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LIGHTING LEGISLATION

\n analysis of the minimum lighting 
intensities required by l he various slate 
artificial lighting codes shows them to be far 
bclo* the values ordinarily regarded as 
desirable and even necessary for adequate 
industrial lighting. Likewise the perusal of 
the few simple rules comprising the codes 
proper gives slight impression of the diffi
culties involved in their formulation and the 
problems arising from their practical appli
cation.

Still the adoption of these lighting codes, 
brief and reasonable as their provisions 
undoubtedly arc, is of far-reaching impor
tance not only from the standjHnts of greater 
safetv and less eyestrain to industrial work
ers, which is the essential reason for their 
introduction, but also due to the marked 
economic benefits they indirectly bring 
about.

The great advantage of the codes is that 
the manufacturer must give systematic con
sideration to the lighting of his factory both 
under daylight and night conditions. Such 
attention in the long run, enhanced by the 
experience and rulings of competent inspec
tors, should gradually teach an increasing 
number of employers the marked beneficial 
effect of providing proper and adequate 
lighting on the quantity and quality of output, 
the reduction of accidents, the health and 
morale of the workers, and the general 
appearance and up-keep of the plant.

In some eases the state lighting codes are 
provided with an appendix giving practical 
information concerning lighting problems, 
which is an invitation for the industrial 
manager to seek to lay out his own lighting 
plans. He would be better advised to put 
such work in the hands of a competent 

lighting specialist, as "proper and adi qn: 
lighting involves much more ihan imp' 
supplving the intensify of light recommend« <1 
as "good practice." This is particularly 'rue 
in providing good lighting fa<ilitic> for endlc 
varieties of industrial operations. aane o ■.■i-r 
different character ami requirement - otten 
being performed side by side.

The subject of lighting legislation ha- been 
diligently studied for many years by the 
Committee on Lighting Legislation oi the 
Illuminating Engineering Smicty and the 
product of this labor has been embodied in a 
few simple rules termed the "Code ol Lighting 
Factories. Mills, ami (filler Work Places." 
These rules, which are comparatively brief 
and few in number, convey no idea of the 
amount of work involved in their specification 
and the many objections and difficulties that 
had to be overcome. The Society does not 
present this code as a perfected instrument; 
it is expected that as its provisions are out 
in force the necessity for further changes and 
improvements will be obvious, and experience 
will teach of other needs and the ways of 
meeting them. However, this code is the 
farthest step forward in the matter of Light
ing Legislation; it has served as the basis of 
every state code at present operating, and in 
some states the code has been adopted in its 
entirety. The code and a discussion of its 
significance and application will be found in 
an article by Mr. II E. Mahan on page 1 Iff

In conclusion, it is of interest to note that if 
the establishment of the state codes should 
have no greater effect than to teach manu
facturers to keep lamps, glassware, and re
flectors systematically cleaned the gain in 
useful light would be of the order of in >m 
21) to 30 per cent.
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Measurement of the Crest Values of Alternating 
Voltage by the Kenotron, Condenser, 

and Voltmeter
By J. R. Craighead

Standardizing Laboratory, General Electric Company

The very ingenious arrangement of kenotron, condenser, and voltmeter, which has been developed for 
measuring the crest values of alternating voltage and which is described in the following article, embodies in 
one instrument a combination of good qualities not possessed by previous devices for the purpose, among 
which may be named the oscillograph, spark gap, etc. The theory and construction of the crest meter, as it 
is called, is fully described below, the test of its accuracy recorded, and its advantages and limitations set 
forth.—Editor.

When insulation is subjected to an alternat
ing high potential at commercial frequency 
in testing its dielectric strength, the stress 
tending to break it down is approximately 
proportional to the crest value of the potential 
wave applied. This fact has been recognized 
for a number of years, but the difficulty of 
securing a measurement of the crest value 
during an actual test has induced the use of 
various alternative measurements in practical 
work. These have caused trouble because 
the ordinary variation of wave form to be 
expected in this work is sufficient to cause 
unexpected breakdown unless the voltages 
applied are based directly on a measurement 
of the crest value.

The Standardization Rules of the American 
Institute of Electrical Engineers prescribe 
that where the apparatus to be tested draws 
only a small current in comparison with the 
size of the testing apparatus, so that change 
of wave form from the no-load condition to 
the testing condition is negligible, the crest 
value of voltage may be determined under 
no-load conditions before the test. This is 
done by comparing the indication of an 
ordinary voltmeter, reading effective values, 
with the arcing point of a needle gap or a 
sphere gap. The voltmeter indication thus 
obtained is then used to hold the correct 
voltage during the test. Where t he apparatus 
to be tested draws a large capacity current 
from the testing outfit, so there is danger 
that the wave form during the test may 
differ from that at no load, the rule requires 
that the crest value of voltage be measured 
under the actual testing condition.

Important tests of large generators, 
installed cable systems, etc., usually come 
under the second class. The rule may be 
followed by connecting all the apparatus as 
for the final test with a sphere gap or needle 

gap set for the value of voltage required 
for the test, increasing the voltage gradually 
until the gap arcs, and then removing it. 
The voltmeter reading just previous to the 
arcing of the gap is then held in the actual 
test. This method, however, during the 
preliminary checking, subjects the apparatus 
tested to the stresses caused by the arc in 
addition to those caused by the prescribed 
testing voltage. Even with the prescribed 
resistance of one ohm per volt in series 
with the gap, the apparatus tested may be 
subjected to stresses greater than those for 
which it was designed, anct unnecessary 
breakdown may result. As stated above, 
it is precisely in the cases of the largest 
apparatus, where failure means the most in 
c<>st and in delay, that the crest voltage must 
be measured under testing conditions and 
the accompanying risks taken.

Several methods have been proposed for 
determining the crest value of voltage during 
the actual test without additionally stressing

Fig. 1. Theoretical Circuit of Rectifier, 
Condenser, and Voltmeter

the apparatus tested, and some of them 
have been used with more or less success. 
The method here described is based on an 
invention of Dr. Clayton H. Sharpe. It has 
been found simple, accurate, and satisfactory 
under the ordinary conditions of insulation 
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testing. Il pills Ill' llllllccc .TI V '.III' ■ "II ill!' 
insulation. Apparaltr. li:r. been developed 
to cover the vnll:i;;r range . orilmmilv it cd.

The principle "I thr. nictliod ol nic.r.uic 
ment is simple, the mTanrcinent l>l•lllJ•. 
diagrammatically shown m Eig. I. Il a 
perfect reetilier K "I the cleet l ie \alvc type, 
which operates by allowing a llow "I current 
in one direction lint not in the other. i-. 
connected to charge a zero loss condenser ( 
without leakage, current will llow into the 
condenser during the first quarter cyise of 
voltage, the charge in the condenser increas
ing until the dilTerence of potential between 
its plates equals the crest value ot the voltage 
wave. The condenser plates then remain 
at the same difference ot’ potential, reversed 
flow of current from the eondenscr being 
prevented by the reetilier. Il any later crest 
of the same polarity rises above the potential 
of the condenser, more current flows to the 
condenser, the difference of potential between 
the plates after any period corresponding 
to the highest crest of voltage applied in the 
direction (which may- for convenience be 
termed positive) in yvhieh current yvill floyv 
through the rectifier. If a voltmeter yvhieh 
does not drayv current is connected across 
the condenser, it yvill therefore indicate, 
the highest value of positive crest voltage 
yvhieh occurs during the test.

In the application of this method to actual 
apparatus, several points must be considered. 
These may be summed up as: ill internal 
voltage or voltage drop in the rectifier, yvhieh 
alters the voltage applied to the condenser; 
and (2) leakage.

The first item is dependent on the character 
of the rectifier and the connections, and yvill 
be discussed later in connection yvith the 
specific devices used. The second item is 
present in all apparatus, and the amount of 
leakage alloyvable depends on the purpose for 
which the outfit is to be used.

If a record is desired of the values of single 
crests of voltage of very short duration, as in 
attempting to obtain the value of the first 
crest in a voltage yvave train yvhieh decreases 
rapidly, the leakage must be practically zero— 
say of the order yvhieh diminishes the con
denser charge not more than one per cent 
per second. With a greater leakage, the 
instrument either does not reach the 
maximum indication, or recedes from it too 
rapidly for a reasonable reading. The 
capacity of the condenser must also be small 
enough to allow complete charging during 
the rise of the yvave to crest voltage yvithout

high ; 11n- in..I rmiu ni lia ■ not ' I G ■ a 
ncce ■■ I nil v ii cd I or 1111 ■ w oi I:

Eor ordinary pnrpoc. h a!.a;'i' :
desirable. Sili< <• tin' m < rnni< ni h"ii!■ i 
ordinarily indicate th" av rnirr '.ahi" "I 
: twcral crest s imim dial el v pa 1 , am. tendin' . 
to retain a higher reading i 1" In- a-.oided 
lienee, the leakage 'hould be nfln u ni to 
allow the instrument to cliange Irom a high' r 
Io a lower reading promptly, but not nl- 
tieient to bring the average voltage "I the 
condcmer appreciably below the maximum 
For a l>O-evclc tin nit, a leakage which lower 
the eondenscr voltage at IcaH three pt r cent 
per second is required to follow the u ual 
fluctuations satislactorily. The maximum 
alloyvable leakage depends on the nature "1 
the reetilier, the capacity "I the condcn-er, 
and the other devices in circuit.

The kenotron was found the most sati-- 
factory rectifier I'or this service. I' has the 
desired characteristic of ability to stand high 
voltages yvith very- little leakage, and the 
internal dron and losses at the lory current 
values required are small.

The kenotron consists of a glass bulb, 
evacuated to a nearly- perfect vacuum, con
taining an anode, and a cathode whose 
temperature can be controlled by passing 
current from a low-voltage source through it. 
At high temperature the cathode emits 
negatively charged corpuscles known as 
electrons. If under this condition a voltage 
is applied across the terminals, the electrons 
emitted from the cathode receive an accelera
tion due to the electrostatic field. If the 
anode is negative to the cathode, this action 
causes the negative electrons to be repelled 
from the anode, and consequently- no current 
can pass. If the anode is positive to the 
cathode, the electrons are caused to travel 
to the anode, and a current yvill flow yvhieh 
cannot exceed that represented by the total 
electrons emitted from the cathode at that 
temperature.

Two causes may affect the voltage delivered 
by the kenotron: (1) the initial velocity of 
the electrons emitted from the hot cathode; 
and 12) the drop in the cathode filament due 
to the floyv of current used to maintain its 
temperature. The first item is of the order 
of one volt under ordinary circumstances and 
tends to increase the instrument reading.
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The second depends on the voltage for which 
the cathode heating circuit is designed, but is 
usually five or six volts and tends to diminish 
the instrument reading. Where the excita
tion current is from a battery, the drop in the 
cathode does not affect the result (for very

the flow of current is through this end of the 
cathode. Under this condition, the voltage 
drop of the cathode DE is subtracted from 
the voltage applied at A' and V, so that the 
voltage read on the voltmeter U is decreased 
by this amount.

B
Fig. 2. Crest Voltmeter Circuit using 

Kenotron, Condenser, and Voltmeter

TABLE I 
EFFECT OF LEAKAGE CURRENT ON READ

ING OF CREST VOLTMETER

Effective 
Alternat
ing-cur

rent 
Voltage

Calcu
lated 
Crest 

Voltage

• Crest 
Volt
meter

Reading

Direct-cur
rent Amperes 

(Leakage)

Per Cent 
Crest 
Volt

- meter
Reads 
Low

Capacity 
mf.

.->07 717 555 0.00690 22.5 1.8
503 711 572 0.00440 19.0 1.8
500 707 622 0.00207 12.0 1.8
493 698 625 0.00125 10.5 1.8
—--- — ________----------- — — —---

small currents) if the negative side of the 
battery is connected to the junction of the 
cathode filament with the alternating-current 
line as shown in Fig. 2.

The reason for this phenomenon may be 
explained as follows:

At the time of passage of current, the 
anode is positive to the cathode. The end 
of the cathode nearest the negative terminal 
of the battery will be at the greatest difference 
of potential from the (positive) anode, the 
other end of the cathode being at a higher 
potential by the amount of drop due to the 
battery current flowing through it, and 
consequently being nearer, and possibly 
above the anode potential. The electrons 
emitted from the cathode are attracted 
toward the anode, as long as the anode is 
positive to the cathode, but the greatest 
acceleration will be where the difference of 
potential between cathode and anode is 
greatest; that is at the end of the cathode 
connected to the negative side of the battery. 
As soon as the current begins to pass, the 
voltage across the kenotron gap is very small 
and all passage ol current (if the current is 
kept small) is from the end of the cathode 
having the greatest difference of potential 
from the anode. Consequently, the drop 
of voltage in the cathode does not affect the 
voltage delivered. If the supply voltage to 
the cathode is reversed, so that the positive 
side of the battery meets the junction of 
the filament with the cathode line, the 
opposite end D of the cathode has the greatest 
difference of potential from the anode and

Fig. 3. Apparatus for Measuring Crest Voltage Direct 
B, Battery; R, Control Resistance for Filament;
.4, Ammeter Indicating Filament Current; K, Ken
otron; C, Condenser; V, Voltmeter

Table I shows the effect of the amount of 
leakage current on the reading of the crest 
voltmeter. A sine wave of voltage was 
used and the crest voltage calculated from 
this for comparison with the crest voltmeter. 
These tests xvere made at 60 cycles and the
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capacitv was kept eon.taut to .how the 
results of varying leakage.

Fig. 3 shows mi out lit, mraugcd lor leading, 
direct the lower range ol voltage, used m 
high-potent ial testing A condenser ( con
sists ol’ 29 glass plates wit It tinloil coating,

Fig. 4. Assembly of Apparatus for Measuring Crest Voltage from Volt Coil
B, Instrument Case; D. Cable to Resistance; A'. Resistance Box; 

E, Filament Current Resistance

a check al IZ0.000 > •. < I. 
against a needle yap > :111- 
1 >rat ed at lit I evclc

For many <;r e . part i‘ u- 
larly in routine te ting work, 
it i; preferable to u e an 
instrument which ran be 
operated on the low-ten ion 
side from the volt coil usually 
made a part of rhe trans
former winding for measure
ment purposes. For normal

each capable of standing about 10,000 volts 
alternating current and each having a capacity 
of approximately 0.002 microfarads. These 
can be connected to give various combinations 
by means of clips. A standard electrostatic 
voltmeter is located at 1'. A 30,000-volt 
instrument is shown, a 50,000-volt instrument 
was used for voltages beyond the scale of this 
instrument, and 10,000- and 3000-volt instru
ments for lower ranges. The kenotron K is 
rated 50,000 volts (alternating current) and 
was used well within its limits of voltage. The 
batter}' B, resistance R, and ammeter .1 are 
used to supply and regulate the cathode current. 
Table II shows a comparison of the indications 
of this outfit with the calculated crest values 
when a sine wave of voltage was applied.

TABLE II
CALIBRATION OF KENOTRON, CON

DENSER, AND ELECTROSTATIC 
VOLTMETER ON 60 CYCLES

TABLE III
CREST VOLTAGE AT 120,000 CYCLES

Needle Gap

2600
2600

Calculated 
Max. Voltage

Voltmeter and 
Kenotron Reading

Per Cent High ( +1 
or Low ( — 1

6,990
6,990

22,830
24,100
28,030
34,100
34,380
34,900

6,925
6,925

22,650
23,900
27,200
27,780
27,800
28,600

0.93 
0.93
0.79 
0.83 
2.9

18.4
19.2
18.0

2660
2750

Fig. 5. Instrument and Case of Apparatus for Measuring 
Crest Voltage from Volt Coil

V. Voltmeter; K. Kenotron; C, Condenser: 
.4, Filament Current Ammeter: 5. Scale Transfer 
Switch; P, Protective Switch

These tests show that the reading of 
maximum voltage is satisfactory up to about 
25,000 volts, and becomes rapidly worse above 
this point. The leakage is increased, probably

ranges of frequency and the usual wave distor
tions, the crest value of voltage measured on 
this coil will be related to the crest value on 
the high-tension side by the same ratio that
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applies to effective values. An outfit consist
ingot kenotron, condenser, and low-voltage elec
trostatic voltmeter was tried for this purpose ■ 
and found accurate; but the delicacy of the 
electrostatic voltmeter made it objectionable, 
for regular testing work under shop conditions.

Fig. 6. Sine Wave and Distorted Wave Giving Same 
Indication on the Crest Voltmeter

An outfit was therefore developed in which 
the leakage current, instead of being kept at 
a minimum value, was used to operate a 
sensit ive portable instrument of the perma
nent magnet type. This outfit was then 
standardized by actual test with a sine wave, 
and comparative tests were made on dis
torted waves to assure that the result is 
reliable within the ordinary variations of the 
testing wave.

This outfit is shown in Figs. 4 and 5. 
It is arranged for table mounting and is 
incased for protection against dust. Refer
ring to Fig. 4, R is a resistance of seven

Fig. 5 shows the arrangement within the 
box. A protective switch P cuts off one 
side of the voltage supply from the instrument 
when the top of the box is raised, to avoid 
danger due to handling the parts when alive. 
The other side of the voltage supply is 
grounded. The kenotron K is a low-voltage 
model, capable of standing 1000 volts alter
nating current. The ammeter A is used to 
hold the correct current at the cathode. 
The. condenser C consists of four paraffined 
paper condensers in series, and has a capacity 
of about 0.225 microfarads. The voltmeter 
V is an extra sensitive portable instrument of 
the permanent magnet type, with scale 
marked 0 to 450 volts for use with 3.5 
megohms series resistance. The switches S 
are arranged to connect 7, 3.5, or 1.75 
megohms in series with the voltmeter giving 
full-scale readings of 900, 450, and 225 volts 
respectively. These scales give the effective 
voltage, corresponding on sine wave assump
tions to the maximum actually applied to the 
outfit. This is for a more convenient com
parison with the values given in the A.I.E.E. 
rules for standard spark gaps.

At full-scale deflection, the voltmeter draws 
approximately ISO microamperes (1S0X10-6 
amperes). While this current is not enough 
to cause serious voltage drop under regular 
testing conditions, the instrument scale has' 
been determined by holding actual alter
nating voltage of good sine wave form on 
the apparatus and observing the deflection 
of the pointer. This was done with the 3.5 
megohm connection (450-volt scale) and

Fig. 7. Sine Wave and Distorted Wave Giving Same 
Indication on the Crest Voltmeter

Fig. 8. Sine Wave and Distorted Wave Giving Same 
Indication on the Crest Voltmeter

megohms with a middle tap connected to the 
box B containing the kenotron, condenser 
switches, and instrument by the highly 
insulated lead-covered cable I). The resist
ance for controlling the filament current is 
shown at E. The. battery is not shown. 

comparative checks were made on the other 
connections.

This outfit is intended for use on ordinary 
high-potential tests, where the introduction 
of extremely high harmonics or sharp peaks 
of voltage is improbable. To show its
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| >ei lorinaiicc with cliaiicc. n| wave liapc. 
oscillograms were taken ol dilhrcnl xnllarc 
waves applied Io I lie on I IH , while 11< >1< 1111 )■ tin 
same dcllcction on the crest meter. l ij: u 
shows a good sine wa\c (' and a distorted 
wave J> obtained while liolding equal dillce- 
tions on the crest meter. The maxima arc 
equal, showing that the met er when call bra I ci I 
on the sine wave reads the maximum of the 
distorted wave correctly. The effect ivc value 
of the sine wave is .'tli.'l volts and of the dis
torted wave 31 7 volts.

'Tht' current drawn to the kenotron is .1 
while the distorted wave is applied, and R 
while the sine wave is applied. The calibra
tion of the kenotron current value is E.

Fig. 7 shows another form of distorted 
wave R compared with the approximate sine 
wave .1. The crest values obtained by hold
ing the same point in the two eases on the 
crest meter are equal. The effective value 
of the sine wave is 2(11 volts, and of the 
distorted wave 182.5 volts.

