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WARNING

Voltages and currents of sufficient amplitude to cause injury or death may be encountered in .
the repair and calibration of electrical indicating and measuring instruments. Repair personnel
should be extremely careful when performing work of this type, and they should be traxned m
the. apphcatlon of artificial resplratlon and other first aid measures.
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T his manual supersedes TM 11-4700, 26 August 1945, and TM 11-472, 1 6 December 1 944.

CHAPTER 1

INTRODUCTION | /

Section |. GENERAL

1. Purpose

The purpose of this manual is: first, to review
the fundamental principles of magnetism and
electromagnetism, and the application of these
principles to electrical measuring instruments;

' and second, to prescribe practices, procedures,
~ and techniques to be followed in the electrical

- and mechanical repair and calibration of such
instruments.

2. Scope

Chapter 1 contains information on. the use

of the manual and general references. Chapter
2 covers the principles and theory of electrical
meters and measuring instruments. Chapter 3
deals with the principles of operation, meter

-maintenance, and maintenance equipment for -

 electrical instruments. Chapter 4 contains cali-
- bration information on specific equipments, and
- chapter 5 information on the calibration of ex-
posure meters. Appendix I contains a glossary,
and appendix II contains miscellaneous infor-

o mation, such as mathematical formulas.

3. References |

- For information on basic electrical theory,
refer to TM 11-661 and TM 11-681. For infor-
~ mation on the installation, operation, and func-

tioning of any standard equipment covered in
this manual, consult the technical manual re-
ferred to in the heading of the paragraph that
covers the equipment.

4. Requisitions for Repair Parts

Meter repair parts are listed in SIG 6, MK~
3/MSM-2. Requisitions for a part must cite an
authorized basis, such as a specific T/O&E, T/A,
SIG 7&8, SIG 7-8-10, SIG 10, list of allowances
of expendable material, or another authorized
supply basxs

5. Standard Used for Testing

Instruments that have an accuracy within .5
percent to”~ 1 percent of full-scale value are
classed as secondary standards, and are used
normally as working standards against which
the switchboard and panel type instruments
found in Signal Corps equipments are cali-
brated. Meter Test Equipment AN/GSM-1B
(pars. 41 through 47) is classed as a working
standard. Subsequent references in this manual
to a working standard refer to Meter Test
Equipment AN/GSM-1B or its equivalent.

.~ When the calibration charts furnished with the

equipment are used, accuracy may be brought to
.25 percent.

Section II. TEST EQUIPMENT AND TOOLS

| 6. Test Equlpment

Meter Test Equipment AN/ GSM-1B (pars
41 through 47) is essential to the repair and cali-
. bration of electrical meters. The equipment con-
sists of the following components:
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a. Meter Test Set TS-682/ GSM—I

b. Magnet Charger TS—336A/GSM——1.
¢. Frequency Meter FR—40/GSM-1.
d. Decade Resistor TS-679/U.

e. Test Set 1-49.




f. Multimeter TS-352/U.

g. Tube Tester I-177-( ).

k. Tube Socket Adapter Kit MX-949( ) / U
1. Resistance Brldge ZM-9( )/U

7. Tools :

An instrument repair section should be
equipped with Instrument Tool Equipment TK~
3/MSM-—2. Each electrical instrument repair-

man should have available Tool Eduipment TK-
21/G or equivalent.

8. Meter Repair Parts

The instrument repair section should be
equipped with Meter Repair Parts Kit MK-8/
MSM-2. This kit contains complete movements,
hairsprings, jewel screws, multipliers, shunts,
thermocouples, and assorted hardware sufﬁcwnt
to repair most of the meters.

AGO 3492A




| 'CHAPTER 2
 OPERATING PRINCIPLES AND GENERAL CONSTRUCTIONAL
DETAILS

Section 1. OPERATING PRINCIPLES

9. General

 The electrical meters, such as voltmeters and

ammeters, used in measuring instruments are
generally adaptations or modifications of the
galvanometer, which presents indications
caused by the movement of free electrons along
a conductor. The galvanometer detects the ex-
istence, relative intensity, and sometimes the
polarity of small currents.

10. Basic Principles

Galvanometers and practically all other elec-
~ trical measuring instruments depend on elec-
tromagnetism for their operation. Magnetism
and . electromagnetism will be discussed only
briefly in the following paragraphs. Electrical
instrument repairmen, however, must have a
thorough working knowledge of the funda-
mentals of electricity in general. For a detailed
presentation of electrical fundamentals, refer
to TM 11-661 and TM 11-681.

" 11. Magnets

Magnets may be divided into two general
classes: :

a. Permanent magnets, Which are made of
hardened steel or other special alloys, retain
their magnetism indefinitely. _
~ b. Electromagnets, which are made of soft
iron surrounded by a coil, depend on the flow

of electric current through the surrounding coil

to produce the magnetic effect. The magnetism
exists only while the current is flowing.
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12, Magnetic Fields

A magnetic field is assumed to consist of in-
vigible lines, called lines of force (fig.1).

a. When a material is magnetized, lines of
force appear to emerge from some parts of the
material and enter other parts. The part from
which the lines of force emerge is called the
north pole, and the part into which the lines of
force enter is called the south pole.

b. When studying the effects of lines of force,
keep the following laws in mind:

(1) For magnetic forces of attraction, the
lines of force always tend to contract
in the manner of rubber bands. This
is not true for magnetic forces of re-
pulsion. :

(2) Lines of force never cross each other.

(3) Each line of force around a magnet
forms a complete loop, north to south
externally and south to north intern-
ally.

(4) Whenever possible, external lines of
force around a magnet follow a path

* through a magnetic material, rather
than through air or through a nonmag-
netic material.

(5) No known insulating material pre-
vents the passage of magnetic lines
of force.

13. Basic Law of Mdgnetism

The basic law of magnetism is: Like mag-

netic poles repel each other, and wunlike mag-

3
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Figure 1. Magnetic field around a bar magnet.

netic poles attract each other. Figure 2 shows
the effect on the lines of force around two mag-
nets when like poles are adjacent and when
unlike poles are adjacent. The magnets in A of
figure 2, are forced together to shorten the gap
between them because the lines of force tend
to contract. In B of figure 2, the two magnets
remain separated because the lines of force can-
not cross each other; in other wordg, they repel
_each other.

DIRECTION
OF CURRENT
A E—

R ————.

14. Electromagnetism
If a wire is passed through a magnetic field,

‘an electric current is generated and flows along

the wire through a circuit connected between
the ends of the wire. If a wire is connected
to a source of emf (electromotive force), a mag-
netic field will exist around the wire (fig. 3).
This magnetic field is circular (fig. 4). The
plus sign of the conductor in figure 4 indicates
that the current is flowing into the page, away

from the reader. i

Note. The direction of current flow, as presented in
this technical manual, is that of electron flow, which is
from negative to positive.

15. Solenoids

When a wire is formed in the shape of a loop
and a current passes through the wire, mag-
netic North and South Poles are established.
The lines of force produced by the energized loop
have the same characteristics as those of a per-
manent magnet (fig. 5). When several of these
loops are placed together to form a coil and
the coil is energized, the strength of the mag-
netic field is greatly increased (fig. 6). Such a
coil is known as a solenoid.

“M4700-3

Figure 3. Magnetic field around a straight conductor.
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Fz‘gwé 4. Emd views of field of force about a etrcular conductor.

CROSS SECTION-OF
LOOP

Figure 5. Magnetic field produced by a single loop of wire.
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'_F'igm'e 6. Solenoid.

16. Electromagnets ¥

An electromagnet is formed when turns of a
current-carrying conductor are wound around
an iron core (fig. 7). The magnetic field is con-
centrated in the iron core, particularly at the
poles. An electromagnet has all the qualities
of a permanent bar magnet, and all the rules

of magnetism that apply to permanent magnets

also apply to electromagnets. The poles of an
electromagnet attract unlike poles and repel

TM4700-7

Figure 7. Electromagnet.

- .

like poles of pérmanent magnets or other elec-
tromagnets.

17. Magnetic Shielding

There is no known insulator for magnetic
lines of force. These lines pass through such
nonmagnetic materials as glass, paper, wood,
and copper without appreciable loss of strength.
However, it is often desirable to shield galvan-
ometers and other electrical measuring instru-

‘ments from the earth’s magnetic field and from

stray fields produced by generators, current-
carrying conductors, and similar sources, since
these foreign fields cause incorrect instrumen

readings. Because iron is a good conductor for
magnetic lines of force, an iron shell surround-
ing the instrument will bypass practically all
stray lines of force, and prevent them from
affecting the sensitive recording or measuring
mechanism of the instrument (fig. 8). For the:
more sensitive instruments, three or four shells
may be used, with air spaces between them.
Although perfect shielding cannot be obtained
by this method, it is usually possible to reduce
the stray field within the shell to a negligible
value. -

AGO 84924




Figure 8. Effect of magnetic shielding.

18. Genera'

Electrical measuring instruments are tools
which make use of magnetism and electromag-
netism to provide essential information about
electrical circuits. Several types of instrument
are designed for use in d-¢ (direct-current) cir-
cuits, and others for use in a-c (al’cemating~
- current) circuits. Some instruments are de-
signed for use in the laboratory and others for
use in the field. The power consumption of any
electrical measuring instrument should be
small, in comparison with the power available
in the circuit under test. In general, an a-c
voltmeter or ammeter uses several times as

. much power as a comparable d-¢ instrument. .

The remainder of this section contains informa-
tion on the construction and applications of the
types of instrument generally used for test pur-
poses and as component parts of communica-
tion equipment used in the field. ,

19. Components Parts

a. General. An electrical measuring instru-
ment usually consists of the following parts:
moving element with attached pointer; station-
ary element; controlling element; moving-ele-
ment mounting ; and bearings and case, includ-
ing terminals, dials, and screws. Each part has
a specific purpose and is designed to accomplish
this purpose as efficiently as possible. A descrip-
tion of each part and its funection is given in
b through g below. : T

AGO 8492A
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Section II. GENERAL CONSTRUCTIONAL DETAILS

 b. Moving Element. The moving element is

a part so mounted that it will rotate when ener-
gized by the current to be measured or by a pro-
portional part of that current. The rotation

. causes a pointer affixed to the movable element

to move across a scale, which is usually cali-
brated. The moving element may be one of two
types: a moving coil, as used in the D’Arsonval
and the electrodynamometer instruments; or
a moving iron vane, as used in the magnetic-
vane instrument. To keep the moving element
light in weiéht and as free from inertia as pos-
sible when either the D’Arsonval or the electro-
dynamometer instrument is used as an am-
meter, the larger part of the current to be meas-
ured usually is shunted around the moving coil;
when the instrument is used as a voltmeter, the
current is kept at a low value by a high resist-
ance in series with the meter movement.

c. Stationary Element. The stationary ele-
ment may be either a permanent magnet or a
coil. The function of the stationary element is
to furnish a magnetic field to react with the
magnetic field set up around the moving element
or, as in some instruments, to attract a moving
element made of a magnetic material.

d. Controlling Element. The controlling ele-
ment is usually a spring or springs (fig. 9). The
main function of the controlling element is to
provide a counteér, or restoring, force that will

increase as the moving element turns and bring

the pointer to rest at some position on the scale
in accordance with the value of the quantity

7




being measured. Two springs, wound in op-

posite directions, generally are used to compen-

sate for variations cdused by expansion and
contraction of the spring material due to tem-
- perature changes. The controlling element is
made of nonmagnetic material, which serves as
a conductor to the moving coil in some types of
instruments.

“e. Moving-Element Mounting. A shaft with

= =\

7

very hard pivot points is used to carry the
moving element. The pivot points are fitted
into bearings so that the moving element can
rotate with very little friction. In a new type
of mounting, the pivot points are reversed and
the bearings are inside the moving-coil assembly
(fig. 38).

f. Bearings. The bearings are highly polished
jewels, such as sapphires, synthetic jewels or,

qfﬂ“»' |

*Figure 9. Moving-coil mechanism.

TM 4700-9
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in some cases, very hard glass. Each bearing
usually is round in shape with a conical de-

pression

into which a pivot point fits, and is

set in threaded nuts to permit adjustment for
end play. The radius of the depression in each

jewel is
point to

greater than the radius of the pivot
limit the area of contact surface and

to provide a bearing which, when operated dry,
probably has the lowest constant friction value
of any known type of bearing.

g. Damfpmg Devices.

(1)

(2)

© instrument should be just sufficient to =

General. Damping is a t;erm apphed
to methods used to bring the pointer of
an electrical indicating instrument
quickly to rest after it has been set in
motion, so that the value of the quan-
tity being measured can be read with-
out loss of time. The method of damp-
ing may be electrical (magnetic),
mechanical (air damping), or a com-
bination of the two.

Damping of d-c instruments. Damping' ,

in D’Arsonval type instruments (par.
20) may be accomplished by either of
two methods, both electrical. Gen-
erally it is accomplished by winding
the moving coil on a light, aluminum
frame. Eddy currents, caused by mo-

tion of the moving coil in the perma-

nent-magnet field, are set up in the
frame. The field produced by the eddy
currents interacts with the field of the
permanent magnet and opposes the
motion of the coil so that it comes to
rest quickly. The second method,

found in some highly sensitive meters

that measure voltages, uses resistance

in series and parallel with the moving
coil. Moving coils of this type are not -

wound on metallic frames, because the
weight must be kept to a minimum.
Proper adjustment of the resistance
produces constant damping, but there
is a slight decrease in the sensitivity
of the instrument. The damping of an

limit the overshoot of the moving sys-
tem so that the pointer comes to rest

AGO 3492A

(3)

after not more than one or two oscilla-
tions (fig. 10). ‘

Damping of a-c¢ instruments. In a-c
instruments, magnetic damping, air
damping, or a combination of both is -
used.

() As in d-c instruments, when the

()

(1)

(2)

damping is magnetic’ ((2) above)
the reaction of the field on the field
of a permanent magnet is used, but
the actual arrangement of the de-
vice is somewhat different. A small
aluminum disk, which is mounted on
the shaft of the moving element,.
moves between the poles of a small
permanent magnet. The motion sets
- up eddy currents in the disk and
creates a field which interacts with
the field of the permanent magnet
to oppose the motion of the moving
element and bring it quickly to a
stop.
When air damping is used, a vane
attached to the shaft of the moving
element moves in a closed air cham-
ber to give a retarding effect (fig.
11). The air chamber should be
closed, and the vane should nearly
uch the walls of the chamber, if
the damping is to be effective.

" k. Case, Terminals, Dial, and Screws.

An instrument case securely houses
the meter mechanism to protect it

from mechanical injury and exposure.

Cases are made of either metal or non-

metallic materials, such as hard woods,

molded compounds, or a combination

of both. A glass window is set in the

case 8o that movement of the pointer

across the calibrated scale may be ob-

served.

The termmals which are made of ma-
terials that have very low electrical
resistance, conduct the required cur-
rent into and away from the meter.
They are comparatively large, and are
machined and threaded accurately.
With proper washers and nuts, they

9




T™M 4700-i1

Figure 10. Meter action with correct damping. (Numbers refer to pointer positions).

provide a low-resistance positive-con-
tact path. ' : '
(8) The dial usually is made of light alumi-
num with a white enameled surface.
Ordinarily the scale is marked on the
dial in units for which the instrument
is calibrated. In addition, the follow-
ing markings generally are found on

. Nr CONDUCTING VANE
; y

PERMANENT MAGNET \ the dial: the type of instrument (a-c
R . ©or d-¢); the unit of measurement for
WHEN VANE MOVES, EDDY CURRENTS ARE which the instrument is calibrated;

PRODUCED [N IT, TENDING TO QPPOSE MOTION and; in the case of small panel meters,

the model number and the manufac-
turer’s name. ,
1 o (4) The screws, three or four in number,
) _ ~are small, fine-threaded, and usually
CLOSED AIR : flat or oval-headed. They are used to
CHAMBER _ ) _
' LIGHT VANE SWINGING secure the metér housing to the meter

IN CHAMBER WITH base.
SMALL CLEARANCE

t. Shunts, Series Resistors, and Multipliers.

(1) A meter shunt is a resistor connected
in parallel with the meter circuit to
bypass the major portion of the cur-
rent being measured. The value of the

WHEN VANE MOVES, MOTION TENDS TO BE : shunt connected across the moving
OPPOSED BY GCONSTRICTION OF AIR lNT&H:"IMOBOE-RIZ coil or instrument depends on the re-
Figure 11. Magnetic and air damping. sistance of the moving coil or instru-

AGO 34924
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ment, as compared with that of the
shunt. Ammeter shunts are adjusted
by the manufacturer to have a specific
mv (millivolt) drop at rated full-load
current. Ammeters or millivoltmeters
that use shunts usually are calibrated
to read in amperes the rated current of
the shunt. The resistance of the leads
is taken into consideration when the
instrument is calibrated.

(a) Shunts usually are made of mate-
rials whose resistance is not greatly
affected by temperature changes.
‘The material must be such that no
voltage resulting from galvanic ac-
tion (chemical reaction between dis-
similar metals in contact with each
other) will be produced when the
shunt is connected to the copper

“econductor. - Either temperature
changes or galvanie action in shunt
.material will introduce errors in

. meter readings.

(b) Ammeter shunts must be con-
structed so that they will not be in-
jured by abnormal currents of short
d}xration, and ample provision must
be made for the dissipation of heat
due to continuous operation. The
resistance of a well-made shunt will
not change with use if it is handled
carefully. If an ammeter is to be
placed in a circuit, determine before
making connections whether the

shunt is contained in the instrument

or whether an external shunt is re-
quired. In calibrating an instru-

ment with an external shunt, be sure -
that the terminal connections-are -

tight.

(2) A series resistor, or multiplier, is a

registance unit used with voltmeters.

and millivoltmeters to limit the value, .

of current:to.that required for full

scale deflection at the rated voltagerof:: .

(3)

(4)

(8)

the instrument. The accuracy of. the
resistor must be as high as possible,
usually higher than that of the instru- -
ment. Special high-resistance wire
* (nichrome or similar alloy) with a low
temperature coefficient is.used to* re-
duce temperature errors and keep the
resistor unit as small as possible.

To increase the range of the insﬁu#
ment, multipliers of the proper resist— '
ances usually are connected in series
with the meter. For example, to double
the range of a 150-volt voltmeter with
a total resistance of 150,000 ohms, a
multiplier with a resistance of 150,000
ohms must be connected in series with
the voltmeter. -

Individual resistance units for each
desived range, or single resistance
units tapped at the correct \?alues, may ‘
be used. A single instrument supplied
with a convenient means of switching
to the desired range is very useful for
general test purposes. '

Resistors may be contained within the
méter or inclosed in external resist-
ance boxes. External resistors aré.‘ es-
pecially useful when the resistance
unit required generates more heat than
the instrument case can dissipate.
Three types of resistors used to in-
crease the range of meters are shown
in figure 12.

(a) A tubular resistor is waXaﬁlléd, her-

(

~metically sealed, and electrostatic-
ally shielded to insure long life at
high voltages in humid or salty at-
mospheres (A of fig. 12).

b) A small, compact spool resistor is
used in the more sensitive self-con-
. tained meters (B of fig. 12).

(¢) A card-type resistor is used in larger

o ingtruments (C of fig. 12).

11y
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A, Tubular resistor.
B. S8pool resistor.
C. Gard-type resistor.

Figure 12. Types af resistor used to increase range of meters
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Figure 18. D’Arsonval movement. -
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Section 11l. DIRECT-CURRENT INSTRUMENTS

- 20, Construction and Theory of Opera-
~ tion

The operation of the I’Arsonval, or perma-
nent-magnet, moving-coil type meter depends on
the interaction between magnetic lines of force
set up by the moving coil and those set up by
‘the permanent magnet. When current flows
through the moving coil, a field is set up around
the moving coil. The field of the permanent
magnet remains constant, while the field of the
moving coil changes with the change in current
flow. The coil and permanent magnet are placed
in the instrument so that north poles are ad-
jacent and south poles are adjacent. Since like
poles are repelled and unlike poles are attracted,
the coil, which is pivoted at its center, tends to
rotate when current flows through it. The turn-
ing motion of the coil is opposed by the action
of two springs, which also conduct current to

and from the coil. The turning force of the coil

depends on the strength of the magnetic field
generated by the coil; this strength is propor-

- tional to the value of current flowing through

the coil. When the turning force is equal to
the opposition of the springs, the pointer stops
moving across the scale, and a reading may be
obtained. The pole pieces of the magnet form a
circular air gap, which insures a uniform field
and even-scale distribution. Figure 13 illus-
trates the permanent-magnet, moving-coil mech-

anism and shows the magnet, the pointer, the

spring, the moving coil, the bridge assembly

(fig. 15), and the position of the pole pieces in

relation to the moving coil. One side of the
magnet has been cut away to show the position
of the moving coil when the pointer is in zero
position. s : : '

21. Ammeters and Millivoltmeters

It is not common practice to send more than
.1 ampere through a moving coil. A shunt must
be provided (par. 197) to accommodate larger
currents. D-c¢ millivoltmeters used with shunts
generally require up to 25 ma (milliamperes),
" depending on the type of instrument, for full-
scale deflection at 30 to 200 mv (fig. 14). Since
the field supplied by the permanent magnet is
unidirectional, the instruments described in this

paragraph are suitable for use on dc only. If

AGOBANZA

60-cycle ac is impressed on such an instrument,
the pointer vibrates about the scale zero point.
Figure 15 illustrates a disassembled d-c milli-
ammeter with a range of 0 to 500 ma, and indi-
cates the nomenclature of each part.

