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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS

—Some Activities and Services Open to Members—

The Pacific Coast Conventions as their name implies are always held in the Pacific
Coast States or British Columbia, and were inaugurated for the benefit of Western membecs who by
reason of their location could not conveniently attend the conventions held in the eastern part of the
country. The engineering problems encountered in the West have also been different Lo some extent
from these in the East owing to the very long-distance high-voltage transmission systems which are
characteristic of the Pacific Coast region. The programs of these conventions cover all phases of

electrical engineering but accentuate those features which are of peculiar interest to western engineers,
Social and entertainment features are always included, as well as inspection trips of special intecest Lo
visitors from a distance.

Attendance at Conventions. Taking part in the Institute conventions is one of the
most useful and helpful activities which membership in the Institute affords. The advantages offered
lie in two distinct channels, technical information and personal contacts. The papers presented are
largely upon current problems and new developments, and the educational advantages of hearing and
taking part in the discussion of these subjects in an open forum cannot but broaden the vision and aug-
ment the general knowledge of those who participate. Equally advantageous is the opportunity which
conventions afford to extend professional acquaintances and to gain the inspiration which grows out of
intimate contact with the leaders in electrical engineering. These conventions draw an attendance of
1000 to 2000 people and constitute milestones in the development of the electrical art.

Employment Service.—The employment service is a joint activity administered by the Civil,
Mining, Mechanical, and Electrical Engineering societies and is available to the membership of these
societies. Branches of this Department are located in Chicago and San Francisco, the main office being
located at the societies headquarters in New York. The service is designed to be mutually helpful to
engineers seeking employment, and concerns desiring to secure the services of engineers. This depart-
ment is financed by contributions from the societies malntaining it and from beneficiaries of the service.
Further details will be furnished on request to the M anagers of the Employment Service at the main or
branch offices, addresses of which will be found elsewhere in this issue.

Presentation of Papers.—An 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 meeting, or of having shorter contribu-
tions published in the JournaL without verbal presentation. In preparing a paper for presentation
at a meeting, the first step should be to notify 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 is 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 least 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 covering the subject of the paper, and if approved will next go to
the Meetings and Papers Committee for final disposal. After final acceptance, the paper goes to the
Editorial department for printing which requires usually from two to three weeks. Advance 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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Institute Progress

HE 1929 Summer Convention has now passed into history.

It has marked another milestone in the progress of our organ-
ization. There were presented valuable and interesting papers
and committee reports, all of great importance in the onward
march of the electrical industry.

In a consideration of our progress we naturally give great
weight to the developments which are reviewed in the committee
reports and to the completeness of the technical program of the
convention. It is, of course, true that our conventions and our
regional meetings record the advances which have been made in
the electrical field, but we must not let the knowledge of this fact
obscure in our minds the: progress that finds its real and solid
foundation in the Section meetings; for after all, it is largely in
the Sections that the men are developed upon whom much of the
progress depends.

I can think of no message of more importance with which to
close the year than one that emphasizes again the opportunities
of the Sections. The new chairmen and committees will soon be
completing their plans for the coming year. The suggestions con-
tained in last January's message may be of help. No more suc-
cessful plan has been found than one that gives the fullest oppor-
tunity for the development of the individual member.

QOur incoming president has a deep-seated interest in the
Sections, already expressed in many ways and particularly in his
three years of splendid service as chairman of our Sections Com-
mittee. With his whole-hearted, sympathetic, and active support,
supplemented by the organized facilities of our excellent head-
quarters’ staff, the progress of the Institute is assured and the
electrical engineers of America will have cause for increasing pride
in their profession, and in the society of their profession.

3 ihnar—

President
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Some Leaders
of the A. 1. E. E.

¥ Frederick Bedell, member of the Institute since 1892,
Manager 1914-17, and Vice-President 1917-18, was
born in Brooklyn, N. Y., April 1868. After an under-
graduate Arts course at Yale, he took graduate courses
In science, engineering and mathematics at Cornell
University, receiving the degree of Doctor of Philosophy
and joining the instructing staff in 1892. In 1893
he was appointed Assistant Professor of Physies, and,
in 1904, Professor of Applied Electricity, a position he
still holds.

Doctor Bedell has performed valuable service to the
Institute not only by contributing papers—many of
which are outstanding,—and by participating in discus-
sion, but also active service in its prinecipal committees,
as member of the Meetings and Papers, Standards,
Library and Sections committees, Chairman of the
Electrophysiecs Committee and of the Subcommittee on
Wave-form Standard, and as member of the committee
of award of the Edison Medal and for many years as
director. With his clarity of vision his influence on the
electrical engineering profession has been marked.

His most important contributions in electrical engi-
neering have been his experimental investigations and
theoretical studies dealing with alternating currents, a
field in which he was a pioneer. His first paper before
the Institute in 1892, on the General Solution for the
Current Flowing in a Circuit Containing Resistance,
Self-Induction and Capacity, with any Impressed Elec-
tromotive Force introduced the use of j as an operator in
the solution of alternating-current problems. This
and other papers written in collaboration with Doctor
A. C. Crehore, developing analytical and graphical
methods for solving alternating-current problems now
well known, formed the basis of the book “Bedell and
Crehore’s Alternating Currents” which was the first
systematic treatise in its field, and for many years a
standard text. It received world-wide circulation in
several languages. The principles first enunciated in it
have been included in nearly every book dealing with
alternating currents that has subsequently appeared.

In addition to about one hundred articles, Doctor
Bedell has published the following three books on
electrical engineering: ‘Alternating Currents,” ““The
Principles of the Transformer” and “Direct and Alter-
nating Current Manual.” In these he has had many
“firsts” to his credit, including the circle diagram for
the transformer in 1893 (extended later by others to
include the induction motor), the first paper on “re-
actance” (jointly with Steinmetz, TRANSACTIONS, 1894)
the introduction of “reactive power,” the first graphical
analysis of the operation of the synchronous motor
(with Ryan, Journal Franklin Institute, 1895) and the
predetermination of transformer regulation. In a
three-page paper with Crehore in 1892 (American
Journal of Science) he called attention to the limitations
of the telephone due to the differences in the rates of

NOTES AND COMMIENTS

Journal A, L. 15, 0.

decay of high and low frequencies, and pointed out that
this effect was diminished by the introduection of self-
induction, a theoretical deduction substantiated later
by the general use of loading coils. T'he principle of
reciprocal vectors was presented in a®paper on “Admit-
tance and Impedance l.oci”’ bhefore the Physical Society
ol London in 1896.

The same high standard has been attained in his
contributions to mechanical and aeronautical engineer-
ing. His books “Airplane Characteristics,” ‘“The Air
Propeller,” and “The Airplane” rank high in their field;
In them the principles of flight have been clearly de-
veloped without being encumbered by structural
minutiae on the one hand or by abstruse mathematics
on the other.

In the field of physies his work has been no less note-
worthy. For twenty-nine years he was editor of The
Physical Review, a period in which physies in this
country—as well as electrical engineering—developed
from youth to maturity. The principal American con-
tributions to physies during this period passed under his
scrutiny. He was contributor to Johnson’s Universal
Cyclopaedia and to the Standard Dictionary and was
editor (for electricity) of Webster’s New International
Dictionary. He has served as secretary of the Council
and as General Secretary of the American Association
for the Advancement of Science. He has a number of
patents, both United States and Foreign, on improve-
ments in transmission of power and intelligence.

Doctor Bedell’s present activities are reflected in two
papers before the regional convention of the Institute
in 1927 on Non-Harmonic Alternating Currents and
The Stabilized Oscilloscope: a Cathode Ray Oscillograph
with Linear Time-Axis. In his theoretical work he
Is at present interested in extending the use of vee-
tors (in some cases in more than one plane) to
apply to alternating quantities without the limitation
of the so-called sine assumption. He is experimenting
on methods for observing such quantities and is com-
pleting the development of an improved oscilloscope,
extending its use to the study of light and sound, as well
as electrical phenomena.

The Engineering Division of lowa State College,
Ames, Towa, has inaugurated a personnel service which
should prove of mutual benefit to the industries and
the engineering graduates. With the cooperation of
the engineering student council “Personnel Service
Leaflets” have been published for the senior engineers
and fifty sets of these leaflets were sent to the leading
industries early in January. FEach year new sets of
leaflets will be sent by the college to these industries
as well as to other industries that may be interested.

Each leaflet gives a portrait of the student, his
name, college course, and date of graduation. Many
other details as to his training, experience and quali-
fications are included in the leaflet, such as his age,
health, college activities, expenses earned, etec.



Abridgment of

Master Reference System for Telephone
Transmission

BY W. H. MARTIN*

Member, A. I. E. E.

Synopsis.—The telephone transmission system described here
is the Master Reference System of the Bell System for the expression
of {ransmission standards and the ralings of the {ransmission per-
formance of telephone circuils. The (ransmitter and receiver
elements of this system are reference standards for the ratings of the
{ransmilling and receiving performance of terminal station sets.

A replica of this reference system installed in Paris has been

and C. H. G. GRAY}¢

Applicant for Membership

adopted as the Master Reference System of the International
Advisory Committee on Long Distance Telephone Communication
in Europe. The establishment of these {wo master systems provides
a common reference for the lelephone {ransmission work of the Bell
System and the telephone administrations which are members of
this International Advisory Commiltee.

* * * ] *

HE Master Reference System for Telephone Trans-
T mission, as its name indicates, is to serve as the
fundamental circuit in the ratings of the trans-
mission performance of telephone circuits. In deserib-
ing this system, therefore, it will be advantageous to
outline first the general considerations underlying the
methods of determining and specifyving these ratings
and their applications.

The conversions and transfers of energy which con-
stitute the process of telephone transmission result in
general in a difference between the speech sounds at the
sending end of the telephone circuit and the sounds
reproduced at the other end in the ear of the listener.
These reproduced sounds may differ from the original in
three important respects; their loudness, distortion, or
degree to which their wave-shape departs from facsimile
reproduction and the amount of extraneous sound or
noise which accompanies them. From the standpoint
of telephony, the major importance of a difference
between the original and reproduced sounds is deter-
mined by its effect upon “intelligibility,” that is, the
degree to which the latter sounds can be recognized
and understood by the listener when carrving on a
telephone conservation. The tolerable departure of
the reproduced from the original sounds is limited also
by certain effects which are noticeable to the listener
before they materially affect intelligibility, such as
loss of naturalness.

Measurements of intelligibility are of utmost import-
ance in rating the performance of telephone circuits,
but they are unduly cumbersome for direct use in the
detailed development and design of telephone circuits
and their many parts, particularly where small effects
are concerned. It has been desirable, therefore, to
handle telephone transmission work in two steps. One
natural division is suggested by the statement that

*Of the American Telephone & Telegraph Company, New
York, N. Y.

tOf the Bell Telephone Laboratories, Ine.,, New York, N. Y.

Presented at the Summer Convention of the A. I. E. E., Swamp-
scoll, Mass., June 24-28, 1929. Complete copies upon request.

intelligibility is a function of the relation between
the output and input speech sounds, and of the psycho-
logical reaction of the listener to these output sounds.
Because of the complex nature of the speech sound
waves, however, it has been found more practicable
to treat the transmission performance of telephone
circuits in the following two parts: (1) the physical
performance of the circuit, and (2) the relation between
physical performance and intelligibility. The physical
performance of a circuit is taken here to cover the
transmission characteristics which can be specified in
terms of the performance for single frequencies, a
number of frequencies being taken to cover the range
which is important for the reproduction of speech
sounds. These measurements of physical performance
cover such things as the response-frequency character-
istic of the circuit over the range of speech frequencies,
the distortion due to non-linear elements, phase dis-
tortion, and the extraneous currents which cause noise.
These determinations of physical performance do not
include measurements of the speech sounds themselves,
nor of the functioning of the talker and listener. This
differentiation is advantageous in segregating the
studies of speech sounds and of the psychological phases
of the work, and permits the design of the operating
plant and a large portion of the development work to be
carried out on a physical basis.