Fig. 8 shows a comparison between ;i sine 
wave R and a wave with extremely sharp 
peak (Here the crest value of the distorted 
wave is approximately four per cent higher 
than that of the sine wave when holding a 
similar dcllcction on the crest meter. This 
distortion shows the condition at which 
appreciable error appears in the indication ot 
the erest meter. As this distortion is far in 
excess of that normal to insulation testing at 
high potential, the instrument will evidently 
serve its purpose for the usual testing con
ditions.

In this oscillogram, it may be noted that the 
crest of the distorted wave is appreciably 
lower in the half cycle when the current 
flows to the kenotron than in the half cycle 
during which no current flows. The current 
is comparatively large because of the rapid 
change of voltage just before the crest value

Summary

The m-w apparatus will naa me aT ■ 
factorilv the crest value ol I lie ordinar.' wax <■ 
med in testing insulation at high potential 
directly up to about 25.01)11 volt and iii- 
dircetlv bv means <>| a volt coil up to an.' 
limit for which .uitablc Iran former, an- 
available. No unnecessary 'Ire i applied 
to the insulation by the u c of the co- t 
meter.

Approximate measurements may be made 
up to frequencies of 120,000 cycles with 1 he 
kenotron and electrostatic voltmeter, (in 
extremely sharply peaked waves, the k< notron 
with portable direct-current voltmeter records 
;i crest value a small percentage low.

Neither apparatus as yet assembled is 
satisfactory for the measurement of single 
voltage crests of extremely short period 
although with suitable development it is 
probable that this measurement may also 
be made.
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Lighting Legislation
By H. E. Mahan

Illuminating Engineering Laboratory, General Electric Company

The Illuminating Engineering Society has given a great deal of thought to the question of legislation 
regulating lighting in industrial plants, and after a great deal of study, deliberation, and discussion, a set of 
requirements have been drafted for presentation Io the several state legislatures for their consideration and 
guidance in enacting laws on this subject. These rules, or recommendations, are given in this article and 
the significance of each is pointed out and discussed.—Editor.

Welfare work and safety engineering are 
today occupying an important place on the 
roster of the industrial manager. This is 
partly the result of a realization by industry 
that its efforts in this direction are a real 
asset and partly because of the interest taken 
in behalf of the workman by the State as 
evidenced by employees’ compensation acts 
and various codes for safeguarding the health 
and limb of the workers. One of the most 
recent additions to the list of state codes 
for the welfare and protection of industrial 
workers is that covering lighting. It is 
entirely logical that lighting should be added 
to the list of subjects considered necessary 
for state control, as statistics*  show that 
23.S per cent of all industrial accidents are 
due directly or indirectly to improper light
ing. If this loss in productive labor may be 
only partially reduced, it will be a great 
advance step in the interest ot human con
servation.

The larger and more progressive manufac
turers have not been slow to recognize the 
advantages of proper and adequate lighting, 
but the less efficiently operated plants, sweat 
shops, etc., are still in ignorance regarding its 
beneficial influence. It is to these backward 
shops and factories that the lighting codes are 
addressed, and it is they that are destined to 
learn that correct lighting is a good invest
ment both as a factor ii economic production 
and in remunerative welfare work.

The question of lighting legislation has 
been studied for many years by the Illumi
nating Engineering Society’ through its 
Committee on Lighting Legislation. This 
society has actively advocated the adoption 
of its “Code of Lighting Factories, Mills, and 
Other Work Places,” by the industrial com
missions of the several states, and as a result 
of the efforts this code forms the basis for 
everv state code at present operative; in 

* R. E. Simpson, Illuminating Engineering Society Trans
actions, 1915.

fact, some of the states have adopted it in 
its entirety. Mr. G. H. Stickney, while 
president of the Illuminating Engineering 
Society, in addressing the Pennsylvania and 
New Jersey inspectors at the University of 
Pennsylvania said in part as follows:

“No one who has not seen the growth of the code 
can realize how much effort has been exerted, and 
how many difficulties have been overcome, in 
producing the comparatively brief rules which 
you have before you. Many conferences of the 
Committee on Factory Lighting and the Committee 
on Lighting Legislation brought out new points of 
view and many changes. A meeting with the 
American Society of Mechanical Engineers in New 
York developed improvements, as did a meeting in 
Philadelphia. The Philadelphia meeting accom
plished the very important effect of interesting 
Commissioners of Labor of Pennsylvania and New 
Jersey, and resulted in the movement to adopt the 
code in those states. The representatives of the 
Pennsylvania and New Jersey commissions gave 
much information especially as regards the matter 
of practical application and enforcement.

“We do not look upon the code as a perfected 
instrument. We expect to see further changes and 
improvements. We are all too conscious of its 
limitations. We expect to learn more about the 
needs and the ways of meeting them. Remember 
that industry is changing; illuminants are being 
improved.

“Some of the specifications are not so definite 
as we would wish, especially that regarding glare. 
But in codes, as in machinery, there comes a time 
in development when efficient, progress can be made 
only by putting them in practical use. The same 
thing is true of the laws on the statute books; we 
provide legislatures to keep developing the laws.

“It is not the province of these codes to enforce 
the most efficient or most effective lighting. They 
can only demand such provisions as will reasonably 
insure the necessary welfare of workers by prevent
ing accidents and eyestrain. This has been one of 
the embarrassing features of the problems to us as 
illuminating engineers. The limits set are far 
below what we consider desirable practice, and 
we would not as engineers recommend a manu
facturer to adopt so low a standard. In general, 
the requirements are so low that a manufacturer is 
not justified in equivocating about the class in which 
a particular process falls. His own best economy 
will be served by adopting a higher class. Do not 
let him make the mistake of confusing glare with 
‘over-lighting.’ ”
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Rl'I.E I. (f/WA/El/. Kldd lREMEX I . 
ll'ioA'/og er traversed spaces in buildinps or 
grounds shall be supplied during the time ol 
use with artificial light in m i ordanee with the 
tollowing rules when natural light is less than 
the intensities specified in Rule

This rule assumes that working spaces 
and grounds, and spaces which employee-, 
are compelled to 1 raverse, are potential 
sources of accident if not adequately lighted, 
and requires that such areas be illuminated 
in accordance with the intensity rule. 
Natural light is made the basis for defining 
the time when artificial light is to be used, 
but it is not entirely satisfactory as a definite 
relation has never been established between 
the visional effectiveness of artificial light 
and natural light. Experience has shown, 
however, that the eye requires a higher 
intensity of illumination in daylight than in 
artificial light, and the latter is usually used 
before the former falls to two or three times 
the intensity required lor artificial light. 
This rule has been almost universally adopted

extremely important but it effect may be 
entirely ammlcd by failure to ob-irve the 
other rules.

The intensity of light required for any 
operation depends upon the fineness of 
detail to be observed and the color ot the 
material. For example, an engraver requires 
a higher intensity than ;i carpenter and a 
worker on dark textiles must have more light 
than one working on light colored goods. 
It is these varying requirements that make 
it very difficult to specifically slate what

TABLE I

ILLUMINATION INTENSITIES
Foot-candles1

Nature of Subject

1. Roadways and yard thoroughfares . ...
2. Storage spaces..................................
3. Stairways, passageways, aisles ....
4. Toilets and washrooms ...................... . . . . . .
5. Work not requiring discrimination of detail; such as 

handling material of coarse nature and performing 
operations not requiring close visual application . . .

6. Rough manufacturing requiring discrimination of detail; 
such as rough machining, rough assembling, rough 
bench work, also work in basements of mercantile 
establishments requiring discrimination of detail.........

7. Rough manufacturing such as rough machining, rough 
assembling, rough bench work...........................

S. Rough manufacturing involving closer discrimination 
of detail............. .........

9. Fine manufacturing such as fine lathe work, pattern 
and tool making, light colored textiles.............

10. Special cases of fine work such as watch making, en
graving, drafting, dark colored textiles .

It. Office work such as accounting, typewriting, etc.............

Illuminat
ing Pennsyl- New

Engineering * vania ferner York
Society

0.112 0.112 0.02 0.02 0.02
0 ’a 0 2.5 0 .1 1 ) ■ ' < 1.2.5
0.2.5 0.25 0 .1 0 . ) 0.25

0.50 0.50

0..50

1.00

1.2.5 1.2.5 1.25 1.2,5

2.00 2.00 2.00 J.Oil 2.00

.3.00 3.00 3.00 3.00 3.00

5.00 5.00 .5.00 5.00 5.00
3.00 .3.00 3.00 3JI0 3.00
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intensity of light should be required for any 
particular operation or machine. In a textile 
mill, obviously a machine may be working 
on light goods today and dark goods to
morrow and similarly a lathe may have a 
turning operation followed by a boring 
operation; each of which processes requires a 
different intensity of light.

New York State has inaugurated a new 
departure from previous codes in that a 
more detailed classification of industry is 
made and a minimum allowable intensity 
specified. This part of the code is at present 
tentative in order that manufacturers may 
have an opportunity to check the require
ments and submit their criticisms. It be
comes mandatory on July 1, 1919. Manu
facturers are urged to co-operate in this 
matter and while a vast amount of field 
work has already been done by the industrial 
commission, the job is a big one and any 
further data bearing on the subject will 
gladly be given consideration by the state.

A portable photometer suitable for making 
field measurements is shown in Fig. 1. This 
inst rument is self-contained, simple to operate, 
and has a range of from 0 to 15 foot
candles. It has been designed to meet the 
needs .of inspectors and manufacturers in 
checking their lighting intensities.

RULE 3. SHADING OF LAMPS. 
Lamps shall be suitably shaded to miieiimte 
glare.

Note.—Glare, either from lamps or from 
unduly bright refleeting surfaces, produces 
eyestrain and increases accident hazard.

Glare, unquestionably, is responsible for 
more unsatisfactory and dangerous lighting 
than any other single factor. It is also the 
most difficult to define in terms which are 
usable to the practical inspector and manu
facturer. Glare is sometimes defined as light 
out of place; for example, a lamp exposed to 
the eye so as to create a relatively bright 
source compared to its surroundings or the 
reflection of a bright ource from a glossy 
surface. The purpose of the rule is to 
protect workers from being compelled to view 
excessively bright areas either from the lamp 
itself or its image. The remedy is usually 
a matter of equipping lamps with reflectors, 
diffusing glassware, or raising them above 
the line of vision. The elimination of objec
tionable glare not only conserves eyesight 
but makes for more efficient workmanship.

An attempt has been made by some of the 
states to define the conditions which will be 
regarded as objectionable glare in terms of 

height of unit above floor, intrinsic brightness 
of source, etc. In the last analysis, however, 
it rests upon the inspector to decide by 
observation whether a condition of objection- 
aide glare exists.

RULE 4^ DISTRIBUTION OF LIGHT 
ON WORK. Lamps shall be so installed 
in regard to height, spacing, reflectors, or other 
accessories as to secure a good distribution of 
light on the work, avoiding objectionable shadows 
and sharp contrasts of intensity.

There are many dangers lurking in dark 
shadows and it is the purpose of this rule to 
minimize the. possibility of workers falling 
into moving machinery or through trap doors, 
etc., that are made invisible by shadows. 
A sharp contrast in intensity will create the 
same effect as a shadow, for the eye accom
modates itself to the brightest field in view 
and, in closing up to exclude harmful 
intensities, the less brightly illuminated areas 
appear dark. A worker turning from a 
brightly lighted area to a relatively dark 
area is momentarily blinded and, therefore, 
susceptible to accidents.

It is also important to have light on the 
plane on which work is to be done; for 
example, a clerk working on a flat desk 
requires light on a horizontal plane, whereas 
a machinist working on a lathe boring 
operation requires a high vertical component 
of illumination. The purpose of this rule is 
to insure light being provided where needed 
for convenience in working.

RULE 5. EMERGENCY LIGHTING. 
Emergency lamps shall be provided in all work 
space aisles, stairways, passageways, and 
exits to provide for reliable operation when, 
through accident or other cause, the regular 

fighting is extinguished. Such lamps shall 
be in operation concurrently with the regular 
lighting and independent thereof. (I.E.S.)

This rule is sell explanatory and endeavors 
to insure sufficient light being available in 
a building to enable the occupants to see. 
their way around and to the exits in case of 
failure of the regular lighting system. It is 
difficult in many instances to comply with 
the requirement that the emergency system 
be. independent of the regular lighting 
system, but a liberal interpretation is placed 
on this rule by the commissions, and in the 
case of electric service it is satisfactory if 
the emergency system be fed from an in
dependent transformer in the street.

RULE 6. SWITCHING AND CON
TROLLING APPARATUS. Switching or 
controlling apparatus shall be so placed that a
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Electricity in the Ceramic Arts
By J. P. Art:Xander 

GeNIRAI. Ei.ECIRIC I’lWAXV
Until recent years, electricity had not been introduced into pottery and tih -making fat lorn ■ for ’!,• ma

son that it had been generally supposed dial a steam engine, by reason of the ex. ( -- power it > ould probe • 
over its normal rating, was the only driver that could start up the machinery after the (lay had settled in the 
mixing tubs overnight. Recent electrical installations have shown Ilie fullucy of this idea, and have prove 1 
to ceramic engineers that the electric motor can duplicate any of the engine drives. In the following arte b-, 
containing descriptions of the various processes employed in the pottery industry, etc., the service affordc 1 
by electricity in this field is well outlined. The service of electricity in other branches of ( hemical and Mie1 
industries was treated in "Electricity Releases C emistry's Power," by J. M. Matthew-, Gi.xerai. Elecikk 
Reviexv, November 191S, page 727. Ediior.

Until recent years, electricity had not been 
introduced into pottery and tile-making 
factories for the reason that it had been 
generally supposed that a steam engine, by 
reason of the excess poxver it could produce 
over its normal rating, xvas the only driver 
that could start tip the machinery after the 
clay had settled in the mixing tubs over
night. Recent installations have shown the 
fallacy of this idea, and have proved to 
steam engineers that the electric motor can 
duplicate any* of the engine drives.

The machinery to be driven in the pottery, 
tile making, and allied industries and the 
poxver requirements are itemized in Table I: 
In addition to the apparatus listed there is 
occasion to use, in the same class of indus
tries, complete machine shop equipments 
xvhere diesand molds are made (5 to 20 h.p.'. 
and elex’ators for the handling of xvares (3 to 
15 h.p.), and also for the handling of coal for 
kilns (motor-operated hoists on trolley rails).

At this writing, no electricity has been 
utilized for the drying of or the firing of 
xvares, although experiments are being pro
jected at present; the problem of drying the 
xx-ares is the first that is receiving consider
ation. Continuous dryers utilizing motors, 
heating coils, and ventilating fans for pro
ducing the drying xx-ith proper humidifying 
of the air to prevent the cracking or xvarp- 

ing of wares, are nox\- offered for sale by 
several manufacturers.

The poxver required in average potteries 
varies from 50 h.p. upxvard; and up to this 
time electricity has been furnished mainly 
as direct current. At present, hoxvever, alter
nating current has been introduced into 
potteries and tile xvorks xvith great success, 
the principal reduction in operating costs 
occurring in the slip rooms xvhere clay is 
prepared for xvorking. The saving is the 
result mainly of the improvements made in 
the machinery used extensix’ely heretofore. 
Most of these improvements have occurred 
during the last three years and have affected 
the drives.

In such plants the clay is usually unloaded 
by hand from ears. It is then thoroughly 
mixed and xvetted, the crushing being done 
either in the dry or xx*et state. The clay is 
throxvn into a blunger with ground flint and 
spar where it is thoroughly mixed by revolving 
arms until it produces a thin mud or slip 
which varies in color according to the kind 
of elay used and the xvares to be produced. 
Several different varieties of clay are used 
for making up the body material.

Plants which do their own grinding of 
some materials claim that uniformity of ware 
comes from grinding particles always to the 
same sizes. Such grinding, when conducted
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TABLE I

Machine Horse Power

Dry pans...................... Tie to 15
Dry grinding mills 5 to 15
Mixing tanks................ 2 to 5
Slip pumps.................. 3 to 5
Stirring tanks.............  M to 5
Blungers......................... 5 to 10
Lawns............ . . 2 to 5
Generators for furnishing current

for slip magnets to extract iron
from clay............................................... G to 3

Wad mills. ... ............................. 3 to 7L
I’ug mills................................................. 5 to 14
Sagger presses................. . . 2 to 7 G
Tumbling drums.................................. 1 to 10
Finery wheels.......................................... G to 5
Special wet grinding machines for

grinding wares by laying them on
traveling tables covered with
sand for the grinding agent, the
table bling actuated and the
wares held by stationary barriers 5 to 50 

Milling machines for milling sani
tary earthenware in quantity. ... 5 to 50

Jiggers........................................................ »¿to 3
Electric finishing machines. . . . q to 1
Vertical grinders...................................... 11 to 1
Exhaust fans and vacuum cleaners 1 to 20
Ventilating fans...................................... to 10

wet or dry, furnishes an excellent central 
station load that enables the usual power 
rate (based on a sliding scale) to be made 
more attractive than in plants where such 
grinding is not carried on.

Alter the slip has been thoroughly mixed 
it is allowed to drain off into large tanks 
usually located beneath the floor of the slip 
room. A shaft, carrying arms which revolve, 
passes down into this stirring tank. Electro
magnets remove from the slip the iron that 
would otherwise spot the ware. This special 
electromagnet is placed in a trough through 
which the slip pours. Also a small generator 
or motor-generator is required for this elec
tromagnet. The slip is then pumped into a 
filter press consisting of 25 or 31) sections, 
each with a piece of filter cloth in between. 
The filter cloth serves to strain the clay from 
the water. After the clay has filled up the 
filter press, the slip is then diverted through 
a second filter press, the first being released 
and unloaded. A steam-driven filter pump 
will slow down as the filter pressure increases 
and the output of the press as well as the 
whole plant is usually lowered, due to the 
retarding effect of the filter pump on the small 
engine usually employed. This is noted in 
almost every average size pottery. The slip 
room processes are thus the “neck of the 
bottle” and the factory’s production is 

lowered in proportion. There is no reason 
why many “slip” room processes cannot 
proceed on electric drive during night hours, 
and thus reduce the load factor of such 
plants and the consequent cost of operation. 
Separate motor drive would prevent any 
reduction of output caused by slowing down 
of shafting.

The clay is then either thrown into a 
moistening room where it is kept wet and 
ready for working or it is thrown immediately 
into a pug mill where it is additionally mixed 
and forced out into large wads which are 
about eight inches in diameter and which 
can, as they proceed from the machine, be 
cut into slabs about twelve to fifteen inches 
long. The main object of the pug mill is to 
mix the material thoroughly and at the same 
time expel all the air, giving a solid character 
to the material. In this condition, the clay 
is ready for working and is usually moist 
enough for immediate service. If to be 
worked at once., it is carried into the pottery 
room where the potters begin to shape it into 
various utensils or wares. In the manufacture 
of china ware, the clay is placed on potters’ 
wheels where it is turned into plates, cups, 
saucers, or any kind of round ware. In 
other cases, the clay in this condition is 
pressed into molds and turned into various 
shapes that cannot be made either on turning 
lathes or potters’ wheels or jiggers. In some 
instances, the consistency of the clay must be 
very thin and in such cases the prepared clav 
is thinned down to a condition where it is 
poured into plaster-of-paris molds, the molds 
taking up the excess moisture and allowing 
the clay vessel, after a time, to be removed 
from the mold and set up to dry. In any 
kind of pottery, the drying process consumes 
from one to two days’ baking in a temperature 
of about 85 to 90 deg. F., sometimes as high 
as 105 deg. F. Decorating kilns, which 
require 900 to 1300 deg. F., are well within 
range of the electric oven, which is sure to 
be put into use soon for such work.

