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FOREWORD

The purpose of the Air Force Fasterr. Test Rarnge
(AFETR) Instrumentation Handbook s to provide
detailed descriptions of the instrumentation and
related equipment for use by Range personnel and
Range Users. It complements the AFETR Capa-
biiities Handbook which provides an assessment of
the support capabilitics of the Eastern Test Range
(ETR). These two handbooks should be used
together to provide a complete depiction of the
ETR.

This handbook will be updated periodically to
reflect changes that continually occur, Current
data on specific areas of interest will be provided
upon request,

FOR THE COMMANDER

WooudHChlof.

HOWARD L. PECKHAM, JR., Couronel, USAF
Director of Range Operations
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Subsystem

aircraft
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advanced digital range ma-
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Air Force base
automatic frequency control
Air Force Eastern Test Range

Arming, Fusing and Firing
(system)

air to ground
automatic gain control
amplitude modulation

Atlantic Missile Range (obso-
lete)

recorder/reproducer
radiosonde

Missile Precision Instrumenta-
tion Radar (MIPIR)

modified AN/FPS-16 radar
modified MIPIR

precision space track radar
precision tracking radar

modified AN/FPS-16 ship-
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high-power transmitter used
on AN/FPS-16V radar

weather radar
rawin set (weather system)
wind measuring set

cloud height set
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search radar used for Range
clearance
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Antigua
radiosonde recorder

Missile Precision Instrumenta-
tion Radar (MIPIR)

automatic picture transmission
radar beacon

Advanced Range Instrumenta-
tion Aircraft

Advanced Range Instrumenta-
tion Ship

Ascension

Aeronautical Systems Division
acquisition-stabilization  net-
work

Acoustic Ships Positioning
System

antisubmarine warfare

American Telephone and Tele-
graph Co.

60-ft telemetry antenna
auxiliary angle tracking

Air Weather Service Publica-
tion

azimuth

ballistic camera
binary-coded decimal

best estimate of trajectory
broad ocean arca
navigation system

bits per second
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"' cm centimeter
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CZR a type of ribbon-frame camera
D/A digital to analog
DAC digital to analog converter
DARTS Digitized Automatic Radar
Tracking System
DAT designate, acquisition, and
track
dB decibels

dBm

de
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DMSP

deg
DEMUX
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DMSP
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DPDE

DPN-66
DPS
DRS
DRSB
DRSS
DSOC
DSsSB

EC-135
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EF,G
El
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ETR
FCA
FEDAC

<

decibels referenced to | milli-
watt

direct current
Designate Control Console

data conversion interface and
switching equipment

degree(s)
demultiplex
distance measuring equipment

Defense Meteorological Satel-
lite Program

Department of Defense
distribution programmer
data processing equipment

digital playback and digitizing
equipment

radar beacon

Data Processing Subsystem
Digital Range Safety (System)
digital recording system buffer
Downrange Support Ship
DRSS Safety Officer Console

data selector and storage buf-
fer

ARIA airframe

Earth-centered rectangular co-
ordinates

E,F,G rates
elevation

electronic private automatic
branch exchange

manufacturer
Eastern Test Range
frequency control and analysis

forward error detection and
correction
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fm
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ft/s
FSK
FSO
GBI
GBR

GDOP
GEOS-C
GET

GHz
GMT
GTK

hf
HF/SSB
HOR

IBM 360/65
IBM 7094
ICBM

D
f
IFLOT

IIR

HIR-C

IIR-L

IIR-U

Felton & Gixlleume
frequency modulation
frame per second

feet per second
frequency shift keying
Flight Safety Officer
Grand Bahama Island
standard

timing (Rugby,

England)

geometric dilution of precision
geodetic satellite

ground elapsed time

gigahertz

Greenwich Mean Time

Grand Turk

high frequency (3-30 MHz)
high frequency/single sideband
horizontal

postflight data processor
postflight data processor
intercontinental ballistic mis-
sile

identification

intermcdiate frequency

intermediate focal length opti-
cal telescope

intercept ground optical re-
corder

integrated instrumentation ra-
dar (ARIS)

5400-5900 MHz integrated in-
strumentation radar

1270-1290 MHz integrated in-
strumentation radar

435.39 MH:z integrated instru-
mentation radar

IP

IR
IRIG

IRV
IT&T

K-19B
kb/s
kHz
KSC
kVA
kW
kyd
LASS
LCP
LCu

If

LHC
I/min
Lorac
Loran-C
LPLWS

B>k

mf

ABBREVIATIONS

impact point, position impact
prediction

inch per second
infrared

Inter-Range Instrumentation
Group

interrange vector

International Telephone and
Telegraph Co.

Kelvin (degrees absolute) (de-
gree symbol understood)

kilo (thousand)

ballistic camera

thousand bits per second
thousand hertz

Kennedy Space Center
thousand volt-amperes
kilowatts

1,000 yards

Launch Area Support Ship

left circular polarization
landing craft-utility

low frequency (30-300 kHz)
left-hand circular polarization
lines per minute

Jong-range accuracy (system)
long-range navigation (system)

Launch Pad Lightning Warning
System

least significant bit
milliampere

maximum

Master Control Console

medium frequency (300-3000
kHz)
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mfc

MHz

MFID
MILA
MILS

MIPIR

MITTS

MM
MOD 11

MOIS

MOTS

MPDL

mrad
MRD

MRS
MSC
MSC
MSL
ms

M-32

MTU
MUSTRAC

MW
NA
NASA

xvi

manual frequency control

megahertz

main frame identification
Merritt Island (obsolete)

Missile Impact Location Sys-
tem

minimum, minute

Missile Precision Instrumen-
tation Radar

Mobile IGOR Tracking Tele-
scope System

millimeter

small tracking radar (modified
SCR-584)

Missile Operations Intercom
System

Mobile Optical Tracking Sys-
tem

maintenance program designa-
tion letter

milliradian

Mechanized Range Documen-
tation

Mechanized Range Scheduling
Military Sealift Command
Master Systems Console

mean sea level

millisecond

Mincom intermediate band re-
corder

magnetic tape unit

multiple target steerable te-
lemetry tracker

megawatt
not applicable

National Aeronautics and
Space Administration

NAV
NBA

ND
NDHIS

nmi

NOAA

NORAD

NRZ
NRZ-L,-M, -S

ocC
OT&E
P-3 Orion
PA
PACM

PAM
PB

PCM
PDM .
PDS
PEC
pH

pm

po:-D
PPl

p/s

PRE
pre-D

B T TR L T TR A T T 1T O A B T T R RV

navigation

timing standard (Balboa,
Panama)

neutral density

Navigation Data Handling

Interface System
nautical mile

National Oceanic and Atmos-
pheric Administration

North American Air Defense
Command

nonreturn to zero

nonreturn to zero -level, mark,
space

Operations Control Center
operational test and evaluation
Navy ASW aircraft

public address (system)

pulse-amplitude code modula-
tion

pulse-amplitude modulation

program block

pulse-code modulation
pulse-duration modulation
Projection Display System
Program Entiy and Control
measure of acidity

phase modulation

Precision Optical Pedestal
System
post detection

plan position indicztor
pulses per second

Pretoria

predetection
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ABBREVIATIONS

| PRF pulse-repetition frequency SAMSO Space and Missile Systems Or-
. ] r . t. \ 2
- PSK phase shift keying el
B . SAMTEC Space and Missile Test and
g RA range amplitude Evaluation Center
rad radians SCR-584 basis for the Mod I Radar
. RAMLAS RML laser
RC-5, RC-5A- fixed metric camera systems SFID subframe identification
RCC Rarnge Control Center SGLS Space Ground Link Subsystem
.' RCE Receiving Control Equipment shf super high frequency (3-30
o i GHz)
RCP right circular polarization
. SINS Ships Inertial Navigation
% RCS radar cross section System
¥ revr eceive
g RS SIM Ships Instrumentation Man-
5 R&D research and development ager
A
y RDAU radar data analysis unit SIT silicon intensified tube
w rf radio frequency SMILS Sonobuoy Missile Impact Lo-
fi RICS Range Instrumentation Con- cation System
5 trol System S/N signal-to-noise (ratio)
RIS Range Instrumentation Ship sofar sound fixing and ranging
RML Range Measurements Labora- SPAC signal programiner and condi- ;
tory tioner A
r/min revolution per minute SPAMS Ships Position and Attitude 3
Measurement System
rms root mean square
ROSE meteorological balloon SRN-9 navigation system
SS/FM single sideband/frequency
ROTI Recording  Optical  Tracking modulation
Instrument : : 5
SSBAM single sideband  amplitude
RP retransmission programmer modulation
RSDS Range Safety Display System SSPO Strategic Systems Project Of-
fice (N
RSO Range Safety Officer oo (R4
STAFF St logist
RTCS Real-Time Computer System ANEEMEL stafl mictorologs
N > v o P N d Ny
RTI cRege Tame intensity staruie a parachute type device
RTTDS ReabTime Telemetry Data STC Standard Telephone & Cable
. System T0 time of launch
} RV reentry vehicle TAA-2 8S5-ft telemetry antenna
| RZ return to zero TAA-3 30-ft telemetry antenna
$ second TAA-3A 33-ft telemetry antenna
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ABBREVIATIONS

TAA-8/8A
TAA-9

TACAN
TACSAT

TAER
T-AGM 9
T-AGM 10
T-AGM 20
TAM-1
TASS
TDM
TDMTDS

Tel 4
TKDC-1
TKM-1

TLM
T™MM-7

TOM
TOPS

TOY
TRAP

TRKI-12
TTR
TTY
TV

TVOC

TWT
uhf

xviii

80-ft telemetry antenna

17-ft telemetry antenna (Red-
stone)

Tactical Air Navigation (Sys-
tem)

Tactical Communications Sat-
ellite

time, azimuth, elevation, range
USNS Arnold

USNS Vandenberg

USNS Redstone

broadbeam telemetry antenna
terminal area support ship
time division multiplex

Time Division Multiplexer
Timing Distribution System
ETR Central Telemetry Facil-
ity

Manually Programmed Time
Division Multiplex (system)

telemetry remote signal re-
corder subsystem

telemetry

telemetry tape copy subsys-
tem

Technical Operations Manager
(ARIS)

Transistorized Operations
Phone System

time of year

Terminal Radiation Program
(aircraft)

telemetry receiver/recorder
group

target tracking radar

teletype

television

Television Operations Center
traveling-wave tube

ultra  high
(300-3000 MHz)

frequency

USB
USN
USNS
UTC
uv
Vac
Vdc
Vert
vhf

vif
VOR/ILS
VWS

w

WECO
WINDS

w/min

w/s

WWVH
WWVL

XDS

xmtr

Unified S-band

US Navy

US Naval Ship

Universal Time Coordinated
ultraviolet

volts, alternating current
volts, direct current

vertical

very high frequency (30-309
(MHz)

very low frequency (3-30 kHz)
Navigation System

Vertical Wire Skyscreen

watts

Western Electric Co.

Weather Information Network
and Display System

words per minute
words per second
Timing Standard Station

Timing Standard Station

(Hawaii}

Timing Standard Station
(Boulder, Colorado)

Xerox Data Systems
transmitter
power/(optical)

two orthogonal axes
ETR Communications Center
three orthogonal axes
XYZ rates

yard(s)

About

micro

microfarad
microsecond
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INTRODUCTION

The Eastern Test Range (ETR) is a National Range
managed by the Air Force for the Department of
Defense. It was built and is used primarily for
missile and space vehicle tests. However, it is also
used for some aircraft, drone, helicopter, balloon,
and small rocket tests. It extends from Cape
Canaveral Air Force Station eastward to 90°E
longitude in the Indian Ocean (figures 1-1 and 1-2).
The Range comprises a series of stations located at
Cape Canaveral and on the Florid2 mainland; on
the islands of Grand Bahama, Grand Turk,
Antigua, and Ascension; and at Pretoria, South
Africa. These stations are augmented with a fleet
of instrumented aircraft and ships. In addition to
these stations, t~» ETR can use insttumentation
operated by the (vational Aercnautics and Space
Administration (NASA) at Bermuda and Wallops
Island.

The ETR is a service-oriented organization whose
basic mission is to collect, process, and deliver
test-related data to Range Users. In supporting a
typical test, the ETR collects metric, telemetry,
photographic, acoustic, and meteorological data,
and when requested performs processing, reduc-
tion, and analysis of the data to the user's
specifications.

The techmical personnel and the sophisticated
instrumentation st the ETR have provided test
support to a variety of systems ranging from
man-launched anti-tank weapons to the largest
ICBM systems, manned lunar program, and inter-
planetary probes.

The ETR is fully equipped to serve as a “lead
range” in a worldwide network, and also to
support other lecd ranges. This ability is estab-
lished by using the comprchensive communica-
tions, timing, and command systems i the Range,
together with the Real-Time Comjuter System
(RTCS) located at Cape Canavera! The ETR stafl
includes Range and network management spe-
cialists to coordinate these activities,

L1 METRIC MEASUREMENT CAPA-
BILITIES

Precision-tracking pulse radars are located at
Merritt Island, Cape Canaveral, Patrick Air Force
Base (AFB), Grand Bahama Island, Grand Turk
Island, Antigua, and Ascension. All of these radars
are capable of either beacon or echo tracking, and
all are able to transmit precision data at 10 samples
per second to the RTCS. In addition, the Cape is
equipped with a tracking radar which is suitable for
targets such as an aircraft or drone operating in the
vicinity of the Cape. Shipboard radars provide both
metric and signature data gathering capability.

Metric optics capability is available at Cape
Canaveial and all downrange stations of the ETR
and aboard ships. These systems include precision
theodolites, ballistic cameras, and long-range, large-
aperturc telescopes. The ballistic cameras and
theodolites are mobile, and may be positioned in a
variety of configurations to provide favorable
geometry for various flight profiles.

Missile Impact Location Systems (MILS), which
are useful in testing many types of missiles, are
installed at several locations in the Atlantic Ocean.
One form of MILS is an array of hydrophones
called target arrays on the ocean bottom, con-
nected to a nearby shore station. Such systems are
installed ncar Grand Turk (about 700 nmi from the
Cape), near Antigua (about 1,300 nmi from the
Cape), and near Ascension (about 4,400 nmi from
the Cape). Another form of this system is called
the Sonobuoy MILS or SMILS. This system
consists of bottom-mounted transponders, and an
array of expendable surface scnobuoys dropped in
the water by an aircraft. The other form of this
system, called the broad ocean area (BOA) MILS,
consists of hydrophones suspended in the ocean at
or near the sound fixing and ranging (sofar) axis at
strategic locations around the Atlantic basin.
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1.2 TELEMETRY CAPABILITIES

The ETR telemetry capability consists of a large
central station at the Cape and several fixed
stations downrange. In addition, the fleet of
Advanced Range Instrumentation Aircraft (ARIA)
and the USNS Redstone, and Advanced Range
Instrumentation Ships (ARIS) may be positioned
in areas not covered by fixed stations, from which
they can collect, record, and relay telemetry data.
Tracking stations are located at the Cape, Grand
Bahama, Grand Turk, Antigua, Ascension, and
Pretoria, and are equipped with one or more
large-aperture antennas, multiple receivers, and
real-time retransmission equipment. Other an-
tennas having lower gains are installed at some
stations. Current equipment provides reception of
frequencies in the range of 100 to 4000 MHz
(depending on the location).

1.3 SIGNATURE CAFABILITIES

The signature capabilities on the ETR are divided
into two categories: radar cross-section and opto-
radiometric. Radar cross-section data can be
obtained at Ascension and on-board the Advanced
Range Instrumentation Ships (ARIS). Opto-
radiometric data are colleccted primarily on the
ARIS. Signature data can be made available at any
ETR station if required.

14 COMMAND/CONTROL

The ETR Command/Control System provides the
ability to transmit user commands to missiles and
spacecraft and to permit arm-and-destruct com-
mands by Range Safety. Transmitters are located
at Cape Canaveral, Grand Bahama, and Antigua
and on-board the USNS Redstone.

1.5 PHOTOGRAPHIC SERVICES

The ETR is staffed and cquipped to collect
engincoring sequential and documentary photo-
graphic data in essentially all areas of the Range,
This capability, together with the metric o;. ics
systems, is complemented by a photo processin

14

facility that can provide finished data to users
quickly and by a complete set of photographic
data reduction devices.

1.6 METEOROLOGICAL SERVICES

The ETR is equipped to collect, process, and
deliver meteorological data from a full spectrum of
instruments throughout the Range. Coverage is
provided from the surface to approximately
300,000-ft altitude at various stations and on ships.
Climatological data for the ETR is contained in the
ETR Meteorological Handbook, and additional
data may be obtained from the Staff Meteor-
ologist.

1.7 LABORATORY SERVICES

The ETR operates a number of laboratories whose
services are provided to Range Users. Using
standards traceable to the National Bureau of
Standards, these laboratories calibrate instruments
for the Range and for Range Users. Calibration
capability exists in the fields of ac/d¢ voltage and
current, resistance, capacitance, inductance, fre-
quency, and radio frequency (rf) and nuclear
radiation,

Services and standards are also provided in the
fields of dimensional measurement, temperature,
humidity, vacuum/pressure, mass, weight, force,
flow, optics, light, acoustics, vibration, time,
torque rate, volume, specific gravity, hardness, leak
detection, combustible gas detection, oxygen
apalysis, hydrogen and halogen detection, pH
measurement, and spectrophotometry.

1.8 FACILITIES

A substantial amount of missilec assembly, hangar,
and administrative floor space and other facilities
are available in the launch area for Range Users.
These facilities are accessiole by land, sea, and air.
Water accessibility is gained from the ocean by way
of Port Canavcial and by way of the Intercoastal
Waterway. Air access to the launch area is gained
by a runway on the Cape, which can accommodate
any aircraft now in use.
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SECTION 2
DATA ACQUISITION

2.1 RADAR

Precision-tracking pulse radars are located at Cape
Canaveral Air Force Station, Merritt Island, Patrick
AFB, Grand Bahama, Grand Turk, Antigua,
Ascension, and on board the three Range Instru-
mentation Ships. All of these radars are capable of
cither beacon or echo (skin) tracking, and all can
transmit precision data at 10 samples per second to
the RTCS. In addition, the Cape is equipped with a
2700 to 2900-MHz tracking radar which is suitable
for a target such as an aircraft or drone operating
in the vicinity of the Cape. Shipboard radars
provide both metric and signature data gathering
capability.

When required, the NASA-owned AN/FPQ-6 radars
at Bermuda Island and at Wallops Island, Virginia,
support AFETR tests.

Radars provide most of the metric data acquired
on the ETR. They are augmented in the launch
area with optics to obtain more accurate data when
the distances are short, and for radar calibration,
and in the terminal area with the MILS arrays
Their locations, identifiers, and technical character-
istics are summarized in the tables which follow.

2.1.1 On-Axis Radars (AN/FPQ-13, -14, -15)

The “on-axis” concept grew out of a nced to steer
teiescopes having extremely narrow fields of view
with a smoothness and accuracy adequate to
permit definitive photography of satellites in orbit.
Conventional monopuise radars are not capable of
tracking without random lags and jitter about the
target, and consequently cannot produce data of
sufficient quality to steer a telescope so that its
optical axis always passes through the target.

The on-axis concept depends for its success on the
principle that a short segment of any trajectory
may be approximated by a segment of an orbit,
This can be accomplished by driving the rsdar
antenna with data that originate in a synthetic
orbit generator operating in a computer. The orbit
generator permits the coeflicients of its orbital

equations to be adjusted in real-time in response to
target behavior as sensed by the tracking portion of
the radar, thus closing the tracking loop via the
computer. Adjustments to the orbital equations are
made automatically, at intervals and in increments
that adapt themselves to optimize the antenna
drive signals for the particular dynamics of the
target being tracked. In addition, all deterministic
characteristics of the radar antenna are pro-
grammed in the computer and are used to
compensaie the antenna drive signals. As a result
for targets whose accelerations are not large, the
“axis” of the antenna is maintained precisely on
the target.

To implement the on-axis concept at 2 radar, a
computer is inserted in the antenna servo loops.
V/ith its associated software, the computer manages
the antenna in reai-time. Digital encoders are
connected to the antenna azimuth and elevation
shafts, and the responses of the mount to the
computer-generated drive functions are sampled
for processing in the computer. The smallest
encoder increment determines the precision to
which mount response can be measured, and for 2
20-bit encoder is about onc millionth of a circle
(5.6 microradians or 1.24 seconds of arc). This
precision, together with 100 updates per second of
the antenna drive signals, makes it possible to point
to a star and follow it across the sky without
visible jitter when viewed by the antenna-mounted
telescope and displayed on the console by the
closed-circuit television (TV) subsysiem. By this
method, the telescope, c¢ncoders, and mount
alignment; zero sct or bias; mislevel; nonorthogo-
nality; and droop can be established, An optical
calibration reference can then be established on the
antenna mount. Availability of targets with both
optical and radar visibility then permits determinas-
tion of the rf axis. This process results in an
accurately calibrated radar. The computer and its
associated software compensate for the modeled
crrors and gain coefficients (some of which are
functions of angle rates and, therefore, must be
determined in real-time), and point the antcnna at
the tracked vehicle. The encoders repost these
angies to the computer, which outputs the cor
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rected data in an Earth-centered (E,F,G) coordi-
nate set.

Modifications required for the on-axis modification
include long focal-length boresighting optics, preci-
sion (20-bit) angle encoders, a high-speed digital
computer, and software, Other hardware and
software modifications are generally made when
the radar is being converted; however, they are not
essential to the on-axis design. Typical of these
other changes are new range machines, solid-state
receivers, and solid-state angle servo subsystems.

At present, there are two on-axis radars at Patrick
AFB, and one each at Mermritt Island, Grand
Bahama, Grand Turk, Antigua, and Ascension.

AN/FPQ-13 RADAR

TARLE 2-2, AN/FPQ-13 RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation . . . ... ... AN/FPQ-13

t e e e .. AN/FPS-lO
AN/FPS-26 (transmitter)

Prototype . . .

e e e YNGR BT

DATA ACQUISITION
RADAR

Transmitter

Frequencyrange . . . . ... ... 5.459GHz

Pulse repetition
frequency(PRF} . .

160 p/s (pulses per second)
Peakpower ... ......... e .. SMW

Pulse coding . . . Capable of two pulse codes —

3usto9us
Pulsewidth .........¢... lpsS50us

Receiver

Frequencyrange . . ... ... ... 5459GHz

Bandwidth . . ..... 2 0.2 MHz for 1 us
pulse width; 200 20
kHz for 5 us pulse width

Noise figure/ 2 dB - paramps on; 11 aB
temperature . . . . . — paramps off

Sensitivity . . v .. v e0 0o ~120dBm

Dynamicrange . ............. 80dB

Anten_n_a_

Diameter . ......00c0veee.. 20ft
TYPE « « v v e v e i s oo Parabolic dish
Polarization ............... Vertical
GAIN. o o 5. 35 6@ 0 o gl ue oi s 4158
Beamwidth 0.6 degrees

Pedesta! Angle Servos

Azimuthslewrate . v v oo v v eeoos. 42°/s
Elevationslewrate . ...« .« .o . 25
Azimuth trackrate . .. ... ... ... 295
Elevation trackrate . . .. . ... .... 21°s

Range Tracking

Nonambiguousrange . . .. .. ... 4092 nmi

TE R
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Slewrate ........... 5 82 kyd/s

Acceleration . . ... ... ...... 20 kyd/s?

Trackingrate . ............ 20 kyd/s

Accuracy

Specific . . . ... .. See AFETR Accuracy
Bulletin for official
values.

Acquisition Aids

Range and angle search patterns are computer
controlled, Processor and constant false alarm rate
(CFAR) circuits are provided for target identifica-
tion,

Data Inputs

Data Characteristics

Input data: I-speed synchro data for azi-

muth and elevation; IRV

(Interrange Vector) NORAD
(North American Air Defense

Command) Message; X)Y,Z

low density data; look angles.
Output data: 2-speed synchro data for azi-
muth and elevation E,F,G,T
10-p/s data or TAER (time,
azimuih, elevation, and range)
10-p/s data

X,Y,Z low density data

Teletype (TTY) 100 w/min
B3 format

38-character format
IRV

The system also has a 2400-b/s data link for radar
designation.

TABLE 2-3. AN/FPQ-14 RADAR
TECHNICAL CHARACTERISTICS

Radar Type
Current designation . .. ...... AN/FPQ-14
Prototype . ........c.... AN/FPQ-6

AN/FPQ-14 RADAR
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Transmitter Pedestal Angle Servos
; Frequencyrange . . . ... .. 5400-5900 MHz Azimuthslewrate . . ... ... .. .500nrad/s
Frequency stability . Less than 100 kHz/hr drift Elevationslewrate . ........ 500mrad/s
Fine tuning ....... Plusorminus20MHz Azimuth trackrate . ........ 350 mrad/s
i PRF ......... e eeeo.. 160,640p/s Elevation trackrate .. ....... 350mrad/s
Peak POWET . . v v v v v e 0o v v v o 2.8 MW Azimuth acceleration ....... 350mrad/s®
Average power (max) . . . ..« .o 4.8 kW Elevation acceleration . . ... .. 350mrad/s®
Power programmingrange . .. ...... 25dB Range Tracking
Fi Pulse coding . . . . . Code A and B (1-3 pulses) Nonambiguousrange .. ... ... 32,000 nmi
£ Pulse width ... ... 0.25,1.0,2.5and5.0ps  Slewrate ............... 60kydfs
¥ Receiver Acceleration . . ... ... .. ... 600yd/s/s
Frequency range . . . .. ... 5400-5900 MHz Trackingrate ............. 20kyd/s
Frequency stability . . .Skin: | kHz relative to Preciéion
1 transmitter i
Al e Beacon: 300 kHz/24 hr Range . . ....... .23 bits (least significant
to _in manual frequency con- bit (LSB) = 0.97 yd) i
trol (MFC) i
Bandwidth . . . . ... 4 MHz (I us), 400 kHz ‘
(2.5 us), 200 kHz (5 us) Angles . .. ...... 20 bit (LSB = 0.006
mrad)
Noise figure/ 150 K (cooled paramp)
| temperature . . . . . (above 10° elevation)
|
é-’ ' Dynamicrange .............. 70dB Accuracy
¢ Antenna Specific........ Refer to AFETR Accu-
racy Bulletin
2 DIBmiEler . . ..o oo nws .0 . 20ft
'_g TYpe « v v v v v v v veeeween.. Parabolic Data Inputs
! Polarization . ... Vertical, linear, and circular Synchro
Gain ......... R ... 53dB Azimuth . ....... e e... l:1,60Hz
Beamwidth . ........ e el 03% Elevation . .......... .. 1:1,60Hz
Mount .......... Elevationover a;imuth Digital ......... 2400 b/s, E,F,G, f:’.,f",é;'l'
> Feed o ovvvien . .. Cassegrainian  Other .. ... 100 w/min TTY, E,F,G, EF,G,T
ty
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AN/FPQ-15 RADAR

TABLE 2-4, AN/FPQ-15 RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation . . ... .... AN/FPQ-15
Transmitter

Frequencyrange . . . . ... .. 5.5 t0 5.9 GHz
PRF ¢ 6 a5 ¢ - Mo " [ E - 160 p/s
Peakpower ............ ce .. SMW
Average power(max) . . . . . . .4 .. . 8kW
Pulsecoding . ... ... ... e 3t0OY%us
Pulsewidth .............. l1orl0upus
Receiver

Frequencyrange . . .. ... .. 5.4 to 5.9GH:z
Bandwidth(s) .......... 80 kHz, | MH:

Noisc figure/temperature . . 3 dB with paramps

Sensitivity . . . .. . 0. .. *120dBm
Dynamicrange ............ .. 95dB
2-6

Antenna
Diameter .............. ... 28ft
TYPE « cio 5 wadh o6l o o158 » . Parabolic

Polarization . . . ... . .. Vertical — transmit;
horizontal — receive

GATA tal o e lLol el o1 [rottal o e fask = o) ol e .... 48dB
Beamwidth .......... . 8 mrad (0.45°%)
Feed . . ... ... Cassegrainian

Pedestal Angle Servos

Azimuthslewrate . . ... ... . . 500 mrad/s
Elevation slewrate ......... 350 mrad/s
Azimuth trackrate ... ...... 500 mrad/s
Elevation trackrate . ...... . . 350 mrad/s
Azimuth acceleration . ... ... 500 mrad/s?
Elevation acceleration . . ... .. ,400 mra/s?
Range Tracking

Nonambiguousrange . . ... .. .. 4096 nmi
Slewrate . . . v v v v it e e 82 kyd/s

Acceleration . . . . .. ... .. ... 20kyd/s®

TrackingFate . o o oo o & 54 5 & 64 20 kyd/s
Precision

Range ..... e v oo+ 23 bits(LSB =0.97 yd)
Angles . .. ... . » 20 bits (LSB = 0.006 mrad)

Data Inputs

Synchro
Azimuth ... . ... ... .. 1:1, 60 Hz
Elevation .. ... .....¢.. 1:1, 60 Hz

Digital . .. ...... 2400b/s, EF,G EFGT

Other . ... 100 w/min - TTY, E,F,G, E,F,G,T
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2.1.2 AN/FPS-16 Radar

The AN/FPS-16 is a high-precision, monopulse
tracking radar designed specifically for missile
tracking,

Qutput power is transmitted through microwave
components to a 4-horn feed which, with the
reflector, produces a narrow beam. The trans-
mitted signal may be either single pulse, for skin
track, or coded pulse, for beacon track. The return
rf signal is received by the 4-horn group and fed to
an rf comparator which, by vectorial addition of
energy received at selected pairs (horizontal and
vertical), develops azimuth and elevation error
signals representing the target’s displacement from
the beam centerline. The vectorial sum of the
energy from all four horns furnishes a reference
signal. The error signals are channeled to separate
tracking sections, converted to a 30-MHz i-f signal,
amplified, and compared with the reference signal.
The phase relationships determine the error direc-

Ealiges il o8 o alvas L2 S R -
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tion and the amplitude indicates the error magni-
tude. The error signals are detected, commutated,
and used to control the antenna positioning servos.

