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^n^oL ? rePort describes Autonetics/Rockwell International's work on an ARPA sponsored 
contract In which technical assistance is furnished to the Air Force Cambridge Research 
Laboratories    A cryogenically cooled, filtered infrared radiometer built on a previous 
contract has been calibrated, installed on a high altitude balloon platform, flown three 
times and refurbished between flights. 

on^I!lni8J!dl0«uter hu8 ST^S Unlque feature8 whIch include the options for the remote 
operation of two fi ter wheels each containing six filters at helium temperature, and a 

^S^JSSSÜL ?    h 55 bAe,rUn at 200 Cycle8 P*1, 8econd or Positioned open.   It contains 
ÜM JK?!?! ?a88eg/ain tele8Cope with nine field stops in its focal plane.   Each of these 
vw SS !f I!l2a|N 0n a 8fParate detector for stray radiation rejection.   The fields of 
view of the detectors are small and varied in size and shape.   The telescope is mounted on 
liZft.1? azi™th/artillery type/servo operated gimbal which makes sky scans under the 
^ntifrnlt H^^" M ^ **?*****'   T^ oryogenically cooled telescope is fitter with an 
antifrost device which protects the system at altitudes above 35,000 ft.   The system la 
capable of absolute spectral radiometry in bands from 3 to 25 microns. 
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ABSTRACT 

This report describes Autonetics/Hockwell International's work on an ARPA 
sponsored contract in which technical assistance is furnished to the Air Force 
omTter builf nnT Laborato

f
rie8- U

A eryogenically cooled, filtered infrared radi- 
ometer built on a previous contract has been calibrated, instilled on a high altitude 
balloon platform, flown three times and refurbished between flights? 

This radiometer has several unique features which include the options for the 

tZ InSTT 0f T filtCr WheelS eaCh COntaining slx filter* at LlC tempera- ture,  and a rotary chopper which may be run at 200 cycles per second or posmoned 

SpLr Ea'ch'nf1^ ^T/ f
CaSSe^ain telescopewith Sine field stöpsln  £ 

local plane.   Each of these field stops is reimaged on a separate detector for sfrav 

a'nd" re^oti   ^ f^ldS 0f ST 0f the deteCtors ^ sma11 ^Z^iTsYze and shape     The telescope U mounted on a two axis alt azimuth/artillery type/servo 
operated g^ba  which makes sky scans under the control of an on-board programmer 
The cryogenically cooled telescone is fitted with an antifrost device Xch protecTs the 
sys em at altitudes above S8. 000 ft.   The system is capable of ahsol^eZectral 
radiometry in bands from 3 to 25 microns. ie oi aosoaue spectral 
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1.   SUMMARY 

Autonetics Cntract F19628-72-C-02()2 with the Air Force Cambridge Research 
Laboratories is onj in which Autonetics has furnished technical assistance to the Air 
Force h. caHbratim;, installing and flying on a high altitude balloon platform, a radi- 
ometer which Autonetics had previously built for AFCRL under Contract F19628-70-C- 
012(i.   71m e flights were made under Air Force direction from Ilolloi^nn Air Force 
Hase, Nevv Mexico.   Autonetics refurbished the radiometer between these flights.   In 
this contract the contractor's rule is largely that of an assistant wherein the contractor 
endeavors to provide the assistance required by AFCRL on a schedule determined by 
AFCRL. 

A unique feature of the radiometer is the ability to remotely operate its many 
controls by means of commands radioed from the ground.    Figure 1-1 is a schematic 
of the radiometer system. 

The light gathering system of the radiometer is a well baffled Casscgrain 
telescope with a 10 in. diameter primary mirror.   As the telescope's converging 
beam of radiation approaches its focus it passes through the plane of the rotary 
"tapper, which upon eommand is capable of interrupting the beam at 200 Hz, allowing 
the beam to pass through uninterrupted, or blocking the beam.   After passing through 
the Irtran-VI window and the lrtran-VI field lens which seal the vacuum space, the 
beam passes into the helium gas cooled reimaging cavity.   The beam comes to locus 
on a compound field stop which contains nine individual openings each twice as large 
as the corresponding detector mask. 

Provisions have been made so that a filter car be placed at each individual field 
stop aperture.   The converging beam(s) continues th ough the field stop and diverges 
to imping on an annular almost flat 4th order corrector mirror and still diverging is 
reflected back to a sphere from which they are focused on the nine detectors.   A 
linear demagnifieation of two is accomplished in the reimaging.   The Cu:Ge detectors 
are indhidually masked to obtain the des red field of view. 

The two remotely operated filter • neels arc located in planes between the field 
It'ns and the field stop.    Fach wheel has six positions, each position has the capability 
of containing two filters either spectral or neutral density.   The filter wheels (as 
well as the reimaging mirrors and baffles) are cooled by liquid helium boil-off rnd 
operate at about 10K.   They are changeable by means of a solenoid actuated ratchet 
mechanism controlled by radio commands from the ground or from an on-board 
programmer.   A signal representing the position of the filter wheels is transmitted 
to the ground by tcemetry. 

The detectors have FFT preamplifiers mountcj in close proximity to them and 
are biased by u feedback circuit to extend t.i i dynamic range and frequency response. 

The preamplifier of each detector feeds its signal into parallel linear and 
logarithmic amplifiers.   The linear amplifiers have a wide range of gain settings 
which are controlled from the ground.   The system contains an electronic calibrator 
which sends signals through the electronics upon command, to check the proper 
operation of the amplifiers. 
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The Cassegrain telescope is kept at 77 K by a liquid nitrogen jacket and the 
rcimaging optics are kept at approximately 10 K by boil-off gas from the liquid helium 
tank.   Frost is prevented from forming on the cooled telescope optics by means of a 
clear aperture antifrost device which extends out in front of the telescope.   The anti- 
frost device is capable of protecting the system, when utilizing the gaseous nitrogen 
produced from an on-board gas generator, at altitudes as low as 35,000 ft.   The 
system performs absolute radiometry in the band from 3 to 25 microns. 

During the flights radiometric scans were made of the sky from an altitude of 
approximately 90,000 ft.   The telescope was scanned 180 deg in azimuth while it was 
systematically elevated at various angles from 0 to GO deg.   Spectral filters were 
inserted during the scans to define various bands from 9 to 22. 7 microns.   Neutral 
density filters were inserted and gain changes were made at appropriate times.    Both 
"AC" and "DC" signals were recorded.   Calibration signals were inserted as the 
gimbals reversed direction at the end of each scan. 

