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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS

—Some Activities and Services Open to Members—

To Members Going Abroad. Members of the Institute who contemplate visiting foreign
countries are reminded that since 1912 the Institute has had reciprocal arrangements with a number
of foreign engineering societies for the exchange of visiting member privileges, which entitle members
of the Institute while abroad to membership privileges in these societies for a period of three months
and members of foreign societies visiting the United States to the privileges of Institute membership for
a like period of time, upon presentation of proper credentials. A form of certificate which serves as
credentials from the Institute to the foreign societies for the use of Institute members desiring to avail
themselves of these exchange privileges may be obtained upon application to Institute headquarters,
New York.

The societies with which these reciprocal arrangements have been established and are still in effect
are: Institution of Electrical Engineers (Great Britain » Societe Francaise des Electriciens (F rance),
Association Suisse des Electriciens (Switzerland), Associazione Elettrotecnica Italiana (Italy),
Koninklijk Instituut van Ingenieurs (Holland , Yerband Deutscher Elektrotechniker E. V. (Germany),
Denki Gakkwai (Japan), Norsk Elektroteknisk Forening (Norway), Elektrotechnicky Svaz Cesko-
slovensky (Czechoslovakia', and The Institution of Engineers, Australia (Australia).

Conventions.—The Institute holds three national conventions each vear; the Winter Con-
vention in January, the Summer Convention in June, and the Pacific Coast Convention usually in
September.

The Summer Conventions are designed to be less strenuous than the Winter Convention
and they are usually held in various parts of the country at summer resorts, where the technical activities
and the recreation features can be about evenly balanced. Several vears ago the Board of Directors,
recognizing the benefits to be derived by members from personal contacts and social intercourse, ruled
that the technical sessions be confined to the mornings, leay ing the balance of each day free for social
and entertainment purposes, and in re ent years the Summer Convention programs have been for-
mulated upon this ruling. The same high grade is maintained in all cony ention papers, wherever pre-
sented, but the number of papers placed on the Summer Convention programs isreduced in proportion
to the smaller number of technical sessions scheduled. An important feature of each Summer Con-
vention is the presentation of the Technical Commijttee reports, each of which covers a distinct phase
of electrical engineering and brings the advances and improvements in the art thoroughly down to date.

Presentation of Papers.  Aq important activity of the Institute is the preparation and
presentation of papers before meetings of the Institute. Opportunity is offered for any member to
present a paper of general interest to engineers at an Institute mes ting, or of having shorter contribu-
tions published in the Jour~var without verbal presentation. In preparing a paper for presentation
at a meeting, the first step should be to noufy the Meetings and Papers Committee about it so that
it may be tentatively scheduled. Programs for the meetings are formulated several months in advance,
and unless it i3 known well in advance that a paper is forthcoming, it may be subject to many months
delay before it can be assigned to a definite meeting program. Immediately upon notification, the
author will receive a pamphlet entitled “Suggestions to Authors™ which gives in brief form instructions
in regard to Institute requirements in the preparation of manuscripts and illustrations. This pamphlet
contains many helpful suggestions and its use may avoid much loss of time in making changes to meet
Institute requirements.

Manuscripts should be in triplicate and should be submitted at I 1st three months in advance of
the date of the meeting for which they are intended. These manuscripts are submitted first to the
members of the technical committee cov ering the subject of the paper, and if approved will next go to
the Meetings and Papers Committes for final disposal. After final acceptance, the paper goes to the
Editorial department for printing which requires usually from two to three weeks. Ady ance copies
are desired about ten days prior to the meeting in order to distribute the paper to members desiring to
discuss it. Considering the routine through which all papers must pass, the advantage of prompt
notification and early submission of manuscripts will be apparent.
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Come to Swampscott!

HE Summer Convention of the Institute offers an oppor-
tunity for delightful fellowship with brother members, for
hearing excellent technical papers, reports and discussions, and
taking part, and for enjoying pleasurable recreation. But more—
it also offers opportunity for advancing our profession still
further.

The strength of the electrical engineering profession in America
is reflected by the strength of our Institute. The more successful
the Institute is in its service to the members, the higher will be
the general standing reached by the profession.

The first day of the Convention is in many ways the most
important day because then is held the conference of officers,
Section delegates, and Branch Counselors. The subjects dis-
cussed at these conferences relate to means for making the Sec-
tions stronger, for increasing interest and service, and for coopera-
tion between Sections and Branches; to questions pertaining to
membership, to publications and other important matters.

This conference is not limited to the officers and the delegates.
All members are invited, not only to attend, but to take part in
the discussions.

While a program of subjects has been outlined by the com-
mittee, additional items of importance in the conduct of Institute
affairs may be presented by anyone, as far as time permits. How-
ever, the outlined program covers a wide range of activities and
interest.

Many of the Institute policies which are in effect today are the
direct result of these Monday conferences, and judging from the
wide interest evidenced on every side, this coming one will be no
exception.

[t is, therefore, hoped that all members who have given thought
to the problems of the [nstitute, such as relate to Conventions, to
Regional Meetings, to Sections or to Branches will attend the
Monday meeting. The deliberations of that day will help to de-
velop more traditions to enrich the Institute and will be a material
factor in making our society advance to still greater heights of

% ?WMM‘{‘_‘

President.
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Some Leaders
of the A. I. E. E.

Severn D. Sprong, Manager of the Institute 1909-
1912 and one of its Vice-Presidents 1912-14, is a native
of Renssalaer County, New York. After completing
the work of the common schools, he continued his
studies for several years under special tutors. In 1893
he finished the General Electric Test and from then
until 1898 served in various subordinate capacities in
utility and special work. He then became Superin-
tendent of the Electric Department of the Consolidated
Gas Company of New Jersey at Long Branch, holding
this position until 1900, when he was made Chief Engi-
neer of the Central Electric Company, covering erection
of central high-tension generating stations, transmis-
sion lines and four substations,—at Rahway, Perth
Amboy, New Brunswick and Bound Brook,—replacing
steam generating stations. Two years later he was
chosen Assistant Chief Electrical Engineer of the New
York Edison Compary, remaining there until 1906, inre-
sponsible capacity engaged on the design of Waterside
Station No. 2, numerous substations and transmission
and distribution systems; also in the Williamsburgh
Generating Station and several substations of the
B. R. T. System, Brooklyn. From 1906 to 1909 he was
associated with the design and construction of substa-
tions, transmission and distribution, and in charge of
operations as Assistant Electrical Engineer for the
United Electric Light & Power Company. Then for
three years he was Chief Electrical and Mechanical
Engineer for J. G. White & Company in charge of
responsible direction of design and construction of
numerous steam, hydro and transmission and distribu-
tion systems in the United States and Canada, also
acting as advisor on various other projects along these
lines. From the completion of this service until 1922
he was Chief Electrical Engineer for the Brooklyn Edi-
son Company, In responsible charge of electrical engi-
neering stations, substations, transmission and dis-
tribution, and all electrical construction of stations,
substations, and street transmission and distribution;
he was also in charge of the Meter Department and the
purchase of all electrical machinery and equipment.
From 1922 until 1925 he was Vice-President and General
Manager of the Orange County Public Service Corpora-
tion, the Orange County Hydro Electric Corporation,
Pike County Light & Power Company, and the Cape
May Illuminating Company, in executive control of
these properties including their development and
operation, as well as the construction of hydroelectric
plants. He was also President of the Port Jervis
Traction Company during this period. This entire
group of properties included also three gas plants and
the distribution systems.

In 1922 Mr. Sprong established his own consulting
engineering practise, acting at the same time as con-
sulting engineer for the General Electric Company.

He became an Associate of the Institute in 1903 and

NOTES AND COMMENTS

Journal A.I. E. E.

was made a Fellow in 1912. From time to time he has
been active on various Institute Committees and is at
present on the Board of Examiners.

He holds membership in The American Society of
Mechanical Engineers, is a member of the Society of
Colonial Wars, and of the Sons of the Revolution. His
clubs are the Crescent, Montauk, the Engineers and
the Lawyers.

Technical Changes
in Industry

The great advance made in recent years by central
stations generating electric power in the more economi-
cal consumption of fuel per kilowatt-hour generated is
emphasized in the survey of the National Bureau of
Economic Research conducted for the Committee on
Recent Economic Changes of the President’s Unemploy-
ment Conference.

Data on central station efficiencies were gathered by
L. P. Alford, who points out that central stations had
succeeded 1n 1927 in reducing the consumption of fuel
to 57 per cent of what it was in 1919 per unit of electrical
energy generated. During that same period, the output
of energy had more than doubled.

The advances in the design, construction, and opera-
tion of large steam central stations in the last decade
have been principally along three lines; (1) larger
generating units using steam turbines exclusively as
prime movers, and larger boilers; (2) higher steam
pressures and superheat temperatures; and (3) greater
use of waste-heat recovery apparatus. To these may
be added improvements in all auxiliary machinery to
the advantage of the over-all efficiency of operation.
A rough idea of the advance in efficiency may be had
from the fact that for a station generating from 20,000
to 100,000 kilowatts, the present rate of coal consump-
tion 1s about two pounds per kilowatt-hour as against
3.5 pounds per kilowatt-hour ten years ago. Heat
economies have also been introduced all the way from
the furnaces to the last expansion stage of the turbine.

Higher efficiencies than now obtained by the best,
about 13,000 B. t. u. per kilowatt-hour or better than
26 per cent, are expected and can be produced; but not
a great deal higher for the best all-round results.

Central station pressures are to be found in three
ranges for modern installations; (1) a range around
400 pounds per square inch; (2) a range from 550 to
750 pounds; (3) a range from 1000 to 1400 pounds.
The greatest activity at present is in the first and third
ranges, the intermediate one being proportionately
neglected. The choice between these two, the basis of
selection, is partly a matter of load, but more a matter
of coal price. For a cheap coal with a small average
load, the 400 pound range is preferred; with a higher
priced coal and a high average load the 1000 pound
range is preferred; and usually we find both in the same
station.
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An Electrified Railway Substation

Of the Pennsylvania Railroad
BY J. V. B. DUER!

Associate, A. 1. E. E.

Synopsis.— This paper conlains a description of one of the out-
door substations of the Philadelphia-Wilmington elecirification of
the Pennsylvania Railroad, recently placed in service. It describes
the initial installation of apparalus provided in the substalion for
the present suburban electrification, as well as the steps taken lo
accommodate the additional apparatus necessary for the through
electrification when it takes place.

The location and conlrol of the substation is described as well as

the types of prolective apparalus ulilized and the method of operation.
Altention is called lo cerlain operating necessities which conlrol
the design and location of a substation of this character. The means
provided for handling the heavy apparatus inio and out of a sub-
station of this character and the facilities for handling, cleaning and
restoring oil to the different pieces of apparatus are described in
some detail.
* - - ® .

S a preliminary to this description, it is necessary
to state that the Philadelphia-Wilmington electri-
fication at its present stage of construction is

designed for the multiple-unit suburban service only,
but that everything has been so constructed that
expansion to care for the handling of through electric
locomotive hauled service, both passenger and freight,
may be accomplished by adding to the existing facilities,
without necessitating the replacement of existing elec-
trical facilities. Forcompleteelectrificationof main line
territory, four single-phase 132-kv. transmission circuits
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Fio. 1—TroLLEY SUBSTATION—WIRING DIAGRAM

on two tower lines are proposed; with four step-down
transformer units at each typical trolley supply sub-
station. The initial installation, for multiple-unit service
only, hasrequired but twosingle-phase 132-kv. transmis-
gion circuits, each on itsown supportingstructures;and at
each typical trolley supply substation, but two step-
down transformer units.

It 78 then evident that the existing typical trolley
supply substation is a structure which at present ac-

I, Eleetrical Kngiveor, Pennsylvania Railroad Co., Pbila
delphia, Va.

Presented at the Summer Convention of the A. 1. E. I., Swamp-
scoll, Mass., June 24-28, 1920. Printed complele herein.

commodates two single-phase transmission circuits,
allowing for the sectionalization of each of these circuits
by air-break motor-operated disconnecting switches.
The structure further accommodates a tap from each
of these transmission circuits, each of these two taps
passing through another air-break motor-operated dis-
connectingswitch to thehigh-voltagesideof a 132/12-kv.
step-down transformer, the tap being provided with
chokecoilsandlightningarresters. Thelow-voltageside
of each transformer unit is carried through a suitable
two-pole oil switch and the requisite isolating switches
to one section of a 12-kv. trolley bus. Ultimately,
there will be four transmission circuits, four taps, (one
from each circuit), and four transformers; but therewill

i _ N
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Fra. 2—Tyrican Trouuey Surpuy SunsTATION, GENERAL VIEW

be only two trolley bus sections, as at present, each with
two transformers connected to it instead of one.

Each bus section consists of a troliey and a rail bus.
The two trolley hus sections are connected through a
suitable single-pole breaker and the requisite isolating
switches. 'The two rail bus sections are arranged so
that they may be connected together through discon-
necting switches, and {urther, so that either section or
both may be connected to actual ground il desired.

43!
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From the trolley bus section, tapsare taken, each of
which pass through a single-pole high-speed trolley
circuit breaker and the requisite isolating switches to a
trolley. The trolleys passing by the substation are
sectionalized so that those on one side are electrically
separated from those on the other side of the substation.
The trolley bus taps from one section of the trolley bus
feed the trolleys on one side of the substation, and those
from the other section of the trolley bus feed the trolleys

vpa]

F1c. 3—TvypicaL TROLLEY SUPPLY SUBSTATION—T ROLLEY BUS
AND O1r CirculT BREAKERS

on the other side of the substation. Each trolley bus
tap is supplied with a choke coil and a lightning arrester
and feeds into a different trolley from that fed by any
other tap.

The railroad is equipped with interlocking cross-over
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Fig. 4—Typricar SussTaTioON CONTROL BOARD IN
House
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stations for the purpose of crossing traffic from one track
to another at frequent intervals. These intervals are
such that it is usually possible to locate the substations
at certain of the interlocking cross-over stations. At
one of these cross-over stations, the cross-overs between
tracks are located between signal bridges, usually some
1200 to 2000 ft. apart. There is a signal and switch

DUER: AN ELECTRIFIED RAILWAY STATION

Journal A. | B. .

tower, more generally called an interlocking or block
station, with an operator to control the cross-over
movements. This tower is connected with the dis-
patcher’s telephone circuit and with the emergency
telegraph circuit. There are usually certain signal
maintenance men working in the vicinity of the block
station. If the telephone circuit of the load dispatcher
or power director be run into the block station, and if
the block station be equipped with a control board and
the necessary signal lamps, the operator can well per-
form such substation switching operations as the power
director may request, keeping the proper record of such
operations. Further the operator can call by whistle
or horn such signal maintenance man as may be within
hearing and request him to perform such emergency
operations within the substation as may become neces-
sary prior to the arrival of a regular substation mainte-
nance man. It isalso evident that the trolleys covering
the cross-over movements should be independently fed

Fig. 5—Tyricar TROLLEY SUPPLY SUBSTATION—4500-Kv-a.
TRANSFORMER

from those extending beyond, so that a dead trolley
beyond will not hazard the making of a cross-over move-
ment to another track to avoid the dead trolley. If the
substation be located near the cross-over station, the
cross-over trolleys may be readily fed independently,
directly from the substation trolley bus sections.
Cross-over stations not at substations require a special
bus and switch arrangement to secure this independent
cross-over trolley feed feature. We may state, there-
fore, that in so far as is possible, the typical trolley
supply substation is located near a cross-over station
and the substation switching operations are controlled
from the block station by the block station operator
under direction from the power director.

Within the fenced in enclosure of the substation is
located a small control house. In this house there is
located a control and relay board, a control battery and
charging facilities, such signal supply motor-generator
sets and switching as may be required, the substation
oil treating plant with its purifiers, filters and valves,
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and a telephone connected with the power director’s
circuit.

When the regular substation maintenance men are at
work within the substation enclosure, by throwing
a switch, they may take over the control of the sub-
station switches from the block station operator’s
board to the control board in the control house. This
operation is made upon direction from the power
director and the block-station operator is informed and
also receives a signal on his board when the control
passes from his board to the control house board, or the
reverse. '

The entire relay layout for the station is on the control
house board. All control operations and signals are
at a control voltage of 125 volts, direct current supplied
from the control battery. The control circuits are
segregated for protection and for the easy location of
grounds. Ground detecting apparatus is supplied.

In each substation are two service transformers, one
on each section of the trolley bus, which give 230/115-
volt, 25-cycle circuits from which the control battery is
charged, the oil pumps operated, and the normal
lighting obtained. A separate transformer suppiies the
signal motor-generator set or sets when such are in-
stalled at the substation.

Certain emergency lighting is supplied from the
control battery.

Into each substation enclosure isrunarailroadsiding,
and the apparatus is so located as to be readily loaded
or unloaded to or from cars on this siding by a locomo-
tive derrick or otherwise, as may be necessary.

The relay protection is such as to give the following
protective functions:

Trolley high-speed breakers; high-speed impulse for
short circuit; normal controlled speed relays for over-
load.

Each trolley bus section is differentially protected asto
all breakers connected thereto for protection against
bus faults.

Transformer Breakers; reverse power protection for
transmission line-to-line faults; differential protection
for transformer faults. Voltage relays for transmission
line to ground faults supplied from a 66-kv. potential
transformer connected from the midpoint of the high-
tension winding of the main transformer to ground,
the step-up transformers at the station supplying
energy to the high-tension transmission having their
midpoint grounded through resistance.

Buried oil tanks are provided in each substation for
both transformer and switch oil. The piping system
1s such that breaker oil may be drawn from a dirty oil
tank and purified and run into a clean oil tank and run
into a breaker. The transformer oil may be run from
the transformer through the purifier and back to the
transformer, or from the transformer into the tank and
thence through the purifier and back to the transformer.

~The oll purifier is a combined centrifuge and filter
with provision for by-passing either or both, the latter
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for use when oil is drawn from the clean oil tank and
passed to a breaker.

The step-down transformers necessary in our eastern
territory for the eventual complete electrification are of
4500-kv-a. normal continuous rating, immediately
followed by 150 per cent load for two hours, immediately
followed by 300 per cent load for five minutes. Thus,
these transformers are much larger than normal com-
mercially rated units of the same nominal continuous
rating. They are self-cooled and self-protecting and
every attempt has been made to insure serviceability.
The number of these units installed initially and ulti-
mately in a typical Philadelphia-Wilmington substa-
tion has been previously mentioned as two and four
respectively.

The above describes the requirements of the sub-
station layout. The actual physical structure which
fulfills these requirements need not always be the same.
It depends, naturally, upon the land available and
upon other considerations which influence its design.

Typical views of a step-down transformer station are
shown.

ENGINEERING SOCIETIES EMPLOY -
MENT SERVICE

EXCERPTS FROM LETTERS OF APPRECIATION

May 28, 1928.

I appreciate the very efficient way in which employ-
ment problems are handled by you and beg to thank
you for many kindnesses and courtesies in connection
with the vacancies in this office.

May 28, 1928.

I want to express my appreciation of the effort that
you made to locate the right man for this position and
the discrimination that you showed in the applications
that you sent me. I shall certainly bother you again

-when I have an opening as I believe you are doing a good

service for our membership.
May 26, 1928.

We would not fail to comment on the high qualifi-
cations of all your applicants, and wish to thank you
for the kind interest you have shown in this matter.

April 14, 1928.
We certainly appreciate your help and the high
grade men you have referred to us. You may be
interested to know that the only two men hired were
applicants through your service, although we did
receive some very good applications from our ad in
a daily newspaper.
April 12, 1928.
We have employed Mr. ... to fill the position
of Chief Engineer at ... ...
We appreciate keenly the assistance rendered by your
organization and trust that we may find the means to
reciprocate the courtesies you have extended.



Electrification of Oil Pipe Lines

in the Southwest
BY D. H. LEVY:

Associate, A. I. E. E,

Synopsis.—This paper bricfly reviews the history of electricity as
motive power for oil pipe line operation and noles some of the
reasons for, and the resulls of, ils rapid development in the South-
west. Some altention is paid to the method of serving these loads
Jrom transmission lines and the tendency of modern pipe line

practise is shown. The last five years have seen rapid advances
in the methods of underground transportation of petroleum and the
puper reviews some of the present tendencies in design of lhe modern
ol pipe line station.

INTRODUCTION

DURIN G the last two decades, most of the crude oil
produced in the United States has been moved to

the refineries, ports, and markets through under-
ground steel pipe lines. The oil was forced through
these lines by means of reciprocating pumps driven by
steam engines or oil engines.

About three years ago, a number of factors developed
which allowed, and in fact required, the extensive em-
ployment of electric power for pipe line pumping and
this system has now proved highly successful.

The chief factor in this adoption of electric drive was
the recent discovery of vast quantities of oil in new
fields in Texasand Oklahoma. This required immediate
and quick construction and operation of more and
larger pipe lines.

Electrical pumping was the solution for several
reasons. The proposed pipe lines were to pass
through rough and dry territory having few high-
ways and fewer railroad facilities. This condition was
favorable to the electrical equipment as it is lighter and
more easily transported than Diesel or steam equip-
ment. Furthermore, the available water was generally
unsuitable for Diesel engine cooling. Steam for heating
the oil was not necessary in the moderate climate in
this region. Moreover, electrical equipment had given
very satisfactory service in other applications in produc-
ing oil.

Considering all these conditions, one pipe line com-
pany electrified 150 mi. of 10-in. line and the results
were very satisfactory. Later, when the immense
Permian Basin fields in southwest Texas were dis-
covered, electrical pumping was installed by several
companies operating in that area.

One of the companies electrified 400 mi. of 10-in.
line, extending from McCamey, Texas to Healdton,
Oklahoma. This line is served by the transmission
systems of three power companies and at this writing
has been in successful operation for six months, meeting
all expectations as to continuity of service and economy
of operation. A second company built and electrified

1. Electrical Engineer, Magnolia Petroleum Co., Dallas, Texas.

Presented at the Regional Meeting of the South West District
No.?ofthe A. I. E. E., Dallas, Texas, May 7-9, 1929. Printed
complete herein.

125 mi. of line from McCamey to Del Rio, Texas with
the same satisfactory results. A third company ex-
tended their lines from Crane through DeLeon, Texas
to the Gulf, a distance of 650 mi. This line has 19
stations, 14 of which are completely electrie-driven, and
the remainder partially so. A fourth company has now
under construction 450 mi. of 10-in. line with 11-motor-
driven centrifugal pump stations and this line has been
In operation since January 1, 1929.

The first pipe line company mentioned is now en-
gaged in building a line from McCamey in West Texas
to tide-water at Houston, a distance of approximately
425 mi. According to present information, this line
1s to be motor-driven.

In most of the cases a specially developed centrifugal
pump is used. The centrifugal pump has the advan-
tages of non-pulsating delivery, ability to handle oils
of various viscosities, ideal characteristics for booster
service, and low first cost.

Several years ago, before this type had been developed
for oil-line pumping, the only available centrifugal
pumps for the deliveries and heads required were
boiler-feed pumps. These were tried and it became
immediately evident that they were unsatisfactory.
Pump efliciencies were 55-60 per cent and this alone
precluded their use in oil line pumping. The centrif-
ugal pump manufacturers attacked the problem from
all angles and the so-called “high efficiency’”’ type of
multi-stage centrifugal pump came into being. New
theories of centrifugal pump design were developed;
casings and impellers were redesigned; internal losses
were analyzed and reduced as far as possible and the
mechanical details received much attention. Stuffing
boxes and bearings were redesigned, and from it all,
came the present oil line centrifugal pumps with higher
efficiencies than had even been hoped for just a few
years previously.

As to the electrical features of the typical motor-
driven pipe line station, there is no departure from
modern substation practises. A wiring diagram of a
typical station is shown in the accompanying illustration
(Fig. 1). Greater attention perhaps has been paid
toward the construction of flame-proof installations.
Some of the companies favor separating the motor from
the pump by means of metal fire walls; others install
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them all in one room. It seems that personal opinion
of the engineers of each company determines the policy
to be pursued.

Squirrel-cage induction motors are used in all cases.
Motors have been of all standard voltages but the
present trend is toward the use of 2200 volts on all

Sta. Aux. Service

Incoming
PT. WY
Disc. WAW
Sw. ¢1. — CT. l
0.C.B.}|—Af . ‘ :
[ Disc. l

For Tripping Metering
Sws.
St. Comgensators r
“Mators
Fig. 1.—TyricaL O1iL Prpe Line Pump STaTION

Qil line wiring diagram

motors above 50 hp. Oil circuit breakers are usually
installed on incoming lines and these are provided with
the usual overload, undervoltage, and over-pressure
protection. ’

As to the actual cost of moving oil through pipe lines
by means of electric power, it is impossible to give any
accurate figures unless all the conditions of service
are known. The various factors, such as efficiency of
motors, efficiency of pumps, friction of station piping,
rate schedules, discharge pressures, etc., all enter into
the final analysis.

