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WARNING

DANGEROUS VOLTAGE
is used in the operation of this equipment

DEATH ON CONTACT

may result if personnel fail to observe safety precautions

Never work on electronic equipment unless there is another person nearby who is familiar with the operation

and hazards of the equipment and who is competent in administering first aid. When the technician is aided by
operators, he must warn them about dangerous areas.

Whenever possible, the power supply to the equipment must be shut off before beginning work on the
equipment. Take particular care to ground every capacitor likely to hold a dangerous potential. When working
inside the equipment, after the power has been turned off, always ground every part before touching it.

Be careful not to contact high-voltage connections when installing or operating this equipment.

Whenever the nature of the operation permits, keep one hand away from the equipment to reduce the hazard of
current flowing through vital organs of the body.

WARNING

Do not be mided by the term “low voltage.” Potentials as low as 50 volts may cause death under adverse
conditions.

For Artificial Respiration, refer to FM 21-11.

a/(b blank)
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SYNCHRO/RESOLVER ANGLE INDICATOR

ILC DATA DEVICE CORPORATION MODEL SR/HSR-203 (-488)
(6625-01-152-4772)

MULTIPLE LAUNCH ROCKET SYSTEM

REPORTING ERRORS AND RECOMMENDING IMPROVEMENTS

You can help improve this manual. If you find any mistakes or if you know
of a way to improve the procedures, please let us know. Mail your letter,
DA Form 2028 (Recommended Changes to Publications and Blank Forms) or
DA Form 2028-2, located in back of this manual, direct to: Commander, U.S.
Army Missile Command, ATTN: DRSMI-SNPM, Redstone Arsenal, AL 35898-
5238. A reply will be furnished to you.

TABLE OF CONTENTS

Page

LIST OF ILLUSTRATIONS. . . . . e e e e s s e m
LIST OF TABLES . . . . . . . e e e e e e e [E]
[SECTION 0] GENERALINFORMATION ... ... .
[SECTION 1] GENERAL DESCRIPTION .. ... ...ttt [1-T
INtrodUCtion . . . . . . . o ot [L-1

Purpose of Equipment. . . . . . . . ...

FEatUres . . . . . . o o v e [1-3]

OPLIONS . . oottt et e [1-4]

Physical Description . . . ... ... e

Technical Characteristics . . . ... ... i e e 1-8

ECTION 2 INSTALLATION AND OPERATION . ... ... 2-1
Preparation for Use . . . . .. ...

InStallation . . . .. ...

CoONNECLiONS. . . . . . v o i 2-1

Operating Controls and Indicators . . .......... ... .. i [2-3

Operating Procedure . . . ... . [2-4

[SECTION 3] PRINCIPLES OF OPERATION . ...\ttt [3-1
INErodUCLION . . . . o o et e e e e e e, (31

[3-1

Overall Description . . . . . . .. ... . e e



TM 9-6625-647-14&P

SECTION

SECTION
APPENDIX

I BloE

Page
Converter Circuits, Block Diagram Description . . .. ........ ... ... ... ...... 3-2
Converter Circuits, Detailed Description . .. ......... ... . ... 3-6
488 Interface, Functional Description . . . ... .. . . . 39l
SR203-488 Command SEQUENCES . . . .« oottt et e et e e [3-11
Control CirCUITS . . . .ot 13-15
Power Supply CirCUits . . .. ..o 3-1
MAINTENANCE. . . .. e e 4-1
General . ... e
Preventive Maintenance . . ... ... ... e 4-1
Performance Evaluation and Calibration Test . .. .......................... 4-1
Corrective MaintenanCe. . . ... ..ot [4-2]
PART S LIST .t 51
THE IEEE-488 GPIB . . ..o A-1
INtroduction . . ... .. A-1
Basic Structure and ConStraints . .. ........... ...ttt
Basic Bus Terminology . . ... ..ot
Interface BUS Signals . . ... ..o A-3
Remote Message Coding. . . . ..ottt A-3
3-Wire Handshake Procedure . . .. ... .. A-5
REFERENCES . . .. e B-1
MAINTENANCE ALLOCATION CHART (MAC) . . . .o o
RECOMMENDED REPAIR PARTS LIST .. ..ot D-1
SIMULATION OF PRECISE SYNCHRO INPUTS .. ... .. .. i E-1



TM 9-6625-647-14&P

LIST OF ILLUSTRATIONS

Figure Title Page
Model SR-203 Synchro/Resolver Angle Indicator . . . ........... ... ... . ... .......
Converter Board (Top Cover Removed) . . . ... e 1-4
Multiplexer/488 Interface Board (Bottom Cover Removed) . . .. .................
Rear VIew (SR203-488) . . . . ...ttt et e e e e e 1-6
SR203-488, Block Diagram . .. ...ttt 35
Converter Circuits, Block Diagram ........... ... ... 3-5
TalK SEQUEINCE « . . o oot ettt e e et e e e e e 3-1
[3-4 LiSTEN SEOUENCE . . . ot ettt e e e e e e e e e e 3-1
[3-5 Input Channel Selection, Simplified Diagram . . . . ......... .. ... . . . ... 3-16
Selection of Lamp Test, Inhibit, Bandwidth and Unipolar

Control Lines, Simplified Diagram . . ...t [3-18
Power Supplies and Power Distribution, Simplified Diagram . . .. .............. [3-18
Model SR 203-488, Schematic Diagram (3sheets) . . . ... .. [4-7]
[5-1] Multiplexer Board (D27348-1) and Multiplexer/488 Interface

Board (D27348-2), Parts Location . . ... .. 5-13
[5-2 SR-203 Converter Board (A27884-1) HSR-203 Converter

Board (A27884-2), Parts LOCAtiON . . ... ...ttt e
SR-203/HSR-203 Voltage Regulator Subassembly, Parts 5-15

LOCatION . . oo
[5-4 Interboard Harness Assembly, Parts Location ... ............. ... ...c.iiiuain..
Interface Connections and Bus Structure . .. ... i A-2
Handshaking Timing SEQUENCE . . . .. ..ottt et

Table Title Page
Technical Characteristics . .. .. ...
Interface Connector Pin ASSIgNMeNts. . . .. ... .. ..t e 2-2
2-2 Operating Controls and Indicators . . . ... ... . 2-3
Formation of Digital Display 186.352° . . ... . ... . e 3-8
3-2 Control Code FUNCLIONS . . . ..ot e 3-15
TESE SUMMANY . . oottt e e e e e e e
Troubleshooting Chart . ... ... ... e
Signal Values (Converter Board). . .. ... ...t
Interboard Harness Assy, Wiring List . .. .............. .. .. 4-6
SRIHSR-203 Parts LiSt . . . ...\ttt et et e e 5-2
5-2 SR203-488 and HSR 203-488 Parts List . . .......... o i [5:3]
Parts List for Multiplexer Board (D27348-1) and
Multiplexer/488 Interface Board (D27348-2) . . ... ... i 5-4
Parts List for SR-203 Converter Board (A27884-1) and
HSR-203 Converter Board (A27884-2) . . . ... ot 5-7

55 SR-203/HSR-203 Voltage Regulator Subassembly Parts List . . ..................
[5-6 SR-203 Switch Subassembly (B27387), Parts List . . . ....... ... ... .. ... ... ..... 5-11
Inter-Board Harness Assembly Parts List. . .. ... ... .. . . . . 5-12
Message Coding . . . ..o ottt A-4

iii/(iv blank)






TM9-6625-647-14&P

Section 0. GENERAL INFORMATION

0-1. Scope. This manual contains instructions for
the operator, organizational, direct support, and
general support maintenance of and calibration pro-
cedures for the Models SR-203 and HSR-203 Syn-
chro/Resolver Angle Indicators manufactured by ILC
Data Device Corporation. Also covered are Models
SR 203-488 and HSR 203-488.

0-2. Indexes of Publications. a. DA Pam 310-
4. Refer to the latest issue of DA Pam 310-4 to
determine whether there are new editions, changes,
or additional publications pertaining to the Synchro/
Resolver Angle Indicator.

b. DA Pam 310-7. Refer to the latest issue of DA
Pam 310-7 to determine whether there are modifica-
tion work orders (MWQO'S) pertaining to the Synchro/
Resolver Angle Indicator.

0-3. Forms, Records, and Reports. Department
of Army forms and procedures used for equipment
maintenance will be those prescribed by DA PAM
738-750, The Army Maintenance Management Sys-
tem (TAMMS). The DA PAM is published in the
Maintenance Management UPDATE. Units may sub-
scribe to Maintenance Management UPDATE by
submitting a completed DA Form 12-13 to: Com-
mander, USAAG Publication Center, ATTN:
AGDM-0OD, 2800 Eastern Boulevard, Baltimore, MD
21220.

O-4. Reporting Equipment Improvement Recom-
mendations (EIR). If your Indicator needs im-
provement, let us know. Send us an EIR. You, the
user, are the only one who can tell us what you don't
like about your equipment. Let us know why you
don't like the design. Tell us why a procedure is hard
to perform. Put it on an SF 368 (Quality Deficiency
Report). Mail it to Commander, U.S. Army Missile
Command, ATTN: DRSMI-QMD, Redstone Arse-

nal, AL 35898-5290. We'll send you a reply.

O-5. Administrative Storage. To prepare the Syn-
chro/Resolver Angle Indicator for placement into
and removal from administrative storage, refer to
Section 3, Chapter 4, AR 750-25-1, Maintenance of
Equipment and Supplies. Temporary storage should
be accomplished in accordance with TB 750-25-1,
Section 2, Maintenance of Supplies and Equipment.

0O-6. Destruction of Army Electronics Materiel.
Destruction of the Synchro/Resolver Angle Indicator
to prevent enemy use shall be in accordance with {TM
43-0002-26] Organizational Maintenance Manual, De-
struction of Equipment to Prevent Enemy Use for
Launcher, Rocket, Armored Vehicle Moun-
ted: M270. Multiple Launch Rocket System.

0-1
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Figure 1-1. Model SR-203 Synchro/Resolver Angle Indicator
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SECTION 1

GENERAL DESCRIPTION

1.1 INTRODUCTION

This manual contains installation, operation, and maintenance instructions for the
Models SR-203 and HSR-203 Synchro/Resolver Angle Indicators, manufactured by

ILC Data Device Corporation, Bohemia, New York. (Seel figure 1-1.) Also covered
are the Models SR203-488 and HSR203-488. Except for the added IEEE-488 Interface,
the SR203-488 and HSR203-488 are functionally identical to their SR-203 and HSR-203
counterparts.

To avoid repetition, information presented in this manual covers the SR-203 and
SR203-488. All the data and references to the Model SR-203 (or SR203-488) are
equally valid for the Model HSR-203 (or HSR203-488) except where noted. The
HSR-203 differs from the SR-203 only in its accuracy and resolution. The SR-203
is accurate to £0.03°, while the HSR-203 is +. 005° accurate. Resolution is 0. 01°
for the SR-203 and 0. 001° for the HSR-203.

1.2 PURPOSE OF EQUIPMENT

The SR-203 is a high quality angle indicator suitable for use in precision synchro
and resolver test equipment. The unit consists of a precision analog-to-digital
tracking converter configured to accept synchro or resolver signals from a front
panel input channel or either of two rear connector input channels. The instrument
continuously converts the selected synchro or resolver inputs into BCD angular
data and displays it on the front panel. Since the instrument can accept a broad
range of voltages and frequencies without programming, and signal to reference
phase shifts of £50° (max), the SR-203 can quickly accommodate a variety of inputs.
Using a type Il servo loop for continuous tracking, the instrument exhibits no
velocity lag up to the specified tracking rates. No hangup can occur 180° away from
the input angle.

In addition to serving as a high performance bench instrument, the SR-203 can be
used wherever accurate angle information is required for display, control, testing,
or computation. Applications include production testing of synchros and resolvers,
information translators in quality control systems, machine tool control, ship and
aircraft navigation systems, and antenna positioning.

1-1
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The 488 Interface is available as an option (Model SR203-488). When equipped with
this option, the instrument may be linked to any programmable measurement instru-

ment system (such as computer controlled Automatic Test Equipment (ATE) or
process control systems) that operates from the IEEE-488-1975 General Purpose
Interface Bus (GPIB). An abbreviated description of the IEEE-488 GPIB is included
in the Appendix for general reference.

1.3 FEATURES

A number of outstanding features are incorporated into the design of this instrument,
as follows:

a. Selection of synchro or resolver inputs from front panel jacks (local mode)
or either of two rear panel inputs (remote mode).

b. Automatic operation over a wide range of signal input levels without the
need for signal level programming.

c. No 180° hangup.
d. Display ambiguity indicator.

e. Built-in-Test (BITE) circuit - detects over-velocity or internal malfunc-
tion. Outputs the logic level and displays it on front panel.

f.  Automatic correction of signa to reference phase differences of up to
+50° .

g. No warmup, no adjustments and no drift. Drift-free for the life of the
instrument.

h. Selection of high or low tracking loop bandwidth from front panel switch
(loca mode) or via interface connector (remote mode).

i. Display and output data in unipolar format of 0-359.99° for SR-203 or
0-359.999°for HSR-203; or in bipolar format of 0 to +179.99° for SR-203 or O to
+179. 999° for HSR-203. Desired format selectable from either the front panel
local mode) or via the interface connector (remote mode).