This report describes the calibration of the instrument, its installation on the 
gondola, and its refurbishment between flights. 

The improvements in the procedures for operating the instrument which were 
developed during its use and the mechanical and circuit changes made as a result of 
field experience are documented.   A section on recommended equipment improvements 
for future flights is ircluded. 
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2.  CALIBRATION 

Figure 2-1 illustrates schematically the laboratory set up which was used to 
accomplish the radiometric calibration of the instrument.   The laboratory calibrator 
which is the key piece of equipment used in the calibration is unique and requires 
description. 

The laboratory calibrator is a variable temperature blackbody source which is 
us sd for the pre-flight calibration of the infrared sensor.   The device consists 
essentially of an insulated cryogenic pressure vessel in which the blackbodv sour ;e, 
a circular, grooved plate, forms part of the wall.   The heavy walled vessel can I e 
operated at any pressure up to approximately 300 psi.   The temperature can be 
varied almost continuously from under 77 K to 300 K.    Large incremental changes of 
temperature previousl',' had been achieved by using different cryogens.   For a given 
cryogenic liquid, controlled, continuous changes of temperature are created at 
present by varying the pressure within the dewar. 

In order to proceed more expeditiously vith the wide range calibration which 
wai required, a 1000 watt calrod type heater was mounted inside the cryogen pressure 
cavity.   When the electrical input to this heater is controlled by a continuously variable 
transformer, and the cavity contains pressurized gaseous nitrogen or a mixture of 
gaseous and liquid nitrogen, and the pressure adjusted as required, a wide range of 
stable temperatures may be obtained much more easily and quickly than by changing 
cryogens. 

Figure 2-2 is a schematic drawing which shows the calibration device as it 
appears when attached to the shroud of the infrared sensor.   The basic parts are the 
pressure vessel,calibration source plate, valves and pressure regulators, tempera- 
ture sensors, and mounting devices.   The ou'.side of the calibration source plate is 
grooved with concentric circular grooves, and then sandblasted and black anodized In 
order to provide a high emissivity. 

Concentric circular grooves are also machined on the inside of the plate in 
order to increase the heat transfer between the cryogen and plate.   Mounted on the 
top of the dewar are a fill valve, vent valve, multi-pin electrical feed-through 
connector, burst disk, pressure relief valve, and pressure gauge.   The temperature 
is monitored at a number of points within the source plate by copper coLstantan 
thermocouples.   The sensor output leads are connected to the multi-pin electrical 
connector.   Rigid attachment of the calibration device to the sensor is accomplished 
by clamps (not shown) which hold the sensor shroud against the mounting ring.   The 
bottom mount supports the t ilibration device on a table.   The pressure vessel is 
covered with Armaflex insulating material. 

Proper calibration of the radiometer with the laborator calibration device 
required that the faceplate of the laboratory calibrator be positioned at the ei d of the 
antifrost shround and that no significant radiant energy be allowed to get into the 
radiometer except that emitted from the calibrator faceplate.   This requires that the 
antifrost shroud be cooled to 77 K, so that any radiance emitted from its Inside sur- 
face, when reflected by the faceplate into the radiometer, will be very small compared 
to the emitted radiance of the faceplate itself.   For this purpose a shroud cooler has 
been constructed for use with the laboratory calibrator. 
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Figure 2-2.   laboratory Calibrator 
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•mH JtL     7 H ?   COnS1StS 0f a Cylinder Which fifs around the anti^ost shroud and attaches to the radiometer and the laboratory calibrator.   \ coil of l/'Mn 
alurmnum tubmg  • welded around this cylinder.    Liquid nitrogen flowing throueh the 

onvo'cZ" aTS t^f
Shr0ud rler at 77 K' and tht> Shr0ud ^" »• then'coo edby convection and radiation until it reaches an equilibrium temperature near 77 K. 

2.1   HADIOMKTRIC CALIBRATION 

The AFCHL personnel determined the range of radiance over which calibratn n 
was desired and then prepared a list of temperatures at which these radiances vu,ucl 
be emitted by the blackbody calibrator.    Thermocouplr LMF's (using a liquid ntroeen 
reference) were then üibulated for the listed temperatures.   A digital mSvoI mefer 
■vh ch disp ayed the thermocouple BMF was used as an indicator as the temper tur 
Htinl ^r    anCC 0f thf

e,bl:ickbody **" ^ »* each of the required steps.   ^mTnipu- 
lat ng the pressure of the gaseous nitrogen over the liquid nitrogen in the calibrator 

^i^i^^rwatt heatcr in the caiibrator ihe ^^ 
..m..,-fAt 0aC,J radiance steP (temperature) the output of each detector through each 
: TsP rtonle"; "f*™^*™^ «election of gain steps and filter combiSt onS was recorded.   System noise was recorded from a true HMS voltmeter   it the 
point where the radiance of the blackbody equaled the radiance of Hie chopped 

For the calibration, AFCRL requested that the filters be installed as follows: 

Position 

1 -   Open, No Fiber 

2 - Blanked Out - Metal Disc 

3 -   N. D. 2 - 1% Transmission 

4 -   Open. Same as Position 1 

i -  N. D. 3 - . 1% Transmission 

6 -   N. D. 1 - 10% Transmission 

In the spectral filter wheel: 

Position Filter No. 

1 
2 
3 
4 
5 
6 

IA 
2A 
O  » 
«   i * 

'   \ 

6A 

Wavelength 

9.0 - 10.45U 
10.43 - 11.4011 
11.3G - 12.40// 
10.43 - 12. SO// 
14.08 - 15.92/i 
18.3   -22.m 
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2.2   FOCUS AND FIEL'J OF VIEW 

Figure 2-3 illustrates the arrangement which was used in the laboratory to 
both focus the instrument at its operating temperature and to map the field of view 
of each detector. 