The determination of the relation between intelli-
gibility and the physical performance of a telephone
circuit is a laborious process, because persons play the
parts of generators and meters and a number of people
must be used in both parts to take into account the
normal ranges of their performance. The goal of this
portion of the work, has been, therefore, to establish
suitable relations which will permit the determination
of the intelligibility of a circuit by computations which
start with the physical characteristics of the circuit.
This work! has involved determinations of the capa-
bilities of circuits having various kinds of physical

1. Forall numbered references see end of paper.
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characteristics to reproduce intelligible speech, investi-
gations of the nature of speech sounds and hearing, and
of people’s customs in using the telephone.

Prior to the time when suitable means were available
for measuring the physical performance of telephone
circuits, and when the kinds of circuits in commercial
use were quite similar in their distortion characteristics,
the practise was adopted of rating the performance of a
circuit by comparing it, on a loudness basis, with a
reference circuit which was adjustable in attenuation
and whose distortion was closely similar to that of the
commercial circuits. In such a comparison, a determi-
nation is made of the equivalence of loudness or volume
of these two circuits by talking alternately over them
and adjusting the reference circuit until the sounds
coming out of the two receivers are Judged to be equal.
For the conditions where volume is the important
controllable characteristic of telephone circuits, these
loudness comparisons . constitute a practicable and
effective means of indicating the performance of these
circuits.

The reference circuit adopted about twenty-five
years ago for these loudness comparisons consisted of
transmitters, receivers, station sets, cord circuits and a
line, of types which were then used commercially. In
this reference circuit the line was an adjustable artificial
line simulating a No. 19 A.w.g. cable circuit having a
capacity per loop mile of 0.054 uf. The amount of
cable in this line to give a loudness balance was taken
as the rating of the circuit under comparison. This
reference system has been called the Standard Cable
Reference System.

In addition to this rating of the performance of a
telephone circuit, the standard cable reference system
has had other applications. Certain settings of this
reference system were selected as specifying the stand-
ards of transmission which were to be provided in the
design and operation of commercial circuits for the
several kinds of service, such as local and toll. The
effect of introducing or changing any part in a com-
merical circuit was rated in terms of the amount
of cable by which it was necessary to change the line
of the reference system to produce the same effect on
the loudness of the reproduced speech sounds. Like-
wise, the transmitters and receivers of this reference
system were used as reference instruments for the com-
parison and rating of other transmitters and receivers.

This cable reference system has played a very im-
portant and necessary part in the development of
telephone transmission, in that it has provided a ready
means of rating the performance of the various parts
of the system and of any changes, and has made it
possible to design commercial circuits to provide a
predetermined grade of service. The performance of
this system was specified by stating the kinds of ap-
paratus and circuits used. The performance of the
elements of the electrical portion of the system could be
checked by voltage, current, and impedance measure-
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ments, but for the transmitters and receivers, reliance
for constancy of performance was placed primarily
upon the careful maintenance and frequent cross-com-
parisons of a group of transmitters and receivers which
were specially constructed to reduce some of the sources
of variation in the regular product instruments. In
this way, reasonable assurance of the performance of
the reference system was secured. This system has
been widely used both in this country and in other parts
of the world, and the performances of the various sys-
tems have been kept in accord by frequent circulation
of calibrated transmitters and receivers.

As the telephone art has developed, modifications
have been found to be desirable in this reference system
to make it more suitable for its purpose. Telephone
instruments and circuits have been designed and used
which have less distortion than existed in the corre-
sponding parts of the cable reference system. For
this reason it is desirable to have as a new reference
svstem one with which the transmission over the most
perfect telephone circuit or over some less perfect one
may be simulated at will. The change of the unit of
transmission from the mile of standard cable to the
decibel’ has brought about the need for a change in the
line of the reference system.

A reference system such as that described here, in
which the essential elements are so constructed as to
reproduce speech with a high degree of perfection and
with which provision mayv be made for modifying the
speech in definite and reproducible ways, affords a con-
venient means for studying the capabilities of telephone
circuits of different physical performances. These
investigations, however, are outside the purpose of this
paper, which is to describe the new reference system and
its application in making volume ratings.

GENERAL REQUIREMENTS

The outstanding conception of the new reference
system is that its performance should be suitable to
serve as a reference base line for indicating the perfor-
mance of all telephone circuits and that the transmitter
and receiver elements of the new system should provide
similar base lines for the performance of electro-acoustic
converters. To meet these needs properly, the per-
formance of the system and its parts should be capable
of being measured and definitelv specified in terms of
physical quantities.

The most important requirement, then, for the refer-
ence system Is that the physical performance of the Sys-
tem and of its component parts should be capable of
being measured and definitely specified in terms of
physical quantities.

The second main requirement is that specifiable and
predeterminable changes can be made with respect to
the performance which is selected as the reference.
These changes must be capable of varying the relation
between the loudness of the reproduced sounds with
respect to the initial sounds, the distortion of the wave-
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shape of these reproduced sounds, and also the amount
of noise accompanying these reproduced sounds.

For convenience in specifying these requirements, it
has been found desirable to impose another require-
ment; namely, that the system be capable of giving a
performance which is as free as possible from distortion
and noise. This requirement is also of advantage in

insuring that the reference system and its parts will have

less distortion than any circuit or instrument with which
it may be compared.

For convenience in use, it is highly desirable that the
performance of the reference system and its parts be
constant for a reasonable time under normal operating
conditions.

DESCRIPTION OF MASTER REFERENCE SYSTEM

The master reference system? employs a transmitter
and receiver which are capable of a high degree of free-
dom from distortion. The transmitter is of the con-
denser type’ and the receiver is of the moving coil type.s
Both these instruments are materially lower in efficiency
than commercial types of apparatus, but this condition
is compensated for by the use of multi-stage vacuum
tube amplifiers. These instruments, together with their
associated amplifiers, constitute reference standards for
converters between acoustic and electrical energy.
The third necessary element of a telephone transmis-
sion system,—namely, the line,—is provided by a net-
work of resistance elements. Such a line can be made
to provide uniform attenuation over a wide frequency
range, and can be made to control the magnitude of this
attenuation over a large range. This line is taken as
giving a reference performance for lines.

The specification of the performance of such a system
is based on the principle of the thermophone, which is a
converter of electrical energy into acoustic waves by
means of the heat generated by the passage of an elec-
trical current through a resistance. From a knowledge
of the form and physical constants of this resistance
element, of the medium in which it is used, and of the
electrical input to the element, the acoustic pressure
generated in a chamber of known size can be deter-
mined by theoretical considerations.®* The perfor-
mance of the condenser transmitter is determined by
making its diaphragm a wall of a simple closed chamber
in which the thermophone is placed. By this means a
known pressure wave of any frequency over the range
desired can be impressed upon the diaphragm of the
transmitter. The voltage output of the transmitter
for a specified circuit condition is then measured. From
this measurement the ratio of the voltage output to
the acoustic pressure on the diaphragm is established
for that instrument and ecircuit condition. With
the performance of the transmitter thus estab-
lished, the performance of the receiver element of the
reference system is measured by acoustically coupling
the receiver to the condenser transmitter, so that the
receiver actuates the transmitter, and then determining
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the relation of the pressure generated by the receiver in
the coupler to the voltage input to the receiver. The
performance of the line element is determined by well-
known means. The performance of the whole system
can then be expressed in terms of the pressure produced
by the receiver with respect to the pressure on the dia-
phragm of the transmitter.

The performance of this system is practically free
from distortion for the energies which it is required to
handle, and probably materially excells in this respect
that of any previous system. With this system,
volume relations between output and input sounds can
be varied over a wide range with practically no accom-
panying distortion. In comparing such a system, how-
ever, with commercial systems it is advantageous also to

I'tg. 1—MasTER REFERENCE SysTEM FOR TELEPHONE TRANS-
MISSION WITH ASSOCIATED CALIBRATION APPARATUS

be able to control distortion. This is particularly the
case when using the instruments of the master system for
rating the volume efficiency of commercial types
of transmitters and receivers. To facilitate this,
arrangements are made for the introduction into the am-
plifiers associated with the transmitter and receiver, of
networks which may be designed to give a variation of
efficiency with frequency which corresponds to that
obtained with commercial apparatus. These networks
and their distortion effect can of course be definitely speci-
fied. The line element of this master system can be
replaced by a line or network giving any type of dis-
tortion desired. Also, known amounts of extraneous
currents to produce noise can be introduced into this
circuit without otherwise appreciably affecting its per-
formance.

The master reference system with associated calibra-
tion apparatus is shown in Fig. 2. This equipment,
mounted on steel panels and racks, and arranged as
shown, is installed in a room, shielded from acoustical
and electrical disturbances, at the Bell Telephone
Laboratories in New York City. In Fig. 2 the trans-
mitter, line, and receiver of the reference system are
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shown on the three racks at the right. The calibration
apparatus, consisting of an oscillator, thermophone,
vacuum tube voltmeter, and volume indicator are shown
on the other three racks. A schematic diagram of the
master reference system is shown in Fig. 3.

Fig. 10 shows, for particular amplifier adjustments
the frequency response characteristics of the reference
transmitter, reference receiver and the complete refer-
ence system with 0 db. in the line. The characteristic
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Fi6. 2—ScrEMATIC Disgram oF MasTER REFERENCE SySTEM

of the reference transmitter and also of the reference
recelverineach instanceisthat of the instrument and asso-
clated amplifier combined. However, as the frequency
response of each of the amplifiers is uniform within 2 db.
from about 50 to 10,000 cycles per second, the curves
shown are essentially the calibrations of the instru-
ments determined as described above.

APPLICATION OF THE SYSTEM

The results of articulation tests over the master
reference system when adjusted for optimum volume
are practically equivalent to those obtained in direct
air transmission in a quiet room. This system and
replicas of it are particularly adapted for use in making
articulation studies, since they provide an approxi-
mately ideal system with which the loudness of the
output sounds can be varied distortionlessly over a
wide range and in which distortion networks of various
types and controlled amounts of noise can be intro-
duced. In this way the effects on articulation of
various kinds of physical performance of a telephone
circuit can be investigated.

The master reference system itself will be used
chiefly for the important work of rating working
standard systems and instruments.

EUROPEAN MASTER REFERENCE SYSTEM
In Europe, the recommendation of technical
standards for telephony is a function of the Comité
Consultatif International des Communications Tele-
phoniques a Grande Distance (C. C. I.)., which is com-
posed of representatives of the various European

Journal A. 1. K. E.

telephone administrations. In 1926, at the invitation
of the C. C. I, representatives of the Bell System met
in London with a committee appointed by the C. C. L.
to consider the adoption of a transmission reference
system. This committee recommended that the C. C. I.
adopt as their master reference system one essentially
the same as the one described in this paper, and that
such a system, which would be a replica of one in New
York, be installed in Paris in the laboratory of the
C. C. I. and be known as the European Master Refer-
ence System. This recommendation was adopted by
the C. C. 1.

Subsequently, some improvements were made in the
system, and two duplicate systems, each with its
assoclated calibrating apparatus, have been constructed.
One of these is now in the Bell Telephone Laboratories
in New York and the other in the laboratory of the
C. C. L. in Paris. The C. C. L. further recommended
that primary and working standard systems, used in
the telephone administrations adhering to the C. C. 1.,
be calibrated in terms of the Master Reference System.
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MITTER, REFERENCE RECEIVER asnxD COMPLETE REFERENCE
SysteEM wiTH O db. 1N THE LINE

The establishment of these two master systems insures
the use of a common base line for the expression of
transmission standards, and for the ratings of the
transmission performance of telephone circuits in the
two continents where the telephone system has had
1ts greatest development.
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Shielding in High-Frequency Measurements

BY JOHN G
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Synopsis.—The purpose and usefulness of shielding in high-
frequency measurement are outlined. General principles of electro-
static shielding are developed as applied lo simple impedances and
to networks of impedances, particularly to bridge networks. Prac-
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tical applications of these principles to the shielding of adjustable
impedances, and in the construction of actual bridge circuits are
described.

x x x = =%

INTRODUCTION

HIELDING of high-frequency measurement ap-
S paratus has for its immediate object the control of
certain electromagnetic and electrostatic couplings,
unintentionally introduced in the usual high-frequency
circuit. These couplings are represented by stray ad-
mittances between the various parts of the system,
either direct or to ground, and mutual impedances re-
sulting from stray magnetic fields. In general, the con-
trol of these couplings is exercised for the purpose of
attaining an accuracy of test that cannot be obtained
so readily in other ways.