As soon as the drying is thoroughly 
accomplished the ware is ready for its first 
burning, which usually takes place as soon 
as the ware can be packed properly for 
protection against kiln smoke. At this point 
some wares can be glazed and finished in one 
firing; other wares require careful firing, 
covering from forty-eight to seventy-two 
hours al a temperature up to 2300 deg. F., 
the glaze being put on by dipping cold and 
a subsequent burning being given in other 
kilns where the temperature is high for a 
shorter period, the idea being to bring the
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10-h.p., 1200-r.p.m. Induction Motor Operating a 
Crossley Machine Company’s Glaze Drum, 

Lennox, Inc., Trenton. N J.

7 j h p . 900 r p m Induction Motor Operating a 
Mueller Company's Pug Mill, Imperia!

Porcelain Company, Manasquan, N J

3-h.p., 1200-r.p.m., Reversible Induction Motor Operating 
a Mueller Machine Company's "Segger” Press, 

Lennox, Inc., Trenton, N. J.

3-h.p., 1800-r.p.m., Induction Motor Operating a Mueller 
Machine Company’s "Segger” Press with Mechanical

Reverser. Imperial Porcelain Co.. Manasquan, N- J-
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ware to a condition where the glaze will melt. 
If the ware is to be decorated, a third firing is 
often necessary; this will not reach more than 
1500 deg. F. which is just sufficient to set 
the paint or color that is put on the wares 
over the glaze.

In order to burn the ware, and at the same 
time to protect it from kiln smoke, it is 
necessary to pack the ware in boxes of clay 
which are known as saggers. These boxes 
have until la.e years been made by hand 
and had to be constructed of fire-resisting 
clay which will withstand heat far beyond 
that of the clays burned. The breakage in 
the saggers is great, due to the high heats 
they must stand directly, which requires 
regrinding and mixing with fresh clay to be 
used over and over again. The motor drive 
of sagger presses has increased the output 
of these machines from -400 to 1000 per cent 
over hand operation. Various types of motors 
have been utilized for sagger presses, some 
driving and reversing by belt shifting and 
others furnishing a rapid reversing service 
direct.

The individual motor drive application to 
jiggers has increased the plate, cup, and 
saucer production about .30 per cent over 
the previous method of drive.

The average load factor that is required 
on the mechanically operated machines in 
potteries and tile industries is usually about 
10 per cent of the total load of the machines 
(10 hours a day basis), this load factor 
rising in direct proportion as the machines 
are operating full time. The load in such 
plants can, by careful analysis, be so arranged 
as to produce a practically constant load 
factor all day on a 24-hour-a-day basis. 
It is consequently an ideal load for a central 
station.

The porcelain industry, pressing for the 
most part from dry clay, departs to some 
extent from the method of manufacture just 
described. It uses drv grinders for the 
preparation of clay, and the porcelain work 
is done mainly by hand-operated presses, but 
there are several motor-driven presses which 
promise to be satisfactory for such work. It 
is claimed that there are no mechanical 
considerations to prevent electrically driven 
presses turning out wares from dry dust, and 
the results confirm this opinion.

There appears to be a great opportunity 
in the porcelain industry for drying saggers 
and firing kilns electrically. These problems 
will, no doubt, be also taken up as rapidly 
as ingenuity and opportunity permit.

The pyrovolter and other forms of pyrom
eters are now used extensively in research 
experiments and in drying rooms and kilns 
for the indication of temperatures.

The same process of manufacture that 
has been described in connection with the 
china ware industry holds good in connection 
with the sanitary earthenware industry, 
except that in the latter the pieces are usually 
larger and are more intricate in design; and 
at the same time require all the potter’s skill 
both in the manufacture and in the glazing 
and firing. Hand labor and experience are 
very much required in this industry and up 
to this time mechanical methods for producing 
salable sanitary earthenware goods have 
not been very successful, though worthy of 
continued effort. These wares are molded 
or built up by hand.

The making of bath tubs has been extremely 
hard to reduce to a mechanical process as the 
clay has to be worked wet and requires 
unusual skill in drying out, preparatory to 
firing. Also the firing of bath tubs and 
sanitary earthenware carries with it a high 
percentage of breakage and the losses are 
sometimes very great.

Efforts are now being made to control the 
drying by electric coils placed inside of 
hollow parts of the ware to cause shrinkage 
in some directions where otherwise it would 
not occur to the satisfaction of the operative. 
It is expected that electric current will be of 
considerable advantage in such work.

One company uses electric finishing ma
chines, and has an extensive vacuum-cleaner 
equipment which contributes materially to 
the healthful conditions of the works. State 
factory inspectors also are requiring more 
attention to hygienic ventilation.

It can readily be seen that much skill and 
experience is necessary for the turning out 
of fine wares, as there are so many points to 
be considered in design and treatment to 
prevent the unequal expansion and conse
quent breakage. It may be said in general 
that the art can be constantly improved so 
far as mechanical methods of manufacture 
are concerned, but marked advances have to 
be made in the design, the chemistry, and the 
technic of the art to allow machinery to 
replace the skilled hands required.

It will be of interest to note that, since the 
war began, American clays have come 
extensively into use and are given the 
necessary refining to produce the same 
quality of ware as has heretofore been made 
from foreign ball clays.
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For slopping machinery, holding machinery 
anil lowering loads, some form of braking is 
required. Two general classes of braking 
are in practical use. The first is friction 
braking, which makes use of a smooth brake 
wheel against which is applied stationary 
shoes or a band. The force for applying these 
stationary shoes or band in practice is derived 
from hand power, air power, steam power, oil 
power, solenoid power, or motor power.

A very familiar form of brake which is 
used for lowering motion is called an auto
matic mechanical load brake. Until recently 
this was used on the hoist motion of all 
alternating-current cranes except a few 
small or slow speed cranes. It is a device 
which acts as a solid coupling when the load 
is being hoisted, but when the load is being 
lowered some pawls drop into place and 
cause the device to act as a fric-ion brake. 
Therefore, the motor is required to exert a 
small amount of torque in the lowering 
direction in order to unlock the device and 
permit the load to be lowered.

The second is electrical braking, of which 
there are three kinds in common use, viz., 
back torque or “plugging,” dynamic braking, 
and regenerative braking. With back torque 
or “plugging,” power from the supply system 
is consumed for lowering and stopping a load. 
With dynamic braking the moving body 
generates electrical power which is dissipated 
in a rheostat. This type of braking can be 
used for retarding machinery and lowering 
loads, but will not serve to bring a body 
absolutely to a standstill or to hold a load. 
With regenerative braking the moving body 
generates power which is returned to the 
¡lower supply system. It is not possible to 
reduce the speed of the moving body to the 
same extent as with dynamic braking. 
Regenerative braking is principally useful for 
lowering loads.

'flic best practical results arc orihnaril' 
obtained by using ;i combination of some 
form of electrical braking and some form 
of friction braking. 'I'he principal advan
tages of electrical braking arc accuracy of 
speed control and elimination of mechanical 
wear on the apparatus. 'I'he advantages of 
friction braking arc that it can be used for 
accomplishing some results more economically 
and simply than can electrical braking, and 
that it can be used to hold the load at stand
still without the consumption of electric 
¡lower: also, it can be used, even when the 
¡lower supply fails, as a safety device. One 
of the most convenient methods of operating 
friction brakes is by means of elect ric si ,len< Ids. 
because they are readily adapted to re: ote 
control and also serve as an automatic safety 
device in ease of failure of power.

The use of solenoid brakes has been vastly 
extended due to their recent applications 
in connection with other forms of electric 
braking.

In the past, the claim has been made that 
a solenoid brake would give only one degree 
of torque, and that if this was not exactly 
suitable for the needs of the case, inferior 
operating results would be obtained, whereas 
hand-or air-operated brakes could produce a 
graduated braking which would in each case 
produce exactly the desired operating results. 
There is a whole lot of truth in the above 
claim, but a close analysis of the demands will 
show that only a small percentage of cases 
cannot be met by either a multiple magnet 
-brake, which gives two degrees of braking, 
or a solenoid load brake, which gives a 
variable amount of braking responsive to the 
speed of the motor with which it is used.

It is the purpose of this article to describe 
these two kinds of solenoid brakes and point 
out some of the applications for which they 
are adapted.
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The multiple magnet solenoid brake is, so 
far as operation is concerned, nothing more 
nor less than two solenoid brakes, but for 
convenience and economy it is made up in 
the form of one brake operated by two or 
more independent magnets. When both are 
energized the brake is entirely released, and 
the brake wheel is free to move. When one 
magnet is de-energized the brake is set and 
gives a fraction of the torque capacity of the 
brake. When a sect>nd magnet is de-energized 
additional torque is applied, and so on for 
as many magnets as may be used. The 
multiple magnet brake, having two magnets, 
is specially adapted for stopping apparatus 
which is moving in a horizontal plane, and 
some of its detailed uses are described below. 
In all these cases, if direct current were used 
it would be thoroughly practical to use 
dynamic braking in connection with a single 
torque solenoid brake to accomplish the 
desired results; and, if either alternating or 
direct current were used, it would be feasible 
to use back torque or plugging control 
in combination with a single torque solenoid 
brake. These last combinations would ordi
narily not be warranted unless very big 
units were involved.

In the ease of the revolving motion on a 
hammer head or locomotive crane, where 
there is some kind of flexible steel work used 
in the tower structure, and where there is a 
lot of lost motion in the gears, if is advan
tageous to apply a light amount of torque 
to take up all of the play in the gears and 
spring of the machinery, and after this to 
apply a heavier torque for bringing the 
machinery to rest at the desired rate of 
speed. This is true of all kinds of machinery 
where there is a lot of back lash in the gearing.

For traveling gantry cranes which are 
exposed at times to high wind pressures, it 
is frequently desirable to have a solenoid 
brake which will prevent the crane from 
being blown along he track. A brake 
which is powerful enough to exert this torque 
will be so powerful as to produce undue 
shock to the machinery in ordinary stopping 
when no wind is blowing. It is therefore 
advantageous to have one degree of braking, 
just sufficient to stop the gantry nicely and 
smoothly for ordinary purposes, and a second 
degree of braking which is powerful enough 
to hold the gantry against a strong wind.

Many min ing bodies carry a swinging hook 
underneath them, and it is sometimes adi an- 
tageous to use one degree of braking when a 
heavy load is on the hook and a lighter 

braking when a small load is on the hook, in 
order to stop the carriage as quickly as 
possible in all cases without unduly quick 
stops being made in some cases.

This system of braking can be controlled 
from a remote point in a number of different 
ways. First, both solenoids can be energized 
and de-energized simultaneously when power 
is applied to the motor, one of the solenoid 
cores being retarded from falling for a few 
seconds by means of a dashpot. In such 
a case, at the off position of the controller 
the brake will be set, and on the first step of 
the controller the brake will be entirely 
released. However, when the controller is 
thrown from the first step to the off position, 
a light torque will be applied first, and after a 
predetermined time full torque will be applied.

A second method is to so arrange that, at 
the off position of the controller both magnets 
are set. On the first step one of the solenoids 
is energized and the brake exerts only a 
partial torque. On the second step of the 
controller both solenoids are released and 
power is applied to the motor. This method 
is more universal in its adaptation than the 
first method, but requires more wires between 
the controller and the brake. It is also 
thoroughly feasible to use a dashpot with 
this scheme so as to eliminate the sudden 
application of full power of the brake in case 
power fails or in case the operator makes a care
less or accidental motion with his controller.

The third method of controlling the brake is 
to arrange so that at the off position both 
solenoids are set. On the first step one 
solenoid is released; on the second step both 
solenoids are released; and on the third 
step ¡lower is applied to the motor. This 
does not differ from the second method, except 
that there is one step on the controller where 
neither power is applied to the motor nor 
braking is used. This coasting point is very 
economical with respect to the heating of 
motors, and also with respect to power 
consumption on high speed trolleys, such 
as man-trolleys on coal and ore bridges 
running at 600 feet per minute and higher. 
The operator will find it very convenient 
and economical to turn the controller to the 
coasting step after the trolley has been 
accelerated to full speed, thus allowing the 
trolley to coast. One advantage of two 
magnets on the brake of a high-speed trolley 
is that it assists the operator in spotting his 
carriage at a definite point. As he approaches 
the point of stopping he applies a small torque 
and brings the carriage to a low speed, 



Sl'HED ('ONTRol. <>b' INDI < TK>\ Mo'H >|< , ON ( RVNI. . AND IPd

allows it to drift <m tin- coasting -.Icp I" 
within ii vein short <li'.la11<<- <if the exact 
spot where it is t<> be '.lopped, when he 
produces lull lor<|ne on the brake and bring', 
the carriage Io a xm ipiiek slop. Tin 
method of emit rolling the brakes lias eerlain 
elements of danger cmineeled wil.Ii it xwiiich 
are not present. in the first and second 
methods described. In the first and second 
methods it would be impossible fur a wind t <> 
blow the machine away without cither the 
motor exerting regenerative braking <>r the 
solenoid brake exerting friction braking, 
whereas this third method has a coasting 
step on which it would be possible for thn 
controller t<> remain while a wind was causing 
the machine to attain a dangerously high 
speexl. Therefore the third method should 
not be used on machines which are exposed 
to wind pressures callable of creating a 
dangerous condition.

Where many varieties of loads are to lw 
lowered by tin' same hoist, it has been 
thought that the only practical way to 
handle these loads with friction brakes was 
by means of an automatic mechanical load 
brake, or hand- or air-operated brakes, so 
that a different value of braking torque 
could be used in handling every different 
value of load. However, when the require
ments are analyzed it will be found that 
the actual demands are not for an infinite 
number of braking torques, but for an 
accurate speed control of the body which is 
being lowered, and that the ideal control 
must produce any desired speed regardless 
<>f what load is hanging on the hook; in 
other words, a braking arrangement which 
is so responsive to the speed that when the 
speed drops below- a certain predetermined 
value all braking will be decreased auto
matically, whereas if the speed is above a 
certain predetermined value the braking will 
be increased automatically. This require
ment has been met by what is called a solenoid 
load brake, for use with alternating-current 
induction motors. This brake consists essen
tially of an ordinary solenoid brake in which 
the solenoid is of such weight that very little 
braking action is obtained from the operating 
solenoid. This is designated (IQ in Fig. 1. 
But in addition to this operating solenoid, 
there is a solenoid (.1) which is connected to 
the circuits of the rotor. If this second 
solenoid (A) is de-energized, it applies heavier 
weight to the brake levers and consequently 
greater braking torque. If it is energized, 
its weight is almost raised from the levers and

i mming al high speed, a low -. "lia;" i 
i 11 < 111<-«.-< 1 in I he rotor and con e<|nem I ■ a 
greater amount of braking is obtained 
Aetna! tests made on such a dexiee Ji -. 
that there is snflicicnt resistance drop m 
the coil of the magnet and iil'liciem curl' 
loss in the iron to make the magnetic pnll 
almost follow a straight line law between 
full speed of motor and standstill. Flirt her 
remotely controlled regulation of the braking 
is obtained by connecting a resistor in serie- 
witIt the rotor circuits and the brake magnet, 
ami by adjusting the value of this resistor 
through the controller. This resistor is 
shown as AT and AT in diagram 2. A still 
further variation in the amount of effective 
braking at the motor shaft can be obtained 
by adjusting the regular control resistor in 
the rotor circuit so that the motor itself 
¡»nslies more or less against the friction brake. 
In other words, if a light load is to be lowered 
the motor can be made to produce a large 
torque, and if a heavy load is to be lowered 
the motor can be made to produce a small 
torque. The torque of the motor in each 
ease is such as to drive the load downward, 
whereas the torque of the brake would be 
such as to prevent the load from being 
lowered. The combination of these methods, 
all controlled from one handle, makes it 
possible to obtain any desired speeds below 
synchronism on an induction motor When 
it is desired to lower a load at or above the 
synchronous speed of the motor it is 
thoroughly practical and desirable to entirely 
release the solenoid brake and thus eliminate 
friction braking altogether, allowing the 
load to be lowered by regenerative braking. 
The brake is entirely released by energizing 
solenoid (B), Fig. 1. Therefore, in a practical 
case the load would be lowered almost to the 
bottom of travel by means of regenerative 
braking without any friction wear whatever, 
and then near the bottom of travel the 
solenoid load brake would be brought into 
operation so as to handle and land the load 
at loxx- speed.
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An alternating-current crane which is 
controlled by a solenoid load brake compares 
very favorably in operation with a direct
current crane which is controlled by means of 
dynamic braking and a solenoid brake. It 
might be said that from a friction wear 
standpoint, the solenoid load brake is inter
mediate in its advantages between an auto
matic mechanical load brake and a system of 
direct-current dynamic braking. With the 
automatic mechanical load brake there is 
friction wear throughout the whole of a 
lowering trip. There is also friction wear 
from stopping the load at the bottom. With 
the solenoid load brake there is no friction 
wear while lowering the load, but there is 
friction wear while stopping the load and 
while operating at creeping speeds for the 
purpose of landing a load. With direct 
current and dynamic braking there is no 
friction wear while lowering a load either at 
high speed or at creeping speed, and there is 
no friction wear when stopping a load except 
from something like 25 per cent of full 
speed down to standstill. This brake is 
relatively very small.

The solenoid load brake will give better 
results on creeping speeds when lowering 
loads than will the automatic mechanical 
load brake, principally because the solenoid 
load brake is a large open device whose 
adjustments are accessible and do not change 
due to wear. However, when the mechanical 
load brake and a solenoid load brake are in 
an equal degree of adjustment, the operating 
results are practically on a par. The solenoid 
load brake gives creeping speeds with prac
tically the same certainty as does direct 
current with dynamic braking, but not quite 
so accurate!}’ under all conditions of voltage, 
temperature, wear, etc. It is possible to 
jog with a greater degree of accuracy on a 
crane using the solenoid load brake than on a 
crane using either of the other two types of 
braking. The reason for tins is that when 
jogging is done with the solenoid load brake 
the solenoid does not pick up and set, thus 
requiring considerable time during which the 
brake shoes are released and the motor may 
revolve. The weight of the solenoid core is 
simply released, and the brake wheel slips 
slightly. There is no time wasted while a 
solenoid is picking up and dropping down. 
It has been found easy on actual test to 
jog the motor armature one twentieth of a 
revolution.

A solenoid load brake serves the double 
purpose of a lowering device and an ordinary 

solenoid brake, xvith the safety of stopping 
when power fails. Gn direct-current, cranes 
xvhich use dynamic braking in combination 
xvith a solenoid brake it is sometimes con
sidered advisable on account of the size of 
the crane, value of the material, or danger 
connected xvith handling, to use not only a 
solenoid brake on the motor shaft, but also 
a solenoid brake on the jack shaft. This 
same practice, for the same reasons, xvould be 
advisable in the case of a solenoid load brake 
on an alternating-current crane; that is, a 
single torque standard solenoid brake might 
be added to the back shaft. •

The value of retarding torque xvhich a sole
noid load brake should have should ordinarily 
not exceed 125 per cent of the rated torque 
of the motor. It is advisable to make the 
torque of the brake as small as possible so 
as to eliminate unnecessary shocks, jars, 
wear, and tear. It seems to be the usual 
guarantee on cranes that they will hoist 
125 per cent of their rated load; and, if this 
corresponds to 125 per cent of the motor 
rated torque, a brake set for 125 per cent 
torque would have ample capacity. When 
125 per cent torque is required for hoisting, 
not more than 50 or 75 per cent torque 
is required to hold back against the load. 
This is because the friction in the crane 
machinery hinders xvhen a load is to be hoisted 
and helps to hold a load from lowering. 
Therefore, under the conditions above a test 
load requiring 125 per cent of the motor 
torque to hoist would be retarded from full 
speed in lowering in something like two or 
three seconds. A usual load or no load on 
the crane xvould require something less than 
one second for retarding from full speed. 
Therefore, we are safe in saying that 125 
per cent brake torque stops a test load 
quickly enough, and a usual load not too 
quickly. Furthermore, the ordinary alter
nating-current crane motor will not start and 
hoist as much as 200 per cent of its full load 
rated torque. Now to lower a load which 
required the maximum starting torque of the 
motor xvould probably require less than 
100 per cent torque. Therefore, in the 
xvorst case there xvould still be about 25 per 
cent torque margin for retarding a load xvhich 
was as large as the motor could possibly hoist.