22. Voltmeters

To convert a milliammeter into a d-c volt-
meter, a resistance is inserted in the instrument
circuit (fig. 16). This resistance limits the cur-

- rent to a value that permits full-scale deflec-

tion of the pointer when the maximum rated -
voltage is applied. For example, to change an
ammeter with a full-scale rating of 10 ma (.01
ampere) to a voltmeter with a full-scale rating
of 150 volts, it would be necessary to connect a
resistance of 150/0.01, or 15,000 ohms, in series

~ with' the meter movement. The 15,000-ohms
- resistance will reduce the current to .01 ampere

when 150 volts are connected across the meter

‘MILLIVOLTMETER—,-\
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Figure 14. Millivoltmeter with shunt. -
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. Cover agsembly.

Cover screw.

. Scale-plate screw,

. Scale-plate lockwasher,

. Scale p}ate.

. Ground clip.

. Element assembly with pole pieces,
. Magnet clamp and scerew.

. Magnet.

.- Base assembly with shunt.
. Terminal-stud lockwasher,
. Terminal-stud nut.

14, 15. Lockwasher and nut for magnet clamp
serew,

16. Screw for holding pole piece to bage, -

17-19. Serew, washer, and fiber wagher for top
bridge.

20. Pointer stop assembly,

21. Top bridge fiber Bushing.
22, 23. Top jewel screw and nut.

24. Top bridge assembly.

25. Armature assembly.

26. Core.

27. Pcle piece assembly.

28-30. Hexagonal nut, washer, and square nut
for core.

31, Core screw. ,
32. Lower regulator.
33, Spring washer.
34, 85. Bottom jewel nut and screw.
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Figure 15—Continued.

terminals. However, since the milliammeter
* moving coil itself has about 20-ohms resistance,
" it is necessary to add only 14,980 ohms. The
resistor should be constructed so that it will not
be affected by ordinary changes in temperature.

e ?
B

SERIES
RESISTOR
LINE
T™ 470016
Figure 18. Voltmeter (milliarnmeter with o series

resistor). .

Although resistance of the moving coil varies.
with temperature changes, the high value of the
resistor as compared with the resistance value
of the moving system compensates for any vari-
ations. When a given voltage is applied, there
is only a negligible variation in current flowing
through the moving system due to temperature
changes. Several different ranges are obtained

by using separate resistors known as multipliers

{par. 19i(3)), or by tapping off at various
points on the same resistor. Most voltmeters re-
quire a very small value of current for opera-
tion. A corhimon type of voltmeter, rated at 500

" volts, requires about 1 ma for full-scale deflec-

tion. Since its resistance must be equal to 500/
0.001 or 500,000 ohms, and full-scale reading
is 500, the instrument has a resistance of
500,000/500 or 1,000 ochms per volt. Certain
types of voltmeter have a resistance as high as
20,000 ohms per volt. ‘ :

Section V. ALTERNATING-CURRENT INSTRUMENTS

23. General

Instruments used for the measurement of ac

" usually differ in several respects from those.

used in d-c circuits. If the a-c instrument is to
operate on the principle of a moving coil in
a magnetic field, the magnetic field in which
the coil moves must reverse at the same instant
that the current in the coil reverses so that the
pointer will continue to deflect in the same direc-
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tion. Since a reversing field cannot be produced
by a permanent magnet, the design of the a-c’
instrument must differ from that of the d-c .
instrument. A-c¢ measuring instruments used
in the field may be divided into four types: elec-
trodynamometer, moving-iron vane, rectifier,
and thermocouple. The hot-wire type of meter
is not used extensively and will not be discussed.
Also of interest are the frequency meter, used
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' to indicate’ the_freqdencyof a-¢ power-supply
~ circuits and generating equipment, and -the

‘vacuum-tube voltmeter,, used extensively in -

radio testing and servicing.

24, Electrodynamometer-Type Meter

a. Principle of Operation. The electrodyna-
mometer-type meter, also called the electrody-
namic type, depends on the reaction between a
fixed coil and a moving coil, In the usual form,
a single coil rotates within two parallel fixed
coils (A of fig. 17). The current flowing through

POINTER

CONTROL SPRING

 the fixed coils and the moving coil sets up mag-
netic fields about these coils.

Because of the -
force exerted by the control springs, the axis
of the magnetic field around the moving coil
(a line passing through-the center of the coil
from end to end) is not parallel to the axis of
the magnetic field around the fixed coils. The
two magnetic fields attempt to aline themselves
in accordance with the law of magnetic poles;
the turning force is proportional to the strength
of the two magnetic fields, and the strength of
the two magnetic fields, in turn, depends on the
value of current flowing through the coils. A

FIELD COIL

~MOVABLE GOIL

A

HIGH RESISTANCE o , -
, ) INDUCTIVE SHUNT :
B o c
TM 470017
A. Basic electrodynamometer~-type instrument., :
B. Used as voltmeter.
C. Used as ammeter, ;
Figure 17. Electrodynamometer type meter.
| AGO 3492A
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moving coil cannot carry heavy current unless
special means are provided for conducting the
current to and from the coil. The current re-
quired for voltmeters usually is not more than
.1 ampere. This current can be conducted to
and from the moving coil through the control
springs. B of figure 17, shows the circuit ar-

rangement for an electrodynamometer-type in-
strument used as a voltmeter. In the case of am-
meters, special construction is necessary because

| “of the large currents. The stationary coils A
and B (C of fig. 17) generally are built to carry

5 amperes, and the moving coil C (C of fig. 17) -

~carries only a small part of this current. In

series with the stationary coils is an inductive

~shunt, which has the same ratio of resistance
“as the moving coil connected across the termi-
-nals of the shunt. Since the power factor of the

~shunt ig the same as that of the moving coil,
‘the division of current between them is inde-

pendent of frequency, and the instrument is,

therefore, reasonably accurate at commerclal .

frequencies.
b Applzcatzon (Wattmeter)
(1) It is often necessary to check the

power consumption of various types‘,,k
of electrical equipment. In d-c cir- -
cuits this is comparatively simple; the

unit of power, the watt, is the product
of the voltage and the current (P (in
watts)

current are in phase. Since this in-
phase condition seldom exists in prac-
tice, some other method must be used;
the electrodynamometer principle is

. applied, particularly in the portable

type of wattmeter.

{2) If an eleétrodynamometer~type Watt-»‘

meter is connected in a circuit (fig.

18), the current in the fixed coils is -

the instantaneous load current, and
the current in the movable coil is pro-
portional to the instantaneous line

voltage. Since the turning force on the
moving coil is equal to the product of

the current and the voltage, the instru-
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— E (in volts) X I (in am-
‘peres)). In a-c¢ circuits, this relation-
ship is true only when voltage and

: . . '
ment indicates the amount of power
used, and the scale of the instrument

~ can be calibrated in watts. When cur-

rent and voltage are in phase, the turn-
ing force exerted on the moving ele-
ment is positive in direction. When
current and voltage are not in phase,
the turning force is negative in direc-

. tion at certain intervals, but the in-

strument pointer continues to deflect
in a positive direction. The pointer as-
sumes a position dependent on the
average value of the turning force over
a period of time, because the action of
the moving element is not fast enough

R s,

W,«////// | o MOVABLE COIL

(

FIXED COIL

LOAD é

NONREACTIVE
RESISTANCE

T™ 4700~18

Figure 18. Electrodynamometer-type wattmeter.

(3)

to respond to each 60-cycle impulse.
Certain precautions must be observed
when a wattmeter is connected in a
circuit. Do not exceed the current and
voltage rating specified on the dial of
the instrument. Always connect the
moving element or potential ecil (4,
figz. 18) to the side of the circuit that
contains the fixed coils (current coils.)

This connection keeps the moving coil

at the same potential as the fixed coils

1




and avoids undue stress on the insula-
tion of the coils. It helps to eliminate

errors due to'electrostatic forces and

the possibility of reversing the poten-
tial coil with respect to the current
coils.

~ (4) Tomeasure power in other than single-
phase circuits, more elaborate watt-
meters or a combination of wattmeters
is used. Follow the circuit diagrams
when they are 1ncluded with such
meters ,

25, Movmg Iron-vane Type of Meter
(figs. 19 and 20) ‘

Orxgmally, some instruments were designed

to operate on the principle of the attraction of
magnetic materials by a magnetic field. Such

_instruments are practically obsolete, so far as

signal communication equipment is concerned,
and now are used principally in inexpensive
meters, such as pocket battery testers and the

~ indicators on charging equipment for storage

batteries. They have been superseded by the
moving iron-vane (also called magnetic-vane),
repulsion-type meter. A small strip of soft iron
(3, fig. 19), bent into cylindrical shape, is
mounted on a shaft (5), which is free to turn.
A gimilar strip (2), which is approximately
wedge-shaped, with a larger radius than the

first strip (3), is fixed in a cylindrical coil (1)..
.The coil is wound with fine wire and is connected

in series with a high value of resistance. (If
this type of instrument is to be used as an am-
meter, the coil is wound with fewer turns and
heavier wire.) When the instrument is con-

- nected across the line, the current through the
- coil is proportional to the line voltage, and the

iron vane becomes magnetized. At a given in-
stant, if the upper edges of both vanes have a
north magnetic polarity, the lower edges of both

-vanes will have a south magnetic polarity. This

like magnetic polarity at corresponding edges

of the vanes will continue regardless of the

direction of current flow through the coil, and
the upper edges of the two vanes will repulse
the lower edges. Because of their shape and
position, the vanes tend to transform the
repulsion into rotary motion, which turns
the shaft (5) against the forces exerted by the
springs (4). A pointer (6), mounted on the
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shaft, moves over a graduated scale to indicate

the magnitude of the voltage. The iron-vane °
principle has been applied to the inclined-coil
type of instrument, which need not be described
in detail because the major difference is in me-
chanical construction.

26. Rectifier Type Meter

Some instruments for a-c voltage measure-
ment are of the permanent-magnet moving-coil

type; they use auxiliary devices ‘which permit
~unidirectional current to be sent through the

moving coil. This current must bear a definite
relationship to the quantity being measured so
that the instrument scale can be marked in
terms of the a-c value. A rectifier, which allows

6

B .- - -

o
H
- o -
| IR
\‘4
v
)
! 1
/ ‘e

4
TM4700-70

1. Cylindrical coil, 4. Spring.
2. Strip of soft iron. 5. Shaft.
8. Strip of soft iron. 6. Pointer.

x Figure 19. Moving iron-vane type meter.
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" the frée flow of current in one direction but

offers a high resistance to the flow of current in
the opposite direction, generally is used to make
this possible.

a. A rectifier type irieter'may be equipped\

with any one of several types of rectifying de-

vice. The most common type is the copper-oxide
rectifier, which consists of one or more copper-
- oxide disks, each in contact with a copper disk.

Current flows from the copper disk to the cop-

per-oxide disk, but not in the reverse direction .

(A of fig. 21). When a voltmeter is connected
in such a circuit, the current flow through the
meter is as shown in D of figure 21. As the
applied voltage increases, the unidirectional
current through the moving coil increases. A

reading which bears a definite relation to the

a-c line voltage is obtained, and the meter scale

can be marked in terms of a-c volts. Such a de-

vice is called a half-wave rectifier.

b. The half-wave rectifier type meter is not
practical for most purposes because during the
negative half of each cycle, when no current

- flows, the rectifier must withstand the full line

voltage. Although copper-oxide plates are not
well suited to withstand such inverse voltages,
the difficulty can be remedied easily. A simple

‘device, known as a bridge connection, utilizes
four sets of copper-oxide plates connected in

the form of a diamond. Figure 22 indicates the

paths taken by the current during the positive

and negative half-cycles, respectively. Since
a bridge connected in this manner rectifies each
half-cycle of the a-c wave, it is called a full-
wave rectifier.

¢. In some circuits, bridges of fewer than
four copper-oxide plates are used. The opera-
tion of such circuits can be determined readily
by making diagrams of the current ﬂow for
each half-cycle. ' «
~d. Permanent-magnet, moving-coil meters in-
dicate average values. In the rectified sine wave
(C of fig. 22), the average is shown by the
lower line. In a-c circuits, however, the rms

(root-mean-square) - value indicated by the

higher line generally is required, and the meter
scale is calibrated in terms of the rms value.
For other wave shapes the ratio is different, and
therefore, rectifier type meters read rms values
correctly only for the wave shape for which
they are calibrated. In measuring nonsinusoidal

‘values, such as the output of constant-voltage
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transformers, the same principle holds true.
Other factors to be considered when using rec-
tifier type meters are as follows:

(1) Since rectifier units are not 100 per-
cent accurate, the stated accuracy of
the meter usually is given as plus or

minus 5 percent of the full-scale read- -

ing of the meter.

(2) Rectifiers should not be exposed to
* chemical vapors, such as sulphur

fumes, or to extremely high tempera- .

tures.

(3) When a rectifier is connected to an a-c
line, the load should never be removed
from the rectifier until the rectifier
has been disconnected from the line,
because the surge of full-line voltage
may damage the rectifier plates.

- 27. Thermlomc (Vacuum-Tube) Volt-

meter

An instrument has been devised to measure
voltages in circuits where the consumption of
a minute amount of power seriously disturbs
the circuit under test. This type is widely used
in the servicing and repair of signal communi-
cation equipment, such as radios and public-
address systems.

a. An ihstrument called a VIVM (vacuum- .

tube voltmeter) makes possible the measure-
ment of voltages with practically zero power
consumption from the circuit under test. The
VTVM uses the vacuum tube and usually a d-¢
milliammeter. With the necessary voltage sup-
ply, resistors, switches, and other components,

. an inexpensive portable instrument can be built.

The high sensitivity of this instrument (large

deflections of the indicating meter with minute .
variations of voltage input), as well as the very -

high accuracy obtained, makes possible elec-
trical measurements in circuits of hlgh imped-
ance and very low power.

b. The most common circuit arrangements
of the VI'VM are variations of d-c amplifier
and a-c rectifier circuits. The operation of these
circuits is based on the fact that the plate cur-
rent in a vacuum tube faithfully follows voltage
changes at the grid of the tube. The plate cur-
rent is measured on a d-c milliammeter, which

is calibrated in volts. For a-c measurements,
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. Base, complete with nut and washer for element

frame,

. Terminal stud and nut.

. Resistance spool, large.

. Screw for resistance spool and lockwasher.

. Becale blank.

. Scale screw.

9. Wide flange cover.

10-12.

. Narrow flanze cover.
14.
15.
18,
17.

- 18.

- 18,
20,
21.

Mounting screw (nut and washer) for cover.

Clamping ring with serew and nut.

Magnet shield with pcle piece.

Serew for magnet shield and pole piece.
Magnet. '

Magnet clamp.

Magnet spacer. :

Screw for magnet shield, clamp, and spacer.
Serew for magnet shield.

oo
W

G o
uiry

D

1

i GO Lo G oo

oo
P‘-‘(]N'\.}Q

43
g

:--::&Ca [} ,O

e

, 42,

2. Resistznee spool, small.

. Nut for resistance spool.

4. Field coil.

. Fleld-ccil shield and serew.

. Flux distributor.

. Flux-distributor screw.

. Washer for screw No. 26 or No. 28,

Lcekwagher for serew No. 26 or No. 28.

. Adjuasting strap.

. Armature with spring.

. Serew for armature and base.
. Element frame.

Element-frame screw, washer, and lockwasher.
Bottom jewel screw, lockwasher, and nut.

Tep jewel serew and nut.

Zero regulator adjuster.

Cover screw,

Figure 20—Continued.
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RECTIFIER

A
PERMANENT ~MAGNET ]
MOVING - COIL INSTRUMENT

WAVESHAPE OF APPLIED VOLTAGE
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)
RECTIFIER-TYPE
METER GIRCUIT
C
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IN METER GIRCUIT

V D
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Figure 21. Ealf-wave copper-oxide rectifier type meter circuit,
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DURING THESE HALF-CYCLES DURING. THESE HALF -CYCLES

CURRENT FLOWS THROUGH - CURRENT FLOWS THROUGH

CIRCUIT IN THIS DIRECTION - GCIRGUIT IN THIS DIREGTION

:

B
NOTE THAT INSTRUMENT CURRENT
IS ALWAYS IN SAME DIREGTION -
| /-RMS VALUE
\—AVERAGE VALUE

TM4700-22

Figure 22. Circuil arrangement for full-wave rectification.
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VACUUM~TUBE VOLTMETER
A

GIRCUIT OF A MULYTIRANGE PLATE-DETEGTION

VAGUUM-TUBE VOLTMETER

8
TM 4700-23

Figure 23. Vacuum-tube voltmeter circuit.

the vacuum tube is used as a rectifier, and the
- meter scale is calibrated in a-c¢ volts. A of figure
23, shows the basic circuit for this type of
meter. B of figure 23, shows the circuit of a
multirange instrument.

28. Thermocouple Type Meter
(figs. 24, 25, 26, and 27)

- Another device which makes it possible to
- measure a-c values with d-c¢ meters, ordinarily
of the permanent-magnet moving-coil type, is
the thermocouple. If the junction of two wires
- of unlike material, such as iron and copper-
‘nickel alloy, is heated with a gas flame, and the

" free, or cold, ends are connected to a sensitive

'd-c milliammeter, the meter needle deflects (A
of fig. 24). The deflection is proportional to the
difference between the temperature of the
heated junction and the temperature of the cold
ends. The thermocouple-type meter used to
measure ac substitutes a resistance wire, or

heater, for the gas flame (B of fig. 24). When

‘ac passes through the resistance wire, it raises
the temperature of the junction. Since the re-
sistance of the heater is practically constant,
the instrument scale can be marked in terms
. of current flowing in the heater circuit. The

. AGO 3492A

MILLIVOLTMETER \

NICKEL

. MIRLIVOLTMETER —\

HEATER (MADE OF
RESISTANGE WIRE
OR STRIP)

GURRENT TO
BE MEASURED ’
- T™ 4700-24

Figure 24. Principle and application of a th’ermooouple.
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A-C
LINE

N

HEATER

HOT JUNCTION

Figure 25. Vacuum thermocouple.

temperature of the heater is proportional to
the square of the current flowing through it;
therefore, graduations on the scale are increas-
ingly farther apart as they approaeh the upper
end of the scale.

a. Since the voltage frbm a therinocouple is

‘proportional to the difference between the tem- -

perature of the heated junction and that of the
cold junction connected to the meter, any change
. in the temperature of the cold junction will
cause an error in the meter reading. To avoid
such error, the heater generally is terminated
in relatively large metal blocks, to which the
thermocouple leads are joined. The leads are
connected to thin copper plates, which are sepa-
rated from the blocks by thin mica strips. This
arrangement, which is known as cold-junction
compensation, maintains the temperature of the
connections at a fixed relationship to the tem-
perature of the heater.

b. If the heater and the hot junction of the
thermocouple are inclosed in an evacuated bulb,
the sensitivity and reliability of the thermo-
couple are much improved-because air currents
about the hot junction and the heater are elimi-
nated. A carbon filament may be used for the
heater, and iron and alloyed metals for the junc-
tion. The vacuum thermocouple (fig. 25) of this
type is very useful for the measurement of small
alternating currents, usually not exceeding a
few ma. - T -
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D-C GALVANOMETER
OR MILLIVOLTMETER

AN

,‘\\\EVACUATED BULB
' . TM4700-25

¢. Millivoltmeters used with thermocouples
to measure current must be more sensitive than
those used with shunts, because the emf de-
veloped by a thermocouple is very small, and
the internal resistance of the thermocouple is
relatively low. For example, a thermocouple
may have an output voltage of only 15 mv and
an internal resistance of only 5 ohms.

Caution: Because of .their delicate construc-
tion, thermocouple meters should be handled
carefully. In thermocouple meters, the heater
temperature increases as the square of the cur-
rent increases. An appreciable overload, there-
fore, will cause the heater to bufn out.