An output of the reference channel is applied to
the range tracking section to generate the voltage
that positions the range data takeoff equipment.
Receiver channels are gated in range so that only
signals for the target being tracked are supplied to
the rest of the equipment. The range tracking
section delivers slant range data to the digital
section and to the console for presentation.

Data takeoff in all three polar coordinates is in
digital, synchro, and potentiometer form, The
range, azimuth, and elevation encoders generate
Gray code outputs. A Gray-to-binary conversion is
made before data are transmitted and recorded.
Range and angle digital data output is in straight
binary form, when transmission is required, with
least significant digit first (20 bits in range and 17
bits 1n angles).

AN/FPS-16 RADAR
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TABLE 2-5. AN/FPS-16 RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation .. ....... AN/FPS-16
_Transmitter
Frequencyrange . . ... ... 5480-5825 MHz
PRF 5. . . .+ 11, 86, 142, 160, 285,
320, 341, 366, 640 p/s
Peakpower . .......004. e oo I MW
Averagepower{max) . . . .. ¢ o 0 o s 640 W
Power programmingrange . . . .. ... . 30dB
Pulsecoding . ..... Capable of 3 pulse codes
Pulsewidth .......... 0.25,0.5, 1.0 us
Receiver
Frequencyrange . ....... 5450-5825 MHz
Bandwidth(s) ....... 1.8MHzor8.0MHz
Noise figure/temperature . .. .. ..., 4dB
Sensitivity . . . .. .. -107 dBm at 2 MHz;-101
dBm at 8§ MHz
Dynamicrange . . . . . 80 dB with agc (auto-
matic gain control)
Antenna
Diameter . ........0¢v¢00s.. 12 ft
TYPEL fp Bee Bis Bl o ol o @ Parabolic reflector
Polarization . . . ... Cape FPS-16: linear/
vertical; Ascension
FPS-16: circular
Ga‘"‘ ...... « & ° o & 9 s 9 0 L . 44 dB

Pedestal Angle Servos
Azimuthslewrate .. ........... 45°/s
Elevationslewrate . ........... 24°/s
Azimuth trackrate .. ..... : 42°/s
Elevation trackrate .. ......... 225
Azimuth acceleration . ......... 31°/s/s
Elevation acceleration . ... .... .. 31%s/s
Range tracking
Acceleration . . ....... ... 2,000 yd/s/s
Trackingrate ............ 12,000 yd/s
Precision
Range ............ 20 bits; LSB=1 yd
Angles . .. .... 17 .¢s; LSB = 0.0488 mrad
Accuracy
Nominal
Range (beacon) . ... ... e oG 251t
Azimuth(beacon) ......... 0.2 mrad
Elevation (beacon) . ........ 0.2 mrad
Specific ... .. See AFETR Accuracy Bulletin

Acquisition
1. #3000-yd range swecep
2. Angle sector scans
3.  Angle circular scans
Data Inputs
Synchro

Pt W adntan e T S
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Data Outputs

1. Analog X,Y,Z, in which £140 V d¢ =
108 yd

2. Digital time, azimuth, elevation, and
range (TAER); 10 samples per second;
transmitted over a unique data trans-
mitter to the Cape Real-Time Computer
for general purpose use.

Power Requirements

120/27° V, 60 Hz, 4-wire grounded neutral, 150
kVA (75 kVA for radar, 75 kVA for air
conditioning)

2.1.3 Integrated Instrumentation Radar (1IR)

The ARIS IR is an integrated radar system
composed of (1) two independent tracking radars,
one at 5400 to 5900-MHz, the othcr at 1270 to
1290-MHz which provide tracking and target
signature {cross-section) data and (2) 4 slaved uhf
radar which provides signature data only. In the
5400 to 5900-MHz band, signature data are
collected on two polarizations, along with cross-
polarizasion data, while target tracking is carried
out by the vertically polarized channel. In the
1270 to 1290-MHz band, a horizontally polarized
channel is used for both tracking and signature
data.

The antenna for the 5400 to 5900-MHz system is a
30-ft diameter parabolic reflector having both
horizontal and vertical polarization capabilitics. A
hyperbolic subreflector is used in a Cassegrainian
conliguration; it is reflective to horizontally polar-
ized signals but transparent to vertically polarized
signals. The vertical feed is located at the focal
point and transmits through the Cossegrainian
subreflector. The 5400 to 5900-MHz tracking radar
employs a vertically polarized monopulse feed
located at the parabola focal point for developing
sagle tracking information on skin or beacon
targets. Its antenna includes an auxiliary 4-ft dish
for side lobe blanking. The tracker can provide
precisc skin track of targets when the target
signal-to-noisc ratio is 12 dB or greater and provide
carly acquisition, leng-range track on beacon
targets, Digital range units provide unambiguous
data up to 32,000 nautical miles with a range
resolution of +2 yards.

DATA ACQUISITION
RADAR

The range data supplied to the computer is a 25-bit
binary word. Deck angle data is derived from
19-bit digital shaft encoders which are mounted on
the elevation and train axes of the mount,.

The 5400 to $900-MHz radar can track a skin or
beacon return from a primary target and provide
relative range and angle data on additional targets
by means of postflight data reduction techniques.
The secondary target must be within the track cell
of the radar, i.e., within $0.2° in angle and
+32,000 yards in range of the primary target. In
addition, the secondary target must be separated in
range from the primary target by at least 100
yards., Target slant range resolution of 100 yards is
accomplished through pulse compression. A skin
pulse of 30 us is compressed to less than | us in the
receivers before angle error and signature data are
extracted,

The 5400 to 5900-MHz radar can acquire a target
by using designate data supplied by the 1270 to
1290-MHz radar, telemetry tracker, star tracker,
MK-51 director, or intermediate focal length
telescope (IFLOT); by the computer using the
theoretical orbital elements; or by local radar
console operaiion of handwheels. The computer is
the primary source of designate and acquisition
data. A scan pattern is superimposed upon the
designate point to enhance the probability of
acquisition, Early target acquisition is enhanced by
the simultaneous beacon interrogation mode (se-
lectable), allowing interrogation pulses from both
the horizontal and vertical channels at the same
time. A video double threshold detector provides a
99.9 percent probability of detection of targets
having a signal-to-noise ratio of 10 dB or greater.

In addition to target tracking, the 5400 o
5900-MHz radar provides target illumination for
cross-section data. Horizontally and vertically
polarized cnergy at a peak power of | MW s
trancmitted by interlaced puises. Each polarization
uses a PRF or 160 p/s. Both normal and
cross-polarized returns are received and recorded.

The 1270 to 1290-MHz antenna on each ship is a
40-ft diameter parabolic dish with a Cassegrainian
feed for horizontally polarized transmission and
reception. It opgrates as an independent tracking
radar providing both metric and signature data.
The radar tracks in the skin mode onlv, Peak
power output is 8 MW, PRF 160 p/s, and the pulse
width is 30 us compressed to 0.6 us at 4 dB, The
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radar employs a 32,000-nmi unambiguous digital
range machine which provides 25-bit digital range
with a resolution of £2 yards. The radar can track
one target during mission time and record video
data on all targets seen within the track envelope,
which is defined as within +48 nmi, -16 nmi of the
primary target in range and within the 1.3°
beamwidth of the radar.

The uhf (435-MHz) radar aboard the Arnold and
Vandenberg tracks in range only. This system
shares the 40-ft antenna with the 1270 to
1290-MHz radar. Peak power output is 5.6 MW for
vertically polarized transmission. The radar is used
to gather signature data on targets being tracked by
the 1270 to 1290-MHz radar. The radar can
operate at a PRF of 160 p/s, either 30 or 300 us
pulse width, and is equipped with pulse compres-
sion, PRF’s of 960, 1120, 1280, 1440, and 1600 us
with a 30 us pulse width are available for coherent
wake data acquisition. The uhf feed is 2 radome
covered pyramidal focal horn. Vertically polarized
uhf signals emitted by the horn pass through the
subreflector and are radiated into space. Reception
of uhf signals is the reverse of the transmission
process.

Radar data are recorded by the ship’s data handling
subsystem for postflight processing at the AFETR,
Metric data are recorded in digital form and consist
of antenna train and elevation position referenced
to the deck plane of the ship and slant range to the
target. Peak detected (or box car) video is digitized
in reaktime and recorded along with the metric
data to provide prime target signature data.

Raw video data are recorded on video tape with
the necessary reference information for postflight
processing. These data provide both amplitude and
angle error information on secondary targets with
the radar beamwidth and range cell. Amplitude
information relates to the target radar cross-section
and is a prime factor in determining carget
signature, Angle error information relates to target
position within the radar beam and is needed to
determine the true level of the reflected radar
signal,

TABLE 2-6. 1IR-C RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current

designation ARIS 1IR (5400-5900 MHz)

Transmitter
~Tansimaes

Frequencyrange . . ...... 5400-5900 MHz

Frequency stability .. .. 1 partin 10° per day

PRE. GG <GB EE 96 7% - i I 160 p/s (see note)

Peak power ...... 10 OIS olo & . 1,000 kW

Average power(max) ... .... .. 49KkW

Pulse coding . . . . .. 1 to 3 pulse coding, | to

11 us spacing

Pulse width,skin . ............ 30 us
beacon ... ... o0 0 v 1 us

Receiver

Frequencyrange . . . ... .. 5400-5900 MHz

Bandwidth . . . ............ 500MHz

Noise figure/ Cooled paramp 80 K -

temperature ., . . . uncooled 350K

Sensitivity . .. ..... -112dBm @0 dB S/N

Dynamicrange ...... 60 dB instantaneous

Antenna

Diameter .. ..... olo 6 65000 0K 30ft

Type . .. ... e e e e e e Parabolic dish

Polarization o ¢ Linear/horizontal and
vertical

Gain . ..... oo 525 dB (5.4 to 5.6
GHz), 53 dB (5.6 10 5.9
GHz)

Beamwidth SHSNSESEFSESEBERE 0.4°

Mount ...... Elevation over train (azimuth)

Feed .. ........... Homs ~ monopulse

Pedestal Angle Servus

Trainslewrate . . .. ........ ... 35
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Elevation slewrate . ........ ae s 26°%s
Train trackrate . ...... c e e, 35s
Elevation track rate . . . . . . M
Acceleration , . . .. ... .. .. ... 28°/s/s
Range Tracking
Nonambiguous range ... ... .+ 32,335 nmi
Slewrate . ......... . . . 200,000yd/s
Acceleration . . ... ... ... . 5000yd/s/s
Trackingrate . ... ... ... . . 20,000yd/s
Range ........... 25 bits (LSB = 2yd)_
0.001° (derived from
synchro) 19 bits (LSB =
0.012 mrad)
Accuracy

Specific . . ... See AFETR Accuracy Bulletin

Acquisition Aids

Angle scans

Auxiliary range tracker
Video digital detector
Computer dcsigpatc

Slave bus

Data Outguts

Digital az and el }

Analog az and ¢l 10 p/s

Digital range

Radar crosssection (RCS) on tracked target, pulse
by pulse

Radar video tape

Relative range & RCS

DATA ACQUISITION
RADAR

On-off axis targets in the radar beam/look interval

All the above data are both horizontally and
vertically polarized.

Cross polarization signals are also recorded.

Range time intensity (RTl) and range amplitude
(RA) from video tape.

NOTE

Duzl transmitters; each operates at 160-p/s PRF,
one transmitting horizontally polarized energy, the
other transmitting vertically polarized energy;
transmissions are interlaced.

TABLE 2-7. 1IR-L RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation . . ARIS (Advanced Range
Instrumentation Ship)
IIR (1280 MHz)

Transmitter

Frequency range . . ... ... 1270-1290 MHz

Frequency stability . . . . | partin 10'° per day

Finetuning ... .. +10 MHz about 1280 MHz
PRF . ... ... 160 p/s (nominal)
Peakpower .. ........... 5 10 MW
AVETage power{maX) . . v v o o o s 4 s o 48 kW
Pulsewidth . ......... Al e s 30 us
Receiver

Frequency range . . . . .. .. 1270-1290 MHz
Bandwidth . . . . . .. .60 oo o0 S MHz
Noise figure/temperature . . . . . .. . 1.5dB
Sensitivity . . .. ... .. 60 dB instantancous

Dynamic range 120 dB with attenuation

—"
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RADAR

Antenna Auxiliary range tracker

Diameter . .......... ...... 40ft  Video digital detector
TYPE « « ¢t v et vttt i Parabolic dish Computer designate

Polarization . ... ... ... Linear/horizontal Slaved bus
G S5 B s A0 § e el s e = .. 41dB Data Outputs

Beamwidth ........... L ALk 1.2° Horizontal polarized tracked target azimuth, eleva-
tion, and range.

Mount ............ Elevation over train
RCS

Feed ............. Horn/Cassegrainian
2-inch video tape nontracked target relative azi-

Pedestal Angle Servos muth, elevation, and range and RCS from video
tape playback RA and RTI film from video
t TrindlBwmse .. .« ccopepe - s 35°/s playback.
i B
1l Elevationslewrate ............ 26°/s
aE TABLE 2-8. 1IR-U RADAR
s ¥ Traintrackrate . . .. .c..cc0uue- 35°/s TECHNICAL CHARACTERISTICS
' E Elevation trackrate . . ... ....... 26°/s Radar Type
o Trainacceleration . . . .. ....... 28°/s? Current
P designation .. ... ARIS IIR (435.39 MHz)
ik Elevation acceleration . . . ... ... 28°82
i Transmitter
(B Range Tracking
; : Frequency . ............ 435.39 MHz
i Nonambiguousrange ... ...... 4,000 nmi
Frequency stability ... ) partin 10'° per day
Slewnlle: .. .0 Jdesieae s 200,000 yd/s
Finetuning .......... ¢eee.0s None
Acceleration . . . ... .. .. «o. 1,50yd/s
PRE BBl e Bl 160, 960, 1120, 1280,
; Trackingrate . ........... 20,000 yd/s 1440, and 1600 p/s
Precision Peak power .. « . .a ca i o% a6 5.6 MW
RAE % o 96 5 s 4 ¢ 22 bits (LSB = 1.953 yd) Averagepower (max) . ......... 274kW
Ancles . ....... 19Dbits(LSB=0.012 mrad) Pulsewidths . . ........ «. 300r300us
Accuracy Receiver

Specific ..... Set AFETR Accuracy Bulletin Frequency . ............ 43539MHz
Acquisition Aids Bandwidth . . ........... SMHz(3dB)

An*m wmw.ooooo.ooooooo wNou‘

T | e e e B B
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Antenna (Note 2)

Diameter ...........0... .. 40ft
Type . « o v v e e v 00 e « « « « Parabolic dish
Polarization ........... Linear/vertical
GRR  wob Sk Sk e . «vee. 31.5dB
Beamwidth ........... o= ool n [o 350
Mount ............ Elevation over train
Feed ........... . Horn/focal point

Pedestal Angle S2rvos — (shares IIR-L pedestal)

Data Outputs

Vertical polarized tracked target and adjacent gates
(30 total), 100-yd intervals, phase and amplitude,

each gate, and relative range (based on lIR-L), 2-in
video tape

Relative range and resolution (corrected for beam
position if tarpet appears in [IR-L beam and has
IIR-L S/N 220 dB)

NOTES

1. -98 dBm @ S/N = 4 dB in noncoherent
mode
-108 dBm @ S/N = -6 dB in doppler
mode

2. Shares antenna pedestal and main re-

flector with the 1270 to 1290-MHz
radar.

214 AN/FPS-16V Rader

The USNS Redstone's radar system consists of a
modified AN/FPS-16 system with an additional
selectable AN/FPS-26 high power transmitter, and
an advanced digital range machine (ADRAM). The
radar is configured to provide trajectory data
during near-Earth orbits and transfer orbit inser-
tion of beacon-carrying spacecraft, or to skin track
reentry bodies of low radar crosssection in the
reentry and impact areas.

DATA ACQUISITION
RADAR

The antenna is a 16-ft parabolic reflector with a
Cassegrainian multimode feed, capable of radiating
and receiving from 5400 to 5900 MHz and with an
antenna gain of 46 dB in the sum channel. The
group includes on-mount rate gyrcs for antenna
stabilization, The pedesta: is an elevation-over-
azimuth two-axis system, rotating on hydrostatic
bearings compensated for horizontal thrust com-
ponents, with an electrohydraulic drive. The f
head is located in the upper pedestal behind the
feed assembly and contains i-f preamplifiers, phase
shifters, duplexer couplers, waveguide tuners and
switches, and afc (automatic frequency control)
controls,

The transmitter group consists of an AN/FPS-26
transmitter (3 MW peak power), an AN/FFS-16
transmitter (1 MW peak power), common micro-
wave components, and appropriate interfacing
between the two transmitters. Pulse width and
beacon/skin mode controls are provided at the
console, subject to limitstions of the indiv.dual
transmitters. Pulse width of the FPS-26 transmitter
is seleciable at 1, S, or 10 us. No beacon coding
capability is provided on this transmitter. Pulse
width of the FPS-16 transmitter is fixed at | us.
The latter transmitter has a beacon tracking
capability with selectable coding and automatic
beacon sequencing. The PREF is fixed at 160 p/s for
both transmittess.

The receiver susystem covers a frequency range of
5400 to 5900 MHz. Simultaneous reception of
both skin and beacon targets is provided. In
addition to the three receiver channels required for
monopulse irackirg, the radar uses an ungated
video channel for console display, 2d to feed the
digital range tracking and auxiliary tracking sys
tems,

The range tracking subsystem is an allelectronic
ADRAM which utilizes nth-time-around tech-
niques. In effect, targets can be tracked at ranges in
excess of the radar time base by a multiple-time-
around method, rather than by the reduction of
the radar pulse repetition frequency. The range
tracking subsystem is divided into two parts. One,
the range subsystem, is capable of deriving con-
tinuous, unambiguous range tracking data on
suitable targets to a maximum range of 32,000
nmi. The other, the Auxtrack subsystem, provides
automatic angle acquisition and track of targets
which may be either beacon returns due to

213
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interrogation by the local or distant radar, or skin
returns from the local radar,

Three modes are selectable to acquire a target. In
the manual mode, the antenna is stabilized, and
movement to acquire the target is accomplished by
the use of handwheels. Analog scan pattemns,
generated by the Auxtrack subsystem, can be used
to aid acquisition, In the synchro mode, pointing
data is derived from the acquisition-stabilization
network (ASN). Analog scan patterns may also be
used. The ASN normally drives pointing informa-
tion from other on-board sensors. In the digital
designate mode, pointing and stabilization data are
derived from the Central Data Processing System
(CDPS) based on nominal and/or in-flight tra-
jectory information. Digitally developed scan pat-
terns may be overlaid on the designate data.

Radar-boresight camera film and films from cam-
eras photographing an amplitude-vs-range A-scope
and an intensity-vs-range scope are also available
for postflight analysis.

TABLE 2-9. AN/FPS-16V RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation . . . ..... AN/FPS-14V
Prototype . ............. AN,’FPS-)_(:
Transmitter

Frequencyrange . . ... ... 5400-5900 MHz
PRE E A E€ T8 db 3 8ol cceela sha s 160 p/s
Peakpower .. ... 1 MW or 3 MW (sce Note)
Pulse wigths . . . . .. 1.0 us &} MW, 1.0, 5.0,

10.0 us & 3 MW

Receiver

Frequencyrange . . . ... .. $400-5900 MHz
Antenna

Diameter . ..........c.00.. 16 ft
GUIR 6% v o 8 0 B e 0w e e oa e 46 dB

Moum .+ ... ...0. Elevation over azimuth
Range Trackirig

Nonambiguousrange ........ 32,000 nmi
Accuracy

Specific .. ... See AFETR Accuracy Bulletin

Acquisition Aids

1. Auxtrack
2. Various scan patterns

3. Synchro from acquisition stabilization
network

Miscellaneous

Antenna pedestal includes rate gyros for motion
stabilization,

NOTE

Radar is equipped with a selectable AN/FPS-26
transmitter hnaving 3-MW peak power, in addition

to the standard 1-MW FPS-16 transmitter.

21.5  Mod Il Radar

The Mod 1i is a SCR-584 radar, which has been
extensively modified and improved. !t is an
autotracking radar, and can operate in both beacon
and echo modus. It operates in the frequency range
of 2700 to 2900 MHz, and provides outputs
consisting of range, azimuth angle, and ¢levation
angle, in both digital and synchro form; by usc of
an analog coordinate converter, it provides X, Y,
and Z outputs in the form of d¢ voltages.

Angle servo drive signals are denived from the feed
assembly which nutates at 30 rvolutions per
sccond. Range tracking is perfonmed in'a conven-
tional carly/late-gate equisignal range machine.
Digital data outputs are genciated by encoders
which afe sampled at a rate of two times per

The Mod 1l can provide unambiguous linc-of-sight
cbverage on beacon-cquipped targets to 2 distance
of 400 nmi. Its echo range is 40 nmi on 1 1-square
micter target at 0 dB S/N ratio.

i)
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TABLE 2-10. MOD 11 RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation . . . . . ... ... Mod Ul
Prototype . v v v o v v oo v o oo as SCR-584
Transmitter

Frequency range . . . .. ... 2700-2400 MH2
PRE 55l e &0 sl 5l @ o 6 tel o) 205 to 1707 pis
Peakpower . ... ... ..cc0ven 250 kW

TUHMRARL ! e 4T A PP A Ty

DATA ACQUISITION
RADAR
Average power (max) . . . ...+ o o's 3414W
Pulse width . ............... 0.8 us
Receiver
Frequencyrange ... ... .. 2650-2950 Mhz
Bandwidths . .............. 3 MHz
Noise figure/temperature . . ... . 5 13dB
Sensitivity . . . . . v v o0 v o0 e -96 dBm
Anterina
Diameter ...........cc00.. 10 ft
TYPE 56 a6 o5 am » ® » @m0 o Parabolic dish
Polarization ........ Vertical or ..orizontal
Faim & S e @ e Bk @olal sws Be 37dB
Beamwidth . . ... .. 2.5° unlobed; 4.8° @
$0% crossover, 3.8° @
80%
Mount . ......... Elevation over azimuth
Feed .......... Nutating, 3¢ Hz, S0% or
80% crossover
Pedestal Angle Servos
Azimuthslewrate . .. ... ..., .. 120%/s
Flevationslewzate .. ... ... 60° /s
Azimuth truck rate . . . . . el e Tl 20%/s
Elevation trackrate . . . ... ... 20°/s
Range Tracking

Nonambiguousrange , . . ...

Trackingrate . ... ....... ... Bkyd/s
Precision

RARE 1 s v w5 a0 AR EB 66 b @ 1.0yd
AREICE «« bo gl o B 6w ws ol 0.005°

2-15
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Accuracy (nominal)
Random Systematic

Range (beacon) 100 ft (400 nmi) 45 ft
Range (skin) 100 ft (90 nmi) 45 ft
Azimuth (beacon) 2 mrad 1 mrad
Azimuth (skin) 2 mrad 1 mrad
Elevation (beacon) 2 mrad 1 mrad
Elevation (skin) 2 mrad 1 mrad
Accuracy

Specific . Referto AFETR Accuracy Bulletin

Ac, tion Aids

Manual from optical coordinate converter

Boresight TV directcr

Dats inputs

Synchro .. ......... 1:1and 36:1,60Hz
Data Outputs

I. Analog X,Y,Z,inwhich 140V dc=+]10¢
yd

2, Punched paper tape containing time,
azimuth, elevation, and range (TAER)
azimuth and clevation LS8 = 0.005°,
range L3B = | yd; 2 samples/second

3. Synchroazimuth, elevation, range

4. Azimuth and elevation @ }:1 and
36:1;60Hz

b. Runge @ 1:2,600 yd, 1:50 kyd,
1:10® yd;60Hz

Power Requirements

115V £10% 3-phase ungrounded delta, 12 kVA

Miscellaneous

Will detect a 1 square-meter target to 40 nmiat 0dB
S/N ratio.

Minimum tracking S/Nis 12dB.
215 AN/SPS-35 Radar

The SPS-35 is a conventior:al search radar used to
scan off-shore waters for range safety. It is located

. on Cape Canaveral and is dedicated to the Range

clearance application.

TABLE 2-11. AN/SPS-35 RADAR
TECHNICAL CHARACTERISTICS

Radar Type

Current designation . ........ AN/SPS-35
Transmitters

Frequencyrange . . ......... 9375 MHz
PRE f bk dks ol po e b s 1500/750 p/s
Peakpower ..........00.u.. 7kW
Pulsewidth . ............... . 2us
Receiver

Frequencyrange . . . . .. ..... 9375 MHz
Bandwidth . . ... .. 00600 000 10 MHz
Antenna

Beamwidth ... ... 2° horizontal 15° vertical
Mount . ........ Continuous/20 r/min

(avg) rotation in azimuth
plare
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2.2 TELEMETRY
2.2.1 Introduction

The LTR land telemetry facilities include the
central telemetry station (Tel 4) located on Merritt
Island, four essentially similar downrange stations,
and a semiactive station at Pretoria, South Africa.
These land-based facilities are augmented by the
USNS Redstone, which is especially equipped to
serve as a support ship for US Navy underwater
launched missiles, the two ARIS, and the eight
ARIA aircraft.