This 25 per cent is a rather small margin, 
but it has been found to be good practice 
in direct-current cranes, xvhich use dynamic 
braking, to set the solenoid brake for a 
relatively loxv value of torque. When in an 
emergency an extremely heavy load, much
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In those cases where an c\lra brake on I In
back shaft is used it would ordinarilx be 
good practice to adiust the solenoid b >;t>l 
brake for something like inn per cent or 
less of the rated motor torque, and adiust 
the single torque brake oil the back shall 
so that it retards with a torque of something 
like 75 per cent of the rated motor torque.

Du j om 5

Rotor H/ndmg 
Solenoid R Step 6. Lowen np

Diagram 3

Rotor Hindi no
Solenoid R Step 7, Lowering

\ Rotor Winding
Solenoid A Step 8, Lowering

Diagram 8

Df‘agram 9

Schematic Diagram of Connections on the Different Steps of the Controller
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Fig. 1 shows that the adjustments for this 
brake are very accessible and very simple. 
Springs (D) atid (C) can be readily adjusted 
to counterbalance the weight of the solenoid 
cores (.1) and (B). The lever ratio through 
which pressure is applied to the shoes can

Fig. 1 Alternating-current Solenoid Load Brake Mounted 
on a 15-h.p., 900-r.p.m. Wound-rotor 

Induction Motor

be readily changed at the fulcrum (L). The 
electrical effect on solenoid (A), and con
sequently the magnetic pull on its core, can 
be adjusted to a considerable extent by 
shifting taps in the resistor which is connected 
in series with this coil as shown on the wiring, 
diagram 2. -

A detailed description of the mechanism 
and operation of one design of solenoid load 
brake will be given. _ .

The solenoid load brake (Fig. 1) consists 
of a cast-iron frame (E) in which is mounted 
two hinged steel yokes (F and G); each of 
which has mounted therein a cast-iron shoe 
(AZ) with a molded asbestos compound 
lace or lining (X). These shoes bear on 
a specially constructed ventilated wheel (H), 
which is mounted on the motor armature 
shaft. The wheel is so designed that air is 
drawn through the ventilating vanes regard
less of the direction of rotation.

Two solenoids or electromagnets (A and B) 
are attached to one side of frame (E). These 
solenoids are connected to the brake shoes 
through a steel lever arm (K), the ratio of 
which, to give different braking torques, can 
be changed by putting a steel pin (L) in 
different holes in the lever arm.

The core (R) of solenoid (B) is connected to 
the lever (K) by means of a pin (5) through a 

slot (T); therefore when the core is down 
the brake shoes press against the brake wheel 
thus exerting torque, and when the core is 
up relieves the wheel so that it is free to 
turn. This solenoid is equipped with a 
balancing spring (C), one end of which is 
held by an adjusting pin (0) and the other 
end is under the yoke (P), tending to lift 
the core (R). This relieves some of the 
weight of the core (R) and produces different 
torque values on the brake wheel, depending 
on the position of pin ((9).

The core of solenoid (A) rests on lever (K), 
but it is not fastened to it as is the core of 
solenoid (B); therefore the weight of the 
core only produces torque at the brake wheel 
but does not release the shoes as does the 
core of solenoid (B). Solenoid (A) is equipped 
with a balancing spring (D) which relieves 
some of the weight of the core, as explained. 
The core of solenoid (A) cannot be raised 
so that it will have a magnetic seal with its 
armature, because a stop (IF) is provided so 
that the core can only be raised a certain 
distance. The reason that a magnetic seal is

Fig. 2. Torque-speed Curves of a Wound-rotor Induction 
Motor Combined with a Solenoid Load Brake 
(Solenoid A on 60 per cent rotor voltage tap)

av< >ided is that the core must act quickly in a 
downward direction, and this condition would 
not obtain if the core sealed. This stop is 
so constructed that it is made inoperative 
when the core of solenoid (B) is raised, as it js 
necessary in this case that the core of solenoid
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(.1 > should be raisi-d In llic si'ali'il pusiti'Hi 
as is solenoid (/»I.

I'lie coils ol each s< >1i • 11 < >1 < 1 haxe lour lead 
(I, 2, 3, -I) brought out, and the coils are so 
proportioned that they take care ol low, 
normal, and high voltage.

The coil of solenoid {R> is connected 
through the controller to the primarx side of 
the motor and the coil ol solenoid (.1 is 
connected directly .across one phase ol the 
motor secondary through the secondary 
resistor.

The operation of the brake is as follows:
On the first step on the hoisting side of 

the controller the coil of solenoid (R) is 
energized and immediately raises the core 
{R} which releases the brake wheel so that 
it is free to rotate. As soon as the core of 
this solenoid is raised solenoid (.1) has no 
cllcct on the operation of the brake; therefore, 
in the hoisting direction the solenoid load 
brake functions the same as any ordinary 
single torque solenoid brake.

On the first step of the controller, on the 
lowering side, power is applied to the motor; 
and the coil of solenoid (A), being connected 
across one phase of the motor secondary, 
almost raises its core and thus relieves the 
lever (K) of part of the total weight. The 
coil of solenoid (R) is not energized on this 
step of the controller and therefore the brake 
exerts a torque proportional to the weight of

sO I|O| 1

Fig. 4 Torque-speed Curves of a Wound rotor Induction 
Motor Combined with a Solenoid Load Brake

Solenoid .1 on 50 per <ent r r v '’..ige

Fig. 5. Torque-speed Curves of a Wound-rotor Induction 
Motor and Solenoid Load Brake

(Solenoid .4 on 60 per cent rotor voltage tap) S >noid H on 50 per cent rotor v’.tage tap

Fig. 3. Torque-speed Curves of a Wound-rotor Induction 
Motor and Solenoid Load Brake

the core iR>. If the weight of the load on the 
hoist plus the torque produced by the motor 
is more than the torque exerted by the brake 
the motor armature starts to revolve. How
ever, if the torque exerted by the brake is 

is a maximum when the motor is running at 
maximum speed and a minimum when at 
standstill. The coils of solenoids (A> and 
(B) are connected the same on steps 2, 3. 
and 4 as on step 1, but the torque developed 
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by the motor increases on the different steps. 
Also, the resistors Ri and R2 are manipulated 
on steps 2 and 3 to raise the standstill voltage 
on coil (A). Therefore, for the same load 
on the hoist the speed increases on the 
different steps. On step 5 solenoid (B) is

Fig. 6. Typical Wiring Diagram Showing Connections of 
Solenoid Load Brake, Limit Switch, and Contactor.

Creeping speed on first hoisting step 
of the controller

energized, and on this and the remaining 
steps the solenoid load brake is the same in 
effect as a single torque solenoid brake. On 
steps 5, 6, 7, etc., the brake being entirely 
released, the motor runs above synchronous 
speed, the speed depending on the load on 
the hoist and the step of the controller. The 
fifth step gives the highest speed and the 
last step the slowest speed above synchronism 
with the same load on the hoist. A light 
load gives the slowest speed and a heavy 
load the highest speed.

Fig. 2 shows torque speed curves of an 
induction motor equipped with a solenoid 
load brake. Curves 1, 2, 3, and 4 in the 
lowering direction are the algebraic sum of 

the motor and solenoid load brake curves 
la and lb, 2a and 2b, 3a and 3b, 4a and 4b, 
respectively shown in Fig. 3.

The solenoid load brake curve lb shown 
in Fig. 3 is obtained with 60 per cent stand
still rotor voltage across the coil of solenoid 
(A) on step 1 of the controller. This standstill 
voltage changes on steps 2, 3, and 4 as the 
rotor resistor values change, thus giving 
the different curves 2b, 3b, and 4b, as shown.

The results of changing the tap from 
solenoid (A) in the resistor from GO to 50 per 
cent will be seen by referring to Fig. 4. 
Fig. 5 shows the motor and brake curves 
whose algebraic sums give the curves of 
Fig. 4. _

If loads which are equivalent to about 60 
per cent torque are to be lowered as a regular 
thing, it would be better to use the 50 per 
cent tap (Fig. 4) rather than 60 per cent 
tap (Fig. 2) as it will be seen that with 60 
per cent lowering torque the speed on step 
1 is about 10 per cent. It can readily 
be seen that the load can be lowered on step 
8 at about 110 per cent speed, delivering 
power to the supply system, and just before

Fig. 7. Solenoid Load Brake with one Solenoid above the 
other. This brake functions the same as the 

solenoid load brake in Fig. 1

landing the load the speed can be changed to 
about 10 per cent by turning back to step 
one. Considering ordinary crane hook speeds 
10 per cent would be very low and the 
load can be very easily landed. However, 
if 60 per cent torque is lowered with solenoid
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(.1) connected to the til) per cent x ■ lap 
step I will give about .>H per rrnl speed a. 
per 1'ig. 2.

Torque speed curves are shown in big. ?, 
ami it will be noted that when running on 
step 5 of thf controller in tin- lowering 
direction, with a load on the hook corn' 
spending to 6(1 per cent torque, the speed will 
be about 135 per cent of the hoisting speed. 
If the controller is turned to step I the torque 
peak will be about 132 per cent, decreasing 
to 125 percent at Kill per ecut speed, and then 
gradually falling otT to (>0 per cent torque at 
72 per cent speed. It can readily be seen 
that step 5 can be changed to give higher 
lowering speed without getting excessive 
peaks when turning back from step 5 to 
step 4.

If a resistor is inserted in the circuit of the 
coil of solenoid (B) on step 1, hoisting, diagram 
!>, a creeping speed can be obtained with a 
very light load on the hoist. This is of 
advantage on machine shop and foundry 
cranes, where it is necessary to have a 
definite slow hoisting speed for light loads.

Diagram 9 shows the schematic connections 
of step 1, Fig. 6, and it will be noted that 
a resistor (D) is inserted in series with the coil

I >n the second step ol the controller, 
resistance (/B is short-circuited, thu upplyin. 
full voltage to the coil of solenoid f/R whi'h 
entirely releases the brake.

If the resistor in the rotor circuit i~, con
nected so that 25 per cent torque i- obtaine 1 
on the first hoisting step of the controller, 
a small variation in torque gives a large 
variation in speed < >n account of the steepness 
of the torque speed curve. When resistance 
(D) is inserted in series with solenoid (B) and 
the rotor resistor is arranged to give 51) per 
cent torque on the first hoisting step of the 
controller, a small variation in torque gives a 
small variation in speed because the torque 
speed curve thus obtained is flatter than the 
25 per cent torque curve mentioned above.

Fig. 8. Typical Wiring Diagram Showing Connections of 
Multiple Magnet Solenoid Brake



126 February 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 2

Large Motor-generator Sets in Test at Schenectady Works

VIEWS IN GENERAL ELECTRIC COMPANY FACTORIES
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The subject of nlvaging 1 m lust rial wa Ir i luii./ ■ ■ •■'ul ■ e
manufacturing companies, and its tabi of opetaiion i er..?.:' ,• \\ •
our industries in the near future, all classes ot manti:.. ' >>.■ v. . r.-s. i c i’ ’ • 
methods and conserve their by-products, as the mena n ■ . • ..1 pt<. l : ’¡"ti ■ ■: 
always be done by advancing the selling price, due to • . •..r "I . p 'Pt"-, 
points out, it is our duty to conserve every thing. lint ion

There are many by-products relatively as 
important as the chips and turnings, eastings, 
and heavier metals which we need to conserve. 
The manufacturer's efforts to salvage indus
trial wastes must extend over a much wider 
field than is included under the classification 
of metal by-products alone if we are to secure 
the desired results and accomplish a nation
wide saving of everything of value in military 
production or in private commercial under
taking. If actual fighting has ceased and 
peace is reasonably assured, we are just 
entering upon the period of reconstruction 
which will of necessity be of long duration. 
In the work of rehabilitation of devastated 
and war-torn Europe we must take a leading 
and active part. Our duty, therefore, is to 
conserve everything, not only to lighten the 
burden of reconstruction work and make 
easier the task of our national government, 
but also to enable the government and nation 
to set before the world and especially before 
the impoverished countries of Europe. whose 
treasuries have been depleted anil whose 
credit has been impaired by the prosecution 
of the war, that broad and high example of 
economy and right living which is now mani
festly our privilege and obligation to establish 
and maintain.

There are numerous by-] roducts in addition 
to those we have been discussing*  which must 
receive our earnest attention and critical 
consideration. Failure to do our utmost 
along this line places the greater economic 
burden on the shoulders of someone else where 
it does not properly belong. The products 
of leather and rubber industries, of woolen 
and cotton mills, of chemical industries, of 
fabrics of every kind, offer a most fertile 
field for the salvaging of the smaller classes of 
wastes resulting from the manufacture of these 
varied classes of materials.

In the Schenectady plant of the General 
Electric Company many miscellaneous by
products reach the main scrap building which 

* "Salvaging Industrial Wastes," by W. R. Conover. General 
Electric Review, Jan., p. Ss.

add greatly bi the urn
salxagcd during the year Kub u r. ]<• 1 
liber. rope. strings, muffin rag . < lo’h ’t" 
tilings. burlap sacks and xx r;q g .me . wor: 
belting, asbestos sheeting, armaiun and 
livid insulation papers, and -mall o: 
productive materials in x-ariom torn- and 
stages of shop ]>roce.'scs, which have bo n 
condemned by the inspeCton force a- unfit 
for further productive u-c. are sen' ’o '.he 
main scrap building to be sorted anil prepared 
for shipment. Scrap sheet steel and liber 
sheets of suitable thickness for making 
washers art saved and sent back to ’he metal 
punching departments for the produc’ion of 
various sizes of washers. Insulated wire ends, 
clippings, and short lengths of cable and 
conductor remaining over from production 
or from shop wiring jobs arc delivered to 
the sera]) building where the insulation is 
removed by burning, leaving the clean copper 
wire in shape for shipment to the open market. 
The bundling machine, which is designed to 
wind bundles of suitable size for charging 
standard crucibles, takes care of a con i I table 
percentage of loose copper wire teaching 
the scrap building. The cotton fa' tic scrap 
and scrap from other materials used in the 
braiding of cables and manufacture of 
insulated wire are all subjects 1 to the ] r< cess 
of reclamation. S me of this left-over tabric 
is used in the wire department in t lace oi 
cotton waste for cleaning machinery etc.

In the mica insulation department there 
is a constant accumulation of waste fn m the 
production of mica insulatic ns. on which an 
avt rage of nearly three hundred hands arc al
ways engaged. T1 is waste ’product is treated 
in furnaces for the purpose of burning out 
varnish, paste, etc., which renders it available 
for further use in the production of insulated 
sheets which are ent into vari us forms of 
pasted mica as required.

Cables, Slings, and Belting
Roue slings which have been cut in the 

process of lifting or are wern by use are 
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inspected by the chief rigger and where 
practicable are made into shorter lengths. 
The balance of these slings is sent to the 
scrap building and sold with other waste 
fabrics. There is also maintained a regular 
inspection of steel crane and elevator cables. 
Whenever these cables become sufficiently 
worn or the strands broken in such a manner 
as to reduce the factor of safety, they are 
replaced with new cables. The old cables 
are utilized for steel slings, the defective 
portions having first been removed. Steel 
slings are used to a large extent in the machine 
shops of the Schenectady plant, and a large 
percentage are made from cables removed 
from elevators and cranes. The highest 
degree of safety is maintained by this system 
on all lifts either by elevators or cranes, and 
the second-hand steel slings always insure a 
large margin of safety in the handling of 
heavy eastings or other material. The mill
wright department, which takes care of all 
belting equipment except the minor repairs 
and lacings made by the local belt lacers in 
the shops, inspects all worn belts, utilizing 
all gooil portions for making shorter length 
belts and also for repairing, and saving the 
balance which is disposed of through the 
scrap department.

Paper By-products from the Shops and Offices
The waste cuttings and trimmings of 

armature and field coil insulations, cable 
paper, press board papers, and other papers 
used in production are accumulated in sacks 
in the various shops and sent to the main 
scrap building for storing and shipping. 
These papers are kept carefully separated 
in the manufacturing departments, thus 
avoiding the labor of sorting at the scrap 
building, and insuring the receipt of the 
highest market prices tor the various grades. 
Wrapping papers received on incoming 
materials are accumulated and sent to the 
central stores building to be used in wrapping 
small packages of materials delivered out 
to the shops. In the end, these papers reach 
the salvage, plant and are baled and sold to 
the dealers. Magazines and periodicals are 
put into separate bundles lor which a proper 
rate for this classification is obtained. Blue 
prints and printed office forms which have 
served their original purpose are cut and 
glued into pads and the backs of these sheets 
are used in the various shop offices and on 
the shop floors for scrat ch-pad purposes in 
systematic effort to reduce as far as practica
ble the expense of clerical routine. As in the 

case of wrapping papers, they are eventually 
sold as scrap product.

Waste papers are collected from the gen
eral offices, engineering offices, production, 
accounting, and shop offices in sacks, and 
in this manner sent to the salvage plant on 
the refuse cars. These papers are run through 
a slitting machine and then baled for ship
ment to the mills. In the process of baling 
paper and excelsior, board trimmings and 
scrap wire received at the building are 
utilized exclusively. Asbestos paper and 
sheeting, used as insulation material in 
certain classes of manufactured product, are 
saved by the shops and delivered to the 
scrap building for shipment. Some of the 
asbestos used in laboratory processes has been 
sent to glove, manufacturers and made into 
gloves, effecting a reduction of about 75 per 
cent in the cost of new gloves.

During the past two years more than 
300 tons of the waste papers from offices have 
been accumulated annually and put through 
the slitting machine and baled for the market. 
The total paper by-products shipped annually 
from the Schenectady Works amounts to 
more than 550 tons. This will be increased 
considerably during the present year.

Lumber By-products, Boxes, Barrels, etc.
Reclaiming waste lumber offers a good 

field in most factories to effect a large saving 
in material with a comparatively low labor 
cost. Lumber left over from the construction 
of new buildings, also from alterations and 
repairs, is carefully sorted, the nails, bolts, 
or rods removed and returned to stock for 
further use in making repairs, concrete forms, 
temporary stagings, platforms, etc. A quan
tity of lumber can be reclaimed from the 
larger housings and cases in which incoming 
machinery and materials are received, and 
most of the lumber in the longer cases in 
which metal rods and sheet metal strips are 
freighted is adaptable to these temporary 
purposes. When these latter boxes are of 
sufficient width and depth, they can be 
converted into shop tote boxes to good 
advantage by sawing them into sections 
approximately 18 in. long, nailing in ends, 
and banding with strap iron where necessary. 
Such boxes will last as long and are as durable 
as those made of new material at two or three 
times the cost. All of the medium and 
smaller sizes of incoming boxes are suitable 
for transferring materials about the shops or 
for holding materials in storage. A nail 
puller should be used in removing the covers 
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in preierenee tn a pinch liar, ;r. (lie limiln-r 
in these covers is tiseltil in repairing broken 
lx ixes ; i tic 1 also in making end- lor the sect ions 
into which long boxes are cut. A - rapidly 
as boxes become worn or broken in transit 
about tile factory , they are sent to the 
salvage department ami put in a condition 
of good iX'jKiir. By this means a constant 
supplv ol second-hand boxes is kept passing 
back into the manufacturing departments 
and store rooms. Many of these boxes tire 
of large size and tire used for shipping material 
to the other plants oft he Company. Between 
500 and (100 boxes per week are being repaired 
in the salvage building tit the present time, 
or a total of nearly .‘>0,000 per year. The 
value may be conservatively estimated to 
exceed 112,000 annually.