29. Frequency Meter

Frequencies of alternating currents can be
measured by several methods. Generally, the

frequencies used in power-supply systems are

measured by either of two types of frequency
meter. ‘

a. The simplest type of frequency meter is
called the vibrating-reed frequency meter (2 of
fig. 28). An electromagnet (3 of fig. 28) is
energized by the current in the circuit under
test. The cyclic reversal of the current causes
an accompanying reversal of the magnetic field
around the electromagnet. A base plate (4 of
fig. 28) is mounted near the electromagnet. The
reversing magnetic field, with the same fre-
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- quency as that of the energizing current, causes
mechanical vibrations of an identical frequency
to be set up in the base plate. Attached to the
base plate is a series of thin metal reeds (5 of
fig. 28). The reeds are firmly fastened to the
base plate at one end and are free at the other
end. They are equal in length, but have different
periods of vibration because a different weight
is placed on the free end of each reed. The
vibration of the base plate causes all the reeds
to vibrate slightly, but the one that has a
 natural period nearest the frequency of the ener-
gizing current is the only one that vibrates with
a large amphtuéfe The meter in figure 28 has
11 reeds; the lowest frequency reed is tuned
to-57.5 eycles, and each succeeding reed is tuned
14 eycle higher. This meter was designed to be
used on -a 60-cycle system, and the use of 11
reeds permits the reading of frequencies from
B7.5 through 62.5 cycles. Variations of 14 eycle
can be estimated. In 1 of figure 28, the meter

AGO 84921

is shown in operation, connected to a 60-cycle
power supply. ;

b. Inthe second type of frequency meter, con- -
trolling and deflecting forces are supplied by
current through the meter coils. Several types
of meter employ this method. The meter illus-
trated in figure 29 shows the crossed-coil iron-
vane type. If the circuits through the coils are
traced, it will be seen that the amount of current
flowing through the respective circuits is con-
trolled by the reactance-resistance combina-
tions. Inductive reactance increases and de-
creases, respectively, with increases and de-
creases in frequency. Therefore, the ratio of
the controlling and deflecting forces is depend-
ent on the frequency of the circuit, and the
meter ¢an be calibrated in terms of frequency.
Note that the moving element has no control
spring or zero point. When this type of instru-
ment is not connected to a circuit, the pointer
may rest anywhere on the scale.
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Figure 29. Crossed-coil iron-vane Jfrequency meter, schematic diagram.
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CHAPTER 3
MAINTENANCE

Section I. MAINTENANCE LEVELS

30. General

The meters used in signal equipment are deli-
cate and expensive instruments, and their re-
pair will be entrusted only to qualified mainte-
nance personnel. To be qualified, the technician
must have a thorough knowledge of the design
and operating principles of meters and must

be able to use correctly the tools and test equip-

ment necessary for the repair and calibration
of electrical measuring instruments.

' ‘ ¥
31. Repair Responsibilities

a. Organizational Maintenance. ,

(1) Operator. The operator of the equip-
ment provided with the meters will
perform only the most superficial
maintenance. Such maintenance will
be limited to resetting the pointer td
zero when a meter is equipped Wit}k
external zero adjustment and putting

- tape on a cracked glass or case to keep .
out dust and moisture.

(2) Unit radio repairman. When neces-
sary, the unit radio repairman will
replace meters for which identical or
standard replacements are available.
In emergencies or in special local tac-

tical situations, the repairman may

open or short the circuit around a de-
fective meter to keep vital equipment

- in operation. Such emergency repairs
will be noted on a tag attached to the
set; permanent repairs will be made at
the earliest opportunity. The using-
unit repairman is not authorized to
make internal repairs on the meter
movement. '
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b. Field M@intehance;

(1)

(2)

Mobile repair shop. Maintenance in
the mobile repair shop is performed
by radio repairmen attached to the re-
pair units of division signal companies,
signal battalions, and signal repair
companies. Such maintenance will be
limited to the replacement of meters
and of external shunts, multipliers,
and thermocouples in the meter cir-
cuit, but not in the meter case. In
emergencies or in special local tactical
situations, nonstandard meters may be
substituted for defective meters to
keep vital equipment in operation. All
emergency repairs will be noted on a
tag, and the tag will be attached to the
instrument ; permanent repairs will be
made.at the earliest opportunity. No
work on the internal meter movement
will be performed by the mobile repair

shop. = : '
Fized shop. Fixed shop repairs are
performed by signal depot companies
and fixed shops in theaters of opera-
tions, in specified fixed repair shops
within the continental United States,
and in departmental repair shops out-

. side the continental United States.

Skilled electrical-instrument repair-
men, from fixed or semifixed shops,
supplied with special tools and test
equipment will make complete repairs
on meters, including replacement of

individual parts in the meter move-

ment, readjustment, and calibration.
Meters that are beyond repair may
contain critical parts in good condi-
tion that can be salvaged and used in

¢
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the repair of other meters. Salvage
will not be attempted on meters that
can be repaired. When a fixed shop is
unable to repair a meter because of
lack of parts or the absence of skilled
personnel, the defective meter will be
shipped to a fixed depot. Extremely
precise meters, such as standard cali-
bration meters, will be returned to.a
fixed depot repair shop in the United
States.

¢. Fized Depot Maintenance. Fixed depot
maintenance repairs are performed by depart-
mental depot shops and other specified depot
shops within the continental United States.
These shops are authorized to repair meters and
to restore them to their original accuracy.
Standard calibration meters will be returned to
the factory for any repairs which may affect
their accuracy. Meters which are beyond repair
will be salvaged in accordance with Army Regu-

lations.

Section 1l. MAINTENANCE PROCEDURES

32. Field and Depot Maintenance Pro-
cedures

After a meter has been received at the field
or depot repair shop, it should be given a me-
chanical and electrical inspection, as suggested
below, to determine the extent of repairs re-
quired.

a. Mechanical Inspectwn Check for the fol-
lowing:
(1) Loose, scratched or broken windows.
(2) Cracked bases.
(8) Cracked or bent cases.

. (4) Missing screws, nuts, lockwashers, or

terminals.
(5) Damaged threads on terminals.
(6) Bent pointers.
(7) Illegible dial markmgs
(8) Damaged or missing nameplates
(9) Broken zero adjuster.
(10) Mechanical damage to internal resis-
torg and shunts.
(11) Internal or external evidence of rust,
corrosion, or fungus growth.
(12) External finish of the case.

' b. Electrical Inspection. Place the meter in
the meter-test pedestal, and check for the fol-
lowing: " v
(1) Absence of pointer movement.

(2) Friction in pointer movement.

(3) Full-scale deflection of pointer.

(4) Erratic pointer movement. ;

(5) Pointer indication within tolerance

limits.
(6) Balance of movement.
‘¢. Disassembly for Major Repazfrs to In-

ternal Mechanism. To d1sassemble any meter,
proceed as follows:
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- Damping disk lying on

(1) Remove the movement from the case.
(2) Remove the dial screws and slide the
dial from under the pointer. Be care-
ful not to bend the pointer.
(8) Remove the movement and magnet
from the base.
(4) Unsolder the hairsprings and all other
goldered connections.
(5) Remove the screws from the top and,
bottom bridge.
' (86) Remove the top brldge and lift out the
moving-element coil.
(7) Place a keeper over the air gap of the
permanent magnet.
(8) Clean and dry each part thoroughly
d. Diagnosis of Trouble. Meter troubles fall
into two géneral classes characterized, respec-
tively, by failure of the instrument to indicate
and by failure to indicate correctly. The follow-
ing tables list a variety of mechanical and elec-
trical troubles associated w1th these two types
of trouble.

(1) Instrument fwzfls to indicate.

Possible trouble

Mechanical Electrical
Pointer sticking. QOpen eoils,
Element dislodged from Open resistance unit.
jewels. '

Loose connections.
No external eircuit.
Shorted coils,

Pivots too tight in jewels, -
Damping vane sticking.

magnet.
Broken pivots. Opposite polarities in .
' divided gtationary
coils.

Coils sticking because of for- | Shorted transformer.
eign matter between them.
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-Ziero shifts.,

'Dlal or element shift.

" Element shaft touching

Possible trouble '

Mechanical ‘ ' ¥ Electrical

Coils warped. Open in transformer

‘ winding.

Loose wires.

Coil cement on hairsprings
or in air gap.

Cross arms caught on adja-
cent parts.

(2) Instrument indicates incorrectly.

3

Possible trouble

Mechanical Electrical

Static or rolling friction. Poor or incorrect con- -

‘ nections.
Pointer sticks in upscale Grounds.

position. ' .
Movement off-balance. Partially shorted cells.
Spring convolutlons touch- Open shunt.

.ing. o
Loose or bent pomter " | Magnetized metal cases
) or steel panel mount-

ings. . #

Incorrect frequency.

Distorted coils.

Field effects between
elements.

Annealed or set springs.
Loose spring connections,

Loose pivots.

Loose jewels.

Pointer not operating full-
:scale.

Too much or not enough end
play. )

Coils rubbing.

Damping vane rubbing.

Tail weight hitting zero-
adjustment pin.

Pointer touching dial or
glass.

Pointer shaft touching c011

Damping disk touching mag-

- net.

_ damping-chamber cover.

33. Mechanical and Electrical Repairs

a. Windows. Reseal loose windows. Where
the original compound has become dry, remove
it by scraping with a knife or other suitable
tool before applying new seal. Be careful when
removing bezel rings. Replace windows which

are broken or scratched to the extent that visi-
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bility is impaired. If the damaged -window is
in a sealed meter, proceed as follows:

(1) Ascertain the type of seal used (fused
crimped, or screwed).

, (2) If the meter is sealed by the fus1on
method, remove the window by using
an induction soldering iron; replace
the window, and seal it by using the
same soldering unit.

(3) If the meter is sealed by a crimping
ring, remove the ring by using a pair
of pliers. Note the position of the
gasket. Install the new window and
a new gasket, if one is available, and
use a new crlmpmg ring to seal the
meter.

(4) If the meter is sealed by screws, un-

screw them, and remove the top of

the meter, the gasket, and the damaged
window. Install a new window; a new
gasket, if one is available; and the
screws.

b. Cases and Bases. Repair small cracks in
bakelite or composition cases and bases by seal-
ing the cracks with cement and allowing it to
dry. Discard cases and bases that are cracked
beyond repair. Salvage other parts of the meter
for future use. ‘When meters have good cases
and bases, but are otherwise beyond economical
repair, salvage the cases and bases for future
use. Straighten.bent metal cases by using sult-
able mandrels.

¢. Hardware and Termmals
(1) Hardware. Replace all missing hard-
ware. When repacked for shipment,

the instrument should be complete

with all necessary terminal nuts,
washers, and mounting hardware.

(2) Terminals. Terminals with damaged
threads should be rethreaded. Be sure
to use the proper die, and do not
change the thread size. Replace ter-
-minals that are damaged beyond re-
pair.

d. Pointers, Dials, and Zero Adjusters.

(1) Pointers and dials. Straighten bent
pointers. If the finish becomes chipped
or marred, refinish the pointer with
the proper color lacquer. Rebalance
the movement after straightening or
refinishing the pointer. Replace or re-
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=7touch illegible dials. If a new dial is
" ~not available, ' a ‘suitablé replacement

: -may be fabrlcated by a photographlc

- process. Photograph- the dial-of -an
~“identical meter, and make a print of
~ the"identical size from-the megative.
Then cut out the scale afid cement it

on the old dial. Pointers and dials
freated.. with -radioactive luminous
'compound should not be repainted in

- Signal Corps shops unless the provi-

. .sions of TB. Med:No. 232 can be met

. -satisfactorily, -and sufficiently skilled
© . personnel and adequate. instructions
are available to accomplish the work.

(2) Zero adjusters. Replace broken zero

adjusters. Be careful to avozd crack-

ing the glass.

e. Cleamng and Reﬁmshmg Clean the in-
struments thoroughly to remove any dust, dirt,

corros1on or fungus growth. Use clean, lint- '
free éloths and clean alcohol, solvent, or ben-"

zine. Cleanmg fluid should be kept clean and
changed frequently. Soft brushes, such as those
used by jewelers, will facilitate the removal of
foreign matter from parts and assemblies.

Caution: Do not use steel wool to clean meter

parts; it is impossible to prevent particles of
the wool from adhering to the magnet.

f. Balance. To assure uniform calibration
over the entire scale, meter movements must be
balanced. The pointer of a properly balanced
meter will indicate zero, regardless of the posi-
tion of the meter. Minor corrections are made
in the field by means of the zero adjuster. How-
ever, adjustment of the zero adjuster does not
correct an unbalanced condition in the meter
movement. To check the balance of a meter
movement, proceed as follows:

(1) Lay the meter flat on its back, and
noté the position of the pointer with
" relation to the zero calibration mark.
If the pointer does not rest over the
zero mark, operate the zero adjuster

to correct the pointer to zero.

(2) Place the meter in an upright position

~ and turn it until the pointer is vertical.
If the pointer is not at zero, the hori-
zontal balance must be adJusted (fig..
30).
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HORIZONTAL " -
BALANCE WEIGHTS. ..

(3) To check the tall Welght contmu:e 'to
hold the meter in:an upright position
and turn it clockwise or: ‘counterclock=
wise until the pointer: is horizontal:
If the pointer will not eome to zéro,
the tail weight: (ﬁg 31) requires’ ad-
justment. :

(4) For proper adJustment of the horl-
zontal balance weights: and the tail
weight, refer to paragraph 34aq. .

- TAR. WEIGHT 3¢}

NN
SRR IS
TMa7d0+50%i

IR I
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" Figure 81. Tailweight.”
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(6) Satisfactory meter balance is indicated
by the conditions listed in the follow-
f ~ ing table. (The deviation of the pointer
: in degrees can be estimated by the use

of a protractor placed on the face of
the meter.)

Maximum deviation

Type of meter of pointer

~ Portable instruments. 1°

© 2%- and 3%-inch instruments. - 2% of total scale
. length
4%-inch or larger instruments. 2° .

(6) Do mot add shellac, lacquer, or paint
. to the-wetghts or cross arms to effect
balance.

g. Instrument Fails to Indicate. This condi-

- tion may result from several causes, such as
lack of current or voltage input to the meter,

open meter coil or series resistor, or defective
rectifier or thermocouple. First, make sure that
current is applied from the external source to
the meter terminals. Use Meter l*ﬁst Set TS-
682/GSM-1 to check the meter coils and con-
necting leads for continuity. Replace open
movements unless the open can be located and
repaired readily. If the movement check is

satisfactory, and the meter still fails to indicate, -

check the other components of the circuit. Make
sure that the hairsprings are soldered properly

to their terminals. When soldering hairsprings,

use only rosin-core solder and be careful to pre-
vent rosin from flowing on the hairspring.
Soldering flux, if used, should be of the paste
type; use only minute quantities of flux. Always
use a hot, well-tinned soldering iron. Do not
keep the iron in contact with the hairspring for
any length of time, because the heat will change
its temper.

h. Erratic Pointer Movement. This condition
may be caused by a poor connection, foreign
matter lodged in the air gap or damping cham-
ber, intermittent shorts or opens in circuit
components, loose pivot pads, pointer touching
the glass or dial, or balance arms catching on

. adjacent parts. Resolder poor connections. Re-

move foreign matter from air gaps and damping

" chambers with fine brushes, tweezers, or a

jeweler’s hand blowgun. Do. not use strong

- blasts of compressed air, which may damage
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the hairsprings. Replace circuit components. ™
that have intermittent opens or shorts, if- they
cannot be repaired. If loose pivot pads are
recemented, work carefully to insure prgper
alinement. Fabricate series resistors, adjusting
coils, and small shunts of the wire-wound type
if exact duplicate replacements are not avail-
able. :

i. Fxzcessive Friction in Moving Mechanism.
Check for friction by using a working standard
to vary the reading of the meter over its entire
scale. Do this slowly, without vibrating the
meter under test. Friction error in excess of
2 percent of the total scale length indicates
internal faults which must be located and cor-
rected. Although the most probable causes of
friction are blunt pivots and cracked jewels,
check the meter, before it is completely dis-
assembled, for other causes, such as: a static
charge on the glass, which can be dissipated by
breathing on it; the presence of foreign matter

- in the air gap or damping chamber; and im-

proper jewel-clearance adjustment. If correct-
ing these conditions does not remove the fric-
tion, disassemble the meter and examine the
pivots and jewels.

34, Adiusi'ment Pro'cgdﬁfes

‘a. Balance Weights.

(1) General. If the balance of a movmg
element-must be adjusted (par. 33f),
make thé adjustment according to the
information given in (2), (3) and (4)
below. If the pointer is resting at zero
when the meter is in its normal posi-
tion, but moves off zero as the meter
is turned clockwise through 360°, the
moving element is out of balance.
Check the position of the pointer at

- each 14 turn for maximum deviation,
and balance the moving element by
adjusting the appropriate weight until

- the pointer is restored to the zero pOSl- )
tion (fig. 32). :

(2) Split-thread balance wezght Since the
split end of a split-thread balance
weight will cut its own thread on the
shaft if not properly adjusted, com-

- press it until it has an inside-thread
diameter minutely smaller than the
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Figure 33. Three types of modern balance weight; split-thread type (top), wire-wound type (center),
and lock nut type (bottom). o

:

31 spring collet on the shaft to shift the (8) To shift the top, or spring-contact,

j top, or spring-contact, side. side of a two-piece adjuster, loosen the

E‘? (2) To shift the lower spring adjuster, nut that holds the spring and the lower

i grasp the end, where the spring is adjustment arm tight. It may be nec- =
o soldered, with a pair of tweezers and essary to use a small wrench. While f
v move the arm either upscale or down- ; holding the upper spring holder in the
;2 scale until the pointer rests at zero. center position, move the lower spring
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holder with a pair of tweezers until
the pointer rests at zero. Be careful
not to bend the hairsprings. If the
pointer moves from its zero position
after the movement has been inserted
in the case, the necessary correction
can be made by turning the external
adjustment screw.

¢. Pivots.

(1)

(@)

General. Meter pivots, which are
made of hardened steel or some other
very hard material, are mounted either
on the outside or on the inside of the
moving coil. They are capable of with-
standing considerable wear and tear.
The pivots are shaped to fit into
jeweled bearmgs with a minimum of
end and side play

Rougk: or ﬂattened’ fpwots Rough or
flattened pivots are a serious source

~of trouble in meters. In the D’Arson-
~ val type movement, the pivots are re-

- as follows:

To polish a pivot, proceed
Place the moving element,
including the coil, spring, pointer, and
pivots, over a formed bakelite or

movable.

- wooden mandrel (fig. 34) shaped to
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fit the coil. Insert the end of the pivot
in a lathe. Be sure to use a chuck of
the proper size. Slowly turn the lathe
by hand until the pivot is held tightly.
Continue to turn the lathe by hand,
and pull straight back on the formea
mandrel very gently. The pivot will
pull out of the pivot base. Remove the
pivot from the chuck with a pair of
tweezers (fig. 35), insert the reverse
end, and retighten the chuck. Using

either an India or Arkansas polishing

stone (fig. 36), slowly turn the lathe
so that the pivot rotates evenly, and
proceed to polish the end of the pivot.
Use jeweler’'s rouge to complete the
polishing. To replace the pivot after
it is polished, reverse the procedure for
removing it. Be careful not to bend
the damping coil or to injure the
springs.

_P-"/
R I S

1
i
t
i
[
I
1
i
1
1
]
i

™™ 4700~32

Figure 34. Movement mounted on formed mandrel.

d. End-Play Adyustment.

Caution: Never hold the polisher
stationary. Keep it moving back and
forth under the pivot.

Proper end-play

adjustment (fig. 37) is essential to the accurate
functioning of a meter. If the moving element
is set too tightly in the jewels, sluggish action
will result, and the pivots will become flattened.

(1) Inmost meters, the pivots are mounted

(2)

externally on the moving coil (A of
fig. 38). To test end play in this type
of movement, grasp the base of the
pointer very gently with a pair of
tweezers, and move the element up and
down. If there is too much end play,
tighten the jewel screws with a
jeweler’s screw driver until proper
end play is obtained.

In the 1nternal-pwot type of moving -
element (B of fig. 38), the pivots are
mounted on the inside of the top and
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Figure
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BENDS

| TM 4700-38
40, Correct method of shaping hairsprings.

spools, examine the resistance wind-
ings, and use an ohmmeter to test
them for opens or shorts. If it is neces-~
sary to replace a resistor, be sure that
the correct value is used. Measure
the resistor on a Wheatstone bridge

AVOID SHARP

(4)

(5)

and make necessary corrections before

it is installed.

To calibrate the meter with Meter Test =

Equipment AN/GSM-1B (TM 11-
2535A) mount the meter movement in
the meter pedestal and make the

- proper connections to the test equip-
ment. When checking the reading on.

the standard meter against that of the

meter under calibration, be sure to

take direct front-view readings to
avoid parallax. If the reading of the
repaired movement is too high, de-
magnetize the permanent magnet
(par. 45) by holding the demagnetiz-
ing coil in a position perpendicular to
the movement so that it will not be de-

magnetized too much. When the meter
reading corresponds to that of the -

standard, release the switch on the de-
magnetizer and continue with the test.
Check for friction on the pointer by
running the pointer slowly across the
scale. If friction is present, recheck

for rough or flattened pivots, dirt in -~
the air gap, and rubbing of moving

parts.

