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TEST FACILITIES DESCRIPTION

1. INTRODUCTION

In OTD's integrated concept of envirvonmentsl testing, systems or components
can be subjected teo the full range of simulated space environments in one
faeility with & minimug bf test dpecimen handling. Thermal~vacuum, BMIJEMC,
static loading, and dvnamic vibration, acoustic nolse, and other tesls are per-
formed in a self-contained 65,000 square foot clean voom area., About half of
this space is "high bay" and the entive Facility incorporates monorail and
bridge crane supporting structures for specimen and fixture handling. . (See

Figure 1,9

2, ACOUSTIC TEST FACILITY

Acoustic testing is performed In a 4500 cubic foot réverberagnt chamber (Figure
23, isolated from the building walls by three inches of cork and serviced by

a control room and liguid nirrvogen waporization plant, The internal chamber
dimensions (20°L % 15'W % 14'H) are optimized For ewxeitation of a minimum of
nine modes in the 1/3-octave band centeved at 100 Hz, Modal excitation in-

creases For higher 1/3~-cetave bands,

& 35-cyele exponential horn couples the acoustic noise source to the chamber
at a ceiling corner to mawimize-modal excitation, Acoustic noise is generated
by modulating a stream of gasecus nitrogen using a Wyle Model WAS 3000 noise
transducer. The temperature of the gas fed inte the chamber is maintained at
H°F + 10°F,

Control and recording of the testing enviromment and specimen response is per-
formed in rhe separate acoustically treated econtrol room, Twoe closed cireuit
television cameras maunted in the veverberation chamber permit vemote visual

monitoring of the tests from the control room,
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Flgure 1.
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Spectrum shaping iz accomplished fyvom this control room with a B & ¥ Model
123 1/3~octave band shaper. Overall sound pressure levels of 157 db mawinum
are attainable with the chamber empty. The spatial distribution within an
imaginary sphere 10 feet in diameter centered in the chamber is uniform to
within *1 db. (Spectrum shaping within the empty chamber will conform to
MIL~STD-810B Category B.)

The nolse spectrum in Lhe chamber is monitored at the control console by tak-
ing 4an dvevage veading from the two to six B&K Typae 4134 condenser microphones

in the chamber. Individual microphone outputs can 2lso be menitored.

3, VIBRATION TEST FACILITY

A speciallyv-constructed self-contained facility of 5300 square fest (¥igure 3),
built within the main building walle, is used for vibration testing. Separate
arsas for test, test setup, storage, power amplifiers, and shaker cooling sys-
tems ave provided ipn the facility, Vibration test performance is wonitored and
concralled from a 1500 square foot computer~floored control room shared with
the 70 Chantiel Dynamics Data Sveten, In the main test dres shakers are mounted
to an inertia blogk that ig 30 feet w 50 feet in size weighing 1,5 million
pounds which scts as 2 veaction mass for the 60,000 force pound maximum vibra-

tion capability,

$ix MR Electromics CL30 ghakers rated at 15,000 pounds fowce each, are avall-
able in the facility, The mobility provided by dir beaving bases on these
ghakers and several readily accessible amplifier and vooling system ocutlets
located avound the seismic mass permit a large degree of flexibility in multi-

shaker arvangements,

Four MB Electronics automatic sine and random control systems are available
for use singly or io combination for vulti-ghaker tests employving a Chadwick-
Helmuth four=-channel phase and amplitude control system, All four systems
can he programmed for one through four shaker setups atb the coutrol consoles

through an electrical patch board system,
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The facility is well supported by &n electronics service staff with the ap-
propriate equipment to permit rapid modification and repair, Rigging equip~
ment, hoists, slip tables and hydrostatic bearings and an Unholtz-Dickie auto~
matic accelerometer calibration system sre also included in the facility Lo

support test activities,

4,  DYNAMIC DATA SYSTEM

Both acoustic and vibration testing are serviced by & Dynamic Data System
{DD5) occupying one half of the vibratioa coutrol yoom, The DDS iz used to
avguire, record, analyze, and displey the response signals from the specimens
in the acoustic or wvibration eénvironments, The 20 instrument cabinets compri~
sing the svatem, provide six major functions during the conduct of an fndivual