The instrument is set on its gimbals in the laboratory, its antifrost shroud is 
in place and a 0. 005 mn. mylar membrane is installed to cover the aperture of the 
antilrost device.   A 16 in. diameter, long focal length off-axis collimating mirror in a 
delicately adjustable mount is set up to send a collimated beam of infrared radiation 
into the instrument.   A small plane mirror is attached to the back of the collimator so 
that .t moves in angle with the collimator as the collimator is adjusted.   A Wild 
theodolite is used as an angle-measuring autocollimat )r to accurately measure the 
small angular displacements of the collimating mirroi . 

To prepare the set up for use, a flat is placed In front of the collimator to 
intercept the beam leaving it and to reflect it back through the system to form an 
image on the diaphragm containing the pin hole.   The collimator Is focused by moving 
the blackbody and its pin hole back and forth by means of the slide mechanism until 
the pin hole Is sharply imaged on the diaphragm, and adjacent to the pin hole.   The 
indicator of the slide mechanism was set to zero for the focus position.   The colli- 
mating flat was then removed and the collimator beam allovod to enter the radiometer 
aperture. 

Starting with a large pin hole the instrument and the collimator were aligned by 
searching for and then maximizing the signal on one of the detectors, as the collimating 
mirror and the Instrument were both moved.   The signal on the detector was observed 
by wiring the output of the Detector Test Box (p. 7-88 R&D Information Report) into 
the lockin amplifier which wu Eynchronizcd with the frequenov pickoff on the black- 
body chopper. 

Using one of the small detectors, plots of detector output versus collimator 
mirror angle were made for positions of the blackbody pinhole at the zero position and 
on both sides of the zero position.   The ;)ü-5ilion of the pinhole which produced the 
sharpest and the highest peak reading j.iuicated that the instrument was in focus for 
the radiation beam emerging from the collimator. 

The focus of the radiometer is brought to Its desired position by changing the 
thickness of the spacer between the secondary mirror and Its support.   It was found 
necessary to increase the thickness of the spacer by 0.012 in. in order to ^ring the 
instrument to Its 13st focus.   A new spacer lapped to parallelism and of the required 
thickness was usec. rather than a stack up of shims to minimize the disturbance to the 
alignment of the secondary and to maximize Its thermal contact with the liquid 
nitrogen chamber in its support. 

After the new spacer was Installed, the focus was rechecked i id the secondary 
was found to be within 0. 0005 in. of the optimum position. 

2-5 
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2.3   MAPPING THE FIELD OF VIEW 

With the instrument adjusted to its infinity focus, the same laboratory set up 
was used to map the field of view of several of the detectors.   This was done by 
making a plot of the signal strength versus the angle of the collimated beam as the 
collimated beam was displaced in angle by means of the fine adjustment in its mount. 
The plots were made in both azimuth and elevation angles for the selected detectors. 
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3.   INSTALLATION ON GONDOLA 

Tin' various components of the balloon borne radiometer system were arranged 
on the Rondola platform so that the gimbal and the rotating radiometer were close to 
the center of gravity of the system.   Wherever possible the heavier components were 
placed outboard to increase the moment of inertia of the package.   The dewars which 
would become lighter with time as the liquid nitrogen was expended were placed so 
that insofaras possible the weight loss around the center of gravity would be balanced. 

Figure 3-1 shows the locations of most of the assemblies on the platform.   In 
this view the protective cover has been removed from the instrument and the instru- 
ment has been gimballed away from it.    Figure 3-2 shows the heat exchangers, the 
programmer pnd an LN2 dewar which cannot be seen in Figure 3-1.    Figure 3-3 is 
another view of the platform.    Protective membranes cover the normally open 
aperture. 

In order for the gimballing radiometer to clear the liquid nitrogen containers 
and their associated piping the gimbal (and the cover pedestal) were raised 2 in. above 
the gondola floor by spacers. 

The components were attached to the gondola floor by combinations of bolts, 
straps and special mounting fixtures.   The electrical interconnections were provided 
by a custom made interconnecting cable set.   After the system components were 
mounted the GN2 antifrost lines and the LN2 sensor cooling lines were shaped, 
installed, and insulated.   A flexible vacuum jacketed liquid nitrogen line was installed 
to supply the sensor with cryogen.   A special flexible silicone rubber line was 
installed to deliver the ambient temperature antifrost nitrogen to the shroud.   After 
the installation was completed, the liquid nitrogen containers were filled, and the 
system was cooled down.   The antifrost flow rates were set up.    Clearances between 
the gimballed radiometer and the various components were checked and the opei'ation 
of the cover was demonstrated.   During the course of this demonstration it was found 
desirable to improve the cover-gimbal interlock logic by the addition of a switch which 
would deactivate the gimbals just before the cover was completely seated.   Upon the 
completion of these checks the system was disassembled as required, packaged and 
shipped to Holloman Air Force Base, New Mexico. 
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4.   FLIGHT NO. 1 

After the system arrived at Holloman Air Force Base it was reassembled and 
roplumbed in preparation for the upcoming flight.   A conplete check was made of all 
instrument systems.   A warm gaseous nitrogen purge wis circulated through the 
radiometer's cooling jackets and the telescope javity Ahilc the instrument was set up 
against the laboratory calibrator (see Tignre 2-1).   T.ie bias batteries and the 
batteries which power the bias feedback p.mriifier were replaced in preparation for 
the recalibration and the fight.   The instrument was dried out this way for 48 hours, 
then it underwent a liquid nitrogen cool down. 

The liquid helium tank was filled and liquid nitrogen was flowed thro \gh the heat 
exchanger ceils of the shroud cooler,    i'he laboratory calibrator was filled with 
liquid nitrogen.   An abbreviated radiometric calibration was performed with satisfactory 
results.   At the end of the calibration the instrument was warmed up, dried out and 
mated with tue flirrht cover.   It was left with a flow of warm dry nitrogen gas through 
it while final preparations were made. 

The cooldown for the flight was started on June 25, 1972.   The helium tank was 
filled by 7:00 p. m. on June 27, to be ready for an anticipated 9:00 p. m. launch.   The 
armaflex insulating covers were placed over the electronic cannisters at approxi- 
mately 8:30 p.m.   This was believed to be the last time that the flight package could 
he worked on without interferring with the launch procedure     The launch however, 
was delayed due to various difficulties which arose in inflating the balloon.    The 
launch took place at 11:00 p.m. 

