line failures has resulted in 
minimizing the length of line interruption.

Recording System Troubles

ditions. and in the up-keep of equipment. 
In many instances serious troubles and long 
outages have been anticipated. Inspectors 
are provided with special forms, covering 
inspection of substation equipment and trans
mission and distribution circuits. Inspection 
reports are forwarded to the proper division 
office where necessary steps are taken to 
correct deficiencies which are discovered.

()il in 110-kv. apparatus is tested monthly, 
and in 44-kv. and 22-kv. apparatus once 
every three months. Reports upon tests 
are submitted to the Division Office where 
a complete record is kept of the condition 
of oil in every piece of apparatus on the 
system.
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The Division Office keeps a complete set of 
records covering patrols, line apparatus and

Fig. 10. Type of Anchor Support Used on 
Warrior—Bessemer 110-kv. Line

insulator failures. Patrol records appear in 
graphic form so that frequency of patrol, 
hazards existing, storm occurrence, and proper 
execution of patrol policies may be determined 
at a glance.

A careful analysis of the various reports 
makes possible the weeding out of undesirable 
equipment, thereby reducing to a minimum 
the hazards to continuous service.
Insulators

As will be seen from Table IV, insulator 
failures constitute a large percentage of the 
trouble encountered in the operation of the 
system. Insulators on the 110-kv. lines have 
been meggered yearly since 1915. A complete 
description of the methods adopted appeared 
in the June, 1916, issue of the General 
Electric Review.

A careful analysis has been made of the 
cost and depreciation of insulator units 
together with a study of operating hazards 
involved, to the end that possible revision in 
meggering may be devised wherein periodic 
tests will conform more closely with the 
depreciation observed.

The results of megger tests made during 
19IS, and an average of tests made during the 
past four years, appears in Table VI.

As will be seen from this table, the per
centage of defective units on strain towers 
was very much higher than that on the sus
pension type of support. This is also true 
of actual failures of insulators as shown by 
the tabulation on page 995.

TABLE VI

FOR YEAR 1919 ON SUSPENSION
DISK INSULATORS

TOTAL RESULTS OF MEGGER TESTS

TOWER LINES SUBSTATION YARDS
TOWER LINES AND SUBSTATION 

YARDS

No.
Tested

No. 
Defective

Per Cent 
Defective

No. 
Tested

No..
1 Defective

Per Cent 
Defective ,

No. 
Tested

No..
Defective

Per Cent 
Defective

Suspension. 35,445 734 2.07 1,094 11 0.65 37,139 745 2.00
Strain ............... 12,894 S86 6.87 5,677 574 10.10 18,571 1,160 7.87

Total. . . 48,339 1,620 3.35 7,371 855 7.94 55,710 2,205
1

3.96

TOTAL RESULTS TO DATE
1915-1916-1917-1918-1919

Number 
Tested

Number 
Defective

Per Cent 
Defective

Suspension 221,804 6.025 O 70
Strain. . . 86,320 8.043 9’32

Total.. . 308,124 14,068 4.57



THE ALABAMA I'nWER COMPANY;-. SYSTEM

Percentage of Euilurcs

A study was made of the profile of the trans
mission lines and the strains to which towers 
would be subjected on change of type of 
construction. 'I'he stress on the suspension 
unit for the average span of 111) copper wire 
on the line is about 120 pounds. On strain 
towers this stress on the insulator unit is 
about 1 100 or 15(10 pounds. A plan has been 
formulated for reconstruction with a type of 
support planned to limit the mechanical 
stresses on all insulator units to a maximum 
of 730 pounds. This means the elimination 
of strain towers where angle construction 
does not interfere; and at angles, the sub
stitution of the double yoke strain type of 
support. Suspension type of support is being

Fig. 11. Front View of Calculating Table Built for and Used 
by the Alabama Power Co. for the Calculation 

of Its Short-circuit Problems

substituted where strains are used in all cases 
except at extreme angles on the lines. Where 
the contour of the country is such as to make 
the clearance above the ground of the lower 
wire less than 25 feet, and also on extremely 
long spans, it becomes necessary to use double 

sm pension rat her than ■ .• ■ .
<>f ••nppi.rt.