It may be argued that by extensive separation of the
physical parts of circuits and apparatus, any couplings
may be decreased in value, and in consequence errors
caused by them can be reduced, thus eliminating any
need for shielding. But there are obvious limits to the
extent to which this method can be emploved practi-
cally. In the case of electrostatic coupling to ground,
it is scarcely of any value, and in any case, excessive
separation of the parts of a circuit introduces other
errors due to the length of the wiring involved. Ac-
cordingly, it is usually necessary where the maximum
accuracy is desired, to have recourse to shielding.

PRINCIPLES OF ELECTROMAGNETIC SHIELDING

The necessity for electromagnetic shielding is limited
practically to wound apparatus such as coils and trans-
formers. It may be reduced to a minimum by using
high permeability core material wherever possible in
coils and transformers, and by using some form of
closed core such as the toroidal type. By these means
stray fields may be reduced to a relatively low figure.

1. Telephone Engineer, Bell Telephone Laboratories, New
York, N. Y.

Part 3 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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However, there are cases where the remaining coupling
may be objectionable and it is then necessary to use
shielding to reduce still further the amount of these
stray fields.

Two types of shielding may be used. A high perme-
ability material may be used for the purpose of short-
circuiting the stray field. The principles of this
method of shielding are described fully in another paper
and will not be considered further here.

In the case of air-core coils, which are often of the
solenoidal type since the advantage of using the toroidal
form is less in this case, and for coils used at very high
frequency where heavy magnetic material is not so
effective, shields of non-magnetic material may be used
to confine the field by the effect of eddy currents. For
these shields, a material of high conductivity is used,
usually copper, and the principal consideration is the
spacing of the shield from the coil rather than the
thickness of the shield itself.

There is always a loss in efficiency due to the losses
in the shield, and this loss is greater the closer the
shield is placed to the coil; that is, the stronger the field
in which the shield is placed. However, even with
solenoidal air-core coils, very effective shielding may be
attained by moderately thick copper shields, spaced
about the distance of a diameter from the coil.

PRINCIPLES OF ELECTROSTATIC SHIELDING

In both theory and practise, all measurements assume
that between different terminals or junction points of
the system there are impedances having values known to
a degree of definiteness consistent with the accuracies
sought in the test. In an unshielded circuit, it will
generally be the case that the elements connected by the
various terminals or junction points will not provide
impedances so definitely known; or, in other words, will
not carry all of the current flowing between the points
in question.

Resistors. In the case of the simple resistor such as
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pictured schematically in Fig. 14, there are admittances
from different parts of the conductor to other parts of
the whole system and in particular to ground. These,
of course, act to modify the effective impedance between
the terminals and as they vary with the location of the
resistor, the result is that its effective impedance is
variable and known only for the location in which it
has been calibrated. One of the first objects to be ac-
complished by shielding is to remedy this type of in-
definiteness of value. This is done by mounting the
elements within a shield of conducting material and in
fixed space relation thereto, as shown in Fig. 1B. Thus,
the circuit element has direct admittances only to the
shield and as these are of fixed value the terminal to
terminal impedance becomes independent of the loca-
tion of the shielded element.

If, then, we connect the shjeld to any fixed point in
the circuit element such as one terminal, all of the cur-
rent transferred by the shield admittances passes to or
from the circuit at this particular point. This concen-
tration of admittance enables the ready evaluation of
the effect produced by it when the element is used in
conjunction with others in a complete measuring
system. We may summarize all of this to form a fun-
damental rule of shielding; »iz., “the association of an
element of a system with a shield so that all admittances
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from the element to other parts of the system or to
ground are confined to one terminal.”

Series Impedances. In the case of two impedances
In series as shown in Fig. 1c, shielding may be accom-
plished by connecting one shield to terminal A and the
other shield to B. In addition to the effects described
for a single impedance there will then be admittance
between the two shields which will depend on the posi-
tion of the apparatus. This admittance is slightly
more objectionable than admittance from shield to
ground, since while we may ground either A or B, there
will always be an admittance from one shield to ground
which will be variable.
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The shields may also be connected as shown in Fig. 1p,
in which case the admittance between shields appears
across the first impedance. If now we extend the shield
connected to A to include the other shield as shown in
Fig. 1E, we have introduced a fixed admittance across
A C and have variable admittances to ground from A.

If this combination of impedances can be grounded
at A, we have a complete system having no variable
admittances. The principle may be extended to in-
clude any number of series elements, the effect being to
place admittances across all of the elements but one, and

Fic. 3—Brince NeTwork UsinG SHIELDED IMPEDANCES

to enclose the whole system in one outer shield. Such
a system for five elements in series is shown in Fig. 1F.

Parallel Impedances. The shielding of parallel im-
pedances is comparatively simple, since any number
may be shielded individually and the shielding all con-
nected to the same point. If they are not shielded from
one another there will be distributed admittances
between them which may cause errors. Preferably
each should be shielded individually.

By following the procedure outlined above, it is com-
paratively simple to apply shielding to any combination
of impedances in series or in parallel in such a way that
we will have all admittances to external conductors
from the shielded elements concentrated at terminals
or junction points of the system.

Circuit Shielding. In many cases it is impossible to
connect the above combinations in a given circuit so
that the outer shield is grounded. In such cases it is
necessary to determine from the position of the net-
work in the system the effect of admittances from the
shield to other shields and to ground. To illustrate, let
us take the simple bridge circuit shown in Fig. 3. The
four impedances constituting the arms each may be
considered as any combination of individual impe-
dances. With the shields connected as shown, the total
admittances are reduced to three; between B and D
and from B and D to ground. These admittances do
not affect the bridge balance and, therefore, are not
objectionable. However, if we add input and output
circuits and follow the same system of shielding, we get
the result shown in Fig. 4. In this case it is Impos-
sible to concentrate all of the admittances at B and D.
Neglecting for the present the ground at D, we have
added variable admittances from A4 to B, to D and to
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ground. The only way of overcoming this difficulty
is to use double shielding as shown, adding an outer
shield to the impedance across A C and connecting it to
D. This puts a fixed admittance across A D, but as we
have not made any distinction between the four arms
of the bridge, this admittance may generally be placed
across an arm where it can be taken care of satisfac-
torily. If in addition we ground D, the admittances
reduce to a single one from B to ground.

Admittance to Ground of Unknown Impedance. From

F16. 4—CoMPLETELY SHIELDED BRIDGE NETWORK

the above it would appear that the general bridge cir-
cuit is susceptible of a simple complete solution, since
the shielding shown in Fig. 4 is equally applicable to all
cases. This would be true if the unknown impedance
to be measured in the circuit had no admittance to
ground. This is usually not the case. We generally
have an additional requirement, that the potential con-
dition with respect to ground of the impedance during
the measurement be defined in some way.

If the impedance can be connected across one arm
of the bridge and its value is desired with one terminal
grounded, the circuit shown is satisfactory. However,
these are special conditions, and where the impedance
to be measured forms only part of the total series im-
pedance of an arm, or where the potential requirements
are different, such as the requirement that the coil be
measured with its terminals at equal potential to
ground, the hridge shielding becomes a more serious
problem.

In general, the question of selecting the most suitable
system of electrostatic shielding for a specific test cir-
cuit, resolves itself into a determination of the most
advantageous location of the admittances which, as
described ahove, have been arranged to terminate at
certain terminals or junction points. The facts which
need to he taken into consideration are usually so
varied that no general rules can he established. A few
typical examples in which shielding is applied with con-
siderable success will, therefore, he taken and the selec-
tion of suitable shielding for these circuits discussed.

EXAMPLES OF ELECTROSTATIC SHIBLDING
Adjustable Resistor.  An adjustable resistor usually

takes the form of a dial box in which there are from one
to six dials arranged in series in decade formation.
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Each decade considered by itself is no more difficult to
shield than a single resistor. The admittance of the
shield, however, has a different effect at each step which
means that the phase angle varies with the setting of the
dial. If the admittance to the shield is small, this
effect will not be very great and in any case it is always
the same for a given setting and hence may be included
in a calibration.

In shielding several decades in series, admittances
between decades are introduced. Effects due to these
admittances can be taken care of completely by the use
of nested shields as already shown in Fig. 1Fr, For
a resistance box of five or six dials, this type of shielding
becomes prohibitive from a size and cost standpoint
and in consequence such shielding is usvally not at-
tempted. The use of a single shield for all decades of a
resistor means that the impedance of two or more dial
settings is not exactly equal to the sum of the im-
pedances of each setting by itself. If the difference is
appreciable the only alternative to the expensive type
of shielding mentioned above is the use of a calibrated
value for every combination of dial settings. This
error in additions is smaller the lower the resistance, and
usually may be neglected for values below 100 ohms.

In the actual construction of such a resistor it is
essential that the shielding be complete, particularly at
the dials. Since the effect of the hands in operating the
dials is more valuable than any other coupling, it is of
very little value to place an unshielded dial box in a
metal shield which allows admittance from the hand of
the operator to the circuit.

Adjustable Inductor. The same considerations apply

e 0
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to an inductor as to a resistor except that on account of
the larger physical size of the former, larger admittances
are associated with it and for that reason it is usually
necessary to use nested shields. Fig. 6 shows a stand-
ard inductor consisting of three decades and an induc-
tometer using four shields. The three top panels have
been removed showing the method of nesting the
shields, and the construction used to bring the dial con-
trols through the shields.

The admittance between shields is considerable, but
due to the method of construction, the largest admit-




520

tance is across the smallest inductanee and there 18 no
intershield admittance added across the highest decade.
Accordingly, the effect is not so serious as might be
thought at first glance.

Adjustable Capacitor. The units of an adjustable
capacitor are practically always connected in parallel
and the problem of shielding them is that of shielding a
single capacitor. It is desirable to shield the decades
from each other if the capacitances are small as this
facilitates calibration and is easily effected. Where {he
capacitance is large,—say over 10,000 u uf—this
precaution is unnecessary.

Bridge Circuits. The general principles of bridge
shielding have been discussed by Campbell® and the
equal ratio-arm comparison bridge has been discussed
in detail by Shackelton.! The mechanical construction
of the bridge itself exclusive of standards is simplified
by the fact that there are comparatively few dials to be
brought through the shielding.

This bridge with the standards described above may

Fi16. 7—SHIELDED RESONANCE BRIDGE NETWORK

be used for a wide variety of measurements. A rather
simple modification is the so-called resonance bridge, in
which the bridge unit is an equal ratio-arm comparison
type, and a resistance is balanced in one impedance
arm against a capacitance and an inductance connected
in series in the other impedance arm. The balance is
usually effected by adjusting the resistance and ca-
pacitance.

The shielded circuit of such a bridge is shown in Fig. 7.
The capacitance from C to D introduced by the shield-
ing may be compensated for in the usual way by the
addition of an equal capacitance across A D. In this
circuit, the coil is usually measured under the condition
of one terminal at ground potential. Thus, D is shown
strapped to the ground shield. For this case, the shield-
ing may be simplified considerably. Fig. 8 shqws the
mechanical construction of the combined resistance
and capacitance standard used with the bridge unit for
these measurements. The unit is shown with the top
of the outer shield removed. The capacitance, in ac-
cordance with the shielding diagram, is double shielded,

3. G. A. Campbell, “The Shielded Balance,” FElectrical

World and Engineer, April 2, 1904, p. G47. .
4. W. J. Shackelton, A Shielded A-C. Inductance Bridge,

A. I E. E. JournaL, Febh. 1927.
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while the resistance requires only a ground shield.

Another bridge circuit whieh is interesting from the
shielding point of view is the Owen bridge.® A de-
tailed discussion of the shielding involved in this type
of bridge is contained in a previous paper by the
present author.”

Details of Construction. So far, we have discussed the
admittance introduced by the shielding without going
into details as to the form which this admittance takes,
although it has heen broadly assumed that it is prinei-
pally due to capacitance. Since it generally forms an
integral part of the measuring circuit, it is obvious that
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as much consideration should be given to it as to the
rest of the circuit. While the admittance is due essen-
tially to capacitance, the necessary supports introduce
a certain amount of conductance which causes some
difficulty in obtaining compensation.

