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Ch 3 to NAVSHIPS 93808

UNCLASSIFIED 5 March 1965

Change 3 changes the technical manual to reflect
Electronic Multimeter AN/USM-116C.

Make the following penm and ink corrections.

PAGE
= HD -

CHANGE

IN EFFECT

Cover & Change 1

Title
Page

All

viii

1-4

Change 1

Change 1

Change 1

Change 1

PARA & LINE
or FIG. &
LOCATION

ACTION

Under
AN/USM-116

Wherever
nomenclature
ANJUSM-116
appears

Under 3-1

1-4.b.(1)
(2)
(3)

€4)

3-4d(2) (a)

Add "AN/USM-116A and
AN fUSM-116C, Data
Instrument Division of
Industrial Electronic
Hardware Corp.,
Pennsauken, N, J."

Add "AN/USM-116A and
AN/USM-116C_"™

Add "3-1.1 Removal of
AC Probe Tip".

Add "and AN/USM-116C".

Add "and N600(24-126)62533"
Add "and Data Instrument
Division of Industrial
Electronic lardware

Corp., Pennsauken, N. J."
Add "and DCASR,
Philadelphia, Pa."

Delete and substitute
the following:
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Figure 3-1.1 Removal of AC Probe Tip

3-4d(2) (a) Perform the following steps to remove probe
tip.

CAUTTION

a. Place cork cover prod point prior to
disassembly.

b. Teflon probe cup must be held firmly
witih respect to housing of probe. If
allowed to rotate, internal resistor
R-1 will be broken.

(i) If probe has an unbonded rubber jacket, unscrew
ground lead, roll back rubber jacket, and reinsert ground
lead.

(1i) Hold probe in right hand as shown in figure
3-1.1 and depress teflon cup by pushing cork agaimst
vertical surface.

2.



(iii) Turn outer ring counterclockwise with thumb
and index finger of left hand until outer ring is free
and slide forward over teflon tip. Remove teflon cup by
sliding forward away from housing.

PARA & LINE
PAGE CHANGE or FIG. &
NO. IN EFFECT LOCATION ACTLON
6-6 Change 1 Table 6-1 For CR5 add "and

USN IN3030B"™.

Change 2 Table 6-1 For E1 add "and Data
Instrument Division
P/N 200171".
For E2 add "and Data

Instrument Division
P/N 200298".

6-7 Change 2 Table 6-1 For E3 add "and Data
Instrument Division P/N
200166".
For Fl1 add "and Data

Instrument Division
P/N 100052",

6-8 Change 2 Table 6-1 For M1 add "and AN/USM-
116C Data Instrument
Division P/N 200249".

6-15 Change 1 Table 6-1 For R34 add "For AN/USM-
116C RESISTOR, FIXED,
COMPOSITION: 5.1 megohms
+5%, 1/2W, MIL-R-11,
type No. RCZ0GF5151, AB
P/N EB-5155".
For R35 add "and Data
Instrument Division
P/N 100263",

b-16 Change 1 Table 6-1 For R36 add "and MIL-R-
22684 type no. RL20S244)".



PARA & LINE
PAGE CHANGE or FIG. &
NO. IN EFFECT LOCATION ACTION

6-17 Change 1 Table 6-1 For R39 add "MIL-R-22684
type no. RL20S4733".
For R40 add "MIL-R-22684
type no. RL20S303J".
For R41 add "MIL-R-22684
type no. RL20SB24J".
For R43 add "MIL-R-22684
type no. RL325242J3".

6-18 Change 1 Table 6-1 For R48 add "MIL-R-22684
type no. RL325393J".

6-19 Change 1 Table 6-1 For R49 add "MIL-R-22684
type no. RL32S5753J™.

6-20 Change 1 Table 6-1 For R56 add "and type no.
RVENAYSLS03A".

6-21 Change 1 Table 6-1 For S1 add "and Data
Instrument Division
P/N 200307".
For S2 add "and Data
Instrument Division
P/N 200318".
For Tl add "and Data
Instrument Division
P/N 200157".

6-23 Change I Table 6-1 For W1 add "Data
Instrument Division P/N
200109".
For W2 add "Data
Instrument Division
P/N 200244,
For &3 add "Data

Instrument Division
P/N 200246".



PAGE
NO.

PARA & LINE
CHANCE or FIG. &

IN EFFECT LOCATION ACTION

6-23

6-25

6-26

Change 1 Table 6-1 For W4 add "Data
Instrument Division
P/N 200102".
For W5 add "Data
Instrument Division
P/N 200267".
For W6 add "Data
Instrument Division
P/N 200278".

Change 1 Table 6-1 Delete TS102P01 and
add "TS102P03".

Change 1 Table 6-2 After CIS add the
following:

DID

Data Instrument Division of
Industrial Electronic
Hardware Curp.

7300 Crescent Blvd.
Pennsauken, N. J.

Insert this change in the technical manual immediately
after the front cover.
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Ch 2 to NAVSHIPS 93808 UNCLASSIFIED 24 March 1964

Change 2 changes the technical manual to reflect
Electronic Multimeter AN/USM-116A.

Make the following pen and ink corrections.

PARA & LINE
PAGE CHANGE or FIG. &
NO. IN EFFECT LOCATION ACTION
Cover Change 1 Under Add "and AN/USM-116A,
& Title AN/USM-116  manufactured by
Page Winslow Tele-Tronics, Inc.
Asbury Park, N. J."
All Wherever Add "and AN/USM~116A."
Nomenclature
AN/USM-116
appears.
1-4 Change 1  1-4.b.(1) Add "and AN/USM-116A".

(2) Add "and N600(24)60931",

(3) Add "and Winslow Tele-
Tronics, Inc., Asbury
Park, N. J.",

(4) Add "and Inspector of
Naval Material, Newark,
N, J.".

1-7 Change 1 Table 1-2 After UG-1447/USM-116
add "and UG-1447A/USM-
116".

1-8 Change 1 Table 1-2 After CU-1044/USM-116
add "and CU-1044A/USM-
1 lﬁ" .

6-3 Original Table 6-1 For €2 add "Winslow
Part/Dwg. No. V30600006".

Page 1 (of 4 Pages)



PARA & LINE
PAGE CHANGE or FIG. &

NO. IN EFFECT LOCATION ACTION

6-6 Change 1 Table 6-1 For DS1 add "'MS25237-
328",
For El add "'and UG-1447A/
USM-116 Winslow P/N
Ab4&D0002" .
For E2 add "and CU-1044A/[
USM-116 Winslow P/N
AB4400010".

6-7 Original Table 6-1 For E3 add "Winslow P/N
A51420010".
For F1 and "Winslow P/K
V3il&a20007".
For F2 add "MIL-F-15160D,
Type FO2A250V1A".
For F3 add "MIL-F-
15160D, Type FO2B250V1/2A".

b-8 Original Table 6-1 For Ml add "and AN/USM-
116A Winslow P/N
V20300004,
For P1 add "and UP131M".

6-9 Original Table 6-1 For R2 add "MIL-R-
10509D, Type RN70E3RU0"™.
For R4 add :MIL-R-
10509D, Type RNBOBS605F".
For R5 add "MIL-R-10509D,
Type RNBOB1965F".

5-10 Original Table 6-1 For R6 add "MIL-R-
10509D, Type RN75B5604F".
For R7, add "“MIL-R-
10509D, Type RN7ORB1964F".
For R8 add "MIL-R-
10509D, Type RN7OL5603F".
For R9 add "MIL-R-
10509D, Type RN70B1963F".

For R10 add "MIL-R-
10509D, Type RN70B0823F".