Table 2-12 is a tabulation of major equipment by
location. Figure 2-1 is an abbreviated block
diagram of a typical telemetry receiving station.
One or more groups of the equipment represented
by the blocks are installed at each station. In
addition, the central telemetry station at Merritt
Island has capabilities for acquisition, storage,
processing, preparation of computer-formatted
magnetic tapes, tape copying, tape playback, and
interface for video retransmission. Four separate
display areas are equipped with direct-write pen
recorders, oscillograph recorders, and digital dis-
plays for the convenience of Range Users. Com-
puter-ready magnetic tapes may be formatted in
real-time or from recorded data tapes. Facilities are
provided to produce duplicate predetection or
video magnetic tapes. Interconnection of ti:e data
handling system is largeiy accomplished by re-
motely controlled switches rativer than th:vugh the
use of manual patch panels. In addition to switch
closures, the Control, Status Display, and Patching
System provides equipment siatus signals and
remote operation of the station data recorders.

2.2.1.1 Antennas and Rf Distribution Systems
Autotracking antenna subsystems are distributed as
shown in table 2-12. The 80-ft-diameter TAA-8's,
installed in 1968, ar= the newes’ of the antenna
systems on the Rangc. The TAA-8, TAA-3, and the
USNS Redstone antennas are equipped with 2200
to 2300-MHz feeds and parametric amplifiers. The
others have a broader frequency capability. The
Range Modernization Program provides a Xerox
Data Systems (XDS) 53C computer for acquisition,

O Ttk oo s o e S N B A T N S T S T
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antenna management, test, and calibration for the
TAA-3, TAA-8, TAA-8A, and TAA-2 antenna
subsystems. New parametric amplifiers and multi-
couplers have been added to the TAA-2, TAA-3,
TAA-8A, and the Tel 4 TAA-3A, which give them
the capability to collect either 2200 to 2300-MH:z
data or down-converted data. '

2,2.1.2  Receive and Record

All of the telemetry stations are equipped with one
or more TRKI-12 receive and record groups. Each
has 12 receivers; two 7-track, %-in, 1.5MHz
bandwidth tape recorders (some l4-track, l-in
modeis are available at Tel 4); and associated
display units, combiners, converters, amplifiers,
and test equ.pment. Thirty dual-channel receivers
and eight 14-track, l-in, 2.0-MHz tape recorders
are available to increase the system capability for
receiving and recording 2200 to 2300-MHz data.

2.2.1.3  Separation and Display

Decommutation equipment for pulse code modula-
tion (PCM), pulse amplitude modulation (PAM),
and pulse duration modulation (PDM) signals is
installed at all of the stations. Three types of
decommutators are available: Type I, which can
process a PCM, PAM, or PDM IRIG (Inter-Range
Instrumentation Group) standard bit stream; Type
II, which can process only PCM bit streams, but
which has greater PCM versatility than the Type I;
and Type Ill, which can handle only PAM and
PDM signals. Frequency modulation (fm) dis-
criminators, digital-to-analog (D/A) and analog-to-
digital (A/D) converters, and fermatters are avail-
able for processing this type of modulated signal
for presentation on the analog and digital displays
and for computer processing. Displays are con-
ventional pen and oscillograph paper recorders,
digital and meter readouts, and cathode-ray tube
displays.

2.2.1.4 Real-Time Telemetry Transmission

The ETR is equipped with a real-time data
selection and reformatting system that outputs
selected words at a lower bit rate to accommodate
communications channel bandwidth limitations.
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On the ETR; these are nominally 2.4 kb/s on high
frequency (hf) radio or satellite relay from
Ascension Island, ships, and aircraft; 76.8 kb/s on
the Grand Turk ,and Antigua to Cape undersea
cable; and 384 kb/s on the Grand Bahama Island to
Cape cable. I

222  Telemetry Réoeiver/keeorder Group
(TRKIF12)

The recelver/recorder group of the telemetry
system (TRKI-12) is a complete electronic assem-
bly designed to receive and record predetected and
detected telemetry. signals. The telemetry data
receiver consists of three major chassis:

® Rf preselector/first converter
® Second i-f amplifier/demodulator
® Video amplifier

2.2.2.1  Receiver

The primary features and capabilities of the
receiver are:

1. The receiver provides reception of fre-
quency, phase, or amplitudzs modulated
carriers and demodulation of fm, PDM
(pulse duration modulation), PAM (pulse
amplitude modulation), SSBAM (single
sideband amplitude modulation), PM
(phase modulation), and PSX (phase
shift keying) information.

2. The receiver is a dual i-f channel,
double-conversion, superheterodyne re-
ceiver capable of receiving rf frequencics
in five discrete bands (selectable by five
plug-in rf tuners):

105 MHz to 140 MHz

216 MHz to 260 MHz

285 MHz to 410 MHz

920 MHz to 965 MHz

2200 MHz to 2300 MHz (except
Grand Turk)

3. Bsandwidths of both if demodulator
channels are selectable by plug-in second
i-f assemblies from 2.5 kHz to 6.0 kHz
(one link per station, except Grand
Turk). S

The receiver area equipment includes six identical
racks (each containing two vhffuhf receivers), a
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dual-channel spectrum display uait, a .diversity
combiner, a duakchannel predetection converter
(used with up- or down-converter. plug-in units),
and a local receiver patch panel. For the support of
this equipment, a dual-trace oscilloscope, an
electronic counter, and an rms voltmeter are
provided. -

222.2 Recorder

The recorder area equipment includes one fm
record/reproduce electronics assembly (with 6-
channel record, 2-channel reproduce capacity and
calibrating equipment), two 7/14-channel magnetic
tape recorder/reproducers (AMR-FR-1400 or VR
3700B), two dual-channel predetection converters
(used with up- or down-converter plug-in units),
one 20-channel data insertion converter, one
single-channel data insertion converter calibrator,
two 8-channel direct write recorders, 20 dis-
tribution amplifiers, and one video/i-f distribution
panel. For the support of this equipment, a
frequency response generator, a dual-trace oscillo-
scope, an electronic counter, an rms voltmeter, a
video spectrum -.display unit, a square wave
generator, and a sine wave generator are provided.

Recording data characteristics are:

Recorder Speed : Video Carrier
(in/s) (kHz)
120 800
120 900
60 450
30 225
15 112.5
Recorder  Predetection Freq Fm Record

Speed  Range to be Recorded Data Bandwidth

{in/s) {kH2) {(kHz)
120 100 -- 2.000 NA
120 300 . - 2,000 © o de-500

60 150 - 750 de--250
30 75 - 375 de-125
15 37.5 - 1875 de- 62.5

2.2.2.3  Telemetry Receivers/2-MHz Recorders

The receiver rack contains two dual-channel re-
ceivers, two combiners, and a dual-channel spec-
trum display unit. The receivers have replaced the
- existing receivers in some TRKI-12 systems. The
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other capabilities of the system remain the same
except for the systems which also have additional
kin tape recorders. These systems have added a
20-channel data insertion converter and five video
distribution amplifiers.

The telemetry receiver is contained in a single
chassis with the capability of receiving polarization
diversity signals, The receiver is a dual-conversion
superheterodyne receiver employing a single first
local oscillator and separate second local oscil-
lators. The receiver provides reception of fre-
quency or phase modulated signals with a 2-MHz
detected bandwidth.

The receiver has the following front panel plug-ins:

Tuningunit ....... 2200-2300 MHz
I-f amplifier/filters . .. 1,2,4,and 6 MHz
Demodulator . . . . . Frequency and phase

modulation

The combiner is a dualchannel optimal ratio
combiner which is agc controlled. The combiner is
capable of simultaneous pre- and postdetection
combining. Outputs are available to provide down-
converted (900 kHz, 800 kHz, 600 kHz, 450 kHz,
225 kHz, and 112.5 kHz center frequencies)
predetection signals from the two receiver inputs as
well as the combined output. The predetection
bandwidths are:

Center Frequency (kHz)  Bandwidth (kHz)
900 300 -1,500
800 100 -1,500
600 200 -1,000
450 150 - 750.0
225 7 - 375.0
112.5 375 - 1875

‘The 1-in tape recorder can record or play back 14
channels (10 direct, 4 fm) with a response of 2
MHz on direct. The following tabulates speed and
frequency response:

Frequency Response
Speed (in/s) Direct Frequency Mod.
120 400 -2MHz  dc-500 kHz
60 400 - I MHz  dc-250kH:z
30 400 - SOGkHz dc-125 kHz
15 400 -250kHz dc- 62.5kHz

224

2.2.3  Tape Playback Subsystem TDM-I

The TDM-I subsystem will play back tape record-
ings of predetected and postdetected data for the
data separation station and tape copy subsystem
that have been received and recorded by the
predetection receiver/recorder group.

Translation and demodulation of the recorded
predetection data is accomplished by the predetec-
tion playback and demodulation unit, Fm repro-
duce electronics is provided for playback of
postdetected signals. These units consist of plug-ins
which are identical to those in the receiver/
recorder group (TRKI-12), The TDM-I subsystem
has a data time-base expansion of 8:1 for
predetection (i-f) and fm record data.

The major components are: two track recorder/
reproducer AMR-FR1400, eight predetection play-
back and demodulation units, six fm reproduce
channels, calibration, system monitoring, and dis-
tribution units.

2.2.4 Tape Copy Subsystem TMM-7

The TMM-7 subsystem provides the Range User
multiple copies of all the primary telemetry data
from the various stations. Up to three copies at a
time of predetected or postdetected fm data can be
recorded directly within the subsystem or four
copies using the tape playback subsystem of the
TRKI-12, The major components are: four
7/14-track magnetic tape recorder/reproducers,
seven fm record electronics, two fm reproduce
electronics, and calibration and distribution units.

2.2.5 Post-Detection Tape Copy Station
(MPDL)

The Post-Detection Tape Copy Station is an
integrated system capable of multiple magnetic
tape copying of postdetection telemetry data. The
system contains six Mincom M-32 intermediate
band recorder/reproducers. Five copies from a
master tape, two copies each from two master
tapes, or six copies from an external source may be

made simultaneously.

Control logic circuits provide for simultaneous
operation of all recorders or for individually
selected ones from a central control panel. Signal
routing within the system is controlled at a central




s :.s;w e B i e L AT e L et e e T e O R i S i i

patch panel to enable checkout and setup of
individual components for various operations.
Calibration, setup, and monitoring equipment,
switchable between tape channels and between
recorders, is included to monitor data quality, and
is a permanent part of the station. These two
include two subcarrier spectrum display units, a
dual-trace oscilloscope, two broadband spectrum
analyzers, a wave analyzer, and a bandswitching
discriminator. Additional test and setup equipment
contained in the station include an rms voltmeter,
function generator, sweep generator, bulk tape
degausser, and seven signal dis:ribution amplifiers.

Each of the six recorder/reproducers contained in
the system is a Y2-in 7-track machine with seven
channels of direct record/reproduce clectronics.
The recorders are classified as IRIG-compatible
intermediate band machines.

Signal electronic: characteristics are as follows:

Tape Speed Data Bandwidth Signal-to-Noise
(in/s) (+3 dB) Ratio (dB)
120 370 Hzto 600  kHz 32

60 370 Hz t0o 300  kHz 30
30 350Hzt0 150 kHz 30
15 300Hzto 75 kHz 30
1.5 Q00 Hzto 37.5 kHz 25
3.5 J00Hzto 17.17 kHz 25

2.2,6 TDM Decommutators Types | and 1

The TDM (time division multiplex) decommutators
aeeept serial data trains with most commonly used
moduldtion schemes, Both types of TDM’s wan
uniquely identify up to 799 words. ot 3 to 13 bits
per word per frame 2ad subtrame. The TDM's cai:
be sel up manually by front panel controls and
switches or by punched paper tape.

The TDM 1 and |l have the following subsystems:
primary synchronizer, PCM secondary synchro-
nizer, and core memory decommutator, The TDM
I also contains a PAM/PDM converter,

The primary synchronizer accepts PCM signals of
non-return-to-zero (NRZ) -L (level). M (mark) and
S (space); RZ: and bicphase L, M, and S. The
incoming bit rates for NRZ codes are from | to
500,000 b/s.
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The PCM secondary synchronizer establishes word,
frame, and subframe synchronizations, Word
synchronization is established using search, verify,
and lock logic circuitry. The word-sync recognizers
of one to three bits are provided. Frame synchro-
nization is performed by pattern recognizers which
can be used for complementary frame synchro-
nized patterns,

Subframe synchronization can be programmed in
up to six subframe patterns of 3 to 64 bits each,
using search, verify, and lock for each pattern,

The PAM-PDM converter accepts various incoming
signals as follows:

Signal Duty Cycle Rates
PAM-RZ 30 to 90% 20,000 b/s
PAM-NRZ 1007% 40,000 b/s

PDM Per IRIG 106-73

The capacity of the TDM 1 and TDM Il is 799
channels in the main frame and 799 channels in the
subframe. PAM synchronization can be obtained
for two or three channels frame synchronization
coding as described in IRIG 106-73. PAM sync can
be maintained with as many as 10 pulses missing
from the incoming data stream,

The core memory decommutator provides a flex-
ible way to decommutate commuiated, super-
commutated, and subcommutated channels in both
main and subtrames,

The TDM H contains two primary synchronizers
and two main frame recognizers. These provide
two independent synchronizers for bit, word, and
frame synchronizers and two main frame recog-
nizers.,

Each decommutator contains a  bandswitching
discnminator module capable of handling all IRIG
frequencies  (proportional  bandwidth). A tape
speed compensation system is included in each
decommutator,

The TDM 1l also has provisions for an automatic
switchover, Predetermined data rate changes or
coded control words within the transmitted data
formats can be used to make the switchover.
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2.2.7 TDM Decommutator Type I}

The TDM Il is a relatively simple and low cost
PAM/PDM decommutator which translates stand-
ard IRIG PAM/PDM signals into the ETR common
language format. System characteristics are similar
to the TDM I in the PAM/PDM modes except that
the TDM Ill’s cannot handle PAM subcommuta-
tion,

2.2.8 Fixed Discriminator System, Model 210

The Fixed Discriminator System consists of a relay
rack containing six rack adapters and all necessary
jack panels for test and signal distribution. Each
rack adapter can accept six Model 210 plug-in
discriminators with 18 units presently installed in
each system. The Model 210 discriminator accepts
plug-ins for channel selection and output filter
characteristics. The major design specifications for
the Model 210 discriminators are as follows:

1. Center frequency and deviation; deter-
mined by channel selector plug-in; avail-
able for all IRIG bands as detailed in
IRIG Document 106-73. Constant band-
width or other special channel character-
istics can be accommodated by special
plug-ins.

2. 60 dB of dynamic input range.

3. Low-pass output filters with constant
amplitude or constant delay character-
istics available to match channel
charavteristics.

2.29 Tunable Frequency Discriminator Sys-
tein

The Model 229 tunable frequency discrininator
coisists of a fixed frequeney discriminator and a
special tuning umit, The design specitications are as
follows:

I.  Tuning range: Accepts any subcarricr
channel with a center frequency from
300 Hz to 300 kHz,

tJ
.

Subcarrier frequency deviation: 7%,
159 switch selectable,

3.  Deviation ratio: 1, 8, 10, 25, 50, and
100; switch selectable.

4, Daia frequenciess 3 Hz to 30 kHz
selectable by dial and switch.

5. Linearity is +0.1% of bandwidtn for
+7.5% deviations and $0.2% of band-
width for £15% deviations.

6. Output noise: The rms value of output
noise is less than 0.2% of full-bandwidth
voltage.

7. Output voltage is single ended and
referenced to ground. The deviation
sensitivity is negative. Gain can be
controlled between *1 volt and 10
volts,

8. Output filter response: Switch selectable
for constant phase or constant amplitude
18-dB rolloff,

2.2.10  Analog-tn-Digital Converter, Model 2239

The Modei 2239 analog-to-digital converter ac-
cepts, normalizes, and multiplexes up to 48 bipolur
analog input signals. The output is a parallel digit:l
10-bit word per sampled ansiog data. Each data
word is transmitted with a S-us clock pulse and a
binary-coded decimal (BCD) 7-bit channcel address
(common language format) for use by the com-
puter formetter, and real-time telemetry data
system,

It has the following design features:

I, Accepts and normalizes the individuai
analog inputs having full scale values
ranging from t1 volt to £20 volts.

2. Selects data channels for multiplexing
sequentially or in random fashion by
means of a program patchboard with a
sampling rate up to 20,000 words per
second.

3. Samples and holds vach analog signal and
converts it to a 10-bit parallel word in
less than 3 ps,

4. Transmits cach paralicl data word with
cdock and BCD  channel address in
common language format at 20,090
words per second or less,
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2.2.11 Digital-to-Analog Converter, Model 2119
and 2120 .

The digital-to-analog conversion system accepts up
to five separate digital common language inputs for
conversion to analog form for recording and
display. Each digital input source may be con-
nected to one Model 110 digital-to-analog con-
verter group consisting of 10 each address selec-
tors, word structure programmers, digital-to-analog
converters, and analog output lines. The five Model
110 D/A groups per system provide 50 analog
outputs, The Model 2119 has internal test capa-
bilities, The Model 2120 uses an external Model
2123 test analyzer. Differing only in self-test
facilities, each of these systems has the following
design features:

l. Accepts a parallel digital data word
accompanied by clock and channel ad-
dress (ETR Common Language).

2, Selects the data word by means of
front-panel thumbwheel switches which
are set by the operator to the desired
3-digit channel address and, if required,
3-digit subchannel address.

3. Selects up to nine bits from the in-
coming 12-bit common language data
word by means of a word structure
patchboard.

4, Converts the 9-bit word to analog form
for output on one of 10 analog output
channels per D/A group.

2.2.12 Data Processing (Computer Formatter)

The Computer Formatter accepts common lan-
guage input data with time and stores this
information on magnetic tape in a computer
compatible format. It can edit channels, delete
out-of-sync data, and flag data. The system
operates in two modes: all data and patch program,

22121 All Data Selection

In the “all data” select mode, all incoming data is
formatted onto a computer tape, Three methods of
frame synchronization are provided, selectable at
the option of the operator:

DATA ACQUISITION .
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1. Channel-Subchannel Synchronization:
Frame synchronization upon the coinci-
dent appearance of a designated channel
and a designated subchannel, each inde-
pendently selectable by thumbwheel
switches from 799 channels and 799
subchannels.

2. Frame Recycle Pulse Synchronization:
Frame synchronization controlled by the
detection of the frame recycle pulse
generated by the TDM station.

3. Combined Synchronization: Frame
synchronization upon coincident appear-
ance of both the frame recycie pulse and
the selected channel MFID/SFID.

2.2.12.2 Patch Program Selection

The data selection program in the patch program
mode can select any combination of 512 channels
or subchannels for incorporation onto a computer
tape. The patch program is incorporated in the
patch panel. Provisions havc been made for
patching the memory load control so that the data
can be packed into the 35 bits, however the
programmer desires. Any one or any combination
of formats and groups can be used. Synchroniza-
tion is patchable in this mode. Any subframe ID or
any channel ID can be used as a start signal. Either
Program Continue or Data Delete can be selected.
If Program Continue is selected, the computer
formatter buffer will format all programmed data
and truncate when the TDM reacquires from an
out-of-sync condition. Data Delete will delete all
the out-of-sync data and only terminate when

programmed.

The Frame Channel Separator and Memory System
provides efficient computer record length, The
memory can:

l.  Accept different data rates, inter-mixed
word lengths or groups, and frame
lengths as inputs.

[ A

Combine the data with time identifica-
tion.

3. Armange all the data channels in any
desir. d position in the computer format,

2:27
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The Frame Channel Separator has a random frame
selection capability from the major cycle start
identification of one to 10 frames containing
known subchannels. The separator also can select
every frame, second frame, fourth frame, eighth
frame, or 16th frame for computer processing.

The multiple frame formatted per tape record
provides a continuous recording of iwo or more
frames of formatted data before a record gap, The
number of frames formatted can be selected by
thumbwhee} switches:

FRAME SYNC RECOGNITION
WORD SYNC RECOGNITION
SUB-FRAME SYNC RECOGNITION
WORD PER FRAME RESTART
2.2.12.3  Computer Format Converter
The computer format converter provides a com-
patible selected-format for the computer tapes.
The converter can program data entry tapes at 200
and 556 bits/inch packing densities. The parity
check is patchable to provide for all modes. The
parity check and the parity bit inscrtion is included
for both latera! and longitudinal positions on the
tape. A parity check is made on the output tape
during preparation of the recording.

The tape format generation for computer entry
includes all requirements for the maximum effi-
ciency in computer entry including tape gaps, stop
marks, and/or file marks and data control marks.

The system can format ninc 3¢.-bit computer words
of different data word composition and two 36-bit
computer words of different time word composi-
tion, Variable input words from 4 to 64 bits can be
int>grated into the nine computer words.

22124  IBM Format Recorders

Two magnetic tape recorders, Y%-in 7-track, are
provided for recording 1BM format tapes. The
recorders provide packing densities of 200 and 556
bits/inch. The recording speeds and the recorder
stop and start times are chosen for maximum time
efficiency and continuous operation in the produc-
tion of a computer tape. The recorders operate in
five modes:

Continuous recording
Parallel recording

Tape copying
Single recorder opsiation
Overlap recording

The recorders operate alternately to provide
continuous recording of data. AL required com-
mand signals are provided for this operation. A
selectable number of overlap records is available. In
the tape copying mode, the data on one tape is
copied onto the second tape of the formatter.

2.2.13 Range Time Decoder

The range time decoder provides time words for
correlation of the data on the computer tape to
within | ms, In addition, the decoder may be used
for time search of the input tape and visual time
display. The decoder supplies decimal readout in
days, hours, minutes, seconds, and milliseconds
from the 100/},000 p/s range time code generator.
A time control delays the seconds time changeover
f-om 50 ms to }-ms increments.

The decoded range time is recorded on the
computer tape, in one or more computer words, in
any position in the record. The decoded range time
is recorded at a recurrent rate to provide accurate
time correlation of the data on the computer tape
to within | ms for forward and reverse time. The
time readout can be correlated with any word in
the data record recorded on the computer tape.

The time decoder provides a new decoded time
word gt the deiection of the leading edge of the
range time markers,

22.13.1 Tape Start and Stop Time Selection
Controls

The Selection Control is provided for the pre-
selection of recording time interval referenced to
recorded range time for the processing of a
computer tape. The time selection switches for
determining the recording time interval are com-
patible with the time display. Six vets of switches
are provided for selecting the automatic starting
time of the recording interval for both forward and
reverse time recording. An end-of-file is provided
after each time period selected.

2213.2 Identification Control

Two methods are provided (o enter identification
data onto the computer tape. The first is a series of

#
;




thumbwheel switches arranged in groups as fol
lows: identifying data - 6 characters, run number -
4 characters, reel number - 2 characters, recording
location - 2 characters, primary recording device - 2
characters, secondary recording device - 2 charac-
ters, and special identification - 6 characters. The
second method is a paper tape entry in which all of
the above identification data plus complete identi-
tication can be provided. ID entry on tape does not
preciude the recording of data records only.
22133 Computer Tape Time Placement
The time word reference for the computer tape can
be integrated into the computer tape format in any
. desired position to provide complete time correla-
tion of the data with all possible conditions of
frame stripping.

22134 Additional Capabiiity

The range unit addition to the ETR Range Time

provides the capability of handling IRIG 104-70
formats A and B. The BCD format is used.

22.13.5 Range Time Input

Patch facilities are provided for receiving various
time codes from four inpux lines. The runge time
input impedance is 10,000 chms. The input voltage
is 5 volts peak-to-peak.

2.2.14 Data Corrector System

The Data Corrector System performs reak-time
operations on telemetry data. Depending upon the
particular program (software) used, either on-line
or off-line digita) operations may be performed by
the data coerector. Primary on-line openations
consist of receiving real-time telemetry data (com-
mon language format), editing and correcting this
data, and producing outputs for the display and
mission control. Data and other ir"ormation may
also be recorded on magnetic taps .. postmission
analysis. Off line, the data correcior may be used
to perform many general purpose computer func-
tions: assemble and check out its own programs,
generate programs for other stored program te-
lemetry equipment such as the TDM | and TDM 1,
check and dump computer formatter tapes, etc.

Communications with other telemetry equipment
is carried out in resl-time through its common
language (CL) interface. The heart of the Data

DATA ACQUISITION
TELEMETRY

Corrector System is a small-scale solid-state general
purpose digital computer (Beckman Model 420) . '

having an [8&bit word length and a memory

capacity of 16,384 words. There are two standard
input/output channels and a third high-speed input
channel (DME) which usc the direct memory
access feature of the computer. Peripheral devices
include a card reader, a line printer, a high speed
code converter, and a magnetic tape unit.

2.2.15  Oscillographic Recorders

The primary oscillographic recorders used on the
Range are Honeywell 1612's. These machines make
permanent recordings for distribution to the Range
User. They kave the following specifications:

1. Provide 17 data and a timing channel on
onepapersu'ip.

2. Have frequency response from dc to §

kHz (with special high frequency galve-
nometers: dc to 13 kHz).

3. Provide 15 chart speeds from 0.1 in/s to
160 in/s.

4. Provide quick identification of traces by
interruption of galvanometer light
beams,

2.2.16 Pen Recorders

The Brush Mk 200 recorders on the Range have
essentially the same configuraiion. The design
details are as follows:

1. Provide eight chanzls of low iiwquency
data recording plus timing.

2. Provide separate timing inputs to be
displayed on rignt side, left side, or both
sides through s+ garate marker amplifiess.

3. Provide chart specas from 0.002 in/s to
8 in/s in 12 steps.

4. Provide provisions to remotcly control
the recorder if required.

S. Provide an intemnally generated 0.i%

reference voltage to the 25 peas for
calibration,

2-29.
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6. Handle dafa amplitudes from 1 volt to
120 volts.
2.2.17  Digital Bar-Graph, Model 2321
The digital bar-graph display provides an analog
display of up to 40 channels stripped from the

common language signal. The design features are as
follows: _.

1. Converts variable-length digital data to a
form suitable for bar-graph display.

2. Accepts telemetry data and channel
addresses in ETR common language for
word rates to 100 kHz from one of eight
switch-selected sources.

3. Selects channels to ‘be displayed by
thumbwheel switch indicating channel
and subchannel.

4, Normalizes inputs to provide full scale
bar heights regardless of input word
length.

5. Adjusts frame length to display either
10, 20, 30, or 40 channels starting from
either channel 1, 11, 21, or 31.
2.2.18  Digital Display
The digital display unit accepts common language
inputs and distributes the data to such displays as
7-digit Nixies, analog meters, event meters, multi-
stylus event recorders, and digital printers. The
Nixies and analog meters display transient signals,
and the event recorders and printers provide a
permanent record of data.

A programming selector (patchboard) will select
the channels to be displayed or recorded. A digital
printer prints binary or binary-coded decimal. A
multistylus recorder provides an alternate means
for displaying binary data. Alphanumeric readout
devices have lamp visual displays for decimal digitel
data. Special alarm meters. with adjustable toler-
ance, monitor digital data.

2.2.18.1 Multistylus Event Recorder
A self-contained 150-channel event recording in-

strument n..nufactured by Brush Instruments. The
recording units accept on-off type data sigaals

230

which are recorded on permanent chart paper. One

channel is used as a timing channel for accurate

event timing information. The technical character-

istics are: . : .
Number of styli: 150

Response: Up to 1.25 ms at maxi-
mum chart speed.
Chart speeds: 5, 16, 20, 50, 100, and

200 mm/s and 0.05, 0.1,
0.2, 0.5, 1 and 2 mm/s.

2.2.18.2 Digital Printer

This printer is a Hewlett-Packard 526-A with 11
columns utilizing  standard code wheels. The
display unit includes a binary-to-BCD converter to
print either octal or decimal.

2,2.18.3 Nixiz Readouts

Ten banks of 7-digit in-line dispiays which are
single channel selectable.

2.2.18.4 Analog Meter

Ten meters with 10-volt full scale range. Separate
DAC units with 9-bit binary resolution are in-
cluded. Separate dividers for ext.rnal inputs of 30
volts are included (the included DAC’s provide
levels to 10 volts maximum, unipolar), Adjustable
alarm limits (both high and low) on each meter
energize a latching error indicator. The error light
acts on an input below low limit (only), above high
limit (only), or out of either limit.

