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The U. S. Naval Ordnance Test Station (NOTS), China Lake, 
California, is conducting an exploratory development program in 
surface launched weapon control systems under the direction of 
the Bureau of Naval Weapons, Code FMWC-2U. 

To carry on this program effectively, NOTS has established 
a special in-house equipment test facility on the G-l Guided Mis- 
sile Range. The facility, designed for experimental test and pre« 
prototype evaluation of new concepts and equipments relating to 
shipboard fire control (both digital and analog), is available 
for use by activities operating under Navy auspices. 

This handbook describes the equipment and instrumentation 
available at 0-1 Range as they pertain to surface launched weap- 
on control exploratory development. 
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Under nornal operation, the launcher receives position 
coonands fro« 60-cps synchros and rate coenands from a DC tach- 
ometer; both coonands are necessary for proper operation of the 
launcher power drive.    A synchro signal aq>lifier is available 
to convert fron a UOO-cps source to the required 60 ops.    Con- 
version of the power drive to U00-cps synchro control is expect- 
ed to be accontplished in FT 1966. 

Under digital control, the position and rate orders are 
generated in a digital conputer (or other digital device).   A 
digital order is derived within the digital-analog servo systea 
(DASS), converted to DC voltage, and applied to the launcher 
power drive, bypassing much of the existing analog circuitry. 
Datex Model CG-70Ö-1 digital shaft-angle encoders have been 
mounted on the train and elevation power-drive shafts to moni- 
tor launcher position for the position feedback needed for DASS 
control.   The resolution of these encoders is 216 bits, or 19*78 
seconds of arc. 

The launcher control panel is located adjacent to the DASS 
console in the digital fire control room.   This panel contains 
switches for activating the launcher power drive, selecting mode 
of operation, manually positioning the launcher by synchros, and 
monitoring launcher position. 

Launcher Characteristics: 

Train rate 30*/sec maximum 
Acceleration 60•/sec* maximum 
Rotation no restraints 

Elevation rate 20*/sec maximum 
Acceleration Uo'/aec? maximm 
Rotation       -10* to +90* 

RVERSfCS: 

Bureau of Naval Weapons.   Guided Missile Launcher Mk 5 and 
Mods (U), Vol. 1: Stand,  Carriage, Guide, and Miscellaneous Sys< 
tens; Vol. 2: Train and Elevation Systems; Vol. 3: Care and 
Maintenance and Launcher Tests.   Washington, D.C., 1 December 
1958.    (NAVWEPS OP 2350),  CONFIDBfTIAL. 



AUTOMATIC   TIACKINO   OPTICAL   SVSTIM 

In the pretence of severe electronic counteneaeuree or In 
the event of radar failure, shipboard surface launched weapon 
control systems use optical techniques for a secondary aode of 
operation. Currently, the optical system are hand-controlled, 
which produces an attendant roughness of data that llaits their 
usefulness in solving the fire control problea. MOTS has devel- 
oped an automatic tracking optical system that is capable of 
supplying target-angle Information with an accuracy comparable 
to radar information. Tracking system operation is described 
below. 

The circuitry which derives tracking error data from the 
video signal of the radar boresight closed-circuit optical sys- 
tem is used as an alternate source of signal for the aslmuth 
and elevation drive motors of the digitised fire control radar. 

The tracking error circuitry is entirely solid state and 
is matched to a high resolution (9U5-llne scan) closed-circuit 
system. The output of the tracking error circuitry is a step- 
wise analog presentation of the digital Information from the 
video circuits. The output voltage (±6 volts), which is derived 
trau a low impedance source (less than 1,0000), is proportional 
to the tracking error and can be used to drive the mount servos, 
thus achieving passive automatic tracking. The digital output 
is also available for cooiblnatlon with the shaft-angle encoder 
data. 

Using a 2^-lnch focal length lens, the field of view is 
spproxlmately one degree, with digital output steps correspond- 
ing to 7 ere seconds in elevatior and 10 arc seconds in aslmuth. 

Thostpson, Julian L. "The U. S. Naval Ordnance Test Sta- 
tion's Experimental Tracking Error Detector," Proceedings from 
the 8th SPIB Technical Symposium, 7 August 1963, Los Angeles, 
Calif. SPIE J, Vol. 2, June-July I96U. 
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1. A control, multiplex, and memory unit 

2. An IBM 709U digital computer input 

3* An IBM 709^ digital computer output 

U. A Flexowriter typewriter and/or paper tape 
punch output 

3. An Ampex FR-300 digital magnetic tape unit input 

6. An Ampex FR-300 digital magnetic tape unit output 

7* A Monroe high-speed 12-decimal digit printer output 

The presently available 12-bit modules are: 

1. A serial 6-inegacycle arithmetic unit input 

2. A serial 8-megacycle arithmetic unit output 

3* Four analog-to-digital (A-D) inputs 

h.   Four digital-to-analog (D-A) outputs 

The eight A-D and D-A inputs and outputs are currently 
connected to a Pace TR-W3 analog computer, which has U&  opera- 
tional amplifiers and a few function generators, including mul- 
tipliers . 