The calibration’ of the meter must be
accurate to within plus or minus 2
percent of full-scale deflection. If the

smagnet charger is used properly, the

magnet should be saturated and then

demagnetized to within tolerance
limits. The series resistors should

never be adjusted more than is neces-
sary to bring the meter reading within

~ plus or minus 2 percent of full-scale

deflection after demagnetization.
When the meter has been calibrated,
check the accuracy at cardinal divi-
sions that approximate one-fourth,
one-half, three-fourths, and full-scale
deflection.

b. Calibration of Iron-Vane Type Méters.

(1@) General. Iron-vane type (a-¢) meters

can be calibrated either by changing
the resistance of the shunt across the

meter terminals or by changing the.

position of the vanes.

(2) Changing position of vanes. There are

several methods of changing the posi-
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(3) Changing shunt resistance.

fion of a vane for cali'bration purposes.
In all cases, the object is to change the

distance between vanes in the no-load *

position so that the relative position
of the vanes will be altered when the
vanes are magnetized. .

(a) One method of changing the vane

positions is to shift the complete
element by an amount sufficient to
bring the pointer to zero. Since the

 pointer and the moving vane are on
the same shaft, this adjustment
changes the position of the moving
vane with relation to the stationary
vane.

(b) If the stationary vane is mounted on

a movable bracket, make the adjust-
ment by moving the vane in or out
until the full-scale indication of the
instrument under test is the same
as that of the standard against
which the check is being made.

(¢) If the stationary vane is a wire rod

mounted on a cam- shaped serew,
change the position of the vane by
turning the screw. When the screw
is external, make the adjustment
without removing the instrument
from the case.

In the
shunt method of calibration, a resist-
ance unit is connected across the meter
terminals. To withstand temperature
changes, the shunt should be made of
manganin wire. Because the electrical
forces of the instrument depend on

.the current in the coils, and because

the shunt absorbs a portion of the
current to be measured, the shunt re-
sistance controls the current that flows
in the coils. The shunt may be in the
form of a resistance spool, resistance
card, or flat resistance strip. If wire
is added to the shunt, the resistance
of the shunt increases, the current that

flows through the coil increases, and

a higher reading is obtained. If wire
is removed from the shunt, the resist-
ance of the shunt is reduced and a
lower reading is obtained. The resist-

‘ance of a strip shunt can be increased

by removing some of the strip material

with a file. The resistance can be de-
creased temporarily by depositing
melted solder on the strip. -However,
if the resistance is too high, the strip
shunt should be replaced..

c. Calibration of FElectrodynamometer Type
Meters. Place the meter to be tested in a cir-
cuit (fig. 41). Take a reading when the current
is flowing in the forward direction and another
reading when the current is flowing in the
reverse direction. Then calculate the median of
the two readings; the result is the calibrated
reading. To calibrate this type of instrument:
shift the pointer, adjust the resistance in the

-stationary coil circuit, and balance the element. -

Use a voltage box to reduce the voltage to 1.5
volts. To test an electrodynamometer-type am-

‘meter, place the instrument to be tested in series

with a standard shunt. The cahbratlon can be
made only with dec.

36. Cdlibral'ion Procedures for Rectifier -
and Thermocouple Type Instru-
ments and Decibel Meters

a. Calibration Procedu're for Rectzﬁe'r Type
Meters.

(1) Check the balance of the movement
(par. 34a).
(2) Set the pointer at zero with the me-
chanical zero adjuster.
(8) Connect the meter to the worklng
standard (par. 35).
(4) Select the proper range of the standard
- meter, and adjust the reading until it
equals full-scale value of the meter

being calibrated.

Note. Proper 60-cycle voltage should be
applied to the rectifier. If the rectifier is in-
ternal, apply the voltage to the meter ter-
minals. If the rectifier is external, apply the
voltage to the appropriate terminals of the
rectifier and connect the rectifier to the meter.

(5) Compare the reading of the repaired
meter with that of the working stand-
ard. Normally, the repaired instru-
ment will read high because of the
saturation of the magnet. Readings
must agree within specified tolerances.

(6) Calibrate the meter by aging the mag-
net as follows:

(a) Plug the demagnetizing coil into the
proper a-c outlet.
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Figure 41. Calibration diagram for electrodynamometer type meters.

Hold the coil approximately 1 foot
from the repaired instrument and

depress the switch in the handle.

The resultant alternating magnetic
field set up around the coil weakens,
or ages, the meter magnet and

thereby reduces the reading on the .

meter.

(¢) To vary the strength of the demag-

(d)

(e)
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applied to the demagnetizing coil
by using a variac, or vary the dis-
tance between the demagnetizing

‘coil and the meter. The closer the

coil is to the meter, the greater is
the demagnetizing effect.
Continue to demagnetize the coil

netizing effect, control the voltage.

until the reading on the meter under

calibration equals the reading of the

scale reading of the meter may be
made by adjusting the resistance in
series with the meter movement.

(f) When extreme accuracy is required,
4 or when the accuracy after demag-

netizing is not within allowable
tolerances, minor calibration adjust-
ments may be made, in some meters,
by varying the position of the mag-
netic shunt located near the pole
pieces and by increasing or decreas-
ing the resistance of the internal
series resistor.

" Caution: Do not change the value
of the internal resistor more than
is absolutely necessary to obtain the
‘specified accuracy at full-scale read-
ing.

b. Calibration Procedure for Thermocouple-

working standard meter, within the  Type Meters.
specified allowable tolerance.
Caution: Do not bring the demag-
netizing coil closer than 8 feet to
the working standard meter.
Minor calibration adjustments not

in excess of 5 percent of the full-

(par. 34a).
chanical zero adjuster.

standard (par. 35).

(1) Check the balance of the movement
(2) Set the pointer at zero with the me-

(3) Connect the meter to the working
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(4) Select the proper range of the work-
ing standard and adjust the reading

“until it equals: the full-scale value of

the meter being calibrated.
"~ Note. Use 60-cycle ac to calibrate thermo-
couple meters, If the thermocouple is inter-
nal, apply the voltage to the meter terminals.
"If the thermocouple is external, apply the
voltage to the appropriate termmals of the
» thermocouple.
(6) Compare the readmg of the meter
" ‘under test with that of the working
standard meter. Normally, the meter
will read high because of the satura-
tion of the magnet. - Readings must
agree within specified tolerances.

(6) Calibrate the meter by agmg the mag-
- net (par. 36a(6))

. Note. The meter may be cahbrated w1thout
the external thermocouple by applymg d-c
voltage to terminals or connections of the
meter that normally are connected to the ex-
ternal thermocouple. Do not use this method
when the d-¢ voltage required to produce
full-scale deflection is unknown. Meters cali-
brated by this method should be given a final
check for accuracy when used with the
thermocouple normally associated mth the
‘meter.

(7) Replace defectlve thermocouples Fab-
rication of thermocouples is not recom-
mended, except in cases of emergency.

- Exact duplicates are contained in

Meter Repair Parts Kit MK-3/MSM-

2, ‘

¢. Calibration Procedures for Decibel Meters.
Calibrate decibel meters in accordance with the
instructions covering rectifier types (par. 36a).
Because decibel meters are calibrated in arbi-
trary values rather than in terms of voltage,
it will be necessary to determine the voltage re-
~quired to deflect the meter to the various scale
caljbration marks. Determine this voltage by
© using the formula V =
- unknown voltage, P is the power in watts, and
R is the resistance of the load across which the
‘ meter is designed to operate.

Exzample: Assume that the reference level of

" g meter is O decibels at 5. mw (milliwatts) and

that the meter is used across an 800-ohm load.

The voltage required to deflect the meter to O

decibels is found by, substltutmg as follows in
the, formula'

V= \/PR _\/oosx 800 — \/4

VPR , where V is the

37. Calibration of Frequency Meters

All frequency meters should be calibrated
while a voltage of variable frequency is applied.
Use Frequency - Meter FR—40/GSM—1 as a
standard for calibration.

Note. If a laboratory method of calibration is to be -
used, connect the meter to the circuit of a variable-
speed alternator or generator, to an inverted rotary
converter, or to some similar device, Check the scale
points by comparing them with a standard frequency
meter of known accuracy connected to the same cir-
cuit, by caleulating the frequency of a known aceuracy
connected to the same circuit, or by calculating the fre-
quency with a tachometer or with a revolution counter
and stop watch, If a tachometer or revolution counter
is used, insert the shaft in the end of the generator
shaft., When a tachometer is used, the speed is indi-
cated directly, but when a revolution counter and
stop watch are used, the number of revolutions

per minute must be counted. The tachometer must

be capable of reading to within plus or minus 1
rpm (revolution per minute), and the error should not
exceed plus or minus 1 rpm at 1,200 rpm or plus or
minus 4 rpm at 8,600 rpm. To convert rpm into cps
(cycles per second), apply the following formula: F =

P .
Té%’ where F is the frequency, P is the number of

poles in the machine, § is the speed in rpm, and 120 is
the constant., If the number of poles in the machine is
unknown, determine the frequency from the nameplate,
and apply the above formula in reverse, as follows:
120F
P = S
frequency of 60 cycles at 1,200 rpm, the number of poles
js: p = 120F _ 120 X 60 _ o
S T 1,200
a. Calebmtwn of Momng-Cozl Type Fre—
quemy Meters. ..
() Check the balance of the movement.
(2) Connect the’ meter to a voltage source
. of variable frequency Adjust the ap-
- ‘plied frequency to the nominal indi-
. cated value of the meter: 25 cycles for
- a 20- to 80-cycle meter and 60 cycles
~ for a 58- to 62-cycle meter. ‘
(8) The meter must mdlcate the apphed
‘ ~ frequency w1th1n its rated accuracy
-~ tolerance.
(4) If the reading is not within the toler-
"~ ance, a minor calibration adjustment
‘may be made by adjusting the iron
core of the reactor in the resonant cu'-
cuit. ‘
b Calzbmtwn of Iron-Vane Type Frequency
Meters.
(1) Perform the steps descrlbed in a(l)
and (2) above. t

. For example, if the nameplate indicates a
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(2)

3)

The meter must 1nd1cate the applied |

frequency within its rated accuracy
tolerance. :

If the reading is not within the toler-

ance, a minor calibration adjustment

may be made by changing resistor

values or by adj usting the iron cores in
the reactors. Resistor values may be

- changed either by substituting new
- . values or by adding or removing wire

¢. Calibration of Vzbmtmg-Reed Type Fre- |

from the spool. ] |
tance, loosen the nuts at the top and

‘raise or lower the iron cores. After
adjusting the cores, tzghten a,ll nuts

and bolts.

quency Meters

(1)

Connect the meter to a voltage source

of variable frequency It will not be
' necessary to balance the ‘movement.
Follow the procedure glven in a(2) -

above.

Note. Reeds ad;acent to the reed that in-
dicates the applied frequency will vibrate.
Vibration of a reed begins at about 2 per-
cent below and extends to about 2 percent
above the applied frequency. The applied

~ frequency may be estimated from the com-

(2)

~ any such material adhering to them. -
Do not ﬁZe the reeds or add solder to

@)
(4)

(5)

T AGO mm

parative amplitudes of vibration of the vari-
ous reeds.
greatest amplitude of vibration is the reed
{or reeds) most nearly resonant at the ap-
plied frequency. By coniparing the ampli-
tudes of vibration of two of more: reeds, the

frequency may ‘be estlmated to thhm 5(

percent,

Do not attempt to cahbrate md1v1dual -
“reeds. This is a critical operatwn and
requires frequenmes that are accurate -
-to within .02 cycle. If the - frequency:*
indication is not within .5 percent,
check the reeds for dirt, shellac, solder,

or other matter, and carefully remove

change thelr resonant frequency.
Check the coils and series resistors for
contmulty
fective.
On dual-range mstruments check the
range switch for defective contacts.
Replace it if necessary.

Do not change the value of the serles

To change the reac-

-correct connections.

Replace any that ‘aré de-

resistor, because it functions as a cur-

rent-limiting device and adapts the:

meter to specified voltages. \

When a meter cannot be calibrated by

the above procedure (¢(1) through (5)

above), replace defective parts as re-
: qmred :

(6)

38. Testing C'o’mplete instrument dfter‘
Repaired Meter Has Been Rein-
stulled ~

a. General. 1f the repaired meter fails to in-

‘dicate or indicates incorrectly, trace the source

of the trouble by checking other components in

the test instrument of which the meter is a

part. One of the chief causes of trouble is in-
It is beyond the scope
of this manual to give the correct connections
for every type of instrument. When disassem-
bling an instrument, make careful notes or
drawings of the connections to insure that the
proper connectxons will be made during reas-

" sembly. .

" b. Meter Fails to Indicate. Be sure that cir-
cuit termmals are tight and that they make con-
tact. Check for opens, shorts, broken joints,
dirty switch contacts, and defective tubes.

¢. Meter Reads-Low. Partial shorts, dirty
connections, or poor contacts will cause a meter
to read lpw. In voltmeters, low readings also
may be caused by a multiplier resistor of tod
high a value. Be sure that the serial number

- of the meter and of the resistor is the same.
- In ammeters with external shunts, a low read-
ing may be caused by a shunt of the wrong

value
- d. Mete'r Reads High. In voltmeters, a hlgh

reading generally is caused by a short circuit

in resistance spools. To find a short cireuit,

- check the resistance of each spool with an ohm-

meter. A high reading is seldom encountered
in an ammeter, but may result from the use of
a shunt of the wrong value or from a short be-
tween the shunt leads and the instrument.

" e. Meter Reading is Erratic. Erratic reading
may be caused by poor circuit connections or by
an intermittent short or open circuit. Check all
connections for cleanliness and tightness before

- marking an instrument “Repaired”.

 f. Meter Reads Backward. If a meter reads

~backward, reverse its connections.
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39. Inl-ernal Resnstance of Meters

The lnternal resistarice of meters should be
changed only by the amount required to bring
the meter reading at full scale within the spe-

'~ cified accuracy of the meter. If the required

internal resistance of the meter is unknown, it
may be calculated by Ohm’s Law, provided that
the voltage and current required to produce full-
scale deflection are known. If neither the full-
scale current nor the voltage is known, use the
following procedure to determme the correct
internal resistance: : - o

a. Connect the meter to a varlable voltage
standard. - :

b. Apply the voltage requlred to produce full-

scale deflection, and record the value of the

voltage.

Caution:
meter is unknown, set the variable standard at
a low value to av01d damage to the meter move-
ment :

¢. Disconnect one lead from’ the meter and
insert a variable decade resistance irvfseries with

the lead. Set the variable decade at a high
‘range.

d. Apply emctly twice the voltage recorded

" in b above.

e. Adjust the varlable decade re51stance until
the meter reads full——scale deflection.

f. The value indicated on the decade is the
mternal res1stance of the meter ]

When the full-scale voltage of the

40. Weafherproofing

a. General. Signal Corps equipment, when
eperated under severe climatic conditions such
as prevail in tropical, arctic, and desert regions,
requires spemal treatment and maintenance.
Fungus growth insects, dust, corrosion, salt

gpray, excessive m01sture, and extreme temf
-peratures are harmful to most maberlals

b. Trogncal Mamtena,nce A special mmsture-'

proofing and funglprooﬁng treatment has been
devised which, if properly applied, provides a
reasonable degree of protectlon This treat-

ment is explained fully in TB SIG 13 and TB

SIG 72,

C. Wmter Maintenance. Speclal precautlons k

necessary to prevent poor performance or total

operational failure of equipment at extremely

low temperatures are explained fully in TB SIG
66 and TB SIG.219.

d. Desert Maintenance. Special tprecautions

necessary to prevent equipment failure in areas
subject to extremely high temperatures, low -

humidity, and excessive sand and dust are ex-
plained fully in TB SIG 75.

e. Lubrication. The effects of extreme cold‘

and heat-on materials and lubricants are ex-

plained in TB SIG 69. Observe all precautions

outlined in TB SIG 69 and pay strict attention
to all lubrication orders when operating equip-

ment under conditions of extreme cold or heat.

Sectlon lll MAlNTENANCE EQUIPMENT

*

41. Meter Test Equlpment AN/GSM—IB
- (fig. 42)

a. Purpose. Meter Test Equipment AN/
GSM-1B is designed to provide complete facili-
ties for checking the operation and accuracy of
a-c and d-c ammeters and voltmeters, for check-
ing the accuracy of frequency meters and ohm-
meters, and for correctmg the magnetlc fields
of meter magnets.

b. Major Components. Meter Test Equip-
ment AN/GSM-1B consists of Meter Test Set

- TS-682/GSM~1 ((1) below) and the additional

components listed in (2) below.

46

(1) Meter Test Set TS—682/GSM—1 1n—
cludee the following components
(a) Meter test set (fig. 43)
(6) Two Mountings MT—135A/GSM—1
(figs. 44 and 45)
(¢) One set of calibration rings (fig. 43).
(d) One Cord CX-25A/GSM-1, one
Cord CX-25B/GSM-1, one cord ter-
minated in Plug PL-55 at one end

‘and a spade lug at the other end, one

cord terminated in Plug PL-68 at
one end and a spade lug at the other
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' whféh select the proper function and range.»)

The meter of the ohmmeter and its source of
voltage are connected so that the resistance of a
conductor between the two test leads can be -

read directly on a scale calibrated in ohms. This
instrument is less accurate than the Wheatstone

bridge; however, it is used where great accuracy -

_is not necessary, because of its simplicity and
convenience.

Caution: Never place the test leads of an

ohmmeter across the terminals of a microam-

meter. The dry cell in the ohmmeter delivers
" more current than a mlcroammeter can carry.

45, Magnet Charger TS—-BSGA/GSM—-
(figs. 46 and 47).

‘ a. Pwrpose ’I‘he magnet charger is used to
" remagnetize meter magnets, and the demag~'

netizing coil is used to reduce the magnetism

~ for correct calibration. To fabricate an ex-
- pedient magnet charger, refer to appendix II.

* b. Construction. The magnet charger is es-
sentially a capacitor-discharge impulse charger.
It is contained in a compact metal case.

¢. Operation. To operate the magne{: chya‘rger,‘ '

proceed as follows:

(1) Plug the cord into a 110- to. 120-volt _

50- to 60-cycle outlet

(2) If the polarity of the meter magnet is
unknown, check it by using a small
compass.

(83) If the magnet cannot be removed from
the meter case without removing the
moving element, place a keeper across
the magnet. Insert the magnet in
charging position (fig. 51) as follows:

(a) Loosen the two binding screws that
hold the charging bar and remove
the charging bar.

~ (b) Insert the charging bar through the

" meter-magnet window so that the
south pole of the meter magnet is
uppermost, and tighten the two
binding screws to secure the bar in
place. If the mechanical construc-
tion of the magnet requires that the
poles be placed away from the panel,
place the north pole uppermost.

(4) Throw the POWER sw1tch to the ON
position,

AGO 3482A

(5) When the equipment has warmed up
‘and is ready to charge the magnet, the
meter will read 500 volts. When the
‘meter reads 500 volts, hold the MAG-
NET switch down in CHARGE posi-
tion.

Caution: The magnetic charge will
extend out nearly 5 feet from the mag-
net charger; therefore, do not permit
any device that is sensitive to mag-
netism, such as a watch or other in-
strument, to come within the magnetic
area while the charger is operating.

(6) After a period of approximately 3
seconds, allow the MAGNET switch
- to return to NORMAL position.
(7) Throw the POWER switch to the OFF
position.. ‘ '
~ (8) Remove the charged magnet from the
- charger fixture. Do not remove the.
keeper, if one was used, until the move-
ment has been installed in the meter
magnet.

‘ 46 Demagnetizer

}

(fig. 48)

a. Purpose. Meter magnets charged by the
magnet charger will be magnetized too highly
and must bg bucked down by the demagnetizing

~ coil. This coil produces an alternating magnetic

field which slightly disturbs the uniformity of
the molecular arrangement of the magnet to
reduce its strength.

b. Operation.

(1) Connect the demagnetlzmg coil to & .
105~ to 125-volt, 60-cycle power source
by use of the attached power cord.

(2) Actuate the charged meter by placing
it in testing position (par..35a(4)).

(3) Set the appropriate standard meter of
the meter test set at approximately
three-fourths of full-scale deflection.
Compare the reading of the newly
charged meter with the reading of the
standard meter. The reading of the
meter under test will be too high.

(4) Hold the demagnetizing coil approxi-’
mately 2. feet from the case of the
meter being calibrated.
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 CHAPTER 4 |
TESTING AND CALIBRATION OF STANDARD TEST SETS

Section |. VOLTMETERS AND AMMETERS

48. General

This section contains pertinent data essential
to the repair of standard voltmeters and am-
meters. Paragraphs 51 through 61 of this chap-
. ter contain the same type of information about
the test sets covered therein. The information
is presented as follows: The main paragraph
heading gives the name of the equipment and its
official nomenclature, as well as the technical
manual covering the equipment; the text of the
paragraph gives the sensitivity of the basic

meter or other indicating device, the scale

ranges of the instrument, specific calibration

data, and the values of components that affect

calibration. When applicable, the d-¢c informa-
tion is given first, then the a-c and resistance
measuring data. Specific circuit-information is
given in some cases to expedite the repair and
calibration of a particular piece of test equip-
ment. In most cases, the information applies to
only one model of the equipment covered. For
complete information on any equipment or on
a particular model of that equipment, consult
the technical manual or instruction book cover-
ing that equipment.

