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SUMMARY 

ThyiB document represents the Final Report on GLOW System II and includes 
the installation and integration of the System at Kwaialcin Test Site,   Kwyjalein, 
Marshall Trust Territory. 

Salient characteristics ol prime equipment are described in detail; a complete 
bibliography, encompasses all major reports and study phases of the GLOW effort; 
and a list of abbreviations that occur throughout the report is included. 

Illustiations are used freely to support the text and bring the GLOW System 
into sharper focus. 
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On March 26,  1963,  The Pcrkin-Elmer Corporation,  Electro-Optical 
Dmsiun,  Norwalk,  Connecticut,  received a contract.  No.  DA-19-020-AMC • 
0144(Z),  U.S.  Army Missile 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 radiatior emitted by 
various reentry vehidea of various configurations, com- 
positions, ard trajectories. 

2. Continuation and extension of the measurements leading 
to recognition of optical reentry signatures needed In fK^ 
development of detection and discrimination theory, 
sensors,  and systems, 

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

4. Evaluation of the effectiveness of optical penetration aids. 

5. To provide an accurate; tracking platform for testing and 
evaluation of experimental optical instrumentation. 

The study program for GLOW resulted in Engineering Report No.  7387 
Study Report for WSMH Optical Reentry Instrumentation System  - 

Project GLOW", dated 15 July 1903. 

Contract No.  DA-18-020-AMC-0288(2) 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-J1992(Z),  and one (1) at Kwajalein Test Site,  Marshall Trust Tcrritorv 
Contract No. DA-19-020-AMC-0265<Z). 

xu 
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I 
The completod systc/.i involved studies and solutions of environmental 
factors and sites,  interfacing of newly-designed components and govern- 
ment furnished equipment rind facilities,  and transportation preparation to 
the requested installation sites. 

I 
Further nore, it involved the human engineering factors of specifying con- 
soles,  displays,  und controls that would promote rapid and correct de- 
cisions by the operating crew during critical reentry peiiods. 
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SECTION I 

ß SYSTEM UE SCRIPT ION 

1.1 OVERALL DESCRIPTION 

[ 
i 
i 
1 

■ 1 
! 

The 81 C)W Optira] Reentry Insti umcntalion 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 processing equipment, 
provides a high degree of accuracy, 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 and recording equipment; a 
B-50 manually operated sighting station; and a computer facility enclosed 
witiun a shielded screen room. 

In addition, the GLOW system includes a GO to 400 cycle frequency converter, 
an optical calibration facility, and a 28-foot refurbished utility van containing 
dark room facilities,  storage,  and work areas. 

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-site devices, 
such as range radar,  infrared or visible trackers,  television trackers,   a 
stiff stick sided tracking 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 radiometers 
for nighttime reentry measurements,  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,   (See figure 1-2.) 

1-1 
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The B-50 Installation On 
Kwajalein Is Located In 
The GLOW Facility Building. 

Tracking And Data Gathering 
Instrumentation Platform 

HIKE-AJAX Modified Tracking 
Pedestal 

Figure 1-2.  GLOW System Assembly 
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The Astrodome contains a hydraulic servo system and is capable of 
n lintaining ori; ntation with the pedestal azimuth rotation. 

The control center of the GLOW system is the 34-loot long instru- 
mentation van.    Tin- operator's station, instrument control equip- 
ment, pedestal servo system, data processing and recording 
equipment, and the site's electrical distribution system are all 
located In the instrument van. 

J 
1 

I 

The GLOW mount,  the 400 cps frequency converter    and the Utility 
van are connected to the instrument van by cables winch are shielded 
to reduce radio frequency Interference (RFI).   All input power lines 
to the instrumentation van contain RFI filters.    Junction boxes, con- 
nector panels, and raceways are provided under removable sections 
of the van floor for the distribution of electrical signals and power 
to the instrument racks and out going .ables     The "f^':^^^.    rr 
van which is shielded against RFI also includes a heater/air-conditioner 

unit. 

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

Two sets of 1-1 and 25:1 synchros are driven as the mount, is rotated 
azimuth and elevation.    In the B-50 manual sighting Station mode in 

of operation,  the GLOW mount is slave 
and thus is positioned. 

d to the output of these synchros 

1 

| 
1 -4 
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1.2   GLOW MOUNT 

The"GLOW mount is a government surplus Nike-Ajax radar antenna pede- 
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/second2 and elevation accelerations 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 
servo loop of the Nike-Ajax radar antenna pedestal.   The result is a pre- 
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 
for the modified Nike-Ajax radar antenna pedestal and associated system. 

-:.■ 

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

e 1-5 
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M   . r
Table 1-1 " Summary of System Specifications 

MQdlfied Nike-Ajax Radar Antenna Pedestal and System 

Maximum Tracking 
Velocity 

Maximum Slewing 
Velocity 

Maximum Acceleration 

Static Pedestal Accuracy 

Tracking Lag Error 
(at a constant rate of 
40 deg/sec) 

Peak Ei x-or (for acceleration 
of 10 deg/sec^) 

Open Loop Frequency 
Response (at unity gain) 

Azimuth 

75ü mrad/sec 
(437sec) 

840 mrad/sec 
(480/sec) 

800 mrad/sec2 

(45.80/sec2) 

0.1 mrad RMS 

0.15 mrad 

0   4   m rarl 

4 cps 

Elevation 

750 mrad/sec 
(430/sec) 

950 mrad/sec 
(55Vsec) 

700 mrad/sec 
(39.37sec2) 

0.1 mrad RMS 

0.15 mrad 

3.5 cps 

Azimuth and elevation readout accuracy 17 bit encoders - 0.05 mrad 

Instrument load capacity - 1200 lbs. 

i. 
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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-cabling,  and mount refurbishment.   The non-ess.ential components re- 
moved were the RF lens,  RF pod,  ujip-ring assembly,  and a number of 
RF electrical chassis such as the modulators, transmitters,  and HV power 
suppHes.   An instrumentation platform,  55-3/4" x 42-1/2" x 10-1/2   , 
fabricated of aluminum, was built up around the Nike-Ajax radar lens sup- 
port ring.   The platform can support 1200 pounds of instrumentation with 
negligible diaphragming or tOvsional bending.    Instruments are mounted by 
bolting directly 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 synchro pick-off hole.   This module is designed to reverse the 
servo drive motors when a preset limit is reached.   Presetting is achieved 
by adjustable split cams and microswitches.   The module design also allows 
retention of the   25-speed synchro (for slaving purposes) and adds a second 
synchro which is used to activate a turn counter 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 pcdÄBtal base.   An electrical limit switch In the buffet cuts off mcunt 
power when the mechanical limits are actuated during mcunt operation, and 
when the electrical limits fail to function.    Electrical 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 mechanical 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 facilitate lifting instruments and spotting them 
over the platform. If desired, the crane can be removed and stored horizon- 
tally on the platform. Tie points on the trailer arc used to secure the crane 
vehen not in use.   (Sec.figure 1-6.) 

V 
1--7 

., ,. .-■:r.:r ■ "i. 

1. 



PERKIN-ELMER 

Figure 1-4.   Azimuth Encoder Installation and Twist-l^ Cable Assembly 

Figure 1-5,   Elevation Encoder Installation'and Cable Loop 

1-8 
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At the time of installation the instrumentation configuration was as shown 
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- 
vision camera on the right.   The unit between the cameras is a bracket 
with lead weights used to balance the pedestal. 

( 

■ 

W'^' 
.5.r; PS».^';:..-.'..-  ■• *    •••■ "-* • •■-  '   >v .^s j_^..,-■-.•.,».• ..,-1-4*-..• 

J :?«:.. % ^#^1 ^ '> X .' • V-ll Reproduced   Irom        ^ 
1.    •■■•V     r".       ■<:■    ■ ]\ b«il   available  copy, ^„r     „   s -.,   ^,vii. 

is-^aKÄ 

Figure 1-7.   GLOW Mount with Instrumentation 
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I. 2,1   Dual-Channel Radiometers 

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. 

I 
I 

! 

Design techniques were chosen to favor nightti: u   reentry measurements 
under tight tracking control, following early radar acquisition.   Particular 
attention was directed to automatic control and monitoring 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. 

?    Onp oedestal-mounted junction box serving as a cable 
interface, and buffer ampiiiicrs required to raise sen- 
sitive signals to levels suitable lor transmission through 
100 foot cables to the instrumoiiration van. 

3. and One 5-liter capacity dual-feed liquid ni'rogen dewar . 
feed system.    This assemblage mounts in juxtaposition to the 
dual-channel radiometer optical heads and incorporates a 
bracket arrangement for damped pendulous suspension of 
the dewar. 

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

r 
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The dual-channel radiometer, shown in figure 1-9, employs 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 
Antimonide (InSb) dewar detector for coverage in the wavelength range of 
2. 8 to 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 
change in detectors over a spectral range extending through the visible to 
beyond 20 microns. 

In order to cope 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. 

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 energy) better than 60 microns diameter. 

The instrument field of view,  4.0 milliradian diameter,  is defined by a 
suitable aperture stop mounted in the modularized "generator block" 
a.isembly.   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 2.80 - 8.0 micron 
energy transmitted in the InSb detector path. 

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. 

j 
An aii-reliecnve cilipsoid-planar transfer nystem «ervei this function 
providing a 3.5X demagnified image of the field stop at the detector plane. 
This high power transfer system permits use of substitutablc pre-aligned 
detector assemblies, 0.80mm active area diameter, with significant en- 
hancement of instrument sensitivity. 

! 

f 
(I 
I 
f 
I 

I 

This instrument is furnished with an integrated Kinematic (ball and flat) 
alignment base and heavy duty mounting plate, designed for precision set- 
ting of line of sight to better than 5 arc seconds over a range of 2.0° about 
elevation and azimuth axes.   A removable i     al plane microscope assembly 
(23X) pre-aligned to the field stop center simplifies 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 Instrumentation 
platform.   A pendulous suspension assembly mounts the spherical dewar 
The pendulous mount It employed to maintain dewar .attitude vertical under 
toticipated tracking platform motions and orientation. ' r"     . ?  .. 

' ■        ■ ■ *      * , 
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Transfer of the nitrogen through independent flexible polyvinyl lines in 

^ to r.T ^f^^051 ^r*** BUPP^« coolant to the Indium Antimonide 
detector,   n each instrument.    Liquid flow is controlled by solenoids located 
in each return line in the dewar.   Fixed orifices establish optimum flow rate. 

The electronics for the dual channel radiometer consists of two independent 
detector preamplifier modules integral with the radiometer optical head    a 
sing e master junction box containing booster and cable driving amplifiers 
functionally independent processing control, and monitoring elcctronics'con- 
tamed in the in.-trurnenlaiion van. 

A common monitor panel and oscilloscope facilitate   monitoring selected 
significant signal points within the system. 

The electronics operates as follows (sec figure 1-11). 

1.2.1.1   Signal Channels 

The signal channel converts received energy incident upon the detector to 
electrical signals suitable for recording.    Channel No.  1 is furnished with 
an uncooled biased lead sulfide (PbS) delector and Channel No. 2 with a 
Axquid nitrogen cooled Indium AntimoniHo (TnSb) dewstr 'J-i---L-      <• 
in the photovoltaic mode.    Except for a low noise input Stage in the Indiin 
Antimomde preamplifier, both signal channels are the same. 

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 nulhsecond period every two seconds.   During the ooen period, target 
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 
calibration injection   in series with the detector and voltage applied gain 
control operating on the transistor h and ß parameters.    Maximum pre- 
amplifier gains are chosen to elevate detector and amplifier generated noise 

.no.    ^Tv. . t   ^ 
0lt rrnS leVel für ^"^ission through the long cable 

hnes     Both detectors are transformer coupled to their respective ampli- 
fiers to effect a desirable impedance match.    In addition,  however   the 
low primary resistance 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 
preamplifier noise figure of about 1,0 db at 320 cps. 
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Figure 1-10.   Liquid Nitrogen Storage System 
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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 transn ission 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 volt 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 filter, single time- 
constant R.C. bandwidth selection filter, and output buffer amplifier. This 
filtered and buffered signal is monitored by a zero-center front panel meter- 
in each channel (±5.0 Vdc full scale) and made available for detail obser- 
vation and recording from easy access front terminals on the monitor panel 
and through the output cable. 

1.2.1.2 Synchronous Reference Channel 

This channel serves to provide the in-phase synchronous excitation to the 
demodulator and the calibration reference and balance levels to the pre- 
tm|>lifier.   Each Bigna] channel bar. 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 
pickoff is variable with the system in operation, for rapid coincident phasing 
between the detector fundamental signal,  and the synchronous demodulator 
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 
foot cable.    Further amplification in the instrumentation van electronics 
provides drive to a transformer-steering diode trigger circuit for excitation 
of the 320 cps flip-flop.   The resultant square wave is complementary buf- 
fered to drive the synchronous demodulator,  the calibration and null balance 
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- 
cent 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 continuously vari- 
able 10 turn potentiometer to provide bi-polar null balance levels over a 
1000 to 1  range. 
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NULL BALANCE 

Channel No.  1 (PbS): 

Channel No. 2 (InSb): 

0-1000uv rms sine wave 

0-10,000uV rms sine wave 

CALIBRATION 

Channel No.  1 (PbS); 

Channel No. 2 (InSb); 

10,100, 1000,10,000   v rms 
sine wave ± 2 percent 

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 (See figure 1-1 la) 

The timing circuits are common to both channels.   This network incorporates 
xivc mo.iOoluoie rnuitlviDrSLtox'S or   on6~BnobS   j.ui.^^i.ouj.ü^, 10 ^i-.ii-i tii,u u.i^ 
required pulses and gates used as inputs to the comparison and switching 
circuits.   A commutator affixed to the rotary shutter drive closes just be- 
fore the shutter blocks t .e eneriy input to the detector.   This pulses the first 
monostable multivibrator gene -'ting the 115 millisecond blanking gate and 
an inverted blanking gate (balai ce gate) which removes the null balance level 
from the signal channels during this period.   Initiation of the blanking gate 
triggers the second monostable multivibra+or 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 millir.econd 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. 
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1.2 . ] . 5   Operational Modes 

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

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 Automatic 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 relative short 
attach time (two keying Sequence») and a very long discharge time, thus 
mitigating signal drop-out effects due to source obscuration by clouds,  etc. 

The AGC system 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- 
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 button 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 applied 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 
counter, switching in the next higher calibrate level.    This will appear in 
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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 circuits to their initial state. 

1.2.1.7   Monitor Panel (See figure 1-12) 

The monitor panel is used to facilitate monitoring salient signal points with- 
in the dual channel radiometer and is the primary means of establishing 
system parameters and checking operation prior to a shoot.    It is cabled 
directly to the control chassis,  and inspection points are selectable using 

r, the selector switches on the panel; thus oscilloscope leads need not be 
connected into the electronics console.   Points which can be monitored are: 
AC signal (SIG) out.    Rectified (RECT) and filtered signal out,  320 cps sync, 

r, calibration (CAL) state and ground (GND).    The above test points are avail- 
able from both channels and can be switched to the dual channel oscilloscope 
as desired.   Two jacks for oscilloscope inputs are provided (CH-A,  CII-B), 
allowing two signals from either channel or one signal from each channel 
to be monitored simultaneously. 

1.2.1.8   Signals for Recording 

The following signals are provided at the control electronics output connector 
for transmission to the digital tape recording subsystem: 

1. A.C. Signal - Channels No. 1 and No. 2 - 
320 cps A.M.  - 4.0 v rms max. 

2. Synchronous reference (Channels No.  1 and No. 2) 
320 cps square wave, 20 v p.p. nom. 

3. Null balance signal (Channels No.  1 and No. 2) 
320 cps square waveO io 10 v p.p. max. 

4. Cal Gate and Level (Channels No.  1 and No. 2) 
50 millisecond pulse during automatic calibration. 
Four voltage steps +1, 2,  3,  and 4 volts correspond- 
ing to 0, 20, 40,  and GO db injected calibrate. 

5. Filter Position (Channels No.  1 and No. 2) 
four voltage levels +1, 2,  3,  and 4 volts correspond- 
ing to filter position. 

6. Internal reference cavity temperature - DC voltage 
related to temperature (0 - 10 volt max.). 
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1.2.2   Vidicon TV System 

The vidicon TV.system is used to point the pedestal toward the target.   Its 
output is displayed on a monitor on the operators' console in the instrumen- 
tation van.   It permits the operator to see the events as they take place and 
to discriminate between the reentry vehicle and other parts of the missile 
reentering at the same tüne.   Figure 1-13 shows the camera, lens, and 
mount.   The camera also acts as the sensor in the servo loop consisting of 
the stiff-stick aided tracking system and the operator.   The TV system used 
on GLOW was a high resolution vidicon Cohu Model 3000 camera with a 
20-inch focal length optical system in front.   The boresight of the vidicon 

■ camera Is indicated by an adjustable reticle.   It was realized at the time 
of the installation of this unit on White Sands Missile Range that the sensi- 
tivity of the vidicon was too low to properly observe a reentry.vehicle but 
it had to be used until the Glint GE image orthicon system became available. 

F 

i Figure 1-13.   Vidicon TV Camera (Viewed from Bottom of 
Instrumentation Platform) 

L 1-25 



I 
I 
I 
I 

I   I 

PERf :iN ELMER 

i 

1 .■ 2 . 3   Boresight Camera 

The boresight camera used on the GLOW system is a 35mm photo camera 
for the time-related recording of line-of-sight (boresight) tracking and in- 
strument performance.   Figure 1-14 shows the camera, lens,  and mount. 

The camera is a Model IV-CLF 35mm Multidata camera madefy Flight 
Research Incorporated.    Film format is single frame 35mm (0.720" x 0.960") 
and ASA Z22.34,   The film magazine is externally mounted, dark room 
loaded, 400 foot capacity and contains a footage counter.    Three illuminated 
fiducial markers are provided for night operation.   The field-of-view is 
1.0 x 1.3 degrees. 

The camera is boresighted and focused by a 3X boresight microscope with 
cross hairs coincident with the camera fiducial markers.   A separate 
camera mounting base containing micro-adjustments for the camera line- 
of-sight la used. 

The camera lens is fabricated by Zoomar Incorporated,  especially for the 
Flight Research camera.   It is a 40 inch reflector lens, f/8, with an internal 
focusing device, from GOO feet to    J'inity. 

I 

l; 

l 

?.i'i>.-   i-I < f Ifrttr Lent 

35Dn Canfr« 
Might  fecPi.tch^ 

ZoouMtr r«fr 

Figure 1-14.    35mm Boresight Camera 
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1.3   INSTRUMENTATION TAN 
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■ ■■"*•'-*■■; «v' 
The instrumentaüött van is a 34-foot long semi-trailer van designed to house 
and transport electronic control and recording equipment for the GLOW pro- 
gram optical instrumentation system.   Figure 1-15 shows the instrumenta- 
tion Van. 

The instrumentation van is completely enclosed by an aluminum skin over a 
steel frame and chassis.   The aluminum skin was selected for maximum 
resistance to erosion and oxidation and is insulated against galvanic corro- 
sion. 

Wi 

The instrumentation van designed to meet all Interstate Commerce Com- 
mission (ICC) conditions and/or regulations, is permitted to be operated 
in all states of the Continental United States.   The weight of the trailer un- 
loaded is approximately 17,000 pounds.   The trailer is designed to trans- 
port the mounted GLOW electronic equipment, weighing up to 12,000 pounds, 
including the air conditioning unit, over highways and unimproved roads. 

1 :"*. 

Figure 1-15.   Instrumentation V « 
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The suspe.asion system is sufficiently self-leveling to accommodate moder- 
ate unequal distribution of load within the van and is capable of reducing 
maximum shocks to be expected under normal rough terrain conditions not 
exceeding 2.5 0^.   A combination air ride and shock absorber suspension 
is used.   , 

Trailer construction accommodates wiring through a connector panel located 
in the floor thence to distribution-terminals, then to the appropriate equip- 
ment racks.   Utility power, equipment power, and 400 cps servo power.enters 
through connectors on the side of the van, then through circuit breakers, and 
remain as separate isolated circuits within the van.   A double floor with three 
inch separation permits cabling distribution to any point in the van.   Van con- 
struction allows electronic rack mounting through tap plates in the walls, 
ceiling, and floor of the van for adequate top and base rack fastening devices. 

An air conditioning unit is mounted in a separate forward compartment. 
Figure 1-16 is a view of the forward compartment of the van.   Conditioned 
and recovery air is ducted into and from the instrumentation area of the van. 

Figure 1-16.   Instrumentation Van Air Conditioning Compartment 
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Adequate filtering of fresh air inlets is provided for protection of equipment 
in a sand and salt air environment.   The conditioned air is distributed through 
a duct system above the van ceiling, this duct work being equipped with ad- 
justable dampers.   The air conditioner consists of a'single unit of 60,000 
BTU's per hour cooling capacity and 12 KW of heating capability. 

An air conditioner remote control panel is located inside the van equipment 
area. This panel includes the thermostat, humidistat, and selector switch 
controls. 

All doors and access openings are provided with weatherproof gasketing to 
meet all climatic conditions.   Flush type incandescent interior lighting is 
provided.    Interior lighting within the forward control-display console area 
is separately controllable and includes wall-mounted,  continuously-variable, 
brightness controls, conveniently located with reference to the entrance door. 
Brightness controls are provided for the instrumentation (rear) compartment 
interior lighting. 