_Inhibit and lamp test functions selectable from either the front panel (local
mode) or via the interface connector (remote mode).

k. A single switch multiplexes control between local and remote sources and
between front panel and rear connector input channels.

. When equipped with the 488 Interface, (Model SR203-488), control may be
transferred to the GPIB when in the remote mode.

1-2
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1.4 OPTIONS

This instrument may be ordered in any of three physical configurations. As a
portable instrument it is supplied in compact form with a carrying handle. In a
second form, it is fitted with brackets, suitable for half rack mounting. It may also
be ordered center-mounted in a 19” panel suitable for mounting in a 19" rack.

All instruments are supplied with a mating connector (Amphenol 17-10500-1) and a
detachable line cord (Belden 17250).

15 PHYSICAL DESCRIPTION

The Models SR-203 and SR203-488 are small lightweight units. [Figure I-1]illustrates
the SR203-488 in the half rack mount configuration. The digital display of shaft angle
is plainly visible behind a rectangular cutout in the front panel. Selection of either
local or remote modes is controlled by LOC and REM pushbutton switches which also
apply power to the instrument. The interlocked OFF switch turns off the unit.

Binding posts under the display may be used to apply synchro or resolver signals for
local mode operation. The pushbuttons to the right of the binding posts are manual
controls associated with local mode operation.

Internally,the instrument consists of two printed circuit boards (a converter board

and a multiplexer/488 interface board), an interboard harness, and front and rear

panel harnesses. Removal of the top cover exposes the converter board. (See figure
1-2). The converter circuits are packaged in two compact encapsulated modules.

The 7-segment LED’s occupy the front left portion of the board. The SR-203 contains 6
LED displays, as shown; the HSR-203 contains an additional display. The remaining
components are distributed around the two modules. Power supply components are
mounted at the rear of the board. A line voltage selector switch (S2) may be easily

set to 115 or 230 volts.

Removal of the bottom cover exposes the multiplexer/488 interface board. (See
[figure 1-3). In the Model SR203-488, IC'S and other components of the 488 interface
circuits occupy the central portion of the board. Power supply components on the
heat sink assembly, driven by transformer TI, supply the dc power for this board.
Line selector switch S2 on this board must be set to the same position as switch S2
on the converter board. Relays K1 and K2, at the rear of the board, are controlled
by externally supplied signals during remote mode operation.

The rear panel, shown in contains an instrument interface connector,
a GPIB (General Purpose Interface Bus) connector, an address selector switch and
a power connector. The address selector switch (S3) consists of eight rocker
switches. Only the five LSB’S are used to set the bus address.
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1.6 TECHNICAL CHARACTERISTICS

summarizes the principal characteristics of the instrument.

Table 1-1. Technical Characteristics

Angular Range
SR-203

HSR-203

Accuracy
SR-203
HSR-203

Tracking Rate, no error
SR-203

HSR-203

Settling Time (to within 1 LSB)
High Bandwidth
SR-203
HSR-203
Low Bandwidth
SR-203
HSR-203

Open Loop Transfer Function

High Bandwidth
SR-203

HSR-203

Low Bandwidth
SR-203

HSR-203

Display Resolution
SR-203
HSR-203

0.00 to 359.99° continuous rotation
or 0.00 to £179.99° bi-polar.

0.000 to 359. 999° continuous rotation
or 0.000 to £179. 999° bhi-polar.

.03°
. 005°

I+ 1+

720° / sec at 400 Hz
180° / sec at 50-60 Hz
72° | sec at 400 Hz
18° / sec at 50-60 Hz

0.6 sec
3.5 sec

1.7 sec

G = (86)(S/46 + 1)
S(S/460 + 1)

6 = ‘@YY

G - A8

(13)(S/10 + 1)
G “S(SM00 + 1)

0. 01° (5 BCD Digits)
0. 001° (6 BCD Digits)

s
s

1-7
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Table 1-1. Technical Characteristics (Cont'd.)

Repeatability
SR-203
HSR-203

Reference Input
Voltage
Frequency

Phase, relative to signal
Input impedance
Isolation

Breakdown, to logic gnd
Harmonic content

Signal Input

Type

Voltage, L-L
Frequency

Allowable phase shift

Input Impedance
SR-203

HSR-203
Isolation
Breakdown, to logic gnd

Digital Inputs (,TTL Compatible)

Inhibit (INH)

Lamp Test (LT)

Bandwidth (BW)
Uni-polar/Bi-polar (U/B)
Loading

Remote Channel Select

Remote Synchro/Resolver Select

+0.01°
+0.002°

10-150 volts rms

47-1000 Hz, from same source as
synchro/resolver excitation

+50°

100 kilohms min.

Transformer

1000 V min.

+10% max.

Synchro or resolver, transformer isolated
Any level, 10V to 100V, auto leveling
Same as reference

+50° max., relative to reference

150 kilohm mjn. @ 47 Hz

250 kilohm min. @ 60-1000 Hz
1 megohm min.

Transformer

1000 V min.

Logic 1 or open = track

Logic 0 or gnd = hold (freeze)

Logic 1 or open =6 (angle)

Logic O or gnd = 888.88° (SR-203) or
888.888° (HSR-203)

Logic 1 or open= lo bandwidth (47-1000 Hz)

Logic 0 or gnd = hi bandwidth (360-1000 Hz)

Logic 1 or open = uni-polar operation

Logic O or gnd = bi-polar operation

0.5 TTL unit loads max.

Logic 0 or gnd = channel 1

Logic 1 or open = channel 2
Logic 1 or open = resolver
Logic 0 or gnd = synchro
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Table 1-1. Technical Characteristics (Cont'd. )

Digital Outputs (TTL Compatible)

Shaft Angle (g)
SR-203

HSR-203

BITE
Converter Busy (CB)
Drive Capability

Display Characteristics

Display Scan Rate
SR-203
HSR-203

Display Duty Cycle
SR-203
HSR-203

Display Clock

Display Clock Duty Cycle

Power Input
Voltage
Power
Frequency
Isolation
Breakdown to logic gnd
Temperature Range
Operating
Storage
Dimensions
Option 1
(carry handle)
Option 2
(half-rack mount)
Option 3

(center mount on 19” panel)

Weight

5 BCD buffered TTL decades (18 lines
total). Positive true logic, continuously

available. In bi-polar mode, minus sign =
logic 1 on MSB.

Same as SR-203, except 6 BCD decades
used (22 lines total).

Logic 1 = fault (tracking failure)
Logic 0 = no fault

Logic 1 pulses = busy*

Logic 0 = data stable

4 unit TTL loads, buffered output

333 Hz
278 Hz

20%
16.7%
1.67 Hz
50%

115V/230V RMS**

20 va max

47-500 Hz

Transformer

1000V DC

0°C to 55° C

-55° C to +125° C

9-3/8"W x 3-15/32"H x 14-1/2” D
9-1/2"W x 3-15/32"H x 14-1/2"D

19"W x 3-15/32"H x 14-1/2"D

5 Ibs (approx. )

*4 usec positive pulses; leading edge initiates conversion,
**Volt age selectable by two internal switches. See para. 2.1.

1-:9/1-10
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SECTION 2

INSTALLATION AND OPERATION

2.1 PREPARATION FOR USE

The Models SR-203 and SR203-488 are electrically operational in all respects as
shipped from the factory. Carefully remove the instrument from the packaging
material and inspect the front and rear panels for damage to any parts. Unless
otherwise specified, the unit is set at the factory for 115-volt operation. If in
doubt, remove the top and bottom covers and check the settings of the two line
selector switches. (Sed figures 1-3 and 1-3. ) Should the instrument show any
signs of damage, notify the nearest ILC Data Device Corporation field representa-
tive immediately.

2.2 INSTALLATION

No special installation procedures are required for the standard (option 1) unit.
For the half rack or center mount (19" panel) options, carefully insert the unit
into the rack and bolt in place with standard hardware.

2.3 CONNECTIONS

The interface connector available with the instrument must be wired to the external
system.| Table 2-1 lists the connector pin assignments. Crimp or solder each
input and output lead to the pins as listed, then push the pins in until they lock in
place.

IMPORTANT

This instrument is equipped with separate case and digital
grounds. For best results, case ground (pin 3) and digital
ground (pin 4) should be connected together in the external
system. When the digital outputs are not used, connect the
two grounds together at the instrument.

2-1
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Table 2-1. Interface Connector Pin Assignments

Pin Function Pin Function
9 Spare Logic 1 = track
Logic 0 = inhibit
3 Case gnd
.. 28 .02°
4 Digital gnd (may be connected to .
case grid) 29 .08
5 S1 30 J1°
6 S2 Remote channel 1 inputs (S4 31 4°
7 g3 ( used for resolver inputs ) 20
only)
8 S4 33 8°
10 Ref [0 § Fef-input Logic 1 = Normal operation
Logic O = Reset
11 Converter Busy Output
35 UB (Output)
12 . 04° _
. Logic 1 = Unipolar
13 .01 Logic O = Bipolar
14 . 08° 36 LOC/REM (Output)
15 . 2° Logic 1 = Local Mode
16 4° Logic 0 = Remote Mode
17 1° 37" | SYNIRES
18 Spare Logic 1 = Resolver } Remote
. _ Logic 0 = Synchro Mode
19 Lamp Test Input LT 28+ _
Logic 1 = normal operation UB (input)
Logic 0 = lamp test (remote mode) Logic 1 = Unipolar } Remote
20* CH1/CH2 (Input) Logic 0 = Bipolar Mode
Logic 1 = Channel 2 39% | BW(Input)
Logic 0 = Channel 1 Logic 1 = lo bandwidth
21 s1 (47-1000 Hz)
Remote channel 2 Logic 0 = hi bandwidth
22 S2 inputs (S4 used for (360-1000 Hz)
resolver inputs onl
23 S3 P Y) 40 BITE (Output)
24 S4 Logic 1 = Not tracking
25 Ref hi (fault)
} Channel 2 Logic 0 = Normal tracking
26 Ref lo’ ref input

2-2
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Table 2-1. Interface Connector Pin Assignments (Cont'd. )

Pin Function Pin Function
41 .008° 46 40°
42 .004° 47 80°
48 10°
43 . 002° 49 100°
44 .001° 50 . Unipolar = 200°
45 20° i Bipolar 1 = Minus (-) sign
| ! 0 = Plus

*User must supply digital input signals for SR-203 and HSR-203 instruments. For the
SR203-488 and HSR203-488, these pins must not have external connections.

2.4

OPERATING CONTROLS AND INDICATORS

The controls and indicators used in the operation of the SR-203 are shown in[figure 1-1]
and described in Table 2-2

Table 2-2. Operating Controls and Indicators

Item

Function

OFF pushbutton switch

LOC pushbutton switch

REM pushbutton

LAMP TEST pushbutton switch

INHIBIT* pushbutton switch

When depressed, removes AC power from

instrument.

When depressed, applies ac power to instru-
ment and places it in local mode.

When depressed, applies ac power to instru-
ment and places it in remote mode.

When depressed (either local or remote mode),
causes all segments of all LED displays to light.

When depressed, inhibits the analog-to-digital
converter, freezing the LED display and digital

output angle.
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Table 2-2. Operating Controls and Indicators (Cont’ d.)

Item Function
INPUT* pushbutton switch When depressed to RSLV position, conditions
converter for operation from resolver input
signal.

When depressed to SYN position, conditions
converter for operation from synchro-formatted
input signal.

BANDWIDTH* pushbutton switch When depressed to HI, enables converter for
high bandwidth (360-1000 Hz). In LO position,
conditions converter for low bandwidth
(47-1000 Hz).

READ OUT* pushbutton switch When depressed to UNP, configures display circuits
and visual readout for unipolar operation. In BIP
position, bipolar display is enabled.

S1, 82, S3, 54, RL, RH
binding posts* Provide front panel access to locally supplied
synchro or resolver and reference signals.

*Enabled only during local operation.

2.5 OPERATING PROCEDURE

25.1 Remote Operation

To operate the instrument from a remote location via interface connector J1, first pro-
gram the proper input lines (identified in[Table 2-1) for the desired input channel,
synchro or resolver format, bandwidth, and read-out mode (unipolar or bipolar). Then
depress the REM pushbutton switch to apply power and simultaneously place the instru-
ment in remote mode. No other procedures are required. The digital output will track
the synchro/reference input angle supplied by the external system and the LED display
will indicate the digital angle. The external system may, at any time, switch the
input channel, input signal format, readout mode, and bandwidth desired. During re-
mote operation, the external system may also apply inhibit and perform the lamp test.
It should be noted that, during remote operation, the local operator can only perform
the lamp test.
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For instruments using the 488 interface, the remote control lines such as channel
select, lamp test, inhibit, synchro/resolver select, unipolar/bipolar select and
bandwidth select are controlled by the GPIB and should not be wired to the inter-

face connector. For operation with the GPIB, the mating connector to GPIB con-
nector J2 controls the instrument. The five LSB'S of the eight ADR SELECT rocker
switches on the rear panel of the instrument determine the device address. Set these
switches to the required bus address, LSB to MSB as marked, before applying power.

