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WASHINGTON, D. C. 20360
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PRECISION COMPONENTS

1. This standardization handbook has been approved by the Department of the Navy
and supersedes Ordnance Pamphlet 1755(First Revision) dated 29 April 1958 and changel
dated 8 February 1960. This edition includes many components which have been de-

veloped during the interim. Others have been removed. Synchros are now covered in
MIL-HDBK-214 and MIL-STD-710.

VAT AN A AT AN L ATE WIS SNiaaLT A &

2. This publication was appivved on 27 Sept. 1968for printing and inclusion in the
military standardization handbook series.

2 ~ ' [ S ,:_.k-:_... ,.._,l.....L...:,...l,J,‘.-

3. This document provides engineering and technical data on precision com-
ponents recommended for new design as well as on componen:s procured for maintenance
of existing eouxpments. The handbook 1s not intended to be referenced in purchase
spe citicaticn« except for informationz] purposes. nor shall 1t supersede any specifica-
tion requirements. Detaijed specification requirements may be obtainecd from the pro-
curing agencyv,*

in ontents of this hand-
book current with the state-of- cnmponem art. Page and Figure numberm; has beer re-
lated to the various chapters so that each area of interest ma\ be updated as the need
arises. Your interest and assistance is solicited. Recommendations. corrections. addr—
tions or delctions regarding the material in this handbook should be addressed t Com-
mander, Naval Air Systems Command, Lngmcermg Division, Technical oupp ort
Components Section (AIR-52022), Washington, D. C. 20360.

sion to maintain the ¢
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CHAPTER 1

INTRODUCTION

1.1 PURPOSE.

The purpose of this handbook is to provide the engineer with technical refer-
ence data on precision components for new design, and on components required for
maintenance of existing equipments. Precision components for new design are listed
in WR-40. Procurement requirements for the various components are specified in corre-
sponding specifications. :

1.2 NOMENCLATURE.

Nomenclature is assigned by the Department of the Navy. The nomenclauwre
consists of the item name followed by a type designation including a modifi-
cation letter and a part number. All precision compenernts having the same
nomenclature are mechanically and electrically intcrchangeable for all militan
applications.

1.3 REFERENCED DOCUMENTS.

Applicable documentation is referenced for each precision component
which covers the general requirements applicable and describes the technical require-
ments for procurement and the procedures by which it will be determined that the re-
quirements have been met. The unique requirements for each component type are given
in specification sheets which are identified by the general specification number with a
suffix consisting of a slant (/) and a number. (e.g. MIL-5-22820/1, etc.)

.

Items are identified by a military part number. The purpose of such identification
is to preclude the possibility of awarding more than one Federul Stock Number (FSN) to
items which are interchangeable. Thus all items which have a military par: number will
be piven the same FSN. This part number is made up of the specification number pre-
ceded by an M. Dash numbers indicate differences provided by the specification. (e.g.
M22820/16-1).

WR-40 combines available information on resolvers, servomotors, tachometer gen-

erators, and servomotor-tachometer generators. Standard hardware is listed in MIL-
HDBK-214 and MIL-HDBK-225.

Standard synchros for new design and for maintenance of existing equipments are
listed in MIL-HDBK-214. MIL-STD-710 establishes requirements for the selection of

..... Lere fonr sneo & ol
synchros for use in military €

General information, fundamentals, and theory of resclvers is contained in MIL-
HDBK-218.

11
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CHAPTER 2

AMPLIFIERS

The amplifiers described in this chapter consist mainly of packaged servo system
amplifiers.

2.1/2.2
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AMPLIFIER, RESOLVER

MK 74 MOD 0
CHARACTERISTICS
Number of channels . . . . . . . . . . . . . . . .. 2
Input voltage range . . . . . . . . . . .. ... 0.251w0 14 v
Input frequency . . . . . . . .. . ..o 400 Hz
Power supply:
Plate supply voltage . . . . . . . . . . . . . .. 150 v
Plate supply power . . . . . . . . . . . . ... 10.0 watts
Filament supply voltage . .. . . . . . . . .. .. 6.3 \Y
Filament supply power 9.5 watts
Rotor output/amplifier input 1
Ambient temperature range . . . . . -55 to +73 degrees C
Effect of input voltage, frequencv and amblem ternperature
change:
Time phase shift between input and rotor output,
varying input from 0.25 to 14.0 V rms +0.2°
varying frequency from 380 to 420 H= . . . +1.0°
varying ambient temperature from =55 to 75°C +1.0'
Rotor output amplitude variation,
varymg input from 0.25t0 14.0Vms . . . . . . . +0.0003
varylno frequency from 380 to 420 H:z e +0.0002
varying ambient temperature from 55 to 75°C e +0.001
Weight . . . . . .« . . e e 15.0 oz
Volume . . .« « o e e e e e e e e e e e 14 cu. In
REFERENCES
Specification, development. . . . . . . < . . . . NAVORD OS 6477
Installation drawing . e e e e e e e e WP Dwg 1349030

Federal Stock Number (FSN)
Qualified Products List (QPL) .

NOTES

For use with MK 4 MOD 0 Resolver.

2.3
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AMPLIFIER, RESOLVER

ELECTRICAL CHARACTERISTICS

D.C. power supply
Moo anlea
\Julyut 'Ulsubw .
Ripple (peak to peak max)
Power input .
Output voltage (open loop, nommal)

Gain (at 20°C) .

Input voltage range (¢ ed loop) .
Input voltage range (o n loop) .

Frequency (closed loop) .
Frequency (open loop)

input impedance (open loop)
Phase shifr ( (ar resonance) .
Internal noise (max) .
Warm-up time (max) .
MECHARICAL
Operating temperature range
Nonoperating temperature range .
External connections

Pin A resclver excitation

B input
C signal ground
D power ground
E d.c. power supply
F spare

Weight (max) .

MTBF

REFERENCES

lnstallatu;rrc-i;‘awmg .
Federal Stock Number (FSN)

-~ o\

Qualified Products List (QPLJ .

NOTES

For use with MK 4 MOD 1 Resolver

e e e e e e e +58
1.82
20
3500
0-26
060
5-35
284-519
390,000
180

i

1.5

-35 to +85

62 to +125

bl
D A

Q
E.

MIL-A-812

\Y

mV
watts
V rms

V rms
U 1§ S
MmNy ITHD

kH:

He
ohms
degrees
mVU rmc
oV rms

second

2.5
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AMPLIFIER, SERVONCTOR
MICROELECTRONIC 2 WATTS

ELECTRICAL CHARACTERISTICS
Voltage gain . . . . . . . . . B 200
Input

Volitage (max} . . . . . . . e e e e e e e e 60
nuPEuEﬁCi‘

Input . . . . . . ... e e e . 5-15

Output . . . . . . . e e e e e e 30-500
Output

Voitage (min) . . . . . e e e e e e e e 36 +2

Frequency . . . « « - - .. . . dc to 10

Power (min) e e e e . 2
Power supply voltage . .. 28
Power supply (max-no damage) .
Phase shift . . . e e e e e 0= +15
Servomotor load option No. 1 500 ohms end to , end ac impedance

S0 ohms end to end dc resistance

Ambient temperature range . .
Size . . . . . ... s
Weight (max) .

REFERENCES

Speciﬁcation .

lnstauauon urdwulg . .
Federal Stock Number (FQN\)

Qualified Products List (QPL)

NOTES

.

S75 ohms
100 ohms

naup‘nnpﬂ under contract NOw 61-1053.

Avallable with voltage gains up to 1000.
Several choices of feedback ratios are offered on

characteristics of the motor used.

end to end ac impedance
end to end dc resistance

. e o .. =550 +100

.. . . ..375by.375

E‘
g

externai ieads to acco

&

V tms

k ohms
ohms

V rms
kHz
watts
Vd:z
Vdc
degrees

W

:.
o

[
-~
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AMPLIFIER, SERVOMOTOR

3.5 WATTS

Voltage gain .
Input voltage (max)
impedance
Innur (cman cional) .. ..
npu signal) . . . . . .
(large signal) . . . . . . . . ..
Output (max) .
Output
Voltage {min)
Frequency
Frequency
Power (min)
Power supply voltage
Power suppl) (max - no damage)
Phase shift .

MECHANICAL CHARACTERISTICS

Operating temperature range (mounting base) .

Size.
Vn]umﬂ N
External connections
Pin 1 output|90 - Pin

D U9 N
n T
)
- &
» N
-
o
-}
C
€
2
[« 9

Weight.

Developed by NAFI

Output terminals may be continuously shorted without incurfi

blg"dl lllPUl
428 V dc

425 v/v
60 V ms
22 k ohms
¢ k ohms
150 ohms
36 V rms
400 H:z
3.5 watts
28 V dc
80 V dc
90 degrees
. =55 to +105 degrees C
1,14 x 1.23 x 3.15 in
3.6 Ccu in
mput
4.9 oz

Wire weld-encapsulated

-1l
-~
&
£
<
.
=

(a4
0
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AMPLIFIER,

MICROELE

Y 4

Signal input
Output (nommal)
lnput current
Quiescent {(nominal} A
Ar ¢ carurarion (nommal) e e e e
Output voltage, at saturation (min)
Phase shift . .
Efficiency, full load (mxn)
AbSOlule maximum ra::"gs
lnpn' \nlraop (dxfferemxal) .
Load currcnt
Power out (rcsxsuve load of SO ohms)
Power mput to amplexer .
Vgt and V

SERVOMOD

TRONIC 6 WATTS

Pgwer dgssmated in amphfler @ T = 100°C

MECHANICAL CHARACTERISTICS

Ambient temperatuic range (using
Size and configuration .

External connections
Pin 1 input #1

2 ground tll
3 outpui #1
4V 4+
B
S output #2
Weight
NOTE

Developed under contract NOw 63-0477.

specified heat sink) .

Pin 6 not used
7 ground #2
8 input 42
9 Vg~

MIL-HDBK-224 (NAVY)

27 September 1963
500

16 2 k ohms

20 ochms

120 mA

800 mA

36 \Y

=195 degrees

SO percent

30 YV rms

1 A

50 wartts

75 watts

39 \Y

25 waits

-55 to 4100 degrees C

per aw g

- 11

2.11
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AMPLIFIER, SERVOMOTOR
TYPE 2, CLASS 3,28 V. D.C., 10 WATTS

M81307/1-1
ELECTRICAL CHARACTERISTICS
Gain
Signal input . . . . . o o o e e e e 1400
Tachometer input. 5
input cuirent {max)
Quiescent . 100 mA
At saturation. 715 mA
Shorted output . 1000 mA
lmpedance
Signal input . . . 22 k ohms
Tachometer input. 2¢ k ohms
Output (max) . 40 chms
Output voltage
Al SBIUTALION. « . « « « o o+ o e s omomom s 40 \Y
NOISE (MAX) « » « = o = = s onoe e e e e e e 0.5 \Y
Phase shift . . « « o « =« o o s s e 90 degrees
Amplifier bandwndth
Lower limit (max) . . « « « « « « o+ oo s st 300 H:
Upper limit (min) . . . e e e e e e e e e 500 Hz
Harmonic voltage rejection ratio G 1200Hz . . . . . . . 18 db
Full load efficiency (min) . . . . . « - - - - - 0o 50 peicent
MECHANICAL CHARACTERISTICS
Ambient temperature range (mounting base) . . -« . - . - -55% to +120 degrees C
Size and confxgurauon R per dwg
External connections
Lug No. 1 compensation input
2 signal input
3 tachometer input
4 tachometer ground
S signal ground
6 +28 V. d.c.
7 output
8 power ground
9 output
10 spare
Weight (max) . . . - « - -« « oo oottt 1.0 b

2.13
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Federa! Stock Number (FSN)
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Seninge

Qualified Products List (QPL) .

NOTES

Developed by NAFI.

MIL-A-81307/1(WP)

215/2.16
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AMPLIFIER, SERVOMOTOR, MODULE

TYPE 2, CLASS 3, Y DC 10 WATTS

ELECTRICAL CHARACTERISTICS

Gain
Signalinput . . . . . . ... oo e e e 1 v/v
Input current (max)
QUIESCENT « « v v v o e e e e e e e e e e e 0 mA
AU SATUTALION .+« « o v o v e e e e e e e e e e e e 450 mA
Shorted output . . . . . . . . . . e e e e e e 530 mA
Impedance _
Output (Max) . .« « ¢« o o e e e e e e e e e 100 ohms

Qutput volrage

At saturation . 36 N
NOISE (MAX) . 0 v v e e e e e e e e e e e e e e e 0.5 v
Phase shift . . e e e e e e e e e e e e 0 degrees
Full load efficiency (mm) e e e e 59 percent
MECHANICAL CHARACTERISTICS
Ambient temperature range
(mounting base) . . . . . ..o oo e e .~5S to +120  degrees C
Size and configuration . . . . . . . . . .o ... per dwg
External connections
Lug No. 1 input 1
b T e T 1 4 i
< inpul £
3 output 1
4 output 2
5 power ground
Weight (max) . . . . . . o« v 0w 2.7 oz
NOTES

Developed by NAF!
Must be driven by the 3.5 Watt servomotor amplifier, or equivalent. May be

powered from ME1338/1-1, 0.7 ampere power supply.

2\
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ANMPLIFIER, 3E
TYPE 2, CLASS 2, 28 Y.

M81307/2-1

ELECTRICAL CHARACTERISTICS

Gain
Signal input .
Tachometer input.
Input current (max)
Qulescent .
At saturation.
Shorted output .
Impedance
Signal input
Tachometer input .
Output imax) .
Output voitage
At saturation
Noise (max) .
Phase shift
Amplifier bandwidth
Lower limit \mun).
Upper limit (min) .
Harmonic voliage re)ecuon ratio @ 1200 Hz
Full load efficiency (min)

Ambient temperature range (mounting base)
Size and configuration.
External connections
Lug No. 1 output
2 output
3 signal input
4 signal input
5

+28 V. d.c.

1400

W
AV,

N

i~ QD
wn O

:

-l S I o8]
OND N

© s
Swno

\

-55 to +115

5.0

PCICCn(

degrees C
per dwg

oz

"~
b
0
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M81307/2-1 (Continved)

REFERENCES

Specification . . . . . . . . v e e e e e MIL-A-81307/2WP)
Installation drawing . . e e e e e e e

Federal Stock Number (FSN) e e e e e e e

Qualified Products List (QPL) .
NOTES

Must operate in conjunction with M81307/1-1,10 watt servomotor amplifier. May be
powered from M81338 2-1, 2.0 ampere power supply.

Developed by NAFL

2.21/222
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MIL-HDBK.224 (NAVY)
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AMPLIFIER, PARAPHASE THIN FILM
ELECTRICAL CHARACTERISTICS
Input
Frequency .. . . 10 to 100 kH=
Amplitude - . - .- - R 22 V rms
Output
Rise time (t,) (max) (with 2 £.2 Vrms sine wave) . 3 usec
Fall time (t,) (max) (with 2 +.2 V rms sine wave) . 1.5 usec
(t, and ¢t are specified from 10% to 90% levels)
Pulse width (with 2V sine wave, 20 kHz 925°C @50% ievel) 25 2l usec

The rms max voltage of the algebra
Typically, it is .15V rms @ 25°Ce
Output Vce (sat), at -55°C

Supply voltage

Operating temperature range . . . - -« - * °
Size and configuration . . . + - - - -
External connections
Pin 1 iaput
3 external capacitor if required (see note)
11 ground
17 output #1
18output #2
198+
Pins 2, 4 thru 10, and 12 thru 16 not used
Weight

NOTES

.5 W

6 v

=59 to +125 degrees C
per dwg

For use at frequencies lower than 10 kH: an external .01 ufd capacitor can be

connected across pins 1 and 3.

[
)
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Figurn 2.9. Paraphase Amplifier
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AMPLIFIER,
MULTI-STAGE MI

ELECTRICAL CHARACTERISTICS

Gain variation (max) . . . -

Gain (nominai) Vcc = 4.6V @ i, =20 mA
1mpeuance
Input « . . e e e e e e e e
Output

Power dlssnpauon (nommal)

weT auPPly "Gliagf .

)
row
Power supply current

MECHANICAL CHARACTERISTICS

Size and configuration .
External connections
Lead 1 input
no connection
B+
no connection
output collector (ac ground)
output emitter
no connection
£ 2rd stage emitter

*
£~ O N BN

9 no connection

10 2nd stage emitter

Package bottom is ground terminal
NOTES

Developed under contract NO, £5-0483-1

round

~
!
e
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60 M IF
CROCIRCUIT
e e . 3db (40 to B0 MHz)
60 db
. 50 ohms
so ohms
200 m watts
40 to0 10 \Y
20 to S0 mA
Flat package 1/4 x 1/8 in

™

~
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OUTPUT COLLECTOR 5 6 OUTPUT EMITTER
4 aAMX2 7
I
B+ 3 8 3RD STAGE EMITTER
T
2 9
INPUT ) o 10 2ND STAGE EMITTER

IDENTIFICATION OF PACKAGE LEADS

Figure 2.10. 60 MH: IF Amplifier
2.26
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CHAPTER 3
CONVERTERS, STATIC, SOLID-STATE

The converters described in this chapter are of the analog to digital and digital

mum extent possible consistent

- with the state-of-the-art.

!.‘)
‘-d
w
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CONVERTER, DIGITAL - SYNCHRO

ELECTRICAL CHARACTERISTICS
input
Numberofchannels . . . . . . . . . . ... .. .. 1
Digital daca . . . . . . . . . ... ... .1llbit parallel binary
Digital address. . . . . . . . . .. . . . . 4bit parallel binary
Analog reference . . . . . . . . . . 26Vorll5Vac, 400 Hz
Analog reference loading (mm) e e e e e e e e e e 20,000 ohms
Conversion time (Max). . - .« + « « « « 30 usec
Updating rate . . . . . . . . . . . . . _ data mdchmtely stored
Output
Number of channels . . . . . . . . upto 16, modular in groups of 2
Output ievel (nom) . . . . . . . . . . . . .. 11.8 or % \Y
Output loading for 11.8V synchros {mia) . . . . . 100 ebms line-line
for 90V synchros (min) . . . . 4000 ohms line-line
Power 115V line-neutral 33,400 Hz
Powerdrain . . . . . . . . . . . .. 9% watts
Resolution . . . . . . « . o o 0 o e e e e e e il bits
Accuracy 41 LSB
MECHANICAL CHARACTERISTICS
Ambient operating temperature (from 0 to 30,000 ft) .. .. =551t0 +71 degrees C
Weight. . . . . . o o o o e e . 86 1bs
MTBF . . . . . . e e e e e e e e e 10,000 hours
NOTES
This equlpment interfaces with the NTDS family of computers and can be made to iniéi-
face with similar equipment with different logic levels by substituting the appropriate
interface card,
This equipment contains a Go/No-Go self test.
Developed under contract N600(19)62471.
Final report available from DDC, AD No. 800 381.
21
3.3
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Data
11 bits

Address
Chonne!
4 bits

Output Digitolt-
Acknowiedqge Synchro
Converter P
Output Dota
Reques!

Synchro

Reference Synchro
Data
* CARDS ACCESSIBLE FROM REAR
REAR
6.16
FRONT L ]
." L 4 1 |

L 1.50

CABLES PLUG INTO FRONT

s mmm

p—————— 25.125 ———~

Figure 3.1. Digital = Synchro Converter
3.4

—————— CHAN 15



Downloaded from http://www.everyspec.com

ELECTRICAL CHARACTERISTICS

Input

Number of channels . . . . . Up to 32, modular in groups of 2

Digital address e « « « « + « « « . . 5bit parallel binary

Analog reference . .. .« « « « « . 26V orll5V ac, 400 Hz

Analog reference loadmg (mm) e e e e e e e e e 20,000 ohms

Conversion time (max) . . . . « « « + v « « « o . . 100 usec

Synchro data. . ... .. ... .. 1L.BVor 90V line-line, 3 wire

Source loading - . - . . Synchro loading not heavier than equivalent

5000 ohm line-line load with $2% unbalance

Slewing rate-will track synchros rotating at up to 20 rpm with no

degradation of accuracy.
Outpu

Number of channels ., ., , . . . . . . . . .. 1

Data . . . . . . . .00 .. 11 bu oarallel binary
Power . . . . . . . v . . . 115V lme-neutral 364, 400 H:
Powerdrain . . . . . . . ¢ ¢ v 0 4 e e e e e e e e 30 watts
Resolution . . . . . . « « « « ¢« o o 0 e . 11 bits
Accuracy . . . . . . o . e a e e e e e e e e ] LSBE
MECHANICAL CHARACTERISTICS
Ambient operating temperature (from 0 to 30,000 ft) . . . . =55 1t0 471 degrees C
Weight . . . . . . . . . .. 105 lhs
MTBEF . . . . . . . . o . oo oo e e e e e 10.0@0 hours
NOTES

face Wlth similar equlpmcm with mnercn( loglc

int nr‘a:—n !‘A'A
asiLL iacal

This equipment contains a Go/No-Go self test.

Developed under contract N600(19)62471.

Final report zvailabie from DDC, AD No. 800 381

3.5
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—_——}
CHANO
I
}
1)
—_—
cHANZ) —
Synchro Synchro-
: Dota
Reference Digital 11 bits
Converter
—
Output
Acknowledge
Output Doto
Externol Request
Function ‘
Input Dato
Reques?
Chonnel
Address
S bits
‘ CARDS ACCESSIBLE FRCM REAR
REAR
6.16
FRONT K
T L 3 1 !
Liso
CABLES PLUG INTO FRONT
§ FRONT

L——— 25.125 e

Figure 3.2. Synchro - Digiiai Converier
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CONVERTER, DIGITAL - ANALOG

ELECTRICAL CHARACTERISTICS

Input
Numberof channels . . . . . . . . . . . o o o 1
Digital input word
For synchro conversion . . . . . . . . . 13 bits, parallel, binary
For ACconversion . . . . . . « . . . . 12 bits, parallel, binary
For DC conversion . . . . . « « . . . . 12 bits, parallel, binary

Address . . . « « « « « « + « o« « « « . 4bits, parallel, binary

Fetarmal
Extemnal reference

Synchro and AC, 400 Hz. . . . . . . . . o« . . . 26 Vems
DC. . . v v v v v e v v e . +10 \Y
Conversion time (max) . . . . . . . 30 usec

Updating rate . . . . . . . . . . . :ISC.to‘ 3:’, KC, c'!ig.ital storage
of each channel

Output
Number of channels . e e e e e e e up to 16, any type
Synchro inputs . . . . . . . . . 3 wire, type CX transmitter equiv.,
will drive up to 100 ohms, line-to-
line, equiv.to std. 11.8V, 400 Hz,
3 wire synchro control transformer
AC, 400 Hz (will drive a 5 K ohm resistive load) . . . . . 2 A
DC (will drive up to a 10 K ohm resistive load) . . . . . . 110 v
Power. . . . .+ . . . ... 115Vline-neutral . . . . 3 ¢, 400Hz
Powerdrain . . « v & o v ¢ 0 e e e e e e e e e 40 watts
Racalurian
Synchro . . . v . v a e e e e e e e e e e e e 13 bits
AC . . .« e e e e e e e e e e e w e .. .l1bits plussign
DC . . . v v s 4 e e e e e e e v e e+ o« . .llbitsplussign
Accuracy (synchro, ACand DC). . . . . . . . . . . . . . +2 LSB
Controls . e e e . INPUT ACKNOWLEDGE and EXTERNAL

FUNCTION per A-New 1830 Avionic

MECHANICAL CHARACTERISTICS

Environmental requirements. . . .Designed to meet MIL-E-5400, Class 2

Weight . . . . o o . oL e e 26 lbs
Volume . . . « v & v ot v e e e e e e e e e e . o . 1350 cu in.
Dimensions (including handles) . . . . . . . . 17-1/4 x 10-1/4 x 7-5/8 in.
NOTES

This equipment interfaces with the A-New 1830 Avionics Computer and can be made to
interface with other digital computers by substituting an appropriate interface module.

anm |

Each channel is capable of handling any analog signal via the insertion of proper
input/output modules.

This equipment contains a Go/No-Go self test.
Developed under contract N60O(19)64558.

inal report available from DDC, AD No. 831 813.