2.2.19 RealTime Telemetry Data System
The Real-Time Telemetry Data System (RTTDS)
was developed so that remotely and locally
acquired telemetry data could be delivered to users
in real-time. To accomplish this, the RTTDS
performs the foilowing major functions:

1.  Selects data from multiple asynchronous
telemetry down links.

2. Formats the mixed data channels for
uprange retransmission.

3. Decommutates the received downrange
data mix at the central telemetry facil-

ity.
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'DATA ACQUISITION
 TELEMETRY

4. Selects locally acquired data to combine
- with remote site data,

5. Provides several output data formats at
various word rates and channel groupings
for transmission to various users.

A simplified block diagram of the system, depict-
ing the flow of data, is shown in figure 2-2. The
data inputs to the system are from multiple digital
common-language (CL) sources consisting typicaily
of TDM Type I, 1, and 1l decommutators and
A/D conversion systems. A remote site subsystem
is called a signal programmer and coOnditioner
(SPAC). Each SPAC consists of two major types of
equipment: a data selector and storage buffer
(DSSB) and a retransmission programmer (KP).
The number of DSSB’s per each SPAC can vary
from one to six. Figure 2-2 identifies the number
of DSSB's installed with each SPAC. A DSSB has
three CL inputs and can simultaneously accept and
store data in memory, in parallel form, at
asynchronous input rates up to a combined total of
100,000 w/s. In addition, it can select and store a
time word with each data word selected., Data
word length can be from 4 to 12 bits per word.

A DSSB contains a 4098-word by 26-bit magnetic
core memory where program instructions and data
are stored. The RP, which is more complex than a
DSSB, selects data from each DSSB memory, the
programmable patch panel, and a computer and
merges this data into one output serial bit stream,
the format of which is under program control. The
output bit rate capability is from 25 b/s up to 400
kb/s. The output serial bit stream is routed into
communications interface equipment (modem)
where it is converted into a form suitable for
transmission over a submarine cable or high
frequency radio, whichever is applicable. The
maximum bit rates from the downrange sites are:
Grand Bahama - 384 kb/s; Antigua and Grand Turk
- 76.8 kb/s; all others - 2.4 kb/s. The RP can handle
words of mixed length (4 to 12 bits), It also has
truncation capability for words cver four bits long.
The RP magnetic core memory system holds 4,096
words of 30 bits each ard contains the program
instructions.

The SPAC contains a program entry and control
(PEC) panel which provides manual access to the
RP and DSSB memeries. Programs can be manually
read into any of the memorice and the contents of
any memory location can be read out and
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displayed on the PEC panel. Programs are normally
entered in the memories via paper tape from a tape
reader which is part of the PEC, The DSSB’s and
RP can store two programs and change from one to
the other by merely actuating a switch. Also new
programs can be read into the system while it is
operating without interference to the operating
program,

The Central Site equipment consists of a central
switch matrix (CSM), two central retransmission
decommutator and storage buffers (CRDSB), a
distribution programmer (DP), a central control
console (CCC), and three DSSB’s, Receiving con-
trol equipment (RCE) is located at users’ interfaces
at KSC and CCAFS.

The serial bit streams from downrange are routed
to the CRDSB's via the CSM. The CRDSB’s, under
program control, decommutate the data and store
it in known locations in their 4096-word by 32-bit
magnetic core memories. The maximum serial
input rate to a CRDSB is 200 kb/s. The DP, under
program control, selects data from the DSSB’s and
the CRDSB’s and combines this data into on¢ or
more of several output formats and rates described
below:

1. A high rate parallel output (up to 20,000
w/s) for display within Tel 4.

2. A high rate serial output {up to 720
kb/s) with either BCD or binary ID's for
users at KSC and CCAFS. This link
contains the same data as | above.

3. A serial output link to the Rcal-Time
Computer System with a maximum rate
of 1380 kb/s. RCE's are provided to the
users of this output and 2 above. The
RCE is essentially a serial-to-parallel
converter.

4. A serial output which can be interfaced
with a Bell 301-B or similar modem. The
rate is variable from 3 kb/s to 80 kb/s
with a fixed stop at 40.8 kb/s. This link
is for transmitting data to remote user
locations.

S. Two serial output links (their daiz
content can be different) for remoiz
1518 as in 4 above. The rates are from
{© b/s to 3 kb/s. These links can be
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interfaced with Bell 201 or similar
modems.

6. Two TTY links for. providing data to
remote users as in 4 above, These are 50
to 1200-b/s links (depending on format
and number of channels) and each may
contain different data words.

The 2400 b/s maximum retransmission capability
from sites and ships connected to CCAFS via hf
radio is provided by the hf data modems described
in paragraph 3.1.1.2. The retransmission capability
from the subcable sites is provided by modulators
and demodulators. These modem systems can
transmit up to 76.8 kb/s over a 48-kHz bandwid th
communications circuit and up to 384 kb/s over a
240-kHz circuit. In addition to handl'ng data from
a SPAC to the RTTDS Central Site ind from the
Central Site to a user at KSC or CCAFS, these
modems can be used to retransmit serial bit stream
data after it is regenerated by a TDM primary
synchronizer at the downrange station. Modulators
are currently located at Grand Bahama, Grand
Turk, and Antigua; demodulators are located at Tel
4/KSC and at the Real-Time Computer System.

2.2.20  USNS Redstone Telemetry

The Redstone telemetry system includes sub-
systems necessary for the acquisition, detection,
and tracking of telemetry signals; reception and
recording of these signals; separation and demodu-
lation of fm subcarriers; decommutation of PAM,
PDM, and PCM signals; and display of selected data
in real-time and/or processing for retransmissio:: to
remote locations.

2.2,20,! Antenna Subsystem

The antenna subsystem consists of four independ-
ent automatic trecking telemetry antennas, which
cover the 2200 to 2300-MHz band, complete with
individual acquisition aid antennas. The main
antenna has a gain of 38 dB and a system noise
temperature of 280 K. Each antenna has azimuth
travel limits of 750° and elevation travel limits of
-11° to 105°, The antenna is capable of

rates of 40°/s and acceleration rates of 30°/s? in
both axes. The above rates for elevation apply only
betwees: zero and 90° with rate limiting applied
beyond these limits. Included with each antenna
are two preamplifiers (right and left circular
polarization), two down-converters, multicouplers,

DATA ACQUISITION
TELEMETRY

auxiliary test equipment, and two dual-channel
tracking receivers with both nerrow and wideband
tracking modes. The down-converters convert the
2200 to 2300-MHz frequencies to the 300 to
400-MHz frequency range. The antennas are locally
stabilized by coordinate converter packages using
ship’s attitude inputs from the Ship’s Position and
Attitude Measurement System (SPAMS).

The antenna subsystem, via digital encoders,
provides the Central Data Processing System
(CDPS) with elevation and azimuth antenna posi-
tion data. The CDPS contains a telemetry buffer
which interfaces the antennas with the UNIVAC
1230 computer. Each antenna accepts digital
designate data from the computer, by way of the
telemetry data buffer, independent of the other
antennas. Each antenna can operate in the follow-
ing modes: standby, manual, autotrack, forced
track, and computer designate. In addition, each
antenna can be operated in the manual mode with
internally generated analog scans and in the
computer designate mode with computer generated
digital scans.

The Central Data Processing System provides
pointing angles for the antenna subsystem, The
pointing angles are derived by the computer from
launch platform position data from the LASS and
from DRSS position data from SPAMS,

2.2.20,2 Receiver Subsystem

The receiver subsystem consists of two receiver
portions of two TRKI-12 receive/record stations. It
consists primarily of 24 receivers, 12 diversity
combiners, 12 predetection down-converters, 14
local patch panels, 2 video i-f patching cabinets,
and 2 test equipment cabinets,

2.2.20.3 Recording Subsystem

The recording subsystem consists of five 14-track
raagnetic tape recorders. This system consists of fm
record electronics, recorder test equipment, data
insertion converters, predetection up-converter,
and predetection playback monitors fron the
recording subsystem of two TRKE1 2 systems.

2.2.20.4 Data Separation and Decommutation
Subsystem

The data separation and decommutation subsystem
consists primarily of TDM-1, one TDM-IA, a digital
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bar-graph, 12 fixed frequency discriminators, 18
tunable discriminators, four oscillographs, seven
pen recorders, one data insertion converter, A/D
converters, D/A converters, a signal programmer
and conditioner (SPAC), and associated test equip-
ment,

In the data separation and documentation sub-
system, standard IRIG, PAM, PCM, and PDM
commuiated data are decommutated by the TDM-1
and IA. Outputs from this subsystem are patched
to the pen recorders.

2.2,20.5 Signal Programmer and Conditioner
(SPAC)

Data to be retransmitted in real or near-real time
are processed through the SPAC after demulti-
plexing in the TDM-IA. This syst:m conditions and
reformats the data into paral'cl data streams for
retransmission over the high-speed hf data link to
remote stations, Data modems and retransmission
facilities are part of the communications system,
Data may be shifted out of the SPAC at rates up to
2400 b/s. Telemetry data recorded in video form
on magnetic tape recorders may be retransmitted
to aircraft or close-range bases through a vhf
retransmission system.

2221  ARIS Telemetry

The ARIS telemetry subsystem serves a dual
purpose: (1) as an automatic tracker it provides
angular data that can be put on the master
designate bus to assist the radars in acquiring a
target, and (2) as a data collecting and recording
system it provides telemetry data in the standard
telemetry bands within the frequency range of 216
to 2800 MHz. The ARIS also carry special
telemetry equipment to collect data within the 60
to 4000-MHz band.

The telemetry tracking antenna employs a dual-
element log periodic broadband feed system for
frequencies from 215-2800 MHz (19 dB-38 dB
gain, respectively). One element receives right
circular polarized (RCP) signals and the other
receives left circular polarization (LCP). The
conical scan rate of 600 r/min produces a 10-Hz
error signal for autotrack. The system can track on
either RCP, LCP, or in a combined mode, using a
30-ft parabolic dish mounted on an antenna mount
identical to the radar mounts. The antenna mount
can be slaved to the designate bus controlled by
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the master selected in the Operations Control
Center (OCC), or can control this bus, if selected as
master.,

The TRKI-12 system is used for receiving and

- recording telemetry data. The TRKEI2 system

consists of 12 telemetry data receivers, six spec-
trum display units, six diversity combiners, six
predetection converters, two predetection play-
back monitors, two FR-1400 magnetic tape re-
corders, two direct-write recorders, one data
insertion converter, one fm record/reproduce elec-
tronic unit, and necessary test equipment and
patching facilities.

Each telemetry data receiver provides reception of
fm, pm, and a-m carriers and demodulation of fm,
PDM, PAM, PCM, PACM, and pm. Separation and
display equipment consists of a Time Division
Multiplex Type Il (TDM-II) station and TDM-II
test unit, fm fixed discriminators, tunable discrimi-
nators, D/A converters, A/D converters, digital
bar-graph display, oscillographic recorders, and
direct-write recorders.

The TDM-Il derives primary and secondary
synchronization from video signals for the recon-
struction of the various modulated carriers using
the basic PCM technique. The system will decom-
mutate PCM at rates up to 1,000,000 b/s. A
PAM/PDM to PCM converter in the system
converts a PAM or PDM wavetrain to PCM for
decommutation of this type data.

The 18 fm fixed discriminators are Data Control
System Model GFD-2 subcarrier discriminators
with the necessary plug-ins for the discrimination
of IRIG channels 1-I18 and A-E. The five fm
tunable discriminators are EMR Model 229 units
that can be tuned to any desired frequency
between 300 Hz and 300 kHz; frequency deviation
of £7.5% or £15% can be selected. A Monitor
Systems Model 2119 D/A converter (50 channels)
converts parallel digital outputs from the TDM-II
to analog form for recording and display, and 2
Monitor Systems Model 2239 A/D converter (48
channels) digitizes discriminator outputs for re-
mote transmission and computer use.

A Monitor Systems Model 2321 digital bar-graph
(40 channels) converts parallel digital outputs from
the TDM-II and displays up to 40 channels of
digital telemetry data in the form of vertical bars,

. each representing a data word. Four Minneapolis
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Honeywell Model 1612 recorders (18 channels
each) are used for recording up to 54 channels of
analog data at rates up to 5 kHz. Four Brush
Instrument Mark 200 recorders (8 channels each)
are used for recording up to 32 total channels of
analog data at rates up to 58 Hz, -

The Real-Time Retransmission System consists of a
SPAC, a part of the Real-Time Telemetry Data
System, and the High Speed Data Modem. The
SPAC accepts up to three links of telemetry data
from units such as the TDM-{l and A/D converter
for storage and selection, or selected data from the
1206 computer for retransmission in near real-time
at a rate up to 2400 b/s. (This rate is determined
by the High Speed Data Modem and the hf link
since the SPAC can accept up to 100,000 data
words per second.)

A special telemetry system enables frequency
coverage over a range from 60 MHz to 4,000 MHz.
The system consists of: (1) super high frequency
(shf) autotrack system, (2) reentry vehicle (RV)
receiving antenna system, (3) ground-look antenna

DATA ACQUISITION
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system, (4) control console, and (5) magnetic tape
recorder system, :

A 40-in shf autotrack antenna dish is mounted on
top of the 30-ft telemetry antenna. The traveling
wave tube (TWT) preamp, filter, and 20-dB coupler
are in a weathertight enclosure which is also on top
of the 30-ft dish, The R-35 receiver is mounted in
the rf enclosure on the back of the 30-ft dish.
Although the receiver can tune from 2 to 4 GHz,
the system will operate only between 2.665 GHz
and 2,955 GHz because of the bandpass filter in
front of the preamp.

The RV receiving antenna syster: consists of five
antennas (including the primary 30-ft telemetry
dish), six preamplifiers, five postamplifiers, and 12
receivers. The S5-antenna complex covers the
freqt;.en'cy band of 60 MHz to 4 GHz. The six
preamplifiers cover the same frequency band in
five overlapping steps. The postamplifiers provide
frequency coverage from 90 MHz to 4 GHz in five
overlapping steps. The receivers cover the 60 MHz
to 4 GHz band in four steps with a minimum of

TABLE 2-13. AFETR TELEMETRY FREQUENCY COVERAGE BY STATION

Location
Mobile
Frequency Range |Launch| TLM
(MHz) Area | Van | GBI | GTK | ANT | ASC | PRE |RedstongfARIS (2){ ARIA (8)
130-140 X X X X** X X
225-260 X X X X X X
J85-315 X X X X
370410 X X X X X X(400)
920-965 X X X X X
2200-2300] X X X X X X X X X X
70-4000 ) &
1435-1535 | X X

*Special capability for ARIS only.
**Pretoria. S.A.. station is inactive,
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two receivers for each step. In addition, the system
contains the necessary multiplexers, multicouplers,
demodulators, and converters for video and pre-
detection display and recording.

The ground-look antenna system consists of two
separate systems, one mounted on the portside of
the ship and the other mounted on the starboard
side. They are individually controlled from the
control console. The combined system consists of
four antennas, five preamplifiers, and eight re-
ceivers. The antennas cover the band of 60 MHz to
4 GHz in two steps. The preamplifiers cover this
band in five overlapping steps, while the receivers
cover the band in three overlapping steps. There is
a minimum of one receiver for each band, and the

system contains the necessary multiplexers, multi-
couplers, demodulators, and converters for video
and predetection display and recording.

The control console contains the necessary test,
control and display equipment for operating the
special telemetry system. In addition, it houses the
receivers and postamplifiers that are a part of the
RV and ground-look antenna systems.

The tape recorder system consists of four CEC,
VR-3600 l-in tape recorders with 14 tracks each,
and two CEC, VR-3600 %-in recorders with seven
tracks each. Recording capabilities are from 400
Hz to 1.5 MHz on all tracks for either video or
predetection recording.

TAA-8/8A TELEMETRY
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TABLE 2-16
TAA-3/ASCENSION TELEMETRY TECHNICAL CHARACTERISTICS

TELEMETRY

Antenna
Size
Feed

Scan rate
Pedestal

Pointing error

Tracking velocity
Tracking acceleration
Polarization

Frequency band (MHz)

Antenna gain (nominal)
(reference at preamip input
and like polarization)

Antenna beamwidth (nominal)

Receiving system noise figure (nomi-
nal) (reference at preamp input
and like polarization)

System noise temperature (nominal)
(antenna plus receiving system
referenced at preamp input)

System sensitivity; S = N (nominal)
(based on receiver i-f bandwidth
of S00 kHz)

Paraboloid

30-ft diameter

Apex, offset circular cavity, conical scan
10 Hz

Elevation over azimuth

10.1° static plus $0.05° per deg/s cumu-
lative - ' . -

DN <)

15°/s max. (both axes)
7°/s/s max. (both axes)

Right and left circular (simuitaneous and
selectable)

€2200-2300 #0785 to 865
42.5 dB 29.5 dB
1.0° 3.0°
1.5dB 3.2dB
240K 475K
-118 dBm -11S dBm

* Also down-converted outputs available at 300 to 400 MHz.
** Autotrack capability not available; receive only.
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TABLE 2-17

AT-36/PRETORIA TELEMETRY TECHNICAL CHARACTERISTICS

TELEMETRY

Antenna
Size

Feed

Scan rate

Pointing error

Tracking velocity
Tracking acceleration
Polarization

Frequency band
Antenna gain

(reference at preamp input)
Antenna beamwidth

Receiving system noise figure
(reference at preamp input)

System noise temperature

(antenna plus receiving system

referenced at preamp input)

System sensitivity; S = N
(based on recciver i-f
bandwidth of 500 kHz)

hubo&oid
60-ft diamewr

Apex, dual Iogpetiodnccomalspink.
conical scan

$0,1° static plus dynamic of 0.02‘ per
deg/s

10°/s both axes (20°/s at zenith)
7°/s/s both axes

Right and left circular (simultaneous and
selectable)

2200 to 2300 MHz (down-converted to
300-400 MHz)

44 dB (nominal)
0.5° (nominal)

1.5 dB (nominal)
350 K (nominal)

-116 dBm (nominal)
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DATA ACQUISITION

TELEMETRY
TABLE 2-23
4-FT BROADBEAM ANTENNA/ASCENSION
TELEMETRY TECHNICAL CHARACTERISTICS
Antenna 4-ft diameter with cavity backed crossed - :
dipole apex feed : ;
Pedestal 3 Elevation over azimuth
Slew rates 11°/s (both axes)
\ Pointing accuracy +]1.0°
- Polarization Right and left circular (simultaneous and
% selectable)
§ Frequency band 785 to 865 MHz
3% Antenna gain
¥, .
¥ (reference at preamp input
3 and like polarization) 15.0 dB (nominal)
f Antenna beamwidth 17° (nominal)
Receiving system noise figure
(reference at preamp input) 3 dB (nominal)
Ly S TABLE 2-24
s 3-FT BROADBEAM ANTENNA/ASCENSION
TELEMETRY TECHNICAL CHARACTERISTICS
Antenna 3-ft diameter parabola with single log
' periodic conical spiral apex feed
Pedestal Elevation over azimuth
Slew rates 11°/s (both axes)
Pointing accuracy +1.0°
Polarization Right circular
Frequency band 2200-2300 MHz (down-converted to
300-400 MHz)
Antenna gain
(reference at preamp input
and like polarization) 21 dB (nominal)
Antenna beamwidth 10° (nominal)
IS Receiving system noise figure
45 (reference at preamp input) 5 dB (nominal)
g
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TELEMETRY

TABLE 2-25
BROADBEAM ANTENNA/TEL-4 TELEMETRY
TECHNICAL CHARACTERISTICS

Antenna 3-ft diameter parabola with single log
periodic conical apex feed & 3 nine-turn
helix mounted on a ground plane

Pedestal Elevation over azimuth
Slew rates 11°/s (both axes)
Pointing accuracy +1.0°
Polarization Right circular
Frequency band (MHz) *2200 to 2300 225 to 260
Antenna gain (nominal)
(reference at preamp input
and like polarization) 21 dB 14 dB
Antenna beamwidth (nominal) 10° 35°

Receiving system noise figure (nomi-
nal) (reference at preamp input) 5dB 5.5dB

2-48

*Frequencies down-converted to 300-400 MHz

MOBILE TELEMETRY VAN




,
%,
3
i
[
[
&
&
L
%
[y
¥
;
;

e

PEIN

DATA ACQUISITION
TELEMETRY
TABLE 2-26
MOBILE TELEMETRY VAN, PARABOLIC ANTENNA,
TECHNICAL CHARACTERISTICS
Antenna 3-ft diameter parabola with cavity-
backed crossed-dipole apex feed
Pedestal Elevation over azimuth
Slew rates Elevation -~ 3°/s
Azimuth —  7°/s
Pointing accuracy 1
Polarization Right and left circular (simultaneous and
selectable)
Frequency band (MHz) *2200-2300 *1435-1535
Antenna gain (nominal)
(reference at preamp input
and like polarization) 20.5dB 17 dB
Antenna beamwidth (nominal) 11° 16°
Receiving system noise figure (nomi-
nal) (reference at preamp input) 4 dB 4 dB
*Frequencies down-converted to 300-400 MHz.
TABLE 2-27
MOBILE TELEMETRY VAN, CROSSED-DIPOLE ANTENNA,
TECHNICAL CHARACTERISTICS
Antenna Omni, crossed-dipole overground plane
Pedestal : Fixed
Polarization Right and left circular (selectable)
Frequency band *2200-2300 *1435-1535
Antenna gain (nominal) 3 dB at zenith 3 dB at zenith
(reference at preamp input
and like polarization) -SdB at +10° el -SdB at 10° el
Antenna beamwidth (azimuth) Omnidirections: Omnidirectional
Receiving system noise figure (nomi-
nal) (reference at preamp input) 4dB 4dB

*Frequencies down-converted to 300-400 MHz.
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DATA ACQUISITION

E OPTICS
5 2.3 orTiCS - NASA laser rangers are located at Grand Turk
@ ﬁ Island; Wallops Island, Virginia; and Bermuda).
i 2.3.1 Metric Optics
L Using camera systems to obtain missile or vehicle
£ There are basically four optical instrumentation data requires the independent orientation of each
% systems in use at the ETR for obtaining metric camera to be used in the triangulation net, and
- d-:ta, Three are conventional camera systems which determining the most probable spatial position by
;gf include the cinetheodolite, ballistic camera, and the intersection of directed rays from each of the
% the fixed ribbon-frame camera. The fourth is a separate camera stations. Position errors are a
i laser ranger. function of the random error of the fundamental
i measurement and of the geometry of the triangula-
' The ETR laser ranger, capable of obtaining tion net.
high-precision range measurements, has a mount
which can be driven with pointing information Geometry of the triangulation net is a considera-
£, obtained either from nominal vectors or real-time tion of the location of each camera station with
& radar data. This system is currently used in respect to the position point of interest, focal
triangulation nets consisting of four lasers, three length of each camera, direction of the optical axis
NASA laser rangers, and the ETR laser ranger, in of each camera, and primarily the angle of
3 support of the GEOS-C satellite program (Uie intersection of the rays in space,
; 4
P 250 000 1
E L3
L ¥
LO00 T
' Figure 2-3. Typical Launch Phase Optics Coverage
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The ETR presently has 57 land-based sites for
fixed camera systems, 24 sites for the mobile
cinetheodolites, 16 universal sites which will
accommodate any of the ETR mobile optics
systems including cinetheodolites, and 8 ballistic
camera sites. Additionally, optics systems are
located on each of the three ETR range instru-
mentation ships. See table 2-29 for a summary of
the ETR metric optics systems.

DATA ACQUISITION
OPTICS

2.3.1.1 Cinetheodolites

The cinetheodolite is a precision tracking instru-
ment used to measure horizontal and vertical
angles (azimuth and elevation) of a line of sight.
An object along the path of flight trajectory is
manually tracked using exterior sighting telescopes.
The primary telescopic objective acquires the data
to be recorded. The camera photographically

v

Figure 2-4. Typical Cinetheodolite Coverage
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DATA ACQUISITION
OPTICS

records the object in flight, together with the
azimuth and elevation dials, at specific time
intervals, With the measurements from two or
more instruments at different ground positions, it
is possible to determine the spatial position of the
object being tracked.

Triangulation with the cinetheodolite system does
not exactly use the orientation of the instrument.
but rather uses the direction of the ray in space to
the object being tracked. This direction is deter-
mined by applying a tracking correction (as
determined by film measurements) to the azimuth
and elevation of the optical axis as read from the
dial recordings.

The cinetheodolites cover missile flights from
approximately 500 to 100,000-ft altitude, and are
a main source of trajectory measurement data from
1,000 to 50,000-ft altitude in the Cape area. The
Askania KTH-53 and Contraves Model E are used

at tne ETR. Typical cinetheodolite system cover-
age is shown on figure 2-4.

The "Askania KTH-53 uses a 35-mm double frame
camera movement for data recording. One operator
manually tracks the target in azimuth and ele-
vation, Pulses from central timing operate all the
cameras at the selected frame rate to ensure that all
iustruments record data at the same time. Elec-
tronic controls at each site also synchronize the
strobe lamps which provide light for the azimuth
and elevation diuls. The film records images of the
target, azimuth und elevation dials, binary time
code, and frame count.

Film is sent to Patrick AFB for processing and is
read on a theodolite film reader. The reader
produces digitized azimuth and elevation plotting
angles of the cinetheodolite and tracking error XY
coordinates of missile image position (with respect
to the center of the filin frame), Film reader

ASKANIA KTH-53 CINETHEODOLITE

2-54

1)




¥

.-

Lo

R T T R R DS o R

output is recorded on paper tape and later
converted to magnetic tape for postflight reduction
of position, velocity, and acceleration data,

ASKANIA KTH-53
TECHNICAL CHARACTERISTICS

Fixed at 1/150 s using a
venetian-blind shutter

Exposure time . .

Cameradrive .. .. Puise-operated mechanism
Framerate . . .. 1, 2, or S frames per second
(selected by a master station)

Film format . . . Double 35-mm format (1-% x
1 in)

Film load

and running time . 125-ft magazine load with
140 s running time at 5 f/s

Lenses available |, . 12, 24, and 40-in focal lengths

Binary code and frame count

2re recorded on the 35-mm

film

Timing . . .. ..

Maximum angular
trackingrate . . ... ... .. .. About 10°/s

Sighting
telescope . . . . . 20X clbow-sighting scope per
mits scope to rotate about

cvepicee

Accuracy . ... Typical random crron  in
angles  of a single  cne-

theodolite are 9 second, of

arc.  Systematic  crrors  are
about 21 seconds of arc.

Three Askanias are mobile and may de located at
several universal (all-purpose) camers  sites, A
fourth unit is mounted in an astrodome-tower
configuration,

The Contraves Model E cinetheodolite uses a
35-mm single trame camera for data recording. The
film records images of the target, azimuth and
clevation angle information i biquinary digital
forms, and coded digital timing.,

DATA ACQUISITION
OPTICS

One operator tracks the target in azimuth and
elevation with a joystick controlling an angle-
speed-acceleration  type power-driven tracking
system. This system allows smooth and precise
tracking, free from the high momentary acceler-
ations and corresponding flexure of the optical
system and disturbance of the level of the
instrument, characteristic of manual tracking.

A closed-circuit television system, with the pickup
camera mounted on the cinetheodolite and colli-
mated with the objective, aliows the Contraves
cinetheodolite to be remotely controlled, per-
mitting its operation in the danger area,

CONTRAVES
TECHNICAL CHARACTERISTICS

Etlm o % e e b . » 35-mm single frame for-
mat (% x 1 in)

Magazine . ........... 400ftcapacity

Framerates ........ 5.10,20,and 301/s

.+.. 60inatf/8
120in atf/16

Focallengths . . . . ... ..

infinity to 2000 ft for 60-in lens
tnfinity to 8000 ft for 120-in lens

Focusing . . . .