During the long wait on the launching pad the inflight cover and its mechanism 
began to accumulate i u isideraHe ice.   One of the two trucks which illuminated the 
launch operations \iis baked to move slightly and to aim it:* high powered lights 
directly at the flip't cover mechanism.   The focused heat from the lights was sufficient 
to melt the ice, evaporate the water and prevent further ice formation. 

During tht several hours that the instrument was on the launching runway signals 
were received through the telemetry from the detectors as they looked at the cover 
and from the housekeeping electronics.   As the balloon package which was suspended 
from a mobile crane swung gently during the prclaunch wait, changes in the detectors' 
signals could be noted.   The signal variations could be correlated with variations in 
the amount of infrared from the powerful lights 'caking through the cover gas vent. 

The launch was accomplished at 11:00 p.m.   Signals from the detectors and the 
telemetry continued until the balloon reached an altitude of a'.jout 20,000 ft - about 
20 min into the flight. 

At this point a sudden drop in battery voltage was telemetered and the detector 
and housekeeping signals permanently dropped out.   The battery voltage continued to 
be telemetered.   Attempts were made to command a gimbal scanning program but no 
indication that the cover had retracted were received by telemetry.   The balloon 
reached an altitude of close to 100,000 ft.   The flight was terminated at 3:00 a.m. on 
June 28, and the system was parachuted to the ground just a few miles from the 
Holloman Air Force Base balloon operations center. 
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The balloon gondola was retrieved and returned to the operations center at 
Molioman.   There was little visible physical damage. 
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5.  FIRSTRF.FURBISHMENT 

After the flight package was recovered the radiometer was removed from the 
gimbals and crated.   The cables and the plumbing on the gondola were tied dov n or 
otherwise secured.   The gondola was then loadca aboard a truck and shipped to 
Autonetics* Anaheim facility in "one piece." 

Upon arrival at Anaheim the package was carefully inspected and functionally 
tested in an attempt to discover the cause of the signal loss and the drop out of the 
telemetry signals.   It was also inspected for mechanical damage. 

A dc-to-dc power module in the control electronics cannister was found to be 
burned out.    THf com:.,orcial module supplied the 5 volts dc for many of the tele- 
metry signals ami the il5 volts which powered the housekeeping electronics amplifiers. 
It rlso provided the power to operate the chopper control circuits.   The failure of this 
module would then cause the chopper motor to stop and tbc detector signals to be lost. 
It was speculated that since the electronics cannisters were insrlated to protect them 
from the low temperatures and the high heat transfer which would occur at the 
altitudes from 20 to 50 thousand ft, holding the package on the ground for over two 
hours longer than intended might have overheated the carr.lsters.   The overheating 
might have caused this compact pov er supply to fall.   An exact replacement for the 
burned out multiple output power supply could not be obtained except on I long delivery 
sci.edule.   Three individual power modules, which were available off the shelf, were 
substituted for the failed power supply.   The available output power was increased by 
a factor of two. 

A wire was found whose insulation had apparently been broken and caused a 
short to ground through the thermostat in the circuit which supplied 28 vdc power to 
the bias amplifier/battery box heater.   The cause of this problem could not be 
established, nor its time of occurrence, i.e., before o.1 after the landing shock.   The 
electrical 'nsulation on the wire and thermostat were improved and replaced. 

The detectors were cleaned and an inoperative cryogenic MOSFET preamplifier 
was replaced.    The optical elements were cleaned. 

The focus of the telescope was checked and found to be at approximi tely two 
mil's, it was adjusted to infinity by increasing the thickness of the spacer between 
the t econdary and its support by approximately 0. 004 in. 

The chopper motor was disassembled, it was found that the magnetically hard 
rotcr had slipped axially on its arbor.   It was repositioned and staked so that it could 
not slip again under the influence of differential expansion as it was cooled to cryogenic 
temperatures.   The motor ball bearings were found to be somewhat worn, i. e., they 
had more play than when they had been originally installed.   Since the motor had been 
run for several tests it was estimated that they had some 25 hr of operation.   Since 
these bearings are running unlubricated (with sacrificial retainers) at crvogenic 
temperatures we were not very surprised at the wear. 
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The motor bearings and the chopper wheel bearings were replaced    The 
STfffliSTSS WaS. reassembled. ^^«ted. and tested at both ^m temperature 
and at liquid n.trogen temperature and then reinstalled in the sensor housing! 

Minor changes were made in the chopper operating logic electronic circuitrv tn 
make   t less sensitive to temperature changes.   The time dflay  uncUo^in the Sc 

chan^o 7S ad;rSt'(l.SO that length 0f time re^ired for Ö» chopper operation to ' change, from the "chopper run mode" to the "chopper stop open" or Spper stoo 
closed mode." was extended from One minute to one and ore-half minutes    This 

llZ^^l^^^^r^ Pr0teCt the Ch0-er ^-grTo-ngercoast 

SSSL an^ ZSS fiXtUreS WhiCh ^^^ ^ theTop 0f the e-ir^ere 

To ensure proper cooling, and monitoring of the temperature of the PlPotrnnir. 

HSJIK I!?* i aclcll
t
tlon to the electronic temperature sensing circuits which read out 

through the telemetry.   Temperature checks were made on The canisters under 
operating cond tions.   It was found necessary that all the insuLuo^be removed from 

^S^ldUionr ^^ eleCtr0niC8 PaCkaBeS When •^S th- S "ormir 

there ^^'JÄSTSTST^ '*£££ 
removed and its reformation before launching was prevented by us^g theV/at froT 
he frn.  S S ^ illuminated the ^ht launching«.   Even Jugh it was removabTe 

the frost formation was a matter of concern.   Three things were done durüiTthp 

protect .he cover mechanism from atmospheric moistui by melns of plasUc sheeting. 

•-»SIÄSi^fÄSthe detector blas and those wMch'°™the *• 

duH„grrcS^ 
conformance with the fallowing listings: cnanged to be In 

Position Filter 
1 - Open No Filter 
2 - N. D.  2 - 1% Transmission 
3 - Blocked-Blackened Metal Disc 
4 - Open 
J -   N. D. 2 - 1% Transmission 
■ -   Blocked-Blackened Metal Disc 
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The filter wheel mechanism was checked warm and then at cryogenic temperature. 