For instance, in the typical equal ratio-arm bridge
circuit where the admittance across one arm requires
compensation in the other arm, it is a simple matter to
use an adjustable condenser for the compensation of
capacitance. However, if the conductance is left
uncompensated it may cause considerable error, par-
ticularly in the measurement of high impedances at

5. D. Owen, “A Bridge for the Measurement of Self Induec-
tance,” Proc. Phys. Soc. London, QOctober, 1914.

6. J. G. Ferguson, ‘“Measurement of Induectance by the
Shielded Owen Bridge.” Bell Sys. Tech. J1., July, 1927, pp. 375-
386.
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high frequencies. For thisreason, it is desirable that all
shields be supported by insulating material of the
highest quality such as hard rubber, glass or quartz and
that only the minimum amount necessary for satis-
factory mechanical support be used.

It will be noticed in Fig. 4 that the wiring is shielded
by brass tubing. This shielding is insulated from the
conductor by means of bushings, only enough being
used to insure that the conductor and shield do not
change their relative positions with respect to each
other. The insulating bushings used most generally
are either hard rubber or glass beads.

Even after taking these precautions, it has been found
necessary for the highest precision work at the highest
frequencies, to introduce a conductance compensator in
the form of a small adjustable condenser in which the
dielectric is an insulating material such as phenol fiber.
By this means the amount of conductance in one arm
may be varied to obtain correct compensation. The
balance once obtained, does not vary appreciably with
frequency.

CONCLUSION

It has been impossible to go into very great detail
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in this brief paper on the subject of shielding. The at-
tempt has been made, therefore, to outline a few general
rules and to give representative examples of typical
measuring circuits. It will be noted that the examples
have been limited largely to the bridge circuit. This is
because our experience has shown that this circuit is the
most flexible and accurate over the whole of the fre-
quency range over which precise impedance measure-
ments have been made, and because the problems of
shielding it are sufficiently difficult and varied to give
satisfactory examples of the solution of rather com-
plicated problems. The principles of shielding given
have been found-to apply equally well at all frequen-
cies and it has been found that up to the maximum
frequericy at which precision measurements have been
made, the shielding methods developed for use with
moderate frequencies require practically no modification
as the frequency is increased. Experience with mea-
surements and measuring circuits up to 2000 kilocycles,
makes it appear probable that when precision measure-
ments are made at still higher frequencies, the shielded
bridge circuit will continue to remain the most satis-
factory measuring circuit.

Abridgment of

High-Frequency Portable Tools and Equipment

BY C. B. COATES!

Member, A. I. E. E.

Synopsis—This paper presenls practical information regarding
the application of high-frequency (180-cycle) induction motors with
low-resistance rolors to portable electric tools.

In order to compele with existing lools it became necessary to
increase the rotor speed above 60 cycles, and 180 cycles per
second was adopted as commercially practical. Several advantages
are shown. Due lo a smaller drop in speed with this lype of motor

than with the direct current and the universal motor, greater power 18
developed. Because of better speed regulation the life of the cutling
tools is longer. Less weight and lower maintenance costs result from
this application.

Several new tools for special work are described. The destrable
regulution of the frequency converter or motor-generator 18 given as
not exceeding 8 per cent.

OLDER TYPES OF ToOLS

r I \HE application of the term “high-frequency”’ to-

portable tools and equipment is no doubt a

misnomer in view of the extremely high radio and
other frequencies generally understood to come within
the scope of this term. As a matter of fact, the fre-
quency now generally employed in so-called high-
frequency portable tools is only three times the usual
commercial frequency of 60 cycles per second. How-
ever, as the name has come to be quite generally ac-
cepted as applied to this class of tools, it will be used
here.

Electric drills of the portable type were introduced

1. Electrical Engineer, Chicago Pneumatic Tool Co., Cleve-
land, Ohio.

Presented al the Summer Convenlion of the A. I. E. K., Swamp-
scoll, Mass. Complele coptes upon request.
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over 25 years ago and to conform to the prevailing
conditions in the industrial plants at that time were
wound for operation on direct current. These tools
were generally series-wound, but several years later
the larger sizes were compound-wound to give better
speed regulation, which means higher armature speed at
full load with limited free speed and consequently
greater brake horsepower.

A few years after the introduction of the d-c. dnil],
a-c. drills were developed. These were built to operate
on 60 cycles and other prevailing frequencies such as 40
and 25 cycles. They of course had good speed regula-
tion, but the weight, due to lower rotor speeds being
limited to 3600 rev. per min. at 60 cycles and corre-
spondingly less for the lower frequencies, was somewhat
of a drawback.

About 1908 the now well-known universal drill was
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.introd.u.ced and has met with great favor on account of
1ts ability to operate interchangeably at practically the
Same speeds on either direct or single-phase alternating
current of a given voltage. The universal tool is
Series-wound with the typical series motor speed regula-
tion, however.

While the falling off in speed under load was con-
sidered to be of advantage in some classes of work, it
has now been demonstrated that due to the accomplish-
ment of a greater amount of work, sustained speed
of the induction motor is generally preferable. This is
particularly true of portable grinders as will be shown
later. ,

It is quite obvious that due to the absence of com-
mutator and brushes, as well as the Insulated armature
winding, the polyphase induction-motor tool has distinet,
advantages over the d-c. and universal tools, both as re-
gards speed regulation and lower maintenance costs.
One factor which has retarded its adoption, however,
has been its greater weight due to the low rotor speed on
commercial circuits of 60 cycles or less. Al electric
tools d-c., universal, and polyphase a-c., have always
had the handicap of weight as compared with pneumatic
tools, except at the sacrifice of sturdiness. Neverthe-
less, on account of the more convenient source of power
supply many users have put up with the greater weight
of the electric tool.

In order to reduce the weight of the induction-motor
tool it is evident that we must bring the rotor speed up,
and we can do this only by increasing the frequency,
since the 60-cycle drills were practically all provided
with the minimum ftumber of poles. The synchronous
speed of a two-pole 60-cycle motor is 3600 rev. per min.,
whereas the d-c. and universal tool motors have free
armature speeds of from 8000 to 16,000 rev. per min.
and even higher in some of the smaller sizes. Under
load these armatures slow down nearly 50 per cent which
still leaves a speed higher than that of the 60-cyvcle
motor.

Hi1GH-FREQUENCY ToOLS

A frequency of 180 cycles per second was adopted for
the high-frequency portable tools, which gives a syn-
chronous speed of 10,800 rev. per min. in the two-pole
motor used. This is considerably less than the average
free speed of the d-c. or universal tool, which is very high.
This means longer life for the bearings which are
generally of the ball type. The slip under normal full
load is from 8 to 10 per cent, giving an average loaded
speed of about 9800 rev. per min., which is much higher
than the load speed of the d-c. or universal tool with its
large speed drop. This, of course, means more power
with a given size of rotor.

Several factors governed the selection of a standard
frequency for these tools. Since it was necessary to ob-
tain spindle speeds which would conform to the modern
cutting tools for the drills, reamers, and abrasive
wheels, there must be a point where the reduction in
weight of the motor due to higher frequencies would be
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more than offset by the greater weight of the gearing
required to obtain the necessary spindle speeds. From
this point of view, the desirable frequency was found to
be in the neighborhood of 180 cycles per second.
Troubles in ball-bearings and difficulty of lubrication at
high speed is another limiting factor, although improve-
ment in both directions indicates the possibility of still
higher frequencies.

Thus the high-frequency tools meet the requirements
of intensified production in modern industry where port-
able tools are crowded to the utmost and in many cases
get very little care. The outstanding advantages due
to this application are:

I.  Greater increased power for the same weight, due
to the higher loaded speeds of the rotor.

II. Reduced weight for a given power output.

III. Practically constant speed at all loads (8 to 10
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Curve 1 is brake horsepower of high-frequency reamer
Curve 2 is brake horsepower of d-c. reamer

Curve 1a is speed of high-frequency reamer

Curve 2. is speed of d-c. reamer

per cent slip) which results in the accomplishment of
more work.

IV. DMaintenance cost greatly reduced.

In order to give comparisons with other types, a con-
crete example of the increased power and better speed
regulation of the high-frequenecy tool is shown in Fig. 2.
Here the actual watt input is plotted as the abscissas
against brake horsepower in curves No. 1 and 2 and
against the spindle rev. per min. in curves 1-4 and 2-A4.
Curves 1 and 1-4 show characteristics of a high-fre-
quency reamer weighing 50 1b. while 2 and 2-A are the
corresponding curves of a d-c. reamer which weighs 68
Ib. or 36 per cent more. The normal load rating of the
high-frequency reamer is 5300 watts input, at which
point it develops 5.35 hp. at 280 spindle rev. per min., or
with a slip of 614 per cent. The normal load rating of
the d-c. reamer is 3600 watts at which point it develops
3.5 hp. and 265 rev. per min., representing a slip of 5615
per cent. It will be noted that the reserve power above
normal full load of the high-frequency tool is large as
compared with the d-c. tool. The armature (exelusive
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of shaft and the ventilating fan) of the d-c. tool weighs
214 times as much as the high-frequency rotor.

Fig. 3 is the detail curve of the high-frequency reamer
shown in the previous curve. Note the well sustained
speed at maximum hp. and torque the slip being 15 per
cent; also the high power factor.

A cast rotor of relatively low resistance is used in these
tools, which gives close speed regulation. When they
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Fig. 3—CHARACTERISTICS OF LARGE HIGH-FREQUENCY

REAMER

were first put on the market it was thought that the
smaller tools would be required with considerable speed
variation, and a rotor wound with bare copper wire was
used making it possible to wind rotors of high or lower
resistance as desired. This practise has been discon-
tinued in favor of the low-resistance cast rotor, but a
comparison of the characteristics of a small 5/16-in.
drill with high-resistance rotor will be interesting.

This drill had a slip of 75 per cent with the torque at
the spindle very close to the maximum. The maximum
brake horsepower was reached at about 30 per cent slip.
With a low resistance rotor in the same stator a slip of
31 per cent was obtained at the same watt input which
gave 75 per cent slip with a high-resistancerotor, and the
maximum horsepower was developed at 8 per cent slip as
against 30 per cent. The maximum brake horsepower
was also 12 per cent greater with the low-resistance
rotor, these differences being due to difference in rotor
resistance.

Perhaps one of the most outstanding examples of the
advantages of high-frequency tools is to be found in the
portable grinder and buffer. Here the great advantage
of sustained speed is very pronounced. The cutting
wheel can be operated at the proper and most efficient
speed without having to allow a high and dangerous
free speed, as is the case with other types of electric and
some air grinders. In addition to obtaining the most
efficient cutting speeds for the wheels, the wheels them-
selves give practically double the life at the sustained
speeds.
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Fig. 5 shows the curves of several types of electric
grinders, each having the same weight. The spindle or
arbor rev. per min. are shown as the abscissas plotted
against the hp.

Curve 1 is of a geared grinder with universal motor
and the armature running about three times as fast as
the spindle. Note the extremely high no-load speed of
5200 rev. per min., and the speed of 2000 rev. per min.
at maximum hp.

Curve 2 is of a geared compound-wound d-c. grinder.
The effect of the shunt winding is made apparent in the
reduced no-load speed. We also have a greater wheel
speed at maximum hp. ‘

Curve 3 is of a two-pole 60-cycle induction-motor
grinder without gearing. The synchronous speed is
3600 rev. per min. Here we have good speed regulation
and, of course, the absence of gearing is an advantage in
that it permits of a larger motor for the same total
weight of the tool.

Curve 4 is of a high-frequency grinder geared slightly
less than three to one so that the free speed is about
3800 rev. per min. This has good speed regulation and
very much more power due to the high rotor speed at
fullload. This is the only grinder of the group that will
successfully carry a six-inch abrasive wheel at proper
speed and with sufficient power behind it. The rubber-
bonded wheels which permit of a peripheral speed of
10,000 ft. per min. can of course be taken care of by re-
ducing the gear ratio and increasing the arbor speed of
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Fig. 5—ComparisoN oF ErEcTrRIC GRINDERS OF FOUR

DirrereNT TYPES

All these grinders have the same weight
Curve 1—Geared universal-motor grinder
Curve 2—Geared compound-wound d-c. grinder
Curve 3—Gearless 60-cycle induction-motor grindor
Curve 4—Geared high-frequency grinder

the high-frequency tool or by using a larger diameter of
wheel with the ratio shown.