Eests

The Signal Conditioning section of the system can accomusodate up to 32 eight-
wire, resistance type strain gages and up to 66 plezoelectrie acesleromebers

and 12 chapoels of 21l purpose buffer amplifiers,

Up to 70 Mark 4000 multiplexed channels of DC to & Hiz information on a single
magnetic tape can be recorded with the system, In additdon, 14 wideband FM
chammels of DC to 20 ¥Hz information can be recorded simultanecusly., The
reproduction Instrumentation can simultanecusly recover up to 15 multiplexed

gignals and all of the FM chonnels,

The DDS has the capability of analysing sine and random vibration signals
and third-octave acoustic signals, In additiom, transfer function and phase

angle plots can be readily produced by the DDS,

The DDS has a four bay console from which an operator may wmonitor any major
funetion of the dats system utilizing oseilloscopes, meters, and frequency
counters, Iwo Irig "B" Time Code CGenerator/Translators are incorporated in

the console which viswally and electrically display either real time or taps,

6 BIF DO7-0496~74
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3., EMG TEST PACILITY

The Electromagnetic Compatibiliby (BMCY Test Faeility (Figure 4) is capable

of testing a wide variety of specimens to the most recent wmilitary specifica~

tionis, Test specimens have successfully been subjécted to the requirements of
o MIL STD 4614, MIL STD 462, WMIL E-6051C~D and MIL STID 8264,

The shielded enclosure is composed of twe adjacent rooms; a control area which
houses all the electronic equipment or the controls for rvemote aperation of
those equipments which must be logated nearby the test specimen; snd a test

— area, the dimensions of which are 16 feet high, 20 feet wide, 33 feet loung.

The two rooms may be RF isolated from each other.

The test equipment consists of semi-automatic specirum survelllance receivers
{Fairchild Flectro-Metrics T88-250D and Singer EMA-910) which allow spectrum
memitoring from 30 Hz through 10.5 GHz., Various oscillators and tuned power
amplifiers allow electyric and magnetic field generation from 30 KHz through

12,4 oHz with adequate power to perform to Standard Mil Bpec requirements.

Fileered {30 Hz -« 12 GHz) power sources for the facility include 25 KVA of
400 He thyee phase power, 60 Hz three phase power and greater than 5 K DC
capability,

I'n all phases of the design of this facility, personnel and Lest specimen

safety was of pavamount importance.

6, THERMAL-VACUUM LABORATORY

There are five chambers in 0TD's thermal/vachom chamber complex, The two
largest include a sphere Fifty Feet iwn diameter designated "Chamber A&, and
a cvlinder thirty feet in diameter by thivty-three feet long designated
“Chamber B”. {(See Flgures 5 and 6.7

The shells of both chawmbers are fabricated from stainless steel and contain

rummerous flanged penetrations for cabling, viewports, cooling lines, ebe,
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Both chambers arve equipped with 30-foot diameter vemovable heads, fully auto-
mated, which fully open to allow hovizontal test specimen entyry into each

chambey.

Each chamber is equipped with 2 wmownorail system capable of fravsporting test

specimens welghing up to 12-1/2 tene into their vespective chambers,

Thermal shrouds on the inside of the chambevs provide a heat sink capability
af ahsorbing up to 300 KW under steady state conditions, Chamber "A" is fur-
ther equipped with ap infrared lamp arrvay which is capable of providing thermal
energy from near gere to greater then 200 watts per square foot over a 24 foot
long cyelindrical teet zone and & diameter to 11 feek,

The chamber vacuum svstems arve capable of providing environmental pressures

dowm to 3 x 10‘? torr. (See Figure 7.)

