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SUMMARY

'This document represents the Final Report on GLOW System 1I and includes

the installation and integration of the System at Kwajalein Test Site, Kwajalein,
Marshall Trust Territory.

Salient characteristics ot prime equipment are described in detail; a complcte
bibliography, encompasses all major reports and study phases of the GLOW effort;

and a list of abbreviations that occur throughout the report is included.

Ilustr ations are used freely to support the text and bring the GI.OW System
into sharper focus.
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INTRODUCTION

On Marech 26, 1963, The Perkin-Elmer Corporation, Eleetro-Optical
Division, Norwalk, Connecticut, received a contract, No. DA-19-020-ANMC -
0144(z), U.s. Army Missiie Command, Redstone Arsenal, Huntsville,
Alabama, for a two months' study program to establish parameters, block
diagrams, and specifications for the Optical Reentry Instrumentation
System for Project GLOW,

The overall program objectives were:

1. Determination of absolute spectral radiation emitted by
various reentry vehicles of various configurations, com-
positions, and trajectories.

2. Continuation and extension of the measurements leading
to recognition of aptical reentry cignatures nooded in the
development of detection and discrimination theory,
sensors, and systems,

3. Advancement in methods and techniques for interpretation
of radiometrie measurements.

4. Evaluation of the effectiveness of optical penctration aids.

5. To provide an accurate tracking platform for testing and
cvaluation of experimental optical instrumentation,

The study program for GLOW resulted in IEngineering Report No. 7387,
"Study Report for WSMR Optical Reentry Instrumentation System -
Projoct GLOW", dated 15 July 1963,

Contract No. DA-19-020-AMC -0265(Z) provided for the design and fabri-
cation of two (2) GLOW systems.,

This program culminated in the installation and integration of one (1) system
at the White Sands Missile Range, New Mexico, Contract No., DA ~-19-020-

AMC-11992(Z), and one (1) at Kwajalein Test Site, Marshall Trust Territory,
Contract No. DA-19-020-AMC -0265(%).

xii
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The completed systera involved studies and solutions of environmental
factors and sites, interfacing of newly-designed components and govern -
ment furnished cquipment and facilitics, and transportation preparation to
the requested installation sites.

Furthermore, it involved the human enginecring factors of specifying con-

soles, displays, and controls that would promote rapid and correct de-
cisions by the opcrating crew during critical reentry periods.

o xiii/xiv
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SECTION I

SYSTEM DESCRIPTION

1.1. OVERALL DESCRIPTION

The GLOW Optical Reentry Instrurnentation System (figure 1-1) is designed to
obtain data on the absolute spectral emissions of reentry bodies of various
configurations, compositions, and trajectories.

The GLOW system, which comprises data- gathering and proeessing equipment,
provides a high degree of aecuracy, flexibility, and mobility.

The major units (figure 1-2) comprising the GLOW system are: a modified
Nike-Ajax antenna pedestal equipped with optical data-gathering instruments;
a 34-foot semi-trailer instrumentation van containing an operator's console,
instrument controls and digital data processing wnd recording eguipmeit; a
B-50 manually operated sighting station; and a computer facility enclosed
within a shielded serecn room.

In addition, thc GLOW system includes a 60 to 400 eyele frequeney converter,
an optieal calibration faeility, and a 28-foot refurbished utility van containing
dark room facilities, storage, and work arcas,

The heart of the GLOW system is the modified Nike-Ajax radar antenna pede-
stal and its associated servo system which supports and points all the data-
gathering instruments. The modified pedestal (referred to as GLOW mount)
can receive its pointing commands from various remote or on-sitc devices,
such as range radar, infrared or visible trackers, television trackers, &
stiff stick sided iracking system, manned sighting stations and by the System's
computer facility. The GLOW mount contains a vidicon television camera for
visual observation of the reentry vehicle (R/V), two dual channel radiomecters
for nighttime reentry measurcments, and a 35mm boresight camera for pho-
tography of the R/V. The GLOW mount is protected from the environment by
a 16-foot diameter Astrodome.. (Sce figure 1-2.)
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The Astrodome contains a hydraulic servo system and is capable of
maintaining oricntation with the destal azimuth rotatiorn.,