Below will be found a tabulation of electric pipe line
station performance, based on crude oil of 80 Sec.
Saybolt Universal viscosity at 60 deg. fahr. and at a
discharge pressure of 700 1b. per sq. in.

PIPE LINE “A"
Reciprocating Pumps

i Barrels Total Barrels
Station Months pumped kw-hr. per kw-hr.
1 9 7,625,286 1,959,700 3.88
2 9 7,658,579 1,959,500 3.91
3 9 7,633,049 1,829,900 4.17
4 9 7,653,154 1,819,500 4,22
PIPE LINE “B"
Reciprocating Pumps
Barrels Total Barrels
Station Months pumped kw-hr. per kw-hr.
o 1
5 ‘ 6 4,756,768 1,202,900 3.96
3] 10 6,538,992 1,634,000 3.98
7 ‘ ] 4,480,040 1,122,600 4.05
8 10 6,519,459 1,616,100 4.03
PIPE LINE "'C”
Centrifugal Pumps
Barrels Total Barrels
Station Months pumped kw-hr, per kw-hr.
1 12 6,761,903 2,618,800 2.58
? 9 7,138,178 1,852,700 4.32
3 12 8,132,683 2,444,600 3.31
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To meet the demands on their various generating
stations and transmission systems, power companies
serving the Southwest have had to make extensive
additions, improvements, and extensions. Intercon-
nections have been worked out and the service rendered
has been, as a whole, very satisfactory to the pipe line
companies.

In laying out transmission lines to serve pipe line
loads, the importance of the absolute necessity to
maintain continuous service must be considered. Pipe
line systems having small ballast or surge tanks at each
station do not provide storage capacity sufficient for
an appreciable shut-down and a continuous supply of
energy must be maintained at all times. To supply this
demand, if at all possible, pipe line services should be
supplied from a system having a two-way feed, with
necessary switching apparatus to quickly sectionalize
all transmission line faults.

As a source of constant revenue, pipe line loads are
very desirable to the power companies. Revenues are
the maximum on account of the high load factor. The
average monthly load factor of one of the southwestern
pipe lines for the last twelve months has been 86.6
per cent and from present indications it will continue as
high for the next four years. These loadsare desir-
able also on account of the ease of service: No ex-
tensive distribution facilities are necessary to secure
the revenue. In many cases in Texas and Oklahoma,
station locations are within sight of the transmission
lines. As to the power factor of these loads, if the
station is correctly designed, the motors driving the
pump should be fully loaded and the power factor
should be between 76 per cent and 87 per cent. Certain
high-speed centrifugal pump motors, tested under field
conditions, showed a power factor of 87 per cent. If
the rate schedules contain a power factor clause with a
penalty and premium rider, the use of condenser equip-
ment by the pipe line company would be justified in
most cases.

CONCLUSION

It is felt that the electrification of oil pipe lines is
completely justified by the success of present installa-
tions. The time of installation is only half that re-
quired for Diesel engine equipment. The operators
are easily trained to handle the electrical installations.
Their operation on units of a transmission system
having several sources of power is just as satisfactory
as the present oil engine-driven stations. In general,
shut-downs due to transmission line faults are less
frequent than shut-downs due to failure of mechanical
equipment. Cost of operation compares favorably
with oil-engine driven stations. The near future will
see many advances in pump construction and in electric
pump station design and a consequent increase in
over-all efficiencies.



Standard Voltage A-C. Network

BY JOHN ORAMND

Non-memt er

Synopsis.—The object of this paper is to present a description
of the Dallas, (Tezas,) underground network system. Thissystem is of
inlerest since il 1s directly opposed to the general trend of furnishing
non-standard vollages tn underground systems. The reasons for its
selection and its advantages over the three-phase four-wire system are
presented. A brief deseription of the installation of equipmeni in
vaults and manholes 1s given. Another feature of this system is the
use of standard reactance transformers together with an erternal
reactor, shunted by a fuse, for purposes of overload protection to the
transformers. In addition to the regular network this system has a
single-irire manhole and rault lighting network which is also used as
as a control wire for turning on and off multiple street lamps.

Another feature of this system is a complete underground telephone
system with a telephone outlet in each manhole and transformer vault.
This telephone system is also connected to float switches in trans-
former rvaulls which automatically notify the trouble office in the
event of high water in a transformer vaull. The routine tests made in
connection with the operation of the neticork system are described and
the method of locating primary faults is given in detail. Complete
records are kept of the installation of conduit and cable. Photo-
graphic records of construetion, operation, and cable failures, ete.,
are also kept. The record of this netiwcork system both as to efficiency
and as to cordinuity of service s ercellent.

= = = = =

THE principal characteristic of the Dallas, (Texas,)
underground secondary network system is that it
provides standard 115-volt service for lighting
consumers and 230-volt three-phase service for power
consumers. This is done by adding an 1%-volt secon-
dary coil to the standard 115-volt transformer coil and
bringing out three leads on each transformer. With
three transformers connected in *'Y”, the arrangement
gives 115 volts for lighting and 230 volts for power
service with a common symmetrically grounded neutral.
On account of the high primary voltage used and the
relatively short distance of approximately one mile from
generating station to load center no feeder regulators
are required. The range of voltage regulation is about
five per cent from no load to full load and the control of
the generating station busbars by Tirrill regulators is
adequate for this purpose. Since the major portion
of the load follows quite closely that of the under-
ground system and all other lighting service is controlled
by individual feeder voltage regulators in substations, no
interference with the remainder of the svstem iscaused.
The Dallas network system covers an area of approxi-
mately 0.75 sq. mi. and consists of five 13-kv.
underground feeders serving eighty-two 300-kv-a.
transformer banks which supply two sets of secondary
network cables, one being the lighting network and the
other the power network. Automatic network units
are used between transformers and the secondary net-
work system. The prineipal load in the underground
district consists of office buildings, theaters, department
stores, and hotels. The average load density is 20,000
kv-a. per sq. mi. The greaest concentrated load
1s a hotel which consumes an average of 10,000-kv-a.
hours every 24 hr.
The network system at present is designed for a

1. Chief Engineer, Dallas Power & lught Company, Dallas,
Texas :

Presenled ot the Reguonal Meeting of the South West District of
the A. 1. E. E.. Dallas, Texas, May 7-9, 1929. Printed complete
Aeresn.

normal maximum loading of 80 per cent on each trans-
former bank and an emergency loading of 100 per cent.
This arrangement will permit the removal from service
of any one of the five feeders without overloading the
remainder of the system. The normal voltage in the
secondary mains is 115 volts for lighting and 230 volts
for power. The emergency voltage will average 110
and 220 volts for lighting and power, respectively.
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F16. 1—Scueuwr or DesiGy oF DarLis USNDERGROCND NETW ORK

The system is composed of three-conductor, 100,000
cir. mil 13-kv. primary feeders, 250,000-cir. mil 13-kv.
orimary mains, 100-kv-a. 8000-115 133-volt transform-
ers, automatic network units, 250,000-cir. mi lsecondary
power cables, 250,000-cir. mil. secondary lighting cables,
and a 500,000-cir. mil bare neutral.

The decision to use two sets of mains was made after
a careful consideration of investment costs, operating
costs and quality of service to be rendered. It was
primarily because of the superior quality of service
provided that the seven-wire svstem was adopted
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Previous to the installation of the underground network
system the customers of the Dallas Power and Light
Company had been furnished with standard 110-volt
lighting and 220-volt power service. With the thought
of good service and public relations in mind, some
secondary network system was sought which would

g
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Fig. 2—CHART SHowinGg DisTriBUTION OF CosTs OF DaLLas
UNDERGROUND NETWORK SYSTEM

continue to furnish normally standard voltages on
both light and power mains. Investigation showed
that the additional costs of the secondary portion of
the system were offset by the better service provided
and the saving in customers’ equipment. Fig. 2
shows the comparative investment costs between the
several major portions of the underground network
system.

In addition to furnishing standard voltage to both
lighting and power services the seven-wire system has
the advantage that, since two separate sets of mains
are used, fluctuations due to the power loads do not
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Fi1g. 3—TweENTY-FourR Hour VoLTAGE CHARTS ON POWER AND
LigaTing Mains TaxeN aT SaME LocaTioN

cause flickering of the lights. The absence of flicker
on the lighting system may be observed from the volt-
meter charts shown in Fig. 3, taken simultaneously
on lighting and power services in the same distribution
box. There isno limit to the size of motor that may be
operated from the network system, and motors up to
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and including 30 hp. may be started directly across
the line without the use of starting compensators.
In this way the economy resulting from the simplicity,
high performance, and balanced design of the common
squirrel-cage motor is retained, together with greater
flexibility in application where remote control is desired.

Another feature of this system is that standard
reactance transformers are used with an external re-
actance installed in the neutral leg of each transformer,
so arranged that the reactor is normally shunted by
means of a fuse, thereby providing good regulation and
lower secondary losses during normal operating con-
ditions. When, however, an overload occurs on a
transformer bank, due to feeder outage or other ab-
normal conditions, the fuses blow and thereby insert
the external reactance in the circuit and relieve the
transformer of part of its load.

70 Tronsformer:

‘ @ ’ I

Reactor

Fi16. 4—FuseEp REACTOR FOR TRANSFORMER PROTECTION

The transformers are installed in vaults either built
by the Dallas Power and Light Company, or if in
building basements they are in accordance with Dallas
Power and Light Company specifications. In either
case the only opening to the vault is through a manhole
cover, 20 in. in diameter, built into a removable concrete
panel 4 ft. wide, by 5 ft. long, placed in the sidewalk
next to the curb. The castings in the panels allow
men and small equipment to enter the vault with ease.
If necessary to replace transformers or network switches
the panel is removed. Each vault is ventilated by two
28-in. square ducts with openings in opposite ends of
the vault, one near the ceiling, the other near the floor.
Both duects terminate on the sidewalk next to the curb
and are covered with gratings.

The equipment in a transformer vault consists of
three transformers, two network switches, primary
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cables, secondary cables, three reactors, a condulet
each for telephone and lighting service, and miscel-
laneous equipment such as a ladder, manhole guard,
and covering for cable trenches. The primary cables
enter the vault in one of the lower ducts and are racked
on wall insulators to the transformers. The trans-
formers are placed on T-rails imbedded in the concrete
floor. The secondary leads are trained vertically
from the transformer terminals to the secondary cable
trench in the floor. The secondary power and lighting
cables extend in separate trenches to the wall on which
the network switches are installed. The 1,000,000-
cir. mil secondary cables are extended from the upper

Fi1a. 5—TyricaL DouBLE TRANSFORMER VAULT

terminals on the network switch to the secondary
network in the street. The secondary cables are
racked separately from the primary cables.

There are at present 84 submersible and 80 non-
submersible network switches in operation on the Dallas
system. Of the submersible units 72 are solenoid
operated and 12 motor operated; all use single-phase
relays in air bells which are mounted on the wall of
the vault. This arrangement facilitates maintenance
and provides better ventilation of the relays. No
phasing relays are used on the foregoing units. Of
the non-submersible units 78 are solenoid operated
equipped with single-phase relays and phasing relays,
and two are motor operated equipped with three-phase
relays and phasing relays. Few difficulties in the
operation of the network switches have been en-
encountered from unbalanced loads and elevator re-
generation. These have been overcome by using three-
phase relays or otherwise.

Although secondary network system in general
consists of 250,000-cir. mil lead covered cables on cross
streets or between important loads, additional 500,000-
cir. mil cables are sometimes installed. The secondary
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neutral is grounded in each transforner vault and
serves as a primary neutral.

The secondary services are extended to the customers
building line in 4-in. fiber conduits, one each for power
and lighting services where both are required. "The
conduits are terminated in a distribution box placed in
the outside building wall, or iron conduit of reduced
size is carried up the building wall about 12 ft. and
terminated with a condulet. A panel is installed in the
distribution box and both power and lighting services
are connected to this panel. If it is not possible to
install the distribution box, the customers’ outlets are
grouped on the outside wall at the first floor ceiling line.
The cables used for services are single-conductor, 600-
volt, paper insulated, and vary in size from No. 6
A. W. G. to 500,000 cir. mil.

In addition to the secondary and primary mains in the
duct lines there are telephone and manhole lighting
cables with outlets in each manhole and vault. The
manhole lighting cables are No. 6 A. W. G. and form
a secondary network with 115 volts to ground which is
used by the workmen for lights, blowers, soldering pots,
and other general conveniences. This network is
connected to the main secondary lighting network
through a fuse and switch, and is so arranged that in
addition to serving as a manhole lighting system it will
also serve as a pilot wire for controlling a proposed
multiple street lighting system in the underground area.

The telephone system is in the same conduit as the
manhole lighting cable. It consists of two 26-pair
cables which extend from the switchboard in the
Trouble Division’s office to central locations, and
branch out into two-conductor No. 14 lead covered
cables. These two-conductor cables are installed on
the main streets so that each manhole and vault has a
telephone outlet.

The telephone system is also used as a signal system
to give warning of water in transformer vaults. This is
accomplished by connecting a coil of No. 4 bare copper
wire in a porcelain housing to the ungrounded side of
the telephone circuit. The device is installed in trans-
former vaults about six inches above the floor. When
water reaches a level of six inches or more the telephone
cable is short-circuited and a light signals the operator
in the Trouble Office.

In the operation and maintenance of the network
system certain routine tests and inspections are made.
The vaults are inspected regularly and all dirt, paper,
and other accumulations removed from the ventilator
pits and floor. Oil samples from all transformers are
taken once each month and tested for dielectric
strength. The oil level in the transformers is observed
and if necessary oil is added. The oil in each trans-
former is filtered at least once a year regardless of its
dielectric strength. FEach network switch is inspected
weekly and the number of operations recorded. An
inspection of network switches is made each month.
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They are cleaned and adjusted, and repairs are made
if necessary.

To test the operation of network switches, feeders are
removed from service once each week during the light
load period, by opening the circuit breakers at the
Generating Station. If the feeder is not automatically
deenergized when the breaker is opened, a trouble man
is sent out to see which network switch has failed to
open. A signal system installed in each vault saves
the trouble man much time in locating the faulty
switch. This signal system consists of a 125-volt
lamp installed in the ventilator so that it can be seen by
the trouble man without getting out of his car. One
terminal of the lamp is connected to ground and the
other to a lighting phase through an auxiliary switch
that closes only when both network switches are open.
A signal lamp not burning indicates that a network
switch is closed. If faulty the switch is locked open
until repaired.

In the location of primary faults special equipment 1s
used. The apparatus is installed at the Generating
Station and consists of a 50-kv-a. 440/8000-volt step-
up transformer and 8000-volt, 15-ampere reactor.
The procedure followed in locating a fault is to manually
lock open each network unit on the feeder in trouble,
disconnect the feeder at the Generating Station and
connect the reactor to the faulty conductor until it is
broken down to ground. With a split-core instrument
transformer and low reading ammeter the current sent
out over the cable is traced to the fault location.

Detailed records of underground installations are
kept under five general classifications, »iz.: (1) Duct
Line Records, which are in the form of drawings showing
a plan and profile of the duct lines together with the
location of all substructures adjacent thereto; (2) Man-
hole Records, which are also drawings giving the loca-
tion and details of construction of each manhole; (3)
Cable Records, which give the location, size, date
installed, and other data pertaining to each cablein each
manhole; (4) Transformer Records, which gives the
purchase specifications together with a complete history
of each transformer; and (5) Service Records, which is a
section map of the city showing the location and size of
each lighting and each power service.

Records are kept of all equipment failures which
includes a detailed description of the failure together
with a photograph of the faulty apparatus where
possible. Included in these records are cable failures,
transformer failures, network unit failures, etc.

During the year 1928 the average efficiency of the
underground network system, as calculated from watt-
hour meter readings at the Generating Station and those
on customers’ premises, was 95.5 per cent. The
average annual power factor was 0.90 and the load
factor 0.50. Approximately 36 per cent of the energy
distributed was power and 64 per cent lighting.

The operation of the system since its installation has
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been successful. The voltage regulation has been good
and there have been practically no complaints. The
record with reference to continuity of service, like that
for voltage regulation, has been satisfactory. The
completed network system has been in operation nearly
two years and during that time no customer has been
out of service. A number of faults on primary cables
has occurred, but in each instance the trouble has been
automatically and successfully cleared without inter-
ruption to service. Secondary cable faults burn clear
without noticeable effect on the service.

STUDENT ENGINEERS SHOULD STUDY
PSYCHOLOGY

Though an engineer now occupies the White House
and the present is often referred to as the engineer’s
age, engineering graduates are earning small salaries.
At the same time, the feeling of a lack of engineers all
over the country persists.

Speaking about this puzzling situation, C. F.
Kettering, general director of the General Motors
Research Laboratories, stated in a recent talk before
the Cleveland Section of the Society of Auomotive
Engineers that engineering education fails to prepare
the student for his real work because it does not teach
him enough of economics and psychology. As a
result, the young engineer cannot sell his ideas; he
becomes discouraged and drifts into other lines of work
where the rewards seem to be greater and more im-
mediate. For instance, only 6 out of 37 graduates in
electrical engineering in a single class were found to be
practising electrical engineering 10 years after
graduation.

To fit engineering graduates into industry, they
should be put on a job that is similar to what they were
studying in college, Mr. Kettering suggested, and be
given a chance to become acclimated to industry and to
assume a more important position.

Many engineers have not yet learned to use their
imagination. We find in industry a question as to
what the future demand will be, and the engineer
should have enough imagination to see that the thing
of tomorrow will be different from that of today.

Bankers, said Mr. Kettering, are interested in the
engineer as never before, because they say that he is
upsetting the stability of business, but the whole
object of research is to keep everyone reasonably dis-
satisfied with what he has in order to keep the factory
busy making new things.—S. A. E. Journal.

J. Tribot Laspidre, director of the International
Conference on Large Electric High-Tension Systems,
which will hold its biennial meeting this year at Paris
on June 6 to 15, reports that 380 members from 21
countries have already been enrolled. It is anticipated
that the attendance of the 1927 session will be exceeded.
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Automatic Transformer Substations

Of the Edison Electric Iluminating Company of Boston
BY WILLIAM W. EDSON:

Member. A. I.E. E.

Synopsis.—The Edison Eleciric Illuminating Company of
Boston has adopted a policy of numerous relatively small automatic
a-c. substations localed at the parious individual load centers, this
policy being enhanced by the development of a new method of automatic
conlrol and by the standardization of the station design.

The rating of a substation is based on the sum of three specially
designed transformers each having an inkerent 50 per cenl overload
capacity. Thus, the marimum load is normally earried by the three
unils operating at their nominal 100 per cen! rating, but in emer-
gericies the load can be handled by two banks. the transformer out of
service, representing only 33 per cent of the station capacity instead
of 50 per cent as in the usual ease.

The automatic control consists essentially of load-current relays
which swilch in or cut the Jollow-up iransformers as mneeded.
This operating point for marimum station eficiency equals

{ 2 X core losses per bank

/ Serious trouble on any bank will
N copper losses

bring in the suecceeding transformer. Each transformer has 1ts ouwn

HE rapid growth and expansion of the electrical
T distnibution system of The FEdison FElectric
Hluminating Company of Boston has dictated a
policy of numerous relatively small automatic a-c.
substations located at the various individual load
centers. Such an arrangement results in reduced line
and feeder losses, better voltage regulation, improved
reliability of service, closer balance between the load
and the transformer capacity in service, and in a more
efficient building program for the substations.

The value of this policy was materially enhanced by
the development of a new method of automatic control
which was much simpler in both design and operation
than the previous schemes. In the last two vears, the
adoption of this control, along with the standardization
of station design, has been applied to five new automatic
transformer substations and the advantages are quite
apparent.

STATION CAPACITIES

The ratings of these stations are based upon an
ultimate of three units, and vary from 5000 to 15,000
kv-a. depending on local requirements, these differences
being easily met by selection of the number and sizes
of the transformers without detracting from the
principles of standardization. Closely associated with
this question of unit sizes is the special design of
transformers developed some years ago for the Edison
Company.

1. Station Engineening Dapt., Edison Eleetric INuminating
Co. of Boston, Boston, Maass.

Presented al the Summer Conrention
Swampscott, Masa., June 2;-28, 1929.
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Complete copies upon

sequence switch so that it may be made leading, Jfollou-up, second
Jollowing. or manual, irrespective of the sel-up for the remaining
units. The simplicity of this control equipment is particularly
tnleresting, in facl only the current control and one auxiliary relay
are directly chargeable to the automatic control. The circuits and
apparatus have several special features promoting safely and
reliability.

The construction of these stations has been standardized by the
development of standard “*blocks’ com plete in themselves and suitable
Jor being arranged or added, as desired. Th us, for each transformer
section there are four types of blocks—high-tension, low-tension,
regulator and switchboard. Such an arrangement offers the ad-
rvanlages of complete segregation of equipment, fexibility in station
layout, efficient provision for growth, standardization of engineering
and construction, and the satisfaclory use of com plete bills of material.

This system of control and standardization of construction has
been applicd to five new automatic transformer substations in the last
tico years, and the results harve been rery satizfactory.

First of all, it is essential that a station be able to
carry its full load in event of failure of one of the units.
Formerly this contingency was met by installing the
three transformers of such size that two at full rating
could carry the load. This meant that under normal
conditions one unit (50 per cent of station rating) and
its switching equipment was out of service, which
represents an economic loss.

Under the Edison Company’s arrangement this situa-
tion is met by selecting a smaller size, such that all
three would be used in carrving a full load. Ata slight
additional unit cost these transformers are given a
50 per cent overload capacity by increasing the copper
and the cooling surface, so that if necessary any two
could carry the full load without exceeding the normal
55 deg. cent. temperature rise.  Of course the efficiency
of these units would be reduced somew hat during this
overload, but as this is an emergency condition the
loss 1n kilowatt-hours is neglignble.

DEescripTioN OF STaTiON

For a 10,000-kv-a. station, for example, there are
three 3500 5250-kv-a., three-phase, delta-star trans-
formers having their maximum efficiency at 75 per cent
probable normal load) of their nominal rating of 3500
kv-a.; that is, at 2600 kv-a. Each bank has a high-
tension bus section supplied by two 13,800-volt lines,
these sections being connected by bus-tie breakers
normally closed. The bank supplies a main and
auxiliary bus havingsix 4000-volt, four-wire ungrounded
neutral, regulated, automatic reclosing feeders. The
low-tension bus-tie breakers are normally closed, but
they trip automatically in case of a feeder fault if all

140
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three banks are in service, thereby, reducing the ruptur-
ing duty on the feeder oil circuit breaker.

Only two of these banks, however, are installed
initially as the station load at first can be carried by
one bank in an emergency.

AUTOMATIC TRANSFORMER CONTROL DESIGN

In designing the automatic operation of an automatic
transformer substation the following procedure may be
followed: (applies equally well to any type of automatic
control)
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Fic. 1—SiNGLE-LINE D1aGrAM oF HUMBOLDT AVENUE STATION

1. The size and number of the various units and the
one line diagram of the station are first established.

2. A list of the desired operating features is then
discussed and agreed upon by the various interested
departments of the company. Incidently, as for any
type of automatic equipment, this is the real deciding
factor leading to successful operation.

The equipment must be able to perform in general
the duties of an operator in an accurate, safe and reliable
manner, but there is a surprisingly large number of
requirements which may safely be eliminated.

3. The third requisite in the designing of an auto-
matic station is the collecting of the individual relay
circuits into a combined diagram which is simple,
efficient and safe. Three items must he kept in mind
while studying this completed diagram.

a. Does it meet all of the operating features and
control requirements?

b. Are there any short circuits or stray currents
under any possible combination of relay or switeh
operations? Any amount of time spent on this study

EDSON: AUTOMATIC TRANSFORMER SUBSTATIONS

441

will be amply repaid when the set goes into operation.
Even then, actual service will develop unexpected stray
circuits, but these can be mitigated.

c. Can the installation be simplified, such as by
assigning several duties to one relay, collecting various
cireuits to the same set of relay contacts, or by arranging
the contacts so that the number of wires leading to an
item of equipment is reduced to a minimum?