PARA & LINE

For R12 add "MIL-R-
10509D, Type RNBOB9YOROF".
For R13 add "MIL-R-
10509D, Type RN75BOSO1F".
For R14 add "MIL-R-10509D,
Type RN75BOS0ZF".

For R15 add "MIL-R-
10509D, Type RN7S5E0903F".
For Rlé add "MIL-R-
10509D, Type RN7SBYUO3F".
For R17 add "MIL-R-
10509D, Type RN7SE9004F".
For 81 add "MIL-S-

3786A, Type SRO1S30BIMC,
Winslow B/N V20B10004"™.
For 52 add "MIL-S-

378vA, type SRO1S30BIMC,
Winslow P/N VZ20810005".
For Tl add "MIL-1-2Z7a,
Type TF4RX03YY,

Winslow P/N vZ0400008".

For Wl add "Winslew
P/N AB3200640" .

PAGE CHANGE or FIG. &
NO. IN EFFECT LOCATION ACTION
6-11 Original Table 6-1
6-21 Original Table 6-1
6-23 Change 1 Table 6-1
6-23 Change 1 Table 6-1

For W? add "Winslow
P/N AB3200650".
For W3 add "Winslow
P/N AB3200660".
For W4 add "Winslow
P/N A83200630".
For W5 add "Winslow
P/N ABOBOOO10".
For W6 add "Winslow
P/N A83200670".



PARA & LINE

PAGE CHANGE or FIG. &

NOD. IN EFFECT LOCATION ACTION

6-27 Original Table 6-2 Add the following:
Bottom

Winslow Winslow Tele-Tromics, Inc. 1005 First Ave.

Asbury Park,
New Jersey

Insert this change in the technical manual immediately
after the front cover.
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Effective Pages

NAVSHIPS 93808

FRONT MATTER

LIST OF EFFECTIVE PAGES

Page Numbers Change in Effect
Title Change 2
ii Change 2
iii to ix Original
X Change 1
1-1 to 1-2 Change 2
1-3 to 1-4 Change 2
1-4A to 1-8 Change 1
1-9 Original
2-0 to 2-1 Original
3-0 to 3-11 Original
4-0to 4-5 Original
4-6 to 4-7 Change 1
4-8 to 4-11 Original
4-12 to 4-13 Change 1
4-14 Original
5-1to 5-26 Original
5-27 to 5-28 Change 1
6-1 to 6-4 Original
6-5 to 6-12 Change 2
6-13 to 6-16 Original
6-17 Change 1
6-18 Original
6-19 to 6-20 Original
6-21 to 6-24 Change 2
6-25 to 6-27 Original

CHANGE 2



FRONT MATIER MNAVSHIPS 93808 Promulgation Letter

DEPARTMENT OF THE NAVY
BUREAL OF BHA| P
WABHINGTON 19.D. 0. N REFLY REPEA TO

Code 240N-100

From: Chief, Bureau ef Shipa
Ta: All Activities concerned with the Installation, Operation,
and Maintenance of the Subject Equipment

Subj: Technical Manual for Electronic Multimeter AN/USM-1 16,
MNAVEHIPS 93808

l.  This is the Technical Manual for the subject squipment and
is 1n effect upon receipt.

Z. When superseded hy a later edition, this publication shall be
destroyed.

3.  Extracts {rom this publication may be made to facilitate the
Preparation of other Department of Defense publications.

4. Errors found in this publication [other than chyious typogra-
phical errors), which have not been corrected by means of Temporary
Corzections or Permanent Changes should be reported. Such report
should include the complete title of the publication and the publi-
cation number (short title); identify the page and line or figure

and location of the error; and he forwarded to the Elsctronics
Publications Section of the Bureau aof Shipa.

3. All Navy requests for NAVSHIPS electrenice publications listed
in the current issue of NAVSANDA Publication 2002 "Requisitioning
Guide and Index of Forms and Publications™, Cognirance Symbol I, or
in a subsequent issue of the Electronice Information Bulletin should
be directed to the appropriate Forms and Publications Supply Foint.

R.EK.JAMES
Chief of Bureau

ORIGINAL it
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AN/USM-116 and NAVSHIPS 93808 Paragraph
AN/USM-116A 1-1
GENERAL INFORMATION

SECTION 1
GENERAL INFORMATION

1-1. INTRODUCTION.

This technical manual describes the circuit
theory, installation, operation and maintenance pro-
cedures for Electronic Multimeter AN/USM-116A.,
See figure 1-1 for an identifying view of the multi-
meter and its accessories.

Note

To avoid repetition of lengthy nomenclature,
Electronic Multimeter AN/USM-116A will be
referred to hereafter as the ""multimeter'
or ""Multimeter AN/USM-116A'". The terms
"'prod'* and ""probe'' are used interchange-
ably in the text,

1-2. FUNCTIONAL DESCRIPTION,

a. PURPOSE. - Multimeter AN/USM-116A is a
portable, combination electronic instrument used for
general servicing of electronics equipment. It is
designed for use where precise voltage, current and
resistance measurements are required. It provides
a direct reading of values on a single indicating
meter mounted on the control panel (see figure 1-1).

A high input-impedance permits voltage measurements
to be made with only a small percentage of loading on
the circuit under test. The multimeter can measure
the following Alternating current (ac) voltages and
radio frequency (rf) voltages which are indicated inrms

CHANGE 2 1-1



AN/USM-116A

AN/USM-116 and
GENERAL INFORMATION

NAVS5HIPS 93808

Figure
1-1
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Electronic Multimeter AN/USM-116

Figure 1-1.
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AN/USM-116 and NAVSHIPS 93808 Paragraph
AN/USM-116A 1-2a
GENERAL INFORMATION

voltages; (actual deflection is proportional to the rectified
peak value)dc volts;dec current and resistance. The spe-
cific range for each of these functions is listed as follows:

(1) AC volts: 0.01 to 300 in rms values.

(2) DC volts: 0.02 to 1, 000.

(3) DC current: 20 microamperes to 1, 000
milliamperes,

(4) Resistance: 0.2 ohm to 1, 000 megohms.,

b. PHYSICAL CHARACTERISTICS. - An eight-
foot ac line cord and four test leads are permanently
connected inside the multimeter. These feed out
through the bottom of the control panel. Two un-
shielded test leads, approximately 48 inches long,
are used for making OHMS-MILS tests. The shielded
lead with the red test probe is used to measure de
volts. A 36 megohm resistor is located in the de
probe to prevent capacitance loading due to the
shielding of the lead. A screw-on type alligator clip
which is stored in the case cover can be installed on
the tip of the probes if the connection is to remain in
the circuit under test. The ac test lead is connected
to an rf probe. A special ground lead, used when
measuring rf voltages, screws into the side of the rf
probe. An alligator clip on the ground lead connects
to ground of the circuit under test. A special coaxial
adapter is used with the rf probe for voltage meas-
urements in 50 ohm coaxial lines. The multimeter is
encased in a black inpact-resistant phenolic case.

A detachable cover is used to stere the test leads and
accessories. It covers the face of the instrument
when it is not in use. A molded neoprene gasket
around the open end of the cover forms a water-tight
seal when the cover is securely fastened to the case
by the four snap-fasteners mounted on the cover.
Four rubber feet mounted on bottom of the case sup-
port the unit. The multimeter contains a 4-1/2 inch

CHANGE 2 1-3



Paragraph NAVSHIPS 93808 AN/USM-116 and
1-2b AN/USM-1164
GENERAL INFORMATION

circular meter having six calibrated scales, each of
which is marked with respect to its function and
range. A red pilot lamp is energized when the multi-
meter is turned on.