Sighting

telescope . . . . 12 power with 5.5° field of view

20 power with 3.0° field of view
Leveling . ... 0. To 2 seconds of arc
Synchronization . . . . All instruments to 100 us
Velocity . .. ... . Lessthan 0,015%/s to 30°/s
Acceleration . . . . v v v v ... 0%s? to 45°/s?
Digital
encoding tA2/ED) . . . . Binary code recorded on
the 35-mm film
Staticaccuracy . .. . .5 seconds of are, in-
cluding compensation f{or

systematic ¢ron

Dynamic aceurawey .. ... .. 14 seconds of arce

2-55
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The ETR has six Contraves E cinetheodolites. All
are mobile. A trailer transports the cinetheodolite,
the shelter, and all the necessary support and
accessory equipment. These cinetheodolites may

be placed for optimum launch coverage at universal
camera sites. Fixed illuminated target arrays
(out-of-focus and collimator lenses) provide zero
reference for the Contraves.

CONTRAVES CINETHEODOLITE

2.3.1.2 Ballistic Cameras

Ballistic cameras, which have fixed focal length and
wide angle lens systems, provide the most accurate
means availabie for obtaining time-position data on
an object in space. While atmospheric refraction
imposes  severe  limitations upon the absolute
accuracies ultimaicly obtainable frem all other
tracking systems, it causes no noticeable degrada-
tion of ballistic camera accuracies as long as the
points observed are outside the effective atmos-
phere.

The exact fixed orientation of the camera is
determined by time correlated exposures of star
trails on a photographic glass plate. On the same
plate, exposures are made of whatever object is
being measured. The position of the object is then

reconstructed using photogrammetric triangulation
or resection techniques.

In addition to providing highly accurate trajectory
data, other applications of the ballistic camera
include geodetic survey; satellite obscrvations; the
recording of reentry phenomena; and recording of
continuous flame traces, particularly to provide
points of bumout and ignition of multistage
rockets.

The Wild BC-4 is used by the ETR on its land
stations and ships whercas the Fairchild K-19B
acrial cameras are presently used only on the
Advanced Range Instrumentation Ships (ARIS).

The Wild BC-4 cameras are used in groups
established along suitable base lines to look at a
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common point of interest. The BC-4 has a 2-axis
mount for support and presetting to the desired
orientation (the exact orientation is determined
from star images). A camera shutter programmer
drives the capping shutter through the desired
sequences of exposures for the star trail and data
peint recording. Each shutter operation time is
recorded so the star position can be referenced by
sidereal time to its right ascension and declination
position and so image points may be correlated
from camera to camera.

TECHNICAL C?{i‘l‘?\ACT ERISTICS
Film Plate
Type . « v v v v 0 vt Eastman 103-F glass plate
Thickness . . 6-mm, flat to 6 wavelengths of
sodium light
Size . 190x210 mm with 180x80 mm
usable image area
el 3. ¢ wB Ir U qs unE s 100 ASA
Resolution . . .. ...... . « 60-70 lines/mm
Lens
Focal length (mm) 300 450
Angular field (deg) 33 2
“Aperture (mm) 117 117
F-stop 2.6 2.6
Accuracy

Angular crrors of triangulation averige 2.4 arsec
for the 300-mm camera and 2.0 for the 450-mm
camera.

The current distribution of BC-4 cameras is
tabulated on table 2-29; however, a number of
surveyed sites are available throughout th: castern
U.S. and the ETR. New sites van be established
with little facilities work,

DATA ACQUISITION’
OPTICS

The Advanced Range Instrumentation Ship (ARIS)
USNS Vandenberg has an array of four fixed
Fairchild K-19B cameras. The array consists of two
ballistic cameras and two ballistic spectrographs.
These instruments are modified K-19B aerial
cameras. The lens iris of each instrument is
automatically controlled during a mission to
provide alternating exposuves of 1/2 second at f/4
and 1/2 second at f/16. This sequential event is
recorded on time-referenced paper charts. The
normal iris control sequence can be manually
interrupted during a mission to allow time correla-
tion with photographic images. One camera and
one spectrograph are focused for and operated
with Kodak 1-N infrared emulsion, while the other
camera and spectrograph utilize Kodak 103-F
visible emulsion, The ballistic spectrographs use a
300 lines/mm transmission grating.

Normally, ballistic camera plates are used for
overall event documentation, object identification,
target malfunction identification, ctc., and as an
aid to interpreting the spectrograph plates. Ballistic
cameras are also used to record metric data on
objects outside the radar beams. The ballistic
spectrographs are the sole source of spectral data
on nontracked objects.

BC-4 BALLISTIC CAMERA
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- FAIRCHILD K-19B
TECHNICAL CHARACTERISTICS

Film Plates

Eastman' glass plates, emulsions 1-N and 103-F
(same plate characteristics as Wild BC-4 cameras)

Lens.

Focallength(in) . . . ... ...... L 12
Angular field(deg) . ........ o ol o 3
Aperture(rﬁm) 75

o] O O f/4, f/16

Accuracy . . System accuracy approx | arc min-

ute

T g LA A

The array of four K-19B cameras is presently
mounted on the same deck with the inte. iediate
focal length optical telescope (JFLOT) oun the
USNS Vandenberg. The USNS Arnold presently
has an array of four BC-4 cameras; however, these
arrays are readily interchangeable between these
ships.

2.3.1.3 Ribbon Frame (CZR) Camera

The standord fixed metric camera systems at the
ETR are the CZR, RC-5, and RC-5A, which are
functionally identical, but have minor design
differences. The CZR is operated in a fixed
orientation to obtain maximum coverage over the
desired portion of the trajectory. Triangulation is
performed using two through four camera com-
binations with the best geometry obtainable under
field conditions.

CZR CAMERA
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The fixed metric camera system records early
launch trajectory of missiles for the first thousand
feet of missile flight from which position, velocity,
and acceleration data can bz reduced. Roll, pitch,
and yaw data can also be obtained.

CZR cameras are mounted on 3-axis precision
gimbal mounts inside an air conditioned astrodome
on a four-wheel trailer. An electronic driver unit
perfcims sequencing and start functions, and
supplies timing pulses for recording on the edge of
the film in response to signals from a central timing
source. The cameras may be started remotely from
the cowuplex blockhouse sequencer or may be
started manually on the site.

The CZR utilizes roll film passing over a cylindrical
drum focal plane. The shutter is an open slit in a
second cylindrical drum rotating arour I the film
drum and having a focal plane shutter effect on the
surface of the film. Both the film and shutter
drums rotate at a constant, but different rate. The
number of frames per second depends upon shutter
drum openings. The shutter drum has six slots,
spaced 60° apart, which may be closed off by
shutter slides. One open slot will give 30 f/s, two
open slots opposite one another will give 60 f/s,
three alternate open slots will give 90 f/s, and all
slots open will give 180 f/s, Whenever the frame
speed is changed, an aperture slide or framer must
be inserted in the camera aperture to change the
narrow dimension of the individual picture. The
focal plane shutter drum is directly coupled to its
synchronous motor which operates at 1800 r/min.
Exposure time can be varied only by changing the
size of the shutter slits that slide into the shutter
drum slots. These slides have appropriate slils to
give 1/20,000 or a 1/40,000 second exposure.

TECHNICAL CHARACTERISTICS

Exposure time . ... ... 1/20,000s is standard
Framcrate . . . . ... ... 30, 60, 90, or 180/s
Fram:~ format .. ... . 1.0 X 5-% in maximium

Narrow side varies with
frame rate as follows: 30,
60, 90, and 180 f/s; 1,
15/32, 5/16, and 5/32 in,
Film load and
running time . . . . . . 100-ft magazines allow
40 s running time. Film
width is 5,481 in,

DATA ACQUISITION
OPTICS

Lenses available . . . . . 10-in Elgeet is standard.
Some cameras are also
equipped to use 9-%-in
Schneider or 6-in Metro-
gon, :

Timing . . ....... Timing projectors with
neon lamps imprint
timing pips on edge of
film. Correlation of
timing tv eXxposure 18 ac
curate to 1 ms or better.

Mountdials . . .. ... Reading capability to
0.0005° (18 s)

The ETR has 14 CZR’s, all mobile. Precisely
surveyed sites are located only in the launch
complex areas. For each launch the CZR cameras
are positioned at sites selected to give the required
coverage and optimum geometric solution. Sur-
veyed target poles are used for accurate prelaunch
and postlaunch orientation.

2.3.1.4 Laser Ranger

The ETR laser ranger system utilizes a Q-switch
ruby laser transmitter and a modified Recording
Optical Tracking Instrument (ROTTI) telescope on a
torque-driven mount equipped with 20-bit en-
coders. On-axis pointing data is supplied to the
mount by a Sigma-7 computer Either nom:aal
vectors or real-time tracking by the neighboring
on-axis radar provide pointing information from
the computer. The mount can also be driven in a
manual mode for boresighting, static checks, etc.

TECHNICAL CHARACTERISTICS

Laser . ............. Q-matrix ruby
Pulse width .. . o oo v v v o ol @ p e OMS
Exit beam diameter .. ... ... ik & w» L5 ém
Beam divergence . . .. ... ... « « 0.75 mrad
Energy . .. ......... e eeo. 0.5 joule
PRF ........ 0. .. eee. LIpls
Telescope . .. ......... Modified ROTI
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Telescope focal length . . . . . . Variable (pres-
ent) from 240
in to 1,600 in

Telescope aperture . .. ... ...... 24in

Mount ..... ... .. Modified Nike-Hercules

Mount drive modes . . . . . .. Computer, ra-
dar, manual

The ETR laser ranger is located at Patrick AFB at
the Range Measurements Lab (RML). It is located
close to the Sigma-7 computer and 0.13 on-axis
radar, all a part of the RML complex. This
instrumentation station, designated RAMLAS
(RML 1laser), is part of the GEOS-C geodetic
satellite tracking system network. The Atlantic
Coast Network consists of Grand Turk Island,
B=rmuda, RAMLAS, Wallops Island, and Green-
belt, Maryfand.

23.2 Engineering Sequential and Documen-
tary Optics

The primary purpose of engineering photography is
to provide test mission event-versus-time data such
as umbilical disconnect, hold-down .clease, engine
ignition, liftoff, and booster separation. Engi-
neering photography also provides inputs for film
reports and record keeping purposes.

Documentary photography is used primarily for
historical documentation and public information,
It is not necessarily launch related or time
annotated as engineering sequential, The primary
purpose of documentary coverage is to record the
events of transport, assembly, erection, checkout,
and launch of missile and space systems.

Tne ETR uses tracking mounts and telescopes for
obtaining enginecring photographic coverage (see
table 2-30 for summary). The IFLOT and the
MOTS (Mobile Optical Tracking System) are the
tracking mounts presently used. Telescopes include
the ROTI and the IGOR (Intercept Ground Optical
Recorder) plus the ltck 48-in telescope operated
by the Range Measurements Laboratory,

Numerous motion picture and still cameras are
available at the ETR for engincering sequential and
docuinentary photography. Included are 16-mm,
35-mm, and 70-min motion picture cameras in
addition tc various type still cameras. These

2-60
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cameras are used in conjunction with tracking
mounts or telescopes, in fixed positions, or
hand-held in support of a broad range of photo-
graphic requirements. '
2.3.2.1 IFLOT (Intermediate Focal Length
Tracker)

The IFLOT can be configured with appropriate
camera lens systems to obtain documentary,
engineering sequential attitude, and signature data
coverage. Ten IFLOT systems are available. These
mobile trackers operate in the KSC/Cape Canaveral
areas and at Ascension Island. The IFLOT’s are
also operated on support ships to cover sea
launches and reentry phenomena,

The drive system has two enclosed oil-bath
transmissions with preloaded tapered roller bear-
ings, and is mounted on two-wheel trailers with
precision jacks.

Each IFLOT accommodates up to four camera-lens
combinations.
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TECHNICAL CHARACTERISTICS

Camera . ........16- 35-mm Mitchell and

70-mm Photosonic or .

Hulcher
Focal length
lenses accu.amodated . . ..... 10to240in
Tracking rates
(elevation and azimuth) . ......... 22/

Angular

tracking limits . . . ... .. 350° azimuth and

-10 to +90° eleva-
tion

2.3.2,2 MOTS (Mobile Optical Tracking System)

The mobile optical tracking system (MOTS) is a
remote controlled system for use within the launch
danger zones. The system has an infrared tracker
for automatic track and a closed-circuit television
system for remote track. Each system consists of a
pedestal trailer and a remote tracking console. Two
camera-lens combinations may be used. The MOTS

‘may be used outside of launch danger zones and
can be operated at all KSC and most Cape
Canaveral optical sites.

Two systems are in operaiion.

TECHNICAL CHARACTERISTICS

Tracking rate — maximum . . 30°/s velocity;
60°/s/s acceleration

Focal length
lenses accommodated . ...... 20to180in
Camera .......... . 16,35, and 70 mm

TV . . . Vidicon tube with television monitor
and joystick control for remote track by
operator in tracking console trailer. IR
(lead suifide sensor) automatic tracking
system with 1 to 20 miles range

Flevation range -10° to +90°

Azzmuthrange , . . .

[+ u:. .

MOBILE OPTICAL TRACKING SYSTEM
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2.3.2.3 ROTI (Recording Optical Tracking In-
strument) (see figures 2-5 and 2-6)

The ROTI is a large tracking telescope system
which takes time-correlated, high-resolution, long
range photographs of objects in space. It uses a
100-in focal length Newtonian optical system.
Focal length increases are provided by Biotar Relay
lenses in increments of 100 in to a maximum of
500 in. The ROTI can provide up to 500 seconds
of coverage (35-mm camera at 32 f/s).

VI AT R N R T A A T o

The telescope is supported by a modified Navy Mk
30, 5-in gun mount driven by a hydraulic servo
system for azimuth and elevation changes.

Controls are available for automatic focusing and
exposure, The autofocus unit uses two glass wedges
controlled by range data from the target acquisi-
tion bus. The exposure device which automatically
maintains constant illumination at the film plane
uses counter-rotating variable Jdensity discs and a
photomultiplier that compares the light entering

175,000 FT

150,000 FT

75,000 FT

25000 FT

250,000 FT

S

Figure 2-6.
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the telescope with that from a standard light
source.

The ROTI is protected by a 15-ft weatherproofed,
dehumidified dome atop a two-story tower, auto-
matically positioned in azimuth by a drive assem-
bly synchronized to the telescope rotation, A
curved door slides overhead to expose the tele-
scope. Three tracking modes are possible:

1. Slaved to the target acquisition bus
through data receiver and coordinate
converter,

2. Slaved operation with operator override
(servo error voltages are presented to the
operator for correction)

3. Operator tracking by stiff stick which
permits control of position, velocity, and
acceleration motions of the instrument
in both axes. The instrument can also be
oriented by cranking the handwheels
(but not for missile tracking).

DATA ACQUISITION
OPTICS

TECHNICAL CHARACTERISTICS
Filmsize . .. ..+..c4+... 35and 70mm

Focal length . . . . .. 100, 200, 300, 400, and
500 in

ADPErture . c's 5 o 5 s o o 50 55 W .. 24in
Magazine capacity . .. .. ... 400 or 1,000 ft
10, 20, 30, 40, or 60 f/s

(70 mm); 12 to 96 ffs
(35 mm)

Framerates . . .. ..

Trackingrate . . . ... 10°s maximum (in-
creased by override func-

tion)

. . 120° rotation in azimuth
-10 to 190° elevation

Angle limits . . . .

Sighting
telescope magnification . . . ..

10, 20, and 40

RECORDING OPTICAL TRACKING INSTRUMENT

LN gk e e

e

e un.

o S WAL




X
:

R

By

N

DATA ACQUISITION
OPTICS

Visual null unit . . . . . CRT display with cross-
hairs and a dot which
moves according to the
radar angular position
data. This maintains
track even though the

target may not be visible.

The ROTI is located at Melbourne Beach and
Cocoa Beach (deactivaged in-place status).

2.3.24 IGOR (Intercept Ground Optical Re-

corder) (see figures 2-5 and 2-6)

The IGOR is a tracking telescope system which
takes time-correlated, high resolution, long range
photographs of objects in space. It uses a modified
Newtonian optical system, with a 90-in focal
length. Amplifiers (Barlow type lenses) give added
focal lengths of 180, 360, and 500 in. The
telescope is mounted on a modified Navy Mk27,
5-in gun mount. The 70-mm Photosonics or the
35-mm Mitchell camera may be used.

2-66

The 35-mm and 70-mm motion picture cameras are
adjustable for frame rate; shutter opening, and
“off-on” operation. They use either 400 or
1,000-ft capacity dark-room-loading, daylight-
threading magazines. They are equipped with
variable shutters, timing lights, fiducial markers,
film footage counters, and film runout switches.

An autofocus unit varies the focusing lens by a
servo system. Servo input signals are derived from
tracking radar information, corrected for parallax,
and converted to slant range by coordinate
converters. The coordinate converter takes X, Y,
and Z data from a data receiver and converts it to
azimuth and elevation voltages. Each azimuth and
elevation tracking operator has a cathode-ray tube
display which shows the error between the
telescope aiming and radar target position data.
The IGOR at Patrick AFB has an image orthicon
TV system used for long range real-time and
photo/optical coverage. The real-time television
signal is transmitted over landlines to the launch
complex blockhouse and the Range Control Cen-
ter, and ic available to Range Users,
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TECHNICAL CHARACTERISTICS

BX-7 TV, 70-mm Photosonics
or 35-mm Mitchell

Camera , ... ..

Framerates . . . . 10, 15, 30, 45 or 60 f/s
(70-mm); 80 to 96 f/s

(35-mm)
Aperture . . . . . . ¢ oo v v v ce.. I8in
Magazine capacity . . ... .. .. 40 or 1,000 ft
Trackingrate ... ... v+« « 10°s maximum

Angle limits . . . . Continuous azimuth, -3%5 to
+92° elevation (tower) 190°
azimuth, -3% to +92° eleva-
tion (mobile)

Sighting
telescope magnilication .. ...... 200r35

A fixed IGOR in an astrodome is located on a
tower at Patrick AFB. Three mobile units (called
Mobile IGOR Tracking Telescope System, MITTS)
are available, Thesc may be towed to operating
sites or transported by C-124 aircraft,

2.3.2.5 RML/Itek 48-Inch Telescope (Meteor 1)

The RML/Itck telcscope is equipped with an t/2.5
solid CerVit paraboloidal primary mirror. A §-
element Wynue type corrector gives a 35-mm
diameter coma-free flat field at the /2.5 prime
focus. This focal position can be used with 2
35-mm camera specially modified to use high
resolution thin base film, A set of reimaging lenses,
supported on an additional spider. can be added in
train with the prime focus to give an [/5.0 35-mm
format film plane. A sccond attachable sunport
spider holds 4 40-mm SIT TV camera which
pernits a full field of view Tormat at the §/2,5 focal
plane. The limiting brightness equivalent value for
this sysiem, when operated in a cine mode, is 1oth
to 17th agnitude. Provisions are incorporated in
both the /2.5 and /5.0 systems for the use of
narrow bandpass filters,

A remotely controlled reflex mirrar can be rotated
into position o direct the optical axis through a
periscope-relay lens system to a right-angle cube on

T AP TR TN AT

DATA ACQUISITION
OPTICS

top of the telescope which directs the optical axis
back parallel to the primary mirror axis, The relay
lens system is designed so that the incoming light is
brought to focus at an equivalent /10 plane.

On the telescope top surface is mounted a table
which can be positioned at various points along the
f/10 optical axis with a servo torque-motor-driven
lead screw. An attached digital encoder provides a
readout of table position with a precision which
ensures table positioning to a least count smaller
than the depth-of-focus tolerance of f/10. During
mission operation the table is continuously posi-
tioned as a function of range to target by the
computer to maintain accurate focus.

The translating table carries a reimaging lens with
provisious for varying the back conjugate distance
to adjust from f/10 to f/15. A double, S-position
filter wheel contains both long wave, sharp-cut
spectral filters and a graded series of neutral
density filters for contrast and exposure control,

Video imaging cameras mounted on this table can
be either standard or infrared vidicon cameras,
§-25 photo surface image-orthicon camera, or
extended red S$-20, 25-mm or 40-mm SIT cameras,
The orthicon cameras and the 40-mm SIT cameras
have various options of scan and of field rates.

The telescope is carried on an elevation-over-
azimuth mount equipped with torque motors and
21-bit shaft angle encoders. A TV boresight
telescope provides for star calibration of mount
characteristics, The mount can be driven to keep
the telescope pointed at a moving space target to
within | to 2 arc seconds.

In addition to the imagery, inscertion can be made
on ¢ach TV frame of the last digit of the year, day
of ycar, time of day to 1/10 second, cffective focal
length, azimuth to 1/10 degree, ¢levation to 1/10
degree, range, and offset of the /10 focal plane
from infinity. The data is updated 10 times a
second,

The telescope s housed in a 36-ft diameter
aluminum dome and is supported on a 42-ft tower.
The mount is on a central pier which is isolated
from the rest of the structure supporting the two
floors and the rotating dome. The dome is
air-conditioned to control humidity.
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TECHNICAL CHARACTERISTICS

Sensors . . . ...

Focal lengths . . .

Aperture . .

Tracking rates . .

Angle limits . .

Mount drive . .

268

35-mm film cameras at /2.5,
f/5, and f{/10, Deep space
photometer at f/2.5. Deep
space 40-mm SIT camera at
f/2.5. Bendix bX-8 image or-
thicon and 25-mm and 40-mm
SIT TV camerzs at /10 to
£/150. Standard format visible
and near infrared vidicons at
f/10 to f/40. (See table 2-31
for film cameras available for
use with the telescope.)

120, 240, 480, continuously
variable up to 7,000 in

e & 2 ¢ 6 o 0 48in

. Limited to 15°/s for telescope
safety,

. « 720° rotatica in azimuth; -10

to 190° in elevation

. « Remote from computer using

on-axis tracking
Manual, using on-mount joy-
stick

The Itek camera is located at the ETR Malabar site,
approximately 20 miles south-southwest of Patrick
AFB at 28.0246° north latitude and 279.3144°
east longitude.

2.3.2.6 Engineering Sequential and Documen-
tary Photograph Caineras

A summary of cameras for general range use is
provided below. Cameras for the ETR Range
Measnrement Laboratory (RML) Itek 48-in tele-
scope are listed in table 2-3l.

There are over two hundred 16-mm, 35-mm, and
70-mm motion picture cameras in the ETR
inventory. Thcy are used to support DOD and
NASA launch and nonlaunch engineering and
documentary photo requirements. They can oper-
ate over a wide range of frame and shutter rates
using internal and externai magazine loads from
100 to 2,000 ft and varied combinations of le = >~
and accessories to meet a broad range of require-
ments.

The 16-mm inventory is composed of over 200
Mitchell, Milliken, Fastax, Arriflex, Auricon, Cine
Special, Filmu, and Hycam cameras capable of
operation at frame rates from 12 f/s to approxi-
mnately 4,000 f/s using lenses of 5 mm to 180-in
focal length in support of launch and nonlaunch
engineering and documentary photography.

There are over 80 Flight Research, Photosonics,
Mitchell, Fastax, and Arriflex cameras in the
35-mm inventory. These cameras can operate at
frame rates from below 10 f/s to over 1,800 f/s
using lenses of 50 mm to 240-in focal length. They
are used primarily in support of launch engineering
and documentary phoiography.

The combined inventory consists of 44 Hulcher,
Mitchell, ané Photosonic cameras operable at
frame rates of 10 to 60 f/s with lenses of nominal
length/aperture to the 500 inches of the ROTI and
IGOR tracking telescopes. These cameras are used
where a format larger than 35 mm is required and
most frequently are used on tracking mounts such
as IFLOT, MOTS, ROTI, and IGOR to record
missile flight performance and intermediate staging
events,

There are over 160 still cameras in the ETR
inventory. These camerss range in format size from
35 mm to 8x10 in, With a wide range of lenses and
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TABLE 2-31.
FILM CAMERAS FOR RML/ITEK 48-INCH TELESCOPE
Focsl Film Timing Exposure
Camera Format Position Mode Rate | Capacity Provisions Control
Flight Research 22 mm £/2.5 and Pulse 200 to Alphanumeric Fixed shutter,
Mode! 207 diameter | f/S 1000 ft on frame to Filters, spec-
(Note 1) milliseconds tral and ND
Pentax 24 x 36 | f/10 Manual 36 exp. None Variable
(Note 2) mm Shutter
Mitchel! Reflex 16 mm /10 Cine 24/s 400-ft and | On Magnetic Fixed shutter,
Sound Record- 100-ft Strip filters
ing magazines
(Note 3)
Pentax 24 x 36 | £/2.5 and Pulse None Variable
mm f/5 Shutter

NOTES

SYNCHV.ONIZING PROVISIONS
1. Pickup on shutter, timed from computer clock .,

2. None

3. None-data inform. on video from vidicon camera
used at reflex viewing position,

accessories they are used in fixed positions or
hand-held to support launch and nonlaunch photo
requirements,

2.3.3 Laser lllumination

A laser illumination facility is operated by the ETR
at the Range Measurements Laboratory complex at
Malabar, Florida. One transmitter system (Meteor
I) is available which provides target illumination
for photography coverage by the RML/Itek 48-in
tracking telescope (see paragraph 2.3.2.5).

The Meteor | transmitter telescope is mounted on a
modified Nike-Ajax pedestal. The laser beam is
reflected upward through the azimuth axis of the
mount and horizontally into a 20-in aperture lens
assembly. Beam divergence is variable from 0.12
mrad to 17 mrad; the laser firing rate is nominally
30 per minute. It is triggered locally by the XDS
Sigma 7 computer.

A 120-inch focal length Questar/TV boresight
system s coaligned with the transmitter telescope,
the azimuth and clevation axes being equipped
with 20-bit digital encoders to provide angular
output data,

234 Opto-Radiometric

Opto-radiometric equipment is used by the ETR to
determine certain clectromagnetic radiation charac-
teristics of missile flights and to measure atmos-
pheric attenuation. The radiation measurements
can be divided into ihree categories: (1) radiomet-
ric, total energy in a relative wide spertral interval,
(2) spectral total encrgy in a very narrow spectral
interval, and (3) spatial, radiometric, or spectral
energy as a function of position within the field of
view, Additionally. dimensional and shape data
become important when resolved images are
present,

Some typical types of opto-radiometric data
provided arc as follows:

® Effective fireball, nosecone, and decoy tem-
perature

® Energy distribution of an explosive fireball

® Radiant intensity

@ Spectral emission

® Ablation rates

® Thermal buildup and decay rates

® Absoluie spectral transmission of the Farth's
atmosphere

_ 2469
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The most extensive ETR opto-radiometric capa-
bilities exist on the two Advanced Range Instru-
mentation Ships (ARIS): USNS Arnold and USNS
Vandenberg. Four subsystems exist on each ARIS
for obtaining opto-radiometric data. These are
boresight cameras installed on radar and telemetry
tracking antenna mounts, an instrumented IFLOT
(see paragraph 2.3.2.1), the ballistic cameras array
(see paragraph 2.3.1.2) of four fixed cameras, and
the Precision Optical Pedestal System (POPS).
Photographic instruments installed in these sub-
systems provide a means of acquiring optical
signature data in the 0.28 to 0.9-micron spectral
region, Except for the fixed wide-field ballistic
plate cameras, ARIS optical instruments are used
in a tracking mode and record optical images.

The USNS Redstone is equipped with two ballistic
plate cameras and an IFLOT instrumented with
four motion picture cameras for obtaining spectral
diagnostic, temperature, and scintiffation data
during reentry.

Signature data is also obtained at Ascension with
two Fairchild T-11 aerial mapping cameras and an
IFLOT tracker with six motion picture cameras.
The Ascension installation also includes six BC-4
ballistic camera systems.