Internagl walloways, ladders and platforms allow asccess to all areas of the
chambers, Man doors, with safety interlecks, provide ingress to the chambers
when the main 30 foot diameter heads arve closed, Access locks are built onte
the chamber. Theyv are small {7 feet ® 9 feet) cylindrical chambers conmected
to the main chamber by & thirty inch diameter doubly flanged penetration which
may he Fitted with a variety of walves te allow air-lock capability. External
platforms, walkways and ladders arve provided to allow access to penetrations

and various areas of the chamber shells,

Chambers & #nd ‘B edeh have an Tsolation Svystein consisting of a master support
Fixture mounted on a cruciform assembly with a large ballast container. Arti-
eles to be tested are mounted on this fixture. The purpose of the ifsolation
aydtem i3 to minimize relative motion bhetween the system under test dnd moni-
toring or measuring devices, (System tesgts have demonstrated that relative
motion between test avticle and monitoring devices do not exceed 2,2 x 10'5

vadf sec, )

11 BLE Q07-0496-T4
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Ihis system is isolated from ground-borne vibration by Barry Pnsumatic Tso-

lators, and from chamber~borne vibration by rubber diaphragms encivcling the
““““ master fixture legs ar the point of entry inmto the chamber, The Barry Iso-
lators provide the system with 4 vigid body uatural frequency of 1.5 ¢ps, and
a damping vatic of 50 percent of critical damping, All structural members
were designed with natorsl frequencies of 30 eps. These boundary valoes allow

for quiet system operation in a critieal region of § ~ 15 ecps.

Chamber A has a svstem of six e¢ollimaters with rargets which can be urilized
to evaluate camera systems at similated space thermal and vaepum condirions,
The collimators are located at varxious sean and field angles and are mounted
on 4 vibration-free isolation system which is an integral part of the chambex

test article support systen,

o Bach collimator displays test targets at distances simularing space orbit,
The target assembly contains resolution, focus, and density tavgets and other
special features utilized in evaluating the performance of a camera system,
The targets are illuominated thrvough a light pipe from & lamp system located

cutside the chamber and controlled by a console locared in the control room,

The collimator is & Cassegrain all reflective type optical system with an ef-
factive foval leagth of 420 inches and a 22-inch aperture and 1s constructed
from Cer-Vit material., The secondary mivrror is motorized and controlled re~
motely from the eontrol room, The collimator system iz located in 4 benign

area to minimige temperature effects,

In additipn, each vollimator has & verification system to obtain interfeve~
metric data in orvder to evaluate the quality of the wavefront amd the location
of the focal plane, The verification system c¢ongists of a scatterplate inter-
ferometer, an optical flat retrvoreflector on the tarpet assembly and a record-
ing camera, A closed eircult television is alsc provided for remote viewing

of the interferogram and is urilized whenever the secondary mirror is adjusted

to optimize alignment of the optical system,

13 BIF 007-04596-74
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& four point mounting system is located on the mass support fixture to pro=-

wide alignment of the test article to the test collimators,

As shown In Filgure 8 the aft mounting points are composed of manually opera-
tad sorew jacks assemblies, These jacks provide leveling adjustments {up
and down) and ave also capable of two axis translation, The jack-article
interface is wade via a sphervical bearing which permits the twoe aft mounts

to be used as a pivot,

The two forward mounts have motoy dyiven scvew jacks ro provide up-down posi-
tioning of approximately +7.,5 dnches, This permits the test article to he
pitehed 2,5 degrees, Hach of the driven jacks are equipped with manually
operated jacks (mounted "piggyback") to provide addibional vertical adjust-
ment for Inltial leveling, Thisinsures that the range of the driven jacks

is maintained,

Remote positioning of the article is accomplished via a control and display
congole located in the control room. The console provides motor cowmmand
signals and contains a digital and analog display corregponding to the height
position of each jaeck, Reference to Filgure 8 shows that these jacks are di-
rect coupled and driven fyom a single motor, Thus, barring some form of de-
coupling, the two jacks track each other with a high degree of accuracy,
Further, since each jack is menitoved independently such a malfunction would

be readily <bserved,

Additivral diagnostics monitored and displayed to enhance fail-safe operation
include temperature at c¢ritieal points of the mechanism and piteh limit stops,
It should be noted that {f the drive motor sxceeds 1ts rated temperature or
if the mawimum piteh angle iz excesded, the drive mechanism is automatically

shat off, Detail desipgo parameters are ioncluded in Table 7,

A Low Lewvel Vibration Detection System (VDR) is used with Chamber A which can
detect and record vp to [ifteen independent vibration signals. When used in

conjuncition with its assoeiated transducer/amplifier sensors and the Dynamic

14 BIF 007 =0496-74
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Data System the VDS can produce engineering unit data from vibratory inputs