In order to use the cover as an approximate full field in-flight calibrator its 
surface was anodized and sandblasted and a temperature sensor with a telemetry read- 
out was installed on it.   Its exposed surface was insulated to help maintain a low and 
uniform temperature.   Additional temperature sensors and temperature reporting 
circuits were provided for the control electronics cannister, the output electronics 
cannister, and the programmer.   A broken connector was repaired on the power 
distribution box. 

After all the refurbishment was completed the system was reinstalled on the 
balloon gondola. The system was then operationally cheeked first warm and again 
when filled with cryogens. 

It was shipped completely assembled to Holloman Air Force Base on 
September 25,  1972. 
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6.  FIRST ALTITUDE CHAMBER TEST 

The almost completely assembled balloon radiometer system arrived at 
Holloman Air Force Base in good condition on October 2, 1972 after beine a week 
in transit. ^ 

After adjustments to the telemetry encoder were completed, the completely 
assembled flight package was fitted into the Holloman AFB altitude chamber with 
approximately two inches to spare in length and width.   The altitude chamber was 
programmed to provide a time/altitude/temperature profile similar to that which 
would be encountered in flight.   Noise was observed in several circuits of the radi- 
ometer system when the simulated altitude reached 100,000 ft. 

The system was brought "back to earth" and the possible sources of noise were 
being investigated when I Holloman AFB 28-volt power supply (which simulated the 
balloon system's battery) developed an excessively high voltage (55   volts)     The 
power to run the chopper could no longer be obtained from the 400-cycle inverter 
Numerous other problems were evident in much of the electronic circuitry    The * 
system appeared to have siufered more damage than could be repaired in the field 
so the system was shipped back to Anaheim. 

Each of the 20 power modules in the system was put through a test procedure 
ami the results of these tests communicated to the manufacturers of the power 
modules.   Ko statement to the effect that any of the power modules had their relia- 
bility uncompromised by the high voltage exposure could be obtained from any of the 
three manufacturers.   Twenty-six power modules were ordered with promised 
dehvery dates from No-ember 10 th.-ough December 21, 1972.   These dates were 
subsequently revised twice by the manufacturers to reflect a shipment on 
January 12,  1973. 

A special woldment to stiffen the alignment between the gimbal and the cover 
pedestal was designed and fabricated at the request of the Air Force.   It was installed 
on the gondola platform. 

The last of the replacement power supplies were received during the first week 
in February 1973.   These components were then installed and the system was read- 
justed to accommodate them.   The complete system was then satisfactorily checked 
warm and then liquid nitrogen and liquid helium cooldowns were performed.   All 
functions of the instruments were checked and it was found to perform satisfactorily. 
The instrument was shipped to Holloman Air Force Base on February 23, 1973     it 
arrived at Holloman in good condition on February 27, 1973. 
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7.   SECOND AND THIRD ALTITUDE CHAMBER TESTS 

AFH Ji1^^^00" B
t?

nCl0la With the instrument counted on it was placed in the Holloman 
At li Stratosphere Environmental Chamber on February 28, 1973    A generally 
satisfactory environmental chamber test was performed on March 7.   The test did 
however, point up some minor difficulties in the cover closing mechanism and the' 
input e ectromcs cannister temperature telemetry readout.   These discrepancies were 
corrected and another environmental chamber test on March 14 confirmed that all 
parts of the system were performing satisfactorily. 

The radiometer waö removed from the environmental chamber, warmed, dried 
and recooled and a calibration was performed against the laboratory blackbody. 
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8.   SECOND BALLOON FLIGHT 

The radioniftcr was made ready (in a manner similar to that described for the 
first flijiht) for its scheduled balloon flight on March 27.   The flight was cancelled 
because of high winds.    Combinations of the lack of telemetry support because of 
higher priority programs and high winds prevented the launch of the radiometer until 
12:30 a. m. , April 6.   Samples of the telemetered signals which were observed on 
■trip chart recorders during the flight indicated that useful data were being obtained. 
No further information regarding the data has yet been received from the Air Force. 

The balloon bome package made a hard landing due to parachute panels being 
blown out.    However, the wind was mild and the Impact site was flat, hence little 
damage was done to the instrument on landing. 
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9.   SECOND REFURBISHMENT 

The '.'omplete instruni  nt and gondola platform was delivered to Anaheim in 
"one pieee."   Upon inspection it was found that no significant damage except to a 
gimbal bearing retaining ring had been caused in landing.    The bearing retainer was 
replaced, the instrument was cleaned, the chopper and chopper motor bearings were 
replaced.    Klectrical contacts wen» reburnished and other steps were taken to reduce 
the system noise, particularly by improving the grounding of subsystems.    The 
electronics were rebalanced and the gain adjusted for optimum system performance. 
The cover operating mechanism was completely disassembled, cleaned and relubri- 
cated.    Its gear motor was disassembled, cleaned, gear clearances checked and 
relubricated with low temperature silicone lubricant. 

The system was completely checked warm, then checked and calibrated under 
cryogenic conditions.    The instrument was shipped to Holloman Air Force Base in 
one piece, except for the sensor which was packed separately.    The instrument was 
shipped as the .'ole cargG of a truck on May 18 and was scheduled to arrive at 
Holloman at the start of business on May 22.    It did not RITive until the close of 
business on May 24,  1!)7;5. 
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10.  THIRD BALLOON FLIGHT 

As soon as the inslnuncnl {irrived at Holloman Air Force Base, the sensor 
head was mounted in the gimbals.   A flow of warm (150 F) dry nitrogen was then 
directed through the liquid nitrogen and the telescope c.ivities to remove any adsorbed 
moisture.    The instrument was checked warm while the purge waf; being accomplished. 
It was then cooled with liquid nitrogen and then the heMum tank was filled and a semi- 
calibrntion was performed against the cold cover as a background. 

An attempt was made to fly the scheduled mission on the evening of May 30. 
The mission had to be cancelled at 22:30 after the launch crew and the equipment had 
been deployed on the runway for approximately four hours waiting for a launch window 
in the wind and cloud patterns.   Another flight attempt was made and cancelled on the 
night of June 1st.    Because the ii.strument had been cold for so long (since the semi- 
calibration on May 28) it was put on a warm purge the night of June 1 after the flight 
was cancelled.    This was done so that ice which had been accumulating on various 
surfaces could be melted and evaporated.   A cooldown of the instrument was started 
again tlie afternoon of June 3, and the instrument prepared for a rescheduled flight 
on June 1. 