Wood and steel oil barrels, also cans in 
which oils and chemicals have been received 
tire all valuable for further use. The barrels 
should be steam cleaned and used for the 
shipment of oils and chemicals outside, or for 
their delivery to the various shop depart
ments. The smaller cans are always useful 
for the painting gangs about the factory. 
Steel barrels which have become leaky make 
good containers for chips and turnings and 
the smaller scrap metals. Handles should 
be riveted to the sides for handling with 
the shop cranes. Strawboard or pasteboard 
eartons in which incoming materials have 
been received are suitable for delivering 
small or light materials from the central 
store house to the shops.

Miscellaneous Shop Supplies
The various classes of shop supplies are 

usually sources of greater or lesser degree of 
waste. Emery cloth and emery paper, cotton 
waste, muslin and cheese cloth, brooms, 
brushes, lamp globes, gloves, twine, etc., are 
some of the expense supplies used in nearly 
every shop. The first three items are 
frequently subject to the greatest degree of 
extravagance in use. The consumption of 
these materials, however, is within the limit 
of control if proper regulation of their use is 
established. Emery doth and paper, par
tially worn or filled with metallic or other 
substances, may be readily cleaned with an 
ordinary wire bench brush and its life thus 
prolonged. The corners of sheets remaining 
from the cutting of emery wheel disks can be 
cut into rectangular shapes and used on 
some classes of work. The workman may 
also be taught to conserve his supply and use 
it to the best advantage by requiring him,

lo inrlhod . ol exl r.u I 111'.' oli. < I' Vii' d 
reclainiiliy. Il u bollir pra< Ileo In • ■ 
a propor lem of disi rifinì ioti m il «
than to depend on (In- proio ol r<> !.■ 
as a mean- of reducing co 1 and < on . r

oil is ol ten ol in I erior qualit y as it i ■ ucn« ra'.. 
a mixture of bearing oil. eulling oil. and 
sometimes of soluble solution- where 'he 
yvaste is gathered from several depar'na"H 
and requires careful filtering to free it irom 
metal smut and other foreign elements before 
it is lit for further use. Waste may be steam 
cleaned to advantage so that it can be u-ed 
for purposes other than wiping the work
man's hands where it is liable to cau-e 
irritation because of the line particles of 
metal which, usually ding to the fibers. A 
controlling system of supply and distribution 
is the best answer to the problem of reducing 
consumption and preventing undue loss. 
The fort man’s order on the stock department 
for his regular weekly supply should be 
based on the number of productive employees, 
allowing a given average number of ounces 
per employee (according to t he class of t inxluct 
manufactured) as a controlling fact ir in 
determining the total supply in pounds 
required. The usual fluctuations in produc
tive employees obviously fluctuates the total 
weekly supply drawn from stock. The 
internal distribution to the men must neces
sarily be governed by the kind of work each 
employee is doing. A bench hand engaged 
in assembly or other processes practically 
free from dirt or oil requires a very small 
allowance, while the operator on large 
machine tools or automatics must have at 
least a quarter pound or more per machine, 
according to conditions, for his regular 
weekly supply. In like manner, the con
trolling multiple or factor in some de; art- 
ments may be as low as one half to one ounce 
per employee, and in others reach as high as 
four or six ounces, but it is safe to state the 
case is an exception and not the rule wh re 
the class of product manufactured would 
make necessary- an average distribution to 
the employee of one half pound per week. 
Waste required for special purposes, su
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as cleaning production materials, special 
cleaning up of machine tools which are taken 
down for rebuilding and repairs, straining 
varnishes or compounds, and similar purposes, 
should be kept separate from the workman’s 
regular weekly supply and the quantity 
governed by the conditions and processes for 
which it is required.

Such supplies as brooms, brushes, twines, 
lamp globes, gloves, and other protective 
clothing, etc., and materials such as muslin, 
felt, and various cotton fabrics are all sus
ceptible to regulation and restriction which 
will prevent undue consumption and waste. 
In general, the workman's order for a fresh 
supply should be approved by the foreman 
before being filled by the stock keeper, and 
Hie worn or discarded items should be 
returned to the store room with the order. 
This accomplishes a twofold purpose. It 
places a check on the employee to insure that 
his supplies are. utilized to the fullest extent 
and advantage consistent with the nature of 
his tasks, and it insures the saving and 
accumulation of the materials for further use 
wherever practicable or for scrap.

Brooms which have become too much 
worn for effective service in cleaning the 
shop floors are suitable for certain kinds of 
yard cleaning or other rough work. Brushes 
which have served their purpose on painting 
specific classes of productive work arc still 
of value for many rougher processes, outside 
painting, etc. Lamps having leads attached 
for portable use should always be protected 
with wire guards, and the stubs of broken 
lamps saved for the brass scrap. Gloves 
with ripped seams should be cleaned and 
mended, and worn-out gloves can be sold as 
leather waste. The consumption of gloves 
and other protective clothing should be 
controlled by instructions restricting their 
use to processes which render their being 
provided essential to the health and safety 
of the employee. Felt trimmings are useful 
as padding on trucks, trays, or containers 
employed in handling fragile and polished 
materials, and are frequently adaptable to 
small cleaning and polishing operations. 
Muslin fabrics and cloth remnants of suitable 
size can always be utilized for cleaning and 
dusting purposes and usually can be subjected 
to repeated washings before being discarded 
and sold as scrap product.

Lubricating and Cutting Oils
Lubricating and cutting oils and com

pounds constitute a relatively large proportion 
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of the expenditure for shop supplies in most 
factories. The oil house should be equipped 
with steel tanks in which to keep the stock 
supplies, as there is always more or less loss 
from seepage where oils are kept for any 
considerable time in wood barrels. In order 
to control consumption, it is essential to 
provide the stockkeeper and foreman of 
departments with a printed or written 
schedule of instructions designating the kinds 
of oils which are to be delivered to the shops 
for the various classes of productive processes 
and also for the lubrication of machine 
bearings, slides, journals, etc. It is some- 
limes desirable to schedule a definite amount 
to be supplied for the lubrication of the 
different types of machine tools in order to 
prevent the operator from being wasteful 
in practice. When this is done, the supply 
should be determined by careful tests and 
not left to the judgment of the overseer or 
operator.

Where a number of machines are grouped 
and operated continuously on the same kind 
of cutting oil, the installation of an overhead 
tank and system of piping leading to each 
tool is an essential factor in economic opera
tion. Much depends on a proper flow and 
feed of oil to the tool and the surface cut 
in obtaining the best results. The workman 
needs to be fully instructed as to the im
portance of regulating the supply in such 
manner as to reduce friction to a minimum, 
not simply as a means of securing speed and 
precision, but as a necessary part of his shop 
practice to save and conserve and thereby 
reduce manufacturing costs.

All machines should be provided with drip 
pans and in many cases, such as automatics, 
with aprons or shields to prevent the spatter 
of oil upon the floors.

Filtering devices are always a part of the 
equipment of the up-to-date shop to enable 
proper cleansing and renewing the lubricating 
and cutting value of oils deteriorated in 
operation.

Much can be done toward reducing the 
expenditures for lubrication by the sub
stitution of properly combined mineral oils 
and oil bases for straight lard oil, and by 
systematic and careful designation of some 
of the cheaper oils or soluble compounds for 
light work on brass and steel.

Fuel Gas and Fuel Oil
In the bigger mechanical industries the 

cost of fuel gas and fuel oil represents a large 
expenditure because of the usualh very large 
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consumption. llu'V arc generally 'ailiicct 
to much waste am! loss line to improper 
equipment ami lack ol proper supervision 
ami attention. It is essential in Ilie first 
place that till valves ami openings on furnaces 
ami supply pipes, on soldering fixtures and 
other heating device.'', be of the proper 
size ami that automatic controlling attach
ments be installed tind used wherever possible. 
Only by this means can economic operation 
be maintained.

Bench gas fixtures used for heating and 
soldering purposes tire always a source of 
waste. Unless provided with automatic con
trol, the flame is left burning full when the 
workman is away from his work ami often 
for long intervals when not required for 
produetive processes. Where not practical 
to equip with automatic control, the workman 
should be taught to cut the flame to pilot 
size when not in actual use. Usually a 
careful investigation will reveal that many, 
if not most, of the openings of bench fixtures, 
and sometimes the feed valves of furnaces 
and ovens, can be reduced in size and stive 
a considerable percentage of the waste.

Compressed air is often a source of waste to 
which both foreman and workman give little 
attention. Few shop men stop to consider 
the cost of the power used in the production 
of air for pneumatic tools. Leaky valves 
and pipes need constant attention. The 
workman should be instructed always tn 
close the valve connecting the pipe supplying 
his tool with the main line, when air is not 
required, and to take all other means possible 
to conserve the supply.

Too much emphasis cannot be laid mi the 
importance of proper distribution and use of 
expensive shop supplies in order to avoid 
waste. The argument is sometimes offered 
against systems of regulation and distribution 
involving the return of used materials, that 
they require too much of the workman’s 
time, and interfere with the more essential 
production routine. In general it would be 
difficult to demonstrate the correctness of 
this assumption. Proper systems of control 
not only enable the foreman to know that 
all supplies charged to his department are 
utilized to the best advantage, but they 
teach the workman the necessity and value 
of maintaining uniform, consistent habits of 
thrift and precision in all his work.

Power, Heat, and Light
In giving consideration to the salvaging of 

factory wastes we must not overlook the

Men of extensive experience arc ni'i-did 
not only for the work of supervision but for 
till the various functions of power house labor 
as well. Inspection and care of gem rat or 
tind auxiliaries, switchboards, inst rumen'-, 
oiling systems, etc., must be of the high<-t 
order. Constant attention must lie given 
to Hues and grates, regulation of drafts, 
maintenance of clean, bright fires, care of 
feed water, etc., in order that combustion 
may be complete and chimney and other 
losses avoided as far as possible, t'¡ireful 
consideration should be given to the purchase 
of fuels with reference to the percentage of 
fixed carbon, volatile matter, sulphur, ash. 
and moisture, selecting those fuels which 
develop the highest number of heat unit 
without too high a percentage of sulphur or 
ash.

All the waste materials of the power house 
at the Schenectady plant are systematically 
reclaimed. Cylinder and hearing oils which 
have become dirty from service are filtered 
and their life increased by the addition of 
new oil. Cotton waste and cloths are 
washed and used repeatedly until their value 
is exhausted. Repair parts, piping, valves, 
old belting, and other supplies are either 
retained for some further purpose or sent to 
sertq). Nothing of value is allowed to escape 
the process of reclamation. Even the cinders 
and ashes daily removed from the boilers serve 
a valuable purpose for the underlying base of 
plant roadways and ‘rackage. and for filling 
low ground areas.

The shop foreman has an important duty 
to perform in preventing waste of power, 
heat, and light. He should give the sat le 
personal attention to regulation and control 
of these elements of shop supply that he 
would devote to other routine economies. 
Field switches should always be opened 
and current cut off when shop motors are not 
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in use; proper ventilation should be main
tained and valves closed in order to save 
steam when the temperature exceeds a healthy 
normal; and lights should be turned off 
during working hours when the radiation and 
diffusion of natural light is sufficient. In 
these and other ways the shop foreman can 
be of vast assistance in preventing power 
house waste and loss.

Destructor and Salvage Plant
The destructor and salvage building has a 

floor area of 13,500 square feet. There are 
two 300-h.p. boilers in the main section 
which are fed by refuse and waste products 
collected from the shops and yards which are 
not scheduled to be delivered to the main 
sera]i building or burning dump. Two trains 
of several cars each are inconstant operation, 
hauling these mat erials from the shop sidings 
and platforms to the building.

Refuse lumber from construction jobs, 
repairs, and alterations, incoming boxes from 
which raw materials have been removed, 
broken shop tote boxes, and other mis
cellaneous waste materials reach the destruc
tor plant by the dump trains. Waste 
products of the carpenter shop, board ends 
shavings, sawdust, etc., are delivered to the 
building by an overhead conveyor. All 
materials of value are saved and put in stock 
for further use or sent into the adjoining 
salvage building to be repaired and returned 
to the shops, as is the case with broken boxes. 
Much of the lumber reclaimed is stored in 
piles where it is accessible to the grounds and 
buildings organization. The excelsior re
moved from incoming cases is baled and 
forwarded to the shipping departments. A 
supply of sawdust is delivered regularly to 
the porcelain factory for use in packing 
porcelain insulators and other parts for 
shipment.

The steam production from the two boilers 
is delivered to the shop mains and amounts 
to over 50,OOI),()(K) lb . annually.

The salvage department, containing 3.S00 
sq. ft. of floor space, is devoted to important 
reclamation work. The equipment consists 
of a paper slitting machine, baling press, 
band and rip saws, cinder mill, washer, etc. 
Here all the waste papers collected from the 
offices are cut and baled. Incoming boxes 
and broken tote boxes are repaired and 
returned to the shops. The long lengths of 
boxes in which copper, brass, and other 
metals are received are sawed into sections 
of suitable length, supplied with ends, and 

sent to the central stock building and shops 
to be used in delivering and handling materials 
in the various departments about the plant. 
When these boxes are of too small dimension 
for the above purposes they are. carefully 
taken apart and the material used for concrete 
forms, also for box repairs, cutting into 
ends, side pieces, etc. Second-hand material 
is used exclusively in this repair work,, and 
the production, as previously stated, averages 
between 500 and 600 boxes per week.

The cinders from the destructor plant 
furnaces are put through the operations of 
reduction and cleaning in the cinder mill, 
and forwarded to the main scrap building for 
the extraction of metals.

Cotton waste and cotton fabrics of various 
kinds are collected and washed and returned 
to the manufacturing departments and offices, 
and through this means are used repeatedly 
for cleaning, dusting, and polishing.

Inspecting Factory Grounds
It is essential to establish a regular system 

of inspection of all factory yard areas and 
of contiguous grounds about shops, and to 
collect all materials which have been in
advertently left by workmen on the com
pletion of jobs. One or more men should be 
regularly assigned to this work. At the 
points of filling of low ground areas (usually 
styled the factory dump), men are assigned 
to the task of raking over the refuse dis
charged by the dump trains before it is 
thrown into the fill. In this manner any 
pieces of metal, rubber, rope, or other scrap 
of value which have got into the refuse 
by accident, are reclaimed and returned to 
the by-products building.

Improved Methods of Handling By-products
The industrial world is now emerging 

from a period of intensive war production 
and entering upon a period of reconstruction 
and rehabilitation of the countries which have 
suffered loss and retardation through the 
progress and devastation of the war. A 
general speeding up of industrial processes 
will doubtless be necessary to keep pace with 
the demand for raw materials and finished 
fabrics which will be needed to place the 
world again on a stable and prosperous basis 
of economic existence. This will make new 
and more scientific methods of handling 
materials not only desirable but essential. 
Involved in these changes will be the im
portant question of improved methods of 
handling factory by-products. Transveyors
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under lliims, receiving ('hips tlir<Higli rlmti'. 
direct l'rom pmallel line-'. <>1 macinile toni., 
oil extractors, metal scj >; i r; 111 »rs, l'uttmg, 
btmdling. and baling api'.'irai us, and convcx - 
ing cijtii]iincnt <>t various kiiuE, will l>e 
required l’or eolleeting, preparili;;, and hiading 
for shipment. thè by-prmlucts of thè big 
infilisiry of thè l'ut lire.

Urgent Call for Greater Conservation
No appeal to the mamil’acturer to save and 

utilize by-produets can be made too forcible 
or too strong. What we need throughout 
the whole extent of our American Republic 
today is to learn individually and collectively 
tts a nation the vital principles of economy 
and conservation. We need as a people to 
learn to save everything—of whatever in
trinsic value- not simply during the present 
moment of great world-wide demand, not 
simply during the coming period of recon
struction work, but for all time to come

I heir i . in I 1 rill 11’ ' d । ’ I ‘

ext ravaganer and wa I < I ill pi

< if mamifaet uri ng.
It sin mid Iie 1 ho pm'|"> o ol the mana"' n " m 

uf mfitislries, both largi' and mall in ail 
parts of the country, tn rmirnr i". er .1 liing 
possessed of inherent value Til'' quo rion ol 
profit in the process ol reclamation houhl 
not alwavs be the chief or dceidim' factor. 
Il should be our aim to render all the a i I- 
ance possible both to the national govern
ment ami to the mills which manufacture 
raw materials or finished fabrics by con
serving everything that may be of use in 
production, anil bv consistently following out 
this principle we will be of practical service 
to the public at large.

Single-collar vs. Multi-collar Thrust Bearings 
for Propeller Shafts

By IL G. Reist

Alternating-current Engineering Department, General Electric Company

In view of the large amount of shipbuilding proposed for the near future the following article is very 
timely. As the war is practically over, and we are about to enter a period of commercial reconstru "ion, 
probably of long duration, it will be necessary to conserve our resources in every possible way if we arc to 
compete in the rehabilitation of Europe. From the data available the author assumes that the substituting 
of single- for multi-collar thrust bearings on the average merchant ship or transport would result in a saving 
of about one half of one per cent of the total power, coal, and size of boilers. The conservation of fuel alone, 
therefore, would be material, not to mention the saving in cargo space and first cost.—Editor.

The thrust from the propeller shaft of a 
ship is transmitted to the vessel through a 
thrust bearing. There are, in general, two 
types of thrust bearings in use; viz., the 
multi-collar horseshoe bearing and the single
collar thrust bearing. The former is usually 
known as a horseshoe bearing on account 
of the babbitted bearing surfaces having that 
general shape so that they may be readily 
removed and replaced. This bearing has six 
or more collars on the shaft, and babbitted 
plates or horseshoe bearing surfaces are fitted 
to each collar. This type has been in use for 
a long time and is found on the majority of 
ships today. It has several inherent dis
advantages, but as formerly no equally 
satisfactory design was available this type 
was adopted by marine engineers as the 
standard. The successful development of 
the single-collar thrust bearing for supporting 

great weights in connection with large vertical 
shaft generators in hydroelectric power 
stations has led to the consideration of this 
type of thrust bearing for marine propeller 
shafts. Propeller thrust bearings start with
out load, which is a vert' favorable feature 
as compared with the hydroelectric thrust 
bearing which after standing idle must 
start at approximately normal load. Several 
designs of single-collar bearings have been 
tried on ships, and the use of this type is 
rapidly increasing.

It has been determined that the thickness 
of a film of oil in a bearing having a speed of 
L’tH) ft. per minute and a load of SO lbs. 
per square inch is of the order of 0.0002 in. 
If the deviations from a true surface approxi
mate the thickness of the oil film, there is the 
probability that no film will exist at some 
places. Also, the adjustment of the position



134 February 1919 GENERAL ELECTRIC REVIEW Vol. XXII, No. 2

L— — yr os----------- —.

Fig. 1. Horseshoe Thrust Bearing for Supporting 30,000-lb. Thrust.

of the “horseshoe” must be correct within 
this limit and must not vary appreciably with 
changes in propeller thrust or temperatures 
of the parts. Otherwise, the metals will 
touch each other in some spots and will be so 
greatly separated in others that little load 
will be carried at these latter places. In 
actual practice, there arc inaccuracies in 
fitting and alignment which result in a proba
ble variation of pressures from zero to many 
times the average pressure on the total 
bearing area. It is frequently necessary to 
adjust the position of the “horseshoes” for 
variations in the speed of the vessel, so that 
even though perfect alignment was once 
obtained it can not be maintained con
tinuously.

The difficulties of fitting and of maintaining 
a proper relation between the runners and the 
babbitted seats are inherent in the designs of 

rigid multi-collar bearings, and are largely 
at <>ided by the substitution of a single-collar 
thrust with a self-aligning bearing surface. 
With bearings designed in accordance with 
the single-collar principle, it has been found 
that the average pressure per square inch 
can be greatly increased and the size and 
weight of the bearings, and the losses, much 
reduced.