(2)

- (3)

(4)

(5)

The readings should agree within plus
or minus 2 percent.

Repeat (1) above for the 3-, '10-, 30-,
and 100-volt d-c ranges.

Select the 1-vblt a-c range. Apply full-
scale voltage from Meter Test Set TS—
682/GSM-1, and compare the reading

-of the meter in Voltmeter TS-363/U

with that of the standard a-c meter.
At 60 cycles, the reading of Voltmeter
TS-363/U will be 4 percent lower
(plus or minus 2 percent) than that
of the standard a-c meter.

Repeat (3) ‘above for the 3-, 10+, 30-,
and 100-volt a-c ranges.

Note. Because of the nature of the circuit

arrangement on ac, the 1-volt range requires
recalibration whenever tubes are changed.

Preset adjustments are provided for
all a-c and d-c ranges except the 100-
volt range. The adjustable resistors
(fig. 52) for the various ranges are as
given in the table below.

: : - / Rarige De Ac
49. Voltmeter TS-363/U, TM 11-1239 ' ‘
(fig. 52) : 1 volt _ R7 R6
- : ' 3volts R9 RS :
a. Sensitivity. The sensitivity of the basic ;8 vogs g}; gig :
meter is 200 pa (microampere) dc for full-scale volts g

deflection plus or minus 2 percent.
b. Checking Voltage Ranges.

(1) Select the 1-volt d-c range. Apply full-
scale voltage from Meter Test Set TS—
682/GSM-1, and compare the reading
of the meter in Voltmeter TS-363/U

. with that of the standard d-c meter.

(6) If inaccuracies in excess of plus or
minus 2 percent are observed in the
readings of the meter, check the values
of resistors R6 through R15.

(7) There is no interaction between the
calibration adjustments of the various
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ranges The ranges may, therefore, be ,

calibrated in any order.

50. Voltammeter I-50 (Weston No. 280)
(fig. 53)

a. Sensitivity.  The sensitivity of the basic .

meter is .01 ampere with a nominal resistance

of 2.5 ohms. The accuracy is within plus or

minus 1 percent,.
b. Checking Voltage Ranges :

(1) Press the PRESS FOR VOLTAGE

control, and turn it 14, turn. Connect
suitable test cords from Meter Test
Sets TS-682/GSM-1 to the AMPS./

VOLTS+ binding post and the ap-

propriate range binding post of Volt-
ammeter I-50.

(2) Apply 3 volts de from the meter te:il

set. The value of this voltage must be
determined by the use of the calibra-
tion cards packed.in the rear shelf of
the test set. Use of the cards will
guarantee accuracy within plus or
minus .25 percent, as compared with
the direct accuracy of plus or minus
1 percent. Voltammeter I-50 should
indicate a full-scale voltage reading of
3 volts plus or minus .25 percent. If
the reading is less accurate, check re-
sistor F (fig. 53). Its value should be
297.5 ohms plus or minus .1 percent.
(8) Repeat (2) above for the 15- and 150-
volt ranges. The resistor for the 15-
volt range is 1,200 ohms; the resistor
for the 150-volt range is 13,500 ohms.

¢. Checking Current Ranges. This instru-
ment includes a padding resistor and ring shunt
circuit. The padding resistor is in series with

the meter on all current ranges, and, therefore,
affects the accuracy on all current ranges. To
check the current ranges, proceed as follows:
(1) Release the PRESS FOR VOLTAGE
control.
(2) Apply current to the meter from Meter
Test Set TS—682/GSM-1 and use the
calibration cards to obtain the required

accuracy for each range of Voltam-

meter I-50. The accuracy on all cur-

.rent ranges should be within plus or.

minus 1 percent.
(3) If the accuracy is satisfactory, check
. resistance values between the taps of
the shunt resistor. They should be as
follows: from A to B, .00167 ohm;
from B to C, .00167 ohm; from C to D,
01838 ohm. The padding resistor
should have a value of 2.5 ohms plus or
minus .05 ohm.

PRESS # '
FOR - E
VOLTAGE s
' } o
§0|333 -@
16 ¢
| e ¥ ]
1 2.5 OHMS } %
.0i AMP P
25.0 My §.’oms7 Aure
]
p SN
00167 .
1 A
)
150 NOTE: ) AMPS 7VOLTS +
voLT UNLESS OTHERWISE SHOWN,

RESISTORS ARE IN OHMS T™ 4700-90

Figure 53. Voltammeter I-50.

Section II. MULTIMETERS

51. Multimeter TS-ZG/TSM ™ 11-
2017
(fig. 54).

a. Sensitivity. The sensitivity of the basic
meter is 100 wa dc, and the internal remstance
is 2,000 ohms.

b. Checking D-C Voltage Ranges.

(1) With the VM-RES. switch in VM

- AGO 8492A

pomtlon, apply 3, 30, 300, and 600 volts
de, successively, from Meter Test Set
TS-682/GSM-1 to the appropriate
jacks on the top of the front panel of
Multimeter TS-26/TSM. The meter
readings must agree with the readings

of the standard d-c¢ meter within plus

. or minus 2 percent.
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(2) If the readmgs of Multlmeter TS-26/
TSM disagree with those of the stand-

ard meter by more than plus or minus

- 2 percent, check the value of resistors
R1 through R5 (fig. 54). The values
of these resistors should be within
plus or minus 1 percent of the specn‘ied
values.

45V BATT 53
e ey

i
i

RX 100

RX,000

RX 10 §

Figure 54. Multimeter TS-26/TSM, schematic diagram.

¢. Checking Resistance Rahges. Since this

~ instrument is used primarily in telephone line
testing, it serves more as an ohmmeter than as

a voltmeter. Therefore, a careful check of the
resistance ranges is desirable, Proceed as

follows:

(1) Place the VM—-—RES sw1tch in the
“RES. position. Plug the short leads,
VM- and RX10, into pin Jacks X and
"R, respectively.

(2) Throw the 45 V BATT sw1tch to OFF

position, and plug the long test leads

into pin jacks L1 and L2. .

'(8) Connect the test clips together, and ad-

just the battery adjustment knob to
obtain a zero reading on the resistance
scale of the meter (full-scale deflec-
tion). If the meter needle falls short
of zero at the maximum clockwise set-
ting of the battery adjustment knob,
it will be necessary to replace the 414-
volt battery. The meter reading should

be the same with the REV. SW switch

in either position.

.58
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( 4) Remove the lead from pin jack R plug
it into pin jacks RX10, RX100, and
"RX 1000, successively ; and make a zero
~ adjustment for each range. The meter
resistors are connected in a network;
failure of any one resistor will render
. the meter 1noperat1ve at all hlgher
ranges. :
(5) If it is 1mposmble to zero the meter
- for all scales, check the resistor associ-
ated with the lowest scale that will
not zero ‘

(6) Check the accuracy of the ohmmeter
ranges by connecting the clips of the
long Ieagls to Decade Resistor TS-679/
U. Use a value of resistance equal to
one-half of the full-scale readmg of the

- meter.

(7) If inaccuracy of more than plus or

~ minus 2 percent exists, check the value .
of resistors R6 through R13 (fig. 54).
The values of these resistors should
agree with the specified values within
plus or minus 1 percent.

52. Multlmeter TS-297/U ™ 11—5500
 (fig. 55). ;

a. Sensitivity. The sensitivity of the basic
meter in one model is 250 pa de plus or minus 2

percent, at 62.5 mv plus or minus 2 percent. In
‘another model the sensitivity is 100 na, 80 mv.

b. Checking D-C Voltage Ranges (fig. 56).

(1) Rotate the switch knob to the extreme

.- clockwise position (DC). ‘

(2) Plug the test leads into the 4V and
+VOLTS —MA OHMS jacks. .

(3) Apply full-scale voltage from Meter
Test Set TS-682/GSM-1, and compare
the reading of the meter in Multimeter
TS-297/U with that of the standard
d-c meter. The readings should agree
within plus or minus 3 percent.

- (4) Repeat (2) and (3) above for the 10V,
’ 40V, 100V, 400V, and 1000V ranges.
(5) If the readings of the meter in Multi-

meter TS-297/U disagree with those
of the standard d-¢ meter by more
than plus or minus 8 percent, check
the values of resistors R1, R2, R4, R5
R14 through R21.

AGO 8492A




- - T
, T~ © |~voLTS
S ~MA
yllooov} T OHMS
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> 600K I

R-20
3.2

1,500
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T w— - S T — T — -

- NOTE: .
"ALL RESISTOR VALUES IN
OHMS UNLESS OTHERWISE

SPEGIFIED.
R-11
2,864
‘ TM 4700-53

Figure 55. Multimetor TS-297/ U, complete schematic diagram. -
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Figure 56. Multimeter TS-297/ U schematw dwgmm, d‘c voltmeter-mdizammeber

¢. Checking A-C Voltage Ranges (fig. 57)..
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(1) Rotate the switch knob to the center
position (AC).
(2) Plug the test leads into the 4V and
- =VOLTS —MA OHMS jacks.

(3) Apply full-secale voltage from Meter

Test Set TS-682/GSM-1, and compare
the reading of the meter in TS-297/U

with that of 'the “tanddrd a-c fnéter. |

The readmgs should. agree within plus
or minus 5 percent.

(4) Repeat (2) and (8) above for the 10V,
- 40V, 100V, 400V, and 1,000V ranges.
(5) If the readings of the meter in Multi-

meter TS-297/U disagree with those

of the standard a-c meter by more

~ than plus or minus 5 percent, check the
" V4lues of resistors R1 through R5, R22
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through R24, and R26. The values of
these resistors should agree with the
specified values within plus or minus 1
-percent. .
d. Checking Current Ranges (DC) (fig. 56).
(1) Rotate the switch knob to the extreme
clockwise position (DC).
Plug the test leads into the 4MA and
+=VOLTS —MA OHMS jacks of Mul-
timeter TS-297/U. )

(2)

(3) Apply -the full-scale current from
Meter Test Set TS-682/GSM-1, and
compare the reading of the meter in
Multimeter TS-297/U with that of the
standard d-c meter. The readings

. should agree within plus or minus 3

percent.

Repeat (2) and (3) above for the

40MA, 100MA, and 400MA ranges.

(5) If the readings disagree by more than -

(4)

1,000 V
‘ METER
M-I
600K @
400V o |
‘ ' [+ voLTs
© |- ma
. - | oHMms
A-C VOLTS ’
o)
b= ——
|
R-22 |
3,465 |
AM—
R-26
1,500
(NOMINAL)
R-25 |
175 | | f
e e o e s i e e J %
av] ALL RESISTOR VALUES IN OHMS
UNLESS OTHERWISE SPECIFIED M 4700~ 55

Figure 57. Multimeter TS-297/U, schematic diagra,m,.a-c' voltmeter.
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plus or minus 3 percent, check the
values of resistors R14, R15, and R17
through R21. The values of these re-
sistors should agree with the specified
values within plus or minus 1 percent.
Resistor R14 compensates for resist-
ance variations in the circuit due to
temperature changes.

e. Checking Resistance Ranges (fig. 58).

(1)
(2)

Rotate the switch knob to the extreme
counterclockwise position (OHMS).
Plug the test leads into the RX1 and

- =VOLTS —MA OHMS jacks.

(3)

(4)

(5)
(6)

Short the test leads together, and ad-

just the OHMS ZERO ADJUST con-
trol for full-scale deflection of the
pointer.

Use Decade Resistor TS—679/U as a
standard to check the meter reading
produced by the half-scale value of
resistance.  Multimeter
should indicate the value within plus
or minus 5 percent of scale length.

Repeat (2) through (4) above for the

RX10 and RX100 ranges ,

If the meter reads with an error of
more than 5 percent check the values
of resistors R6 through R13. Resis-
tors R6 through R12 should agree with

the specified values within plus or
minus 1 percent. Resistor R13 has a

tolerance of plus or minus 20 percent.

53. Mulhmeter TS-352/U ™ 11-5527
(fig. 59). :

"a. Sensitivity. The sensitivity of the basic
meter is 50 pa. The meter has a resistance of
1,700 ohms plus or minus 10 ohms and an 85-
mv drop. .

b. Checking D-C Voltage Ranges. This in-
strument has two input sensitivities, 1,000 ochms

per volt

and 20,000 chms per volt; therefore,

two separate voltage checks must be made.

(1)

Check the 1,000-ohm-per-volt range as
follows:

(a) Turn the FUNCTION switch to the

1,000 9/VDC position. Plug the
black lead into the —DC VOLTS
jack. Plug the red lead into the 2.5V

panel.

AGO 8492A

(®

(c

)} Apply 2.5 volts de from Meter Test
Set TS-682/GSM-1.

) The meter reading should be accu-
rate within plus or minus 3 percent.
If it is not, check the value of resis-
tors R130 through R132, R134
through R138, R112, R129, R139A,
and R139B.

(d) Repeat the procedure above ((a)

(e

through (¢)) for the remaining
1,000-ohm-per-volt ranges, insert-

ing the red lead in the appropriate

jack and applying full-scale values
of voltage.

) The table below gives resistor values
and tolerances for the 1,000-chm-
per-volt ranges.

T8-297/U

jack on the nght—hand side of the

. Resistance
Range (v) Resistor {chms) Tolerance (%)
2.5 R130 ) 2,310 5
10 R101 7,600 b
50 R102 40,000 £
250 R103 200,000 B
500- R104 250,000 B
1,000 R105 500,000 B
(2) Check the 20,000-ohm-per-volt ranges .

as follows:

(a) Turn the FUNCTION switch to the

20,000 @/VDC position. Plug the
black lead into the —DC VOLTS
jaek.

(b) Check all the 20,000-ohm-per-volt

(c

ranges except the 5,000-volt range .

by inserting the red lead in the
appropriate jack on the left-hand
side of the panel and applying the
full-scale values of voltage. The

accuracy should be within plus or -

minus 4 percent.
} To check the 5,000-volt d-c range,

connect the 8-inch jumper lead be-

tween the low-potential jack of Mul-
tiplier Kit MX-815/U and the 2.5-
volt jack at the left-hand side of the
meter. Apply 2,000 volts de from
Meter Test Set TS—-682/GSM-1. The
meter in TS-852/U should read
2,000 volts plus or minus 6 percent.

(d) The table below gives resistor values

and tolerances for the 20 000-ohm-
- per-volt ranges o
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Resistance

Range (v) Resistor ' ,value {ohms) | Tolerance (%)
2.5 R106 48,300 B
10 R107 150,000 1.0
50 R108 800,000 1.0
250 R109 4 meg 1.5
500 R110 5 meg 1.5
1,000 R111 10 meg 2
5,000 {In Multi- 100 meg 2
plier Kit
MX-815/U)

c. Checking A-C Voltage Ranges.

(1) Turn the FUNCTION switch to the

AC VOLTS position. Plug one test
lead into the AC VOLTS jack and the

-other lead into the 2.5V jack on the

right-hand side of the meter panel.

(2) Apply 2.5 volts ac from Meter Test

3)
4)

(5)

Set TS-682/GSM-1.

The meter reading should be accurate
within plus or minus 4 percent.
Repeat the procedure for the remain-
ing a-c ranges, using appropriate jack
connections and applying suitable full-
scale voltages. The accuracy on all
ranges should be within plus or minus

4 percent, except for the 1,000-volt
range, which should be within plus or

minus 5 percent.

The same resistors used as multipliers
for the 1,000-ohm-per-volt, d-¢ ranges
are used for the a-c ranges. In addi-
tion, the following components are a
part of the circuit when ac is meas- -
ured: .
(a) R121, a resistor of 1, 300 ohms with

a tolerance of plus or minus . 5
percent,

(b) A101, an assembly which mcludes

the rectifier and a preadjusted re-
~ sistor network. If any part or parts

of this unit are defective, the entire

assembly should be replaced.

d. Checking Resistance Ranges.

64

1)

Turn the FUNCTION switch to the
OHMS position. Plug leads into the
two OHMS jacks. Short the leads to-
gether, and rotate the OHMS ZERO
ADJ knob until the pointer indicates

‘zero ohms at each position of the range

- (2)

switch.” If the meter will not adjust
to zero, check the batterles and rheo- -
stat R120. ,

Use Decade Resistor TS--679/U or
fixed resistors known to be accurate
within plus or minus 1 percent to check
each resistance range at midscale

value. The instrument should be ac-

curate within plus or minus 3 percent

- of full-scale value on all scales. .

' (8) The table below gives resistor values
and tolerances : .
e Hesistance
Range " Resistor - value (ohms) | Tolerance (%)
RX1 through R125 1.666 . &b
RX1,000 , . '
; -  R126 185 +5
T R127 210 +5
CUR1Z8 1,900 +.b
‘ R123 22,160 +.5
RX10,000 R123 22,160 IR <% 1
f “R124 226,780 +1.0
All R118 15,000 ]
R120 5,000 +.5

e. Checking D-]C‘ Romges.

(1)

Turn the FUNCTION switch to the
DC CURRENT position. Plug the
black test lead into the negative d-c

- jack. For ranges from 250 pa to 2.5

(2)

amperes, plug the red lead into the
+DC CURRENT jack. :

Rotate the range switch to each cur-
rent range, successively, and apply
full-scale dc from Meter Test Set TS-
682/GSM-1 for each range. All d-c

‘ranges should be accurate within plus

@)

(4)

or minus 3 percent.
To check the 10-ampere range, plug

‘the red lead into the Jack marked +10

AMP ONLY.

Different combinations of the same re-
sistors are used for the various ranges;

‘therefore, if an error in reading in

excess of plus or minus 3 percent is
observed, the simplest test procedure
is to check the values of all resistors
associated with the current ranges.
The table below gives the resistance
values and tolerances.
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: 1 Resistance Resistance
Resistor - value (ohms) Tolerance (%) Resistor value (ohms) Tolerance (%)
R131 600 +.5 R136 2,0 +5
R132 120 +.5 R137 16 *5
R133 21.5 +.b R138 .32 +.5
R134 60.0 +.5 . R112 02 +.5
R135 16.0 +.5 R129 .06 +5
+l10 AMP  +DC OHMS -
ONLY  CURRENT -DC*AC OHMS
2
u 112
fyoz. 02 "RI3A RII3B

AGO 8492

. RIO3

Ri4

YELLOW

S102 SHOWN IN POSI-
TION | |

I=REV. -
2-DIRECT
3-1000a/VD-C
4-0D-C CURRENT
5-0HMS

6-A-C VOLTS

SWITCH SECTION A
NEAR PANEL

I-2.5 AMP -
2-500 MA
3-100 MA
4-50 MA

12-R X 10000

NOTE: ALL RESISTORS ARE SHOWN IN OHMS
UNLESS OTHERWISE INDICATED -

Figure 59, Multimeter TS-852/U, schematic diagram.
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exists, check the values of resistors
R2, R4 and R15 through R24 (figs.
60 and 61f If there is an excessive
- error on the 2-volt range, check the
accuracy of the amplifier (TM 11-
5511) before checkmg the resistors.

¢. Checking A-C Voltage Ranges.

(1) Operate the FUNCTION switch to the

A.C. position. Operate the RANGE
. switch to the 10V position.

(2) Apply 10 volts plus or minus 1 percent
- at 400 cps to the a-c probe. In the
‘absence of a 400-cps source, 60 eycles
may be used. For calibration purposes,
the test voltage must have less than

.5 percent distortion.

(8) Adjust resistor R5 until the meter
pointer reads full-scale.

(4) Repeat the procedure for the other
ranges; be sure to apply appropriate
voltages. The readings should be ac-
curate within plus or minus 6 percent.

(5) Tighten the locknut on resistor R5.

#

| Be careful not to dlsturb the Settlng
of the control.

d. Checking Reszstomce Ranges.

(1) Rotate the FUNCTION switch to the
OHMS position, and set the RANGE
switch to the RX1 position. The meter
should . deflect up scale. Rotate the
OHMS ADJ knob until the pointer in-

“dicates infinity. If full clockwise ad-
justment does not cause full-scale de-
flection, check Batteries BA-30.

(2) Use Decade Resistor TS-679/U or re-
‘gistors known to be accurate within
plus or minus 1 percent to select values

of resistance equal to one half the full- -

scale meter resistance marking, and to
check the action and accuracy of each
range of the meter.