What appears to be a completely successful flight was made starting at 21:50 
June 4 and terminating at 07:30 June 5.    System housekeeping measurements were 
made throughout this period«    Radiometrie measurements were started at 23:40 when 
the system reached float at approximately 92,000 ft and continued until 00:30 June 5 
when the radiometer was stowed and coveret  to prevent it from being damaged by 
looking at the sun.   A feu channels of the data were viewed in real time on a pen 
recorder.    They indicated that good data were being telemetered and received.   No 
further information relative to the data has been received from the Air Force at this 
time (June 2!),  1073).    The instrument landed on a road in the White Sands Range. 
It appears to have suffered little damage. 
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11.   FLIGHT PREPARATION INSTRUCTIONS 

The flight preparation instructions which form Section 11 of the Balloon Borne 

NO. C [2-182/401 has been rewritten here and revised where applicable to reflect tl c 
knowledge gained in field experience with the instrument. 

ll.l   I'HK-ruoiJx VWCHECKLIST 

1. >f ""board programmer is not capable of permitting independent operation of 

MemetlTurbox ^ houseket'Pi^ siR":^ replace it with 

2. Connect main 28 vdc busses to QBE power supply. 

3. Turn on 2M vdc power. 

4. Remove as much insulation as necessary from electronics cannisters to 
mamtain their operating temperatures within their prescribed operating 
rangei - this is confirmed by monitoring ehe cycling of the heater thermo- 
stats or by monitoring the eanniater temperatures by some other means. 

5. Connect detector test box to detector output connector (,15018) using cable 
which normally carries signals from this connector to detector bias 
electronics box. 

6. Connect high-impedance voltmeter to output of detector test box. 

7. Set bias voltage switel, on test box at 7. 5 vdc; conform that output of test 
box is greater than 5 vdc; change "PET Test" switch to other position; 

channels ^ ""^ "' lCSt ^ ^'^ ^^ for rcmaini^ «*« 

8. Close "Cover Open" command switch; verify proper opening of inflmht 
cover and proper position readout voltages. 

10. 

11. 

12. 

Verify turn-cn of ^imbal power whon cover reaches open oosition. 

Command gimbal to move in azimuth and confirm proper operation of 
position readout and stow indicators. 

Verify loss of inflight cover power when gimbal leaves slow position. 

indka^-™1''11 ,0 SUJ,V pOSition :,nd confirm Proper operati. n of stow 

IS.    Repeat Steps 10 through 12 with elevation axis. 

14.     Open "Cover Open" command switch and close "Cover Close" command 
switch; confirm proper closing of cover and proper position readout voltages- 
open  'Cover Close" command switch. vuna^ci,, 
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15.     Close "VBS Shutter Open" command switch; confirm proper level of "VBS 
Shutter Position" readout voltage.   DO NOT LEAVE THIS SWITCH CLOSED 
FOR MORE THAN 1 OR 2 SECONDS. 

1(5.     Close "VBS Shutter Close" command switch; confirm proper level of "VBS 
Snutter Position" readout voltage.    IX) NOT LEAVE THIS SWITCH CLOSED 
FOR MORE THAN 1 OR 2 SECONDS. 

17. Close "Chopper Wheel Run" command switch and confirm proper change of 
"Chopper WTieel Mode" readout voltage. 

18. Open "Chopper Wheel Run" command switch; after one minute delay, close 
"Chopper Wheel Stop Open" command switch; confirm proper change in 
"Chopper Wheel Stop Open" command switch; confirm proper change in 
"Chopper Wheel Mode" readout voltage, after appropriate delay. 

19. Open "Chopper Wheel Stop Open" command switch and close "Chopper Wheel 
Stop Closed" command switch; confirm proper change in "Chopper Wheel 
Mode" readout voltage after appropriate delay. 

20. Open "Chopper Wheel Stop Closed" command switch; confirm proper change 
in "Chopper WTieel Mode" readout voltage. 

21. Close "Filter Wheel No.  1 Advance" command switch; confirm proper 
advance of filter wheel by watching position readout voltage drop to zero 
and then rise to proper d-c level or pulse height (depending on available 
monitoring equipment. 

22. Repeat Step 21 at least six times, confirming that readout signal amplitudes 
change appropriately for each step. 

23. Repeat Steps 21 and 22 for Filter Wheel No. 2 

24. Check temperatures of these electronics cannisters; if any is too high 
remove more insulation or partially open cannister to maintain temperature 
below or within specified range. 

25. Close "Blackbody Shutter" command switch; verify proper change in black- 
body shutter position readout voltage. 

26. Close "Blackbody Chopper" command switch; verify proper change in 
blackbody chopper mode readout voltage. 

27. Close "Blackbody Power" command switch; verify proper change in 
"Blackbody Temperature" readout voltage. 

28. Close "Blackbody Temperature Switch No. 2", verify rise and then return 
of "Blackbody Stability" readout voltage; verify proper change in "Blackbody 
Temperature" readout voltage. 

29. Repeat preceding step for "Blackbody Temperature Switch No.  1" and then 
for "Blackbody Temperature Switch No. 2. " 
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^    '•,nH.wfilrk^,'1"t,nlper!!tUre BTiU* No- 3"; verify <*" ™* «»«i return of lilackbody Stability" readout voltage; verify proper ehange in "Blackbodv 
rerr.porature" readout voltage. i^woay 

31. Kepeat preceding step for "Hlackbody Temperature Switch No.  1" and then 
lor   'Ulackbody I emperature Switch No. 2." 

32. Open "Blackbody Power". "Hlackbody Chopper", and "Hlackbody Shutter" 
command switches, verifying proper change in each readout voltaee as 
switch is opened. H 

33. Connect Electronic Calibration Signal Source Box to "Electronic Calibrate 
Mgnal Input" jack; close "Electronic Calibrate" command switch. 

84.     Set Electronic Calibration Signal Source Box for maximum amplitude signal- 
confi, m that the logarithmic output for Channel No.  1 is near maximum  md 
that the polarity indicator indicates a positive signal. »•«»«« ■« 

:55' • Xir* tan^ordingi;:^1 a step :,t ■timo :,nd '**'that thc l^rt*- 

3(i.     Close first "Gain" command switch; confirm proper change in "Gain 
Indicator   readout voltage; open "Gain" command switch.   Repeat with each 
remaining "Gain" command switch. 