1-3. FACTORY OR FIELD CHANGES.

No factory or field changes have been made.

1-4. QUICK REFERENCE DATA.
a. TEMPERATURE AND HUMIDITY.

This equipment is designed to operate within the
accuracies specified herein over the entire temper-
ature range from minus 28° C to plus 50° C, with a
relative humidity up to 95 percent.

b. GENERAL DATA.

(1) Nomenclature: Electronic Multimeter
AN/USM-116, AN/USM-116A.

(2) Contract Number: N600(24)60931.

(3) Contractor: Winslow Tele-Tronics, Inc.,
Asbury Park, N.J.

(4) Cognizant Naval Inspection: Inspector of
Naval Material; Cleveland, Ohio and Inspector of
Naval Material, Newark, N.J.

(5) Number of Packages: All equipment includ-
ing accessories in one shipping container. (Refer to
table 1-1.)

¢. ELECTRICAL DATA.
(1) Accuracy: (Refer to table 1-0.)

1-4 CHANGE 2
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NAVSHIPS 93808
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GENERAL INFORMATION
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Note !
For frequencies from 50 cps to 100 mcs,
For frequencies from 100 mes to 400
mcs use the coaxial tee connector and
add £4% additional allowable inacquracy,
Frequency response rated within 1 db
from 20 cps to 700 mcs.

The accuracy of this equipment is defined as a func-
tion of the full-scale value for both voltage and current
measurements, The following formula shall be used
to determine the accuracy of voltage or current
measurements:

Percentage inaccuracy =
Indicated value-true value
X 100
full scale value

The accuracy of resistance measurements is defined
as the actual percentage deviation between the true
value of the resistance being measured and the value
indicated by the equipment. The following formula
shall be used to determine the accuracy of resistance
measurements for values up to 10 megohms:

Percentage inaccuracy =
Indicated value-true value

true value

The percentage inaccuracy of voltage and current
measurements is based upon measuring with the range
which gives the greatest angular deflection whereas
the percentage inaccuracy of resistance measure-
ments for values up to 10 megohms is based upon
measuring with the range which gives the greatest
angular deflection between 0 and 10 on the meter
scale,

X 100
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GENERAL INFORMATION

(2) Sensitivity of Indicating Meter: 100 micro-
amperes

(3) AC Input Impedance:
15 megohms at 20 cps

5 megohms shunted by 1.2 uuf at 300 kes
125 kilohms shunted by 1.1 uuf at 50 mes

(4) DC Input Impedance: 100 megohms

(5) Power Requirements:

115 vac £10%
50, 60 and 400 cps

Single Phase
40 Watts (Maximum)

TABLE 1-1. PACKAGING DATA

Volume Weight
(cubic feet)| (pounds)

Nomenclature
Electronic Multimeter 0.435 17
AN/USM-116 (uncrated):
1.75 30

Electronic Multimeter
AN/USM-116 (crated)

CHANGE 1
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(6) Frequency Response:

Flat within + 1 db from 20 cps to 100 mcs
(using ac probe alone)

Flat within + 1 db from 100 mcs to 700
mces (using ac probe with coaxial tee connector)

(7) Ranges:

AC Volts: 0-1, 3, 10, 30, 100, 300
DC Volts: 0-1, 3, 10, 30, 100, 300, 1000
DC Mils: 0-1, 3, 10, 30, 100, 300, 1000
Resistance: at center scale of 10 chms:
X1, X10, X100, X1K, X10K, X100K, XIM

1-5. EQUIPMENT LISTS.

a. EQUIPMENT SUPPLIED. - Multimeter ac-
cessories are listed in table 1-2. Each of these is
stored in the case cover when it is not in use.

b. EQUIPMENT AND PUBLICATIONS REQUIR-
ED. - No equipment or publications other than those
supplied with the unit are required.

¢. SHIPPING DATA. - Cubic inch displacement
of the multimeter, crated and uncrated, together
with other physical characteristics necessary to
determine the proper size shipping box, is listed in
tablE 1'2-

d. EQUIPMENT SIMILARITIES, - Not applicable.

e. ELECTRON TUBE COMPLEMENT. - The
multimeter is supplied with a full complément of
electron tubes summarized in table 1-3. The loca-
tion of tubes V2, V3, V4 and V5 and transistor Q1
is shown in the tube socket diagram, figure 5-3.
V1 is housed in the AC probe figure 5-8.

1-6 CHANGE 1
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AN/USM-116 NAVSHIPS 93808 Table
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TABLE 1-3. ELECTRONIC MULTIMETER AN/USM-116,
ELECTRONIC TUBE COMPLEMENT

Tube Designation Quantity
6923/EA52 vl 1
6AUEWA V2, V3, V5 3
6X4WA V4 1
2N28TA Q1 1
(Transistor)
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SECTION 2
INSTALLATION

2-1. UNPACKING AND HANDLING.

There are no special instructions for unpacking
the multimeter. It is advisable to save the packaging
materials, if practical, until the time when they may
be reused for shipment or storage.

2-2. SITE SELECTION.,

No special location is required outside of placing
the meter on a rigid bench or table where adequate

light, ventilation and the necessary power outlets are
available.

2-3. POWER REQUIREMENTS AND DISTRIBUTION.

The multimeter will operate to specifications
when connected to any 105 to 125 volt, 50 to 400,
cycle ac outlet. It requires approximately 40 watts
of power,

2-4. INSPECTION AND ADJUSTMENTS., - After
unpacking multimeter, no special adjustments are
required outside of checking the mechanical zero
adjustment (refer to paragraph 3-3c).

a, Inspect the instrument for damage incurred

during shipment or storage. Look for broken con-
trols, damaged leads, broken glass in face of meter

20 ORIGINAL
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and other obvious signs of damage. I equipment is
damaged, repair according to instructions in Section
5, or fill out a failure report (refer to paragraph 5-6)
and forward it to the Bureau of Ships.

2-5. PREPARATION FOR RESHIPMENT.

The exact procedure for packaging depends on the
material available and the conditions under which the
equipment will be shipped an¢/or stored. Use the
original packing materials if they are available.
Special instructions or precautions relative to pro-
tective packing or handling, including shipping forms,
etc., should be referred to the officer in charge.

ORIGINAL 2-1
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SECTION 3
OPERATOR'S SECTION

3-1. FUNCTIONAL OPERATION.

Multimeter AN/USM-116 can be used to measure
de voltages from 0.02 volts to 1, 000 volts. AC volt-
ages can be measured from 0.01 volt to 300 volts.
DC current can be measured from 20 microamperes
to 1,000 milliamperes. Resistance measurements
from 0.2 ohm to 1, 000 megohms can be made.

3-2. PREPARATION FOR USE.

a. Carefully place the multimeter upon a sturdy
bench or table near a 115 volts ac, 60 cycle power
outlet. When positioning the unit consider accessi-
bility, ventilation, lighting and ease of operation and
service,

b. Loosen four snap-fasteners and lift off the
cover assembly. Layout each lead so that it is free
and clear of all other leads. Check to see that each
is free of ground connections.

c. Connect the power cable assembly to the
power outlet. If outlet is not three ter minal ground-
ing type, connect small "pigtail" ground lead on
power cable to a suitable ground, in accordance with
latest BuShips instruction. Turn the function selec-
tor switch from OFF to any desired position. The
pilot light should glow. Allow unit to warm-up for
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approximately fifteen minutes before taking any
measurements. If unit is being used for the first
time allow it to warm up for 30 minutes.