When operating from the GPIB, the SR203-488 is controlled by the bus commands.
The codes applicable to this instrument are listed in[Table 3-2] Each command is
ASCIl encoded and applied to the instrument via the bus data lines. When addressed
to listen (and if the unit is in remote mode), the unit responds to the commands.

2.5.2 Local Operation
To operate in local mode, proceed as follows:

a. Connect the synchro or resolver and reference inputs to the front panel
binding posts.

b. Depress the INPUT, BANDWIDTH and READOUT pushbutton switches to
the desired positions.

c. Depress the LOC pushbutton switch to apply power to the instrument and
to place it in local mode. No other procedures are required. The digital output will
track the synchro/resolver input and the visual readout will display the digital angle.

d. To test the display, depress and hold the LAMP TEST pushbutton. To
inhibit the converter and freeze the display, depress and hold the INHIBIT pushbutton.

2-5/2-6
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SECTION 3

PRINCIPLES OF OPERATION

3.1 INTRODUCTION

This section describes the operation of the Model SR203-488 in terms of block and
simplified diagrams|(figures 3-1 through 3-5) and the overall schematic diagram,
Sufficient information is provided to support equipment maintenance down
to module level.

3.2 OVERALL DESCRIPTION (See figure 3-1.)

The SR203-488 consists basically of a precision resolver-to-digital tracking converter,
input circuits that apply the desired synchro/resolver and control functions to the con-
verter in either local or remote mode, display circuits, and the 488 interface for
communicating with the GPIB. The OFF/LOCAL/REMOTE switch determines the
operating mode. When the LOCAL pushbutton switch is depressed, synchro or resolver
and reference signals applied to the front panel jacks are routed, via the INPUT and
LOCAL switches to the signal and reference isolation transformers. Depending on its
setting, the INPUT switch configures the transformers for either 3-wire synchro or
4-wire resolver inputs. The transformers pass resolver and reference signals to the
tracking converter which digitizes its inputs into either 18-bit BCD angle data (Model
SR203-488) or 22-bit data (Model HSR203-488). The digital angle is displayed on either
a 5-digit (SR203-488) or 6-digit (HSR203-488) readout and is simultaneously made avail-
able to the rear panel interface connector via the TTL output buffer or to the GPIB

via the 488 interface.

The converter also generates CB (Converter Busy) and BITE (Built-In Test Equipment)
signals. The CB pulses indicate when output data is changing. The BITE signal is used
to indicate the presence of an abnormal condition. Both signals are applied via the TTL
output buffer, to the interface connector and the 488 interface. Unbuffered CB and
BITE signals pass to the display circuits to activate ambiguity and BITE indicators,
respectively, under abnormal conditions.

When the LOCAL pushbutton switch is depressed, the local/remote multiplexer is
conditioned for local operation. This enables the front panel logic switches, permitting
operator selection of unipolar or bipolar (U/B) format and display, high or low band-
width, and inhibit. The manual lamp test control function bypasses the multiplexer,
allowing the operator to test the lamp segments in either the local or remote mode.

3-1
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When the REMOTE pushbutton switch is depressed, the synchro or resolver and
reference inputs for the signal and isolation transformers are derived from either of
two remote channels applied to the interface connector. Directed by a remote control
signal from either the interface connector or the 488 interface, the channel 1/channel 2
select circuitry passes signals from the selected remote channel to the transformers
via a synchro/resolver relay and contacts on the REMOTE switch. The synchro/
resolver relay is activated by the same remote source, configuring the transformer
inputs for either synchro or resolver signals.

In the remote mode, the multiplexer inputs are switched. Control of U/B format and
display, bandwidth select, inhibit and lamp test is made available to the same remote
control source (interface connector or 488 interface). The selected logic control signals
pass through the multiplexer and TTL buffer to the tracking converter.

Operation of the 488 interface is supervised by a self-contained microprocessor in
accordance with a program stored in an erasable programmable ROM. Data transfer
to and from the 16-line GPIB is mediated by the controller. The 32 input-output

lines at the instrument interface are independently programmed, under microprocessor
control, for input or output data transfer. The device address, preset manually by the
user via the address select switches, is transferred to the controller memory at power
turn-on.

3.3 CONVERTER CIRCUITS, BLOCK DIAGRAM DESCRIPTION
(See[Figure 3-2. )

The tracking converter circuits, contained on the converter board, consist basically of

a solid state control transformer (SSCT), error processor and up-down counter which
operate in a continuous Type 11 closed loop feedback configuration. Supplied with sin@
and cos ésignals from a Scott-T input transformer, the SSCT compares the synchro or
resolver input angle éfrom the selected local or remote input channel with digital angle
g supplied by the up-down counter and generates an error voltage E which is a function of
the sine of residue angle (0 - g). The error voltage is demodulated and integrated by the
error processor which controls the up-down counter such that at null, angleé = angle g .
Angle g, a digital replica of the selected synchro or resolver angle, is displayed on a
5-digit (Model SR203-488) or 6-digit (Model HSR203-488) readout and is simultaneously
made available to the external system via the TTL output buffers and the DBA-488.

Auto leveling signals generated by the SSCT are fed to the error processor, enabling the
instrument to operate automatically with any signal input voltage between 10 and 100 volts
RMS L-L.

Additional digital input and output controls, in TTL form, are designed into the unit to
enhance its operation with computerized equipment. For example, when a logic O is
applied to the TNH (inhibit) input, digital angle ¢ is frozen in the up-down counter. This
feature permits the external system to determine the readout at a particular point in time.

3-2
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The bandwidth control input enables high bandwidth or low bandwidth operation. Selection
of higher bandwidth (logic 0 input) enables higher tracking speeds and acceleration con-
stants for signal frequencies greater than 360 Hz.

Application of a logic 1 to the U/B (unipolar/bipolar) control input programs the up-down
counter, control transformer, and visual readout for unipolar operation (0 to 359.99° for
the SR203-488 or 0 to 359 .999° for the HSR203-488). With a logic 0 applied to input U/B,
a bipolar display (0 to £179. 99°) is enabled. When negative angles are detected during
bipolar operation, a minus sign is activated in the visual diaplay.

The LT (lamp test) input permits all digital displays to be tested. Application of a logic O
to the LT input produces numeral 8 on all digital displays, effectively checking operation
of all diode segments.

The error processor provides two digital output controls via the TTL output buffers and
488 Interface: CB (converter busy) and BITE (Built-In Test Equipment). A logic 1 CB pulse
is generated coincident with the leading edge of each toggle pulse. CB pulses are trans-
mitted as flags to the external system to indicate that counter output data is changing.

An ambiguity indicator, the lower bar in the first digital display, is activated if exces-

sive CB pulses are generated (jitter condition or high tracking rate). Stable data is made
available to the external equipment during non-CB (logic 0) intervals. When the error
processor detects an abnormal condition (such as a loss of reference or abnormally high
residue angle), it generates a logic 1 on the BITE line and activates a BITE indicator,

the upper bar in the first digital display.

3.4 CONVERTER CIRCUITS, DETAILED DESCRIPTION
(See Sheet 3 of [Eigure 4-1]. )

The interface circuits on the converter board employs LS TTL logic (+5V). Internal
circuits use CMOS (+12V) logic.

Three-wire synchro data or 4-wire resolver data, at any level between 10 and 100 volts
RMS L-L and at any frequency between 47 and 1000 Hz*, may be applied to either the
local or remote inputs. When synchro inputs are selected, either in the local or remote
mode, a jumper is automatically connected to the Scott-T transformer. (The synchro/
resolver control circuits are described in later paragraphs).

The reference voltage input for either local or remote operation may be between 10 and
150 volts RMS, derived from the associated synchro or resolver excitation voltage.
Selection of either the local or remote signal and reference inputs is controlled by the
front panel LOC and REM switches.

*For operation at higher tracking rates (360 Hz or higher), the BW control input may be

set to logic 0 by depressing the BANDWIDTH pushbutton switch to HI (local mode) or by
transmitting a logic 0 on the BW line from the remote source (remote mode). The lower
bandwidth may be selected when maximum filtering is desired. In addition, low bandwidth

must be selected for 50 or 60 Hz reference and input signals.

3-6
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Precision Scott-T transformer T1 provides +sine §, -sine: § +cosine 6, and -cosine 6
signals for SSCT U1l. These signals, as well as reference current supplied by transformer

T3, are referenced to voltage V (analog ground) generated by error processor and up-down
counter module U2. Transformers T1 and T2 effectively isolate the instrument electrically
from the external system.

SSCT U1 compares input angle 8 from T1 with digital angle g from the up-down counter
in U2. Utilizing state-of-the-art techniques, Ul generates error signal E as a function of
the sine of residue angle 6- @). Module U1 also supplies trigonometric function signals C
and D used for auto levelling and synthetic referencing.

In module U2, error signal E is applied to a gain controlled amplifier as a function of
signals C and D, maintaining the error gradient independent of signal or reference volt-
age amplitude. The auto-levelled error signal is demodulated, with the phase of demodu--
lation controlled by a synthetic reference derived from signals C and D rather than
reference current R. A monitoring circuit in U2 constantly compares the synthesized
reference with reference current R and prevents 180° hangup. Up to x50° phase shift of
the synchro/resolver input relative to the reference input is automatically corrected for.

The demodulated signal undergoes two integrations in U2, resulting in a Type Il feedback
loop that eliminates velocity tracking error. A BCD counter in U2 is driven towards an
exact BCD representation of the input angle as a function of residue angle amplitude and
polarity. Each count of the BCD counter is equivalent to one LSB. The 18 bits (SR203-
488) or 22 bits (HSR203-488), representing digital angle g in direct BCD form, are fed
back to SSCT U1 to maintain its closed loop operation. The digital angle is also applied
to the multiplexed BCD decoder and visual display for real time monitoring and is

routed to the external system through TTL output buffers.

The visual readout for the Model HSR203(-488) consists of LED displays DS1 through DS7.
Display DS7, the .001 digit, is not used in the Model SR203(-488). Numerical displays
DS2 through DS6 are multiplexed to a single BCD to 7-segment decoder/driver U13. De-
pending on the 4-bit BCD input applied to U13, current is drawn through one or more
LED’s in each display via a current limiting resistor in dip RI, causing a digit to be
displayed.

Multiplex timing is controlled by presettable BCD up counter U23 in conjunction with

clock generator U15. The counter is programmed for operation with either the 5-digit
display in the SR203(-488) or the 6-digit display in the HSR203(-488). The counter is incre-
mented by pulses from clock generator U15. Following BCD count 7, receipt of a clock
pulse sets the Q4 output (pin 2) of U23 high, presetting the counter to either BCD count 2

or 3. In the SR203(-488), pins 4 and 12 of counter U23 are jumpered, producing preset
count 3. In the HSR203 (-488), pins 4 and 13 are jumpered, producing count 2. Thus, in

the SR203(-488), the counter is continuously incremented through counts 3 to 7. In the
HSR203(-488), it counts from 2 to 7.

The 1, 2, and 4 BCD outputs of counter U23 are applied to five digitally controlled analog

switches U7 through UIl. Analog switch U7 samples the BCD “1” outputs (decades .001,
.01, .1, 1, 10, and 100) of the BCD counter in module U2. Switches U8, U9, and Ul10O

3-7
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similarly sample the BCD “2”, “4”, and “8” outputs, respectively, of U2. Analog switch
Ul responds to each address from the counter by grounding the cathode of an LED dis-
play via hex inverter U16. Thus, each LED display is enabled, in turn, for each BCD
count, and the associated display code simultaneously multiplexed at the output of
decoder/driver U13 designates the required numeral.

Assume, for example, that angle 186.352° is generated at the BCD outputs of module U2
in the HSR203(-488). For this angle, the following digital bits are set high: 100, 80, 4, 2,
.2, .1, .04, .01, and .002. Table 3-1 indicates the digital code produced at the outputs
of analog switches U7 through U10 at each count, the resulting display code generated by
decoder/driver U13, and the corresponding LED display activated by analog switch U11.
The decimal point after the units digit in the display is maintained on by +6 volts applied
to DS3 via resistor R16.

In the Model SR203(-488) , counter U23 is programmed for preset to count 3 rather than
count 2 so that DS6, the .001 digit, is never addressed. LED DS7 is omitted from this
model.

When a low level is applied to the lamp test (LT) input of the instrument, current is drawn
through all LED'’s in each display, producing a readout of 888. 88° (SR203-488) or 888. 888°
(HSR203-488). This checks the operation of all segments in the LED’s.