Losses

With the imperfect fitting and adjustment 
of the multi-collar bearing it is impossible to 
maintain an oil film between all of the bearing 
surfaces, and the losses are correspondingly 
great. This imperfect lubrication is respon
sible for the large coefficient of friction of the 
bearings, which Unwin states has a value of 
0.035 according to. Tower’s experiments. 
As mentioned later, W W. Smith derives a 

Fig, 2. General Electric Spring Thrust Bearing for 60,000-lb. Thrust. Located astern the engine on propeller shaft
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value <’l <1 02 from Tower'. expciinuiil lor 
bearings in Hie best <-■ >ii< 1111>>ii In Table I 
the latter value has been ucl. but it huuM 
be null'd that generally Hie coefficient will be 
higher. Michell concurs in llir. < >) ii 11i> >i i. 
claiming a ratio el 20.1 in the lo,.e-. <>t 
multi-collar and single-collar bearings.

Referring to Table I, the left-hand column 
relates to an eight-collar bearing which 
assuming a friction coefficient of 0.02, gives 
a loss of ll.a horse power. The coefficient o| 
friction varies inversely with the unit pressure; 
and since the single-collar thrust bearing 
allows of high unit pressures. the logical 
procedure is to make the bearing surface as 
small as is consistent with safe operation. 
The pressure selected in this ease is about 
that generally used, being 300 lbs. per 
square inch. The loss is but 1.0 horse power.

It is difficult to determine the friction loss 
in the multi-collar horseshoe bearings, under 
ordinary conditions of operation, so that 
very little information is available, in an 
essay on “Design of an Ideal Thrust Block," 
by 0. P. Tanner, in the Mechanical Engineer 
of July 14. 1916, data are given regarding the 
losses in multi-collar marine thrust bearings.

IAHI.I-. I 
COMI'ARISON OF MUL l I ( OLLAR AMI 

SI NGI.E ( OLLAR HIRUST BEAPIG'G:. 
KIR A 12 KNOI SINGLE M PEW 

SHIP OF .10011 HORSE POWER

Mercantile marine. . . 0.1
Express >tcamcrs ami large naval bra.p- . 0.5
High revolution ami small naval b<ia* •• o.»;
High revolution turbines . ... . 1 .o to 1.3

Fig. 3. General Electric Spring Thrust Bearing for 30,000-lb Thrust. Located on end of propeller shaft
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These figures agree with those given by 
W. W. Smith, Lieutenant, U. S. Navy, in an 
article in the Journal of American Society 
of Naval Engineers, vol. 24 (1912), in 
which the author compares the ordinary 
horseshoe thrust block and a single-collar 
thrust bearing. After describing various 
experimental tests on single-collar bearings, 
the writer says:

“No direct obsen ations as to the frictional 
loss in ait ordinary thrust block have been 
made; but, from experimental data, such as 
Tower’s well-known tests, it appears probable 
that the coefficient of friction is not less 
than 0.02 when the bearing is in the best 
condition, and much higher than this when 
in bad condition. Because of the difficulty 
of fitting ti thrust bearing properly, as 
pointed out below, it is believed that in 
service the coefficient is considerably greater.

“In a 30,000-h.p. battleship, the horse 
power of the main engines required to 
overcome the frictional resistance in an 
ordinary thrust bearing would be 146 for 
one shaft and 292 for both, the coefficient 
of friction being 0.02. Thus, 292 horse 
power, with the corresponding expenditure of 
fuel, is being constantly developed to produce 
useless work.”

On single-collar thrust bearings the coeffi
cient is much less and, according to a number 
of investigations, varies from 0.0015 to 0.003. 
In discussing this type of bearing Lieutenant 
Smith writes:

“A conservative value of the coefficient for 
a single-collar marine thrust bearing would 
be 0.002, and, for purposes of comparison, 
this value is assumed. Thus, in the same 
vessel the frictional horse power would be 
14.6 for one shaft and 29.2 for both. This 
would be a saving of 262.S horse power, or 
90 per cent. In smaller bearings the frictional 
loss is actually less but proportionally the 
same; and hence it is of equal importance.

“In addition to the above, it is difficult to 
construct or to adjust an ordinary thrust 
bearing so that the load will be divided 
equally among the collars. In this respect, 
an old bearing is usually better than a new 
one, because it has ground oil the high places. 
These characteristics make it unsafe to carry 
a high unit pressure on ordinary thrust 
bearings, and in safe practice it is usually 
limited to 40 to 6(1 lbs. per square inch. 
Because of the difficulty of fitting these 
bearings properly, their action is erratic, 

* Lieutenant Smith probably refers to a battleship of about 
21 knots speed and a propeller speed of about 200 r.p.m.

and it is by no means a certainty that they 
will run without heating. The use of cooling 
water permits considerable heating without 
danger, and, so to speak, it covers a multitude 
of sins. However, even with water cooling, 
it is impossible to predict with certainty the 
action of the bearing and to provide a definite 
factor of safety.” *

The frictional loss of 292 horse power is 
approximately 1.0 per cent of the total. 
30,000 horse power of the given engines, and 
this percentage agrees very closely with that 
given by Kir. Tanner. The. frictional horse 
power of 29.2 for the single-collar thrust 
bearing is one tenth of that for the horseshoe 
bearing, or 0.1 per cent of the total horse 
power of the ship.

With the above data in mind, it is proper 
to assume that on the average merchant ship 
or transport a saving of about one half of 
one per cent of the total power, coal, and size 
of boilers might be made by the use of a single
collar thrust bearing, instead of the multi
collar. The conservation of fuel which may 
be made by the use of the new bearings is of 
such magnitude that the opportunity for 
saving should not be neglected.

There are three designs of single-collar 
thrust bearings in operation on marine 
propeller shafts; the Michell thrust bearing, 
the Kingsbury thrust bearing, and the 
General Electric Company’s spring thrust 
bearing. The Michell and' Kingsbury bear
ings have segmental blocks with babbitted 
rubbing surfaces which have pivotal or rocking 
supports. In the General Electric Company’s 
bearing, the thrust from the shaft is trans
mitted to a flexible plate having a babbitted 
surface, and then through a multiplicity of 
springs to the bearing housing.

Fig. 1 shows a horseshoe bearing of recent 
design having nine collars for supporting a 
thrust of 30,(100 lbs. Fig. 2 shows a General 
Electric spring thrust bearing to carry a load 
of 60,000 lbs. Both of these are designed 
to be placed on the propeller shaft astern 
of the driving engines. The spring thrust 
bearing is designed to interchange with an 
old-style horseshoe thrust bearing, and is 
somewhat larger than would be necessary on 
a new installation. In Fig. 3 is shown the 
design of a spring thrust bearing to carry 
a 30,000-lb. load, and to be located on 
the end of the propeller shaft in a housing 
integral with the reduction gear case, or in the 
motor frame on an electrically driven ship. 
When placed at the end of the shaft, the 
diameter of the bearing plates is less which 
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reduces the average lubl'itig speed and, con
sequently, the friction loss. Willi thi. ar
rangement the space occupied by the bearing 
and housing, tind the weight ol the c parts, 
is only about one tenth ol that required lor 
the horseshoe bearing in Ei;;. I.

Spring Thrust Bearing

The distinctive feature of the spring 
supported bearing, is that it will automatically 
Adjust itself to insure equal loading regardless 
of inaccuracies in workmanship or alignment. 
The springs provide a support for the flexible 
stationary bearing surfaces which will allow 
it to yield at any point that may tend to be 
overloaded. The details of this type of 
bearing are shown in Fig. 3. The thrust on 
the rotating collar is received by a thin 
babbitted plate and transmitted through 
numerous springs to the bearing housing. 
An initial compression is placed on the springs 
by means of washers next to the babbitted 
plate and the bolts pass through the springs 
to a base plate. The springs are compressed 
to a position corresponding to a little more 
than full load on the bearing. This restriction 
prevents any axial motion of the shaft, which 
would take place with the changes in propeller 
thrust if the springs were free. Under

■ ta 1 ionary plate- on the i'll1’ i<h’ 'he 
1 icaring is al iou' Il 111 ol an iii' Ii

In the manufacture ol pring- upt'or'ed

to be scraped to a surface plate and t li' f lore 
it is machine finished. The -prim.' thru t 
bearing will automatically ad;u 1 it «-11 while 
running to variations in the thicknc-- "t 'he 
bearing plates and faulty alignment. The 
automatic adjustment ol the babbi'ted plate 
lo anv change m alignment is particularly 
advantageous on shipboard where a true 
alignment is not maintained at all times, 
due to local strains to which the ship is sub
jected. Experience with this design of tl ru-t 
bearing lias proved that it will run with 
high unit pressures and that the weight is 
entirely supported on the oil film. A bearing 
which operates under these condition; has a 
high efficiency, is practically free from wear, 
and requires very little attention from the 
operating engineers.
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Recent Developments in Shaft Pressing 
at Destination

By N. L. Rea

Construction Department, General Electric Company

Until recently the task of pressing on shafts at destination has been accomplished by improvised methods, 
few means, if any, having been provided by the factory. The resulting facilities have often been, inadequate 
and a great, deal of trouble and delay have ensued in many cases. This subject has been carefully studied by 
erecting engineers and means have now been developed for performing this operation with precision. The 
methods that have been fourni successful are described in this article.—Editor.

'I'he pressing of fields or armatures on 
shafts has always been the beta noir of the 
erecting engineer’s existence. Local facili
ties are always meager, and the customer is 
always in a great hurry to get the machine in 
service. On top of these troubles, shaft 
pressing is one of those jobs that has to go 
through regardless. If you can’t get it on 
you certainly can’t get it off, for it may take 
from two to two and a half times the pressure 
to reverse the shaft or start it forward again 
after it has stopped moving for any length 
of time. In view of these troubles, recent 
developments and improvements in handling 
this w<>rk may be of assistance. The improve
ments are based on the experience of our 
outside erecting engineers, extending over 
several years and with all classes of apparatus.

Fig. 1. Arrangement of Parts for Shaft Pressing, employing three 150-ton jacks

The old arrangement of strong backs, pull 
rods, and a large jack against the end of the 
shaft has been abandoned altogether. In
stead, a large cast steel disk is bolted to the 
end of the shaft by several KJ^-in. nickel 
steel cap bolts. This disk overhangs the 

shaft far enough to catch the heads of two, 
three, or four hydraulic jacks, depending 
on the pressure required. The jacks have 
a common pump and distributing manifold 
and come in sets of four. Two sizes are 
available, 100 tons each giving a maximum 
of 400 tons, and 150 tons each giving a 
maximum of 600 tons. The jacks are approx
imately’ 18 inches high and have a travel of 
eight inches. This dimension is much shorter 
than the usual length of shaft exposed 
when the fits are just taking up. This extra 
space is filled by blocking cut from the 
shipping skids.

Fig. 1 shows a typical pressing job, using 
three 150-ton jacks against a maximum load 
of 370 tons. Fig. 2 shows the disk with the 
standard drilling for the largest shafts where 

pressures up to 600 tons 
are expected. Fig. 3 shows 
drillings adapted for smaller 
shafts. The large disk 
shown in Fig. 2 has been 
drilled so that it will take 
any of these standard 
drillings.

Fig. 1 shows four bolts 
used on the Fig. 3 drill
ing. This photograph was 
not taken for publication, 
so the box wrenches were 
not removed from the bolt 
heads and large nuts were 
used as washers on the 
other two bolts.

When this scheme was 
first used a safe loading 
of 60 to 75 tons per bolt 
was assumed. In one case,
however, the erecting man 

did not catch an error in hub bore and pressed 
on with an allowance of seven mills plus, when 
the fit should have been three and a half 
mills. 'I'he pressure gauge was cut off to 
save it when it reached the top scale reading 
of 400 tons some time before the pressing
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was coni] >let ed. Three bolts spaced on Ei)'.. 
3 drilling withstood this load without anx 
sign ol distress.

This arrangement has not only proved 
cheaper, quicker, and easier than the ir.nal 
practice, but works mtiuh more satisfactorily. 
The shaft pulls in steadily and silently with
out any of the customary jumping and 
groaning.

Several new schemes have been developed 
for heating before pressing, due to the heavy 
(its called for on high-speed machines, 
especially on llywheels. These were as high 
as 0.007 in. or (I.(KIS in. steel on steel. In 
one case 0.011 in. was called for, steel on 
steel. We thought these were too big to 
put on cold, as there was the chance that 
cutting might run the required pressures 
beyond the capacity of any jack equipment.

The first wheel was boiled for 48 hours 
in the following manner: A shallow tank 
was made of galvanized roofing iron and laid 
on the power house floor, and the field, less 
poles, was placed in this tank, resting on small 
blocks. The tank was then filled with 
water and covered. Several inches of sand 
was placed on the floor around the tank 
and a small ring fire kept burning against the 
side of tank. After -IS hours at boiling 
temperature the field was lifted out and 
lowered over the shaft, which had been

Fig. 2. Disk with Drilling for Pressing on 
Largest Shaft

blocked in a vertical position. This was done 
so that the weight of the field (30 tons) 
would help to put the field home. It was 
found, however, that, the field was loose on 
the shaft; in fact, it was about eight hours 
before the field gripped. This experience

¿*<4 S

Fig. 3. Drillings for Smaller Shafts

wheel. We therefore decided that steaming 
was the simplest and safest process, as this 
would give uniform heating. The coldest 
part of the wheel condenses the most steam 
and thus automatically equalizes the tem
perature.

The flywheel was blocked on its edge and 
enclosed in a box made from the packing 
ease lumber. This box was held together 
at the corners with wedges so that it could 
be dismantled quickly. A 34-in. steam pipe 
was led into the box, the box covered 
with tarpaulins, and steam turned on until 
it showed slightly through the. tarpaulins. 
This heating was continued for 36 to 48 
hours before starting the assembly.

The shaft diameter was used as a check and 
showed (1.015 in. clearance, or a total expan
sion of 0.022 in. The shaft was then pulled 
in with a chain hoist instead of using the 
pressing rig. The rig was, of course, con
nected up ready for instant use in ease of 
emergency.
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Recently we had occasion to put two large 
direct-current armatures on a shaft. The 
shaft was 35 in. in diameter, and pressing 
cold was expected to require a maximum 
pressure of approximately 600 tons. These 
armatures were unboxed and prepared for 
assembly. Several large iron grid rheostats 
were borrowed from the motor control 
equipment and placed in the bore and 
between the spokes.

The armatures were covered with tarpaulins 
and the temperature under the. tarpaulins 
held at. SO deg. C. for several days. Tests 
showed ample clearance and the shaft was 
pulled in with a 5-ton chain hoist, the shaft 
being partly carried by the crane.

In this case, as in the other one men
tioned, the jacking equipment was erected 
and tested beforehand so that it was ready 
for immediate, use in case of need. This 
heating also assisted in drying the armature 
windings.

The above examples have served and 
probably will continue to serve as a basis of 
many variations to meet local conditions. 
Couplings have been boiled in iron wash 
tubs, or steamed in a packing case. Hub 
bolts for large generators are also boiled for a 
shrink fit. This gives much better results 
than heating with fire. There is no chance 
of scaling or burning, and the shrink on all the 
bolts is found to be alike.

Calculation of Short-circuit Currents in 
Alternating-current Systems

By W. W. Lewis

Power and Mining Engineering Department, General Electric Company

The value of being able to calculate short-circuit currents in large power networks, in order to provide and 
set suitable protective devices, has long been recognized. However, the mathematical methods, used in the past 
for securing the data necessary to this end were laborious and often impossible of application in the more com
plicated cases. The solution of these difficulties lay in the development of the calculating table described by 
the author. With this device, the complicated problems of the central station can be set up, and adequate 
data secured to show the weaker points of the system which can then be easily strengthened. The author 
illustrates the method of solving a number of these problems in a very comprehensive manner.—Editor.

Present day power networks are growing 
extremely large as compared with former 
standards. There are a number of systems 
with 100,000 to 200,000 kv-a. in generating 
capacity, and systems of 1,000,000 kv-a. are 
planned. ()wing to the war and the stimulus 
of the Fuel Administration, a great many 
neighboring systems are interconnecting by 
tie lines of more or less current carrying 
capacity.

Short circuits on such large power systems 
throw a tremendous duty on oil circuit 
breakers and cause heavy mechanical strains 
in the transformers, busbars, etc. It is 
therefore important to be able to calculate 
the short-circuit currents that may exist 
on such systems in order to select the proper 
circuit breakers, and to devise relay schemes 
that will act selectively to cut out that portion 
of the system which is in trouble.

Various methods of making these calcula
tions have been proposed. They are nearly 
all based on the assumption that the limitation 
of the short-circuit current is due almost 
entirely to the inductive reactance of the 
circuit and that the effect of resistance and 

capacitance reactance are negligible. That 
this is true has been shown by calculation, 
the effect of thus neglecting the resistance 
and capacitance reactance being to give a 
somewhat larger short-circuit current than 
would be obtained were they considered. 
This assumption also greatly simplifies the 
calculation as, instead of having to add 
impedances at various phases angles, re
actances only need be added and these are 
all in phase.

Simple networks may be calculated mathe
matically. For complicated networks, the 
mathematical calculation becomes very 
laborious and in most cases is absolutely 
impractical. In such cases it is necessary 
to resort to a mechanical or electrical cal
culator. All the methods are based on the 
same principle which is briefly as follows:

The self-inductive reactance of the various 
generators, transformers, power-limiting re
actors, and lines is determined and reduced 
to reactance drop, usually expressed in 
percentage of the voltage from line to neutral. 
In order to have the percentage reactance 
of the various pieces of apparatus directly
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additive, it is necessary to reduce them I ■■ a 
common base; i.m, mi m biirarx \ ahie ol 
kilovolt-amperes is assumed as base and 
the percentage reactance ot a piece ol appara
tus is increased or decreased in proportion 
to the ratio of the basic kihivult-ampiTm to 
the rated kilovolt-amperes. The total com
bined reactance from the generators to the 
short circuit is then found mid it is assumed 
that the short-circuit current (lowing through 
this total reactance produces ¡00 per cent 
voltage drop from the generator neutral 
to the point of short circuit. Thus, if the 
total reactance is 100 per cent a current 
equal to normal or basic current will How. 
For any other reactance, the current that 
flows will be as many times normal as 1(1(1 
divided by the total reactance. The short
circuit current may be expressed in amperes 
or kilovolt-amperes; the kilovolt-amperes 
being the product of the short-circuit current 
by the normal voltage, which is the voltage 
existing at the beginning of the short circuit 
or after the short circuit has disappeared.

Fig. 1. Short Circuit Problem
Short circuit at A
Basic value 10,000 kv-a.

This kilovolt-ampere value is rather a fic
titious quantity but is quite useful in com
paring the short-circuit current with the 
rated current of the system; both currents 
being multiplied by the voltage of the system 
and expressed in kilovolt-amperes.

A ii <x.mi; d ■ .■ i! I i" ii'

A mi <■ .i i H ' "i k
Fili' \ .lITi Hl J " ilT u Hl ' ' ' '

j ut erm r.-a< 1 mu r iihIs H > • 1 
III IKIIl k\ -a. Si ai mu \i • 1 
gem cal mg 1 at mn , < a■ h ■ < >ti' • i i

of generators with a combined reactance 
as shown. For a three-phase short circuit 
at A, the short-circuit kilovolt-ampere value 
is found as follows:

0.2 -.1 = 9.2
3.3 +1.52 = 4.s2

3.16 + 3.54 = 6.7 Total reactance of cir
cuit from Station Xo. 1 
to short circuit.

1.43+0.75 = 2.18

0.685 + 1.6 =2.285

1.215 + 0.765 = 1.9S
1.98 + 7.4 + 2.5 = 1 kM Total reactance of 

cir< -uit ir< St a- 
tion X । 2 to short 
circuit.

-------___ = 4.29 Combined reactance 
---- i  from Stations Xos. 1

6.i 11.88 and 2 to short circuit.