The climinat i< m ' .( t rain o . < • n ■ 
unusual stress in the hue at iviinih poim m 
eases of breakage of v.ire To odm. il.e 
possibility of destructive con rijit. !1(< unde'-

Fig. 12. Rear View of the Calculating Tabic 
shown in Fig. II

such circumstances, the Richer type of 
support is used at intervals of approximately 
live miles. The plans outlined above have 
been carried out in part and will be carried to 
completion as swiftly as possible.

Fig. 10 shows the anchor type of support 
on the Bessemer-Warrior 110-kv. lines. Asa 
point of interest it should be noted that the 
lower has a steel top and wooden supports. 
This type of tower was adopted at a time 
when the price of steel was excessive with the 
view of ultimately replacing the wooden 
supports with steel.

Some progress lias been made in the test
ing of pin type insulators on the 14-kv. 
lines. Tests were made using a 1500-ohm 
telephone receiver, the receiver being con
nected between the ground and insulator 
pin. Defective insulators were detected by 
intensive noise in the receiver caused by 
the leakage current. This method of testing 
has not been used to a great extent on the 
system, therefore it is impossible to determine 
its effectiveness. About three per cent of 
insulators tested have been found defective.
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The General Electric Company in the 
Great World War

PART V. GENERAL WAR AND INDUSTRIAL ACTIVITIES
By John R. Hewett

Editor ■eneral Electric Review

In our four previous issues we have attempted to outline some of the work the Company undertook to 
help carry out the Government’s war program and we still feel that the story has not half been told. In this, 
the concluding part of our series, we try to point out how broad was the Company's field of activity and how 
help was extended to practically every industry in the country.—Editor.

The part that the General Electric Com
pany played in the maintenance of the in
dustrial life of the country is brought very 
vividly to the mind of anyone who is asked 
to give in writing a general idea of the Com
pany's war work. Because after having dealt 
with those war activities that at first seemed 
most notable, there is such a host of other 
work still to write about that it seems impos
sible to undertake it. It must be remembered 
that we are living in an electrical age, where 
electricity is used for heating in a variety of 
different ways, for lighting our factories, 
homes, streets and highways, and for power 
in such an infinite variety of purposes that 
it would be almost impossible to catalogue 
them. The new applications of electricity 
are as constant as they are varied and every 
industry is daily becoming more dependent 
on electrical apparatus for the efficient manu
facture of their products. The Company's 
share in stimulating the war work of the 
country by supplying others with the means 
to “do it electrically’' will never be fully 
known for the simple reason that it would 
take too long to write it. The total amount 
of engineering work done to assist, and the 
apparatus made for and installed in, the steel 
industry alone is a subject for many volumes. 
The mining and oil industries with their pro
digious requirements in motors, coal han
dling apparatus, cranes, hoists, elevators and 
com eying machinery are another story. The 
freight handling problem embraces a variety 
of work that defies description and includes 
such items as the equipments for docks, ships, 
shipyards, canals, storehouses, railroad ter
minals, etc. The paper and pulp mills, the 
rubber industry, the sugar industry and the 
textile industry all made hear y demands on 
the Company’s resources. The number of 
machine tools equipped with electric drive 
was tremendous and involved a great deal of 
engineering work. A great deal of engineering 

work was done on precipitation equipments, 
electric furnaces and electric welding and 
smelting equipments. The work done on the 
developments for nitrate plants was most 
notable and the Company at the same time 
did its full share in the power transmission 
work of the country, and was all the time 
doing such as it could to help both great and 
small public utilities throughout the country 
to meet the heavy demands that war brought 
on their plants. It seems quite impossible to 
write at length on these subjects, so the follow
ing paragraphs have been compiled to give 
some slight idea of the kind of service that 
the Company was rendering the country in 
ways that are lost sight of among some of the 
more spectacular work.