(8) If there is an error in excess of 4 per-
cent of full scale, check the value of
resistors R32 through R38 (fig. 61).
The values should be. accurate Wlthm
plus or minus 1 percent

Section II1. ”T‘UBE TESTERS AND COMBINATION "TUBE AND SET TESTERS

55. Tube Testers 1-177 und I-177-A,
CTM 11-2627
(fig. 62).

a. Sensitivity. The sensitivity of the basic
meter is 1.4 ma at 112 mv plus or minus 2 per-
cent. The internal resistance of the meter is
approximately 80 ohms.

b. Operational Checks. After completmg the
necessary repairs and calibration of the basic
meter, make an operational check as follows:

(1) Obtain several common tubes known

- to be in good condition. These should

include triodes, remote and sharp cut-

off pentodes, diodes, beam-power pen-

- todes, and several multifunction tubes,

~ as well as electron-ray indicator tubes.

(2) Connect the tube tester to a suitable

source of voltage; then set the con-

trols and perform the quality test for

each of the various tube types, as indi-

cated by the chart attached to the tube
tester. ,

(8) If the indication for any tube is incor-

rect, use another tube of the same type,

68

and recheck. If several tubes that are
kndwn to be good give replace indica-
tions on the meter, make a parts check

(¢ below).
¢. Parts Check. Check resistors 40, 41, 43
44, 45, 46, 48, 73, 74, 75, 76, 77, 18, and 79 (fig.
62). The values must be accurate within the
following tolerances: 73, 74, and 77, plus or
minus 1% ohm; 76, plus or minus 1 ohm; 41,
plus or minus 5 percent; 40, 48, and 75, plus or
minus 10 percent; and 43, 44, 45, 78, and 79,

- plus or minus 15 percent.

56. Test Set I-157-A (Tube and Set
Tester, Precision Model 920P),
TM 11-1209

(fig. 63).

a. General Information. This test set is a

combination instrument which uses a single

meter with circuits and switching arrangements
to perform the functions of a multimeter as Well
as a tube tester.

b. Semsitivity. The sensitivity of the basic

- meter is 400 pa at 160 mv plus or minus 2 per-

AGO 3482A
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cent. The internal resistance of the meter is

- 400 ohms.
e C’keckzng D-C Voltage nges

(1)
(2)

Set control A to the DC position.

Plug the test leads into the EXT.

TEST jacks, and connect them to the
appropriate cords of Meter Test Set

 TS-682/GSM-1.

(3)

Apply suitable voltages from the test
get to obtain full-scale deflection of the

" meter, and check the 12-, 60-, 300-,

-~ scale reading by 100;
volt range, multiply the 30-volt scale reading

600-, 1,200-, and 3,000-volt scale of the
instrument, successively.-
Note. To read on the 600-volt range, multi-

ply the 60-volt seale reading by 10; to read

on the 1,200-volt range, multiply the 12-volt
to read on the 3,000-

by 100.

CY

(5)

‘The readmgs of Test Set 1-157-A
‘should agree with those of the stand-

ard d-c meter Wlthm plus or minus 5
percent.

If the readings dxsagree by more than
5 percent, check the values of resistors

R15, R16, R17, R29, R30, R32, and

R33 (fig. 63). The values should be
accurate within plus or minus 1 per-
cent. Resistor R32 shunts the meter
for all d-c voltage ranges. Do not ad-
Just R32 unless all d-c voltage ranges
are off calibration by the same per-
centage.

* d. Checking A-C Voltage Ranges.

(1)
(2)

Set control A to the AC position.
Repeat the procedure outlined in ¢(2)

- through' (4) above.

: (3)

If the readmgs disagree by more than
plus or minus 5 percent, check the

- values of resistors R34 and R35 (fig.

63).- Adjust R34 to calibrate the 12-

~ volt range. Do not adjust R35 unless

all a~-c ranges are off calzbmtwn by the

same percentage.

Note. Resistors R15, R16, Rl'&’ R29, and

R30 are multipliers for the a-¢ as well as the
d-¢c ranges, Large variations in the accuracy

of the a-¢ ranges or failure of the meter to -

indicate may be caused by a defective meter

rectifier, Replace the rectifier,” and recheck -

the a-c ranges as outlined above.

Ckeckmg Current Ranges (DC).

(1)

Set control A to the DC posn:mn

AGO 8492A :

(2)

(3)

(4)

f. Checking Resistance Ranges.

Plug the test leads into the EXT.

TEST jacks for all current ranges ex-
cept the 12-ampere range; for the 12-
ampere range, plug the leads into the
separate pin jacks, 4 and —12 AMPS.

Set the range switch and apply the )

proper current from Test Set TS-682/
GSM-1 to check the accuracy of the

following ranges at full scale: 1.2, 12,
120, and 600 ma. Leave the range

switch in the 600 ma position, and
change the test leads to the 12-ampere
position. Apply 12 amperes from the
standard, and check the meter for ac-
curacy.

The readings should be accurate within -

plus or minus 5 percent. If they do not
satisfy this tolerance, check the value
of resistors R18 through R21 and R31
(fig. 63). The values of these resistors

should be accurate within plus or
minus 1 percent. Adjust R31 to cali-
brate the 12-ampere range; R18 for

the 600-ma range; R19 for the 120-ma

range; R20 for the 12-ma range; and |

R21 for the 1.2-ma range.
Check the

low-resistance scale (400 ohms) ((1) through

(4) below); then check the high-resistance

scales ((b) through (10) belpw).

(1)
(2)

(3)

Sgt control A to the DC position.

Set control F to the 400 OHMS posi-
tion, and rotate control C (ohms ad-
just control) to produce full-scale in-
dication. Plug the test leads into the
EXT. TEST jacks. ‘

Use Decade Resistor TS-679/U or re-
gistors known to be accurate within
plus or minus 1 percent to check the
meter with half-scale values of resist-
ance. ;

Note. The 400-ochm range uses the shunt

method of measuring resistance, and an im-
mediate indication is obtained on.the meter

~ when the range selector is set to the 400-

(4)

ohm posgition. If full-scale deflection is not
obtained, check the 4%4-volt battery. v

The meter reading should be accurate
within plus or minus 5 percent at mid-
scale. If the reading is not within this
tolerance, check the values of resistors
R23 and R36 (fig. 63). Resistor R23
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must be accurate within plus or minus
1 percent. Resgistor R36 is shunted
across the meter, and should be dis-
connected from the meter when its
value is checked. Resistor R36 is ad-
justed to calibrate the meter on the
400-ohm range.

(5) Set control F to the 100M pomtlon

(6) Connect the test leads ‘qogether, and
rotate control C to bring the meter
“pointer to exactly full-scale deflection.

(7) Apply the test leads across a resistor
whose value is within plus or minus 1
percent or half-scale value of the 100M
range. The meter should read within
plus or minus 5 percent of the value of

~ the applied resistance. If an error in
excess of plus or minus 5 percent
exists, check the values of resistors
R24 through R26 (fig. 63). The values
of these resistors should be accurate
within plus or minus 1 percent. Ad-

. just R25 to calibrate the 100M range.

(8) Check the 1 MEG resistance range as
outlined in (5) through (7) above, use

~ appropriate resistance values. If in-

accuracies ‘are in excess of plus or

minus 5 percent check the value of
resistor R27 (fig. 63).

(9) Voltage for the 10 MEG range is re-

* ceived from the internal power supply

of the tester; therefore, the cord must

be plugged into a suitable source of

power. Full-scale deflection is obtained
by adjusting the line control.

(10) Apply half-scale resistance value plus
or minus 1 percent and check the meter
indication for accuracy. Calibrate if
necessary, by adjusting R28 (fig. 63)

g. Checkmg Tube Tester. Follow the proce-
dure given in paragraph 55b(1) through (3).

k. Checking Battery Tester. The Dbattery
tester differs from the d-c voltmeter in that it
applies a load across the terminals of the battery
under test and gives an indication of GOOD,
REPLACE, or BAD, rather than a reading in

volts. Check the battery test part of Test Set

1-157-A by applying appropriate voltages from

the standard and observmg the indications on

the meter.

Sechon IV CAPACITY ANALYZERS AND CRYSTAL RECTIFIER TEST SETS

57. Capaclty AnaIyzer ZM-3/U, TM 11-
5043
(fig. 64)

a. Sensitivity. The sengitivity of the basic
meter is 50 pa at 250 mv, with a resistance of
5,000 ohms plus or minus 2 percent.

b. Calibration. The calibration of this in-
strument involves only variable resistor R16
and the dial drum, but the correction of any dis-
crepancy involves disassembly of the entire
drum assembly. To determine whether the drum

dial is adjusted properly to control R16 proceed'

as follows:

(1) MeaSure the total resmtance of resis-
tor R16 with Test Set 1-49. Do not use
an ohmmeter. Record the value.

(2) Divide this value by 2, and adjust R16 -

until the resistance from the arm to
one end of the control equals the quo-
tient. ;

AGO 8492A

(8) The drum dial now should indicate |

2,000 puf (micromicrofarad) plus or
minus 1 percent on the second capaci-
tance range. If the indication is not
within this tolerance, remove the dial
assembly and make adjustments (TM
11-5043)..
¢. Checks for Accuracy Limits of Capacity
Analyzer ZM-3/U. To check the accuracy of
the various functions and ranges of the capaclty
analyzer, proceed as follows:

(1) Capacitance. The capamtors have been
_calibrated on standard capacitance
bridges with an accuracy of plus or
minus .1 percent up to 1 «f (micro-
farad), and plus or minus 1 percent
from 1 pf to 10,000 uf. Use standard
capacitors of the required accuracy
(TM 11-5043) to check the capaci-

tance ranges of the analyzer.
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(2) Insulatzon resistance. Use Decade Re-
gistor TS-679/U up to 100,000 ochms,
and Resistance Bridge ZM-9( )/U
above 100,000 ohms to test insulation
resistance.

(8) Leakage. Use Decade Resistor TS-
679/U and Multimeter TS-352/U to
determine the accuracy of leakage volt-
age and’ current mdlcatlons with a
variable load. :

" (4) Power factor. The power—factor con-
trol is calibrated to within plus or
minus 10 percent accuracy by means
of a capacitor with a dissipation factor

~ of less than .1, and a calibrated vari-

able resistor that is set to give vary-
ing power factors from 0 to 50 percent

from calculated values of series re-

o 31stance

58. Crystal Rechf:er Test Set TS-268 /U,
0 TM 11-1242
(fig. 65)

.. Senszthty The sensﬁ:lwty of the basic

meter is 1 ma, with a resistance of 100 ohms

plus or minus 2 percent. :

'b.. Operational Check. Rotate the selector
clockwise to the first position. Adjust the MTR
ADJ control for full-scale deflection. If the
meter does not deflect to full scale, check parts
as follows: -

(1) Check Battery BT101 If necessary,
replace it. :

(2) Check the remstors values should cor-
respond with the values gwen in the
followmg table

Section -v.‘ POWER METERS AND DYNAMOTOR TEST SETS

' 59, Output Meter TS—585A/U ™ 11—
5017
(ﬁgs. 66 and 67 )

‘a. Sensitivity. The sensitivity of the basic

- meter is 182 ua at 63 my, with a resistance of -

346 ohms

AGO 36028 A

- Resistance Tolerance

Resistor value (chms) (%)
R101 100 +5
R102 BO0 +10
R103 900 +5
R104 100 +5
R105 800 +5
R106 ) 600 +5

(3) If the meter is defective and an exact
- replacement is not at hand, a stand-
ard 3%4-inch American War Standard
unit may be installed when the resist-
ance of the unit is 100 ohms or less.
When the resistance of the meter is
less than 100 ohms, connect a suitable
resistor in series with the meter to
bring the total resistance to 100 ohms.

R-102
500

- REIOH | , | I
AA-

"4 S-101 SWITCH CONNEGTIONS

SAFETY
SWITCH

POSITION GONNECTIONS

OFF -2 38 47
1. MTR ADJ (FOR FWD AND BKWD RES)  2-3-4-6-7-8, ;
2.FWD RES 23 . 4-7-8
3.BKWD RES 2-4 3-7-8
4. MTR ADJ (FOR BACK CUR) -g-4 3-8 5-7
5.BACK CUR- 1~2-4 37 56
, NOTES: .

ALL Remsron VALUES N OHMS :

UNLESS OTHERWISE SPECIFIED TM4700-63

Fzgure 65. Crystal Reétifier Test Set TS-268/U,

‘ c}zematze dmgmm ‘

b. Calibration.

(1) Obtain the following equipment for ‘
calibration of Output Meter TS-

585A/U:

‘(@) Audio Oscillator TS-382A/U ‘or

equivalent.
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(b) Electronic Mult1meter TS—505/U or

: equwalent

(c) A general—purpose screw - driver

(2)

(Sig C stock No. 6R15694).
Connect the oscillator output to the

binding posts of OQutput Meter TS-

~ 585A/U. Observe the ground-to-
- ground rule When makmg these con-
"~ nections. '

3
#)

(5)

(6)

Connect the multimeter to the binding
posts of Output Meter TS-585A/U.

Connect the oscillator and the multi-
meter to an appropriate power source.
Set the output control of the oscillator
for minimum output, turn the power
on, and set the frequency for 1,000 cps.
Set the meter multiplier control knob
of Output Meter TS-585A/U at posi-

- tion 10, and set the impedance control

()

(8)

knob to 300 ohms (posmon 30 in the
X10 bracket). ‘

Set the multimeter controls for the 0-
to 10-volt a-c range and turn on the
power. Let the equipmgnt warm up
for about 15 minutes. ,

Turn the output control of the oscilla-

" tor until the multimeter indicates ex-

actly 6 volts. The output meter should
‘read within 8 divisions of 12 on the
 MILLIWATTS scale.

If the meter
does not read within these limits, ad-
just rheostat R3 (fig. 66). Do not ad-
just the rheostat excessively, or the

' 800-okm calibration will be out of

tolerance. If adjustment of the rheo-

~ stat does not correct the error in the
- meter indication, check the impedance

(9)

‘mnetwork (Z2, fig. 67).

To calibrate the 20,000—ohm' impedance

_ range, proceed as follows:

(a) Set the meter multiplier control

knob at position 1.

(b) Set the impedance control knob for

20,000 ohms (position 200 in the
X100 bracket).

(¢) Set the controls of Electronic Multi-

meter TS—505/U to read 155 volts
‘ac.

(d) Turn the output control of the oscil-

lator until the multimeter reads 15.5
volts. The output meter should read
within 214 divisions of 12 on the

- MILLIWATTS scale. If the meter
‘does not read within these limits,.
adjust rheostat R3 (fig. 67) moder-
-ately. If adjustment of the rheostat
does not bring the meter reading
within tolerance limits, check the
impedance control (Z1).

60 Test Sets l-—l99 and 1- 199-A TM

1 1-2604
(fig. 68) o
a. Sensztzmty Two meters are used in this

instrument. Except for calibration, they are
identical. Their sensitivity is 1 ma, resistance

- is 27 ohms, and they are accurate to within plus
or minus 1 percent, with a 80-mv drop. '

b. Calibration Information. After accuracy
of the meters has been checked, it is necessary .
to check only the values of the various compo-
nents (fig. 68) for tolerance

¢. Parts Check.

(1) Meter shunt S1 is an assembly of re-
sistors made up of R2, R3, R4, and
R5. If any one of these resistors is

~ defective, replace the entire shunt.

(2) Resistor cards 1, 2, and 3 are matched

“in pairs for an accuracy of plus or
minus 3 percent. If R8, R9, R10, R11,
R12, or RE1 is defective, replace card
1. If R14, R15, R16, R19, R20, R21,
R22, or RE2 is defective, replace card

. 2. If R17, R18, or R23 is defectlve,
: replace card3.

(3) Capaators C1 and C2 are used as a
- d-c isolation device and a ripple filter,
respectively, and do not affect the cali-
bration of the meters. They should,

- however, be tested for leakage and ca-
pacitance. Capacitor C1 is an oil-filled,
2,000 volts d-¢, 1-uf (plus or minus 20
percent) capacitor. Capacitor C2 is
an oil-filled, 2,000 volts d-c, 4-uf (plus
or minus 20 percent) capacitor.

6l. Frequency Meter SCR-211-( ), TM_
11-300
(fig. 69)

a. Components. Frequency Meter SCR-211-~
() is composed of Frequency Meter BC-221-(),

AGO 84924
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5




oL

Vi6re 0OV

15 o] 7 :
Ooo‘ 0000 ¢ O

"o O
7“|312 0 g

m
o0 |
(&3

Figure 67. Output Meter TS-585A /U, wiring diagram.

NOTES:

FACE OF CONTACT STUDS.

CONCEALED WIRES ARE SHOWN
AS SOLID LINES TO SIMPLIFY,
B. WIRES DESIGNATED 2 TO 22 ON

CONTROL "Z-1"

NET WORK "Z-2" ARE CONNECTED =
~ TO CORRESPONDING CONTAGTS ON

T™ 4700-65

A CONTROL "Z-1" AS VIEWED FROM -~
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| as well as batteries, teét leads, and calibra-
tion charts. The frequency meter is the cali-

brated part of the equipment. No meters are

used in this equipment.

b. Calibration. If the frequency meter has
been damaged, or if adjustment of the crystal
padder capacitor has been changed, reset it by
using a standard frequency transmission and a
radio receiver. The National Bureau of Stand-
‘ards standard frequency station WWYV broad-
casts 24 hours a day on two frequencies, 5 mc
(megacycles) and 10 me. During daylight
hours, WWY also broadecasts on a frequency of
15 mc for Washington, D. C. Every hour on
the hour, and every 5 minutes thereafter for
1 minute, the carriers are not modulated except
for identification. Between unmodulated
periods, the carriers are modulated simultane-
ously by a 440-cycle sine wave and a 4,000-cycle
‘sine wave. The signals from this station are
a primary standard, and can-be used to set the
frequency of the crystal oscillator in Frequency
Meter BC-221-( ) as follows:

(1) Remove the chassis from the case, and
connect the batteries withsclip leads.

(2) Plug in a headset, throw the POWER
switch to ON, and turn the CRYSTAL
switch to ON.

(3) Allow the frequency meter to warm up
for 10 to 15 minutes.

(4) Tune a receiver, such as Receiver BC-
342, BC-312, R—62/PR, R-80/PR, R-

78

210/U, or SCR-704, to one of the
standard frequencies mentioned above.
Do not use the receiver beat-frequency
oscillator, except to locate the signal.
Turn off the beat-frequency oscillator
before attempting to adjust the crystal
oscillator frequency.

(5) Couple the output of the frequency
meter to the antenna of the receiver.
If the crystal oscillator is functioning,
an audio tone will be heard in the head-
set. To obtain a zero beat between the

“frequency meter and WWYV, adjust the

crystal padder capacitor. _
Note.. Make this adjustment with an in-
sulated screw driver. If a metal screw driver
is used, the crystal may stop oscillating each
time the crystal padder capacitor is touched.

TO ANTENNA
~ OUTPUT ' ANTENNA POST
: . COMMUNICATIONS
8C~221 RECEIVER
TM4700-72

Figure 69. Block diagram of equipment set up for
calibrdtion of frequency meter.
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|  CHAPTER 5 |
CALIBRATION OF EXPOSURE METERS

62. General

The photographic exposure meters covered in

this chapter are of the photoelectric type; each
consists of a light-sensitive cell and a meter:
- The light-sensitive (photovoltaie) cell is usually
of the selenium type, and the meter is usually
a microammeter. No polarizing voltage is nec-
essary, and output is sufficient to operate the
meter directly without amplification. Since the
meter is a conventional type, necessary repairs
are performed as for any conventional meter.
The scale of the meter usually is calibrated in
arbitrary values. Balance is extremely impor-
tant in this type of instrument because, in nor-

CUIDE RAIL TO KEEP
LAMP PROPERLY ALINED

LAMP AND STAND

" Rigure 70. Eiuipment set up for calibration of exposure meter.

AGO 34824

mal use, the meter may be held in any position.
General instructions for the use of exposure
meters and disassembly procedures and lists of
replaceable parts are contained in TM 11-2358,
Exposure Meters PH-260 and PH-260-A.

63. Calibration Procedure

Exposure meters are calibrated by the com-
parison method. A known value of light is per-
mitted to enter the window of the meter under
calibration, and the meter is calibrated by mag-
netization. Meters and photocells are usually
available in matched pairs for replacement. A

OPAL GLASS
AND FRAME

- -

g
a |
ZAS g :

DOTTED LINES | DICATE
- INCLOSURE iF N .