CAUTION

The operator should understand the function
of each control on the front panel and be
thoroughly familiar with the meter scales
before making circuit tests. Ignorance of
the placement or function of the controls
could lead to serious damage to the instru-
ment.

3-3. OPERATING PROCEDURES.

a. DESCRIPTION OF CONTROLS. (See figure
3-1.)

(1) The function selector switch switches in the
necessary circuits to make the measurements listed
below. It also serves as the ac power switch for the
instrument. When it is set in the OFF position both
sides of the ac line are disconnected.

FUNCTION SWITCH POSITION
(a) DC volts positive "+DC"
(b) DC volts negative "-DC"
(c) AC volts "AC"
(d) DC current "MILS"
(e) Resistance "OHMS"

ORIGINAL 3-1
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g
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MECHAMICAL ZERD
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TERE ADJLET
CONTROL

POWAR, CARLY ——"

METER
SCALES

Figure 3-1. Electronic Multimeter AN/USM-116,
Front Panel Controls

(2) The range switch is used to select the de-
sired range for a particular nieasurement. When
making ac voltage measurements on the three highest
ranges or dc voltage measurements on the four high-
est ranges the reading must be multiplied by the
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following factors: 10 on the 0 to 30 volt range: 100
on the 0 to 100 and 0 to 300 volt ranges; 1000 on the
0-1000 volt range (for dc voltages only). When mak-
ing resistance measurements, the reading on the
ohms scale is multiplied by the factor following the
multiplication sign ""X"; these vary from 1to 1, 000, 000
depending upon the position of the selector switch.

(3) The OHMS ADJ. control permits adjustment
of the ohmmeter ranges for proper calibration.

(4) ZERO ADJ. This is a dual control. Ad-
justment of the back knob serves to balance multi-
meter for proper accuracy when measuring dc volts,
ac volts and ohms.

(5) The red knob of the ZERO ADJ. control per-
mits a secondary adjustment of the low ac voltage
ranges,

(6) The face of indicating meter M1 contains
six scales, The three lower scales are used with the
1, 3 and 10 ac volt ranges. The blue OHMS scale is
used for all resistance measurements. All other
measurements of ac volts, dc volts and de milliam-
peres are made on the two top scales.

b, SEQUENCE OF OPERATION,

The sequence of operation for the AN/USM-
116 is similar toall electronic multimeters, Instruc-
tions onhow to perform particular measurements for
each function are given in paragraph 3-4.

c. METER ADJUSTMENTS,

With the power off, check to see if meter
pointer rests at zero. If pointer does not rest at
zero, carefully turn meter mechanical zero adjust-
ment screw (located just below the meter scales, see
figure 3-1) with a serewdriver until pointer coincides
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exactly with the zero mark on the scale. If, during
the course of normal operation when the meter is
turned on, amechanical zero-adjust check is desired,
disconnect all test leads so that there is no input to
the meter. Then, turn the function switch to the

MILS position before turning the mechanical zero
adjustment screw.

3-4, TEST PROCEDURES,
a. DC VOLTAGE MEASUREMENTS.

(1) Withfunction switch in+DC position, set range
switch to the approximate range of measurement.

CAUTION

If voltage is unknown, always set range switch
to highest voltage range.

(2) Check meter to see if pointer rests at zero.
If it does not, rotate black ZERO ADJ. control until
meter registers zero. Move function switch from
+DC to -DC. If meter pointer shifts as function
switch is moved, it indicates that the mechanical
zero adjustment is incorrect. If necessary, readjust
mechanical zero as described in paragraph 3-3c.

(3) Place COM lead to negative or ground side
of cirtuit to be tested. Place DC probe on the posi-
tive terminal, If the polarity of the probes is correct,
the pointer will move up-scale (to the right). If the
polarity is reversed. the pointer will move down-
scale (to the left). Correct for reversed polarity by
changing position of the FUNCTION switch rather
than reversing the leads. For dc measurements in
the ranges of zero to 1V, 10V, 100V or 1000V. read
the upper scale (scale above the mirror). For de
voltages in the ranges of zero to 3V, 30V or 300V,
read the scale immediately below mirror.
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Note

The purpose of the mirror is to eliminate
errors due to parallax. When reading the
meter view the scale so that the pointer
coincides with the image in the mirror.

b. DC MILLIAMPERE MEASUREMENTS.

(1) To make a current reading, place the func-
tion switch to the MILS position and the range switch
to the desired range. Connect the red OHMS-MILS
test lead and the COM lead in series with the circuit
under test. The two scales used for dc voltage
measurements are also used for dec current meas-
urements. Since the milliammeter function does not
make use of the bridge circuit, the multimeter may
be used as a multi-range milliammeter without being
connected to an external power supply,

CAUTION

Be sure that the range switch is positioned
properly before connecting the meter into the
circuit under test. Do not apply excessive
current for long periods. The multimeter is
carefully safe-guarded against overloads, but
overloads sharply reduce input impedance so
that components in the circuit under test can
be seriously damaged,

¢. OHMMETER MEASUREMENTS.

(1) Place function switch to the OHMS position.
Set the range switch to the desired range. Hold the
probes of the OHMS-MILS test lead and the COM lead
together and turn black knob on ZERO ADJ. control
until the meter pointer registers zero. With the two
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probes now separated, set the OHMS ADJ. control so
that the meter reads infinity (e<) at the end of the
blue ochms scale,

MNots

When making resistance measurements,
keep hands clear of probe tips; not to avoid
shock which is not a danger during resis-
tance measurements but to prevent body
resistance from producing false readings,

(2) Connect the test probes across the termi-
nals of the unknown resistance. Note the position of
the meter pointer on the OHMS scale. Multiply this
reading by the factor indicated by the range switch,

Example: An unknown resistance value is
placed in series with the ohms test lead and
the common test lead. The range switch is
séet to the range at which the indicated resis-
tance can be easily read on the OHMS scale
of the meter. The indicated reading is 56 and
the range selector is set at the X100 position,
The resistance value is 56 X 100, or 5600
ohms. If the range switch had been in the

X1 position, the resistance value would be
96 X 1, or 56 chms.

CAUTION

De-energize circuit under test before meas-
uring resistance, Disconnect at least one
side of components being checked for resis-
tance value, Reconnect lead immediately
after making test,

3-8 ORIGINAL



AN/USM-116 NAVSHIPS 93808 Paragraph
OPERATOR'S SECTION 3-4d

d. AC OR RF VOLTAGE MEASUREMENTS.

(1) GENERAL, The AC probe and the COM test
probe are used for ac measurements in the low fre-
quency ranges. At higher frequencies {above 50 ke)
the short ground lead on the AC probe is substituted
for the COM probe. If a high degree of accuracy is
required when making ac voltage measurements
above 100 mc, the AC probe in inserted into a coaxial
tee connector as shown in figure 3-2, Accurate ac
voltage measurements can then be taken at frequen-
cies up to 700 me. It should be remembered, how-
ever, that the maximum voltage that can be meas-
ured at radio frequencies decreases linearly from
300 volts at 50 me to only 20 volts at 700 mc.

(2) If voltages are to be measured above 100
mc in 50 ohm coaxial lines, insert the AC probe into
the coaxial tee connector as described in steps (a)
and (b). When making measurements in un-termi-
nated lines, install the coaxial terminator plug E2.
The maximum power dissipation of the load resistor
in E2 is one watt.

(a) Unscrew the white tip on the AC probe by
turning the tip in a counterclockwise direction.

(b) Insert AC probe into the coaxial tee con-
nector. Screw in carefully until the probe body
bottoms against the top of the connector tee assem-
bly.