The sale of electric motors to steel mills 
during 1918 was smaller than for either 1916 
or 1917 as such great extensions were made 
during these periods, but during 1917 and 
1918, the Company supplied 93,000 h.p. of 
motors for main mill drives and did a business 
of over §7,700,()()() in helping the steel mills 
of the country to do their bit. Like all work 
of this nature the fulfillment of such con
tracts involved a great amount of highly 
specialized engineering and office work. This 
work was not only spread all over this vast 
continent, but some of it was carried out as 
far afield as Japan. The necessity for a high 
rate of production in the mining and oil 
industries led to many calls on the Company’s 
already overcrowded facilities. The require
ments of these industries cover an extensive 
field of electrical apparatus, and during the 
year 1918 the Company received orders for 
no less than 60 mine hoist equipments and 
during the same period 889 oil well motor 
equipments were supplied. As may well be 
imagined the freight handling business was 
in a feverish state during this period of great
est business activity the country has seen, 
and this naturally involved a large amount
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oi engineering work on the part of the Com
pany on Inch pr^Hsitions ;is the equipments 
of docks, whttrves, storehouses, etc. In this 
connection it is interesting to note, as one 
item in this category, that the Company 
received till of the c^B'aets for the electrical 
equipment for the New York Stale Barge 
Canal that were let by the Department of 
Public Works for 191.8.

With all the war work that the Company 
was doing there was still the imperative 
necessity to " Keep the Home Fires Burning," 
and they did their full share in supplying 
elect rival equipi^Bt for such everyday un- 
speetaeular work as city water supply pump
ing equipments, city sewage disposal plants, 
fire pumping equipments, drainage schemes, 
irrigation plants, dry docks, and the hundred 
and one other things that are done electrically 
today; and although seldom thought of by 
the average citizen would render modern life 
unbearable if left undone; this class of work 
would be wearisome if we were even to classify 
it and then just recite the main classes of 
work for which the Company supplied its 
quota to keep the country going.

The annual domestic electrical business for 
the equipment of machine tools and machine 
shops amounts to the astonishing figure of 
about 825,ODO,DOO, and the Company carried 
its fair share of this load, doing some notable 
work for the Government in not only sup
plying the electrical equipment to operate 
many of the new huge war organizations, 
but also in giving their expert advice which 
was so essential to doing the job right from 
the start.

The lay mind does not always appreciate the 
wonders of the technical world. How would 
it appeal to the man on the street to know 
that the Company built electric motors which 
make 10,000 complete revolutions every min
ute and to be told that the application of 
these to certain classes of wood-working 
machinery increased tlie rate of production 
of airplane struts and other parts of airplanes 
in the ratio of one to eighty? If the man is 
a human benefactor who makes “two blades 
of grass grow where one grew before," what 
of the man who in the vital hours of war 
makes eighty parts of a war machine in the 
same time as one was made previously?

We have touched on electric welding before, 
but it is still interesting to tell that 1.81 are 
welding equipments were sold by the Com
pany in 191.8 and that they carried out a most 
comprehensive campaign of investigations and 
experiments in many types of electric welding 

machines. Three < omm< r< ial i/.< o' 
welding machines wen- d< \ elopi d and pro' . . I 
to be cntirilv smecsHul, o mm ii • ''a' 
some experts haxc been led to a. a 
wherever l here is a bull ri\ cter t lu re i ala 
a place for a spot welding ma< hin<-.

