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FOREWORD

The NEW COYNE ELECTRICAL - INDUSTRIAL ELECTRONICS - TROUBLE SHOOTING MANUAL isa
PRACTICAL book for Practical Electrical workers. It is especially valuable to the electrical main-
tenance man and the electrical or electronics-serviceman.

This book is the ONLY one of its kind. It has over 600 specially selected electrical wiring diagrams.
Most of these diagrams are exact duplicates of the original manufacturers blueprints even to showing
specific notes and circuit tracing data. These diagrams cover almost every type of electrical equipment
in common use and include a great deal of material on: MOTORS, CONTROLLERS, STARTERS, GENER-
ATORS, TRANSFORMERS as well as hundreds of other types of industrial and home electrical apparatus.
In addition, the book also covers THE NEW FIELD OF INDUSTRIAL ELECTRONICS.

Of practical time saving value to the maintenance man or serviceman is the special material on NEW
methods of trouble shooting. Hundreds of short cuts, and FAST trouble finding information is included.
Much of this type of material was taken right out of the electrical courses in the Coyne Electrical School
training shops and is backed by 60 years of experience. There are dozens of trouble shooting plan sheets
that cannot be purchased anywhere else because they are the sole property of the Coyne Electrical School.
You get this valuable material as part of this great book.

PRACTICAL TROUBLE SHOOTING MATERIAL FROM AMERICA’S
LEADING ELECTRICAL AND ELECTRONICS COMPANIES

In compiling this book the publishers had the cooperation of some of America’s leading electrical and
electronics companies. Any electrical maintenanceman or electrical serviceman has a decided advan-
tage with this book -- here’s why. The average maintenance man does not have access to his employers
blueprints (if the employer has a file of wiring diagrams). In the case of companies that have a file of
prints they are usually the ONLY copies available. It is understandable that they would be careful of the
only set of diagrams and would release them only when absolutely needed.

In many electrical plants the only wiring diagrams on the equipment were those that originally came when
the equipment was installed. In most cases these loose sheets were put into a desk drawer and have be-
come lost or misplaced. If this is the situation in your plant or service shop then owning the Coyne Trou-
ble Shooting Manual means additional advantages for you,'

INCLUDES 600 SPECIALLY SELECTED WIRING DIAGRAMS

THIS BOOK GIVES YOU A PERSONAL FILE OF OVER 600 SPECIALLY SELECTED WIRING DIAGRAMS.
MOST OF THESE ARE EXACT DUPLICATES OF THE DIAGRAMS FOR THE EQUIPMENT OF YOUR
COMPANY. Owning this manual gives you a chance to read up on the equipment of your company and TO
EVEN PRESENT THE NEEDED WIRING DIAGRAM WHENEVER A BREAKDOWN OCCURS.

If you work at electrical service work this book should be worth its weight in gold. It has a great deal
gf info;llmitlon that deals with motors, switches, controls etc., on HOUSEHOLD APPLIANCES, including
ouse wiring.

The successful electrical maintenance or service and appliance repairman knows the value of a collec-
tion of commercial wiring diagrams. He realizes that the fellow who gets ahead is generally the one who
has these diagrams and also up to date trouble shooting data. This book provides the material that gives a
man the confidence to step into all types of electrical trouble shooting emergency problems.

Prior to the publishing of this book it has been almost impossible for the average electrical worker to
gather a worthwhile collection of electrical wiring diagrams. There have been companies that offered
certain diagrams for individual purchase but the cost of compiling a collection of diagrams this way was
prohibitive, Another way to get diagrams was to write to the manufacturers. Unless a man is in a su-
pervisory position (Chief Electrician,General Manager, Chief Engineer etc.) he may not get the diagrams
direct from the manufacturer at any cost.

Because COYNE has been training men for 50 years and has been cooperating with the electrical indus-
try we have secured the diagrams you need. Bringing you over 600 in this book means that you get these
valuable diagrams for about 1¢ each. You get, in addition, some of the most helpful trouble shooting hints
and plans ever made available to the man on the job.

INDUSTRIAL ELECTRONICS INCLUDED

Today, in thousands of plants, and homes INDUSTRIAL ELECTRONICS devices are being added. They
are being installed to step up production, increase safety or improve efficiency. The electrical worker
of “‘tomorrow’’ will have to know electronic equipment, This book covers cozens of new industrial elec-
tronics circuits and applications - the same kind of installations you may be called upon to work on in
your plant before the year is out. This special material on electronics will prepare you to step in and
take over when necessary.



NEW METHOD OF QUICK REFERENCE INDEXING

We have incorporated an ENTIRELY NEW method of indexing for quick reference. The entire volume is
divided into seven major sections as shown in the "SUBJECT AND APPLICATION GUIDE" to be found on
page VII. Referring to the guide you will note that most of these major subjects are broken down into sev-
eral divisions. Next, each division is broken down into "applications'. Here's how this new idea works.

Suppose you are working on a two-step magnetic controller for a D.C. motor. First, you ask yourself
with which of the major subjects you are concerned. The answer is "Controls' so you look under the sub-
ject of ""Controls" in the first column of the "'Subject and Application Guide". Then, which division (second
column) are you interested? Since your problem is with a D. C. motor you look in the D.C. motors divi-
sion. In this division are nine kinds of applications (third column). You will note one of these is '"Mag-
netic, multi step" for which all diagrams and data are covered on pages 474-480. Glance through those
pages and you will either find a diagram that will fit your problem exactly or several that are so close in
approximation that they will give you all the information that you will need.

To locate the pages on which all diagrams are to be found takes but a fraction of the time it has taken you
to read this explanation of how to do it. With our new method of indexing we greatly cut down the time
needed to find the information. Further, this method gives the electrical worker an idea where All the
information on his problem is located; not only the particular unit he is working on but other similar equip-
ment. In this way he gets a thorough picture of the necessary steps to follow.

We have also included a regular complete index which you will find at the back of this book. This index
shows you where every individual diagram or trouble shooting plan can be found. We furnish this conven-
tional type of index in addition to the new SUBJECT & APPLICATION GUIDE mentioned above to provide
purchasers of this book with the most up-to-date, complete, time saving methods to help in locating the

data they want.

THE COYNE ELECTRICAL - INDUSTRIAL ELECTRONICS
TROUBLE SHOOTING MANUAL IS A TOOL

This is not a "book" in the ordinary sense of the word. Rather, it is a 'tool" or an instrument you learn
to use just like you learn to use a voltmeter or some special tool. To learn to use a tool you first look
it all over. So, examine this book (''tool') by looking over the "SUBJECT AND APPLICATION GUIDE".
Then thumb through the book. Note the headings at the top of the page (they give you the subject, division
and application) of the material on that page. Check the data on some problems you might anticipate on
the equipment in your plant - problems you might have trouble handling IF THEY HAPPENED TOMORROW.
This will give you a good idea of how this book will help you.

In concluding this introductory message we'd like to leave this important thought with you. Although a book
of this type can be used most every day on the job, nevertheless, if you used it only occasionally for IM-
PORTANT electrical or electronics problems it would represent a most worthwhile investment for you.
The value of any reference book is not always determined by how often you use it but rather HOW IMPOR-
TANT AND VALUABLE IT IS WHEN YOU NEED IT.

If it pays many types of professional men to spend hundreds of dollars for reference manuals then it fol-
lows that an electric worker aspiring toward a better job with more money and responsibility should also
have reference material. An investment in this book therefore is an investment in your electrical future.

Coyne School Publications, Inc.
Chicago, Illinois



SUBJECT AND APPLICATION GUIDE

SUBJECT DIVISION APPLICATION PAGES
. Basic principles 1- 4
ELECTRICAL Power factor 5- 7
PRINCIPLES Rules and formulas 8 - 14

(Rectifier meters 15 - 16
Moving iron meters 17
Wattmeters 18
Circuit tester 19
Switching for meters 20 - 23
BASIC <MEASUREMENTS_ < Oscilloscope measurements 24 - 32
ELECTRICITY AND TESTS Insulation testing 33 - 35
Power measurement 36 - 37
Switches 38
Armature and field tests 39 - 43
\_ Trouble shooting methods 44 - 65
Wire, cable, conduit 66 - 72
| WIRING Symbols, diagram reading 73 - 88

Building light and power 89 - 101
102 - 125

2 TRANSFORMERS

Selection and application 126 - 148
Maintenance and repair 149 - 174
Currents, wires, protection 175 - 181

{Split-phase 182 - 194

(GENERAL —

Capacitor 195 - 223

SINGLE-PHASE —— 9 gpaded pole 224 - 227

Repulsion induction 228 - 230

3 MOTORS — < SERIES UNIVERSAL 231 - 234

Rotating field principle 235 - 238

Squirrel cage 239 - 266

POLYPHASE —— < Stator and rotor diagrams 267 - 301
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Synchronous 303 - 309

Connection diagrams 310 - 328

\DIRECT CURRENT — Winding diagrams 329 - 353

VII
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ELECTRICAL PRINCIPLES
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ELECTRICAL PRINCIPLES

OPPOSITION TO CURRENT IN THE A.C. CIRCUIT. #1.

D.c. AR.C.

I-E_a - I I=E= = I
R R
In D.C. circuits resistance is the only opposition encountered by I flow, there-
fore, the I is proportional to the E applied, or inversely proportional to the
resistance of the circuit. OHMS LAW for D.C. also applies to A.C. circuits con-
taining resistance only, and is approximately correct.

: N4
—_—
Ee
2
Ec
3
E
4
Ee

Inductance effects exist in D.C. circuits only during I changes. The I is opposed
by a self induced E generated by the expanding magnetic field. This E does not
exist when the flux becomes stationary.

INDUCTIVE REACTANCE is a C.E.M.F. generated in the A.C. circuit of inductive
nature by the expanding and contracting magnetic field set up by the varying A.C.
Its symbol is Xj, and its value is measured in ohms. X;, has 2 effects in the A.C.
circuit: 1. it opposes I flow. 2. It causes the I to lag the applied E by almost
900. Xj, varies as the frequency. The E applied to apparatus designed for one
frequency must be changed in the same proportion when operated on another fre-

quency.

I

CAPACITY REACTANCE is the opposition offered to the flow of an A.C. vy a con-
denser. Its symbol is Xc, and its value is measured in ohms. Xc has 2 effects
in the A.C. circuit: 1. It opposes I flow. 2. It causes the I to lead the ap-
plied E by almost 90°. ¥c varies inversely as the frequency. When a condenser
is to be operated on a higher frequency, frequency is increased.




ELECTRICAL PRINCIPLES

OPPOSITION TO CURRENT IN THE A.C. CIRCUIT. #2.

E
In a circuit of resistance only the
I I will be in phase with the E, since
there is no reactance present to

A.C. R
\\§:;447 cause the I to lag or lead the E
applied.

IMPEDANCE is the total opposition offered to the flow of an A.C. Its symbol is Z,
and its value is measured in OHMS. Z may consist of R only, Xi only, Xc only, or
any combination of these effects.

OHI:S LAW for A.C. — The I is proportional to the E applied, and inversely propor-
tional to the IMPEDANCE of the circuit.

p
z2=gE I=E E=1Ix2Z. T Xt
I Z e

90
XL, is 90° out of phase with R. R /
Xc is 90° out of phase with R. 180°
XL is 180° out of phase with Xc. ‘\q
o‘
A.C. quantities must be added geometrically when \\\\’
out of phase with each other. They may be added
by simple arithmetic only when they are in phase Xew

with each other.

EXAMPLES FOR IMPEDANCE IN A SERIES CIRCUIT.

R and Xy, in series. R and Xc in series. R, X1, and Xc in series.

O R INO
Z=NR"+ X Z=NTR*+Xe
2, a \I" a2, 2
N ¢ N+
\ = Z \ = X

XL‘ <> Xe? Eo

XL' 6\ Xez

4,/z j
R=
. L4
EvLzLine E TE.. E. R R ..

SCale = l Unit Per ¥ Scale =1 Unit Per " Scale 110 Units Per %"

-~




ELECTRICAL PRINCIPLES - POWER FACTOR

What is power-factor?

In an alternating current power system, the voltage and
current folow an approximate sine wave. They build up from
zero to a maximum in one direction then diminish to zero,
build up again to a maximum but in the opposite direetion and
agnin diminish to zero; thus completing one cycle or two alter:
nations and 360 electrical degrees.

The power factor is said to be 1.0 or unity, if the voltage
and current reach their respective maximum values simultane-
ously, Howcver in most alternating current systems, the volt.
age reaches its maximum value in a given direction before the
current attains its maximum value, then the current is said to
lag behind the voltage. This lag may be measured in degrees.

The lagging of the current is cuused by certain inherent
characteristics of the system which has a tendency to choke
back or oppose any change in direction of the current flow.

Such apparatus as transformers, induction motors, electrie
welders und electric furnaces are the chief causes of lagging
current,

The actoal current drawn by apparatus of this cluss may be
eonsidered as having two compouents, one known as the magnet-
izing current, or that current which must overcome the choking
effcet produced by the eharacteristies of the apparatus, and
which lugs 90 electrical degrees behind the voltage. The value
of this lugging current i8 zero when the voltage has reuched
its maximum value. This lagging or maguetizing current is
enlleld the reactive current.

The other component is known us the active current, and
it is in plase with the voltage. This active current and the
voltage reach maximum values simultancously.

The actual line current is therefore the resultaunt of the
reactive and active currents; furthermore, it is the current that
would be registered were an ammeter connection in the circuit.
Since there is one compounent lagging 90 electrical degrees or
ut right angles to the voltage, the resultant or actual line
current, of which this component is a part, must consequently
be out of phase with the voltage und lag behind it. The degrec
or amount that it lags depends upon the magnitude of this
reactive current component and is a measure of the power factor.

-
z
g
3
H
S
&S
1 @
Ie) VOLTAGE A E
Fig. 30

In Fig. 30 the voltage is represented by the line OE. The
line Ol represents the actual line current ns measured by an
ammeter in the circuit, and lags behind the voltage by the
angle (. The active current component in phase with the
voltage is OA and the reactive or magnetizing component is Al,
90 degrees out of phase with the voltage,

The power factor is the ratio of the active current com-
ponent te the actual current: Therefore:

0A 0A
Power factor — —— and —— = cosine )
o1 (o)

If the valuc of Ol is the actual current as read by an
ammeter in one phase of a three phase circuit, the
v3 x OE x Ol V3 x volts x ampercs
KVA, = — or KVA, = —mF———
1000 1000
and is the apparent power. The actual power is
Vixvoltsxamperesxcosine @
— ————— = K.W,
1000
It is, therefore, obvious that K.V.A. and KW ure the same

and cqual at 1.0 or unity power factor, but ut power factors

below unity, the current for a given KW changes inversely
with the power factor, i.e. as the power factor goes below unity,
the current increases proportionately.

Power factor is also the ratio of real power to the apparent
power, the former measured in KW by a wattmeter and the
latter in K.V.A. by voltmeter and ammeter; therefore power

EwW

factor is also equal to————
K.V.A.

How is power measured in two-phase and three-phase
circuits?

Wattmeters must be used to nieasure the power in two- and
three-phase circuits. A two-phase ecircuit can be considered
as two single-phasc circuits. Each phase is measured separately
and the total power equuls the sum of the two readings, or
sometimes, when the power in both phases is known to be equal,
one phase muy be measured and the reading doubled.

To read the power in u three-phase circuit a polyphase
wattmeter can be used or two single-phase wattmeters connected
as shown in Fig. 31. In this diagram it will be noted that the
current coil of each wattmeter is connected in one line, and
that the potential coil of each wattmeter is connected from
the line in which the current coil is connected to the third
line. For power-factors above fifty per cent, the power in the
threc-phase system will be the sum of these two wattmeter
rcadings. At fifty per cent puwer-fuctor one wattmeter will
read zero. At still lower power-factors this wattmeter will read
negatively; its current connections should be reversed and the
difference between the readings of the two instruments will
then be the true power.

D | wanmer e y

unE I :

=3

EQ‘_' | WATTHETER

—

Fig. 81. This diagram shows the method of connecting two

wattmeters to read the power in a lhrce-phase circuil. Note

that the only connection to one of the conductors is from the
potential coils of the two melers

The kv-p. output or input of any wmachine may be computed
as follows:

Single Phase:
El Volts x Amperes

1,000 1,000
Two Phase, when both phascs have equal currents and equal
voltages:

2EI Volts x Amperes x2

1,000 1,000
Three Phase, when the currents are equal in all three wires and
the voltages between any pasr of wires are equal:
Apparent PPower =
Current in any wire x Voltuge between two wires x 3

1,732
3EIL Volts x Amperes x 3

Volts x Amperes x 1.73

or, kv-a, =
1000
The kilowatt outpet or input of any muchine may be found
by muitiplying the kv-u. output or input, as the cause may be,
by the power-fuctor:
I’ = kv-a. x Power-factor = Kilowatts.