Table 3-1. Formation of Digital Display 186.352°

BCD u7 U8 U9 u10 uU13 LED LED
Count Pin 3 Pin 3 Pin 3 Pin 3 Display Code Activated Weight
2 0 1 0 0 2 DS7 .001
3 0 0 0 1 8 DS3 10
4 0 1 1 0 6 DS4 1
5 1 1 0 0 3 DS5 A
6 1 0 1 0 5 DS6 .01
7 1 0 0 0 1 DS2 100
2 0 1 0 0 2 DS7 .001

Only the three horizontal segments or bars of LED DS1 are used. The upper bar functions
as a BITE indicator. If error processor module U2 detects a fault condition (e. g., missing
reference), the BTT output of U2 is set low. This level is inverted by U15 (2,3) and
activates the top bar of DSI via resistor R14.

The center bar of DS1 is used to display the minus (“ - “) sign during bipolar operation.

The high level generated by the error processor in U2 when the measured angle goes
negative is inverted twice by U15 (7,6, 5,4) and activates the minus sign via R13.

3-8
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The lower bar in display DS7 is the ambiguity indicator. The activating circuit for this
bar consists of inverter U16 (7, 10), CR4, R12, C5, and U15 (14, 15). Capacitor C5 is
charged through R12, so that U15-14 is set high and U15-15 is set low. When the con-
verter is busy, the CB output of error processor U2 is set high. This causes U16-10
to drop and C5 tends to discharge through CR4. If unstable converter operation (jitter
or high tracking rate) occurs, C5 discharges and U15 turns on the indicator to alert
the user that the display is inaccurate.

The TTL input buffers consist of exclusive OR gates U4. These stages provide TTL to
CMOS level shift functions for the digital input controls. Output buffers U17 through U22
provide the CMOS to TTL level shift functions for the digital output angle and controls.

When either the LOC or REM pushbutton switch is depressed, AC power passes through
switch SIC, activating the power supply on the converter board. Switched AC power is

also fed back to the mux/488 interface board. A dual full-wave bridge power supply (T2, CRI-
CRS3, C1-C4, U5, and U6) provides +12, +6, and +5 volts DC for the converter PC board.
The +12 and +6 volt outputs are regulated by regulators U5 and U6, respectively. The

two primary windings on T2 may be connected for operation for 115 volt or 230 volt

primary power lines by selector switch S2. The power supply may be operated from any
power line frequency between 47 and 500 Hz.

3.5 488 INTERFACE, FUNCTIONAL DESCRIPTION
(See Sheet 2 of|Figure 4-1.)

3.5.1 Equipment Complement

The 488 Interface consists of four bus transceivers U1-U4, interface controller U5, micro-
processor U6, tri-state buffers U7 and U8, ROM U9, and peripheral interface adapters
(PIA's) U10 and U11.

3.5.2 Transceivers Ul and U2

Transceivers U1-U4 serve as the interface between the GPIB and the internal logic

of the 488 interface. Transceivers Ul and U2 are used for bus management and hand-
shake signals; U3 and U4 accommodate the eight data lines. Logic levels applied to the
four transmit-receive inputs of each quad transceiver from controller U5 determine
which section behaves as a bus driver or receiver for the associated bus line. The T/R
control for SRQ is always wired high (transmit) while those for REN, IFC, and ATN are
wired low (receive). The remaining signals are controlled by U5. The bus transceiver
outputs meet all requirements of IEEE Std. 488-1975.
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3.5.3 Interface Controller U5

Under the direction of microprocessor U6, interface controller U5 mediates the transfer
of data between the 488 interface and the GPIB. Controller U5 decodes messages from
the GPIB, processes those directed to the 488 interface and transfers messages to the
internal data bus. It should be noted that, although the GPIB signals follow negative
logic convention, positive logic is used within the 488 interface. (Thus, the signal
NRFD from the GPIB is designated RFD at the input of U5. ) The controller is equipped
with internal registers that are selected by register select lines RSO, RS1, and RS2
and chip select CS (via microprocessor address bits AO, Al, and A2 and A14’) in con-
junction with the read/write (R’W) signals and @2 clock from the microprocessor.

The registers accommodate functions such as address, data in, data out, interrupt
status, etc. Data transfer between U5 and U3/U4 is effected through the IB@ - IB7 lines;
the DB@ - DB7 lines carry data between U5 and the internal data bus. CS enables U5
and @2 is a timing signal provided by U6.

3.5.4 Microprocessor U6

The 8-bit microprocessor contains registers, accumulators, a 128 X 8 bit RAM and an
internal clock. The 16-line address bus (A@-A15) supervises the operations in the 488
interface. The 8-line bidirectional data bus (D@-D7) transfers data to and from memory
and the peripheral devices. Clock pulses at pin E (82) are used for timing. Upon
receipt of an interrupt request (TRQ) from controller U5 (upon U5'S receipt of DC L on the
data lines), U6 completes its current instruction then cycles through an interrupt
sequence that resets the microprocessor. The read/write (R/N} output of U6 controls
the read/write status of controller U5 and PIA’'s U10 and U11.

3.5.5 ROM U9

Erasable programmable ROM U9 stores the 488 interface program in its 2048 X 8 bit
memory. When enabled (CS input low) and strobed by a clock pulse from U6 (STR input),
address bits A@-A8 are decoded and data transfer is effected on the DO@ - DO7 lines.

3.5.6

PIA’'s U10 and U11 interface the 488 circuits with the converter circuits. Four 8-bit
bidirectional data buses (PA@ - PA7 and PB@ - PB7) communicate with the instru-

ment; an 8-bit bidirectional bus (D@ - D7) links the selected PIA’s with the internal data
bus. Each chip is selécted by CS2716w via a U6 address routed through tristate buffer US.
Register select inputs (RS@, RS1), controlled by microprocessor U6, address registers
within each PIA which provide functions such as data direction, control, peripheral inter-
face, etc. PIA read/write operation is controlled by the R/W input from UG6.
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3.5.7 Power Up and Device Address

When power is applied to the 488 interface, the logic low level across capacitor C7
(resulting from its uncharged state) initializes U5, U10, Ull and U6. The ASE (address
select) output of U5 drops, enabling the outputs of address switch S3. The five preset
LSB’S of S3, representing the primary device address, are then transferred into a
register in controller U5 for subsequent use.

3.5.8 Data Transfer

Controller U5 responds to the device address (applied via the data line inputs on the

1B “lines) when the GPIB sets ATN true. Notified by U5 via the DB data lines, U6
addresses ROM U9 which determines if talk or listen operation is required. If the

talk mode is selected, U6 enables PIA’s U10O and Ull and causes data from the instru-
ment to be transferred through the PIA’s to controller U5 which transfers the data
through the'TB lines to U3 and U4. These buffers, enabled by a T/R2 level from U5,
transfer the required data to the GPIB. Transmission of the individual data bytes

is accomplished in proper sequence as a function of the handshake procedure. The bus
management lines (ATN, TFC, SRQ, EOI- and REN) insure that information flows through
the interface lines in orderly fashion. When the last data bytes (ASCII carriage return/
line feed) are transmitted, the 488 interface sets EOI true to signal the end of the data
transfer. This feature permits compatible operation of the 488 interface with the HPIB
system. The entire sequence is terminated by an Untalk command from the controller.

When the 488 interface listen address is received, data applied to U3 and U4 is trans-
ferred to controller U5. The microprocessor then transfers the data from U5 to the

P1A’s which pass the information to the instrument. An EOI or carriage return/line
feed is received to indicate the end of the data transfer and the listen sequence is ter-
minated by an Unlisten command.

3.6 SR203-488 COMMAND SEQUENCES

When operating from the IEEE-488-1975 GPIB, the SR203-488 performs the command
sequences shown in[Figures 3-3]and 3-4. Control code functions are listed in[Table 3-2|
In the talk routine (figure 3-3), the instrument transmits a sign byte (+, - or E for error)
followed by 5 (for SR203-488) or 6 (HSR203-488) BCD ASCII data bytes, followed by CR
(carriage return), followed by LF (line feed), when interrogated by the controller.

The listen routine indicates the possible ASCII control words that would be
transmitted from a controller to the instrument. It should be noted that the 488 inter-
face will accept all input commands regardless of the selected mode (local or remote),
but these commands may be executed only when the instrument is placed in the remote
mode.
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Controller sets ATN (Attention) line
to true.

Controller transmts instrument talk
address on the data |ines.

Controller returns ATN line to false.

Instrunent transmits ASCI| encoded BCD data (first
byte is +, -, or E for error) on the data |ines.

The subsequent five (for SR203-488) or six (HSR203-
488) bytes constitute angular data, with the first

of which representing the nost significant digit, etc.

Instrument signals end of transmission by trans-
mtting Carriage Return followed by sinultaneously
setting EO (End or Identify) line to true and
transmtting line feed on the data Iines.

Controller sets ATN line to true.

Controller transmts an UNT (Untal k) command
on the data I|ines.

Controller returns ATN line to false.

Figure 3-3. Talk Sequence
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1f in local mode. FLAG 1

Instrument sets flag 2 if
EOI (End or Identify) was
transmitted along with the

control word.

Controller sets ATN (attention)
line to true.

Controller transmits instrument
listen address (MLA) on data lines.

Controller returns ATN line to false.
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COMMAND
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EXECUTE
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Controller (or other device)

CONTROL
WORD
TRANSMITTED

SET
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If control word is CR (Carriage
Return) or CR followed by LF
(Line-feed), instrument acknow-
ledges end of controller trans-
mission.
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UNL
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NO If transmitted command is —
valid, it is executed. If - - ATN=1
transmitted command is invalid r— -
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SET | ]
FLAG 3 I MTA
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troller transmission. If not, POLL
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control words. |
I —
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STATUS BYTE to dition (illegal command | —
. and/or instrument in
1f Flag 3 Set | 1ocal mode), SRQ (Service  _ _ _ _| _
if Flag 1 Set Request) 1s set to true
. and the status byte is
if Flag 1&3 Set set accordingly. Sgﬁigs
ATN=1
Controller sets attention line to true. SERIES
POLL
DISABLE_J

Controller transmits UNL (Unlisten) -

command on the data limes UNT

Controller returns ATN line to false.

ATN=0
L
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When the controller acknowledges the service
request, it transmits the instrument's talk
address (MTA) followed by series poll enable...

After attention line goes to false, the in-
strument then sets SRQ to false and trans-
mits the STATUS BYTE on the data lines.

The STATUS BYTE informs the controller of
the reason for the SRQ.

The controller then sets attention to
true and transmits SERIES POLL DISABLE
and UNT (Untalk). In addition, the in-
strument's STATUS BYTE is reset to 0.

The controller then sets ATN (Attention)
to false,

Figure 3-4. Listen Sequence
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Table 3-2. Control Code Functions

Control Word

(ASCII) Function
Preset to: Channel 1
Synchro input
No inhibit
P (Preset) No lamp test

S (Synchro)
R (Resolver

1 (channel 1)
2 (Channel 2)

High bandwidth
Unipolar output

Set synchro or resolver input
mode

Selects remote input channel 1 or 2 on
interface connector

H (High) . .

L (Low) Selects high or low bandwidth

U (Unipolar) Selects unipolar or bipolar readout and

B (Bipolar) output

I (Inhibit) Inhibits the converter or allows it to follow
F (Follow) (track) the input

T (Test) Tests lamps (+) or enables data display

D (Data) (D)

3.7

3.7.1

CONTROL CIRCUITS

Local Input Channel Selection (See Al figure 3-5.)

When the LOC pushbutton is depressed, inputs S1A, S2A, S3A, S4A, SS, SA, RHA and
RLA on the converter board are enabled. The four signal inputs and two reference inputs
are wired back through the mux/488 interface board to the front panel binding posts marked
S1, S2, S3, S4, RH, and RL. If the INPUT pushbutton switch is depressed to RSLV, input
transformer taps SS and SA are left open, enabling 4-wire resolver operation. If the INPUT
switch is depressed to SYN, the switch jumpers the two taps, configuring the input trans-
formers for 3-wire synchro signals.

tion.

The S4 binding post is not used for synchro opera-
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Figure 3-5. Input Channel Selection, Simplified Diagram
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3.7.2 Remote Input Channel Selection (See B[_figure 3-5.)

When the REM pushbutton is depressed, inputs SIB, S2B, S3B, S4B, SS, SSB, RHB and
RLB on the converter board are enabled. The four signal inputs and two reference inputs
are connected to the autput side of relay K1 on the mux/488 interface board. Relay K1 is
controlled by the CHI/CHZ signal derived from either the interface connector or the GPI1B
bus via the 488 interface. If a logic 1 (high) level is received on this line, it is inverted
by NOR gate U14-9, energizing relay K1. This causes the 4-wire channel 2 resolver
signals and associated reference to pass to the input transformers in the converter board.
If a logic O level is received, relay K1 is deenergized, passing the six channel 1 inputs

to the transformers.