. o

in the 10 7 inches/second range. The VDS can also be used to detect, record,
reproduce and compare the translational apd rotational motion of two independs

ent structures,

The VDS can accept analog signals wihich range from +35000 millivolts eo 45
millivolts £ull geale,

Gontrels for opervating Chambers A and B and performing tests are located In
a ventral control room adioining the high-hay chambier area. Chamber controls

are integrated in & single large comtrol console,

The remaining chambers in the thermal vacwm complex include Chanber "DV which
is equipped with an ioternally mounted platform, supported on an alyr suspension
gystem, isolating it from the chamber-support egquipment and the ghell, Ex-
VVVV terior to this chamber are two larege masses that can be used to mount sensitive
alignment equipment through clear pensrrations. Adijustable platforms are lo-

cated both inside on the stable platform and éxternal on the large masses,

Chamber "E" has a highly versatile siwx-zone thermal shroud., Each zope is in-~

dependently capable of simulating a black body at a diffevent temperature or

& black body with a programmed temperature profile,
Chamber "F" is a 6'D x 6'L high vacuum chamber used for subassembly testing.

7. GHAMBER DETAILS

the specifiec details of Chambers A, B, D, X and ¥ arve summarized ip Tables 1
s through 7,

e
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TABLE 1
______ CHAMBER A DETATLS
o Configuration Spherical with attached horizontal cylinder that
includes door,
o . 4 3
Chamber Volume 7.2 x 10 £
Test Eunvelope 26°0 x 40% L evlinder
Shroud Capability 300 EW heat capacity @ liquid nitrogen temp.

o 0.9 or better surface emissivity.

i Pumpdown Times 10”5 Torr range iun 5 lhes, with loads,

8 = IQMS torr range in 10 hours,

Pumping Systems Mechanical and Roots blowers - 6000 cfa,

Liquid sitrogen cryopump = 10+7

liters 1,0/sec
2 =5
& 10 Torr Tange.
. 6 .. =5
20°K cryopump ~ 10 idters szsec @ 10 7 Tory

range - 2400 watts @ 20°%

Ton pumps - 2000 liters ait/sec @ 10~5 Torr

range.,

Titanium sublimation - 1 gram hr., onte Lﬂz gurface,

Auxiliary Roughing ~ 3000 cfm,

17 BIF 007~0496-T4
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TABLE 1 {Continued)

Warmup

Gaseous nigrogen warmup system for liquid nitrogen

ashraonds,

Theymal Simalafion

12 zone infraved heat flux simulator (300 EW)

19 zone thermal interface control system.

Cantrol Consele

Central control consale,
} : =10
Complete pressure gougiag system = atwos, to L0

Torr with reeording,

Temperature indicators and veeovding for chamber

dats,

Equipment Handling

Monorail system exterior and iaterior of chamber
capable of 25 000 1bs,

Specimen Mounting

Four hardpoints which are ao integral part of
large seismic mass whieh 1s vibration isolated

from chamber, support equipment, and building.

Kirlock

Airlock provides capability to insert or remove
items from envirsoment during test - pumped by

auxiliary roughing system,

18 BIF 007-04696-74
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TABLE 2
..... CHAMBER A THERMAL CAPABILITY
. Test Article Diameter A winimam of & feet or less in special cases,
& maximum of 11 feet,
Test Article Length Very -gshort lengthe can be accommodated subject to

the mounting requirvements.
Maximum of 24 feet 4f only the array is used.