FAIRBANKS-MORSE

ELECTRIC

MACHINERY CATECHISM




HdOLOVA HIMOd - SHTdIONIYd TVOIHLOATH

1800 R.PM. 1200 R.P. M. 900R.P.M, 720 R.P.M. 600 R.P. M.
CAPACITOR Kv A CAPACITOR Ky-A . CAPACITOR Kv-A. CAPACITOR Kv-A CAPACITOR Kv-A.
MOTOR FOR DESIRED MOTOR FOR DESIRED MOTOR FOR DESIRED MOTOR fOR DESIRED MOTOR FOR DESIRED
POWER FACTOR POWER FACTOR POWER FACTOR POWER FACTOR POWER FACTOR
WP  VOLTS | 95 90 || HP  VOLTS | .95 .90 HP  voLts | .95 .90 HeP  YOLTS | .95 90 H.P. vouTs | .95 90 |
e wow | A [ ww | 2 B¥e  LOW 1 ] 5 ow | 2 2 || s Low | & 3
Y oW [ A k|| e ow | n Yo 1 ow | ' Th  Low | & 4 [ 7  tow | s +
1w | % h g Low Ya Yo || VA Low "2 ' 10 Low 4 3 10 Low s 5 |
1 Low Yo Y2 172 LOW Ya Ya 2 Low 112 Vi 15 Low 5 4 || s Low Th S5 |
2 Low | s o | 2 Low t Ya 3 Low 2 1\ 20 Low 1% s | 20 Low 0 Th
(3 low | 4 Y 3 Low | 1 5 _tow | 3 2 25 Low | 40 s |les  tew | 10 1h |
s Low Vs 1 5 Low 2 th 7h  LOW 3 3 [ 30 row 10 5 || 25 2200 | 20 s |
Th Low | 2 t'h M Low 3 172 10 LOW 4 3 |l 30 2200 10 7h || 30  Low 10 Tt
10 Low 2 1'fa 10 Low 3 2 20 Low ] 5 40 Low (1] 10 || 3o 2200 20 is
[ 15 wow | 3 2 1S Low 4 3 20 2200 10 1% 40 2100 15 10 || 40  Low 15 10
20 Low 4 2 20  Low s 4 25 Low 10 Th 50 LowW 15 10 || 40 2200 20 is
2s  Low 4 3 28 Low 7% s zs 2200 10 T4 50 2200 1S 0 | 50 iow | 20 1S
25 2200 | 4 3 25 2200 | 1 5 30 _wow | 10 % 60  Low | 20 15 || so 2200 | z0 45 |
30 Low 5 3 30 Low b3 5 30 2200 10 17 60 2100 20 15 || 60 Low 20 15
30 2200 7h 4 30 2200 1% S 40 LOW 10 12 75 Low 20 is |60 2200 25 20
| 40 Low T 4 40 Low 10 1% 40 2200 10 17 || 15 2200 25 20 78 Low 25 20
40 2200 h 4 40 2200 10 T 50 Low 15 10 100 LOW 25 20 || 1s 2200 40 30 |
| 50 Low ) s 50 Low 10 1% 50 2200 15 10 100 2200 30 20 || 100 Low 20 15
| 50 2200 7% s 50 2200 10 T || €0 Low s 10 | i2s LowW 30 20 100 2200 2s 20
| 60 Low h s 60  Low 10 1 60 2200 | 4s 10 125 2200 | 30 20 125 LOW 30 20
60 2200 | 40 7h 60 2200 | 10 T [ 75 Low is 10 | ts0  row 3s 25 || 125 2200 | 35 30
15 Low 10 Th 75 Low 10 Th 15 2200 '5 10 || 4s0 2200 40 35 150  Low 50 40
| 15 2200 10 1% 75 2200 10 Th 100 Low 20 10 || 200 Low 3s 20 200 Low so 35
100 2200 20 10 || 200 2200 | 40 25 || 200 2200 50 40
! 125 Low 25 20 150 2100 so 50
125 2200 2s 20
150  Low 25 20
| 150 2200 | 30 20
200 tow | 3o 20 ]
| 200 2200 1] 20
is Low s 4 ({-A LT
THE TABLE ABOVE GIVES THE NEAREST STANDPARO CAPALITOR Kv-A. RATINGS TO CORRECT POWER FACTOR OF SQUIRREL -~CAGE INDUCTION ™MOTORS TOo .98 ©OR .90,
ALTHOUOH THE MASNETIZING CURRENT REQUIREMENT OF THE INDUCTION MOTOR VARIES SOME WHAT FROM NO LoApD TO FULL LOAD , 1f THE
MOTOR 15 CORRECTRD TO THE PDPESIRED POWER FACTOR AY /2 LOAD (VALVES IN THE TABLE Abovlg 1T wWiLL BE CORRECTEOD 'APPROMMATMX To _TN \_)
POWER FACTOR AT ALL LOADS. ACTUALLY THE POWER FACTOR WILL BE SOME WHAT HISHER AT NO LOAD ANP SLIGHTLY LOWGR AT FULLLOAD, NOTE:-LOW VOLTS MEANS 220-440-580.




ELECTRICAL PRINCIPLES - POWER FACTOR

Power Factor Surveys

Where monthly power bills are affected by power factor as well as
the demand, the extent and causes must be known to guide in

remedying low power factor conditions.

Iow power factor is one of the reasons why electrical systems as
a whole perform below par. Power factor of the load is defined
as the ratio between the watts of the load and the product of the
volts and amperes measured at the load, or:
Power Factor — _ True Power ~ Watts of the Load
Apparent Power — Volts x Amperes at the Load
This is often expressed as a percentage. Whenever this ratio is
less than 1, it means that more current is being drawn by the
load than would be necessary to perform the work if the ratio
were 1. This extra current causes more drop in the feeder circuits,
creates more heat losses in feeders and transformers and both
must be correspondingly larger to prevent overheating. Of course,
some types of load, particularly all inductive loads, must have a
power factor of less than unity, but many of them are lower than
they should be. Most cases of low power factor can be improved
to the advantage of the system and the budget.

SOME CAUSES OF LOW
POWER FACTOR

Low power factor conditions commonly are caused by improp-
erly loaded induction motors. Other causes are welding equipment,
some types of transformers for mercury vapor lamps and gaseous
tube lighting equipment. To overcome this condition tests must
be made to determine the actual power factor existing at any
one point of load or on any feeder as a whole.

THE BENEFITS OF POWER
FACTOR CORRECTION

The benefits derived from the correction of low power factor
are realized by relieving the system of the burden of the useless
current flow in transformers and other major units of the system.
With a higher power factor more use is made of the energy
purchased and the demand is kept down to a minimum. Economy
is affected in the power bill by the lower rates offered by some
power companies to plants having good power factor conditions.
In some cases, savings are made by the release of the penalty
charges imposed for low power factor. In general, 80 to 90 per
cent power factor is considered satisfactory and not subject to
rate penalties.

Portable anclyzers are odapt-
able to moake vorious ftests
including the power factor of
single motors or reasonably
heavy feeder loads.

Weslon Eleciricol Instrument Co

HOW TO MAKE THE SURVEY

To find the causes of low power factor a survey should be made
throughout the system. The first thing to do is to check the
load and power factor on each motor and other inductive type
of equipment. This information may already be available if there
is a complete test record of all the motors and equipment in
operation.

The next step is to determine in each case how much correction
is needed to bring the power factor up to a reasonable value.
It is often possible to correct the power factor of the feeder at
one point, say at a large motor, to compensate for the low power
factor of this motor and several smaller ones on that feeder in
the same nearby area.

The instruments to use in making the survey and the connection
to be made are shown in the accompanying table:

CORRECTING POWER FACTOR

Once the survey is made and the conditions are known it is
possible to choose power factor correcting equipment of the proper
kva rating to produce the desired power factor. The chart on
page 39 can be used as a guide in doing this.

Actual correction is accomplished by adding equipment of low
or zero leading power factor, such as capacitors, to compensate
for the usual lagging power factor of induction motors and other
inductive equipment. In some cases, large induction motors can
be replaced by synchronous motors which can be operated at
unity or leading power factor.

No loss is too small to be ignored so long as it can be corrected
economically. For, assuming 300 work days a year, 8 hours each,
a saving of one kilowatt at 2 cents per kilowatt-hour means $48
per year. A saving of 10 kilowatts then amounts to $480 annually.

Circuit Instruments Diagram of
To Measure Tested | To Use Connections
Single-phase Two-wire Ammeter
Power Factor | Voltmeter
Wattmeter
or
Power Factor Meter
Three-phase Three-wire 2 Ammeters
Power Factor 1 ;/oltlmeter P e
2 Single-phase Wattmeters of 4“’1 *1
| |
Anoarlyzer (for 3 phase only) k@'&@ ;lc"-l
Power Factor Meter ((‘»‘,}'w S

|

ANACONDA WIRE AND CABLE COMPANY



8 ELECTRICAL PRINCIPLES - RULES AND FORMULAS

TECHNICAL TERWS AND THEIR MEANING

A clear understanding of Electricity cun be acquired only if the terms employed to
explain it and the units used to measure it are clearly understood. Words used in
the technical sense have exact meanings frequently different from those associated
with their every day use. Definitions here given refer to the technical meanings
only. Some of the most,important terms and their units of measurement are:

FORCE ~ Force is defined as "any agent that produces or tends to produce motion."
Force may be mechanical, electrical, magnetic, or thermal in character. Note that
force does not always produce motion: a relatively small force may fail to move a
large body, but it TENDS to do so. The word "body" refers to any material object:
it may be a stone, a building, an automobile, a dust particle, an electron, or any-
thing that has size. Force is usually measured in pounds; therefore the UNIT of
FORCE is the POUND.

ENERGY ~ This word refers to the ability or capacity for doing work. One may speak
correctly of the ENFRGY in a charged automobile battery, in a raised weight, in a
compressed spring, in a tank of compressed air, etc., as work may be done by any
one of these devices. Energy may be mechanical, electrical, magnetic, chemical, or
thermal type, and the different kinds of energy may be readily converted from one
form to another; however, each conversion results in a loss of some of the useful
energy, although the total amount of energy remains the same. Since the energy of
a device represents the total amount of work that it can do, the units for work and
for energy are the same. The UNIT OF ENERGY most frequently used in electrical
work is the JOULE. It is equal ta approximately 0.74 foot pounds.

WORK - Work is equal to the force applied to an object multiplied by the distance
through which the object is moved. If the force applied to a ziven object is in-
sufficient to move it, no work is done. This definition illustrates the great
difference that exists between the technical and the general meaning of the word
WORK. The units used for measuring work are the same as those employed for energy.
The most frequently used UNITS OF WORK are the FOOT POUND and JOULE.

POWER - Power indicates the rate at which work is done. It is equal to the amount
of work done, divided by the time required to do it. This unit does not show how
much work has been done, it merely indicates how rapidly, or at what rate, the work
is vceing done. The foundamental UNIT of electrical POWER is the WATT. When the
power in &n electrical circuit is one watt, this means that work is being done in
that circuit at the rate of one joule per second, or 0.74 foot pounds per second.
Note that the WATT is not a quantity unit but =z RATE unit. Larger power units are
the horse~power and thie kilowatt. The HORSEPOWER represents a rate of doing work
equal to 746 WATTS, or 746 joulss per second, or 550 foot pounds per second. Note
that TIME, which is not mentioned in the definitions of force or energy, is always
a factor in the measurement of POWER.

(a) WORK (v) (c) WORK
POWER = ———m-— WORK = POWER X TIME TIME = —————eo—
TIME POWER

With the aid of the above formulas any of the given quantities may be calculated

when the other two are given. Thus if work and time are given, the power may be

found by (a). If power and time are given, the work may be found by formula (b),
and if the work to be done and the rate at which it is to done (power) are speci-
fied, the time required to do it may be determined by formula (c).

A little time spent in studying the above definitions and formulas will be well
repaid by an increased understanding and clearer conception of the units used.
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r Unit of electrical quantity. The quantity which will
| deposit .0000116 oz. of copper from one plate to the
,Coulomb q or Q |other in a copper sulphate solution. The quantity of
. Electricity which must pass a given point in a circuit
in one second to produce a current of one ampere.
-Ampere I or A |Unit of current. (Rate of Flow) One coulomb per second.
EMilliampere MI or MA 001 I (The prefix "milli" means one-thousandth)
‘Microampere ul or pA | 000001 I (the prefix "micro" means one-millionth)
. Unit of pressure. (EMF - Electromotive Force) The
Volt E or V |pressure required to force current at the rate of one
ampere through the resistance of one ohm.
Millivolt ME or MV .001 E One-thousandth volt.
Microvolt nE or pVv .000001 £ One-millionth volt.
Kilovolt KV 1000 E (The prefix "kilo" means one-thousand)
Unit of resistance. A measure of the opposition of-
fered to the flow of current. The resistance offered
Ohm R orSL |[by a column of mercury 106.3 centimeters long and 1
square millimeter in cross sectional area, at a tem-
perature of 32 degrees Fah., or O degrees Cent.
Megohm Meg. 1,000,000 R One-million ohms.
Microhm sR .000001 R One-million ohm.,
Unit of conductance. A measure of the ease which a
Mho g conductor will permit current to flow. It is the
reciprocal of resistance.
Unit of power. One watt is equal to current at the
watt W rate of one ampere under the pressure of one volt.
W=1IxE.
746 W Thepower required to raise 33,000 pounds, one
Horsepower HP or B | f40t, in one minute.
Milliwatt MW .00l W One-thousandth watt.
Kilowatt KW 1000 W Unit of power.
Watthour WH Unit of work. (Power x Time) W x H = WH
Kilowatt-hour KwH 1000 wH Unit of work.
Farad C Unit of capacitance. Capacity of condensers.
Microfared Mfd. or nF| .00001 C One-millionth farad.
Micro-microfarad MMF .000001 mfd. One-millionth microfarad.
Henry L or H |Unit of inductance.
Millihenry ML or MH | .001 L One-thousandth henry.
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Convenient Formulae and Units for

Use in Design Calculations

USEFUL . . .
INFORMATION

FORMULAE FOR DETERMINING AMPERES, HORSEPOWER, KILOWATTS
AND KILOVOLT-AMPERES

To Find When Value H B SYSTEM - - — T
V'hl. 8K'|°“’ o Direct Single- Two-Phose Three-
alve | nown Current Phase Four Wire Phose
| FORMULAE
Amperes Horsepower | = J40ho | =—J4hp [R—_ L - l46hp
[0) | (hp) | E XeH ' E Xeff Xpf 2 XE Xelf Xpf 1.73 XE Xeff Xpf
T ' Kilowotts [, . 1000kw 1000 kw : 1000 kw 1000 kw
6} (kw) . € E Xof 2 XE Xpf 1.73 XE Xof
A"'(ll’)"“ I "f\"':;:":' ' | - _1000kva : 1000 kva 1000 kva
(kvo) E 2E 1.13E
Kilowatts I1XE  IxExel C IxExexef 1 XE X1.73 Xpf
™| | = kv = Hooo - kv =T 1000 T T 1000
Kilovolt. _ o = _IXE o = IXEX2 o = I1XEX1.73
(hoey | 1000 1000 | 7000
H°’(’;°;""" bo = I XE XeH ho = 1 XE Xeff Xpt bo = I XE X2 Xeff Xpt ho = I XE X1.73 Xoff Xpt
Outout f ™ 746 746 P 746 e 746
| = Amperes kw = Kilowatts Input. For Owo-phou, three wire, bolonccd circuits
E = Volts. kva = Kilovolt- Amperes Input. the omp inc = 1.41 X
off = Efficiency in decimals. hp = Horsepower Output. that in either of the other two.
pf = Power Factor in decimals.

EQUIVALENT VALUES OF ELECTRICAL, MECHANICAL, AND HEAT UNITS

Unit Eauivalent Value in Other Units ‘I Unit l Equivalent Value in Other Units
T
1,000 watt-hours. ! 1 joule per second.
1.341 horsepower-hours. 0.001341 hp.
2,655,200 ft.-1b. 1 Watt = 3.415 heot-units per hour
3,600,000 joules. " 0.73756 ft.-Ib. per second
Kw.-h - 3,415 heat-units. 0.0035 |b. water evap. per hour.
N 367,100 kilogram-meters. 44,254 ft.-1b. per minute.
0.234 Ib. carbon oxidized with per'oc' efficiency.
3.52 |b. water evop. from ond ot 212° F. 1
22.77 |b. of water raised from 62° 10 212° F 1 Wot 8.20 heot-units per 1q. 1. per minute.
= —_——— — Sa. | p_" 6.373 H.-Ib. per 1q. i. per min.
0.7457 kw.-hour. b LLb 0.1931 hp. per sq. ft.
1,980,000 f1.-1b.
1 2,546.5 heat-units. I
Ho.-h - 273, 140 kilogram-meters. ” ( 1,054.2 watt-seconds.
AL 0.174 Ib. carbon oxidized with perloc' efficiency. 777.54 H.-1b.
2.62 |b. water evap. from and ot 2192° F. 1 Heot 107.5 kilogrom-meters.
17.0 lb. water raised from 62° F. 10 212° F, Unit - 0.0002928 kw.-hour.
_— il 0.0003927 hp.-hour.
1,000 watts, 0.0000685 Ib. corbon oxidized.
1.3410 horsepower. 0.001030 Ib. water evap. from ond ot 212° F.
2,655,200 ft.-lb. per hour. - {
44,254 h.-lb. per minute. I
1 737.56 ft.-lb. per second. I 1 Heot-unit | 0.1220 watt per sa. in.
Kilowatt = 3,415 heot-units per hour. Il per 5q. 0.01757 kw. per saq. ft.
56.92 heat-units per minute. Ft. per Min. = | 0.02356 hp. per 3q. f1.
0.9486 heot-units per sec.
0.234 |b. corbon oxidized per hour.
3.52 Ib. water evap. per hr. fiom end ot 212°F. H 7.233 ft.-lb.
— 1 Kilogram- 0.000003653 hp.-howr.
745.7 wolls. meter = 0.000002724 kw.-hour.
0.7457 kw. 0.009302 heat-unit.
33,000 ft.-Ib. per minute.
550 ft.-1b. per secand.
1Hp. = 2,546.5 heat-units per hour. 14,600 heat-units.
42.44 heat-units per minute. 11lb. 1.11 Ib. anthracite cool oxidized.
0.707 heat-units per second. Carbon 2.5 1b. dry wood oxidized
0.174 Ib. carbon oxidized per hour. Oxidized 22 cu. . illuminoting gos.
2.62 |b. water evop. per hour from ond ot 2192°F. with 4.75 kw.-hour.
Perfect 5.733 hp.-hour.
1 watt second. EHiciency = 11,352,000 #.-1b.
0.000000278 kw.-hour. 15.05 Ib. of water evap. from ond at 219° F.
1 Joule = 0.10197 kilogrom-meter. -
0.0009486 heot-units.
0.73756 ft.-lb. 1Lb 0.2841 kw.-howr.
— Woter 0.3811 hp.-howr.
1.3558 joules. Evo, 970.4 heat-units.
0.13826 kilagtom-meter. lvo: 104,320 kilogram-meter.
1 Frelb. = 0.0000003766 kw.-hour. l A rat 1,023,000 joules.
0.0012861 heat-unit. Q185 F = 754,525 f.-lb.
0.0000005 hp.-hour. 0.066466 Ib. corbon oxidized.
ANACONDA WIRE AND CABLE COMPANY
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WIRE CALCULATIONS
Ohm’s Law

E
Ohm'’s Law: =R where I is current;

E is voltage; and R is resistance.