3.7
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CONVERTER, ANALOG- DIGITAL

ELECTRICAL CHARACTERISTICS

Input
Number of channels . . . . up to 16, any type
Syachro . . . . . . 3 wire, type cx transmxtters 400Hz, 11.8 Vrms
AC . . ... ... 2wire, 400Hz, 26V, in phase with synchro ref.
pc. ... . ... 1 wire, potentiometer type transducer. Single

range of 10V. Ratio of input impedance to
) signal is infinite.
Address . . . . 4 bits, parallel, binary
Controls . . . OUTPUT ACKNOWLEDGE EXTERNAL FUNCTION,
INPUT ACKNOWLEDGE per A-New 1830 Avionics

Computer
External reference
Synchro and AC, 400Hz . . . . . . . . . . . . . 26 Vmms
pc. .. .. e e e e e e e e e e e +10 \Y
Conversion time (max) e e e e e e e e e e e e e 100 usec
Staleness . . . . . . . e 0 e e e e e e e e e None
Output
Number of channels . . . . . . . . . . « . . « . . . 1
Digital output data word
For synchro conversion . . . . . . . . . i3 bits, paraliel, binan
For AC conversion . . . . . . . . . . . 12 bits, parallel, binary
For DC conversion . . 12 bits, parallel, binary
Control words . . . . OUTPUT DATA REQUEST and INPUT DATA
REQUEST per A-New 1830 Avionics Computer
Dower . . . . . . . 115V line-neurral . . . . 3¢,400 Hz
Power drain » . .+ v e e e e e e e e e e e e e e e 40 watts
Resolution
Synchro . . . . . o oo o e e e e . 13 bits
N o 11 bits plus sign
DC . .« « « « « « « o . 1) bits plus sign
Accuracy (synchro AC "and DC) e e e e e e e e e e +2 LSB
MECHANICAL CHARACTERISTICS
Environmental requirements. . . Desxgned to meet MIL-E-5400, Class 2
"““g‘" e e e e e e s s s s . 22 1bs
Volume . . e e e e 1350 cu in.
Dimensions (mcludmg handleS) e e e e 17 1/4 X 10 1/4 x 7-5/8 in.
NOTES
This equipment interfaces with the A-New 1830 Avionics computer and can be made to
interface with other digital computers by substituting an appropriate interface module.

A "‘rate correction’’ circuit corrects for ‘‘staleness’’ in synchro information signals.

Each channel is capable of handling any analog signal via the insertion of proper
input /output modules.

This equipment contains a Go/No-Go self test.

Developed under contract N600(l§)64558.

Final report available from DDC, AD No. 831 Bi3.
39
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CHAPTER 5
ENCODERS, SHAFT ANGLE TO DIGITAL

The encoders described in this chapter are of the brush type (MIL-E-81050) and
brushless type (MIL-E-81321). A compilation of both types of encoders has been
published and is available from DDC, AD No. 486 041. Developmentand evaluation of
encoders which will ultimately be listed as preferred items is underway. Micro-
electronic circuits are used in these encoders to the maximum extent possible con-
sistent with the state-of-the-art.

5.175.2
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CHAPTER 4

COUNTERS

The counters described in this chapter have been designed for specific pur-
¢ X .

or which known commercial connters are not euirahle .
Oof which known comm c suitahle.
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COUNTER

MK 2 MOD 0
CHARACTERISTICS
Range of indication . . . . . . . . . . . o . o . 0-360
Shaft speed ratio: 1 turn of shaft CCW . . . . . . . . . . . 1
Maximum allowable input shaft speed . . . . . . . . . . . 1800

Finish of dial background
Finish of numerals
Finish of counter face .
WVeight

REFERENCES

Installation drawing .
General arrangement drawing

NOTES

degrees
degree
rpm

dull black

e e e e e e e e e e e engraved aluminum

4.4

WP Dwg
WP Dwg

dull black

“e

675005
675020

The purpose of this instrument is to receive a mechanical shafc rotation and to indicate
the total angle rotated in degrees and tenths of degrees from O to 359.9 degrees and return to

Zero.

One revolution of input shaft equals one revolution of decimal drum.

4.3
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COUNTER

-
>

CHARACTERISTICS

Range of indication . . . . . . . . . .
Shaft speed ratio: 1 turn of shaft CCW .
Maximum allowable input shaft speed
Finish of dial background

Finish of numerals

Finish of counter face.

Weight

REFERENCES

Installation drawing. .
General arrangement drawing .

NOTES

MIL-HDBK-224 (NAVYY)
27 September 1968

0-360 degrees
10 degrees

1800 rpm
dull black

engraved aluminum
dull black

4.2 oz

WP Dwp 675022
¥P Dwg 675030

The purpose of this instrument is to receive a mechanical shaft rotation and to indicate
the total angie rotated in degrees from 0 to 359 dcgrees and return to zero.

One revolution of input shaft equals one revolution of unit drum.

4.5
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CHAPTER 5
ENCODERS, SHAFT ANGLE TO DIGITAL

The encoders described in this chapter are of the brush type (MIL-E-81050) and

brushless type (MIL-E-81321). A compilation of both types of encoders has been

published and is available from DDC, AD No. 486 041. Developmentand evaluation of
encoders which will ultimately be listed as preferred items is underway. Micro-
electronic circuits are used in these encoders to the maximum extent possible con-

sistent with the state-of-the-art.

itae
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ELECTRICAL CHARACTERISTICS
Interrogation input impedance . . . . . . . .. .0 - 500 ohms
Interrogation waveform
Rise time (max) 10% to 90% fevel . . . . . . . . . . .5 . usec
Pulse duration c e e .. 25 usec (max) 2 psec (min)
Interrogating level . . . . . .. .o e e e e e =5 4+.5 v
Noninterrogating level . . . . . . . . o oo -4.5 +.5 \Y
Power supply voltage . . . « .« . . . . . oo e e -5 v
Power supply current . . . . . . . . o+ oo e e e e 350 ' -"‘
Logical ‘‘one’’ output jevel . . . . . . . . . o oo -1.1 Vdc or more positive
Logical “‘zero” output level . . . o o oo o e e -4.0 Vdc or more negative
Interrogation (max) . . . . . . . . . . e e e e 20,000 Hz
COnversion CIME . . . o « « « « + = e e e e 32 psec
MECHANICAL CHARACTERISTICS
Weight . . . .« o v o v oo e e e e 4.5 oz
Code . . » v v v v v v v v <. .. Natural Binary-paralle!
Total COUNL - -+ « « « = o o o & o o« o o+ o o e v 213 = 8,192 in one tum
Function . . « = + « « « « « « « « v« « .« « . .Angular position
Resolution . e e e e e e e e e e e e e e e e e e e 212 in one turn
Starting torque (max) e e e e e e e e e e e e e e 1 oz in.
Running torque (Max) . . . « + « « « « + + o e . . .- .03 oz in.
Running speed (max) - . - « « « - - -+ o . e - .. 20 rpm
Siew speed (max) . . e e e e e e e e e e e e e e 2000 rpm
Ambient temperature range (sealevel) . . . . . . . . . . =55¢t0 +80 degrees C
Ambient temperature range (50,000 ft) . . . . .« < . . « . -5510 #55 deérees C
MTBE . . . e e e s i e e e e e e e e e e e e e 10 000 hours
Termination . . . « « « o « o« 4 e e e s s e e e e e . 13 Wires
ACCUTACY. « + « + v o o o v o+ o o o o e e e e il guantum
NOTES
Developed under contract N600(19)62042.
Can also be supplied with B~ ground and all voltages given above five volis more positive

n
(]
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ENCODER, OPTICAL

SIZE 18 — 2" MULTITURN

ELECTRICAL CHARACTERISTICS

Interrogation levels
Before interrogate .

During interrogate . .
After interrogate N
Rise and fall time (max) . . .

20 u sec puise,
negative level
ground +1.5V
negative level

3

§ sec

Output voltage levels (per Naval Tactical Data System Technical Note 233A with

A 20 NNND

output load conditions of not less than 3,300 ohms to -13.5 V ana 200,000

ohms to ground)

Binary zero .

Binary one . . .
Output current, per bit
Power required

Conversion timec (max)
MECHANICAL CHARACTERISTICS

Weight
Code

Total count .

Function

Resolution . . . . .

Starting torque (max) .

Running torque {max) .

Running speed (continuous) .

Slew speed (max) Rt
Ambient temperature range (sea level)
Moment of inertia

Operational life .

Temination .
Accuracy .

NOTES

—19.5 w —20.5 v

open circuit > 300K

~1.5 to +1.%
4

7

15

8
Natural Binary-
parallel

mq.

oz

215 = 32 768 for 64 turns

‘Angular position
2% in one tum
<

.0

0 tc 1280

2000
=55 to + 8%

.07

40,000 hours ot
109 revolutions
18 wires

+1

oz in.

oz in.
tpm

pm
degrees C
oz in.2

least significant
bit

Developed under contract NOw 63-0817-F.

An output gating function is included such that all output lines are disabled except
during interrogate time. This allows many encoders to be connected to one interface
input buffer and gated merely by interrogating the selected encoder.

5.7
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GYROS
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GYROSCOPE, RATE INTEGRATING

CHARACTERISTICS

Sgin motor
Type - - - .

MB1168/1

synchronous, hystc res is

« 8 s s = e s =

Winding conflzurauon . . 3 puasc
Rated excitation

SEATL . . o o o e s+t o0 10.5 $1.0 v

run . 9.0 +1.5 v
Frequency . . R 400 H:

Note: Spin motor, pickoff, torquer and heater excitations shall 5¢ supplied from

same frequency source.
Angular velocity . 12,000 rpm
Rotor angular momentum . 2.0x 10* gm-cm2/sec
Run-up time (max) . . - e e e e e e e e 15 sec
Power consumption (max) T 3.0 watts
0.5 power factor 10.1

Pickoff
Type e e e e e four pole, variable reluctance microsyn
Rated excitation . - . - - 0-100 mA
Impedance

primary . . - .. 9.9 +i5.0 ohms

secondary . . - - -+ + * 2130 + 14520 ohms
Null voltage (max) . 10 mVrms
Phase shxft e e e 67 degrees
Scale factor sos e e s 26.5 mv/mr
Linearity error {max) S percent

at input angles of 0,

Torquet
Type . . - « « - « + =« s e e e e e s four pole, variable reluctance microsyn
Reference winding excitatien. . - . . -+ 000 0-170 mA
Control winding excitation . c e e e 0-145 mA
Command rate scale factor, . . . 0.1000 mr/sec/ma?
up to +5000 ma ? inputs
Torquer hneanty error, - e e .189 percent
at 45000 ma? input
Maximum command rate . . . 2250 mi/sec
Impedance
‘reference winding - . - - - . . 130 + 282 ohms
control winding .. 188 + (302 ohms

+1, 42, and 13 degrees

O~

(VF]
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M81168/1 (Continued)

Temperature Sensor

Type e e e

Scale factor

Operating temperature resxstance
Induced voltage (max) .

Operating temperature .

ﬁeaters

Power
Warm-up heater (mm)
Standby heater .

Gyro Unit
Gyro scale factor .

Input angular freedom (mm)
Characteristic tume (max)
Axis alignment:

Acceleration insensitive drift (max) .

Acceleration sensitive drift (max res.) .

Day to day stability (max)

Ambient temperature .
Operating life (min) .

REFERENCES
Specification .
I Federal Stock V\.nmhﬂr (}'SN\

Qualified Products List (QPL) .'

NOTES

. resistance alloy wire
1.5 ohms /°F

780 ohms

3.0 mVems

165  degrees F

75 watts

1NT mmemass

- VRS watts
25 mv/mr

6.9 degrees

3.0 msec

OA orthogonal to mounting flange surface
within 1 milliradian.

1A aligned within 0.5 degree maximum of
the IRA notch when pickoff is at null.

60 deg/hr

45 deg/hr

20 deg/ht

=40 to +165 degrees F
2000 hours

MIL-G-81168 "1A(OS:

Same as M81168/2, except /
Used in AN/SPG-49 and AN/S

\hJ

6.5/6.6
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GYROSCOPE, RATE INTEGRATING

Mgiies/2z
CHARACTERISTICS
Spin motor
Type . . . . . . . e e e e e . syachronous, hysteresis
Winding configuration .. e e e e e e e 3 phase
Rated excitation
start . . e . . e e . 10.5 + 1.0 A%
un . . . e e e e . . 9.0 + 1.5 v
Frequency . . . « « « « « o o o . ..o e e 400 H:
Note: Spin motor, pickoff, torquer and heater excitations shall be supplied from
same frequency source.
Angular velocity . . . .. . . 12,000 rpm
Rotor angular momentum . e . 2.0x 10* gm-cm?/sec
Run-up time (max). . . 15 sec
Power consumption {max) 3.0 watts
0.5 power factor #0.1
Pickoff
TYpe o ¢ o e e e e e e e e e e e four pole, variable reluctance microsyn
Rated exCitation . « « o« o o + « o o+ e e e e v 0-100 mA
impedance
primary . . e e e e e e e e e 10.0 +i5.0 ohms
secondary 2080 + j4520 ohms
Null voltagé (max) . . . e e e e e e e e e e e i0 mVrms
Phase shift . . . . . . . v « « o o o e e e e 67 degrees
Scale factor . . . . . . . e e e e e e e e e e e e 26.5 mv/mr
Lincarity error (max) e e e S percent

at input angles of O 11

Torquer
Type . . . . . . .. . four pole, variable reluctance microsyn
Reference winding excitation . . . . . - . « - - .« - - 0-170 mA
Control winding excitation . . . . . . . « .« - - . .o 0-145 mA
Command rate scalc factor,. . -« - - o o e e e e 0.1000 mr/sec/ma?
up to +5000 ma? inputs
Torquer lmcamy EITOL, . « o « « o o & o o 4 e oo .189 rercent
at +5000 ma? input
Marimum command rate e e .. 2250 mr/sec
Impedance
reference winding . . N 130 + 282 ohms
control winding . c e e e e G e 188 ¢j302 ohms
Temperature Sensor
Type . . .. . . . .. ... . resistance alloy wire
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M81168/2 Continued)

Scale factor . . . . . . . o e e e e e e e e e e e 1.5 ohms /°F
Operating temperature resistance . . . . . . « ¢ - .+« - 780 ohms
Induced voltage (max) . . . . . . . .« « . . . o . o .o 3.0 mVrms
Operating temperature . . . . . . . . . o . o o o o oe oo 18 degrees F
Heaters
Power
Warm-up heater (min) . . . . . . . . . o o ... 75 watts
Standby heater . . . . . . . . . . ..o e e 101 watts
Gyro Unit
Gyro scale factor . . . . . . . . . L oo e e 25 mv/mr
Input angular freedom (min) . . . . . . . ... 6.5 degrees
Characteristic time {(max) . . . . « « « « « « + + o« o« 3.0 msec
Axis Alignment: OA orthogonal to mounting flange surface

within 1 milliradian.
1A aligned within $0.5 degree maximum of
the IRA notch when pickoff is at null.

Acceleration insensitive drift (max) . . . . . . . . . . . 60 deg/hr
Acceleration sensitive drift (max res.) . . . . . . . . . . 45 deg/hr
Day to day stability (max) . . . . . . . . . . . .. 20 deg/hr
Ambient temperature . . . . . . . . . o e e e . =40 to +165 degrees F
Operating life (min) . . . . . . . . . « .« o . 2000 hours
REFERENCES

Specification - . . . . . . . .. .o . MIL-G-81168/2A(0S)

Federal Stock Number (FSN)
Qualified Products List (QPL) .
NOTES

Same as MB1168/1, except /1 has 165°F operating temperature.
Used in AN/SPW-2 Series for TALOS.

6.9/6.10
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GYROSCOPE, RATE INTEGRATING
M81168/3
CHARACTERISTICS
Spin motor
Type . . . . e e e e e e . synchronous, hysteresis
Winding configuration . . . . . . . eoe et 0T 3 phase
Rated excitation
start . . . e e e . . . 10.5 ¢+ 1.0 v
un . . . . . 9.0 +1.5 \Y
Frequency . . - « + = + * S 400 Hz
Note: Spinmotor, mckoff torquer and heater excitations shall be supplied from
same frequency source.
Angular velocity . . . .. . 12,000 pm
Rotor angular momentum . C e e 2.0x 104 gm-cm?/sec
Run-up time {max) . 15 sec
Power consumption (max) e 3.0 watts
0.5 power factor *0.1
Pickoff
Type . . . . Ce e . .. four pole, variable reluctance microsyn
Rated excitation . e e e e .o 0-100 mA
Impedance
primary . . e e e e e e e e 10.3 +5.0 ohms
secondary .. . e e e e e s e s 2170 + 14520 ohms
Nuil voltage (max) . e e . . 10 mVrms
Phase shift . e e e e e 67 degrees
Scale factor . e e e e e e .. 26.5 mv/mr
Linearity Error (max) .. e e 5 percent
at input angles of 0. I, %2, and ¢3 degrees.
Torquer
Type . - - . - S pole, variable € luctance microsyn
Reference winding excitation . . . . - . 0-145 mA
Control winding excitation . . . « « « « o -0 0-145 mA
Command rate scale factor . . . « « - =+ - = 0 " 0.1000 mr/sec/ma?
up to 5000 ma?2 inputs
Torquer linearity efror, . . . . . o - ettt T .i8% percent
at 35000 ma? input
Maximum command rate . e e e e e e e e 2250 mr/sec
Impedance
reference winding . . . . o . e oo s .o 136 + 584 ohms
conttol winding . . . . . o e oo ettt 196 + 302 ohms

Temperature Sensor
Type . . - - -« « - -

resistance alloy wire

6.11
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M81168/3 (Continued)

Operating tcmperature resxstance e e e e e

Induced voltage (max) .
Qperating temperature

Gyro Unit
Gyro scale factor .

S L T A L

Insut angular freedom (min).

MipULl &figuadld caQol

Characteristic time (max)

Axis alignment:

MIL-HDBK-224 (NAVY)
27 September 1968

1.44 ohms /°F

750 ohms
3.0 mVrms
190 degrees T

30 mv /mr
7.0 degrees
3.0 msec

OA orthogonal to mounting flange surface

1

wunm i muurdulau

IA located 45° CW, and SRA located 45°
CCW from centerline of notches (viewed

from terminal end).

Acceleration insensitive drift {max) . .
Acceleration sensitive drift, mass unbalance .
Day to day stability (max)

Ambient temperature .
Operating life (min) .

REFERENCES

Specification .

Qualified Products List (QPL)

NOTES

Used in AN/SPG-51 Series for TARTAR.

Does not incorporate heaters.

075 deg/hr
40 deg/hr
20 deg/hr

+190 degrees F
2000 hours

6.13/6.14
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CHARACTERISTICS

Spin _motor
Type

Winding conﬁguratton .

Rated excitation
start
run . .
Frequency .

Note: Spin motor, pxc

Downloaded from http://www.everyspec.com

MIL-HDBK-224 (NAVY)
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GYROSCOPE, RATE INTEGRATING
M81168/4

.synchronous, hysteresis

R 3 phase
10.5 1.0 \
90:1.5 \J
400 Hz

koff, torquer and heater excitations shall be supplied from

same frequency source.

Aagular velocity

Rotor angular momentum .

Run-up time (max)

Power consumption (max)

Pickoff
Type
Rated cxcntanon
Impedance

primary

secondary .
Null voltage (max)
Phase shift
Scale factor
Linearity error (max)

at input angles of 0, 31, +2, and i.’) degrees.

12,000 rpm
2.0 x 10* gm-cm?/sec
15 sec

3.0 watts

0.5 power factor +0.1

. four pole, variable reluctance microsyn

0-100 mA

10.3 +i5.0 ohms
2170 + 4500 ohms
10 mVrms

67 degrees

26.5 mV/mr

1 percent

Torquer
Type . e e . four pole, variable reluctance microsyn
Reference vundmg excstauon e e e e e e e e e e e 0-150 mA
Control winding excitation . . . . . . . oo eee o 0-150 mA
Command rate scale factor, . . . . . . . . o o oo 0.1000 mr/sec/ma?
up to +5000 ma? inputs
Torquer linearity error,. .283 percent
at 5000 ma? input
Maximum command rate 1500 mr/sec
Impedance
reference winding . . 136 +j280 ohms
control winding . 196 +j300 ohms

Temperature Sensor
Type

. resistance alloy wire

6.15
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MIL-HDBK-244 (NAYY)
27 September 1968

MB1168/4 (Continued)
Scale factor e e e e . 1.65 ohms /°F
Operating tcmpcrature resxstancc e e e e e e e e 780 ohms
Induced voltage (max) . e e e e e e e e 3.0 mVrms

()nera tin 2 temperamrc

190 degrees F

Over temperature sensor, bellows swnch

Open e e e e e e e 815 ohms
Close (min) 785 ohms
Heaters
Power
Warm-up heater (min) . . . . . . . . .o ... 75 watts
Standby heater . 101 watts
UVIU L ll;l
Gyro scale factor . e e 35.5 mv/mt
Input angular freedom (mm) e e e e e e e e e e 6.0 degrees
Characteristic ‘time (max) . . . . . 3.0 msec

Axis {alignment;

lA shall he in plane of mounting flange surface
within +1 milliradian.
1A aligned within $0.5 milliradian maximum of
the IRA notch when pickoff is at null.

Acceleration insensitive drift (max) . . . . . . . . 60 deg/hr
Acceleration sensitive drift (maxres.) . . . . . . . . . 45 deg/hr
Day to day stabilicy (max) . . . . . . . . . . ... 20 deg/hr
Ambient temperature {operating).. . . . . . - . - - - - +65 to +165 degrees F

Operating life (min) .
REFERENCES

Specification .

2000 hours

Federal Stock Number (FSN) . . . .

Qualified Products List (QPL) , . . . . .

NOTES

Used in AN/SPG-QS, Q5A and AN/SPG-55A, 55B for TERRIER.

6.17/6.18
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MIL-HDBK-224 (RAYY)
27 September 1968

GYROSCOPE, INTEGRATING, DGG258A
(CERAMIC GAS-BEARING SPINMOTOR)

CHARACTERISTICS

Spin motor
Type

Vinding configuration . .
Impedance (phase)
Synchronous speed

Rotor angular momentum . .
Run-up time (max)

Power consumption (max)
g-capability, 20-1000Hz

Pickoff (signal generator)
Type

Impedance
primary
secondary . .
Null voltage (max).
Sensitivity .

Linearity error (max)

at input angles up to +3 degree<;

Torquer
Type

Impedﬁnce (dc resist.) .

DC ﬂSl(lVllV . .
Command rate aCﬂSlElVX[y

Secondary sepsor

Type .

Temperature coefiicient
Operating temperature resistance
Power rating @ 100°C .

Gimbal assembly
‘Construction .

Case assembly

Construction .

Balance capsule
Construction .

synchronous (ceramic gas-bearing similar

to GG159 gyro)

3 phase
43 +j85 ohms
24,000 rpm
3.5 x 10* gm-cm?/sec
3.5 sec
6 watts
15 [3

. dualsyn (used on GG87), 16 pole stator,
8 pole rotor

52 +j1E.1 ohms
1105 +31005 ohms
. 9.4 mVrms

26 mv/mr
1 percent

. four pole, permanent magnet and moving
coil

193 ohms

11.4 mr/sec/ma

2175  deg/hr/ma

thermal resistor

5.9 ohms /°F

1400 ohms

1/8 watt
ceramic

. . integral, one-piece

. microvernier, eutectic alloy

6.19
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RESISTOR, VARIABLE, WIREWOUND

MIL-HDBK-224 (NAYY)
27 September 1968

PRECISION, LONG LIFE, LOW NOISE
STYLE RRP15

ELECTRICAL CHARACTERISTICS

Resistance (max total) .
Voltage, working, continuous (max)
Power rating 840°C ambient . .
Resistance tolerance

Standard

Minimum
Function, output
Linearity tolerance

Standard

Minimum
Electrical rotation
Electrical noise (max).

MECHANICAL CHARACTERISTICS
Mechanical rotation .

Torque, starting (max)
Single section .

Each addmonalsccnon. e e e

Rotational life . .

Ambient temperature range . .
Temperature coefficient of resistance
element (Nichrome wire) .

Weight

REFERENCES

Specification. . .

Federal Stock Number (FSN)
Qualified Products List (QPL) .

NOTES

SINGLE
TURN

150,000
250
2.0

+5
+1
linear

+1
+0.025
350
100

cont.

1.0
0.75
500,000

65 to +125

+80

MIL-R-81106/5(WP)

3600

1.5

1.5
200,000
-65 to +125

+ 80

ohms
. \Y
watts

percent
percent

percent
percent
degrees

ohms

degrees

oz-in
oz-in
cycles
degrees C

ppm
oz

MIL-R-81106/6(WP)

MIL-R-81106/16(WP) and /17(WP) are similar to MIL-R-81106/5(WP) and /6(WP) except
that the resistance element material is precious metal wire having a temperacure coeffi-

cient of +240 ppm.

MIL -R-B1106/23(WP) is similarto MIL-R-81106/5(WP) except that the output functon is

non-linear.

7.7
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RESISTOR, VARIABLE, WIREWOUND

PRECISION, LONG LIFE, LOW NOISE

TERISTICS

Resistance (max total)

Voltage, working, continuous (max) .

Power rating @ 40°C ambient . .
Resistance tolerance
Standard.
Minimum.
Function, output
l.inearity tolerance
Standard.
Minimum.
Electrical rotation
Electrical noise (max).

MECH ANICAL CHARACTERISTICS

Mechanical rotation .

Torque, starting (max)
Single section . .
Each additional section .

Rotational life . .
Ambient temperature range .

Temperature coe!ncnem of resistance

element (Nichrome wire) .
Weight

REFERENCES
Specification . . -
Fede..a! S!xk _Nmnher (FSN) .