The schematic diagram is essential as each individual
relay circuit can easily be followed and studied.

Some form of sequence chart is also of great help as
it serves as a ‘“‘slow motion” picture of the status at
any operating step; that is, it shows the cause and
result of each operation.

OPERATION

The system developed and adopted by the Edison
Company performs as follows:

a. For light-load conditions, one transformer carries
the load. As the load increases, the other banks cut-in
automatically as required. The two properties avail-
able to control such operation are the transformer tem-
peratures or the station load. The first is not entirely
suitable as the temperature usually lags too far behind
the load, it is not independent of the weather conditions,
and the present temperature relays are somewhat deli-
cate and difficult to keep in adjustment.

+
Cl;
Sl)z

—/  COMMON

F
TRANSA[TRANS B-SAME.]

#MAKE CONTACT
BREAK CONTACT

TRANS-A. TRANS-B

Iig. 2—Scuemaric Diaanam oF TiransForMER CONTROL
The second method (station load) offers better results
as the current relays already developed are quiteaccurate
and reliable. Another important advantage is that the
transformers can be operated nearer the best over-all
efficient point. For example, these cut-in relays can
be set at a point where the core and copper losses of one
transformer equal the total losses of two transformers.
Expressed mathematically this most efficient point



442

to bring in the second bank equals \/ 2—1 L,

¥

where L,

is the core or zero load losses of one transformer and
L, is its full load copper losses.? This point averages

HUMBOLDT AVE. STATION
SEQUENCE CHART-LOAD CONTROL OF FOLLOW-UP BANK

Closing Tripping
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3 - 2
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F16. 3-—SEQUENCE CHART—AUTOMATIC STARTING
approximately 105 per cent of the nominal rating
(70 per cent of total) for the transformer used, which
means the banks are always cool and available for
unusual demands.? Since there is little occasion for
the transformers to be overloaded (which often occurs
with temperature centrol) the voltage regulation is
materially improved.

The relays used for this control (one in each phase)
are the G. Ii. Type IA, the overload contacts being
connected in parallel and the underload, or back con-
tacts, being in series. The latter operate at about 90
per cent of the cut-in value. An auxiliary timing
relay, Type PQ set for two minutes is used to prevent
too frequent operation on a surging load and to reduce
the wear on the contacts of the current relays.

In case of overload the cut-in bus is energized, which
will bring in any bank or banks whose preference switch
is connected to this bus. The auxiliary closing con-
tactor is energized and the high-tension oil circuit
breaker closes, which in turn sets up the closing circuit
for the low-tension breaker. It will be noticed that
when the cut-in bus was energized the protective timing
relay No. 48 began to close. By the time it completes
its stroke, the high- and low-tension breakers should be
closed but if not, or if one drops out due to latch trouble,
a tripping circuit is set up and the transformer is locked

out.

When the station load decreases the shut-down bus is
energized. At the same time the cut-in busis deener-
gized which allows No. 48 timing relay to open. When

2. See appendix, complete paper-
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it completes its operation the tripping circuit for the
high-tension breaker is compleied and this hreaker
opens, followed in turn by the low-tension breaker.

A similar set-up would be used to control the third
bank through a second set of cut-in and shut-down
busses.

b. The question of safety and reliability assumes
special importance in a non-attendant station. These
are met in the lidison system by providing each trans-
former with differential protection relays, excess over
load relays, maximum oil temperature relays and an
over-all checking relay to insure that the circuit breakers
do not drop open or pump. Any of these faults operats
the lock-out relay No. 30 and trips both breakers.

There are also several inherent features of design
which promote safety; such as, only one polarity is
taken to the circuit breaker auxiliary switches or to the
relay contacts, all relay coils are for continuous duty,
no contacts are subjected to unsafe carrying or breaking
currents, interlocks are included to make the high-
tension breaker close or open hefore the low-tension
breaker, thereby reducing high-tension voltage stresses,
the various circuits are arranged so that improper
operation of set-up or manual control switches cannot
do any harm, and the number of relays is reduced to a
minimum.

c¢. A second operating requirement calls for the
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F16. 4—PrLaN oF HUMBOLDT AVENUE STATION
transfer of load to another transformer in case one of
the banks is in trouble. This is accomplished by ener-
gizing one of the above mentioned cut-in busses by means
of the transformer lock-out relay. Here again time is
introduced (approximately 30 sec.) before the alternate
bank restores the system for the same reasons that
timing is used on the automatic reclosing breakers on
the low-tension circuits.

Lock-out relay No. 30 removes potential from relay
No. 48 which after a time delay drops open. This
completes the circuit through the preference switch to
energize the cut-in bus which will bring in the next
transformer in a similar manner as above.
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d. Full selectivity is provided by giving each trans-
former its own sequence switch so that any bank may
be made first, leading; second, follow-up; third, alter-
nate; fourth, out. Manual control switches are con-
nected to this fourth position as a matter of uniformty
in operation between stations otherwise they could be
omitted. It will be noted that any of the transformers
can be operated independently of the others. For
example, one may be under manual control and the
rest automatic, or if desired, two may be set up to
operate in parallel as a group thereby permitting two
smaller banks to operate as a unit and reducing the
number of operating cycles.

EDSON: AUTOMATIC TRANSFORMER SUBSTATIONS
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1. A high-tension block for the two incoming lines,
the 18,800-volt bus and its tie breaker, and the trans-
former high-tension breaker.

2. A low-tension block for the transformer low-
tension breaker, the main and transfer busses with their
breakers and disconnects, and the 4000-volt feeders.

3. A regulator block for the feeder induction voltage
regulators. The battery motor-generator set and the
station power and lighting transformers are located
in the space opposite the bus-tie cell.

4. A switchboard block for the control switchboard,
battery room, toilet, and the constant current lighting
transformers if used.

W

LOW TENSION BLOCK-

HIGH TENSION BLOCK

Fia.

MISCELLANEOUS AUTOMATIC FEATURES

The manufacturer’s method of automatically re-
closing feeder circuit breakers has been revised some-
what to include the safety features and simplicity
referred to above.

The battery charging motor-generator normally
floats on the control battery, but it will shut down in
case of certain faults and will restart when conditions
become normal.

A signal is sent over leased telephone wires to the
nearest manually controlled station to indicate the
opening of any line or feeder circuit breaker, the lock-
out of any transformer, or a ground on the 4000-volt
system. This latter indication is accomplished by
means of a CV voltage relay connected between the
system neutral and ground.

STATION DESIGN

The construction of these automatic substations has
been standardized as far as practicable. The basic
feature which permits this standardization of con-
struction is that the station is divided into “blocks,”
complete in themselves and suitable for being arranged
or added as desired.

For each transformer section there are four such
blocks:
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5—CRross-SecTION OF HUMBOLDT AVENUE STATION

ADVANTAGES OF THE BLOCK DESIGN

a. Complete segregation, the blocks themselves
forming natural fireproof subdivisions.

b. Flexibility in arrangement to meet land or
neighborhood conditions.

c. Efficient provision for the growth of the station
by the addition of blocks as needed.

d. Standardization of construction, resulting in
the simplification of the preliminary load, land and cost
estimates as similar information from previous stations
is at hand, the betterment of the price and delivery for
the purchase of the equipment due to duplication of
former orders, and the decrease in the time and cost
of the design installation and operation of the station.
Incidently, it is an advantage to know in advance that
the completed station and its operation will be satis-
factory to the various departments concerned as the
individual standards have already been tried in service
and approved.

e. Satisfactory use of an itemized bill of material,
this list being grouped in accordance with the station
blocks and giving such information as may be needed
during the various stages of engineering or construction.

MI1SCELLANEOUS CONSTRUCTION FEATURES
Each high- and low-tension block is divided by an
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eight-inch concrete tireproof wall so that the oil ecireuit
breakers are in one compartment while the busses
disconnects and instrument transformers are in the
other. Metal lath and plaster cell walls two inches
thick separate the equipment per circuit. The regula-
tor room and breaker cells are drained to prevent
spreading of any possible burning oil. There is no
reinforcement or other steel work carried over between

cells. The ground busses are run on insulators
to prevent fault currents passing through the
structure.

The cell wiring is flame-proof varnished cambric
cable. The high- and low-tension cables running to
the outdoor transformers have oil-filled potheads to
prevent leakage of oil from the transformers which are
of the “industrial” oil pothead entrance type. This
latter construction eliminates all outdoor structure.

An individual ventilating fan is provided for each

SALTER: DIRLECTRIC LOSS MBASUNRKMENTS
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compurtment 8o that any room can be quickly cleured
of smoke or guses after u fire.

Individual automatic electric heating units with
circuluting fans are installed in each room for general
heating and for preventing condensation.

The general illumination is hy alternating current,
but floodlights and certain lighting circuits are on a
manually operated change-over switch to the battery
for emergency use.

Figs. 1, 2, 3, 4 and 5 apply to the Humboldt Avenue
automatic substation but the other four stations follow
the same general design except for variations in assembly
of the “blocks.” For example in the Arlington Sub-
station the switchboard and regulator blocks are
located on the second floor.

The construction and operation of these stations
have been very satisfactory and it is expected that this
type of design will be continued in future stations.

Abridgment of

Guarding and Shielding for Dielectric Loss’

Measurements on Short Lengths of Hich-Tension Power Cable
BY . H. SALTER:

Associate, A. I. E. E.

Synopsis.—This paper presenis the resulls of investigations
made o explain the wide differences found between dieleciric loss
measurements made on full-reel lengths of cable and on samples
(10 ft. net length) removed. from these reels. At least one source of

these losses being insignificant in the case of the full reel but amount-
ing (o as much as 100 per cent of the loss in the normal sample.
Methods of determining, controlling and eliminating these end
losses are described.

INTRODUCTION

such differences is found in losses occurring at the ends of the cable,
‘X / ITH the advent of low-loss insulations, it has
become necessary to make measurements of
dielectric loss and power factor of power cables
with greater accuracy and refinement. Since a large
proportion of the measurements of this nature are made
on comparatively short lengths of cable (10 ft. net
length under sheath), the question has often been
raised as to what influence the end conditions in these
specimens might have on the results obtained.

GENERAL

At the Regional Meeting held in Pittsfield, Mass.,
May 25-25, 1927, Mr. C. 1.. Kasson presented a paper
entitled High-Voltage Measurements on Cables and
Insulators® in which he pointed out that in measure-

*Part 4 of a Symposium of six papers on Shielding in
Electrical Measurements.

1. Engineer, Cable Research, Electrical Testing Laboratories,
New York, N. Y.

2. A.I.E.E, Trans., Vol. XLVI, 1927, p. 635.

Presented at the Summer Convention of the A. I. E. E., Swamp-
scott, Mass., June 24-28. 1929. Complele copies upon request.
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ments with high continuous potentials and high single-
phase alternating potentials, very large errors might
occur due to corona formation at the cable ends and on
the lead wires. He showed how, by complete electro-
static shielding and guarding of the sample under test
and the instrument circuit, these losses might be
eliminated from the measurements.

Such shields and guards have been in use for some
years in laboratories making dielectric loss and power-
factor measurements on short lengths of cable, where, to
accomplish this end, it has been the practise to use the
tank of the supply transformer as a shield for the trans-
former, to use lead-covered power cable for high-
voltage leads wherever practicable, to screen the cable
sample (and the air condenser, when used) and to use
shields on all leads to the measuring instruments, these
shields often surrounding the instruments as well.
The proper use of such precautions eliminates practi-
cally all effects due to direct leakage (conductance
leakage) and to capacitance connections between high-
and low-voltage circuits. All of the above mentioned
have to do chiefly with the equipment for making di-
electric loss measurements. It is the purpose of this
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paper to discuss certain conditions relative to the
samples, as such, which have been found to play a large
part in the results obtained in these measurements.

In test work, power cables fall into two general
classifications; 1. e., single-conductor cable and mul-
ti-conductor cable. For power service, most multi-
conductor cable is three-conductor. There are then two
general types of three-conductor cable, according to
construction; 1. e., the belted type and the shielded-
conductor type. Each of these three groups represents
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Fig. 2—DisTriBUTION OF SECTIONS FOR PowER-FaAcTOR

SURVEY ALONG NORMAL SAMPLE

a slightly different problem in preparation for test.
They will be dealt with here in the order named.
Guarding the Single-Conductor Test Specimen. Tests
on a number of samples in which lead sheath was
slotted at 1-ft. intervals throughout its length, as shown
in Fig. 2, showed the end sections to have extremely
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Power-factor variation along length of cable

high power factor and ionization factor. This con-
dition, while not always serious before heating the
sample, was found to be quite pronounced after heating
to 100 deg. cent. and cooling to room temperature.
This condition is illustrated by Figs. 4 and 6 showing the
results of tests at room temperature before and after
heating to 100 deg. cent.

It will be noted from Figs. 4 and 6 that the 1-ft.
sections at the ends of the specimen are for the most

LOSS MEASUREMENTS
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part the only ones showing any considerable change in
power factor. In these end sections, the impregnating
compound is, to a certain extent, open to the air so that
the increases found are likely due to air absorption with
possible oxidation of the compound while at the higher
test temperatures.

The method of eliminating these end losses from
measurements on a length of cable is almost self-
evident in an examination of the results shown; 7. e.,
eliminate these 1-ft. sections at the ends from the test
circuit by making them a part of the guard or shield
circuits. This, then, means that in preparing such a
sample for dielectric loss tests, circumferential slots are
cut through the lead sheath at least 12 in. from each
end. These slots are filled with insulation and sealed
against loss of oil when the cable is heated. The
central section of lead sheath then forms the test elec-
trode while the isolated sections at the ends are used
as guards.

Guarding the Belted Three-Conductor Test” Specimen.
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Power-factor variation along length of cable

Dielectric loss tests may be made on three-conductor
cable with either three-phase potential, obtaining the
loss directly, or with single-phase potential, computing
the loss from the results of a series of tests. While the
tests described below were all made with three-phase
potential, it is felt that the findings are equally appli-
cable to tests made with single-phase potential.

In addition to end losses of the type found in the
single-conductor cable, and which it is felt must like-
wise be found in the three-conductor cable, there is the
loss due to the inter-phase capacitance of the end con-
nections. This loss has become increasingly significant,
particularly in the case of the higher-voltage cables
where ionization of the air in the crotch space of the
cable gives visible signs of the loss in the form of corona.

In order to determine the magnitude of these crotch
losses and to find the most effective method of pre-
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paring the ends of specimens to render these losses
negligible, a series of specimens was prepared and tested
as follows:

A. With the ends prepared as shown in Fig. 7.

B. With the cambrie joints and cable ends covered
with metal foil down to the old band guards.

C. With the belt insulation cut back even with the
end of the lead sheath and the guards used in B ex-
tended all the way down into the crotch.

D. With a sheet metal guard, about four inches
long, placed around each conductor and well down in
the crotch space.

The results of measurements under the above con-
ditions are shown in Fig. 12. Apparently, shielding
against corona loss in the crotch space (the four inches
adjacent to the end of the sheath) reduces these end
losses to a point where their significance in commercial
measurements is negligible.

Guarding the Shielded Three-Conductor Test Speci-
men. The problem of guarding the ends of the short
specimen of shielded three-conductor cable is much the
same as that of guarding the ends of the belted three-
conductor cable. In both cases the problem is to
prevent corona formation in the crotch and to reduce
the loss between conductors. The studies of end con-
ditions in the shielded conductor cable followed much
the same lines as the studies of the belted cable. Due
to the type of construction, the crotch losses are much
more readily controlled, however.

CONCLUSIONS

The investigations of end losses in dielectric loss
tests of short specimens of high-tension power cable

'n,"‘ T, Gt

Fis. 7—A Mgeruop rox Tesring Crorcn Losses
appear to indicate that the most satisfactory methods
of minimizing these end eflects are to be found in the
following methods of preparing the test ends.

1. Single-conductor cable is most effectively guarded
against end losses by isolating about 12 in. of cable at
each end of the specimen for use as guards. When
making temperature runs, the slots in the lead sheath
incident to this preparation must be filled with insula-
tion and sealed against oil leakage. The best slot
width is approximately 14 in.,, narrower slots being
difficult to maintain and wider slots affecting the loss
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measurements due to the fringing field from the slot
edges.

2. Three-conductor belted type cable is practically
free from corona loss in the ends if the samples are pre-
pared with the belt insulation cut off even with the
sheath end and guards 4 to 6 in. long are placed well
down in the crotch. For most effective placing of the
guards, it is advisable to make them of tin-plate or
some similar stiff material which ean be driven down
into the crotch. A thin layer of varnished cambric

i a—= — e

3 CONDLCTON, BLUTED “vRL (SICTOR CABL

|
.'__,_ - - B =1
g | |
f‘[_ = — L =
5| ¢
g | e
- & 8. =
< CARMD A3 SOmN & QT .
£ FooeaiDED A3 SCWR o TGS < 7 s
4 CABID &S SCmw A~ GO ;‘
£ GuaRDID 43 S<wn M FK O 4%
} — A —
|
7
| s —
3
1 'S = =5 |
k

3 a0 3 3

3 (TelfN ey
Fic. 12—V.aniatioxs oF PowER FacTor wiTH VOLTAGE
placed over the guards before inserting serves to insu-
late them one from the other.

3. The simplest scheme of preventing crotch losses
in the shielded three-conductor cable is to leave the
metal-foil on the individual conductors beyond the
crotch space, a matter of 4 to 6 in. Narrow band
guards placed above the ends of the metal foil then
take care of surface leakage.

RADIO PERMITS TALKING FROM
MOVING TRAIN

A new method of radio-telephonic conversation
between a moving train and a stationary instrument is
announced from Canada, where it has been successfully
carried out on the Canadian National Railwav lines.
The new device throws the voice from the train to the
telegraph wires which line the right-of-way of every
railroad. It is then carried to the terminal point and
there connected with the ordinary telephone lines.
This process is reversed as regards the other participant
in the conversation. As the system now stands, the
terminal points must be not more than about 150 miles
apart or the voice is lost. A two-hour conversation was
held in this way on May 5, and several points of ad-
vantage over the German system are claimed. Experi-
ments in perfecting the system were carried on by
J. C. Burkholder, formerly with the Bell laboratory at
Newark, N. J.—Flectrical World.
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Precautions Against Stray-Field Errors in

Measurements with Large Alternating Currents’
BY FRANCIS B. SILSBEE{

Member, A. I. E. E.

Synopsis.—In electric power stations il ts often necessary lo
make accurale measurements of current or power when the instru-
ments are localed near io lhe cables carrying large allernaling cur-
rents. The magnetic field produced by these currents may constitute
a serious source of error in the measurements unless careful precau-
tions are laken to guard against such disturbing effects. This
paper summarizes the varions principles and methods for detecling

and minimizing the errors which may arise from this source. The
principal methods are: (1) To so arrange the cables carrying thelarge
currents that they produce as little stray magnelic effect as possible;
(2) to use insiruments of the shielded or of ihe astatic type; (3) lo
repeal readings with the instrument conneclions reversed; and
(4) to avoid all loops tn the connecling leads.

* x x * %

I. INTRODUCTION

T often becomes necessary in the central station or
the laboratory to make precise electrical measure-
ments with apparatus which is unavoidably located

near conductors which are carrving large alternating
currents. The magnetic field produced by such cur-
rents may become a source of serious error in the
measurements, either because of the direct effect of the
magnetic field in adding a ponderomotive force to the
moving element of the instrument used in the measure-
ment, or because of the electromotive forces induced in
the measuring circuits by the alternating magnetic
field.

[t is the purpose of this paper to summarize the
various principles and methods which have been sug-
gested for detecting or minimizing the errors which
may arise from the presence of stray alternating fields.
This treatment, however, will be limited to those
methods which are applicable in the range of frequencies
used in power generation and distribution, though
many of these are also applicable to audio- and even
radio-frequency measurements.

The more important methods are (1) proper arrange-
ment of the conductors carrying the large current,
(2) proper choice and arrangement of measuring
apparatus, (3) repetition of readings with reversed
connections, and (4) proper location of connecting
leads. These methods will be discussed in order.

It should be emphasized that no one of them consti-
tutes a panacea for all stray-field troubles but that the
obtaining of correct results usually requires the judicious
application of several of these principles.

II. ARRANGEMENT OF CURRENT-CARRYING PARTS

Whenever it 1s possible to do so the conductors
carrying the heavy currents should be so placed as to
minimize the stray field which they produce. While

*Part 5 of a Symposium of six papers on Shielding in
Electrical Measurements.
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Publication approved by the Director of the Bureau of
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exact computations of the field produced by various
possible arrangements are both difficult amd unneces-
sary, it is often desirable to obtain a rough estimate of
such fields, for instance in judging the relative merits of
two alternative conductor arrangements. Such esti-
mates may be based on the following approximate
relations.

The field at a point P, a considerable distance from

02AIN
——, where

D‘_'

H is the field strength in gausses, I N is the ampere-
turns in the loop, A is the area of the loop in sq. cm. and
D is the distance in em. from the center of the loop to the
point P. When the point P lies near the axis of the
loop or in the plane of the loop the direction of the
magnetic field is parallel to the axis of the loop. At
points which lie in other positions with respect to the
loop, the direction of the field is of course quite different
but can be estimated by reference to a sketch of the
lines of force around such a loop (e. g., Fig. XVIII in
Maxwell, Electricity and Magnetism, Vol. 2, 3rd
edition).

The field caused by a long straight conduetor carry-
ing a current which returns at a great distance is

021
= —p and obviously drops off much less rapidly

a flat loop of cable, is roughly H =

with distance than that caused by a loop. The lines of
force are everywhere perpendicular to the conductor
and to the line joining the point considered to the
nearest point on the conductor.

Fortunately, however, the return circuit is usually
not very distant. If two long straight conductors are
at a distance g apart, the field H at a point P located at
a considerable distance D (measured from a line mid-

021g

D The

way between the conductors) is H =

magnitude of the field for a constant distance D is
pearly independent of the location of P with respect to
the plane containing the two conductors, although, as
in the case of a loop, its direction varies greatly from

447

29-83



418

point to point. Since the stray field is proportional
to the spacing g, it is very desirable to make this as
small as possible.  When the conductor section must
be large it is well to use thin strips or slabs placed close
together. The ellective spacing ¢ is then approxi-
mately the distance between center lines of the slabs
and may be made much less than the width of the slabs
or the diameter of a circular rod of the same conduc-
tance. This arrangement has the further advantage
of minimizing the self-inductance of the eircuit and
hence lessens the reactive volt-ampere capacity of the
apparatus required for supplying large currents for
testing purposes. In the equipment recently installed
at the Bureau of Standards for current transformer
testing bars 20 in. by 14 in. have been used.

From the point of view of minimizing stray fields
the 1deal construction for the heavy conductors is to use
a pair of coaxial cylinders. Such a return circuit
produces no magnetic field at points outside the outer
tube, provided the current distribution is symmetrical
about the common axis of the cylinders. While this
form of construction has been used to some extent in
shunts® and certain types of instrument,® it tends to
introduce considerable mechanical difficulty especially
In arranging terminal connections.

It is not generally appreciated how closely the ideal
concentric construction can be simulated by subdi-
viding the conductor and placing its parts symmetri-
cally around the other bar. If the return conductor
consists of four wires connected in parallel placed
90 deg. apart around the central outgoing conductor
and at a distance g from it, the field at a distance Dfrom
the central rod has the value H = 0.2 I ¢'/D*. The
direction of the field is tangential at positions which
are on lines drawn through the central rod and each
of the returns and is also tangential but in the reversed
sense at positions on lines making 45 deg. with these
axes. The direction of the field is radial at positions on
lines making an angle of 22.5 deg. with the axis. When
D is as great as 10 g, the stray field with this arrange-
ment is only one one-thousandth as great as that caused
by an ordinary two-wire circuit with the same spacing.

Table I summarizes the formulas given in the pre-
ceding paragraphs and indicates by the numerical
values computed for a typical case the magnitude of the
stray field to be expected.

An unshielded electrodynamic wattmeter can be
used to detect and measure stray magnetic fields by
applying rated voltage to the moving coil circuit while
the current circuit is left open. When the orientation of
the instrument and the phase of the applied voltage
have been adjusted to give a maximum deflection, this
deflection is proportional to the stray field present at
the point where the wattmeter is located. The instru-
ment may be calibrated by placing it at the center of a
loop of large radius (R centimeters) carrying a knoyvn
current (I amperes) in phase with the voltage applied
to the wattmeter. The field (H in gausses) at the center
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II1. CHOICE OF MEASURING APPARATUS

The second line of procedure in avoiding stray-field
errors is the proper choice of type and arrangement of
measuring apparatus.