Example: With a voltage of 112 and a resistance of 8
ohms, what current would flow?

112
1 =—g or 14 amperes.

Example: What resistance is necessary to obtain a
current of 14 amperes at 112 volts?

E 112
R=T orR=ﬁ or 8 ohms.

LExample: What voltage would be required to produce
a flow of 14 amperes through a resistance of 8 ohms.
E=IR or E=14 x 8 or 112 volts.

Voltage Drop

_ The resistance of a copper wire one foot long and one
circular mil in cross section is approximately 10.8 ohms.

In Ohm's law I =R R is equal to: Length of conductor

in feet x 10.8 divided by the circu'ar millage of the con-
ductor or,

2 x feet (length of circuit) x 10.8

CM
Using Ohms’ law, E =R,
Amps. x 2 x feet x 10.8

CM

where the term “feet’ indicates the length of the circuit,
the number of feet of wire in the circuit being double the
length of the circuit.
Example: What would be the volts loss in a circuit of
No. 12 wire carrying 20 amperes a distance of 50 feet?
20x 2x 50x 10.8
E=——— or 3.3 voits drop, or 3% on a
6530
110-volt circuit.

Yy =

Example: \What size of conductor would be necessary
to give a 3% drop on & 110 volt circuit carrying 20 amperes
a distance of 50 feet?

Amps. x 2 x feet x 10.8

CM= or
E
20x 2x50x10.8
M=——————— or 6530 CM or a No. 12 wire.
3.3

Example: What current can a No. 12 wire carry on a

50 foot circuit with a voltage drop of 3.3 volts?
CMx E
Amp.=—————or
2 x feet x 10.8
6530 x 3.3

I =————— or 20 amperes.

S0x2x 108

Current Calculations

The formula W =EI, where W =watts; [IX=voltage
and [ =current, can be used to determine the watts

w wo
W =EI; the voltage, E =T0r the current; [ = - This

formula is applicable where the power-factor is unity. To
determine the current:

w

2-wire, Direct Current: I=E
w

3-wire, Direét Current: 1= E where L is the voltage
2 D

between the outside w.re and the neutral.
2-wire, Single-phase: 1 =———, where PI" represents
IEx PP

the power factor of the circuit.

— where I is the volt-
2E x PP
age between the outside wire and the neutral.

3-wire, Single-phase: | =

3-wire, Three-phase: [ = , where Ii is the

1.73E x PF

voltage between outside wires. W
4-wire, Three-phase: I = ————, where E is the volt-
3E x PF

age between one outsice wire and the neutral.
(Courtesy of International Association of Inspectors)

FORMULAE FOR DETERMINING ALTERNATING
CURRENT in Alternating Current Circuits

N SE——
1= T =
Virtex, 2 B

0,
S L

P S
1= Fsexer =%

r
Xc.
1 __t ____ _£
Py =
res (xe-xc)?
r
Xe X
S~

r = Resistance in Ohms

X1, = Inductive reactance in Ohms = 2xfL

Z = Impedance in Ohms
[ =Current in Amperes
B = Pressure in Volts

1= £

[N .
Vrzs xez
©
¢ rs gixc
£ £
1 ¢ — =%
Vrase xce
4f1\
3 €
I= r XL Xe ___'!
'3

x4 '5]

Xc =Condensive Reactance in Ohms =2xfc

per second
L =ind. in Henrys
¢ =capacity in Farads

{ f =frequency in cycles
1
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ELECTRICAL PRINCIPLES - RULES AND FORMULAS

CONVENIENT

TABLES ano FORMULAE

FORMULA FOR COMBINING RESISTANCE
AND REACTANCE

r

O ! r
Re ——— = +5 7
wtR

r
A
0 r
rn_ra r
R= T +r:-—'_.‘n¢r;—m_,v’v_
LD Vi l vy |

R
r X.
is= Vs e m T\IV\MM—/'B'Um\—J—
"~ ' "
or X
te \/Fie Rt Y = -
I J -
> X4 Xe¢
Ir \/Felaoxep L R
" z *

- Ty v e
= - v —C oo

r

L v———_.a'..a‘v;%omﬁ
AR Re) A

r=Resistance in Ohms
Xr=Inductive reactance in Ohms=2wfL
1
Xc=Condensive Reactance in Ohms=2wfc

Z=]Impedance in Ohms
I=Current in Amperes
B=Pressure in Volts

DETERMINATION OF TEMPERATURE
by Resistance Measurements

Based on a temperature co-efficient for copper wire of .00427 at
0°C, the following relations exist between resistance and temperature:
R =Resistance of winding at T° C (Pinal Temp.)
r =Resistance of winding at t° C (Initial Temp.

f=frequenc
L-in:ﬁ in H};n;yl
¢ =capacity in Farads

HANDY FORMULAS

Power Transmission by Shaft

-Torque (in ft. Ib.) x Rpm.
Hp. 5250

Hydraulics

Hp. of Water Pall =.114 x cu. ft. per sec. x head in ft. x Bff. As-
suming 88 % efl. of water wheel, then:

100 cu. ft. per sec. with 10 ft. head =100 Hp.

Power to Drive Pumps

Gal. per min. x Total head (inc. friction)
3960 x Eff. of Pump

Hp.

Fang and Blowers

K x cu. ft. min. x water gage pressure in in.
33000 x Eff. of fan

Water gage inches =1.728 oz. per sq. in.

K=52

Eff. =.5 for ordinary fans to .65 for Siroceo type

Hp. to drive fans

Rotating Mass Formula
Useful in estimating time to start-stop or change speed of fy-
wheels, motors, etc. with certain applied torque =
" _WR!xchange in Rpm.
Time (Sec.) =337 x torque (ft. Ib.)

MENSURATION OF SURFACES AND VOLUMES

Area of Rectangle =length x breadth.

Area of Trisngle = 14 base x perpendicular height.
Circumference of Circle =diameter x 3.1416.
Area of Circle =square of diameter x .7854.

To Find Diameter of a Circle of Given Area
Divide area by .7854 and extract square root.

To Find Volume of & Cylinder
Area of section in square inches x length in inches =Volume in
cubie inches.
Cubic inches 41728 = Volume in cubic feet.
Surface of a Sphere =Square of diam. x 3.1416.
Volume of a Sphere =Cube of diam. x .5236.
Diameter x .8862 =Side of square of equal area.
Diameter x .7071 = Side of inscribed squsare.

R _234.54T R Clrcumforonce = 3.5449 2 Varea of circle.
then — =——— T = —(234.5+¢)—234.5 ==
r 234.5+4t or r( 023 Diameter =1.1284 x Varea of circle.
USEFUL ELECTRICAL FORMULAE FOR DETERMINING
AMPERES, HORSEPOWER, KILOWATTS, AND Kv-a.
7 ALTE:NATII_!G CURRENT
To Rind Direct Current
o nm Single Phase 2 Phase *—Four Wire Three Phase
Amperes when Hp. x 746 Hp. x 746 Hp. x 746 Hp. x 746
Horsepower e
iSiEnowan E x 9% Etf. Ex % Ef. xP.P. 2xEx % Eff. x P.P. 1.73xEx % Eff. x P.P.
Amperes when Kw. x 1000 Kw. x 1000 Kw. x 1000 Kw. x 1000
_ [Kilowatts E ExPF. 2xExPF. 173xE x P.F.
oy
Amperes when Kv-a. x 1000 Kv-a. x 1000 Kv-a. x 1000
v-a. ———— —_— —_—
is known E 2xE B 1.73x E
. IxE IxExP.P. IxEx2xP.P. IxEx1.73xP.P.
Kilowatts 1000 1000 “1000 1000
IxE IxEx2 IxEx1.73
Kv-a. 1000 1000 1000
IxEx9 Ef. IxEx%Ef.xP.P. IxEx2x%Eff.xP.P. | IxEx1.73x % Eff.xP.P.
Horsepower—(output) 746 746 746 746
I =Amperes; E =Volts; % Eff. =Percent Efficiency; P.P.=Power Pactor; Kw.=Kilowatts; Kv-a.=Kilovolt-amperes;

Hp. =Horsepower.
® Por three-wire, two-phase circuits the current in the common conductor is 1.41 times that in either of the other two conductors.
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TEMPERATURE-CONVERSION CHART

1400  [B00 450
o Ui % 1100
1800

= ™ °FAHRENHEIT °CENTIGRADE 20
w0 —f= 0 EQUALS EQUALS =
—=  CENTIGRADE °FAHRENHEIT
= . TIMES 7 MINUS 32 2500
PLUS 32 TIMES 3 2600 1400/

FAHRENHEIT — 300

CENTIGRADE

K\ o GEITIERALELECTRIC .

Temperature-conversion chart for easy conversion of
readings from one temperature scale to the other. If
vou wish to remove chart for use as a separate
reference, cut along dotted line at left.

APPARATUS DEPARTMENT, GENERAL ELECTRIC CO., SCHENECTADY, N. Y.






MEASUREMENTS AND TESTS - RECTIFIER METERS

METER CIRCUITS FOR CONANT INSTRUMENT RECTIFIERS H, HS, M AND T

ALTERNATING CURRENT VOLTMETERS

Fis. 1 Fie. 2 @ Fic. 3 @ Fiec. 4
REDI RED‘ | RED
M ¢ HS BLAC T REC H
| "8 5B s
A i ]
:L "f’?o‘g‘ni % é ngozf?g J_, PS?%O??% S }”ER v;:’r%
UNIVERSAL AC-DC CAPACITY—-IMPEDANCE
QUTPUT METER AMMETER A_PS'LI;:IEBCM’
B~ MEDIUM "
C- LARGE =
Fic. & @ Fic. 6 Fic. 7
. Rsfcx H RE it A 1000004 H- D
—gﬁ °*Q<C>- § B 10,0005 2]
w,w $ g
! % S 32, folson
& h ) o v 5% ¥
C L H P

SCALE COMPARISONS

et 1 4 1t i ¢ {1 % %
S B B B W A S S B B
R T I S S S S S B S
N I N B SN S S S R S

m
@
o
—L
—r
SO
N
i
—\
—=
—
—0

SN
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METER CIRCUITS FOR BRADLEY REPLACEMENT TYPE INSTRUMENT RECTIFIERS CX 2E4U

Replacement for all instrument rectifiers and for continuous operation in all circuits in which the AC voltage and the DC
current does not exceed rectifier rating.

In replacing any instrument rectifier the calibration of the instrument

may be affected. It is recommended that replacement

be made by the instrument manufacturer if recalibration is necessary.

[S R AVE T

= e
MODEL CX2E4U

ot 4 -

X pd

I 8 g 8 5
2 3 4 5,

Position of Elements and Color Code

CONNECT RECTIFIER IN CIRCUIT AS SHOWN BY DOTTED LINES. CLIP OFF SURPLUS LEADS AFTER CIRCUIT HAS

PROVEN SATISFACTORY.

Half Wave

@ ————————— ! L——Nwwv—oAC
T s T oAC

6 Volts AC 3 Milliamperes DC

Half Wave High Voltage

Rating
12 Volts AC 3 Milliamperes DC

Half Wave High Voltage High Current

B tm s AP — - — — 1 = =—>—dl | l
AN e e oidh Uit et b e b AC
{ ) b e
k.)———————- —— - m e PO mmm—— “—WAMMAA- -OAC
Rating Rating
12 Volts AC $ Milliamperes DC 6 Volts AC 3 Milliamperes DC

Double Half Wave

Double Half Wave High Current

' [1 [ s o Is
——————— J—— — — —
N~ N b tweac | - F--- ‘-—{: — eAC
- l ' [t e e e —
O —— - —— J booooos - -oAC T LT — WAA-eAC
Rating Rating
6 Volts AC 5 Milliamperes DC 6 Volts AC 5 Milliamperes DC

Full Wave Back to Back

Full Wave Back to Back High Voltage

[ TS G o T F‘N_F‘N——H—N—l
[n Alt L 4 5 L’ J'l JS 1+ J.'.S
[ | - I Tt s Sl
T -j.. = — ] &---eAC Vol ah b ‘ : MW~ -AC
it - I
<! LT - Disaenc \¢o / < o C
Rating T Rating
12 Volts AC 5 Milliamperes DC 6 Volts AC 5 Milliamperes DC

Full Wave Bridge

CAUTION: Precision rectifiers should never be operated at greater than rated AC Voltage or DC Current. Bradley recti-
fiers will withstand several times voltage or current for instantaneous service but must not be operated on continuous service
at higher than normal rating. Handle flexible leads with care and do not replace leads if they are too short. Leads are

soldered to lugs before assembly to prevent heat of soldering from damaging elements. If lead is too short,

solder extension

to present lead. Rectifiers must not be disassembled and adjusting screw and nut must not be moved as elements are

adjusted and sealed at the factory.
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AC.MOVING |IRON TYPE AMMETER & VOLTMETER

A0 So
‘5?\\\\\\\\\ml|nuh,,,//// 70
\ i/,
’Lo\\\\\\‘\\\ METER SCALL "y, >
W ‘7
\0 \\\\\\\ /////
o oK
& 20

POINTER - METEZR COWL
SPRING — —
~FIXED VANE
— MOVING VANL
VOLTMETER
TERMINALS
TERMINALS nevea ¢ o
[L-11W
rowr 180K
AMMETER O

JEWLL BSeARmMe Y

" '

| MovING vn';c

METER | |
coiL | |
| PIXED VANE,

MOVING VANME

/

3§ o —

VANES ABOUT . 17LONG AND g T %’ pECe

REPULSION OF VANES

COYNE
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MEASUREMENTS AND TESTS - WATTMETERS

WATTMETER AND WATTHOURMETER DIAGRAMS

INDICATING WATTMETER.

CURRENT ELEMENT,

LINE

LOWw RES\S’TANCEl

ERN) f

FLEXIBLE
“CONNECTIONS

POTENTIAL ELEMENT,
M HieH RESISTANCE.

JJJ

We

MAY BE USED ON EITHER

A.C. OR D.C. CIRCUITS.

RESISTANCE

T0 LOAD

D.C.

i N T T

0000

LINE

)

-

INTEGRATING WATTMETER.

BEARING

GEAR

SILVER COMMUTATOR AND BRUSHES.
- CORE  NON-MAGNETIC.

TR
FRICTION
‘ )) jfjﬁo MPENSATING
coiL

MAGNETS <

C

ALUMINUM DISC. —

) BEARING

{ LOAD




+

A.C.
A. C. VOLTS THESE SPOOLS
MOUNT ON BACK
:i:% OF Mcier
S AMP O
OH
I AMP .
APPROX,
S AMP O+
10AMP O-
2100 .
226,780
N
f 1500,
—0O— +X
50)d AMPS.D.C.
WESTON INDUSTRIAL CIRCUIT TESTER - MODEL 785
Connections as seen from back of panel.
Volts, d-¢. 1000 500 200 S50 10 1 Current, d-¢. 10 emps, 1 amp, 100 ma, 10 ma, 1 ma,
Volts, a-c. 750 300 150 30 15 5 50 microamps.
Current, a-c. 10 amps, 5 amps, 1 amp, 0.5 amp.
Resistance, full-scale. Megohms: 30 3 Ohms: 300,000 30,000 3,000
Resistance, center-scale. 0.25 0.025 2, 500 250 25

HdALSHL LINDOYID - SLSAL ANV SINFNIHNSVIN

61
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 153 ROTARY SWITCHES
A.C. AMMETER
[ PosiTiON
123 ico oFfF| 1 | 2|3
A B C OFF 2-4 X X
4-0 X | x
12 8-10 | x| x
. e | 10-12 X | X
T % rmmm
£ 3
<1 <"1 is
8
BACK OF
10 BOARD VIEW NAME PLATE
Y012
LOAD AM. SW.
DRUM DEVELOPMENT
£ 34 (NON-SPRING RETURN)
{ Three-phase Ammeter Switch (Cat. 153-2-39).
AC. AMMETER
a 2 1+ N JOFFY T lore> 2
! ‘ CONTACTS [POSITION
2 1o | 2615 ™ | OFF[1 [2]3
-2 X X [x
“Fo4 304 | 4é ‘ | L2 I.Ll- -3 X
- 1] 2-4 X
— | | | |
E‘““ s | g L= T 1) — x
7o ¥ 1¥ ? i :-g 2 b x X
" ’ -
l ::E: I : L3 97 OFF 7-8 x_[x| [
Lo [T [ | ,,‘ } NAME PLATE 7-9 X
1 1 |o? l (F.V.) 8-10 X
BACK OF BOARD VIEW GRO.- )
DRUM DEVELOPMENT
TOo LOAD (NON-SPRING RETURN)
Three independent circuit Ammeter Switch (Cat. 153-2-34).
VOLTMETER zh b oFF
|T° o POSITIONS
1 CONTACTS | OFF| ON [OFFjON
l‘T ON ON o2 x x
OFF
2 1o NAME PLATE F.V.
GROUND

DRUM DEVELOPMENT

BACK OF BOARD VIEW

F -

(N ON-SPRING RETURN)

Voltmeter Switch, single pole, a~c or d-¢c — (Cat. 153-3-4 switch only) (Cat. 153K-3-4 key only)
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 153 ROTARY SWITCHES

VOLTMETER FREQ. METER
02 |0 102 (o ——t1 o2
A.C. 0.c.dt AC. 1]
04 30— - 104 30 —od4 3o
BACK OF BOARD VIEW
(™S (™S
ZuZu
R XX
OFF
'2* ﬁ’.d] POSITIONS
4 CONTACTS|OFF| ON[OFF [ON
i T H ON N
|‘+¢Ez.d] ° -2 x X
3-4 x X
OFF
NAME PLATE F V.
CAT. 153-3-3  SWITCH ONLY D?h’om.sp?‘%%%?sxf)NT CAT.193-3.0  SWITCH ONLY
CAT. 1583K-3-3 KEY ONLY CAT.I153K-3-10 KEY ONLY
Voltmeter Switch, single-phase, or two pole d-c or frequency meter switch.
VOLTMETER
ALC.OR D.C.
A.C.CIRCUITS WITH IND. CIR.
POT. TRANS. AC.OR D.C. 3-WIRE D.C.
vi 02 | O~ +1—102 o~ + 02 |
VO——-04 30—t -t —104 do=g *E’OA 30~
Er—oo - \’ *2 08 S0— —08 S0—
v3 o8 7o -2 08 70— (=) 08 70
- - w BACK OF BOARD VIEW
[ (™ (™
ON_-ON_O
|
! .Iz' |
o ol | OFF POSITIONS
HH CONTACTS |OFF| 1| | 2 [oFr] 1 [ 2
4 34 2 J -2 x X
6 sl | t 3-4 X X
o] ol | 5-6 X x
P FF 5
8] H., (o] 7-8 X x
i ! '° NAME PLATE F.V.