UY have alreadx' told ol some ot the Hr. 
electrically heated furnaces that th<’I on >a । 
made li ir special war wi irk meh as gun lirml. - 
ing an<l the heat treatment of sin 11 , bn < i 
and above these more spectacular de. elop- 
ments, the Company sold 51) complete arc 
furnace equipnn 2H of whiel r ,r 
smelting purpose and Dll for steel lurna- ■ 
< )f course, this is not a conn,Lie statement of 
the electrical furnaces made by the Company 
during the war, nor does it take into c,,n- 
sideration any of the xast amount of the 
auxiliary apparatus that they made to accom
pany these equipments. In this connection it 
mar interest the reader to know that a propo
sition was active for the Company making a 
901 )(l-kw. furnace and would undoubtedly have 
been successfully fulfilled had it been possible 
at the time to purchase the large amount of 
power to operate it. Also, it may be of inter
est to know that among the large number of 
orders for this class of work the Company 
installed five 5(>."0-kv-a. Ferro-Manganese 
furnaces for the Anaconda Copper Company 
at Great Falls, Montana. Each of these fur
naces xvas to produce at least 21) tons , xn 
per cent ferro-manganese every txvcnty-four 
hours or one hundred tons for the five fur
naces All such xvork performed by the Coin- 
pjiy xvas stimulating the production of 
America's huge war machine.

The xvork that the Company did in con
nection xvith the Government's program for 
the dex'elopment of nitrate plants is most 
notable and is xvorthy of far more space and 
time than xve can give in this memorandum of 
the Company's xvar xvork. It is well known 
that in peace times nitrates are very exten
sively used in fertilizers and in certain chem
ical xvork. and that in war time the amount 
of nitrates required for explosives, gases and 
other war purposes is only limited by the 
magnitude of the xvar—and this xvas a xvorld 
war. The amount of nitrates needed to meet 
the requirements of the American army was 
simply fabulous and the Government's plants 
xvere planned to meet these demands, the 
imperativeness of xvhich xvill at once be under
stood xvhen it is realized that xve xvere cut off 
from most of our normal sources of this es
sential. We have earlier cited the fact that 
Dr. Whitney, the director of the Company's 
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laboratory, was put in charge of all the gov
ernment’s research work in connection with 
its nitrate developments. The Company also 
did its full share of engineering work to bring 
the projected plants into physical being. Of 
course, like practically all phases of our war 
work, that which was actually accomplished 
was less than the work planned, because of 
the armistice. The following paragraphs are. 
but a brief outline of some of the more notable 
undertakings that the Company assumed, to 
help materialize the Government A work in 
connection with nitrate and powder plants.

Orders undertaken by the Company! for 
government nitrate and. powder plants alone 
during the year 191S amounts to over $3,t)0(.),- 
000, and this is in addition to the equipment 
contracted for in the latter part of 1917. The 
principal nitrate plants that the Company 
furnished all or part- of the electrical equip
ment for were:

U. S. Nitrate Plant, Sheffield, Ala.
U. S. Nitrate Plant, Muscle Shoals, Ala.
U. S. Nitrate Plant, Cincinnati, Ohio.
U. S. Nitrate Plant, Toledo, Ohio.
Navy Nitrate Plant, Indian Head, Md.
Nitrate Plant, Perryville, Md.
U. S. Calcium Carbide Experimental Plant, 

Washington, D. ('.
Proposed Government Arc Plant.

They also furnished equipment for the 
Government's powder plants at^BaSWle, 
Tenn., and Charleston, West Virginia.

It is i cry hard to give the reader any ade
quate idea of the magnitude of some of the 
Company’s undertakings during the war, espe
cially as they were so spread out that they 
embraced the supply" of electrical apparatus 
and supplies to nearly every industry in the 
country, so the following notes on some of 
these nitrate plants may help to sere e as an 
example to show how the Company’s efforts 
were directed to help in the equipment of 
these new war undertakings and to facilitate 
the extension of older plants, to enable them 
to meet the call for the additional outpui 
demanded of them by the war.