1.3.1   Operator's Console 

The operator's console,  shown in figure 1-17, is the nerve center for the 
tr .- «t-ln and pointing system.    The tracking operator nas visual presentations 
within his field-of-view for decision making purposes,  and he has mode selec- 
tion switches and a manual control stiff-stick at his fingertips.   The console 
director (left side of console) monitors the autotracker functions,  controls 
the data handling system,  and starts and stops film recording instruments. 

Visual null indicators, which were developed for this console, present error 
signals as a line presentation,  clearly indicating both magnitude and direction 
of the error,  or of the difference between actual pedestal angles and the point- 
ing angles indicated by any of the other modes of operation. 

The console is approximately 76 inches long, 24 inches wide,  and 52 inches 
high with a 20 degree sloping front and a 14-inch wide table top.    All panels 
and electronic chassis are of modular design and are slide mounted to facili- 
tate servicing.    The complete console weighs approximately 850 pounds. 
Appropriate functional displays such as a TV monitor, meters,  switches, 
controls,  and indicating lights allow the console director and console oper- 
ator to monitor and control the instrument mounts and data recording devices. 
A digital clock on the console indicates time from lift-off.    The desired 
tracking mode of operation is selected by the operator. 
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Figure 1-17.  Operator's Console 

1.3.2   Digital Data Handling System 

The Digital Data Handling System consists of two digital magnetic tape units, 
control and hybrid digital/analog electronics, a Time Code Translator/Gen- 
erator and a Kineplex data receiver.   This equipment is packaged in four 

i.        equipment racks and a consolette rack.   The Digital Data Handling System 
controls the GLOW mount using command angle information provided by the 
IBM 7094 computer at WSMR or the GLOW SDS 930 computer at the 

j Kwajalein installation.   The system receives and digitizes analog instru- 
mentation data, and records data and tracking information on magnetic tape 
in a format acceptable to an IBM computer.   The system is logically divided 
into two subsystems as follows: . 

■  » 

1.   The Data Digitizing and Recording (DDR) Subsystem 
j accepts as many as 64 analog inputs from radiometric 

and spectrometric instruments mounted on instrumenta- 
tation platform.   The subsystem digitizes and records the 
data, together with time and tracking data and other re- 
quired information, on a continuous (gapless) tape.   The 
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subsystem converts the gapless tape to gapped tape 
In an IBM format during a reformat process. 

. ■   . 

2.   The Tracking Data (TD) Eibsystem accepts command 
angle data from an IBM computer and actual GLOW 
mount position data from mount shaft angle encoders. 

* The subsystem generates azimuth and elevation servo 
error signals to control the pedestal position and sup- 
plies tracking information to be recorded on magnetic 
tape. 

Figure 1-18 depicts the data handling equipment.   Figure 1-19 is a view of 
the equipment installed in the instrumentation van. 

be 

Figure 1-18.   Data Handling Equipment 
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Satt,?*"0!111? E<»UiPment InataUed in the instrumentation Van ' wie ^ - .   * 

tics <rf the analog inputs are as feUowaf   g      ""•»«• «ape.- Characteris- 

Levels 

Loading 

Sample Rate 

±5 volts peak-to-peak 

50 K ohm minimum 

200 samples per second 

^^^mT^^^/' ^s) generated by an Astro- 
code format are accepted and record bv^n"^^ ^ IRIG B 0r C «»• 
inputs are as follows: corded by the DDR subsystem.   Time code 
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Time of Day 
17 lines 

Millisecond 
Code,   10 lines 

100 kc and 20 
pps inputs 

0 volts for binary one 
(1) -6 volts for binary 
zero (0) 

Same as above 

Same as above 

A "jam" signal, provided by the DDR subsystem,  causes the Time Code 
Translator/Generator to update the contents of the Time Code Translator/ 
Generator output register just prior to recording time data.   Eighteen lines 
representing discrete events or markers are accepted and recorded by the 
DDR subsystem.   These inputs accept relay closures to ground for a binary 
zero and an open circuit for a binary one.   Two magnetic tape formats are 
generated by the DDR subsystem.   Prime,  or gapless, tape is gt-nerated 
during the Operate modes,  and secondary,  or gapped, tape is generated 
from prime tape during the Reformat modes.   The format of the prime tape 
is illustrated in figure 1-20.    This format is written on both tapes simul- 
taneously during operate modes.   Each data block consists of one scan of the 
G4 uigUiüeu analog channels,  events data,  time data,   and tracking data,  re- 
corded at a packing density of 556 bits per inch.    Three additional tape char- 
acter positions are reserved in each block for recording an inter-record con- 
figuration at appropriate intervals.   The inter-record configuration is recorded 
between groups of 37 blocks.   A blank code is recorded between all other 
blocks.   Each group of 37 blocks is considered a record,  and the inter-record 
configuration is detected on playback and used to generate a standard IBM 
inter-record gap in a tape-to-tape conversion operation.   Records recorded 
on the prime tape terminate with two End-of-Record (EOR) characters, the 
second EOR character has even parity (a parity error) to uniquely identify the 
inter-record configuration.   Any number of records may be written on the 
prime tape.   When reformated, however,  each record is followed by a stand- 
ard IBM longitudinal parity character and an inter-record gap. 

The secondary tape format is similar to the prime tape format, with the 
following exceptions: 

a.   An inter-record gap appears between the EOR and BOR 
characters.    This includes the IBM longitudinal parity 
check character,  and conforms to the IBM standard con- 
tained in IBM reference manual No. A22-6643 "IBM 729 
II, IV, V, VI Magnetic Tape Units, Original Equipment 
Manufacturers' Information." 
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b. 'flu   second EOR character Is recorded with 
correct (oclr!) parity. 

c. EOl'" records are automatically recorded 
only as they occur on the prime tape. 

Two types of tracking data are applied to the Tracking Data Sub- 
system: 

a. Command data (azimuth--elevation-ranf-t ) via 
the facility computer and, 

b. Position data transmitted over the cable's from 
the pedestal-mounted-shift registers. 

The control and test signals are also transmitted and received from 
the pedestal equipment. 

Position data consisting' of 17 bits each of cyclic-binary (Gray) 
coded azimuth and elevation position angles are generated by Wayne- 
George Model No.   RD-l? shaft angle encoders under tracking data 
subsystem control.    On TD subsystem command,   the shaft angle 
encoders arc strobed,  and the resulting 34 bits of shaft angle data 
are transferred to the pedestal-mounted shift registers.   Shift pulses 
shift the data,  most significant bit first,  into similar shift registers. 
in the Tracking Data Subsystem, 

Conversion from cyclibinary code to natural binary code is performed 
as part of this serial data transfer.    Shaft angle encoder operations 
are checked with verification pulses generated and transmitted from 
the TD subsystem.    Strobe monitor pulses from the shaft: angle en- 
coders are used for strobe echo error checks. 

1-3-1 
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The tracking data outputs consist of three analog signals and one 
digital control line. 

1.      Hang-':   The range output is an analog signal 
derived from the 12 bits of the digital range 
received by way of the GLOW computer, and 
has a full-scale output of zero to -20 volts, 
with a constant output impedance of 10 K ohms. 

2-     Azimuth and Elevation Errors:    Azimuth and 
elevation erroi  -signals are generated by digit- 
ally subtracting the? position angle derived from 
the pedestal mounted shaft, angle encoders from 
the command angle received. 

Only the 8th through the 16th bits and a sign 
bit of the resulting differences are stored and 
converted to analog output form.    If the sub- 
traction process results i.. a difference exceed- 
ing the 8th bit, the difference register is set to 
all ones or all zeros (+ full scale), 
on the sign of the difference. 

■ - i t> 

The analog output signals are hi-polar,   zero 
to ±6,67 volts (no load),  with an output impedance 
of 6,667 ohms.    With 10 K ohm load,  the output 
levels drop to about .+4 volts full scale. 

Strobe Mode:     The strobe mode signal is on 
(-10 volts) during the time the TD Bubsystem 
is operating and strobing the shaft angle en- 
coders.    The signal is off (0 volts) at all other 
times. 

The system consists of two digital magnetic iape units,  control and 
hybrid digital electronics, and an Astrodata Time Code Translator/ 
Generator.    This equipment is packaged in four equipment racks 
and a consolette rack.    Refer to figure 1-18.    {Figure 1-21 shows the 
screen room for the SDS 030 Computer.) 
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Rack 1 contains logic cases 1, 2, 3, and 4, the System Control Unit, 
a PBC Model M2 Multlverter, a PBC Wodel EM-3 Multiplexer, and 
a Model MCD2-DA5 Digital-to-Analog converter.   The System Control 
Panel, which provides switches and Indicators for local and manna! 
operation of the system, is mounted on the system control unit. 
Additional system status displays are mounted on the panels of the 
other units. 

Logic ease i contains the tracking-error-generator portions of the 
tracking data subsystem,  and part of the tracking data buffer..      The 
front panel has 34 indicator lamps,  17 each for command and position 
angles.   A rotary switch on the panel permits selection of either 
azimuth or elevation data for display. 

I 
) 

r 

i 
i 

Logic case 2 contains the GLOW computer and pedestal interface 
logic and the tracking data .subsystem control logic.    Two sets of 
17 switches are mounted on the front panel for selection of fixed 
azimuth and elevation command angles during Condition 1 operations, 

jLiOLIC   Cciot.   u   cwiu^ctmo the digital multiplexer logic and part of the 
tracking data buffer.    The front panel indicators display the state 
of the digital multiplexer counters. 

Logic case 4 contains magnetic tape unit interface logic,   tape move' 
ment and tape read/write control logic,  and an 11-bit analog data 
buffer register.    Front panel indicators display the status of key 
elements of the tape control logic. 

Rack 2 contains a Potter Model 906-11-2 transistorized digital mag- 
netic tape handler capable of reading or writing tapes in IBM compatible 

foi 
ax 
Qy. ,K„U..T  „-,.,,<•.,,,fir- i-.i-i.-. unit- nnntaina no rend electronics.    The Astro 

dat 

acK 2 contains a roller iviouej nuo-ii-« n-tti«sioi,ui**vw U*SJ.»<U <■-"&, 
•tic tape handler capable of reading or writing tapes in IBM compa 
rmat.    A power control panel, blower,  and isolation transformer 
•e also mounted in the rack.    Rack 3 is similar to Rack 2 except 
e digital magnetic tape unit contains no read electronics.    The Ast 
ita Time Code Translator/Generator is housed in Rack 4. 

Two IBM compatible digital magnetic tape transport units are provided 
with the Digital Data Handling System.   Manufactured by the Potter 
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Instrument Company, the tape units are identical except that one 
contains both read and write amplifier circuits and one contains 
write amplifier circuits only.    Both units contain: 

1. One Model 90n-l]-2 Transistorized Digital 
Magnetic Tape Handler with the following 
specifications: 

a. Tape speed 60 ips,  rewind speed 
24 0 ips 

b. Tape width 1/2 inch 

c. IBM type hubs 

d. Isolation transformer (mounted 
separately at bottom of r&ck). 

2. IBM type End-of-Tape and Beginning-of-Tape 
sensors including dual channel amplifiers. 

3. Model (.MOO series IBM compatible single nan 
magnetic read/write head for operation at 
556/200 bits per inch packing density. 

4. Model 3321-01R Manual Pushbutton Control 
Station. 

The tape transport in rack 2 has a Model MA315-2 Transistorized 
Amplifier System for reading and writing IBM compatible 556/200 
bpi tapes.    The amplifier system consists of the following components: 

1. Seven channels of write amplifiers with head 
compensation. 

2. Seven channels of peak detection playback 
amplifiers with head compensation, 

3. IBM compatible clock generate*" module giving 
7 channels of strobed output. 
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4.     All required power supplies, interconnecting 
cables« and extension frames. 
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I 

! 

The tape transport in rack 3 is identicaJ to that in rank 2 except the 
rrad amplifier circuit cards and the read head cable arc not supplied, 

The Government furnished equipment items described in the following 
paragraphs are part of the Digital Data Handling System. 

An Astrodata Model 6420-806 Time Code Translator/Generator in its 
own equipment rack (rack 4) is provided With each  Digital "Data Handling 
System.    The unit provides the following outputs to the Digital Data 
Handling System: 

1. Time-of-Day,   17 lines:   0 volts for 
binary one (1)  -6 volts for binury 
zero (0). 

2. Millisecond Code,   10 lines;    0 volts for 
binary one (1) - 6 volts for binary zero (0)., 

A "jam" signal input to the Time Code Translator/Generator is supplied 
by the Digital Data Handling System at least 200|isec. before data from 
the Time Code Translator/Generator is to be used, to allow the Time 
Code Translator/Generator to update data in the output register. 

Primary power is supplied separately to each of the equipment racks. 
Primary power for the Digital Data Handling System is 115 volts, 
(iO cycle, single phase, three-wire.   A service outlet is provided in 
each rack.   The power requirements for each rack, exclusive of 
service power,  are tabulated below: 

Rack 1 

Rack 2 

Rack 3 

5 amps 

8 amps 

8 amps 

Power in each rack is controlled by dual Heinemann circuit breakers 
located on the Power Control panels« 

I 
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The Digital Data Handling System operates in the instrumentation van shielded 
against interference from electrostatic and electromagnetic fields.    The sys- 
tem operates in the following environmental conditions: 

1. Temperature   -    +lOftü+450C 
2. Humidity -    10%  to 90%  relative 
3. Altitude -   Up to 10,000 feet 

1.4   TARGET BOARD 

The system instruments may br boresighted prior to a mission by use of a 
target board located approximately 1000 feel from the GLOW mount.    Each 
instrument has its own boresigiit scope either permanently affixed to it or 
an access port is provided on the instrument for insertion of a boresighting 
tool. 

1 

f 

I 
I 

The GLOW mount is provided with a boresighting telescope and bracket mount- 
ed on the elevation axis.    The target board is shown in figure 1-22.    It is an 
extremely rigid frame made up of "Unistrut" channel material,  suitably braced, 
bolted and secured in concrete piers.    Targets and light, sources,  as required 
for each individual instrument,  are made up in "Universal" type mounting 
fixtures,  affixed to the target board frame,  and positioned on the board so as 
to eliminate parallax errors when boresighted.    The target board allows maxi- 
mum flexibility foz- interchanging targets or relocating them as new instru-- 
ments are added to the system,    it also makes boresigN r-hcnU possible without 
regard to cloud cover.     'Xfe^; 

.Light Source 

_., Concret* 
Footing 

figure 1-22.   Target Hoard 
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1.5   CALIRRATION COLLIMATOR 

A precision reference collimator system is provided in order to facilitate 
field calibration of the CLOW instruments (see figur« 1-23).    The calibra- 
tion system consists of a large aperture,   all-reflective,  collimator with a 
precise, controlled energy source.   Appropriate alignment sights and posi- 
tion controls are provided to enable the operator to set up quickly on the 
various instruments. 

The calibration collimator (with source) is mounted on a concrete pier, lo- 
cated within 50 feet of the GLOW mount, with the railbed positioned tangent 
to a circle concentric to the azimuth axis of the GLOW mount (see figure 1-24) 
Horizontal translation of the collimator on the railways and vertical angular 
position about the collimator's horizontal mounting axis provide for alignment 
of the collimator axis to any one of the instruments on the GLOW mount.   The 
combined use of a direct viewing telescope mounted on top of the collimator, 
and a reflex viewing system through the collimator optics,  enables the oper- 
ator to guide the position.^g of the collimator optic axis to coincide with the 
axis of a particular instrument on the GLOW mcunt. 

A choice of aperture sizes for the blackbody source field stop,  along with a 
variable temperature control for the blackbody, provides a wide rang« of 

in that the illuminating Osram lamp with mercuiy spectral bands or peaks 
can be used as | source.   Optical filters are available for insertion into the 
energy beam, providing spectral region control.   A mechanical chopper pro- 
vides square wave modulation of the source energy,  as desired, for instru- 
ment dynamic performance evaluation.    Provision is made for making precise 
field-of-view tests on the instruments. 

The collector system of the 12-inch calibration collimator utilizes a parabolic 
primary mirror and a hyperbolic secondary mirror in the standard Cassegrain 
configuration.    The effective focal length (EPL) of the collector system is 
15.14 inches, which results in an overall collector speed of f/4.35.    Nominal 
on-axis imagery is 20 microns. 

The collector system is housed in an aluminum aPoy casting.    The primary 
mirror is supported on 3/8-inch diameter,  50 durometer silicon rubber that 
extends around the complete periphery of the mirror.    This ring allows for 
differential expansion between the mirror and the housing throughout the ex- 
pected temperature range r, i also provides a shock resistant mounting for 
the mirror.    The secondary mirror is also mounted with a'rubber,  shock- 
absorbing member. 

I 
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Figure 1-23.   Calibration Collimator 
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ThcCassegrain optics perform the dual system functions of collector and 
projector.   Energy at the focal point of the optical axis is collected and then 
projected to the instrument to be calibrated.   As a projection system the unit 
projects energy from a blackbody source through a selection of various diam- 
eter pin holes and filters.   Two index wheels are used to allow combinations 
of different pinhole apertures and filters.   Each wheel contains six index 
positions; one wheel has six filter holders, the other has six pinholes (field 
stops) of varying aperture size.   Both pinhole and filter selections are made 
manually by knobs located on the light modulator assembly at the rear of the 
collimator. 

Three possible focal point positions within the calibrator are provided for the 
collector system.   The focal planes that are utilized are determined by the 
position of the flip mirror. 

I 
! 

I 
[ 

When the flip mirror is in the down position, the blackbody field stop is at 
the focal plane No.  1 of the collector system and a 5X boresight scope is in 
position for x and y alignment of the collimator with respect to the instrument 
under test. 

When the flip mirror is in up position the calibrator: 

1.   projects visible collimated light from the Osram source 
to illuminate the focal plane of the instrument under test, 

2.   provides a 50X telescope through which the illuminated 
focal plane of the instrument under test may be viewed. 

The dual capability which is realized when the mirror is in the down position 
is accomplished optically by a beamsplitter in the optical path.    By centering 
the field stop at the focal plane of the test instrument on the crosshair reticle 
of the calibrator telescope system, the optical axis of the calibrator is rend- 
ered parallel to the optical axis of the instrument under test.   Thus by using 
both positions of the flip mirror, it is possible to assure that the optical axis 
of the collimator and the instrument under test are parallel and coincident 
with one another. 

! 

The light source that is used for the projection system is an Osrarn type 
HBO 100 W/2 high pressure mercury lamp.   Light from the lamp is trans- 
ferred to the rear projection screen, located at focal plane No,  3, by a 
Schneider Zenon lens system.   Cooling for both the lamp and the lens is pro- 
vided by a vane-axial fan and an adjustable baffle to regulate the air flow. 
The ignition system for the Osram lamp is mounted in the same aluminum 
casting and both units are accessible through a cover plate. 
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To provide for alignment of the calibrator with respect to-the x and y axes 
of the instrument under test, the entire unit is mounted upon a trunnion and 
slide axis to allow positioning of the carriage to within ±1/32 inch.   A rack 
and pinion drive that is manually operated through a hand wheel is provided 
to move the trunnion along the railbed.   Precision ground and polished ways 
allow the trunnion to slide over a distance of 40 inches while retaining angu- 
lar position to within 10 arc-seconds.   An elevation drive and lock system 
allows elevation adjustments with a precision of ±15 arc-seconds. 

1.5.1   Control Console 

The control console shown in figure 1-24 and 1-25 is  s sealed electronic cab- 
inet which is a functional part of the calibration collimator system.   The 
control console contains a control panel with on-off switches for main power, 
the Osram lamp, and the blackbody modulator.   It also contains the power 
supply for the Osram lamp and a radiation source temperature controller. 

Packaging and electronic wiring within the control console provides a flexi- 
ble arrangement for system growth.   For this purpose the following has been 
provided:   a radio frequency interference filter at the AC input termination 
to limit conducted interference, space within console cabinet for future sub- 
assemblies, and terminal strips to provide power and control functions for 
the future sub assemblies. 

vi 

Figure 1-25.   Control Console 
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1.6   UTILITY VAN 

The utility van (see figure 1-26) is a 28-foot long semi-Jtrailer van (GFE) 
which provides storage and maintenance facilities for the GLOW site.   The 
van also contains a darkroom.   A view of the van interior is shown in 
figure 1-27.   Storage cabinetry; heater-air conditioner and Ö-50 manual 
sighting station support are also shown.* 

f 
1.6.1   B-50 Manual Sighting Station 

m 

I 
A B-50 manual sighting station (see figure 1-27) was chosen for a visual means 
of target acquisition, i.e.. a manual sighting station for the GLOW system. 
The GLOW mount is synchro-slaved to the sighting station during periods of 
time when the sighting station is the mode of acquisition.   In order to make 
the B-50 station compatible with the GLOW system it was modernized and 
refurbished. 

Figure 1-26.   Utility Van 

*At the Kwajalein installation, the manual sighting station is located in the 
GLOW facility building k 
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Figure 1-27.   B-50 Manual Sighting Station Installation 

m 

Non-essential items, such as the gyros and the ranging device were removed. 
The 31-speed synchros were replaced by 25-speed units.   This was accom- 
plished through rework of the gear box«« to make the system compatible with 
the Nike-Ajax synchro system.   A synchronizer, using solid state circuitry, 
was provided for automatic switching of the 25-speed and one-speed synchro 
transformer outputs.   The reflex sight was reworked to provide an illumin- 
ated, variable intensity, collimated reticle display.   A precision level was. 
added to aid in leveling the unit, and the elevation axis payload was properly 
countei balanced for easy operation.   Viscous dampers »were added to the 
azimutl  and elevation axes to insure smooth tracking. 

i 
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1.6.2   Darkroom • 

The darkroom (see figure 1-28) is located in the forward end of the utility 
van.   Suitable cabinets, work space, ventilation, and water supply are con- 
tained within the room to allow development of photos and camera test films. 