Just as sustained correct speed makes for longer wear
of grinding wheels and abrasive disks, so does it also
give long life to reamers and drills. In reaming through
a considerable thickness of steel when much metal is to
be removed, a tool having great speed variation is apt to
produce a clogging of thereameratextremely slow speeds
and burning when the load is lessened with the reamer
still in the hole.
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A very striking example of the effect of nearly con-
stant speed in increasing the life of the reamer was ob-
served in a bridge fabricating plant with a 50-Ib. high-
frequency tool, having a synchronous speed of 300 rev.
permin. The holes were punched 11 /16 in. and reamed
to 15/16 in. through assembled plates varying in group
thickness from 114 in. to 3%4 in. Over 3000 linear
inches of this reaming was done with one reamer without
regrinding. This was at a reaming rate of 3.7 in. per
min., including the time of changing from hole to hole.

As an example of reaming 15/16-in. full-punched holes

Nur Ruxyxer wite CrsHION
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in deck plates on ship work, a high-frequency reamer of
300 rev. per min. synchronous speed reamed 100 holes
in 9 min., which was 39 per cent faster than with a
compound-wound d-c. reamer weighing 40 per cent
more.

In the drilling of metal it has been found that high-
frequency drills selected as to proper speed for the size
and nature of the holes to be drilled will do the work in
one-half the time required by the d-c. or universal drills
with their greater speed variation.

So much more work can be accomplished with the
high-frequency tool that large numbers of the older
types of tools are being discarded. Manufacturers are
recognizing the rapidly changing conditions and are
willing to scrap the earlier tools to invest in the new
equipment necessary, in the shape of frequency con-
verters or motor-generator sets and new wiring in order
to gain the advantages of increased production. Due
to the transformation to the high-frequency current the
cost of power is somewhat more but the individual
efficiency of the tools is higher than in the old types of
tools. As the cost of current in many industries is only
about one-twentieth of the cost of production labor, the
great increase in productive capacity made pos'sible by
the high-frequency tool compensates many times for
the slight increase in cost of current. .

The outstanding advantages of high-frequency tools
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have been so apparent that new applications have been
springing up with great rapidity. A few of the tool
types and their applications will be described im the
following paragraphs.

Fig. 8 shows a nut runner for counterbalanced sus-
pension, equipped with a cushion clutch which is ad-
Justable for various sizes of nuts. This clutch which has
multiple jaws, releases at a predetermined load and can-
not drop into engagement again until the completion of
one full revolution. The jaws are quite shallow and
there is considerable angular clearance between the
interlocking faces, so that when they drop in after
having released, the driving faces come together with
considerable speed and due to the yielding effect of the
spring which holds them together, they ride up and out
of contact with practically no shock to the operator or
tool.

Fig. 9 shows a large reamer weighing 50 Ib. and
handled in most cases by two men. This is capable of
1-5/16-in. reaming in steel at a very rapid rate.

Fig. 10 shows a tool for driving screw studs and at the
same time indicating their tightness. The tool is
carried in a radial arm which is very flexible and serves
to take the torque and support the weight of the tool.
It has been the custom in putting in screw studs to drive
them part way mechanically and then use a double
ended wrench to feel them manually for tightness. This
was a double operation and slow.

In the construction shown the tool is free to turn on
ball bearings around its spindle axis through an angle
of 20 deg. or 30 deg. and this movement is resisted by an

Fic. 9—Hicu-FREQUENCY REAMER

Capacity 15716 in., weight 50 1b.

adjustable weight and lever arm. A so-called solid
chuck is generally used which screws over the upper end
of the stud and the tool must be reversed to get it off
after the stud is driven home. An automatic depth
stop, set for the proper length of projection of the stud
from the working surface, throws out the driving clutch
and stops the tool spindle. The raising of the hand
lever at the right engages the reverse clutch and gearing
in the tool.

After the tool starts to drive the stud in the tapped
hole, the torque developed tends to turn the housing of
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the tool against the weight and lever arm shown in
Fig. 10, and if this torque is sufficient to lift the weight,
an electrical contact is made which causes a green light
to appear indicating to the operator that the stud is of
the proper tightness. In order to take care of the
danger of getting studs too tight, as in cast iron, a
second weight and lever are supplied, cooperating with
a red light to indicate when the stud is going in too
tightly. The excess torque causes the second weight
to be lifted and the circuit for the red light to be com-
pleted. Current for the lamps is supplied through a
small 4-volt transformer.

The radial arm shown in Fig. 10 is also used to carry
nut runners as shown in Fig. 8. This relieves the
operator of the weight and all shock of driving even
when the ordinary solid jaw clutch only is used.

Fig. 11 shows a typical portable grinder for foundry
and general grinding. This tool is also furnished with a
self-contained angle-gear drive for operating renewable
abrasive disks for the sanding of automobile bodies and
similar work.

There are many other tool applications which are
modifications of those shown. Eight motor sizes com-

Ma. 10— we-Frequency StTun SETTER Mot NTED ON RADIAL
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prise the group of tools, Fig. 8 to Fig. 11, with a large
number of gear ratios and mechanical combinations.

SUPPLYING THE HIGH-FREQUENCY KNERGY

There are two well-known methods of transforming
commercial current to high-frequency current, »z., the
frequency converter and the motor-generator.

The frequency-converter can only be used when the
primary current is a-¢. and congists of special windings
in a slip-ring motor frame, the rotor of which is driven
backward, usually by an induction or synchronous
motor. As satisfactory tool operation depends on
good voltage regulation, it has been the aim of the
manufacturers to hold within 8 per cent voltage varia-
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tion, the full-load voltage being 220. The frequency
converter has au inherent regulation and the voltage
at a given load varies only with the primary voltage.

The motor-generator or alternator provides an en-
tirely new current. The motor can be operated from
either direct current or alternating current. If the
latter, an exciter will be required for the generator
fields. A regulation not to exceed 8 per cent is also
desired with this set but it is possible to vary the voltage
either manually or automatically by changing the field
current of the generator.

The current used for high-frequency tools is three-

Fic. 11—Hicu-FrREQUENCY GRINDER

Wheel 6 in. by 14 in.

phase and a cable with four conductors is provided with
the tool, terminating in a suitable plug. The fourth
conductor is grounded to the housing of the tool and the
receptacle in the power line is grounded. This seems to
have been satisfactory in the prevention of shocks from
grounded windings. It has been suggested that a fourth
collector ring be provided on the frequency converter
or motor generator to connect to the neutral of the star
connected windings and to ground.

The high-frequency tool has withstood rigorous tests
over a period of several years and those who are familiar
with its capabilities cannot help but feel that it repre-
sents the greatest advance made in portable tools since
their introduction.

STREET LIGHTING F(;I{Mg ATRWAY
MARKER

A new street lighting system has been installed on
two converging streets in Cheney, Washington, so
as to form an arrowhead of light, pointing in the direc-
tion of Spokane. Aviators, when flying at night from
the West Coast to Spokane, are able to pick up the
lights of Cheney and by following the direction of the
guiding arrow, find it a simple matter to locate their
destination at the large landing field at Spokane.

The new street lighting installation, designed and
manufactured by the Westinghouse Company, was
donated to the town by Mayor C. D. Martin, as a
memorial to his father and mother who were pioneers
in that community.

The system consists of 62 ornamental cast iron
standards of the Arcadian design with Sol-Lux Lumi-
naires equipped with Bi-lux refractors and 4000-lumen
lamps.  The Bi-lux refractors, by providing a sym-
metric distribution of the light, flood the streets with a
brilliant illumination readily discernible from a high
altitude.
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Electric Welding

ANNUAL REPORT OF COMMITTEE ON ELECTRIC WELDING*

To the Board of Directors:

Your Committee on Electric Welding hereby reports
the following activities and developments in their field
of activity for the fiscal year May 1, 1928-May 1, 1929.

MEETINGS AND PAPERS

Our Committee arranged for the presentation of two
papers, at the March 1929 Regional Meeting held at
Cincinnati, namely, one by Professor F. P. McKibben,
on Arc Welding in Building and Bridge Construction;
the second paper by Mr. H. V. Putman, on Design and
Construction of Electrical M achinery Using the Are
Welding Process of Fabrication.

AMERICAN WELDING SOCIETY ACTIVITIES

The American Welding Society through its several
Committees, has prepared tentative codes on: 1 )
Recommended procedure for fusion welding of pressure
vessels; (2) Fusion welding and gas cutting in building
construction; (3) Nomenclature definitions and sym-
bols, and is developing a code for welding for pressure
piping.

The Fundamental Research Committee of the
A. W.S. is carrying on a number of researches headed
by able representatives of eight of the leading colleges
In the country, who are making studies under a number
of subjects, some of which are as follows:

1. Resistance welds in low and high carbon steel
rods.

2. Study of welds at elevated temperatures.

3. Effect of current density and microstructures on
strength of welds.

4. Study of weld joints by X-rays.

5. Study of the fundamentals of the welding are.

6. Study of welded rail joints.

The American Welding Society is carrying on a great
deal of additional detailed work too extensive to men-
tion in this brief report.

COMMERCIAL ACTIVITIES

Bridge Construction. During the vear a !;-mile line
of overhead railroad construction at a prominent steel
mill was reconstructed by the addition of 75 tons of
steel.

The Public Service Co-ordinated Transport Co. of
New Jersey successfully repaired by are welding two
pairs of poney trusses each 86 ft. long, forming a com-
bination trolley and highway bridge spanning the tracks
of the Central Railroad of New Jersey and the Lehigh

*COMMITTEE ON ELECTRIC WELDING:
A. ). Candy, Chairman,

O. A, Adams, O. H. Eschholz J. C. Lincoln,

P. P. Alexander, H. M. Hobart, Ernest Lunn,

C. W. Bates, C. J. Holslag, A. M. MacCutcheon,
Ernest Bauer, C. L, Ipsen, J. W. Owens
Alexander Churchward, Wm, Spraragen.

Presented at the Summer Convention of the A. I. E. E., Swamp-
seoll, Mass., June £4-28, 1929. Printed complele herein

Valley Railroad at Middlesex Borough near Bound
Brook, N. J. This was a very unique operation,
requiring 50 tons of new steel and is described in
Engineering News Record of October 25, 1928.

At the present time, the Harahan Bridge at Memphis,
Tenn., is being reconstructed and widened which work
will involve a total of 250 tons of steel. Asan indication
of the saving possible in this class of work, we cite the
following figures, namely, an average of six bids for
riveted reconstruction $15,060 as against an average
for the bids by welding construction of $10,750. This
represents a saving of 2815 per cent by welded recon-
struction as compared with riveted reconstruction work.

Office Buildings, etc. The Homestead Hotel at Hot
Springs, Va. has had a 12-story addition made thereto
by the arc welding process, the addition Involving 550
tons of steel. The principal consideration in this opera-
tion was the elimination of noise, which would have dis-
turbed the guests in the old hotel structure immediately
alongside of the new structure. It is difficult to put a
direct monetary value upon the elimination of excessive
noise for such a proposition.

A combination office and bank building, involving
250 tons of steel, was erected at North T onawanda, N.Y.
for the Tonawanda Power Co.

Fia. 1~“CLE\'EL.\.\'D Orrice BuiLpixg. ILLusTRATES DE-
CREASE IN WEIGHT oF COLUMNS FROM THE FirsT FLOOR TO THE
FourTha FLoor

An office and store building (Upper Carnegie Bldg.)
involving 115 tons of steel was completely erected by
the arc welding process, using no rivets or bolts, in the
City of Cleveland, Ohio, see Figs. 1,2, 3, and 4.

Factory Type Buildings. Two buildings of this type
were constructed in California for the Southern Cali-
fornia Edison Co. at Portersville and Visalia, Calif.
A building approximately 50 ft. by 100 ft. was con-
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structed by welding at Los Angeles. Several additional
small buildings in California were constructed by weld-
ing, with trusses from 40 ft. to 75 ft. span. The Ameri-
can Milling Co. of Omaha, Neb., has built a large hay
barn 75 ft by 190 ft., using 100 tons of steel. In central
Florida 15 arc-welded buildings have been constructed,
principally for citrus packing houses. The largest of

Fic. Fraying ParrLy Erecrep wita 36-IN.