The control center of the GLOW system is the 34 -foot long instru-
mentation van., The operator's station, instrument contrel equip -
ment, pedestal serve system, data processing and recording
cquipment, and the site's electirical distribution system are all
located in the instrument van,

The GLOW mount, the 400 cps frequency converter, and the utility
van are connected to the instru.ent van by cables which are shiclded
to reduce radio frequency interference (RI°1).  All input power lines
1o the instrumentation van contain RET filters. Junction hoxes, con-
nector panels, and raceways are provided under removable sectlions
of the van floor for the distribution of electrical signals and power
to the instrument rachs and oul going sables. The instrumentation
van which is shielded against R also includes a healer /air -conditioner

untt. J

The B-50 manual sighting station congists of a modified, manually
operated, fire control, altitude azimuth mount. |

Two sets of 1:1 and 25:1 synchros arc driven as the mount is rotated
in azimuth and elevation. In the I3 50 manual sighting station mode

of operation, the GLOW mount is slaved to the output of these synchros
and thus is positioned,
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1.2 GLOW MOUNT

i The GLOW mount is a government surplus Nike<Ajax radar antenna pede-
N stal. With a modification program and a new servo system, a mount was
developed having a static accuracy of 0.1 milliradian and a dynamic ac-
curacy of 0.15 milliradian maximum lag error at constant velocities of .
.40 degrees/second in azimuth and 20 degrees/second in elevation. Peak
-error of the GLOW mount is 0.6 milliradian at azimuth accelerations of
20 degrees/second“ and elevation accelarations of 10 degrees/second2
The GLOW mount servo system is a sophisticated type II servo. It repre-

~ sents a marriage of the latest solid state input amplifiers, compensation -
networks, and integrators with the hard tube, magnetic amplifier velocity
A = servo loop of the Nike-Ajax radar antenna pedestal. The result is a pre-
i cision tracking platform that offers maximum adaptability to various types
' of input error devices. Figure 1-3 is a view of the modified Nike- -Ajax
: radar antenna pedestal. Table 1-1 is a summary of system specifications
fh for the modified Nike-Ajax radar antenna pedestal and associated system.

ey
T e

e

Figure 1-3. Modified Nike-Ajax Radar Antenna Pedestal
(GLOW Mount)

1-5

h..

#
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Table 1-1 - Summary of System’ Specifications
Modified Nike-Ajax Radar Antenna Pedestal and System

Azimuth
Maximum Tracking 750 mrad/sec
Velocity . (43°/sec)
Maximum Slewing 840 mrad/sec
Velocity ' (48°/sec)
Maximum Acceleration 800 mrad/scc?

(45.8°/scc?)
Static Pedestal Accuracy 0.1 mrad RMS
Tracking Lag Error

(at a constant rate of 0.15 mrad
40 deg/sec)

Peak Divor (for ascceleration 0.4 mrad
of 10 deg/sec?)
Open Loop Frequency 4 cps

Response (at unity gain)

Instrument load capacity - 1200 Ibs,

Elevation

750 mrad/scc
(43°/sec)

950 mrad/sec
(55°/sec)

700 mrad/sec
(39, 3°/sec2)

0.1 mrad RMS

C.15 mrad

Azimuth and elevation readout accuracy 17 bit encoders - 0,05 mrad

.
.
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The basic modification in conversion of the Nike-Ajax radar antenna pede-
stal to an electro-optical instrumentation mount consisted of the removal
of all non-essential components, fabrication and installation of new motors,
re-ecabling, and niount refurbishment. The non-essential components re-
moved were the RF lens, RF pod, ulip-ring assembly, and a number of

RF electrical chassis such as the modulators, transmitters, and HV power
supplies. An instrumentation platform, 55-3/4" x 42-1/2" x 10-1/2",
fabricated of aluminurni, was built up around the Nike-Ajax radar lens sup-
port ring. The platform ean support 1200 pounds of instrumentation with
negligible diaphragming or icrsional bending. Instruments are mounted by
bolting direetly onto the platform faces, which can be drilled and tapped to
suit. .