(3) To make ac voltage measurements, proceed
as follows:

(a) Set function switch to the AC position. Set
the range switch to the 300 volt range. Adjust the
meter pointer for a zero reading by using the black
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SCREW PROBE INTO CONNECTOR-
TEE ASSEMBLY

N -—— REMOVE PROBE

L TiP WHEN USING
COMNECTOR-TEE
ASSEMBLY

REMOVE TERMINATION PLUG
IF TAKING VOLTAGE MEASURE-
MENTS IN TERMINATED LINES

COAXIAL CONNECTOR-TEE ASSEMBLY

COAXIAL CABLE TO VOLTAGE SOURCE

Figure 3-2. Installation of AC Probe in Connector
Tee Assembly

ZERO ADJ. control. Move the range switch to the
one volt range and adjust the meter pointer for a zero
reading by using the red ZERO ADJ. control.
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Mote

The ZERO ADJ. controls should not have to be
readjusted as the range switch is moved to
different positions.

(b) Turn range switch to the desired range.
For greater accuracy, select a range which will give
approximately a center scale reading. For frequen-
cles below 50 ke, place the COM probe on the lead
ground terminal of the circuit under test. If a num-
ber of voltages in this frequency range are to be
made with respect to ground on the same piece of
equipment, the probe on the COM lead can be perma-
nently connected to the ground terminal by using' clip
E3.

CAUTION

Never connect the common fest lead to the
high potential portion of any circuit.

(¢c) For voltage measurements at frequencies
above 50 ke, attach ground lead W6 to the side of the
AC probc, Conneetalligator clip on ground lead W6
to the ground terminal. Touch test prod on AC probe
to test point and read proper scale on meter for value
of ac voltage.

WARNING

To avoid the possibility of dangerous elec-
trical shock, hold probe with hand well away
from the tip.

(d) The 30, 100 and 300-volt ranges are read
on the two upper VOLTS scales. The three lowest ac
voltage ranges, 10, 3 and 1-volt, are read on the
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three bottom scales, respectively.
e. SECURING EQUIPMENT.

To secure equipment, turn function selector
switch to the OFF position. Normally it will not be
necessary to reinstall the cover assembly each time
the multimeter is used, However, if this is neces-
sary, coil the test leads and carefully place them
inside of the cover. Then, position the cover over
the face of the control panel and secure it in place
with the four snap fasteners.

3-5. OPERATOR'S MAINTENANCE.

a. OPERATING CHECKS AND ADJUSTMENTS.
It is essential that the operator keep watch over his
equipment in order to detect minor faults before they
develop. It is suggested that a routine operational
check be made at the beginning of each period of
operation., This check may consist of the following
procedures:

(1) Check exterior of multimeter to see if there
is any obvious damage to the multimeter and to its
accessories. It should be clean and have a well-kept
appearance, Check each control and switch to see if
it functions properly. Turn on multimeter and check
to see if the pilot light is energized.

(2) Check mechanical zero-adjustment as des-
cribed in paragraph 3-3c. Move the range switch
through all of its positions while observing the action
of the meter pointer. If the zero adjustment changes
position as the range switch is moved from the 1000
volt position to the one volt position (with no input on
the +DC function) it indicates that tube V2 or V3 in
the bridge circuit may be faulty,
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b. REPLACEMENT OF PARTS. - The correc-
tion of minor faults by simple replacement proce-
dures is described as follows:

(1) PILOT LAMP, Replace the pilot lamp by
unscrewing the pilot light holder cap located just be-
low the meter face. Grip the base of the lamp
between the fingers and pull it from threaded cap
portion of pilot light holder, Insert new lamp and
replace cap in holder.

CAUTION

Use authorized replacement parts only.

(2) FUSES. To replace fuses, press in on fuse
holder and turn it in a counterclockwise direction.
Pull fuse from holder, insert new fuse and reinstall
fuse holder in socket. Be sure replacement fuse is
correct type and rating.

CAUTION

Never replace a fuse with one of higher rating.
Note that the MILS and OHMS fuses are low dc
resistance instrument-type fuses. If a fuse
burns out immediately after replacement, do
not make a second replacement until the cause
of the failure has been corrected.

(3) To replace tubes, remove the multimeter
from the case assembly and proceed as described in
Section 5.
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SECTION 4
PRINCIPLES OF OPERATIONS

4-1. OVERALL FUNCTIONAL DESCRIPTION,

a. GENERAL. - To understand the principles
upon which the operation of Multimeter AN/USM-116
is based, refer to figures 4-1 through 4-8 and to
figure 5-3 during the following explanation.

b. SIMPLIFIED CIRCUIT DESCRIPTION.

(1) The multimeter can measure ac and dc
voltages as well as resistance and current. When
measuring ac voltages, the signal is first rectified
by the diode in the probe. The signal must be recti-
fied because the meter circuit is sensitive only to dc
voltages. When dc voltages are measured, the AC
prcbe containing the diode rectifier is not needed.

(2) The dc or ac voltage to be measured is
applied across a voltage-divider network so that the
total input impedance of the multimeter remains
constant when the position of range switch 82 is
changed for various levels of input voltage.

(3) The meter is connected across a balanced
bridge network. With no input, the bridge circuit is
balanced and the meter reads zero., When the bridge
is unbalanced by an input voltage, the meter pointer
is deflected up-scale. The extent of deflection is in
proportion to the strength of the input voltage. The
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Figure 4-1. Electronic Multimeter AN/USM-116,
Overall Functional Block Diagram

meter actually measures peak ac voltage (on the ac
function) but it is calibrated in rms values.

(4) Switch S1 is used to select the desired
function. When measuring de voltages, it may also
be used to change the polarity of the multimeter from

ORIGINAL 41



Paragraph NAVSHIPS %3808 AN/ USM-116
4-1b(4) FRINCIPLES OF OPERATION

+DC to -DC, thereby eliminating the necessity of re-
versirg the test leads. Switch S2 is used to connect
the necessary resistance into the circuit for each
range. The resistance across the voltage dividers
netwcrks roduces the input signal to a level suitable
tor app.icanon to the bridge. There are three volt-
age-civider networks, one for each function.

(5) The ohmnieter section also utilizes the
bridge ciremt., When an unknown resistance is
picecd hetween the OHMS-MILS lead and the COM
le.d. iw bias voltage on V2 decreases in proportion
to the unk nown resistance. The value of the unknown
resisiaice determines the degree to which the bridge
1s vile znced and hence the magnitude of the meter
poumter feflection. No battery supply is required for
the obmirmeter circuitry.

6} The milliammeter function does not make
use of the bridge circuit. The range switch S2 con-
nects various shunts across the meter to increase
the range of current measurement.

(7) A voltage regulator V5 tends to maintain the
B+ supply voltage to tubes V2 and V3 at a constant
value despite changes in line voltage. Each of these
circuits 1s described in greater detail in the follow-

ing paragraphs.
4-2. FUNCTIONAL SECTIONS.

a. BRIDGE CIRCUIT (see figure 4-2). - The in-
put selected by the function switch is supplied to a
balanced bridge circuit that is common to all voltage
and resistance measurements. The bridge circuit
consists of two 6AU6WA pentodes in a balanced dc
circuit. The meter is connected between the cathodes
of the two pentodes and indicates the degree to which
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the circuit is balanced or unbalanced. The bridge is
properly balanced when the meter indicates zero with
no voltage applied to the grid of V2.