Qualified Products List (QPL) .

NOTES

STYLE RRP18

SINGLE
TURN

~nn

200,000
250

3.0

—
"
-]
:; - e
SV ]

1+

+

o
NN
[ IV ]

1— UJ.O

MIL-R-81106/7(WP)

TEN
TURN
400,000 ohms
500 v
4.0 watts
5 percent
+1 percent
linear
4 percent
+0.025 percent
3600 degrees
100 ohms
3600 depgrees
1.5 oz-in
1.5 oz-in
200,000 cvcles
to +125 degrees C
+80 ppm
oz

MIL-R-81106/8(WP)

MII -R-81106/18(WP) and /19(WP) are similar to MIL- R-81106/7(WP) and /8(WP) except

that the resistance element material is prec

cient of +240 ppm.

ious metai wire having & emperature coeffi-

~4
L
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RESISTOR, VARIABLE, WIREWOUND
PRECISION, LONG LIFE, LOW NOISE

£t ECTRICAL CHARACTERISTICS

SINGLE
TURN

Resistance (max total) 250,000
Voltage, working, continuous {max) . 250
Power rating @ 40°C ambient . 4.0
Recistance tolerance

Standard. 5

MIinimum. . « « « « = « = = + = = * *°° +1
Function, output linear

Linearity tolerance

Standard. +1
Minimum +0.025
Electrical rotation 350
Electrical noise (max). . . - - = - - * * ° 100

MECHANICAL CHARACTERI STICS

Mechanical rotation . cont
Torque, starting {max)

Single section . .. 1.0

Each additional section . 0.75
Rotational life . . . o « « o o o om0t 500,000
Ambient temperature range . . . - - - - ° —£5 to +125
Temperature cocfficient of resistance

element (Nichrome wire) . + 80
Weight
REFERENCES

Specification. . . . . . . -
Federal Stock Number (FSN) .
Qualified Products List (QPL) .

MiL-MDE

K.224 (NAVY)

27 Sepvember 1968

TEN

EIY- 1Y
Tuny

500,000
500
5.0

MIL-R-81106/9(WP) MiL-R-811

ohms
\Y

watts

percent
percent

percent
percent
degrees

ohms

degrees

oz-in
oz-in
cycles
degrees C

MIL-R-81106/20(WP) and /21(WP) are similar to MIL-R-81106/%WP) and /10(WP) except

that the resistance element material is precious meiai sire having 2 temperature coeffi-

cient of +240 ppm.

~¢
.

-t
-
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MIL-HDBK-224 (NAYY)
27 September 1968

RESISTOR, VARIABLE, WIREWOUND
PRECISION, LONG LiFE, LOW NOISE

STYLE RRP30 (SINGLE TURN)

ELECTRICAL CHARACTERISTICS

Resistance (max total) e e e e e e e e e 325,000 ohms
Voltage, working, continuous (max) 250 \Y
Power rating @40°C ambient . . . . . . .. oe st 6.0 watts
Resistance tolerance
Standard . . . e v e e oeomos e moe s +5 percent
Minimum . . o - o e e e e eomom s T +1 percent
Function, output R linear
Linearity tolerance
Standard . . . e e e e e e e e +1 percent
MInimum . . o o o o o o s osowomon e e +0.025 percent
Electrical rotation . . . . . . o e e s T 350 degrees
Electrical noise (max). . . . . « -« o s o ettt 1060 ohms
MECHANICAL CHARACTERISTICS
Mechanical rotation . . - . .« o - - e oottt T continuous degrees
Torque, szartmg (max)
Single section . . . S 1.5 oz-in
Each additional section . . . « « « o o s e 0ttt 1.25 oz-in
Rowational life . . .« o - s s e e e s s 500.000 cycles
Ambient temperature range . . . . . s oottt 65 to +125 degrees C
Temperature coefficient of resistance .
element (Nichrome wire). . . . . - « « « - = -0t +80 ppm
Weight oz
REFERENCES
Specification . R L MIL-R-81106/1L(WP)
Federal Stock Number (FSV) .
Qualified Products List (QPL) .
NOTES

MIL-R-81106/22(WP) is similar to MIL- R-81106/11(WP) except that the resistance element
material 1s precious metal wire having a temperature coefficient of +240 ppm.

7.13
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MIL-HDBK-224 (NAYY)
27 September 1968

CHAPTER ®

POWER SUPPLIES

The power supplies described in this chapter have been designed to meet
specific requirements of fire control systems or components.

[+-]
-

-
[+-]
"~
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MIL-HDBK-224 (NAYY)
27 September 1968

POWER SUPPLY

MK 47 MOD 1

ELECTRICAL CHARACTERISTICS

tnput
Voltage . o o o+ o e s om e e s mom e n 25.0 to0 29.5 Vdc
CUTENT « « « o o o o o o o o oo e e 14.0 amps
Output
Voltage, 3 phase 3 wire
Phase BC . . . « « « « « = = ¢ = = 115 v
Phase AB . . . . .« o o 0 e e e e e e 115 v
Phase CA . v« « o o v o o o om e e 115 v
Frequency . . . « - -+« + o+ cosotm ottt . 400 Hz
Phase rOfALION . . . .« + « o = o e s onososost ottt ACB
Rating
Three phase. . . « « « « + = o ocoso ot 20 1o 100 VA
Smgle phase. . . O T T R 0 to 50 VA
Total VA not to e:cced 1@0, except for 5 minute
period with 150% overload
Load power factor (reactive) « « « « « o o o+ os s s 0.4 t0 0.8
Harmonic content, total (max). . . . « « « o+ oo 10 percent
MECHANICAL CHARACTERISTICS
Weight (max) . . . . . - =+ o oo e et i9.5 1
REFERENCES
Inseallation drawing . . . « « « « <+ o+ 0 socos sttt WP Dwg 675135
General arrangement drawing. . . . o . o oo coc et WP Dwg 675142

Federal Stock Number (FSN) . . . o v« v oo e o e ee
Qualified Products List (QPL) e e e e e e e e e e

NOTES

8.3
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MIL-HDBK-224 (NAVY)
27 September 1968

81338/}
ELECTRICAL CHARACTERISTICS
Input
Frequenc_v........:e............ 380 to 420 Hz
Voltage . 103 to 124 A
or 24 to 28
Qutput
Voltage DC . .« -« = = = o o st ... 27.441026.56 \Y
Current e 0t 0.7 A
Ripple, pua; o pcd] (M2x) . o o o e 25 mV
Impedance, at 800 He (Max) . . « « « « =+ = 2 ohms
MECHANICAL CHARACTERISTICS
Ambient temperature range (mounting base). . . . - . . . OO0 -100 degrees C
Size and configuration . . . . . . - s oo sttt per dwg
External connections
Lug No. 1 +28+v d.c. output
2 115 v 400 cps input
3 2¢ v 400 cps input
4 input ground
5 no conneciion
¢ output ;rmmd
B no connection
Weight (max) . H b
REFERENCES
MIL.-P-81338/1{(WP)

prClllLauuu . . e s

Installation drawmg . e e e
Federal Stock Number (FSN) .
Qualified Products List (QPL) . . . . -

NOTES
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MiL-HDOBK-224 (HAVY)

POWER SUPPLY
TYPE 2, CLASS 2,28V, 2.0 AMP

M81338/2-1
ELECTRICAL CHARACTERISTICS
Input
rfequcncy.=....................330(0420 H-
Voltage......‘................103;9124
or 24 to 28
Output
Voitagedc......:.............27.44(028.56 v
0w 2. A

\.,uu'.u\ . . . . . . . . B . . . . . . . 0
Ripple, peak to peak (max) T 25 mV
Impedance, at 800 Hz (max) . e s 2 ohms

MECHARNICAL CHARACTERISTICS

Ambient temperature range (mounting base}. . - - - - - -55 to +85 degrees C
Size and configuration. . - . . oottt e per dwg
External connections
Lug No. 1 +28 v d.c. ourput

2 115 v 400 cps input

3 26 v 400 cps inpul

4 input ground

5 no connection

6 output ground

7 no connection
Weight (max} . 3.0 b
REFERENCES
Q?nrlflcanon T MIL-P-81338/2(WP)
Installation drawing .
Federal Stock Number (FS N)
Qualified Products List (QPL) .
NOTES

8.7



Downloaded from http://www.everyspec.com

MIL-HDBX-224 (NAYY)
27 September 1968

DGG258A (Continued)

Normal excitations

Spin motor, per phase g 400 Hz

STAML . . v v e e e e me e e e e e e e e e e 36 v

FUD . v v e e e e e e e e e e e e e e e e e e 28 \'2
Torque generator . . 0 +150 mA dc
Operating and control heaters 0ro 115 V,acordc
-Primary sensor (max) 20 mnA
Heaters
Operating temperarure impedances

Warm-up heater . e e e e e e e e e e e e e 42 chms

Contral heater . . . . . . . . . . . 0. o e 133 ohms
Gyro Unit
Gyro transfer function . . . . . . . . . . . . ... 19.5 mv /mt
Input axis freedom (min) . . . . . . . . . . . . . . +7.0 degrees
Time ConStant . . . . . « v+ o« . e e e e e e e .004 sec
Input axis alignment . Ce . . R 3.5 min
Fixed torque . . . . . . « « o 0 e e e e e -13 deg/hr
Mass unbalance . . . . . . . . . . . o . e s 3.3 deg/hr
Damping . . . . . .« . . . . e e e e e e e e 57,000 D-cm/rad-sec
Ambient temperature . . . . . . . . . .. .. - . degrees F
Operating life (min) . . . . . . . . . . .. . . ... hours
Weight (gyro plus cable) . . . . . . . . . . . . . .. 1.35 1b
REFERENCES
Specification
Federal Stock Number (FSN)
Qualified Products List (QPL)
NOTES
Developed under contract NOy 63- 0R30C
Mechanically interchangeable with the GG14M (used in the MK 73 MOD | Director
for Tartar). Interchangeable with M81168/3.

§.21/6.22
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MIL.HDBK-224 (NAVY)
27 September 1968

GYROSCOPE, RATE INTEGRATING

CHARACTERISTICS

Spin_motor
Type . .

wmumg Conngurauon . e e
Rated excitation (900 Hz) . . .
Rated current . . . . .« . . .
Impedance

Phase

Total.
Run-up time (max)

Gimbal
Anisoelasticity (max) .

Signal generator

Type . . .
Rated excitation (900 Hz) .
Impedance, pnmary

Power consumption (max)
Resistance (moving coil)

Torque generator
Type .
Resistance

GG 250 A-11

e Synchronous
2 phase
. 2 phase

6.5 .5 \Y/

280 ~ 430 mA

5.4 +j 14.8 ohms

20 +3 ohms

30 sec

00045 deg/sec/g2

AC moving coil

29.5 +.5 Vv

229 +j 325 10 391 +j444

1.5 watts

340 + 50 ohms

d'Arsonval

283 - 1250 ohms

Temperature regulator (if heater is used)

Types (optional) .

RESLS&?.!!CC (lf sensor 1s SClCCted)

Heater (use is optional)
Power source (400 Hz)

Power (max) .
Resistance (min

\ N "o -r
) @ 22°C

. either a temperature sensor or a thermostatic device

Gyro unit
Gyro scale factor (over range 0 to + 90 deg/sec)

1350 ohm series torquer resistor .

500 ohm series torquer resistor
Linearity error (max)
0 — 5 deg/sec angular rate.

5 ~ 60 deg/sec angular rate .
60 - 90 deg/sec angular rate

780 ohms

115 \

.. 175 watts

. . . S0 ohms

e 1 Vdc/dcg/sec

N 0.5 Vdc/deg/sec

.02 deg/sec or 1% of true rate,
whichever is greater
1% of true rate
2% of true rate

6.23
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MIL-HDBK-224 (NAVY)
27 September 1968

GG 250 A-11 (Continued)

Zero rate uncerntainty, in ea. of 6 gyro positions (max). . +.02 deg/sec
Cross-coupling (max) . . . . . . . . . « .« .« . .. +1% of full inputrate
Hysteresis {max) . . . . . . . « . « oo ... .02 deg/sec
Operating life (min). . . e e e e e e e e e 2000 hours
Storage life (min) @ 62 to0 +95° e e e e e e e e e S years
Welght (excluding ‘cable and conneczor) e e e e e e 210 grams
REFERENCES

Specification . . . . . s ¢ ¢ s e e e e 00 MIL-R-23750

Federal Stock Number (FSN) .
Qualified Products List (QPL) .
NOTES

Used in AN/APG-59 and AN/APQ-72/100 radar sets.

6.25/6.26
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MIL-HDBK-224 (NAYY)

27 September 1962

CHAPTER 7

The precision, wirewound'or non-wirewound, tong life, low noise potentiometers
(variable resistors) described ih this chapter have special requirements on rota-

tional life, electrical noise, and temperature coefficient of resistance. They in-
corporate movable electrical contacts of a precious metal, lubricated to minimize
wear and signal noise, a resistance element of Nichrome Alloy or better, and are
(a) either single or ten tum (b) linemr or non-linear function and {(c) single-sec
or multisection (ganged).

»aomem
v

7.1/7.2
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RESISTOR, VARIABLE, WIREWOUND

PRECISION, L

(AT L LR

ONG LIFE, LOW NOISE

STYLE RRP09
ELECTRICAL CHARACTERISTICS SINGLE
TURN

Resistance (max total) . 100,000
Voltage, workmg. continuous (max) 250
Power rating @ 40°C ambient . 1.29
Resistance tolerance

Standard. +5

Minimum. +1
Function, output . linear
Linearity tolerance

Standard. +1

Minimum. +0.025
Electrical rotation 350
Electrical noise (max). 100
MECHANICAL CHARACTERISTICS
Mechanical rotation . cont.
Torque, starting (max)

Single section . .. 0.50

Each additional section . 0.35
Rotational life . - 500,000
Ambient temperature range . . ~65 to +125
Temperature coefficient of resistance

element (Nichrome wire) . +80

Weight

REFERENCES

Specification. . .

Federal Stock Number (FSN)
Qualified Products List (QPL) .

NOTES

MIL-R-81106/1(WP)

MIL-HDBK-224 (NAYY)
27 September 1968

TEN
TURN

125,000
500
2.0

+5
41
linear

+1
+0.025
3600
100

3600

—
Soo

200, ()O
~5 10 4125

+ 30

. ohms
\Y
watts

percent
percent

percent
percent
degrees

ohms

degrees

oz-in
oz-in
cycles
degrees C

MIL-R-81106/2(WP)

MIL-R-81106/12(WP) and /13(WP) are similar to MIL-R-81106/1(WP) and /2(WP) except
that the resistance element material is precious metal wire having a temperature coeffi-

cient of +240 ppm.

7.3



Downloaded from http://www.everyépec.com

MiL-HDBK-224 (RAYY)

27 September 1968

60dY P)kis 1L eanbyg

Q31410348 SV S8

4O OG2l 38 AVW VIQ L4VHS

:310N
0314103dS SV A ONV X .
_3/IS WIINYHO W04
e L4VHS Q3L 101S 40 Wvi3a 338
‘ L ONIY NV
Tll Y——— A jo— pe— XYW 2901 ||..A
IYNOI L0 SONIN dINVTD ,rr |
ﬂ LN e
e _ A SN
] LI o . Y N\
X /A N
\\ N
A N
W N
SIIVWINOS _ } W I ,w. /
e I 1 '
— ANV BRI R s SN Al gy — -
XVN | via \ \
vig m 8L N ”
906 m X _ Uy
) Z \ //// %,
D HSNYE ) I S S S 4,
k IS R v 11 NS 4
i -t tv3uvey Hv3wy .._r_. — A NS5,
E.._zzww.vi. PIYET) w N l“\\\ N
- /N R \
o] |-e—290° ,\\ T—XVYW 06—
TIVAS 0311075 804 Tvi3a —o e 290 / Q3sh 41 ‘8v3
, Lyun 969 ONIY IV ONV
o [N 250 2 SIVNINN3L HOd

Nno.l'~

@1

2€0

\

«S¥ X XVIN 910

-

NIN 062
o mmu (e wwun_ —wte—NHAL N3L
fmwu,!? XTH e NBL 3IONIS
\ / «— 3DV4HNS ONILNNOW
A\

Y03 NOISNINIQ SIHL (v

//’ WOIL23$ TVYNOILIQAV HIV3
\
—'4OL1S1SId NOILIISILINN HO4

-3d0V3ANI XYN

7.4



Downloaded from http://www.everyspec.com

RESISTOR, VARIABLE, WIREWOUND

Assee

PRECISION, LONG LIFE, LOW NOi

MIL-HDB K-224 (NA VYY)
27 September 1968

STYLE RRP11
ELECTRICAL CHARACTERISTICS SINGLE TEN
TURN TURN

Resistance (max total). 125,000 200,000
Voltage, working, continous (max) 250 500
Power rating @ 40°C ambient . 1.5 2.0
Resistance tolerance

Standard +5 +5

Minimum . . . . < -« - . . o o . s +] +1
Function, output . linear linear
Linearity tolerance

Standard z1 +1

Minimum . . . . + 0.025 +0.025
Electrical rotation 350 3600
Electrical noise (max). . 100 100
MECH ANICAL CHARACTERISTICS
Mechanical rotation . . . . . . . - . cont. 3600
Torque, starting (max)

single section . . . . . 0.75 1.25

Each additional section . 0.50 1.25
Rotational life . .. 500,000 200,000
Ambient temperature range . . . . . =65 to +125 65 to +125
Temperature coefficient of resistance

element (Nichrome wire) . +80 +80
Weight
REFERENCES
Specification. . . . . . . . . . . MIL-R-81106/3(WP)
Federal Stock Number (FSN) . . ..
Qualified Products List (QPL) . . . . .
NOTES

ohms
\Y
watts

percent
percent

percent
percent
degrees

ohms

degrees

oz-in
oz-in
cycles
degrees C

ppm

oz

MIL-R-81106/4(WP)

MIL-R-81106/14(WP) and /15(WP) are similar to MIL-R-81106/3(WP) and /4(WP) except
that the resistance element material is precious metal wire having a temperature cocffi-

cient of +240 ppm.
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MIL-HDBK-224 (NAVY)
27 September 1968

RESISTOR, YARIABLE, WIREWOUND

PRECISION, LONG LIFE, LOW NOISE
STYLE RRP15
ELECTRICAL CHARACTERISTICS SINGLE TEN
TURN TURN

Resistance (max total) . 150,000 350,000 ohms
Voltage, working, continuous (max) 250 500 . v
Power rating 840°C ambient . . 2.0 3.0 watts
Resistance tolerance

Standard +5 +5 percent

Minimum +1 +1 percent
Function, output linear linear
Linearity tolerance

Standard +1 +1 percent

Minimum +0.025 +0.025 percent
Electrical rotation 350 3600 degrees
Electrical noise (max). 100 100 ohms
MECHANICAL CHARACTERISTICS
Mechanical rotation . cont. 3600 degrees
Torque, starting (m 12x) .

Single section . . 1.0 1.5 oz-in

Each additional section . 0.75 1.5 oz-in
Rotational life . . . 500,000 200,000 cycles
Ambient temperature range . ~65 to +125 ~65 to +125  degrees C
Temperature coefficient of resistance

element (Nichrome wire) . +80 +80 ppm
Weight oz
REFERENCES
Specification. . . e MIL-R-81106/S(WP) MIL-R-81106/6(WP)
Federal Stock Number (FSN) .. '

Qualified Products List (QPL) .

MIL-R-81106/16(WP) and /17(WP) are similar to MIL-R-81106/5(WP) and /6(WP) except
that the resistance element material is precious metal wire having a temperature coeffi-

cient of + 240 ppm.

MIL -R-81106/23(WP) is similarto MIL-R-81106/5(WP) except that the output function is

non-linear.

7.7
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RESISTOR, VARIABLE, WiR EWOURD
PRECISION, LONG LIFE, LOW NOISE
STYLE RRP18

----------- SINGLE TEN
TURN TURN

Resistance (max total) . . . . . . - o - - 200,000 400 000 ohms
Voltage, working, continuous {max) . . . . . 250 500 v
Power rating @ 40°C ambient . 3.0 4.0 watts
Resistance tolerance

Standard. . . .« . . e oeosoeomom et +5 5 percent

MIDIMUM. . « o o o =+ = s = = st © 2l +1 percent
Function, OUTPUL . « « =« « =+ = = = = = = * linear linear
l.inearity tolerance

Standard. . . - - s s s oronot ottt t1 +1 percent

Minimum. . . « - - - s s ososos oot +0.025 +0.025 percent
Electrical rotation 350 3600 degrees
Electrical noise (max) . 100 100 ohms
MECH ANMICAL CHARACTERISTICS
Mechanical rotation . . . « .« .« o e e cont. 3600 degrees
Torque, starting (max)

Single section . . . . . . oottt 1.0 1.5 oz-in

Each additional section . . . . . . - - ¢ 0.75 1.5 oz-in
Rotational life . . . . . - « < o o 500,000 200,000 cvcles
Ambient temperature range . . . - - - - - ~65 10 +125 65 1o +125 dcgrees C
Temperature coefficient of resistance

element (Nichrome wire) . .« « - - - - = +80 +80 ppm
Weight . . . - - oo osos oz
REFERENCES
Specification . . e e e e e MIL-R-81106/7(WP) MIL-R-81106/8(WP)
Federal Stock Numbgr (FSN) .
Qualified Products List (QPL) .

NOTES

MIl _R-81106/18(¥P) and /19(WP) are similar to MIL- R-Bll%/?(WP) and /8(WP) except
that the resistance element material is precious metal wire having & iemperature coeffi-
cient of +240 ppm.

~4
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RESISTOR, VARIABLE, WIREWOUND
PRECISION, LONG LIFE, LOW NOISE

STYLE RRP20
ELECTRICAL CHARACTERISTICS SINGLE TEN
TURN TURN

Resistance (max total) . 250,000 500,000 ohms
Vol(age workmg, continuous (max) 250 500 v
Power rating £40°C ambient 4.0 5.0 watts
Resistance tolerance

Standard. 5 +5 percent

Minimum. +1 11 percent
Function, output . linear linear
Linearity tolerance

Standard. +1 +1 percent

Minimum +0.025 +0.025 percent
Electrical rotation 350 3600 degrees
Electrical noise (max). 100 100 ohms
MECHANICAL CHARACTERISTICS
Mechanical rotation . cont. 3600 degrees
Torque, starting (max)

Single section . 1.0 1.5 oz-in

Each additional section . 0.75 1.5 0z-in
Rotational life . . 500,000 200,000 cycles
Ambient temperature range . .. -65 to +125 65 to +125 degrees C
Temperature cocfficient of resistance

element (Nichrome wire) . + 80 +80 ppm
Weighi oz
REFERENCES
Spccxflcatlon MIL-R-81106/9(WP) MIL-R-81106/10(WP)

‘!\

Federal Stock Number (FSN) . . .
Qualified Products List (Q L) . .

NOTES

MIL-HDBK-224 (NAYY)
27 September 1968

MIL-R-81106/20(WP) and /21(WP) are simiiar to MTL-R-eli%/?\'wp) and /IU\‘-'JP) except
that the resistance element material is precious metal wire ing a

cient of +240 ppm.

temperature coeffi-

7.1
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MIL-HDBK-224 (NAYY)
27 September 1968

RESISTOR, VARIABLE, WIREWOUND

m

PRECISION, LONG LIFE, LOW NOIS

STYLE RRP30 (SINGLE TURN)

ELECTRICAL CHARACTERISTICS

Resistance (max total) . . . e e e e e e e e e e 325,000 ohms
Voltage, working, continuous (max) e e e e e e e e 250 \Y
Power rating 840°C ambient . . . . . . o0 T 6.0 watts
Resistance tolerance
Standard . . . - s e e s omoe st +5 percent
Minimum . +1 percent
Funclion, OULPUE  « » « = = = =+ s s st s st linear
Linearity tolerance
Standard + 1 percent
MInGMGm - . - - e e = s e +0.025 percent
Electrical rotation . . . - =+ e sttt 350 degrees
Electrical noise (max). 100 ohms

MECHANICAL CHARACTERISTICS

Mechanical roration . . . - « « o s oeoe ottt continuous degrees
Torque, startmg (max)

Single section . . . S 1.5 oz-in

Each additional section . . . « « « ¢ o o oot 1.25 oz-in
Rowational life . . . . . .o o e e e e e T 500.000 cycles
Ambient temperature range . . - . . st sttt T 65 to +125  degrees C
Temperature coefficient of resistance .

element (Nichrome wire). . . . . - - - - - - " 07 +80 ppm
Weight o o o - o - s osom s s . oz
REFERENCES
Specification . S MIL-R-81106/11(WP)

Federal Stock Number (FS\J)

Qualified Products List (QPL) .
NOTES

MIL-R-BIIO()/Z"(WP) is similar to MIL-R-81106/11(WP) except that the resistance element
material is precious meral wire having a temperature coefficient of +240 ppm.