When it is feasible, use should be made of magneti-
cally shielded instruments. In these instruments the
windings are enclosed in a thick shield of high-perme-
ability iron, which serves to greatly reduce the intensity
of the stray field in the interior of the instrument. The
protection thus afforded of course varies with the
nature of the instrument and the design of the shield. A
more detailed discussion of such magnetic shielding will be
foundinthe papersof Curtisand Gokhale, Parts1and 6 of
thissymposium.* Theliterature'¢ contains datashow-
ing a reduction of the stray-field error by factors which
vary from 14 to 1 /60 in different cases. As is often the
case with any type of shielding there is always the
danger that the presence of the iron shield may some-
what affect the action of the instrument and it is cus-
tomary to laminate such shields so as to minimize the
eddy currents which would otherwise be produced by
the field from the instrument windings themselves.
There is also a possibility of the shield acquiring a
certain permanent magnetization which may affect
the operation of the instrument on direct current.
This effect can be eliminated, however, by taking the

*Symposium on Shielding in Electrical MeasurementsA. L. E. .
Summer Convention, Swampscott, Muss., June 24-28, 1929.
For all references see end of paper.
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mean of readings with the currents direct and reversed.

The operating torque of many electrical instruments
is the result of the interaction of two magnetic fields,
one of which is much stronger than the other. This is
the case, for example, in a separately-excited electro-
dynamometer or in a vibration galvanometer. In such
types of instrument, it is desirable to so arrange matters
so that the moving element of the instrument is the one
which produces the weaker of the two magnetic fields.
The ponderomotive force on the moving element result-
ing from its reaction with the stray field (which is of
course fixed in space) is thereby made less than with the
converse arrangement. Thus, an electrodynamic instru-
ment should be used with the separate excitation applied
to the fixed coils; and a vibration galvanometer of the
fixed magnet-moving coil type should be preferred to a
moving magnet instrument, unless, of course, some
additiona! shielding is used with the latter.

Certain types of apparatus, such as electrodynamic
instruments and mutual inductors, can be built in
astatic form by using duplicate coils wound in opposite
directions whose effects are additive as regards the
currents to be measured but subtractive as regards
stray field effects. Apparatus of this type is very much
less subject to stray field errors than is ordinary non-
astatic equipment, and should be used whenever
possible. However, it is well to bear in mind that
astatic construction does”not entirely eliminate all
possibility of stray field error. The two coils of an
astatic instrument seldom have exactly the same area
turns, and even if the construction is perfect, the com-
pensation is complete only if the stray field is uniform
in direction and intensity throughout the space occu-
pied by the instrument. The field around a laboratory
or power station is usually far from uniform and may be
materially different at the two coils of an astatic
instrument.

IV. REVERSAL OF CONNECTIONS

A further method which is almost always applicable
even in cases where the circumstances have not allowed
the experimenter any leeway in the arrangement of
either the current-carrying conductors or the measuring
apparatus is to make two sets of measurements between
which the connections of part or all of the apparatus
have been reversed. The most desirable procedure is
first to make such changes in connections as will reverse
the direction of all currents in the measuring circuits
except the heavy currents which are suspected of pro-
ducing a stray field. This may usually be done by
reversing the secondary connections of the current
transformers. If the results of the repeat measure-
ment made after this reversal show only a slight differ-
ence from the original results, one-half this difference
may be taken as a measure of the stray field error and
the mean of the two results may be considered to be
correct. If the difference is large, it indicates the need
for locating and removing the source of error. The
same principle may then be applied further by studying
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each piece of apparatus separately and taking a pair of
readings before and after reversing its connections.
In most cases it is of course necessary to reverse two
pairs of terminals as for instance the primaryand secon-
dary circuits of a mutual inductor or transformer, or
the fixed and moving coil circuits of an electrodynamic
instrument. After a survey of this nature has shown
which parts of the network are introducing the errors,
these parts should be so moved or modified as to reduce
the error to a reasonably small value. A final pair of
readings should then be taken to give the correct mean
value.

V. CONNECTIONS TO CURRENT CIRCUIT

The coupling between the measurement circuit and
that carrying the large currents is usually made through
a current transformer. There is unfortunately a
dearth of experimental data on the effect of stray
magnetic fields on the ratio and phase angle of current
transformers.” One would expect, however, that the
effect would not be greater in magnitude than the
differences observed when the primary conductor is
placed in different positions with respect to a hole type
current transformer.®! With most transformers, these
differences amount to only a few parts in ten thousand
in ratio, but with certain unfavorable combinations of
construction and conditions of use, may be as great as
one-half per cent.

It occasionally happens that the coupling between the
measuring circuit and the heavy current circuit must be
made by a direct connection of potential leads, so as to
measure the impedance drop in a run of bus or across
some piece of apparatus carrying the large current.
In such cases it is important to recognize clearly that
the impedance drop may be very different from the
resistance drop and to place the potential leads so that
the resultant e. m. f. at the measuring instrument may
approximate as closely as possible to the desired quan-
tity. If the total impedance drop is desired, the
potential leads should be brought off separately at
right angles to the heavy conductor in such a direction
as to avoid so far as possible the magnetic effect of
other parts of the heavy current circuit. In other
words, the mutual inductance between the potential
leads and the current circuit should be zero. On the
other hand, if the resistance drop only is desired, a
potential lead should be laid back tightly against the
conductor throughout the span from its point of at-
tachment to that of the other potential lead. From
the point where the two leads meet, they should be kept
close together and preferably twisted throughout the
run from the conductor to the instrument. The
theoretically perfect condition is to place the potential
leads so that they are linked with a magnetic flux of the
same amount as that which links the main conductor.
In the case of round conductors this would require the
impracticable condition that the lead lie in a hole or
groove inside the current carrying rod. In the case of
thin rectangular bars, however, the requirement can be
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met by placing the potential lead close to the bar at a
distance from the center of its long side equal to 0.3
of the total width of the bar.

In cases when the conductor arrangement is such that
the potential leads cannot be placed in the desired loca-
tion, it is often possible to correct the experimental
results by computing the various mutual inductances
involved. Formulas are available® for such computa-
tions for a great variety of shapes and arrangements
of conductors.
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Some Problems in Dielectric Loss Measurements

BY C. L. DAWES,

Member, A. I. E. E.

Synopsis.—The measurement of dielectric loss in high-voltage
cables presents many problems which are nol stmple, and their solu-
tion is obtained only after considerable effort and research. This
paper presenls some of the problems that the authors have encountered
in lhis type of work, together with the methods used for their solution.

T'he bridge method, which is used for the measurement of dielectric
loss, is described in some detail. Delails of the auxiliary equip-
menl, such as galvanometer. amplifier, air condenser, shielding and
spectal melhods of bringing the shielding lo the proper polential are
also given.

If accurale resulls are to be had in dielectric-loss measurements,
the entire bridge, including cable, air condenser, and leads must be
properly shielded, and the capacitance between leads and shielding
should be made small. It is entirely insufficient to shield the bridge
and ground the shielding directly. At times, shielding cables may
increase lhe measured losses.

In measuring the capacilance of the air condenser, all stray
capacilanceloils guard rings and (o surroundings must be eliminated.

F. L. HOOVER:

Associate, A. I. E. E.

II. H. REICIHTARD:

Associate, A. |. E. E,

and

The vollage across the voltmeter coil of a high-vollage transformer
18 frequently laken as a measure of the voltage across 1ls secondary.
In some inethods of measurement, this voltmeler-coil circuil is an
inlegral part of the measuring circuils. Melhods of measuring
the ratio of primary to secondary vollage and the phase angle be-
tween them are described, and in the complele paper considerable
quantilative dala are given for lypical lesting ransformmers under
various conditions of load.

The accuracy of the bridge as a power-measuring device may be
detlermined by inserting known resistances into ils arms and com-
paring compuled results with observed resulls. Due lo unsuspecled
leakage and stray-capacitance currents, however, (he inlroduction
of such resistances may cause large errors. Methods of minimizing
such currenls are given, as are analyses of proper amd improper
melhods of making such measurements and observed dala and
resulls.  Harmonics probably do not introduce error in this lype of
measurement, bul at times they are troublesome in that they produce
anomalous effects in the measuring apparatus.

INTRODUCTION

N conducting research on ionization in impregnated
I paper insulated cables at Harvard University under

the auspices of the Joint Committee on Paper
Insulated Cables of the N. E. L. A, A. I. E. E., and
A. E. 1. Co., the authors have encountered many
interesting problems in making the rather difficult
measurements of very small amounts of power at high
voltage and extremely low power factors,—a most
difficult combination. We believe that as a result of
this type of research, which has been stimulated by
cable manufacturers and users, the technique of making

Part 2 of a Symposium of six papers on Shielding in Electrical
Measurements.
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these refined measurements has been advanced by
many years.

In this type of measurement, many factors which in
other types of measurements are not even considered
introduce large errors. In order that others may be
forewarned of the sources of errors encountered, and
further, to give opportunity for discussion from which
all will derive benefit, the authors have been requested
by engineers who have been in touch with this work to
publish their experiences.

There is probably no type of measurement in which
one may be more easily deceived than these dielectric-
loss measurements. The losses vary with tempera-
ture, with the time of electrification, the cycle of elec-
trification, and with the handling of the specimen.
Hence, accurate checks of measurements on cable sam-
ples among different laboratories cannot be expected.

Curves obtained with certain measuring apparatus
may appear perfectly rational, and yet, because of
phase-angle defect or wrong transformation ratio, both
of which may be constant in magnitude, the curves are
actuallyinerror. As will be shown later, it ismost diffi-
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cult to check a given apparatus by the introduction
of known losses in the circuits. The calibrated Leyden
jars, which are now available at the Electrical Testing
Laboratories, have in large measure overcome some of
these difficulties.

THE BRIDGE METHOD

The authors use the mutual inductance bridge,
which has already been described by them.* The
complete bridge with its shielding and guard connec-
tions, as now used, is shown in Fig. 1.

The bridge proper consists of a high-voltage air con-
denser C, in series with a resistance Ri; the cable or
dielectric C, is in series with the primary of a mutual
inductance M and the resistance R.. The detector
D, which consists of a tuned iron-vane galvanometer,
is connected between points @ and b in series with the
secondary of M. The bridge is entirely shielded by
chicken wire, connected to the shielding of the air
condenser. This shielding is brought to the same

To alternator

E\;
|

Shielding

I <

™ Film Gaps

Fie. 1—CowmpLeTE CoNNECTIONS OF BrIDGE CIRCUIT
potential as « by adjusting the resistance E;, the mutual
inductance m’ and the capacitance ¢,’. The sheaths
of the cables are cut twice at each end for guards and
then are completely shielded. This shielding and the
inner guards are brought to the same potential as b
by adjusting the resistance R, the mutual inductance
m and the capacitance c,.

When the bridge is in balance the power factor of the
cable

M w
R,
for small values of power factor. ¥ is the angle of
defect of the dielectric, M the mutual inductance in

henrys, and w is 2 7 times the frequency.
The capacitance

cos § =sinv =

(1)

R,
Cz = Cl (2)
2
The power E2C, o M E2C.R, w* M
- R 3)

4. C. L. Dawes and P. L. Hoover, Ionizalion Studies in
Paper Imsulated Cables. Tnans. A. 1. E. E., Vol. XLV (1926),
p. 141.
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THE DETECTOR

Without a sensitive detector the bridge loses most
of its advantages as a precision instrument. The iron-
vane vibration galvanometer with electromagnetic exci-
tation has proved the most satisfactory detector. The
impedance of our instrument at 60 cycles 1s 2200
+ 72%0. The degree of sensitivity is increased tre-
mendously by the use of an amplifier. The galvanom-
eter must be shielded from dielectric, magnetic and
mechanical disturbance.
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SHIELDING THE AIR CONDENSER, ITS LEADS AND THE
BRIDGE

It is absolutely necessary to shield the low-voltage

plate of the air condenser. If the guard is grounded,

it gives the condenser the equivalent of an angle of

defect of some magnitude. Hence, the guard should

P
o

To R"/'

N

~— Shielding

To R,

)

Z

722 K/D/
7 7%
7%

Fig. 3—Connecrions oF CapLes IN CasLe RAcCk

be brought to the same potential as the low-voltage
plate. (See Fig. 1). The lead from the condenser to
the bridge should likewise be shielded and should be
constructed so as to have very small capacitance.
This shielding and the shielding about the bridge are
connected together and to the condenser guard, and
brought to the potential of a, that of the low-voltage
plate of the condenser.



SHIELDING THE CABLE

The cable sheath should be shielded, not only to give
opportunity for eliminating capacitance to ground, but
also to prevent leakage and induced charges from enter-
ing the sheath and causing errors. Also, the lead from
the cable sheath to the bridge must be shielded. This
shielding is all connected together and brought to the
potential of point b (Fig. 1) by means of the resistance
R, the mutual inductance m and the condenser c,.

We have found that shielding may increase the
measured loss in a cable, as shown in Fig. 2. This
matter is still under investigation.
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Fic. 4—ConNEcrions FOR MEASURING THE CAPACITANCE OF
A SHiELDED CONDENSER

To prevent discharges to end-bells disturbing the
guard-circuit balance a system of double guarding the
cable ends is used. The end-bells and a short length
of sheath are grounded directly (Fig. 1). A short
length of lead sheath between these ends and the test
length of sheath connects to the shielding as already
described. Our shielding and the method of connect-
ing six cables for test is shown in Fig. 3.

éf

5—CONNECTIONS FOR DETERMINING THE RATIO AND
PrASE ANGLE oF VorrmMETER CoOIL

MEASUREMENT OF THE AIR CONDENSER

In measuring the capacitance of the air condenser
the shielding about the low-voltage plate must always
be at the same potential as the low-voltage plate but
must not be included in the measurement. The
measurement is made at a frequency of 1000 cycles per
sec. The connections are shown in Fig. 4. With the
switch S at a, the bridge is first balanced. The switch
S is then thrown to b and a second balance made.
The Wagner-ground balance must be made each time.
The capacitance C, is then the difference in the settings
of the condenser C,’.

TRANSFORMER RATIO AND PHASE ANGLE

It is possible to measure the ratio and phase angle of
the test transformer by using the connections shown
in Fig. 5. C, is the high-voltage air condenser, M the

Step-up
transformer

O L L LI LT

Fie.
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mutual inductance, 2, a resistance, D the detector,
C, a low-voltage air condenser, and K, a resistance.
The shielding is balanced by R (also m’ and ¢,’ may
be used Fig. 1).

When the bridge is in balance £, ("L_R-
E, ~ Ck W
The angle between F, and F.,
M w
g = R w Co R() (nea]‘ly) (5)
1

(Data taken with three different test transformers without
and with load are given in the complete paper.)

It is found that when the voltmeter coil is properly
located, the ratio is little affected with changeinvoltage
or load. The angle 8 changes considerably with load.

CHECKING THE BRIDGE

It is possible to check the accuracy of the bridge in
reference to both the measurement of current and the
measurement of power. For example, by connecting
a deflecting dynamometer at «, Fig. 5, the current

L = B Cyw 6
= 9 [6)]
1 2 0 R] ( )
when the bridge is in balance.
T M 1,
i o — ——e P c
oC___—_—T1—0n zwzzz_mw“,_@
| P
-@- 4
2 ,| .
| | (BE |
5 J8 1 !
Raé ng Rz§ RI;:
S >
| 31 % SRS

Fic. 6—Correct METHOD OF CONNECTING RESISTANCE IN

SERIES WiTH Low-VoLTAGE PLATE
Below are representative data which we have taken

w E’g Ro Co R1 Il (ma) Il (ma.)
kv. uf. from (6) (Observed)

377 25.0 1004 0.015 109 1.300 1.295

A known resistance r may be inserted in series with
one of the capacitances, C., and the power dissipated
in it calculated. (Fig. 6). If the measured power
factor before the introduction of the resistance r is
sin¥, and the power factor after the introduction of
the resistance r is sin ¥, then

sin¥, — sin¥, = rC, w (7)

There are many opportunities to make large errors
in this measurement. For example, in Fig. 6 the guard-
circuit balance must be made between points b and ¢
and the capacitance of the resistance r to its surround-
ings must be very small.

With a plate-glass condenser, the measured loss with-
out r was 7.73 watts, with r, 10.28 watts, the difference
being 2.55 watts. The computed power was 2.51
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watts, a close check. Also, sin ¥, — sin ¥, was 0.00935
as compared with the computed value of 0.00914.

With an E. T. L. standard condenser, the measured
increase of power was 0.1196 watt as compared with a
computed value of 0.1178 watt.

HARMONICS

Even with a sinusoidal e.m.f. wave impressed
across the bridge, harmonics occur in the current wave
when ionization commences. Since, with a sinusoidal
e. m. f. wave, these harmonics cannot contribute power,
the bridge when balanced with a tuned galvanometer
ordinarily measures the power correctly. At one time
when a slight third harmonic occurred in the impressed
e. m. f. wave and the galvanometer was inadvertently
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tuned to this harmonic, the bridge balanced with a
negative value of the mutual inductance. This was
due to the fact that the third-harmonic voltage drop
across R; (Fig. 1) was balanced in part by the third-
harmonic drop in R, due to ionization in the cable and
the phase relation of the third-harmonic voltage drop
across one of these resistances has no particular relation
to the third-harmonic voltage drop across the other.
The authors are indebted to P. H. Humphries of the
Harvard Engineering School and to L. E. Cirella of the
Simplex Wire & Cable Company for their assistance in
obtaining data given in this paper; and to Prof. H. E.
Clifford of the Harvard Engineering School and D. W.
Roper, F. M. Farmer, and W. F. Davidson of the Joint
Committee for their suggestions in its preparation.
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Shielding and Guarding Electrical Apparatus

Used in Measurements—General Principles”
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Synopsis.— Electrical measuring apparatus is shielded and
guarded to protect it from the following external influences; namely,
leakage currents, electrostatic fields, magnetic fields, and electro-
magnetic waves. Apparatus is guarded against leakage currents
which may flow over or through the solid insulators on which the
apparatus is supported. It is shielded against leakage currents
which flow through the fluid in which the instrument is immersed.
By a proper arrangement of guards and shields any apparatus can
be completely protected against leakage currents.

Any apparatus can be completely shielded from electrostatic fields
by placing it in a metallic case. However, there may be eleciro-
static reactions between the apparatus and the shield, thus intro-
ducing errors in the measuring apparatus.

Shielding apparatus from magnetic fields requires that the ap-
paratus be surrounded by a thick enclosure of magnetic material.
The theory of this magnetic shielding has been developed and formu-
las for producing the most satisfactory shielding are given.

The shielding of an apparatus from electromagnetic waves s
largely accomplished by means of eddy currents which these waves
set up in the shield. The theory for the production of these eddy.
currents has been developed and the best location of shields 1s
discussed.

Some atteniion 1s given to the errors which may be introduced
by shielding and some methods are outlined for obviating the neces-
sity of shielding.

* * * * *

I. INTRODUCTION

UARDS and shields are used with electrical
measuring apparatus either to simplify its theory
or to protect it from external influences. The

simplification of theory has generally resulted from a
rearrangement of the electric or magnetic field so that
the resulting field can be more easily subjected to
mathematical analysis. The external influences from
which apparatus must be protected are: (1) Leakage
currents, (2) magnetic fields, (3) electrostatic fields, (4)
electromagnetic waves.

It is the purpose of this paper to discuss the general

*Bureau of Standards, Washington, D. C.

*Approved by the Director of the Bureau of Standards of the
U. S. Department of Commerce.

tPart I of a Symposium of six papers on Shielding in Electrical
Measurements.

Presented at the Summer Convention of the A. I. E. E., Swamp-
scolt, Mass., June 24-28, 1929. Complete copies upon request.
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principles underlying the guarding and shielding of
electrical apparatus.

The protection of apparatus from external influences
has sometimes been called guarding the apparatus and
sometimes shielding it. The following definitions seem
to represent the best practise: A shield protects
apparatus from those outside influences which may
penetrate to the instrument through the medium by
which 1t 1s surrounded. A device for the protection of
apparatus from leakage currents which, for the most
part, flow over the surfaces of the solid insulators used
to support the apparatus is called a guard. The term
“guard” is also applied to those devices the purpose
of which is to rearrange the electric or magnetic field.
For example, the earthed plates which are sometimes
put under the insulating supports of an electrometer
to prevent leakage currents are called guard plates,
while if the electrometer is surrounded by a metal
covering to protect it from the ionization currents of
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the air, this covering is a shield. Also, if a parallel
plate condenser has one plate surrounded by a ring to
diminish edge eflects, this ring is a guard ring. How-
ever, if the back of the guarded plate is surrounded by
a housing to prevent any electrostatie lines from reach-
ing the back of the plate, this housing is a shield.
While these usages of the terms “shield” and “‘guard”
might, to advantage, be modified, they will be adhered
to throughout the paper.

I11. GUARDING AND SHIELDING APPARATUS AGAINST
LEAKAGE CURRENTS

Guarding apparatus against leakage currents is neces-
sary whenever the solids used in the insulation of the
apparatus have so low a volume resistance or surface
resistance as to allow a leakage current to flow which
will influence the measuring apparatus. Shielding ap-
paratus against leakage currents is necessary whenever
the fluid (air, oil, ete.) in which the apparatus is im-
mersed permits a measurable current to flow. In ordi-
nary measurements, guarding against leakage is re-
quired more often than shielding.

The leakage currents against which apparatus must
be guarded may flow through the material of which the
solid insulators are made or through a film of mois-
ture or dirt on the surface of the insulators. With
some insulating materials (amber, ceresin, hard-rubber,
paraflin, silica-glass, sulphur, ete.), the leakage current
through the material of the insulator is, in well designed
apparatus, negligibly small. Surface leakage on the
other hand is often troublesome, especially since it
may be quite variable. The method of guarding, how-
ever, is the same for both volume and surface leakage.

To guard an apparatus as completely as possible
every insulator is made in two parts. One part of
each insulator supports a piece of metal (the guard)
on which is mounted the second part that in turn sup-
ports the measuring apparatus. An auxiliary electric
circuit, similar to the one in the measuring apparatus,
is then set up and so connected to the guards that the
potential of each guard is substantially the same as
that of the conductor in the measuring apparatus which
it supports. Hence there is no tendency for a leakage
current to flow through or over the second part of the
insulator which is between the measuring apparatus and
the guard.

Shielding air-immersed apparatus against leakage
currents is necessary only when the apparatus 1s sensi-
tive to exceedingly small currents or when the number
of ions is unusually large. No general statement can
be made as to the sensitivity of apparatus that re-
quires shielding. It is customary and usually neces-
sary to shield the essential portions of a circuit when
an electrometer? in employed as the measuring instru-

1, 2. For references see Bibliography. . .
*Here the current which flows over the surface of the insulation
is, by means of the guards, shunted around the measuring

instrument.
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ment. It is usually unnecessary to shield when using
a galvanometer unless the instrument is exceedingly
sensitive or the surrounding air highly ionized.

LT, GUARDING APPARATUS TO SIMPLIFY 178 THEORY

In some types of measurements, it is desirable to
determine the constants of the apparatus fromn the
known properties of the surrounding medium. In such
cases a guard may be employed either to confine the
field of the measuring apparatus to that portion of
space where the properties are known, or to modify
the field so that the constants of the apparatus can
be computed from its dimensions. In many cases one
guard may perform both of these functions. A well
known example is &t guard-ring air condenser. Here the
guard ring is useful not only to confine the lines of
force to the air so that the dielectrie loss is negligible,
but also to make the field between the plates uniform
so that the capacitance can be readily computed.

While guards are often useful, they should be used
with care lest they introduce errors which are greater
than those they are supposed to rectify. The possi-
biblity of errors is well illustrated by the guard-ring
condenser. When it is used as a standard having zero
power factor in a-c. measurements, the assumption is
tacitly made that the potential of the guard ring is at
every 1nstan! the same as the potential of the guarded
plate. This requires not only that the two alternating
potentials shall have the sume magnitude and be in the
same phase, but also that they shall have the same
wave form. Hence, not only must the impedance of
the guard circuit be properly adjusted, but also it
must be protected from corona and other effects which
would change its wave form. Again, when the guard
ring is used to simplify the computation of the capac-
itance, the edge correction is not zero unless the gap
between the guard and plate is infinitely narrow.
Hence, a correction® must, for precise work, be applied
to the computed capacitance to allow for the finite
width of the gap.