X 10.000 = 23.3X10.00(1 =
— 1 Hi H I at rirrillT
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The proportion of this amount furnished by 
Station No. 1 and Station No. 2 may be 
found as follows:

-L =0.1490

0.1490 + 0.0842 = 0.2332

Fig. 3. Table Showing Method of Mounting Rheostats, 
Ammeters and Terminal Blocks

Station No. 1 =

233,000 = 149,000 kv-a.

Station No. 2 =
0 0842
~„35X233,000 = 84,000 kv-a.

In like manner, the proportion of these 
kilovolt-amperes that flows over each in
dividual portion of the circuit may readily 
be determined. The kilovolt-amperes divided 
by the normal voltage will give the amperes 
flowing under short circuit.

Fig. 2 shows a more complicated network 
in which a number of generators feed a 
common bus at points separated by busbar 
reactors. The percentages of reactance given 
are based 011 45,000 kv-a. The short circuit 
occurs at point . I.

The solution of this problem is rather 
involved. It may be accomplished by setting 
up a number of simultaneous equations based 
on the assumption that the initial voltage 
of all the generators is equal, and that the 
total voltage is consumed from any generator 
neutral to the short circuit, together with 
the law that the currents flowing toward a 

* See article entitled, “Reactance and Short-circuit Current" 
by R. E. Doherty, General Electric Review, August 19IS, 
p. 562.

point are equal to the currents flowing away 
from the point. The more or less laborious 
solution of these equations will give the 
currents flowing in the various circuits for 
the short circuit at one particular point. 
If a short circuit at another point is to be 
considered, a new set of equations must be 
set up and solved. Where much of this class 
of work is done, it is highly desirable to have 

a simpler and quicker means of 
solving these problems. This is 
afforded by the so-called “calcu
lating table,” described in the 
October 1916 General Elec
tric Review, page 901. The 
problem of Fig. 2 has been solved 
in this manner with the results 
indicated.

By means of the calculating 
table a miniature representative 
system may be set up and a 
short circuit placed on it at any 
point; current being read in any 
element of the circuit. For the 
study of relay settings, a set of 
readings may be taken from 
which it is determined that a 
certain switch should open. This 
switch may be opened on the 

table and a new set of readings taken and 
this process repeated until the short circuit 
is cleared. The original table, Fig. 3, 
described in the October 1916 General 
Electric Review was found inadequate for 
some of the complicated modern systems 
and it has since been enlarged as shown in 
Fig. 4. This photograph was taken with the 
table set up for the study of a large proposed 
transmission network.

The current I„ obtained by the method of 
calculation described, represents instan
taneous amperes or, more correctly speaking, 
the effective initial value of the alternating 
component of the short-circuit current, and if 
the wave is symmetrical about the zero axis, 
t his is the initial effective or root-mean-square 
value of the wave of total current. If the 
short circuit takes place at no load and at 
such a point on the voltage, wave, that the 
current wave is completely offset above or 
below the zero axis, the initial effective value 
of the wave of total current is 1.73 times the 
symmetrical value, or \ M Io*.  At full load 
this valve is somewhat less. As there is a 
possibility of the short, circuit taking place 
at any point of the voltage wave between 
zero and the maximum, thus giving a current 
wave completely’ offset, symmetrical or any
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where het ween these extreme';, it is necessary 
to figure on the worst condition or initial 
effective value of current equal to \ /„.

From this x;ihie the current decreases to a 
constant or sustained \-ahif in about two 
to three seconds, as shown i>y curves given 
in the paper entitled, “Rating and Selection 
of Oil Circuit Breakers," by Messrs. Hewlett, 
Mahoney, and Burnham, .1 l.E.E. J’rocccd- 
ings, February BBS, which curves 
were reproduced in Mr. Doherty’s 
article previously mentioned.

As shown by Mr. Doherty, the 
current Io may be found by divid
ing E, Lite effective value of the leg 
voltage, by the sum of A'„, the total 
self-inductive reactance per leg of 
the generator in ohms, or transient 
reactance, and A«, the total self- 
inductive reactance per leg of the 
apparatus external to the generator, 
such as transformers, reactors, and 
lines.

Likewise, the sustained current I s 
may be found by dividing E, the 
effective value of the leg voltage, 
by the sum of A's, the sustained or 
synchronous reactance of the gen
erator (i.e., the self-induetive react
ance plus the armature reaction), 
and A',x, the total self-induetive re
actance of the apparatus externa! 
to the generator.

In order to combine external 
reactance with sustained react- 
ancc of the generator, it is 
necessary that both values be expressed in 
the same terms, a convenient base being 
normal voltage and current. The normal per 
cent sustained reactance of the generator =

- m which ln is the normal current and 
1 sc

I sc the short-circuit current corresponding to 
Fi, the excitation for normal no-load x’oltage 
on a straight-line magnetization curve. If 
the short circuit occurs when the generator 
is operating under load conditions, the excita
tion F2 will be greater than Fi and the short
circuit current corresponding to the combined 
external and generator reactance must there
fore be increased in the ratio F> :Fi.

It is obvious that the field setting of each 
generating station must be known in order to 
apply a correction to the sustained reactance 
for calculating the sustained short circuit.

The. curves in Messrs. Hewlett, Mahoney, 
and Burnham’s paper give effective or root
mean-square values of the unsymmetrical

rool memi-' quali- valile ol thè • inniHiii.il 
waveal I he 1 ivginningol l licshoi H in 1111,1 >a ■ d 
on iusi ani ancone < >r t rausici,t n ai t ai ice. '1 hi 
vaine max' Ih - comiectcd wit li t Ih - cur’. e in t Ih 
Institutc papiT in thè following inanni r '

Fig. 4. Calculating Table Arranged for Transmission Line Study

In Fig. 2 the total rated capacity in 
generators Nos. 1 to 5 inclusive is 212.000 
kv-a. and at the point of short circuit .501,000 
kv-a. The total reactance is

212,000
5uT^)x

Interpolating on Figs. 2 and 3 of the Institute 
paper between the curves of 30 and 40 per 
cent reactance, we find the short-circuit 
current in say 0.2 seconds to be 2.14 times 
normal, and 2.44 times 212,000 equals 
513,000 kv-a. In three seconds the short
circuit current is 1.75 times 212.000 which 
equals 371,000 kv-a. In this example, there
fore, we have the following values based on 
no-load conditions:

Instantaneous effective value, symmetrical 
wave

Zo = 561,000 kv-a.
Instantaneous effective value, unsymmetri

cal wave
1.73 Lo = 962.000 kv-a.

inniHiii.il
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Peak value first half cycle, unsymmetrical 
wave

2\ fl Zo= 1,590,000 kv-a.
Also the following values based on full load 

SO per cent power-factor conditions:

125 Volt
----------------250 Volt-------±

I25 Volt

.Source 
> ofO.C.

Generator Rheostat I----------------- , _ ,
1100% o

Une Rheostat
Fig.r5. Manner of Connecting One Generator, One 

Line, and One Auxiliary Rheostat of Calculating 
Table Illustrated in Fig. 5

Effective value at 0.2 seconds = 518,000 kv-a.
Effective value at three seconds (practically 

sustained) =371,000 kv-a.
The effective values at various other 

lengths of time may likewise be found. 
These, are useful in determining the amounts 
the switches are called upon to rupture with 
different relay settings, while the peak 
value 2\/2 Io is the value that must be 
considered in determining short-circuit forces.

A calculating table, Figs. G and 7, has been 
built for one of the large power companies 
embodying many convenient features not 
incorporated in the table shown in Figs. 3 
anil 4. Connections are made between the 
rheostats, representing the dii’ferent elements 
of the system, by means of telephone jacks 
and receptacles. The ammeter is connected 
to a bus with the wiring so arranged that the 
current in any element of the system may be 
read by simply pressing a key. This table is 
designed foil deration on 125 250-volt, three- 
wire direct current, 125 volts being normal. 
The feature of sustained short circuit is 
taken care of by having auxiliary rheostats of 
one thirtieth the resistance of the generator 
rheostats. By means of these auxiliary rheo
stats, the voltage of each generator may be 
regulated from normal to 100 per cent above 
normal, thus giving the effect of increased 
field setting for full-load conditions. It is 
obvious that the effect of automatic voltage 
regulators may also be taken care of by this 

feature. Fig. 5 shows diagrammatically the 
connections for one generator, one line, and 
one auxiliary rheostat.

The calculating table described in the 
preceding paragraph is complete in all its 
details, and readily makes possible the 
determination of short-circuit currents in 
complicated power networks.

A comparison of this calculating table with 
those shown in Figs. 3 and 4 will indicate 
its many improvements, not only in ap
pearance but particularly in the simplicity of 
connecting it up for a transmission system 
problem, and the making of the necessary 
test readings for the problem’s solution.

All the previous remarks refer to three- 
phase short circuits. Single-phase short cir
cuits require a somewhat different and more 
complicated treatment. The case of a short 
circuit due to a ground on one line of a 
grounded neutral system has been treated 
briefly by the writer in an article entitled, 
“Short-circuit Currents on Grounded Neutral 
Systems,” General Electric Review, June

Fig. 6. Front of Improved Calculating Table 
Built for a Large Power Company

1917, p. 524, and it is hoped that this subject 
may be gone into more fully in the near future.

In the paper just referred to mention was 
made of the possible effect of line capacitance 
on the currents flowing when the system 
was short-circuited from line to neutral.
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Some tests hate since been mode on a 
I l(),()()(l-voll 1 |•allsnn■■^ion line wliidi show 
the presence of such capaeilancc currents. 
'I’he tests in question were maile with a 
13,500-kv-a.. 0000 volt generator, a 13,.>()<)- 
kv-a. transformer bank stepping up from 
0000 volts delta to I 111.Olli) volts V. the 
high-voltage neutral being grounded. and 
various lengths of open transmission line. 
Short circuits were made by placing a ground 
on out' conductor or by short circuiting 
between two conductors; the short circuit 
usually being placed near the generating 
station. In some cases the current read on 
the ungrounded or unshorl-circuited line 
equall«! or exceeded that on the short- 
circuited line. With a certain combination 
of generator, transformer, and transmission 
line, an interesting ease of resonance was 
noted; i.e., with the generator and transformer 
bank and about 50 miles of line the curve of 
charging current of the ungrounded or 
unshort-circuited line rose to a sharp peak, 
the values decreasing with shorter and longer

Fig. 8. Short Circuit and Charging Currents on Transmission 
System Consisting of One 13,500-kv-a. Generator, One 

13,500-kv-a. Transformer Bank with Grounded 
Neutral, and Various Lengths of Line

Fig. 7. Back of Improved Calculating Table 
Built for a Large Power Company

lines. This is shown in Fig. 8. which gives 
the short-circuit current and charging current 
for the two conditions:

(a) Short circuit, bottom to middle 
conductor.

(b) Ground on bottom conductor. 

no longer neutralize each other, owing to 
the partial collapse of the leg voltage under 
short circuit. This is confirmed by calcula
tion of the natural frequency of the generator, 
transformer bank, and various lengths of line. 
This calculation shows that the natural 
frequency of the generator, transformer, and 
50 miles of line is about 180 cycles, which is 
three times the normal frequency of this 
system. Thus, if there were a third harn onic 
of voltage present under these conditions, 
resonance would result The effect of this 
charging current in some cases is of sufficient 
importance to be taken into account when 
considering the operation of relays.
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Methods for More Efficiently Utilizing Our 
Fuel Resources

PART XXIV. THE USE OF ELECTRIC POWER IN THE 
MINING OF ANTHRACITE

By J. B. Crane
Lehigh Power Securities Company, Allentown, Pa.

This paper gives figures as to the power cost and current consumption of anthracite mines and the rea
sons for these being m excess of the requirements of bituminous mines. Estimates are also given as to the 
additional coal that will be released by the electrification of the anthracite mines. Illustrations are included 
showing representative installations of electric drive.—Editor.

The production of anthracite in the United 
States during the past live years was as 
follows:

Total Gross
ï ears Tons

1913.......................................................................SI,809,782
1914.......................................................................81,580,479
1915.......................................................................79,803,371
1910.......................................................................78,406,387
1917.......................................................................89,720,982

The undeveloped beds are to such a large 
extent owned or controlled by the large 
producers, that no extensive opening of new 
mines has taken place in recent years nor is 
to be expected in the near future. 

equipment. Also, the margin of profit due 
to the better organization of the producers 
was higher and the necessity of economy 
in production had not been brought home to 
them with the same force.

The anthracite industry, therefore, offers 
greater opportunities for the further applica
tion of electric power than can be found 
in the bituminous coal mining industry. The 
principal gains which will follow are:

1. Less coal consumed for operation.
2. Increased production.
3. Less labor required.
4. Better living conditions for employees.

Fig. 1. Typical Breaker Load and Mine Haulage

In the bituminous fields there are many 
independent holdings and when the coal 
business was flourishing many new com
panies were formed and opened up mines, 
using electric drive, mainly on account of 
lower first cost for installation of machinery. 
The resulting economies were such as to 
force the former steam-operated mines to 
electrify, even where it was necessary to 
throw away expensive steam equipment.

Coal producers are conservative and, not 
having the many examples of successfully 
operated electrified mines before them, the 
anthracite operators have been slower io see 
the benefits to be derived and the economies 
to be effected by throwing out their steam 
equipment and replacing it with electrical

The anthracite operators are at the 
present time keenly alive to this fact and are 
making every effort to take advantage 
of the improvements to be made by electrifica
tion of their mines, but are handicapped by 
the difficulty of securing electrical equipment 
and by the impossibility of securing sufficient 
power from the central stations supplying 
power to the anthracite regions.

The mines that have been electrified show 
some surprising results. The figures in 
Table I are taken from a paper read before 
the A.I.M.E. (Economy of Electricity over 
Steam for Power Purposes in and about 
Mines, by R. E. Hobart, Feb. IS. 191S).

When it is remembered that the value of the 
coal burned with steam operation has more
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than doubled and that tin- ouipni <>1 < oal pi r 
man per year employed lias iniTra cd limn 
510 tons to 0 17 tons it will be m n that the 
figures, large as they are, represent only 
part of the saving to be clTectcd

TIEIZIM . ol R II EE RE

Fig. 2. An Electric Shovel. Current supplied through a bank of three 
lOO kw., 4000, 40-volt transformers

Some other figures obtained and given in 
Table 11 are interesting as showing costs 
of electrification, power used, etc.

Mine Xo. 2 had a boiler plant of MIO h.p., 
used 900 tons of coal per month, and 11 men 
have been put to other work about the mine. 
The output will be largely increased this year 
as the investment provides for additional 
equipment not yet in operation.

Mine Xo. 1 has no pumping, hence the 
low kilowatt-hour per ton mined.

HOUR OF DAY

Typical Anthracite Mine Load

The best figures that the writer has yet 
been able to obtain indicate that 12 kw-hr. 
per gross ton of coal mined is the avc rage figure 
for an anthracite mine. This is of course 
subject to wide variations in individual cases 
on account of depth of mine, amount of air 

511 bituminous mme^. and it is interesting 
to note that the average kilowatt-hour per

The less ¡lower required for mining bitumi
nous coal is due to various causes, among 
which may be mentioned:

Depth of Mine
Bituminous mines in manv are

situated above the tipple, so that the coal 
is brought to the surface on level tracks, 

and from this point is loaded into 
the cars by gravity, while the 
anthracite mines are from .Tit) ft. 
(91.4 m.) to 1000 ft. (31)4.8 m.) in 
depth and all of the coal has to be 
raised to the surface and from 
there to the breaker.
Pumping of Water

The anthracite mines have more 
water and this has to be elevate! 
from the lowest level.
Ventilation

In spite of the fact that there is 
less volatile matter in anthracite 
there is generally mure gas to be 
taken from the mine, and a larger 
amount of ventilation has :o be 

provided for and the additional space used for 
shafts, etc. has to be ventilated.
Preparation

The breaker of the anthracite mine requires 
more power as the coal is sized to a greater 
extent than is bituminous coal.
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One anthracite mine had meters installed 
for the different services for one year and the 
average figures in Table III were obtained.

This represents 3S per cent on an invest
ment of $36,000,000.

At the present time the mining companies 
are prosperous and are installing, as rapidly 
as possible, electrically driven machinery 
for increasing production and cutting down 
the requirements for labor. They cannot 
at this time secure the material for power

This mine produced 558,394 tons for the year.
If we assume 12 kw-hr. per ton of coal 

produced, there would have been required 
in 1917 if all the coal had been produced 
electrically......................................  1,076,652,000 kw-hr.

There was actually used in 1917 in elec
trically operated anthracite mines from 
central station and mine plants............. 215,000,000

Total kw-hr. necessary to produce remainder 
of coal electrically...................................... 861,652,000

At the present time ten per cent of the coal 
produced is used to provide power to 
mine the remainder. There are some 
very bad cases, at one colliery 400 tons of 
coal is burned in the boiler plant for every 
1000 tons of coal shipped. The above ten 
per cent does not include the coal used at 
central stations so that to produce the 
89,720,982 tons in 1917 there was burned
under boilers.................................................... 8,972,000 tons

In large stations we can produce one kw-hr. 
for 2.5 lbs. of small anthracite coal 
(2.5 X861,650,000 divided by 2240)....... 965,000

There would be released for sale...................... 8,007,QUO tons
At one colliery 2.5 per cent of the men were 

released by electrification. There are em
ployed in the anthracite region 150,000 
men. If 2.5 per cent are released by elec
trification this makes a total of 3750 men 
additional w'hich would be put to mining 
coal. Each man produces 550 tons per 
year so we should get additional (550 X 
3750).............................................................. 2,062.500

Additional coal produced by total electrifica
tion................................... .. .........

The cost of providing for this is estimated as 
follows:

Additional kw-hr. required............................
At 40 per cent load-factor this represents 

a station capacity of.................................
Cost of plant at 875 per kw.............................
Transmission and distribution lines 250 

miles at 85000 ............................................

10.069,500

861,652,000

394,000 kw.
829,550.000

1.250,000
Operation830.700.000

Substation and mine installations 900,000 
h.p. at 840 per h.p........................................ $36,000,000

The savings to be effected would be 
10,069,500 tons of coal at $2 per ton .... 20,139,000

Reduced mining cost 700,000.000 tons at 
7 cents per ton................................   4,900,000

$25,039,000
870,000,000 kw-hr. (861,652,000 

plus losses) at 11 mills for 
current delivered at mine . . . $9,570,000

Depreciation five per cent on 
$36,000,000............................. 1.800,000

11,370,000 

813.669.000 

houses, and the central stations are prevented 
from supplying this power by the impos
sibility of securing the necessary capital 
to add to their facilities. It is suggested 
that means should be found for supplying the 
amount required to finance additions to 
these plants so that the vital needs of this 
industry for power can be met.

TABLE I

TABLE II

Steam 
Operation 

, April 1914 
to

April 1915

Electrical 
Operation 
Nov. 1916 

to
Nov. 1917

Cost of power .... 846,992 $21,590
Cost of heating. . ........... Included

in above 8,700

Total................... . . 846,992 830.290
Tons of coal mined . . ......... 343,665 435,073
Cost per ton.............. ........... SO. 137 $0.0696

TABLE III

Item Mine
No. 1

Mine 
No. 2

Gross tons; yearly.................. 641,533 670,000
Kw-hr. consumption . . . 2,312,195 3,477,876
Kw. demand............................. 870 1,13.5
Annual load-factor.................. 30.4 35
Kw-hr. per ton mined........... 3.6 5.2
Kv-a. trans, capacity............ 2,000 3,500
H.p. connected......................... 2,400 2,535
Cost of electrification............ $134,500 8325,000
Cost per h.p. connected........ 56.04 128.20
Per cent kw-hr. per pumping 50
Average depth of mine........... 65Ò ft. 800 ft.