The synchro/resolver configuration produced during remote operation is determined by
the logic level on the SYN/RES line. If a logic O signal appears on this line, it is in-
verted by NOR gate U14-6 and relay K2 remains deenergized. As a result, transformer
taps SS and SB are connected and the converter input transformers are configured to
operate from 3-wire synchro inputs. If the SYN/RES logic level is high, the result-

ing logic inversion turns on relay K2 which opens the SS and SB leads. This con-
ditions the input transformers for 4-wire resolver operation.

3.7.3 Local/Remote Selection of _I’_-'F, IWI——I, BW, and UB
(SeelFigure 3-6.. )

When the LOC switch is depressed, a logic O signal is routed to multiplexer U13, enabling
the “1” inputs. This causes the front panel switches to control the logic inputs to the
LT (lamp test), INH (inhibit), BW (bandwidth), and U/B (unipolar/bipolar) inputs of the
tracking converter via the TTL buffer. If the LAMP TEST switch is depressed, ground
(logic 0) is applied to the TT input of the converter board, causing all lamp segments to
light. Depressing the INH switch passes a logic 0 through multiplexer U13 to the inhibit
input of the converter. If the UNP/BIP switch is depressed to UNP, the logic 1 signal
applied to input IB of multiplexer U13 causes a logic 1 to appear at the UB input of the
converter, producing unipolar operation. With the switch set to BIP, bipolar operation
is effected. In a similar fashion, the BANDWIDTH switch selects either high bandwidth
or low bandwidth operation.

When the REM switch is depressed, the “0” inputs to multiplexer U13 are enabled. This
transfers control of the INH, BW1, and U/BI lines to the interface connector or the 488
interface. The LT1 input is also enabled; however, lamp test may still be performed via
the LAMP TEST switch since the switch bypasses the multiplexer.

3.8 POWER SUPPLY CIRCUITS (Se¢ Figure 3-7.)

Primary power is routed through fuse F1 in the mux/488 interface board, then passes to
the OFF switch in the converter board. If the front panel LOC or REM switch is in its
depressed position, the OFF switch contacts pass the AC power to a self-contained power
supply on the converter board.

3-17
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Switched AC power from the converter board passes to power transformer T1 in the
mux/488 interface board. The transformer drives a full wave bridge rectifier circuit
(CRAL, VRI, C13 and C15) located in the voltage regulator assembly. (See sheet 1 of
[figure 4-1]. ) This assembly supplies +12V and +5V for the mux/488 interface board.

FROM
INTERF ACE
CONNECTOR

FROM
428
INTERFACE

LoCAL (LOGIC ©)
OR REMOTE (LOGIC |)
FROM LOC/REM SWITCH

= MV L13 uanP TEsT
LTI
 Qprrore— Y I
° — | BUFFER
|En1 INH2
i +s¢-wv——y-}"_" ® '1;
Bwi Pwa (CONVERTER
% }--—+ C—————% | CARD
%b i visa
]———» ) -»
+5 /
_ ¥ INH
D M
— mﬂ tLOl ,g N
- ° UNP
3 READOUT

____/H

8P

Figure 3-6. Selection of Lamp Test, Inhibit, Bandwidth and Unipolar

Con

trol Lines

nev/
230V
AC

e - MUX AND e
CONVERTER CARD | 48e |NTERFACE HEAT SINK
| BOARD : ASSY
—>H2V | |
|
seiee | OV | sy : | [BRIDGE
RECTIFIER[—P +5V | t ls2 | |RECNFIER
AND GND: ! | AND
REGULATORS g | 230V : REGULATOR
E
I |
_________________ J b

Figure 3-7. Power Supplies and Power Distribution

3-18



TM9-6625-647-14&P

SECTION 4

MAINTENANCE

4.1 GENERAL

This section contains procedures and data that will help ensure continuity of service of
the instrument. Personnel involved in maintaining the equipment should be familiar with
its physical make-up and principles of operation before attempting to troubleshoot it.
THERE ARE NO CALIBRATION ADJUSTMENTS.

4.2 PREVENTIVE MAINTENANCE

At 6-month intervals, clean the exterior of this instrument with a soft brush or cloth.
No other preventive maintenance is required.

4.3 PERFORMANCE EVALUATION AND CALIBRATION TEST

Table 4-1 provides a procedure that may be used as a routine calibration test of the con-
verter in a new unit. A 400 Hz source (such as an oscillator and amplifier) that is
capable of delivering an RMS voltage of at least 10 volts is required.

4.3.1 Local Mode Test

Depress the LOC pushbutton switch to place the instrument in local mode. In each step
of Table 4-1] short the designated front panel binding posts and apply the 400 Hz signal
input to the binding posts shown. Depress the READOUT switch to the UNP position.
For synchro inputs, depress the INPUT pushbutton to the SYN position; for resolver
inputs, depress it to RSLV. The instrument should display the angle shown within its
rated accuracy (. 03° for the Mcdel SR-203 and +. 005° for the Model HSR-103). The
reference voltage must be derived from the same 400 Hz source as the signal. Depress
and hold the LAMP TEST pushbutton to verify that the LED segments are all on. De-
press and hold the INHIBIT switch and verify that the display is frozen.

4.3.2 Remote Mode Test

The same test may be performed in remote mode to verify the operational status of the
remote controlled circuits in the instrument. In this case, apply the synchro/resolver
inputs and required control signals to INSTRUMENT INTERFACE connector J1 on the

rear panel. Refer to[ Table 2-1 for the pinout of connector J1. Apply the proper logic
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signals to condition the instrument for unipolar operation, synchro/resolver signals,
and channel 1 operation, then depress the REM pushbutton switch. In each step of
[Table 4-1, short the designated input leads and apply the 400 Hz input signal to the
channel 1 input connections. Repeat the remote test for channel 2. Accuracy of the
displayed angle should be the same as that specified above for the local mode.

4.4 CORRECTIVE MAINTENANCE

Corrective maintenance consists of procedures designed to correct problems that
have caused the instrument to malfunction. Corrective maintenance procedures in-
clude troubleshooting, repair, and replacement. No adjustments are required for
this instrument.

4.4.1 Test Equipment Required

A good general purpose dual-channel oscilloscope, VTVM, 400-Hertz oscillator and
a synchro equipped with a calibrated dial are required for corrective maintenance.

4.4.2 Troubleshooting

is included to facilitate troubleshooting. The table does not include all pos-
sible faults that may occur but it does provide a systematic logical approach to
trouble localization and indicates areas that should be checked. Using this data as a
guide, in conjunction with the overall schematic diagram of figure 4-1 and the wiring
data in[Table 4-4] it should be possible to localize equipment malfunctions to the level
of a replaceable part. Signal values are defined i Table 4-3|

When troubleshooting, one channel of the oscilloscope should be synchronized to the
reference voltage. One cycle of the reference should be set up as a time base against
which the magnitude and phase of signals developed in the instrument can be compared.

All IC’s, except U5 and U6 on the converter board, are plugged into sockets, simplify-
ing their replacement. Normal CMOS handling procedures should be observed when
changing any of the CMOS IC's.

Maintenance of the 488 interface circuits in the field is limited since its programmed

operations occur under control of the IEEE bus controller and the stored internal pro-
gram. Check that the power supply on the heat sink assembly is delivering +5 volts.
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Table 4-1. Test Summary

Input Connections

Signal Type Shorted Input leads Hi Lo Display
Synchro Sl, S3 SI/S3 2 000.00°
S2 SI/S3 180.00°

S2, S3 S1 S2/S3 60.00°

S2/S3 S1 240.00°

S, S2 S3 SI/Ss2 120.00°

SI/s2 3 300.00°

Resolver S2, S3, and S1, A4 S2/S3 SI/S4 45.00°
SI/s4 S2/S3 225.00°

S1, S2 , and S3, 4 SI/Ss2 S3/S4 135.00°

S3/4 SI/Ss2 315.00°

Table 4-2. Troubleshooting Chart

Trouble Corrective Action

A. No display in either local or Check the following:
remote mode or abnormal 1. Fuse FI
display with instrument in- 2. AC power
hibited 3. Settings of 115V/230V switches

4. Power supplies (see troubles B and C)

5. Clock U15, counter U23 and multi-
plexer switches U7 through Ull on con-
verter board.

6. Driver U12, decoder U13, and resistor
network R1 in converter board display
circuits.

7. LED displays DS1-DS6 (or DS7 in HSR-203)

B. Abnormal power supply Check the following:
voltages on converter board 1. AC voltage across primary winding of
T2 (115 V/230V AC).
2. DC voltage across Cl and C2 (+12V).
3. Outputs of U5 and U6 with Ul and U2
removed (+12V).

4-3



T™M 9-6625-647-14&P

Table 4-2. Troubleshooting Chart (Cont'd.)

Trouble

Corrective Action

C. Abnormal power supply
voltages on mux/488 interface
board

D. Incorrect display angle

E. Display is unstable (jitter)

F. Abnormal TTL outputs

4-4

Check the following:

1. AC voltage across primary winding
of T1 (115 V/230V AC).

2. DC voltage across C13 (on heat sink
assembly) (+10V DC).

3. DC voltage across C15 (on heat sink
assembly) (+5V DC regulated).

Check the following on the converter
board:

1. Measure DC voltage at V. (+6 + .6DC)
If abnormal, remove U2 and recheck
voltage. If it is now normal, replace
u2.

2. check voltages at =S and =C. (0-2V RMS)
If abnormal, remove U1 and recheck. If
voltages are now normal, replace Ul.

3. Inhibit converter, change input angle,
and check voltages at e and e".

a. If signal at e is abnormal, replace
U1l.

b. If signal at e is normal, but signal
at e is abnormal, check signals at
C and D (O - .7V RMS).

c. If signals at C and D are normal,
replace U2.

d. If signals at C and D are abnormal,
replace UL.

4. Remove U2 and check signal at R. If
signal at R is normal, and signals at e/,
C and D are normal, replace U2.

1. Check that input signals are at proper
levels.

2. Set bandwidth control to low bandwidth.

1. Check +5V supply in converter board.
2. Check TTL buffers U17 through U22
in converter board.
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Table 4-2. Troubleshooting Chart (Cont'd.)

Corrective Action

G. Abnormal display in remote
mode (for both synchro and

resolver inputs)

H. Abnormal display in remote
mode for either synchro or
resolver inputs

Failure to control lamp test,

Check relay K1 and NOR gate U14-9 on
mux/488 interface board.

Check relay K2 and NOR gate U14-6 on
on mux/488 interface board.

Check multiplexer U13 in mux/488

inhibit, bandwidth and/or read- interface board.

out mode in remete mode

Signal

Table 4-3. Signal Values (Converter Board)

Value

o<

@D

+6 + 0. 6V DC

6v peak @ 115V ref with U2 removed (distorted
sine wave)

20 mV peak/0.1° @ 90V L-L

200 mV peak/0. 1° @ 90V L-L (for HSR-103,
2V RMS peak/0. 1°)

0-0. 7V RMS @ 90V  L-L (depending on angular error)
0-0. 7V RMS @ 90V L-L (depending on angular error)
0-2V RMS @ 90V L-L (depending on input angle)
0-2V RMS @ 90V L-L (depending on input angle)
0-2Vv RM5 @ 90V L-L (depending on input angle)
0-2V RMS @ 90V L-L (depending on input angle)
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Table 4-4. Interboard Harness Assy, Wiring List

From Mux To Converter From Mux To Converter
Bd AIPI Bd A2P1 Bd AIPI Bd A2P1
1 37 26 36
2 1 27 23
3 2 28 25
4 3 29 26
5 5 30 24
6 6 31 22
7 7 32 21
8 8 33 18
9 9 34 35
10 10 35 40
11 44 36 34
12 42 37 43
13 13 38 41
14 28 39 4
15 29 40 12
16 30 41 11
17 31 42 14
18 32 43 15
19 33 44 16
20 17 45 38
21 50 46 27
22 47 47 49
23 48 48 46
24 19 49 45
25 39 50 20
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SECTION 5

PARTS LIST

5.1 GENERAL

This section contains the parts list[[Tables 5-1 through 5-7) for the Models SR-203,
HSR-203, SR203-488, and HSR203-488. Each maintenance significant part is
identified by reference symbol, part number and manufacturer. For each part,
the tables also include a reference to a figure that shows its physical location in

the instrument.