Electrical limit stops enclosed in a special module are mounted in the
25-speed synehro pick-off hole. This module is designed to reverse the
servo drive motors when a preset limit is reached. Presetling is achieved
by adjustable split cams and microswitches, The module design aiso allows
retention of the 25-speed synehro (for slaving purposes) and adds a second
synchro which is used to activate a turn eounter indicator. Mechanical
limit stops are provided to limit rotation to 2700 in azimuth. These stops
consist of a spring buffer mounted on the yoke and two elbow stops located
on the pedestal hase. An electrical limit switch in the bulMe: cube off mount
power wien ihe mechanical limits are actuated during mount operation, and
when the electrieal limits fail to funetion. Eleetrical and mechanical limit
stops are provided to limit elevation. The electrical limits reverse the
servo drive motors when they are actuated (either at -10° or 90°). An over-
ride switch permits the platform to be dumped, i.e., rotated through 180°
elevation, The mechanieal limit stops are at -10° and 190° and consist of

a stop pin located on the elevation drive gear which strikes a spring buffer.
These stops were reoriented during mount modification.

Azimuth and elevation mount positions are read out by means of a digital
data system consisting of 17-bit shaft encoders and parallel-to-series con-
verters (shift register). Figure 1-4 shows the azimuth encoder installation
and figure 1-5 shows the elevation encoder installation.

A hydraulically operated crane is bolted on the aft platform of the Nike-Ajax
trailer for handling the protective cover and heavy, bulky instruments being
installed on the instrumentation platform. It can be rotated about its azimuth
axis and locked in position to faeilitate lifting instruments and spotting them
over the platform. If desired, the erane can be rémoved and stored horizon-
tally on the platform. Tie points on the trailer are used to secure the crane

when not in use. (See.figure 1-6.)
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ngure 1-5. Elevation Encoder Installation ‘and Cable Loop
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At the time of installation the instrumentation configuration was as shown

i in figure 1-7. Two Perkin-Elmer dual-channel radiometers, with their
cryogenics supply, are on top of the platform, while the bottom of the
platform contains a 35mm boresight camera on the left and a vidicon tele-

s vision camera on the right. The unit between the cameras is a bracket
with lead weights used to balance the pedestal.

? L}
|
}
i
{
——
LReproduced from ;
Al best available copy.
Egeres 3 SR P
} o 'Figure 1-7. GLOW Mount with Instrumentation

H
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1.2.1 Dual-Channel Radiometers 1

The dual-channel radiometer system serves as a primary reentry measure-
ment instrument complex compatible with the Project GLOW Nike-Ajax '
tracking pedestal and digital data processing systems.

Design techniques were chosen to favor nighttiine reentry measurements
under tight tracking control, following early radar acquisiticn, Particular -
attention was directed to automatic control and raonitoring of performance
in real time, in measurement of rapidly fluctuated emissions spanning a
wide dynamic range of radiant intensity. Modular flexibility in these in- -
struments allows field substitution of alternate detector filters and field
stops meeting the needs of other experiments.

Each dual channel radiometer system, shown pictorially in figure 1-8, in-
corporates: ' '

1. Two 8 inch aperture dual-channel radiometer optical heads
each with its independent Kinematic alignment base and
main mounting plate structure.

en-
sitive signals to levels suitable {or transmission through
] 100 foot cables to the instrumeiitation van. : [

3. One 5-liter capacity dual-feed liquid ni‘fogen dewar and .
] feed system., This assemblage mounts in juxtaposition to the
dual-channel radiorneter optical heads and incorporates a
bracket arrangement for damped pendulous suspension of o
] the dewar.

4. Independent control electronic units, one for each of the’ : i
four detector channels, rack-installed in the instrumen-
tation van, Each dual-channel radiometer electronic
subsystem incorporates a dual beam cathode ray oscil- d
loscope and a monitor panel for easy access and ob-
servation of key signal points within the system. Control
electronic unit outputs are transmitted to the GLOW @
Digital Data Handling subsystem for further signal con-
ditioning and tape recording.