Figure 1-28.   Darkroom 
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1.7 FREQUENCY CONVERTER UNIT 

Power is supplied to the GLOW site from the range power lines.   These lines 
are connected-to a 30 kilowatt motor-generator set (see figure 1-29) which 
converts the 60-cycle AC range power to 400-cycle AC power for use in the 
GLOW site. 

. "  . - ' 

i 

Figure 1-29.   Frequency Converter Unit 
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1.8 COMPUTER FACILITY 
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The addition of the SDS 930 general purpose computer and its peripheral 
hardware (teletype writer,  magnetic tape recorder,   and a high speed paper 
punch reader and writer) enables the GLOW system to become a self-sustained 
tracking system. 

In addition, the computer may be programmed and utilized to generate any 
function desired for static or dynamic listing of the system's servo system. 

The computer equipment ig located in a screen room within the main GLOW 
facility building. 

In order to prevent the generation of erroneous signals, caused by the CIOSJ 
proximity to high radiant fields, all equipment and incoming signal lines are 
adequaloly shielded and/or filtered. 

1.8.1       Basic Operntion 

The computer complex can be broken down into three distinct interfaces: 

1 .    The general purpose computer 
2. Tiie input-output junction box of the computer 
3, I/C interface assembly rack wnicii integrates the 

range facility lines to the GLOW complex. 

Figure 1-30 details in block diagram form the computer equipment and inter- 
face. 

The system in its operational mode can convert the various radar data (TRADEX, 
TTR,  and DR) to a GLOW coordinate at a 40 message per second track rate. 
(The present site, due to its logisHcal problems, had only the Tradex pointing 
data available during the installation.) 

The incoming data is assembled in the I/O interface rack where it is serially 
decoded; after decoding has been accomplished, the computer is interrupted,, 
indicating that the message has been assembled and it is ready to be utilized 
for computation purposes. 

The computer then interrogates and converts this data to the GLOW coordinate 
site. 

The incoming message, therefore, is compensated by translating it (shifting 
ariginJi  updating it from a 10 message rale to a 4 0 message per second rate, 
and adding all the lag parameters associated with the message computation time, 
transmission delay times,  and mount lag. 
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The updated data is then transferred to the GLOW DDH system where a com- 
parisun is made between the pedestal azimuth and elevation angle with re- 
spect to the computer's input command position angle.   The differences be- 
tween these two quantities (command and position) are used to generate a 
servo error to drive the pc-destal. 

In addition,  nil of these data points are also converted in the computer to a 
binary code decimal number and transferred to the van for display purposes. 

The dispb>>  consolette,  as pre-programmed,  ean display the following quanti- 
ties:   range,  azimuth and elevation position angle,  and azimuth and elevation 
TRADEX iiput angle.    During tracking,  the mission director's capability is 
enhanced since he is permitted to view the system's tracking accuracy.   The 
display console shows the actual pedestal pesition and the difference between 
the command angle and the pedestal position. 

The system has been designed to accept other radar information as they be- 
come available. This data may be utilized, in conjunction with the existing 
data, to increase the acquisition and tracking capabilities of GLOW. 

1.8.2     Equipment Description - Perkin-Elrner Fabricated and Designed 

Equipment designed and fabricated by PerHn-Elmer for this interface is 
Hosprihrrl  in Ihp fnllowi nrr npirs crr^nhs . 

"Computer Extension to GLOW System", dated 14 December 1966. 

1.0.2.1   Operator's Consolette .   The consolette is piovidedfor communication 
and display of system status. It is also utilized as a junction box to terminate 
tracking mode information from the Instrument Van Operator's Console. The 
equipment is designed to be emplaced on the computer control console table. 

The display is divided into four panel sections.    The TRADEX (or GOBI) 
section displays sync and parity errors detected by the TRADEX assembler 
logic.    There is a display to indicate that the TRADEX message is being trans- 
mitted and another to indicate that the TRADEX message has been selected for 
tracking data.   A TRADEX test mode switch is provided to gate computer data 
through the TRADEX assembler logic for test purposes.    Note that the test 
is automatically disabled when the "Computer Ready" switch, located on the 
ancillary panel sections,  is engaged. 

[A complete operational description is detailed in Engineering Report ISIo.  8622, | 
"Commiter Extension to GLOW Svatem".   dated 14 Dc-eember 1966. 
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TTR and DR panel sections have been provided for future use.    At present, 
only the tracking mode select displays are wired. 

The ancmary panel contain« five switches and ^ ^^X^^h^i 
monitors the "Ready" status of the DDH system and the <>f***dic*%™* 
the "Computer" or Prediction Tracking Mode- has been selected.    A    Com 
p^ter Sy'' switch indicates the ready status of the computer comple. to 

the Instrument Van Control Console. 

be 

displays live, nve-u ^L — Instrument Van Control Con- 
The Display module is mounteu on me top oi me msu UUILI 

sole. 

The five decimal wort, are generated by the computer,  f f ""^ f^ 
eoded tn the Co™pater ^O B        and the ^^^^^»^ 

to range data.   ^^^^Xl^ne^Zntrol is provided on the display 

in the Instrument Van rack 2A4. 

i  8 "  3    TRADEX (GOBI) i^ Filter Box ™* «^g« Tape Mode Control.. 
^.THAliEX   or COBI) message iB received from the rr-nge on 600 ohm 
teUmhlt l^c      termi  ated in standard low-pass filters, located in the com- 
nuter "re^    ^     Switching is provided for real time recording (Range 
Mode) of "he TRADEX message.    The recorded TRADEX message can also 
reproduced (Tape Mode)    to drive the system for simulation checkout. 

Filter Box - The (TRADEX) COBI communication is terminated in a balanced 
filter DOTL v Ti^ tvpnqfnrmer secondary is switch-led to a 
600 ohm 1 -;;-S^-^-e [^^TtÄe ^nd termfnated into a GOO ohm 
Id'^r^       a e (^ Re^Mo/e.   The filtered signal is then transferred to the 

^DEX^mMer and/or the Instrument Van recorder     d^e ^^^^ 
either be set for unity or two depending on the switch position.    Ihr *« «hazels 
are provided to filter the 1200 cycle TRADEX "^'^^^ 
filter is high enough to receive the 1500 cycle output oi the COBI transmitter 
should it be necessary to include a COBI receiver in the system. 

nvnsejTjm Mode Control. - Referring to the simplified Bchematic shown in 
IITJ! ?1    theRange/Tape Mode is controlled by the Read/Write switch 

Mode and the range data is switched to the J l11^. S J-    . an an   ljfici. 
in the Range (or Write) Mode.    The reproduced signal is driven b    ai        t 
located in I/O Inter-face Logic Case, 3A11A2, 
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1.8.2.4 1)1)11 I/O Interface Logic Case.    The I/O Interface Logic Case, 
located in the lastrumeßt Van Hack 2A11,   contains data receivers and cable 
drivers used for communication between the DDK system and the SDS 930 
computer extension.   It also contains relay circuits for remote control of 
the CLC recorder- from the Instrument Van Control Console. 

1.8.2.5   Control Word Assembler,   The Control Word Assembler receives 
tracking mode information from the Instrument Van Control Console and track- 
file information from the TRADEX (or COB!) Assembler.    This information 
is assembled into a control word register for transfer to the Computer I/O 
Box. An interrupt pulse is generated and transmitted to the Computer I/O Box 
whenever a change occurs in the control word.   Status information is also 
relayed to the Operator Consolette for display. 

1. 8. 2 . G   TRADEX (COB1) Message Assembler.    Formatted Serial data is 
assembled in three 18-bit registers (X, Y and Z data),  one for each coordinate. 
When the message is assembled,  a ready and/or interrupt term goes true to 
signal the Computer I/O box to accept data.    Three 18-bit paralbd-words are 
transferred to the computer I/O Junction Box after formatting has been com- 
pleted.    The COBI serial data is tested for bit drop-out and sync error. 

1.8.2.7 P edestal Pogitj on Wo rd Assemi der (TTR Message Assembler).    T lie 
pedestal position data is assembled in two (azimuth and elevation) 17-bit 
registers.   When the data is assembled,  a   Ilcady    term in applied to the 
sense line to signal the Computer I/O Box to accept the data. 

Two 24-bit registers and one IG-bit register have also be   1 provided for future 
use.   These registers can be utilized for assembling TTR data when available. 

1.8.2.8 Modification to DDH Tracking Data Subsystem.    Serial azimuth and 
elevation data from the Computer I/O Box is transmitted to the DDH Command 
Angle Registers through the local radar inputs originally provided for that 
purpose.    Because the original system was designed to receive range data in 
six-bit parallel format, the Range Register has been modified to accept serial 
range data from the Computer I/O Box.   Kineplex range data cannot be re- 
corded without modification of the logic to the original configuration. . 

1,8.3     Computer Equipment-Purchased 

1.8.8.1    SDS 930 Computer.    The SDS 930 computer consists of a 930 central 
processor, an 8K. memory door,  a Time Multiplexed Communication Channel 
(TMCC)  with interlace, the basic interrupt.s    sixteen levels of priority in- 
terrupts with arming control,  the computer control console,  and a buffer 
junction box.. 

I 
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The 930 compultT is a general purpose«  solid slate, digital computer with 
its basic format a 24-bit word plus a parity bit, and a machine cycle time 
of 1.75 microseconds.    The TMCC with   interlace cnnbles input and output 
to and from peripheral equipment without requiring a separate instruction 
for each word.    The priority interrupts enable synchronization of the computer 
with real time and facilitate the assembly and transposition of the tracking 
data.    The Junction Box provides communication between the 030 computer, 
the Perkin-Elmer 1/C box,  and the DD1I. 

1.8.3.2 Peri p her al Equip in e n t.    Peripheral equipment to the 930 computer 
consist of the following: 

1. 35 KSR Teletypewriter 

The teletypewriter set transmits and receives,  at the /ate 
of 100 words/minute,  page printed information to and from 
the computer by translating the information into a start-stop 
code. 

2. Paper tape station (reader and punch) 

The REMEX Tape reader photoelectrically reads paper 
tape at the rate of 300 characters/sec. 

The Tally tape punch is an electrically operated high-speed 
unit capable of perforating paper tape at rates of up to GO 
characters/sec. 

Ihe tape reader and punch act as the main software input/ 
output devie? to the computer. 

3. Model 95462 Magnetic Tape Unit. 

This magnetic tape unit provides read and write functions 
on 1/2 ' tape at an operating speed of 75 ips.    It employs 
a vacuum buffering system for isolation of the driven 
tape from the storage;   reel,  and a pressure system to 
prevent the tape from touching the guiding surfaces. 

1.8.3.3 On-Site Programming.     The SDS 930 computer with its peripheral 
equipment,  as outlined above, permits on-site programming.   With this 
software capability,  along with the associated junction and input/output hard- 
ware,  a complete on-site checkout of the GLOW system can be performed. 
This acts as an invaluable aid in maintaining the system in an operational 
state. 

For a detailed technical and operational description of the above equipment, 
refer to the proper reports listed in the bibliography.. 
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1.8.4    GLOW Computer Progr ammi rrg 

The software developed for project GLOW is   (1) tlu real-time operational 
program,  and (2) the special purpose calibration and simulation programs. 

1.8.4.1   Real-Time Program - Logic Flow.     The flow of the GLOW real- 
time program depends on the status of the three    interrupts    system. 

At the start of the program,  the main routine calls "Subroutine GLOW".    The 
functions of the routine are as follows: 

1 .    Initialization of various constants. 
2.    Set up interrupts (arming the interrupts). 
5.    Waits   for the occurrence of the interrupts. 

When the first level interrupt occurs (the first level interrupt occurs every 
25 miiiiseconds (ms) continuously during the mission), without disturbing the 
program counter register,  the computer transfers program control to memory 
location 200.    The "BRM DATA" instruction in this location branches the flow 
to SUBROUTINE DATA.    This routine controls the major portion of this pro- 
gram.    The functions of this routine are as follows: 

i 
j., 

2, 
3, |+i n n 

It outputs AZ,  EL,   R Lo DDK system 
It checks various SKS's ready-not-ready signal, 
in computer trank modp. it cftlls the prediction r 
to generate AZ,  El,  R data to track the vehicle. 
It updates the display counter so the program can 
update the digital display every 500 ms. 
It calculates five data points (up to 120 points of 
prediction available) for AZ,  EL,  and R.    These data 
points are used until the system gets new GOBI message 
at approximately 100 ms.   This portion calls "SUBROUTINE 
KADKIA1' for trajectory calciüations to output command 
information into the DDH every 25 ms. 
It keeps track whether system missed GOBI messages or 
not and,  depending on that status,  it changes the display 
mode. 
It gets new Pedestal position AZ and position EL, 
respectively, from DDH System.   If Pedestal SKS is not 
ready, the routine sits idle and waits for its readiness 
to get AZ, EL. 
It clt ars the first 1 ?vel Interrupt so the lower level in- 
terrupts can be processed for further actions.    SUBROUTINE 
DATA calls, directly or indirectly,  routines "UPDATE", 
"COMPUT", and "KADKIA", 
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When GOBI message is ready, the second level interrupt may occur if it is 
In waiting status.   The arrival of this type of interrupt transfers control to 
memory location 201; the "BRM COBIGO" instruction branches the flow to 
this routine.    This routine sets up flags to \ hatever "DATA" routine checks 
the status of the flags.    11 then gets new X, V,Z coordinates from GOBI 
message.   It also clears this interrupt so that if the third level Interrupt is 
in Waiting status, then that interrupl gels its turn, etc. 

Figures 1-32 through 1-36 detail the SUBROUTINES flow diagrams of the 
realtime program listed above. 

The following summarizes the coded routines used to gather signature data 
from reentry vehicles at Kwajalein Atoll: 

, FORTRAN language- dummy main program. 

, Meta-Symbol language routine sets up interrupts. 

, Examines the status of the console mode. 

, Signal- for the GOBI messageds arrival. 

, Central routine which governs the function 
of other routines,  etc. 

, ^oxiectb last 120 points and up< ai.es those points. 

, Does the trajectory computation. 

, Updates the digital display on the console. 

, Converts R into 6 hits character BCD word. 

, Converts 6 hits character word into 4 hits 
character for digital display. 

, Converts AZ,   R into degrees. 

,  Fix-pt.  Arc-tangent routine. 

, Fix )t. double precision square-root routine. 

,  Prediction routine. 

,  Parabolic evaluation routine. 

, Least-square routine« 

,  Floating pt. square root routine which finds 
sq. root from common location (it is not a 
function). 

1) MAIN PROGRAM 

2) Routine CLOW 

3) Routine MODI 

4) Routine COBIGO 

5) Routine DATA 

O i V^  \.J  1- J JL-i ill 

7) Routine FADKTA 

8) Routine UPDATE, 

9) Routine BID 

10) Routine PREBID 

11) Routine CNVTDI 

12) Routine ATN 

13) Routine DSQ 

14) Routine COMPUT 

15) Routine POLYFIT 

16) Routine LSQR 

17) Routine PLKSQR 

I 
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CLEAR 
WORKING LOCATIONS 

INPUT  ..INPUT+39 

& 
X,Y,Z 

ARM 

- 

Al;MS Interrupts: 

1st levels 200 location: 

BRM DATA 
2iui level, 201 Location: 

BRM COBIGO 
3rd level, 202 Location: 
BRM MODE  (Checks 

Console Mode'f 
Status) 

COBIGO: 

SET: 

MODE- 
CONSOLE 

MODE; 
Input+15=l 

I 
■■I 

sets up flag, 

suet. -i; COB'. Message is 

ready, go g^t 
Jt,Y,2 

• 
whenever post ,tble 

Figur« 1-32.    Subrouttn« GLOW 
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r 
This  loatine  is  executed every 23 ms. 

I 
BRM COtlPUl] 

v 

Check Input +16 

-M8 

ovur.D 

-8 
MMEMMMMMMMM 

It is not in 
Computer Mode. 

BRU NOPRED 

NOFRED ■ 

0'itput to DSH 

AZ,/.L,R 
Index Register is used to 
pick the proper AZ^EI^U 
and each one is offset by 
yO" for Encoder Adjustment 

Collects AZ,EL,B up to 120 values 
lor prediction purposes,.  inese 120 values 
tre used in route comput for 3 seconds 

prediction.  

Check 8X8 
030002 

For TTR input 
messages 

AZ,EL,R 

| Input +7 = 
Flag Variable 

r-S)  NO, TTR 
=.-1 Yes, TTR 

«1 
Check 4 

5- 
NO, TTR 

V T 

Figure 1-33.  Subroutine DATA (Sheet 1 of 4) 
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Check 4 
J.TV«^-TV»^--JI« I,»1!—«'loytourtvn w«r«n .■»•■* 

I , 
j Set up Display 

■* Counter (DPLY) 
| by one 

BRU 
PRAVIN 

I 
Set up 
Inp .it +14 

one 
by 

'....' i   ■■ 

Input +14 is 
used in Routine 
KADKIA 

.' ..■  

BRU COßIGO   S 

J GET COBL 

tUlU bU I 
EOM POT for 
X,Y,Z; if p 

use previous 
— —*™ ——"■ !—— 

arity ERROR, j 

x/4/Z 

OUT 4 

BRM KADKIA 

Routine does Trajectory 
calculation, predicts 
AZ,EL,R 

100 ms 

x 2-— -*3 -•«4- 

C0B1 interrupt 

X-     x, 
—*5 »6  

h   GOBI 
L- interrupt 

Shaded area 

indicates drift 

11 
i  

Figure 1-33.  Subroutine DATA (Sheet 2 of 4) 
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BRU i'RAVIN 

Reset Input +17 (=0) 
Input +17i6 System missed 

GOBI messages more tlian 1/2 sec, so 
displ ay 00000 in display system and m turn 
that will change the mod e 

DPLY   (counter which  flags update  system) 

.=20      I 

I NO  

c BRU EXIT 
) 

BRU UPDATE 

Routine Update 
Display System 
every sec. 

EXIT ; 

INCT=1 

YES I NO 

INPUT=1 

6c 

Reset 
INCT=0 

T 
Set up 
Input by one 
  

• 

Figure  1-33.     Subroutine DATA  (Sheet  3  of 4) 
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( 

SKS 30004 

Get  Position AZ 

Position JiL 

Input   frora 
DDH to 
Computer 

If SJCS is not ready,, control loop of logic will wait 
until it is ready 
Input i- 8 ■ AZ; Input -|19 - EL 

C  BRU-* DATA j 

Figure 1-33.  Subroutine DATA (Sheet 4 of 4) 
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-.Mi   v  V   7  1 1-l-w    il  two   BUCCQBSive This  routine predicts GOBI X;Y;Z t>ccw< 

COJ'-I messages 
AT  l'i 

XP=X3=X 
Yr.--Y3=Y 
ZP«Z3»Z 

J.l,<IR)«l 1 

COM? 

2        2  7 2 

EL-      taa-1!^2  * Vp2) /«p 

«.-.- ^ai*Ä .s 

/   \ 

J»I     \ 
I 

'^Nves   I  no 
e-AMW ^«tW^-a 

V 
j«o,t«       \ 
(IR)«2 
BRU PRED 

/^BRU PBEDl J 

PRED 

XP^v3+03-X?.)/4  ;  Temp m x2-x2 
-4 

YP- 
ZP- 

;  Tempj^ 
;  Tomp2- 

m cc:;? 

J 

Igure 1-3^.    Subroutine KAURIA (Sheet 1 of 2) 
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PREDI 

L<3 
I 
I 
l 

U>3 

(IR)   - L+2 
XP=XP+TEMP 
YP^YP+Temp  1 
ZP=ZP + Temp 

BÜß, COMP 

X2=X3; Y2-Y3; Z2=Z3 
X1-X2;Y1-Y2;Z1-Z2 

OUT FROM THE ROUTINE 

So it predicts 5 points ahead of next incoming fobi message. 
Prediction to 120 points is possible by cha-^e in constant 

(LJ in location 1453) 

AZ ELi R1 
1 '"") EL2 K,   1 

AZ4 

EL 3 »3 
EL/, R4 

AZ EL R5 

Figure 1-34.  Subroutine KADKTA (Sheet 2 of 2) 
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The function of the routine is to update digital display 
accordii.g to the status of the variable STATE. 

=.1,2,3/4 Display in Track-File Mode (not assigned) 
■tS Display in TTR Mode (not assigned) 
=r6 Display in GOBI MODE 
=7 Display in CONSOLE MODE 
«6 Display in Compute Mode 
=9     1/R Mode, same as 8 
=10 I/O Mode, same as 8 
=11 Manual Mode, same as 8 
=12 Display in B-30 Mode 
Otherwise Display in DR.  MODE (not assigned) 

This routine calls "CKVTDI" and"PREBIDV respectively. The 
"CNVTDI" routine converts binary (AZ, EL) to BCD for display read- 
out.  At this point, AZ, EL are in fraction of circle, so the 
routine first converts into degrees and four tits BCD characters 
simultaneously. The "PREBID" routine converts Range (R) into four 
bits BCD characters for display.  It displays in Kilometer. 

Figure 1-35.  Subroutine UPDATE 

This routine is completely coded in FORTRAN II language. 
The listing has many remark-cards for explanation purposes. 