(1) The input voltage is fed through a voltage
divider to the grid of V2. When no input voltage is
fed to the grid, the current through tubes V2 and V3
is equal and the meter reads zero. When a voltage is
applied, V2 conducts more than V3, thus causing an
unbalanced condition across the meter. The unbalan-
ced condition causes a deflection of the meter pointer
which is proportional to the magnitude of the input
voltage.

(2) Balance of the bridge is accomplished by
varying the screen potential on V2 and V3 with zero
adjust control R35 until the currents through the
cathodes are equal (with no voltage applied to the
grid of V2).

(3) Operating bias of the bridge is adjusted by
the internal 50 kilohm bias control R57. Proper bias
is obtained when the grid currents in the 6AUBWA
tubes are at a minimum, as indicated by the absence
of shift of the meter pointer from the zero position
when the range switch is switched through its de volt-
age positions. Momentary surges should be disre-
garded. Power required for operation of the bridge
circuit is maintained at a near constant value by the
voltage regulator circuit,

(4) A high degree of degeneration is character-
istic of the bridge circuit thus reducing the unbal-
ancing effect caused by tube replacement.

(5) The bridge circuit is not utilized for dc
current measurements,
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b. DC VOLTMETER CIRCUIT (sss figure 4-38), -
The input voltage is fed through 86 megohm isolation
resistor R3 (in DC probe)to function switch 81. From
the function switch the voltage is fed to the range switch
and then to the grid of V2 in the bridge circuit. This un-
balances the bridge as described in paragraph 4-2a and
causes the meter pointer to deflect in proportion to
the magnitude of the input voltage. Isolating resistor
R3, contained in the dc probe, serves to isolate the
shunt capacitance of the shielded test lead from the
circuit under test. R3 in series with resistors R4
through R10, forms a voltage attenuator. The atten-
uation is such that the voltage applied to the bridge
circuit is the same for full scale deflection on each
range. Calibration of the entire dc measuring circuit
is accomplished by the internal calibration potentio-
meter R26. Either plus or minus dc voltages may be
measured by setting the function switch to the de-
sired polarity. The high impedance of the voltage
attenuator minimizes the loading effect on the circuit
under test.

¢, AC VOLTMETER CIRCUIT (see figure 4-4), -
Diode V1, located in the AC probe, together with
charging capacitor C2, acts as a peak detector. The
dc output of the detector is filtered by capacitor C1
before being applied to the voltage attenuator network,
The attenuated voltage is applied to the bridge and
measured in the same manner as de voltages.

(1) The slight negative contact potential devel-
oped by diode V1 is cancelled by application of a
small positive voltage supplied by a divider network
consisting of R47 and R35B. The positive potential is
adjusted to a suitable value by means of the ZERO
ADJ. control on the front panel,

ORIGINAL 4.3
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d. OHMMETER CIRCUIT (see figure 4-5). - The
chmmeter circuit consists of a group of precision
resistors in the chmmeter multiplier connected in
series with the internal dc voltage supply.

(1) The ohmmeter receives its voltage from
the regulated heater supply, thus eliminating the
problem of periodic battery replacement.

(2) The ohmmeter supply is at a 10 ohm imped-
ance. When a resistance of 10 ohms is being meas-
ured, one half of the voltage is across the resistance
and one-half is across the power supply, thus giving
a half-scale indication or 10 chms.

(3) When the chmmeter test leads are shorted
together the voltage applied to the bridge input eir-
cuit is zero. When the test leads are disconnected
from each other, the full voltage of the chmmeter
power supply is applied to the bridge circuit. Under
this condition the sensitivity of the bridge circuit is
varied by the OHMS ADJ. control until the dc voltage
which is applied to the bridge is sufficient to cause
the meter to indicate full scale or "infinity" ohms,

(4) When an unknown resistance is connected
between the OHMS-MILS probe and the COM probe,
it is placed in series with one or more of the pra-
cision resistors in the ohmmeter multiplier. The
resulting voltage drop across the unknown resistance
is proportional to the value of the unknown resistance.
This voltage drop is applied to the grid of the bridge
circuit. The resultant meter deflection is indicated
in terms of ohms,

(5) Lamp VR1 is connected across the input leads so
that if avoltage isaccidently fed to the chmmeter input the
lamp will conduct causingfuse F1toblow and prevent dam-
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age to the precision resistors in the voltage divider
circuit.

e. DC MILLIAMPERE CIRCUIT (see figure 4-6).
DC current up to 1, 000 milliamperes can be meas-
ured. For measurement of current flow the COM and
OHMS-MILS probes are connected in series with the
circuit under test., The current flows to switch S1,
then through fuse F2 to meter M1. The meter is
connected in parallel with the resistors in the mils
attenuator. Two high-resistance diodes (CR1 and
CR2) and connected in parallel across the low resis-
tance precision resistors; one in the forward direc-
tion, the other in the reverse direction. When a
current in excess of 1,000 ma is applied, the diodes
pass this current allowing time for fuse F2 to open
circuit. This prevents any damage to the meter and
to the shunt precision resistors. Under normal
operating conditions the diodes act as open circuits
and do not conduct.

CAUTION

Do not apply excessive current for long
periods.

f. POWER SUPPLY CIRCUIT (see figure 4-7).
The power supply is a convential full-wave circuit.
It supplies positive plate and screen potentials for
tubes V2, V3 and V5, Fuses F3 and F4 are incor-
porated as protective measures against overloads.
Capacitor C5A is a filter for the power supply. Pilot
lamp DS1 is connected across the 6.3 filament wind-
ing of V4. Another winding on the secondary supplies
the regulated heater voltage. This voltage is recti-
fied by diodes CR3 and CR4, (full-wave rectification)
and applied to transistor Q1. Transistor Q1 is con-
nected as an emmiter-follower and acts as a voltage
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regulator for the heater supply voltage.

g. VOLTAGE REGULATOR CIRCUIT (see figure
4-8). - Design of the voltage regulator is such that it
insures stable regulated B+ voltage for tubes V2 and
V3 despite variations in load demands or in supply
voltage fluctuations. Regulation of the entire B sup-
ply is accomplished by a shunt-type pentode regula-
tor tube V5,

(1) The negative B supply lead is clamped at a
definite level with respect to the chassis ground by
gaseous regulator tube VR3. The regulated positive
B supply is referenced to B minus through the volt-
age divider R41, R45, R50, R53 and the gaseous
regulator tube VR2., Any tendency of the total regu-
lated B supply voltage to change due to changes in
either the load current or supply voltage will cause a
change in the voltage drop across the voltage divider,
These changes are applied to the control grid of tube
V5 in such a relationship as to cause the regulator to
correct for the change in voltage.
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SECTION 5
TROUBLE-SHOOTING, SERVICE AND REPAIR

°9-1. GENERAL.,

a. Multimeter AN/USM-116 is designed so that
preliminary trouble-shooting checks can be perform-
ed without removing the multimeter from the case. If
these checks are performed and the trouble still
exists, then it is necessary to remove the instrument
from the case.

b. In tracing faults, an orderly and systematic
procedure should be followed. Troubles are first
localized within a particular system (refer to table
5-1). They are then isolated within a particular sec-
tion in the system (refer to table 5-2) and finally, the
faulty component within the section is located. For
information on additional trouble-shooting proce-
dures, attention is called to the Handbook of Test
Methods and Practices, NavShips publication 91828.
Refer also to the Electronics Maintenance Book,
NavShips 900, 000; and to the Electronics Information
Bulletin, NavShips 900, 002. In addition, it is advis-
able to check the Electronics Equipment History
Card, NavShips 536; the Repair Record Card, Nav-
Ships 529; the Alteration Record, NavShips 530; and
the Resistance Test Record Card, NavShips 531.