U. S. Nitrate Plant, Sheffield
The Government nitrate plant at SheffieliL 

Alabama, for the fixation of nitrogen from 
the air was designed for a capacity of 22,000 
tons of ammonium nitrate per year and is the 
first plant in this country designed to produce 
this chemical on a large commercial scale.

The entire electrical equipment for this 
plant was furnished by the Company" who 

also did a considerable amount of engineering 
work. Some of the principal items of equip
ment were 5000 kw. of turbo-generator units, 
■1550 kw. of synchronous converters, 300 kw. 
of waterwheel-driven generators and 50 speed 
control motors with a total capacity of about 
4500 kw. and about 125 switchboard panels.

U. S. Nitrate Plant at Muscle Shoals, Alabama
This Government plant has a yearly capac

ity of 110,000 tons of ammonium nitrate and 
is the largest of its kind in the world using 
the cyanamide process. This process is based 
on the fact that calcium carbide may be 
induced with comparative ease to absorb 
nitrogen forming a combination of calcium 
carbon and nitrogen. This is technically 
known as lime-nitrogen but commercially is 
called cyanamide. The construction of this 
plant is now practically complete and one 
half of it was in operation bv November 25, 
1918.

Up to date the power for this plant is 
supplied by power plants which were already 
in existence, but the Company supplied 
among other apparatus transformers with a 
total capacity of 146,935-kv-a., motors for 
driving air compressors with a total capacity" 
of 81)00 h.p. with the necessary switching 
apparatus and panels, 450 induction motors 
with a total capacity of 12,000 h.p. and such 
other electrical equipment as 696 control 
equipments for ammonium oxidization cataly
zers, 12 electric furnace control equipments, 
37 electrode motors, 1015 flexible furnace 
cables with specially welded terminals and 
two four-ton electric locomotives.

U. S. Nitrate Plant, Cincinnati
This Government nitrate plant was in

tended to be identical with the Muscle Shoals 
plant, but with only one half the lapacity. 
The Company" received orders for all the 
principal electrical apparatus, but this was 
held up when the armistice was signed.

U. S. Nitrate Plant at Toledo
This plant was to be identical to and of 

the same capacity as the Cincinnati plant 
and the Company had received orders for 
the electric furnace control equipment and 
catalyzer equipment, but the entire plant is 
now cancelled.

Navy Nitrate Plant
^\11 the preliminary engineering work had 

been completed for the Navy’ nitrate plant at 
Indian Head which was to have been operated 
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iti connectiihi with their large powder platii 
there. The ('ompany had received requc I s 
for quotations on tlie equipment, Imt like 
ma^Bithfl war projects this plant was aban
doned when the armistice was signed.

Ammonium Nitrate Plant at Penyville, MatvlanU
This plant has a capacity of 500 tons of 

ammonium nitrate per day. It does not. 
utilize any of the synthetic processes such as 
are used at Shelliekl or Muscle Shoals, 1mt 
a new Britis^Broeess, the dtTuils of which 
are more or less secret. The Company re
ceived orders for the turbine and switchboard 
equipment for this plant.

Carbide Experimental Plant at Washington, D. C.
"This plant xvas built by the Ordnance De

partment and was practically completed at 
the date of the armistice. The transformers, 
switchboard, motor and furnace cables xvere 
ail supplied by the Company.

Proposed Government Arc Plant
The interest in the arc process for the 

fixation of nitrogen xvas revived in the middle 
of 1918. An entire division of the nitrogen 
division of the Ordnance Department xvas 
organized to study this subject. After the 
leading authorities had been consulted it xvas 
decided to lay out designs for a plant of 25,- 
000-h.p. capacity. This plant was intended 
to serve both as an experimental plant and 
as a war plant. The engineers and experts 
of the Company xvere constantly called on 
for advice and recommendations, but xve do 
not knoxx- the ultimate fate of this project, 
but it max- interest the reader to knoxv that in 
this instance cheap poxver xvas the only re
quirement, as the raxx- materials consisted 
simply of air and of xvater.