,1  utUTAtVOlä to n^.iiij j. tb^ecLi-veiy t,acit as 

2 
AZ^a+bt+ct 

EL=d-ret+ft' 

f 

and calculates the parameters a,b,c,d,e, f in Least-Square 
sinct using 120 points and predicts the 121st point.  Again, 
using last 120 points, it predicts 121st points, etc, for 3 seconds 
if the missile or vehicle is lost or under cloud. 

Tills routine call the following routines: 

1) POLYFIT 

2) LSQR 

3) PLKSQR 

for  computational purposes. 

Figure  1-36.     Subroutine COMPUT 
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1.8.4.2   Special Purpose CaJibr:i1ior^ro    jms.   The programs described 
below have been developed to verily computer subsystem operation and/or 
maximize GLOW system tracking performance: 

1. The RAMP, STEP, and PARABOLA programs are utilized 
for closed loop evaluation of the GLOW tracking system. 

2. The TEST P.OX routine verifies system data transfer from 
the computer through all operational registers. 

3. The GOBI PIN IN program facilitates the dumping of a 
TR'\DEX or real-time message, veruying the communication 
system prior to a mission. 

4. The DISPLAY routine tests and verifies the operation of the 
Gontrol Gonsole Display located in the Instrument Van. 

5. The FLEXOWPJTER routine is the simulation of a flexowriter to 
assemble any program on paper tape,    A description of the 
program is given in figures 1-37 through 1-43. 

6. The GLOW DUMP routine is also available for listing the 
complete block format,   recorded in the Instrument Van, 
during checkout and mission. 
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Location; 

Loading; 

llrf akpoi n' .':■: 

Procedure; 

To provide a variable ramp funcCion Cor servo testing. 

660 to 1120. 

Use normal fill procedure for paper tape. 

BPTl; reset - '.nput position anglest 
set  - output command angles« 

iwri:     reset - no < / iect. 
set   - output rr.nip. 

To restart program - reset all breakpoints and idle - 
start - step - run. 

Load program - move pedestal to desired starting posi- 
tion - set BPTl to output position angle as command 
angle.  Lock pedestal in loop - pick ramp irom switches 
on test box (table I) - set BPT2 to output ramp. 
To change time period of ramp store., count in Loc 1Ü50 
as indicated to table I, 

TABLE I 

Loc 1050 hoc 
1 

1050 

"' sec 
fs.'^~V.-^ 

AZ TIME EL TIME 
CuutiL 

2 0-1-4 20 1440 10 620 
5 1-3-5 20 1440 10 620 

10 0-1-3-4-6 10 620 7 430 
15 2-7 10 620 5 310 
20 1-2-4-5-7 10 620 9 240 
25 2-5-6-7 8 500 3 170 

PROGRAM LISTING 

ADDRESS 

660 
1 
7 
3 
4 
5 
6 
7 

INSTRUCTION ADDllDSS 

LDA 
STA 
LDA 
STA 
LDA 
STA 
CLA 
STA 

671 
1 
1030 
1043 
1031 
1046 

1051 

u_ 

670 
1 
2 
3 
4 
5 

6 
7 

INSTRUCTION 

BRU 
BRU 
PZE 
PZE 
PZE 
PZE 
PZE 
PZK 

700 
660 

ADDRESS 

70r 
] 

2 
3 
4 
5 
6 
7 

INSTRUCTION 

LDA 
STA 
BRU 
EOM 
PIN 
BOM 
PIN 
EOM 

735 
200 
703 
30500 
740 
30600 
74] 
31001 

Figur« 1-37. RAN;- Progrsa (Sh««t 1 oi  2) 
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ADDRESS 

710 
1 

4 
5 
6 
7 

720 
1 
2 
3 
4 
5 
6 
7 

730 
1 
2 
3 
4 
5 

6 
7 

770 
1 
2 
3 
4 
5 
6 
7 

1000 
1 
2 
3 
4 
5 
6 
7 

PROGRAM LISTING (Continued) 

INSTRUCTION 

PIN 
BPT 
BRU 
YAW 

NOP 
ECM 
POT 
ECM 
POT 
E0M 
POT 
AIR 
POT 
E.LR 
BRU 
NOP 
LDX 
LDA 
liRX 
DIR 
BRU* 
pTJTI 

0007 
0037 
BRU 
LDA 
STA 
LDA 
STA 
BRU 
ERU 
PZE 
LDA 
STA 
LDA 
STA 
BRU 
NOP 
NOP 
NOP 

742 
1 
1032 
703 

31200 
740 
32001 
741 
32002 
740 

737 

726 

736 
736 

731 

776 
•7 on 

7615 
7777 
703 
1030 
1043 
1031 
1046 
1070 
711 

1031 
1043 
1032 
1046 
715 , 

ADDRESS 

1010 
i 

2 

4 
5 

6 

/ 
1020 

I 
2 
3 
4 
5 
6 
7 

1030 
1 
2 
3 

r 

6 
7 

1040 
1 
2 
3 
4 
5 
6 
7 

1050 
1 
2 
3 
4 
5 
6 
7 

LDA 
STA 
LDA 
STA 
BRU 
NOP 
NOP 
NOP 
LDA 
STA 
LDA 
STA 
BRU 
NOP 
NOP 
NOP 
F W 
BRU 
BRU 
BRU 
NOP 
Nor 
NOP 
NOP 

MIN 
LDA 
SKE 
BRU 
CLA 
STA 
BRU 
NOP 
NOP 
NOP 
BPT2 
BRU 
BRU 
EOM 
PIN 
BRU 

UCTION ADDRESS iwS ■''RUCTION ' 

1032 1060 LDA 740 
1043 1 MRG 1067 
1033 2 STA 740 
1046 3 LDA 741 
1110 4 MRG 1067 

5 STA 741 
6 BRU 715 
7 77400000 

1.033 1070 LDA 740 
1043 1 ETR 1105 
1030 2 ADD 742 
1046 3 STA 740 
715 4 LDA 741 

5 ETR 1105 
6 ADD 742 
7 STA 741 

771 
1000 
1010 
1020 

1051 
1051 
1050 
771 

1051 
1000 

1055 
1060 
31001 
742 
1040 

1100 BRU 1060 
1 NOP 
2 NOP 
3 NOP 
4 
T UUJ/ / / / / 

6 NOP 
7 NOP 

1110 LDA 740 
1 FTR 1105 
2 SUB 742 
3 STA 740 
4 LDA 741 
5 ETR 1105 
6 SUB 742 
7 STA 741 

1020 BRU 1060 

I 

Figure 1-37.  RAMP Program (Sheol: 2 of 2) 
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Purpose; 

Location: 

Loading; 

BLeakpolni: s 

To pro- 
testing. 

uiable contiiuious step function for servo 

In memory 0660 to 1157. 

Use normal fill procedurf for paper tape. 

inpu t p os 11 ion ang 1 es. 
output command angles, 
no effect:, 
output step function. 

BPTl: reset 
set 

RPT2: reset 
set 

To restart program 
start - step *  run. 

reset all breakpoints and idle 

Procedure; Load program^ move pedestal to desired starting 
position - set BPTl to output position angle as 
command angle.  Lick pedestal in loop - pick step from 
witches on test box (table I of Figure 1-37) - 
set BPT2 to output step. 
To change period ol step store_, count in Loc 1150, 
1 count ■ 25 ms     Count is set for 10 sec. 

40 ^  1 sec. 

• 

ADDRESS 

PROGRAM LISTING 
I., 1 

INSTRUCTION ADDRESS INSTRUCTION 

PIN  742 

ADDRESS 

770 

INSTRUCTION 

1 660 LDA   672 71C BRU   703 
■ >• 1 STA   1 1 BPT  1 1 LDA   1030 

i 
2 LDA   1030 2 BRU  1052 2 STA   1043 
3 STA   1043 3 BRU  703 3 LDA   1031 
4 LDA   1031 4 NOP 4 STA   1046 
5 STA   1046 5 EOM  31200 5 BRU   1070 

\ 
6 CLA 6 POT  742 6 NOP 
7 STA   1051 7 EOM  32001 7 NOP 

670 STA   1151 720 POT  741 1000 LDA   1031 
1 BRU   700 1 EOM  32002 1 STA   1043 1 2 PZE 2 POT  740 2 LDA   1032 
3 PZE 3 AIR 3 STA   1046 
4 PZE 4 POT  737 4 BRU   1130 

• 5 PZE 5 EIR 5 NCP 
1 6 PZE 6 .RU  726 6 NOP 

7 PZE 7 NOP 7 NOP 
700 LDA   735 730 LUX  736 1010 LDA   1032 

1 STA   200 1 LDA  736 1 STA   1043 
2 BRU   703 2 BRX  731. 2 LDA   1033 
3 EOM   30500 3 DIR 3 STA   1046 
t PIN   740 4 BRU-" 776 4 BRU   1110 
5 EOM   30600 5 BRU  730 5 NOP 

1 6 riN;   741 6 00077615 6 NOP 
7 

.._          ... 
EOM   31001 

7„ 

00377/77 7 NOP 
.   

J ̂igurc 1-38.  STEP Progri mi (Shest 1 of 2) 
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! 1 

PROGRAM LISTING (Continued) 

ADDRESS INSTRUCTION ( ADDRESS * INSTRUCTION 
r 

ADDRESS INSTRUCTION 

1020 LDA   1033 1070 LDA   740 1140 PZE 

1 STA   1043 1 ETR   1105 1 CLA 
2 LDA   1030 2 ADD   74?. 2 STA    1151 

[] 
1 3 STA   1046 3 STA   740 3 LDA    1147 
IJ 4 BRU   1130 4 LDA   741 4 STA    1051 

5 NOP 5 ETR    1105 5 BRU    715 

6 NOP              6 ADD   742 6 PZE 
■ 7 NOP              7 STA   74J 7 00000001 

1030 BRU   771     1100 BRU   1060 1150 00000600 
1 1 BRU    1000       1 PZE 1 PZE 

2 BRU   1010       2 PZE 
3 BRU   1020       3 PZE 
4 NOP i- PZE 

' 5 NOP 5 00377777 
(, 6 NOP 6 PZE 

7 NOP 7 PZE 

i 1040 MIN   1051    1110   j LDA   740 
1 LDA   1051       1 ETR   1105 
2 SKE   1050       2 SUB   742 

i. 
3 BRU   771 3 STA   740 
h LDA   U47 4 LDA   741 
:, STA   1051 5 ETR   1105 

b BRU   1000 6 SUB   742 

f 7 NOP 7 STA   741 

I 1050 PZE 1120 BRU   1060 

1 PZE 1 PZE 

' 2 BPT   2 2 PZE 

\ 3 BRU   1055 3 PZE 
*. 

4 BRU   1060 4 PZE 

! 

5 EOM   31001 5 PZE 
6 PIN   742 6 PZE 
7 BRU   1040 7 PZE 

1060 LDA   740 1130 i LDA   1151 
5 1 MRG   1067 1 I SKG   1150 

2 STA   740 2 BRU   1134 

3 LDA   741 3 BRU   1141 

4 MRG   1067 4 MIN   1151 

5 STA   741 5 CLA 
6 BRU   715 6 LlTA   1051 

7 

  ..._ .    _- 

77400000 7 BRU   715 

—— a  - 

I 

Ic 

Figure 1-38.  STEP Program (Shoct 2 of 2) 
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Purpose: To provide acceleration rates for GLOW servo system 
testing by otltputtlng a parabolic function as the 
command angle. 
There is a choice of fourteen parabolic functions 
(seven for each axis as listed in table I).  The 
position angle is inputted to the computer; a 
parabolic function is developed using this angle as 
its starting and finishing point. The curve is then 
outputted to the DDR as the command angle. 

TABLE I 

o/  2 
sec 

CONSTANTS 
AZ 

3 
5 

10 
15 
20 
30 
40 

EL 

A03 E03 
A0,: E05 
A10 E10 
A15 El 5 
A2i5 E2P 
A30 E30 
A40 E40 

I 

Break Point Settings: 

ux x i: 

BPT2: 

BPT3: 

set 
reset 
set 
reset 
set 

lupuL portitioa tmgle« 
output command angle. 
output parabolic function. 
output static pointy reinitialize. 
no function. 
develop parabola. 

Loading: 

u 

{ 

Normal fill procedure for paper tape. 
1) Type constants from table I for choice of 

parabola desired followed by a carriage 

return. 
Move pedestal to desired starting position. 

F.PTS (develop parabola based on pedestal 

I 

2) 
3) Set J 

poLition as starting and finishing point). 

3a) Reset Bl'T 3. 
4) Clear halt. 
5) Set BET 2 (initialise). 
6) Set BPT 1 (outrut starting point). 
7) Lock servo in the radar loop. 
8) Reset BPT2_, v.-hen desired, to output the 

parabolic function. 

To restart program: 

fdle, start, step; run. 

NOTE:  To create parabola, every 50 B« a new  command angle is out- 
putted.  To slow down the acceltration, change the count in 
10G 1071, 1 count ■ 23 IMS. ... m 

Pipit« 1-39.  PARABOLA Program 
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PERKIM ELMER 

Purpose: 

Location: 

Lonclln;'.: 

Procedure; 

To output concncuid angles to the DD1! for static check- 

out. 

200 - 237. 

Use norma] fill procedure. 
To start program BRU to 200. 

Start program and use the switches on the. test hox to 
set up the desired comrnnnd angle.  Ohserve the angle 
in the coiiiiiumd angle register o£ the DDH. 
Have switcher. 0 through 6 switched to the one position. 

PROGRAM LISTING 

ADDRESS 

200 
1 
2 
3 
4 
5 
6 
7 

210 
1 
2 
3 
4 
5 
6 
7 

INSTRUCTION 

BRU 
BRU 
EOM 
PIN 
NO? 
EOM 
POT 
EOM 
POT 
EOM 
POT 
AIR 
POT 
EIR 
BRU 
NOP 

220 
202 
31001 

226 

31200 
226 
32001 
226 
32002 
226 

230 

216 

ADDRESS 

220 

1 
2 
3 
4 
S 
6 
7 

230 
1 
2 
3 
4 
5 
6 
7 

"INSTRUCTION 

LDX 
LDA 
ERX 
DIR 
BRU 
PZE 
PZE 

232 
232 
221 

201 

00377777 
PZE 
00077615 
PZE 
PZE 
PZE 
PZE 
PZE 

Plgur« 7.-40,  TEST BOX Program 
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Purpose;     To test the GOBI assemblrr by inputting X, Y^ 6e Z 
data into the computer and damping it out on the 
typewriter using "AID". 

Location: 

Loading: 

Procedure; 

16000 to 16037. 

X data 1000 to 1777 
Y data 2000 to 2777 
Z data   3000 to 3777 

Load program using normal fill procedure; then load 
"AID" into "10000". 
To restart program BRU to 16000. 

Input GOBI Data into the assembler via the GOBI receiver 
or the CEC tape.  Start program when desired data is being 
inputted to the assembler. 
After data is inputted, the typewriter will be enabled^ 
and, using "AID/1 dump out the desired X; ¥_, and Z data. 

PROGRAM LISTING 
. .    _,.. „T 

ADDRESS i  INSTRUCTION  i ADDRESS INSTRUCTION 

1 6000 
1 
2 
3 
4 
5 
6 
7 

16010 
1 
2 
3 
4 
5 
6 
7 

16020 
1 
2 
3 
4 
5 
6 
7 

EOM.   2000'':   16030    TIN 
LDX 
SKS 
BRU 
BRU 
EOM 
PIN 
EOM 
PIN 
ECM 
PIN 
EOM 
MIN 
MIN 
MIN 
BRX 
LDA 
STA 
LDA 
STA 
LDA 
STA 
BRU 
l'ZE 

1603 A 
30001 
16005 
16002 
30^01 
1000 
30402 
2000 
30404 
3000 
32004 
16006 
16010 
16012 
16002 
16030 
16006 
160:i 
16010 
16032 
16012 
10000 

1 
2 
3 
4 
5 
6 
7 

PIN 
PIN 
rzr. 
00077700 
PZE 
PZE 
PZE 

2000 
3000 

FiRure 1-41,  COBI PIN IN Program 
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Purpose: 

Location: 

Loading; 

Procedure: 

! 

' 

To test the decimal display. 

30 to 67. 

Use normal fill procedure. 
To restart program BRU to 50. 

Start the program.  On the test box, set up the. 
desired number to be displayed.  This number will be 

tputted to all five decimal displays. ou 

PROGRAM LISTING 

DDRESS INSIRUCTION 

50 EOM 31001 
1 PIK 70 
2 EOM 31004 

3 POT 70 
4 EOM 31010 

5 POT 70 
6 EOM 31020 

7 POT 70 
fiO EOM 31040 

1 POT 70 
2 EOM 31100 

3 POT 70 
4 BRU 50 
5 PZE 
6 PZE 
7 PZE 

I 

figure 1-42.  DISPLAY ROUTINE Program 
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1 c s 
? c 
3 r 

1» C 
5 C 
6 C 
7 
p c 
9 c 

18 c 
11 c 
12 c 
13 c 
1'! r 
15 
16 
17 c 
18 c 
19 c 
22 55 
21 1 
?? 1;'1 
23 
2'1 
25 2? 
26 
27 If 
28 
29 56 
3! 
31 
32 C 
33 C 
3^ 31 
35 C 
36 C 
37 c 
38 31 
39 
%l C 
in 

'UUtir OF FLEXOV^ITCR r: ni-; PROJECT    SDS 93^ KACAKIA 

M = r        LIST  •'■": PUNCH    f     LINES. 

.1        LIST    I     LINES ONLY. 

- ?    FLEXOWRITER OF '^'Y NO, OF LtNEStTYPE'^ITER-PUNCH] 

= 3        DELETE    N    LINES ONLY. 

- i\    REPRODUCER 

=   5   FLLXO:"ITER- 

DIMENSION KAR018«] 

GO TO 38 

LINES ONLY. 

FLEXOWRITER 

K-1 
ACCEPT  in,KARD 
FORMATtRfAl] 
DO 29  l-80f1,-1 

IFLKAPDtl]  -   I SUM]   K,2C,i:' 
CONTINUE 
GO  TO  1 
PUNCH TAPE  1S1,tKÄm)tJM-1,n 

IFIM-51   1,56,1 
K-K+1 
JFIK-N]  1»1,38 
GO  TO 3^ 

ACCEPT 31,MtN 

TYPE CONTROL CODE. 

F0RVAT[215] 
GO TO [32t4et1l33,«H,55)l M+1 

LIST + PUNCH    OR    DELETE 

Figure 1-43.   Simulation of Flexowriter on CLOW (Sheet 1 of 2) 
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'.3 to 
V-'   '- TO  7';   1-1,M 

V* ACCEPT  TAPE   in.K'-Rr 
'(5 [ 0  :■.':•  L-St^l.-I 
liC IRKARCtU -   ISUM]   iro,200,10? 
>\7 ?: ■ CONTINUE 
lt8 GO  TO 34 
i\9 loo 

11 t PUNPH  TAPE   lEl,tKAROtK3,K-1,L3 
5?, TYPE   lJ!l,IKARDIK3tK-1,U 
51 34 COfJTINUE 
52 GO TO 3r 
53 33 DO 35  1-1,N 
54 ACCEPT  TAPE   1f1,KARC 
55 35 coawuz 
56 no TO 3« 
57 hi DO 4 2   1=1,f' 
58 c 
5? c     —      LIST    C^    REPRODUCER          
61 c 
61 ACCEPT  TAPE   101ti<ARO 
62 DO 43 L-8ß,1,-1 
63 IFtKARl [11   -   ISUM]   44,43,44 
6!; 4 3 CONTINUE 
65 44 GO TOt56,5e,52,51),M 

51 rUNi/n   lArL    1« tyiKAHülJI,ül>1tLJ 
67 CO  TO 42 
68 5? TYPE   ITP. !,[!<; Pi. [J],J = 1,L] 
69 ie2 FORMATC  $-$,1X,l3,2X,80A1] 
7G 42 CONTINUE 
71 GO TO 3? 
7? C 
73 C    THANKS TO MR, ROBERT CURTIS FOR  HIS    IIILP. 
IH C 
75 C    GOOD BYE BYE.... 
76 C 
77 END 

PROGRAM ALLOCATION 

01000  KARDi 
08123 J 

THE END 

10121   K 
PI'124 M 

00121  I 
PE125 N 

00122 ISUM 
■30126 L 

Figure 1-43,   Simulation of Flexowriter on GLOW (Sheet 2 of 2) 
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SECTION II 

INSTALLATION 

r 

> 

2.1     CONTRACT AIM - INTRODUCTION 

The installation and integration of one (1) GLOW system on Kwajalein Test 
SUe (KTS), K.ajalein. Marshall Islands Trust T«^^^« 2;^ J" 
awarded to the Perkin-Elmer Corporation under Contract No. DA-19 020 AMC 

0265(Z). 

The stated aims of the contract were: 

1      To install one (1) GLOW system. 
2. To interface the GLOW system with the required 

facilities of KTS. 
3. To demonstrate GLOW system performance. 

■" ■-- >'•' ■'■"■■.    it^L     ,■■■' '.  -  ■' ■    ■■'-.., ^/■■Vr;.''-/^'-'"T 

■■,*■•- 

^ 

v,\^ 

^-■p- -'■■'■•      >.., 

■-,l ■••ii'».;- -      '   ifm | 11^—y~-j-ui ti     mjTO..   "      " ■ < 

Figure 2-1.   GLOW System at Kwajalein Test Site 
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2.2     SUMMARY 

The installation of the GLOW system covered the period from 10 October, 
19GG to 4 April,  1367 when System operation and inventory transfer was ac- 
cepted by the Army Missile Command. 