] 1 ’ 1-12
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The dual-channel radiometer, shown in figure 1-9, emplqys an ambient"
temperature lead sulphide (PbS) detector for sensing in the spectral region
from nominally 5,000A to 2.7 microns, and a liquid nitrogen cooled Indium
.5 Antimonide (InSb) dewar detector for coverage in the wavelength range of
2.8 t0 5.5 microns. Independent optical paths to each of these detectors
are established by a dichroic beamsplitter, each path incorporating a
; - 4-position remote controlled filter wheel. With the exception of the di-
' ' electrically coated filter elements, the radiometer optical path is all-re-
flected, thereby permitting application of this instrument with suitable
'l. ' change in detectors over a spectral range extending through the visible to
{.. beyond 20 microns. .

In order to cop: with anticipated strong electromagnetic radiation fields,

the instrument incorporates a number of radio frequency interference (RFI)

immunization techniques, such as RF gasketing, front aperture honeycomb,
and RF filter elements. '

,,,,,,

- ._l.a.-:'.'-'l- " S L (1 L |

R
:
E..
q

L n Figure 1-9. Dual Channel Radiometer
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The collector System of the dual channel radiometer, a 20 cm aperture,
52 cm focal length Dall-Kirkham design, provides on-axis image quality
(90 percent encrgy) better than 60 microns diameter,

The instrument field of view, 4.0 milliradian diameter, is defined by a
cuitable aperture stop mounted in the modularized "generator block"
assembly. This assembly modulates collected radiation at a 320 cps rate,
referencing to an ambient temperature coaxial cavity in alternate half
cycles, and includes an independent low speed shutter function (1. 90
second exposure, 0,10 second blanking) used for signal control and cali-
bration. :

Modulated radiation diverging from the field stop is split by a dichroic
filter element in close proximity, with radiation from nominally 0.45 -
2.70 micron reflected to the PbS detector channel, and 2,8C - 8.0 micron
energy transmitted in the InSb detector path.

o —

A four-position remote indexable filter wheel in each of the paths permits
narrower spectral band definition before collection and focusing of the en-
ergy on the detector surfaces. ‘

An all-reflective ellipsoid-planar transfer system serves this function,
providing a 3.5X demagnified image of the field stop at the detector plane.
This high power transfer system permits use of substitutable pre-aligned
detector assemblies, 0,80mm active area diameter, with significant en-
hancement of instrument sensitivity, ’

] This instrument is furnished with an integrated Kinématic (ball and flat)
= alignment base and heavy duty mounting plate, designed for precision set- s
3 ting of line of sight to better than 5 arc seconds over a range of 2,0° about

elevation and azimuth axes. A removable 1 -al plane microscope assembly
(23X) pre-aligned ‘o the ficld stop center simplifics the boresighting pro-
cedure, and assures precise alignment to remote reference targets,

The liquid nitrogen storage and transfer system (see figure 1-10) is mount-
ed in juxtaposition to the two infrared radiometers on the instirumentation
platform. A pendulous suspension assembly mounts the spherical dewar.
The pendulous mount is employed to maintain dewar .attitude vertical under,
enticipated tracking platform motions and orientation, - 7o

. -

-1
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Transfer of the nitrogen through independent flexible polyvinyl lines in : r‘!
droplet form (Leidenfrost transfer) supplies coolant to the Indium Antimonide - 4
detectors in each instrument., Liquid flow is controlled by solenoids loecated - ]
in each return linc in the dewar. Fixed crifices cstablish optimuin flow rate. h}
The electronics for the dual channel radiometer consists of two independent -
detector preamplifier modules integral with the radiometer optical head, a .(

single master juxction box centaining booster and cable driving amplifiers,
functionally independent processing control, and monitoring electronics con-