DRUM DEVELOPMENTS
(NON-SPRING RETURN)

Voltmeter Switch — 2-phase, 3-wire, or 3-wire d-c, or two independent circuits — (Cat. 183-3-2 switch only)
(Cat. 153K~3-2 key only).
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 153 ROTARY SWITCHES

3 PHASE 4 WIRE

N N
A A
A.C. VOLTMETER
8 8
c c
"VWI anpX AAAAY
yyYy Yy
W [-vw\—( rwvu‘
=02 |O<] 2 |0<»—J
04 3 0= 3°<]
—06 50— 6 50—
o8 70 og 70
BACK OF BOARD VIEW
321 E 3 2
A l
24 m o fl) POSITIONS
i f oNTACcYS [oFF[ 1 [ 2 [ 3
o 113¢ [ 1] -2 X
‘ [ 3-4 X
thde| (thés 56 X
7-8 x | x [ x
< 9f Yy NAME PLATE
F.V.
DRUM DEVELOPMENT CAT.I133-3 -8 SWITCH ONLY
(NON-SPRING RETURN) CAT.153K-3-9 KEY ONLY

Voltmeter Switch, three-phase, four-wire.

A.C. 3 PHASE A.C. 3 PHASE D.C. 3-WIRE
A A .
B a2
c c =)
X %
‘VAVAVA vAvAv )
POT. TR
AAAA
wy
X
-02 |<:\\I L | 62 1oa 2 1ol
¢ E 4 3C-“ =04 3 04 35\\|
) ) 5°/ﬂ E—oe w’ﬂ E—oe 5ofﬂ
08 70-] o8 70 o8 7
g BACK OF BOARD VIEW
Il 32
Lhdd
. .2” a1 POSITIONS
4 3 cONTACTS[OFF[ 1 | 2 | 3
ef -2 X %
6 5, 1 3-4 X
. el ni e f NA%EVP.LATE 2-4 y
8 7 7-8 X | x
—!1+ e’ | @

! DRUM DEVELOPMENT
(NON-SPRING RETURN )

Voltmeter Switch for 3-phase, 3-wire — (Cat. 153-3-6 switch only) (Cat. 153K-3-6 key only).
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METER SWITCHING CIRCUITS - ALLIS-CHALMERS TYPE 1563 ROTARY SWITCHES

SYNCHROSCOPE
2 + SYN.
I LAMP
v 3 — =
FYN. T -8
LAMP | svrt’ o
7 = Eﬁ”m NTROL U3,
4 r
loa 309 :} Fu 3x:-|
304 o8 8o
SYN. SW Ll
8 ¥ l
g.c?:.{ ] §.bcs.ail_
36 |
-
CONT. p
GEN. GEN. RELAY T T
CLOSING | =
coiL E
OFF—ON OF F —ON
2, o 2
orr orr
4 -,
' o.<=>¢. 1 ou<>-
. D) :
ofr . oFF
ORUM DEVELOPMENT DRUM ELOPMENT
(NON-SPRING RE TURN) (NON-SPRING RETURN)
CONTACTS Gt ToN ?ﬂ' oN
2 E3 1 - 2 x
-4 X| CAT 183-3-8  SWITCH ONLY [ 3 - 4 %
5 - ¢ % | CAT. tS3K-3-¢ KEY ONLY s =& ¥ CAT 153:3-6  SWITCH oY
Y =8 %] CAT. 153K-3~¢ KEY ONLY

Synchronizing Switch, between Fig. 12A Synchronizing Switch, between
machine and bus, without interlock. machine and bus, with interlock.

e
A SYNcHROScoPE (17
[
[
—1
J
— °
CONTROL BUS
=102 104 }
4 30" é
SYNSW. wge > 2.1
T tos 3od
?C 30‘3
— J
CIPC. BRK.
CONT SW.
CAT.IS3 1t
=TRP
MAN. eLEcy, oK
OPER. OPER{
oce. ocBs.
AUX l
3 sws lehe ol
= 2
b s ¥ CONT-Z T
RELAY
GEN. c&g's'.mc 3
— |
ING =— OFF —= RUN INC~—— OFF — RUN

| !4';4“-’3 D . L&.q] | non Jowme.
|

T

*INCOMING " AND *RUNNING” KETYS
REMOVABLE IN ‘OFF’ POSITION

ODRUM DEVELOPMENT DRUM DE VELOPMENT
(NON-SPRING RETURN) (NON-3PRING l!YURN)
UNIOPFIINC!  CaT 133-23-1  SWITCH ONLY ICONTACTSIAUN [oF FIN
-2 X CATIAIK~-23-1 ‘RUN'KEY ONLY -2 X CAT.153-23-2 SWITCH ONLY
3- | % | CATISIK-23°1A ‘INC'KEY ONLY 3-4 X CAT 133K-23-2 "RUN' KEY ONLY
65 X CAT.I33K-23-2A  "INC' KEY ONLY
Synchronizing Switch, between Fig. 13A Synchronizing Switch,

machines, without interlock. between machines, with interlock.
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- el CENTERING B ycze 4
2R ;‘QAM | 700-7000 -4
22M R2> | G_"_‘ao !
Fi 5 R20 vze?zroM : 4  pe-sonc. &251
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£ BOTTOM VIEW RANGE
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SY36GT/6
HV. RECT. 7| Jalo | s ve
& 25w DE (2 0 3ap-aA
[ &
3
RCA CATHODE-RAY OSCILLOSCOPE - TYPE No. 155C
6C8G tube.

Frequency range of timing axis o
Deflection sensitivity at 1 ko,
Sine wave response:

+ or - 10% to 40 ke,

scillator =
gain controls max., 1 vol
20% to 80 ko.

10 cycles to 60 kilocycles per second.
t r-m-s per inch, 2.8 peak-to-peak volts.
Useful range, to 200 ko vert. and hor.

be
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MEASUREMENTS AND TESTS - OSCILLOSCOPE

OSCILLOGRAPH RECORDING

TIME BASE METHODS -

e

1-WAVE FORM 2—-FUEL LINE PRESSURE,
ANALYSIS, PULSED AUTOMOTIVE TESTS
WAVE

3—PRESSURE WAVE,
DETONATION TEST

4—TEST ON FLASH BULBS

5—ELECTROCARDIO-
GRAM

6—PULSED WAVEFORMS
FROM MULTIVIBRATOR

8—RATE OF CHANGE OF
PRESSURE WAVE,
DETONATION TEST

7—CARRIER WAVE
PATTERN 100%
MODULATION

LINEARIZATION

SINGLE >IDED DEFLECTION SYSTEM BALANCED DEFLECTION SYSTEM
BEICITIOF
s vermicac] *uomizonTal |~ T [ BALanceD ] BALANCED |
s s | pusH PULLT #°PusH PuLL
z AMP z
Hl GG AMPLIFIER || 2 L AMPLIFIER 9 AMPLIFIER
2
- CONNECT TO CONNECT '0
T TIiMING 8as
a) HCHIR T ® G dn e

In the usual small general-purpase oscillagraph,
one of each pair of deflection plates is grounded,
as in (A). In larger, precision insiruments the
deflection plates are isolated from each other
and balanced amplifiers are needed, as at (B)

LINEAR TIME BASE (Single Sweep)

In o single sweep system (above) o seporate synchronizing pulse 1s required to start eoch
discharge. Hf the time base circuit is adjusted so that self oscillations occur, a recurrent
form of oscillogram results (shown below). The lotter is the most usuol form of oscillogrom
It is useful if the wave under study repeats in a cyclic manner. in either case a similar form
of pottern is obtained

Linear Sweep Displacements along the time oxis are precisely or opproximately propor
tional to time, depending on the degree of linearization introduced by circuit designer
In single frequency sweep circuits, such as is used for television ond rador applications
precise linearization con be accomplished. In equipments arranged fo cover a wide range
of frequencies less constoncy of the horizontal trovel speed usuolly is found ot certoin
points in the frequency range. Linear sweeps for frequencies higher thon a few cycles per
second utilize the voltoge across a slowly chorging capacitor to control tha deflection along
the time axis. The charging curve is altered from an exponential to o linear curve by
providing a constant valued charging current to the copacitor

Four methods for connecting the RC timing circuit
of a linear sweep to the thyratron control tube.
A and B utilize a slawly built up charge and fast
discharge, C and D a slow discharge and a fast
charge. The over all results are similar.

LINEAR TIME BASE (Recurrent)

@0

O—FREQUENCY RATIO 10—MODULATING WAVE
AS TIME BASE,
TRAPEZOIDAL PATTERN

\I—FREQUENCY RATIO 12=1:1 RATIO WITH
3:4 HARMONICS

-8 Ovs'c ~.‘l-o( | Y ' c:ﬂ:(l.l c'-n;(
TuBet | 4 v u | 20 '
A m| . ("VWJ‘ ‘
L @ L T
r@ Tec | ‘V Tc¢ @ @
-4 e e AR SR
L = T = c *
G YNC RON: 2 1NG| LONSTANY S ¥ NCRON 2 COnSTanT 5"‘("0’0!1!”5 CONSVAN' S'hCﬂMIII'QG CONSTANT
1TU0E CURRENT D AMPLIT UDE| CURRENT (AND AMPL)T CURRENT 1S NO AMPLITUDE CURRENT DS
.S HARGING (L ONTROL CCTS HARGHNG CC ONTROL CC 15| HARG G CC vOﬁ"OL CCTS, JCHARG NG CC J
@ -8 | @ -9 - s F——
v The symbol for a cathode
illograph showing
H + ray oscillograph
SOURCE OF AC | FREQUENCY the connections either to the
WHOSE FREQUENCY BEING STUDIED vertical and harizontal
IS KNOWN "1 A deflection plates or to the
] amplifiers associated with
- those plates.

It a sine wave voltage is applied to a set of de-
flection plotes, ond olternoting voltoge under
test to the other plates, the well known Lissajou
figures result. The pattern depends on the relative frequencies, their harmonic contents and
the phase differences between them Rules for determining the ratio from the pattern f/n
is 10 divide the number of times the trace intersects the horizontal axis (or any line parallel
to this axis) by the number of times it intersects the vertical axis, (or a line parallel to it).
An inversion of the frequency ratio is equivalent to viewing the diagram turned 90 . This
rule is useful if the harmonic cantent of either of the frequencies is less than say 25% of
the fundomental, and is unaffected by phase differences.

SINUSOIDAL TIME BASE

ELECTRONIC INDUSTRIES
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SYSTEMS

A review of the basic equipment arrange-
ments for displaying cathode ray tube patterns.

SYNCHRONIZATION

In three parts « PART 1-SINGLE FREQUENCY TIMING

SINUSOIDAL TiME
BaSE FREQUENCY

SINUSOIDAL TiME - - FREQUENCY FREQUENCY
BASE FREQUENCY BEING STUDIED BENG STUDIED]

c £
e

Oy R
cons
%

SINUSOIDAL TIME
Bast FREQUINCY

—f

(omase swif T;'

MIGH VOLTAGE AMPLIMIER
wnEREBY TEST FREQUENCY
MQDULATES CRT anDOE
COLTAGE

SINUSOIDAL Timg
BASE FREQUENCY

This is similar 1o one with a linear sweep. The spo!

-
[
 lana)
VWAL
© [, rreviney 3—
_BEING SLIOJ_[D
moves radially 10 and from the periphery of a

13 -WAVEFORM APPLIED
CIRCULAR TIME BASE
circle. The angular advance of the radian con-

laining spot is at a constant speed. Such a sweep is simple, but applying signal 1o produce
the rodiol excursions is not easy. There ore four common arrangements: Use of madulated
anode currents, Fig. A, has the disadvantage that intensity of troce decreases with its
distance from center af circle. Use of a double deflection system. Magnetic deflection coils
connected in quadrature to a sinusoidal hme base frequency produce the basic circle.
Test valtage is cannected through phase splitting circuit 1o the plates, Fig. B. The third
method uses a so-called “polar co-ordinate ' cothode ray tube containing an additional
pair of concentric truncated cone shaped deflectors 1o which the signal 1o be anlayzed is
placed, Fig. C. These are actually “circular”, not polar diagrams. The faurth methad uses
a dauble phase-shifting circuit, Fig. D.

S
15— TIME BASE
ROTATING SAME

DIRECTION. 26 1

VERT C R TUBE
Here the connections from the synchronously amp [ - ,
driven transtormer to the vertical and hori- -P
zontal deflection system produces a rotating :@
vector whose amplitude () is proportional ’°‘°") HORIZ J
to input current and to the speed _/ AMP 1
In a.palar cure, the radius vector is at all QOTATABLE TRans

times proportional ta the quantity being
measured, and the angular movement af this
vector either is linear with time, or is praportional
to some other factor involved in the problem
!such as position). True polar curves are not easy to obtain with a cathade ray tube. In one
of the best methods a 2 phase rotatable transtarmer is turned at constant speed, or at a
rate equivalent 10 the mechanism under test.

This rotatable transformer delivers two 90 valltages, which are proportionol 1o the
flux rate-of-change when o steady current is applied 1o the rotor These voltoges applied
to the deflection plates produce a circulor trace. A variable current to the rotor turning
at constant speed produces a polar curve. With a DC source on the rotor, which is connected
to a mochine so that it follows the mavements of the driving shof1, the diameter of the
circle produced is praportionol 1o the speed. Therefore, a “bump™ on the circle indicotes
accelerotion.

Anather method of indicating speed variations 1s 1o apply high frequency
pulses 1o the rotor. A spoked pattern results; the separation of the spokes show-
ing where speed variations occur

17—POLAR DIAGRAM,
SHOWING AN
8 ) RATIO

19~POLAR DIAGRAM,
SAWTOOTH WAVE

POLAR OSCILLOGRAMS

As in the arrangement at the left a sinusoidal voltoge of knawn trequency moy be
used as o lineor time base if its amplitude is increased so that the diagram extends
greatly beyond the edges of the cathode ray tube screen this case the visible

aortion is substantially linear The wavefarm
SINUSOIDAL TIME BASE (Extended)

of any unknown wave applied to the vertical

plates will be essentially correct. If the voltage

applied 15 sufficient 1a give a deflection of, say five imes the screen diometer, the greatest
deviotion from true linearity of the nme base will be 29, assuming no distortion in the
deflection it s usuolly desiroble 1o blank out the return sweep A smoll voltage of the same
frequency as that of the time base con be upplied to “Z oxis”* terminals (offecting the modu-
‘ation grid of the cathode ray tube) to extinguish the pattern during the return interval

Thes sweep method is simple 10 apply (60 cycle voltages sometimes being sufficient) and is
useful in waveform study It also serves in determining frequency ratias of a higher arder

& ELECTRONIC INSTRUMENTATION

W

21 —-EXTENDED
SINUSOIDAL BASE
RETURN SWEEP BLANKED

In

23—VERTICAL WAVE IS
ONE CYCLE OVER AN
EVEN MULTIPLE OF BASE

*

14—780 CYCLE WAVE

TO CIRCULAR TIME BASE ON 60 CYCLE BASE

16—ROTATING OPPOSITE
DIRECTIONS 26 1

18—POLAR DIAGRAM OFf
IRREGULAR WAVE

20—-POLAR DIAGRAM OF
SINE WAVE

22—-SINE WAVE ON
EXTENDED ELLIPTICAL
BASE

24—WAVE IS 2 CYCLES
OVER AN EVEN MULTI.

PLE OF TIME BASE FREO
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CATHODE RAY OSCILLOGRAPH
RECORDING SYSTEMS

0
TO SWEEP
CIRCUIT

NECK OF
TUBE ™~

=
c
-
e
>
w
or}
'w

Left—For a PPl display a Rotatable Magnetic
Yoke (driven by motor) surrounds neck of cath-
ode ray tube. Electron beam is perpendicular
to paper. Right—Circular azimuth position con-
trol with 360° continuously rotatable potenti-
ometer. This might be used in a B sweep, otc.

- e
AZIMUTH

TYPE 8B—RECTANGULAR TYPEC—RECTANGULAR

DISPLAY WITH INTENS- COORDINATE SCAN,

ITY MODULATED BEAM MODULATED AS IN
TYPES

RADAR DISPLAY PATTERNS

The development of circuits for displaying radar patterns makes great use of doubly
timed sweep systems. Many combinations found use in this program, a few being shown
here.

The presentation of radar data to the observer may utilize any of the time base systems
used in regular ascillography. A modern radar data display system must disclose at least
28 two of the three factors necessary to locate a point in space: direction (azimuth), elevation
TYPE RMI, TWO DIREC. TYPE E. SIMILAR TO (or sometimes elevation error), and distance (range). Earliest systems disclosed only range
as with Type A display (not shown), as the direction was indicated by means other than
the CR tube screen. In some arrangements the three factors are displayed on two tubes,
with one factor (such as elevation) common to both,

TIONAL SCAN. Y AXIS (27) BUYT Y AXIS
REPRESENTS HEIGHT

SHOWS ELEVATION
ANGL

Range data is handled by utilization of travel TIME of a signal too and from the target.
Other data is not dependent on TIME but on the simulation of the position of the directive
antenna system on the screen. Mognetic deflection arrangements are quite common in
radar circuits. To obtain the PPl type of display (oscillogram 31) one design of radar
utilizes magnetic deflection coils that rotate about the neck of the cathode ray tube,
being driven by a synchronous motor.

RANGE

-

- -

AZIMUTH

TYPE H (DOUBLE.DOY TYPE | OR RYB DISPLAY

DISPLAY. DOT SPAC. USES RADIAL TIME

ING |NDIIC(A)TES ELEVA. BASE SWEEP SYSTEM
1ON

Push-pull stationary deflection yoke for PPl type

RADAR DlSPlAY PATTERNS display. Input signal is distributed to four tubes

by a two-phase rotary transformer, whose rotor
follows the antenna driver.