IV. SHIELDING OF A SPACE FROM ELECTROSTATIC
FI1ELDS

A given space can be perfectly shielded from external
electrostatic fields by surrounding the space with a
continuous metallic enclosure which is maintained at a
definite potential, usually at earth potential. Provided
this could always be used, nothing further would have
to be written concerning electrostatic shields. The
shield however, may react unfavorably on the appara-
tus that is being shielded. In such cases it may be
necessary or advisable to omit the shield entirely, or
to use less effective methods of shielding.

The most troublesome reaction between apparatus
and shield is caused by capacitance. The placing of a
grounded shield close to a piece of apparatus will very
markedly increase not only the capacitance to earth
but also the capacitance between parts of the shielded
apparatus. As an example consider a shielded resis-
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tance coil. Often such a shield is used to make definite
the capacitance between the different parts of the coil,
particularly that between the terminals. However, if
the shield is placed very close to the terminals, slight
changes in the position of the shield (such as those
produced by changes in temperature) may cause
changes in the capacitance between the terminals
greater than the changes which would have occurred
had no shield been present. This difficulty can readily
be overcome by making the shield larger.

V. SHIELDING OF A SPACE FROM MAGNETIC FIELDS

A given space can be shielded from a constant mag-
netic field only by surrounding the space by magnetic
materials. Perfect shielding is not possible but good
results can be obtained by the use of suitable materials
provided they are in the most efficient shapes.

The shielding of spaces against the earth’s magnetic
field is probably the oldest problem in magnetic shield-
ing. It early became of importance in the design and
use of needle type galvanometers. Here the shielding
might not be important if the earth’s field were per-
fectly constant. However, the changes are of such long
period that the effect of these changes can be made
negligible only by reducing the entire field to a very
small part of its original value.

The early attempts at magnetic shielding consisted
in enclosing the space in a single shell of iron.® Later
it was shown that two or more shells could be used to
advantage. This problem was first treated theoreti-
cally by Riicker? for two and for three spherical shells.
Later DuBois® gave a more complete treatment for two
spheres and for two cylinders. Wills® extended this to
cover three spheres and three cylinders. More recently
Fsmarch!’ and Dye' have given the general expression
for the shielding produced by any number of cylinders
provided their successive radii form a geometric
progression.*

All of these derivations have assumed that the
external field is uniform and of such a small value that
the permeability of the shields can he considered con-
stant. Also the shields are assumed to be concentric
and the axes of the cylindrical shields are assumed to
be perpendicular to the lines of magnetic force. The

*Assume there are n shields of permeability u, the successive
radii (starting from the smallest) are ry, v, . . . . r2.. The odd
subseripts give the inside radii and the even suhseripts the out-
side radii. The shielding ratio, ¢, (= H.//; where I, is the
external field and I/, is the field inside the shield) is given by
the formula

g Ky ri2/ran® where
K {28418 —11p/4) Knot — 8 Knos
in which
) rof T Tan I
8 i 7 . ( = ) 2n —1

Since K, depends on K, ., and Kn . the values for K, and K,
are not given by this formula. They are

K, 1+ (s —1)u/4

Ko={2p+1p — 1P u/d} K, — ¢
Dye' gives eurves to aid in computing the shielding ratio.
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cylindrical shields are assumed to be sufficiently long
so that end effects can be neglected. In practise this
means that the length should be twice the diameter.

The important results of the theoretical investiga-
tions can be stated as follows:

1. The shielding ratio (defined as the ratio of the
external to the internal magnetic field) is approximately
proportional to the permeability of the material of
which the shields are constructed.®

2 The thickness of the shields should not be great.
For example, a single spherical shield, the thickness of

which is greater than +/ 27:2/p, (. = internal radius
of shield and u is permeability), will be improved by
removing a spherical lamina, and thus reducing the
total amount of shielding material.”

3. For both spheres’” and cylinders® the best thick-
ness and spacing is that in which the radii of the sus-
cessive bounding surfaces of the shells are in geometric
progression. From this it follows that any increase in
the volume of the space to be shielded requires the
same relative increase in the volume of the shields.

Within a few years some experimental work has been
done to determine the shielding effect of spirals made
from high permeability material. In some cases the
shield was made by winding in a tight spiral a single
sheet of magnetic material. In other cases, a sheet of
magnetic material and a sheet of non-magnetic material
(copper or paper) were placed together and wound
into a spiral so that in the resulting shield the magnetic
material was interleaved with non-magnetic material.
Characteristic results are given in Table I. These
results show the value of inter-leaving, though the
exact thickness of the inter-leaving does not seem to be
important.’® The increased shielding that can be ob-
tained by the use of the high permeability alloys of
nickel and iron is well illustrated by the values of
Hill's for mumetal.

V1. SHIELDING A SPACE FROM KLECTROMAGNETIC

WAVES

The problem of shielding a space from electromag-
netic waves depends on the frequency of these waves.
When the frequency is very low, the electric and mag-
netic fields change so slowly that the shielding problems
are nearly identical with those for stationary fields.
When the frequency is very high, shielding becomes a
problem in the optical opacity of materials. For inter-
mediate frequencies, consideration must be given not
only to the instantaneous values of the electromag-
netic and electrostatic fields, but also to the rate at
which these fields are changing.

Since in any particular case the waves emanate from
a single electric circuit, the electric and magnetic vectors
at a given place have a definite direction. In the
nomenclature of optics, the waves are polarized. The
three vectors which determine (1) the direction of
motion of the wave, (2) the direction of the electric
field, and (3) the direction of the magnetic field are
mutually perpendicular. Hence, they may be taken as
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HIELDING ATTO O DIVEIERIENT MATERIAI
' ; Thicknoss —gm |
‘ Muagnetle I Luner gt Rhtsldiug
Reference | Kind ot magnetic material materisl | Interleanves | Welght khos diam. em dinnm. emn ratlo 8 He/lly
13 Transformer steel 0.208 014 1 180y
0.2¢0 0 ol
Oust iron 4 i | 20
15 Mumetal | 0.15 0.25 0.5 m 12 10,000

the axes of a rectangular coordinate system. The
effect of a shield will depend on its orientation relative
to this coordinate system.

The eddy currents which are set up in the shield
may be produced either by the electric field of the wave
or by the magnetic field, or by both.”” The method by
which waves produce eddy currents can be made clear
by considering some particular cases. In the complete
paper, two cases are considered; 2., a system of par-
allel wires, and a laminated cube.

In order to compute the shielding which will be pro-
duced by any arrangement of solid metallic bodies, it
is necessary first to compute the eddy currents that
will be produced in the metal. The formula for deter-
mining the current density in a particular case is gener-
ally determined by the solution of Maxwell’s differen-
tial equations of an electromagnetic field. It results
that the eddy currents in a massive conductor are
always a function \/ u , where f 1s the frequency
of the wave, u the permeability of the material, and
0 its resistivity. This shows that the most effective
shielding materials are those having high permeability
and low resistivity.

Formulas for computing the eddy currents produced
by electric waves have been derived in certain cases.'s
However, in relatively few cases have the theoretical
deduction been carried to a point where the shielding
power can be computed. Some experimental work!'s
has shown that there is a qualitative agreement be-
tween theory and experiment.

VII. LIMITATIONS OF SHIELDING

In a previous section, the effect on any measuring
apparatus of an electrostatic shield in which it is en-
closed was discussed. In any given case, the reaction
between the shielded apparatus and an electrostatic
shield can be expressed in terms of the coefficients of
capacitance. Likewise a magnetic shield or a shield
which protects against electromagnetic waves reacts
with the apparatus which it is shielding. However,
in neither of the latter cases can the amount of reaction
be expressed by a simple formula.

It has already been pointed out that an electrostatic
shield may introduce errors in a measuring apparatus
for which it is difficult to make a correction. With a
magnetic shield, on the other hand, the effect of the
reactions is to change the sensitivity of the apparatus.

As the apparatus is calibrated with the shield in place
no error results from the use of the shield. However,
the reactions are so complicated, involving eddy eur-
rents, hysteresis, permeability, etc., that each separate
type must be subjected to anexperimentalinvestigation.

In absolute electrical measurements, where the con-
stants of an apparatus are computed from the mechani-
cal dimensions, shields must generally he avoided. As
an example, the inductance ol a coil can often be ac-
curately computed from its dimensions. However, the
formula for making the computation is developed on
the assumption that the permeability of the surround-
ing space is unity; that is, that there are no magnetic
bodies in the surrounding region. Evidently a mag-
netic shield would vitiate this fundamental assump-
tion. Moreover, the derivation of the formula takes
no account of the capacitance between the parts of
the inductance. While this generally produces a negli-
gible effect, yet the presence of an electrostatic shield
will so increase the capacitance between parts that an
appreciable effect is produced. Hence, an electrostatic
shield must be avoided.

VIII. METHODS FOR OBVIATING THE NECESSITY OF

SHIELDING

Astatic instruments are often used for obviating the
necessity of shielding. In an astatic piece of apparatus
two similar parts are constructed. In the finished
apparatus these parts are rigidly connected mechani-
cally, but the electric and magnetic circuits are so
arranged that an external electric or magnetic field
will produce equal and opposite effects in the two
parts. When the apparatus is placed in an electric
or magnetic field which is uniform throughout the
region which the apparatus occupies, then changes in
the magnitude of this field will not affect the indications
of the instrument. This method has been applied to
galvanometers and inductors.

IX. CONCLUSION

In conclusion it may be said that the general princi-
ples underlying the shielding and guarding of electrical
apparatus are well known, but that their quantita-
tive application by means of mathematical analysis is
often difficult or at present impossible. Hence, shields
and guards should be used with care. Whenever pos-
sible the shielded or guarded apparatus should be sub-
Jected to special experiments to show that the effect
on the apparatus is not determental.
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Railway Train

Signal Practise
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Non-member

Synopsis.— This is a descriplion of an aulomalic block signal
system used on single track. Signals are located over or to right of
track governed. Cab signals are a development of recent years.
Indications must be easy lo read. Three colors are used—red,
yellow, and green. Signals are dependent upon track circuils for
proper control and operation. Energy for operation is supplied by
storage ballertes trickle charged from commercinl sources of alter-
naling current. Current for lamps is laken direclly from a-c. lines
wilh aulomatic cul over to slorage batleries in case of failure of supply

line. Lens unit of light signal is a doublet combination with a spe-
cial lens for use on curves. Absolute permissive block system pro-
vides head-on prolection from slation fo stalion and permits following
movements with clear signals with intermediate blocks belween
stations. Tonnage markers permit heavy trains to pass red signals
on grades where, if slopped, these trains could not be started.

Signal circuits are designed on Lhe closed circuit principle. An
organization for construction and maintenance of a Signal Depart-
ment is outlined.

THE systems of signals installed along railroads for
the protection of train movements is the general
subject covered in this paper. Though the infor-
mation given here applies particularly to signals used
on the Missouri Pacific Lines, the principles and general
applications hold true regardless of the individual
railroad.

An automatic block system may be defined as a series
of consecutive blocks governed by block signals operated
by electric, pneumatic, or other agency actuated by a
train, or by certain conditions affecting the use of a
block.

A block is a length of track of defined limits, the use
of which by trains is governed by block signals.

Automatic block signals may be divided into four
general types:

1. Semaphore signals which give their day indication
by the position of a semaphore arm, in the right-hand
upper or lower quadrant for steam roads and usually
in the left-hand upper quadrant for electric lines. The
night indication is given by colors.

1. Signal Engincer, Missouri Pacific Lines, St. Louis, Mo.
Presenled al the Regional Meeting of the South West Districl of the
A E.E., Dallas, Tezas, May 7-9, 1929.  Printed complele herein.
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2. Color light signals which give the indication by
the color of a light, day or night.

3. Position light signals which give the indication
by the position of a row of lights day or night. Aspects
of position light signals have the same position as the
day aspects of semaphore signals.

4. Color position light signals which give their
indications by a combination of color and position of
lights.

Signals are located preferably over or to the right of
the track which they govern. In recent years there
have been several installations of cab signals placed in
operation. These signals may be of any of the above
four types, in miniature, and are located on the engine-
man’s side of the cab where they will, at all times, be
within his range of vision. If desired the signals may
be duplicated and one placed on the fireman’s side of
cab as an extra precaution.

A cab signal, like a wayside signal, to be of any value

as protection against the accidents which automatic
signals are designed to prevent, must at all times be
directly responsive to conditions ahead of a train which
may affect its movement. The particular advantage
of a cab signal is that it goes right along with the loco-
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motive and gives immediate warning in case of a dan-
gerous condition ahead.

The ¢ab signal has been developed in connection with
the continuous systems of automatic train control,
which have been installed within the past five years as
a result of certain orders of the Interstate (‘ommerce
Commission. To desecribe this development fully
would require more time than we have available so |
will confine my remarks to the automatic block system
using wayside signals.

The indications given by automatic sighals are com-
paratively easy to read,—in fact, this is a fundamental
requirement for the reason that the engineman of a
high-speed train must know immediately, exactly what
Information it has to impart so that he can act at once
to properly control his train.

In all of our new installations on the Missouri Pacific
Lines we are using the color light type of signal. Three
colors areprovided which, unless otherwise modified, are:

Red —Stop
Yellow—Proceed at Restricted Speed
Green — Proceed

These are the indications to the engineman and tell
him what he is to do. Stated in another way, the red
light indicates that the block immediately ahead is not
clear, either it is occupied by a train, a switeh is open, a
car is not in the clear on a turnout, a rail is broken, or
there is some other condition existing which requires
restriction of movement. A yellow light indicates that
the first block ahead is clear, but the next signal is red
so that the engineman must have his train under control
and be prepared to stop before the next signal is reached.
A green light indicates that the next two blocks ahead
are clear; the way may be clear for a greater distance
but this is a minimum. In locating signals it is always
best where conditions will permit, to space them not
less than braking distance apart for the train which
requires the greatest distance to stop. If it is not
practicable to do this, it is necessary that control of
signals be arranged so that trains will receive a so-called
caution indication at a point which is braking distance
or greater from the stop signal.

Various means of controlling signaling devices had
been tried out in the early days of the art. Some made
use of time elements which were actuated by a train
as it passed; others provided a trip device, which
coynted a train into a block and then counted it out
at the other end. All of these schemes were open to
serious objections, for if a train stopped in a block, or
left cars in a block, or if a wire was broken, a following
train would receive a clear signal.

Beginning about 1867, Willlam Robinson entered
actively into the development of a signal system. After
realizing the serious objections to the various schemes
proposed, he developed a closed rail track circuit sub-
stantially as it is today, and in 1871, applied for a
patent to cover; this patent was issued August 20, 1872

and reissued July 7, 1874.
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All automatic block signals depend for their proper
functioning upon a track circuit. It is the most im-
portant part of the system; upon it we depend to
coordinate the signal system with the moving train,

The Signal Section, A. R. A., defines a track circuit
as “‘an electrical circuit of which the rails of the track
form a part.”

Most steam roads use the direct current track circuit
although alternating current is used on a goodly mileage
and must be used on electric lines where d-¢. propulsion
is used.

The essential parts ol a truck cireuit are a source of
electrical energy, rails, bonding, relay, and insulated
joint.

For d-c. track cireuits, various types and arrange-
ments ol batteries are used to supply energy. A few
years ago gravity batteries were largely used for this
purpose; then followed the caustic soda cell, which has
been and continues to he very popular. Of recent
years the storage battery, trickle-charged, has been
used in many installations.

The rails of a track circuit provide an easy path for
the flow of current from the battery, but it is necessary
to provide some sort of bond around the angle bars
which are used to splice the rails together. Various
types of bonds are used, ranging from two No. 8 B. W.
G. EBB. galvanized wires, fastened to the rail with
channel pins, to a short copper stranded bond which is
welded to the rail.

The relays used with d-c. track cireuits must operate
on comparatively weak currents which flow through the
rails. Various resistances have been used but the
Signal Section of the American Railway Association
recommends that relays be 2 or 4 ohms.

The operating characteristics of a standard new track
relay of four ohms resistance are pick-up maximum
0.078 amperes, working current maximum 0.120
amperes, drop-away minimum 0.037 amperes. This is
a relay having four front contacts and two back
contacts.

The condition of the ties and ballast have consider-
able bearing on the operation of the track ecircuit.
Where cinder ballast is used and it is not clear of rails
the resistance between the rails, ballast resistance, may
run as low as two ohms per thousand feet of track in
wet weather; with rock ballast in good condition, dry
weather ballast resistance may run as high as 100 ohms
per thousand feet of track.

With either storage battery or caustie soda battery,
it is necessary to use a fixed resistance in series with the
battery to limit the flow of current to rails when the
track is short circuited either by a train or unfavorable
ballast conditions. This is not necessary with gravity
batteries on account of their high internal resistance,

The author has gone somewhat into detail in describ-
ing the track circuit for the reason that it is absolutely
necessary to understand its operation to get the full
benefit of the description of the signal system.
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Referring to our description of the track circuit, we
see the following possibilities. A broken wire, a broken
rail, a broken battery jar, a shunted track, or a mis-
placed switch (each switeh is provided with a circuit
controller which shunts the track when switch is open
unless otherwise provided) will cause the track relay
to become deenergized and its contacts to open. Sig-
nals may be controlled through as many track circuits
as desired and thus the signal will correctly tell us the
condition of the track for a predetermined distance
ahead.

Relays which repeat the track relays and which are
energized over line wires are used where it is necessary
to repeat more than one track relay or where a signal is
to be controlled through some distant function.

The new signals which we are using on the Missouri
Pacific Line are, as stated before, of the color light type.
Each unit is provided with a 10-volt, 18-watt lamp.
These lamps are burned at slightly less than nine volts
in order to get long life. Where local conditions will
permit, we light them automatically on the approach
of a train; normally they are dark.

Any signal of this type to give a good indication must
be properly lined with respect to an approaching train;
it must also be so constructed that all units will give
their maximum indication at the same point. Pro-
vision must be made to renew lamps without disturbing
the focusing of the signal. We are using a rebased lamp
in our signals. This is a lamp which has the bayonet
collar soldered on in such a way that the pins are always
in exactly the same location with respect to the fila-
ment; each socket being carefully located with respect
to the lens unit, lamps may be replaced without inter-
fering with the focusing of the unit.

A brief description of the lens unit, Fig. 1, of the signal
we have used in our latest installations may be of
interest. It consists of a doublet lens unit with a fixed
light source, the lamp filament. The inner lens of the
doublet combination is of high transmission colored
optical glass, which determines the color of the signal
indication. This inner lens is of very short focal length
and therefore intercepts a maximum quantity of the
light rays from the filament of the lamp, which is
located at its focal point. These rays are bent by
refraction so that they are directed upon the outer lens
at angles coincident with its focal point and they emerge
from the outer lens in practically parallel rays, forming
a cylindrical beam of colored light. Where a modifi-
cation of the beam is necessary to meet condition found
on a curve, a roundel or cover glass is used to spread
or deflect the light beam. The structure of the entire
unit is such that the axial center of the light and the
lenses and the focal length of the lenses are accurately
positioned and permanently held in their proper fixed
relation to one another. Lenses employed have a total
sprcad of three to four degrees, but when necessary
this spread can be increased to 20 or 30 degrees by the
use of deflecting roundel mentioned above. This is
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done at the cost of loss in beam intensity; however,
long range signals are rarely required on curves so that
this is not objectionable.

On our single track we are using a scheme of auto-
matic signaling which has been termed the ‘‘absolute
permissive block system,” Fig. 2. The name refers to
the manner of controlling the signals and has nothing
whatever to do with the construction of the signals.
It may be described as a system of signaling, which
provides absolute or positive blocking for opposing
train movements between fixed locations, usually
passing tracks, but which will permit following train
movements between these same two locations. It
may best be described by an example.

Assume two passing tracks T and R, five miles
apart. A pair of signals will be located at each end of
each passing track and the five-mile section between
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passing tracks may be divided into four blocks, which
will require three pairs of intermediate signals. The
leaving signal at each passing track will have some
special designating mark; we use a large letter A, which
is backed with reflecting glass. When this signal is
red, trains may not pass it after stopping unless author-
ized to do so by the dispatcher or when preceded by a
flagman. This is the absolute signal. All of the others
are permissive signals, that is, a train finding one of
them red must, unless otherwise provided, stop, after
which it may proceed at slow speed expecting to find a
train in the block, a broken rail, or some condition
affecting the movement of the train. A train leaving T
will set all opposing signals between T and R red so
that it is protected against any opposing trains. Firstly
theabsolutesignalat Ris red and thisis a “stop” signal,
but further protection is given for the case where both
trains happen to pass the absolute signals at the same
instant, because all other opposing signals will stop the
opposing train. This protection results when the train
sets all opposing signals between 1" and [k red. As the
train proceeds through the territory from 7' to R, it
is protected in the rear by one red and one yellow signal
so that following or permissive moves may be made.
There are locations at which, if a heavy train is
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stopped, it will be unable to proceed without doubling
or without a considerable loss of time and fuel and with
possible damage to equipment. When necessary to
install a permissive signal at one of these places, we
provide on the pole below and to the right of the light
unit, a special designating marker consisting of a letter
T, which is constructed similar to the A described above.
Any train with over 75 per cent of the tonnage rating
of the locomotive, may pass a signal equipped with this
tonnage marker when the red light is burning, but must
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Note 1. When distance 87 to 96 is less than 2640 ft.. distance controls

shall extend one track section in rear of opposing absolute signal as shown.

Note 2. Full and dash lines marked *‘following moves" and "‘opposing
moves'’ show the control limits of each signal. Full lines indicate the track
section which, if occupied by a train, will cause the signal to give a stop
indication; as extended by dash lines the same signal will give an approach
or caution indication with a train in the section covered by the dash line
extension.

Each signal is numbered for identification.

proceed at slow speed prepared to stop short of another
train or an obstruction.

There is another type of single-track automatic
signaling known as the “overlap system.” In this
scheme a train moves in a protected zone which extends
both ahead and behind a sufficient distance, so that it
includes both a red and a yellow signal. This system
of signaling is perfectly safe and is used on a large
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mileage; it is elaimed, however, that it will limit track
capacity more than the absolute permissive system.

One of the rules of the operating department of a
ratlroad is that a signal imperfectly displayed or the
absence of a signal at a place where a signal is usually
shown, must be regarded as the most restrictive indica-
tion that can he given by that signal.

In so far as practicable, every signul and every signal
circuit is designed on this same principle; that is, the
failure or removal of any part will result in a more
restrictive indication. Iivery detail must be watched
to see that all of the devices will operate under widely
varying conditions of service such as temperature and

humidity variations, size, weight, and speed of trains,

ete.

A very careful record is kept of the failures of the
apparatus to funection as intended. Inasmuch as every
failure may mean a train delay, it is vital that these
reports he watched carefully, each failure studied and
corrective measures applied as quickly as possible.
It is to the credit of the designers of the apparatus and
the maintenance forces of the railroads that signal
performance records are very high. [t is not unusual
to have 100,000 operations per failure on a division
andaveragesforanentiresystem frequently run this high.

As you no doubt realize, it requires a considerable
organization to look after the installation and mainte-
nance of the signal system of a large railroad. This
work is handled by a sub-department of the engineering
department on most railroads. A signal engineer heads
the organization and he and his staff are responsible for
the design, construction, and maintenance of all signals,
interlocking plants, and highway crossing protection.
The field work is handled by men reporting to division
supervisors of signals. Each maintainer and his
assistant are given from 20 to 40 miles of signals to
maintain, depending upon the amount of other
apparatus, such as interlocking and highway crossing
protection, which is located in the territory.

According to the report of the Interstate Commerce
Commission, there were as of January 1, 1928, 53,616
miles of automatic block signals in service in the
United States. At that time there were 199,154 miles
of railroad over which passenger trains were being
operated. This excludes lines which operate only one
locomotive. During the five year pertod ending Janu-
ary 1, 1928, automatic block signal mileage increased
12,089 miles.

We now have more than 1700 miles of the Missouri
Pacific on which automatic signals are either in service
or under construction.

This paper merely touches on some of the more
important features of an automatic block system.
Interlocking plants, highway crossing protection, and
automatic train control devices, all of which are closely
related to the automatic signal system, form a large part
of the work of the signalman. FEach of these subjects
would be worthy of a separate description.
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Synopsis.—This paper describes two types of electrical analyzers
which have been developed for the direct measurement of harmonic
components of voltage and current on power and telephone systems.
These devices are assembled mechanically in a form suttable for
use in either the laboratory or in the field.  Both instruments, which
differ chiefly with respect to sensitivity and input circuit arrange-
ment, employ multistage vacuum tube amplifiers and two duplicate
interstage selective circuits.