{ :
S

tained in the instrumentation van.
A common monitor panel and oscilloscope facilitate monitoring selected 7 {f
significant signal points within the system. |
The electronies operates as follows (see figure 1-11), & Js
1.2.1.1 Signal Channels -
e
The signal channel converts received energy incident upon the detector to Zl
electrical signals suitable for recording. Channel No. 1 is furnished with
an uncooled biased lead sulfide (PbS) detector and Channel No. 2 with a
liquid nitrogen cooled Indium Antimenide (InSh) dewar dotector operating
in the photovoltaic mode. Except for a low noise input stage in the Indium
i ‘Antimonide preamplifier, both signal channels are the same. {7
In the operational mode, radiation on the detectors is double modulated; a
] four blade chopper giving rise to the fundamental 320 cps carrier frequency, ]
and a rotary shutter in the optical path blocking the modulated signal for a “
115 millisecond period every two seconds. During the open period, .target 4
i' radiation changes appear as an amplitude modulation of the 320 Cps carrier, ";; '
The detector signal is applied to a 320 cps stagger tuned preamplifier, maxi-
mally flat, with 3db points at nominally 270 and 370 cps to yield a maximum )
50 cps information bandpass. The preamplifier module provides means for A
calibration injection in series with the detector and voltage applied gain
control operating on the transistor h and B parameters. Maximum pre- Z
amplifier gains are chosen to elevate detector and amplifier generated noise -t
to a nominal 5.0 millivolt rms level for transmission through the long cable ‘
) lines. Both detectors are transformer coupled to their respective ampli- 7
fiers to effect a desirable impedance match. In addition, however, the y P
5 low primary rusistance of the input transformer presents an effective dc
{ short circuit to the InSb detector, negating back bias effects, and maintain- “?
ing relatively constant response under a varying quiescent radiation level, |
- A very low noise stage following the InSb transformer results in an overall X
i preamplifier nuise figure of about 1.0 db at 370 cps. i
; 1-16 5
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Signal outputs from the preamplifiers are connected through 10 foot cables

to impedance transforming line amplifiers incorporated in the Junction Box,
preparatory to transmission through the 100 foot main cable to the instru-
mentation van electronics unit. Additional amplification in the van electron- -
ics increases signal level to nominally 5.0 voit rms for application to an
internal synchronous demodulator and through output cables to signal con-
ditioning circuits associated with the digital tape recording system.

The output of the solid state synchronous demodulator, a bi-polar full wave
rectified signal,is applied to a ripple rejecting low pass f{iller, single time-
constant R.C. bandwidth selection filter, and output buffer amplifier. This
filtered and buffered signal is monitored by a zero-center {ront panel meter-
in each channel (45,0 Vdc full scale) and made available for detail obser-
vation and recording from easy access front terminals on the rnonitor panel

and through the output cable. #

1.2,1.2 Synchronous Reference Channel : H

This chanucl serves to provide the in-phase synchronous excitation to the
demodulator and the calibration reference and balance levels to the pre-
ampl.fier, Each signal ehannel has its own independent synchronous refer-
erce channel,

The synchronous reference signal is generated by a magnetic pickoff located

in proximity to the 80 rps steel chopper blade. The angular position of the
1 pickoff is variable with the system in operation, for rapid coincident phasing
] between the detector fundamental signal, and the synchronous derodulator

excitation., The magnetic sensor output, a train of alternating bi-polar

pulses is fed through buffer amplifiers in the junction box to drive the 100 ‘4
foot cable. Further amplification in the instrumentation van electronics [
provides drive to a transformer-steering diode trigger circuit for excitation k
of the 320 cps flip-flop. The resultant square wave is complementary buf-

fered to drive the synchronous demodulator, the calibration and null balance 4
circuits, and made available through the output cable for signal conditioning
preparatory to digital tape recording.

1.2.1.3 Calibration and Null Balance Generators

The output of the calibration and null balance generator is a 9.1 volt, 1 per-
ceni stabilized 320 cps square wave signal derived from driving a solid state ‘
switch alternately between a 9,1 volt temperature stabilized zener diode

and ground, This output signal is transformer coupled to a resistor string,
providing a precision bi-polar calibration level, and to a continuocusly vari-
able 10 turn potentiometer to provide bi-polar null balance levels over a
1000 to 1 range.