Nashville Powder Plant
Turning now to consider some of the Com

pany’s xvork in connection xvith powder plants 
some fexx- notes on the “()ld Hickory” Plant, 
located near Nashville, should be of interest.

This plant xvas built by the Dupont En
gineering Company, who acted as agents for 
the Government, and a large part of it was in 
operation before the armistice was signed. 
The first plant called for a daily output of 
500,0(10 pounds of smokeless poxvder, but this 
xvas soon increased to 900,000 pounds. This 
plant alone is about eight times as large as 
the largest smokeless powder plant in the 
United States prior to 191 1. It really consists 
of nine independent unit plants each, praeti-

Tli< [lower requirements arc quite a lom 
ishing as the central power plaul remain os 
boilers each of S25 h.p. 'This will be op>Ta(e.| 
at an overload rate giving about 90,(iiki b L p., 
supplying steam to generate 12,000 kw. of 
electrical energy, as well as the steam power 
required for the treatment of gun cotton and 
for other purposes.

As almost the entire electrical equipment for 
this plant xvas furnished by the Company the 
reader maybe interested in the following notes

Among the turbo generators and turbines 
supplied bv the Company were four machines 
each with a capacity of 3750-k --a., one of 
1375-kv-a., two 100-kv-a. turbo-exciter sets, 
four s5-h.p. turbines xvith gear equipment 
for mechanical drive and 12 similar units of 
300-h.p. each. The Company furnished 61s 
induction motors xvith the control xvhich 
totaled isJOO-hqi. of induction motors.

(Ine main switchboard consisted (if 33 panels 
and there were 12 substation sxvitchboards 
furnished in addition. There xvere many other 
items such as 96 distributing transformers 
and a 501 Lamp. arc xvelding set.

The operation of this -plant began on June 
1, 19IS, less than three months from the 
time the ground xvas broken, and this unques
tionably was one of the greatest engineering 
feats of the country's war xvork. The cost 
of this plant is said to be considerabPF in 
excess of 850,000,0(H).

Charleston Powder Plant
This plant is located at Nitro, West Vir

ginia. It xvas to be a duplicate of the Nashville 
plant as at first laid out, that is to say, it xvas 
to have a daily capacity of 500,000 pounds of 
smokeless poxvder; the equipment was, of 
course, proportioned to its output. Part of 
the poxver for operating this plant xvas to be 
purchased from the Virginia Power Company 
and was to be transmitted from Cabin ( re :k 
poxver station at 66,000 volts. The Company 
receivcd orders for the principal items of the 
electrical equipment, which included three 
1250-kv-a. turbines with exciters, eleven 375- 
h.p. turbines for mechanical drive, seven 5000- 
kv-a., 66,000 6600-volt transformers, and a 
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main switchboard with 32 panels and 126 
induction motors with an aggregate capacity 
of about 4000 h.p.

All of the work that the Company did in 
connection with the nitrate and powder plants 
was considered more or less confidential in 
nature, and the many and constantly chang
ing new developemnts demanded the closest 
attention and co-operation all the time. The 
amount of engineering work done by the Com
pany in this connection was enormous, but can 
never be described fully. We might write at 
great length about what the Compand did 
in the far flung field of electrical transmission 
and power house work, but it would be weari
some. We have now recited some of the 

Company’s work in connection with nitrate 
plants and these must serve as an example to 
show the way' a great electrical manufacturing 
concern not only’ serves its country in times of 
peace, but is an essential factor to our safety 
and a mighty’ factor in securing victory in 
times of war. The work of the General Elec
tric Company’ during the great world war will 
never be written. ÁVe have attempted some 
few paragraphs which should help the imagi
nation of the reader to grasp the significance 
of how imperative is the necessity for the 
machines that turn the wheels of industry. 
They’ are turned electrically’ today, and hence 
result in the huge scope of the work we have 
so feebly tried to outline.