The power circuit analyzer 1s designed to measure harmonic
voltages in the frequency range from 75 to 3000 cycles, and over a
voltage range from 0.5 millivolt to 50 volls. The telephone circuit
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analyzer operates over the same frequency range and measures
harmonic currents as low as 0.05 microampere and voltages as small
as 0.005 millivolt. Both analyzers are adapted to measure small
harmonic voltages and currents in the presence of the fundamental
component and other harmonics relatively large in magnitude.

A number of devices are described which have been adopted for
eliminating various sources of error. The paper presents in detail
the characteristics of both instruments with respect to selectrvity,
sensitivity, linearity, balance of inpu! with respect to ground, genera-
tion of harmonics and susceptiveness to stray fields.

* * * * *

INTRODUCTION

HE solution of many problems in electrical engi-
neering, involving currents and voltages of com-
plicated wave-shapes, can be carried out most

practicably by a study of the individual sinusoidal com-
ponents into which these complicated waves may be
resolved. This is particularly true in the case of
problems dealing with the inductive coordination of
power and telephone systems, since the induced noise
in telephone circuits occurs largely at frequencies cor-
responding to the harmonic components in the current
and voltage waves of neighboring power systems.

In recent years, many of the development and re-
search problems in inductive coordination, with which
the Bell System has been concerned, have required an
accurate and comparatively rapid field method of
analyzing complex waves. The analyzers which are
described in this paper have been developed to meet
the particular requirements of these studies. The
development of these instruments has proceeded in
close association with the progress of the field work and
modifications were made in the designs from time to
time as necessitated by the requirements of the work.
This has resulted in the production of two types of
analyzers one of which is particularly adapted for use
with suitable instrument transformers and shunts on
power circuits, and the other for use on telephone
circuits. For convenience, these have been termed the
power circuit analyzer and the telephone circuit
analyzer.

These analyzers have been in active service in the
field for some time and have permitted the obtaining
of many valuable data as to coefficients of induction
between power and telephone systems, the wave shape
of power machinery and systems, and analyses of noise

1. Am. Tel. & Tel. Co., New York, N. Y.
Presented al the Summer Convention of the A. I. E. E., Swamp-
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currents on telephone circuits. They are arranged in
suitable form for use in either the laboratory or in the
fie'd and in some instances have been mounted in spe-
cially equipped testing trucks.

Aside from their use in this work on inductive co-
ordination, it is felt that the instruments may have a
field in other power and communication problems in
which a knowledge of the magnitudes of harmonic
voltages and currents is important or where measure-
ments at single frequencies are desired in the presence
of extraneous voltages and currents as large or larger
than the single frequency it is desired to investigate.

The over-all accuracy of an instrument of this type
depends upon the conditions surrounding its use.
These include the magnitude of the component being
measured as compared to the magnitudes of the funda-
mental and other harmonics present, the relative
magnitudes of the voltage across the terminals of the
instrument and the voltage between these terminals and
ground, and the severity of stray fields from nearby
power circuits. Under average conditions, the analyz-
ers which are described in this paper should give results
with an over-all accuracy of within & 5 per cent of
the quantities measured. By means of these instru-
ments it is possible to make a complete analysis of a
complex wave over the frequency range up to 3000
cycles in from 30 to 45 min., depending upon the
number of harmonic components present. The working
up of the results in terms of volts and amperes consists
in multiplying together not more than three quantities.
The obtaining of a complete harmonic analysis in terms
of volts or amperes should not, therefore, require more
than one man-hour. The apparatus is so arranged that
practically simultaneous analyses may be made of a
number of currents or voltages.

GENERAL

As stated above, two general types of analyzers, have
been developed, the first being designed for use on
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power systems, while the second, a more sensitive in-
strument, is intended primarily for measuring currents
and voltages of the magnitudes commonly experienced
on telephone systems. ‘

The requirements of both types of analyzers, with
respect to selectivity and at the same time insensibility
to commercial frequency variations, are practically the
same. Therefore, the same selective equipment, de-
signed to give a response curve which is parabolic in
form, has been employed in both instruments. Other
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requirements which have been particularly considered
in the development of the analyzers have to do with
sensitivity, impedance of input circuits to be provided,
insensibility to stray fields and the limiting of harmonics
generated within the instruments due to modulation
effects. In both analyzers and in the telephone
analyzer in particular, special consideration has been
given to the matter of input circuit balance with respect,
to ground. This is in order that the accuracy of mea-
surement may not be impaired when the voltage across
the Input circuit is small as compared to the voltage
between the input terminals and ground, a condition
which frequently obtains on telephone systems. The
methods employed in meeting these various require-
ments and their effectiveness will be discussed in detail
below.

Electrical Circuit. Each analyzer consists essentially
of a multistage vacuum tube amplifier equipped with
suitable controls, a measuring dial and associated
multipliers, a calibrating circuit and a sensitive d-c.
indicating meter operated by a thermocouple in the
output circuit of the amplifier. Selectivity is afforded
by means of duplicate tuned circuits inserted between
stages of the amplifier. A schematic diagram indicating
the general arrangement of the analyzer circuit is shown
in Fig. 1.

The particular circuit features of the power and
telephone analyzers will be discussed in the following
sections of the paper.

Mechanical Arrangement. For convenience in trans-
porting and setting up the apparatus in the field, each
type of analyzer has been assembled in two units, known
as the “amplifier unit”’ and the ‘“harmonic selector
Unit”’ respectively. = The selector units used with both
the telephone and power circuit amplifiers are identical.
A completely assembled power analyzer, together with
its calibrating oscillator, is shown in Fig. 3, in which
the lower unit is the harmonic selector and includes all
the equipment making up the selective circuits, the
upper is the amplifier unit and includes the measuring
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circuits, the vacuum tube amplifier and its incidental
control apparatus.

Harmonic Selector. These analyzers employ as a
selective device two independent tuned circuits operat-
ing in tandem. The eflect of the two circuits in tandem
1s to discriminate against extraneous harmonic com-
ponents close to the tuned frequency in proportion
to the square of the differences hetween their fre-
quencies and that to which the circuits are tuned. The
response curve obtained with such an arrangement is
therefore approximately parabolic in form, being
relatively flat in the immediate neighborhood of the
tuned frequency and falling off extremely rapidly at
frequencies substantially different from that at which
the circuits are in resonance.

On account of the errors which would result from
small frequency variations, the maximum selectivity
available with two tuned circuits of this type cannot
generally be used practicably on commercial systems.
The A curves in Fig. 4 indicate the over-all degree of
selectivity obtained with the analyzer with padding
resistances in series with the two resonant circuits to
degrade the selectivity somewhat, this being the ar-
rangement commonly used. The B cuarves indicate
the selectivity with these resistances short-circuited.

A schematic circuit diagram of a single section of the
harmonic selector unit is shown in Fig. 6. As is in-
dicated in this figure each section consists essentially
of a series resonant circuit consisting of a fixed induc-
tance and an adjustable capacity. This resonant
circuit is coupled to the plate-filament circuit of the
preceding amplifying tube by a condenser of relatively
low impedance (4.5 uf.) which is common to both

Fic. 3—Powkr CIRCUIT ANALYZER AND CALIBRATING
OscILLATOR
circuits. The voltage across the inductance branch

is utilized as the output of the tuned circuit and is
impressed across the grid-filament circuit of the following
amplifying tube. This arrangement together with an
equalizing network gives an amplification-tuned fre-
quency characteristic which is relatively flat.

In the amplifier unit designed for use with the
harmonic selector on power systems, three input circuits
are provided for measuring power circuit voltages,
currents, and small voltage across shunts, respectively.
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The impedances of these three circuits and the sensi-
tivities available are as follows:

Quantity Input Minimum measurable

measured impedance current or voltage
Voltage......... 10,000 ohms 0.05 volt
Current....... .. 0.2 ohm 2.5 milliamperes
Millivolts. .. .. .. 1,000 ohms (Approx.) 0.5 millivolt

At fundamental frequencies the minimum measur-
able voltages and currents are ten times those given
above.
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A schematic diagram indicating the general arrange-
ment of the input circuits in the power amplifier is
given in Fig. 8. These circuits are designed to measure
harmonic components over a range of from 1 to 1000
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times the current and voltage values given in the above
table. [Errors due to non-linearity in the input circuits
over this range do not exceed approximately + 3 per
cent at frequencies from 120 to 3000 cycles.

[n order to avoid errors due to the effects of relatively
large voltages to ground on the input terminals the
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input circuits are shielded and accurately balanced with
respect to ground. As an example, the degree of
balance attained in the input circuits of one particular
instrument is indicated in the following table:

Apparent voltage across measuring circuit
per volt above ground

Frequency Current and Voltage
~per sec. millivolts circuit circuit

180 0.000007 0.0007

540 0.000008% 0.0008

1020 0.000013 0.0014

2100 0.000021 0.0022

3000 0.000024 0.0027

In order to avoid the generation of harmonics of
appreciable magnitudes within the analyzer itself due
to modulation effects, it was found necessary to provide
special devices for suppressing the fundamental com-
ponent of the wave under analysis and for balancing
out harmonics generated in the input transformers.

These means for controlling the generation of
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harmonics have proved very effective. In one partic-
ular instrument the generated harmonics observed in
the case of a 60-cycle fundamental voltage of 102 volts
were as follows:

Per cent generated harmonies

Fundamental —
voltage 2nd 3rd  4th  5th  6th  7th 9th
102volts. ...... 0.07 0.08 0()()8 0.02 ¥ - >

*Too small to measure—Iess than 0.01 per eent.

The power amplifier unit is specially shielded against
stray electrostatic fields at all susceptible points with
copper shielding. Similar shields of annealed iron are
provided with all susceptible wound apparatus as a
protection against stray electromagnetic fields. A
large number of tests carried on in the field indicate
that the analyzer is sufficiently well shielded for general
use in the vicinity of power apparatus.

A circuit diagram of the amplifier which is used in
conjunction with the input circuits deseribed above is
shown in Fig. 9. This portion of the circuit is identical
in both the power-circuit amplifier and the telephone-
circuit amplifier which is to be described below.
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TELEPHONE CIRCUIT AMPLIFIER

The amplifier which has been designed for use with
the harmonic selector on telephone systems differs
from the power-circuit amplifier chiefly in the matter of
sensitivity and in the arrangement of its input circuits.
A schematic diagram of the input circuit of the tele-
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Fie. 10—TEeLEPHONE ANALYZER—INPUT CIRCUIT—SCHEMATIC
phone circuit amplifier is shown in Fig. 10. As is
indicated in this diagram the input circuit is provided
with three individual transformers by means of which
the following ecircuit arrangements and sensitivities
are obtained:

Quantity Input Minimun1 measurable

measured impedance current or voltage
Voltages........... 6 ohms 0.005 millivolt
Voltages...... ... .. 600 ohms 0.05 millivolt
Voltages........... 120,000 ohms 0.5 millivolt
Voltages........... 1,000,000 ohms (600 cycles)* 5.
Power Voltages 100,000 ohms 0.05 volt
Currents. .......... 600 ohms 0.05 microampere
Currents........... 1,200 ohms 0.035 microampere
Currents........... 1,800 ohms 0.03 microampere
Currents. ... ....... 6 ohms 0.5 microampere

*This circuit consists of 0.00025 4 f. in series with the 120,000 ohms of the
transformer and measuring dial. Its impedance and sensitivity, therefore,
vary with frequency.

The minimum measurable currents and voltages at
fundamental frequencies are ten times those tabulated
above.

The input circuits of the telephone-circuit amplifier
have been found to operate satisfactorily over a range
of currents and voltages from 1 to 2000 times those
tabulated above.

The balance of the input circuits with respect to
ground is an important feature in the case of t‘he
telephone-circuit amplifier in view of the large ratios

9—Awmrurier Unit Kxcrupinag Inror Circorrs
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between voltage to ground and metallic-circuit voltage
which usually exist on telephone lines.

The degree of balance attained in the input circuits
by careful shielding and the use of special transformers
is indicated in the following table:

Apparent voltage
across circuit per

Input eircuit Frequeney volt to ground
Current (6-ohm) 3000 00000015
Current (6-ohm) 540 000000035
Current (600-ohm) 3000 0.000012
Current (600-ohm) 540 0000002
Voltage (120,000-0hm) 3000 0.00029
Voltage (120,000-0hm). 510 0 00002
Voltage (0.00025 f.). 3000 0.0046
Voltage (0.00025 . f.) .. 510 0.0042
Power voltages. 3000 0.025
Power voltages. . . 540 0.001

As is indicated in the circuit diagram of Fig. 10 a
high-pass filter consisting of a series condenser of 1.5
microfarads and a shunt inductance of 0.5 henry is
included in the input circuit. This filter is effective
on systems having a fundamental frequency of 60
cycles or less, in suppressing the fundamental com-
ponent of the complex wave under analysis. The
generation of harmonies in the analyzer due to modu-
lation effects is, therefore, practically confined to the
input transformers.

The generated harmonics in one particular telephone-
circuit amplifier unit, expressed in per cent of the funda-
mental component are as follows:

Per cent generated

harmonic
Fundamental _— - -
Circuit component 2nd 3rd 5th 7th
Current (600-ohm) . 0.001 ampere O0.28 0.27 0.049 0.006
Current, (6-ohm) . 0.01 ampere 0.25 0.25 0.05 0.009
Voltage (120,000-ohm) 10
volts . . B Bl ol 0.25 0.25 0.05 0.007

While the telephone circuit amplifier is not ordinarily
exposed to stray fields of large magnitudes, the instru-
ment has been shielded at susceptible points in much
the same manner as the power analyzer. Tests in the
laboratory and in the field indicate that except under
unusually severe conditions the shielding is sufficient to
permit the use of the analyzer in the vicinity of power
apparatus.



=

Abridgment of

Quick-Response Generator Voltage Regulator
Field Tests Made With Oscillograph

BY E. J. BURNHAM;,

Associate. A. 1. E. E.

Synopsis.—This paper describes elaborale and severe field lests
made on high-speed excitalion equipment used with a 5385-kv-a.
turbo generator. Complele oscillograms and curves showing the

J. R. NORTH,

Member. A. . E. E.

I. R. DOHR:

Non-member

and

performance of this equipment are included, together with a dis-
cussion of the resulls oblained.

URING 1928, high-speed excitation equipment

was provided for a 5385-kv-a. house turbo

generator, which is used for supplying power to
essential auxiliaries at the Saginaw River Steam Plant
of the Consumers Power Company. Elaborate field
tests were made on this regulating equipment, constitut-
ing the most severe tests made on a machine of such size,
and the results are indicative of those which may be
obtained on the larger size generators.

DESCRIPTION OF [NSTALLATION

The No. 1 house turbo generator on which these
tests were made is a General Electric unit rated 5386
kv-a., 3500 kw., 0.65 power factor, 2500 volts. 3600
rev. per min., 60 cycles and has a direct connected
exciter rated 33.5 kw., 250 volts, four-pole, shunt wound.

The house turbo generators supply power to the more
essential station auxiliaries consisting of boiler feed
pumps, draft fans, circulating pumps, condensate
pumps, ete. All motors used with these auxiliaries
are started on full voltage and the larger ones of 400-
hp. capacity are of the squirrel-cage tyvpe. The house
generators may be operated in parallel with or isolated
from the rest of the system.

A General Electric Type FA-1 high-speed generator
voltage regulator is provided to control the excitation
of the No. 1 house generator. This regulator is
equipped with a three-phase torque motor control
and rheostatic follow-up features.

REQUIREMENTS

This high-speed excitation equipment was installed
to accomplish the following:

a. To accurately control the a-c. voltage under
all conditions of picking up and dropping load
without disturbing the operation of the other
station auxiliaries operated from the same machine.

b. To obtain a high speed of excitation re-
sponse in connection with this generating unit in
order that even the largest induction motors

1. General Electrie Co., Schenectady, New York.

2. Stevens and Wood, Incorporated, Jackson, Michigan.

3. Consumers Power Company, Jackson, Michigan.
Presented al the Regional Meeting of the Middle Eastern District

ofthe A. 1. E. E., Cincinnati, Ohto, March 20-22, 1929. Complete
copies upon request.

(400 hp.) used for station power service could be
satisfactorily started at full voltage with minimum
disturbance.

¢. To obtain first hand information concerning
the operation of this type of quick response regu-
lator, particularly regarding its speed of operation,
precision, and stability of operation.

DESIGN OF REGULATING EQUIPMENT

In order to meet the above requirements, a quick-
response excitation system was provided consisting of
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an exciter with a high speed of voltage build-up and a
high-speed regulator. The exciter is self-excited and
has a speed of voltage build-up of approximately
1000 volts per second over the operating range.

Fig. 1 shows a simplified diagram of connections of
the house generator excitation system and the FA-1
regulator. Figs. 2 and 3 show illustrations of this regu-
lating equipment. The main control element consists of
a d-c. system and an a-c. system and includes two lever
arms, one controlled by a three-phase torque motor and
the other by a d-c. magnet. A contact on the a-c. lever
arm floats between two contacts on the d-c. lever arm.
The torque motor is energized from two potential trans-
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formers which are connected to the three phases of the
alternator, thus giving three-phase control. The d-c.
magnet is connected across the armature of the exciter
and provides the necessary anti-hunting feature and
also the vibrating of main contacts.

Quick response in the regulator is obtained by use of a
spring dashpot connected to the a-c. lever arm of the
main control element. The springs in the dashpot
allow either main contact to close without waiting for
the movement of the diaphram in the oil dashpot.

Fic. 2—FronT ViEw oF ReEcuLaTor MaiN CoNTROL ELEMENT

This dashpot tends to stabilize the operation of the
main contacts. This spring dashpot can also be
applied to the vibrating type of regulator to obtain
quick response.

The anti-hunting feature is provided by means of the
d-c. coil on the main control element. This d-c. ele-
ment opens either the upper or lower main contact,
after such contact is once made by the torque motor.

OPERATION OF REGULATING EQUIPMENT

With the a-c. voltage of the alternator normal, the
main control element is in equilibrium, and the regulat-
ing equipment remains at rest. A decrease in a-c.
voltage causes the torque motor to close the upper
main contact, thus energizing contactor R, which in
turn short-circuits rheostats r and f causing an increase
in excitation. Upon an increase in a-c. voltage, the
lower main contact closes, thus energizing contactor L
which inserts rheostat [ in the exciter field circuit to
decrease the excitation.

For a decrease in a-c. voltage, the upper main contact
and contactor R will open and close, thus functioning
as a vibrating type regulator until the a-c. voltage
returns to normal and the main elementis inequilibrium.
In the same manner, an increase in a-c. voltage will
cause vibration of the lower main contact and contactor
L until the a-c. voltage returns to normal.

Each time that either high-speed contactor, L or R,
is operated, an auxiliary contact energizes the motor of
the motor-operated rheostat in the correct direction

BURNITAM, NORTH AND DORNR:

FIELD TESTS Journal A. 1. E, 1.
to bring the a-c. voltage back to normal, and the equip-
ment back to equilibrium.
FiELD TESTS ON REGULATING KQUIPMENT

An extensive series of field tests was conducted on
this regulating equipment to enable it to be adjusted
under actual service conditions and to obtain detail
information regarding its operation. These tests
consisted of suddenly picking up or dropping large
amounts of load with the excitation of the generator
under regulator control, and also with fixed excitation.
Complete oscillographic records were obtained as well
as graphic voltmeter charts and readings on indicating
meters. The operation of the regulating equipment
when the generator was paralleled with the rest of the
system was also recorded.

Load was suddenly applied by starting one or two
400-hp. motors simultaneously at full voltage. Starting
two motors simultaneously was equivalent to a momen-
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Test No. 7
Generator isolated and carrying no-load
Regulator in service
Started No. 3 and No. 6. 400-hp. motors
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Test No. 8
Generator isolated and carrying no-toad
Regulator not in service
Started No. 3 and No. 6, 400-hp. motors
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tary load of approximately 7500 kv-a. or approximately
130 per cent generator rating at approximately 35
per cent power factor lagging. The motors came up to
speed in a very short time, approximately one second
with the regulator in service and two seconds with fixed
excitation, and their load demand dropped rapidly to a
low value as soon as they came up to speed. Load was
suddenly dropped by operating the generator paralleled
with the system and carrying load, then suddenly
opening the generator oil circuit breaker.
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DISCUSSION OF RESULTS

From the curves, Figs. 8 to 11 inclusive, the results
obtained with and without the regulator can be com-
pared for the different test conditions.

As previously pointed out, the starting of two 400-
hp. motors at full voltage constituted a load of approxi-
mately 7500 kv-a. at approximately 35 per cent power
factor lagging. The inrush current to the motors upon
starting is practically all wattless; therefore the duty
upon the generator is severe as far as maintaining
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a-c. voltage is concerned because of the highly demag-
netizing action of the armature current. The maximum
momentary value of inrush current was the same with
fixed excitation as with the regulator in service and was
approximately 145 per cent of the generator current
rating when starting two motors. It was approximately
100 per cent of the generator current rating when
starting only one motor. With fixed excitation this
gurrent continually decreased in value after the first
instant. However, with the regulator in service it was
maintained near its maximum value until the motors
approached full speed.

Flg 8 s}_lows the results with and without the regula-
tor in service under the condition of starting two motors

BURNHAM, NORTH AND DOHR: FIELD TESTS
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at a time when the generator was carrying no load.

The effect of the generator carrying load when start-
ing two motors can be seen by comparing Figs. 8 and 9.

Fig. 11 shows the effectiveness of the voltage regula-
tor in limiting the rise of generator voltage upon the
dropping of load.

Table 11 gives a summary of the test results and shows
the successive operating intervals of the different
portions of the excitation system from the instant the
generator load changes until the generator voltage is
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Figs. 8, 9, 10 anp 11.—CurvEs SHOWING REsuLTs OF TESTS
Nos. 7 anDp 8, 9, 10, aNp 11 aND 12 RESPECTIVELY

A. Line voltage 2500 volt = 100 per cent.

B. Line current 1245 amperes = 100 per cent.
C. Field cwrent 110 amperes = 100 per cent.
D. Exciter voltage 250 volts = 100 per cent.

Fig. 8 with generator isolated and carrying no-load started two 400-hp.
motors.—Regulator in service, . . Fixed excitation. Fig. 9 with
generator isolated and carrying load started two 400-hp. motors,
regulator in service. Fig. 10 with generator isolated and carrying load
started two 400-hp. motors; regulator not in service. Fig. 11 generator
paralleled with system and carrying load: dropped load.—Regulator in
service: . Fixed excitation.

restored to normal, the speed of voltage build-up of
the exciter and the generator, and the limits of exciter
and generator voltages reached during the tests.

The successive operating time intervals represent
the time in cycles required for the individual portions
of the excitation equipment to operate. It will be
noted that the main contacts of the regulator closed in
approximately 2.5 cycles after the load changed. The
auxiliary raised contactors closed in approximately
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TABLY 11
SUMMARY OV TEST RESULY

Nucooss) ve operating thne intorvals (eycle

‘Teat conditions [

¥ - Main Aux Exciter
Excitation Generator | Load coutycts | contuctors | voltuge |
Isolated ! |
Regulated | No load Picked up | 2.0 30 ')
| |
lsolated |
Fixed | No load Picked up '
Isolated
Regulated | No load Picked up 20 3.0 11
Isolated
Fixed No load Picked up
| Isolated
Regulated | Carrying load | Picked up 20 2.0 7
Isolated
Fixed Carrying load | Picked up !
Paralleled
Fixed Carrying load | Dropped
Paralleled t I
Regulated | Carrying load | Dropped 3.0 14 37
l
Isolaved - '
Regulated NoEad l)ij:}ee(l up 2.5 I 8.0

Note: *E]dicat-es rate of voltage décay.
tApproximate rate during time motors coming up to speed

peed of bulld-up

Totall Volts por sec Congralor voltage
(A) (13 Kxeltor Cion.t Normal Min Mux
85 060 Y30 400 2640 2240 2620
1200 1200 24M) 2640 1870 2530
70 720 1040 270 2520 2270 2740
1200 1200 500 2510 1800 2540
83 600 1200 225 2540 2250 2660
720 720 170 2630 2210 2630
225 2460 3240
110 720 140 110° 2540 2720
150 2510 2390 2600

1A Time interval refers to point when generator voltage first returned to normal.
{B Time interval refers to point when gonerator voltage became stable at normal value.

four cycles after the main contacts closed and the ex-
citer voltage built up to its maximum value in an
average time of approximately nine cycles after the
auxiliary contactors had closed. The corresponding
operating time intervals with the regulating equipment
decreasing the excitation are somewhat longer. As
shown by Test No. 12, the auxiliary lowering contactor
closed In 14 cycles, and the exciter voltage decreased
to its minimum value in 37 cycles after the auxiliary
contactors had closed.