' In fulfillment of this contract, the Perkin-Eimer effort encompassed the 

following tasks: 
(1 

1. Preparation and transportation of System equipment 
and personnel.    Equipment weight and volume exceeded 
CO, 000 lbs.  and 1.5,000 ft:'». 

2. Preparation of the GLOW building (figure 2-2). 

3. Emplacement of System equipment. 

4. Preparation of equipment to operational status. 

5. Interfacing of GLOW System to the required KTS 
communication,  timing,  and GOBI facilities. 

6. Demonstration of System performance, 

7. Transfer of System operation and equipment. 

Installation difficulties resulteH primarily from the following; 

1. Delays in equipment arrival caused by misplaced 
shipments at the Oakland and Travis Air Force 
Base transportation terminals and rescheduling 
of vessels and sailing dates. 

2. Lack of an assigned vehicle to Project GLOW until 
mid-December; movement of personnel and re- 
quired support equipment was dependent upon local 
transportation which was inadequate and time consuming. 

3. Difficulties in processing necessary work orders 
by KTS facilities caused by conflicting contract 
support interpretation. 

4. An extended rainy season in December and through 
mid-January with the subsequent rescheduling of 
KTS heavy equipment,  cranes,  fork lifts,  etc. 

5. Contractual clarification concerning Range communi- 
cations and TRADEX lines,  in support of Project GLOW, 
delayed the installation of the necessary external cabling 
until the last two weeks.   Checkout of the interface was 
started and will be continued by the operating contractor. 

2-2 
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Figure 2-2,  Layout of CLCW System 
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2 . 3     ORGAN T Z AT ION A L SU M M A HY I 
I •      T    ;     t , r P«rkin-Elmer field and in-plant support personnel The organizational chart 01 Peilun larnci 

is shown in figure 2-3. 

2.4     TRANSPORTATION OF EQUIPMENT 

.   . .        e             ,,,,,^ ?«•• oiTHnmnnt so that site 
Thn GLOW enuipment was divided into four groups 10*  sm,  

period at Norwalk, Connecticut. 

Transportation fro. -rwah. was^.re^C^o.n.^E.E ^^ 
utilized commercial transportation to the Port ot t^uj 
or Military chartered vessels from the FOE to KTS. 

2.4.1      Transportation Summary 

The transportation summary is given in Table 2-1. 

TABLE 2-1. - TRANSPORTATION SUMMARY 

Defll cnation 
Description 

Group 1 

Group II 

Group HI 

Group IV 

—I 

Group 1 

Group II 

Group 111 
Group IV 

Instruments, Test Equipment, Screen Room, 
Cables, Utility Van with tools,  Astroaome, 

Shop Materials 

GLOW Mount, Frequency Converter, Cables, 
and Miscellaneous Materials 

Instrument Van,  Cables,  and Miscellaneous 

Materials 

SDS Computer and Ancillary Equipment 

Scheduled (actual) Norwalk    to    Scheduled (actual) KTS 

12 Sept.'GG (^Sept.'CG) . 

17 Oct.'86 (18 Oct.'66) 

1*2 Nov.'88 (28 Oct.'66) 
17 Nov.'68 (12 Nov.'66) 

10 Oct.'GG (22 Oct.'GG 
and Nov. 9 '66) 
10 Nov.'GG (9 Nov.'66 
and 5 Jan.  '07) 
10 Dec. 'OG (5 Jan.'87) 
10 Dec.'66 (10 Dec.'GG 
and 4 Jan.'G?) 

V -4 
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r.  Radakia 

Manager 
Computer 

]'rogranmin[ 

C.   Stahl 

Program 
Engineer 

B. Wada 

Digital Data 
Handling 
Bnslneer 

V. Lud ford 

Mechanic a 1 
Kngi nee. ring 
Specialist 

 L 

c; H. Durham 

Pro, 
Systems 
'.ram Manager 

1 

R.W. Backui 

Field 
Manager 

T. Jetton 

Site 
Supervisor 

R. Curtis 

Computer 
1'rog ram 

Specialist 

D. Hill 

Administrator 

Norwa]k, Connecticut Support 
Engineering 

Field Engineering 

Kwalale 

W. Kellers 

Administrator 

R. Russell 

Servo 

Enclneer 

1 
F. DiNapoli 

Electro- 

Optical 
Engineer 

Figare 2-3.  Organizational Cluut - Project CLOW 
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m general, equipment damages from transportation were relatively minor. 

The instrument van outer skin (one bottom section) was severely damaged. 
Ftrt^e" 1 inner RFI skin or under the floor cabling was not damaged. 
Repairs were effected locally by the Aircraft Maintenance Section. 

The crate containing the computer teletype unit was damaged and the unit was 
^erative     Repair of the teletype unit was made by Kentron technicians at 

Kwajalein. 

Surface corrosion damage to the metal clad screen room panels was extensive. 
Cleaning was effected on site. 

2.5     INSTALLATION 

The Station log of Appendix   A and the Chronolcgical Summary of paragraph 2.6 
detail installation events. 

Salient installation highlights include:      _ 

1. Preparation of GLOW Facility.    Sealing of concrete 
floors for moisture and dust control.    Leveling to 
1/8" the floor area under the screen room. 
r««H*t»Tift4cir    from shiDoinS crates, of uhop an<3 
storage areas. 

2. Emplacement of the roof mounted equipment,  i.e., 
the NIKE-AJAX oedestal (figure 2-4),  the 16-fout 
diameter  Astrodome unit (figure 2-5),  the calibra- 
tion raiibed console and collimator,  and the 
24-inch cine-spectrograph alignment mirror. 

3. Erection of the shielded screen room. 

4. Installation of ceiling hung cable raceways. 

5. Installation of cabling and hydraulic lines for the 
Astrodome and all system interconnections. 

6. The design of the auxiliary frequency converter 
building utilizing a surplus missile casing. 

7. The installation of the B-50 sighting station. 

Ö 1 
I 
I 
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Figure 2-4.    Installation of NIKE-A.TAX Pedestal 
(Sheet 1 of 2) 
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Figure 2-4.    Installation of NTKE-A.TAX Podestal 
(Sheet 2 of 2} 
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[•■qurc 2-5.    Installation of Astrodomo Unit 
(Shfft 1 of 2) ^ 
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Figure 2-T-),    Installation nf Astroclome Tnit 
(Slicct 2 of 2) 
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2 . 6     CHRONOLOGICAL SUMMA HY (See Table 2-2.) 

TABLE 2-2.    CHRONOLOGICAL SUMMARY (Sheet 1 of 2) 

I 

0 

0 

e 
i 

Period 

10 Oct.  - 13 Oct.  '66 

14 Oct.   - 31 Oct.   r66 

1 Nov.  - 30 Nov.  '60 

1 Dec. - 9 Dec.  '06 

10 Dec. - 31 Doc.  '66 

Events 

Arrival of field crew on Kv^ajalcin Test 
Site. 
Establish liaison with KTS support agencies. 
Began Site preparation. 
Accept partial Group I shipment 
(22 Oct.; Utility Van and tools not included). 
Began erection of screen room. 
Installed Astrodome hydraulic power unit. 

Group II shipment and Utility Van arrived 
(9 Nov.). 
Temporary installation of frequency con- 
verter. 
Completed screen room and power wiring, 
Emplaeed pedestal, Astrodome,   and 
calibration erpiiprnent. 
Computer interface at jMorwahc completed, 
equipment shipped to KTS. 
Began installation of ceiling hung cable ways. 

PECO Project Manager,  C.H. Durham, 
arrived for project review with AMICOM. 
personnel . 
Plans drawn by PECO for auxiliary housing 
of frequency converter; utilizing surplus 
missile casing. 

Group IV eqiiipment arrived (10 Dec. , 
computer main frame and radiometer DEWAR 
misplaced in transit). 
Installation begun on computer facility; com- 
pleted cable ways and external cabling. 

2-11 
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TABLE 2-2.    CHRONOLOGICAL SUMMARY fSheeJ 2 of 2) 

I 
I 

[ 
1 

r 

Period 

1 Jan.  '67 - 17 Jan.   '61 

18 Jan.  -   31 Jan.  '67 

1 Feb.    -   28 Feb.   'i.7 

1 Mar.   -   26 Mar.  'S? 

27 Mar. - 7 Apr.   '67 

Events 

Received and em placed Instrument. Van 
ond computer main frame. 
Installed balance of equipment. 

Power applied to complete system. 
Began system checkout. 

Continued system checkout and routine 
maintenance. 
Started Site survey for coordinate in- 
formation. 
Continued Site preparation tasks (painting, 
construction of benches,  storage of 
materials). 

Frequency converter installed in auxiliary 
building. 
System evaluation tests continued. 
Computer programming started. 
Began preparation lor interfacing of KTS 
communications and COBI net. 

AMICOM representative and General Electric 
personnel arrived to witness system per- 
formance. 
Transfer of system and inventory.    Departure 
of PECO field crew . 

f 
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2   7     COMMENTS ON CLIMATIC CONDITIONS 

ope^ons ana e^e.,. ^^^^^1^^=^ 

dmcuTü^'t ^"f0*" tyPiCal 0f ^ «"»«»■•W P^ific Atoll may lead .c 
«mculttet in particular areas of equipment maintenanoe and operation 

The intent of this section is to nrpspnt    ac ^ ^ 
areas. present,  as a commentary,  those possible problem 

2-7-1       Climatological Data Summary 

tr^il^6™ iS ^T^ leSS than 700 mileS north of the equator" and " has a 

ana u; warm to hot,  humid weather throughout the year. " 

"The principal rainfall season extends from mid-May to mid-December 
Light,  easterly winds,  almost constant cloudiness and frequent moderate to 
heavy showers prevail during the wet season."   (See figure 2 6  ^^ t0 

Figure 2-6.   GLOW System Shown During Inclement Weather 
(Prior to Completion) 

2-13 
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"The dry season includes the period mid-December to mid-May,  and is 
Characterized not so much by lack of showers as by light showers of short 
duration.    In this season,  trade winds are persistent, blowing from the 
northeast 15-20 knots almost continuously." 

"The relative humidity is uniformly high throughout the year" and "the com- 
bination of high humidity and proximity of the salt water ocean   present a 
corrosion problem. 

During the 1966 period,  statistics collated at the Kwajalein airport station are 
summarized in Table 2-3. 

TABLE 2-3.   CLIMATOLOGICAL DATA 

Precipitation   -    116.19 inches 
Temperature   - 

Daily Maximum (average)   -    86 . 80F 
Daily Minimum (average)   -    76.80F 

Relative Humidity   -   Average (yearly) 
Midnight (LST)   -   83% 
Noon   (LST) -   76% 

TV-IP aKmro climatological data and excerpts are reported in U.o. Department 
of Commerce document,  "Local Climatological Data, Kwajalein, Marshall 
Islands, Pacific, 1966", which   is reproduced for informational value in 
Appendix B. 

2.7.2       Discussion of Probable Problem Areas 

The majority of equipment is housed within the air-conditioned facility and is 
not often subjected to either (1) prolonged exposure periods in island climate 
or (2) frequent open periods where temperature gradients exist between the 
air-conditioned and natural environment. 

Attention is directed to the following areas: 

1. Deterioration of metal components and insulating or 
fabricated plastics by corrosion, salt deposits, and 
bacterial or fungi attack. 

Particular items include the frequency converter, 
pedestal mounted equipment in the Astrodome,  and 
the calibration equipment.   (See figures 2-7 through 
2-9.) 

HP»**" -T-- ——' 
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Figure 2-7,    Frequency Converter in Utility Building 

Figure 2-8.    Pedestal Mounted Equipment in Astrodome Unit 

2-15 
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Figure 2-9.    CaUbrütion Equipment - Collimator and 24-Inch 
Mirror ' 
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2. Deterioration of coated optical surfaces by gradual 
salt deposition and moiöturc condensation with the 
resulting frequent requirement for optical cleaning. 

3. Loss of cooling (InSb detector) or detector damage by 
excessive moisture in the cryogenics system 
(Radiometers). 

4. Calibration of radiometers or similar optiv,al instrumentation. 
Repeatability of calibration data is dependent upon shnilar 
or known control parameters.    Unobserved condensation 
on optical surfaces,  or large excursions in atmospheric 
Parameters, will result in non-reproducible data for what 
otherwise are similar testing parameters (field stops,, 
temperatures,  etc.). 

2.7.3       Summary and Recommendations 

Briefly summarizing,  the climatological conditions present at Kwajalein can 
lead to equipment failure and operational difficulties. 

It is recommended that maintenance and inspection schedules be prepared and 
performed,  regularly,  particularly for equipment in the Astrodome,  calibration 
building,  ami the frequency converter. 

Further, temperature and humidity control of the facility air-conditioning 
system should be utilized fully when exposing equipment to the environment 
in the calibration building or Astrodome.   Dehumidifiers and/or strip heaters 
on critical components may prove beneficial if used on a continual basis. 

The use of dry and heated nitrogen purging of the radiometer cryogenics system 
and optical components is essential to prevent deterioration of optics and the 
proper cooling of the InSb detectors. 

I 
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I SECTION III 

SYSTEM PE RFORMANCE 

I 
I 
I 
f 

rrn- 

3.1      INTRODUCTION 

The inspection of the GLOW facility and the demonstration of System   perfo 
ance were accomplished during the week ending Friday,  31 March, 1967., 

Activities were focused on four (4) areas: 

1. Inspection of physical facilities. 
2. Demonstration of the modified N1KE-AJAX tracking system, 
3. Demonstration of the GLOW computer facility. 
4. Demonstration of system peripheral components. 

3.2     SUMMARY 

The contractu.-d reoulrementfl fo*" tw- instaliaHrtn -c t*i O^TI o ....       y-r •'-''--   <■-•>■   u«oi,«uAauujj <,J  vji^wt»   'jysiein a,   H6 aes- 
crJaed in Section I, were successfully concludea with the verification of oper- 
ational performance of System   components,  including the necessary Range 
interface and the transfer of System inventory. 

3. 3     APPLICABLE DOCUMENTS 

The following report details the GLOW System equipment requirements perti- 
nent to System performance: 

Engineering Report No.  8G93,  "Final Acceptance Test 
Procedure for the GLOW System at Kwajalein",  Perkin- 
Elmer Corporation,  dated 16 March 1967. . 

In addition,  the documents listed in the bibliography of this report describe 11 
technical and physical description of System components necessary for their 
operation. 

3.4     REPORT CLARIFICATION 

In order to clearly present the major results achieved during testing,  and to 
preserve report brevity,  the peripheral electronic functions are omitted from 
this reporl but were operational. 

ie 
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i      rhP vidicon television system was verified BB operational. 
As an example, the vidicon teievxsi sv iichcs, focusing, monitor 
The necessary power supply voltages. ON-OFJ   sw uuie  , 
linearity, 0^, were operaticmal but are not detailed. 

Exceptions will be Individually noted within the applicable section where the 

major subsystem is reported. 

3  6     FACILITY ACCEPTANCE - GENERAL 

install; lion of equipment,  tefit areas» and exterior emplacement 
facilities, power and cabling mterconn  c ' consideration to 

3.5.1      y^rfnr^nance vTrification - SubSYStetnt. 

1      cto,v>c; u-pre verified as operational without exception: The following subsystems wcie veruiw •      i 

1.     Frequency   Converter - 60 to 400 cycles. 
2      Vidicon television system. 

S,     Calibration collimator ^^"^ X^Ing film format. 
4.    S5rnm boresight camera with framing ana <    mg 
öl     Astrodome with Its servo sysiera. 

3.6     COMPUTER AND PIGITAL DATA HANDLING (DDH) 
SYSTEMS - GENERAL 

r +v . Rn«? B30 peneral purpose computer and its associated 

^pÄS^^S ÄÄ^ ***j ^ magncti0 tape rocordt•r, 
and DDE system was demonstrated in three modes. 

1      Static operation of the computer system. 
;     Utilization of the computer and DDE ^^.^ 

generate command functions for the servo tracking 

system evaluation. 
3.     Static operation of the DDH system. 

3.6.1      Computer Operation 

Ushed bv SDS.   Total performance was ckmonsu a L      jr ™Mhin the 
iism.u DJ sw» i „^,ir. .,,,,' instructive command wltnm me 
programs which simulate every mode au>. msuuci 

computer system. 

3-2 
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The following programs were loaded and executed: 

1. Program #304001,  930 Examiner Memory Diagnostic. 
2. Program //304002,   030 Examiner Diagnostic Instruction. 
3. Program #304003,   930 Examiner. 
4. Program #024001, Paper Tape Photo Reader Test Program. 
5. Program #544001,  Multi Mag Tape Exerciser. 
6. No applicable number,  Teletype Echo Test. 

During the last two days of the installation acceptance program,  the write 
section of the mag tape became inoperative.    Repairs were not effected since 
spare pans were not funded for this unit. 

3.6.2       Digital Data Handling (DDI1) System 

The DDH system was demonstrated for general compliance with Section 4.5 
of NR-4 90 by feeding in the appropriate tracking data signals and printing out 
the resultant. 

I 
[ 
[ 
r 

3.6.3       Computer and DDH Tracking Verification 

This test was designed to verify the characteristics of the pedestal servo 
system tracking capability to an actual prerecorded TRADEX generated 
trajectory. 

In addition, this test verified the   ynamic characteristics of the computer and 
the DDH in processing radar command inputs in a simulated tracking exercise. 

The results of the servo evaluation are detailed in paragraph 3.7. 

3,7     SERVO SYSTEM EVALUATION 

3.7.1       General 

[ 

t 
I 

The servo evaluation utilized the computer facility to develop command functions 
required in the analysis of servo performance^    Generated ramps,  steps,  and 
parabolic functions were used in the velocity loop evaluation.   In addition, a 
prerecorded TRADEX (GOBI) message generated tracking commands to demon- 
strate servo performance from a simulated mission, radar input. 

3.7.2       Servo System Evaluati(:)n_- Objectiye_ 

The analysis of CLOW II servo system performance was accomplished in three 
steps. 
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1. Evaluation of the servo's velocity loop performance 
before shipment from the factory to Kwajalein. 

2. Evaluation of the servo system's velocity loop performance 
after shipment of the system to Kwajalein. 

3       The optimization of the entire servo system in its 
various tracking modes, with the present instrumentation 
load on the pedestal. 

,  7  2   1      Velocit:Z_Loo2_lierformnnce..   To a great extent,  the ability of any 

of the svmem.   Figure 3-1 presents a block diagram of GLOW II s vaocity 
looo servo system    GLOW llutilf/.c-s . modffledNKE-AJAX tracking mount 

n place o°   he oedeslal's former pay load,  n radar dish,  a r.gtd mstrnmenta- 
ttÄorm has been substituted.   NIKE HERCULES drive »<^» »»^ ^ 
substituted for N1KE-AJAX drive motors in the servo system.   With these 
"eeptious, the remaiader of the mount's velocity loop servo system remain» 

unchanged. 

To maintain controlled conditions,  the initial tests on the syslenrs velocity 

on the pedestal's instrumentation platform. 

celcration,  and the -3 db frequency response pom   ot the vc oc^ ;0^'   ia 

stantially.    This, in general, does not occur unless the load is xnm eased b} 

large amount. 

a 
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Table 3-1 presents the ügures obtained from the measurement of these param- 

eters, both at the factory and in the field. 

With reference to Table 3-1,  it will be noted thai the velocity loop's servo 
svstem suffered a Blight degradation in performance after system shipment 
to thrfie d     Hovn ver    after adjustment and replacement of several component. 
n the velocity loop, its performance v.as upgraded to a point where the per- 

"ormanee figures oMained were either equal to or in excess of those obtained 

at the factory. 

TABLE 3-1. AZIMUTH AND ELEVATION VELOCITY 
LOOP PE RF OR MAN CE 

Axis 
of 

Rotation 

Azimuth 

Elevation 

Maximum Loop 
Tracking Velocity "/sec 
f actory 

42.77 

40.42 

Iwaialein 

32.05 

39.01 

Maximum Loop        r. 
Tracking Accel. 0/scc 
Factory Kwaialein 

49. 0G 

50.55 

47.56 

46.57 

-3db Freq. 
Response Pt. CPS 
Factory 

3.15 

1.19 

Kwaialein 

0.98 

0.88 

L 

NOTE: 
in RT] cases, the above figures represent the average figures obtained from a 
minimum of three (3) data runs. ^  __ . 

3.7.3       Initial Considorationjor Kwaialein Operation. 

To prepare the pedestal for optimi.ati n of Kwajalcin tracking requirements, 

the following actions were accomplished. 

1.     Determination of the maximum tracking velocities and 
accelerations. 

2 Setting the velocity loop tach feedback to meet these 
requirements with the instrumentation load irstalled 

on the mount. 

3 Determination of the proper servo compcusation network 
to provide stable closed loop performance with minimum 

tracking error. 

4.     The final setting of loop gains to provide optimum 
performance. 

3 -6 
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The above steps were taken with each of the System's three modes of position 
control:   radar slaved computer control,  B-50 synchro slaved mode,  and the 
manual stiff stick control. 

The analysis of the tracking requirements on Kwajalein indicated that the maxi- 
mum tracking veiocHy to be encountered would be around 10 deg/sec with 
maximum tracking accelerations to be no greater than 5 deg/sec '.    In view 
of these requirements, the azimuth and elevation velocity loop tachometer 
feedback was adjusted to provide velocity loop performance as indicated in 
Table 3-2 with the GLOW Il's present instrumentation load. 

( 

I 
! 