Maximom of 44 feet if the array aud awvxiliary

hieaders are used,

d
Ineident Radiant Heat From near 0 to greater than 200 watts/ft~ over the

Fluzx 24 foot long test space,

puxiliary Heater Zones Six {6) zones & 5 KW

Thirteen (13) zones & 2 ¥W

Thermal Instrumentation | 48 IR Arvay Control Thermocouples
80 Auwiliary heater control thermocouples

226 General Temperature Dats Thermocouples

without array,

178 general Temperature Data Thermocouples

with array,

36 paivs of coupper leads for use with calorimeters,

thermopiles, ete., available witchin chamber,

206 pairs of spare copper leads can be made avall-
able at chamber for use with additional thermo-

couple or other data sigoals,
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TABLE 2 (Cowtinued)
I® Arvay Contral Bfeady state by manual set-point or astomatie

proportional temperature feedback.

Time-variable temperature by chart prograsmer with

choice of cyele time,

Apxiliary Heater Steady state by wmanual set-point or acvtomabic

Contrals .
proportioval temperature feedback,

Will accept external Tewp-Time program signal,

Temperature Data L&8 576 channel data acquisition and scanning sys-
Acquisition tem with 0,1°F vesolution, digital data display,
commutable doal level alarms, printer aml paper

tape punch data gufput,

Temperature Data 3464 pin patchboard system for direct access to
,,,,,,,, Access all data/control sigoals weing precision measuring

equipnent,

816 pin patchboard system for control signal

aelection,

i 20 BIF 007=0496-74

Hx-SEEHET

Approved for Release: 2025/07/25 C05128222




C05128222

Approved for Release: 2025/07/25 C05128222

Hx-SEERET
PH~ 1300~ X

TABLE 3%

CHAMBER B DETATLS

Configuration

Horizontal ¢vlinder with full opening door,

Chamber Volume

2.7 = 102 £:3,

Test Envelope

26'D = 28'L Oylinder,

Shroud Capability

Temperature control 40°F fo 100°F.
Heating and cooling rate is 0.2°F/min to 2,0°F/ win,

Glyool heat exchange fluid.

Pumpdown Times

10'5 Torr rvange in 10 hrs in pgas loads,

5 % 10*36 Torr range in 12 hours,

Pumping Systems

Mechanical and roots blowers -~ 6000 «fm,

&
Liguid nitrogen cryopomp -~ 1.4 x 10 liters

H,0/ sec @ 10”7 Torr range, 300 KW.

20°%. cryopump ~ subcooler 105 1iters szﬁec @

10°° Torr range, 2400 watts @ 207K,
Tom pumps - 2000 liters air/sec @‘16_6 Tovr vanges

Titaniom sublimation - 1 gram/he. sublimation

rate onto ligquid nitrogen cooled surface,

Auxiliary rvoughing ~ 3000 cfum,
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TABLE 3 (Continued}

Warmup Gageous nltrogen warmop for liquid nitrogen panéls,

,,,,,,, Control Console Central control consocle.

Complete pressure gauging -~ Atmos to 1()”m Tory

with recording,

Thermal Instru-~ Kone presently installed. However, Chamber &

mentation and ) B

Control Thermal Instrumentation and control capabilicies
can be extended ro cover Chawber B for a
Bomiral cost,

- Equipment Handling Monorail system exterior and ianteviorp of chamber
capable of 25,000 1bs.

Specimen Mounting Four hardpoints which are #n integral part of
lzrge seismic mass which is vibration isolated
from chamber, equipment, and building.

Airlock Airlock provides capability ko dinsert or remove

items from enviroonment during test = pumped by
auxiliary roughing system.

HOTE: Chambers A and B share common 300 KW subcoeler, 6000 cim roughing
skid, two 1200 watt 20°K heliub refrigerators, and G?WQ WaTmUp
systems, Both systems can operate simultaneously,
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TABLE 4
CHAMBIR D DETAILS
Coufiguration Hovigontal orvientation, full opening door 12°
- x 12% isolated platforn.
Chamber Volume 12,5 diawm, by 13' straight shell plus 6' diam,

by 41 protuberance at right angle to main shell,

Overall length 17.8 gt.
Total wolume 2200 ft

Teat Envelope 107 long » 3,25% nigh = 3,1° wide {uside shroud
artented perpendicular to main chamber axia.
) Temperature Range - 40°F to 100°F nowminal
Capability 26°F wo 130°F actual
_____ Temp, Cradieat - * 2° dynamic
£ 17 static

Rate of Change: 0,2°%/ min to 2,0°¥/min con-
tinuwously variable.