7.13
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MIL-HDBK-224 (NAYY)
27 September 1968

CHAPTER o

POWER SUPPLIES

The power supplies described in this chapter have been designed to meet
specific requirements of fire control systems or components.

8.1/8.2
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MIL-HDBK-224 (NAVY)
27 September 31968

POWER SUPPLY
MK 47 MOD 1

ELECTRICAL CHARACTERISTICS
input
Voltage . o « o+« o e e s s osomm e n 25.0 to 29.5 Vd.e.
Current .. . . 14,0 amps
Output
Voltage, 3 phase 3 wire

Phase BC . . « « « « « « « + = iis5 \Y

Phase AB . . . . .« « « « « o o 119 \Y

Phase CA . « o « « o o o o o s s 115 v
Frequency . .« - « « « o+ st sttt .o 400 Hz
Dhase rofation . . . « « « = = =« * * ° ACB
Rating

Three phase. . . . « « « + o o ococos st 20 10 100 VA

Single phase . . . S R 0 to 50 VA
Total VA not o e:c:ed 100 except for 5 minute

Penn{] with 150% overload
Load power factor (reactive) . « « = « « o o oc o os ot G.4 10 0.8
Harmonic content, total (MAX). - o« o o o o 0o e st 10 percent
MECHANICAL CHARACTERISTICS
Weight (max) . 19.5 1.
REFERENCES
Inceallation drawing . . .« =« o o s . oo WP Dwg 675139
General arrangement drawing. . . .« - . - e o0t 0t WP Dwg 675142

Federal Stock Number (FSN) . . . « o o« v oo vooe
Qualified Products List (QPL) . e

.
.
.
.
.

NOTES

8.3
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MIL-HDBK-224 (NAYY)
27 September 1968

POWER SUPPLY
TYPE 2, CLASS 2,28V, 0.7 ANP

M81338/1-1
ELECTRICAL CHARACTERISTICS
Ynput :
Frequency . . . - - = « « ¢ s w s e s sos s 380 1o 420 " Haz
Voltage . 103 to 124 A
or 24 to 28
Ouvtput
Voltage DC . . . . . & . o o o oo e e e 27.44 10 28.56 \Y
Current . . . . . .. o . - 0w 07 A
Ripple, peal to peal (max}. . . . . . . o 25 mYV
Impedance, at 800 H= (max) 2 ohms
MECHANICAL CHARACTERISTICS
Ambient temperature range (mounting base). . . . . . . . -55 to ~100 degrees C
Size and configuration . . . . . . . . . . . . e e e e per dwg
External connections
Lug No. 1 +28v d.c. output

2 115 v 400 cps input

3 26 v 400 cps input

4 input ground

5 ne connection

¢ output ground

K no connection
Weight (max) . 1.8 Ib
REFERENCES
Specification . . . . . . . e e e s e e e e MIL-P-81338/1(WP)

Installation drawing .
Federal Stock Number (FSN)
Qualified Products List (QPL) .

NOTES

o
w
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MIL.HDBK-224 (NAYY)
27 September 1968
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MIL-HDBK-224 (NAYY)

-ond A

27 September 1968

MB1338/2-
ELECTRICAL CHARACTERISTICS
taput
Frequency . . . « « = o o o s e e e e e 380 to 420 H-
Voltage . . .« « o . o e s e e e e e e 103 to 124 \Y
or 24 to 28
Output
Voltage d.c. « « v o« o o s e e e e e 27.44 ¢028.56 A
Current . . e e e e e e e e e e e e 0to0 2.0 A
Ripple, oeak to peak (max) e e e e e e e e e e e e 25 mV
lmpedance at BOO Hz (Max) . . v v v o« o o e e 2 ohms
MECHANICAL CHARACTERISTICS
Ambient temperature range (mounting base). . . . . . - - -55 to +85 degrees C
Size and configuration. . . . . . . . o .o e e e per dwg
Extemnal connections
Lug No. 1 +28 v d.c. output

2 115 v 400 cps input

3 26 v 400 cps input

4 input ground

5 no connection

6 output ground

7 no connection
Weight (max) . . . .« o« o o o .o e e e e e 3.0 Ib
REFERENCES
SPecification. . . . . . s e e e s e e s e e e e MIL-P-81338/2(WP)

Instailation drawing . . . . . -
Federal Stock Number (FSN) . .

Qualified Products List (QPL) .

NOTES

o
v
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MIL-HDBK-224 (NAVY)
27 September 1968

POWER SUPPLY

MODULES, 25 WATTS

ELECTRICAL CHARACTERISTICS

Input
Frcqucncy(3phasc) e e e e e e e e e e e e 400 Hz
Voltage . . . . . 112-124 \'
Output
Voltage dc range by a series of modules . . . . . . . 10 to 100 .V
(adjustment over 10% range of each module)
DC power . . . e e e e . + . Oto approx 25 watts
Short citcuit current (approx\ .. e 140% full load current
Temperature coefficient of output voltage (max) e .005% per degree C
Ripple and noise (max) . . e e e e e 1 mVrms
Load regulation (ro load-full load and e 10 mVrms
full load - no load) max
Transient recovery time (time required ro recover from 16C usec

full load current change to within 10 mV of nominal
output voltage) max
Transient line voltage, 100 msec, line-neutral (max) . . 192 Vrms

MECHANICAL CHARACTERISTICS

Ambient temperature range (mounting base) . . . . . . . =55 to +120 degrees C
Size and configutation . . . . . . . . . . .. . per dwg
External connections

Pin - output
- remote sensing
+ remote sensing
+ output sensing
spare
T101-3(P1)
T101-9(82)
T101-15(93)
T101-16(comm.)

D OD ~d O\ W D b

Weight
NOTES
NAFI designation PP-4436(XAN-1)/U.

BUWEPS drawing No. 64A49D1.

8.9
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MIL-HDBK-224 (NAYY)
27 September 1968
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-— MIL-HDBK-224 (NAVY)
27 September 1968

The relays described in this chapter are high-reliability, hermetically sealed

(crystal case) units for MK 47, MK 118, and MK 119 computers.
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ELECTRICAL CHARACT ERISTICS

Frequency .

Voltage
Reference puES‘c‘ B
Control phase (senes)
Control phase (parallel) .
Minimum startmg (max)

Currem (at stall)
Reference y!'ase B
Control phase (sencs)
Control phase (parallel) .

Power input/phase (max)

Power factor/phase .

Effective resistance
Control phase (series).
Control phase (parallel) .

MECHANICAL CHARACTERISTICS

No load speed (min).
Stall torque (min) at 23°C
Rotor moment of inertia

Theoretical acceleration (at stall)

Puwff nl'lp"' (max\ .

Temperature rise . .o
Ambient temperature range .
Weight

REFERENCES

Specification

Installation drawing .

Generai arrangement d.'.".‘-‘-""g .
Federa! Stock Number (FSN) .
Quale:ed Products List (QPL) .

NOTES

SERVOMOTOR

TYPE 26V-08SM4a

‘-55 to +125 degrees C
. 2.0

MIL-HDBK-224 (NAYY)
27 September 1963

400 Hz
26 v
36 \Y
18 \Y
.75 v
245 mA
178 mA
318 mA
3.6 watts
.58
366 ohms
2 ohms
6200 pm
.30 oz-in
.20 gm-cm%
106.000 rad/sec*
4 watis
/S degrees C

oz

MIL-S-22432/30B

12.5
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ELECTRICAL CHARACTERISTICS (DESIGN

»
—

Frequency
Voliage
Reference phase
Control phase (series)
Control phase (pa ilel
Mlmmum star uus X)
Current (at stall)
Reference phase
Control phase (senes)
Control phase (paraliel) .
Power mpuu/yunSC (max) .
Power factor/phase
Effective resistance
Reference phase
C ontrol phase (series) . .

Control phase (parallel) .

\
J .

MECHANICAL CHARACTERISTICS (DESIGN)

No load speed (min) . .

Stall torque (min) at 23°C

Rotor moment of inertia. .
Theoretical acceleration (at stall)
Power output (max)

Temperature rise

Ambient temperature range

Weight .

REFERENCES

Spccmcauon .

Installation drawing . . . -
General arrangement drawing
Federal Stock Number (FSN)
Qualified Products List (QPL)

NOTES

Developed under contract NOw 64-0584-f.

MIL MDBK.224 (NAVY)
27 September 1968

400 Hz

26 v

36 AY

18 v

1 -V
160 mA
118 mA
210 mA

2.8 watts
260 ohms

505 ohms
126 ohms
9800 pm
3 oz-in.

.2 gm-cm
106,000 rad/sec?
watts
75 degrees C
-55 to + 125 degrees C
1.5 oz

WP Dwg

MIL-S-22432/

~r e s

£271620 -

—
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ELECTRICAL CHARACTERISTICS

Frequency .
Voltage

Reference phase .
Control phase (series).

Control phase (series). .
Control phase (paralle}) .
Minimum starting {max)

Current (at stall)

Reference phase .
Control phase (series).
Control phase (parallel) .

Power input; phase (max).

Power factor/ phase .

Effective resistance
Reference phase .
Control phase (senes) .
Control phase (parallel) .

MECHANICAL CHARACTERISTICS

No load speed (min).
Stall torque (min) .
Rotor moment of inertia

Theoretica) acceleration (at stall).

Power output (max) . .
Ambient temperature range .
Veight

REFERENCES

Specification

Installation drawing . .
General arrangement drawi mg .
Federal Stock Number (FSN)
Qualified Products List (QPL)

NOTES

SERVOMOTOR
MK 14 MOD 2

-----

MIL-HDBK-224 (NAVY)
27 September 1968

400

115
115
57.5

WP Dwg
WP Dwg

mA
mA
mA
watts

ohms
ohms:
ohms

rpm

oz-in
gm-cm

rad/sec?

warrerc

degrees C
oz

MIL-S8-17087
988714
988713

ol
~N
‘o
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ELECTRICAL CHARACTERISTICS

Frequency .
Voltage
Reference phase . .
Control phase (series). . .
Control phase (paraliel) .
Minimum starting (max)
Current (at stall)
Reference phase .
Control phase (series).
Control phase (parallel) .
Power input/phase (max).
Power factor/phase .
Effective resistance
Reference phase (series).

Control phase (parallel) .
MECHANICAL CHARACTERISTICS

No load speed (min).
Stall torque (min) at 23°C
Rotor moment of inertia

Theoretical acceleration (at stall).

Power output (max) .
Temperature risc .

Ambient temperature range .
Weight

REFERENCES

Specification .

Installation drawing. ..
Genera) arrangement drawing .
Federal Stock Number (FSN) .

Qualified Products List (QPLY .

NOTES

Formerly MK 14 MOD 4

MIL-HDBK-224 (NAYY)
27 September 1968

SERVOMOTOR

400 H:
115 v
115 \Y
$7.5 \Y
3 \Y
105 mA
105 mA
196 mA
6.5 watts
.54
2168 ohms
2168 ohms
6200 rpm
1.00 oz-in
1.1 gm-t:m2
66.000 rad/sec?
1.1 watts
. 125 degrees C
-%Sto - 125 degrees C
4.6 oz

MIL-S-22432/17B

. Yes

2.1
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ELECTRICAL CHARACTERISTICS

Frequency .
Voltage
Reference phase .
Control phase (series).
Control phase (parallel) .
Minimum starting (max) .
Current (at stall)
Reference phase .
Control phase (series).
Control phase (parallel) .
Power input/phase (max).
Power factor/phase .
Effective resistance
Reference phase .
Control phase

MECHANICAL CHARACTERISTICS

No load speed (min) .

Stall torque (min) at 23°C

Rotor moment of inertia ...
Theoretical acceleration (at stall).
Power output (max) .

Temperature rise . .
Ambient temperature range .
Weight . . . . . . . . . .

REFERENCES

Specification. . .
Installation drawing . ..
General arrangement drawing .
Federal Stock Number (FSN) . .
Qualified Products List (QPL) .

NOTES

SERVOMOTOR

MIL-HDBK-224 (NAVYY)
27 September 1968

400

115
36

10
10

75

63
200
366
3.7
.50

4020
395

6200

.65

.8

57,000

.8

. 65
=55 to +12%
4.5

pm

oz-in
gm-c-mz
rad/sec?
watts
degrees C
degrees C

oz

MIL-S-22432/31B

. - Yes

12.13
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ELECTRICAL CHARAC CTERISTICS ( DESIGN)

Reference phase .

Control phase {series)

Lonum puaa: \?E‘-.'?-uil) .

Minimum starting (max) .
Current (at stall)

Reference phasc .

Control phase {series)

Comro‘. phase (paralleD
wer input’ phase (max .
Power ta tor pha~e .
Effective resisance
Refcrence phase .
Contirol phasc {series)

Con:rol phase (parallel’

MECHANICAL CHARACTERISTICS (DESIGN)

1 emren )

(94 llllll,’ .

mm) at 23°C

Rotor moment of inerta
Theoretical acceleration (at stall)
Power outpu! (max) .

Temperature fsc

Ambient temperaiurc rangc

Weight
REFERENCES

\pecnxcauon . .
Installation drawing . ..
General arrangement drawing .
Federal Stock Number (FSN)
Qualified Products List (QPL)

NOTES

CJ
U
x
Ln

Developed under contract NOw 64

D

S
LI

AW S vj: (@)

115

80.00C

_ﬁﬂ 1y -

WP Dwg

69
129
4.0

MIL-HDBK-224 (NAVY)
27 Sertember 1968

ohms
ohms

P S
onos

rpm
oz-in.
gm-cmz
rad/sec?
watts
degrees C
degrees C

oZ

MIL-S

4
un N
~IN
[SON -
N
AN
D~

[\ ]

12.15
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SERVOMOTOR

MK 7 NOD 0

ELECTRICAL CHARACTERISTICS

Frequency .
Voltage
Reference phase .

Control phase {series).
Control nhacp (nnrnnph

LOon nase \palaiks) .
memum starting (max)
Current (at stall)
Reference phase .
Control phase (series).
Control phase (parallel)
Power input/phase (max).
Power factor/phase .
Effective resistance
Reference phase .
Control phase (series).
Control phase (parallel) .

MECHANICAL CHARACTERISTICS

No load speed (min). .

Stall torque (min) .

Rotor moment of inertia
Theoretical acceleration (at stall)
Power output (max) .

Ambient temperature range .

Weight
REFERENCES

Specification .

Installation drawing .

General arrangement drawing .
Federal Stock Number (FSN) . .
ﬁnnh‘lnd Products List (QPL) .

(S0 LS

NOTES

MIL-HDBK-224 (NAYY)

. antla

Z7 September 1900

400 z
115 M
115 v
57.5 v
A"
110 mA
110 mA
220 mA
6.1 watts
.49
2200 ohms
2200 ohms
550 ohms
4800 pm
1.45 oz-in
3.3 gm-cm2
31,000 rad/sec”
watts
degrees C
8.0 oz
MIL-S-17087
WP Dwg 675027
WP Dwp 675025

‘.2# !.7
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SERYOMOTOR

MK 7 MOD 1

ELECTRICAL CHARACTERISTICS

Frequency .
Voltage
Reference phase .

C 1
Control phase (series).

Control phase (parallel) .
Minimum starting (max) .
Current (at stall)
Reference phase .
Control phase (series). .
Control phase (parallel) .
Power input/phase (max).
Power factor/phase .
Effective resistance
Reference phase .
Control phase (series).
Contro! phase (parallel) .

MECHANICAL CHARACTERISTICS

No load speed (min).

Stall torque (min) .

Rotor moment of inertia .
Theoretical acceleration (at stalll.
Power output (max) .

Ambient temperature range .

Weight.
REFERENCES

Specification. .
Installation drawing. .
General arrangement drawing .
Federal Stock Number (FSN) .
Qualified Products List (QPL) .

NOTES

I7d

ame as MK 7 MOD 0 except for spline.

MIL-HDBK.224 (NAYY)
27 September 1968

400

115
115
57.5

110
110
220
6.1
.49

2200

2200
550

4800
1.45
3.3
31.000

.0

WP Dwp
WP Dwy

ohms
ohms
ohms

pm
oz-in
gm-cm2
radsec?
watls
degrees C
oz

MIL-S-17087
675069
675068

12.19
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MIL-HDBK-224 (NAYY)
27 September 1968

SERVOMOTOR
MK 7 MOD 2
EL ECTRICAL CHARACTERISTICS
Frequency . . - « « = = + = =+ o oc ot n .. 400 H:
Voitage
Reference phase . . 115 .
Control phase (series). 230 v
Control phase (parallel) . 1% \Y
Minimum srartmg (max) \'
Current (at stall)
Reference p phase . . . . e e e e e s e e s 116 mA
Control phasc (SETiES). « « « + o o o eoowom ottt 54 mA
Control phase (parallel) . . . o o o oo e 11C mA
Power input/phase (max) . . . . . oot T £ watts
Power factor/phase . . . . - . - o os s sttt T 4¢
Effeca."" p»cqcrznc‘e
Reference phase . . . . . - « - - oo ococos ottt 2200 chms
Control phase (series). . . « . . =« - = st T 8800 ohms
Control phase (parallel) . . . . .« v o oo o m T 2200 ohms
MECHANICAL CHARACTERISTICS
No load speed (min). . . . . -« - = o coom ot 4800 pm
Stall torque (min) . . . . . o o o - ettt 1.45 oz-in
Rotor moment of inertia . . -+« o oottt T 3.3 gm- -cm?
Theoretical acceleration (at sealld. . . . o e e e e e e 31,000 rad /sec?
Power output (max) . warts
Ambient temperature fange . . . . oo -ttt T degrees C
Weight . . o o o o e T .. 7.3 oz
REFERENCES
Specification . . . . . . . o - om . MI1.-5-17087
Installation drawing. . . « « - « « =« = = oot WP Dwg 982126
Generai arrangement dra®ing . - - - - - - T 0T WP Dwg 982127
Federa! Stock Number (FSN) . .
Qualified Products List (QPL) .
NOTES
12.21

p——
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SERVOMOTOR

MK 7 MOD 4

ELECTRICAL CHARACTERISTICS 826°C

Frequency .

Voltage
Reference phase .
Control phase (sencs)

Control phase (parallel) .
Minimum starting (max) .
Current (at stall)

Daf
Reference phase

Control phase (senes)

Control phase (parallel) .
Power input/phase (max). .
Power factor/phase .
Effective resistance

Reference phase

Control phase (series).

Control phase (parallel) .

No load speed (min) .

Scall torque (min) .

Rotor moment of inertia ..
Theoretical acceleration (at stall) .
Power output (max)

Ambient temperature range .
Weight

REFERENCES

Specification .

Installation drawing. .
General arrangement drawing .
Federal Stock Number (FSN) .
Qualified Products List (QPL) .

NOTES

MIL-HDBK-224 (NAVY)
27 September 1968

400

115
115
57.5

WP Dwg
WP Dwyg

mA
mA
mA
watts

ohms
ohms
ohms

rpm
oz-in
gm-cm?
rad/sec?

ad/sec
watts
degrees C
oz

1359522
1359519

-
[
B
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RELAY, HERMETICALLY SEALED
SPDT 26.5 v COIL
INACTIVE FOR NEW DESIGN

ELECTRICAL CHARACTERISTICS

Contact arrangement . . . - = « = = © ottt SPDT
Contact rating
Voltage . . « « o e e e s e s s S 28d.c.,115 a.c. : Y
Current . 2 A
Resistance/conract (max) 05 ohms
Coil
Voltage d.c.
Nominal (rated) e e e e e e e e e 26.5 \Y
Pullsin . o v o e e e e e e e e e 19.2 v
Drop-out 10.0 \'
Power sensitivity. 144 mw
RESISIANCE .+ « « « « + o = s omoeotoromt 2556 ohms
Time
Operate FE O 9 ms
Release . 5 ms
Dielectric
Between terminals & case (sea jevedd . . . . . . .+ 1000 V rms
Between terminals (sea ievel) . . . . . . o - 0 V mms
Between terminals (80,000 ft) . . . - - - - - oo V rms
Insulation resistance (825°C) . . . - - . oo -0 meg ohms
ENVIRONMENTAL CHARACTERISTICS
Operating temperature range . . . - - - ot t T -55 to +85 degrees C
Shock g's/time duration . . . ... e oe st 40/11 g’ s/ms
Vibration 50 cps to 500 cps . . - . o . - oe om0t 20 g's
Life-No. of operations (nominal) . « - -« - - - s s 100,000
MECHANICAL CHARACTERISTICS
Size & configuration per dwg
Terminals . « « « + o o e e s st s pin plug
Mounting S plug
Weight (max) . - - - « - « =+ == 0 0ttt T . oz

N
(78]
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a

[NYeV, 4
NAVY

-~d

OO0

-

MIL-HDBK-224 {
27 Septamber

3~

TERMINALS O30 DIA—

(.187

_-060 DIA LOCATING PIN

(8 PINS) 536 ——————| NO CONTACT CONNECTION
——‘ a— 036
\ i !| T I
‘ X%—ér?s St “
U 4 125
164 é} L l o
) —_ |é_' @l.,__es 1

/'—----—.‘__——‘\\
’ o
,/ _ \ 920—‘3 \\" aa \_‘
A !
\ 4 H
\ i | _a7 Lg e5 J/
AN '
\\ ____________ P
TERMINAL DIAGRAM
Figure 9.1. SPDT 26 5V Coil

9.4



REFERENCES

Specification. . .
Installation drawing

Federal Stock Number (FSN) .
Qualified Products List (QPL)

NOTES

Downloaded from http://www.everyspec.com

SPDT 26.5 V COIL (Continued)

« e e

.......

.......

......

Coil is current calibrated.

Used on computers

MK 47 MOD 8 and 9
MK 118 MOD 0, 1 and 2
MK 119 MOD 0, 1, 3, and 4

MIL-HDBK-224 (NAYY)
27 September 1968

5757

N=si s

-R
WP Dwg 1226344
5945-543-8214

9.5/9.6
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MIL-HDBK-224 (NAVY)
27 September 1968

RELAY, HERMETICALLY SEALED

DPDT 39.4 V COIL

ELECTRICAL CHARACTERISTICS

Contact arrangement . . e e e e e e e e e DPDT

Contact rating (resistive load)
Voltage . . . . « o o+ o oot e e e e e e S0d.c., 115 a.c. v
Current . . . e e e e e e e e e 2 A
Rcsxstancc/comact (max) e e e e e e e e e .05 ohms

Coil

Voltage d.c.

Nominal (rared) e e e e e e e e e 39.4 \Y
Pull-in . . . . . o v e e e e e e e e e e 26.7 \Y
Drop-out e e e e e . 13.8 \Y
Power sensitivity. . . . . . . . .« « 0 o« o . o« o 387 mw
RESISLANCE - « - « « « o o + o o o = o s e 1840 ohms
Time
Operate O T 5 ms
Release. .o S ms
Dielectric
Between terminals and case (sea level) . . . . . . 1000 V rms
Between terminals (sea level) . e 750 V tms
Between terminals (80,000 ft) . . . . . . . - . . vV rms
Insulation resistz . @25°C) . . . . . . . . . . - 1000 meg ohms
ENVIRONMENTAL CHARACTERISTICS
Operating temperature range . . . . - - . - - < - - degrees C
Shock g's/time duration . . . . . . . . o . . - e g's /ms
Vibration 10 cps to 2000 cp e e e e e e e e g's
Life-No. of operations {nomi 1) e e e e e e e e 100,000
MECHRANICAL CHARACTERISTICS
Size and configuration. . . . . . . . . . . . o e per dwg
Terminals . . . .« « ¢ o 0 e e e e e e e s pin plug
MOURLING « « « v v o o v e e e e e e e e flange
Weight (max) . oz

9.7
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MIL-HDBK-224 (NAVY)
27 September 1968

.096 DIA i - { *}" T
(2 HOLES) N\ 125 N 400
D) - I |
ot 1 l
_/
1,000
t.18
800
r N

.875

|
—

[ L
—

s =
120

rToron
T

I

030 ou-/

(8 PINS)

BLUE BEAD

TERMINAL DIAGRAM

Figure 9.2. DPDT 39.4 V Coil
9.8
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MIL-HDBK- 224 (NAVY)
27 September 1968

DPDT 39.4 V COIL (Continued)

REFERENCES

MIL-R-5757

Specification. . . . . . . - . e e e e e e e e e
2324701

instailation drawing. . . . . . -« < - o o ¢ ce e s WP Dwg
Federal Stock Number (FSN) . . . . . . . . -« « «

Qualified Products List (QPL) . . . . « .« - o

NOTES

Used on computers MK 119 MOD 3 and 4

9.9/9.10
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MIL-HDBK-224 (NAVY)
27 September 1968

CHAPTER 10

RESOLVERS

The resolvers described in this chapter are of the inductive type. These in-
struments are designed to operate on a single variable input voltage and to produce
two voltages; one voltage is equal to the product of the input voltage and the sine
of the angle of shaft rotation from electrical zero, and one voltage is equal to the
product of the input voltage and the cosine of the angle of shaft rotation from elec-
trical zero. In general, these instruments require the use of amplifiers for isolation
and for compensation.