I 

f: 

TABLE 3-2. OPTIMUM AZIMUTH AND ELEVATION 
VELOCITY LOOP PERFORMANCE 

Maximum Tracking 
Velocity dog/sec 
Azimuth 

30 

Elevation 

32 

Acceleration deg/sec 
Azimuth 

45 

Elevation 

50 

Velocity Loop 
Bandwidth CPS 
Azimuth 

2.5 

Elevation 

3.0 

NOTE; 

1. The above data is the average of the parameters obtained from five 
separate dalu. ruiiö. 

2. All parameters obtainod with input voltages to velocity loop below 
saturation level of the loop.   In the saturation region, both azimuth 
and elevation axes are capable of maximum tracking velocities of 
35 deg/sec and maximum tracking accelerations of 58 deg/sec   . 
However, in both loops bandwidth is reduced when the velocity 
loop is saturated. 

The velocity loop bandwidth shown represents an average value. 
Below loop "saturation,  small changes in loop bandwidth were ex- 
perienced by varying input voltage peak amplitude. 

3, 

Table 3-2 indicates that the mount is more than capable of meeting the track- 
ing velocity and acceleration requirements on Kwajalein, 

The next step in preparing the servo system for ope-atioa was to determine the 
maximum allowable tracking error and servo dynamic lag error.   From this 
analysis, the amount of forward loop servo gain can be determined.    From 
this figure, the proper servo compensator for each of GLOW IPs position 
control loops was determined. 

3-7 
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The minimum field of view on any of the present instruments on GLOW II is 
4 milllradians.    This represents the total field of view for each of the two dual   ; 
channel radiometers.    Therefore,  the total tracking error must never exceed 
2.0 milllradians,  or 1/2 the total field of view of the radiometers.    To insure 
that GLOW II would perform its mission,  it was assumed that the total or 
peak tracking error in either axis could not exceed 1 railliradian.    In addition, 
it is assumed that the tracking rates in either axis will be substantially higher 
than set forth    previously..    Table 3-3 sets forth these assumptions. 

f 
f 

i 

1 

TABLE 3-3, ASSUMED VS.  PROBABLE TRACKING RATES 
AT GLOW II SITE KWAJALEIN 

Probable 

Assumed 

Maximum   Tracking   Rates i   Max Tracking 
Azimuth Elevation Error 

Milliradian Max Accel 
•7 sec2 Max V 

0/sec 
Max Accel 
•/sec2 

Max V 
'/sec AZ EL 

5 

10 

10 

30 

5 

10 

10 

30 

2.0 

1 .0 

2.0 

1.0 

^i^v>..' II Utilizes a type 11 .servo system in each axis; therefore,  no velocity 
tracking errors should occur.    In actual practice,  there will be a very small 
error which we shall consider negligible.   Therefore, it may be stated that: 

E   - 
a (t) 
K 

A 
(1) 

where 

a (t)   ■   Target acceleration (deg/sec  ) 

K.    B   Acceleration constant or forward loop servo 
gain (l/sec2) 

E   ■   Servo lag or tracking error (deg) 

GLOW II must have a forward loop servo gain in each axis of: 

K 
A 

a  (t) max 
E max 

2 
•   10 deg/sec ,      2 

o ni-.vö .foVr "   175 l/8«c 0.0573 deg 

This gain must be achieved for both the radar slaved computer controlled posi- 
tion loop and the synchro slaved 15-50 position controlled loop. 

3-8 
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The above analysis is based on the assumption that the only position error 
observed there,  during a dynamic tracking event,  will be servo lag error. 
If the system is receiving its positioning commands via the radar link to the 
range from Tradex,  it must be assumed,  to establish a starting point,  that the 
radar information is precise.   In other words,  it is assumed that the Tradex 
radar is tracking the incoming target with 0 position error.    In addition,  it 
should be noted that any noise or dropout in the radar tracking data received 
a^ the GLOW site can add further to the actual tracking error.    This,  of course, 
applies only to the system's performance when tracking in the computer con- 
trolled radar mode.   Actual tracking error is defined as the total position 
error, at any time,  between the mount's optical boresight axis and the target 
being tracked. 

I 

i 

I 
I 

The total system error is the sum of the above plus all errors occurring during 
any dynamic tracking event. The actual tracking error can be broken down into 
components.    The major ones are as follows: 

1. Servo system lag or tracking errors. 
2. Bearing wobble« 
3. Mechanical resonance of pedestal. 
4. Servo system electrical or electronic, noise. 
5. Misalignment, of instruments, boresight errors. 
G. Gear backlash. 

The total position error due to all causes,  except item 1, is estimated to be 
0.2 milliradian max. 

By far,  the larger or most predominant system error will be due to the servo 
system lag error-.    From this point on,  it will be assumed that the total or 
actual tracking error is equal to the servo lag error.    Experience with GLOW I 
and II and other similar systems has shown that,  for the degree of tracking 
accuracy required,  2.0 milliradians, this is not an invalid assumption. 

f 

I , 

S♦ 7.4       Evaluation of Servo Tracking Gapabilities 

3.7.4.1 Radar Slaved Computer Controlled Loop.    The radar mode of track 
Utilises a processed and updated Tradex (GOBI) message to provide the azimuth 
and elevation pointing information to correctly position GLOW II's instrumen- 
tation package.   This information is originally generated by the Tradex radar on 
ROI NUMIR,   It is then corrected to the D,R.  radar on Kwajalein.   The message 
is received at the GLOW II site in GOBI form which provides the desired point- 
ing information in Cartesian, XVZ,  Coordinate form. 

GLOW receives a new data point, or target position,  at the rate of ten per 
second.   Upon arrival at the GLOW site,  Ihr« message passes through an I/O 

(1 
3-0 

^. 



I 

fi 

r 

I 

PERKIN ELMER 

junction box where it is converted from serial form to parallel form.    Next, 
the message receives a time tag. which references it to computer time.    At 
this time,  a subroutine "Kadkia" is called and applied within the computer' 
which updates the message in such a fashion that 40 actual c ata points are 
provided each second.    This technique predicts additional data points to fill 
in between thoise times when the range is not sending GLOW a pointing message 
or data point.    (Tradex data points are at. 10 por sec; GLOW requirements are 
at 40 data points per sec.)   The prediction is done on the basis of previous 
target data points which have been stored within the computer.    After prediction, 
the message is converted from Cartesian coordinates to the standard azimuth 
and elevation angular pointing data necessary to correctly position the NIKE- 
AJAX tracking mount.    The above traces the position information signal flow in 
the broadest sense only.    It should be pointed out that,  in addition to the above, 
various other operations are performed on the original message to correct it 
for the specific tracking situation on Kwajalein. 

The computer next outputs the above target position message to the DDH.    Here 
th- azimuth and elevation command angles,  or target position angle information, 
are compared with the actual mount position angle as developed in each axis by 
the 17 bit shaft angle encoders.    The position angle is subtracted from the com- 
mand angle.    This difference,  the actual tracking error,  is next converted from 

1/ dlfiital to analog form and outputted from the DDH to the aided track electromc«. 
All the above digital ciata is handled and processed in real time. 

I The aided track package provides the proper servo compensation and amplifi- 
cation of the analog error signal to drive the NIKE-AJAX velocity loop and 

1 hence,  the pedestal.    Figure 3-2 presents a signal flow diagram for the digital 
f information.    Figure 3-3 presents a block diagram of GLOW ll's entire computer 

controlled position loop. 

Double lead single lag compensation was used to stabilize each of GLOW ll's 
three position loops; the network used is illustrated in   figure 3-3.   The com- 

• pensator break points,  along with all pertinent data,  are presented in fable 3-4 
for the radar loop.    Open position loop BODE plots are shown in figures 3-4 
and 3-5 for the azimuth and elevation radar loops. 

3-10 

■ 

I 

1mm^mm^mmmMmm^ 



I 
f. 

PERKIN ELMOR 
o 

w 

U D o a. 
U i-i 
U 3   O 
W O  f- 

I 
!' 

0 
1 
I 

I 

f 

0 
{ 

( 

on 
x> K/ OJ 
G) V M 
X) w o ^ u CD 

H PM 

TO    r-" 

•^   '4 

u 
41 
4.1 
M 
a; 
> 

o o 

n 
rJ 

(j c 
d) CD o 

rH -D •rl 
M-O 4J 
a Ql •rl 
< 0) l/i 

fn O 
4J PL| 
IH U 

CT; aj J J 

x: "O c 
t/i o 3 

CJ O 
c ^ 
w Ö 

(k 

ä 
4-1    O 
»   M 

W   CD   en 
H   0 

4J i 
CD !J 

C O 
•r^ CW 
•a n 
M C 
O TO 

U H 

c 
O     QJ 

•rl    3 
4J   cr 
u  -^ 

•rl   Q 
•O x: 
Hi    o 
VJ    O 

p^ H 

0) 
B  to 

•M    CD 

H  H 

«0 
4-1 

60 
•r^ M 
Q <U 

u 
O 3 
cn a. 
o-v Q o 

t u 
CO 
Q 
M 

1 
H CD 
r: H 4-1 
u nj CD c 
« rH Q o 

PH •r-l 
4J 

c   M 
3    O •-) n 
Ü 

M 1 1 i-1 
c 

■H 
4J 
c 
•H          • 
o n 

PH    O 
H 

.-< li. X 
H (U 
■M   «0 a 
M   4J CO 
fl    CD >-l 
to Q H 'J       1 1 

o 
T4 

V) 
o 

4J 

8 
CO 

H 
C4-) 
O 

U) 
c 

•r-( 
W 

g 
Ü 
o 
u 
fk 
H 

CD 
•U 
•■-I 
Ml 

•rH 
O 

CM 
I 

i 
•r< 

.. MMMHBMI^HHHMMi   • - 
■   ,     .    ,r-    ■     .. 



f 
PERKIN ELMER 

[' 

t 
C 

I 

i 

o 
0 
II 
I 

I 

u 
s 
& o 
u 
M a. 
H    O 

o g A 

CJ   o 

O  •»-( 
w 

15 
hOT) 
CTJ     0) 

•ri   I—i 
p ^1 

o 
^    M 

o  d 
^  o 

CO 
i 
n 

<u 
u 

bO 0 
Ü     "^     T-l     pJ 

3-1*2 

.-,, ■. .   .,      .:.■■■■,*■*'■' 



! 

I 

r 

i 
i 
i 
i 

i 

PERKIN ELMER 

TABLE  3-4 COMPENSATION FOR GLOW JI 
RADAR LOOP 

Axis 

Azimuth 

Elevation 

Compensator Breakpoints 
Radian s^sec_ 

is (lead) 

9.7 

8.5 

tu   (lead) 
4 

25.fi 

21,3 

tu   (Jag) 

Loop 
Bandwidth 
Radians/sec 

15.7 

18.8 

Accel, 
Constant 
l/.secz 

175 

175 

Phase 
Margin 
(dcg) 

48.0 

60.0 

The single lag contributed by the compensator is more than one frequency 
decade above the ODB crossover frequency on the BODE plots    shown m 
figures 3-4 and 3-5.    It is considered to be at infinity in the calculation of the 
servo phase margin.    The only other assumption made in the stability analysis 
of radar loop was that pedestal mechanical resonance was negligible.   It 
occurs at about 18.0 cps in each axis.   The resonance would appear as a highly 
daim cd second order quadratic on the BODE plots.    Here,  again, the point in 
question appears more than one decade in frequency above the ODB crossover 
point on the BODE plots and can be neglected in the loop stability analysis. 
The phase margin shown in Table 3-4 for each axis is more than adequate to 
„rovid* 0+^1" c'^'o operation.    Testa run on the closed radar loop bure out 
the phase margin figures.   No more than 1-1/2 overshoots were measured 
when the system was allowed to "lock on" to various static points in either 

axis. 

3  7  4  2        Tracking Capability.    Tc evaluate the servo tracking capability 
three (3) trajectories w ere generate within the computer and outputted to the 

mount. 

1. 

2. 

3, 

A parabolic (constant acceleration) trajectory commanding 
either a l0*/sec* or 13.67^/Bec2 tracking rate. 

A ramp (constant velocity) function with a 10 degrrc/sec 
±0.2°/sec tracking rate. 

A Tradex nominal real time trajectory (#1105) as 
transmitted to Project GLOW. 

All tests were run with the servo compensation shown in Table 3-4; ^ thn,fer™ 
system was set up to provi 
dilated in paragraph 3.7.3 

ide the acceleration constant (175   KA ' l/sec ) cal- 

3 -13 
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;;:,::-;;-;;:::;rÄ;:r:-';?fr;:;^;=S';:  
angle) 1» -Uliradi: ■.,* versus tune in «lm»* and elevation. 

—- ~- ^-r reurÄes-ÄroW~^ figures are maximum peak ei i 01 ,  OUOLI 

integrator drift. 

These results she. servo performance exceeding tracking requirements at 

the Kwajalein Test Site. 

TABLE 3-5.    SUMMARY OF TRACKING ERROR 

Axis 

Azimuth 

10 deg/sec 
Ramp 

Traj    Peak 
Tckg   Error 

10 deg/sec 
Parabolic 
Traj    Peak 
Tckg   Error 

13.8T deg/sec 
Parabolic 
Traj    Peak 
Tckg   Error 

Nominal 
Trajectory 
fckg    Error 

Elevation ; 
i -L 

0.87 mr 

0. 52 mr 

0.87 mr 

0,87 mr 

1.57 mr 

1.39 mr 

0.9 mr 

0. 3 mr 

Note: 

2, 

lOVsec ramp trajectory will vary in rate from 9.8*/sec 
to 10.2 "/sec. 

The indicated rates for the constant accelera^.f^ined 
traiectorv are average values.    The average is determined 
by evaluating the equation used to generate trajectory over 
over the 5.5 second duration of the trajectory. 

.J 

1 second 

Eigure 
digital 

■ 3-6 through 3-12 shorn the actual tracking error as plotted on the 
equipment for various input command functions. 

I i 
i 
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3 B  CAUBRATION DATA - DUAL CHANNEL RADIOMETERS 

£Ä7"hU ^«mcation, ana parücuUr »ode of cvaU.uon. 

r tk« <*vHtemfs ditrita] data recording 
This degree of .ccuracy ^^^r^re^oTo! ^calibration source 
and printout equipment and the accurate mea 
temperatures. 

Th0 objective of the field acceptance ^"T:^:::^!'*^ 

the System's analog recorder. 

3.8.1   Summary 

R^iometer A, channel 1 (PbS), and channel 2 (InSb) and radiometer B, 
channeTl (PbS), met or exceeded all field specifications. 

Radiometer B. channel 2 (^h ^-^aT ^Ädue^^^ 
assembly.   System sensitivity was marginal, pxobabi^  . 
of moisture on the detector window. 

metrical functions (insertion of cal state pulses, the automatic gain mode. 

etc.) were operational on all channel«. 

Two items occurred during the last day and are noted: 

i.    Radiometer A?channel 2,  developed IG cyehj co^renl- 

(non-random) noise.   The noise ^^^Z^eni 
specification but should be investigated by the picscnt 
operating personnel. 

2     Temporary  loss of Radiometer B,  channel 2,  signal from 
2-    Se^al during pedestal motion,   f-peetec^cause ^ 

loss of conductor continuity in the pedestal cabling. 

3.8.2   Syatem Eval"^^" ■ Introduction 

Pertorm»ce of the du- channel ^'-^^te^ U^-t^t 

L-rrÄ-r^r.r8ftir^^^ 



mm mm^rnm m 

I 
f 

[ 

PERK'iN ELMER 

on a calibrated system, the instrument response to an optical signal coincident 

upon the detecting surface. 

Analysis of recorded instrument output is then useable in determining the un- 
known optical signals' energy and spectral content. 

3.8.2.1 System Sensitivity.   Sensitivity is a measurement of the Noise 
Equivalent Power Density (NEPD) and is defined as the change in quiescent 
irradiance level at the radiometer entrance aperture    to produce an output dc 
level equal to the output rms noise in a 1 CpS Noise Equivalent Bandwidth. 

For the radiometer system under consideration and using the GLOW calibration 

collirnator: 

where: 

NEPD 

S 

N 

W          x F    x R x T x Q    x B x P 
max        s  r _,_ 

W 
max 

s 
R 

T 

B 

P 

S/N 

»   DC signal in microvolts 

■    RMS Noise in a 1 cpS Noise Equivalent Bandwidth 

=   Peak energy from radial ion sonrce 

-   Solid angle subtended by collinmtor field stop 

»   Ratio of energy at wavelength of spectral bandpass 
(filter of radiometer) center to peak energy of 
blackbody 

--   Collirnator optical transmission efficiency 

--   Transmission efficiency of EMR honeycomb on 
radiometer 

=   Spectral bandpass of radiometer filter used 

-   Ratio of detector peak response to radiometer filter 
(used) center wavelength. 

also: 

NEPD H/ S/N 
watts/cm' 

H   » Irradiance at radiometer entrance aperture 
within spectral bandwidth of the applicable 
radiometer filter and at detector peak response ;./• 

n 
3-2G 
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Values of II are calculated using various combinations of calibration blackbody 
temperatures,  collimator field stops and radiometer filters. 

3.8.2.2        Dynamic Range Capability.    The plot   of irradiance (li) vs the DC 
radiometer output (referenced to the detector input) is referred to as the 
dynamic range plot.    Tins plot is generated by varying the value of irradiance 
ana recording the radiometer output for each irradiance value. 

The proper selection of collimator source temperatures and apertures will 
produce irradianco values from in^lrument threshold (NEPD) to saturation. 

3.8.3 Test Procedure 

(Figure 3-13 shows a simplified diagram of the test setup and signal flow.) 

The radiometer and calibration collimator are optically coaligned and the test 
parameters (source temperature, field stop,   and radiometer filter) are 
selected. 

A recording is made on the system's visicorder while the optical energy im- 
pinges upon the detector.     The optical energy is removed by closing the^ 
shutter; a manual calibrate puloc, representing a known electrical signal, is 
inserted.   A comparison of the two signals determines the electrical value in 
rms microvolts generated by the optical energy. 

System noise is recorded with the detectors active (the InSb detector is cooled; 
the PbS detector has bias applied) and using a higher speed visicorder setting. 
A manual calibrate signal is inserted and the resulting curve is analyzed to 
obtain an rms,  1 cps bandwidth, equivalent noise figure. 

3.8.4 Results - Calibration Data 

Using the test setup of paragraph 3.8.3,  sufficient data was generated for the 
calculation of system sensitivity (NEPD), the 1 cps noise figure,  and the 
dynamic range plots. 

This was accomplished by utilizing collimator field stops one (1) through five (5) 
in conjunction with three (3) blackbody reference temperatures, 400°,  500°,  and 
700° Kelvin. 

In addition, radiometer filter #3 was used as the reference filter in all cases. 

' :':: 
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Table S-6 summarizes the values obtained during these tests. 

TABLE S-6,   PERFORMANCE SUMMARY 

Radiometers NKPD (watts/cm ) 

Rail A, Chan 1 

Rad A, Chan 2 

Rad B, Chan 1 

Rad B,  Chan 2 

4 x 10 
■14 

2.2 x 10 

6xl0-14 

3.5 x 10" 

13 

■14 

Noise 
Microvolts RMS,  1 cps 

3.9 

0.05 

4.1 

0.18 

Figures 3-14 through 3-17 present the dynamic range curves plotted from the 

data runs. 

■Vilh the exception of Hodtometer A. Channel 2. w.heh lont detector assembly 
^ennnt. Ztove table indicate, peefonnanee meeting or exceechng fi.U 

specifications for this instrumentation. 

3.8.4.1       Calibration Data Comments^ 

l      The US« of tne analog visicorder (inst.    '. of the DDH s.yb^m    ** 
1.    ine use oi im b c-nffi.Mpnt onlv for preliminary indicated in the opening objective), is suttiuent on y lo,  i . 

or rough calibrations.    This recorder exhibits nonlmeanty of Mgnal 
level reproduction with the same gain setting,  when two signal levels 
dUter b    20 - 3ü:l.    Therefore,  when using the highest r-hometer 

aUbrate insertion (10,000 Mv,  Channel 1) to measure a 200  000 - 
300, 000 ,v signal,  errors will be introduced.    In additio  ^the 
use of a measuring scale for ratio scaling (see paragraph o.o.S.l) 

will introduce a human factor error. 

2     The blackbodv reference calibration dial was assumed accurate. 
Accurate calibrations require known temperatures; the preferred 
metho   is to measure the temperature with a bridge instrument 
"r pyrometer, when applicable.   As an example,  a difference ol 
±5' Kelvin at 500CK will generate a change of energy level, of 
approximately 10 percent.   This,of course,  can lead to data points, 
taken at different temperatures, not falling in a straight Ime 

pattern on the log-lag paper used. 

I 
mmmm 
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3 B 5     ^^,1 Anriv^ig nf ™^~A~ Recording 

ha a 8 5 1    3 8  5.2,  and 3.8.5.. n.dicatc the methods used in the 
Paragraphs 3.0.^. 1,  s.o.««   » 
calibration. 

- ^  18 and S-19) are actual reproduction of curves 
The visicordcr chart.    .gur  ;3    8 ^^^^    _ ^^ ^ ^ ^ „. 

^Ä'Si. r^oXt arc unchanged U. an. other •*. 

3.8.5.1       «^,1 ^«innti^np- ^^r^'lB^ 

Radiometer A - Channel I,  Filter 3 
Curator Temperature - 500*Kelvm 
Collimator Field Stop - Number 1 

r 

i 

llWi'i\il;l^'sM— ifiPri 

Mit!« l\l iiwiji 

1.81 in. 