\ROTARY
R TRANS
]

N 32

TYPE ). SIMILAR TO TYPE msgnsruv E'z'u

TYPE A SCAN BUT USES CULAR SCAN -
MUTH, RADIAL DIS.

CIRCULAR TIME BASE TANCEl = RANGE

In an electron switch,two pentode amplifier

.8 stages both operate into the vertical deflec-

T0 SWEEP A s
CIRCUIT °_] > tion system. Each amplifier
2 ¢ handles ane of the twa input

== signals. The stages alternately
function and block by the
switching potential produced
s S by the triode multivibrator cir-

é -8 cuit, at a frequency much high-
- er than that of the signals.

t
)

1

)
o
b1
4]

[}

kX l 4

TWO SUPERIMPOSED SAME FORM AS (33)
DIAGRAMS USING BUT AXES ARE DiS.
ELECTRONIC SWITCH. PLACED VERTICALLY

SAME AXIS

The trace of an oscillagram is produced by a
SUPERIMPOSED PATTERNS small luminous spot n?oving c’:'ound on the

screen, uswally at a speed fast enough so that
it appears as a line. This principle can be extended so that two separate patterns can
be superimposed on the screen, by alternately displaying small sections of each pattern,
On recurrent diagrams both will appear complete to the eye. A separate amplifier is
necessary for each wavefarm displayed. These amplifiers are alternately blocked to the
“cut-off point” by the application of a high frequency blocking potential to the ampli-
fiers, so that alternate half cycles prevent the amplifiers fram passing the signal to the
deflection system. This switching frequency is usually hundreds of times higher than the
time base frequency. The two traces may have the same base line or they may be offset,

a5 I

A WAVE AND ITS SUPERPOSED PAT.

RATE-OF.CHANGE VER. TERNS ON METAL AN-
SION SUPERPOSED ALYZER (DUMONT CY. ELECTRONIC INDUSTRIES

CLOGRAPH)
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29

TIME BASE METHODS
LINEARIZATION

SYNCHRONIZATION

Two linear time base circvits, having o

definite frequency ratio, are applied to SIGNAL
the vertical and horizontal deflection /‘*\ [AMPLIFIER
systems of a cathode ray tube, in a HORIZONTAL _)_
manner similar to that used in a tele- SCANNING \
vision system. The wave form or timing CIRCUIT ‘L N1 \s’gsg:ﬁzé
pulse is applied in series with the time l . CIRCUIT
37

base having the lower frequency of
the twa.

TWO TIME BASES WITH
10:1 RATIO GIVE REC.
A trace appearing on the screen, using the reg- TANGULAR RASTER
ulor recurrent type of linear time bose, con
groduolly be offset in a vertical direction so
thot successive traces are not exactly superimposed. The time base is thus similar to the
well known television raster. The vertical shift potential should have o frequency that is
o direct submultiple of that of the horizontal time bose. This scanning system is useful in
measuring precise time intervals, since the length of the time scale effectively is extended
by an omount equal to the ratio of the scanning frequencies. The pulses representing the
effect under investigation are injected into the amplifier stage thot provides the vertical
shift effects. For example, if the horizontal sweep is 100,000 cycles and the vertical fre-
quency 1000 cycles, time intervals to the nearest 0.1 microsecond con be measured.

SIMILAR TO (38) SIG.

NAL MAKES INTENSITY
CHANGES ALONG
SCAN LINES

One method of providing a spiral sweep
vtilizes a saw tooth voliage input to the
rotor of a rotatable transformer, driven by
a motor at a speed equivalent to the circu-
lar speed desired. The voltage E shown
here prevents the spiral from starting at
the exact center. The signal is superim-
posed on the saw tooth potential to give
supplementary radial deflections.

SIGNAL
AMPLIFIER
Saw TOOTH
oSCILLATOR ||

Here the circular time bose (mentioned in Port
I of this series) is modified so that on successive
revalutions, the spot follows an Archimedion SPIRAL TIME BASE
spiral, and moves with uniform angular vel-

ocity. Pulses (representing the effect being studied) are superimposed on the potentiol
thot produces the radial displacement. The method has the same feotures os the obove-
mentioned scanning arrangement. To produce the sweep on auxiliory saw-toothed voltoge
is superimposed on the circulor time base frequencies so as to initiote o supplementary
radiol deflection. If the signal to be displayed is of a recurrent nature it is necessory that
the time bose frequency that produces the circulor trace be o multiple of the recurrent
rate. The ouxiliory deflection con best be equal to the frequency of the recurring signal.

41 l

EXTENDED CIRCULAR
TIME BASE USING SPI.
RALLING PRINCIPLE

‘

2:) SPIRALLING CAN

SHOW TIMING RELA.

TIONS ON TWO.CYCLE
ENGINE

A closed loop pattern of a camplicated noture can be extended linearly in the hori-
zontal direction. In other wards, it is doubly displaced along this axis.

With this arrangement the horizontal displocement from a lineor time bose has o smaller
sinusoidal displacement superimposed on it. resulting in on oscillogram thot presents
onalytical odvantoge in certain problems. For example, the normally narrow ellipse
oppearing in phase angle measurements in some circuits may be difficult to onalyze since

the minor axis is too small for precise measure-

ments. In troce (33) this ellipse is drawn out, DOUBLE DISPLACED TIMING
either by the use of an ouxiliory linear sweep

superimposed on the horizontal deflection system (os by the use of auxiliory deflection
coils in oddition to deflection plates) or by photographing the eilipse on a continuously
moving film. If the speeds are adjusted so that the intersections of the trace (the necks of
the loops) occur on the horizontal oxis (the zero point on the ordinate scale) the distance
between the horizontal intercepts that the normal ellipse would have had, is equivalent to
one-half the distance between the points where the trace intersects at the necks of the
loops. This moy be measured across several loops for even greater accuracy.

ELLIPTICAL PATTERN
(SHOWING PHASE
ANGLE) EXTENDED

& ELECTRONIC INSTRUMENTATION

COMPLEX FORMS OF ELLIPTICAL PATTERNS WiTH
EXTENDED SWEEPS. ONE PART OF ELLIPSE 1S EX.
PANDED AND THE OTHER CONTRACTED DURING

Part Il of a three part review of the basic methods and
equipment for displaying cathode ray tube patterns.
Here the timing base system operates in accordance
with the combined effect of TWO DIFFERENT FREQUENCIES.

SCAN SIMILAR TO (38)
SHOWING EXPAN.
SION FOR WAVEFORM
STUDIES

40
SAME METHOD WITH
MORE SCAN LINES
FORMS BASIC TELE-
VISION SYSTEM

SPIRAL TIME BASE TO

SHOW POSSIBLE MmIS-

TIMING OF RECUR-
RING EFFECTS

-~
-~

PHASE ANGLE STUD-

1ES. LOSS INCREASES

WITH APPLIED AC
VOLTAGE

V) II /)

SAME AS (45} ADJUST.
ED SO INTERSECTIONS
OCCUR ON HORIZON.
TAL AXIS

CYCLE
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CATHODE RAY OSCILLOGRAPH
RECORDING SYSTEMS rarT m

50

LIFT  AND VELOCITY
CURVES OF COmS.
ENGINE

CHECK ON “WOwW'* OF
RECORDER

52

HORIZONTAL ODEFLEC-
TION REPRESENTS
MACHINE SPEED

INDICATOR CARD
STEAM ENGINE, PRES-
SURE VS POSITION

53 54

RADIAL PATTERNS OF ROTATIONAL SPEED

USING 2 § SYNCHRO. DIAGRAM AT LEFT IS
MODULATED RADIALLY

55

POLAR OQUTPUT PAT. CHECK OF SPEED DUR.

TERN OF TUNGSTEN ING A REVOLUTION.
LAMP 2-A XIS MODULATED

8
Y SAWTOOTH.
VELOCITY MODU-

57
WAVEFORM STUDY
WITH VELOCITY
MODULATED HORI-
ZONTAL SWEEP

[N

Y — SINE WAVE. Y
VELOCITY MODU- M

LATED SAWTOOTH
SWEEP

\

59

SINE WAVE.
VELOCITY SET BY
SINE WAVE

LATED SAWTOOTH

LINEAR DISPLACEMENT SWEEP
(U g, S il T SN

T0
RECIPROCATING .
MECHANISM V4
MECHANICAL LINK
= REIGHY TO ROTARY MOVEMENT,

In studies on engines and other mechanisms a delineation of certain positions of parts
or effects occurring with respect to the instantaneous position of some master movement
is needed. The pattern may have either a linear or a rotary base. For the former to
get a position or displacement control of deflection, the simplest arrangement is a cord
or belt-driven potentiometer or slide wire rheostat connected as a horizontal position
controller in the oscillograph circuit shown above. Either rotary or reciprocating
motions can be converted to a linear displacement sweep in this way. These sweeps can
be calibrated by stopping the mechanism at various points along its travel and noting
the position of the spot at each point. Since only one axis is used to get this for the
linear displacement sweep, the auxiliary surges, etc., representing associated effects
can be displayed using the other axis on the cathode ray tube screen.

ROTARY DISPLACEMENT SWEEP

RECTIFIER

TO SICNAL SOURCE

28 sSyncHro 'UGES‘ —1 —+ = RADIAL SURGES
STATOR 555)) 62 © SIGNAL
ROTOR T source
RaDIAL
~ W\m sumaEs
RECT ke
BiAS T
= =
DIRECT LINK T, AA | - DIRECT LiNe ZOUP)
COUPLING TO 76 Suttinnsa
MECHANISM

For displaying data of rotating mechanisms, the spot may follow a circular path in
accordance with the movements of a master. Since the positional correlation must be
exact throughout the revolution, it is not sufficient to synchronize the trace once per
cycle, with a constant level speed for the rest of the rotation, and so this sweep dif&rs
from the circular time base, heretofor described. For siow movements, a four-armed
rheostat connected as indicated above, can be rotated continuously by the master
mechanism. Using a 360° circular rheostat the spot on the screen describes a square
trace instead of a circle, but the square rheostat reduces this discrepancy. For studies
of speed variations throughout a revolution, a two phase rotary synchro can be
used coupled to the machine, its rotor excited with a high audio frequency, and con-
nected as shown above. Auxiliary excursions in a radial direction represent other
phenomena occurring during a revolution, such as valve operation, ignition voltages, etc.

VELOCITY CONTROLLED SWEEPS

T T To woriz, In a Yelocu?-confrolled sweep
CONTROL T=C +8 DEFL. variations of some effect under
N Ta Ts SYSTEM _ investigation controls the speed
2% of traverse of the spot in the

[« - 0 . .
AMPLIFIER horizontal direction. The value
of such a system might be evi-

T l k= dent when a rate-of-change ef-

- fect must be considered in in-

terpreting the patterns. To produce such an effect the charging rate of the capacitor
C [circuit above) depends on the anode current in T,, which varies continually in
accordance with the fevel of the control signal applied to the amplifier. At the end
of a desired deflection excursion, the anode voltage to the thyratron T, reaches a
discharge value set by the bias on its grid, fires and a new sweep starts. The hori-
zontal deflection displacement depends on the instantaneous voltage on C. This
sweep is similar to an ordinary linear time base except for the controlled variable
charging rate. The characteristics of the tube T, must be carefully selected and adjusted.

ELECTRONIC INDUSTRIES
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On these pages, Part Il of a series describing typical cathode ray tube patterns, methods for automati-
cally making plots of data, which represent interrelated effects are outlined. In these diagrams A TIME
SCALE IS NOT PRESENT as such. In typical applications the position of the spot on the pattern simu-

lates the position of a reference point on an operating mechanism.

X-Y RECORDING

POSITION OF
sTYLUS N\
/
z
SLIDE wWIRE
|~ —nesisTORS
il

A large variety of oscillographic studies find common use in which characteristic
curves of certain equipment are automatically plotted to a convenient scale; graphical
diagrams of interrelated effects. A few common examples are:

Characteristics of electron tubes showing relations between i, e, €, i r,, etc.
Volt-ampere curves with variations in load, resistance, phase, etc.

Color characteristics, showing intensities in the visible wavelength range.
Frequency curves of transformers, amplifiers, microphones, pickups, speakers, etc.
Relationships relating to flow, temperature, pH, concentration, etc. in industrial
processes.

Most of these displays are obtained by simply connecting the deflection systems to
suitable test circuits. In case the effects under investigation are not represented by
variations in electrical quantities, it must first be converted to an electrical quantity.
An extension of these methods permits the display of families of characteristic curves,
by the introduction of sequential variations of an independent variable. Here either a
motor driven commutator systematically applies these variations in synchronism with
the horizontal deflection plate, or a sellacfuafed stepping switch is connected in this
role. The horizontal deflection usually represents some factor that is not directly
associated with TIME but sometimes it is convenient to vary the factor that produces
the horizontal deflection at a linear or a sinusoidal rate. The TIME factor in this case
is only incidental. Magnetic tests are used for the study of permeability, coercivity,
core zpss. etc., to indicate expected operation in electrical equipment, or some dif-
ferent property such as temper, hardness, alloy content, etc., or the existence of
concealed flaws. Typical arrangements are shown in the next section below.

MAGNETIC TESTING

STANOARD 1

R R

~

W

AMPLIFIER

A hysteresis curve (pattern 69' can be delineated either by the direct method,
where flux from the sample itself produces a vertical (B axis) deflection (left above)
or by voltages induced in a search coil around the magnetic sample (center circuit)
produce the B axis deflection. The latter is proportional to the rate-of-change of flux
instead of to the actual flux density, so an integrating, correcting network (R and C)
is added. Other magnetic inspection methods use comparison principles, where, flux
from one sample is compared directly with that of another sample or standard. With
equal specimens and equal magnetization a straight diagonal line results. In another
method (circuit at right) induced voltages representing the rate-of-change of flux are
connected series-opposing to the vertical deflection amplifier. With equivalent sam-
ples, the resultant diagram is a horizontal line (pattern 70), or otherwise is as in (71)
and (72), etc. These tests are easily set up along production lines, so that either
raw stock or fabricated parts can be checked.

g I\Cl SAMPLE

& ELECTRONIC INSTRUMENTATION

6

X VOLTAGE,
Y CURRENT ON

POWER LINE WITH
CORONA

63

UHF ANTENNA TURNS
IN SYNC. WITH SWEEP

&

SPECTRUM OF TUNG-
STEN LAMP 3200°K

[
AMPLIFIER CURVE,
X AMPLITUDE,

65

STATIC CHARACTERIS-
TICS, QUTPUT STAGE
T

ELECTROMAGNETIC
UNIT, IMPEDANCE
RESISTANCE CURV

o
~
c
=3
m
m

@

DYNAMIC CHARACTER-
ISTICS, OUTPUT STAGE

TUBE
68 %

MULTIPLE DIAGRAM
OF Ep-lp CHARACTER.
ISTICS

HYSTERESIS CURVE,
DIRECT METHOD.

B,
HORIZ H

7

MAGNETIC COMPARI.
SON TEST, UNEQUAL

ALLOYS

70 =

MAGNETIC COMPARI-
SON TESTS, EQUAL
SPECIMENS

%

MAGNETIC COMPARI-
SON TEST, UNEQUAL
TEMPERS
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Insulation Resistance

An insulation resistance test is a measure of the resistance in
ohms of the insulating material surrounding the conductor. Since
all leakage paths to ground are in parallel, insulation resistance
will tend to be lower with increased length of the conductor, and
higher with shorter lengths. 1t varies with temperature, humidity
and dirt, and therefore is an indicator of moisture, deterioration
and neglect. Changes in these local conditions will change the

test results from one time to the next.

The trend of insulation resistance values is usually more
important than an exact value at a given time. The question is
whether the insulation is holding its own or is falling ofl. Experi-
ence gained from a series of tests, together with some knowledge
of the type of insulation and conditions under which the conductor
is operating, are of more value than any rules for insulation resist-

ance that have so far been devised.

INSTRUMENTS TO USE

Megohimmmeters are required for obtaining direct measurements
of the insulation resistance on distribution systems and insulated
electrical apparatus.  This type of instrument is available in
several ranges of generated voltage, and with various features of
construction and application, as a combined hand d-c generator
and obmmeter reading directly in ohms and millions of ohms
(megohms). The most popular device is rated at 500 or 1000
volts. and reads up to 100 or 1000 or 2000 megohms. These
instruments are simple to use and are as easy to read as a volt-

meter,

When abnormally low readings are found, steps should be taken
at once to locate the weak spot, section or condition. This is most
easily done by testing from distribution points or panelboards.
If the entire length of a wire or cable is ().K.. it follows that each

section is all right.

Conductor failures can

be avoided by checking

insulation resistance

valves periodically with

a portable megohm.
meter.

e
B

‘ MECG!

Insulation resistance values are checked to avoid sudden feeder
breakdowns because of unknown insulation deterioration or
injury. Conductors may have become subjected to excessive
moisture or heat, to acids or fuines, severe abrasion or other
injuries.  Only regular tests will reveal these hidden weak spots

in the network of conductors.

For old insulation a resistance value of 1,000 ohms-per-volt-
rating of the conductor insulation is considered to be the mini-
mum, while some authorities advise a minimumn value of 1,000,000
ohms (1 megohm). For old 600-volt insulation a value of from
600,000 ohms to 1 megohm is thus considered the lowest safe
value. For new installations, these values should be proportion-

ately higher.

INSULATION TEST

In case a “"Megger' is not available, insulation resistance mea.ure-
ments may be easily made using 500-volt direct-current circuit and
a 500-volt direct-current voltmeter. The method of measurement
is to first read the voltage of the line; then to connect the resistance
to be measured in series with the voltmeter and take a second
reading.