37. With the electronic calibrator signal at minimum, verify that the linearoutput 
11 within range (0 to 6 vdc).   Increase the electronic calibrator signal a step 
at a time and verify that the linear output increases accordingly.   When an 
mcrease in the electronic calibrator signal drives the output signal above 

J;?i2    E^Ä t0 anrr^1- Pin by ClOSing the first "'-'in" command s\\itch     Each subsequent time that an increase in electronic calibrator 
signal drives the output signal above 5.0 vde, open the "Gain" switch that is 

38. Repeat procc ing two steps for each of the remaining eight channels. 

39. Open "Electronic Calibrate" command swiieh and disconnect electronic 
eahbration signal source box. "m-ci eiecironic 

40. Monitor readout voltages of "VBS Tempe- ature" and "Antifrost Gas 
temperature   readouts; both should indicate ambient temperature. 

41. Monitor readout voltages of five remaining "Temperature" readouts; all 
should indicate saturation, i.e., grerier than 5.0 vdc. 

11.2   GNa PURGE AND EN., El EL PROCEDURE 

The sensor is to be QN| purged through the manual valve vent located on the 
from of  he sensor.   The automatic vent is to be closed and the vacm m he Jtod I N 
ine used as „ vent.   (Open manual valve located on the downier ide of the    N9 2 
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ZsT"-?Tr0r LN2, K" "ne "^ bC a,taChed l0 ,he ™-»l vllve  «ä edon rönr of sensor.   Cnut.on must be exerelsed NOT to exeeed a pressure of 25 psi In sensor" 

When system has cold soaked (approximately 24 hour« minim..mv on    ■*. . .. 

11.3   NITROGK N COOLDOWN CM ECK LIST 

Turn system power OFF at distribution box. 

1. Disconnect power leads to automatic LNj fill vent solenoid (P019). 

2. Connect supply of warm dry gaseous nitrogen to manual fill vent valve. 

3. Disconnect anti-fmst r.as transfer line from r.nti-frost control valve assembly. 

4. Purge radiometer with flow of nitrogen; maintain highest purge gas flow r-te 
cons.stent w.th available gas supply without letting radiometer jfcLiLVn.l 
pressure exceed 20 psig.   (See GN2 purge procedure.) 

5. After anti-frost line has been purged of moist air. plug end of line to 
prevent moist air from entering line.   (4-8 hours   run anH-frost gas flow 
while connecting to valve output. g       ovv 

I.    Connect leak detector to vacuum space.   Open valve on evacuation llmm fMftte« 
on equipment floor.    Evacuate vacuum space. evacuation line fitting 

7.     Close operator valve; disconnect evacuation line from leak detector. 

8'    heZmtin^ VT0" t0 h.eIi
f
Um Vent fitting 0n «^Proent floor; evacuate 

StZSLSSS^* ^ ^ ^ remainS Under GHe Pr— (that has 

9* SpTent"«^.8^6 PreSSUre re,ief Va,Ve (PRV) from manual valv* on 

10. Connect coiled copper line to supply of gaseous helium. 

11. Adjust pressure regulator on gaseous helium supply to 2 1/2 psig. 

12. Begin flow of gaseous helium through line to remove moisture. 

13. Immerse coil in liquid nitrogen to freeze out remaining moi8ture. 
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II. Coaaeel other end of coil to helium space PRV fitting on equipment floor. 

15. Close valve in vacuum line to isolate pjmps fro n radiometer (see Item 14). 

1(1. Open manual valve on helium space PRV line. 

17. Remove vacuum evacuation line from helium space vent lilting (see Item 14). 

18. Heplace cap on helium space vent fitting (see Item 14). 

1!). Close manual valve on PRV line when tank is pressurized to 2 1/2 psig. 

20. Helium supply may be shut off and disconnected from radiometer or left as 
is 'intil helium cooldown. 

21. Do not proceed further until warm gaseous purge has been flowing for at 
least 48 hours. 

22. Connect external liquid nitrogen supply to liquid nitrogen transfer line fitting 
on the upstream side of LN« fill solenoid. 

2:5.    Pressurize liquid nitrogen supply to Sft-SO psig; begin transfer of liquid 
nitrogen to radiometer jacket. 

24. Shut off gaseous nitrogen and disconnect purge line. 

25. Open manual vent valve. 

2ii.   Reconnect automatic vent solenoid power leads (P5019). 

27. When liquid nitrogen level in radiometer jacket reaches the level at which 
it keeps the automatic vent solenoid closed, close the manual vent valve; 
remove extension line if one has been added. 

28. Gradually reduce pressure in liquid nitrogen supply until desired radiometer 
jacket operating pressure is reached; if pressure is reached at which auto- 
matic vent solenoid remains open, raise pressure 2-3 psi and wait 15-30 
minutes before further reduction. 

29. Monitor readout voltages of "Chopper Wheel Temp", "Primary Mirror Temp", 
the range of 0-5.0 vdc when radiometer has been cooled by liquid nitrogen. 

30. Monitor readout voltages of "Filter Temp" and "Detector Temp" readouts; 
confirm that both are saturated, i.e., greater than 5.0 vdc. 

31. Repeat Steps 5 through 7 and 17 through 32 of "Pre-cooldown Checklist" to 
verify cold functioning of chopper wheel, filter assembly, inflight calibrator, 
and detector package. 
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11.4   HELIUM COOLDOWN CHECKLIST 

1. If gaseous helium supply is still connected to PRV fitting on equipment floor, 
start with Step (i. 

2. Connect copper coil to gaseous helium supply; set pressure regulator on 
gaseous helium s'inply to 2 1/2 psig. 

3. Begin flow on heliuii-> through coil. 

4. Immerse coil in liquid nitrogen bath. 

5. Connect otherend of coil to PHV fitting on equipment floor. 

(>.    Open manual valve on PRV line. 

7. Connect liquid helium transfer to supply of liquid helium. 

8. Allow gaseous helium to escape from liquid transfer line as transfer line 
cools.   When gas begins to flow cold-line may be connected to He fill port 
(gas cools tank). 

9. When liquid helium begins to emerge from transfer line, quickly remove 
cap from liquid helium fill port on rear of radiometer and plug in liquid 
helium transfer line. 