9-2. TEST EQUIPMENT AND SPECIAL TOOLS.

a. In order to perform the trouble-shooting pro-

ORIGINAL 5-1
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cedures described in this section, precision test
equipment, such as the Electronic Multimeter
AN/USM- 116, or equivalent, should be available.

In the absence of a multimeter, individual meters
of suitable range may be used. DC voltmeter sensi-
tivity of not less than 20, 000 ochms per volt is
required for accurate test measurement.

b. No special tools are required for maintenance
and trouble-shooting procedures.

9-3. OVERALL TROUBLE-SHOOTING.

a. PRELIMINARY CHECK. - The first step in
trouble-shooting the multimeter is to make a visual
inspection. This should be a detailed visual inspec-
tion of all components and controls. Look for loose
connections, burned parts and other possible sources
of trouble. Burned parts may make their presence
known by their distinctive odor. Obvious troubles,
such as open filaments and fuses. shorted resistors,
leaky capacitors and loose connections can usually be
found by the technician.

(1) It the pilot light does not glow when the
function switch is moved from the OFF position,
check the pilot lamp (refer to paragraph 3-5b{1) power
receptacle. line cord and line fuses,

(2) If the meter does not operate properly on a
specific function, check to see if the test lead feeding
the input signal to the faulty section of the multi-
meter is open. If the fault lies in the dc function,

5-2 ORIGINAL
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check to see if R3, which is in the dc probe handle, is
open. If the fault lies in the ac function, check to see
if any of the components in the AC probe are open or
broken. Check zero adjustment on the ac ranges. If
there is any meter pointer deflection at all, it indi-
cates that B+ voltage is available to tubes V2 and V3
in the bridge circuit,

(3) H the ohmmeter or milliammeter functions
do not operate properly, check fuses F2 and F1 (re-
fer to paragraph 3-5b(2)for fuse replacement proce-
dures).

(4) Tubes that are thought to be faulty should be
tested. Tube substitution - replacing suspected
faulty tubes with known good ones - is a method of
remedying many troubles, Tapping suspected tubes
with the finger or jarring the unit may disclose in-
termittent trouble.

b. ELECTRICAL INSPECTION. - If the visual
inspection fails to locate the fault, an electrical in-
spection inust be made. The electrode voltage of all
tubes should be checked at the tube sockets, and the
measured values compared with those given in figure
5-3. The operating voltages of all control circuits
should also be determined, and then compared with
those shown in figure 5-9 (see test points OO ¢
and (¢ ). Voltages differing greatly from speci-
fied values indicate a fault in the circuit under test.
When incorrect voltages are found, resistance
checks should be made in order to determine the
cause. The resistance values are also given on fig-
ure 5-3.

¢. SYSTEM TROUBLE-SHOOTING CHART. -
After completing the preliminary and electrical in-
spection checks, follow the service steps described

ORIGINAL 5-3
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in table 5-1. Refer to the block diagram, the sche-
matic diagrams, the tube location diagram and the
trouble-shooting tables when trying to pin-point
troubles within a particular system or circuit.

Note

To find the physica! location of a part identi-
fied by its reference designation symbol, turn
to the parts 'ocation views, figures 5-4

through 5-8, Also refer to SECTION 6, PARTS
LIST.

5-4. FUNCTIONAL TROUBLE-SHOOTING.

a. PREPARATION. - To trouble-shoot functional
sections of Multimeter AN/USM-116, the instrument
must be removed from its case. This is accom-
plished as follows:

(1) Remove two screws (see figure 5-1) which
secure the small panel to the back of the case as-
sembly.

(2) Take out three screws securing the chas.
to the back of the case assembly.

(3) Remove four screws, one of which is loca-
ted at each corner of the control panel.

(4) Carefully pull case assembly away from the
front panel and chassis assembly.

b. To gain access to components on the power
supply chassis and the function selector and range
switch panels, proceed as follows:

(1) Remove two screws (A, figure 5-2) from
underside of the chassis assembly. Swing the hinged
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COVER ASSEMBLY
CHASSIS ASSEMBLY

WASHER (RUBBER)
WASHER (STEEL)

CASE ASSEMBLY

Figure 5-1. Electronic Multimeter AN/USM-116,
Partly Exploded View
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KEY

i, POWER SUPPLY CHASSIS 2. SWITCH COMPARTMENT 31, PARMEL

Figure 5-2. Electronic Multimeter AN/USM-116,
Interior View

power supply chassis (1) away from the panels
mounted on the stationary switch compartment (2).

(2) To gain access to components on underside
of power supply chassis (1), remove screws (B)and
lift up power supply chassis.

(3) To gain access to components within the
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switch compartment (2) remove screws (C)and take
off panel (D).

(4) All components within multimeter are now
accessible for repair or replacement purposes.

c. FUNCTIONAL SECTION TROUBLE-SHOOT -
ING CHART. - The functional trouble-shooting chart
(refer to table 5-2) describes the checks that should
be made to isolate the particular part at fault. Follow
the instructions given in the table. Note that the sec-
ond column of the table lists the test point symbols
shown in figure 5-9. Refer to figure 5-3 for tube pin
voltage and resistance measure ments and for the
tube location diagram.

5-5. TYPICAL TROUBLES.

Table 5-3 lists typical troubles which may devel-
op within the multimeter. These are listed together
with the nature of the trouble and its symptoms.

Troubles should be remedied as described in tables
5-1 and 5-2.

5-6. FAILURE REPORT

Report each failure of the equipment, whether
caused by a defective part, wear, improper opera-
tion or an external cause. Use ELECTRONIC FAIL-
URE REPORT form DD787, Each pad of the forms
includes full instructions for filling out the forms and
forwarding them to the Bureau of Ships. However,
the importance of providing complete information
cannot be emphasized too much. Be sure that you
include the model designation and serial number of
the equipment (from the equipment identification
plate), the type number and serial number of the
major unit identification plate), and the type number

ORIGINAL 59



Figure NAVSHIPS 93808 AN/USM-116
5.3 TROUBLE SHOOTING, SERVICE AND REPAIR

r--— L _L__J 1
1 I
1 |
| |
| I
1 ! I
V5 |
i f'-....lh MOTE:
‘f’ [ ALL VOLTAGE MEASUREMENTS WERE
«© i "‘:1 MADE WITH & de VACUILM TUBE
H -~ VOLTMETER WITH A SENSITIVITY OF
i1 i---r" 1 | 10 MEGOMMS, ALL VOLTAGE AND
| L7 RESISTAMCE MEASUREMENTS WERE
I A MADE WITH RESPECT 10 CHASHIS
-~

Figure 5-3, Voltage and Resistance Measurements
and Tube Location Diagram
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5-6 TROUBLE SHOOTING, SERVICE AND REPAIR

and reference designation of the particular defective
part (from the technical manual). Describe the cause
of the failure completely, continuing on the back of

the form if necessary, Do not substitute brevity for
clarity. And remember--there are two sides to the
failure report-

!‘fYOU'R SIDE "

"Every FAILURE REPORT is a boost for you:
1. It shows that you are doing your job.

2. It helps make your job easier.

3. It insures available replacements.

4. It gives you a chance to pass your know-
ledge to every man on the team.

"BUREAU SIDE"
""The Bureau of Ships uses the information to:
1. Evaluate present equipment.
. Improve future equipment.
Order replacements for stock.

. Prepare field changes.

m.h:.-ﬂtﬂ

Publish maintenance data.