500 to 600 Volt 0 -C. Circuit

N

Voltmeter
-This switch closed for reading line voltage

To resistance to be measured

CONNECTIONS FOR MEASURING INSULATION RESISTANCE
The measured resistance is then calculated by using the following
formula:
r(V-v)
R @ ————— in which
v(1,000,000)
V = voltage on the line,
v = voltage reading with insulation in series with voltmeter.
r = resistance of voltmeters in ohms, (generally marked on label
inside the instrument cover.)
R = resistance of insulation in megohms (1 million ohms.)
The method of connecting the apparatus is shown in the diagram.
If a grounded circuit is used in making this measurement, care
must be taken to connect the grounded side of the line to the frame
of the machine to be measured, and the voltmeter between the
windings and the other side of the circuit.
Voltmeters having a resistance of one megohm are now made for
this purpose so that, if one of these instruments is used, the calcula-
tion is somewhat simplified since r = the formula becomes

R-l-]
v

A safe general rule is that insulation resistance should be ap-
proximate]ly | megohm for each 1000 volts of operating voltage
with a minimum of 1 megohm.

No new machine should have an insulation resistance of less than
1 megohm,
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INSULATION TESTS

HO E A.C.LINE CONNECT TO NAME PLATE
|| OR SHAFT
UNIVERSAL
POWER PACK USED TEST METER
Yo STEP-UP 110 E +—

A.C. TO 500E A.C. 0 O
AND RECTIFY OR

CHANGE IT TO D.C.
RECTIFIER
FLTER
fad S <
U T S &F AdFeS
800 € 0.C. ]
A

Since the quality of the insulating materials used on any electrical machine de-
teriorates with age, due to the action of moisture, dirt, oil, acids, etc., it
is necessary to periodically test the electrical resistance of the insulation so
that weaknesses may be detected and corrected before they result in complete
failure.

Insulation resistance tests are usually made up applying 500 volts D.C. between
the winding of the machine and the frame; the current which this pressure forces
through or over the insulation to the frame is measured by a sensitive instru-
ment, the scale of which is usally calibrated to read in megohms. The 500 volts
D.C. may be developed by a hand-operated generator as in the megger, or it may
be supplied from an A.C. source by a rectifier-filter combination as shown above.

The readings obtained on any given machine will vary greatly with the temperature
of the insulation, a 10 degree Centigrade rise in temperature reducing the in-
sulation resistance as much as 50%. The dampness of the location, and the amount
of oil, dust, or dirt on the winding, will also materially affect the readings.
wherever possible, the test should be made when the insulation is at the maximum
operating temperature, 167 degrees F., (75 degrees C.) The minimum safe in-
sulation resistance at maximum operating temperature should not be lower than

one megohm for equipment having a voltage rating below 1000 volts.

To meke the test, connect the rectifier unit to 110 volts A.C., set the control
switch on the meter to the one mil position, set switch in D.C. position, make
the connections shown above, and read the insulation resistance on the top scale
of the dial. Usually a general test is made between one lead of the machine and
the frame, and if this proves to be too low, the windings are tested individu-
ally. So after the general test, test the armature, shunt field, series field,
and brush holders separately. To do this, take the brushes from the holders,
disconnect the windings from each other, and test the insulation resistance of
each. In this manner, the faulty element can quickly be found. This same pro-
cedure is used on A.C. equipment also. If such readings are taken at regular
intervals and the values recorded, a close check may be kept on the condition of
the insulation resistance of all electrical equipment, and apparatus may be re-
moved from service and reconditioned before breakdown occurs.
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POWER PACK FOR INSULATION RESISTANCE TESTER

INPUT
110 E A.C.

2T FUSE

7000

00C | _» W
CHOK;}’ 2 353
‘ HENERIES ( <o
S Q Q
| — TN T 8 X > 9
W PAPER | CONDENSER S 25
o 2 MFoD, G600 E o > 9
" Q < ¥
¥ N 2 Q
T CONDENSERS g
W TRANS: j SISTORS ~)
e 1 — 1 [}
) e o RE "
: = y
4 werls X oUTPUT
3 y S00F DC.

The connecting scheme employed on unit designea to convert 110 volt, 60 cycle
A.C. to 500 volt D.C. for insulation resistance testing is shown above. Many of the

parts required for this rectifying and filtering device may be obtained from old
radio equipment; the remainder may be purchased from any radio supply store. The

material needed is listed below.

One power transformer with windings to produce voltages shown.

Three 600 volt, 2 microfarad, paper condensers.

Two
One
One
One
One
One
One
One
One
One
Two
Two

30 henry chokes. 50 milliampere rating.
82 tube and socket for same.

wooden case approximately 5x5x3.
bakelite cover for wooden case.

500,000 ohm 1 watt fixed resistor.
400,000 oha 1 watt fixed resistor.
250,000 ohm 1 watt variable resistor.
control knob for variable resistor.
instrument fuse base and clips.
instrunent fuse, 2 amperes.

tip plugs for leads (one red, one black)
pin jacks (one red, one black)

First experiment with parts to find the most suitable arrangement of the

different items in the case. Small sketch shows ome metaod that has proved satis-

factory. Tube base must be so placed as to permit replacement of defective tube
without the removing other parts. All connections must be soldered.

After the unit has been constructed, test the D.C. voltage output with a
0-1 mil voltmeter. If the voltage is too high, use a lower resistance at X.

A little experiment and adjustment will probably be necessary before the correct
output voltage is obtained. The meter to be used in conjunction with this supply

device must not require more than one milliampere to produce full scale deflec-
tion. Higher current drain will result in lowering the output voltage of the
power supply; this will introduce errors in the readings taken when the unit is

being used for insulation resistance tests.
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MEASUREMENT OF THREE PHASE POWER

A , Wit -] CORRECT COMMECTION FOR MEASURIE 3 PWASE POWER
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2
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c D " _”_n
LOW VOLTASL CIRCUIT,
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E QL= LOA®
]
E «d
H
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SouRcE A 0

L Y

Measurement of power in the 3-phase, 3-wire circuit usually demands the use of at least two single-phase wattmeters, and these
meters must be correctly connected to the circuit if accurate indications are to be obtained. Inasmuch as a 3-phase wattmeter is
nothing more than two individual single-phase wattmeters in the same case, the same connection scheme will apply.

To correctly connect two single-phase wattmeters to a 3-phase, 3-wire circuit, proceed as follows: (1) Arrange meters as shown
in sketch "A" with the individual current coils in series in the same lines. (2) Now check the meters and see if they both read
alike; if they do not, one or both of the meters are inaccurate, since they are both measuring the same load. If one meter reads
backward, reverse the voltage coil leads. (3) Disconnect wattmeters W2 at X-X and, without disturbing the voltage coil connections,
insert the current.coil in line 3, taking care not to change the position of the terminals "S" and "L" with respect to the circuit.
The "S" terminal should still be attached to the source and the "L" terminal to the load end of the line.

The meters are now correctly connected in the circuit, and the total power taken by the load is equal to the sum of the wati-
meter reading. In this regard, it should be observed that the meters will not read alike even upon a perfectly balanced load unless
the power factor of the circuit is exactly 100%. As the power factor falls below this value, one meter will indicate a smaller and
the other a larger percentage of the total load. At 50% P.F., one meter will indicats the total load and the other will read zero,
and as the P.F. falls below this.mark, the low meter will start to read backwards. As this reading indicates negative power, it
must be subtracted from the reading of thie other meter if the true power is to be obtained. Since the backward reading is unintel-
ligible, reverse the voltage coil on the backward reading meter to obtain a forward reading, and then subtract this from the in-
dication on the other unit.

When a 3-phase, 4-wire circuit is to be metered, three wattmeters, connected as shown at "B", are most frequently used. A
current coil of each instrument is inserted in series with one line wire and the voltage coils are connected from the separate line
wires to neutral as shown. The total power is the sum of the wattmeter readings. A change in power factor will not effect the
relative values here as it does in the two-meter arrangement, the meters always reading forward regardless of the power factor value.

The wattmeters show, of course, the true power in watts absorbed by the circuit and, due to the fact the current required to
carry a given wattage may Le relatively high when the power factor of the circuit is low, there is danger of burning out the current
coil of the wattmeter on low power factor loads. To prevent this, it is usual to connect an ammeter in series with ths current coil
of the meter to make sure that its rating is not exceeded.

If an ammeter and voltmeter are used in conjunction with the wattmeter, the total voltamperes and total watts may be measured,
and from these the total power factor of the circuit may be computed by the formula shown. This is true for any circuit, a volt-
meter, ammeter, and wattmeter being sufficient to determine the P.F. of any A.C. circuit.

On circuits of high voltage or great power, current and voltage transformers are used to (1) step down the quantities to be
measured and (2) isolate the meters from the line. See Fig. D. Such transformers allow the use of smaller and cheaper instruments
and at the same time eliminate the hazard associated with the reading and possible handling of meters attached to high voltage
circuits. As shunts cannot be used with A.C. ammeters, extension of the meter range is accomplished by a current transformer which
sends a small fraction of the line cu-rent through the meter. The actual current flowing through such meters never exceeds 5 am~
peres; however, the meter is calibrated to indicate the actual line current. Due to the peculiar action of the current transformer,
its secondary circuit may never be opened while the unit is energized, as voltages of a dangérously high value appear across the
secondary when this circuit is broken. The special short-circuiting switch is provided on these units to make possible the inser-
tion and removal of meters without disconnecting the secondary circuit. Note that the cases of all meters are grounded.
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IDENTIFYING SWITCH TERMINALS

switches themselves to make sure that they are the 0= "
type required and that they are operating properly.

SWITCH.
M

BEFORE WIRING ANY CIRCUIT +that involves the use of M=MOVING CONTACT.
switches, it is first of all necessary to test the C=NORMALLY CLOSED CONTACT.

OPEN I

LAMP.

el

The test circuit consists of a source of power, a test
lamp, and a couple of leads. When the test leads are
touched together, the lamp should light. If the lamp 0
does not light, there is something the matter with the

test circuit.

TN
NS

BATTERY.

A

—[1f5

Diagram A shows how to test a switch. Note that the
leads from the test circuit are placed on the switch
terminals, As this switch is normally open the light
will not 1light wuntil +the switch button is pressed.
If the switch 1lights +the 1lamp when the button is

2. The switch is an open circuit type

Diagram B shows the test result on a switch that is
normally closed. If +the test 1lamp lights when the
leads are placed on the switch terminals but goes out

pressed, two things are shown: c
1. The switch is in operating condition 'P————'fff*——————

when the button is pressed, two things are shown:
1. The switch is in operating condition
2. The switch is a closed circuit type

Diagram C shows a double circuit switch. This is

really two switches in one, for it is a combination of

an open circuit switch and a closed circuit switch. i‘_ o _,_,%E}.
Tor test this switch and find which terminals connect }»
™

to the warious parts, first find the two terminals
that will give a light without pressing the switch.
These two terminals must connect to the moving contact
of the switch and the c¢losed contact of the switch.
The remaining contact must be the open contact. Mark
0 alongside this terminal.

Next find +the pair of contacts that produce a light
only when the switch is pressed; these will be the
moving and open contact. As the open contact has al-
ready been found, the other contact must be the moving
contact. Mark this terminal M. The third must be the
closed contact, Mark it C, In this way, all of the
switch terminals may be identified.

If the above indications cannot be obtained, the
switch must be defective. Try another one. Always
test switches before wiring them up in a circuit. In
this way much time will be saved and, when the connec-

tion is properly completed, the circuit will operate. O

TEST LEADS.
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CONSTRUCTION  DETAILS FOR SIMPLE GROWLER

0

)

- ! " !
—1y -

A
SHELL TYPL CORE

¢ D)
S
1

To make the above growler, secure the core of & burned-out, 100 watt radio-power
transformer or bell transformer and remove the old winding, preserving the core in-
sulation if possible. Next, trim the leminations along the dotted lines so that,
when reassembled, they will have the form shown in "B", and approximate the dimen-
sions given in "A". With some cores, it will be necessary to snip a section from
the middle leg of the transformer in order to obtein the proper distance (D) be-
tween the sides. After the leminations have been cut, the core is restacked and
clamped with the same bolts and brackets that were used in the original assembly;
then the cut edges of the laminations are ground or filed to the desired smooth-
ness. The core is then insulated with suitable material (filler board, fiber, fish
paper, etc.,) and the winding installed.

The winding used will depend upon the voltage and frequency employed. Assuming a
60 cycle frequency, the number of turns for the different voltages are as follows:
For 32E, 170 turns of #18 SCE; 110E, 500 turns of #22 SCE; Z2R0E, 1000 turns #25
SCE.

Construction details for an inside growler, suitable for fractional h.p. motors,
is given below.

DETAILS FOR SMALL 1INSIDE GROWLER
TOP V\r.w\l._ %_.

—

HARD FIBER
~

N

/

/

/ " WOUND WiITM 4500 TURNS

»
FOR USE ON L 30 S8.C.E. WIRE,
110 E AC. 60
é‘\iz FT. *18 rixTuRE wime

COYNE.
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MATURE GROWLER TESTS

.

TFOUBLE: OFER COIL * IRQUELY: SHORTED COTL I RUWLY: WOUKED Tl
THIS DEFMCYT SHOWS ITSELF ON THE OPERATING MACEINE BY EXCES- WHEN THE MACHINE IS IN OPERATION, i SHORTED COIL IS INDICA- ~ A GROUNMDED COIL WILL USUALLY GIVE NO IMDICATION DURING OPER-

SIVE SPARKING AT THE BROSHES AND BURMING OF THE BARS ATTACR- TED BY THE EXCESSIVE HEAT IT GEMERATES. WHILE OTHER COILS

ED 70 THE COIL. WHEN TESTED ON THE GRONLER, THE METER READ- ON THE ARMATURE MAINTAIN & NORMAL TEMPEKATURE, THE SHORTED ¢ CASE, 4 SHOCK MAY BE FELY WHEN TOUCHING THE FRAME.
1 COIL BECOMES SO ROT THAT IT BURNS THE IRSULATICN FROM THE SROUMDS ON THE ARMATURE PRODUCE 4 SHORT-CIRCUIT.

ING BETWEEN BARS 1 AND 2 WILL BE ZFRO. IF THE OPEN IS DUR
T0 POOR SOLDERIMG AT THE COMMUTATOR, RESOLDER. IF CAUSED
BY AN OPEM IN THE COIL ITSELF, DISCONNECT THE LEADS, INSU-
LATE THE ENDS, AND CONNECT 4 JUMPER FROM BAR 1 TO BAR 2.

WINDING.
AND 5 WILL BE LOW OR ZERO.
IR THE SLOTS IN WMICH THE SHORTED COIL LIES.

ON THE GROWLER, THE METER READING BETWEEN HARS ¢

A HACKSAW BLADE WILL VIBRATE OV-.

ATION UNLESS THE FRAME OF THE UNIT BE UNGROUMDED; 1IN THIS
™

ON THE
GROWLER, A METER REACING IS TAKEN BETWEEN THE COMMUIATOR
BARS AND THE SHAFT. THE READING BECOMES LESS AS THE SHORTED
BAR IS AFPROACHID AND IS MINIMIM WHEN CONTACTED.

. ——

L

DL RO GOn Liis TIOLELE: REVERSED COLL, LOOPS
IN OPERATION, THIS Di MOULL CREATE UMBALANCE IN THE ARM- ITHIS FAULT, WHICH USUALLY OCCURS IN & REBOUND MACHINE, MAY
TIRRENTS

ATURE CIRCUIT WITH THE RESULT THAT CTRCULATING C

MOULD FLO AMD TEND TO CAUSL OVERHEATING. ON THE GROWLIR,
MAXE 4 1 10 S BAR TEST. WHEN TECTING BETMEEN BARS 7 AND 9,
THE READING WOULD BE ZERO AND THE SAME READIMC WOULL BE 0B~
TAINED BETEEN 8 AND 10. THIS WOULL INDICATE THAT THE
LEADS OF THE COIL ATTACHXD TO BARS B AND 9 ARF REVERSED.

PRODUCF SPARKING AT THE BROSHES DURING OPERATION. WHEN
TESTED ON THE GROWLER, THE METER WILL SHO® A DOUbLE READING
BVTWEEN BARS 10 AND 11, 4 WORMAL READING ON L1 AND 12, AND
4 DOUBLE REALING ON 12 ARD 1S. TO REMEDY, UMSOLDER LOOPS
OR 11 AND 12 AND REVERSE THEM. HACKSAM WILL GIVE WO INDI-
CATION OF THIS FAULT.

DOLE: c
INDICATION DURIMG OPERATIUN IS OVERHEATINC OF COIL ATTACHED
TO BARS 14 AND 15 AMD POSSIHMLE “PARKING AT THE BRUSHES. ON
GROWLER HACKSAW BLADE WILL VIBRATE OVER SLOTS CONTAINING
COLIL CONMICTED TO SHORTED BARS, ANL METER READING BRLTWBEEN
14 AND 15 WILL BE ¢FRO. REMETY: REMOVE SHORT FROM BARS OR
DISCONNECT COLL AND INSTALL 4 JUMFIR FROM 14 TO 15.

xrmxmmwmmwsonmmmn,mnnr
WILL NOT AFFECT THE OPERATION OF THE WACHIME AT ALL. IF
OTHER CROUNDS ARk PRESENT, SEVERE FLASHING AT TME BROSHES
WILL USDALLY OCCUR. THE TEST FROCEDURE IS THE SAME AS EM-
PLOYED IN DIAGKAM *C*. TO DETHAMINE I GROOML IS COIL OR
BAR, DISCONNECT WIRLS FMOM bAR 1S AND THEN TLST BAR FOR
GROUND. REMEDY: REINSULATE BAR.

vy TIC FIELD WHICH, CUTTING BACK AND FORTH THROUGH THE ARMA-

THIS SKETCH SHOWS HOwW THE DIFFERENT FAULTS
R:MEDILD. THE LETTERS ON THE SKETCH REFtR T0 DIAGRAMS
ABOVE IN WHICH THE FAULT 1S GIVEN DETAILED TREATMINT. =a®
SHOWS REMEDY FOR OPEM COIL, "B* FOR SHORT!D COIL, *C* FOR
GROUNLED COIL. DOTTED LINES BETWEEN BARS REPRESENT JUMPERS.
WOTE THAT XITH A SHORTED COIL IT IS ESSENTIAL THAT THE COIL
ITSELF BE CUT AS SHOAN IN "B" T0 REMOVE THE SHORT CIRCUIT.

ABOVE LISTED ARE , COMMUTATOR BARS WITH AN 4.C. MILLIVOLTMSTER. THE RESIS-

L

S WALW SRW
BLaok

<

110t 60~ RAC.