TM4T00-73

[ PR
D




convenient source of adjustable light (a through (3) A sheet of crown-ﬁashed opal glass,‘ ,

7 below) may be fabricated. , 5 by 7 inches in size. -
a. Obtain the following ma,tierlg.ls: . (4) A sheet of opaque paper, preferably
(1) A 750-watt T-12 projection lamp, with , black.
medium base, designed for 120-volt 5) A .. |
service. : (5) A variac, 2
" (2) A socket capable of carrymg at least (6) Wood to make blocks, as indicated in
3
1,000 watts. , : figure 70.
-1000;
800 s
' CURVE SHOWING APPROXIMATE BRIGHTNESS ]
SEE FOR VARIOUS DISTANCES AND VOLTAGES E
‘ {SEE INSTRUCTIONS) 3
400 EEEEAEE
) oraL cass B, ARSIATT
§ /’% LAMP 7
: 4 ’ 4 . 4
200.F A e ¥ ]
e >
= X H : : M ’7/ -
~ (158 e B ' < o
E S\ EXPOSURE METERS = T Y 1
: 100 T TO BE COMPARED ON ' 60 CY g
g 100 = THIS SIDE . = —C
« % == # : ,
a’ == 23 3 ] N - VARIAC =
% s (=
[} A - :
u X =3 é
50 : SSSSES
= = SSEmEs EES
S B == = =
Nt
é FrENEE ]
&J T LY 3
5
B3 N ! 3
z X i i ‘\\i 1 {
W 10 : - :
m o i
3 B = 2 ;
8 EE=E == == 2 -
(18} . e o :
T ™ - + } '
.| I 51 v 11 :
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3z SEEEE :
: o 3 b
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DISTANCE (d) IN FEET
TM4700-74
Figure 71. Lig?at\valuas and response curves for ex})osur_e meter calibration set up.
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b. Cut a 3-inch circle from the center of the
opaque paper.
 ¢. If the equipment cannot be set up in a
darkened room, it should be inclosed in an
elongated box (fig. 70) to minimize the effects
of stray light and to reduce the possibility of
shadows on the opal glass. ,

d. Place the lamp in the socket and use No. 14
wire to connect the variac output (and a volt-
meter, if desired) to the socket.

e. Set up the opal glass with the opal side to-
ward the lamp and with the mask on the reverse
side.

f. Move the lamp along the wooden strip until

© AGO 3492A

the distance is about correct for the requlred
brightness at the voltage selected.

g. Connect the variac to a power source and
adjust the voltage to a convenient value, as
determined from the graph in figure 71.

k. Place the standard exposure meter against
the mask, with the cell centered on the 3-inch
window.

% AdJ ust the variac until the standard meter .
gives a reading at the center of the desired -
block.

j. Remove the standard meter and insert the
meter to be calibrated. If the meter reads too
high it should be demagnetized; if'too low, it

must be remagnetized.
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APPENDIX |
REFERENCES

Note. For availability of items listed, check SR 310-
20-3 for field manuals and JANAP’s, Check SR 310-
- 204 for technical manuals, technical bulletins, supply
bulletins, modification work orders, and changes. Check
SR 310-20-5 for Army regulations and special regula-
tions.

1. Regulations

a. Army. ,
_AR 380-5 - Safeguarding Military In-
formation.

Maintenance Responsibili-

ties and Shop Operation.
#

AR 750-5

b. Special.
SR 810-20-3 Index of Training Publica-
tions (Field Manuals,
Training Circulars, Fir-
ing Tables and Charts,
Army Training Pro-
grams, Mobilization
Training Programs,
Army Training Tests,
Graphic Training Aids,
Joint Army-Navy-Air
Force Publications, Com-
bined Communications
Board Publications, and
Army Communications
Publications).

Index of Technical Manuals,
Technical Regulations,
Technical Bulleting, Sup-

SR 310-20-4

ply Bulletins, Lubrication »

Orders, Modification

Work Orders, Tables of
Organization and Equip-
ment, Reduction Tables,
Tables of Allowances,
"Tables of Organization,
and Tables of Equipment.

SR 310-20-5 Index of Administrative
Publications (Army Reg-
ulations, Special Regula-
tions, Joint Army-Air
Force Adjustment Regu-
lations, General Orders,

- Bulletins, Circulars,
Commercial Traffic Bul-
letins, Joint Procure-
ment Circulars, Depart-

~ment of the Army Pam-
phlets, and ASF Man-
uals).

SR 700—45—5 Unsatisfactory Equipment
Report (Reports Control
Symbol CSGLD-24T7).

SR 745-45-5/) Report of Damaged or Im-
AFR 714 } proper Shipment (Re-
ports Control Symbols
CSGLD-66 (Army) and
AF-MC-U2 (Air
- Force)).

2. Supply Publications

' SB 11-6
SB 1147

- Dry Battery Supply Data.

Prepafaﬁon and Submission
of Requisitions for Signal
Corps Supplies.

SB 11-100 Serviceability Standards for
Signal Equipment in Hands
of Troops.

3. Technical Manuals on Test Equipment

TM™M 11-300 Frequency Meter Sets
' SCR-211-( ).
TM 11-1209 Test Set I-157-A. (Tube

and Set Tester, Precision
Model 920P)
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TM 11-1239
TM 11-1242
TM 11-2017

TM 11-2019
TM 11-2535A

TM 11-2356
TM 11-2604
TM 11-2627
TM 11-5043
TM 11-5511
TM 11-5017
TM 11-5500

TM 11-5520
TM 11-5527-

Voltnieters TS-363/U and
"TS-363A/U.

‘Crystal Rectifier Test Set

TS-268/U.

Test Sets TS-26/TSM and
TS-26A/TSM.

Test Set I-49.

Meter Test Equipment AN/
GSM-1B.

Exposure Meters PH-260
and PH-260-A.

Test Sets I-199 and I-199-
A, :

Tube Testers I-177 and I-
177-A.

Capacity Analyzer ZM-
3/U.

Electronic Multimeter TS—
505/U.

- Output Meters TS—585A/U

and TS-585B/U.

. Multimeter TS-297/U.

Decade Resistor TS—679/U.
Multimeter_ TS-352/U.

4. Painting, Preserving, Maintenance,

and Lubrication

TB SIG 13

AGO 38492A:

Moistureproofing and Fungi-

proofing Signal Corps

Equipment.

TB SIG 66  Winter Maintenance of Sig-

TB SIG 69
TB SIG 72
TB SIG 75

TB SIG 123

FM 24-5
TB SIG 25

TB SIG 219

TM 11430

TM 11453
TM 11-455
TM 11-661

TM 11-681

o

nal Equipment.
Lubrication of Ground Sig-
nal Equipment.
Tropical Maintenance of
Ground Signal Equipment.
Desert Maintenance of
Ground Signal Equipment.
Preventive Maintenance
Practices for Ground Sig-
nal Equipment.

5. Other Publications

Signal Communications.

Preventive Maintenance of
‘Power Cords.

Operation of Signal Equip-
ment at Low Tempera-
tures.

Batteries for Signal Com-
munication. Except Those
Pertaining to Aircraft.

Shop Work. '

Radio Fundamentals.

" Electrical Fundamentals

(Direct Current).

Electrical Fundamentals
(Alternating Current).
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~ APPENDIX 1I

MISCELLANEOUS INFORMATION

1. Formulas

a. Ohm’s Low.

E=IRR=FI=FK

1 R
R = resistance in ohms,
I == current in amperes.
E = pressure in volts.

b. Frequency (Ac). (Dcis considered as havé
ing a frequency of O cycles per second.)

S
F=P 3%

F = frequency in cps.
P — number of poles in machiné
.S == speed of machine in rpm.
120 = a constant to change alternatmns per
minute to eps.

c. Number of Poles in a Machine.

120
P=F g
P — number of poles in machine.
F = frequency in cps.
'S — Speed of machine in rpm.
120 — a constant to change alternatmns per

minute to cps.

d. Resistors in Parallel.
1-1 41 4 1L
RT Rl R2 R3
Rt — total resistance of resistors in

parallel.
'R1, R2, R3, etc. = values of the individual
resistors.

ooooo

This formula may be stated as follows: The
reciprocal of the total resistance is equal to the
sum of the reciprocals of the individual resis-
tors. When only two resistors are connected in
parallel, the following simplified formula may
be used: Rt — R1 B2 , which expresses the

E1+4 R2 :

84

total resistance as equal to the product of the
two resistors divided by the sum of the two
resistors.

e. Shunt Caécuiation.

RM
RS == N-1)
RS = value of shunt in ohms.
. RM = resistance of the meter in ohms.

N = multiplying factor. (The multiplying
factor is determined by dividing the basic cur-
rent range of the meter into the range to which
the meter is to be shifted.)

f. Multiplier Caleulations.
RS = RM (N-1) _
RS = value of multiplier in ochms.
RM — resistance of the meter in ohms. .
N = multiplying factor. (The multiplying
factor is determined by dividing the basic volt-
age range of the meter into the range to which

the meter is to be shifted. )

g. Resistor in Series.

RT—=R14+R24+RS.....
RT = total resistance of the resistors in
series.

R1, R2, R3, etc. = values of individual re-
- gistors.

h. Series—Pamllel Combinatwns. To find the
total series resistance, calculate the total re-
gistance of each parallel circuit and add the
totals together.

1. Power Calculations.
P—El=FE?>=1I]%R
TR
P = power in watts.
E = pressure in volts.
I = current in amperes.
R = resiatance in ohms.

AGO 8492A




i Ohmmeter Caleulations.

R, — R, (”,1 )
I,
R, — unknown resistance.
R, — total circuit resistance with R,
shorted.
I; == current when remstance is shorted.
I, = total current when R, is in the circuit.

k. Shunt—Type Ohmmeter Calculations.
R, —R, )
Ry == unknown resxstance _
R,, = resistance of the meter o
I, — current in circuit without R, across
the meter.

I g‘= current in circuit Wlth R across
the metér

2. Mlhtary (JAN) Speahcatlons for
x Electrlcal Indlcatmg lnsfrumenfs

This type of designation is essentially the
same as the American War Standard type desig-
nation, and if is being set up for all components
of radio apparatus.

a—The letters (MR) designate an electrical
indicating instrument.

b—These two figures (25) designate the case,
size, type, and material of an instrument. Vari-
ous case sizes and materials are designated as
follows: 24—2l4-inch molded-phenolic case,
round, flush-mounting, panel-type instrument,

calibrated for use on a steel panel .09 inch thick.

25-—214-inch molded-phenolic case, round, flush-
mounting, panel-type instrument, calibrated for
use on a nonmagnetic panel. 34—3l4-inch
molded-phenolic case, flush-mounting, panel-

type instrument, calibrated for use on a steel

a . oo .t

d e » f

: MR ' - 25 , F
Components elec-| Case size, typé,|Dial and pointer
trical indicat-| - and material | color scheme
ing instrument| -

001 DC MA

Number of units|Kind of current for|Units indicated

shown by full-, which the instru-| by ingtrument
scale deflection| ment is designed.| @/ f/fAI IR

panel .09 inch thick. 35—3814-inch, molded-
phenolic case, round, flush-mounting, panel-type
instrument, cahbrated for use on a nonmag-
netic panel.

e—This smgie letter (F) demgnates the color

scheme of the pointer and of the dial back-

ground and markings. Letters for various color

schemes are as follows: B—white markings
and pointer, black background. F—~fluorescent
markings and pointer, black background. S—
self-luminous markings and pointer, black back-
ground. W—>black markings and pointer, white
background.

d—These three ﬁgures (001) desxgnate the

number of units shown by full-scale deflection
of the instrument. Where the full scale is less
 than three figures, zeros are inserted to the left
to fill out to three figures. Where the letter R
is used between two figures in this group, it
represents a decimal point. Thus, a 114-volt
voltmeter would be designated 1R5.

e—These two letters (DC) designate the kmd
of current for which the instrument is designed.
Combinations of letters for the various kinds of
current are as follows:

AGO 8402A

AC—Alternating current (60 cps, nominal
frequency).

AD—AC—DC (Alternatmg current, 25 to
125.cps only).

AE—Alternating current (800 cps, nom-
inal frequency).

AF—Alternating cui'rent (400 cps, nom-

inal frequency).
AR—Alternating current, rectlﬁer type.
- DC—Direct current.

RF-—Radio frequency, conventional scale,

RI—Radio frequency, linear expanded
scale. : ;

The letters SPEC are used in place of the let-
ters specified in groups e and f for special in-
struments such as zero-center ammeters, milli-
ammeters, microammeters, and various special

instruments. Such instruments arbitrarily are

assigned serial numbers to be used in place of
the three figures called for in group d above.

f—These two letters (MA) designate the elec-

trical units which the instrument indicates.
Combinations of letters for various units are
as follows:

- UA—DMicroamperes.
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MA-—Milliamperes.

" AA-—Amperes.

KA—Kiloamperes,

MV-—Millivolts.

VV—Volts. .
- KV—XKilovolts.

DB—Decibels. ‘
VU—Volume units (volume-level indica-
tors).

WW—Watts.

KW--Kilowatts.

GW—Megowatts.

Ezample: In the illustration above, the type

designation MR25F001DCMA signifies:

a—An electrical indicating instrument.

b-—A 214-inch molded-phenolic case, round,
flush-mounting, panel-type.

c—A black background dial with fluores-
cent marking and pointer.

d—A full-scale deflection of 1.

e—It is designed to indicate dc.

f—Itis a milliammeter

3. Consfruchon of Expedlent Magnet
Charger

If a magnet charger is not available, meter
magnets may be charged by 1 usmg the followmg
materials and method:

a. Obtain Battery BB—46 (or any equivalent
battery or batteries), 8 feet of copper-braided
bonding strap about 34-inch wide (Sig C stock
No. 1F6B1-4, 1F6B1-5, 1IF6C1-6, or 1F6C1-8),
‘and a roll of friction tape. When more than one
~ battery is used, or where the ampere-hour ca-
pacity of the battery is small, connect in parallel.
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~ b. Insulate the bonding strap by wrapping
2 feet of its length with friction tape; leave 6
inches of bare strap at each end. Overlap each
turn of tape to insure good electrical insulation.
Then wrap the insulated strap around the meter
magnet; uSe as many turns as possible to form
a coil. When bonding strap is not available, use
large copper wire with low resistance and high

- current-carrying capacity.

¢. Test the polarity of the meter magnet with
a small compass. Remember that the north pole
of the compass mneedle (dark-colored) is at-
tracted to the south pole of the magnet. Mark
the north pole of the magnet with chalk or
crayon. Use the right-hand rule to determine
the direction in which current in the coil should
flow to produce the necessary polarity. To do
this, grasp the coil in the right hand, with the

 extended thumb pointing toward the north pole
.of the magnet. The fingers now point in the

direction in which the current must flow around
the coil. Note which end of the strap the current
must enter and use a clamp to attach this end
firmly to the positive terminal of the battery.

d. Before starting the charging pfocess, place
a keeper across the pole pieces of the meter
magnet.

e. Touch the free end of the bonding strap
momentarily to the negative terminal of the
battery; one or two applications usually will
suffice. Do not hold the strap in contact with
the terminal for any length of time, because
prolonged contact will injure the battery. Touch
the strap to the termmal for only an 1nstant

each time,
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" DECIBEL CONVERSION CHART

PoweRr POWER . POWER |  VoLTAGE VOLTS .- BASED ON
LEVEL RATIO 006 WATT' AT RATIOTO .006 WATT AT O DB In
08 T0 0 DB . f 0DB. WATTS o DB 500 OHMS 800 OHMS
=10 0.1000 0.0006000 0.31623 0.5477 5000
- 3 0.1259 0.0607553 "0.35481 0.6145 ‘ 6732
— 8 0.1585 0.0009509 0.39811 0.6885 7554
- 0.1395 0.0011872 0.4466B 0.7737 8475
- B 0.2512 0.0015071 "0.50113 0.8681 9509
-5 0.3162 " 0.0018975 0.56234 0.5740 1.0670
— 4 0.3981 £.0023886 » 0.63096 ‘ 1.0928 1.1972
— 3 0.5012 0.0030071 0.70795 1.2262 1.3433
-2 0.6310° 6.0037857 0.79433" 1.3758 1.5071
— 1 0.7943 0.0047660 0.89125 1.5437 © 16910
] 1.0000 05060000 100000 1.7321 1.8974
41 1.2589 0.0075535 1.1220 1.9434 2.1283
N 1.5849 ~ 0.0095093: 1.2589 " 2:1805 '2.3886
+ 3 1.9953 6.0119716 14125 2.4466 2.6801
+ 4 2.5119 0.0150713 1.5843 2.7451 3.0071
+ 5 2.1623 0.0189747 1.7783 3.0801 3.3741
¥ 6 3.9811 0.0236065 1.9953 3.4559 . 3.7867
+ 7 5.0118 0.630071 2.2387 38776 ‘ 4.2477
+ 8 6.3096 -0.037857 25119 . 4.3507 4.7660
3 7.9493 0.047660 28184 4.6615 53475
10 10 0000 ~ 0.060000 3.1623 54772 " 6.0000
1l 12 589 0.075535 - © 35481 6.1455 6.7321
12 15.849 0.095083 3.9811 6.8954 | 7.5536
13 19953 0.118716 4.4668 7.7368 84752
14 25119 0.150713 5.0119 - 86808 ' 9.5094
15 31.623 0.189747 3.6234 9,7400 10670
16 39 811 0.238665 6 3096 10.9285 11.572
17 50.118 0.30071 _ 7.0785 12.2620 13.433
18 £3.096 0.37857 ~ 7.9433 13.7582 15.071
19 78.433 0 47660 8.9125 15.4369 16 910
20 100.000 0.60000 10.0000. + 17,3205 18 974
21 125.89 0.75535 11.220 19434 71289
22 158.49 0.95093 12589 i 21,805 73.868
23 199.53 ) 119716 - 14.125 24.466 , 26.801
24 251 19 1.50713 15.649 T 37,451 , 30.071
25 "316.23 1.83747 17.783 . 30.601 33.741
26 39811 ~ 2,3886%5 19.953 34,559 37.867
77 501.18 3.6071 32.387 38.776 : T42.477
8 630.96 3.7857 25,119 43.507 . 47.660
29 794.33 ‘ 4.7660 28.184 48.816 T 53475
30 .| 100006 - T 6.0000 T 310623 54.772 T 60.000 ]
a 712589 7.5535 35481 61.455 67921 ]
32 1584.9 _ 9.5093 39.811 68.954 75.536
33 1995.3 11,9716 44.668 77.368 84752
34 2511.9 15.0713 50.119 ] 86.808 95.004
35 31623 ©18.9747 56.234 _ 97.400 106.70
36 3981.1 ‘ 23.8865 63.096 109.285 119.72
37 50119 30.071 70.795 122 620 134,33
38 63096 37.857 79.433 . 137 582 150,71
35 79433 47.660 . 89,125 ) 154.369 169.10
40 10000.0 "60.000 - 100.000 173205 | 189.74
41 12568.2 75.535 , 112.20 194.34  212.89
42 15848.9 95.093 I 12589 218.05 238.86
43 199526 119.716 141.2§ 244 66 268.01
44 2511B.9 150713 158.49 274 51 300.71
45 31622.8 1 189947 177.83 ~ 308,01 337 41
45 39810 7 238.865 199.53 345.59 37867
47 50118.7 300 71 223.87 387.76 424.77
48 63095.7 378.57 251.19 435.07 476.60
45 79432.7 47680 I  281.84 468 16 . 53475
50 100000.0 600.00 ’ 318.25 $47.72 , 500.00

TL 110825

Figure 72. Decibel conversion chart.
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* APPENDIX 111
- GLOSSARY

Accuracy—When specifying the accuracy of an

. electrical indicating instrument, the limit of
error at any point of the scale shall be ex-
pressed as a percentage of the full-scale value,
unless otherwise specified for a particular
type of instrument. When the zero is at a
point other than at one end of the scale, the
sum of the full-scale readings to the right
and to the left of the zero pomt shall be used
as the full-scale value. ~

"Ammeter—An instrument calibrated in am-
peres and used to measure current in an elec-

trical circuit. An ammeter normally is con-

nected in series with the circuit.

Arbitrary-scale - instrument—An mstrument

- calibrated to read values which are not ex-
pressed in terms of the units actually read.
Thus, an arbitrary-scale voltmeter would be
calibrated in units other than volts (such as
degrees centigrade, and foot-candles).

Current cireuit of an instrument—The current
circuit of an instrument is that winding of
the instrument proper which carries the cur-
rent to be measured, a definite fraction of 1t
or a current dependent on it.

Damping—The retarding force used to bring
about steady indication of the meter pointer.
There are two general classes of damped mo-
tion: periodic, in which the pointer oscillates
about the rest position before stopping, and
aperiodic, in which the pointer makes one
direct excursion and comes to rest without
overshooting the rest position. Critical damp-
ing is damping between periodic and
aperiodie. '

Decibel—A unitf used to express logarithmically
the ratio between two powers existing at two
points; the number of decibels denoting such
a ratio is 10 times the logarithm to the base
10 of the ratio. The decibel measures gain
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or attenuation in power, voltage, or currentv
~ between different circuits or different parts
~ of the same circuit.

Decibel meter—An instrument used to measure
the integrated ‘'mean of a complex waveform
representing a signal, a variable frequency,
or a noise. The instrument is calibrated in

- decibels above or below an arbitrary zero
power level, represented by the resultant

~ voltage when such a power is dissipated i ina
load of specified impedance.