10. Quickly remove cap from vent fitting on equipment floor. 

11. Close manual valve on PRV line. 

12. Disconnect gaseous helium supply from radiometer. 

13. Set pressure regulator on gaseous helium supply to 1()-18 ounces per 
square inch. 

14. Connect gaseous helium supply to pressurizaJon fitting on liquid helium 
supply. 

15. Connect PRV to its fitting on equipment floor; OPEN MANUAL VALVE! 

16. Watch for usual indl^ahion that helium tank is full; disconnect liquid helium 
transfer line from radiometer and quickly replace caps on liquid helium fill 
port and vent on equipment floor. 

17. Remove liquid helium transfer line from liquid helium supply. 

18. Monitor all "Temperature" readout voltages; confirm that all eight voltages 
are within their range, i.e., are between 0 and 5.0 vdc. 

19. Repeat Steps 21 through 24 of Pre-cooldown Checklist to confirm proper 
operation oi filter assembly.   Check detectors against cold cover. 
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11.5  PQ8T-CCX>L00WN PRKFLIGHT CHECKUBT 

1. Monitor "LNg Supply Status" readout; confirm that it indicates full condition 
of LN-, Delivery Dewar. 

2. Monitor "üNg Supply Dewar Pressure" and "LNg Supply Dew'.r Pressure" 
readout voltages; both should indicate ambient pressure. 

:?.     Fill four liquid nitrogen storage dewar.s (exact procedure for this step must 
be established when available field facilities :irc known). 

4. "GNg Supply Status" readout; confirm that it indicates full condition 
of GN? Delivery Dewar. 

5. Fill two heat exchangers with water« 

.;.     Disconnect 28 vdc power from cryogen system connector (J(;102). 

7. Connect ground 110 vac power source to cryogen s -stem connector (J()102). 

8. Heat storage dewars with 110 vac until cycling of pressure switches occurs 
on all four dewars. 

NOTF:    Items ; , 5, 0, 7, and 8 may be completed before He 
cool down. 

9. Monitor "GNg Supply Dewar Pressure" and "LN2 Supply Dewar Pressure" 
readout voltages; both should indicate specified pressure levels. 

P,     Close "Dewar Purge" (LN« dump) command switch momentarily; confirm 
that LN2 System and GN2 System purge lines both emit gaseous nitrogen 
during switch closure. 

11. Disconnect 110 vac power source from cryogen system connector; reconnect 
28 vdc power to connector. 

12. Close "Antifrost Low Flow Open" command switch momentarily; confirm 
that gaseous nitrogen is now flowing from antifrost system control valve 
assembly where antifrost gas transfer line has been disconnected; confirm 
that "Antifrost Flowmeler" readout indicates low flow rale.   Close 
"Antifrost Low Close" command switch momentarily; confirm that gas 
emission from valve assembly has ceased and that "Antifrost Flowmeter" 
readout indicates no flow. 

13. Repeat Step 12 for "Antifrost Medium Flow Rate" aad "Antifrost High Flow 
Rate" command switches. 

14. Disconnect telemetry test box from system   nd reconnect onboard 
programmer. 

15. Replace all insulation around electronics cannister. 

11-7 

■- - ■  - I   I II   !!■     I I -       -■ .__.———-«—— 



IG.     Disconnect ground 28 vdc power source and reconnect onboard batteries. 

17. Turn inflight calibrator on to maximum power; check each detector for 
signal. 

18. Top off LNg dewars for sensor fill system prior to launch (but as close to 
the launch time as possible). 

11-8 

kMBMSMMM a_aa_aBa^_ 



12.   INSTRUMENT MODIFICATIONS/DRAWING REVISIONS 

During the course of the field work with the instrument it was found desirable to 
make modifications to the equipment to improve its operating performance.   These 
modifications are documented In this report as revisions to the drawings which were 
originally Included in the Balloon-Bome Cryogenlcally Cooled Hiter Radiometer 
Research and Jevelopment Information Report No. C72-132/401.   In this report they are 
designated with the usual figure notation for this report followed by a number In 
parenthesis which refers back to their original figure number In C72-132/401, i.e., 
Figure 12-14 (7-10) Schematic-Output Electronics Board 2002.   An additional circuit 
was added to the Instrument during this program.   This was done in urder to provide a 
better temperature control for the input electru ilcs cannlster than could be provided by 
a thermostat.   This circuit Is documented as Fl >ure 12-2 Input Electronics Temperature 
Control Circuit. 
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13.   RECOMMENDATIONS 

13, 1   RECOMMENDED CHAiNGES TO EQUIPMENT 

1'3. 1.1   Cover Mechanism 

In Ihc course of field operations, particularly whe.i the radiometer was exposed 
to windy dusty conditions in either the preparation hangar or on the runway at Hoiloman 
Air Force Rase, the operating efficiency of the open slide cover actuating mechanism 
was threatened by an accummulation of sand and dust.    A temporary fix in the form of 
a plastic sheet taped over the ways and screw mechanism was used and appeared to be 
capable of preventing trouble from developing in this mechanism.    For more reliability, 
however,  it is recommended that the cover mechanism be redesigned to incorporate a 
covered screw thread such as a Saginaw Rail Rearing screw actuator.    To prevent the 
formation of ice on the extended mechanism when the system was exposed to icing 
conditions the ucrew actuator should be covered with a silicon bellows boot.    The 
complete mechanism should be highly lubricated with Dow Coming Fluid consistency 
number '.i'3 silicone grease. 

13.1.2 Liquid Nitrogen Dewars 

The manufacturers of the on-board LNv dewars have improved their method of 
holding down the dewar caps.    For increased reliability these dewars should be 
returned to the manufacturer for a modification to accomplish this. 

13.1.3 Electronic Cannisters 

It is expected that the housekeeping data telemetered from the latest flight will 
when reduced, indicate that the size of the heaters on the electronic cannisters can be 
increased and the insulation thickness reduced.   This will allow the electronic cannisters 
to be more closely controlled at the proper operating temperatures when the ambient 
temperature varies from 110  F to -70 F. 

13.1.4 Antifrost Device 

The antifrost device should be improved using information gained in recent work 
so that It Is more thrifty in the use of gaseous nitrogen. 
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