THE PURPOSE OF 4 GROWLER IS TO PRODUCE AN ALTERNATING MAGNE-

TURE COILS, INDUCES IN T.EM A LO® VOLTAuL MEASURABLE AT THE

TANCE "R" 1S USED TO ADJOST THE READING 1O APPROXIMATELY
MIDSCALE. WHEN A SHORTED COIL IS PLACED BETWIFN THF GROW-
LER Jaws, THE HEAVY CURRENT SET UP IR THE COIL CAUSES PERIO-
DIC MAGNETTZATION OF THE SLOT IN WHICa THE COILL LIES,

TING IN THE HACKSAW BLADE WELL EEAR THr SLOT BEING ALTERMA-
TELY ATTRACTED AND RELEASED.
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ARMATURE TESTS USING METER

- QPEN COIL
70 PRIVENT INJURY TO THE WETER, THlS TEST MUST PRECKDE
ALL OTHLRS wHEM THE MILLIVOLT METHOD OF TESTING IS USED.
SET METER ON THE 15 VOLT RANGE AND, WITH CURHENT FLOWING
THROOGH THE ~RMATURE, TAKE ReaDINGS BETeicM BARS 1-Z,
L=4, 34, ETC., UNTIL ALL PAIRS OF SEGMENTS HaVE BEEN
COVEPED. A HIGH READING HETwiEN ANY PAIR OF BARS INDI-
CATES AN OPEN COIL. NOTE THAT IN TilS METAUD OF TESTIAG '
THE METER IS USED TO MEASURE THE VOLTAGE DROP IN EACH
ARMATURE COIL, AND THAT THIS IS DONE BY TAKING READINGS
bET.EEN CO-DUTATOR SEGMENTS.

TROUBLE - SHORT'D COLL

FOR THIS TEST SET METZR ON THE M.V. RANGE THAT GIVES THE
BEST CEFLECTION, STARTING 4ITH THE 300 SETTING AND WORK

DOWY TO THE SO W.V. RaNGe IF NECESSARY. ADJUST CORRENT

TAROIGH ARMATURE UNTIL APPROXIMATELY MIDSCALE DEFLECTION
15 OBTAINED OW A NORMAL COIL AND MaKE 4 BAR-TO-BAR TEST

ON AL, SEGMENTS. THE DEFECTIVE COIL #ILL GIVE 4 LOW OR

¢ERO READING DEPENDING UPON HOW MANY TURNS ARE SHORTED.

1T SHOULD HERE BE UNDERSTOOD THAT THIS METHOD OF TESTING
1S MERELY A COMPARATIVE ONE, POR IT IS HOR THE READINGS

COUPARE THAT IS IMPORTANT.

INOUBLE - GROONDED COIL

TO MAKE THIS TEST, SEMD A CURRENT OF SUITABLE VALUE THRO'
THE ARMATURE AND MEASURE THE VOLTAGE DIFFLiENCE BETWEEN
ZACH SEGMENT AND THE ARMATURE SHAFT. IF THE WINDING 1S
GROUNDED, A READING WILL BE QBTAINED THAT BECOMES GRADO-
ALLY LESS AS THE BARS TO WHICH THE GROUNDED COIL IS CON-
NECTED ARE APPROACHED. THE READING WILL BE LO®EST OR
THE BARS TO WHICH THE GROUWDED COIL 1S COMNRCTED. IT
SHOULD ALSO BE NOTED THAT AS THE GROUWDED COIL IS PASSED
THE METER READING WILL REVERSE. TO DETERMINE IF THE BAR
18 DI TME COLL LEADS AND REPEAT.

E

16 1
15 2
14, + - 3
{
QY0 ¢
13, > 4
12 I “ 5
1\ - 6
10 7
9afe

O - BV 1L sl
USUALLY ¢ INTLA2D ON ARMATUReS THAT HAVE JUST 3LEM RE-

WOUND, THIS PAULT REAUIRES A DI« PEne¥l TESTING METHOD.
SET #ETER ON 50 M.V, RANGE, ScLECT THE FIRST COIL TO BE
TESTED, AND FIND THE SEGMENTS TO &HICH THE ENDS OF THIS
COIL ARE CONMMECTID. MITH THE METER LEADS ON THESE BARS
DRAW o WAGMET S#IFTLY ACROSS THE SLOT IN WHICH ONE SIDE
OF THE COIL LIES AND NOTE DEFLECTION ON THE METiR. RE-
PEAT THIS TEST ON all OTHEK OOILS, alWAYS MUVING THE
MAGILT IN THE SaMt DIRECTION. WnEN DRawN ACROSS 4 Ré-
VEASED COIL, THE WETER WILL REAL bACKWARDS.

IBQURLE - BEVERSED COLL LOOES

USUALLY FOUND OMLY IN KEMOUND MACHIMES, THIS FAWLT IS
CHECKED BY'THE REGULAR BAR-TO-BAR TEST. PROCEED IN EX-
ACTLY THE SAME MANNER AS USED POR LOCATING SHORTZD COILS
SINGE THE CURRENT IN PASSIMG FROM SEGMENT 10 TO SEGMENT
11 WUST FLOW THROUGH TwO COILS, IT POLLOSS THAT THE VOLT
AGE DROP BETWEEN BARS 10 AND 11 #ILL BE DOUBLE THE VALDE
OBTAIMED ON & NORMAL COIL! THE SAME IS TRUE POR BARS 12
AND 13. BARS 11 AND 12 WILL GIVE A NORMAL INDICATION;
THUS REVERSED COIL LOOPS ARE INDICATED 3Y 4 DOUBLE READ-
ING, A WORMAL READING, AMD A DOUBLE READING.

INASMOCH AS THE SAME INDICA-
TION WOULD BE OBTAINED IF THE COIL LEADS WERE SHORTED,
IT WILL BE NECESSARY TO DISCONNECT THE LZADS FROM THE
COMMUTATOR SEGMENTS BEFORL 1T CAR BE DETTMINED WELTHER
THE LOW READING ®AS CAUSED BY SHORTED BARS OR SHORTED
COIL LEADS. IF AFTER THE COIL 15 DISCO'NECTED 4 ZERO
READING 1S OBTAIMNED, THE BARS ARE SHORTED.

THE METER WILL READ 2ENO.

NARIABLE
“Sﬁ\'rm!

VARABLE
RESISTANCE

JGROUNDED BAR 1S CONTACTED. TO DETRPMINE WHETHER THE BAR

IRQMELL - GROUMUED BARS
TLST FOR THIS DEFECY I. THE SAME AS FOR 4 GROUNDED COIL.
METER READING FROM BAR TO SWAPT WILL BE ZERO WHEN THE

OR THE COIL 1S GROUNDED, DISCOMMECT THE COIL FROM TME
BAR AND TEST AGAIW; IF BAR MOW TESTS CLEAR, COIL IS
WHEN MAKING THIS TEST, THE MET:R READINGS MAY

ING TO A DIFFERENT RANGE.
FALLS, THE METER SWITCH SBSDULD BEX MOVED 70 4 LOSER RANGE(

AND THE COMMUTATOR SEGMENTS DUE KITHER TO
ING O TO OVEREEATING OF THE AMMATURE WHILE

In SIRVICE.
HIGH RESISTAMCE COWMBCTIONS OF THIS TYPE ARE INDICATED
BY AIGE READINGS ON TEEK SILLIVOLTMETER. TO POSITIVELY
LOCATE RHICH BAR HAS THE POGR COSMECTION, MAKE THR

TEST INDICATED ABOYE. A POORLY SOLDERED JOINT WILL

[PRODECE & DEFLECTIOS O THE METER, WHEREAS A

SIZE OF THE AMMATURE, FRACTIOMAL H.P. WNITS RENUIRING
ABOUT 2-4 AMPS, MACHINES UP TO 20 H.P.

:

COWNECTIONS, OSUALLY CADSED BY POOR SOLDERING, WHILE LOW

READADLE
JGOOD JOINT §ILL GIVE D ARADING.

|READLIGS SEDN SHORTED COLLS OR COMMUTATOR SEGMENTS.( ovwg
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"ARMATURE AND FIELD TESTS

0.C.LINE

CoO w4 oL ¥

CO\W #1

COIL %2

1
LEAD#1 f«-LEAD #2 —

COW #® 4

..-._I.___ —
I

(oo

co#3

OPEN ARMATURE COIL TEST
Connect armature across line with current-limiting lamps
in series. Place meter selector switch in the 50 volt or
the 10 volt position and measure voltage across armature.
Next mske & bar-to-bar test; meter will read zero until
open coil is bridged when total armature voltage will be
registered. Example: 8E across armature; bars 11, 12
read zero; bars 1, 2 read 8E. To protect the meter, the
test for spans should always be made before any other
check involving bar-to-ber readings.

SHORTED ARMATURE COIL TEST
Connect armature to circuit, as directed above. Set meter
selector switch to 250 M.2A. and make a bar-to-bar test.
If necessary, change selector switch to obtain about half-
scale reading on a normal coil. A low or zero reading
will then indicate a shorted coil; a high reading a poor
connection — usually at the commutator riser. Example:
Meter reads half scale on bars 11-12, 12-1, 1-2; gives low
reading on 2-3, thereby indicating a shorted coil.

GROUNDED ARMATURE COIL TEST
With the test connection remaining the same as before, a
meter reading between the commutator segments and the
shaft indicates a grounded coil. As the segment to which
the grounded coil is connected is approached, the reading
will become less and will be minimum when the test prod is
in contact with the segments connected to the grounded
coil., Example: With meter selector switch set on 50 M.A.,
a reading from bar 10 to shaft is full-scale and this
value is graduslly reduced to a minimum on bars 1 and 2.
Beyond this point, the reading reverses and starts to in-
crease again.

SHORTED FIELD COIL TEST
Connect shunt field to line as shown in sketch and take
the voltage drop across each field coil with a D.C. volt-
meter. If the voltage across all coils is the same, the
field is 0.K. A reading below normal indicates a shorted
or partially shorted coil. The normal voltage across any
field coil is equal to the line voltage divided by the
number of poles. Example: Coil 1, 31Ed; coil 2, 17E;
coil 3, 31Ed; coil 4, 31Ed; coil 2 is shorted.

OPEN FIELD COIL TEST
Connect field as indicated in sketch and place voltmeter
or test lamp across each field coil. If the field is
open, no reading will be obtained until the open in the
circuit is bridged. Then the open may be found by testing
each coil individually, or by connecting one test lead to
one of the circuit wires and moving the other lead around
the field toward the other line until a light is obtained.
The open will then be in between the point at which the
light was obtained and the previous point tested.

GROUND FIELD TEST
Apply line voltage between the field leads and the frame
with a suitable voltmeter or test lamp in series. If the
meter indicates or the lamp lights, the field is grounded.
To locate the ground, disconnect and test each coil sepa-
rately.
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STEP BY STEP METHOD OF ELECTRICAL AND RADIO

TROUBLE

Whether it is a door bell or a central power sta-
tion, every electrical system begins with plans and
layouts, followed by installation of the equipment
and making of connections that place the system in
operation. If every part of the system were then
to operate indefinitely without trouble there would
be no further work for electrical men. But sooner
or later something will go wrong, and then begins
the job of trouble shooting.

When electrical equipment fails to operate cor-
rectly, and you are called on to fix it, the people
who call for help won’t be able to tell you what
really is wrong or exactly where the trouble lies.
They will tell you simply that the motor won't
start, that the lamp won’t light, that the flat iron
won’t hear—and from there on it’s up to you.

Trouble shooting — determining the kind of
trouble and its exact location—usually is considered
to be the most difficult of all electrical work. It
actually is difficult for most men because they go
at the job in a hit or miss fashion, hoping that luck
will be with them and that some fortunate twist
of a screw or pull on a wire will start things going
again. The fact that they do not thus really locate
the trouble and its cause means that it will reappear
in a short time, which won’t help the reputation
of the man who “fixed” it.

Like all other problems, trouble shooting can be
made much easier and the results more positive
and lasting if you work according to definite plans.
Working logically and systematically will quickly
eliminate one possibility after another until the
real fault is found. The first step in working out a
trouble shooting system is to investigate electric
circuits in general.

We must understand electric circuits because
nearly any kind of trouble allows either too much
or too little current to flow in the circuit. Trouble
shooting is the process of determining whether a
circuit will carry too much or too little current,
and of interpreting the results of systematic tests
so that we may locate the kind of trouble and its
position.

THE PARTS OF A CIRCUIT

Electric circuits of the kind we are interested in
are paths composed wholly of conductors through
which current may flow. At some point in the
conductive path is a source of electromotive force
or voltage. This force causes current to leave the
source, pass through the entire path outside the
source, and return to the source. In addition to the
source of emf all practical circuits include some
kind of load. A load is any equipment in which
electric power does useful work. A load may be a

SHOOTING

motor which causes mechanical motion, it may be
a lamp which produces light, it may be a heater
which raises temperatures, or it may be any other
of a long list of things which are electrically op-
erated.

A circuit containing the fewest possible parts is
shown at “A” in Fig. 1. The source of voltage and
current is a battery, the load is a lamp, and between
the source and load are wires. Current leaves one
terminal of the source, flows to and through the
lamp, then returns to the source. At “B” we have
added a control, in the form of a switch that allows
turning the lamp on and off.

In case the voltage of the battery is so high as
to force excessive current overload and possibly
burn out the lamp we may add opposition to cur-
rent flow, the resistor of diagram “C” in Fig. 1.
Suppose the lamp is where it cannot be seen when
operating the switch, we may add a signal in some
other part of the circuit, as at “D.” Next, wishing
to prevent overheating of devices in our circuit
because of excessive current, we add protection in
the form of a fuse in diagram “E.” Finally, in order
to determine just how much current flows in the
circuit, we provide measurement by means of the
ammeter in diagram “F.”

All of the parts in ordinary direct-current cir-
cuits may be classified as one of the types that we
have used in Fig. 1. To the list we should add
insulation, which prevents escape of current and
voltage from the conductors, and which frequently
acts at the same time as a means of support.

Now let’s examine the alternating-current circuit
shown by Fig. 2, noting whether we find parts
which perform in general the same functions per-
formed by parts in Fig. 1.

First in the a-c circuit we have a source, which
is the a-c generator.. We have a load which con-
sists of the motor. There are connecting wires and
insulation. For control we have an automatic relay
that closes the generator circuit only after the gen-
erator voltage reaches a value suitable for oper-
ating the load. To protect the relay winding
against excessive current we have opposition in
the form of a resistor. A lamp connected across the
generator acts as a signal to show whether the
generator is in operation. Protection against over-
heating of the motor due to overload is furnished
by an automatic circuit breaker that opens after
excessive current has continued for a predetermined
time. Measurement of voltage in the motor circuit
is provided with a voltmeter.

In the alternating current circuit of Fig. 2 we
have one kind of device not found in the direct-
current circuit of Fig. 1, we have a transformer
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that changes the voltage from the generator into
a voltage suitable for the motor. This we may
classify as translation equipment.

Now we may list as follows all the general classes
of equipment found in electric circuits:

1. Sources: Batteries, generators, power lines,

thermocouples, etc.

2. Loads: Motors, lamps, heaters and other

power-consuming equipment.

3. Conductors: Wires and other metallic and

conductive parts for current.

4. Insulation: Often in the form of supports as

well as wire coverings.

S. Controls: Switches, relays, starters, control-

lers and similar devices.

6. Opposition to current flow. Resistors, coils,

capacitors, etc.

7. Signals: Lamps, bells, buzzers, annunciators,

sounders, etc.

8. Protective «cvices: Fuses, circuit breakers.

Sometimes transtormers.

9. Measuring devices: Meters of various types.
10. Translation devices: Chiefly transformers and

converters.

The general types of parts just listed may be
combined in countless ways to form electric cir-
cuits. We may have one or more than one of any
of these parts in a circuit. The circuit of Fig. 2
certainly looks entirely unlike those of Fig. 1, yet
when we consider the parts according to their
functions we have the same general kinds in both
cases.

KINDS OF TROUBLE

Just as we classified switches, relays and starters
under the one heading of controls, and just as we
classified many other devices under some one gen-
eral heading, so we must classify electrical troubles
themselves into groups if we are to develop a
workab'e system of trouble shooting.

Considering individual or particular electrical
troubles we might have a burned out lamp, a
burned out resistor, a blown fuse, a disconnected
wire, a sticking contactor, or corroded relay con-
tacts. But in our method of locating faults all these
would be classified as open circuits. They would be
classified as open circuits because they prevent flow
of current in the circuit—from the standpoint of
current flow the circuit is open, and when a circuit
is open at any point and for any reason no current
can flow in any part of that circuit.

We group all these troubles, and many others,
together because it is relatively easy to determine
when there is an open circuit and then to locate
it as existing in some one section of the circuit.
Knowing the general class of trouble present, and
knowing its approximate position, we simply ex-
amine the parts to see which of them is out of
order in the one particular manner.

Fig. 3 illustrates an open circuit caused by a
wire end disconnected from one side of the lamp-
socket or lampholder. Even with the switch closed

no current can flow in any of the conductors of the
circuit.

Such things as dirty or corroded contacts and
weak springs in automatic switches might not keep
the circuit completely open but might introduce
abnormally high resistance. The contacts might
come together, but instead of making a full and
clean connecticn they might make a connection
through only a limited area, and through the dirt
and corrosion instead of through clean metal sur-
faces. Abnormally high resistance, from any cause,
is our second general classification of circuit
troubles.

An open circuit prevents flow of any current at
all. High resistance allows only a relatively small
current to flow. These two classes of trouble are
somewhat similar in that both reduce the flow of
current, and they are identified and located by the
same general methods of testing.

SHORT CIRCUITS AND GROUNDS

In Fig. 4 the wire that became disconnected from
the lamp socket terminal in Fig. 3 has made con-
tact on the other lamp socket terminal. Now cur-
rent from the battery flows, as shown by arrows,
through the fuse, the accidental connection at the
socket terminal, the switch, and back to the battery.
The relatively high resistance of the lamp filament
no longer is included in the current path, and the
current will increase to a very high value. The
excessive current will almost instantly blow the
fuse. The blown fuse will protect the battery from
excessive discharge, but the real trouble still re-
mains and if a new fuse is put in it will blow just
like the first one.