GirpEr WELDED IN PosIiTION

2—SHOWS

these is 117 ft. by 202 ft., containing 200 tons of steel.
One building (Fig. 5) is now nearing completion at
North Trafford City, Pa.,involving 800 tons of steel and
floor space in excess of 100,000 sq. ft. A portion of this
operation involves a structure three stories in height, the
remaining portion being single story construction.

ST
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Fig. 3—Dgerain. View [LLUsTRATING WELDED JOINTS IN
36-1N. GIrDERS AND LocatioNn o WeLpEp OPEN Brams FOR
SurPORTING THE F'LLOOR

Thirty-two municipalities in California and eight in
Oregon, Louisiana, Mississippi, Arkansas, and Arizona
now have sections in their building codes covering the
welding of buildings.

According to the new building code sections for these
cities, it is now legal for the Commissioner of Buildings
in each place to grant, in the same manner as for riveted
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frames, permits for the erection of electrically welded
steel frame buildings.

Pipe Welding. Several installations for welding two
lengths of pipe together in the shop to make approxi-
mately 40-ft. lengths out of approximately 20-ft. lengths
of pipe have been made during the past year. Also
some installations for welding longitudinal joints to
produce piping in the shop have also been made.

Considerable progress was made during the past year
in electric welding gas and oil pipe lines. The method
of making the weld, the size of electrode, and welding
conditions have been determined for best results and
experience has demonstrated the effectiveness of this
procedure. Methods of testing the welds have been
worked out so that a minimum of interference with the
welding procedure is encountered and yet the tests are
very effective for determining the quality of the welds.

"The welding of pipe lines of municipal water supply

Fic. 4—Suows THE BUILDING ParRTLY COMPLETED

has progressed rapidly during the past year. Auto-
matic welding machines and procedure control specifica-
tions have been developed for this work. Welding
technique and testing methods have been determined to
insure uniform results on a production basis. The
effect of these developments has been to reduce the cost
of pipe lines for city water supply systems.

Between 1400 and 1500 miles of pipe line for carrying
oil are now being laid in Texas and the South West.

Figs. 6 and 7 illustrate the welding of pipe on one of
these lines.

This line is owned by the Texas Pipe Line Co. and
has its sea terminus at Port Arthur and runs 714 miles
to a place called Monahans, not far from El Paso,
Texas.

This pipe carries oil at a pressure of 800 lb. per
square inch,

The process of laying the pipe is to get on an average
of five 40-ft. lengths lined up on skids along the same
axis so that the ends of the pipes being welded are square
with each other and weld these five lengths together,
turning the pipe every once in a while so that the welder
iswelding in a substantially downward position. These
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welds are made at the rate of 12 to 14 per day per
operator.

Two welds are made on each pipe, a so-called burning
inweld and a finishing weld.

One end of each pipe is bell mouthed, and the small
end of one pipe is inserted in the large end of the next
pipe preparatory to welding.

After the five lengths of pipe are welded into sections
the bell mouth end of one section receives the small
end of the next section and the two sections are welded
together.

This weld is called a “bell-hole weld”’ and part of this
weld must be made overhead. The average rate of
making bell hole welds is 8 to 10 per day per operator,

After the pipe is welded, it is lowered into a trench
which has been prepared for it and later covered.

The outside of the pipe is protected with a heavy
coating of asphaltic material to prevent the earth from

Fic. 5—BuiLping ComprisEs THREE Units 1N 4 U GrROUP.
TraNVERSE UNiT IN FOREGROUND 1s 133 Fr. BY 60 Fr. LoONGI-
TUDINAL BUILDING aT LEFT 15 441 F1. BY 62 Fr., 140 Fr. OF
wHICH Is THREE STOoRIES IN HEIGHT. LoONGITUDINAL BUILDING
AT RiGHT 15460 F1. LoNG BY 62FT. WipE. A CoMmMBINED OFFICE
AND SHIPPING BUILDING aT ExTREME ExD G1vES A ToTaL FLOOR
Srace IN Excess or 100,000 Sq. F'r.

coming into contact with the pipe so as to prevent
corrosion.

After the pipe is welded it is tested with hydrostatic
pressure for tightness, after which the pipe is laid in
the trench and covered.

The illustrations show in some detail the process as
it is being carried on.

The welding machines are gasoline engines driving
welded sets and these may be transported on wagons or
may be dragged from point to point by trucks.

Pressure Vessels. During the past year or so two
companies have developed special technique and
methods for arc welding of heavy steel plate, oil cracking
stills, and other high pressure vessels. One of these
companies, for example, has manufactured over a
thousand vessels using over 70,000 tons of plates
averaging about 3 in. in thickness. Excellent ductility
and tensile strength are obtained by the methods used
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by these two companies which employ covered elec-
trodes with special alloys, heavy currents, and annealing
of the structure after welding.

Resistance Welding. The use of spot welders, tubing
welders, and flash welders has extended rapidly, es-
pecially in the automotive field, during the past year.
Probably the latest large development in the resistance
welding field is that of applying flash welders for pro-
ducing pipe in commercial lengths, up to about 30 in. in

Fic. 6—BeLr HorLe WELDING oN 12-I1N. PrpE LixE NEAR
WEeLch, OkLanoyMa. OBservE BENnDs 1x Prpe DUE To U~NEVEN
TEeERRAIN, wHICH CAUSES NO FAILURES

diameter by %% in. in thickness, requiring several thou-
sand kv-a. of power to make each longitudinal weld.
Machinery Construction. The use of welded machine
structures replacing castings has received great impetus
during the past year, especially amongst the manufac-
turers of electrical apparatus. The stator for a 160,000-
kw. turbo generator has recently been constructed of
arc welded steel. (Figs. 8 and 9.) It is undoubtedly
safe to say that at the present time such construction

Fig. 7—TyricaL FiNisHED WELDED JoinT 1N 12-Ix. Pipe LINE

by several of the leading manufacturers in the United
States has reached the point where not less than 2000
tons per month of such fabricated machines are being
produced.

Ship Construction. Metal are welding is being used
extensively in the construction of merchant and naval
ships. In both cases, the policy pursued is that of a
gradual utilization of the process, rather than an attempt
to weld the complete ship. In merchant ship con-
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struction the object is reduction in cost, while in naval
work, the object is to save weight.

International attention has recently focused on are
welding in naval construction because the weight

Fic. S—FraMe For 100,000-Kv-a., 3600-Rev. PEr Min,,
TurBo GENERATOR wHICH WEIGHS CoMrLETE 265,000 Pounps
AND WAS SHipPED As A UniT wiTH WINDINGS IN PLace. IF a
CasT FRAME HAD BEEN Usep THE WEIGHT WouLp Have Ex-
ceeped THE Maximom Car Caracity Forcixg THE Cowm-
PLETING OF THE MacniNE oN CUSTOMER'S PrOPERTY INSTEAD
OF AT THE FACTORY

saved by its use materially assisted the German Navy
to mount eleven-inch guns on their new 9000-ton
cruisers.

The steam ship Virginia, built during the year by the

Fic. 9—SBows a WELDED MoOTOR-GENERATOR SET THE
O~nLY CasTiNGgs UseEp BEING THE PEDESTAL BEaRINGs. EveEx
TBE BRUSH R1GGING FOR THE GENERATOR IS OF WELDED STEEL
ConstrUcTiON. THIS SET 1s RaTED AT 750 Kw., 900 REV. PER
Min.

Newport News Shipbuilding & Drydock Co. for the
Panama Pacific Steam Ship Co., embodied sufficient
welding in its construction to require the use of 43,000
Ib. of electrode welding wire.

Arc welding has also been used extensively in the
construction of the 272-ft. yacht Viking for Wm.
Baker. In this case, it greatly assisted the architects
in obtaining the desired graceful lines.

The Fore River Yard of the Bethlehem Shipbuilding
Corp. has constructed a number of bulkheads wherein
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one row of rivets was replaced by a continuous weld.

The Federal Shipbuilding and Drydock Co. of
Kearny, N.J., have recently completed two all-welded
channel type scows each 116 ft. long, 34 ft. wide, and
1014 ft. deep.

Miscellaneous. The use of automatic welding equip-
ment has increased materially but todateits possibilities
have been appreciated by only a very limited section of
industry.

Atomic hydrogen has found many new applications
on alloy steels and nonferrous metals. For welding
thin sheet steel below No. 16 gage this process has been
applied very satisfactorily where smoothness of finish
and good ductility are required.

SUMMARY

There are a great many other individual welding
applications which might be mentioned but we believe
that the above brief résumé summarizes the principal
activities in the welding field and will give an insight
into welding developments for those who are not directly
identified with welding work.

CORRESPONDENCE
STRAY LOSS MEASUREMENTS
To the Editor:

I wish to submit a discussion of Mr. M. C. Holmes’
paper on Separation of Stray Losses in A-C. Generators*
as follows:

[ believe that Mr. Holmes has given a very clear and
correct interpretation of his experimental results. To
add some further verification to his conclusions, I
may say that we have made several calorimeter tests
on turbine generators and found that the load losses
at the normal voltage, zero per cent power factor, over-
excited condition were substantially the same as those
measured on short-circuit. Recently we have made
similar tests on some rather large machines at 80 per
cent power factor and found the same conditions. In
none of these machines was the pole face loss abnor-
mally high, yet, if anything, the load loss at normal
voltage was a little greater than that measured on short
circuit.

We have made calculationst to determine the axial
depth of flux penetration in the armature iron near the
ends of the machine, and obtained results comparable
to those shown in Fig. 8 of Mr. Holmes’ paper.

I should be greatly interested to know how Mr.
Holmes determined the volume of iroa to which a
given measured rate of loss should be attributed in the
cases where the iron is thick and the consequent depth
of flux penetration might need to be considered; 7. e.,
where the entire thickness of iron probably would not
have as high a rate of loss as was measured at the
surface by means of the temperature detectors.

J. F. CALVERT.

*A. L E. E. JI, March 1929, p. 224.

tIron Losses in Turbine Generators, by C. M. Laffoon and
J. F. Calvert, A. I. E. E. Quarterly Traxs., 48, Part 3, 1929,
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Outdoor Hydrogen-Ventilated Synchronous

Condensers
BY ROBERT W. WIESEMAN+#

Membor, A, I. K. &£

Synopsis.— Hydrogen is an, excellent cooling medium for high-
speed rotating elecirical machinery. When it is substituled Jor arr,
@ machine can be operated al o higher load with the same temperalure
rise and the windage loss 1s decreased lo one-twelfth. Furthermore,
since no oxidation can take place in this type of machine, the life
of the insulation is increased and short eircuit and corona troubles
are very malerially reduced. The machine is especially quiel, and
it can be placed out of doors without increased expense,

I. INTRODUCTION
Advantages in Ventilating « Machine with H ydrogen

THE characteristics of hydrogen gas, which makes it
A desirable as a cooling medium for high-speed rotat-
Ing electrical machinery, are as follows:

Low Density of Hydrogen. Hydrogen is a colorless,
odorless, tasteless gas whose density is only 7 per cent
that of air. The windage loss of a rotor is approxi-
mately proportional to the density of the gas in which
it rotates. Thus, the windage loss of a rotor running
in an atmosphere of pure hydrogen is only 7 per cent
of the air loss. It was found to be entirely practical
to maintain a gas mixture in a machine of 99 per cent
hydrogen and 1 per cent air, etc., and so a windage loss
of only 8 per cent of the air loss is realized. The de-
creased windage loss also decreases the amount of heat
to be removed from the machine, and the size of the
surface cooler can be reduced when hydrogen is used as
a cooling medium. The bearing friction loss is the
same in hydrogen as in air.

High Thermal Conductivity of Hydrogen. Hydrogen
conducts heat about seven times better than air and the
specific heat of a gram of hydrogen is about 14.5 times
that of a gram of air. Consequently, heat passes across
the small spaces in the insulation and between the lam-
inations, ete., much more readily than with air cooling;
and so the internal copper temperature, for a given
surface temperature, is less in hydrogen than in air.

High Forced Heat Convection of Hydrogen. 1In an at-
mosphere of hydrogen 30 per cent more heat can be
transferred from heated surfaces than in air with the
same surface temperature drop. Furthermore, when
the hydrogen comes in contact with a surface cooler,
more heat can be transferred to the cooler than with air.
This again enables a smaller surface cooler to be used;
or with the same cooler a lower cooling medium tem-

*A-C. Engineering Department, General Electric (lo., Sche-
nectady, N. Y.