2.3.4.1 ARIS (USNS Arnold & USNS Vanden-
berg)

Boresight cameras installed on the radar and
telemetry tracking antenna mounts provide pri-
mary sources of radiometric data. These are
standard 35-mm Mitchell cameras with Zoomar /8
40-in focal lengih lenses. Table 2-32 lists the frame
rate, exposure time. cmulsion, filter, and spectral
response typical for day or night operation.

The ARIS IFLOT is a onc-man, manuai tracking
mount located in front of the star tracker, Target
acquisition is accomplished with an open gunsight
and the visual aull indicator. The IFLOT also
provides two-specd synchro designate data to the
ship acquisition system.

IFLOT instrumentation and  associated  optical
parameters are given in table 2-32. These instru-
ments include high resolution spatial, surveillance,
ultraviolet (UV) cinespectrograph, and infrared
(IR) cinespectrograph cameras,

Ballistic camera arrays on the ARIS are discussed
in paragrapk 2.3.1.2. Their optical parameters are
included in table 2-32 for convenience. One set of
instruments, presently on the USNS Arnold,
consists of four BC-4 cameras with 12-in Aero
Ektar lenses. The second set of instruments, now
on the USNS Vandenberg, consists of four K-19
cameras with 300-mm Aero Ektar lenses. Each
array consists of two ballistic cameras and two
ballistic spectrographs.

The POPS provides ARIS with reentry data
capacity for cold body image photography, day-
iight cinespectrograph measurements, and high-
speed radiometry measurements.

A modi ied Nike mount is used to support the
optica’ sensors. It is suitable for supporting
approximately 1,000 pounds of equipment and has
the capability of accurate designation/slaving to
the shipboard tracking radars or computers. The
slaved optics instrumentation is located amidships
on the bridge deck. The POPS mount can be slaved
to cither of the primary radar tracking systems.
The slaved optics system has the following fea-
tures:

Above decks:

Parabam astrodome, 1 2-ft diameter

Nike pedestal, modified bearings and

servo drive

® 180-in, f/10 Perkin-Elmer Lens, 70-mm
Photosonics 10A camera

® Cinespectrograph Barnes 18-138, with
150-in, /10 lens

® Pair of cincradiometers. Photosonics P,
20-ir:, 175 lens

® Survallance camers Mitchell 35-mm,
90fjs  with 10in /5.6 Schneider
Symmar lens

® TV nmonitor/ulignment camera with a

40-in Telestar lens

Below decks:

@ Opcrations control console, dual rack

® Camcra control units/test and calibration
control

® Data handling rack for ships computer
interface

@ Interconnecting cabling

® Miratel TV Monitor, TVI7R

[~

[ Y

,
P
- ae




:’

OPTICS

DATA ACQUISITION

ATNG LNIWNUISNI GTONYY
ATNO LNIRNYLSN! OHIBNIONVA

oIS €
¥S°€ IX0YSdV) YOI 2
¥Z i

NOILN10S3Y TvYIITdS

'$3:aN
90 - 80 4501 YVIN3 (£ 310N
0 - S0 INON N1 VN VN cexee| 9t 1) 083y r38 011Mes
8c0 3INGN 4501 YVIN3
60 - S0 y Ni VN N cexse| sore] 2z 083V 8614 OTHIYIVY.
(¥) AVHHV VHIWVD Q3XI3
: 2 310N
60— S¥0 y YISH 06/1 oc |ecotxeon | sz u Bv1%3| (V0L 2INOSOLOHd WNOL..)
‘083v]| 50 (¥£1°81 SINNVE WNOL.)
§0- 540 99 YISH 06/1 oc oixes | 2 | Aoinsyvw HAVHO0Y 193dSIRIG ¥!
1" 3L0K)
IYE1-B1 SINUVS WNOL)
750 - 820 INGN 0£6L 06/t oc { ioixes| 12 2 |Aoinsyve HAVHOOH 133dSINIJ AN
Lo - ¥0 vi sevz | (LHoIN) 08118
['o - 50 951 x+| (AVG) 095/ 5 91 X 91 8 08 13N0F
10 - ¥0 vi (LHDIN) S92 {S)INOSTLOHd WIOL)
10 - 50 95t (AVO) X-¥ 0vs/t S CUX 1L o1 0zt z9309]  NOILNTO0S3Y IVilvdS HOIM
[o- %0 INON 002 061/1 'L LHOIN HIV3 OMUL}
590 - v0 | sziosivy %-$N1d ozt 06 roixszt] ov Avao| st [x3uvwwns 1113HILIN WNGE)
60— £50 5t YISH 064/i 'L LHOIN
0 - £5°0 51 YISH ozt/t Oy AVG ] St |x3uvmwns JINVIIAYNS
(SVHIWVD S) 1074
(LHOIN) 08/ ITIIHILIN WISC!
Lo - ¥0 vi 43| (AV0) 09¢/1 o¢ g1 X 01 8 or HVYWO0Z LHOISIHED AMLIW3IIL
(LHOIN) 06/t ITTIHILIN WWNSE)
60 - 50 951 uisH | (AVO) o811 ot g1 X 01 3 or YVYNDOZ LHDISIN08 1Y
Lo - ve vi sovz | (nony oent 111IHILIN WNSE)
[0 - G0 951 8S1[ (Ava) ozt oc 91 X 01 8 or HVHO00Z LHOISIHO0E D8Il
{€) SVHIWVD LHOISIHOS
on 8314 | NOISINWNG (s} $/4 | (Ho X Ag) | ON/4 ™ SNI? (3dAL VHINYD)
ISNOJSIY ImiL 3IVE | M3IA 40 H19N31 ININNY 1SN
HLINITIAVM 3uns0dx3 | 3awvesd | a13nl 303
SUYALIANVIVd NOILVLINAWNAISNI TVIILdO (g0 [11avy

Bt et bl i, 2.0

e Y g M e

-

49

¥ - LR WA o A £ i T o o

W e B




e

[

R ]

DATA ACQUISITION
OPTICS

The primary optical system is a high resolution
cinetelescope with a focal length of 180 in and
f/10 aperture, Automatic exposure and focus
controls operate in conjunction with a modified
70-mm Photosonics 10A camera. This optical
equipment is mounted on an upgraded Nike
pedestal., Pedestal slaving precision is estimated
between 10 and 20 seconds of arc. Dynamic
angular performance has been demonstrated in
elevation at 910 mrad/s, 1200 mrad/s/s; azimuth
910 mrad/s, 1100 mrad/s/s. It is estimated that
cold body image photography at sea may be
possible with one and one-half seconds of arc
resolution.

High-resolution‘spectrographic measurements are
made with a Barnes 18-138 Czemy-Turner Cine-
spectrograph. The lens for this system is a 1 50-in,
f/10. Spectral response is 0.39 to 0.62 micron. This
instrument is capable of daylight cinespeciroscopy:.

The cineradiometers operate at 100 f/s. One
camera covers the IR spectrum of 0.5 to 0.9
micron. The second covers the visible spectrum
from 0.4 to 0.7 micron. Reentry object tumble,
scintillation, ablation, and materials identification
are aided hy analysis of these dJata.

2.3.4.2 RIS (USNS Redstone)

The USNS Redsione ballistic came as are Wild
BC-4 (see paragraph 2.3.1.2) cameras with rotating
diso-type shutters. The cameras are mounted in
yoke-type pedestals which permit positioning the
camera in azimuth and elevation. They are posi-
tioned side by side to optimize data coverage. One
camera, configured with a 300 line/mm trans

mission grating, is operated in an open shutter
mode, and the second in a shutter-time-chopped
mode.

The IFLOT tracking mount on the Redstone is
configured with four motion picture cameras: one
70-mm Photosonics camera with a 20-in lens and a
150-line/mm transmission grating, two 35-mm
Mitchell cameras with a S0-mm lens for engineering
sequential data, and one 35-mm Mitchell camera
with a 75-mm lens and a 300-line/mm transmission
grating,
2.3.4.3 Ascension Island

Signature data is obtained at Ascension with two
Fairchild T-11 aerial mapping cameras and an
IFLOT tracker with six motion picture cameras.

The T-11 aerial mapping camera has a 6-in
Metrogen lens, between-the-lens type shutter, and
interchangeable film magazines. It accepts film 9-%:
in wide and up to 390 ft long.

The IFLOT tracking mount (see paragraph 2.3.2.1)
is configured with six motion picture cameras: two
35mm Mitchell cameras with bandpass filters for
temperature and scintillation data, one 35-mm
Mitchell camera with 150 line/mm transmission
grating for spectral data, one 35-mm Mitchell
camera for engineering sequential data, one 70-mm
Photosonics camera with 300-line/mm transmission
grating for spectral data, and one 70-mm Photo-
sonic camera for engineering sequential data.

Ballistic cameras at Ascension are discussed in
paragraph 2.3.1.2.
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24 IMPACT LOCATION SYSTEMS

Impact locatior. systems are underwater sound
detection ~ystems used to obtain the geographic
position or reentry vehicles or other missileborne
objects upon impact into the sea. Systems operated
on or by the ETR can be grouped in two basic
types as a function of the iechnique used for data
retrieval.,

The first basic type is the ETR Missile Impact
Location System (MILS) which uses a cable to
relay sound signals detected by underwater hydro-
phones to a nearby land station where the signals
are recorded. The system is based on: (1) the
production of sound generated by impact of an
object(s) on the surface of the water, or by the
underwater explosion of a bomb carried by a
missile component, and (2) the detection of the
sound and recurding of its arrival time at a number
of known hydrophone locations in the ocean, The
focation of the impact or bomb detonation point
can be computed from 2 knowledge of the
hydrophone positions, the velocity of propagation
of sound in the ocean, and the arrival times of
sound at the hydrophones.

The second type is the Sonobuoy Missile Impact
rocation System (SMILS) which retrieves its data
in real-time by attendant aircraft via a radio link.
This system consists of an ocean bottom acoustic
transponder array plus an array of expendable
surface hydrophones (sonobuoy) deployed for
each test mission, Specially equipped aircraft sow
the sonobuoy and receive/record impact data
relayed from the sonobuoys. The transponder
array in the impact area provides a geodetic
reference,
24.1 Missile Impact Location System

The MILS used on the ETR consists of two types:
the target array (also called pentagon or splash
array) ord the sofar (sound fixing and ranging)
system (also called the broad occan area (BOA)
system), The target array provides high accuracy
information in a limited target area. usually within
a 10-nmi radius. The hydrophones arc placed on
the bottom in essentially a regular pentagon
formation with a sixth hydrophone at the center,
the target area being the water surface above the
pentagon. The sound transient produced at the
surface by an impacling reentry vehicle travels
through the water to the hydrophones. The
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computation for impact location is the conven-
tional space hyperbolic solution in which the z
term (altitude) is a constant equivalent to the
depth of the water, The pentagon configuration
ensures that for any point of impact within the
target area, there will be at least four hydrophones
with ranges less than the refraction limit so they
will receive signals by a direct transmission path,

The BOA configuration is essentially a plane
hyperbolic system taking advantage of the long
rarige sound transmission in water (about 2,000
pmi) aud the superior identification charactenistics
of the sofar channel. An inversion point (the sofar
axis), or minimum velocity of sound, is formed at a
depth of 3,000 to 4,000 ft by decreasing tem-
perature and increasing pressure. At the depth of
minimum velocity, attenuation of sound energy
with distance is nearly linear rather than propor-
tional to the square of the distance, and even
comparatively low level sounds can be detected at
great distances, The BOA hydrophones are placed
as close as possible to the sofar axis. A sofar bomb
with pressure-activated control is mounted in the
reentry body and allowed to sink with it until the
bomb detonates near the sofar channel.

The accuracy of the system depends on the
geometrica! relationship of the impact pc ition to
the nydrophone positions, signal timing, and on
the velocity of sound propagation. There are many
sound paths between the explosion point and the
hydrophone positions, resulting in many sound
arrivals at any one hydrophone from a single
explosion. However, the sound path along the sofar
axis, traveling in the plane of the systew and at the
lowest velocity, is the last arrival to a hydrophone
and can be identified. lts time of arrival together
with hydrophone position and values ot “horizon-
tal velocity"” (measured by calibration) are the
inputs for computing the impact location. Data
from at least threc hydrophones is needed for a
solution.

The geodetic accuracy of the BOA has been
improved at specific midrange impact areas by
calibration (measurement of acoustic propagation
velocity) necar the time of the missile test. The
calibration consists of a ship releasing a few sofar
bombs while the ship’s location is being diter-
mined by the Acoustic Ship Positioning System
(ASPS). Three or four transponders, placed in each
impact arca, are inlerrogated by a pulse from the
ship, and reply at individual frequencies. The
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geodetic position of the transponders is surveyed
by the most accurate inethod available, e.g., BRN-3
or SRN-9 navigation systems.

Imipact location (geodetic and relative) of multiple
reentry vehicles is provided in the BOA by varying
the amount of explosive carried in the sofar bomb.
An approximate 5 dB difference in the peak signal
level is observed when the charge weight is
doubled. For instance, the charge weights recom-
mended for midrange arcas are 1, 2, and 4 pounds
for three reentry vehicles.

2.4.1.1 Location
Figure 2-7 shows the general location of the active
ETR MILS/MILS sites. Precise coordinates are

presented in the AFETR Geoudetic Coordinates
Manual,

Target Arrays (hydrophones positioned on bottom)

Grand Turk (85 miles northeast of, at a
depth of 3 miles, 24-nmi di-
ameter)

Antigua (150 nmi northeast of. at a
depth of 3 miles. S-nmi diam-
eter)

Ascension {20 miles west-southwest of, at

a depth of 2 miles, |2-nmi
diameter)

BOA Arrays (BOA hydrophones positioned at or
near the sofar axis)

Barbuados

Bermuda

Eleuthera

Antigua

Grand Turk

Puerto Rico

Ascension

Cape Hatteras

2-74

SMILS Arrays (The acoustic ship positioning
transponders located on the bottom)

Bottom Array Distance Downrange (nmi)

C2A 550
C9C 1,900
ClIA 2,500
cl1? 3,000
CISW 1,500
CISE 1,550
Clé6 4,700

24.1.2  Accuracy

Accuracies of the MILS systems are classified
Confidential. They may be obtained from
AFETR/Systems Analysis Office.

2.4.i.3 Data Handling

The hydrophone outputs of the arrays are recorded
simultaneously on strip charts with timing annota-
tion and on magnetic tape with timing and
operator voice annotation. The strip chart and
magnetic tape recordings are then forwarded to
Patrick AFB for postlsunch data processing.

Arrival times are obtained manually at each site
from the strip chart recordings, and quick-look
information from ali sites can be reiayed by way of
radio or tclephone to the mainland for immediate
use. Recorded signals collected from arrays at
Grand Turk and Antigua are transmitted from
those stations to the mainland by way of undersea
cable circuits, and signals from the array at
Ascension are transmitted by hf radio circuits to
permit rapid delivery of results to Range Users.

24.2 Sonobuoy Impact Location Systen:

The SMILS (Sonobuoy Missile Impact Location
System), used to determine the impact location of
missile reentry bodies. consists of four basic
clkemconts: (1) an ocean bottom: acoustic trans-
ponder array, (2) specially equipped P-3 Orion
aircraft, (3) modificd Navy ASW sonobuoys, and
(4) an ocean surface duct.

The transponder arrays in the impact arca consist
of 10 deep occan transponders which serve as a
geodetic reference point for the sonobuoys. These
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transponders are energized by a 16-kHz interro-
gator signal and respond each on a different
frequency at Y>-kHz intervals from 7.5 to 12 kHz,
Each transponder array is located geodetically by
the Navy Satellite System.

Two Navy P-3 Orion Lockheed Electra ASW
(antisubmarine warfare) aircraft assigned to Air
Test and Evawation Squadron One (VX-1),
Pautuxet River NAS, Md, have been modified to
accommodate the SMILS. These modifications
provide: (1) the capability to receive and record
additional sonobuoys (24 and 32, respectively), (2)
a timing system, and (3) a monitoring and
quick-look recording capability.

The modified ASW sonobuoy is an expendable
item designed to be dropped from an aircraft into
the sca where it detects underwater sounds. and by
means of o self-contained transmitter relays this
infoamation to the aircraft. There are 31 trans-
mitter frequency channels between 162,25 kHz to
173.50 kHz. The sonobuays have been odified to
increase the active life by installing additional
batteries, and the circuitry has been changed (o
increase the frequency response in order to receive
the ASPS transponders incerrogator and reply
signals, In addition, some of the sonobuoys have
been modified to incorporate a low frequency (2.5
kHz) pinger. An interrogator sonobuoy is deployed
by a ship wr aireralt in the ecenter of the
transponder array. This deviee is essentially an
AN/SSQ-41 sonobuoy modified to transniit a
16-kHz signal. and to receive the 7.5 to 12-kHz
transponder response sighal.

The wind-mixed surface layer of the ocean creates
an isothermal duct or waveguide through which
sound reliably propagates for many miles. Splash
signals have been received through this surface duct
at ranges up to 20 miles, The depth of the ocean
duct is determined by means of a bathythermo-
graph soncbuoy Jropped from the SMILS aircraft.
The depth together with the planned reentry body

2-76

impact footprint are used to determine the
sonobuoy pattern to be employed.

A typical sonobuoy pattern for a single aim-point
footprint consists of four rings about 3 nmi apart
with a total outside diameter of about 20 nmi.
Thirty sonobuoys including an interrogator sono-
buoy are deployed during each mission.

The transponders which are ecnergized Dby the
16-kHz interrogator signals serve to locate the
2.5-kHz pinger sonobuoys relative to the trans-
ponders. The signals from these pinger sonobuoys
propagate through the surface duct and are
received by the sonobuoys. The splash position
relative to the sonobuoys as well as the time at
which splash occurred can then be determined.
24,21 Location

SMILS is presently used exclusively to support the
fleet ballistic mussile programs. Impact area co-
ordinates are classified. Descriptions and locations
are  available from AFETR/Systems Analysis
Office.
24.2.2  Accuracy

Accuracies of the SMILS system are classified,

They may be obtained from the Navy Strategi:
Systems Project Office (SSPU), Washington, A0,

24,23  Opcrations

The USNS Strategic Systems Project Office (SSPO)
is responsible for the overall oneration and funding
of SMILS. The Navy provides the P-3 aircraft
support and various other services (through the
Palisades Geophysical Institute, Bermuda) such as
sonobuoy acquisition/modification. mission plan-
ning/support, and data analysis/reduction,

The AFETR provides the transponder arrays (by
acquisition. installation. and survey of trans
ponders) on a reimbussable basis,
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2.5 METEOROLOGY

An integrated meteorological system is used to
obtain surface and upper-air weather data at several
points along the Range in support of Range Users.
Satellite data is also received and interpreted in
real-time from most meteorological satellites pass-
ing over the Range. The following functions are
performed by the ETR Meteorological Section:

i. Meteorological data is collected with
standard meteorological equipment
whenever possible at the following loca-
tions: Cape Canaveral AFS (CCAFS),
Patrick AFB, Grand Turk, Antigua, and
Ascension. Automatic weather stations
are used at Grand Bahama and during
the night at Grand Turk.

2. Specialized meteorological and micre-
meteurological support are provided to
the Kennedy Space Center (KSC).

3. Meteorological forecasts are made for all
operations at CCAFS, for NASA un-
manned programs, and for DOD opera-
tions at KSC.

4, Upgper atmospheric data is collected by
balloon and rocket-borme instruments.
Standard rawin soundings are conducted
by the Range ships and by CCAFS,
Grand Turk. Antigua, and Ascension.
Pocketsondes are fired at CCAFS,
Antigua, and Ascension.

5. The Weather Inforn.ation Network Dis-
play System (WINDS) at CCAFS and
KSC is operated and maintained for the
purpose of monitoring and predicting
low level dilfusion characteristics,

6. Assistance, as required, and coordination
with Space Flight Mcteorology Group is
provided on all meteorological forecasts
in support of NASA manned program
operations and other joint missions.

7. Weather warnings are provided to
CCAFS and KSC.

8. Satcllite data reccived directly by the
Cape Canaveral Forecast Facility (CCFF)
or that received by a downrange station

DATA ACQUISITION
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and relayed real-time to the CCFF is
interpreted.

The following paragraphs briefly describe the
major equipment items; a more detailed explana-
tion of instrumentation and capabilities can be
obtained from AFETRP 105-1, Weather — Meteor-
ological Handbook,

2.5.1 Surface Instrumentation

Surface weather observations are taken on a
24-hour basis at CCAFS using standa;d meteoro-
logical observation practices. Instrumentation used
for observations is similer to that used at most Air
Force bases and includes the following items:

Mecurial Barometer ML-2-H
Barograph ML-3-D
Psychrometer ML-224/24
Hygrothermograph

Wind Measuring Set AN/GMQ-11
Cloucd Height Se: AN/GMQ-13A
Ceiling Light Projector ML-121

Descriptions and specifications of this equipment
may be found in Air Weather Service Publication
(AWSP) 105-3, The more specialized surface
cquipment is described in the following paragraphs.
2.5.1.1 AN/FPS-77 Storm Detection Meteoro-
logical Radar Set

The AN/FPS-77 radar, located at CCAFS, provides
displays of the horizontal and vertical cross-
sections and intensity measuremants of precipita-
tion areas within a3 120-nmi radius. Antenna
controls permit continuous scan, manual position-
ing, and ¢levation sector scan capability.

Radar scope photography is available using either
of two methods, Polaroid pictures may be taken of
any of the regular console scopes. The second
system incorporates a3 35-mm recording camera
mounted on a remote PPl radarscope which
includes a video integrator and processor for
contoured intensity presentations. Photos are
taken avtomatically with this system, providing a
sequence of radar scope presentations and an
excellent data base for analysis of weather situa-
tions.

The radar detectable data from the FPS-77 is
Jigitized and processe¢ by a CDC 3100 computer
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(Digitized Automatic Radar Tracking System,
DARTS) producing an analyzed teletype printout
for storm track following and pediction extiapola-
tivn throughout the epiire 200 nmi range of the
radar, This system greatly aids the weather warning
function by decreasing the impact warning circle of
storms and work centers from 5 miles to 3 miiles,
thereby reducing the downtime on gantries due to
severe storm activity.

2.5.1.2  Launch Pad- Lightning Warning System
(LPLWS) LE

The Launch Pad Lightning Warning System
(LPLWS) provides the duty forecaster at CCFF the
capability of detecting and monitoring lightning
from eight locations - seven major launch com-
plexes and the Port Canaveral Navy complex. The
system consists of eight electrostatic field sensors
or mills, a CDC (Control Data Corporation) 3100
computer for data acquisition and analysis, and a
teletype to print out for the forecaster, an analysis
of lightning potential and lightning occurrence,
Each field mill’s output is continuously recorded
by strip chart recorders and simultaneously ana-
lyzed by the computer. The computer translates
the field strength data into metcorological lerms
for the forccaster and provides the following
information for each of the eight sites:

I. Knowledge of highly charged clouds
where lightning is eminent.

[

When thunder can be heard by an
observer (approximately 4 miles to 10
miles from a site).

3. When lightning is occurring at « site
(within 3 miles),

4. The intensity of an electrical storm
occurring at a site.

25.1.3  Weather Information Network Display

System (WINDS).

The WIND System consists of: (1) 16 stationary
towers that range in height from 54 to 500 it (2)
wind, temperature, and dew point sensors attached
to the towers at various heights, (3) a CDC 3100
computer that receives and processes the sensor
measurements, and (4) a 4-terminal teletype circuit
that prints out the processed data. The towers are

located throughout Cape Canaveral and Merritt
Island. The displayed data, available in 30, 15, or
5-minute readouts, consist of aumerical valu:s for
the variables: wind direction and speed, wind gusts,
iemperature, dew point, lapse rate (i.e., ‘“‘Delta T”
— temperature change with height). two distances
for toxic concentrations (one for co:rcentrations of
25 parts of toxic per one million parts of air and
another for 5 parts of toxic per one million parts
of air), and standard deviations of the wind
direction.

25.2 Upper Air Instrumentation
2.5.2.1 AN/GMD-4 (Rawin Set)

The AN/GMD-4 rawin set is a 1680-MHz radio
direction finder used for automatic trzcking of a
balloon or rocket-borne instrumestation package.
During tracking, the transmitter generates a 400 to
406-MHz cw carrier modulated ut 81,94 kHz, This
is a ranging signal which is transmitted to the
radiosonde set. A pulsed 1680-MHz signal carrying
the 81.94-kHz fm modulation is .eturned by the
radiosonde set and sent to the receiving si'stem.
This system demodulates the rf signal to separate
position data, rarge data, and meteorological data.
The position dsw are sent to the antenna
positioning system for precisc antenna control and
for data relay to a recorder. The range data
(ranging subcarrier) are send to the ranging system
for measurement of slant range. The pulsed
meteorological data are sent from the receiving
system to the data processor. Instrument slant
range, altitude, and elevation and azimuth angles
versus time are recorded on punched tape at
smpling rates of 1, 2, 5. or 10 times 3 minute.
Temperature and humidity versus time are pre-
sented sequentially in graphic form on the radio-
sonde recorder AN/TMQ-5 and also punched on
paper tape with the instrument position data.

“The AN/AMQ-9 radiosonde is a balloon-burne

transponder  type. designed for uxe with the
AN/GMD-4 yround cquipment., which uses a clock-
driven commutator 10 switch between reference
frequency. humidity data, and temperature data.

The meteorological data processor automatically
provides digital meteorological and position data
on punched paper tape. These data represent:

1. Azimuth and elevation tracking angies,
and slant range from the AN/GMD-4 to
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the balloon- or rocket-borne radiosonde
set.,

2. Temperature and humidity data being
transmitted from the radiosonde cor-
rected for reference frequency drive.

3. Elapsed time.

Station identification, prelaunch calibration data,
etc., may be entered manually. The data, acquired
in reai-time, are presented on teletype coded.
punched paper tape.

2,5.2.2 Omega NAVAID Sounding System

The Omega NAVAID sounding system, Buckers
Models WO-2 and WO-2Ds, is installed aboard the
USNS Redstone and USNS Arnold. This rawin-
stnde sounding system may be employed on land
or sea and does not require a tracking #ntenna or
stabilized platform for the determinaticn of upper
air winds. Using a standard 403-MHz fm meteoro-
logical radiosonde modified for the retransmission
of track information, it accurately determines wind
speeds 1o | to 2 meters per record. System
accuracy is independent of the distance from the
balloon launch site and is constant over the entire
flight period. Thermodynamic data are acquired
using conventional radiosonde observation tech-
niques. This equipment is scheduled to be installed
on the USNS Vandenberg in FY-76 and on Grand
Turk in FY-77,

2.5.2.3 High Resolution Wind Mcasurement Bal-
loon (limsphere)

These measurements are ohiained by use of a rigid
radar reflective balloon tracked by a Range radar.
In contrast to standard sounding balloons, this
balloon is serodynamically stable and fetains a
constant volume. Wind speed, direction, and shear
from the surface to 60,000 ft are computed from
the radar tracking data.

2.5.2.4 LOKI Metcorological Rocket System

The solid propellant LOKI rocket lifts an 8-pound
di 1 assembly to approximately 210,000 ft. The
moior burns for 1.9 s (approximately 4.000 1) at
which time the dsrt and motor separate and the
dart conts lo apogee. The launcher consists of a
rail assembly mounted on a pedestal,
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The dartsonde is carried aloft by the LOKI rocket.
After separation from the rocket, it coasts to a
210,000-ft apogee, at which time the %-pound
instrument is deployed and descends on a starute.
As the dartsonde descends, temperature measure-
ments are transmitted to a GMD receiver. The
starute is tracked by radar to determine wind speed
and direction.