10.1/10.2
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TYPE 15R11W4o

ELECTRICAL CHARACTERISTICS

Excitation winding . . - .+ <« s st stator
Frequency . « « » = « = -+ * =ttt 400 Hz
input voltage (max) . . . - .« - . o sttt 26 "V
Primary current {nom) . . 14 mA
Primary power ) T 0.044 watts
Impedance
2 200 + J1200 ohms
Zso 225 + J1050 ohms
Zrs 285 + J125 ohms
Zco . . 275 + J1100 ohms
Transformation ratio, rotor/sta(or e e e e e e e 0.98
Phase shift (n ommal) 8.5 degrees
Null voltage
Fundamental e e e e e e e e 8 mV (rms)
Total . « « o o . e e e e e 15 mV (rms)
Function error {(max) . . . . . . +0.1 percent
Shift of resolver zero
with voltage . . Lo + 1.0 minutes
with frequency . . . - e e e e e e e e +0.5 minutes
MECHANICAL CHARACTERISTICS
Friction torque (max) . . . - - - « = - 0T C 0.15 oz-in
Ambient temperature range . . . . - - ottt T -SS to +125 degrees C
Weight . o o o o s oe . oz
REFERENCES
Specification. . . . . .+ - st e e e MIL-R-23417/26
Instaliation drawing . . . . -

o e
l'd} arrangement drawmn .

uene
Federal Stock Number (FSN) e e e e
Qualified Products List (QPL) . . . « + o+ -

Dreferred version of the MK 4 MOD 0 (MIL-R-23417/6A (0S)).

ot
(=]
w
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RESOLVER, ELECTRICAL

ELECTRICAL CHARACTERISTICS

T H ' '
Excitation winding

Frequency . . . . .
Input voltage (max) .
Primarv current (nom) .
Primary power (nom)
Impedance

Zro

Zso

Zrs

Zco . .
Transformation tazic, rotor/ siato:
Phase shift (nom:nal) .
Null voitage

Fundamental

Total. .
Function error (max)
Shift of resolver zero

with voltage .

with frequency .

MECHANICAL CHARAC

Friction torque {max)
Ambien: temperature range .
Weight

REFERENCES

Specification. .
Installation drawing. .
General arrangement drawing .

Federal Stock Number (FSN) .
Qualified Products List (QPL) .

NOTES

Preferred version of the MK 4 MOD 1 (MIL-R-23417/8A (OS)).

TYPE 15R26W4a

a

MIL-HDBK-224 (NAVY)
27 September 1968

stator
400
26

5.7
0.015

450 + 12800
470 + ] 2545
710 + J250
640 - J2700
0.08
8.5

—
—n O

4
(o]

i+

1+
o
N =

0.15

. =99 to +12%

Hz
\Y
mA

watts

ohms
ohms
ohms
ohms

degrees

mV (rms)
mV (rms)

minutes
minutes

oz-in
degrees C
oz

MIL-R-23417/27

10.5
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MIL-HDBK-224 (NAVY)
27 September 1968

RESOLVER, ELECTRICAL

TYPE 23R32W4a

ELECTRICAL CHARACTERISTICS

Excitation winding . . . . . . . . . . . o e o e stator
Frequency . . . Y 400 Hz
Input voltage (max) e e e e e e e e e e e e 130 Y
Primary current {nom) . . « « « « .« o oo oo e e s e 19 mA
Primary power (nom) . . . . . . . . . e - e e e .078 watts
D C resistance
SLALOr . . o o e e e e e e e e e e e e e e e e o7 ohms
ROTOT « v v e o e e e e e e e e e e e e e e e 172 ohms
Compensator . e 200 ohms
Transformation tatio, output/mput e e e e e e e .98
Phase shift (outpux/mput) P 1.9 degrees
Null voltage
Fundamental . . . . . « « « « o . e e e e o 20 mV (rms)
Total . . . . . . . e e e e e e e e e e e e 30 mV (rms)
FUNCLION €ITOr . « v « « « v+ o o« v o 0 s 0 o 00 e + 0.05 percent

Shift of resolver zero

with voltage . +1.0 minutes
with frequency . +0.5 minutes
MECHANICAL CHARACTERISTICS
Friction torque (max) . . . . « . « - . o+ . .. - 0.2 oz-in
Temperature rise (max) . . . . . < . . . .. - e 20 degrees C
Weight . . . . . . . e e oz
REFERENCES
Specification . . . . . . . . . .. e .o e e MIL-R-23417/17

Installation drawing . .
General arrangement drawing . .
Federal Stock Number (FSN) . .
Qualified Products List (QPL) .

NOTES

10.7
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TYPE 23R58N4o

ELECTRICAL CHARACTERISTICS

Excitation winding
Frequency . .
lnput voltage (max)
rnmary current \num) .
Primary power (nom)

D C resistance

Stator .

Rotor . .
impedance, Zso
Transformation ratio, outpu(/ mpuz
Phase shift (output/input) .
Null volrage

Fundamental .

Total .

Function €ffor . . . . « « « « = « + « o
Shift of resolver zero

Sniilt &1 T€ES02V A= 4

with voltage .
with frequency .

MECHANICAL CHARACTERISTICS

Friction torque (max)
Temperature rise (max)
Weight

REFERENCESY

Specification. e e e e ..
Installation drawing. . . . . . . . . . . .
General arrangement drawing . . . . . .
Federal Stock Number (FSN) . . . . . .

Qualified Products List (QPL) . . . . .

NOTES

MIL-HDBK-.224 (NAYY)
27 September 106"

(S A UL L S g

Stator
400 Hz
100 \Y
8.5 mA
.063 warts
130 ohms
230 ohms
870 + J5790 ohms

975
1.2 degrees
20 mV (rms)
30 mV {rms)
+.05 percent
+1.0 minutes
+0.5 minutes
0.2 oz-in

20 degrees C
oz

MIL-R-23417/19

10.9



Downloaded from http://www.everyspec.com

MIL-HDBK-224 (NAVYY)

27 September 1968

oy NBSHEL @941 “p'0L 24nb14
0393VINI - M3IA an3

\\._/\f

R3 3

L————— XVN 009'E ——* ' - &
0m¢.1|i ha—

I
Jf.. 1) \
| e—0G2 /4\\

: Q0 S0p2’
Vs HOLld 96 oz —=| | = .
H133L 22 SITNIWY 3L
\|~wo, NS — vZ-ON 2£-9 ON
\ - le—- €02

et
e
/

80@ | .*I\¢ u._lr
w

N\ O 7/~

ae)
t
l
|
|
7 DO\

[P T )
TSI

S
/

QOW v2- uz: 82- v/l —.!
QWL TINd 0§
€181

1 dYHS NO dOLS 949 — =

\ var e
NOILISOd O¥3Z

{11931 3LVNIXOHdAY

\#{/‘ \N

10.10



Downloaded from http://www.everyspec.com

MIL-HDBK.224 (NA YY)
27 September 1968

RESOLVER, ELECTRICAL

TYPE 23R58W4a

Excitation winding . . . . . . . . .0 0. 0 e e e e stator
Frequency . . . . e e e e e e e e e e e e 400 H:z
Input voltage (max) e e e e e e e e e e e e e e 100 : A
anary cutrent (MOM) . . . « « « o + « « o« o = e e 8.5 mA
Primary power (Rom) . . . . . . .. .o oo e .047 warts
D C resistance
SLALOT .+« e e e e e e e e e e e e e e e e e e 205 ohms
ROCOT « v v e v e e e e e e e e e e e e e 45 ohms
[ b
Compens;a(or e e e e e e e e e e e e e e e Pl Oihnms
Transiormation faiio. ourpul/inpul L. L. o . Lxe
Dhase shift {output /input) . 1.9 degrees
1ase shift {output/ing R
Null voltage
Fundamental. . . . . . « « « « + o 4 v e e . 10 mV (rms}
Total . . - . o e e e e e e e e e e e e e 15 mV (ms)
FUNCEION €FFOF « « « v o o o o o o o o o o e +.0% percent
Shifr of resolver zero
with voltage . . . . . . . . . . . .. o oo <10 minutes
with frequency . . . . . . . . . .o e e e e e +0.9 minutes
MECHANICAL CHARACTERISTICTS
Friction torque (max) . . . . . . e e e e e 0.2 oz-1in
Temperature rise (max) . . . . . . . . .. 20 cegrees C
Weight . . . . . o Lo oo e c oz
nEernelnwmec
REFEREKINGE 3
Specification. . . . . . .. ... e e e MIL-R-25417/20

Installation drawing. . . . . . . . . . . . . .
General Arrangement drawmg e e e e e e e e e

Federal Stock Number (FSN) . . . . . . . .
Qualified Preducts List (QPL) . . . . .

-—

[ =]
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Rotor outpur voltage .

Input impedance
Power supply
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RESDLVER, EL ECTRICAL, AND AMPLIFIER

TN R me v mmruy  we -

MK 4 MOD ]

ELECTRICAL CHARACTERISTICS

500 kohms

.2% of nominal

MIL-HDBK-224 (NAVY)
27 September 1968

400 H=z

26 Vrms
hanacls
wit pf

=55 \Y

38 mA

2S chm resistor in series with

Transformation ratio
At 400 Hz input to rotor at max

Total output noise (max)

Harmonic distortion (max) .
Upper cutoff frequency (3db), max .
Max transient input, 1 sec, 400Hz .

MECHANICAL CHARACTERISTICS

Developed under contract N600(19)60560.
This integrated unit contains dual hybri

iated computing resolver.

10 mH inductor
5% above nominal

1:.0014 +.0014

2
1 mVrms
1 percent
35 kHz
52 Vrms
9.75 oz

d monolithic amplifiers trimmed to its assoc-

10.13
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MIL-HDBK.224 (NAYY)
27 September 1968

CHAPTER 1

SERVO GEARHEADS

A compilation of Servo Gearheads is being prepared

1.1
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S AmTERD 19
URAF IER 14
SERVOMOTORS
e dic ~hamesar ars nrecision
UiiS Thiiapici aic pest 2ot
pec! \.!!"DQ-CS

MIL-HDBK-224 (NAYY)
27 September 1968

chines designed for

12.1/12.2
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SERVOMOTOR

Frequency
Voltage
Reference phase .
Control phase (series) e e e e e e e
Conrrol phase (parallel) . . . . . . . . . . ..
Minimum starting (max) . .
Current (at stall)
Reference phase .
Contro! phase (series). .
Control phase (parallel) .
Power mpur/nhase (max) .
Power factor/phase .
Effective resistance
Reference phase .
Control phase (series) .

..... I--.-AI.. 1

Control phase (pa arallel)

i/
MECHANICAL CHARACTERISTICS (DESIGN)

No load speed (min) .

Stall torque (min) at 23°C

Rotor moment of inertia.
Theoretical acceleration {at szall)

Theore accele
Power output {(max)
Temperature rise (max) .
Ambient temperature range
Weighe .

REFERERCES

Specification . .
Installation drawing .

General Arrangement drawin
Federal Stock Number (FSN
Qualified Products List (QPL)

NOTES

Developed under contract NOw 64-0583-f.

MIL-HDBK-224 (NAYY)
297 September 1968

400 Hz
26 \Y
36 \Y
18 \Y

1 v
90 mA
45 .
v 1y

125 mA
2.0 watts
78

302 ohms

765 ohms

191.2 ohms
9500 rpm

075 oz-in.

.03 gm- -cm?2
160,000 rad/sec?
watts

50 degrees C
-55 to + 125 degrees C
D) oz

MIL-8-22432/
WP Dwg 2571715

12.3
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SERVOMOTOR

ELECTRICAL CHARACTERISTICS

Frequency .
Voltage
Reference phase .

Control phase (series).

Control phase (parallel) .

Minimum starting (max)
Current (at stall)

Reference phase .

Control phase {(serics).

Control phase (parallel)
Power input/phase (max)
Power factor/phase .
Effective resistance

Control phase (series).

Control phase (parallel) .
MECHANICAL CHARACTERISTICS

No load speed (min) .

Stall torque (min) at 23°C

Rotor moment of inertia .
Theoretical acceleration (at stall)
Power output (max) .

Temperature rise . ...
Ambient temperature range .

Weight

REFERENCES

Specification . .
Installation drawing . .
General arangement drawing .
Federa! Stock Number (FSN) .

Caloial 2i0C

Qualified Products List (QPL) .

NOTES

.. 8%
-55 to + 125 degrees C
. 2.0

MIL-HDBK-224 {(NAVY)
27 September 1968

400 Hz
26 v
36 M
18 v
.75 v

245 mA

178 mA

318 mA
36 watts
S8

366 ohms
92 ohms

6200 rpm
.30 oz-in

20 gm-cmz
106.000 rad/sec?
4 watts

degrees C

oz

MIL-S-22432/30B

Yes

12.5
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SERVOMOTOR
TYPE 26V-085M4b

MIL-HDBK.224 (NAYY)
27 September 1968

Freguency . . ... .. 400 Hz
Voltage
Reference phase . . . 26 \Y
Control phase {(serfi H) . . 36 \Y
Contro! phase (parallel) . . . . . v oo 18 v
Minimum starting (max) . . « - « « « ° i -V
Current (at stall)
Reference phase . . . - - - ¢ 160 mA
Control phase (series) . . . - « = = = * 118 mA
Control phase lnarallel) e e e . . 210 mA
Power mou(/phasc (max) « « « o o - . - 2.8 watts
Power factor/phase e e e e e 7
Effective resistance
Reference phase . . . - - « = = = 0t 260 ohms
( ontrol phase (series) . 05 ohms
Control phase (parallel) 126 ohms
MECHAN]CAL CHARACTERISTICS (DESIGN)
No load speed (min) . .. 9800 pm
Stall torque (min) at 23°C . .« - - 3 oz-in,
Rotor moment of inertia. .. .2 gm-cm
Theoretical acceleration (at stall) . . . - 106,000 rad/sec?
Power output (max) watts
Temperature rise . 7 degrees C
Ambient temperature range . . . - - -t -55 to + 125 degrees C
Weight . 1.5 oz
REFERENCES
Specification .+« o s e sttt . MIL-5-22432/

Installation drawmg T WP
General arrangement drawing . . . - - - -

Federal Stock Numbcr (FSN) - « « « o o v = ¢
Qualified Producis List (QPL) . « - - « « » -
NOTES

Developed under contract NOw 64-0584-f.

12.7
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MIL-HDBK-224 (NAVY)
27 September 1968

SERVOMOTOR TACHOWETER ER GENERATOR
TYPE 11Sk-DG4e

1L ECTRICAL CHARACTERISTICS Scrvomofor Section

Frequency - - - * . ... 400 Hz
Voltage
Reference phase . . - = = 7 e e e e e 115 v
Control phase (series) . « -+ v o+t 36 A\
Comrol phase (parallel) e 18 v
Minimum smrtmg (max) - o - o oot 1.0 v
Current (at stall)
Reference phase - - = = - = 00T e e e 62 mA
Control phase (senes) R L 197 mA
Energizing - - - R 41-52 mA
Power mput/phase (max) R 3.7 watlls
Power factor/phase . - - < - T e e e e .52
Impedance
Reference phase - - - - 0t T e e e e 1070 + ) 1760 ohms
Control phase (senes) U 106 + 173 ohms
Qutput - - - - A 800 ohms

MECHANICAL CHARACTERIST‘CS, Servomotor Section

No load speed (mm) R 6200 tpm
Stall torque (min) at 210C L .. . oeoeonos o .60 oz-in.
Rotor moment of inertia. . P 1.3 gm-cm<
Theoretical acceleration (at stall) e e e e e e e 32,600 rad/sec4
Ambient temperature range . - - L e e e e e -55 to +125 degrees C
Weight . . -« - - -0 e e e e e e 6.5 oz
ELECTRICAL C CHARLCTERISTICS, Tochometer Generotor Section
In-phase speed sensitive TR . . o - e .0143
Phase shift (500 to 2600 tpm) .+ - - - o-on ottt 0 degrees
Linearity (max) . +5 percent
Zero- speed outpui vu}:°g es

Total {max) - - - - T e e e e 12 mV

Fundamental (max) 8 mV
Output gradient . . - =« * * ° ° e e e e .55 v/1000 rpm
Temperature sensmvnty {(over range —27 to 125°C)

In-phase s ced sensitive TR (min). . - - 0098

Dhase shift (max) . . 15 degrees

Zero-speed output

Total (max) . « « « = - - e e 22 mV
Fundamentai (max} . . - - = - =~ e e e 15 mV

-
w
-t
—-—
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TYPE 115M-DG4c (Continued)
REFERENCES

Specification . . . . . . . . . .. e e e e e e e

installation drawing . . . . . . . . . . e e e e e e e

General arrangement drawing . . . . . . . . e e e oo
Federal Stock Number (FSN) . . . . . . . . . .

Qualified Products List (QPL) . . . . . . . - .« .o o -

NOTES

MIL-HDB K-224 (NAVYY)
27 September 1968

13.13/13.14
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SERYOMOTOR TACHOMETER R GENERATOR

ELECTRICAL CHARACTERISTICS, Servomotor Section

Frequency . - . - -
Voltage
Reference phase . . . . o o o . o oe e

Control phase (series).

Control phase (parallel) e e e e e e e

Minimum starting (max) . . .
Current (at stall)

Reference phase

Control phase (series).

Energizing . . .
Power input/phase (max) .
Power factor/phase

lesmadance

Reference phase . . . . .« . o oo s

Control phase (series).
Output

MECHANICAL CHARACTERISTICS, Servomotor Section

No load speed (min) .

Stall torque (min) at 23°C . . . .o e e e s
Rotor moment of inertia. . . e e
Theoretical acceleration (at stall)

Ambient temperature range

We:zht

ELECTRICAL CHARACTERISTICS, Tachomater Generator Section

In-phase speed sensitive TR« .« « « « =
Phase shift (500 to 3600 rpm) C e e e
Linearity (500 to 3600 rpmj . .« v o v e -

Axis error voltages
!n-p}-asg (max) . . . . « - -
Quadrature-phase (max) . . . .
Zero-speed output voltage, total (max) .
Position error voltages

in-phase (max) .

f‘iuadras\_nre-nhasc(maw e e e e e e e e e

Outputgrad:ent. e e e e e e e e e

ah m
onms

chms
ohms

tpm
oz-in.
gm-cm 4
rad/sec?
degrees C

oz

degrees
percent

—-—
(78]
—
w
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TYPE 115M-IN4a (Continued)

Temperature sensitivity (over range =55 to 125°C)
In-phase speed sensitive TR . .
Phase shift. . . .

In-phase axis error voltage (max) . 8

Zero-speed output, total (max) 2

In-phase position error voltage (max) PN S
Frequency sensitivity (over range 380 to 420 Hz)

In-phase speed sensitive TK .

Phase shift . . . « . « « « « « o o o o .

Zero-speed output voltage, total (max) . . . . . 2

Voltage sensitity (over range 115 V +10%)
In-phase speed sensitive TR .
Phase shift

REFERENCES

Specification

Installation drawing .
General arrangement drawing
Federal Stock Number (FSN) .
Qualified Products List (QPL).

NOTES

MIL-HDBK.224 (NAVY)
27 September 1968

value measured at 23°C
value measured at 23°C
mVY
mV
mV

value measured ar 400 Hz
value measured at 400 Hz

mV

value measured at 115
....... A 11€
AL

a
value m P
vaiuc mcasSuicu at

«<

MIL-S8-22820/33 (AS)

13.17
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MK 7 NOD 0
ELECTRICAL CHARACTERISTICS
FreQUenCY . « « o o o o o v o e o e e e e e e e e 400 Ha2
Voltage
Reference phase e e e e e e e e e e e e e e e e 115 A%
Control phase {sefies). . . . « « « + - « « - - = - - 115 v
Control phase (paralle) . . . . . . . « . .« . . . . 57.5 A
Minimum starting (max) . . e e e e e e e e e e e v
Current (at stall)
Reference phase . . . . . . . . . . .o e e 119 mA
Control phase (series). . . . . . . .« . .« .« . 11y mA
Control phase (parallel) . . . . . . . . . . « . ... 220 mA
Power input/phase (max). . . . . .« . . o o .. e - 6.1 watts
Power factor/phase . . . . . . .« . . . o . e e .49
Effective resistance
Reference phase . . . . . . . « « o o o o oo 2200 chms
Control phase (series). . . . « . « « « « « « o .- 2200 ohms
Contro) phase (parallel) . . . . . e 550 ohms
MECHANICAL CHARACTERISTICS
No load speed (min). . . . . . . . .« - . . . .. e e 4800 rpm
Stall torque {min) . . . . . . . . . .o e e e e e e e e 1.45 0z-in
Rotor moment of inertia . . e e e e e 3.3 gm-cm2
Theoretical acceleration (at stall) e e e e e e e 31,000 rad/sec?
Power output (max) . . . + « « .« o . e o e e e watts
Ambient temperature range . . . . . . e . s . s e s e e degrees C
Weight . . o o« v v oo e e e e e e e e e 8.0 oz
REFERENCES
Specification. . . . . . . . . e e e e e e e e e e e MIL-S-17087
Installation drawing. . . . . . . -« o . o 0 . e oo - WP Dwg 675027
General arrangement drawing . . . . . . . . . . WP Dwp 675025

Cadesral Qeacl Numher (FSN)

FTUTIAl SIULRA iVUHIUSL (4 wsvy v s @ s s s

Qualified Products List (QPL) . . . . .

NOTES

2.7
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MIL-HDBK-224 (NAYY)

27 September 1968
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MIL-HDBK-224 (NAVY)
27 September 1968

SERVOMOTOR

MK 7 MOD 1

ELECTRICAL CHARACTERISTICS
Frequency . 400 Hz
Voltage
Reference phase . 115 v
Control phase (series). 115 v
Control phase (parallel) . 57.5 \
Mlnlmnm sgar[;no (rnax\ v
Current (at stall)
Reference phase . 110 mA
Control phase (series). 110 mA
Control phase (parallel) . 220 mA
Power input/phase (max). 6.1 watts
Power factor/phase . 49
Effective resistance
Reference phase . 2200 ohms
Control phasc (series). 2200 ohms
Contro! phase (parallel) . 550 ohms
MECHANICAL CHARACTERISTICS
No load speed (min}. 4800 pm
Stall torque (min) . 1.45 oz-in
Rotor mcment of inertia 3.3 gm-cm2
Theoretical acceleration (at stall). 31.000 rad ‘sec?
Power output (max) . watts
Ambient temperature range . degrees C
Weight. 8.0 oz
REFERENCES
Specification. . MIL-S-17087
Installation drawing. . WP Dwp 675069
General arrangement drawing . WP Dwpy 675068

Jwmen Ty

Federal Stock Number (FSN) .
Qualified Products List (QPL)

NOTES

Same as MK 7 MOD 0 except for spline.

12.19
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MIL-HDBK.224 (NAVY)
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SERVOMOTOR
MK 7 MOD 2

ELECTRICAL CHARACTERISTICS

Frequency .
Voltage
Reference phase .
Control phase (series).
Control phase (parallel) .
Minimum starting (max)
Current (at stall)
Reference phase . .
Control phase (series).
Control phase (paralleD .
Power input/phase (max)
Power factor/phase .
Effective resistance
Reference phase
Control phase (series).
Control phase (parallel)

MECHANICAL CHARACTERISTICS

No load speed (min).

Stall torque (min) . .

Rotor moment of inertia ..
Theoretical acceleration (at stall).
Power output (max) . .
Ambient temperature range .
Weight

REFERENCES

Specification .
Installation drawing .

General arrangement drawing .
Federal Stock Number (FSN) .
Qualified Products List (QPL) .

NOTES

MIL-HDBK-224 (RAVY)
27 September 1968

400

115
230
115

116

54
11¢(
¢.1

.49

2200
8800
2200

4800
1.45
3.3
31,000

7.3

. WP Dwg
. WP Dwyg

mA
mA
mA
watts

ohms
ohms
ohms

rpm
oz-in

gm-cm
rad/sec?
wartts
degrees C
0z

MIL-S-17087
982126
982127

122.21
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SERVOMOTOR

MK 7 MOD 4

ELECTRICAL CHARACTERISTICS 826°C

Frequency . . . .
Voltage
Reference phase .
Control phase (series).
Control phase (parallel) .
Minimum starting (max) .
Current (at stall])
Reference phase
Control phase (series).
Control phase (parallel) .
Power input/phase (max). .
Power factor/phase .
Effective resistance
Reference phase
Control phase (series).
Control phase (parallel) .

MECHANICAL CHARACTERISTICS 826°C

No load speed (min) .

Stall torque (min) .

Rotor moment of inertta . . . . .
Theoretical acceleration (at scall).
Power output (max) .

Ambient temperature range .
Veight

REFERENCES

Specification . . .

Installation drawing. .

General arrangement drawing .
Federal Stock Number (FSN) . . .
Qualified Products List (QPL) . .