-ii' iiiiii w 
LMlkl ^nliinUi' i rim—1 

^l^fPFff' 

20db Cal ■ 100M. v 

_. na1      LÜx 100 ■ B0.3»iV Signal«  j. gj -• 

Figure 3-18.    Radiometer Signal Evaluation 
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3.8.5.2        Noise Kvaluation (Sec Figure 3-19. ) 

Radiometer A - Channel 1  - Hi as On,  Shutter In - 
Manual Gain Equal to Gain of Section 3.8.5.1 - Signal Run 

3.8.5.3        Noise Equivalent Power Density (NEPD).    Utilizing the data of 
paragraphs 3.8.5.1 and 3.8.5.2,  the NEPD can be calculated. 

NEPD - H/ 
S/N where H   ■   Irradiance in watts/cm' 

[ 
I 
f 

-12 
2.83 x 10      '     (for collimator field stop fl, 

Temp = 500° Kelvin and Radiomexer 
Filter #3) 

2.08 x 10"12 

80.5/2.03 

-14 2 
7.27 x 10        watts/cm  ; 1 cps bandwidth, RMS value 

: ; 
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ABBREVIATIONS 

■ 

ACCEL Acceleration 

AGC Automatic Gain Control 

AM 
Amplitude Modulated 

AMICOM United States Army Missile Comm and 

AZ Azimuth 

B Bandwidth 

I 
BOR 

Beginning of Record 

BOI Bits per Inch 

1 
BTU 

British Thermal'Unit 

CAL Calibrate 

I 
CHAN Channel 

CM Centimeter 

! 

COBI 
Coded Biphase Transmission 

COM Command 

1 
COMP Compensator 

CONST Constant 

1 .     CPS Cycles per Second 

DB Decibel 

■ DDK Digital Data Handling 

DDR 
Data Digitizing and Recording 

i 

DR 
Discrimination Radar 

EFL Effective Focal Length 

EL Elevation 

EMR 
Electro-Magnetic Radiation 
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ABBREVIATIONS (Continued) 
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11: 

11 

EOF 

EOM 

EOR 

G 

GFE 

GND 

HV 

HZ 

ICC 

InSb 

IO 

I/O 

IPS 

I/R 

IRIG-B 

K 

KTS 

KW 

LOC 

LST 

MAG 

MGC 

MM 

MR 

MRAD 

MS 

N/A 

End-of-File 

End-of-Message 

End-of-Record 

Gravity 

Government-Furnished Equipment 

Ground 

High Voltage 

Hertzian Wave 

Interstate Commerce Commission 

Indium Antimonide 

Image Orthicon 

Input/Output 

Inches per Second 

Infrared 

Time Code (Type) 

Kelvin 

Kwajalein Test Site 

Kilowatt 

Location 

Local Standard Time 

Magnetic 

Manual Gain Control 

Millimeter ' 

Milliradian 

Milliradian 

Millisecond 

Not Applicable 
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ABBREVIATIONS (Continued), 

NEPD Noise Equivalent Power Density 

1 PbS Lead Sulphide 

PECO Perkin-Elmer Corporation 

POE Port of Entry 

POS Position 

1 P.P. Peak to Peak 

PPS Pulse per Second 

PT Point 

R Range 

RAD Radiometer 

RC Resistor Capacitor 

RECT Rectified 

RF Radio Frequency 

RFI Radio Frequency Interference 

RMS Root Mean Square 

RPS Revolution Per Second 

R/V Reentry Vehicle 

SIG Signal 

SYN Synchronous 

TACH Tachometer 

TAN Tangent 

TCKG Tracking 

TD Tracking Data 

TMCC Time Multiplexed Communication Channel 

TRAJ Trajectory 

TTR Target Tracking Radar 
1 

V Velocity 

WSMR White Sands Mirsile Range 
A 
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Report 
No. 

7387 

7468 

7888 

7913 

Author 

Benson 

Fencil 

7488 Finn 

7563 Benson 

n 7754 Benson 

i 7861 Stahl 

1 
7871 Antonetz 

{ 
Sachs 

Sachs 

8015 Stahl 

8018 Fencil 

8021 Newell 

BIBLIOGRAPHY 

Title 

Study Report for vVSMR Optical 
Reentry Instrumentation System - 
Project GLOW, 15 July 1963 

Servo System Analysis for 
Project GLOW 

RFI Protection for GLOW 

Program GLOW, Semi-Annual 
Technical Report 

Program GLOW, Semi-Annual 
Technical Report 

GLOW System Expansion 

Final Report - GLOW 
Long-Lead Items 

Calibration Collimator for 
Project GLOW Instrumentation 
Final Report 

Dual Channel Radiometer 
System for Project GLOW 
Final Report 

GLOW Final Report 

GLOW Jitter Test Report 

Technical Proposal for the 
Design and Fabrication of a 
Piezoelectrically Driven Optical 
Steering Device 

Classi- 
fication 

U 

U 

U 

U 

U 

U 

U 

U 

u 

u 

u 

u 
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Report 
No. 

['-038 

8061 

Author 

BIBLIOGRAPHY 
(Continued) 

Title 

Antonetz/Benson   Ground-Based Optical Re-entry 
Instruction Program,  Volumes 
1 and 2 (Proposal) 

Stahl 

8087 Stahl/Benson 

8088 

8265 

Stahl 

8126-021        Backus 

8126-025       Backus 

8126-026        Backus 

8126-029        Backus 

8126-030       Backus 

8126-031        Backus 

8126-035       Backus 

Barnard 

Measurements Analysis and 
Field Operations for Project 
GLOW 

Semi-Annual Technical Report 
Program GLOW System, 
15 July 1965 

Semi-Annual Technical Report 
Program GLOW Field Contract 

GLOW Quick Look Report 
Athena Mission 021 

GLOW Quick Look Report 
Athena Mission 025 

GLOW Quick Look Report 
Athena Mission 026 

GLOW Quick Look Report 
Athena Mission 029 

GLOW Quick Look Report 
Athena Mission 030 

GLOW Quick Look Report 
Athena Mission 031 

GLOW Quick Look Report 
Athena Mission 035 

GLOW Jitter Package 
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BIBLIOGRAPHY 
(Continued) 

Classi- 
Report   ■ 

No. Author Title 
fication 

8435 StaM PAS Trajectory Data Analysis U 

8441A Criscuolo Mithras Tracker Evaluation U 

8622 

8693 

Backus 

Stahl 

Report 

Computer Extension to GLOW 
System, 14 December 1966 

Final Acceptance Test Procedure 
for the GLOW System at Kwajalem, 
16 March 1967 

U 
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BIBLIOGRAPHY (Continued) 

SCIENTIFIC DATA SYSTEMS (SDS) - SOFTWARE 

I 

i 

SDS No. 

000014C 

000017C 

000018C 

000020 

000022B 

004008 

012001C 

012006 

012007 

012012 

012013C 

012014 

012027 

020012C 

020014 

020018 

020019B 

020020 

020021 

020022 

020023 

020024B 

020025 

020026B 

022002B 

Title 

DEBUG 

Media Conversion Routine 

Binary Dump 

Universal Loader 

RECON 

P and S Register Tester 

FORTRAN Run-Time Debug 

910 Symbol Mnemonic Table 

9300 Symbol Mnemonic Table 

Symbol Loader 

AID 

SYMBOL Reproduce and Update Routine 

SYMBOL 

Paper Tape Reproducer 

Memory Tape-Out 

Checksum Dump Routine 

PTYIO 

Binary Paper Tape Bootstrap 

Binary Format Converter 

Binary Format Converter 

Symbol Typewriter Listing Subroutine 

Paper Tape Read or Typewriter Symbol Input 

Paper Tape Punch Binary Output 

FORTRAN II Library Program 

FORTRAN II Memory Save 
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BIHLIOGKAI'HY (Continued) 

SCIENTH-IC DATA SYSTEMS (SDB) - SOETWARE 
(Continued) 

SDS No. 

024001 

024002 

040007 

112005F 

202003D 

202008K 

202014B 

202015 

202017 

202018 

303001B 

304004 

44003B 

44004B 

503001B 

524001B 

544001C 

Title 

Paper Tape Photo-Reader Test 

SATT 

Mag. Tape Symbol Input 

910 FORTRAN II System 

910 Prog. Operator's Package 

920 Fortran 
f     «Uitements - Run lime 

FORTRAN II     Format - Statemen 

FORTRAN II 9 Continuation Statements 

FORTRAN II 3 Continuation Statements 

FORTRAN II Hollerith Literals Modificatxon 
FORFRAN ■ oint Programmed Operator 
Double Precision Floating r« 

930 Examiner Diagnostic 

Mag. Tape Test 

Mag. Tape Exerciser 

Paper Tape and Typewriter Subroutine 

Extended Mode 1/0 Test 

Mag. Tape Exerciser 

I 
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PERKIN ELMER 

APPENDIX A 

gT&TTflN LOG  SUMMMIY 
(Kwajalei~TeSt Site - Marshall Islands) 

MON.   10  OCT.   1966 

.   QJ nn RPfi Tail* - Weather:     Clear and varm. 
First crev member arrived on Red J an 

TTIKS.   U OCT.   1966 

Beg^n liaison vlth loca! KTS support - Woathen Clear and varr.. 
V 

VIED. 12 OCT. 1966 

I Went to Global supply, .achlno shop - Weather, Scattered clouds-, 

occasional showers. 

TfflTPS. 13 OCT. 1966 

of ^-TP« irrived - Weather:  Scattered clouds; 
t Three more members of crew arrivea 

occasional showers. 

■FKT. 14 OCT. 1966 

i Crew began site preparation for expected arrival of ship, 

"American Bear." 

QAT. 15 OCT. 1966 

Received word "American Bear" would ^ •«i^S!)llfi« ^ 
Started gathering equipment (wiring supplies, etc; 
Supply. Weather: Cloudy; showers. 

'  MON. 17 OCT. 1966 

-American Bear" to arrive 22 Oct.  ^^•"jf*!* 
aerials to seal concrete floor and wooden planks for 

scaffolding. 

TTTKS. 18 OCT. 1966 

aulldlng s„ept and popped, transportation "J-^",^*. 
(by local taxi) time consuming. Weather, uccasion 

Wtheast Airlines Chartered Flight - Honolulu to Kwajalein. 

A-l 
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I 
WED.   19 OCT.   1966 

Ccmtirued work In building. Tried to locate old bicycles to 
ease transportation problem. Weather:  Clear. 

THURS. 20 OCT. 1966 

"American Bear" to arrive tomorrow. 

I 
FRT. 21 OCT. 1966 

Our equipment will be unloaded Sat.   and Sun.; will work both 
days if required. Weather:  Occasional clouds; showers. 

RAT. 22 OCT. 1966 

( 

i 

Began receiving and checking dome and equipment crates from 
aboard ship "American Bear." utility van not on board. 

SUN. 23 OCT. 1966 

(i 
t 
r 
[ 
( 

r 
WED. 26 OCT. 1966 

Cleared west side of building in preparation for HvOT **"**** 
with sealant. Unpacked screen room material.  Some water damage 
to paint was noted in two crates. One 4 foot secUon of ceiling 
and one A foot by 8 foot section of wall has water dauage to paint 

I Also, front door rusted. 

Finished unloading equipment from "American Bear." All crates 
and dome accounted for.  Damage to one crate of test equipment 
and three cable reels. Crate containing 24-inch mirror dropped 

on pier. 

MON. 24 OCT. 1966 

All equipment crates and dome delivered to GLOW building; had 
trouble getting main door off. Checked damaged crates, but no 
apparent damage to cables or equipment. Work started by Army 
Engineers to modify collimator concrete pedestal and sealed 

hole No. 2 on roof. 

TUES. 25 OCT. 1966 

Unpacked all test equipment and tool crates. Test equipment 

received in good shape. 

A-2 

■ 

mmmm 



f 

I 

G 
[ 
I 
I 

; 

v 

I 

FERLCIIJ-ELMER 

THURS. 27 OCT. 1966 

Pictures were taken of damaged screen room sections and door, 
Screen room material was sorted and inventory of all tagged 
property was catalogued. The floor was leveled around the 
drain where screen room will be located. Weather:  Rainy. 

FRI. 28 OCT. 1966 

Started preparing for screen room erection,  dome ring,  and 
laying  floor  sections. 

SAT.   29 OCT.   1966 

Finished laying screen room floor and began putting up walls. 
Weather: Cloudy; occasional rain. 

MON. 31 OCT. 1966 

Screen room walls were finished; phones were installed in office. 
Ditch digger cut building ground cable by mistake, but it was 
repaired with a clamp and welded.  Received shelving material. 
Discovered roof leak after Army Engineers worked on hole cover. 

TUES. 1 NOV. 1966 

Began screen room ceiling assembly.  Installed dome ring; is level 
to 1/8 inch. Finished storage area; are in process of constructing 
temporary shriving for test equipment and tools. Found one section 
of screen r—ai ceiling 5 inches too wide. 

TOD. 2 NOV. 1966 

Cleaned up building and finished storing test equipment. Weather: 
Rainy throughout the day. 

THURS. 3 NOV. 1966 

Worked on screen room ceiling. 

FRI. 4 NOV. 1966 

Worked on screen room ceiling. 

SAT. 5 NOV. 1966 

Finished screen room assembly. Couldn't torque screws properly 
, due to lack of proper tools. Questioned torque specification 

of 140 inch pounds. 

A-3 

n 



! 

I 
! 

SUN. 6 JßSJLuJSSk 

Fabricated scaffold. 

HON. 7 NOV- 1966 

Received 

Panted  f.oo« and  i»«n- screen roo™ .U d«....    *.th«. 

Rainy. 

^ TITES.   8 NOV.   1966 

| Painted  floors  and  laid  out hydraulic  power unit. 

WED. 9 BBj^JgM 
Paiuted floors and installed hydraulic power unit, 

equipment from ship "Steel Rover. 

THURS. 10 IfflV^JLieo 

RecciVed p-.-i.-riS^uA r r^n1 ;:r 
utility van and  laid out •*•»»* 

FPT. 11 NOV. 1966 

t,  i fnM-inos for screen room and continued Lrcated electrical fittings ror 
unloading utility van. 

| g&T.   12 NOV.   1966 

WIrea screen reom!  fixed crane on '««^tÄSt mtC • 
B-50  tower cmplaced on mezzanine,   Ucatea 

(•   •   „      iTnlmflfd van.    Received more 

I ^^.m-S-ml« one coPy S Co CO« 
Test equipment list. 

j rpTyg.   IS NOV.   1966 

Screen room wiring layout was ^^^^^^ ^ 

the pedestal and "«^llÄ ^ equl^cnt staging, 
layout of  sighting station,   cleaned up    ^    P and J!r< 

Range support was d-cussed with ^ ^    « ^ ^^^ ^ 
Rodrers  of KM,  and with Mr.  Sims ana 

{ 

C.O.E. 
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PERKIN-Bt-MER 

VTF.n.   16 NOV.   |g6§ 

Pedestal and dome v;ere P1^^  ^^^o^viring continued, 
cover rinc -s J^Ut^f^S.^ hole No.  2.    Pictures 

TITfTfl  171*"- 19<( rlters and 

nn^cd „irins screen ««• "J^ ^IrLclpShed «hen 

^ tfr-.«!« 1    Con ^«d Iporary —ge £acUlty. 
computer arnveb.y 

PPT.   18 NOV.   1966 

! v,^ .„ad eXtre«ly heav. dne M unexpected c.ctrlca! — U 

building. 

gAT.   19  NOV.   Igji 
V ■ ,• i-  cnrl  Qrreen room 

„„.K „rdecs   for -untlng hydranUc p^er ^^ «Hlftt« 

l irÄ^^s.«»« *"-' ""1"poori £requout rain 
s'ho\7ers. 

t MM    ?1 N0V-  1966- T 

rr0eesSed .or. orders f^^^TX^^ ^ 
f    I Po„er unit ^J^TlZZt™ U al«,t co^ieted. 

T1TES.  22 N0V^_1966 

Hydraulic po.er unit f^^^^^'^e^nd Tomfplatform. 
' Sr-^rrlo^reUctrical retirements due to 

manpower  shortage. 

* WRT).  23 NOV. J166 
0r trnttl   reorganized storage area. 

I Totalled hydraulic power unit,   reotb 
1] sSr?ed external screen room wrring. 

< i C0„tinued »or. on po^cr i-UlU.!« «J^^^.«^11' 
,•»-       Qharted construction ui.  >-a" pox^er unit,    btartt-u 

I S 
1 I] 
i^  .  
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PERKifM-ELMER 

FRl. 23 NOV. 1966 

Collimator railbed and console were installed in the colllmator 
shed. Continued wiring main power to screen room. 

SAT. 26 NOV. 1966 

Screen room main power was hooked up; test checkout was performed. 
Installed another raceway and hooked up the hydraulic power unit 
and power lines.  Weather:  Still poor. 

MON. 28 NOV. 1966 

Continued to work on cable raceway and hydraulic power unit lines. 
Holes arc being drilled into the mezzanine floor for the hydraulic 
lines and control cable. 

TUES. 29 NOV. 1966 

I 

Continued work on cable raceway; also continued hydraulic pox^er 
unit electrical hook-up. Initiated cleanup and salvage for 
lumber from shipping pallets. Work order is in process to move 
the 400 cycle converter unit into a temporary position inside the 

building. 

WED. 30 NOV. 1966 

Completed power hook-up to hydraulic power unit. Moved the 400 
cycle converter into the building. Work started on work platform 

in the dome. 

! 

I 
THURS. 1 DEC. 1966 

Converter was installed but is not operating. Work started on 
pedestal flatform. Ray Proof representative arrived to perform 
RF shielding test of screen room. 

FRI. 2 DEC. 1966 

Located and stopped all RF leaks in screen room. Continued 
troubleshooting the 400 cycle converter. Continued work on 

pedestal platform. 

i 
li 
I 

SAT. 3 DEC. 1966 

Located trouble with 400 cycle converter; a voltage sensing 
relay circuit was to blame. Made temporary modification to get 
converter working. Ordered part for permanent fix. RF testing 
of screen room completed and passed specification. 
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MOM. 5 b]X. 1966 

Finished wiring extension from dome servo -^^"^^fVeceived 

^At^^ZJZ  ümSy van and converter  -de new supports 

for screen room cable raceway. Cleaned site area. D^cussed 
construction of converter shelter and power requirements with 
Amy Corp of Engineers representative. 

TUES. 6 DEC. 1966 

v^hricated and painted pedestal platform frape; plywood was laid 
do^ in sections. WiJ dome servo J-box and worked on additional 

spare parts storage space. 

V7ED. 7 DEC. 1966 

Continued work on platform.     Painted base of ^iZ'VnTinuons 
Wired switch and exhaust fan in screen room.    Weather.     Continuous 
rain for the past week;   average rainfall was approximately 1  inch 

per day. 

T1IURS.  8 DEC.   1966 

Reolaced broken NE-32 in converter relay assembly. Completed work 

p! font; mounted lead weights on pedestal  tjf ""^/S 
ior hoist repair. Removed light fixture; installed electric outlet 

at sighting station. 

FRT. 9 DEC. 1966 

Sections of computer shipment arrived and were partially unloaded due 
to inclement weather; remainder will be unloaded tomorrow. 

SAT. 10 DEC. 1966 

Unloaded and uncrated remainder of computer shipment. Keys missing 
Som writer but were found loose in crate.  Started steel beam 
drilling; worked on hydraulic lines and RF antenna. 

MON. 12 DEC. 1966 

, Completed steel beam drilling; continued to J^f J».J«*^ 
and hydraulic lines. General wiring and wiring of utiUty v.n 

" were discussed with Army Corp of Engineers. 
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TLIES. 13 DEC. 1966 

Started Wiring (paver) computer system. Dismantling ^ drUling 
of 7/8 inch diameter holes in 24-inch mirror base casting was 
started but, not having proper equipment, it was decided to 
contract the work to Global shops.  Continued vork on Mraulic 
unit; painted RF antenna.  Oil for hydraulic unit not available yet, 

WED. 14 DEC. 1966 

Holes uere drilled through the base by our own man with Global 
equiprm-t. Continued general work on the hydraulic unit. 

THURS. 15 DEC. 1966 

Used Global crane to repair hoist and attaching guy lines. 
Reassembled 24-inch mirror and boxed it in collimator shack. 

Computer wiring is progressing. 

FRI. 16 DEC. 1966 

Hydraulic lines and computer wiring continued.  Spare parts are 

being stored. 

SAT. 17 DEC. 1966 

Worked on Spectrum Analyzer antenna tower. Wiring in computer 
area is progressing. Cleaned storage area; inventory retaken. 

MON. 19 DEC. 1966 

Worked on B-50 installation and RF antenna. Discovered part of 

antenna was missing. 

TUES. 20 DEC. 1966 

Worked on B-50 installation. 

WED. 21 DEC. 1966 

Worked on B-50 installation and public address system. Cleaned 
up site; checked EL data unit malfunction. Need maintenance 

information. 

THURS. 22 DEC. 1966 

Continued B-50 installation; cleaned up site. Fixed weather 

strin on main door. 

I 
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FPT    gj nEC.   1966 

painted B-50 tower assembly. 

vnu. 7fi DEC. 1966 
'  ' b.i o^rAiphtened area for better Made additional storage racks, straightens 

vork space. 

TTTF.S. 27 DEC 1966 

Started cleaning equipment to remove rust, etc 

WCT. 28 DEC. 1966 

Continued vork on cleaning and maintenance. 

wmrafa  9Q DEC.   1966 

Ke^eaee. utUity van-,  spot-painted e^eat «anted en reef. 