2.5.2.5 Super LOKI Meteorological Rocket
System

The solid propellant super LOKI rocket is 4 inches
in diameter compared to the 3 inch diameter LOKI
motor. This higher performance motor enables
altitude capabilities up to 300,000 ft depending on
the system configuration. There are four separate
configurations of the super LOKI:

PWN-{0A Transponder

PWN-10A Mod-l Stable Booster Transponder
PWN-11A Stable Booster

PWN-12A Robin

253 Data Processing

A CDC-3100 data processing system on the ETR
provides accurate reduction of upper air meteoro-
logical data, Rawinsonde, meteorological rocket,
and upper-air wind data 2re some of the data
reduced by the systern. A printed copy and a
perforated tape are made of the incoming data.
The output data provides tabular printout of
altitude, pressure, temperature, and other meteoro-
logical parameters, Tabular printouts, card output
decks, and magnetic tapes are provided to Range
Users to cvallfatc test performance,

2.5.4 Satellite Imagery Acquisition and Proc-
ensing

Satellite data is received and processed by the
CCFF on a daily oasis from NOAA (National
Oceanic and Aumospheric Administration) and
DMSP (Defense Meteorological Satellite Program)
satellites, This data provides a wide area, bird'wcye
view of the weather patierns and greatly addsz to
the conventional data where available or provides a
sole source of data over isolated locations along the
Range. These photos are used as observing.
forecasting, and bricfing tools by the forecaster to
cnable the decision-makers to receive the best
meteorological information with regard to their
prograri(s). Using the available visible and infrared

2.9
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satellite imagery somie of the parameters that the
meteorologist can determine are: cloud cover,
type, cloud tops, movement of cloud masses, wind
flow at the cloud levels, and sea temperature over
clear areas, The tracking systems used at the CCFF
are briefly described in the following paragraphs
(greater detail is avaitable in the AFETR Meteoro-
logical Handbhook ).

2.5.4.1  APT Satellite Tracking Station
Automatic recording of APT (automatic picture
transmission) znd scanning radiometer and inlrared
imagery from NOAA satellites ace received simul-
tancously during daylight hours with only infrared
data received during the nighttime. The satellites
are tracked with a fixed wide beamwidth helical
antenay; during  test support and norma! duty
hours, tracking is performed by Range telemetry
sites at KSC and at downrange sites when
necessary. A global reqitirement for real-time
satellite data is necessary Tor some iests. This
requircrient can b satisticd by having NASA
telemetry stiations in the desired areas track the
satellite and transmit the data real-time to CCFF
through the NASA communication network. Re-
ceived satellite data is processed by a Muirhead
115B/1 photographic recorder which provides a
quality product photograph with accurately cali-
brated gray scale levels to enhange the clarity and
confidence level of cloud huminance and tempera-
ture measurements received.

2542 Defense Meteoralogical Satellite Program
(DMSP)

DMSP satellites ure similar to the NOAA satcllites
in that both systems are Sun sy nchronouwy and
polar orbiting. But, the DMSP s 34 much more
venatile  system with much  greater  resolution,
Orbiting 450 nmi above the Earth, about half the
altitude of the NOAA satellites, the DMSP system
provides visual, near infrared, and mfrared data
every O hours over o 1,600 (o | 800 non swath
below tne satelhite with a 0.3 nmi resolution along
the centerline of thie swath, Information niay be
received and processed using specalized cquipment
instatled in the CCFF for any DMSP pasys within
the LSOO nm acquisition range. The system i
more  fleaible  than  previous sysiems,  allowing
procesang  vartions to bring out or enhance
certam cloud or lind features: whe low light visual
imagery capability greatly aids 1aterpretstion and
gridding accuracy on nighttime passes, The DMSP

2-80

can provide meteorological data on clouds, weather
systems, wind, precipitation, and severe weather.
in addition, it has applications in oceanography,
geophysics, and Earth resources. An example ol
a high resolution visual photo is shown in figure 2.8,

OREFENONEE

[ TV ET

Fig. 2.8. High resolution visual DMSP photu showing
many of the items that may be interpreted
from satellite data.

258 STAFFMEY Library

The detailed information in the STAFFMET
library is inclined toward support of AFETR
programis and locations; however, much general
information s also available covering the complete
spectrum of meteozological support in the acro-
space environment. The library  includes many
stundard teats and articles related to meteorology.
An extanne chimatology section inchiles basic
data for mot arcas of the world with detailed
surface and upper-air data for reporting stations
along the ETR plus other stations of interest to
Range Usens. Also ancluded are a varicty of
computer programs tised to perform various caleu-
lations and transformations on atmosphernic meas-
urements in support of Range Usen,
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3.1 COMMUNICATIONS

The Air Force Eastern Test Range (AFETR)
operates point-to-point, air-to-ground, ship-to-
shore, and intrastation communications using
undersea cable, uhf, vhf, and hf radio, satellite,
microwave, standard and widetand wire distribu-
tion, closed-circuit television, and automatic and
manual telephones. These systems are used for
voice or teletype transmission of operational and
administrative traffic, transmission and receptioa
of test data, and for transmission of launch vehicle
commands (see table 3-I). Additional details can be
obtained from the AFETR Communications Hand-
book,

3.1.1 Interstation Coramunications

3.1.1.1  Undersea Cable

Coaxial undersea cables have been a most impor-
tant part of AFETR commuai:ations since 1954,
The original cable, with land-bswed repeatzr ampli-
ficrs at 60 to 70-nmi intervais, was installed by
Western Electric (WECO) in 1954, The cabk
presently is serviceable only between Grand
Bahama and Elcuthera. The bandwidth (150 kHz)
was multiplexed to provide 12 full duplex chan-
nels, or if desired, 12 voice channels downrange
and 9 voice plus one 45-kHz data channel uprange.

In 1963, the WECO cable between Grand Turk and
Ramey AFB, Puerto Rico. was replaced by the
Felton & Gixlieume (F&G) cable, At the same time
the service was extended to Antigua Air Station.
The F&G cable has submerged repeaters at
17.5-nmi intervals with a land repeates station at
Ramcy AFB. Group modulators and demodulators
break the 240-kHz super group into five full
duplex 48-kHz groups. A third underwater cable
system was placed in service in 1967 by Standard
Telephone aud Cable (STC) This system links
Grand Bahama and Grand Turk with underwater
repeaters spaced approximately 29.7 nmi apart,
The capacity of this section is also 240 kHz each
direction. In order to accommodate the demand
for transmission of widcband telemetry data from

Grand Bahama to CCAFJ, the capacity of the STC
cable between these two points was expanded and
repeaters spaced 9.7 nmi apart. The capacity of
this section of the cable is 1080-kHz, each direc-
tion; cable equipment is placed to provide four
240-kHz super groups, two super groups uprange
only, and two super groups bo*h uprange and
downrange. Onc of the two-way super groups is
instrumented to provide five 48-group channels,
three 12<channel 4-kHz full duplex circuits, and
two 48-kHz data transmission channels.

One of the uprange 48-kHz data channels, when
not needed for data transmission, is used with a
downrange 48-kHz channel to establish 12 full
duplex voice circuits between CCAFS and Antigua
Air Station,

Figure 3-1 shows the cxisting operating stations
and their respective subcable channel and high
freguency radio circuit capability.

3.1.1 7 High Frequency Radio (HF)

High frequency, single sideband (HF/SSB) radio is
used to span long distances and provide two-way
point-to-point, ship-toshore, and air-to-ground
communications, Each radio link is capable of
voice, teletype, or digital data transmission.

Point-to-point radio links between major stations
primarily use the 45-kW transmitters and antennas.
The tri-nested rhombic antennas are cut to specific
frequencies and fixed in azimuth, A limited
number of [2-MHz [frequencies are assigned.
however, most hf frequencies are 6 MHz, Two-way
point-to-point major rf links arc Mainland-Antigua,
Mainland-Ascension, Antigus-Ascension, and
Ascension-Mzhe Island, but other combinations arc
possible and used when propagation conditions
permit.

Additionally hf radio is used on the mainland,
Grand Bahama, Eleuthera, Grand Turk, Antigua.
Ascension, and Mahe for interisland, ship-to-shore,
and air-to-ground communications. The equipment
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is similar to that used for point-to-point service but
used at lower power levels.

The mainland Mf transmitter site is located at
Malabar, Florida. The sitc has five 205]-1 A Collins
45-kW transmitters for use with rhombic and log
periodic antennas; ten 240C-1 Collins 10-kW trans-
mitters for use with rhombic, log periodic, and
discone antennas; five 204F-1 Collins 2.5-kW
transmitters used with log periodic, discone,
dcoublet, and caged discone antennas; four KWT-6
Cullins 500-W transceivers used with log periodic,
discone, doublet, caged discone, and whip an-
tennas; and two KWM-2 Collins 100-W transceivers
used with whip antennas.

The mainland receiver site, located at CCAFS, has
four 5151, sixteen 651F-1, one S0NE6, seven SOE6D,
and six SX-116 receivers. The receivers are used in
combination with the following receiver site anten-
nas: one H log periodic (fixed), one V log
periodic (fixed), two 237A1 log periodic (rotat-
able), three 237B1 log periodic (rotatable), two
discone, and two tri-nested rhombics.

Distribution of the remaining hf radio equipment
is as follows:

HF TRANSMITTERS
45kW  10kW 25kW 1kW

Antigua 7 4 3 -
Ascension 13 7 2 -
Mahe 2 6 4 .

SC0W 350w 100 W

RCC-CCAFS 1 - 1
GBIl & Cays -

[ 5]

tJ

Grand Turk -
Antigua - -~ -
Ascension - - -
Mahe - - -
Eleuthera ~ 2 -

HF RECEIVERS
SISI  S0E6 651F1 R390

RCC-CCAFS - 1 = =
Antigua 3 10 12 3
Ascension 2 17 20 2
GBI - - - 4
Grand Turk - - - 2
Eleuthera 1 - - 2
Mahe 2 2 8 -

The mainland hf antenna receiver site is located on
CCAFS. There are: 16 Collins 65!F1, four Collins
5181, one Collins SO0E6, four Collins SOE6D, three
Collins SOE6DF, and six Hallicrafter SX-116 hf
receivers. The hf receiver antennas consist of two
tri-nested rhombics, five log periodics (fixed and
rotatable), and two discone antennas for day and
night reception.

The HF/SSB radios on board the aircraft
(ARIA/TRAP) consist of three AN/ARC-58 trans-
ceivers and use a retractable trailing wire antenna.

The USNS Arncld hf radio complement consists of
two Collins 204C-1 10-kW, and two Collins 204F-1
2.5-kW linear amplifiers in combination with four
each 310 F-6E exciters using three whip and onc
long periodic CA-3038 antennas, four ISB SOE?7
receivers, one R-390 receiver, one ISB SOE6D
receiver, one SP-600 receiver, and five 651F-1URG
receivers using six whip antennas.

The USNS Vandenberg hf radio complement
consists of two Collins 204C-1 10-kW and two
Collins 204F-1 2.5-kW linear amplifiers in com-
bination with four 310F6E exciters using three
whips and one log perindic CA-3038 antennas, one
R-390 receiver, two SOE7 receivers, six
651 F-1URG receivers, and seven whip antennas.

The USNS Redstone hf radio complement consists
of six TMC TSTEIOK (10-kW hf transmittiers),
scven TMC DDRR 506 hf receivers, two log
periodic antennas, threc uhf antennas, six AX-568
hf transmitiers, one monopole antenna with four
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whips, two AMC 3010B (vif), two 5X62 (hf
receivers), one SP-600 (hf receiver) with six whips,
and two log periodic CA-3038 antennas.

The Landing Craft Utility (LCU) has one RF 201
transcewver (HF/SSB), a 35-ft whip, a Triton vhf
radiotelephone (Motorola) with 9-ft whip, Conel
(HF/SSB) KR-153SB with 20-ft whip, and a uhf
ARC-34,
3.1.1.3  Uhf/Vhf Radio

Line-of-sight uhf and vhf radio is normally used in
the ground-to-ground, air-to-air, air-to-ground,
ship-to-shore, or ship-to-ship mode of communica-
tions. Transmissions normally consist of admini-
strative/operational test support coordination using
simplex vuice channels. Additionally, up to eight
ARIA, which may be scheduled from Wright-
Patterson AFB, can provide a real-time voice relay
capability between spacecraft and ground stations,
Transmissions are either Unified S-Band
(2200-2300 MHz) or vhf. The vhf capability is
simplex up or downlink utilizing one AN/ARC-34,
100-W transceiver and four vhf crossed-dipoles
mounted in the telemetry dome. For unmanned
launch operations, uhf, vhf, or hf is used. For
manned launch operations, the Unified S-Band
system is also used. Vhffuhf and microwave

equipment used on the Range are listed in table
3-2.

3.1.1.4 Satellite Communications

One leased full duplex voice/data channel connects
CCAFS and Ascension. The American Telephone
and Telegraph Co. (AT&T) portion extends from
CCAFS to the Eastern U.S, Gateway terminal. The
International Tclephone and Telegraph (IT&T)
COMSAT channel connects the Gateway terminal
via INTELSAT to the Cable and Wireless Earth
station on Ascension which is in turn connected to
the Ascension communications center by landline.

The AFETR operates and maintains two dedicited
SCT-2] Phase 11 DCSC terminals for SAMSO at
Antigua and Mahe Islands. Terminal specifications
and operational availability of this dedicated
facility can be obtained from the Satellite Control
Facility, Sunnyvale, California.

Each of cight ARIA aircraft is equipped with a
modified AN/ARC-146 satellite transceiver. The
terminal operates in a beacon (receive-or:v) mode;

- mae NSk e s i e PR EAIETIAE oy S

a full duplex voice mode operating in narrowband
fm uses three frequency bands between 240 and
260 MHz for receive and five frequency bands
between 300 and 315 MHz for transmit. Trans-
mitter power for the system is variable from 1 W to

Table 3-2. ETR Vhf/Uhf and Microwave
Coiamunications Equipment

Location Type Model

CCAFS Uhf AN/GRT-22(xmtr)
AN/GRR-24(rcvr)
AN/GRC-171(xcvr)
Vhf AN/GRT-21(xmtr)
AN/GRR-23(rcvr)
AN/GRC-175(xcvr)
GBI Uhf AN/GRT-22
AN/GRR-24
AN/GRC-171
Vhf AN/GRT-21
AN/GRT-23
AN/GRC-175
AN/GRC-175
AN/GRC-175
AN/GRC-175
AN/GRC-17§
AN/TRC-1
Lertkurt 45BX3
Carrier, types
74A2 and
74B1 terminals
AN/TRC-24 1

A e W WOoN O W~ Ig

Great Stirrup Vhf
Marsh Harbour Vhf
Little Carter Vhf
Treasure Cay Vhf
Little Carter Vhf*
Basset Cove to Vhf*
8 Mile Rock

— s G b pms s *

Treasure Cay Uhf*
Eleuthera Uhf AN/GRT-22
AN/GRR-24
AN/GRC-171
Vhf AN/GRT-21
AN/GRR-23
AN/GRC-175

- U WD = LD W

Grand Turk Uhf AN/GRT-22
AN/GRR-24
AN/GRC-I17
Vhf AN/GRT-21
AN/GRR-23

AN/GRC-175

-t W = W W

Antigua Uhf AN/GRT-22
AN/GRR-24

AN/GRC-11

- s G

Ascension Uhf AN/GRT-22
AN,GRR-24
AN/GRC-171
AN/GRT-2]
AN/GRR-23

AN/GRC-175

NWWN M

T-AGM-9/10/20  Uhf AN/GRT-22

(each) AN/GRR-24
AN/GRC-171
Vhf AN/GRC-175

— e oms S
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1 kW. The antenna subsystem consists of three
ant nas, a dummy load, a diplexer, an rf sampler,
an antenna select panel, and two coaxial relays.
The diplexer permits simultaneous transmission
and reception using a common antenna. Three
antennas give the operator a choice of antenna
pattern and polarization.

Each ARIS has an AN/ARC-146 satellite terminal
with the identical parameters as the ARIA dis-
cussed above., The exception is the antenna
subsystem. The ARIS has two bow-mounted
steerable (azimuth only) high gain, broadbeam
antennas. Each antenna covers 180° from the bow
to the stern. The port-mounted antenna covers the
port side and the starboard-mounted antenna
covers the starboard side of the ship.

3.1.1.5 Microwave System

One microwave link is used on the mainland to
connect CCAFS (XY Bldg) and the Malabar
transmitter site with a 24-channel breakout at the
Patrick AFB Communications Center. This link
uses a Collins MW-503 with a Collins MX-106
multiplexer to provide 108 two-way full duplex
voice channels.

3.1.1.6 Teletype

The teletype network interconnecting AFETR
stations for handling record traffic is shown in
figure 3-3. Teletype circuits are multiplexed on
3-kHz voice channels of the undersea cable and hf
radios. Message traffic is received and routed in
both DD form 173 and JANAP 128 formats. Pro-
vision is made for handling both classified and
unclassified traffic. Typical equipment used in-
cludes: AN/FGC-69, AF/FGC-97,11 333/UG12TD.
11 47D/UG. AF/FGC-96. AN/UGC-32, AN/FGC-58.
AN/UGC-32, and lI-70A/UG. Dedicated, confer-
ence. and shared-use circuits are available depend-
ing on the type of service required as well as the
quantity and precedence of traffic.

3.1.1.7 Voice Communications

The AFETR's administrative tclephone system can
handle all official calls. Limited secure voice
systems arc available for official use by authorized

personnel,

Direct-dial circuits connect Patrick AFB and
CCAFS with downrange subcable stations. Manual

SUPPORT SYSTEMS
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" patch through the CCAFS/Malabar hf transmitter.

connects the ships, aircraft, and other stations
which are not on the undersea cable.

Three intercommunications systems extend
throughout the mainland and downrange instru-
mentation and operational control sites. They are
the Green Phone, Missile Operation Intercom
System (MOIS), and Transistorized Operations
Phone System (TOPS).

The Green Phone system is a direct line ringdown
system which provides rapid communication for
instrumentation supervisors to their cnerating
personnel and to other supervisors. Each supervisor
has one or more 10/12-line key panels at his
operating position. A call is made by depressing
one or more key switches in the top position,
Subscribers call simply by lifting the handset. Key
panels have visual and audible signaling. Since the
system can be battery operated it is not affected
by commercial power failures.

MOIS/TOPS are intercom systems which permit
selection of a net or rets rather than individual
stations. All related operating positions, such as
those for telemetry are customarily assigned to the
same net. Rotary selector switches on the end
instruments are used to select the desired net.
MOIS/TOPS maintain usable transmission level
with headset operation under severe loading.
Access to any net may be limited to certain
operators who have previously selected the net.

TOPS is a completely transistorized network
system which operates in either a 2 or 4-wire mode
with a capability of selecting from 2 to 20 channels
with up to 250 subscribers per channel. A variety
of end instruments are available for usc in indoor
or outdoor wcather. An explosion-proof end
instrument is available for hurardeus aras,

3.1.2 Range Communications Control Centers

Operations cont;ol of ETR communications is
exarcised at communications control centers at
each major station, These centers allocate. moni-
tor, and maintain transmission quality on all on-
for their station. Equipment and capabilities are
limited to manual and semiautomatic operation.
See table 3-3.
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Cape Canaveral is the communications focal point
for all Range circuits, Range User nets, and
commercial carrier interconnect to all other Gov-
ernment agencies, Antigua is the nodal point for
the Caribbean area. Ascension is the net control
station for ship and aircraft operations in the broad
Atlantic area, Africa, and the Indian Ocean area.
Antigua and Ascension have complete manual and
semiautomatic Range Communications Control
Center czpabilities.

Audio recorders are used 2t CCAFS and downrange
stations to record selected voice channels during
operation support. At present, the Cape can record
160 voice channels simultaneously at 15/16 in/s.
The audio recorders are located in the XY Bldg and
are used in a fail-safe operation with automatic
changecver to a backup unit upon failure or
reaching the end of tape. By this method, reliable
recordings can be made of 100 channels up to 24
hours, Thirty 4-track 2-channel playback and tape
reproduction units provide 60 channels with
voice-operated control. These units permit repro-
duction of recorded information, eliminating all
dead space from the data, The system also has two
variable speed reproducers and an automatic time
announcer,

3.1.3 Closed-Circuit Television (CCTV)
Closed-circuit television on the ETR is generally
limited to Patrick AFB and CCAFS except for
boresight TV cameras or precision radars and
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optical instrumentation. The systems are used for
management and test operations support. TV
systems used for test operations support include
cameras for launch pad area coverage, spin test
facilities, display information distribution, etc.
Only black-and-white coverage is available using
standard commercial quality equipment. The tele-
vision operations center (TVOC) is centrally
located at Cape Canaveral. This center has video
tape recording, distribution, switching, monitoring.
and quality control capability. Video signals from
fixed installations are distributed by 16-gauge,
individually shielded wire pairs especially designed
for the purpose. Wideband transmitters, receivers,
and repeaters are used for amplification and
equalization of circuits. Repeaters are spaced
approximately 3 miles apart for quality trans-
mission of signals with a bandwidth up to 4.5 MHz.

3.1.4 Intrastation Communications

All AFETR stations have outside plant cable
distribution systems. Most of this cable is installed
underground; however, in coral or rocky terrain
the cables are suspended from poles. The service
can be extended by installation of lateral cables
from the feeder cables. Nonloaded and loaded 19
and 22 gauge cables are used. In addition to these
cables, a number of special wideband lo-.auge
balanced pairs are included for data transmission.
These special pairs are individually shielded ard

can be equalized to a 4.5-MHz bandwidth,

TABLE 3-3. COMMUNICATIONS CONTROL

Circuit CCAFS GBI GT ANT ASC

Dc patch capability (red/black lines) 300/275 | 26/74 | 100 | 200/200 | 209/275

Audio patch capability lines 1225 300 100 | 300 400

Automatic audio switch lines 1650 - - - ~
Communications switch lines 240 - - - -

Line level adjust 4-wire circuit 127§ 200 112 | 300 400
Conference amplifiers (6-way) 180 30 19 = - !
Conference distributior amplifiers (8-way) | 2 - - ~ -
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3.1.4.1 Voice Communication

All intrastation administrative and operational
voice communication are conducted by local
telephone and interphone systems using the same
end instruments previously described.

Additionally each mainland and downrange station
has a public address/aural warning system used for
local area personnel paging, dissemination of test
support and countdown information, and emer-
gency warning and instructions.

3,1.4.2 Downrange Microwave

A Lenkurt microwave system using a 45BX3
carrier and type 74A2 and 74Bl terminals is
installed between Basset Cove and Eight Mile
Rock, Giand Bahama Island.

Antigua Air Station utilizes a microwave system
between the main base and the transmitter site at
Par-am Point. The system uses four Lenkurt 74B1
microwave receive/transmit units with two Lenkurt

46A2 channel multiplexers to provide 24-channel
duplex service,

Mahe Island utilizes a 24-channel ATRAX system
between the. transmitter and receiver sites and
between the technical site and receivers.

3.1.4.3 Intrabase Radio

Each station maintains a two-way base station for
administrative and emergency voice communica-
tions, The base station uses a 60-W Motorola type
C536KB-1100B narrowband fm transceiver which
normally connects the base communications cen-
ter, fire and security headquarters, runway control
tower, and base powerhouse. Mobile units are
usually installed in ambulances and in vehicles
operated by the USAF Base Commander, Range
Contractor Base Operations Manager, and fire and
sccurity, These units are usually mobile two-way
Motorola Model U43HHT-543HHT with 25 W
power,

Additionally, Range and Range User personnel use
two-way simplex hand-held walkie-talkies for spe-
cialized voice communications,

e
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3.2 COMMAND/CONTROL

The ETR Command/Control System consists of a
network of radio transmitters at Cape Canaveral
Air Force Station, Grand Bahama, Antigua, and
onboard the USNS Redstone. The land-based sites
are linked to the CCAFS Range Safety Officer
(RSO) console located in the Range Control Center
for center point control operation, and are used by
Range Safety Officers to transmit arm-and-destruct
commands to missiles and spacecraft. Range User
application of the system includes transmission of
commands such as command safe, engine cutoff,
and retrofire, and transmission of tones for vehicle
control,

For northerly launch azimuths the NASA Bermuda
and Wallops island stations are used by Range
Safety when additional coverage is needed. The
Bermuda station is a prime support station for
NASA manned Jaunches, but is considered backup
for DOD launches also.

The Command Destruct Systemr on the USNS
Redstone provides the capability for mobile com-
mand transmitters. This system primarily supports
the USN Fleet Ballistic Missile Programs in
conjunction with the Launch Area Support Ship
(LASS) from which the request for flight termina-
tion is made.

Each of the ETR transmitter sites, the USNS
Redstone, and NASA’'s Bermuda station have two
high-power (10-kW) transmitters, while the Wallops
Island transmitter is limited to 600 watts. The ETR
Cape site can also transmit low power (600 W)
signals for use in the faunch area.

3.2.1 Land-Based System

Commands are initiated by the RSO, or the flight
controller in the case of Range Users, by closing a
switch. The switch closure from the console is
converted to a MIL STD 188 compatible serial
output by dual-redundant encoders installed in the
Range Control Center. This output will be routed
via the Range Instrumentation Control System
(RICS) ic the remote command transmitting sites
at CCAFS, Grand Bahama, and Antigua. A
command decoder and verifier decoade the com-
mand from the scrial data and, as appropriate for
the mission, keys the audio from the tone encoder
or the digital Range Safety encoder. The encoder
output frequency modulates the carrier and the
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composite signal is radiated to the vehicle (only
one station radiates at a time to avoid mutual
interference). At the same time, the output of the
transmitter is detected before reaching the trans-
mitting antenna and applied to a receiver/decoder,
the output which is recorded on a strip chart and
also transmitted back to the RSO (or flight
controller) via the remote control group to show
the command has been transmitted.

The vehicle receives the rf signal, detects the coded
command, and passes it to the decoder. The
decoder output is a relay closure which activates
the destruct mechanism (or causes some other
desired action such as fuel cutoff), Telemetry may
or may not report on vehicle response to com-
mands but generally does report received signal
strength. The rf signal is a frequency-modulated
carrier (406-¢50 MHz) and the carrier deviation is
selectable from £30 to +300 kHz. The modulating
signal is supplied by audiotone coders.

The ground equipment can be divided into three
groups: remoting, coding, and transmitting. Re-
dundancy is used within cach group to obtain high
reliability. The interconnection of these three
groups is always the same although the amount of
equipment varies from station to station. A tyvpical
downrange system is shown in figure 3-4.

3.2.1.1 Remoting Group

A means of directly controlling the command/
contrui  encoders and transmitters at Cape
Canaverrl, Grand Bahama, and Antigua from the
Range Control Center at Cape Canaveral is pro-
vided by the RICS und local remoting links. The
latter consists of frequency shift key (FSK) tone
equipment which transfers closures from the RICS
terminals or the local RSO console at a given
station to the remote transmitter site. Thus, any
station can be sclected cither manually or auto-
matically by a station sequencer.

The RICS is a digital supervisory control and
communications system for rapid message ox-
change between CCAFS and downrange stations
via the undersea cable,

The data conversion subsystemn (see figure 3-5)
sends Range User commands from Cape Canaveral
to the command/control stations. Basically, the
subsystem remotely controls 17 relays by fre-
quency division multiplexing 17 tones onto a

3-11




[

SUPPORT SYSTEMS
COMMAND/CONTROL

3-kHz circuit. Each tone is frequency shift keyed
(FSK) to open or close the relay contacts. All 17
tone channels are available to Range Users, At the
present time receiving equipment is operational
only in the command/control building at Cape
Canaveral. -

3.2.1.2 Coding Group

The tone encoder can generate 20 subcarrier
channels in the 7.5 to 73.95-kHz band. Up to six
tones, generated simultaneously, can be used
singly, in combination, or in sequence to send a
command. The frequency stability of each tone is
$0,5 percent of tone frequency.

The Digital Range Safety (DRS) System is designed
primarily for range safety. Each command word is
divided into an 8-bit address followed by three bits
to identify the comman«'. The coder can handle six
commands for each of two addresses for a total of
12,

Each bit in a command word is transmitted by two
tones sciected from the seven available in the
7-kHz to 16-kHz band. Each bit in the word may
be a different combination of two tones (21
ccmbinations are available). The code used by any
particular missile may be classified.