The above time intervals are of interest as regards
the operation of the various component parts of the
regulating equipment, but from an operating stand-
point, the total time interval elapsing from the instant
the load changes until the generator voltage is restored
to normal is of prime importance. Referring again to
Table II, it will be seen that with the regulator in
service the generator voltage first returns to the normal
value in an average time of approximately 81 cycles or
about 1.5 seconds. As previously mentioned, the
generator voltage overshot and finally became stable
at the normal value after a total average time interval
of 570 cycles or 9.5 seconds. With fixed excitation,
the voltage returned to normal after an average time
interval of approximately 20 seconds. It was rather
hard to determine at just what point the generator
voltage became stable at the normal value, but the
above values are relative.

CONCLUSIONS

The following conclusions may be drawn from the

results of these tests:

a. The quick response execitation equipment is
effective in reducing the magnitude and duration of

a-c. voltage surges due to sudden increase or decrease
in load.

b. From an operating standpoint, the over-all
speed of a-c. generator voltage response is of prime
importance rather than exciter speed of build-up.
In other words, the total time interval from the instant
of load change to the time when the a-c. voltage is
restored to normal is most important.

It is estimated that the railroads of America, as the
result of systematic safety contests among employes
during the past five years, have saved the lives of 1383
employes, and have prevented over 180,000 additional
serious accidents to employes.

These estimates are based on official Interstate Com-
merce Commission statistics, comparing the 1923
accident rates of these railroads with the lessened
accident totals which have been achieved as the direct
result of systematic and competitive safety contests
among employes.

In recognition of this splendid safety work among
these railroads for the year 1928, the National Safety
Council last month presented a number of awards to
the winners of the Railway Employes’ National Safety
contest. The awards were presented by Major
Henry A. Reninger, president of the National Safety
Council.



Interconnection in the Southwest
BY GEO. A. MILLS:
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Synopsis.—Interconnected electric service in the Southwest has
kept pace with the country as a whole. Eight states are now con-
nected by a continuous transmission system, operated at a voltage of

60,000 volts or more. This system extends 720 ma. from East lo
West and 810 mi. from North to South. A description of the system
1s given in this paper. :

few years ago the supply of electrical energy in
A the Southwest centered around the larger com-

munities, obtaining such supply from steam plants
Jocated within the boundaries of the city. The nearby
communities were served by moderate voltage trans-
mission lines radiating from these plants.

In the arid sections of the district where condensing
water is scarce, oil engines were used extensively as a
basis of power generation and for load development.

In the past few years development has progressed
with the expansion of existing power plants and the
extension of transmission networks around the larger
urban areas. In the northern section of the district
this development has practically covered a majority of
the territory; however, in the southern portion there
still exist many scattered small plants and low voltage
transmission systems.

The great industrial development which started a few
years ago and is now under way, has brought about a
change. The small plants and low voltage networks
were not only unable to furnish the capacity needed but
were unable to serve economically the large industries
demanding a power supply. This brought about a con-
solidation of the smaller properties into larger operating
groups, the constructing of higher voltage transmission
lines, and the development of larger baseload plants.

Such development, in providing an ample supply of
economical energy, has stimulated general expansion
in all lines of activity such as agriculture, by providing
an energy supply for irrigation pumping, gins, oil
mills, creameries, condenseries, cheese factories, and
general service to the farm; refrigeration; mining,
smelting, and quarrying; saw mills, paper mills, and
other wood product industries; the oil industries, in the
electrification of drilling and well pumping equipment,
refineries, pipe line pumping stations and compressor
stations; and last but not least, has improved the stand-
ards of city life in industrial, commercial, and domestic
activities.

The general territorial growth has been so rapid that
at the present time the larger operating groups have
covered the intervening territory so the border trans-
mission lines have been interconnected, thus bringing
about the present interconnected network. These
interconnections have been a natural procedure since
the operating executives and transmission engineers

1. Chief Engineer, Central & Southwest Utilities Company,
Dallas, Texas.

Presented at the Regional Mecting of the South West District of the
A.1.E. E., Dallus, Texas, May 7-9,1929. Printed complele herein.

have in most cases selected similar distribution voltages
from sixty to seventy thousand volts with the idea of
interconnection in the future. This selection was made
necessary on account of the great distances between
load centers and the scarcity of favorable plant locations
near the load centers, requiring a high distribution
voltage to take care of the situation properly.

The skeleton transmission map, Fig. 1, shows the
present interconnected lines operated at 60,000 volts
and higher voltage. The map also shows the location

Fiag.

1—INTERCONNECTED TRANSMISSION SYSTEM OF THE
SOUTHWEST

of points of interconnection between various operating
groups and the major power stations.

The great distances between power supply points is
evident by an inspection of the map. It is to be noted
that the distance of continuous interconnected line
stretching from Memphis, Tennessee, to the Ozark
hydro plant in Missouri, is 1500 miles. The intercon-
nected territory from east to west is 720 miles wide and
from north to south is 810 miles in extent.

INTERCONNECTION CONTRACTS

The first interconnections made in the Southwest
were the result of smaller operating companies purchas-
ing energy from the larger companies having excess
prime capacity. The contracts covering these inter-
connections and the rates used therein were based
entirely on the purchase of prime energy. During the
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past two years several new interconnections have been
made under contracts wherein it has been desirable to
utilize the excess capacity of a company which has
installed a large power unit ahead of its own customers’
requirements. "These contracts provide for the mutual
benefits of interconnection in meeting operating emer-
gencies and provide for emergency operation of standby
plants to hold total plant investment to a minimum cost.

Executives and engineers are fast recognizing the
desirability of such mutual contracts since they provide
a method of keeping the reserve capacity to a minimum
and allow the installation of larger, more economical
prime movers, resulting in greater economies and better
service to the customer than if the developments were
made independently.

POowEgR SuppLY

Table I lists the principal operating plants in the
Southwest connected to one interconnected network.
It is to be noted that of 1,415,475 lkelovolt-ampere
capacity, only 22,500 kilovolt-ampere is hydro.

TABLE [
PRINCIPAL OPERATING POWER PLANTS
Capacity

Name or location | in kv-a. Prime movers

Ozark Beach, Mo........... ... . . | 11,250 l Hydro
Riverton, Kan. ... ... ... ... . .. .. 72,000 Steam turbine
Neosha, Kan.......... ... ... .. .. .. | 50,000 | Steam turbine
Wichita, Kan..... ... .. .. =aldara) A 37.500 | Steam turbine
Harrah, Okla.......... ... .. .. ... 81,250 Steam turbine
River Bank, Okla........ ... .. .. . 28,125 Steam turbine
Byng, Okla.. ... SAERTIY Y 21,900 Steam turbine
Oklahoma City, Okla...... ... ... ... 12,500 | Steain turbine
Bell Island, Okla........ ... .. .. , ! 17,250 Steam turbine
Sand Springs, Okla.......... .. . .I 14,700 | Steam turbine
‘West Tulsa, Okla.............. ... ! 37,500 Steam turbine
Weleetka, Okla......... ... ... .. | 18,750 Steam turbine
McAlester, Okla........... ... .. . i 10,600 Steam turbine
Lawton, Okla. . ... ....... .. . . ... 11,250 Steam turbine
Lake Pauline, Tex.... .... .. .. ... 18,750 Steam turbine
Abilene, Tex..................... 6,250 Steam turbine
San Angelo, Tex............. ... . 12,500 Steam turbine
Girvin, Tex................ 22,500 Steam turbine
Wichita Falls, Tex......... . .... 13.500 Steam turbine
Leon, Tex.................. ... 38,000 Steam turbine
Ft. Worth, Tex........... ...... 55.000 I Steam turbine
Dallas, Tex................ 103,000 Steam turbine
Trinidad, Tex........... .. ... . 50,060 Steam turbine
Waco, Tex.............. ...... 15,000 Steam turbine
Shreveport, La....... . ... 37,500 | Steamn turbine
Texarkana, Ark.... ... ... . ... 9,375 Steam turbine
Sterlington, La......... ... ... .. 101,850 Steam 1urbine
Little Rock, Ark......... .. .. coel 16,500 | Steam turbine
Pine Bluff, Ark.. ... .. .. .. .. ... .. 13,375 Steam turbine

Remmel, Ark............ .. ... ... ./ 11,250 Hydro
Memphis, Tenn. .. ... | 67.500 | Steam turbine
Jackson, Miss. .......... ... ... . 6,875 l Steam turbine
Comal, Tex................... . : 75,000 Steam turbine
San Antonio, Tex............ ... .. 36,125 | Steam turbine
Victoria, Tex................ ... 11.250 Steam turbine
San Benito, Tex........... .. ... 26,250 Steam turbine
Deep Water, (Houston) Tex.. . 125,000 l Steam turbine
Gable Street, Houston, Tex. ... . .. 35,000 Steam turbine
Neches Plant, Beaumont, Tex. ... .. 64,750 Steam turbine

Steam turbine

Port Arthur, Tex................. i 9,800 |
| Steam turbine

Sahira River, Orange, Tex..... ... . | 9,000

|
Total.............. 1.415,475 |

The largest and most recently constructed plants in
this territory have been laid out with the idea of utilizing
the interconnected lines in disposing of the excess
energy. In several cases single unit plants were oper-
ated, using the interconnected lines to other plants as

MILLS: INTERCONNECTION IN THR SOUTHWIEST
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reserve capacity until the load reached a point justifying
a second unil. At the present time four sueh plants
shown in the lists are operating on Lhis basis.

The future power supply will be from the expansion of
present base loud steam plants located where condens
ing water is ample and fuel economical, and from futur
hydro plants in west Texas, northwest Arkansas, south-
ern Missouri, eastern Oklahoma, and south Texas.
All of these developments are made possible on account
of interconnections since the projects offer capacities in
excess of local requirements.

The proposed hydro developments are of unusual
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interest since the lakes created will be utilized for flood
control and in south Texas the water impounded will be
of untold value in providing water for irrigation down-
stream from the dams. The largest sites are in the
Texas Big Bend country of the Rio Grande, miles away
from any industrial development.

LINE CONSTRUCTION

The present tendency in interconnecting line con-
struction is the use of not less than No. 4 0 conductor
supported on H-frame creosoted Southern pine pole
structures, spaced for 132,000-volt operation, located
on private right-of-way following the shortest path
between power supply and load centers or interconnect-
ing points. A typical pole structure is shown on Fig. 2.

Steel towers in the Southwest are only used for special
crossings, multiple circuits away from plants and sub-
stations, through congested urban areas, and in one or
two cases, for double circuit lines.

OPERATION

Successful interconnection operation between several
operating companies under different ownership has
been accomplished in the Southwest. The total inter-
connected network is normally operated in four groups,
Arkansas, Louisiana, Mississippi, and eastern Texas in
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one group; the balance of Texas and southwestern
Oklahoma in a second group; the balance of Oklahoma
and northwestern Arkansas in a third group;and Kansas
and Missouri in the fourth group. The largest group is
that in Texas where seven large operating compa-
nies under five different ownerships normally operate
connected.

The rapid industrial growth of Texas has been the
result of this interconnected system, especially in the
arid regions of west Texas where transmission service is
necessary to transmit the energy from distant plants
located where circulating water is ample and an eco-
nomic supply of fuel is obtainable.

FUTURE PROBLEMS

On account of the great distances covered by single
circuit or loop transmission lines and the remote loca-
tion of base load plants, greater dependence on trans-
mission line service is a necessity. The future engi-
neering development must take into account the deliv-
ery of energy to the customer at the same general costs
experienced elsewhere by increasing the reliability of the
present and future transmission systems as well as the
development of more economic plants to overcome the
longer transmission distance between power supply and
consumption.
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The engineers in the"Southwest are actively at work
on these problems and through studies now in progress
are keeping pace with similar work throughout the
country to determine the proper construction to render
the maximum service.

FUTURE INTERCONNECTION

The future interconnections in the Southwest will
require greater capacity lines and voltages in the
132,000-volt class to shift the increasing blocks of
energy; lines designed with higher flashover voltage
characteristics; use of regulating transformers with tap
changers which may be adjusted under load and the use
of synchronous condensers to deliver the voltage regula-
tion required on such long lines as well as the design
of more economic plants, and most important of all,
interconnection contracts which will make the maxi-
mum economic use of the combined facilities.

The future holds forth more reliable transmission
service, increasing number of interconnection points,
higher voltage and higher capacity per single transmis-
sion circuit, better voltage regulation methods, more
steam plants with larger economic units located where
circulating water and cheap fuel is ample, large hydro
plant developments and better contractual cooperation
in the operation of the combined plants to give the cus-
tomer the maximum service at lowest possible cost.

Bare Wire Overhead

BY M. C.

Distribution Practise
MILLER:!

Non-member

Synopsis.—An appreciable saving may be made in construction
of overhead distribution systems by the use of bare conductors in the
place of weatherproof conductors. The reliability of the system will
be considerably increased with lower maintenance and operalion
costs. Bare conductors have practically unlimited life and when

removed can be reinstalled as new wire resulting in a reduction of
deprecialion.

This paper outlines the advanlages of using bare wires and gives
also advantages of mediwm-hard-drawn as compared with annealed
conductors.

OR the purpose of furnishing the electrical industry
with data concerning the use of bare wire and to
assist in choosing between bare and insulated wires

for overhead distribution systems this paper was
prepared. It shows relative costs of construction,
maintenance, and depreciation with condensed data
relative to unit weights and costs, and cost of lines and
systems with bare and weatherproof wire.

To give a comparison of cost for conductors of the
sizes most frequently used in distribution circuits the
following costs per 1000-ft. of bare and weatherproof
wires are calculated assuming bare at 20 cents and
weatherproof at 22 cents per pound.

1. Distribution Design Engineer, Texas Power & Light Co.,
Dallas, Texas.

Presented at the Regional Meeting of the South West Districl of the
A.I.E.E., Dallas, Texas, May 7-9, 1929.  Prinled complele herein.
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No. 6 Solid W. P. $24.64 No. 6 Solid bare $16.00 Saving $8.64 35%
No. 4 36.08 No. 4 25.20 10.88 30%
No. 2 Str. W. P. 5904 No. 2 Str. bare 41.00 18.40 31%
No 1/0 93.28 No. 1/0 72.40 20.88 22%
No. 4/0 176.00 No. 4/0 130.60 45.40 26 %

An average saving on a number of distribution sys-
tems would be about 25 per cent in cost of copper con-
ductors if bare wire were used instead of triple braid
weatherproof wire.

The installation costs of bare wire ascompared to triple
braid weatherproof do not vary directly with the weight.
On short extensions of one or two or three spans the
labor costs would be about equal, with some savings
up to 15 per cent or 20 per cent on longer lines where
the lesser weight of bare wire saves on transportation,
splicing and setting up reels, etc.

Construction men who have been installing and
maintaining bare copper conductors for lighting and
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power secondaries, series street lighting circuits and
primaries, 2300 volt to 12,000 volt, express a very
definite preference for it over the weatherproof wire.

To operate satisfactorily it must be put up right,
sagged correctly, and guyed sufficiently, but once put
up right it does not stretch and cause excessive sag
which periodically must be pulled up or re-sagged,
resulting in a large saving in maintenance costs.

No increase in horizontal spacing is necessary as the
smaller sag required for bare conductors reduces the
possibility of their swinging together. It has been
found desirable, however, to provide additional vectical
spacing where bare conductors are installed on vertical
secondary racks and 12-inch separation eliminates any
possibility of conductors getting together. Eight-inch
spacing has been used in many places with no report of
trouble from this cause. This increased spacing uses
ap a foot more of pole height but very seldom requires a
five foot higher pole.

The life of weatherproof wire is comparatively short
and it is often necessary to replace it with new wire
after 10 to 20 years in service. The life of bare copper
wire is unlimited. When weatherproof wire is removed
from service after 10 to 20 years it usually has to be
scrapped as the weatherproofing is deteriorated to such
an extent that it is not practicable to reinstall it. Bare
copper wire removed is worth practically the same as
new wire and may be reinstalled. These two features
alone will justify the use of bare copper wire.

In many communities there is an ordinance requiring
the use of insulated wires and weatherproof wire is
often accepted by inspectors in such communities as
meeting these requirements. When such ordinances
exist steps should be taken to have them changed.
The word insulation might be assumed by the courts to
mean insulation sufficient to protect against voltage
carried by the conductors. This was practical when the
industry was in its infancy and many of the existing
electrical ordinances were made at that time. Bare
wire has been used in many instances even where
insulated wire is required. This has been permitted as
it is realized that it is impractical to comply economi-
cally with such an ordinance and install wires insulated
for voltages from 2300 to 13,000 volts.

Comparative estimates for constructing an 11-kv.
distribution system in a small town to serve 60
customers show a saving of 9.5 per cent in total con-
struction cost by using bare in place of weatherproof
wire. The saving in cost of conductors is 30 per cent,
poles 9.4 per cent and labor 5 per cent. An estimated
cost of a mile of No. 4 weatherproof medium hard drawn
copper three-phase, 2300-volt line using 35-ft. poles
spaced 200 ft. is $1625.00; No. 4 medium hard drawn
bare using 35-ft. poles spaced 300 ft. is $1133.00, or a
saving of $492.00 or 30 per cent in total cost of bare as
compared to No. 4 weatherproof conductors. To
summarize the above advantages in using medium
hard drawn bare conductors for general distribution

construetion:
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Saving in initial investment cost of conductors may
be from 15 per cent to as high as 80 per cent; poles and
attachments 5 per cent to 10 per cent; labor 5 per cent
to 20 per cent; with a total saving of from 15 per cent to
30 per cent on rural lines and 5 per cent to 10 per cent
on complete distribution systems.

Yearly maintenance costs are 15 per cent to 25 per
cent less for the reason that conductors do not have to
be resagged frequently and there are less outages caused
by breaks and conductors swinging together and burning
down.

Life of conductors is conservatively three or four
times that of weatherproof.

Practically no depreciation occurs in conductors;
when salvaged they have practically the same value
as new.

Hazard to linemen is not increased as they are neces-
sarily more careful. Hazard to general public is greatly
reduced as lines do not break as frequently.

General appearance is greatly improved.

Medium hard drawn has decided advantages over
annealed copper wire, having greater strength allowing
greater spacing of poles, and considerable savings in
construction cost.

The use of bare medium hard drawn copper for over-
head distribution systems conductor is worthy of con-
sideration. It has been used on a number of systems
in small towns and cities for a sufficient length of time
to prove its worth.

ADVANTAGES OF MEDIUM-HARD-DRAWN OVER
ANNEALED CONDUCTORS

In designing or replacing distribution lines another
point arises which is worthy of consideration, namely
the economy of using medium-hard-drawn instead of
annealed wire. Medium hard drawn copper conduc-
tors have many advantages over annealed wire, princi-
pally on account of the greater strength, being about
25 per cent in No. 1/0, No. 2/0, and No. 4/0 sizes and
35 per cent to 45 per cent in No. 8 to No. 2 sizes. This
increase in strength in the smaller sizes allows an
increased spacing of poles in urban and rural districts,
and in densely built up districts provides an added
factor of safety which is very desirable as it affects
hazard to the general public as well as reliability of
service and maintenance costs.

There is a very slight difference in electrical character-
istics, the resistance of medium hard drawn being 1 to
1.5 per cent greater than that of annealed copper wire,
which is negligible in distribution system calculation.

Joints in or taps to medium hard drawn copper wire
used for overhead lines should not be soldered because
annealing of the copper and decreasing its strength
would result. There is a number of solderless connect-
ors available. The cost of these installed is usually
less than that of a good soldered connection. Various
types have been in use for a number of years and no
trouble has been experienced from these connectors
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working loose and causing loose connections. They
are more flexible then soldered connections and are of
great assistance in replacing conductors, disconnecting
taps, services, etc.

OPERATING CHARACTERISTICS OF LARGE COMMUTATORS

473

The increased working tensions of medium hard
drawn copper conductors require more adequate guying
to eliminate possibilities of -anchors and guys creeping
and conductors becoming slack.

Abridgment of

Influence of Temperature on Large Commutator
Operation

BY F. T. HAGUE:

Associate, A. 1. E. E.

Synopsis.—The paper discusses the operating characteristics of
large commutators. It is pointed out that initially many cases of
blackened and burned bars are caused by a slight roughness which
causes irregular commutation and a slight sparking which when
once started gradually becomes worse. The requirements of the
surface of a high-speed commutator are discussed, showing that
radial variations of the order of one ten-thousandth of an inch
between adjacent bars may give serious trouble. Some causes of
roughness are discussed, showing that temperature s a major
factor, but that redesigning the commutator to reduce the temperature
does not necessarily cure the trouble, and may actuclly give poorer
performance. Some methods of commutator testing are described

and

G. W. PENNEY!

Associate, A. I. E. E.

with typical records showing the performance of various types of
construction.

The question of safe temperature limils s then discussed. It i
maintained thal the question of the permissible temperature limats
is entirely unlike that of insulated windings, since the materials
used are not injured by temperatures considerably above the present
limits. The permissible limit of a commutalor is determined by its
mechanical construction. Low temperature limits may lead to
illogical designs, since large heat dissipating surfaces are required
which may give higher siresses and larger expansion effects, which
may be more harmful than higher temperatures. A temperature
limit based on operating characteristics would be more satisfactory.

URING the past five years, considerable experi-
mental work on large commutator performance
and characteristics has been under way, and

many different types of construction have been in-
vestigated and compared. Much information of value
to designers has been accumulated and this information
has led to a clearer understanding of the desirable
characteristics of commutators and the influence of
operating temperature on performance.

The paper, as indicated in its title, will deal with
the subject from the standpoint of large commutators
usually found only in power station and substation
machinery.

In all types of construction, the heating of the com-
mutator is inevitable because of the mechanical friction
of the brushes and the electrical loss at the contact.
In most electrical apparatus, the permissible tempera-
ture is determined by the temperature at which the
insulation is permanently injured, but in large com-
mutators the materials are not injured by tempera-
tures considerably above the limits commonly applied.
There are other very important effects of temperature,
but this is ordinarily not in the nature of a definite
limit fixed by the materials but rather as a limit based
on the construction features of the commutator and
particularly its ability to withstand the change in

1. Both of the Power Engineering Department, Westinghouse
Eleetric and Manufacturing Co.

Presented at the Winier Convention of the A. I. E. E., New
York, N. Y., Jan. 28-Feb. 1, 1929. Complete copies upon request.
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dimensions caused by a change in temperature. For
this reason the authors believe that a different type of
temperature limitation should be used for commutators
from that used for apparatus where the temperature
is limited by the point at which the material is injured.
This paper will be devoted to a general discussion
of the nature of the temperature limitation of com-
mutators.

The primary function of the commutator is to make
contact with the brush. A certain variation in the
contact drop is permissible, but as will be shown later,
some commutators reach a condition where the brush
cannot transmit direct current to the bars without
vicious sparking, even when no commutation is in-
volved. Under such conditions, satisfactory commuta-
tion is impossible. With the bars moving at a speed
of a mile a minute or more, the commutator surface,
if the brushes are to maintain uniform contact with all
bars, must be very smooth.

MEASUREMENT OF COMMUTATOR SURFACE CONDITIONS

Any progress in science or engineering is dependent
first on knowledge of the facts. Suitable measuring

"instruments and methods are fundamental to progress.

This study of commutator design and performance made
very slow progress until a satisfactory device for mea-
suring commutator surface conditions was developed.
Since the condition of a commutator surface may
change with speed and temperature, it must be mea-
sured at full speed and operating temperature. The
measurement of a variation of the order of one ten-
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thousandth of an inch between udjacent hars running
at a surface speed of over u mile a minute is beyond the
range of ordinary instruments. Because of the dif-
ficulty in measuring this mechanically, and since we ure
primarily interested in the ellect of the surface condi
tion on the brush eontact drop, the measurement of this
contact drop seems to be the most logical means of
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Frc. 2—Wining Diacram ror Brusw Dror TErsT

Power circujts are shown by heavy lines and instruinent circuits by light
lines. The oscillograph and roughness-factor meter are both shown
connected

determining the surface condition. Fig. 2 shows the
wiring diagram for a scheme of doing this which
will be called the “brush drop test.” Fig. 4 shows
a small commutator set up for the test. In this test,
two or more brushes are mounted in line so as to
make contact with the same commutator bar. Cur-
rent is passed from one brush to the bar and back
through one or more brushes in series with sufficient
resistance, so that practically constant current is majn-
tained. The double-contact drop is recorded by an
oscillograph. In this way, the surface condition
of the commutator can be studied during heating and

Fic. 4—CommuTaToR SET Ur FOR Brusa Dror Tesr

cooling, and for various speeds. If a timing contact is
used as a second record on the oscillogram, the position
of any roughness of the commutator can be located.