Always keep a supply of failure report forms on
board. You can get them from the nearest Forms
and Publications Supply Point.
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5-7. REMOVAL, ADJUSTMENT, REPAIR AND
REASSEMBLY OF PARTS AND SUBASSEMBLIES.

a. REMOVAL. - To gain access to the interior
of the multimeter for repair or replacement pur-
poses, disassemble it as described in paragraph 5-4.

Nots

The manufacturer recommends that removal
of parts be performed by duly qualified
electronics technicians only.

b. ADJUSTMENTS. - The adjustments required
to compensate for aging of tubes and other compon-
ents and for the changes caused by changes in circuit
elements are described in table 5-2. No other ad-
justments are required,

c¢. REPAIR. - Minor repairs, such as removing
scratches and burrs, replacing terminal lugs, sold-
ering loose connections, etc., should be made in
accordance with approved general shop practices. All
details of workmanship should be in accordance with
the best practice of high quality electrical equipment.
Pay particular attention to neatness and thoroughness
of soldering, wiring, clearance between soldered
connections and removal of burrs and sharp edges.

(1) TUBE FAILURE. The majority of troubles
within the multimeter will be caused by tube failure.
Replacing the bad tube with a good one will frequent-
ly correct the trouble. It should be kept in mind,
however, that tube failure may be caused by failure
of a component in the same or in a related circuit. Be
sure to check before installing new tubes, Often
faulty components that cause tube failure can be
found by visual inspection (discolored or burned

ORIGINAL 517
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resistor, leaking or burned capacitors).

(a) Tube testers cannot be depended upon to
find all possible defects in a tube, A more reliable
method is to substitute tubes known to be serviceable
for suspected faulty ones. This may save consider-
able time in trouble localizing since a tube which
tests satisfactorily in a tube tester may fail in a
particular application.

(2) CORROSION. Corrosion at a switch point
should be removed carefully with an approved solvent.

(3) LEADS. To avoid capacitive and inductive
coupling, be careful of lead dress when replacing
defective components. All component leads must be
mechanically fastened and soldered to terminals.
After soldering, components must not be taut. Allow
approximately 1/8-inch movement from centerline to
prevent vibration damage.

(a) Replacement wiring must be the same
size, type and length as original wiring. Run re-
placement wiring as close as possible to original
routing,

(b) Approximately 1/4-inch of insulation
should be stripped from ends of each lead wire, Strip

just prior to soldering to prevent oxidation of bare
wires.

(4) SOLDER. Solder all electrical connections
per MIL-S-6872, using rosin core wire solder,
Federal Specification QQ-S-571, Type Sn60. Check
to see that solder at joint is bright and shiny and that

a good mechanical as well as electrical connection
has been made.

5-18 ORIGINAL
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(5) TRANSISTOR. When installing transistor
Q1 be sure to reinstall the non-metallic insulators
between the transistor and chassis.

(6) POLARIZED COMPONENTS. Exercise care
to observe the correct polarity when replacing silicon
diodes, electrolytic capacitors and the transistor Ql.

CAUTION

Always double-check installation of polarized
components for proper connections as shown

in figure 5-9 before applying power to the
multimeter.

(7) DISASSEMBLY OF AC PROBE. To replace
electron tube V1 in the ac probe (see figure 5-8),
proceed as follows:

(a) Loosen the hushing at the cable-end of the

probe and slide it back about eight to ten inches along
the cable.

(b) Unscrew the rear housing from the front
housing and slide it away from the probe tip until the
sleeve is exposed.

The insulating tubing may pull out of the rear
housing as the rear housing is moved. If it
does, simply press it back into place.

(c) Unsolder the tube heater leads and the
lead to resistor Rl at the eyelets on the sleeve.

(d) Remove the outer ring which secures the
teflon cup to the front housing. Take off the teflon
cup and prod point assembly.

ORIGINAL 5-19
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(e) Carefully remove the spring clip from the
anode tip of tube V1. Unscrew and remove the inner
ring. Electron tube V1 can now be withdrawn from
the probe.

(8) REASSEMBLY OF AC PROBE. Reassembly
of the ac probe is essentially a reversal of the steps
described in paragraph (7). The following precau-
tions, however, should be observed.

(a) Always provide tube V1 with protection
against breakage. Be sure to put the teflon cup over
the anode lead before resoldering heater leads at the
eyelets on the sleeve,

(b) When replacing the spring clip exercise
special care not to break the anode lead on V1.

(c) When re-positioning the sleeve, gently
press it against the rear end of tube V1. Bring one
tube heater lead through each slot in the sleeve.
Then solder the lead to the eyelet.

CAUTION

Be especially careful to re-install the insula-
ting tubing properly (on the inside bore of the
rear housing). If the insulating tubing is not
replaced, components can be damaged by a
short circuit to ground. This might also cause
an electrical shock to personnel.

(9). REPLACEMENT OF COILS AND CAPACI-
TOR IN AC PROBE. To gain access to coils L1, T2
and L3 and capacitor C1, for replacement purposes,
disassembly the probe as described in paragraph (7),
steps (a) through (e).
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Figure 5-4, Main Chassis Assembly with Switch
Cover Removed
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Figure NAVSHIPS 93808 AN/USM-1156
5.5 TROUBLE SHOOTING, SERVICE AND REPAIR

Figure 5-5. Main Chassis Assembly Showing
Terminal Board
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Figure 5-6. Top View of Power Supply Chassis
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5-7 TROUBLE SHOOTING, SERVICE AMND REPAIR

Figure 5-7, Bottom View of Power Supply Chassis
with Terminal Board Tilted Upward to Show
Components on Underside
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Figure 5-8. AC Probe, Location of Components
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AN/USM-116 NAVSHIPS 93808 Paragraph
PARTS LiST 6-1

SECTION &
PARTS LISY

6-1. INTRODUCTION.

Reference designations have been assigned to
identify all maintenance parts of the equipment, They
are used for marking the equipment {(adjacent to the
part they identify when practical) and are included on
drawings, diagrams and the parts list. The letters
of the reference designation indicate the kind of part
(generic group), such as resistor, capacitor, elec-
tron tube, etc. The number differentiates between
parts of the same group. Parts are numbered from 1
to 99. Sockets associated with a particular plug-in
device such as an electron tube, fuse or lamp are
identified by a reference designation which includes
the reference designation of the plug-in device. For
example, the socket for electron tube V1 is desig-
nated XV1 and the fuseholder for fuse F1 is XF1,

6-2. MAINTENANCE PARTS LIST.

Table 6-1 lists all maintenance parts for the
equipment. Column 1 lists the reference designa-
tions in alphanumeric sequence. Column 2 refers
to explanatory notes that may appear in paragraph
6-5. Column 3 gives the name and brief descrip-
tion of all key parts (parts differing from any part
previously listed in the table). The name and des-
cription are omitted for other parts and the notation
""Same as (followed by the reference designation of

ORIGINAL 6-1



Paragraph NAVSHIPS 93808 AN/USM-1186
6-2 PARTS LIST

the corresponding key part)" is substituted. Column
4 indicates how the part is used and gives its func-
tional location in the equipment. It also includes the
pictorial illustration, if any, on which the part is
identified.

6-3. STOCK NUMBER IDENTIFICATION.

Stock numbers of parts used in this equipment
can be obtained by referring to the Stock Number
Identification Table (SNIT) published by E.S.O.

6-4. LIST OF MANUFACTURERS.

Table 6-2 lists manufacturers of parts used in
the equipment. The first column indicates the abbre-
viations used in table 6-1 to identify manufacturers.
6-5. NOTES.

The following provides additional information
about items listed in table 6-1.

a. For replacement use type 2N665.
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