■PPT. 30 DEC. 1966 
' ,-   •  «««•  WPflther:  Rain during 

Continued maintenance °^^f^ ^^ 
December vas approximately 31 inches. 

■nTTg.  3 JAK.   1967 

■•Pacific Beat" due te arrive »ith Xastr^ent Van abeut 5 dan.  «67. 

T.Tvn. h .TAN.   1967 
reived ce^pater fra.ae;   shcc. .canta and crate „ere da^ed. 

Took pictures of damage. 

Ttnn;s. S JAN. 1967 

Keceived Van, Patter tape anit and o^-^-f ^„^Tlsa. 

Turned on computer power. 

rp-r, fi JAN. 1967 
»**,  «distance from Kentron teletype repairman. 

Worked on teletype with assistance 
Made minor repairs to computer. 
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SAT. 7 JAN. 1967 

Completed work on teletype. Washed the Instrument Van and painted 
some areas of the dome. Received and inventoried spare parts. 

HON. 9 JAN. 19 67 

Computer work progress.id. Building was cleaned up in preparation 
for receiving the Instrument Van. 

TUES. 10 JAN. 1967 

Emplaced Instrument Van in building. Unpacked the Van and discovered 
damaged area in top. Pictures were taken. Computer work progressed. 

WED. 11 JAN. 1967 

Cable platform under the Van vas  fabricated. Emplaced cables from 
pedestal to Van. Cleaned out the Van; installed chassis in 
console. Computer work continued. 

THURS. 12 JAN. 1967 

Completed laying cables to Van and pedestal. Global started working 
on air conditioning ducting. Computer work continued. 

FRI. 13 JAN. 1967 

Laid AGO cycle power cable to Van. Cleaned up site. Continued 
work on computer and teletype. 

SAT. 14 JAN. 1967 

More crates delivered by "Pacific Bear." Fabricated and painted 
platform with stairway for Instrument Van side entrance. Worked 
on outfitting the utility Van and computer room. Replaced door 
to tape console (2AT3) with plexiglass; glass was broken during 
shipment. 

SUN. 15 JAN. 1967 

Continued work on Instrument Van and computer room. 

HON. 16 JAN. 1967 

Unpacked and sorted crates. Continued work on outfitting the 
Utility Van. Began screen room to Van cable hook-up. Discovered 
that the Van air conditioning unit mounts were broken; have 
requested a work order for Global metal shop to fabricate a new 
pair. 
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TUES. 17 JAN. 1967 

Turned on Van power with the exception of the DDH racks; all 
power racks are okay.  Operated the pedestal; adjustment was 
required in elevation (also, elevation limits and mount 
interlocks did not work.)  Repaired broken wires in cable 
3J1.  Installed B-50 MITOC unit, 60 cycle ac. Public 
address system hook-up progressed.  Continued work in 

computer room. 

WED. 18 JAN. 1967 

Worked on public address system. Checked out B-50 discrepancies. 
During hook-up of -400V power supply, obtained 115 vac across 
output and ruined the 200V Technipower units.  It is believed 
to be due in part to the intermittent switch which did not 
remove AC from the system as it should have when switched off. 
The recirculate fan was reinstalled.  It was also discovered that 
the outside fan for Van ir: mt will not work due to back pressure. 
Finished wire storage rack; worked in Utility Van. Made initial 
checks of Potter tape recorders with no major problems. Work 
on computer progressed. 

TITURS. 19 JAN. 1967 

Print filing and work on Van progressed. Replaced Technipower 
power supply units in a temporary fashion from spares. Continued 
work on computer room.  Problem was found in the I/O J-Box 
(PE). B-50 visual null indicator is working okay, but the 
deflection circuit has a problem. Continued work in Utility 
Van and computer room. 

FRI. 20 JAN. 1967 

Mounted elevation angle display in console; worked on CEC recorder 
in Van.  Transferred much equipment and support equipment to 
the Utility Van. Open sine pot in EL data unit; decided it 
cannot be repaired here. 

SAT. 21 JAN. 1967 

Troubleshooting visual null indicator scope; found two high 
voltage power supplies were inoperative when received.  Operated 
DDH; no major problems are apparent.  Reworked DDH drawings to 
make them more readable.  Installed intercom system. Performed 
general cleanup on the site. 
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KON. 23 JAN. 196_7 
u^       ^c-frnrder- repaired c^munication connector Worked on ^tahle v.s.coräer    rja^ destal communications; 

on the B-50 control console,  ^estis '^„^^ of the 

found to be unsatisfactory. Comp^^ "iredj the other requires 
visual null indicator scope; one vas repaired, 
a transformer. Worked on DDH drawings. 

TOES. 24 JAN. 19P7 

sjste«. «orked on portable vlsloordor. 

MED.   25 JAK.   1967 

f 
[ 

CooUnuoa .ervo ,yStera o.eoKoo.  -oc-;- -i;»- ^-^ste,.. 

TTU. Received more spare parts. 

ytniys. 26 ^AS. 196? 

still being checked out. 
Construct 

s::^ziT:;:rif~ £J^ r—» <-* »«-• 
Inventoried 

PPT.   27  JAN.   1967 

Servo ^- Perforce •^'^JS!^«1^"^.!^ 

CAT.   9R JAN.   1967 
>«.      installed communications  in dome and 

appeared  to be in good condition. 

SUN.  29 JAN^J967 

Continued to eher, out  ^°%\Z\:7^rr™Z°^T- 
Devised wire  list  for communication to screen r 
Cleaned general  site area. 
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MON. 30 JAN. 1967 

New EL data pot appears to be okay. The servo system, DDH, intercom 

«system, and stores are progressing. 

TUES. 31 JAN. 1967 

WED. 1 FEB. 1967 

Removed lead weights from the pedestal; mounted the TV camera, 
boresight camera and its associated cabling. TV camera checked 
out okay; radiometer work was started. Continued work on 
computer and servo. A problem with the visual null indicator radar 

display was discovered. 

T1TURS. 2 FEB. 1967 I 
r The pedestal was balanced with the TV and BS cameras in place; the 

cinespec instrument was simulated with its approximate weight. 
Cleaned the collimator; lubricated its railbed. Continued ^ 
work on the radiometer; trouble in the Rad B Chan #1 is prevalent 

I (no pickoff signal). Continued checkout of DDH and servo system, 
the proper bandpass at 420/sec has not been met. 

J        FRI. 3 FEB. 1967 

Continued checkout of servo system; work on DDH and computer 
is also progressing.  Radiometer trouble is being investigated. 
Checked out cryogenic package for vacuum loss. Hoist on "of 
is inoperative! Made a preliminary calibration on the PbS radiometer 

channels. The BS camera has problems. 

c 

Continued to check out servo system. Completed communications m 
dome area. DDH work is progressing. Tape recorder was put into 
the portable form and carried to the Press Kwajalein Station to 
record GOBI signal. Checked out the TV and BS cameras. A ramp 
program from the computer apparently is okay for the servo system. 

SAT. 4 FEB. 1967 

I 

I 

Troubleshooting of camera; found buckle trip wire disconnected 
in DP3-TE2. Cut out floor of dome platform to clear revolving 
dome. Made removable handle for dome jacks. Removed connection 
from Rad J-Box (P-2a and P-31) to look for broken or si rted 
wire apparent in Rad B operation. Found cable shield improperly 
groundel and corrected this. Continued checkout of DDH, 
servo system, and computer. 
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SUN.  5 FEB.   1967 

I 
I 

Continued check of servo system. Trouble shooting of TV 
revealed bad vertical integrator in monitor and was replaced 
from spares. 

HON. 6 FEB. 1967 

Servo  syster; work continued;   replaced all  tubes   in  the  servo 
velocity  loop.     Also made preliminary  temperature measurements 
of collimator black body.     Performed  troubleshooting  of  time 
code generator.     General cleanup  of  site. 

TUES.   7  FEB.   1967 

Began rechecking servo system bandpass after regritting and changing 
tubes. Checked out DDH and computer. Cleaned Instrument Van 
preparatory to touch-up painting. Checked out DDH and computer. 
Servo system now meets frequency in AZ response specification. 
Finished cleaning the sides of the V^n; applied touch-up paint. 
Fixed time code generator. 

WED. 8 FEB. 1967 

Ran frequency response on servo velocity loops; conforms to 
specifications.  Continued checkout of DDH and computer. 
Work, started by Aircraft Technicians. Repaired outer skin 
of Instrument Van damaged in shipping. Applied touch-up 
paint to Instrument Van. Repaired Instrument Van doors, latches, 
^nd RFI fingers.  Boresight pedestal, TV, and boresight camera: 
Jnable to boresight radiometers (problems with hardware). 

THURS. 9 FEB. 1967 

Worked on servo radar loop using computer. Worked on 
radiometer and on BS camera fiducial circuit.  Made repairs to 
skin of Instrument Van.  Installed new hardware on floor boards. 
Checked out DDH and computer. 

FRI. 10 FEB. 1967 

Ö 

Worked on servo radar loop checkout. Worked on radiometers. 
Repaired camera cable. Performed peripheral tasks.  Surveyor here 
to check on survey of site; will begin Monday night. Worked 
on property tagging and inventory. 

SAT. 11 FEB. 1967 

Worked on servo radar loop; problems either in radar loop or 
computer program. Found fiducial lamp assembly in BS camera 
open. New fiducial plate from spares has no lamps; sent back 
to Norwalk, Connecticut, to have lamps installed.  Continued 
on property tagging and listings. Boresight camera: not finalized. 
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MON. 13 FEB. 1967 

Worked on servo radar (GOBI) loop; Is '"f1* fS^ffllTm 
(vas necessary to change compensaLion). ^^ ^J^1^" 
air conditioning (Van) ducts; cleaned lit conditioner.  Surveyor 
on station: Worked on DDH problems. 

TUES. 14 FEB. 1967 

Worked on servo and DDH checkout.    Peripheral  items being 
worked on.     Surveyor still here. 

WF-D.   15  FEB.   1967 

Checked out computer, DDH,  and servo.    Continued work on 
prripheral  items.     Surveyor still on site. 

THURS.   16 FEB.   1967 

Checked out and debugged the system - sPeclfically "mpU^ed 
DDH, and servo. Problem in D to A converter corrected. Worked 

on radiometer circuits. 

FRT. 17 FEB. 1967 

Checked out and debugged the system. Continued work on 

peripheral items. 

^AT. 18 FEB. 1967 

Power off all day. 

SUN. 19 FEB. 1967 

Kellers worked 2 hours on inventory. 

MQN. 20 FEB. 1967 

Checked out  the  system.    Continued work on peripheral  items. 

TUE S.   21  FEB.   1967 

Checked out tl . system. Began work on computer program checkout, 
Worked on obtaining proper hookup to computer for tape dump. 

WED. 22 FEB. 1967 

Continued checkout cf the system.    Continued work on peripheral 
items.    Working on computer program. 

i 
{ 
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T1TURS. 23 FEB. 1967 

Continued checkout of the system. Work on computer program 
continues. Completed hookup and made tape dump with computer. 

FRI. 24 FEB. 1967 

Continued checkout of the system. Continued work on peripheral 
items.  Computer checkout continues. Made new COBI tape. 

SAT. 25 FEB. 1967 

Checked out the system.  Trouble in DDH being checked. Continued 
work on peripheral items. Checked out the computer. 

SUN. 26 FEB. 1967 

Checked out the system.    Worked on servo test circuit. 
Continued work on peripheral   items. 

MON.  27 FEB.   1967 

Troubleshooting DDH. Checked out the servo test circuit. Continued 
work on peripheral items. Checked out the computer. 

TUBS. 28 FEB. 1967 

Troubleshooting DDH and I/O  interface.    Checked out the computer and 
the jitter package.     Continued work on peripheral  items.    Wired 
dome position synchro. 

WED.   1 MAR.   1967 

Troubleshooting DDH.    Continued checkout of   computer program. 
Checked out the jitter package.     Began wiring of range interface. 
Continued work on peripheral  items.     Work started on generator 
shelter and wiring. 

THURS.  2 MAR.   1967 

, Troubleshooting DDH. Continued checkout and debugging of computer 
program. Continued work on peripheral items. Continued wiring of 
range interface. Received second cooling finger for radiometer 
InSb detector. Cleared trouble in DDH. Ran performance curves 
on dome servo. Continuef1 work on generator shelter and wiring. 
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FRI. 3 MAR. 1967 

Encountered more trouble In DDH. Performed troubleshooting and 
checkout. Continued checkout of computer program.  Continued 
work on peripheral items.  Sent 10 inch parabola back to 
Norwalk, Connecticut; found broken line on A/C compressor in 
Utilicy Van. Put in Work Order for repair and recharge. 

SAT. 4 MAR. 1967 

Worked on DDH, computer program, and peripheral tasks. Repaired 
air conditioning in van. Worked on 400 V converter shelter. 
Work started by WECO on range signal cable. 

SUN. 5 MAR. 1967 

Finished wiring in 2A5 for GOBI recording ai.d switching. 
Cleaned up the site. Worked on computer program. 

MON. 6 MAR. 1967 

i 
1 
I 
I 

I 
I 

Troubleshooting DDH. Worked on computer program. Continued 
work on peripheral items. Continued construction of converter 
shed. 

TUBS. 7 MAR. 19 67 

Had DDH working and ran servo system in GOBI loop using a 
parabolic  function;  works  okay.    Continued work on peripheral 
items.     Troubleshooting camera timing neon driver.    Continued 
work on converter shed.    Worked on computer program. 

WED.   8 MAR.   1967 

Worked on DDH and computer program. M^de some servo r?sts in 
computer loop. Worked on radiometer cooling (getting orifice 
drilled to proper size, etc.). Worked on camera timing. 
Continued work on peripheral items. 

THURS. 9 MAR. 1967 

Continued checkout of DDH, computer, and servo. Continued 
work on peripheral items. Finished frequency converter 
shelter.  Received RF filters for range signal li.es. Performed 
calibration run on radiometers. Part of calibration on magnetic 
tape. Tape unit malfunctioned. 

i 
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FRI. 10 MAR. 1967 

Continued checkout of computer, DDH, aud servo. Work on range 
signal cable installation by WECO. Continued work on peripheral 
items.  Installed hoist viotor  on roof.  Temperature measurement 
being made in 2A12. 

SAT. 11 MAR. 1967 

Checked out computer, servo., and DDH. Continued tasks on peripheral 
items. Began wiring for moving converter. Worked on radiometer 
calibration calculations. Finished installation of range signal 
cable and filters. Checked COBI signal for level and noise. 

SUN. 12 MAR. 1967 

Worked on radiometer calibration data and on timing for camera. 

[ 
f 

i 

MON. 13 MAR. 1967 

Worked on CEC  recorder;   performed troubleshooting timing  In 
DDH.    Moved  frequency converter to outside shelter and  finished 
wiring.     Replaced broken brush in generator armature. 

TUES.     14 MAR.   1967 

Worked on SDS tape unit; now okay. Continued checkout of servo, 
DDH, and computer. Continued work or peripheral items.  Set AZ 
encoder for 90 degrees at north. Ran stop test on boresight 
camera.  Installed wiring for Range time Press time and COBI data 
Into screen room - checks okay. 

WED. 15 MAR. 1967 

Worked on DDH, computer, and servo checkout. Continued work on 
peripheral items. Checked out InSb detectors in radiometers - 
check below sensitivity. 

THURS. 16 MAR. 1967 

Checked out computer, DDH, and servo. Checked new InSb detector 
okay. Ran calibration on PbS detectors - recbrded on visicorder 
and magnetic tape, Continued work on peripheral items. 

FRI. 17 MAR. 1967 

Continued  systems check and optimization.    Repaired timing 
problems.    Continued work on peripheral  items.    Vidicon camera 
not working. 
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SAT. 18 MAR. 1967 

Continued systems checkout and optinization. Troubleshooting 
vidicon camera. Continued work on peripheral items. Worked 
on property inventory. 

SUN. 19 MAR. 1967 

Fixed vidicon system.     Worked on property  inventory, 
and waxed  the  floors. 

Painted 

I 
r 
f 

MON. 20 MAR. 1967 

Boresighted all instruments except the BS camera. Ran 
calibration on the inSb detectors. Ran field of view on all 
detectors. Worked on vidicon system. Checked out computer, 
DDH, and servo system. 

TUBS. 21 MAR. 1967 

Installed and checked out phone in Van. Wiring and end 
installation installed for Project net and CAS net. Worked 
on radiometer calibration data. Checked out computer 
prograr^ - servo and system checks. 

WED. 22 MAR. 1967 

Worked on computer programs - servo, DDH, and computer system 
checks.  Ran field of view plots on radiometer detectors. 
Continued work on peripheral items. 

THURS. 23 MAR. 1967 

Worked on computer program, servo test, and DDH. Finished 
photographs of installation. Completed wiring for R^nge interface. 
Work on peripheral items almost finished. 

FRI. 24 MAR. 1967 

Ran new  field trace on radiometer detectors.    Worked on servo 
recordings  -  computer programs  and DDH.     Typed reports, 
inventories,  and DD-250  forms. 

SAT.  25 MAR.   1967 

Continued work with computer and servo loop: Recording functions, 
etc. Continued work on peripheral items. Worked on radiometer 
InSb detector - may have lost vacuum in detector assembly. 
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SUN.  26 im.   1967 

Worked with comruter programs  and on B-50  servo loop.    Repaired 
dam^e to B-50 circuit caused by water. 

HON.   27 MAR.   1967 

Finished computer program. Worked on servo system. ^^ 
Iroublr. in mode switches.  Installed phone xn •«•«« ^ 
lnsta]lcd line driver on range input signals, forked on 
reports.  Continued typing in preparation for system acceptance. 

TUES» 28 MAR. 1967 

Parted acccptanre test.    Hade servo and computer demonstrations. 
I Stlrleä Troperty  inventory with General Electric property personnel. 

j CTD.   29 MAR.   1967 

' continued acceptance test.    Made servo,  -^^n
d^;nt

r
l

a
n

dueTterS, 

collimator,  TV,  and boresight camera demonstration.    Continued 

inventory. 

THIIRS. 30 MAR. 1967 

1 Continued acceptance test. Made servo, computer, and complete 
system demonstration. Continued inventory. 

I 
[ 

SAT. 1 APRIL 1967 

Continued inventory. Paper work for property transfer almost 
complete.  Started packing material for return to Norwalk, 

n Ätüut! Assisted General Electric in learning system 

operation. 

, SUN. 2 APRIL^967_ 

Continued work on inventory and property transfer. 

MfW. 3 APRIL 1967 (Last entry) 

Helped General Electric get ready for operation. Completed 
property transfer. Operation is cancelled. 

VBT.  31 MAR-   1967 

Finished acceptance test.    Demonstrated B-50  station and 
mount pointing accuracy in GOBI loop.    Continued  inventory, 
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APPENDIX B 

LOCAL CLIMATOLOGICAL DATA, 
KWAJALEIN, MARSHALL ISLANDS, 

PACIFIC,   1966 
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ANNUAL SUMMARY V/ITH COMPARATIVE DATA, 1966 
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KWAJALEIN, MARSHALL ISLANDS, PACIFIC 

» 

Mj 

NARRATIVE CLIMATOLOGICAL SUMMARY 

p 

\ 

f 

Kwajnli-in, ft small coral atoll located less 
Ih.ii) 700 miles north of the equator, is 3 miles 
In lenj-.tli and i/2-mile wide. The land surface 
of the island, which has very little effect on 
the climate of the locality, has an average 
elevation of less than 10 feet m.6.1. Highest 
points of the Island are 12-15 feet m.s.L 

KwnJ.ileln has a tropical marine climate char- 
aeterl/.ed hy (1) relatively high annual rainfall; 
mid (2) warm to hot, humid weather throughout 
I he year. 

Temperatures are very equable from day to 
day and month to month. Because of the low 
laflludc, there are only slight seasonal varla- 
ilnn.i In the length of daylight period and the 
nhlimlr of the sun at Kv/ajalein. As a result, 
ilu- variation of tiie arnouni: of solar energy re- 
ceived Is small. The small variation in solar 
energy and the marine influence are the principal 
ivaiums for the uniform temperatures in the 
aiva. The ran^e of nermal temperature between 
the coldest month and the warmest monthaverages 
uhuiit 2.0° V., and the svsrag« daily temperature 
ranne 1H less than 10°. Maxima occur in the 
early afiernuon and minima occur with showers 
at any time of day, or in the early morning If 
there are no showers. 

Tlii" principal rainfall season extends from mid- 

May to mid-December. On the average, about 
75 percent of the annual rainfall is recorded 
during this period. November is usually the 
wettest month. Light, easterly winds, almost 
constant cloudiness, and frequent moderate to 
heavy  showers prevail during  the wet season. 

The dry season includes the period mid-December 
to mid-May, and is characterized not so much by 
lack of showers as by light showers of short 
duration. In this season the trade winds are 
persistent, blowing from the northeast 15-20 
knots almost continuously. Cloudiness is at a 
minimum, and the sky is less than one-half 
covered most of the time; but clear skies are rare. 

Severe storms with attendant damaging winds 
are rare in the vicinity of Kwajalein. During the 
wet season, however, small, weak depressions 
may form near the Island. Someof theseintensify 
and a few di'entually develop into typhoono after 
moving wes'.ward away from the Island. These 
depressions cause heavy rainfall in the Kwajalein 
atolL 

The relative humidity Is uniformly high throughout 
the year, and is slightly higher in the wet season 
than in the dry season. The combination of high 
humidity and proximity of the salt water ocean 
presents a corrosion problem. 

i" 
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