5-1
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Table 5-1. SR/HSR-203 Parts List

Reference Part
Symbol No. Description Man Qty Figure
D27348-1 Multiplexer Board DDC 1 1-3
ﬁgggjg* Converter Board DDC 1 1-2
D27678 SR-203/HSR-203 Voltage DDC 1 1-3
Regulator Assy
D27888 SR-203 Interboard Harness DDC 1 1-2
Assembly
C27889 SR-203 Harness, Rear Panel DDC 1
C27890 SR-203 Harness, Front Panel DDC 1
J1-J6 111-0110-001 Binding Post, Blue EF Johnson 6 1-1
J7 111-0103-001 Binding Post, Black EF Johnson 1 1-1
J8 137 Binding Post H.H. Smith 1 1-1
17-10500-1-390 Receptacle Amphenol 1 1-4
17-314-01 Cable Housing Amphenol 1 1-4
17250 Line Cord Belden 1

*Used in Model SR-203.
**Used in Model HSR-203.

dBPT-LV9-5299-6 WL
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Table 5-2. SR203-488 and HSR203-488 Parts List

Reference Part

Symbol No. Description Man Qty Figure
D27348-2 Mux-488 Interface Board DDC 1 1-3
ﬁ;;ggjg* Converter Board DDC 1 1-2
D27678 SR-203 Voltage Reg Assy DDC 1 1-3
D27888 SR-203 Interboard Harness DDC 1 1-2

Assembly

C27889 SR-203 Harness, Rear Panel DDC 1
C7890 SR-203 Harness, Front Panel DDC 1

J1-J6 111-0110-001 Binding Posts, Blue EF Johnson 6 1-1

J7 111-0103-001 Binding Posts, Black EF Johnson 1 1-1

J8 137 Binding Post H. H. Smith 1 1-1
17-10500-1-390 Receptacle Amphenol 1 1-4
17-314-01 Cable Housing Amphenol 1 1-4
17250 Line Cord Belden 1 1-4

*Used in Model SR203-488.
**Used in HSR203-488.

d@PvT-Lv9-5299-6 N1
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Table 5-3. Parts List for Multiplexer Board (D27348-1)

and Multiplexer/488 Interface Board (D27348-2)

Reference Part

Symbol No. Description Man Qty Figure

C1*-C6*,C14*  vpP22BY103MB Capacitor, ceramic, .01 uf, Vitramon 7 1-1
20%, 100V

cr* VP23BY474KB Capacitor, ceramic, 0.47 uf, Vitramon 1 1-1
10%, 100V

C8,C12 VP22BY104MB Capacitor, ceramic, 0.1 uf, Vitramon 2 1-1
20%, 100V

c9*,C10* VP22BY270Kb Capacitor, ceramic, 27 pf, Vitramon 2 1-1
10%, 100V

C11 16ELA10000 Capacitor, electrolytic, Nichicon 1 1-1
10,000 uf, 16V, +50 -10%

CR1 1N4148 Diode, silicon 1 1-1

F1 GMW-1 Fuse, 1A Buss 1 1-4

J1 205869-1 Connector, Plug, 50 Pin Amp 1

Jz2* 552791-2 Connector, 24 Pin Amp 1

J3 65781-061 Connector, Vertical Card, Berg 1 1-1
50-Pin

J4,35 65614-136 Dual Straight Header, Berg 1 1-1
36 Position

J6 65781-041 Connector, Vertical Card, Berg 1 1-1
10 Pin

J7 75290-108 Connector, Vertical Card, Berg 1 1-1

8 Pin

dBPT-LP9-G299-6 N1
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Table 5-3. Parts List for Multiplexer Board (D27348-1)

and Multiplexer/488 Interface Board (D27348-2) (Contd.)

Reference Part

Symbol No. Description Man Qty Figure
K1 T10-E2-Y6-12VDC  Relay, 6PDT, 12V P&B 1 1-1
K2 T10-E2-Y2-12VDC  Relay, DPDT, 12V P&B 1 1-1
R1*-R3%, RCR07G222JS Resistor, 2.2K, 5%, 1/4W 6 1-1
R7*-R9*

R4* RCR07G114JS Resistor, 110K, 5%, 1/4W 1 1-1
R5*,R6%, RCR07G512JS Resistor, 5.1K, 5%, 1/4W 7 1-1
R10-R14

R15-R18 RCR07G103JS Resistor, 10K, 5%, 1/4W 4 1-1
S2 46256LFR Switch, slide Switchcraft 1 1-1
S3* 76PB08 Switch, SPDT, Edge Mounted Grayhill 1 1-1
T1 DCP-20-1200 Transformer, 115V/230V Pri, Signal 1 1-1

10/20V Sec, 24 VA
U1-u4* MC3448AP IEEE Bus Driver Motorola 1 1-1
Us* MC68488P GPIA 1 1-1
ue* MC6802P Microprocessor 1 1-1
u7,u8* DM70L97J Tri-state Hex Buffer 2 1-1
u9* CP27677A EPROM, 2716, (Programmed DDC 1 1-1
for SR/IHSR203-488), 2K X 8

uU10,U11* MC6821P PIA 2 1-1
ulz* 74L.S04N Hex Inverter 1 1-1

d8VvT-L19-5299-6 L
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Table 5-3. Parts List for Multiplexer Board (D27348-1)

and Multiplexer/488 Interface Board (D27348-2) (Cont'd.)

Reference Part

Symbol No. Description Man Qty Figure

ul13 541.5157J Quad 2-Line to 1-Line Mux 1 1-1

ul4 UHP-233 Quad, 2-Input NOR Power Sprague 1 1-1

Driver

XF1 HWA-AF Fuseholder Buss 1 1-1

XU1-XU4, 640358-3 IC Socket, 16-Pin Amp 7 1-1

XU7,XU8,

XU13

XU5,XU6, 640379-3 IC Socket, 40-Pin Amp 4 1-1

XU10,XU11

XuU9 640361-3 IC Socket, 24-Pin Amp 1-1

XU12,XU14 640357-3 IC Socket, 14-Pin Amp 1-1

Y1* SCM18,4.0 MHz Crystal, 4.0 Mhz Sentry 1 1-1
B27387 SR-203 Switch Subassy DDC 1 1-1
D27347 PC Board, Double DDC 1 1-1

*Not included in Multiplexer Board (D27348-1).

d8vT-Lv9-S299-6 NI
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Table 5-4. Parts List for SR-203 Converter Board (A27884-1)
and HSR-203 Converter Board (A27884-2)

Reference Part

Symbol No. Description Man Qty Figure

C1 25ELA2200 Capacitor, tant, 2200 uf, Nichicon 1 5-2
25V DC

C2 25ELA470 Capacitor, tant, 470 uf, Nichicon 1 5-2
25V DC

C3 16ULA10-1 Capacitor, electrolytic, 10 uf, Nichicon 2 5-2
10V DC, +50 -10%

C4,C5 50ULAI.O Capacitor, electrolytic, 1 uf, Nichicon 1 5-2
50V DC

C6 CKO05BX102M Capacitor, cer, 1000 pf +£20%, 1 5-2
100V

C7 16ULA100 Capacitor, electrolytic, 100 uf, Nichicon 1 5-2
16V DC

CR1, CR2 KBP02 Diode bridge Gl 2 5-2

CR3, CR4 1N4148 Diode 2 5-2

DS1-DS7* 5082-7653 Cat B Display, 7 segment Hewlett * 5-2

Packard

J1 205869-1 Connector, plug, 50-pin Amp 1 5-2

RA1 899-3-R100 Resistive network, 14-pin dip Beckman 1 5-2

R2,R12,R17 RCR07G204JS Resistor, 200K, 5%, 1/4W 3 5-2

R3 RCR07G205JS Resistor, 2 Meg, 5%, 1/4W 1 5-2

R4-R7 RCR07G103JS Resistor, 10K, 5%, 1/4W 4 5-2

*DS7 not used in SR-203.

d®PvT-Lv9-5299-6 N1
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Table 5-4, Parts List for SR-203 Converter Board (A27884-1)

and HSR-203 Converter Board (A27884-2) (Cont'd.)

Reference Part

Symbol No. Description Man Qty Figure

R8-R11 RCR07G303JS Resistor, 30K, 5%, 1/4W 4 5-2

R13-R15 RCR07G102JS Resistor, 1 K ohms, 5%, 1/4W 1 5-2

R16 RCR07G201JS Resistor, 200 ohms, 5%, 1/4W 1 5-2

R18 RCRO7 Resistor, 110K, 5%, 1/4W 1 5-2

S1 (A,B,C) 3GA15FA101 Switch, pushbutton 1IEE Shadow 1 5-2

BLK/AMBER

S2 46256LFR Switch, slide Switchcraft 1 5-2

T1 C21359 Synchro/Resolver Input Trans- DDC 1 5-2
former Pair

T2 A21357 Power Transformer DDC 1 5-2

T3 C24014 Reference Transformer DDC 1 5-2

Ul D21405-1 Solid State Control Trans- DDC 1 5-2
former

U2 D21431-1 Error Processor and Up~ DDC 1 5-2
Down Counter

U4 74L86N Quad exclusive OR gate 1 5-2

U5 UA78L12AHC Pos. Voltage Regulator Fairchild 1 5-2

U6 UA79MBHC Neg. Voltage Regulator Fairchild 1 5-2

U7-Ul1 40518 CMOS Analog mux/demux 5 5-2

8 channel

d®V1-L¥9-G299-6 INL
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Table 5-4.

Parts List for SR-203 Converter Board (A27884-1)
and HSR-203 Converter Board (A27884-2) (Cont'd.)

Reference Part
Symbol No. Description Man Qty Figure
Uiz CD4050AE CMOS Hex buffer RCA 1 5-2
u13 4511B CMOS BCD to 7-segment 1 5-2
decoder/driver

uis5 CD4049BE CMOS Hex buffer RCA 1 5-2
ul16 9666PC Darlington Transistor Array Fairchild 1 5-2
U17-U22* 741586 Quad exclusive OR gate 1 5-2
uz23 4516B 4-Bit Binary Counter 1 5-2
XU4,XU17- 14-810-90 14 Pin Dip Socket Aries 7 5-2
Xu22*

D21419 Double PC Board DDC 1 5-2

*U22 and XU22 not used in SR-203.

dBVT-LY9-5299-6 N1
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Table 5-5. SR-203/HSR-203 Voltage Regulator Subassy Parts List

Reference Part
Designation No. Description Man Qty Figure
C13 A105A Capacitor, tant, 1.0 uf, Comp 1 5-3
20%, 100V
C15 VP22BY104MB Capacitor, ceramic, 0.1 uf, Vitramon 1 5-3
20V, 100V
CRA1 VH148 Diode Bridge, Silicon Varo 1 5-3
P6 65043-032 Housing,Mini Berg 1 5-3
48116 Gold Plated Pin, Male Crimped Berg 9 5-3
VR1 LM323K Voltage Regulator, +5V, National 1 5-3
3A, T0-3
XVR1 P080-1G4 Socket, TO-3 Augat 1 5-3

d8PT-L¥9-9299-6 N1
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Table 5-6.

SR-203 Switch Subassembly (B27387), Parts List

Reference
Symbol Part No. Description Man Qy Figure
B27386 Board, single DDC 1 5-1
P7 65516-108 Header, Straight, Berg 1 5-1
8 positions
S1 5G15FMO01 Switch, 5-Sta, 2 Pole, |EEE/SH 1 5-1
BKBL2UEEF 3 P-P, 4 and 5 Mom

d@¥T-Lv9-5299-6 WL
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Table 5-7.

Inter-Board Harness Assembly Parts List

Reference Part

Symbol No. Description Man Qty Figure

Al1P1 48116 Gold plated pin Berg 50 5-4
65043-012 Housing, mini-latch Berg 1 5-4

A2P1 17-10500-1-390 Receptacle Amphenol 1 5-4
17-314-01 Housing, Cable Amphenol 1 5-4
205980-1 Screw, Retainer-Male Amp 2 5-4

d8bT-L¥9-GC99-6 W1
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Figure 5-3. SR-203/HSR-203 Voltage Regulator Subassembly,

Parts Location
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Figure 5-4. Interboard Harness Assembly, Parts Location
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APPENDIX A

THE IEEE-488 GPIB

Al INTRODUCTION

The following abbreviated description of the IEEE-488 GPIB is included for
reference. For complete bus details, consult IEEE Standard 488-1975 Digital
Interface for Programmable Instrumentation. Copies of IEEE 488-1975 may
be purchased from the IEEE (Institute of Electrical and Electronics Engineers)
or from the American National Standards Institute, both of which are located in
New York, N. Y.

A.2 BASIC STRUCTURE AND CONSTRAINTS
The GPIB is a byte-serial bit-parallel interface system. It is structured
with 16 lines consisting of the following:

a. Eight data bus lines for transmission of ASCII characters. Data is
asynchronous and generally bidirectional.

b. Five bus management (control) signal lines.
c. Three data byte transfer control lines (handshake).

The system includes constraints on the number of devices, data rate, total
transmission length, and is confined to exchange of digital data.

A.3 BASIC BUS TERMINOLOGY

a. Controller - A device that can address other devices to listen or to talk.

b. Listener - A device that can be addressed through the bus to receive mes-
sages from another device or the controller via the bus.

c. Talkcr - A device that can be addressed through the bus to transmit mes-
sages to another device or the controller via the bus.