If it is not necessary to locate the bars giving trouble,
but only to determine the average operating condition
of the surface, then the ‘“roughness factor meter”

HAGUK AND PENNRY
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may be used instead of the oscillograph. g, 2 shows
the wiring diagram for the brush drop test with both
the osecillograph and the “roughness factor” meter
connected to measure the hrush drop. It consists of a
large capacity condenser, variable resistance, and thermal
milliammeter all in series.  'I'he condenser hus sufl
ficient capacity to offer only a negligible impe.
dance to fluctuations in brush drop. IFor a perfectly
unform contact, the reading is zero, but in cuse Lhe
brush drop fluctuates, the current through the meter
is limited by the resistance in series. 'T'he product of
the resistance in ohis by the current in amperes is
called the “‘roughness factor.” It is the r. m.s. value
of the fluctuations in brush contact drop in volts and is
a measure of the surface condition of the commutator,
With a good surface, it should be (.15 or less, while with
a bad surface it may rise to several volts.

This method of measurement does not, of course,
give bar movements in inches, and in the case of eccen-
tricity, « movement of several mils may give no indiea-
tion; but since we are concerned with the uniformity of
the contact drop, it does indicate the things in which we
are interested. Because of its sensitivity, reliability,
and simplicity, this test has been extensively used to

25
m—te ' - JT—
Fig. 6—Coxrtact Drop OsTainep with Four DIFFERENT
BrusH anp BrUsi l11OLDER ARRANGEMENTS
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T'he cut was traced from oscillograms show ing contact drop passing over
the same surface roughness, only the brush and holder being changed

study commutator surface conditions. Usually, the
commutator i1s ground and the test brushes mounted.
The commutator is then heated by narrow belts lined
with maple blocks. These are so arranged that they do
not strike the surface at points where the test brushes
will bear. This method gives the surface heating and
temperature distribution closely approximating service
conditions. It also give additional heat on any bar
which tends to become high combined with considerable
mechanical vibration, so that it is a very severe test
which should disclose any trouble likely to develop in
service.

THE CAUSES AND EFFECTS OF COMMUTATOR ROUGHNESS

The complete paper discusses briefly the question of
the brush rigging, showing that this is another problem
of major importance, since a wide variation in contact
conditions can be obtained with a given commutator
surface, only the brush and holder being changed.
Fig. 6 is one example showing the importance of the
brush and holder. But even with the best brush and
holder, a very smooth commutator surface is still
required.

In discussing the effect of roughness, it is pointed out
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that it is very difficult to determine the effect of rough-
ness from the commutation of the machine, since a
slight bar movement may occur which produces only a
slight sparking at first, but which gradually produces a
smutting or burning of the bar, which still further
disturbs the brush action until a serious sparking results.
This effect may continue even though the bar movement
originally causing the trouble has disappeared.

Because little information has been available con-
cerning the properties of mica, it has frequently been
blamed for many troubles due to other causes. The
requirements of mica and methods of testing are
described in the paper. Upon first thought, centrif-
ugal force will usually be considered to be the most
serious cause of commutator roughness. However,
tests have shown that it is relatively easy to make a
commutator that will remain perfectly smooth at all
speeds up to reasonable overspeed, if tested cold.

The effect of temperature is usually far more serious
in commutator operation than centrifugal force. A
number of the effects of temperature which produce
roughness are discussed in the complete paper showing
that they usually have the nature of a bending or
warping of the bar.

It might seem that the solution of the problem is a
low temperature rise. However, a low temperature
rise requires a large surface for heat dissipation. For
any given design, this usually requires a longer bar.
The deflections causing roughness usually are of the
nature of a bending or bowing of the bar which in-
creases with the second to the fourth power of the bar
length, depending on the type of support. Then, since
the deflection increases as a power of the length while
the temperature decreases only with the inverse of the
first power of the length, for any given type of con-
struction, the roughness may be increased, rather than
decreased by lowering the temperature rise. A more
logical method of attack seems to be to alter the con-
struction so as to reduce the roughness for a given
temperature rise.

TypES OF COMMUTATOR PERFORMANCE UNDER
INFLUENCE OF TEMPERATURE

I. Ideal. The ideal commutator should stay per-
fectly smooth under all operating conditions. A com-
mutator of 23 in.active face length (2614 in. total bar
length) and 5500 ft. per min. peripheral speed was heated
t0 140 deg. cent. (115-deg.cent. rise) using a beltlined with
maple blocks and tested while cooling. Records at
115-deg. cent. rise and when cooled to room tempera-
ture show that a temperature rise far above present
limits did not produce any measurable roughness in
this commutator.

II. Fair. A commutator which becomes rough
when heated to the overload temperature, but returns
to a smooth condition when cooled, is classed as fair.
Tl‘his might show some sparking at overload, but if this
1s not of sufficient duration to burn the bars, the per-
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formance should be satisfactory when the load is
reduced.

III. Bad. A commutator which when heated either
to an operating or even a slight overload temperature,
becomes rough and fails to return to a smooth condition
on cooling is bad, because the surface must be re-ground
to put it in a satisfactory condition.

COMMUTATOR SEASONING

Practically all large commutators if tested immedi-
ately after assembly and before any heating treatment
would show the performance just referred to as bad.
This is due to the nature of the copper and mica,
both of which tend to yield when first subjected to
stress and temperature. The gradual yielding of the
copper and mica under stress and temperature until
finally a stable condition is reached is referred to as
seasoning.

In a low-speed commutator, a sufficiently stable con-
dition may be reached by merely repeated heating and
tightening. In a commutator with higher rotational
stresses these stresses must act on the commutator
for a considerable time during heating and cooling
before a stable condition may be reached. Originally,
this was done by loading the machine with the brushes
set off neutral to give excessive heating. Now, methods
have been developed for seasoning the commutator
before it is even assembled on the machine. In some
cases this may be accomplished by merely rotat-
ing in an oven. In other cases, a more severe method
known as “block seasoning” may be required. This
consists in heating the commutator by the friction of
belts lined with maple blocks. This gives the surface
heating and temperature distribution approximating
operating conditions, combined with mechanical
vibrations.

The most obvious effect of seasoning is to eliminate
the yielding of the mica, but in the best type of high-
speed commutator the copper must be permitted to
yield slightly to allow it to conform to any irregular
mica surface. Due to the peculiar nature of copper,
this yielding will take place only partially during
assembly. The rest will take place as a slow creep during
the seasoning period. Tests have shown that the mica
now used reaches stability in about 30 hours of seasoning
at 150 deg. cent., while in some cases the copper may
require 150 hours, even when accelerated by overspeed
and added building force.

Fig. 14 shows the results obtained by block seasoning.
Each record shows the roughness produced by a heating
and cooling cycle. In the first test (Fig. 14a), taken
after a short period of block seasoning, the surface was
very rough, so that only a small current could be
used on the test brush. The roughness is shown by the
irregularity of the contact drop. The second test
(Fig. 14B) shows an intermediate condition. In the
test after the final block seasoning the surface rerhained



470

almost perfectly smooth so that f ull current was used
on the test brush giving the higher normal contact drop
evident in Iig. 14c. The roughness is indicated by the
irregularity of the contact drop and this irregularity
is almost independent of the test current used. The
number and value of the ‘“‘peaks’” in the oscillogram are
the significant factors, rather than the average value
of the voltage drop. Even after all of these precau-
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Fia. 14—ErrecT OF SEASONING

A—Commutator block seasoned for a short period and then ground
smooth while cold, heated for 10 hr., and record taken after cooling to

room temperature
B—Given additional period of block seasoning, ground smooth while

eold. heated, and record taken when cold
C—Same as "'b"’ except after an additional period of block seasoning

tions, there may be some minute bar shifting during
the first few months of operation, so that more main-
tenance is to be expected during this period than after
the commutator has been in service for some time. A
large commutator is one of the few mechanical devices
which improve with use during early years of service.

HAGUUE AND PENNEY
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SAPE TEMPERATURE LIMIT

A rational type of commutator design and econ-
struction may have a safe limiting temperature of 125
to 150 deg. cent. without developing surface roughness,
whereas other types of construction may be unsuited
to limits as low as 75 deg. cent. The ability to with-
stand repeated temperature cycles without developing
roughness determines a commutator's safe limiting
temperature. The problems involved are entirely
mechanieal in nature, and the practise of the present
rules in setting an arbitrary low-temperature limitation
does not meet the requirements of the situation.

The present standard of a temperature rise limit and
load test is inconclusive. [t is made ordinarily at a
low ambient temperature and does not show what
trouble might develop from the additional total tem-
perature obtained with the higher ambient temperature
permitted by the Standards, and it cannot usually be
of sufficient duration to discover eflfects that may
gradually accumulate due to very slight initial mechani-
cal disturbances. The present practise of setting a
temperature limit as a criterion for a mechanical
problem is objectionable, in that it results in design
practise which actually encourages the development of
operating trouble which it purports to prevent. Low
limiting temperature, such as the present limit of 60
deg. cent. rise on converter commutators, requires large
heat-dissipating surfaces on the commutator which
frequently necessitate extra long comimutators, one or
more sets of ventilating vanes, and other characteristies
which lead to high stresses, large expansion effects, ete.,
that may be more detrimental to operation than a
higher limiting temperature. A physically large com-
mutator having high mechanical stresses and high
surface speed that will operate at a low temperature
when newly ground and in good mechanical operating
condition, may well be a much less satisfactory com-
mutator to the operating engineer than a physically
smaller commutator which, under thesame conditions of
loading, operates at a considerably higher temperature
but stays dead smooth under its maximum operat-
Ing temperature range. Adherence to the present
standards forces the designer to use a highly stressed
commutator with high peripheral speed that may be
far more detrimental to good operation and low main-
tenance costs than would be the higher temperature
rise resulting from a smaller lower stressed commutator.

A better measure than the load test, although scarcely
practical in many cases, would be a repeated cycle test
with the maximum ambient temperature. Satisfactory
performance would be indicated by no appreciable
increase in sparking with successive heat cycle tests.
A less expensive and therefore more feasible test for
determining the permissible operating temperature
would be a “brush drop” or equivalent test, which
could be made at the maximum temperature and would
have the sensitivity to show any slight roughness
which might in time give trouble.
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ILLUMINATION ITEMS
Submitted by
The Committee on Pruduction and Application of Light
LIGHT THERAPY
H. P. GaGg, PH. D.*

Light therapy, or more properly speaking, radiation
therapy, has for some years been a useful tool in the
hands of physicians. It is rapidly coming into popular
favor. Countless home treatment devices have been
placed on the market and are in use. The effectiveness
of radiation therapy, when intelligently used, has been
demonstrated by a vast accumulation of evidence.

Some of the beneficial results of light therapy are due
entirely to a fairly deep penetration of radiant energy,
thereby heating the deeper tissues of the body, causing
improved circulation and relief of congestion. Lum-
bago and numerous ‘“‘aches and pains” disappear after
an application of radiant energy. Radiation capable of
tissue penetration must be of a wavelength greater than
about 0.6 u in the red or it will be quickly absorbed by
the hemoglobin of the blood, and must be of lesser wave-
length than 1.5 u in the near infra red or it will be
absorbed by the water content of the outer layers of the
skin. The temperature radiation whose maximum lies
in the near infra red at a wavelength of about 1. u
would thus be the most efficient, and as has been pointed
out by Luckiesh,! some form of high power tungsten
filament lamp is the most efficient. For a home treat-
ment lamp, however, the carbon filament lamp has a
factor of safety in its favor. Greater energy absorption
in the superficial layers of the skin will serve as a check
on possible injury due to overheating the deeper tissues
before the patient becomes aware that anything is
happening.

Two grades of radiation therapy may be distin-
guished: The high-power, high-speed therapy, having
inherent dangers of overdosage should be attempted
only by the experienced physician. The short time of
treatment required with strong radiation makes it
available in the office of the busy practitioner; for
example, ultra violet radiation of sufficient intensity to
cause an erythema, or sunburn, sometimes of painful
intensity, serves as a counter irritant and stirs up heal-
ing of wounds and resistance to infection in sluggish
tissue. Such violent measures are to be avoided by the
inexperienced. Mild, slow-speed radiation therapy
may be indulged in by the general public at its pleasure
with little fear of danger and considerable promise of
benefit. Radiation of the general level of summer sun-
shine may be considered as the dividing line between
high-speed and slow-speed radiation. Summer sun-
shine at noon has too much heat intensity to be risked
by those not used to it for long periods without some
protection. The ultra violet intensity of the sun is too
great for comfort and has led to painful sunburn, sick-
ness and occasional death by the uncautious over-
exposure of some people not previously acclimated to it.

*Chief Optical Division, Corning Glass Works Laboratories.
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RICKETS

The effect of ultra violet in the prevention and cure
of rickets has almost the certainty of a chemical reac-
tion. Control of calcium metabolism by vitamin D
contained in cod liver oil, specially irradiated foods, ete.,
or by direct ultra violet irradiation, is essential to grow-
ing children, and pregnant and nursing mothers. The
region of ultra violet has been experimentally deter-
mined as shorter than 0.313 w.2%* As sunlight even
during the winter months at 42 deg. latitude is useful,
and direct summer sunshine is highly effective, the
extremely short wavelength region transmitted by the
earth’s atmosphere, i. e., radiation between the limits
0.31 1 and 0.29 pt, is known to be highly efficacious.
Skyshine is effective, although less so than direct
sunshine.’ To have any effect, however, practically
the entire sky must be visible from the position of
exposure. The relatively negligible fraction of the sky
hemisphere to be seen through an ordinary window
opening is ineffective in curing or preventing rickets
according to the experiments of Doctor F. F. Tisdall
and the calculations of Doctor Janet H. Clark.®

Direct sunshine, even in the winter months, and even
when passing through glasses transmitting but 25 per
cent (after solarization) of the ultra violet of the 0.302 u
region is capable of preventing rickets in rats® and
chickens” provided a long enough time of exposure is
resorted to. With human infants, during the winter
at Boston the sun shining through the best available
ultra violet transmitting materials, fused quartz and
COREX A window panes has cured rickets in the cases
of both white and negro children.®

A quartz mercury arc consuming about 250 watts at
the arc placed 36 in. above the floor of the pen in which
the chickens were treated gave approximately the same
protection as direct midsummer sunshine when used
about eleven minutes.?

OTHER THERAPEUTIC EFFECTS

It would be a mistake to assume that all therapeutic
effectiveness of ultra violet is confined to the region
needed for the curing rickets.

Pernicious anemia is apparently caused by a specific
toxin.l® The toxin can be destroyed by ultra violet
and violet of wavelengths between 0.2536 u and
0.405 u, 0.313 u being the most effective for equal
energy. Several times the effectiveness is secured by
an addition of chemically pure eosin. Inlivingpatients,
especially after introducing chemically pure eosin into
the blood stream, ultra violet treatments are capable of
destroying this toxin so that it can no longer kill the red
blood cells as fast as they are formed. The patient
recovers, the recovery apparently being permanent, or
at least of several years duration.

Colds are reported as less frequent and less severe
when ultra violet treatments are given. The desirable
dosage and expected advantages have yet to be fully
worked out.
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Tuberculosis is sueh a treacherous disease that
treatments must be made under the supervision of an
experienced physician. Surgical tuberculosis, such as
that of the skin (lupus), joints, glands and peritoneum
can be aided or cured by ultra violet therapy. Pul-
minary tuberculosis in the active stages may, on the
other hand, be deleteriously affected. In many of the
best sanitariums, however, carefully controlled ultra
violet treatments are given and doubtless are of definite
benefit in many cases. Patients returned to their
homes could continue ultra violet treatments, once the
method, apparatus, desirable dosage, ete., had been
worked out by the skilled physician and learned by the
patient.

There are certainly bodily conditions which are
aggravated by the use of ultra violet and the practising
physician must be familiar with these, especially when
employing the high-speed erythema doses. Drawbacks
and disadvantages, debunking statements, and ex-
posures of worthless apparatus will from time to time
appear to dampen the ardor of the over enthusiastic,
but sufficient sound biological and medical evidence is
available to justify a firm belief in a very real benefit
to be derived from an intelligent use of radiation
therapy, both by the physician and in the home.

REFERENCES

1. M. Luckiesh, “Sources of Visible and Infra-Red Radia-
tion for Deep Therapy,” J. of the Franklin Institute, Vol. 207,
p. 79, Jan. 1929.

2. Alfred I'. Hess, A. M. Pappenheimer and M. Weinstock,
“A Study of Light Waves in Relation to their Protective Action
in Rickets.” Proceedings of the Soc. for Experimental Biology
and Medicine, Vol. XX, pp. 14-16, 1922,

3. Alfred F. Hess, A. M. Pappenheimer and M. Weinstock,
“A Study of Light Waves in Relation to their Protective Action
in Rickets.”” Am. Medical Association, Vol. 80, pp. 687-690,
Marech 10, 1923.

4. Geo. H. Maughan, “Ultra Violet Wavelength Valuable
in the Cure of Rickets in Chickens.” Am. J. of Physiology,
Vol. 87, pp. 381, Dec. 1928.

5. Frederick F. Tisdall and Alan Brown, ‘“‘Antirachitic
Effect of Skyshine,” p. 737, and two other related articles, Am. J.
of Diesases of Children, Vol. 34, pp. 721, 737, 742.

6. Janet H. Clark, “The Probable Amount of Ultra Violet
Radiation Obtained Indoors through Ultra Violet Transmitting
Glass,”” Science, Vol. LXVIII, p. 165, Aug. 17, 1928.

7. Results of Experiments in Progress. Poultry Dept.,
Cornell Univ.

8. Dr. Edwin T. Wyman, “The Prevention and Treatment
of Rickets, Boston Medical and Surgical Journal, Vol. 197, pp.
376-388, Sept. 8, 1927.

9. G. F. Heuser and L. C. Norris, ‘“Rickets in Chicks,”
Poultry Science, Vol. VIII, p. 89, Deec.-Jan. 1928-29.

10. David I. Macht and William T. Anderson, Jr., “Clinical
and Experimental Studies on Phototherapy in IPernicious
Anemia,” The J. of Pharmacalogy and Ezperimenial Therapeutics,
Vol. XXXI1V, p. 365, Dec. 1928.

11. Charles Fabry and H. Buisson, ““A Study of the Ultra
Violet End of the Solar Spectrum,” Astrophysical J., Vol. LIV,
p. 297, Dec. 1921.

TLLUMINATION 1TKMS

Journnl ALY 15, 18
REPORT ON USE OF INCANDESCENT LAMPS IN
MOTION PICTURE PHOTOGRAPHY

By R. . FARNUAM*

A census taken about the first of I'ebruary 1929
shows that of some 60 or more pictures in the process of
being photographed, approximately 60 per cent were
being made with incandescent lamips, an increase from
25 per cent as of July 1, 1928. The general practise
of the studios has been to make their sound pictures
entirely with incandescent lamps and to use the former
illuminants for the silent pictures.

The Universal Studio has recently completed the
filming of the picture ‘“Broadway,” taken from the
popular New York success of the same name. The
largest indoor set ever constructed was used for the
cabaret scene. This scene, together with several others
immediately adjacent, and really becoming a single
large set, was lighted entirely with 4800 incandescent
lamps whose wattage totaled 3,900,000. The largest
part of this energy was employed in regulation motion
picture photographic lighting equipment. There were,
however, many thousands of lamps of lower wattage
employed for decorative eflects. This large set is
indicative of a general trend throughout all of the
studios to employ many low-wattage lamps for decora-
tive effects in large and miniature signs, in table lamps,
wall brackets, and automobile headlamps. Lamps are
even being operated under water.

The 2000-watt G-48 bulb lamps in the 18-in. para-
bolic reflector housing, and the 5000-watt G-64 bulb
lamp in the 24-in. housing continue to be the most
popular types of lighting units, while the 1000-watt
and 1500-watt PS-52 bulb lamps, in high-efficiency
glass reflectors, are extensively used for general
illumination. And 10-kw. lamps in 36-in. parabolic
reflector units are beginning to be used. One of the
manufacturers of the 18-in. reflector unit has shortened
the housing to about one-half its former length, with
the result that 30 per cent more light is emitted when
the unit is adjusted for wider beam spreads. Another
lighting equipment manufacturer is developing a large
glass reflector for general illumination, which has an
improved distribution and operates the lamp in a more
favorable position than the present types. Also, this
unit is being designed so as to use the 2500-watt PS-52
bulb lamp which is now becoming popular where it is
desired to increase the quantity of light without an
increase in the number of units.

The lamp manufacturers are now incorporating an
internal mechanical cleaner in the form of a coarse
tungsten powder in the 5-and 10-kw. lamps by which
the bulb blackening can be removed from time to time
during the life of the lamp. The result is that the light
output can be maintained nearly at its initial value
throughout the life of the lamp and this permits these
lamps to be operated at a higher efficiency.

*National Lamp Works of General Eleetrie Company.



INSTITUTE AND RELATED ACTIVITIES

The 1929 Summer Convention

A NOTABLE PROGRAM OF PAPERS, ENTERTAINMENT, AND
RECREATION FEATURES

HE 1929 Summer Convention will be one of the finest ever
T held by the Institute. The Convention will be held June

24 to 28 with headquarters at the New Ocean House,
Swampseott, Mass. All features have been considered which
might make an enjoyable and worthwhile meeting.

A selection of particularly high-grade technical papers has
been made. These will deal with very live topies such as distri-
bution systems synchronized at the load, automatic synehroniz-
ing, communication, electrical transportation, electrical ma-
chinery, outdoor hvdrogen-ventilated synchronous condensers,
loading transformers according to temperature, shielding in
electrical measurements, electrical heating elements, high-fre-
quency electrical tools, ete. The titles of the individual papers
are given elsewliere in this announcement.

Reviews of developments in all electrical fields will be pre-
sented in the annual reports of the Technical Committees of the
Institute.

PanoraMmic VIEw oF MARBLEHEAD HARBOR

No locality is richer in opportunity for trips of engineering,
scenic and historic interest. A large number of trips have been
arranged.

For the recreational side of the program, a most enthusiastic
local Convention Committee is planning many enjoyable events.
Swampscott is an ideal place for a convention, combining sea-
shore and country with excellent hotel facilities. Those who
attended the 1923 Summer Convention at Swampscott remember
the very enjoyable and successful meeting held at that time and
it may be prophesied that the coming meeting will he equally
as good.

Golf and tennis, a reception, a banquet, dancing, and card
playing will be some of the entertainment features. \ore
mnformation, particularly on the golf tournament, is given in
later paragraphs.

For the ladies who attend the meeting a special program has
been arranged in addition to the many features on the regular
program which they will enjoy.

The business side of the convention will include the Annual
Meeting of the Institute, a report of the Committee of Toellers
on election of officers for 1929-1930, the address of the President
and presentation of prizes for papers.

The first Lamme Medal, which was awarded some months
ago, will be presented to the medalist, Mr. A. B. Field of England.

There will be a lecture on the evening of June 25, by Dr.
Harlowe Shapley; also several addresses at the banquet on
June 26.

As customary at Summer Conventions, the first day will be
devoted to conferences of Institute officers and delegates held
under the auspices of the Committees on Sections and Branches.
All members are invited to these conferences.

OUTLINE OF PROGRAM
(Eastern daylight-saving time is indicated throughout this

program)
Monday, June 24
9:00 a. m. Registration
10:00 a. m. Conference of Officers and Section Delegates
12:30 a. m. Section and Braneh Delegates Luncheon
2:00 p. m. Officers and Delegates Conference (continued)
2:00 p. m. Sports as scheduled
2:00 p. m. Inspection trips
4:00 p. m. Branch Delegates Meeting
4:30 p. m. Afternoon tea
8:00 p. m. Informal dancing, eards
Tuesday, June 25
9:00 a. m. Registration
9:30 a. m. Annual Business Meeting
Address of Welcome, Report of Board of Directors
(in abstract); Report of Tellers; Introduetion of,
and response from, the President-Elect; Presenta-
tion of Prizes for Papers; President’s Address
10:30 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>