Dustproof instrument—An instrument so well
constructed, protected, or treated that dust
cannot enter its case and mterfere with its
operatlon

Electrodynamic (electrodynamometer) tnstru-
ment—An instrument whose operation de-
pends on the electromagnetic force resulting
from currents in one or more moving coils
acting upon the electromagnetic force pro-
~duced by the -currents m one or more fixed
coils. .

Electrostatic instrument—An  instrument -
whose operation depends on the forces of -
~attraction and repulsion between ‘bodies
charged with electricity. '

Electmtkermw mstmment——-—An instrument -
whose operation depends on the heating effect
of an electric current. Two distinct types
are used: the expansion type, including the
hot-wire and hot-strap type instruments, and
the thermocouple type, in which one or more
thermocouples, heated directly or indirectly
by the passage of a current, supply de which
flows through the coil of a suitable d-¢c mecha-
nism, such as a meter of the permanent-mag-
net, moving-coil type.

Frequency meter—An instrument calibrated in
- cycles per second and designed to measure
the frequency of low-frequency ac. Also, an
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. instrument which contains a standard cali- |

brated, radio-frequency generator, a mixer
circuit, and a detector and uses the zero-beat
method to determine the frequency of a sig-
nal.

Frequency variation meter (frequency meter)—
An instrument calibrated to read, in cycles
or percent, variations from a standard fre-
quency (when the frequency is normal, the
reading is zero)

Galva%ometer—-—An instrument for 1nd1cat1ng
or measuring a minute electric current by
means of the electromagnetic forces set up
as a result of the current.

Induction instrument—An métrument in which
the torque is produced by the action of fixed
coils on moving conducting parts (such as
digks, and drums, ete.) that carry currents
- produced by electromagnetic induction.

Instmment—A device which measures the value
of the quantlty under observation. The term
instrument is used to include not only the

instrument proper, but also any necessary as-

sociated apparatus, such as shunts, shunt

leads, resistors, reactors, capacitors, or in-

strument transformers.

Instrument proper—The instrument proper is
the meter mechanism and scale in the case;
it includes all parts (such as resistors, and
shunts) built into the case or nonremovably
attached to it. For example: "A 500-ampere
d-c ammeter consists of the instrument proper
(which may be essentially a millivoltmeter),
together with a 500-ampere shunt and a pair
of shunt leads. A wattmeter consists of the
instrument proper (essentially a 5-ampere,
110-volt wattmeter), together with a current
transformer and a potential transformer. The
term instrument usually denotes a complete
test set, whereas the term meter denotes a
single-function device, such as a panel meter.

Jewels—Materials used for instrument pivots.
Precious gems, usually sapphires, normally

. are used in this application, but other gems
with a hardness equal to or greater than
sapphires are equally acceptable. For certain
applications, other materials, such as very
hard-glass, are used sat1sfactorlly to replace
precious gems.
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Kiloammeter—An instrument calibrated in kilo-
-~ amperes (1 kiloampere equals 1,000 amperes) .

and designed to measure the current in a
cireuit.

Kilovoltmeter—An instrument calibrated in
kilovolts (1 kilovolt equals 1,000 volts) and

designed to measure the voltage in a circuit,

Kilowattmeter—An instrument calibrated in
kilowatts (1 kilowatt equals 1,000 watts) and
designed to measure the power in a circuit.

Light meter, or exposure meter—An instrument |

for measuring the intensity of illumination
(either direct light from the source or re-
flected light from an object or area). In the
photovoltaic type, operation depends on the
current generated by a photoelectric cell when
light strikes it. This type of instrument
usually is calibrated in arbitrary units, such
as foot-candles, which may be converted mto
lens openings and shutter speeds.

Measurement range (of scales)—The measure-
ment range is that part of the indicating

range within which the requirement for ac-

‘curacy must be met.

Mechanism—The mechanical and electrical ar-
rangement used to produce and control the
motion of the reading indicator. It includes
all the essential parts, but does not include
the base, scale, cover, or any parts (such
as series ;emstors or shunts) whose function
is to make the indicated value of the measured
quantity agree with the actual value. Also
known as the movement.

Megowattmeter—An instrument calibrated' in
megowatts (1 megowatt equals 1,000,000
watts) and designed to measure the power in
a circuit. o

Microammeter—An instrument calibrated in
microamperes (1 ampere equals 1,000,000
microamperes) and designed to measure the
current in a circuit.

Milliammeter—An instrument calibrated in
milliamperes (1 ampere equals 1,000 milli-
-amperes) and designed to measure the cur-
rent in a circuit.

Millivoltmeter—An instrument calibrated in

" millivolts (1 volt equals 1,000 millivolts) and
designed to measure the voltage in a circuit.
When used with an external shunt, a mﬂh-
voltmeter measures d-c amperes.
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Modulation meter—An instrument designed to
indicate the percentage of modulation of the
output of a modulated radio transmitter, with
respect to complete (100-percent) modula-
tion.

Moistureproof instrument—An instrument con-

‘'structed, protected, or treated so that its oper-

- ation is not hampered by the entrance of

moisture into its case, or so that moisture
cannot enter its case. ‘

Moving element—The reading indicator and the
parts that move it. Also known as the move-
ment, moving coil, or moving-iron vane.

Moving-iron-vane instrument—An instrument

in which the movement of one or several
pieces of soft iron is caused by the magnetic
field of a fixed coil or coil system. Various
forms of this instrument (plunger, vane, re-
pulsion) are distinguished chiefly by dif-
ferences in mechanical features of construc-
tion.

Multimeter—An instrument compoéed of an
instrument proper, switches, mulfipliers, rec-
tifiers, vacuum tubes and associated circuits;
it may be used to measure several different
electrical characteristics, such as current,
voltage, and resistance. '

Multiplier—A series resistor used to extend the
range of a voltmeter beyond the particular
value for which the basic meter is designed.

Mutual conductance meter—An inétrument de-
signed to indicate the mutual conductance of
the vacuum tube.

Noise meter—An instrument for measuring
*noise volumes in comparison with a standard
sound level, usually the threshold value. The
ratio usually is indicated on a decibel meter
used in connection with the device.

‘Ohmmeter—An instrument designed to meas-
ure the electrical resistance of a circuit. It
usually is calibrated in units, tens, hundreds,
and thousands of ohms. When designed to
measure very high resistances, it is usually
calibrated in megohms.

Permanent-magnet moving-coil instrument—

An instrument that has a coil which moves
w_'ithin the field of a permanent magnet.
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Power-factor meter—An instrument designed
to measure the phase relatwnshxp between
“voltage and current in an a-¢ circuit. - The
instrument is calibrated in terms of the cosine
of the angle by which the current lags or
leads the voltage.

- Pyrometer—An instrument designed to meas-

ure high temperatures. A voltage is generated
at the junction of two dissimilar metals by
the presence of the temperature to be read.
This voltage is measured on a meter cali-
brated in degrees of temperature (centigrade,
Fahrenheit, or other arbitrary values).

Radio-frequency instmmen&——Generally; any
instrument designed to operate at 20 kllO-
cycles per second or higher.

Range of an instrument—A designation as-
signed to indicate the maximum value of a
quantity which can be measured; usually
‘the full-scale value. In certain special in-
struments both minimum and maximum
‘values are given.

Rating (circuit) of mstmment-—-J.I‘he maximum
current or voltage level to which an instru-
ment may be subjected without damage.

Ratio meter—-—A/n instrument designed to indi-
cate the ratio between twa voltages or cur-
rents. - o '

Reactor—A reactor is a device that may be in-
ductive, capacitive, or a combination of both;
it is used in a meter circuit to adjust the phase

~relation between voltage and current. In
meter work, reactances usualiy have a long
time constant.

Rectzﬁeo' mstrumen#—A combination of a d-c
sensitive instrument and a means of rectlfy-
ing an ac or voltage to be measured.

Response—The rapidity, usually in seconds,
with which the pointer of an instrument
comes to rest after a change in the value of

" the quantity being measured.

Revolution indicator—An instrument designed
‘to measure (usually by mechanical means)
in revolutions per minute the speed of a ro-
tating machine. '
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‘Seale length—The scale length is the lineal dis-
tance over which the pointer can move from
-one end of the complete scale to the other. In
knife-edge pointers and other types which
extend beyond the scale division marks, the
excursion of the pointer is considered to end
at the outer end of the shortest. scale-dlvxsmn
marks.

' Self-contamed mstmment—-—-An mstrument into
which all necessary auxiliary equipment is
built or to which it is fixed permanently.

~ Series resistor—A resistor placed in series with

the voltage circuit of an instrument to limit

‘the current through the instrument and ex-
tend its range in volts.-

| Shunt——-A resistor connected in parallel with
a measuring dev:lce to extend its current
range. : ‘

Shunt leads—The conductors which cohnect the
current circuit of an instrument to the shunt;
they normally are calibrated for use with a
specified instrument.

Temperature indicator—An “instrument de-
signed to measure temperature by electrical
means. The temperature-sensitive element is
‘usually an embedded resistance coil whose re-
sistance changes in proportion to tempera-
ture changes. Its range is usually lower than
that of the pyrometer, and it is more sensi-
tive to small variations in temperature.

Temperature influence—Temperature influence
is the percentage change in the full-scale value
indication of an instrument, caused by a

- ‘change in room temperature of plus or minus
10° from a reference level.

Thermionic instrument—An instrument in
which vacuum-tube circuits are employed to
measure electrical quantities. It is also re-
ferred to as electronic multimeter and VIVM

~ (vacuum-tube voltmeter).
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‘Watertight

Thermocouple———A device using two joined dis-

similar metals which, when hested, generate =~

a voltage proportional to the difference in
temperature between the hot and cold Junc-
tions,

Thyratron tube—A gas-ﬁlled hot-cathode, tri-
ode tube in which the plate current is con-
trolled by the potential on the grid until the
tube fires.

Volt-capacitance metefr—-—A combination instru-
ment for measuring voltage and capacitance.

Volt-ohm-milliammeter—A combination instru-
ment for measuring voltage, resistance, and
current. This type of instrument uses fixed
and variable resistance and switches in ap-
propriate circuits to perform the patticular
function degired. :

Voltage circuit of instrument—The voltage cir-
cuit of an instrument is that winding of an
instrument to which is applied the voltage to

be measured, a definite fraction of it, or a
voltage dependent on it. :

Voltammeter—An instrument that measures
- both volts and amperes.

Voltmeter—An instrument designed to measure,

- the pressure in volts in an electrical circuit.

(submersible)  instrument—A
watertight (submersible) instrument is
. mounted in a case that will withstand com-
plete imfhersion in a tank containing suffi-
cient water to cover all parts to a depth of at
" least 3 feet. After 1 hour, there should be
no visible trace of penetration of water into
the interior. »

Watthour meter—An instrument designed to
measure the power in an electrical circuit in
watts, integrated over a period of time in
hours. ‘

Wattmeter—An instrument designed to meas-

~ ure the true power in an electrical circuit.
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Instrument Tool Equipment 7
TK-3/MSM-2, ~
Internal: . )
Mechamgm, disassembly for major - 82¢.
repairs to. .
Resistanceof meters__._._______. 39
Iron-vane type frequency meter, calibra- 37b
twn. ,
J ewels : : 84e
Laboratory standards 5
Laws of magnetism —. 125,18
Lines of force : B ¥
Locknut balance weight 34a
kLubrication : 40e
Magnet charger, expedient, construction App I
‘Magnet Charger TS-336A/GSM-~1__..__ ' 45
" Magnetic: - . :
- Field.. ' , S 12
Poles....—_— : 12a
Shielding__..._: ~ ~ 17
Magnetism, laws 125,13
Magnets -~ 11a,11b
Maintenance: ‘
 Desert 40d
Diagnosis of trouble. . ___ 32d
Disassembly for major repairs to - 82¢ .

internal mechanism. _ o '
Field__. et 31b
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40
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Maintenance—Continued -
“ Fixed: p

Depot

" 8hop

General
-Levels. ..

" Mobile repair shop

Operator.. e
Organizational
Procedure ‘ -
_“Tropical ... -
" Unit radio repairman________ S
~ Winter .

 Major répairs to internal mechanism___

Measurement, resistance.__.__________

Measurmg instruments, eiectrlcal com- .

_ponent parts.
, Mechamcal: - .
Inspection.._.. -
Repairs :
" Meter: ‘
Cahbration: _—
- A-c -
A D’Arsonval type ______________
- D(ec:hel’
' Electrodynamometer type._____
Exposure.
Frequency
"Reetifiertype oo
‘Thermocouple type .. _____
Copper-oxide rectifier type__.._.__
D’Arsonval —
Electrodynamometer type __.___.
Exposure
Failure to indicate I
Frequency

' Half-wave rectifier type._________

Internal resxsta,nce _______________

.Millivotmeter___________________ .

" ‘Moving iron-vane type___________._
Reading: T
‘Backward._.
Erratw S

H:gh — o

- Low__.
Rectiﬁer type.
- Repair parts ‘
 Thermocouple type. - — oo
Voltmeter__..
Meter Repair Parts Kit MK~-3/MSM-2_..
Meter Test Equipment AN/GSM~1B___
- Mobile repair shop maintenance....__.....
Mounting, moving-element____________
:‘Movement, pointer absence___._________
Moving:
" -Element
Element mounting
Iroh-vanetypemeter . _______..

93

1

3¢

. 815(2)

30
31

’316(1) :
- 3la(l)

- 3la
32

32a
83

-85b

- 8ba
+36¢
35¢

- 5 62,63

- 36a
- 86b
26b
20
24
62 63
38b
29
265
39

25

38f

38e
, 33(1
38¢

41
31b(1)
18e
33¢

195
19e

21
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30 .

30
30

30
- 30
30

31
46
30
46

31

52
7

81
32

41

40

44
42
9
44

42

43
18
13
16
79
45

24
19

46

13
18

45

45
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45
18

23

13

48
30

34
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47 .

42

19
19

82

Multimeter:
TS-26/T8M:

Ranges: :

. Resistance__.__..._______. ble 58

Voltage.__ 51b b7

; Sensitivity. bla 67
- Ranges: ‘

" Current 52d 61
Resistanece______________. 52e 63
Yoltage ——~ 52b,52¢ B8, 60

Sensitivity . 52a

TS-852/U: '

Ranges: - ,
Do 53¢ 64
Resistance__...._________. - B3d - 64
Voltage - 53b, 53¢ 63,64

Sensitivity ... _____________ 53a 63

Multipliers , 19 10
North pole...__ - - 12¢
" ‘Ohmmeter I 44b b2
Operating prineiples, basie, electrlcal 9,10 '
‘measuring mstruments ; :
Operator maintenance______._________ 3la(l) 30 .
Organizational maintenance: : ‘
Operator e 31a(1) 80
o Unit : 31a(2) 80
Qutput Meter TS—585A/U )
Calibration.... — - 59b
* Sensitivity 59a =~ 73
Parts: - '
Electrical measuring instruments.. 19 7
Meter repair__ — 8 2.
Repair____. 4 1
Permanentmagnets__________________ iia 3
Pivots: ' A
General 84¢(1) 87
“Roughened or ﬂattened _____ e 34¢(2) a7
Pointer: o :
~ Movement: ,
Absence 339 84
Erratic 83 - 34
Zero adjustment __________________ - 34b 86
Pointers . 83d(1) 32
Poles, magnetic 120 3
Procedure: : : :
- Field and base mamtenance ________ 31b, 31¢ 80,31
For testing with TS-682/GSM-1__. 43
Purpose of manual.._ 1
Rectifier type meter__. . 26
Calibration 36a -
Copper-oxide 26b
Half-wave - A 26b
References App I
Refinishing ——ew 83¢ 83
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Repalrs T

Internal mechamsm, dlsassembly 32¢

for major. o
Mechanical and electrical__.______. 33
Mobile shop maintenance._..._..__.__ 31b(1)
Responsibilities and maintenance 31
levels, KR

. Resistance measurements: S

" Decade resistor : — 44a.
Ohmmeter : ~ 44b
Wheatstone bndgn " 440

Resistors: - : ‘ ‘

- Card-type...__. o 19i(5)
Series. ..l il , 194(2)
Spool___. . . 19¢(5)

. Tubular e - 19i(5),
Rings, calibration... - : : 42
Roughened or ﬂattened plvots*-~,w___;. 34¢(2)
Scope of manual______ SO .2
Screws , : : 194
Secondarystandards_._.._____.______. - B

‘Series resistors._.. Lo - 191(2)
= .. Shielding, magnetic. ... _. ' 17
* Shop maintenance: : -
. Pixed.. ‘ o 81b(2)
Mobile repair 315(1)
Shunts . . » 198
Qolenoids_. L 15
South pole - ‘ 12a
Split-thread balance wexght__,u__....*_,. 34a(2)
Spool resistors - 191 (5)

- Standards__.__ ARSI b
Stationary element S . 19¢
Terminals and havdware._________.... 33¢(2)
Test equipment: : - o

Decade Resistor. TS—679/ Ui 6d
Frequency Meter FR-401/GSM-1 _  6¢, 4T
Magnet Charger TS-336A/GSM-1, &b

. and demagnetizer coil. :
- Meter Test Equipment . ©.b-41
AN/GSM-1B. ‘ ' :

' Meter Test Set TS-682/GSM-1__ - 6a
Test procedures with Meter Test Set 48

TS-682/GSM-1.
Test Set I-157-A:

Battery tester_. ' B . B6h

© General.._.____ - 56a
Ranges: - ,
Current X : © BBe -
- Resistance ... . wwn. o B6f
Voltage.. : e b56e, d
Sensitivity : i b6b
Tube tester.. ' : ‘ 56y

‘"i‘estmg for trouble after callbratlon

Genersl \ ¢ 88a
. Meter: : ' R
Failure to indicate___.____.___. 38b
Reading: :
Backward.._. e 387
Erratic. = 38¢c
High__ ‘enl. . 38d
Low_.s. P 38¢"
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37

1
9
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11
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30
30
10
4
3

34

11

71

68

69

69 -
- 69

68

(o
45

45

45

45
. 4B

Parégraph Page »
19

Thermionic (vacuum-tube) valtrﬁeter,,,. 27

- Thermocouple type meter___.___ SN 28
Calibration - e 36b
~Tools_ : —— 7
Tropical mamtenance_ — 400
Trouble: ,
After calibration, testing for______. - 88
Diagnosis 32d
"TS-26/TSM, Multimeter: :

Ranges: ,
Resistance ~ - "Ble
Voltage.__. a_ 51b

Sensitivity. — bla

TS-268/U, Crystal Rectifier Test Set: .
Operational check I 1:1
Sensitivity. — - 584

T8-297/U, Multimeter:

Ranges: .
Current ; .. bB2d
Resistance____ — 52¢
Voltage: _- 52b, 52¢

; Sensitivity .- b2a .

TS-336A/GSM-1, Magnet Charger____. ; 45

TS8-352/U, Multimeter: R

Ranges: : ‘ U
Dec__ ’ 53¢
Resistance. . b3d
Voltage 53b, B3¢

" Sensitivity__ b3a

T8~368/U, Voltmeter: L g
Sensitivity_____.___ —— © . 49¢a
Voltage ranges 49

TS-505/U, Electronie Multlmeter :

Ranges: 4 - a :
Resistance_  B4d

"~ Voltage . N 54b 546

Sensitivity __ , : 54a :

TS~-585A/U, Output Meter: . :
Calibration I 59b V
Sensitivity - -~ b59a

Tube Testers 1177, I-177-A, and

I-177-B:- , S

Operational check . . bbb

Parts check. ~ - B5e

Sensitivity .. . bba

Tub_ular resistors_. i 194(5)

Vacuum-tube voltmeter______.____ . __ : 27

Vibrating-reed type frequency meter, - 37¢
calibration. ' :

Vcltmeter I-60 (Weston No. 280)

Ranges: ; :

. Current 50c
Voltage___ 508
Sensitivity : b0a

Voltmeter TS~363/U:

Sensitivity_.__ ~ 49a

. Voltage ranges 495

Voltmeters and ammeters.-_____. - 48

I3

23

43

2
46

45
81

57
. 57

73

73 -

61 -
63

58, 60
b8
58

63

55
55.

68

66, 68

66

73
73

68

68

11

19
4%

C BT
57
57

b5

553 )

55
95

B8

64
64
63, 64
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‘ . Paragraph Page i = ) Pa.rag;raphv Paée
Wattmeter L 24b 17  Wire-wound balance weights__________. 34a(8) 85
Weatherproofing 2 ‘ 40 46- ~ Working standard_ b 1
General o e 40a 46 Zeio: '
Lubrication : R 40e 46 .. :
Maintenance i -  40b-40d 46 Ad,zuster - ——- 33d(2) 33
. : Adjustment of pointer_..__________ 34b 35
Weights, balance -~ 34a 34 g
h brid ZM-3/U, Capacity Analyzer:
W_ eatstone bridge - 44a 52 Accuracy limits 57¢ . 11
Windows... 33a 32 Calibration e 57b . 71
Winter maintenance . 40¢ . 46 " Sensitivity ] - b7a 71 i
;
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