ITnternal Heat Load: 3000 watts,

Pumpdown Times atm to 10u 1 hour (vough pump only).
atm bo 5 % 1079 Torr ~ 2 hours with loads.
atm to 5 = 1079 Torr - 13 hours.

Pump Svstems Roughing System: Model 412 mechanical pump -
300 cfm,
Model 615 blower - 1250 cfm,

Diffusion Pomps: Two {2) NRC Model HEZO0
Diffusion Pump type 165

- inlet diameter: 21.25 inches

Maximum pumping speed:

17,500 1/ sec air

21,000 1/sec helium

DP Baffler Double chevrén LNZ baffle,

5 tier walter cone baffle,

Holding Pump: Welch Model 1397 - 425 Liters/min.
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TABLE 4 (Continued)

Special Incident Energy | Energy Source: 10 ¥W water cooled xenon
Syatem (SIES) lamp temperature controlled fused silicon
diffuser.

Beam: 26" diameter of diffuse vadiation in a
plane 6" from diffuger,

2
Intensity Range: 5§ to 25 watts/ft  conbinoally
adjustable plus 0 to 140°F diffuser plate
temperature,

Uniformityy £53% in area; £22% in time temp:
+2% in set point; 0.1°F across diffuser plate,
Spectyum: filtered xenon source.

Energy Distribution: #15% of Lambertian,

Other Special 32" aute collimating mirvror on 2 axis positioner
Featores: {azimuth aod elevation),

Lager interferometer on 3 axis positioner
capable of positioning te withip 0.5 micron
(5 x 1077 inches).

Tsolated table 12V x 12°%,

2 axis c¢amere mount exterior to chamber,

Pedestal mounted T-2 theodolite exterior to
chamber.
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TABLE 5

CHAMBER E DETAILS

Conliguration

Horizontal eylinder with full opening door,

Test Envelope

10'D % 12'L eylinder

Shroud Capability

& zone shroud, each zone capable of operation

from ~65°F to 200°F,

Each zoune programnable,

Pumpdowa Times

Atmos. to 10“7 in B hours.
Atwmos, bo 30 wmicrons in 30 win. with loads.

Atmos, to 1 x 10*5 Torr in 2 hours with loads.

Atmos, to 1 x 16"6 Torr in 4 hours with load,

Pumping Systems

Mechanical and roots blowers.

Two each 10" BRC diffusion pumps with LNZ baffle,

Liguid nitrogen cryopump,

20°K cryopump - 200 watts @ Z0°K,

Control Console

Central control console,
Instrumentation to measure and record atmos,

to 10*9 Torr.

Gontaing the thermal programmers and readouts

for the 6 thermal zones,

Specimen Mounting

On rail dinside,

Door mounting to 1000 lbs,
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TABLE &

CHAMBER F DETAILS

Configuration

Hoviezontal oylinder.

Test Envelope

' w 6'L

Pumplng Systen

Mechanleal pumps and roots blower,

Pwo 10" diffusion pumps with LNE haffles

and valves.

Pumpdown Time

atmos. to 107" Torr in 1 hr.

Vltimate pressure

1x10°°% Tore.

Cantrol Console

Control of all pomping equipment,

Pressure gauglng from atmws. Lo 16}'“9 Torr,.

b
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TABLE 7

CHAMBER A PITCH MECHANISM DESIGN PARAMETERS

Load drive capability - 4200 pound/jack
Drive rate at maximum loading

Tiow speed 0,15 deg/min
High speed 0,30 deg/min

Pitch angle range - +2,5 degrees
Positioning aceuracy (initial alignment)

Piteh k15 arc-ssconds
Reoll +18 arc-seconds

Yaw +10 arc-seconds

PM-<1500-%

Piteh angle accuracy « %15 arc-seconds over maximum range

Deviation in roll and yaw during operation %15 arc-seconds

27
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