Presented at the Summer Convention of the A. I. E. E., Swamp-
scott, Mass., June 24-28, 1929. Complete copies upon request.
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The first commercial application of hydrogen cooling for electyical
machinery was made on « 12,600-kv-a. ouldoor synchronous con-
denser.  Amnother ouldoor hydrogen-cooled condenser designed along
these lines rated 20,000 kv-a., is also in o peration.  Bolh condensers
were placed in service tn 1928 and lheir performance has been very
satisfactory.  This paper describes the construction of the machines
and rveviews the advantages and disadva ntages of hydrogen cooling.

* * * * *

perature is realized, and the internal temperature of the
coll is still further reduced. The bearing temperature
is also less in hydrogen than in air.

The reduction of windage loss, the increased thermal
conductivity and forced heat convection of hydrogen re-
sult in an increased output of 25 per cent or more,
depending upon the hydrogen pressure used, the type
of ventilation employed, the degree of saturation in the
magnetic structure, and the stability required.

No Combustion Possible in an Atmosphere of Hydrogen.
There is no oxygen or dirt present in the machine, and,
consequently, a combustion cannot take place. This
eliminates the need of fire extinguishing apparatus.
The burning of iron and insulation following a ground or
short circuit is reduced to a minimum. The insulation
retains its flexibility, and its life therefore is greatly
increased. The bearing lubricating oil remains clean
and it does not oxidize or sludge so readily as in an air
cooled machine.

Detrimental Effect of Corona Reduced to Minvmum.
The thickness of the armature cojl insulation is governed
partly by the high-voltage gradient and the formation
of corona in the minute spaces of the insulation. Tests
have demonstrated that the damage caused by corona
is practically absent in an atmosphere of hydrogen.!
Not only will this increase the insulation life, but it will
allow a thinner insulation to be used or a greater factor
of safety to be secured. These factors will not only
make it easier to build machines of present day voltages,
but they will make it possible to employ higher voltages
in the future.

Finally, the absence of corona damage to varnished
fabric insulations will permit their use on high-voltage
machines with a substantial decrease in cost. The
greater impulse voltage strength of varnished fabric as
compared with micainsulation thus gives the hydrogen-
cooled machine a further advantage for installations
where high-voltage surges are likely to be experienced.

Outdoor Operation. At practically no increase in

1. For references. see Bibliographv.
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cost a hydrogen-ventilated machine can be made suit-
ably weather-proof for outdoor operation. This effects
a great saving in building expense.

Quiet Operation. The windage noise of a totally
enclosed hydrogen-cooled machine is very much less
than that of an air-cooled machine. Thus, a hydrogen-
cooled machine is exceptionally quiet and it can be
placed outdoors in a residential district where a noisy
machine would be very objectionable.

Disadvantages tn Ventilating with Hydrogen

Safety Precauiions. When hydrogen cooling was
first proposed, some difficulty in preventing accidental
explosions was anticipated. The increasing familiarity
with the problem and the extensive use of hydrogen for
many indistrial purposes, such as brazing, annealing,
welding, etc., indicate that there should be no difficulty
with this problem. The Schenectady factory of the
General Electric Company uses 30,000,000 cu. ft. of
hydrogen per year without experiencing any difficulty
from this source. Every city has one or more gasom-
eters containing many thousands of cubic feet of gas
which though not explosion-proof give practically no
trouble. The following table gives the stored energy
in a steam boiler, in a large turbine-generator rotor,
and in the gas of a hydrogen-ventilated synchronous
condenser when it contains the most explosive mixture
of air and hydrogen:

Stored energy ft-lb. Per cent

Steam hoiler

2000 boiler hp... ............. 25,000 X 10° 100
Large turbine-generator rotor. . . . . 300 x 108 6.0
Hydrogen-ventilated machine con-

taining 1000 cu. ft. of the most

explosive mixture of air and hy-

drogenat atmospheric pressure . . 70 X 10° 1.4

It is quite evident that a hydrogen-ventilated synchro-
nous condenser has very much less potential explosive
force than other apparatus in common use.

A mixture of hydrogen and air will not explode if
the hydrogen content, by volume, is more than 70
per cent or less than 10 per cent. If a machine is
scavenged with carbon dioxide before it is filled with
hydrogen, no explosion can take place when it is started
for the first time. The hydrogen pressure in the ma-
chine is automatically maintained slightly above at-
mospheric pressure. This prevents air from leaking
into the machine, and eventually the hydrogen purity
will reach that of commercial hydrogen which is usually
around 99 per cent. It has been found that a hydrogen
purity of 98 per cent can be obtained in a few hours
after a machine is filled with hydrogen. A hydrogen
purity indicator can be made to ring an alarm if the
purity falls below normal. A fan pressure gage cali-
brated to read hydrogen purity gives an instantaneous
reading of the hydrogen purity in the machine when it
is In operation. Thus, the possibility of an explosion
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is very remote if the machine is given ordinary
supervision.

Increased Disassembly Expense. If a hydrogen-
ventilated condenser must be disassembled for repairs,
more time will be consumed and more expense will be
involved than with a standard air-cooled machine. On
the other hand, it should not be necessary to dismantle
the hydrogen-ventilated machine so often because of its
longer insulation life, its lower bearing and internal coil
temperature, and the absence of dirt. It is believed,
therefore, that the total maintenance expense over a
period of years will be less for the hydrogen-cooled
machine.

II. HyDROGEN COOLING CAN BE EASILY APPLIED TO
A SYNCHRONOUS CONDENSER

It is unnecessary to have the shaft of a condenser
extend through the gas-tight shell as in the case of a
turbine generator, and so a seal? of any kind around the
shaft is not required. With this arrangement, the con-
struction of the machine is simplified because the entire

Fia. 1—THE First Ovurpoor HYDROGEN-VENTILATED SYN-
caroNoUS CoONDENSER, 12,500-Kv-a.. 900-Rev. rer Min.,
THREE-Puask. 60-CycLE, 13,800-VoLrs. NEw EnGLAND POWER
Co., PawTtucker, R. T.

machine, including the bearings and shaft, can be en-
closed in a gas-tight shell.

11I. DESCRIPTION OF OUTDOOR INSTALLATION

Fig. 1 shows the 12,500-kv-a. hydrogen-ventilated
synchronous condenser completely installed at the Paw-
tucket, R.I. Substation of the New England Power
Company. This condenser is the first of its kind ever
built. It islocated out of doors without any protection
from the weather, but is placed over a pit which is made
weather-proof by a substantial sheet-iron covering.
Along side of the condenser are located the switches,
starting compensator, transformers, and lightning ar-
resters. Fig. 3 is a sectional view of the machine.
These views show the semi-circular surface coolers, the
bearing housing and its fabricated support, the high-
voltage armature terminals, the collector housing, and
the construction of the gas-tight frame. The bearings
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can be filled with oil and drained without dismantling
the machine or losing any hydrogen.

The 20,000-kv-a. condenser located near Charles-
ton, W. Va,, at the Turner Substation of the Appala-
chian Electric Power Company is also placed out of
doors and it has the same design as the 12,500-kv-a.
condenser except that its capacity is higher. The
field collector is located in a small housing which is
bolted to the end head.

‘In the weather-proof pit beneath the condenser
are located the cooling water circulating pump,
the oil pump for filling the bearings and furnish-
ing high pressure oil for starting, the hydrogen
supply tanks, the hydrogen pressure gage, the indicating

. thermometers, the automatic hydrogen pressure con-

trol, the rotor fan pressure gage for indicating the
hydrogen purity when the machine is in operation, the
thermal cell of the hydrogen purity indicator which
indicates the hydrogen purity at all times, and the
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VENTILATED SYNCERONOUS CONDENSER

various valves for controlling the water, oil, and
hydrogen.

IV. EXPLOSION-PROOF FRAME

The stator frame consists of three sections and two
heads bolted together as shown by Fig. 3. The main
joints of the frame are gasketed gas-tight and they have
practically no hydrogen leakage. The large middle
section holds the armature punchings and windings and
the two smaller sections hold the internal surface coolers
and bearings. The frame is fabricated entirely from
steel plate. The elimination of castings, which are some-
times porous, is not only in keeping with present day
dynamo machine construction, but it also insured
minimum hydrogen leakage.

In order to minimize the effect of an explosion re-
sulting from careless operation, these condensers were
provided with a cylindrical explosion-proof frame de-
signed to resist the disruptive force of the most ex-

plosive mixture of hydrogen and air at atmospheric
pressure. The frame of the 12,500-kv-a. condenser
without windings, coolers, and piping, was filled with
the most explosive mixture of air and hydrogen, and the
gas was ignited with a spark plug. No damage re-
sulted from the explosion which developed a maximum
pressure of 85 lb. per sq. in. as recorded by an instanta-
neous pressure recorder. If the machine had been com-
pletely assembled with all of the various metallic parts,
especially the coolers, the pressure would have heen
only about 50 1b. per sq. in. This test also showed that
an explosion would have no detrimental effect on the
insulation. It is very unlikely that the gas in the ma-
chine will ever reach the most explosive mixture of air
and hydrogen of 5 to 2 by volume. For any other gas
mixture, the explosive force would be very much re-
duced. The theoretical pressure of 180 Ib. per sq. in.
with an air-hydrogen explosion could be obtained only
if no heat were absorbed by the explosion chamber and
its contents.

VII. HYDROGEN VENTILATION

Each end of the frame contains two-semi-circular
surface coolers. The cooler heads can be removed and
the tubes cleaned without dismantling the machine or
losing any hydrogen. The four cooler units are piped
in multiple, and air vents and drain valves allow the
coolers to be thoroughly drained to prevent any water
in the cooler from freezing in the winter if the machine
1s not in use.

The rotor poles and fans force the ventilating gas
through the stator ducts to the back of the stator frame.
Then the gas passes through the semi-circular coolers
and is returned to the rotor and recirculated. Pro-
vision is made for ventilating the collector housing by
circulating hydrogen through the housing by means of
two pipes. Two dial thermometers indicate the tem-
peratures of the ventilating gas before and afterit passes
through the cooler. If the temperature of the gas
leaving the cooler exceeds 40 deg. cent., the thermom-
eter rings an alarm. Indicating thermosmeters also
ring an alarm if the bearing temperature exceeds 70
deg. cent.

VIII. HYDROGEN LEAKAGE

An automatic pressure regulating switch and valve
maintain the hydrogen in the machine always slightly
above atmospheric pressure to prevent air from leaking
into the shell. The hydrogen pressure in the machine
varies with its internal temperature. The average
pressure is around 14 lb. per sq. in. and the leakage of
the machine itself at this pressure is about 6 cu. ft.
per day which costs around 10 cents. The hydrogen
purity indicator wastes a small amount of hydrogen
for its thermal analysis. Thus, the total hydrogen cost
1s very small, from 15 to 20 cents per day, depending
upon how much is used by the hydrogen purity indi-
cator.
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IX. INCREASED OUTPUT

The excellent cooling properties of hydrogen enable a
given machine to operate at an increased output at the
same temperature rise. If the hydrogen pressure is in-
creased above atmospheric pressure, the output can be
further increased. Numerous heat runs were made in
which the hydrogen pressure was increased in steps up
to 25 lb. per sq. in. These tests indicated that a hy-
drogen pressure of 15 Ib. per sq. in. gave the best results.
If the pressure is increased above this amount, the
windage loss increases appreciably and the gain in
output is not so marked.

The following table shows how the output of salient-
pole high-speed condensers increases with the same
temperature rise when hydrogen is used for the cooling
medium:

Cooling medium

Machine output

Air at atmospheric pressure................... 100 per cent
Hydrogen at a pressure slightly above atmos-

PheriC PreSsure. ..........c.veoovunaoreoncnn
Hydrogen at a pressure of 15 1b. per sq. in. above

atmospheric pressure. . ... .........cooooeen.

125 per cent

140 per cent

Naturally, these figures will vary with different types of
machines. The field winding is usually the limiting
feature because it is more difficult to ventilate, and
magnetic saturation and stability impose more limita-
tions on the rotor than on the stator.