A new comrnand encoding/verification system was
implemented in late FY-76 to provide a flexible
means to generate a tone sequence for Range
Safety commands. Up to 16 commarnds can be
gencrated and verified. Each command consists of
up to 15 characters where a character consists of
any combination of 8 tores preselected from the
20 available tones. The character rate will be
adjustable from 10 to 200 characters per second.
The commands will be stored in interchangeable
memories, New tone encoder and decoders will
also be implemented to accommodate critical
timing of the tone sequence.
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TABLE 3-4. COMMAND/CONTROL TECHNICAL CHARACTERISTICS
Antennas
_Omnidirectional

Gabriel Low Power Melpar High P.wer
Gair: Unity Unity
Pattern, Vertical Toroid Hemisphere
Polarization LHC LHC
Frequency band 400-550 MHz 400-500 MHz
Max input power 2 kW 10 kW

5 Steerable

Esco Can Helicon
Gain 1 15 dB lg'id)ﬁa 6 dB
Beamwidth 18 x 30° 20° 70°
Frequency band 400-500 MHz 306450 MHz 406-450 Mz
Polarization LHC LHC LHC
Max input power 15 kW 10 kW 10 kW

Power Amplifier (Hig:-Power)

Land-based Sites Ship
Frequency band 400-550 MHz 406-500 MHz
Bandwidth 3 MHz 3 MH:z
Qutput power 1-10 kW 10 kW
"ain 27 dB at 3-MHz BW 33 d3 at 3-MHz BW

Transmitter (AN/FRW-2)

Frequency band
Carrier modulation
Carrier deviation
Input voltage

Input impedance
Input frequency band
Max output power

CCAFS

406-549 MHz in 0.5 MHz steps

Fm

$+30 - £300 kHz

1 V peak-to-peak
560 ohms

600 Hz - 100 kHz
600 W

Rf Exciter

Frequency band

Frequency stability
Carrier modulation
Input level

Input impedance
Input freq. band
Max output power

GBI, ANT

 406-500 MHz on

0.5-MHz steps

S kHz

Fm

0 dBm

560 ohms

300 Hz to 100 kHz
100 W

Ship

406-450 MHz on
0.5-MHz steps

$2.14 kHz

5'3-200

2. 0 volts p-p
500 ohms

300 Hz to i00 kH:z
80 W

Description of Commands

IRIG Tone
Tones available

Max simultaneous tones

Tone frequencies
Range Safety DRS

Tones available
Word length
Tones per bit
Bit rate

Word rate

Tone frequencics

Land-based Sites & Ship

20

6

7.5 - 7395 kHz
Land-based Sites Only

2
11 bits
p)

116-2/3 bls
6 per sccond
7-16 kHz
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3.2.1.3  Transmitting Group

The AN/FRW-2 transmitter, currently used at the
CCAFS command control site, is crystal controlled
and provides up to 600 watts of rf power. Rf
power of up to 10 kW (practical limit of 8 kW) is
provided by 240D-2 power amplifiers which are
driven by thc AN/FRW-2’s, At Grand Bahama and
Antigua the FRW-2's have been replaced by
solid-state exciters having an output up to 100
watts. Dual, low-power solid-state exciters are also
scheduled to replace the AN/FRW-2's at the Cupe
in FY-77,

322 Shipborne System

The USNS Redstone C:mmand Destruct System
(CDS) is designed to permit positive flight termina-
tion of errant sea-launched missiles. Arm-and-
destruct command functions (coded audio tones)
are frequency modulated onto a 10-kW of carrier
and transmitted at the request of the LASS Flight
Safety Officer (FSO). The carrier frequency is
selectable in 0.5-MHz steps from 406 to 450 MHz.

The Command Destruct System is divided into five
subsystems: (1) remote monitor and control
subsystem that provides shipboard fun:tion activa-
tion, monitoring, and distribusion; (2) a control
subsystem that provides staius indications. control
functions, and interface connections with system
components and other shipboard systems: (3) a
local monitoring subsystem that provides demodu-
lated signals for verification of command function
transmission; (4) a function keying subsystem for
sequencing and activating the proper tone com-
binations: and (5) transmitting subsystem that
performs the modulation, rf power generation, and
radiation of enc.gy into space. Figure 3-6 depicts
the command destruct system in block diagram
form.

3.2.21  Remote Monitor and Control Subsystem

The remote monitor and control subsystem is the
primary interface for controlling and monitoring
the Command Destruct System during normal
operation,

The FSO has the option of operating in cither
manual or automatic mode. In the automatic
mode, the link signals from the Central Data
Processing System are sent from the FSO console
to the Command Destruct System equipment with
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no FSO intervention. In the manual mode, the link
signals are terminated at the FSO console, and
Command Destruct System equipment is operated
from the FSO console or at the CDS console.

3.2.2.2 Control Subsystem

The contrel subsystem consists of five bays and the
Command Destruct System Console that provides
all necessary control functions to operate, monitor,
and test the entire system. It also provides an
interface with other CDS equipment and with
other ship systems.

3.2,2.3  Local Monitoring Subsystem

The local monitoring subsystem is used to verify
and record the transmitted functions and the rf
carricr level. Events such as transmitted Range
Safety Center command functions, transmitted
tones, equipment status, system status, and se-
lected mode inlications are selectzble for inputs to
the recorder.

3.2.2.4 Function Keying Subsystem

The function keying subsystem provides a capa-
bility for assigning preestablished codes to the four
arm-and-destruct function combinations. Any com-
bination of three tones, from a total of 10 tones,
can be selected and assigned to each of four
missiles.

3,2.2.5 Rf Transmitting Subsystem

The of transmitting subsystem is a dual/redundant
transmitter group, consisting of a tone coder, an
fm exciter, a power amplifier. and an rf switching
antenna and dummy load assembly.

The exciters provide a nominal |15 watts drive
power te the 10-kW power amplifiers. The exciter
output is frequency modulated with audio tones
from a tone coder and has a frequency in the 406
to 450 MHz range. The power amplifiers provide
10 kW of i power to the of switching and dummy
load assembly which transfers the power output to
one of two antennas or to dummy loads

Rf is rediated by broadbeam helical antennas. Dual
antennas are provided, and cach is mounted on
elevation-over-azimuth pedestals. Directional con-
trol is accomplished with clevation and azimuth
manual controls on the pedestals. The antenna can
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be positioned from +10° to +80° in elevation and downrange station and the USNS Redstone has one

+90° in azimuth. complete high power dual redundant transmitting

. system. The Cape has three complete dual re-
3.23 Susnmary dundant systems: one high power, one low power
Location and capabilities of each command/ emergency backup, and one low power system for

control station are given in table 3-5. Each local pad support.

TABLE 3-5. COMMAND/CONTROL STATION LOCATIONS AND CAPABILITIES

Available Coders
Max IRIG
Station Power | Tone | DRS |[Remoting /FRW-2 | Exciter Anter:na
Cape Canaveral [600 W| X X X X Two Canoga (NASA)
10 kWi X X X X One Melpar di-power
omni
One Gabrie! Lo-power
omni
Grand Bahama 10 kW] X X X X Two ESCO
Antigua 10 kW| X X X X One ESTO
One TEMEC Dish
f |USNS Redstone 110 xW| X X | Two Hi-power
Helicon
8§ |Bermuda (NASA) [10KW]| X | X X | Two Canoga
N
Wallops Is(NASA){600 W | X X X Two Canoga

KEY: IRIG = Interrange Instrumentation Group
DRS = Digital Range Safety System
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33 THE ETR TIMING SYSTEM
33.1  Cape Canaveral AFS Central Timing

The time signal generators used at the ETR are
synchronized to Universal Time Coordinated
(UTC) with the aid of the East Coast Loran C
Chain, operated by the U.S. Coast Guard, and
closely synchronized to the U.S. Naval Obscrvatory
and radio station WWYV operated by the National
Bureau of Standards.

The time signal generators located in the Range
Control Center produce 24 different time codes
(presence-absence, pulse width, and pulse posi-
tion), with frame rates ranging from | f/hr to 10
f/s and element rates ranging from 1 p/m to 1,000
p/s. Time words are coded straight binary seconds
time-of-day, modified binary hours-minutes—
seconds and 10th seconds time-of-day, binary-
coded decimal days-hours-minutes-seconds and
10th seconds time-of-year, and combinations
thereof, In addition. 28 pulse repetition rates are
produced, ranging from | p/hr to 100,060 p/s. All
outputs of the time signal generators are fed to a
patch panel where plug-in modular distribution
amplifiers have input and output signal termina-
tions. Through system patcliing the following
output configurations are possible:

1. High Level Signusls. Forty-two channels
of high-level timing signals are available
to Range User equipment near the Range
Control Center. the generating point,
Thirty-six channels of dry contact relay
closures are also available.

2. Low Level Signals. Sixty-four channels

"~ of low-level signals, distributed over the

Cape by the communications system, are

sent out as low-level spikes to be shaped

and amplified by timing terminal units.

Fourteer channels of amplitude-modu-

lated sine wave signals suitable for com-

munication lin¢ transmission are also
available. ’

3.3.2 Downrange Central Timing

All downrange stations contain dugl time-signal
generators and a signal comparator. The signal
gencrators at Grand Bahama. Grand Turk, and
Antigua Central Timing arc identical o those at
CCAFS, The signal gencrators are synchronized to
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thie DOD master clock via WWV and Loran-C with
periodic verification by portable cesium clocks.

3.33 Terminal Timing Systems

A timing terminal unit consists of a power supply
and chassis that accepts modular subassemblies,
Five types of plug-in modules are availavle: (1)
code shapers (to develop high-level codr:d time
signals), (2) pulse shapers (to produce ligh-level
pulses synchronized with range time) (3) neon
drivers (for high-level signals for neon lamps), (4)
sine wave drivers (to produce amplitude-modulated
sine waves whose frequency is derived from the
repetition rate and the amplitude modulation from
the coded time), and (5) tone detectors (which
produce high-level signals or relay closures from an
amplitude-modulated sine wave), The outputs of
the timing terminal units are used for data
clocking, neon light timing for metric camera
operation, and timing records on magnetic tape
and osci'lograph charts.

The overall accuracy of the timing signals is
deteriorated by transmission delays, the delay of
the timing terminal unit, and the response time of
the customer instruments., When correlation accu-
racy better than | millisecond is needed, these
delays can be mecasured and :ncorporated in the
data reduction process,

334 Subcentral Timing Systems

Subcentral Timing Systems at satellite instrumenta-
tion sites on the Florida mainland (1) accept and
detec: 2 signal from the central timing system;(2)
generate pulse rates, coded timing signals, and
position identifiers: and (3) pmvide standard
signals to instrumentation equipment and timing
terminal units.

The transmission delays are periodically measured
and compensated for so that the subcentral sites
are within § us of synchronization with the central
timing system.

335 Uhf Timing Distribution System

A Time Division Multiplexed Timing Distribution
System (TDMTDS) is in operation at Cape
Canaveral,

At Central Timing. an encoder time multiplexes
carly signals from the gencrators and distributes
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the composite signal via wideband cables or uhf
radio. Propagation delay is compensated for in the
receiving system.

For reliability of radio distribution, redundant
encoders and transmitters, with a power monitor,
provide automatic switchover if a transmitter fails,
The outputs of the transmitters feed omni-
directional antennas. A directional antenna, timing
receiver, and decoder at the receiving sites provide
outputs suitable for driving standard timing ter-
minal units, Selectable decoder delay, from 200 us
to | us, accommodates propagation delay within a
35-mile radius.

3.3.6 Technical Characteristics (Terminal Tim-
ing System)

(1) Output Signal Formats:

See Pan Am Specification A-600106,
Timing Terminal Signals.

(2) Output Signal Characteristics:
Code and Pulse Shaper Modules:

Output: 0 to +60 V across 300-
ohm resistance and 0.10 uF capaci-
tance to a maximum cf 200 mA
through loads less than 300 ohms.
Rectangular pulse with a rise time
less than 2 us and decay time less
than 10 us.

Delay: 5*2..

Neon Drive Module:
Output: 1 to 15 mA through neon
lamp (on an adjustable bias of 50 to
500 pA) shunted by an 0.1-pF
capacitor,
Delay: 50+0/-40 us

Sine-Wave Driver:
Output: 30 V peak-to-peak across
100-ohm resistive load shunted by
an 0.015-uF capacitor with less
than 5% harmonic distortion.

Phase Jitter: 0 210 us
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Tone Detector:

Output:. © to +60 V across a
300-ohm resistance paralleled by an
0.1-uF capacitor or 200 mA for
loads less than 300-ohms, and a
relay contact ciosure. '

Delay: 5 ms maximum at | kHz,
contact closure delay of 5 ms and
release delay +20 ms.

3.3.7 Accuracy

Cape Canaveral and downrange central timing
systems generate a reference frequency with an
accuracy better than five parts in 10 billion (5
parts in 10'°%), The reference frequency is then
divided into slower repetition rates and time-of-day
and time-of-year codes are accumulated. The
generators used at these stations have “clocked
outputs” that cause the leading edges of all code
and repetition rate pulses to be coincident to
within 1 us.

The leading edge of timing pulses generated at the
following stations is coincident with transmitted
UTC with the accuracy shown below. The follow-
ing list represents the time correlation accuracy
continuously maintained by central timing systems
with a 3 sigma confidence level. The correlation of
the timing pulse furnished to the end or using
instrumentation may be less accurate, depending
on the method of distribution and the signal
furnished.

Accuracy (us)
Cape Canaveral 2
Grand Bahama 10
Grard Turk 10
Antigua 10
Ascension. 50
Ships 50

If the station has TDMTDS, the correlation
accuracy provided to the ¢nd instrumentation will
be within & us of the timing generator.

3.3.8 USNS Redstone
The USNS Redstone timing system gencrates and

distributes standard frequencies, time codes, and
repetition rates for use by shipboard instru-
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mentation. The timing equipment is located in the
communications and timing center room. Timing
system leading particulars are as follows:

1. System outputs — § MHz, | MHz, and
100 kHz; pulses — 2 p/s, 400 p/s, 2 p/m,
"and 10 p/m; and time signals — BCD
time-of-year to 0.1 s, serial binary
time-of-year to 0.1 s time codes IRIG
A-H, Central Data Processing (CDP) code
(for TOY indicators); sinusoidal signals;
square waves correlated to a | p/s
on-time signal; and square waves delayed
with respect to the 1 p/s on-time signal
by selectable amounts; all based on
rubidium standard.

2. Cesium beam frequency standard
“clock™ — Hewlett-Packard Model 5061
in system; off-line, as master clock for
reference and synchronization. Cumula-
tive time offset of 0.4 us per day.

3. Rubidium frequency standard — long-
term stability +1x107! per month

(maximum limit of drift rate), short-
term stability of 5x102 per second.

339 ARIS

Dual crystal oscillators provide the timing base for
time code generators which feed monitoring and
distribution equipment to produce 23 digital
codes, 39 mixed codes, 39 pulse rates, and 7 sine
waves in the standard, approved IRIG format.
Through reception of standard hf broadcast and
the use of an on-board cesium beam frequency
standard and Loran-C equipment, timing synchro-
nization to UTC is maintained.

Digital time codes are used by the ship computer
and for recording on pen recorders, oscillographs,
and camera film. Mixed codes, such as a 1-kHz sine
wave modulated with a digital code, are used for
recording on magnetic tape. Pulse repetition rates
are provided for mixing with time codes to
interpolate between code pulses and for use as
driving pulses for instrumentation equipment. Sine
waves provide reference frequencies.
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34 RANGE COUNT CONTROL
Range Count Control at Cape Canaveral AFS
provides:

1. Off-on sequential control of vehicle and
instrument functions on a Universal
Time base

2. Hold-fire controls for ise by Range
Safety and Range User instrumentation
control

3. Direct reading display of countdown
time

4, Dissemination of liftoff time

The system includes a countdown generator in the
Range Control Center (RCC), which may be used
before start of vehicle countdown, a scquencer in
the blockhouse which automatically controls op-
erations during countdown and firing, a real-time
programmer in the RCC for programming ¢vents
according to Universal Time, countdown indicators
throughout Cape Canaveral to show the progress of
the count, and a distribution system consisting of
three nets. The switching of blockhouse and Range
Control Center equipment into these nets is
controlled from a console at the Range Control
Center, These components are further described as
follows:

3.4.1 Countdown Generator

A countdown generator in the Range Control
Center provides countdown information until T-90
min, at which time the sequencer in the block-
house switches to the distribution net and provides
countdown. The countdown gencrator also gives
positive countdown time after liftoff. The signals
produced by the countdown generator are identical
to those produced by the sequencer described
below,

3.4.2 Sequencer

Three types of sequencers are used: Models Ui, 11,
and IV, Because they are functionally similar, the
following description of the Model IV can be
applied.

Central timing supplies 10-p/s timing signals (o a
transistorized decade counter which, in tum,
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supplies a 1-p/s signal to four 12-level, 10-position
stepping switches corresponding to units of sec-
onds, tens of seconds, units of minutes, and tens of
minutes. The seconds stepping switches provide
continuous signals corresponding to tens of sec-
onds and units of seconds for visual display. In
addition, the seconds stepping switches generate
pulses corresponding to tens of seconds and units
of seconds for each second of a minute, i.e., 0 to
59 s. These signals, along with the tenth- of-second
signal from the decade counter, are supplied to a
one-tenth per second encoder which produces
groups of positive signals corresponding to O to
0.1, 0.2 to 0.3, 0.4 to 0.5, 0.6 to 0.7, 0.8 to 0.9 for
each second of time. These groups of signals
terminate in a patch panel for times selection of
function relays.

The minutes stepping switches supply wisual in-
dicator signals and generate ground signals for each
tenth of a second. These pulses are supplied on two
lincs ~- one for even-tenths of seconds from -10 to
+10 min, the other for odd-tenths of seconds.
These signals also terminate on the patch panel.
The sequencer control relays (function generators)
may be programmed for start-stop at any one-tenth
second during the countdown from -10 to +10 min
(or at 1-min intervals from -90 to -10 min). This is
done by palching in plus signals corresponding to
groups of tenth-of-second signals, simultancously
with tae particular ground (corresponding to the
related even or odd tenth of second) which
corresponds to the minute selected.

Visual countdown indicator signals arc generated
by countdown step switches, A 21-bit (five 4-bit
digits and a sign bit) signal is supplied to an
encoder which produces an amplitude-modulated
345-Hz signal for distribution., A decoder and
indicator present the countdown information.

Two types of hold-fire are possible, automatic and
manual. Twenty circuits are provided for auto-
matic hold-fire. During the interval that these
hold-fire circuits are programmed, an external
condition is sampled. If a malfunction occurs
during this time (shown by absence of +28 V dcon
the line}, countdown will be automatically inter-
rupted. Two modes of restart, automatic and
manual, are provided for each programmed hold-
fire circuit by means of a sclector switch. In the
automatic rustart position, the countdown auto-
matically restarts when the malfunction producing
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the hold-fire has been cleared. In the manual
restart position, the countdown must be restarted
manually when the malfunction has been cleared.
Automatic hold-fire cverride is also provided for
each circuit.

The countdown may be manually interrusted by
hold-fire switches on the Range Safety, Range
Operations, Pad Safety, and Range User consoles.

343 Real-Time Programmer

By use of the Range Hold-fire Net Distribution
System, a precise start pulse is sent from the
real-time programiner located in the RCC to the
sequencer in the blockhouse. The sequence count-
down will then reach T-0at the predicted Universal
Time for T-0 in order that launch program window
requirements may be met.

REAL-TIME PROGRAMMER
TECHNICAL CHARACTERISTICS

Input ., . . . Second, minute, and hour of day in
20-bit parallel BCD format plus 100
p/s repetition rate,

Function control

circuits . . . ... Ten may be programmed

throughout the day in 10 ms
increments.
Encoder

Input . . Current pulses of 300 mA peak at 28 V
for 20 ms at | s intervals.

Operation times . 140 ms read-in, 120 ms readout
Dutput . .Amplitude-modulated 345-Hz sine wave
Decoder

Input . . . . . Variable, depending on line length
Opetation times . . 70 ms read-in, 930 ms readout
3.5 LORAC

Lorac a radio-

(Long Range Accuracy) is

positioning system operating in the 1.7 to 2.5-MHz
portion of the radio spectrum. Lorac provides
position information for ships and submarines
engaged in launch, tracking, and recovery opera-
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tions, It also provides a standard of comparison for
calibration of a ship’s inertial navigation systems
and associated equipment. The two Lorac net-
works installed at the ETR provide coverage from
Cape Canaveral to Eleuthera.

A Lorac network consists of three base stations
and one reference station. The three base stations
are ananged in a triad (one center and two end
stations) to provide coverage in the area of interest.
The reference station is usually located in the
vicinity of the center base station.

The three base stations operate in the continuous
wave mode and generate a family of hyperbolas
used to provide position information. The refer-
ence station operates in the amplitude-modulated
mode and provides the reference signal against
which the phase measurements are made.

Eack Lorac .etwork requires two canier fre-
quencies: one for the reference staticn and one for
the base stations. While each base station operates
on a different frequency from the other two, the
difference is so slight the frequencies can be
considered the same. The center base station
operates at frequency f* while the end base stations
operate at f + 135 Hz and f - 315 Hz,
respectively. The end base station, operating at f* +
135 Hz, is identified as the Green Station while the
other is called the Red Station. The reference
station receiver receives the three base station
signals and produces two heterodyne beat notes,
135 and 315 Hz, in its output. These signals are
applied as modulation to the reference transmitter
and transmitted at another carrier frequency.

The Lorac mobile receiver operating aboard ship
contains two reccivers which pick up the signals
radiated from the hase and reference stations. The
outpuis of these two receivers are filtered to
provide four separate audio tones. Phase measure-
ments are made on the 135-Hz pair and the 315-Hz
pair continuously. The phase meters then display
the position of the ship in hyperbolic coordinates.
These readings arc transferred to a navigation chart
containing a hyperbolic ovenay to determine the
ship's position. Alternately, the position can be
recorded for later reduction and conveision to any
other desired coordinate system. Any number of
mobile reccivers can use the Lorac network
simultaneously since the receivers operate in a
completely passive mode.
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Each Lorac network has the following basic
equipment:

Equipment Quantity
Transmitters, 500 watts, cw 3
Transmitter, 500 watts, a-m |

Antennas, 240-ft — 280-ft towers 4

Receiver, Pattern Monitor 1

A summary of the Lorac A and B network
equipment is provided in table 3-6. The location is
as follows:

Location Frequency (kHz) Type
Lorac A Network
Jupiter, FL 1732.135 Green Base Sta
West End, GBI 1732.000 Center Base Sta
Carter Cay 1731.685 Red Base Sta
North
Riding Point 1773.000 Reference Sta
CCAFS Pattern Monitor
Lorac B Network
Carter Cay 2099.685 Red 5;50 Sta
Great
Stirrup Cay 2100.000 Center Base Sta
Eleuthera 2100.135 Green Base Sta
Marsh Harbor,
Abaco Island 2415.842 Reierence Sta
Treasure Cay,
Abaco Island Dattern Monitor

Error contoitrs for the two ETR Lorac netwoeds
are shown on figures 3-10 and 3-11. While the
contours are based on the geometric dilution of
precision  (GDOP), meastrements taker against
other systems, such as optics and radar, have
shown that these errors are corservative.
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TABLE 3-6. LORAC EQUIPMENT

O LORAC A NETWORK

Station Equipment

CCAFS Network Monitor Receiver & Antenna
Strip Chart Recorder

Yoice Net

Transmitter & Antenna
Remote Coatrol Equipment
Transmitters

Rectivers

Decoders

Voice Net

Jupiter End Station; GBIl West
End Center Station; Carter
Cay End Station

Receiver

Transmitter

Antenna

Calibration Preamplifier
Encoder Unit

GB1 North Riding Point
Reference Station

Modulator Unit
Voice Net

LORAC B NETWORK

Station Equipment

Carter Cay End Station: Great
Stirrup Cay Center Station;
Eleuthers End Station

Transmitter & Antenna
Remote Control Equipment
Tranumitier

Receiver

Decoders

Voice Net

Treamure Cay Network Monitor Recewver & Antenna
Stnp Chart Recorder
Voice Net

Marsh Harbour Reference Station Receiver

Trammitier

Anlenna

Calibration Preamplificr
Encoder Unig
Madulstor Unit

Voive Net

3.6 DATA HANDLING
d.o.1 Real-Time Metric Daca Handling

Discussion of ETR capability to collect, process,
and distribute data in reaktime is subdivided to
distinguish between “metric™ data and “telemetry”
data, Metric data, in general, consists of distances
and/or angles to a target referred to a specific
coordinate system and its origin, and includes data
derived from radars and from telemetry antenna
angles. In cach case, the data are understood to
contain corrclated time, identifier, and status
information.

Figures 3- 12 through 3-18 show the configurztion
of ETR systems that generate and use real-time
metric data.
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DATA HANDLING
BORESIGHT
TV RCDR
RADAR VIDEO
OUT TO P AN/FPQ-13, 14, 156
OPDE 0.13/0.14, PAFB  7.14, GTK °  18.14, KSC
(RADAR 0.14 ONLY) 3.13, GBI 91.14, ANT 12.15, ASC

=

RADAR DATA ANALYSIS UNIT (RDAU)

P9

T 1

p o —

GRYPTO

AN/GSC-20
MODEM

EA; i

 CRYPTO RANGE TIME

TELETYPE

T2

{
§ COMPUTER DATA NOTES
i | 3% words _ 1. () = Tracking data output includes E.F.G,
22 bits/word £.G, time, agc voitages, 1D, status;
g 850 ns cycle time 10 samples/second
200k to 300k inst. per second
6M bytes random access disk * 2.-Duignmdminput,mu@
1 byte = B bits
3 © = Interrange Vector (IRV) out
241 bytes at ASC 4.@-IRVinput.nmeu©
8. All dats input and output circuits are simul-
tanecusly connected to e Real-Time Com.
- puter System (RTCS) at the Cape, and are
available to all other trackers.
6. Boresight TV includes alphanumerics.
7. RDAU Modified Xerox Sigma 5 Computer
Figaa 313 AN/FPQ-13, 14, 15 OnSite Deta Processing
330
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@ . XEROX DATA SYSTEMS SIGMA 7 COMPUTER

COMPUTER

32k words
32 bits/word

950 ns cycle time

200k to 300k inst per second
6M bytes random access disk

1 byte — B bits

BORESIGHT
TV RCOR

$

AN/FPQ-13
RADAR 0.13, PATRICK

1 i

CRYPTO RANGE TIME

v 1

AN/GSC-20
MODEM
2400 B/

© ©

DATA NOTES

1. (B) = Tracking dams outout inciudes E.F.G,
E.F.G, time, 3gc voitsge, (D, sistus;
10 samples/second

2. = Designate Data input, same as @

3. !nterrange vectors (IRV) may be entered or
extracted manually.

4. Bocesight TV includes alphsnumerics.

Figure 3-14. AN/FPQ-13 (PAFB) OnSite Data Prucessing
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AN/FPS-16

1.16, CAPE CANAVERAL
| l [}

1. Polar-to-Cartesian converter uses
precision sine/cosine and range
potentiometers tc ccnvert azimuth
and elevation angles and range to
X,Y,Z coordinates.

2. Cartesian-to-Polar conww: cer accepts
XY, 2 coordinate data in dc voltage
form and converts them to azimuth
snd elevation angles and rarge data
in gynchro form.

®

©

RANGE TIME
TYPE 1002-T
DIGITAL TRANS

(1000 B/S)
POLAR-TO- CARTESIAN-TO-
CARTESIAN POLAR
CONVERTER CONVERTER

CONVERTERS DATA NOTES

= X.,Y.,Z output;, in which £ 140 V dc
equals £ 108 yards. These data are
transmitted to Rege C<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>