NOTES

MIL-HDBK-224 (NAVY)
27 September 1968

400

115
115
57.5

180
180
360
8.9
.43

1480
1480
370

5000
2.0
3.3

42,600

to + 125
7.0

WP Dwg
WP Dwg

mA
mA
mA

watts

ohms
ohms
ohms

rpm

oz-in
gm-cm?Z
rad/sec?
watts
degrees C
oz

1359522
1359519

12.23
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MIL-HDBK-224 (NAVY)
— 27 September 1968
SERVOMOTOR
MK 7 MOD 5
ELECTRICAL CHARACTERISTICS 626°C
Frequency . . « o o « o o o o o o e e e e e e e e e e 400 H:
Voltage
Reference phase . . . . . . . . « . o . .. 115 v
Contro] phase (series). . . . . . « « « « o« o o . . 115 A
Controi phase {paraliel) . . . . . . . . . .. . . .. 57.5 v
Minimum starting (max) \Y
Current (at stall)
Reference phase . . . . . . . . . . . ... 180 mA
Control phase (series). . . . . . . . . . . . ... 180 mA
Control phase (paraliel) . . . . . . . . . .. . . . .. 360 mA
Fower input/phase (max). . . . . . . « « o« o o . .. 8.0 watts
Power factor/phase . . . . . . . . . . e e e 43
Effective resistance :
Reference phase . . . . . . . . « « « o oo 1480 ohms
~ Control phase (series). . . . . . . . « .« . o o ... 1480 ohms
Control phase (parallel) . . . . . . . . . . .. . . .. 370 ohms
MECHANICAL CHARACTERISTICS 626°C
No load speed (min) . . . . . . . « « o o o .. oo - 5000 pm
Stall torque (min) . . . . . . . o . e e e e e e e e e 2.0 6Z-in
Rotor moment of inertia . . . e e e e e e e e e e e 3.3 gm-::m2
Theoretical acceleration (at stall) e e e e e e e e e e e 42400 rad/sec?
Power output (max) . . . . . . . . .« . e . .. watts
Ambient temperature range . . . . . . .« . - - o+ . . . - . lOF 125 degrees C
Weight . o . . . o L oo oo e e e e e 7.0 oz
REFERENCES
Specification . . . . . . . . .. 0. o e e e e
Installationdrawing . . . . - « « « « « s e s+« .« . . WPDwg 1473970
General arrangement drawing . . . . . . . « .« . . - . . . WPDwg 1359521

F ederal Stock Number (FSN) . .
Qualified Products List (QPL) .

NOTES

12.25
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MIL-HDBK-224 (NAVY)
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Frequency . . . . . . . . . . . . .
Voltage

Reference phase ..

Control phase (series). . . . .

Control phase {parallel) .

Minimum starting (max)
Current (at stall)

Reference phase

Controi phase (series).

Conirol phase {parallel) .
Power input/phase (max).
Power factor/phase .
Effective resistance

Reference phase

..... P RS

Rotor moment of inertia .
Theoretical acceleration (at szall)
Power output (max)

Ambtient temperature fa g e e e e e e e
Weiohr

Weigh

REFERENCES

Specification . . . . . . . . .

Inectallarian Arawine
ifistaiation grawing . . . .

General arrangement drawing .
Federal Stock Number (FSN) . . e e
Qualified Products List (QPL) . . . . . .

AMATEC
NV | =

MIL-HDBK-224 (NAVY)
27 September 1968
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MIL-HDBK-224 (NAVYY)
27 September 1968

SERVOMOTOR
MK 7 MOD 7
ELECTRICAL CHARACTERISTICS
Frequency . . . « « + « o« o e e e e e e e e e e e 400 H:
Voltage
Reference phase . . . . . . . . . . . . .o . 115 \Y
Control phase {series). . . . . . . « « « o . .. 115 v
Control phase (parallel) . . . . . . . . . . . . . . .. 57.5 \Y
Minimum starting (max) . 3 v
Current (at stall)
Reference phase . . . . . . . . . . . . . ... 114 mA
Control phase (series). . . . . . . . . . . . . . . .- 114 mA
Control phase (parallel) . . . . . . . . . . . . . . .. 210 mA
Power input/phase (max) . . . . . . . . o . .. 6.2 watts
Power factor/phase . . . . . . . . . . . . e o0 .47
Effective resistance
Control phase (series). e e e e e e e e e e e 2340 ohms
Control phase (parallel) . . . . . . . . . . « <. ... 585 ohms
MECHANICAL CHARACTERISTICS
No load speed (min) . 5,600 pw

Stall torque (min) at 23°C . . .+ .« . . e e o o e e 1.35 oz-in

Rotor moment of inertia . . 3.3 gm-cm2
Theoretical acceleration (at stall). 29,000 rad/sec?
Power output (nom) 1.18 watts
Temperature rise (max) BS  degrees C
Weight . 8.0 oz
REFERENCES

Specification .

Installation drawing. . . . . . . .

General arrangement drawing .
Federal Stock Number (FSN) .

A 120 I Do . H
WYUalLIIcd rrouuc s LISt \Y

NOTES

MIL-S-22432/6A

WP Dwyp

2094887

~
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Frequency . . . . . . . .
Voltage
Reference phase . . . . . .

.
\.uuuu} yhaau {Seﬂeu) . e e

Control phase (parallel) . . .

Minimum starting (max) .
Current (at stall)

Reterence phase . . . . . .

Control phase {series). .
Control phase (parallel) . . .
Power input/phase (max) . . .

Power factor/phase . . . . . .
Effective resistance
Control phase (seriesj. . .
Coanrral nhac

Lonirc: yu_...

(nnmnph

MECHANICAL CHARACTERISTICS

No ioad speed (min).
Stall ¢ {mi t2
Rotor moment of inertia . . . .
Theoretical acceleration (at stall)
Power output (max)

Temperature nse e
Ambient temperature range . . .

Wainhe

"\IEIIL . 3 - . - . . . -~ - -
REFERENCES

Specification . . . e
lnstallation drawing. . . . . . .
General arrangement drawing . .
Fedeml Stoc k Number (FSN) .
Qualified Pr oducts List (QPL) . .
NOTES

Formerly MK 7 Mod B.

SERVOMOTOR
TYPE 155M4c

.

MIL-HDBK.224 (RAVY)
nn, -— 'y - _ ansFn
. 400 H:z
. 118 \Y
115 TV
. S7.95 \
3 \Y
. 114 mA
114 mA
210 mA
6.2 watts

47
. 2340 ohms
. 585 ohms
. 5000 rom
1.35 oz-in
3.3 gm-cm#é
29,000 rad/sec‘
1.18 watts
85 degrees C
=S5 to + 125 degrees C
. 8.0 oz
. MIY -S-22432/7C

12.31
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SERVOMOTOR
TYPE 155M4d
ELECTRICAL CHARACTERISTICS
Fre quency .
Volitage
Reference phase . . . . .o oo e st
Control phase (series). . . « « - -+« *°
Control phase (parallel) . . . . . . -
Minimum starting {max} . . - - - - o0 7

Current {(at stall)
Reference phase
Control phase (series)
Control phase (parallel) .

Power input/phase {max)

| g Qe
Power factor/phase . . . . - -

Effective resistance
Reference phase .
Control phase (series)

MECHANICAL CHARACTERISTICS

No load speed (min)

Stalltorque(mm)atZ’PC e e e e e e e e e e

Rotor moment of ineriia
Theoretical acceleration (at sram
Power ocurput (max) .
Temperature rise .
Ambient temperature range . .

Weight

REFERENCES

Specification . . . . . oo
Installation drawing. . . « - - « -« - °
Genemlarrangemcm drawing . - - - - - vt C

rcucnnl Stock ! Number (FSN) .
Qualified Products List (QPL) .

NOTES

400 Hz
115 Y
36 \Y
18 \Y
75 \Y
117 mA
368 mA
680 mA
6.8 watts

.49
2200 ohms
216 ohms
6200 rpm
1.20 oz-in
.8 gm-cm2
105,000 rac:i/sc;-,c2
.8 Wa\ta
69 degrees C
-55 to +12% degrees C
7.3 oz

MIL-S-22432/32B

-
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w
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MIL-HDBK-224 (NAYY)
27 September 1968

ELECTRICAL CHARACTERISTICS

Frequency 400 Hz
Voltage
Reference phase . 115 \Y
Control phase (series). 115 \V/
Control phase (parallel) . 57.5 v
M:mmum starting (max) v
Current (ar stall)
Reference phase . 180 mA
Control phase (series). 180 mA
Control phase (parallel) . 360 mA
Power input: phase (max) 9.1 watts
Power factor/phasc . .43
Effective resistance
Rcfcrence phase . 1460 ohms
Control }llldol’: (s‘cnes\ 1460 ohms
Connolphase(paraucl) 365 ohms -
MECHANICAL CHARACTERISTICS
No load speed (min) 4800 rpm
Stall torque (min) . . 2.35 o0z-in
Rotor moment of inertia . 4.0 gm-cm?2
Theoretical acceleration (at stal ). 39,700 rad/sec?
Pov.er output (max) . watts
Ambient temperature range degrees C
Weigne. 12.2 oz
REFERENCES
Specification . . MIL-S-17087
Installation drawing . .. WP Dwg 675029
Genera] arrangement drawing . VP Dwg 675033

Federal Stock Number (FSN) .
Qualified Products List (QPL)

NOTES

SERYOMOTOR
MK 8 MOD 0

12.35
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MiL-HDBK-224 (NAYY)
« . _ antlo

SERVOMOTOR
MK 8 MOD 2
ELECTRICAL CHARACTERISTICS
Freguency . . 400
Voltage
Reference phase . . . . . o .« .+ o . e s e e st 115
Control phase (series). . . . . « « « o« - = =0t 0T 300
Control phase (parallel) . . . . . o o o v o ve e e e 150
Minimum starting (max) . . . . . < o o o e s s
Current (at stall)
Reference phase . . . . .« « + o = s st 183
Control phase fseriesi. . . . . .« o o s e s 67
Control phase tparallell . . . . v o o e 134
Power input/phase (MaX). . . . - < o o et e 9.6
Power factor/phase . . . . . o o . s e e s s 43
Effective resistance
Reference phase . . . . . « = =« oos sttt T 1464
Control phase (series). . . . . . . -« - e st 9400
Control phase (parallel) . . . . . L e e e e 2500
MECHANICAL CHARACTERISTICS
No load speed (min) 4800
Stall torque (min) . 2.35
Rotor moment of inertia .. 4.0
Theoretical acceleration (at stail). 39,700
Power outpul (max)} . . . . - -
Ambient temperature range . e e e e e e e e e e
Weight. . . -« o o o - o s 13.2
REFERENCES
Specification .
Installation drawing . .. .. WP Dwg
General arrangement drawing . . . . . . . . o e - ¥P Dwg
Federal Stock Number (FSN) . .
Qualified Products List (QPLY |
NOTES

Hz

mA
mA
mA
watts

ohms
ohms
ohms

tpm
oz-in
gm-e!!!z
rad/sec?
watts
degrees C
oz

MIL-S-17087
0982128

JOLLLD
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-HDRBK.224 (NAVY)

(N.l

=~
Vo N
/ ~N
~. -

[ ﬁ 5) /
I
\ e
1430 Gal hd a3S010
wig 082’1 NO $370H
a2 -JNOP{2il) ¥ ON

)
Z aow g Xw 8L Il »anbig
WYWEoVIQ ONItiMm
ﬁ‘ o m.l.n ONIONIM
/kv o) 3ON3¥34
111
v 9 § ¢
DNIGNIM TOHLNOD
(4314)
\L OOAW_. he—
L‘llltll 0002 ———=
jll.ll' §48 | ——
) wl_ lxw_,na_o STYNINY3L 9
AN 26-(061') Of 'ON || ' VZ-iN By - (@11} 6 ON-
GHL 7IN4 002 - = || 8.0 \
== |- ove . /
| RS B AL g == \
1 /S r
j B fo¥ON
osz1 PI o [t Ay —~
| = R LA an
51 | .. B
b [ H n \© & ©y)
/ 4
! | 70 W// \\ ¢
: i = |~ // =
\\ _ :
go s [/
HILid 02 \
HI33L 12
3INITIdS- n
&
o

—



Downloaded from http://www.everyspec.com

SERVOMOTOR

ﬁ’- 2 2

PE 18SMdo
EL ECTRICAL CHARACTERISTICS

Frequency . .
Voltage
Reference phase .
Control phase (series).
Control phase (parallel) .
Minimum starting (max) .
Current (at stall)
Reference phase .
Control phase (series).
Contro! phase (parallel) .
Power input/phase (max).
Power factor/phase .
Effective resistance
Contro] phase (series). .
Control phase (paraliel) .

MECHANICAL CHARACTERISTICS

No load speed (min) .

Stall torque (min) at 23°C .
Rotor moment of inertia
Theoretical acceleration (at Stall)

Power output (max) .
Ambient temperature range .

Weight.

REFERENCES

Specification
Installation drawing .
General arrangement drawmg

Federal Stock Number (FSN) . .

Qualified Products List (QPL) .

NOTES

Formerly MK 8 MOD 3 R

Maximum temperature rise 100°C.

MIL-HDBK-224 (NAYY)
27 September 1968

400

115
115
57.5

275
275
506
14
.44

1017
254

.—55 to +l25

12.0

MIL-S-22432/11A

mA
mA
mA

wal(s

ohms
ohms

rpm
oz-in
gm-cm2
rad/sec2
watts
degrees C

oz

12.39
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SERVOMOTOR
TYPE 18SM4c

ELECTRICAL AL CHARACTERISTICS

Frequency . « « = - = « + = =
Voltage
Releren

il }caen
Control

1acy

[}
0
'tl

hase (scnes) ..

Control phase (paralleD. . .

Minimum starting (max) . . . « « + ¢
Current (at stail)

b~

heurcn;: y..ase . .
Control phase (senes)
Control pha«e {paraliell
Power input/phase (max)
Power factor/phasc .
r;lu.uxvc fesistance
Control phase (series) . .« .« o o e o= om T
Control phase (parallel) .

No load speed (min). . « - « « -«
Stall torque (min) at 23°C

Rotor momem of inertia ..
Theoretical acceleration (at stall)
Power outpul (m.ax)

Temperature risc (max)

Ambient temperature range .

Weight. . .« « o o= ettt
REFERENCES

Specification. . . . . .- e sttt
lnstallatlon drawing. . . . - - o+ - oottt "
Genera) arrangement drawing . . . . . o 0000
chc:al Stock Number (FSN) e e e e e e e

NOTES

Formerly MK 8 MOD 1

MIL-HDBK-224 (NAVY)
27 September 1968

8

H

z
115 v
115 \Y
57.5 v
3 \'
200 mA
200 mA
350 mA
¢l watts
A2
1525 ohms
380 ohms
4810 rpm
2.20 oz-in
4.0 gm <ml
42,000 rad /sec?
2.25 watts

20 degrees C

5% o~ 11 0 aegrees C

13.% oz

MIL-5-22432/9B

=1
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SERVOMOTOR
TYPE 18SM4d
ELECTRICAL CHARACTERS!ITICS (DESIGN)
Frequency . . - - « = = =+ o s sttt
Voltage
i Reference phase e e e e e e e e e e e e
Control phase (series) . . « .« « « =« = - -
Control phase (parallel) . . . . . . . . .
Minimum starting (max) . .« « « .+ « o o e e
Current (at stall)
Reference phase . . . . .« « - o+ o e e
Control phase {series) . . . . « .« = - - - ¢
Control phase(parallel). e e e e e e e e e
Power input/phase (max) . . . . . - . - - -
Power factor/phase
Effective resistance
Reference phase
Control phase (series) . . o« o o 0 o0
Control phase (parallel) . . . . . . . . -
~ MECHANICAL CHARACTERISTICS (DESIGN)

Ngo load speed (min) . .« « « « « o o e e e e e e
Stall torque (min) at 23°9C . . . o e e e e s
Rotor moment of inertia. . . « « « « « ¢ o o e
Theoretical accelcranon (atseall). . . . ..

Power outpui \ma.x; e

Temperature rise (max).
Ambient temperature range . . . . . - - - oo
Weight .
REFERERCES
Specification . . . . . o .. e e e e e e
. Inscallation drawing . . . . . .« o . . e e e
Gcneral arrangcment drawmg e e e e e e e e s

Federal Stock Number (FSN} . . . . « - - - - -

Qualified Products List (QPL) . . . . . . . - . -

NOTES

Developed under contract NOw64-0584-£,

MIL-HDBK-224 (NAVYY)
27 September 1968

400

115

. 500
. 1500
2400

:Ix. N
~Jd v

o~
N

=
"o
(49

oz-ii.
gm-cm
rad/sec?
watts
degrees C
degrees C
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SERVOMOTOR
TYPE 23SM4a

ELECTRICAL CHARACTERISTICS (DESIGN)

Rcfcrcnce phase . . .
Control phase (series).
Control phase (pa raiie
Minimum btaluus max)
Current (at stall)
Reference phase .
Control phase (senes)
Control phase (paraueu .
Power mput/pnase {max) .

_1n
€l .

Power uu.uu/,.ma s¢€

Effective resistance
Reference phase .
Control phasc (series).

Control phasc {paraliel) .

MECHANICAL CHARACTERISTICS (DESIGN)

No load speed (min) .

Stail torque {min} at 23°C
]\Gf\'fu’ moment nf merna

Theoretical acceleration (at stall)

Power output (max)
Temperature rise {max).
Ambient temperature range .
Weight .

REFERENCES

Spccxhcauon .
instaliation drawing -

General arrangement drawing .

Fedetal Stock Number (FSN)
Qualified Products List (QPL)

Developed under contract NOw 64-0583f1.

M L-HDBK-224 (NAVY)

27 September 1368

400 Hz
115 v
36 v
18 v
1 v
720 mA
2000 mA
3600 mA
30 watts
.45
440 ohms
S0 ohms
12.5 ohms
3200 mm
10.0 oz-in.
20 gm-cm2
35,000 rad/sec?
watts
120 degrees C
-55 to + 100 degrees C
36 oz
MIL-S-22432/
2571690

12.45
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MIL-HDBK-224 (NAYY)
27 September 1968
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MIL-HDBK-224 (NAYY)
27 Saptember 1968

w

CHAPTER 1

The instruments described in this chapter are designed for two classes of
applications, one applied where the absolute value of generated voltage is not re-

PR S B Y S I Y SR Uy ¥ Supy aemd men =l b b Lol 1l
quxrec O DT Irec Ol emprialurc Tlicls, and onc applitd wilicitc U avsolutlc vaiuce
of generated voltage must be independent of ambient temperature. The actainment of
a high ratio berween generated volitage and the value of fundamental component of

output voltage at zero speed has been a major objective.

13.1/13.2
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MIL-HDBK-224 (NAYY)
27 September 1968

SERVOMOTOR TACHOMETER GENERATOR

TYPE 26V-08SM-DGdo

ELECTRICAL CHARACTERISTICS, Servomotor Section

Frequency . . . « .« « o« o o e e e e e e
Voltage

Reference phase .

Control phase (series).

Control phase (parallel) . . . . . . « . . « .
Minimum starting (max) . . . . . . -

Current (at stall)
Reference phase . . . . . . . . . . -
Contro! phase (series). .
Energizing.

Power input/phase (max)

Power factor/phase .

Impedance
Reference phase . .- .
Control phase (series). . . . . . « . « « .
Output

MECHANICAL CHARACTERISTICS, Servomotor Section

No load speed (min) .

Stall torque (min) at 23°C

Rotor moment of inertia.
Theoretical acceleration (at stall)

Ambient temperature range. .
Weight.

400

26
36
18
.75

245
178
70
3.6
.58

67 + 95
122 +j 171
1100

6200
.30
i

30,000

~55 to + 1295

2.5

ELECTERICAL CHARACTERISTICS, Tochometer Generator Section

In-phase speed sensitive TR .
Phase shift (500 to 3600 rpm)

e mmiore: [emmw

Linearity {max) . . . N
Zero-speed output voltagcs

Total (max)

Fundamental (max) .
Output gradient . .
Temperature sensitivity (over ra

In-phase speed-sensxtxv e TR .

Phase shift

.041
0
0.5

1+

12
10
.40

ohms
ohms
ohms

rpm
oz-in.

gm=\.ul
rad/sec?
degrees C
oz

degrees
percent

V/1000 rpm

Not less than 70% of
value measured at

23°C

value measured at 23°C

13.3
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MIL-HDBK-224 (NAVY)

27 September 1968
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Specification. .
Installation drawing .

General arrangement drawing

Federal Stock Number {FSh
Qualified Products List (Q

NOTES

Ml L-HDBK .224 (NAYY)
27 September 1968

MIL-S-22820/30(AS)

13.5/13.6
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SERVOMOTORTACHOMETE‘AENERATGR
TYPE 26V-085M-1Nda

ELECTRICAL CHARACTERISTICS, Servomotor Section
Frequency . . - = = = + + + * * = = 00" . s 400
Voltage

Reference phase e e e e e e e e e e 2

Control phase (Series). « « o + o o o s s o=t 35

Control phase (parallel) S R 18

Minimum starting (max) . . « « -« - = F . .75
Current (at stall)

Reference phase . . . « o o o o o0t 245

Control phase (series). « « « « o ¢ o . 178

Energizing . . - - s s oot ottt T . . 79
Power mput/phase (max) . . . 3.6
Power factor/phase .58
Impedance

Reference phase . . . .« o o« -+ - v 67 +j 95

Control phase (series) . . 122 « 1 17

Output . 2200 +) 1900
MECHMANICAL CHARACTERISTICS, Servemotor Section
No load speed (min) . . . . - - . . . 6200
Stall torque (min) at 23°C . . . . o e et 30
Rotor moment of inertia. . . . e e e 1.6
Theoretical acceleration (at stall) e e e e e e 13,000
Ambient temperature range . . =55t + 125
Weight . 2.5
ELECTRICAL CHARACTERISTICS Tachometer Generator Section
in-phase specd sensitive TR . . . . .. . .0580
Phase shift (500 to 3600 IPM) . e e e e et ottt o

- Linearity (500 to 3600 PM). . o e et . + .07

Axis error voltages

in-phase (max) . .. . s e e +5

R Yua»‘oarnrn-vr\hnce (max) . . . « . +7

Zero-speed output voltage, total (max) e e e e e e 15
Position error voltages

In-phase (max) . . . . . . . . 5

Quadrature-phase {(max) . e e . 10
Output gradient . « .+ « -+« + oot .50

<< <<

38
> >

watts

ohms
ohms
ohms

pm
oz-in.

ie}

gm-cmé
rad/sec

N

degrees C

A

[lo]
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MIL-HDBK-224 (NAVY)
27 September 1968

TYPE 26V-08SM-IN4a (Continved)

Temperature sensitivity (over range - 55 to 125°C)
In-phase speed sensitive TR .

Phase shift.

NN P

in- puaac axis error voliage .

Zero-speed output, total (max)

In-phase position efror voltage (max). .
Frequency sensitivity (over range 380 w0 420 Hz)

In- phase speed sensitive TR .

Phase shift.

Zero-speed output voltage (ota] (max)
Voltage sensitivity (over range 26V +10%)

In-phase speed sensitive TR .

Phase shift.
REFERENCES

Specification

Installation drawing .
General arrangement drawing
Federal Stock Number (FSN).

v

Qualified Products List (QPL).

NOTES

value measured at 23°C
vaiue measured at 23°C

+10 mV

2 mV

8 mV

value measured at 400 Hz
emlii; mmamre ad A ANN U

ValLUT [HITa>DuUiIcTu aL svwv lll-

20 - mV

value measured at 26V
value measured at 26V

MIL-S5-22820/31(AS)

13.9/13.10
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MIL-HDBK-224 (NAYY)
27 September 1968

SERVOMOTOR TACHOMETER GENERATOR

ELECTRICAL CH TERISTICS, Servomotor Sectien
FIEQUENCY = « o « = = « v & o & s = 2 = s o -t 400
Voliage
Reference phase . . . . . . . . . « . . . 115
Control phase (Series) . v « o « 4 v v e e e e e 36
Con trol phase (paraliei} . . . . . . . . . ... 18
Minimum starting {max) e e s 1.0
Current (at stall)
Reference phase . . . . . . . . . o o . .. 62
Control phase (series) . . . . . « « « « « « . . - 197
Energizing . . « . o « o o o oe 0+ e e e e 41-52
Power input/phase (max) . . . . . . . . . .. o . . 3.7
Power factor/phase . . . . . . . . . < . . e .52

Reference phase 1070 + 3 1760

Contml phase (series) . . .« v v+ 0 e e e . . 106 + 3173

OUIPUL  « « + + o o e e e e e e e e e 800
MECHANICAL CHARACTERISTICS, Servomotor Section
No load speed (min) e e e e e e e e e 6200
Stall torque (min) at 23°C . . . . . . . . oo o .60
Rotor moment of inertia. . . . « « .« . .« « . . 1.3
Theoreticai acceieration {at stall) . . 32,600
Ambient temperature range . . . e e e e e e ~55 to +125
Weight o 0 v v v v v v e e e e e e e e e 6.5

ELECTRICAL CHARACTERISTICS, Tachemeter Generator Section

In-phase speed sensitive TR . . . . . . . . . . . .0143
Phase shift (500 to 3600 rpm) . . . . . . . . . < . 0
Linearity (max) . . . . . . .« .« . . . .. e e +.5
Zero-speed output voltages
Total (Max) . . « « + v ¢ o o o e e e e e e e 12
Fundamental (max) . . . . . . « « « + « .« - « 8
Output gradient . . . . . . . . . . e . .55
Temperature sensitivity (over range —5')' to "5°C)
In-phase Pced sensitive TR (min). . . . . 0098
Phase shift(max) . . . . . . . « « « « . - 15
Zeto-speed output
Total (Max) . « « ¢ & &« o e e e e e e e 22
Fundamental (max) . . . . . . « « « « « « - 15

ohms
ohms

chms

13.11
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TYPE 115M-DG4o (Continued)
REFERENCES

Specification . . . . . . . . . .. e e e e e e

Installation drawing . . . . . . . . . . e e e e e e e

General arrangement drawing . . . . . . o . o .. e e e
Federal Stock Number (FSN) . . . . . . . . . .