(198.1m.) (243.8m )

Kw-hr. per 
gross ton 
of coal 

produced

Haulage ............   1.73
Ventilation ................................................. 1.62
Drainage......................................................... 1.30
Lighting (inc. charging station)............... 0.12
Hoisting........................................................... 1.02
Air compressor.............................................. 2.11
Breaker.......................................  4.75

12.65



PART XXV. THE NEED FOR A CONSTRUCTIVE ECONOMIC POLICY
IN DEVELOPING THE COAL PRODUCTS INDUSTRY*

Coal constitutes over a third of the country’s freight. lifheivnt transportation call . lor the full utilization 
of the material hauled. Coal is not only a source of energy; it is also a source of many valuable mineral 
products. Economic conditions have been such that American industry has negk-ctvl oppoi I umtic . for 
multiple, or by-product, production. This field has only recently been fully opened, and the complexity; 
incident to the development of secondary industries to utilize the by-products call for a constructive «-conomic 
policy.- Editor

Relation of Power to Transportation
The United States places special emphasis 

upon the use of power. With national pros
perity, abundance of resource wealth, and 
dearth of labor, American industrial enter
prise has naturally turned to the creation of 
labor-saving machinery and provided for its 
efficient employment through the medium 
of standardized volume-production. To sup
port this situation, this country consumes 
nearly half of the world’s output of coal and 
over half of the total production of petroleum, 
not to mention the employment of water 
power, natural gas, and minor sources of 
power.

This unprecedented consumption of power, 
of course, places a heavy strain upon trans
portation, both directly by virtue of the 
bulk of the power materials to be moved— 
coal alone represents over a third of the 
country’s freight—and indirectly in respect 
to the haulage of materials and products 
involved in the industrial processes. The 
responsibility thus falling upon transportation 
is added to in further degree by the size of the 
country.

Since power is a mineral derivative, the 
mineral industries provide a logical field for 
comparison. The efficient transportation of 
mineral products calls for the full utilization 
of the material hauled. American economic 
practice has regarded this, along with the 
advance elimination of weight, as a matter 
to be left to industrial determination and 
application. This policy is natural enough 
and, in general, works out satisfactorily, 
for the two principles are complementary. 
What is usable at the manufacturing end 
obviously determines what represents value 

* Extract from U. S. National Museum Bulletin 102, Part 5; 
“Power: Its Significance and Needs,” 1918.

and non-value at the raw material source; 
conversely, the. degree of separation prac
ticable at the source specifics the range of 
material for which use is to be sought. The 
whole epoch-marking development in the 
field of by-product manufacture finds much 
of its stimulus in the effort to derive returns 
from what would otherwise be the waste in 
transportation. But. with certain notable
exceptions offered by some of the large 
industrial combinations, there is much to be 
desired and little to be proud of, so far as 
American achievement in this direction goes. 
The superfluous transportation that results 
from the failure at the manufacturing end 
to make full utilization of the whole range of 
values held in the raw material hauled 
amounts to many millions of tons each year. 
Instances are plentiful where the loss is due 
to a blind nonrecognition of opportunity 
on the part of the interests directly concerned. 
But in the main the default rests upon the 
inadequacy of American economic practice, 
which relies upon competition and the 
automatic working of the natural law of 
supply and demand to bring all good things 
to pass, neglectful of the fact that in the 
by-product realm supply is conditioned other
wise than by demand, that pending the 
creation of a proportionated demand the dis
crepancy of overweight on the side of supply 
is rejected as waste.

In such manner have three principles of 
transportation developed. In the realm of 
common carriage by railways, competition has 
been found to be out of place and is no 
longer relied upon, community interest taking 
its place. In the realm of advance prepara
tion, competition has proved effective and 
its free operation there is desirable. In the 
realm of full utilization, competition alone 
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has been unable to achieve adequate results; 
and the need for constructive help to make 
competition effective here is coming to be 
recognized.

FULL UTILIZATION OF POWER MATERIALS
Role of Mutiple Production

The power materials are coal, oil, and water, 
and, in the present connection, it is desirable 
to examine how fully the amount transported 
is utilized. Water, of course, is not carried 
considerable distances for purposes of power 
generation and therefore presents no problem 
in this connection. Oil, on the contrary, is 
in part inadequately utilized, but this matter 
involves many complexities.* This limits 
our consideration, under the present head, to 
coal.

Current demand calls for the annual 
transportation and distribution of about 
700,000,000 tons of coal and the demand is 
increasing at the rate of some 50,000,000 
tons each year.

Primarily this enormous amount of coal is 
now consumed in order to gain the energy 
contained in it, all else being disregarded. 
But coal is something more than energy in 
material form; it is also a source of many 
valuable mineral products. Indeed, it is a 
veritable treasure house of values, in this 
regard far surpassing any other type of 
mineral substance, with the possible exception 
of petroleum. Upward of a thousand coal 
products are in use today, some of them filling 
needs less conspicuous but every bit as 
vital as that for fuel. And the development 
is still in its infancy. A few years ago and 
few of these products were known. Chemical 
vision can see no limit to the further unfold- 
ment in prospect. The boundary to this 
field is like the horizon, always in sight but 
never to be reached. There can be no full 
utilization of coal which fails to take these 
matters into account.

At the present time a very small proportion 
of the coal consumed is adequately used. 
Putting to one side anthracite, which has an 
energy value merely and therefore yields a 
reasonable service in its crude state, and 
counting off about one twelfth of the bitumi
nous coal, the portion subjected to by-product 
recovery in connection with the manufacture 
of coke, we find that there still remains each 
year in round numbers a half billion tons of 
coal which are consumed in the raw condition 
with a total loss of the commodity values and 
an incomplete recovery of the energy.

* These will be treated in a future article of the series.-—Ed.

The question naturally arises, ■ why this 
preponderant inadequacy in coal utilization? 
This is no simple matter to explain: the reply 
that the individual user, whether an industry, 
a community, or a householder, finds it 
cheaper to consume raw coal than to dispose 
separately of its various values is true, but 
superficial. That procedure is not cheaper 
for the users in the aggregate; also there is 
no lack of technological knowledge requisite 
Io fuller recovery of the values in coal. 
The shortcoming, then, cannot be due to 
lack of desirability or to lack of technique. 
The default must be credited against economic 
conditions. And since the United States 
in the past has possessed no activities 
engaged in shaping and stimulating industrial 
developments, the responsibility reduces itself 
to the fact that industrial enterprise has not 
seen fit to go into the matter. Either the 
opportunity has not been apprehended or 
industrial enterprise, cognizant of the situa
tion, has not been interested. The latter is 
undoubtedly the true explanation. For this 
lack of industrial initiative a blend of several 
factors is responsible. In the first place, 
America has been full of opportunities for 
volume production, and consequently business 
enterprise has not been forced by the stress 
of narrowing industrial opportunities to 
turn to the far more complex field of multiple, 
or by-product, production; only where the 
opportunities afforded in this direction were 
outstanding and marked has the inducement 
been responded to, as in the case of by
product coking, petroleum refining, etc. 
Secondly, any given project, on contemplating 
the prospect, faced a situation in which the 
establishment of production would yield by
products, the consumption of which required 
other industries which in turn would con
tribute other products calling for still further 
activities; hence a project at the source would 
undoubtedly see their contemplated output 
ranging off into hypothetical regions not yet 
established; while a project, viewing the 
matter further out, would regard its proposed 
position as bearing some resemblance to an 
island in a sea of non development. The 
requisite reach of co-ordination was evidently 
not self-accredited on the part of industrial 
enterprise. Then, again, the field has opened 
up fully only of late, so that the full measure 
of the opportunity has not been long standing.

In addition to these considerations, there 
has been no competitive spur to action. 
The loss represented in the wasteful con
sumption of raw coal was not felt by any 
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given industry, since the practice was 
universal and the cost under this head wa

. a more or less uniform item which was '.hilled 
in its entirety to the shoulders ol the con
suming public. The need for advance wa 
also not generally appreciated, inasmuch as 
there was plenty of fuel, transportation 
difficulties had not loomed up, coal products 
could be purchased from Germany, nitrate 
could be imported from Chile, and, in general, 
the whole matter of coal was taken u >r granted.

lienee industry had no particular incentive 
for entering into a new field which, while 
large, was intangible; moreover industry, 
under the old order, faced decided limit ¿it i< >ns 
in its recognized inability to construct a 
proportionated demand for the whole range of 
prospective products. On the other hand 
the public, which was actually paying the 
cost of the inadequacy, but under a disguised 
heading, did not see its concern in the matter, 
nor was public interest represented by 
machinery charged with acting on popular 
behalf; the Federal Government, lacking the 
pressure of public opinion, did not take up 
the issue. So the course of progress was 
short-circuited, and the tremendous possi
bilities in our unrivaled coal resources remain 
today practically untouched. The industrial 
progress of this country has been sustained 
by the mining of an ever increasing quantity 
of coal, until the very bulk of the total has 
become a critical weakness in this country’s 
industrial life.

Such is the situation. The utilization of 
coal is wasteful from beginning to end, the 
wastefulness is a matter of uniform practice 
not subject to improvement through avenues 
of individual enterprise, and, contrary to 
general notions, it is the public at large, not 
industry itself, which stands the loss from the 
shortcomings in the situation and which is, 
therefore, primarily concerned in its better
ment.

Improvement in coal utilization, then, can
not be relied upon to come from industrial 
stimulus alone, but must be brought into 
effect as the result of public interest in the 
matter. The means for starting toward 
this accomplishment have been set forth*  
as lying in the direction of enlarged municipal 
gas plants which will handle all the coal 
needed by the community with the pro
duction of solid fuel, gas, and the by-products, 
ammonia, benzol, and tar.

* Part XXIII of this series, General Electric Review, 
Jan.. 1919.
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need.' of man are being met from pra< 11< ally 
a stationary range of raw material The 
role of multiple production is rapiillv cn- 
larging; it represents a principle that mu t 
eomc into plav more and more to relieve 
the strain falling npm natural rc-ource- and 
transportation. Through the a^incy of 
chemical knowledge it serve- to create a 
divergence of products, each the start in/ 
point of a second diverging series. The 
principle of multiple production is peculiarly 
applicable to coal and oil; only by the u-c of 
this principle. brought into effective action 
under the guidance of a constructive economic 
policy, can adequate value be extracted from 
these power materials.

The principle of multiple production and 
the principle of electricity are the two most 
important economic forces that have come 
into play during the current 'Indus'rial 
order. Nothing since the introduction of 
steam power can be com; ared with either of 
them in significance.

Of the two, electricity has made the 
greater headway; multiple production has 
not yet found an opening outside ’he confines 
of the coke industry and has succeeded in 
pre-empting only half of that field. The gas 
industry weighs but lightly in this connec
tion as it consumes only about one per 
cent of the bituminous coal production, and 
in this field multiple production has scarcely 
started. The principle of multiple pro
duction, however, spells the future—the only 
future, but that a great one—for the gas 
industry.

In the realm of power these two great 
agencies of economic advance are exactly 
complementary. Together they present a 
solution for the transportation aspects ot 
the power problem, not to mention their 
bearing in other regards. The ] rinciple of 
multiple production enables the full utilization 
of the whole range of values transported 
in the form of coal. Electricity makes it 
possible to transmit energy where energy 
alone is required and thus frees the ordinary 
channels of transportation of a needless 
burden of bulk haulage.
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Where to get G-E Service
This page is prepared for the ready reference of the readers of the G-E Review. 
To insure correspondence against avoidable delay, all communications should be 
addressed to the G-E sales office, G-E distributing jobber, or G-E foreign repre
sentative nearest the writer.

OFFICES AND DISTRIBUTORS IN THE UNITED STATES
LOCATION G-E DISTRICT OR G-E DISTRIBUTING 

SALES OFFICE JOBBER
Alabama, Birmingham .. .Brown-Marx Bldg..............Matthews Elec. Supply Co 
California, Los Angelesf 7*4 S. Spring. St................Pacific Stares Electric Co.
California, Oakland................................ .........................Pacific States Electric Co.
California, San Franciscof§Rialto Building...................Pacific States Electric Co.
Colorado, Denver!...........First Nati Bank Bldg. . . .The Hendrie & Bokhoff Mfg

& Sup. Co. 
Connecticut, Hartford .... Hartford Nat’l Bank Bldg................................ . .................
Connecticut, New Haven.. Second Nat’l Bank Bldg......................................................  
Connecticut, Waterbury....... ... ..................... .................New England Eng. Co. •
District of Columbia, .

Washington....................Commi. Nati Bank Bldg..National Elec’l Supply Co.
Florida, Jacksonville.........Heard Nat’l Bank Bldg. ..Florida Elec. Supply Co. 
Georgia, Atlanta ......... Third Nat’l Bank Bldg. ...Carter Electric Company 
Illinois, Chicago ............ Monadnock Building.......... Central Electric Company

Commonwealth-Edtson Co.
Indiana, Fort Wayne........Ft. Wayne Elec. Works
Indiana, Indianapolis........Traction Terminal Bldg.... Indianapolis Elec. Sup. Co. 
Iowa, Des Moines............. Hippee Building...................Mid-West Electric Co.
Kentucky, Louisville. ... .Starks Building............. .. Belknap Hardware & Manu

facturing Co. Inc.
Louisiana, New Orleansf . .Matson-Blanche Bldg..... Woodward, Wight he Co. Ltd.' 
Maryland, Baltimore........ Lexington St. Bldg..............Southern Electric Co. 
Massachusetts, Boston! .. 84 State St..........................Pettingell-Andrews Co.
Massachusetts,Springfield.Mass. Mutual Bldg. ...................... .......................
Massachusetts, Worcester. Room 627, State Mutual

Building: .................... .. . '
Michigan, Detroit............. Dime Savings Bank Bldg.. Frank C. Teal Company 
Minnesota, Duluth........... Fidelity Building.................Northwestern Electric Equip

ment Company
Minnesota, Minneapolis!. .4ioThird Ave., No........Peerless Electrical Co. 
Minnesota, St. Paul.... ....................................... Northwestern Elec. Equip.Co.
Missouri, Joplinf.......... .  .Miners’ Bank Bldg..............................................................
Missouri, KansasCityf... Dwight Building.............The B-R Electric Co. . 
Missouri, St. Louts!........ Pierce Building..........Wesco Supply Company
Montana, Buttef..............  Electric Building ................................................................
Nebraska, Omaha...........  .Electric Building............... Mid-West Electric Co.
New Jersey, Newark............................................... .'...Tri-City Electric Co. Inc.-
New York, Albany...........................................................Havens Electric Co., Inc.
New York, Buffalo. ...... 10th Floor, Elec. Bldg....... Robertson-Cataract Elec. Co.

•Southwest General Electric Company.,

LOCATION G-E DISTRICT OR G-E DISTRIBUTING 
SALES OFFICE JOBBER

New York, Elmira.............Hulett Building......................................... .....................
New York City§!..............Equitable Bldg., •

120 Broadway................ E. B. Latham & Company
Royal Eastern Elec’l Sup. Co. 
Sibley-Pitman Elec. Corp.

New York, Niagara Falls.. Gluck Building.................................................. ............ .
New York, Rochester........Granite Building.........Wheeler-Green Elec’l Sup. Co.
New York, Schenectady.. .G-E Works......................................................................... ..
New York, Syracuse.......... Onondaga County Savings

Bank Bldg................ .Mohawk Elec’l Sup. Co.
North Carolina, Charlotte.Comm. Nat’l Bank Bldg................................................ ...
Ohio, Cincinnati!..............Provident Bank Bldg..........The F. D. Lawrence Elec. Co.
Ohio, Cleveland................. Illuminating Bldg............ .  .Republic Electric Co.
Ohio, Columbus......... .The Hartman Bldg........... .The Erner & Hopkios Co.
Ohio, Dayton...................Schwind Building...............The Wm. Hall Electric Co.
Ohio, Toledo ...............Spitzer Building...................W. G. Nagel Electric Co.
Ohio, Youngstown. ..... Stambaugh Bldg. ..................................................................
Oklahoma, Oklahoma City*fi West Grande Ave...........................................
Oregon. Portland!..............Elec. Building. .   .............Pacific States Electric Co.
Pennsylvania, Erie.......... Commerce Bldg. ................................. ;...............................
Penn. Philadelphia|§........Witherspoon Bldg................Philadelphia Electric Com

pany Supply Department

Rhode Island, Providence.Turks Head Bldg.
South Carolina, Columbia...............................................Perry-Mann Elec. Co. loc.
Tennessee, Chattanooga...James Bldg..........................James Supply Company
Tennessee, Knoxville........ Burwell Building............................................................ ..
Tennessee, Memphis...... Randolph Building............. Electric Supply Company 
Tennessee, Nashville..........Stahlman Building.............................................................. ..
Texas, Dallas! ................*Interurban Building............ ..................... . ................... ..
Texas, El Paso!............... *;oo San Francisco St..............i.................................... .......
Texas, Houston!..............*Thjrd & Wash. Sts...............................................................
Utah, Salt Lake Cityf. .. .Newhouse Building............Capital Electric Company 
Virginia, Richmond.......Va. Rwy. & Pr. Bldg................ ............................ .............
Washington, Seattle!. • •• .Colman Building............. Pacific States Electric Co.
Washington, Spokane........Paulsen Building.  .............Pacific States Electric Co. 
West Virginia, Charleston .Charleston National Bank

Building
Wisconsin, Milwaukee., ,. Public Service Bldg................•

!Warehouse. ^Service shop.

FOREIGN OFFICES AND REPRESENTATIVES
GENERAL FOREIGN SALES OFFICES—SCHENECTADY, N. Y.—120 BROADWAY, NEW YORK CITY—83 CANNON STI, 

LONDON, E.C., ENGLAND

LOCATION G-E FOREIGN OFFICE G-E FOREIGN .
OR COMPANY REPRESENTATIVE

Argentina, Buenos Aires..Cia General Electric Suda
mericana, Inc..................,

Australia, Sydney and Mel
, bourne............................. Australian Gen. Elec. Co ............... ..

Brazil, Rio de Janeiro... .Companhia Gen. Electric 
do Brazil . .. ............ ........... .................................. ...........

Central America,NewYork, 
U. S. A.....................................................................G. Amsinck & Company

Chile, Santiago, Iquique 
and Antofagasta .. ....................... . ............... . .International Machinery Co.

China, Shanghai................. American General Electric
Edison Corp, of China. .Andersen, Meyer & Co. Ltd,, 

Colombia,S.A..Barranquilla...........................................Wesselhoeft it Wisner
Cuba, Havana. .............................. ................. . .Zaldo & Martinez
Dutch E. Indies, Sòeraba- 

ya, Java.............Gen. Elec. Co. (of N. Y.).................. . ............................

LOCATION G-E FOREIGN OFFICE G-E FOREIGN 
OR COMPANY REPRESENTATIVE

England, London........Gen. Elec. Co. (of N. Y )............. .......................................
India, Calcutta........ .... .Gen. Elec. Co. (of N. Y.).. .........................  .
Japan, Tokio.’..............................................................Mitsui Bussan Kaisha, Ltd. '

Yokohama............. General ElectricCo.......... Bagnall & Hilles
Korea, Seoul . ................................. ..............................Mitsui Bussan Kaisha, Ltd,
Mexico. Mexico City and 

Guadalajara...............Mexican Gen. Elec. Co......................... ................................
New Zealand, Wellington,

Christchurch, Dunedin _
and Auckland ........................ . ............................. .  .The Nat. Elect’l and Eng. Co.

Peru. Lima.....................  . .W. R.,Grace & Company
Philippine Islands, Manila...........................................Pacific Commercial Company
South Africa, Johannes

burg, Capetown and
Durban.......................... South African Gen. Elec. Co........................;......... ..

Venezuela, Caracas..........................Wesselhoeft & Wisner

For business in Great Britain address British Thomson-Houston Co., Ltd., Rugby, Eng. For Hawaiian business address Catton, Neill & Company^ Ltd., Honolulu
For Canadian business address Canadian General Electric Company, Ltd., Torooto, Ont.
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GENERAL ELECTRIC COMPANY
GENERAL OFFICE: SCHENECTADY, N.Y.