NOTE

Controller, listener, and talker capabilities may occur individually
and collectively in devices interconnected by the GPIB. (See[fig. A-1] )
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Figure A-1. Interface Connections and Bus

A-2

Structure



TM9-6625-647-14&P

A.4

NOTE
The IEEE Standard 488-1975 is defined for a negative logic format:
Logic O = False = High (>2. 0V)
Logic 1=True = Low (<0. 8V)

a. EOI (End or_Identifv). True level on this bus management (control) line
indicates end of multiple byte transfer. When used with ATN, performs
parallel polling sequence.

b. SRQO (Service Request}. Device sets this control line true when it requires
service from the interface controller.

c. REN (Remote Enable). This controller driven line is used with other mes-
sages to select source of device programming data (e. g., front panel or
interface control).

d. IFC (Interface Clear). This controller driven line is set true to place all
bus-connected devices in their idle states.

e. ATN (Attention). This control line specifies how data on the data lines are
to be interpreted and which devices must respond to the data. When ATN
is tree, the DIO1-DIO8 lines carry addresses or commands. When ATN i s
set false, the data lines carry data

f. NDAC (not Data Accepted). When set fase by a device, this handshake line

indicates that data has been accepted.

g. NRFD (Not Ready for Data). When set false by a device, this handshake line

indicates that the device is ready to accept data.

h. DAV (Data Valid). When set true, this handshake line indicates that informa-

tion on the data lines is available and valid.

i. DIO1-DIO8 (Data Input-Output). These lines carry data in bit-parallel, byte-
serial form. Information on the lines represents either address/commands

or data, depending on the logic state of the ATN line.

j. Unlisten_ Command. This command is transmitted on the data lines in
conjunction with ATN true to terminate the device listen function.

k. Untalk Command. This command is transmitted on the data lines in
conjunction with ATN true to terminate the device talk function.

A.5 REMOTE MESSAGE CODING

Table A-1 shows the coding of some of the control messages transmitted on the

IEEE bus. The 1 and O designations refer to the logic states (negative logic
convention). X =don’t care. A1-A5 specify the five address bits set within

the device by the address select switches.
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TABLE A-1, MESSAGE CODING

1/0 Data Handshake Control

Message DIO8 DI07 DI0G DIOS DI04 DIO3 DIO2 DIO1 DAV NRFD NDAC ATN EOI SRQ IFC REN
ATN (Attention) X X X X X X X X X X X 1 X X X X
Data Byte p8s D7 D6 D5 D4 D3 D2 D1 X X X X X X X X
DAV (Data

Avallable) X X X X X X X X 1 X X X X X X X
NRRFD (Not Rcady

for Data) X X X X X X X X X 1 X X X X X X
NDAC (Not Data

Accepted) X X X X X X X X X X 1 X X X X X
DCL (Device

Clear) X ¢ g 1 g 1 g @ X X X X X X X X
End X X X X X X X X X X X X 1 X X X
Go to Local X 0 0o o 0o 0 0 1 X X X X X X X X
Identify X X X X X X X X X X X X 1 X X X
IFC (Interface

Clear) X X X X X X X X X X X X X X 1 X
MLA (My Listen

Address) X 4 1 A5 A4 A3 A2 Al X X X X X X X X
MTA (My Talk

Address) X 1 g A5 A4 A3 A2 Al X X X X X X X X
REN (Remote

knable) X X X X X X X X X X X X X X X 1
SRQ (Service

Required) X X X X X X X X X X X X X 1 X X
Unlisten X 4§ 1 1 1 1 1 X X X X X X X X
Untalk X 1 g 1 1 1 1 1 X X X X X X X X

d®VT-L¥9-G299-6NL
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3-WIRE HANDSHAKE PROCEDURE

The 3-wire handshake procedure, repeated for each byte transferred from a source
to one or more acceptors, ensures that each listener is ready to accept data, that
the information on the data lines is valid, and that the data has been accepted by all
listeners. The DAV line is controlled by the source (talker); the NDAC and NRFD
lines are controlled by the acceptors (listeners).

illustrates the handshake cycle for a source and several acceptors.

a.

Both source and acceptors start in a known state. The source initializes
DAV to high (false, data not valid) and the acceptors initialize NRFD to low
(true, none are ready for data) and NDAC to low (true, none have accepted
the data).

The source checks that both NRFD and NDAC are not high, then places the
first data byte on the DIO lines. (If both lines are sensed high, the error
condition ends the procedure. )

When all acceptors are ready to accept the first data byte, NRFD goes high.

After data is settled and valid and the source has sensed NRFD high, it sets
DAV low (data is valid).

The first acceptor sets NRFD low then accepts the first byte. The other
receptors follow suit at their own rates.

Each acceptor sets NDAC high to indicate that it has accepted.

When NDAC is sensed high by the source (after all acceptors have accepted
the data byte), it sets DAV high (data on DIO lines no longer valid). At this
point, one data byte transfer has been completed.

Upon sensing DAV high, the acceptors set NDAC low.

Source and acceptor initial conditions are now reestablished and the next
handshake cycle may be initiated.

A-5
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A-6

‘ PUT OR CHANGE

SOURCE_OPERATION ACCEPTOR OPERATION
SET NRFD ¢
SET DAV HIGH NDAT oW

ERROR
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DATA 7

DATA ON DiIO
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DELAY FOR LINES

READY
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DATA ?
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Figure A-2. Handshake Timing Sequence
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APPENDIX B
REFERENCES
DA PAM 310-4 Index of Technical Manuals, Technical Bulletins, Supply Manuals (Types 7,
8, and 9), Supply Bulletins, and Lubrication Orders.
DA PAM 310-7 Index of US Army Equipment Modification Work Orders.
FM 21-11 First Aid for Soldiers
AR 385-40 Accident Reporting and Records.
AR 750-1 Army Materiel Maintenance Concept and Policies
TB 750-25-1 Maintenance Supplies and Equipment: Army Metrology and
Calibration System.
DA PAM 738-750 The Army Maintenance Management System (TAMMS)
TM 43-0002-26 Organizational Maintenance Manual, Destruction of Equipment to Prevent

Enemy Use for Launcher, Rocket, Armored Vehicle Mounted:
XM270, Multiple Launch Rocket System

B-1/(B-2 blank)
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APPENDIX C
MAINTENANCE ALLOCATION CHART

Section 1. INTRODUCTION

C-1. GENERAL.

a. This section provides a general explanation of all maintenance and repair functions authorized at various
maintenance categories.

b. The Maintenance Allocation Chart (MAC) in Section Il designates overall authority and responsibility for
the performance of maintenance functions on the identified end item or component. The application of' the
maintenance functions to the end item or component will be consistent with the capacities and capabilities of the
designated maintenance categories.

c. Section 111 lists the tools and test equipment (both special and common) required for each maintenance
function as referenced from Section II.

d. Section 1V contains supplemental instructions and explanatory notes for a particular maintenance
function.

C-2. MAINTENANCE FUNCTIONS. Maintenance Functions will be limited to and defined as follows:

a. Inspect. To determine the serviceability of an item by comparing its physical, mechanical, and/or electrical
characteristics with established standards through examination (e.g., by sight, sound, or feel).

b. Test. To verify serviceability by measuring the mechanical, pneumatic, hydraulic, electrical characteristics
of an item and comparing those characteristics with prescribed standards.

c. Service. Operations required periodically to keep an item in proper operating condition, i.e., to clean
(includes decontaminate, when required), to preserve, to drain, to paint, or to replenish fuel, lubricants, chemical
fluids, or gases.

d. Adjust. To maintain or regulate, within prescribed limits, by bringing into proper or exact position, or by
setting the operating characteristics to specified parameters.

e. Aline. To adjust specified variable elements of an item to bring about optimum or desired performance.

f Calibrate. To determine and cause corrections to be made or to be adjusted on instruments or test,
measuring, and diagnostic equipment used in precision measurement. Consists of comparisons of two
instruments, one of which is a certified standard of known accuracy, to detect and adjust any discrepancy in the
accuracy of the instrument being compared.

g. Remove/lnstall, To remove and install the same item when required to perform service or other
maintenance functions. Install may be the act of emplacing, seating, or fixing into position a spare, repair part, or
module (component or assembly) in a manner to allow the proper functioning of an equipment or system.

h. Replace. To remove an unserviceable item and install a serviceable counterpart in its place.

i. Repair. The application of maintenance services 1, including fault location/troubleshooting 2, removal/
installation, and disassembly/assembly 3, procedures, and maintenance actions 4, to identify troubles and restore
serviceability to an item by correcting specific damage, fault, malfunction, or failure in a part, subassembly,
module (component or assembly), end item, or system.
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j- Overhaul. That maintenance effort (service/action) prescribed to restore an item to a completely
serviceable-operational condition as required by maintenance standard in appropriate technical publications.
Overhaul is normally the highest degree of maintenance performed by the Army. Overhaul does not normally
return an item to like-new condition.

k. Rebuild. Consists of those service/actions necessary for the restoration of unserviceable equipment to a
like-new condition in accordance with original manufacturing standards. Rebuild is the highest degree of
material maintenance applied to army equipment and is normally reserved for the depot category of
maintenance. The rebuild operation includes the act of returning to zero those age measurements (hours/mile,
etc.) considered in classifying army equipment/components.

1. Services - inspect, test, service, adjust, aline, calibrate, and/or replace.

2. Fault locate/troubleshoot - the process of investigating and detecting the cause of equipment
malfunctioning; the act of isolating a fault within a system or Unit Under Test (UUT).

3. Disassembly/assembly - encompasses the step-by-step taking apart (or breakdown) of a repairable
assembly (group numbered item) to the level of its least componency identified as maintenance significant (i.e.,
assigned an SMR code) for the category of maintenance under consideration.

4. Actions - welding, griding, riveting, straightening, facing, rermachinery, and/or resurfacing.
C-3. EXPLANATION OF COLUMNS IN THE MAC, SECTION II.

a. Column 1, Group Number. Column 1 lists group numbers, the purpose of which is to identify maintenance
significant components, assemblies, subassemblies, and modules with the next higher assembly.

b. Column 2, ComponentlAssembly. Column 2 contains the names of components, assemblies, subassemblies,
and modules for which maintenance is authorized.

¢. Column 3, Maintenance Function. Column 3 lists the functions to be performed on the item listed in Column
2 (for detailed explanation of these functions, see paragraph B-2).

d. Column 4, Maintenance Category Column 4 specifies, by the listing of a work time figure in the appropriate
subcolumn(s), the category of maintenance authorized to perform the function listed in Column 3. This figure
represents the active time required to perform that maintenance function at the indicated category of
maintenance. If the number of complexity of the tasks within the listed maintenance function vary at different
maintenance categories, appropriate work time figures will be shown for each category. The work time figure
represents the average time required to restore an item (assembly, subassembly, component, module, end item,
or system) to a serviceable condition under typical field operating conditions. This time includes preparation
time (including any necessary disassembly/assembly time), troubleshooting/fault location time, and quality
assurance/quality control time in addition to the time required to perform the specific tasks identified for the
maintenance functions authorized in the maintenance allocation chart. The symbol designations for the various
maintenance categories are as follows:

C Operator or Crew
O Organizational Maintenance
F o Direct Support Maintenance
H o General Support Maintenance
L Specialized Repair Activity (SRA),
D Depot Maintenance

5 This maintenance category is not included in Section I, column (4) of the Maintenance Allocation Chart. To identify functions
to this category of maintenance, enter a work time figure in the “H” column of Section Il, column (4), and use an associated
reference code in the Remarks column (6). Key the code to Section IV, Remarks, and explain the SRA complete repair

application there. The explanatory remark(s) shall reference the specific Repair Parts and Special Tools List (RPSTL) TM which
contains additional SRA criteria and the authorized spare/repair parts.

C-2
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e. Column 5, Tools and Test Eguipment. Column 5 specifies, by code, those common tools sets (not individual
tools) and special tools, TMDE, and support equipment required to perform the designated function.

f Column 6, Remarks. This column shall, when applicable, contain a letter code, in alphabetic order, which
shall be keyed to the remarks contained in Section IV.