Fig. 4 illustrates a short circuit, which is a cir-
cuit in which current from the source may flow
and return to the source without going through
the load. This is our third general class of circuit
troubles. A short circuit may result from any one
of many particular faults. In our testing method we
are able to determine that there is a short circuit,
and are able to determine its approximate location
in the circuit. After that it is just a case of examin-
ing parts at this location for such faults as allow
conductors on opposite sides of the circuit to come
together.

At “A” in Fig. 5 we have a one-wire circuit or
ground-return circuit. Instead of the entire circuit
being completed through insulated wires a portion
of it between the battery and lamp is completed
through any metallic supports or framework that
extend from near the battery to near the lamp. A
connection to ground is indicated by a symbol con-
sisting of several horizontal lines.

At “B” in Fig. 5 one of the wires has come off
the lamp socket and the bare end of the wire has
fallen against the metallic ground. Now current
from the battery flows, as shown by the arrows,
through the fuse and the metallic ground back to
the battery—without going through the lamp. As
you will recognize, this accidental ground is simply



48

MEASUREMENTS AND TESTS - TROUBLE SHOOTING

VOLTMETER.

SwiTcH.

Fie. 7. LAmp

{

Fie.5. Lawp
—_—
T A
Fuse. 1
e e _____L
BaTTeRY.
Fie.6.

Open.

SOURCE.

SWITCH.




MEASUREMENTS AND TESTS - TROUBLE SHOOTING 49

a variety of short circuit. An accidental ground
permits current to leave the source and return
to it without going through the load. This is our
fourth general class of circuit troubles.

1. Open circuits. No current in any part of the

circuit.

2. High resistances. Abnormally small current

in the circuit.

3. Short circuits. Abnormally large current until

some protective device acts.

4. Accidental grounds. A variety of short circuit

occurring through ground.

While our four classes of circuit troubles will
cover nearly all faults that affect the flow of current
in circuits, they will not cover all electrical troubles.
For example, in the case of motor troubles we
would not cover such faults as uneven air gaps,
wrong brush positions, reversed phase connections,
and many other faults. However, the great major-
ity of electrical troubles are circuit troubles, and
the simpler the equipment or device the more likely
it is that any existing fault is either an open circuit,
a high resistance, a short circuit, or an accidental
ground.

CIRCUIT TESTERS

For testing a circuit or part of a circuit that is
suspected of being in trouble we require a source
of voltage and current, also some means for indi-
cating the flow of current or the lack of it, or a
means for showing the presence of a voltage or
potential difference.

The source of voltage or of voltage and current
for testing may be the same source regularly used
for the circuit being tested. That is, for a circuit
normally operated from a power line or from the
power and light wiring in a building we might use
the same line for our testing source. For a circuit
normally operated from a battery we might use the
same battery. Of course, these sources can be used
only if they themselves are not in trouble.

Many kinds of electrical equipment which nor-
mally are operated from batteries, radio sets for
example, are conveniently tested with voltage and
current taken from a power line. Similarly any
portable appliances which may be disconnected
from the light and power circuits of the building
then may be tested with voltage and current from
the building line.

A separate source of testing voltage and current,
used only for testing, may be a battery. The bat-
tery may be connected to the tester only when
there is trouble shooting to be done, or it may be
mounted within the tester and be a self-contained
part of the testing device. Still another source is
a small hand-operated magneto, a small alternating-
current generator. Magnetos are commonly used in
telephone work, also for tests on long lines or long
circuits of any kind.

When it comes to indicators for testing voltage
and current we have a wide choice. We may use
a bell, a buzzer, an incandescent lamp, a neon lamp,

a voltmeter, a milliammeter, or a telephone receiver
of the type we call a headphone.

With the great variety of sources and indicators
for voltage and current it is possible to make up a
great many different kinds of test equipment. In a
general way the methods of recognizing open cir-
cuits, high resistances, short circuits and grounds
are the same regardless of the kind of testing equip-
ment used. Before discussing the particular advan-
tages and disadvantages of the several testers we
shall talk about the methods of making systematic
tests.

LOCATING OPEN CIRCUITS

To locate the position of an open circuit we may
proceed as in Fig. 6, where the accidental open
point is in the right-hand vertical wire. For a
tester we use a voltmeter, and for a source of
testing voltage we use the regular source which
supplies the circuit in trouble.

First, as in diagram “l1,” we disconnect a circuit
wire from one side of the source, and to this side
of the source connect one of the leads from our
testing meter. Starting from the point at which the
test meter has been connected to the source we
now shall follow along the circuit, and every time
we come to a terminal or other point at which the
conductors are exposed we shall touch that point
with the free lead of the testing meter.

The first test point is the left-hand terminal of
the lamp socket. With the tester connected to this
point, as in diagram “1” of Fig. 6, the meter reads
zero. The next test point as we follow along the
circuit is the right-hand terminal of the lamp socket.
Here also the test meter reads zero, as shown by
diagram “2.”

Still following along the circuit we come next
to the right-hand terminal of the switch. With the
test lead connected here, as in diagram “3,” the
meter reads the full voltage of the source. Current
to actuate the meter flows as shown by the broken-
line arrows.

The open point in the circuit is somewhere be-
tween the last point at which the meter read zero
and the first point at which we had a voltage read-
ing. Thus we determine in which section of the
circuit there is an open.

Note that had the circuit not been disconnected
from one side of the source before commencing to
make tests there would have been a complete con-
ductive path through the circuit wiring between
the points at which the test leads are connected.
In Fig. 6 no current would flow through this path,
because of the open farther along the circuit, and
the meter still would read zero in diagram “1” and
“2” even had one end of the circuit not been dis-
connected from the source. But had the circuit been
of some more complex type, :nd had it been pos-
sible for some current to flow in the sections
bridged by the meter, then the meter would show
some voltage drop and the indications might be
misleading.
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In Fig. 7 we have the same kind of a circuit and
have the same open point as in Fig. 6, but instead
of using the regular circuit source for our testing
voltage we have a “self-contained” tester consisting
of a dry cell attached to and connected in series
with the testing meter. The connections and the
meter indications are exactly the same as in Fig.
6—the meter continues to read zero until we pass
the open point, then gives a voltage reading.

Fig. 8 shows what would happen if we failed to
disconnect one end of the circuit when using a
self-contained tester. With the test connections of
diagram “1” the meter would indicate voltage, with
current flowing as shown by broken-line arrows.
With the test connections of diagram *“2” the meter
still would read voltage. Therefore, we would have
no means of locating the position of the open point
in the circuit—the meter would give the same in-
dications no matter where connected.

If we fail to disconnect the circuit being tested,
the test indications may or may not be reliable. If
we disconnect one end of the circuit the indications.
always are reliable. Therefore, the safe thing to do
is always disconnect one end of the circuit if this
is at all possible.

Now let’s see what will happen if we proceed to
test around the circuit in a direction the opposite
of that followed in Figs. 6 and 7. This might mean
simply reversing the order of tests; commencing
with the test connections of diagrams “3,” then
making the connections of diagrams “2,” and end-
ing with those of diagram “l1.” With this order of
testing the testing meter would indicate voltage
with all connections before reaching the open point,
and would read zero with all connections beyond
the open.

One order of tests would give indications just as
reliable as those with the other order, but since the
indications are reversed you would have to keep
constantly in mind the order in which you are pro-
ceeding. The more things of this kind you have to
remember the more difficult will be your work, so
it is wise to adopt one order or the other and stick
to it. Generally it is better, as shown in Figs. 6
and 7, to disconnect one end of the circuit, connect
one side of your tester at this end, then proceed
from there around the circuit. Then remember that
you get a reading after the open point has been
passed.

In Fig. 9 we have two opens in the same circuit.
One of the open points is a blown fuse, the other is
a break in the wire at the right-hand side of the
circuit. The successive test connections and the
indications are shown by the test meter positions
numbered from “1” to “5.” With test “2” we have
passed an open point in the circuit, yet still have a
zero reading of the meter. The zero reading results
from the second open point farther along in the
circuit. Tests “3” and “4” likewise will give zero
readings, but test “5” wil show voltage because we
now have passed the last open point in the circuit.

You might conclude that the only open point is
the one disclosed by test “5.”” This would be the
same kind of error made by men who just “hunt”
for t-ouble without making systematic tests. The
thing to do in every case is to repair whatever
troutle you first locate, then repeat the tests right
through from the beginning. In the present case
the second scries of tests would locate the blown
fuse, because with the connections for test “2” you
would have a voltage reading and would know that
an open point existed between tests “1” and “2.”
Having replaced the fuse you then should start over
again with the series of tests. Not until all the
tests indicate no opens should you consider the job
complete. This rule applies no matter what your
method of testing and no matter what kind of equip-
men: you are using.

The methods of testing so far discussed might be
called progressive tests, in which we connect one
side of the tester to a certain point and then progress
from that point around the circuit. With a self-
contained circuit tester, having its own battery or
other source of voltage and current, it is possible
to test each part and section of a circuit individuallv.,

Individual tests for opens are shown by Fig. 10.
The leads from the tester are bridged across one
portion of the circuit after another until you have
gone all the way around or have located and re-
paired a trouble that permits the circuit to act
normally again. In each test the indicator will
show voltage if the parts tested are not open, and
will show no voltage if the parts are open. Current
will flow and voltage will be indicated through any
portion of the circuit that is complete. If the por-
tion tested is not complete, or is open, there can be
no current flow and no voltage will be indicated.
No voltage will be indicated because every volt-
meter takes some flow of curent in order to move
its pointer.

In Fig. 10, tests number 1, 3, 5 and 7 check sec-
tions of the wiring, and would disclose an open in
whichever section is bridged by the test leads.
Test number 2 would show up a blown fuse, test
number 4 a burned out lamp, and number 6 would
show defective contact in the switch. When making
individual tests the circuit being tested must be
disconnected from the source, at least at one end.
Othkerwise, voltage from the source will reach the
tester when an open point is bridged, and easily
may ruin the testing equipment.

A very long circuit, or one containing many de-
vices which might be open, may be checked in large
sections as illustrated in Fig. 11. Here both ends of
the circuit are disconnected from the source. One
side of the circuit tester is connected to any point
about midway of the circuit being checked. Then
the other test lead is touched first to one of the dis-
cornected circuit wires and then to the other of
these wires. With a connection at “1” in Fig. 11
we would check for opens in any part of the circuit
from this point around to the right-hand terminal
for one of the lamps in the upper line—the point
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where the other side of the tester is attached. With
the tester connection at “2” we would check for
opens in the remainder of the circuit.

If these preliminary tests should show that an
open existed in the section first checked we might
further sub-divide that section of the circuit by
moving the test lead from between the two lamps
to a point between the resistor and signal. Again
checking at point “1” would show trouble between
this point and the test connection between resistor
and signal, while checking at “2” would show
trouble existing between the original connection
(between the lamps) and the new connection be-
tween resistor and signal. This general principle
may be used to divide a circuit into any number of
sections, a method which may save much time in
comparison with either progressive tests all around
the circuit or with individual tests,

In all of the tests so far outlined the tester itself
has ben shown as having a meter for its indicator.
A lamp or any other of the indicating means pre-
viously mentioned might be used instead of the
meter. The source of testing voltage and current
might be any of those mentioned earlier. The prin-
ciples of the tests would not be altered by the kind
of test equipment employed.

Fig. 12 shows what probably is the simplest of all
tests for open circuits. With this method the circuit
being tested remains connected to the source. The
tester consists of only an incandescent lamp having
a voltage rating the same as the source voltage.
For instance, in a 115-volt circuit we would use a
115-volt test lamp. Leads from the test lamp are
connected successively across parts of the circuit.
When the test lamp bridges a section of circuit or
some device that contains an open the lamp will
light. Current from the source goes around the
open point and through the lamp as shown in
diagram “1” of Fig. 12. When the test lamp bridges
a part of the circuit that is complete the current
will flow through the relatively low resistance of
the circuit conductors rather than through the much
higher resistance of the test lamp, and the lamp will
not light.

There are two objections to this method of test-
ing. One objection is that the source must be in
condition to deliver normal voltage and current, but
the chief objection is that should the circuit contain
more than one open point the test indicates nothing.
The reason is shown by diagram “2” of Fig. 12.
Here the test lamp is bridging an open point, but
because of the second open in the circuit no current
can flow and the lamp remains out, just as though
there were no open point at all. This method of
testing is frequently used for locating blown fuses
and tripped circuit breakers.

TESTS FOR HIGH RESISTANCE

All tests for locating points of abnormally high
resistance, but points which are not open com-
pletely open-circuited, are carried out just as are
tests for open circuits. But, since we wish to note
the reduced current brought about by the high re-

sistance, it is not enough to use an indicator that
merely shows the presence or absence of current.
Rather we need an indicator that shows the full
current through the low resistance of a circuit in
good condition, and which shows the greatly re-
duced current due to abnormally high resistance.

A tester which is effective for checking high
resistances consists of a small incandescent lamp
and a battery that will light the lamp to normal
brilliancy. When extra circuit resistance is in the
tested circuit the lamp will become dim. An ohm-
meter which indicates circuit resistance directly in
ohms is an excellent testing instrument for locating
points in high resistance, Still another suitable ar-
rangement consists of a milliammeter, a battery,
and a resistor which limits the current to the full
range of the meter. High resistance in the circuit
checked will reduce the current through the
milliammeter.

When using the method of Fig. 12, a point of
fairly high resistance will cause the test lamp to
light more dimly than usual when the lamp bridges
such a point. This is because some current flows
through the high resistance of the circuit and some
flows through the high resistance of the lamp. Such
a test for high resistance is not so reliable as those
made with other types of indicators, it is too diffi-
cult to form judgments according to slight changes
in lamp brilliancy.

SHORT CIRCUITS

Before commencing to talk about the methods
used in locating short circuits and accidental
grounds it will be advisable to examine a few gen-
eral principles applying to these clases of trouble.
In diagram “1” of Fig. 13 we have a circuit contain-
ing three pieces of equipment marked A, B and C.
These units are shown as consisting simply of
resistances, but they might represent any kind of
equipment since whatever uses electric power has
more resistance than the line wires. It is the com-
bined resistance of units A, B and C that opposes
flow of current from the source through the circuit,
and that limits the current to a value that does not
blow one or both of the fuses through which cur-
rent enters and leaves the circuit.

Diagram “2” of Fig. 13 shows wires disconnected
from two of the circuit units. Note that opening
this circuit at any point will prevent flow of current
from the source into and through the circuit. No
current will flow in any part of a series circuit that
is opened at any point.

In diagram “3” of Fig. 13 we have represented
by a broken line a short circuit that has occurred
between one terminal of unit B and one terminal of
Unit C. The resistance of unit B has been “shorted
out,” so current from the source goes through unit
A, the short circuit, unit C, and back to the source.
The lessened resistance in the circuit, due to B
being shorted out, allows excessive current to flow.
This excessive current blows one of the fuses.

So long as the short circuit remains it will do no
good to replace the blown fuse with a good one, for
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the new fuse will be blown by excessive current
allowed by the short circuit. Instead of replacing
the fuse we connect a test lamp in the place of the
fuse, as shown by diagram “4” of Fig. 13. This test
lamp must be of a voltage rating the same as the
supply voltage.

Now current flows as shown by the small arrows
in diagram “4,” passing through the test lamp,
unit A, the short circuit, unit C, and back to the
source. The resistance of the lamp limits the cur-
rent that. may flow. This reduced current is enough
to light the lamp but is not enough to blow the
remaining fuse. Now we are ready to proceed with
our tests.

LOCATING THE SHORT CIRCUiLT

The usual method of locating the position of a
short circuit is illustrated by Fig. 14. With the test
lamp connected in place of the blown fuse, or cont
nected in any manner between the source and the
circuit being tested, the lamp will light. Working
away from the point at which the lam is connected
we open each accessible point in the circuit. So
long as we have not passed the short circuit, each
point opened or disconnected will cause the test
lamp to go out, as indicated in diagram “1.” As
each point is disconnected the lamp is observed, if
the lamp goes out the connection is replaced to close
the circuit at that point and the following point is
temporarily opened.

As soon as we pass the short-circuited point, as
in diagram “2” of Fig. 14, opening any following
points in the circuit will leave the test lamp lighted.
This is because current from the source continues
to flow through the test lamp and through the short
circuit.

The short circuit exists between the last discon-
nected point at which the test lamp goes out and
the fisrt disconnected point at which the lamp re-
mains lighted—this as we proceed along the circuit
from the position where the test lamp is connected.

A method of locating a short circuit by using a
self-contained tester is illustrated in Fig. 15. A
self-contained tester is any type that has its own
source of voltage and current, together with the
indicating means, in one unit. The circuit being
tested must be disconnected from the source, but
need be disconnected on only one side if it is incon-
venient to disconnect both sides. Then the tester
leads are attached to the two ends of the circuit
being ested.

With the tester in place we commence discon-
necting any accesible points in the circuit, working
around in either direction, or starting from either
end of the circuit. Each time we open the circuit
the tester will indicate zero current so long as the
shorted point has not been passed. This is shown
by diagram “1” of Fig. 15. As soon as the shorted
point has been passed, opening the circuit at any
following point will allow the tester to continue
showing current. This is shown by diagram “2.”

The short circuit exists between the last discon-
nected point at which the tester reading drops to

zero and the first disconnected point at which the
tester continues to show current. Compare this rule
with the one for checking with a test lamp (Fig.
14). Except that in one case we have a test lamp
and in the other have a self-contained tester, the
rules and the indications are the same.

As shown by Fig. 16, a self-contained tester may
be connected into a circuit at any point around the
circuit provided the circuit is first disconnected
from the regular source and the source terminals of
the circuit are connected together. Comparing Figs.
15 and 16 will show that they amount to the same
kind of connection for the tester, in both cases the
circuit is complete all the way around, and is com-
pleted through the self-contained tester.

LOCATING ACCIDENTAL GROUNDS

An accidental ground is a type of short circuit in
which the short part for current is between a con-
ductor which normally should be insulated and the
ground metal which forms part of the circuit. Since
a ground is merely one kind of short, the test for
locating grounds are essentially the ame as those
for locating shorts.
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