Qualified Products List (QPL) . . . . . . . - . . - .-

NOTES

MIL-HDBK-224 (NAVY)
27 September 1968
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MiL-HDBK-224 {(HAYY)
27 September 1968
SERYOMOTOR TACHOMETER GENERA
TYPE 115#M-iR4a
EL ECTRICAL CHARACTERISTICS, Servomeotor Section
Frequency . - « - = = =+t oot om ottt 400 Hz
Voltage
Reference phas T 115 \Y
Control phase (senes) e e e e e e e e . 36 v
Lontrol phase (parallel) . . . o o . oo 18 \Y
Minimum starcing (max) . . < . .« - . ¢ e 1.0 Y
Current (at stall)
Reference phase . . - - = - - - - - 62 mA
Control phase (series). . .« o o o o 197 mA
Energizing . - « -« + - o0 oottt . . 83 mA
Power mpu(/pha<<. (max). . « « « .« - . 3.7 watts
Power factor/phase . . . . . . - . .. 0.52
impe=dance
Reference phase . . . . . o o . oo .. 1070 + 1 1760 oh ms
Control phase (series). . . . . . - - - 166 +§ 173 ohms
OUIPUL v« o o e s 2800 + } 5500 ohms
MECHANICAL CHARACTERISTICS, Servomotor Section
No load speed (min) .« .« -« o o s e oo 6200 om
Stall torque (min) at 23°C . . . . oo m o m e .60 oz-in.
Rotor moment of inertia. . . .+« o . .. st 7.5 gm-cm?2
Theoretical acceleration (arswall) . . . . . 6,000 rad /'sec?
Ambient temperature range . . . . - - . . ~55 to +125 degrees C
Weight . o o o oo 8.9 oz
ELECTRICAL CHARACT ERISTICS, Tochomater Generator Section
in-phase speed sensitive TR o . v o v e e . .07150
Phase shift (S00 to 3600 tpm) « .+ .+ .+ .+ - - A 0 degrees
Linearity (500 to 3600 rpm) . . . « « « o = e +.07 percent
Axis error voltages
ln-phase (max) . - < - - - oo et .. +4 mV
Quadrature-phase (Mmax) « - « o o o o oe .- +7 mV
Zero-speed output voltage, total {(max) . . . . . 15 mV
Position error voltages
in- phase (MAX) « o o o o e e e 5 mV
Quadiature-phase (max) .« .+ - 000000 10 mV
Qurput gradient . . . . . o . m 2.75 /1000 rpm

13.15
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TYPE 115K-IN4a (Continued)

Temperature sensitivity (over range ~55 to 125°C)
In-phase speed sensitive TR .
Db\oep c‘n‘r‘ . . . .
In-phase axis error voltage (max) .
Zeto-speed output, total (max)
In-phase posmon error voltage (max) . .
Frequency sensitivity (over range 380 to 420 Hz)

PO RTINS

Iﬂ Plla:t byccd STIUdIs v TR .

Phase shift .

Zero-speed output voltage total (max)
Voltage sensitity (over range 115 V 110%)

In-phase speed sensitive TR. .

Phase shift

REFERENCES

Specification
Installation drawing

______ mrmam ooamant deaorin o

UCllCldl arrangemen { un’aw’iub

Federal Stock Number (FSN) .
Qualified Products List (QPL).

NOTES

w B

MIL-HDBK-224 (NAVY)
27 September 1968

value measured at 23°C
value measured at 23°C
mV
mV
mV

value measured at 400 Hz
value measured at 400 Hz

mV

value measured at ‘115 \Y
value measured at 115 V

MIL.-S-22820/33 (AS)

13.17
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MIL-HDBK-224 (NAVY)
27 September 1968

SERVOMOTOR TACHOMETER GENERATOR

MK 11 MOD O
ELECTRICAL CHARACTERISTICS, Servomotor Section
Frequency . . . « - - = « = - =t oo 400
Voltage
Reference phase . 115
Control phase (series). . 115
Contro! phase (parallel) . 57.%
Minimum starting (max)
Current (at stall)
Reference phase . 64
Control phase (series). . 63
Control shase ‘parallel) . 12¢
Power input’phase {max) S.2"
Power factor/phase . 70
Effective resistance
Reference phase . . . 2520
Control phase (scries). 2620
Control phase (parallel) . 655
MECHANICAL CHARACTERISTICS, Servemotor Section
No load speed (min) 6000
Stall torque (min) . .69
Rotor moment of inertia 4.4
Theoretical acceleration {at stall. . . . . - .- 11,200
Ambient temperature range . . . . - - o o- sttt T 495 to +225
Weight 1¢
ELECTRICAL CHAR ACTERISTICS, Tochometer Generator Section
Generator inpui
Frequency . 400
Voltage . 115
Current c9
Power factor . 066
Power input {excitaticn’ - 9.2
Power input (heater). 21.5
Impedance
R 1100
X 1260
z . ... .. 1670
E ffective resistance. 2530

13.18
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MK 11 MOD 0 (Continued)

Generator Ouipui

Ouiput voltage gradient
(Volts/1000 rpm) .

Output impedance.

Max speed for lmear output

P PUR

Phase shift at 5000 ipm .
Null voltage
Total (max)
Fundamental.
In phase component (max)
Quadrature component {max)
Variation of in phase component (max) .

REFERENCES

Installation drawing .

General arrangement drawing .
Federal Stock Number (FSN) .
Qualified Products List (QPL)

NOTES

Heater compensated.

13.20
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MIL-HDBK-.224 (NAYY)
27 Septamber 1968

SERVOMO TOR TACHOMETER GENERATOR
MK 11 MOD 1

ELECTRICAL CHARACTERISTICS, Servomotor Section

Frequency . . - - « « « =+ = = = s sosocoss ot 400 H:z
Voitage
Reference phase . . . . . 115 v
Control phase (series). . . . . . « . - - 225 \Y
Control phase (parallel) . . . . . . . « o o oo 1125 v
Minimum starting (max) \Y
Curreni {(at stall)
Reference phase . . . . . . . . . - et 64 mA
Control phase (series) . . .« o+ e e e e e e e e 25 mA
Contro} phase (paralleD) . . . . . . . . - .« S0 mA
Power input ‘phasc (max) . S. vwarts
Power factor/phase. . . . o o . . o s e m 7z
Effective resistance
Reference pnase . . . . « o« o+ o e osos oot 2520 chms
Control phase (series) . . . . .« . o e e 9000 ohms
Control phase (parallel) . . . . . . . . o o oo m e 2250 ohms
MECHANICAL CHARACTERISTICS, Servomotor Section
No load speed (min) . . . . « « o o .o et 6000 rpm
Stall torque (min) JE O {2 oz-in
Rotor moment of inertia . . e e e e e 4 4 ;'.m-cm2
Theoretical acceleration (at stall) . . rad, sec”
Ambient temperature range . . . . . . .o os sttt 05 i0 4225 degrees F
Weight. o o o o e e e e e 1¢ ce
ELECTRICAL CHARACTERISTICS, Tochometer Generotor Section
Generator input
FrEQUENCY « « « « « o« o o o e e ososm s 400 H:
Voltage .« . o . e e s e e e e e 115 \%
Current . S ¢9 mA
Power factor .. e e e e e e e e e e e .66
Power input (e xutanon). e e e e e e e e e 5.2 waus
Power input (heater). . . . . . . . ..o 218 watts
lmpedance
110C ohms
PR 1260 ohms
A 167¢ chms
Effective ESISIANCE. o o« + o o o+ e et 253C ohms

13.21
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MIL-HDBK- 224 (NAYY)
27 September 1968

MK 11 MOD 1 (Continued)

Generator Output
Output voltage gradient

(Volts/lOOO e I 2.75
Output impedance . . e e e e e e e e e e e e e e 2200 ohms
Max speed for linear output T 21 L pm
Phase shiftat 5000 rpm . . . . . . .« o . . o e e e e e 0.50 leading degrees
Null voltage
Total (MAX) . . . . . . . o i e e e e e e e e e e e e e 15 mV-ms
Fundamental. . . . R 10 mV-rms
In phase component (max) e mV-rms
Quadrature component (max) . . . . e e e e e e e e e e mV-ms
Variation of in phase component (max) e e e e e e e e e mV-rms
REFERENCES
Specification. . . . . . . . . ... .- e e e e e e s o MIL.-S-22820
Installation drawing. . . . « « « « « .« 0 . . e e e e WP Dwg 988704

General arrangement drawing . . . . . . . . . ..o e WP Dwg 988703
Federal Stock Number (FSN) . .

~e2e 1 ioe (OD

Qualified Products List (QPL) .

NOTES
Same as MK 11 Mod O except for motor control winding voltages, and impedance. Generator
secrion identical to MK 11 Mod C.

13.23/13.24
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ELECTRICAL CHARACTERISTICS, Servomotor Section

Freauencvy
equency .

Voltage

Reference phase . .
Control phase (series). . .
Control phase (parallel) . .

.‘J.::‘.:mur‘ crnnlno (mav\ -

Current (at stall)

Reference phase .

Control phase (series)

Control phase (parallel).
Doicins tmmus fohoaca (mav)
roOowci| ul})ul ’ Pllaa\. Lnran ;s

Power factor/phase .

Effective resistance
Reference phase

Control phase (series). .
Control phase (paraiiel) .

MECHANICAL CHARACTERISTICS, Servomotor Section

No load speed (min) . . .

Stall rorque (min)

l'\O(Ul' IIIUII“_'IH. u{ inertia
Theoretical acceleration (at stal]}
Ambient temperature range .

Weight

ELECTRICAL CHARACTERISTICS, Tochometer Generaior Section

Generotor Input
Frequency .
Voltage
Current .
Power factor . .
Power input
Impedance

R ..
X
Z

Effective resistance. . .

SERVOMOTOR TACHOMETER GENERATOR
MK 12 MOD 0

MIL-HDBK-224 (NAVY)
27 September1968

400 Hz
115 \'%
115 \Y%
57.5 \Y
\%
110 mA
110 mA
220 mA
6.1 wates
.49
2200 ohms
2200 ohms
S50 ohms
4500 rpm
1.45 oz-1in
5.26 gm-cm<
19,500 rad/sec?
degrees C
14 oz
400 H:z
115 v
73 mA
.64
5.4 wates
1012 ohms
1210 ohms
1575 ohms
2440 ohms

13.25
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MIL_HDBK.224 (NAVY)

- 27 September 1968
MK 12 MOD 0 (Continued)
Generator Output
Output voitage gradie
\Vﬁltb/’lm "":"“ S A e e e 3.2
Output impedance . . . « . o oo et .. . 2200 ohms
Max speed for linear output. . . . - -« oo oco 0TS . . . 5500 pm
) Phase shift at 5000 rpm . . .« -« - - . - s st 0T 4.5 lagging degrees
Null voltage
Toial (uuu) R IR T e 12 mV-ms
Fundamental . . . A g8 mV-rms
In phase component (max) R mV-rms
Quadrature componem (MAX) .+« o e e e e e e mV-rms
Variation of in phase component (max). . . . . e e e e mV-rms
REFERENCES
Speufxcauon O T S MI1L.-S-17806
Installation drawing . . . - « « =+ s oottt WP Dwg 675074
General arrangement drawing . . . . . . - s T WP Dwg 675073
—_ Federal Stock Number (FSN)

Qualified Products List (QPL)

e -

13.Z7/13.28
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MIL-HDBK.224 {(NAVY)
27 September 1968

SERVOMOTOR TACHOMETER GENERATOR
MK 12 MOD 1

ELECTRICAL CHARACTERISTICS, Servomotor Section

FrEQUENCY « « « « v« o o o 0 o o o o o s = 52 s 400 H:
Voltage
Reference phase . . . . . . . .« . .. e e e 115 v
Control phase (series) . . . . . . « o « o + o o oo 230 v
Control phase (parallel) ) 115 v
Minimum Siifflﬁg \max) S T v
Current (at stall)
Reference phase . . . . . . . . . . . .o 110 mA
Contro]l phase (series). . . . . . . - . . . oo oo 54 mA
Control phase (parallel) . . . . . . . . . .. . . ..« 110 mA
Power input/phase {max) . . . . . . . . . .o .- 6.1 watts
Power factor/phase . . . . . . . . . . .. o o e e e .49
Effective resistance
Reference phase . . . . . . . . . . . . e 2200 ohms
Control phase (series). . . . . . . « . « « « o . 8800 ohms
Control phase (parailei). . . . . . . .. . .. .. 2200 ohms

MECHANICAL CHARACTERISTICS, Servomotor Section

No load speed (min). . . . . .« . o .. e e e 4500 rpm
Stall torque (min) . . . . . . . . . .. e e e e s e 1.45 oz =i
Rotor moment of inertia . . . . « . « . - v o+ e e oo 5.26 gm-cm?
Theoretical acceleration (at s:alh e e e e e e e e e e e 19,500 rad/sec
Ambient temperature range . . . . . . . . o+ o os o e degrees C
Weight . . . . . . o . e e e e 14 oz

ELECTRICAL CHARACTERISTICS, Tachometer Generator Section

Generator Input

Fraquency . . . - « « o o o . e e e e e s s e e 400 He
Voltage . . .« « « o o o oo e e e e e e e 115 \4
CUITERAL v o« e v e e v e e e e e e e e e e e e 73 mA
Power factOr. . . + « « o + o o o e e e e e e e e s 64
Power input . . . . .« .« . o o s e e e e e s e e e e 5.4 watts
Impedance
- U T S S 1012 ohms
X o e e e e e e e e e e e e e e e e e e e e . 1210 ohms
A e e e e e e e e e e e e e 1575 ohms
Effective reSIStANCE . . . « o o o o o e e s e e e 2440 ohms

13.%9
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MIL-HDBK.224 (NAYVY)
277 September 1968

MK 12 MOD 1 (Continved)

Generator Qutput
Output voltage gradient

(volts/1000 epm) . . . . . . . . . . e e e e e e e e 3.2
Output impedance . . . . . o .. .. o e e e 2200 ohms
Max speed for linearoutput. . . . . « . . o . o . e e e e e e e 5500 rpm

Phase shiftat 5000 rpm . . . . . . . . o . . o e e 4.5 lagging degrees
Null voltage

Total (Max) . . . .« . o o o e e e e e e e e e e e e e 13 mV-rms
Fundamental . . . . . . . . . . o . o e e e e e e e e 8  mV-rms
In phase component (max) T mV-rms
Quadrature component (max) . . . e e e e e e e e e e mV-rms
Variation of in phase component (max) e e e e e e e mV-rms
REFERENCES
Specification. . . . . . . . .. e e e e e e e e e e MIL -S-17806
Installation drawing. . . - - « « « « « « = + « + « - . - WP Dwg 988697
General arrangementdrawing . . . . . . . . .. . - . . - WP Dwg 988698
Federa! Stock Number (FSN) | e

Qualified Products List (QPL)

NOTES

Same as MK 12 Mod O

e volrages and impedance. Generator
section identical to MK 12

13.31/13.32
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SERVOMOTOR TACHOMETER GENER

TYPE 155M-DG4

ELECTRICAL CHARACTERISTICS, Servo Motor Section
Frequency .
Voltage
Reference phase .
Control phase (series).
Control phase (parallel) .
Minimum Starting (max)
Current (at stall)
Reference phase .
Contiol phase (series).
Control phase (parallel) .
Power lnput/phasc (max).
Power factor/phase .
Effective resistance

Dala
Reference phase .

Control phase (senes)
Control phase (parallel) .

MECHANICAL CHARACTERISTICS, Servo Motor Section

No-load speed (min) .
Stall torque (min) .
Rotor moment of inertia

Theoretical acceleration (at stall)
Ambient temperature range .

Weight

ELECTRICAL CHARACT

CGanaratar lllnll‘

wenore>

Frequency .
Voltage .
Current
Power factor .
Power.
Impedance

Effecrive resistance

erator Section

MIL HDBK 224 uiA

. 9950
-55 to + 175
14 0

2T ew

ADD

Svv

115

44
.67
3.4

1785
1965
2650
3950

3
> <n

watts

ohms
ohms

ohms
ohms

-
w
w
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MIL-HDBK- 224 (RAVY)
27 September 1968

TYPE 155M-DG4 (Continued)

Generator Output
Output voltage gradient

(volts/1000 rpm) . . . . « o o . . . . e e e e e e e 2.75
Output impedance . . . . .« .« o o+ e e e e ohms
Max speed for linear output ((3%) . . . . « ¢ o . 0 oo e 6000 rpm
Phase shift at 3600 epm . . . . . o o . e e e e e e e e 5 degrees
Null voltage
Total (Max) . . . « « ¢ o 0 e e e e e e e s e e e 10 mV-rms
Fundamental. . . . . . « . o « ¢« « o o e e e e e e 10 mV-rms
In phase component {max) . . . . . . . . . e e e 5 mV-rms
Quadrature component (max) . . . . . . . . .. e e 8 mV-rms
Variation of 1n phase
component (max) . . . . . . . . . . e e e e e e e 5 mV-rms

P ol el e I Pl i o

KErEKENCES

Specification . . . . . . . o e e e e e e e e MIL-S-22820/
Installation drawing . ..
General arrangement drawing .

, —onN

Qualified Products List (QPL) .

NOTES

—
]
L
e}
'
o

Developed under contract NOw 62-

13.35/13.36
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SERY

LAY

Voltage
Reference phase .
Control phase {series). .
Control phase (parallel) .
Minimum starting (max)
Current (at stall)
Reference phase .
Control phase {series).
Control phase (parallel) .
Pouwer Input/phase (max)
Power factor phase .
Effective resistance
Reference phase . .
Control phase (series).
Control phase (parallel) .

MECHANICAL CHARACTERIS

No load speed (min).
Stall torque (min) . .
Rotor moment of inertia

OMOTOR TACHOMETER GENERATOR

Theoretical acce leration (at staiii.

Ambient temperature range .
Weight .

ELECTRICAL CHARACTERISTICS, Tachometer Gen

Generator Input
Frequency .

Al
VOIlage .

Current
Power factor .
Power input
Impedance

D

n

X

z

Effective resistance.

TYPE 15TGSM4d

S, Servomotor Section

MIL.HDBK-224 (NAVY)
27 Saptember 1968

400 Hz
115 \Y
36 v
i8 v
\Y%
110 mA
355 man
710 mA
¢.1 watts
.49
2200 ohms
212 chms
53 ohms
4500 rom
1.4% oz-in
5.26 gm-cm2
19. 500 rad /sec?
degrees C
i4 oz
400 Hz
115 v
73 mA
.64
5.4 watts
1012 ohms
1210 ohms
1575 ohms
2440 ohms

13.37
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TYPE 15TGSM4d (Continued)

Generator Output

Output voltage gradient
{volts/1000 rpm) - -

Output impedance .

Max speed for linear output. .

Phase shift at 5000 rpm .

Null voltage
Total (max)
Fundamental. e e
In phase component (max) .
Quadrature component (max) . ..
Variation of in phasé component (max)

REFERENCES

Specification .

Installation drawing.

General arrangement drawing .

Federal Stock Number (FSN) . .
Qualified Products List (QPL) .

NOTES

Formerly MK 12 Mod 2. Same as MK 12 Mod 0 except for motd

o

impedance. Generator section identical to MK 12 Mod

MIL.HDBK- 224 (NAVY)

27 September 1708

3.2
2200 ohms
5500 rpm
. 4.5 lagging -degrees
13 mVe-rms
8 mV-rms
mV-rms
mV-rms

MIL-S-22820

WP Dwg 2030641

13.39/13.40
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MIL.HDBK-224 (NAVY)
27 Septembar 1968

SERVOMOTOR TACHOMETER GE NERATOR
MK 16 MOD 0

ELECTRICAL CHARACTERISTICS, Servomotor Section
Frequency . . - - = » + == = * s e e e e e 400 Ha
Voltage
Reference phase . . . . - - = o sttt T c e e e 115 v
Control phase (series) . . .« « « - = 000 e 115 v
Control phase (parallel) . . . . . .. e st C e e e 57.5 \Y
Minimum starting (max) A"
Current (at stall)
Reference phase . . . . - - - o oo e e e 183 mA
Control phase (series). . . .« « o o0 00 T C e e e B3 mA
Control phase (parallel) . . .« o -« oo T T . 365 mA
Power input, phase (max; S 9.2 warts
Power factor/phase . . . . - oo e T T . .43
E ffective resistance
Reference phase . . - - 1460 ohms
Control phase (series). . .« .« < o oo T .. 1460 ohms
Control phase (parallel). . . . . . o cme n e e e 365 ohms
MECH ANICAL CHARACTERISTICS, Servemoter Section
No load speed (min) e 4500 rpm
Stall torque (min) O 2.35 oz-in
Rotor moment of inertia . . 5.73 gm-cmz
Theoretical acceleration iat stalll . . . e e e 29.000 rad/sec <
Ambient remperature fange. . o - - oot T T T T T . degrees C
Weight . - . o oo T e e e 19 oz
ELECTRICAL CHARACTERISTICS, Tochometer Generator Section
Generator Input
Frequency . « - « « = = o=ttt e e e e 400 Hz
Voltage .+« « o e s e omom s L 115 v
Current e e e e e e 73 mA
Power faCTOT. « « « « -+ s s osoeom s T .. 64
Powerinput . . . « - - oo o0ttt .- 5.4 warts
Impedance
R . 1012 ohms
X 1210 ohms
Z . 1575 ohms
Effective resistance 2440 ohms

13.41
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277 September 1968

MIL-HDBK-224 (NAVYY)
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Generator Output

Output voltage gradient

( volts /1000 rpm) .
Output impedance .
Max speed for linear output

Null voltage

ull voltage
Total (max)

Fundamental. .

In phase component (max) .
Quadrature component (max) .

Variation of in phase component (max)

DF)C( lllLd‘lU“ .
Insetallation drawma ..
General arrangement drawing.
Federal Stock Number (FSN).
Qualified Products List (QPL).

NOTES

(A

Generator section identical to MK 12 Mod O.

0(C

ontinued)

. WP Dwg
. WP Dwg

MIL-HDBK-224 (NAYY)
27 September 1968

3.2
b ileTatal L
LLUU nms
5500 pm
4.5 lagging degrees
gging .4

13 mV-rms
8 mV-rms
mV-rms
mV-rms
mV-rms

MIL-S-17806
979402
675092
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SERVOMOTOR TACHOMETER GENERATOR

MK 16 MOD 1

ELECTRICAL CHARACTERISTICS, Servomotor Section

Frequency . . . . .
Voltage
Reference phase. .
Control phase (series) . .
Conrtrol phase (parallel) .
Minimum starting (max) . .
Current (at stall)
Reference phase .
Control phase (series).
Control phase (parallel) .
Power input/phase (max)
Power factor/phase .
Effective resistance
Reference phase

e H
Control phase (serie

Control phase (paral

)
J

el).

w

—

MECHANICAL CHARACTERISTICS, Servomotor Section

No load speed (min)
Stall torque (min)
Rotor moment of inertia .

Theoretical acceleration (at stall).
Ambient temperature range .

Weight
ELECTRICAL CHARACTERISTICS, Tochometer Generator Section

Generator input
Frequency .
Voltage
Current .
Power factor . .
Power input
Impedance

D

n

z ... ..
Effective resistance. .

MIL-HDBK-224 (NAYY)

27 September 1968

400 Hz
115 v
300 Vv
150 v
\Y
183 mA
7 mA
134 mA
9.6 was
.48
1460 ohms
9400 ohms
2500 ohms
4500 pm
2.35 oz-i_q
5.73 gm-<m*
29.000 rad/sec?
degrees C
20 oz
400 Hz
115 v
73 mA
.64
5.4 watts
1012 ohms
1310 ohms
1575 ohms
2440 ohms

13.45
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MIL-HDBK-224 (NAVY)

27 September 1968
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MK 16 MOD 1 (Continued)

Generator f)uiput
Output voltage gradient
(velts /1000 rpm) .
Output lmpedance “ e e . . .
Max speed for linear output A
Phase shifc at 5660 rpm . . . -
Null voliage
Total (max)
Fundamental . .
In phase component (max) .
Quadrarure Comp()ﬁéﬁi {max) . . .o
Variation of in nhace component (max)

REFERENCES

Specification .