Russia as a Fertile Field
An American Committee of the Siberian 

Agricultural Co-operative Unions, represent
ing several millions of Siberian peasants, has 
recently been formed with headquarters at 
280 Broadway, New York City. In addition 
to buying agricultural implements and other 
machinery' for its associations, a principal 
function of this Committee is to inform the 
American people of the true economic and 
industrial status of Russia, and to correct as 
far as possible many erroneous opinions that 
have been created by newspaper reports. The 
Committee is in direct cable communication 
with Siberia and is qualified to give accurate 
current information to the business public.

Most of us have formed our opinions of 
Russia from what we read in press dispatches. 
We think of the country as being destitute of 
any semblance of law and order, and entirely 
without financial resources and credit. Few of 
us realize the enormous size of the country 
anil the population of aimost two hundred 
millions; we arc of the opinion that what ails 
only a small portion of the territory has 
affected the whole of Russia, and are prone 
to overlook the great commercial possibilities 
that will be open, when the situation clears, 
to the country that has fostered the favor and 
good-will of the peasants.

In commenting on the general state of 
business affairs, Mr. Gennadi N. Berseneff, 
honorary chairman of the committee, who is 
the President of the United Credit Unions of 
Siberia, and one of the foremost business men 
of Russia, says:

“I find that Russia is largely misunderstood in 
America. Your people, seem to know little of Russia, 
save the trouble with the Bolsheviki, and that parts 
of Siberia are cold. Economically Russia and 
Siberia have resources that make them the richest 
country- on the earth. The mineral resources there 
are vast, but slightly developed. We have extensive 
forests, and immense stretches of fertile farm lands. 

for American Commerce
“The attitude of the Allies has been a puzzle to us 

Russians, who are working hard to bring about the 
regeneration of our country. We do not believe that 
the Allies plan the impoverization of Russia, yet the 
activities of the anti-Bolshevik forces, the ultimate 
winners in the struggle, because they are the pro
ducers, have not been recognized.

“Your press dispatches from Russia have little in 
them save the activities of the warring factions. 
The balance is going into the work of the peasantry, 
getting ready for the time when the politics of the 
country shall have settled and normal commerce 
can be resumed. We have, at the present time, 
stores of raw materials that could be put on the 
world market if conditions were right. The world 
needs them, and we need agricultural machinery and 
equipment, in order to permit the development of 
our resources to go on.

“Russia has reached the point where she must 
trade with some other great nation. In spite of the 
trouble there, other nations than America are laying 
the foundation for future business. We prefer to 
trade with America. We. have profound admiration 
for your peoph , and complete trust in your business 
and commercial methods. For that reason we are 
trying to overcome your ignorance regarding the real 
Russia, in order that your people may not be afraid 
to enter into commercial relations with us in the 
immediate future.

“Should we fail in this attempt, it will be neces
sary to trade elsewhere. Our organization is sound, 
reliable. The members of the Co-operative societies 
of Russia are those whose activities, politically, 
will ultimately rule that country. They are demo
cratic, patient, good workers, and potentially all
powerful in Russia. Marauders like the Bolsheviki 
cannot hope to -win against them. Tzarist terrorism 
was thrown off, not because it was Tzarist, but be
cause it hindered the democratic development of the 
people. Bolshevism will fail for the same reason.

"When conditions are normal, there will be no 
hesitation on the part of American business men to 
enter trade relations with us. That time is much 
nearer than is generally believed, and the foundations 
must be laid now, unless you are to lose the greatest 
market that the world has produced as yet. There 
are millions of pure-blooded Russians in Siberia, 
exclusive of all other peoples in our land, w'ho are 
potential buyers of American goods, if you will go 
after them. They produce raw materials that you 
need. Industry in Siberia is too small to be con
sidered as an economic factor at this time.”