With these modules, the ARC can simulate a wide variety of 
digital, analog, and hybrid fire control problems and devices. 

All input interfaces are standarized and identical, and all 
output interfaces are standardized and identical. Interface re- 
quirements for additional modules are relatively simple. They 
are general enough to permit almost any digital or digitized- 
analog device to be used as an ARC module. Module additions 
planned for the near future include: 

1. 6 each additional A-D inputs and D-A outputs 

2. A Flexowriter typewriter and/or paper tape 
reader input 

3 • A Midwestern M-3100 digital magnetic tape unit 
input and output 

Continuid 
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Other proposed additions include: 

1. A high-speed photoelectric paper tape reader input 

2. A high-speed, variable-format page printer output 

3* Special-purpose arithmetic units 

k.   Memory input and output modules, both ferrite-core 
and magnetic drum 

5* Other digital computer inputs and outputs 

6. Unspecialized A-D and D-A modules to connect to 
analog fire control devices 

RiFHIHICES: 

U. S. Naval Ordnance Test Station. Revised ARC Channel 
Definitions, by Gary Babcock and Robert D. Coleman. China 
Lake, California, NOTS, June 1964. (Tech Note 3031-71)* 

....... ARC Module, Cable, and Plug Wiring, by Robert 
D. Coleman. Septeoiber 1963. (Tech Note 3031-U2}. 

....... Console Manual Controls for ARC, by Robert D. 
Coleman. January 1963* (Tech Note 3031-27)* 

....... Modular Computer Exploratory Development, by 
Robert D. Coleman. June 196U. (Tech Note 3031-69)* 
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ASSOCIATED RANGE EQUIPMENT 
AVAILABLE FOR USE WITH THE 

WEAPON-CONTROL 
TEST FACILITY EQUIPMENT 







Special purpose equipment Includes: 

Closed-circuit television display, aligned 
with the tracking line-of-sight of the ra- 
dar, gives resolution of a normal aircraft 
target to approximately 30,000 yards. 
TOam Photo Sonics radar boresight camera 
with a 12-inch lens for early flight and 
a 150-inch lens for later flight coverage; 
sampling rate is normally 10 framea per 
aecond. 
Director prograomer that can: program the 
Radar Set AM/SPQ-5 in elevation; alave the 
SPQ-5 to another 1*00-cycle radar for a con- 
trolled elevation program, and convert from 
3-axis to 2-axis synchro data for slaving 
the Varian Illuminator to the SPQ-5. 

Located 1,000 feet south of the radar, there is a permanent 
installation test tower that can be used for testing standard 
angle aenitivity and radar collimation. 

REPER1MCES: 

Bureau of Naval Weapons. Radar Set AN/SPQ-5. Vol. 1: 
Description, Operation, and Maintenance. Washington, D.C., 
April 1956.    (NAVWEPS OP 2136). 

-    Radar Set AN/SPQ-5 (XN-l).    Vol. 1: General 
Deacription and Theory of Operation.    Washington., D. C. 
(NAVWEPS OD 9178) • 

Geceral Dynamics.   Radar Guidance Monitor, Operation and 
Maintenance.    Pomona, Calif.   November 1956. 

Sperry Gyroscope Coopany.   Beacon Tracking Equipment 
OA-1732/SPQ-5A.    Great Neck, New York,    (ttigineering Bulletin 
1695122, Adjustment Procedure). 

U. S. Naval Ordnance Test Station.    Program Director— 
A Computer for Special Missile Trajectories, by L. F. Van 
Buskirk.    China Lake, Calif., NOTS, July 12, 1962.    (Tech 
Note 30U-7U). 
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MISSILI    lAUNCNIi    TYfl   X-l 

The Missile Launcher Type X-8, which is a modified twin 
5'73ö gun nount used prinarily for launching Terrier guided 
missiles, can be adapted to fire other types of missiles. It 
is synchro-controlled and hydraullcally-powered. Underground 
wiring leads to the switchboards and launcher controls in the 
Radar Building. 

The X-8 receives Terrier and Standard Missile Type 1 ER 
(extended range) commands from the Computer EX-13 Mod 0 via 
a synchro signal amplifier for conversion of the synchro sig- 
nals from bOO cps to 60 cps as required by the launcher. A 
dumny director is available to exercise and test the Missile 
Launcher Type X-8. 

Train and elevation rates are below 8*/sec 

The mount elevates to 70*23' 

Train limits are 131*1*0' to the right and 
131*02* to the left of the guided missile 
line of fire. 

Camera and television mounting pads are available for 
monitoring launcher line of sight. The synchro generators 
on the launcher transmit launcher position to synchro motors 
that drive data dials in the Radar Building. Currently, the 
only way to record launcher position as a function of time is 
to photograph the data dials; however, plans are completed for 
the installation of encoders similar to those used with the 
launcher type X-7* 

?6 