C-4. EXPLANATION OF COLUMNS IN TOOL AND TEST EQUIPMENT REQUIREMENTS, SECTION
1.

a, Column 1, Reference Code. The tool and test equipment reference code correlates with a code used in the
MAC, Section 111, Column 5.

b. Column 2, Maintenance Category. The lowest category of maintenance authorized to use the tool or test
equipment.

c. Column 3, Nomenclature. Name or identification of the tool or test equipment.
d. Column 4, National Stock Number. The National Stock Number of the tool or test equipment.

e. Column 5, Tool Number. The manufacturer’'s part number
C-5. EXPLANATION OF COLUMNS IN REMARKS, SECTION IV.

a. Column 1, Reference Code. The code recorded in Column 6, Section IlI.

b. Column 2, Remarks. This column lists information pertinent to the maintenance function being performed
as indicated in the MAC, Section II.
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SECTION Il MAINTENANCE ALLOCATION CHART
FOR
SR 203
(8) @ (©)] (4) () (6)
TOOLS
GROUP COMPONENT/ASSEMBLY MAINTENANCE MAINTENANCE ~CATETORY* AND
NUMBER PART # FUNCTION EQPT REMARKS
c 0 F H D
[Fig 1-1 SR 203 Insp .00 .05 .10 .10 A
Test .00 .05 15 15 1-4 B
Repair/ 1.50 1.00 5 CDE
Adjust
Repair 1.00
[Fig 1I-3 Multiplexer Board Insp .00 .00 .00 .10 A
Replace .00 .00 .50 5 B
Repair/
Adjust .00 .00 .00 .00 CDE
Repair 1.00 5
[Fig 1-2 Converter Board Insp .00 .00 .00 .10 A
Replace .00 .00 .50 .00 5 B
Repair/
Adjust .00 .00 .00 .00 CDE
Repair 1.00 5
* C.operator/crew O.organizational F.direct support H.general support D.depot

SECTION 1Il. TOOL AND TEST EQUIPMENT REQUIREMENTS
FOR
SR 203
TOOL OR TEST MAINTENANCE NATIONAL/NATO
EQUIPMENT CATEGORY NOMENCLATURE STOCK NUMBER TOOL NUMBER
! F, H Dual-Channel
Oscilloscope 6625-01-061-5519 Ref Para 4.4.1
2 F, H VTVM 6625-01-145-2430
3 F, H 400-Hertz 6625-00-930-3449
Oscillator
4 F, H Synchro wi/cali- 5355-00-242-8023
brated dial
5 F, H JTK17LAL, 35H 4931-01-073-3845
Tool kit
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SECTION V. REMARKS

REFERENCE

CODE REMARKS

A Organizational maintenance will be accomplished by the organization
owning and using the equipment.

B All special tools and test equipment are called out in Para 4.4.1.

C There will be a repair parts kit issued initially with each piece of TMDE.
Resupply of parts will be through normal supply channels.

D A recommended repair parts list is published with this manual.

E DS/GS maintenance will be accomplished by organizational elements of

USA TMDE Support Group.

C-5/(C-6 blank)
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APPENDIX D

RECOMMENDED SPARE PARTS LIST FOR

SR 203
REFERENCE PART

SYMBOL NO. QTY DESCRIPTION
T1 C21359 1 Syncro/Resolver Input Transformer Pair
T2 A21357 1 Power Transformer
T3 C24014 1 Reference Transformer
Ul D21405-1 1 Solid State Control Transformer
u2 D21431-1 1 Error Processor and Up-Down Counter
T1 DCP-20-1200 1 Transformer, 115V/230V Pri, 10V/20V Sec, 24 VA

D-1/(D-2 blank)
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APPENDIX E

SIMULATION OF PRECISE SYNCHRO INPUTS AT 45° INCREMENTS

SIMULATED INPUT CONNECTIONS
ANGLE SHORTED INPUT POINTS

HIGH LOW

000.00° S1, S3, S4. S1, S3, S4

S2, S3 S1/s4

S1, S2, S4 S1/S2/s4

S1, S2 S1/s2

S1, S2, S3 S1/S2/S3

S1, S4 S2/S3

S2, S3, S4 S2/S3/S4

S1, S2 S3/s4

S, S3, S4 S1/S3/S4

Sw SCOPE DIG OUTPUT

e LINES
1

OSCILLATOR

REF LEVEL

\

3
I

DOTTED LINES INDICATE |

CONNECTION FOR
L——> 70 RH
270° SIMULATION | = DC SUPPLIES

e e e —— -7 AND DC GND

ADJUST OSCILLATOR TO APPROPRIATE REFERENCE LEVEL AND SIGNAL INPUT LEVEL TO
APPROXIMATELY 0.707 OF NOMINAL LINE-TO-LINE INPUT LEVEL VIA A VOLTAGE DIVIDER
OR VARIAC

MS$010407

E-1



TM9-6625-647-14&P

APPENDIX E

SIMULATION OF PRECISE SYNCHRO INPUTS

AT 60 DEGREE INCREMENTS
SIMULATED INPUT CONNECTIONS
SHORTED INPUT POINTS
ANGLE HIGH LOW
000,00° S1, S3 s2 $1/83 I
60,00° $2, S3 $2/83 S1
120.00° S1, §2 S3 $1/82
180.00° S1, S3 $1/83 s2
240.00° $2, S3 S1 $2/S3
300.00° S1, S2 $1/82 $3 I
360.00° S1, S3 s2 $1/83
W DIG OUTPUT
( (_o__j SC'?PE LINES
L 0O & —
OSCILLATOR
—
REF LEVEL —
v r= O« ——
SIG INPUT | '
HI | |
- | ! |
' |
I I |
L__] D $2 | |
400 Hz : [
! |
' [

T
I
|
|

LED

DC SUPPLIES

— INPUT LO
rH 4]
Rt 1+l
I —>710
RH _—
- T

DOTTED LINES INDICATE CONNECTION FOR /

300° SIMULATION

THE INPUT LEVEL IS SET

TO APPROXIMATE

TEST, AND REMAINS AT THAT LEVEL FOR ALL STEPS.

78 VRMS; FOR 11.8V SYNCHRO:

10.2 VRMS,

AND DC GND pg NOT OVERLOOK

REF HI (RH)
CONNECTIONS.

AND RL

(0.866 NOMINAL LINE-TO-LINE) THE UNIT UNDER

THEREFORE, FOR 90V SYNCHRO:

MS010406



By order of the Secretary of the Army:

JOHN A WICKHAM, JR.
General, United States Army
Chief of Staff
Official:

ROBERT M. JOYCE
Major General, United States Army
The Adjutant General

Di stribution:

To be distributed in accordance with DA Form 12-32,

Section Ill, Direct Support and
CGeneral Support Maintenance requirenments for

Mul tiple Launch Rocket System (MRS).






RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

SONMETVING WHRONME wis Tris pusLicaTion:

FROM: (PRINT YOUR UNIT'S COMPLETE ADDRESS)
THEN. . JOT DOWN THE CDR, 1st Bn, 65th ADA

DOPE ABOUT IT ON THIS ATTN: SP4 John Doe
FORM, CAREFULLY TEAR IT
OUT. FOLD IT AND Drop 17| RKey _West, FL 33040
IN THE MAIL’ DATE SENT
» 14 January 1979
PUBLICATION NUMBER PUBLICATION DATE PUBLICAIION TITLE Un'lt Of Radar‘ Set
TM 9-1430-550-34-1 7 Sep 72 AN/MPQ-50 Tested at the HFC

BE EXACT. . PIN-POINT WHERE IT IS IN THIS SPACE TELL WHAT IS WRONG
PAGE PARA- FIGURE TABLE AND WHAT SHOULD BE DONE ABOUT IT:

NO GRAPH NO NO
9-19 9-5 "B" Ready Relay K11 is shown with two #9 contacts.
That contact which is wired to pin 8 of relay K16
should be changed to contact #10.
21-2 |step 21-2 | Reads: Multimeter B indicates 600 K ohms to 9000
1C K ohms.

Change to read: Multimeter B indicates 600 K ohms
minimum.

Reason: Circuit being checked could measure infinity.
Multimeter can read above 9000 K ohms and still be
correct.

NOTE T0 THE READER:

Your comments will go directly to the o»iter
responsible for this manual, and he will prepare

the reply that is returned to you. To help him in
his evaluation of your recommendations, please explain
the reason for each of your recommendations, unless
the reason is obvious.

ALl comments will be appreciated, and will be given
immediate attention. Handwritten comments are
acceptable.

For your convenience, blank "tear out" forms,
preprinted, addressed, and ready to mail, are included
in this manual.

PRINTED NAME. GRADE OR TITLE. AND TELEPHONE NUMBER SIGN HERE

SP4 John Doe, Autovon 222-222

DA FOR“79 2028_2 PREVIOUS EDITIONS PS--IF YOUR QUTFIT WANTS TO KNOW ABOUT YOUR
1JuUL ARE OBSOLETE. RECOMMENDATION MAKE A CARBON COPY OF THIS
AND GIVE IT TO YOUR HEADQUARTERS






RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

@@Rﬂ@ﬁﬂﬂﬂ[}]@ W[ﬁ]@[ﬂ@ WITH THIS PUBLICATION?

THEN. . JOT DOWN THE
DOPE ABOUT IT ON THIS
FORM, CAREFULLY TEAR IT
OUT, FOLD IT AND DROP IT
IN THE MAIL'

FROM: (PRINT YOUR UNIT'S COMPLETE ADDRESS)

DATE SENT

PUBLICATION NUMBER

PUBLICATION DATE PUBLICAIION TITLE

BE EXACT. . PIN-POINT WHERE IT IS

PAGE
NO

PARA-
GRAPH

FIGURE
NO

TABLE
NO

IN THIS SPACE TELL WHAT IS WRONG
AND WHAT SHOULD BE DONE ABOUT IT:

PRINTED NAME. GRADE OR TITLE. AND TELEPHONE NUMBER

DA.

FORM
JuL 79

PREVIOUS EDITIONS

2028‘2 ARE OBSOLETE.

SIGN HERE

PS --IF YOUR OUTFIT WANTS TO KNOW ABOUT YOUR
RECOMMENDATION MAKE A CARBON COPY OF THIS
AND GIVE IT TO YOUR HEADQUARTERS



FILL IN YOUR
UNIT'S ADDRESS

DEPARTMENT OF THE ARMY

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

REVERSE OF DA FORM 2028-2

FOLD BACK

POSTAGE AND FEES PAID
DEPARTMENT OF THE ARMY
DOD 314

Commander

U. S. Army Missile Command
ATTN: DRSMI-SNPM

Redstone Arsenal, AL 35898

3N GILVNOCINIY INOTY NYLL



RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

SONMETMING WRONME wits tris pusLicaTion?

THEN. . JOT DOWN THE
DOPE ABOUT IT ON THIS
FORM, CAREFULLY TEAR IT
OUT., FOLD IT AND DROP IT
IN THE MAIL'

FROM: (PRINT YOUR UNIT'S COMPLETE ADDRESS)

DATE SENT

PUBLICATION NUMBER

PUBLICATION DATE PUBLICAIION TITLE

BE EXACT. . .PIN-POINT WHERE IT IS

PAGE
NO

PARA-
GRAPH

FIGURE
NO

NO

IN THIS SPACE TELL WHAT IS WRONG
TABLE AND WHAT SHOULD BE DONE ABOUT IT:

PRINTED NAME, GRADE OR TITLE. AND TELEPHONE NUMBER

DA.

FORM
JuL 79

2028-2

PREVIOUS EDITIONS
ARE OBSOLETE.

SIGN HERE

P.S--IF YOUR OQUTFIT WANTS TO KNOW ABOUT YOUR
RECOMMENDATION MAKE A CARBON COPY OF THIS
AND GIVE T TO YOUR HEADQUARTERS



FILL IN YOUR
UNIT'S ADDRESS

v FOLD BACK

DEPARTMENT OF THE ARMY

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

AEVERSE OF DA FORM 2028-2

POSTAGE AND FEES PAID

DEPARTMENT OF THE ARMY

DOD 3t4

Commander

U. S. Army Missile Command

ATTN: DRSMI-SNPM
Redstone Arsenal, AL

35898

N uNSBIMewWWwL, T T T T T s T =

— s D G s Smn el WS S IR D S AP et D G — G S S — —



RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

THEN. . JOT DOWN THE
DOPE ABOUT IT ON THIS
FORM, CAREFULLY TEAR IT
OUT, FOLD IT AND DROP IT
IN THE MAIL’

SOMETEING WERONE wrvs THis pusLicaTion?

FROM: ({PRINT YOUR UNIT'S COMPLETE ADDRESS)

DATE SENT

PUBLICATION NUMBER

PUBLICATION DATE

PUBLICAIION TITLE

BE EXACT. . PIN-POINT WHERE IT IS

FIGURE
NO

TABLE
NO

PAGE
NO

PARA-
GRAPH

IN THIS SPACE TELL WHAT IS WRONG
AND WHAT SHOULD BE DONE ABOUT IT:

PRINTED NAME, GRADE OR TITLE. AND TELEPHONE NUMBER

SIGN HERE

PREVIOUS EDITIONS

DA.

FORM
JuL 79

2028-2

ARE OBSOLETE.

P S --IF YOUR OUTFIT WANTS TO KNOW ABOUT YOUR
RECOMMENDATION MAKE A CARBON COPY OF THIS
AND GIVE IT TO YOUR HEADQUARTERS



FILL IN YOUR
UNIT'S ADDRESS

DEPARTMENT OF THE ARMY

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE $300

AEVERSE OF DA FORAM 2028-2

FOLD BACK

POSTAGE AND FEES PAID
DEPARTMENT OF THE ARMY
DOD 314

Commander

U. S. Army Missile Command
ATTN: DRSMI-SNPM

Redstone Arsenal, AL 35898

056684
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