Hlbl.n“auuu d!'?.?-““g

General arrangement drav. ing .
Federal Stock Number (FSN) . .
Qualified Products List (QPL) .

NOTES

[l

Same as MK 16 Mod 0 except for motor control windin

MIL-HDBK-224 (NAVYY)

- a

27 September 1908

3.2
2200 ohms
5500 pm
4 S lagging degrees
12 @mVemms
8 mV-rms
mV-rms
mV-rms
mV-rms

# R
v o

Dwg OBBOIY
Dwg 988700
impedance.

13.47/13.48
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MIL-HDBK-224 (NAYY)
27 Septemoer 1968

SERVOMOTOR TACHOMETER GENERATOR
TYPE 18SM-15TG4

ELECTRICAL CHARACTERISTICS, Servomotor Section

Frequency . . . . . . . . e e e e e e e e e e e e e 400 Hz
Volage
Reference phase . . . . . . . . . . o .. e oo e 115 v
Control phase (series). . . . . . . .+ « o o v o oo - 36 v
Control phase (parallel) . . . . . . . . . . .. .. .. 18 v
Minimum starting (max) . . . . . . . .« . o o . .o e . Vv
Current (at stall)
Reference phase . . . . . . . . . . . ..o o0 .. 241 mA
Control phase (series) . . . . . . . . . . . . . . . 77 mA
Centrel phase (parallel) . . . . . . . . .. oo 1540 mA
Power input/phase (max) e e e e e e e e e e e e 13.6 waftts
Power factor/phase . . . . . . . . . . .o e e .49
Effective resistance
Reference phase . . . . . . . . . . . o ... 1000 ohms
Conirol phase {series). . . . . . « . o o o o e 05 ohms
Control phase (parailel) . . . . . . . . . . . . . . .. 24 ohms

MECHANICAL CHARACTERISTICS, Servomotor Section

Noloadspeed (min). . . . . . . . « « « « « o o o - . 4500 rpm
Stall torque (min) . . . . . . . . .. e oo e e e 3.5 oz-in
Rotor moment of inertia . . . . « « « « o « & o o 0 o . - 5.73 gm-cm2
Theoretical acceleration (atstall). . . . . . . . . . . .. 43,100 rad/sec2
Ambient temperature Tange . . . . . . . . . . .o+ e .. degrees C
Weight 20 oz

ELECTRICAL CHARACTERISTICS, Techometer Generator Section

Generator Input

Frequency . . . . o « « o o e e e e e e e e e e e 400 Hz
Voltage . . . . . . . oo o a e e e e e e 115 v
Current e e e e e e e e e e e e e e e e e e e 73 mA
Power factof . . « . « « v v e e e e e e e e e e e e 64
Powerinput . . . . . . « ¢« o o e e e e e e 5.4 watts
Impedance ‘
< T 1012 ohms
X L e e e e e e e e e e e e e e e e e e e e 1210 ohms
7/ e e e 15795 ohms
Effective reSISIANCE. . . . . « « « « & + o s s e e e - on 2440 ohms

13.8
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Generator Qutput

Output voltage gradient
(Volts/1000 rpm) .

Ny
Output impedance

Max speed for linear output

Phase shift at 3000 rpm

Null voltage
Total (max)
Fundamental. .
In phase component (max)
Quadrature component (max)
Variation of in phase component

P et ol s X2 Tl

KEFEKERLES

Specification .

Installation drawing .

General arrangement drawing .
A o o8 SAY

Federai Stock Number (FSN) . .
Qualified Products List (QPL) . .

NOTES

Formerty MK 16 MOD 2. Same as MK

winding voltages and impedance.

MIL-HDBK-224 (NAVY)

TYPE 185M-15TG4 (Continved)

. .5
(max)
. WP
. . WP
16 MOD 0 except for motor control

27 September 1968

3.2

2200 ohms
5500 rpm
lagging degrees
mV-rms
mV-rms
mV-rms
mV-rms
mV-rms
MIL -S$-17806
Dwg 2009128

Dwg

13.51/13.52
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MIL-HDBK-224 (NAVY)
27 Ssptamber 1068
SERVOMOTOR TACHOMETER G RATOR
TYPE 18SM-RG4d
ELECTRICAL CHARACTERISTICS, Servomotor Sectien
Frequency . . . 400 Hz
Voltage
Reference phase S 115 \Y
Controi phase (seri€s). . . « « « « -« = =0t 36 v
Control phase (parallel) . . . . . o . oo e e e e 18 \Y
Minimum starting (max) . . . . .« . . e e et 1.0 v
Current (at stall) (max)
Reference phase . . . . « « « « o o o o o- ot 200 mA
Control phase (series). . . . . « « o - - - -ttt 634 mA
Control phase (parallel) . . . . . .« o oo 1170 mA
Power input’phase (max) . . . . « « « o o oe T 9.1 watts
Power factor/phase . . . . . . . o .. e et .42
Effective resistance
Control phase (series). . . « .« . o o s e e 125 ohms
Control phase (parallel) . . . . . . .« « o o oo 36 ohms
MECHANICAL CHARACTERIST! CS, Servomotor Section
No load speed (min) . . . . - « ¢ s oottt 4500 rpm
Stall torque (min) at 239 C . o u e e e e e e e e e 2.20 0z-in
Rotor moment of INEFtia . . . « « « o « o+ s e et 5.73 gm/cm2
Theoretical acceleration (atstall). . . . . . . . - - - - - 29,000 rad/sec 2
Ambient temperature range . . . . . o . o o<ttt -SS to +100  degrees C
Weight. 21 oz
EL ECTRICAL CHARACTERISTICS, Tachometer Generator Section
Generator Input
FreqQuency . . . - - « = = o s e oeoeos s s s e 400 Hz
Voltage . . . « o o o oo e e s e e e s 115 v
Current (MAX) . . .+« o v e e e e e e e 78 mA
Power fAactOr . « « « « = o o e s e e s e e e e s .63
POWET INPUL .« « & « = o o = = v s = oo e soe e m 5.6 watts
lmpedancc . R
Energizing wmdmg e e e e e e 1035 +1276 ohms
Output winding (max) . . . . . « .+« « o et 3000 ohms
Output wmdxng (min) . . . . ... 2500 ohms
Effective resistance, energizing winding . . . . . . . . - - 2645 chms

-—
?.’
wn
W
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DRK.224 (NAVY)
Saptamber 1968
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MIL-HDBK-224 (NAYY)
27 September 1968

TYPE 18SM-RG4d (Continved)

Generator Output
Output voltage gradient

(volts /1000 tpm) . . .+ v . o 0 e e e e e e e e e e e e s 3.1
In-phase speed sensitive TR . . . . . . - . . . e e e« < < . .08056
Phase shiftat 3000 rpm . . . . . . « & ¢ « 0 o o o o . o . 45 lagging degrees
In-phase linearicy . . . . . . . . . . . « f e s e a s s e e 0.8 percent
In-phase axis efror . . . . . . . . . o . . o0 e s e e 8 mV
Null voltage
Total (max) . . . . . . « .« « o o o .. e e e e 13 mV-rms
Fundamental . . . . . . . . 0 . 0 e o e e e e i0 mV-rms
REFERENCES
Specification . . . . . . . . .. oo e e e oo e e e MIL-S-22820/7A

Installation drawing . .
General arrangement drawing .
Federal Stock Number (FSN) . .
Qualified Products List (QPL) .

NOTES

Formerly MK 16 MOD 3 (WP Dwg 2009026) . Physical dimensions the same as
MK 16 MOD 0. Generator section identical to MK 16 MOD 0.

13.55/13.56
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MILoHDBK-TZ i (RAYY)
27 September 1565

SERVOMOTOR TACHOMETER GENERATO

A

TYPE 18SM-RG6

ELECTRICAL CHARACTERISTICS, Servomotor Section

Frequency - - « - = = s s oottt Tt Ce 60 Hz
Voltage
Reference phase . . - - o« ottt 15 v
Control phase (senes) P R 36 v
Control phase (parallel) . . . .« - = om0t .. 18 v
Minimum starung (max) . « -« o+ . oeososos ot v
Current (at stall)
Reference phase . -« « - s o0t 125 mA
Control phase (series). . . - - - - T ... 390 mA
Contro: phase (parallel) . 780 mA
Power input/ phase (max) 9.9 watts
Power factor/phase . . . . - - oottt e e .80
Effeciive Resistance
Reference phase . . . < - o oo st T .. 1430 ohms
Control phase (senes) A 140 ohms
Control phase (parauel R 35 ohms
MECHANICAL CHARACTERISTICS, Servomotor Section
No load speed (min) . . . - - - - oo e 2900 rpm
Stall torque (mind . . -« - - oo sttt T e e e e 3.0 oz-in
Rotor moment of inertia . R 5.75 gm-cmz
Theoreiical acceleration (at stall) e e e e e e 38,000 rad/sec?
Ambient temperature range . . . - - 0ot T T e e degrees C
Weight. . . - « « = = =+ e e e e e e 20 oz
ELECTRICAL CHARACTERISTICS, Tachemeter Generator Section
Generator Input
Frequency . . « « - -+ o+ 0ottt e 60 Hz
Voltage . « - -+ e s mo R 115 v
Current 10 mA
Power facior . . .« -« - ¢t ° 91
Power laput . . . . o oo oo oe s st T e e e 10.5 watts
Impedance
R 1160 ohms
'X 500 ohms
Z. 1275 ohms
Effective resistance. « « « « + - = T T .. 1390 ohms
13.57



Downloaded from http://www.everyspec.com

27 September 1968
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TYPE 185M-RG6 (Continued)

Generator Output
Output voltage gradient

(volts/1000 rpm) . . . « « « « o o e e e e e e 1.1
Output impedance . . . . « . .« o o o o0 e 1900 ohms
Max speed for linear output. . . . . . - o o .. ..o 3060 £pm
Phase shift at 1800 tpm . . + « « « + « o . o s o w oo+ 152 7 leading degrees
Null voltage

Total (MaX) . . « « « « « « « e 0. e e e e e s e 20 mV-rms

Fundamental. . . e e e e e e e e e e e e mV-rms

In phase component (max) e e e e e e e e e mV-rms

Quadrature component (max) . . . e e e e mV-rms

Variation of in phase component (max) e e e e e e mV-rms
REFERENCES
Specification. . . . . . . ... e e e e e e e MIL-S-22820

Installation drawing . .
General arrangement drawing .
Federal Stock Number (FSN) .
Qualified Products List (QPL) .

NOTES

"o y MK 31 MOD 1 (WP Dwg 2094897)
Physical dimensions the same as MK 16 Mod 0

13.59
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CHAPTER 14

SERVTORQS

The instruments described in this chapter are self-contained, remote angular posi-
tioning and tracking devices for converting input synchro data into an accurate shaft
position. They will perform, in both 60 Hz and 400 Hz systems, the functions of conven-
tional instrument servo mechanisms and synchro torque receivers. The response is faster,
the torque gradient is much greater, and the weight is less than equivalent size torque
receivers. They require signal level power only from synchro driver and are relatively
insensitive to frequency and voltage changes (50 Hz to 440 Hz, and 10 percent variation

in valraee)
Ksi YUive g e
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CHARACTERISTICS

Frequency range .
Voltage
Paomary, +10% . . . . .
Signal input. . .
Primary current . . . . .

-

Primary power. . . . . . . .
Peak torque . . . . . . . . .
T o orad

Torque gradient
at60Hz . . . . . . . ..
at 400 Hz

Accuracy

Dynamic, at 20 rpm

Temperature rise . . . .
Ambient temperature
Wosohte

"l».lslll

NOTES

SERVTORQ
SIZE 23 (2.5/5.3)

(TYPICAL)

MIL-HDBK-224 (NAVY)
27 September 1968

50 to 440 Hz
115 \'

90 \Y

70 mA

8 watls

L3 oz-in.

2.5 oz-in./deg

5.3 oz-in./deg

30 min

15 min

4,600 ohms
24,500 ohms
0.2 sec

20 degrees C

-55 o + 100 degrees C
23 oz

——
&
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SIZE 23 (10/25)

EL ECTRICAL CHARACT RISTICS (TYPICAL)
Frequency range . . .. O
Voltage

Primary, *10% .. . .. . - . .

Signal input . . e e e e .. .
Primary current

Peak . .. . T

Quiescent . . T
Primary power

Peak e e e e e e e e

Quiescent e e e e e
Peak torque .. ..
Torque gradient

at 60 Hz . . .

at 400 Hz e e e e e e
Accuracy, over ambient temp. range . . . - - - C
Input impedance

at 60 Hz . . . . R L

at 400 Hz .. coe e e e e ...
Small signal natural equency

Zero load jpertia e e e e e e e e .

100 gm- -cm?load inertia . . . . . e e e oe o

Small sngnal damping factor

Zero load 1_)ncma
100 gm-cm* load

Velocity constant
at 60 Hz . .
at 400 Hz

Temperature rise. .
Ambient temperature
Weight . . . . .

MOTES

INEETEa . . . e e osos et
eED
ERISTICS

\N

~

=]

—
N O N
w O Q

N
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CHAPTER 15

A compilation of stepper motors is being prepared

it
LAl
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CHAPTER 16

STATIC RESOLVERS (STABILIZATION COMPUTER)

The static resolvers described in this chapter are of the solid-state type using
integrated circuits jo the maximum extent possible consistent with the state-of-the-art.
advancaed fire control

This equipment is of the digital computationa] type used for advance

systems.

16.1/16.2
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OOy WSSV &S

RESOLVER, STATIC

ELECTRICAL CHARACTERISTICS

Frequency (operating) . . . . . . . .. . 1.5 MH:

Input-ourput voltage levels, binary “‘one’” . . . . . . . . 015 \'

_binary “zero’’ . . . . -13.5, 43.5 or 4.0 v

Input current, binary *‘one,’’ per gate . . . . .. 3 mA

binary ‘‘zero’’ (~10V), per gate . . 0 mA

Output current, binary ‘‘one’ . . . . . . . 4 (15 mA, max) mA

binary "'zero”’ (-10V) . . . . .. .5 mA

Rise-fall time transition slope (max), per usec p) v

Transition time (max) at the 10% -90% levels . . . . . . . 6 usec

Power input (max) (115Vac, 19,400 Hz) . . . . . . . . . 52 wartts

Function

Platform stabilization - transformation of X, Y and Z target information to azimuth
and elevation angles after correcting for ship’s roll, pitch

and heading.

Radar data conversion -transformation of radar range. azimuth, and elevation to X,
Y, and Z information after correcting for ship’s roll, pitch
and heading.

Both of the above in sequence.

Canarity
\,uyn\..u.)

Two platforms, two radars, or one platform and one radar simultaneously.

Speed per conversion . . . . . . .. 0 e e e e e e e e 500 usec
Input accuracy (maintained) . . . . . . . . . ... .. 15 bits
MECHANICAL CHARACTERISTICS

Temperature range . . . . . . . . . . .+ o+« o . . . =2000 485 degrees C
Weight. . . . . . o . o oo e e e e e e e 46 lbs
MTBFE . . . v v e e e e e e e e e e e e e e e e e 3500 hr

NOTES

Developed under contract NOw 63-0826-f.

Input and output voltage levels and other characteristics are compatible with the Naval
Tactical Data System (NTDS). Operational and test mode controls, as well as visual
register display are available on the front panel.

~or list of gs refer to Drawin
s

} g o o
r [~ 134
Request for copies of above should be addressed to NAVAIR, AIR-52022.

ramre
i

drawi 1001-D1.2492980. Final report AD No. 472118.
r

16.3
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CHAPTER 17

SWITCH, SILICON PNPN, RF DESENSITIZED

The switch described in this chapter is of the PNPN, RF desensiuzed, four-
layer structure type modified to include an RC filter which attenuates RF signals
introduced between the gate and cathode leads. Between the resistor and the pate lead

: is a diffused zener junction which breaks down at eight volts. This extra junction
rectifies RF signals between gate and cathode, and places on the emitter junction a
reverse bias which must be overcome before the RF signal can fire the switch. In normal
DC operation, the gate voltage is raised slightly above the zener breakdown voltage,

sending sufficient current through the emitter to fire the switch.

17.1/17.2
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SWITCH, SILICON PNPN, RF DESENSITIZED

ELECTRICAL CHARACTERISTICS

Range of protection

Anode dcto 29MHz . . . . . . . . o .. +100 A%
Gate . . . e e e e e 100 kHz to 29 MH:
Gate firing sxgnal (max) at IOV e e e e e e e e e e +.5 mA
Current handling abilicy . . . . . . « « « v v oo v o .5 Adc
for S msec . . . e e e e e e e e e e e e e 10 A
Interlead capacitance (a'pprex), between any two leads . . . 60 pf

MECHANICAL CHARACTERISTICS

Temperature range

OPEIALING « -« v o v o o o e e e =65 1o +80 degrees C
SEOTAZE « « o v a e e e e e e e e e -65t0 +15 degrees C
Size . . S TO-5 can
Weight (approx ) R 1 gram
NOTES

This device is intended to replace the conventional PNPN switch in circuits which may
be exposed to unwanted radio-frequency energy.

Additional details may be obtained from U. S. Naval Ordnanc
Silver Spring, Maryland.

17.3
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LEAD IDENTIFICATION
BOTTOM VIEW

Figure 17.1. RF Desensitized PNPN Switch
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CHAPTER 18

SYNCHROS

Engineering and technical data on standard synchros recommended for new design
as well as on synchros procured for maintenance of existing equipments is contained
in MIL-HDBK-214, ''SYNCHROS.'’ The requirements for the selection of synchros for

use in military equipments are established by MIL-STD-710, **'SYNCHROS, 60 AND 400
CYCLE.”

18.1/18.2
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CHAPTER 19

TACHOMETER GENERATORS

The instruments described in this chapter are designed for two classes of
applications, one applied where the absolute value of generated voltage is not re-
quired to be free of temperature effects, and one applied where the absolute value

of generated voltage must be independent of ambient temperature. The atiainment of
a high ratio berween generated volitage and the value of fundamental component of
output voltage at zero specd has been a major objective.

19.1/19.2
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TACHOMETER GENERATOR

TYPE 117G4

ELECTRICAL CHARACTERISTICS
Frequency . . . .« o v o o 0 0 e e e e e e e e e e 400 Hz
Voltage . . « v+« v v v 0 e e e e e e e e e e e 115 v
Current (max). . . . . . - « . e e e e e e e e e e 55 mA
PoWer (MaxX) . . « « « o o« o o 0 4 e e e e e e 4.7 watts
Power facror . e
Effective reSISIANCE . . . . « « « = « « « e . e a e ohms
Impedance

Energizing winding . . . . . . . . . . . oo e e ohms

Output winding . . . « « « + ¢ o . o e e e e ohms
In-phase speed sensitive TR RN e e e e e e e
Phase shift at 3600 rpm (380 to 420 Hz ) s . . . . . . v . . 20(Lagy degrees
Max speed for linear output (0.2%). . . . . « « . « . . . - 7200 rpm
Null voltage

Total (Max) . . .« « « e e e e e e e e e e e e e 15 mV-rms

Fundamental . . . . . . . . . . . o e o e 0 e e e mV-rms
Output voltage variation

(- 55 to - 175°C range). . +0.5 percent

(380 to 420 Hz range) (max) 0.4 percent
Input/output voltage ratio variation

(105 10 125 V range) . . e e e e e e e e e +0.5 percent
Output voltage gradient (V/lOOO rpm) e e e e e e e e 2.75
MECHANICAL CHARACTERISTICS
Friction torque (Max) . . . . . . « o « o .. .. e e e .032 oz-in
Speed range . . . . . . o .. e e e e e e e e 0 to 7200 rpm
Rotor moment of mnertia . . . . . . . . . . . . .o . 5.5 gm-cm2
Ambient temperature fange . . . . . . . . e o s e e e -55 to+175  degrees C
Weight . . . . . . . . .o e e e e e e 7.0 oz
REFERENCES
Specification. . . . . . . . .o 0. e oo e e e MIL-T-22821

Installation drawing . ..
General arrangement drawing .
Federa) Stock Number (FSN) . .
Qualified Products List (QPL) . .
NOTES

Developed under contract N600(19)57244.

19.3
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TYPE 15lH4e

ELECTRICAL CHARACTERISTICS

Frequency . . - « « + « c ottt Tt 400 Hz
Voltage . « - « « o ¢ s oom ottt 115 v
Current (max)

Heater wmdmg O T T 260 mA

Energizing windiag . - - - - - 0 0 00 86 mA
Power {max)

Heater winding . . . - « « « « =« © ¢ 30 watts

Energizing winding . . . « - o o o0 o 6.5 watts
Impedance

2 S 2500 ohms

$so. . e e e e e e e e 53.2 degrees
In-phase specd sensitive TR o717
Phase shift . ¢ degrees
In- phase lxneamy e 0.5 percent
in-phase axis error T P +8 mV
Zero e?ppd output voltages

Total (max) . . I 13 mV-rms

Fundamental (max) A 10 mV-rms
Voltage sensmvxty {(energizing winding)

Linearity, 115V +10% range, (max) . .. 0.5 percent

In-phase TR (No greater than 1% of value at ll'jV *l/e)

Temperature sensitivity (- 55 to +100°C range)

In-phase linearity (max) . . . - - - .. 0.5 percent

In-phase TR (No greater than 7% of va!-_e at 23 *2°C)

Phase shift at 75°C. . e e e e e e e .. 1.8 .5 degrees
Qutput voltage gradient (V, 1000 rpm) e e e e e e 2.75
MECHANICAL CHARACTERISTICS
Speed range . e e e e e e e e e 0 to 3600 pm
Rotor moment of inertia e e e e e e e e e e e e 2.1 gm-cm
Ambient temperature range . . . . - - - - 00T .-55 to + 100 degrees C
Weight . . . « o« o o oot Coe e 9.4 oz
REFERENCES
Specification . . . . .ot Coe e MIL-T-22821/1
Installation drawing. . . . - « « - - - oo oetctt
General arrangement drawing . . . - - - - - - - ¢

f*f‘l1\

Federal Stock Number \r\ )
Qualified Products List (QPI ) .

NOTES
Formerly MK 2 MOD 0

19.5
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TACHOMETER GENERATOR

ELECTRICAL CHARACTERISTICS

Frequency . . . . « « =« = + =+ = s s ososs st 400 H:
Voltage . . « « v o o e e e e e e e s 115 v
Current (MaX). . « « « « + o« o = osos s s s s et 76 mA
Domer (max) . . . = + o oo 0 e e s sosoe e s 5.49 watts
PoOWer FACIOL « « « « o o o o+ o o o 0w s s e e e e e .64

Effective resistance . . . . . 2440 chms
lmpedance

Energizing winding . . - « .+ . o+ s o= s ottt 1746 ohms

Qurput winding . 34 ohms
In-phase speed sensitive TR .0B36
Phase shift . . 7.0 (Lag.) degrees
In-phase linearity (maﬂ . 5.0 percent
in-phasc axis error (max). +8 mV
Zero speed output voltages

Total (Max) . . - « o « « o e s e e e 12 mY-rms

Fundamental (max) . . e e e e e e e 8 mV-rms
Voltage sensitivity (energlzmg wmdmg)
Linearity, 115V +10% range ( (max) . . 0.5 percent
In-phase TR (No greater than 1% of value at 115V +l%) .
Temperature sensitivity (- 55 to +100°C range)

In-phase linearity (max) . . N 0.5 percent

In-phase TR (No greater than 47% of value at 23 +2°C) .

Phase shift at 75°C R 7 1 degrees
Qutput voltage gradient (V/lOOO rpm) e e e e e e e e 3.2
MECHANICAL CHARACTERISTICS
Speed range T U 3600 rpm
Rotor moment of mema e e e e e e e e e e e e 2.1 gm-cm=
Ambient temperature mange . . . . . - - - s - oottt -55to +100  degrees C
Weight . . 7.5 oz
REFERENCES
Specification . . . . . . . e e os e soes et e MI1-T-22821/2
Installation drawing . . . . . « « « + « o ¢ ¢ ¢
General arrangement drawing . . . . . . - o+ e e 0T

Number (FSN) .

L
LY WIIVSE \3 ey

Producte List (QPL) .+« + o -

19.7
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CHAPTER 20
TOOLS, HARDWARE, AND MOUNTING METHODS
To facilitate mounting precision rotating components, several items of hardware

have been developed. The various mounting methods and the manner in which items

of hardware are used are described in MIL-HDBK-214, "'SYNCHROS,"" MIL-HDBK-
225, “'SYNCHROS, DESCRIPTION AND OPERATION,"” and MIL-HDBK-218, “‘AP-

P L T o

PLICATIONS OF ELECTRICAL RESOLVERS.”

20.1
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