1-20
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NULL BALANCE

Channel No. 1 (PbS): 0-1000uv rms sine wave
Channel No. 2 (InSb): 0-10,000uv rms sine wave
CALIBRATION
Channel No, 1 (PbS): 10,100,1000,10,000 v rms
sine wave £ 2 percent
Channel No. 2 (InSb): 1,10, 100, 1000 v rms sine

wave * 2 percent

The calibration and null balance levels are switched through logic circuits
to a common driver amplifier which feeds the preamplifier calibration input.
This amplifier has its input shorted when balance and calibrate functions are
not in use. '

1.2.1.4 Timing Circuits (Sce figure 1-11a)

The timing circuits are comimon to both channels. This network incorporates
five moaostable raultivibrators or "one-shois' funciicning to generate the
required pulses and gates used as inputs to the comparison and switching
circuits. A commutator affixad to the rotary shutter drive closes just be-
fore the shutter blocks t:e enerty input to the detector. This pulses the first
monostable multivibrator gene ¢ ~ting the 115 millisecond blanking gate and
an inverted blauking gate (balaice gate) which removes the null balance ievel
from the signal channels during this period. Initiation of the blanking gate
triggers the second monostable multivibrator generating a 15 millisecond
pulse used in a shorting switch in the signal channel. The trailing edge of
the 15 millisecond pulse triggers the third monostable multivibrator gen-
erating a 40 millisecond pulse, which in turn triggers the fourth monostable
multivibrator, generating a 10 millisecond pulse. The resultant pulse

. period sum. produces the 50 millisecond calibration gate for injection of
calibration level into the preamplifier. In addition, the 10 millisecond
pulse is used to sample the calibrate level in the automatic calibration
selection circuit. The trailing edge of the 10 millisecond pulse triggers
the fifth monostable multivibrator that generates a 60 millisecond AGC
gate which closes the AGC sample switch. The AGC pulse like the initial
15 millisecond pulse, closes the signal channel shorting switch thus elimin-
ating spurious signals generated during this period.

1-21

AW MDY,




e

PERIKIN-ELMER :

1.2.1.5 Operational Modcs i

The Dual Channel Radiometer operates in either of two modes: Manual
Gain Control (MGC) and Automatic Gain Control (AGC). Each channel
contains independent circuitry to perform the following: 4

This Manual Gain Control mode is used primarily for system calibration,
test, and set up preparatory to operation in the AGC mode. The gain is -
controlled manually with the ten turn gain potentiometer on the front panel.

In the Autormatic Gain Control mode, which is the system operational mode -
during a reentry measurement, keyed AGC is employed to keep the rapidly
increasing signal within the dynamic range of the system. '

The presence of a signal will charge the AGC level detector, which senses
peak signal, During the 115 millisecond blanking the AGC gate pulse closes
a solid state switch which transfers the detected AGC level to the AGC stor-
age circuit (Sample and Hold function). This fixes a new lower gain in the
preamplifier for the subsequent two second measurement interval, As the
source increases in intensity, the AGC detector output is further charged
and periodically transferred to the storage circuit to reduce the preampli-
fier gain in stens. The AGC detector is designed with a relaliive ghort

‘ atiach time {(4wo keying sequences) and a very long discharge time, thus
mitigating signal drop-out effects due to source obscuration by clouds, etc.

]' The AGC systemn is set up to handle a signal increase of ten to one during
, any two second measurement interval, and will take the system out of sat- R
’ ] uration arising from an initial input one thousand times greater than threshold '
in two keying sequences. ' :

1.2.1.6 Automatic Calibrate Selection Circuits

In AGC mode the level of the 50 millisecond calibration carrier burst in- -
jected during the blanking period is automatically switched as a function of
the changing signal channel gain. Four calibrate levels encompassing a )
range of 1000:1 in decade steps are available. . -

The automatically injected calibrate levels are the same as those indicated
on the manual CAL LEVEL switch for respective channels. Depressing the -
AGC RESET buiton establishes maximum signal channel gain and sets up the
minimum calibrate level. The output level during the calibration injection
period is sampled every two seconds and applicd to a comparator circuit:
When the gain decreases to produce a calibrate output less than the com-
parator reference level (50 mv), a pulse is generated which triggers a

s counter, switching in the next higher calibrate level. This will appear in

1-22
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the signal chain in the subsequent calibration period. The counter has a
four level capability, switching the calibrate at each step, and retaining the
maximum calibrate level until the AGC reset is depressed setting the se-
lection circu<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>