X. DECREASED LOSSES

The introduction of hydrogen into a machine reduces
the rotor windage loss to about eight per cent of its
loss in air. The following table shows the saving in
windage loss of the two condensers:

Machine capacity Reduction of windage loss

kv-a. accomplished by hydrogen
20,000 85 kw. (0.429%, of machine rating)
12,500 51 kw. (0.419%, of machine rating)

The internal copper temperatures are less with hy-
drogen, and so the copper losses will be slightly reduced.
Fig. 7 shows the total losses of the 20,000-kv-a., three-
phase, 60-cycle, 11,500-volt hydrogen-ventilated con-
denser at various loads. The losses are given for air at
atmospheric pressure, for hydrogen slightly above at-
mospheric pressure, and for hydrogen at 15 lb. per
sq. in. At 20,000 kv-a. the total loss of this condenser
in hydrogen is only 1.5 per cent.

X1. CosT oF OUTDOOR INSTALLATION

The initial cost of any new type of apparatus is
usually high, and the development of hydrogen-cooled
machines has not yet reached the point where its cost
alone is the same as that of a standard air-cooled ma-
chine of the same size. The gas-tight construction, the
water coolers, and the auxiliary control features natu-
rally increase the cost which is partly offset by the in-
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creased rating obtainable. However, the value of the
improved efficiency due to the lower windage loss
(Fig. 7) will probably prove the deciding factor in any
cost comparison. The capitalized value of the two
per cent losses of a synchronous condenser is about the
same order of magnitude as the first cost of the con-
denser installation, so that any reduction in the losses is
of the same economic value as an equal reduction in
cost. Thus, when decreased losses, increased capacity,
lower internal temperatures, reduced fire risk, longer
insulation life, cleanliness, quietness, and saving in
building expense (outdoor operation) are capitalized,
a large hydrogen-ventilated machine has a real economic
justification.

CONCLUSIONS

The results obtained on these two hydrogen-venti-
lated synchronous condensers to date have been very
encouraging and three more machines, rated 15,000-
kv-a., are under construction. Not only have the
hydrogen features of the machines performed satisfac-
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torily, but during the past winter the machines have
operated successfully out of doors with no protection
from the weather. Thus outdoor synchronous con-
densers, whether air or hydrogen cooled, should give
reliable service at a reduced overhead expense.

Electrical manufacturers are constantly striving to
improve the efficiency and the ventilation of rotating
machinery. High-grade magnetic steel, transposed
armature windings, correct magnetic structure shapes
and proportions, improved rotor fans and ventilating
ducts, thinner and more compact insulation, ete., all
tend to reduce the losses and the size of a machine.
However, these refinements have been worked over so
exhaustively that further improvements in performance
characteristics by these means will perhaps be relatively
small. Any appreciable gain must come by the way of
a radical change in the machine structure, materials, or
ventilating medium. Hydrogen cooling is one of these
radical departures from tradition which opens new
avenues of progress and rotating machines with 99
per cent efficiency may soon be a reality.
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A New Type of Hot Cathode Oscillograph

its Application to the Automatic Recording of Lightning
and Switching Surges
BY R. H. GEORGI"

Associate, A. 1. E. E.

Synopsis.—This paper presents a new general purpose lype of
hot cathode oscillograph which employs a new electrostatic method of
Jocusing the beam. This oscillograph will operate al any beam
polential from 500 to 20,000 volls or more, and al any gas pressure
below 30 microns. High photographic sensilivity al medium vollages
is altained by the use of a high-intensity beam.

A portable form of the oscillograph for recording lightning surges

on transmission lines is described, logether with circuits by means of
which the lightning surge aulomalically starts the beam in from
14 to Y4 microsecondds afler the surge valtage begins lo rise Srom zero.
This oscillograph was pul inlo operation on one of the 1,0-kv.
lransmission lines of the Consumers Power Company of Jackson,
Michigan, on August 27, 1928.

* * * * *

INTRODUCTION

‘x / ITH the interconnection of large power systems
and with the rapid developments in the art of
radio and carrier-current communication have

come new problems, many of which involve thestudy of
high-frequency phenomena beyond the range of the
ordinary Duddell oscillograph. Consequently the im-
portance of solving such problems has stimulated active
interest in the development and application of the
cathode ray oscillograph,t a device capable of recording
extremely high frequency phenomena. As a result
there have been developed within the last decade,
some three or possibly four general types of cathode
ray oscillographs as follows: the low voltage hot cathode
type of the Western Electric Company,’ the medium-
voltage hot cathode type of Wood,? the high-voltage
cold cathode type of Dnfour,® Norinder,* the General

*Research Associate, Engineering Experiment Station, Purdue
University, Lafavette, Ind.

TFor a history of the develcpment of the cathode ray oscillo-
graph with complete hibliography see *‘Measurements in Electri-
cal Engineering by Means of Cathode Rays,” by J. T.
MacGregor-Morris and R. Mines, Journalof I. E. E., Nov., 1925
Vol. 63, p. 1056.

1. See Bibliography.
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Electric Company, and more recently the high-voltage
hot cathode type of Rogowski.¢

This paper presents a new general purpose type of
hot cathode oscillograph, capable of operating at any
potential from 500 volts to 20,000 volts or more, and a
special portable form for lightning recording. The
object in developing the general purpose oscillograph
was to produce one having sufficient flexibility to
combine so far as possible the desirable qualities of the
previous types of cathode ray oscillograph and yet be
simple and reliable in operation.

SALIENT FEATURES OF THE N EW OSCILLOGRAPH

Some of the outstanding features of the new oscillo-
graph are as follows:

1. The use of a special hot cathode electron gun
which makes possible automatic starting and stopping
of the beam for recording lightning surges on trans-
mission lines.

2. The use of a new electrostatic method of focusing
the beam, effective at any pressure from about 30
microns down to the lowest pressure obtainable with a
mercury pump.

3. The entire beam passes through the high-voltage
anode, thus eliminating the problem of anode heating.

4. Bakelite is used for insulating the high-voltage
cathode and the deflecting plates, thus reducing the
danger of breakage.
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5. The deflecting plates are adjustable from outside
the vacuum which makes it possible to vary the de-
flection sensitivity if desired.

6. All parts are readily accessible and easily re-
placed in case of damage.

General. The method of attack in the design and
development of the general purpose oscillograph has
been to gain the necessary photographic sensitivity
through the use of a high-intensity beam at a minimum
beam voltage. The principal problem, then, has been
one of devising satisfactory means for producing and

focusing a high-intensity beam over a sufficient range

of beam voltages to insure the necessary photographic

Fic. 1—PorTaBLE HoTr CaTnopE OSCILLOGRAPH FOR SURGE
REcorpING

Electron gun housing.
Terminals of deflecting plates.
Oscillograph bell.

Vacuum gage.

Gun voltage control.

Cathode voltage control.
Piming oscillator.

Vacuum pump.

Drying chamber for films.

“meEEYOR>

sensitivity. It is the solution of this problem which
constitutes the major contribution of this paper.

Description of the Oscillograph. A general idea of
the appearance of the oscillograph may be gained from
Fig. 1, which shows a portable outfit designed especially
for recording lightning surges. Fig. 2 illustrates the
internal construction.

The general purpose laboratory type of instrument
is provided with both a rotating film drum and plate
drum. The film drum takes 5 in. by 30 in. with
which the equivalent of a continuous record 140 in.
in length can be obtained. The plate holder takes
six 4- by 5-in. plates. The portable type shown in Figs. 1
and 2 1s made much more compact to reduce the vol-
ume, and takes 5-in. roll film. The oscillograms are
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214 in. by 5 in., although in a more recent design the
oscillograms will be 315 in. by 5 in. If special long
rolls are used, as many as 100 exposures can be taken
with one loading.

The Electrostatic Method of Focusing the Beam. The
most important feature of the oscillograph illustrated
is the electrostatic method of concentrating and fo-
cusing the beam, which is effective at any beam po-
tential from 500 volts to a least 20,000 volts.

i

f 00-1500 vours 1T

F1g. 2—DIAGRAMATIC SCHEME OF THE PORTABLE OSCILLOGRAPH

(1) Ribbon filament.

(2) Tilament shield.

(3) Positive plate.

(4) Cup-shaped cathode.

(5) Oylindrical anode.

(6) Scrow for raising and lowering anode.
[

Referring to Fig. 3, the b:eam from the filament (1)
is concentrated and brought to a focus at the hole in the
plate (3), by properly proportioning the spacing be-
tween the filament (1), the filament shield (2), and the
plate (3), with respect to the size of the hole in (2),
to produce a rapidly converging field between the fila-
ment and plate. After passing through the small hole
in the plate into the high potential cathode (4) the
beam diverges at first as indicated by the dotted lines,
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Fig. ‘3, due to the momentum received from the con-
verging field in the gun.

The cathode (4) and the anode (5) are so shaped that
the high-potentiaj field converges toward the anode.
Therefore the electrons in falling through this field
are not only accelerated in the direction of the anode
but are given 2 component of velocity toward the
center of the beam. If this inward radial component
of momentum of the electrons is great enough to over-
come their force of repulsion, the beam can be brought
to a focus. Tt is therefore apparent that the distance
from the cathode at which the beam will come to a
focus depends upon the diameter of the beam when it
starts to converge, hence the divergence of the beam on
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Fic. 3—Di1acraym SEOWING METHOD OF FocusiNg THE BEax

entering the cathode. This fact also necessitates the
use of a large hole in the anode.

Since the time through which the mutual repulsion
of the electrons in the beam acts, depends upon the
velocity of the beam and consequently upon the begm
potential, it is necessary to be able to vary the radial
component of the high potential field in order to focus
the beam. This is done by raising or lowering the
anode by means of a rack and pinion operated by the

knurled head (6), Fig. 2.
APPLICATION OF THE OSCILLOGRAPH
A. With Continuous Beam. .

A steady beam can be produced and maintained for
hours, if necessary, at any beam voltage from' 500 volts
to 20,000 volts, depending upon the deflectional and
photographic sensitivities required. '

The continuous beam permits study of the various

GEORGE: HOT CATHODE OSCILLOGRAPH

Journal A 1. 5. K.
forms of Lissajous figures, such as power-loss loops
including magnetization and dielectric loss curves,
vacuum tube characteristics, frequency checking, etc.

Fig. 4 represents a section of a voice record taken with
the laboratory oscillograph at a beam voltage of ap-
proximately 2500 volts. The timing is indicated by the
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dashes which occur at intervals of 1/60 of a second.
The diameter of the beam was less than 1 /2 millimeter.

Fig. 5 is a 500,000-cycle wave having an amplitude
such that the beam was traveling at the rate of 100
kilometers (62 mi.) per second when crossing the zero
axis. This oscillogram was taken with a 10,000-volt
beam.
B.  Recording Lightning Surges on Transmission Lines.

It was at the request of the Consumers Power Com-
pany of Jackson, Michigan that the writer, under the
auspices of the Engineering Experiment Station of
Purdue University, undertook the design of a cathode
ray oscillograph for recording lightning surges on trans-
mission lines. This cooperative project resulted in the
construction of the portable oscillograph illustrated by
Fig. 1.

The recording of lightning surges presents a difficult

F16. 6—500,000-CycLE Wave TAREN wrtr 10,000-Vorr BEaM

problem, in that the time at which a surge will occur
cannot be predetermined. Therefore the oscillograph
beam must either remain on continuously, or means
must be provided whereby the transient to be recorded
automatically starts the beam.

Fig. 5 represents the circuit diagram for the portable
oscillograph including a circuit for automatically
initiating the beam by applying plate voltage to the
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electron gun. With this circuit the plate or beam
current of the electron gun must pass through one of
the two vacuum tubes inserted between the gun
voltage supply and the filament. Therefore the beam
can be stopped by applying a sufficient negative bias
to the grid of the vacuum tubes to prevent the flow of

2V LIV

ot " .|
— 2

c aor £ z
ks = ——
E ra000 VS| KENTROY
zar MV
——
Y

7—CIRCUIT FOR AUTOMATICALLY STARTING BEaM BY
SwITCHING PLATE VOLTAGE oF ELECTRON GUN
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plate current. Then in order to initiate the beam, it is
necessary to apply a small positive impulse to the grid
of one or both tubes, after which the time required for
the beam to build up depends upon the rate at which
the electron gun can be charged as a condenser.

The circuit for producing the positive impulse on t