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FOREWORD 

This document is an(o-utline ot;J.!Je Gapability of technical 
facilities and equipment at the George C. Marshall 
------- -

Space Fligiit Center (MSFC), 1one of three basic field 
centers under the NA""-SA Office of Manned Space Flight, *
and located adjacent to Hunt5'·ille, Alabama, on 1800 
acres within the confines of the l."nited States Army's 
Redstone Arsenal. Although MSFC has acquired var­
ious facilities throughout the country, notably the 
MichoudAssembly Facility at New Orleans, Louisiana, 
and the Mississippi Test Facility, forty miles north­
east of that city, the capability of those sites is not 
treated in this report. 

1. Aero-Astrodynamics

2. Research Projects

3. Computation

4. Astrionics

It is intended in this document to give the reader a 
physical concept of the technical facilities of MSFC at 
Huntsville and to acquaint him with t.heir general cap­
ability and potential. Therefore, the text is a digest 
of the technical facilities and equipment only. Data 
on support facilities such as office buildings, ware­
houses and utilities are not included. 
Technical operations are the responsibility of eight 
basic laboratories and the data herein are grouped in 
accordance with this operational didsion of responsi­
bility. A reference index is included as an aid in 
referring to specific categories of equipment. The 
eight laboratories are 

5 .. Propulsion and Vehicle Engineering 
I 

6. Manufacturing Engineering

7. Quality and Reliability Assurance

8. Test

* The other two are the Manned Spacecraft Center at
Houston, Texas, and the John F. Kennedy Space Cen­
ter at Cape Kennedy, Florida.

Facilities and Design Office, F&D-R 
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AERO· ASTRODYNAM ICS 

The facilities of Aero-Astrodynamics Laboratory, with 
the exception of some meteorological equipment, are 
devoted to fluid mechanics. Although these facilities 
are labeled "backyard." the quality of performance is 
not compromised and great versat ility is a primary

asset. Obtainable flow conditions range from free 
molecule to continuum flow, with the latter emphasized. 

The laboratory has the potential for nonaerodynamic 
experiments. Precise measurements of static and dy­
namic force, pressure, temperature and other physical 
characteristics can be made under adverse conditions. 
This capability provides an excellent enYironment for 
the performance of scale model or other experiments 
of a nonaerodynamic nature, such as docking, landing 
dynamics, kinematics, motion studies, etc. 



2 

Long Duratio,n Aerodynam\5 Testing. Long duration 
'experiments in the• continuum flow regime are con­
ducted in a trisonic tunnel, a supersonic tunnel and a 
jetfiowfacility. The 14 x 14-inch trisonic wind tunnel 
is of the blowdown pressure type and is used for sub­
sonic, ttao.sonic and supersonic testing up to Mach 5. 
The. tunnel has interchangeable test sections for a wide 
range of requireme!}ts. 

1' • 14 TRISOHIC WINO TUNNEL 

.·\ERO· AS
r

rRODY'.\A\1ICS 

HYPERSONIC SH.:>CK TUWNEL 

The 7 x 7 -inch supersonic wind tunnel operates -�n the 
atmos_pheric supply blo\'-:down principle. Low ·subsonic

and supersonic flow testing from Mach 1. 5 to M�cb 5 
are possible. 

The jet flow facility operates from a 3000 PSI supply, 
cold or hot ( 600• F) , and discharges to the· atmos-
phere. The facility is used for impingement and 
noz.zle studies, jet mixing investigations, and_noise. .
and turbulence ex-periments.- •



Hypersonic Short Duration Testing. A hypersonic 
shock tunnel proy ides for experiments in fluid me­
chanics and heat transfer in the continuum flow regime 
using short duration techniques. The tunnel is of the re­
flected shock type and is helium driven with high stagna­
tion pressure. The test nozzle exit is 24 inches in diam­

eter. Capability range is Mach 6 to Mach 15. A high 

speed, on-line, 32-channel digital data system with a 
sampling rate of 160 kilocycles per second is provided. 

7 x 7 BISONIC WIND TUNNEL 

AERO·ASTRODY�AMICS 

IMPULSE BASE HEATING FACILITY 

Base Flow Investigations. The impulse base flow 
facility is used for studies of jet pluming and impinge­
ment at high altitudes, induced flow between multiple 
jets and beat transfer. Weight flows up to 30 lbs/sec 

at 6000 ° 

Rand Hl00 psi can be produced. The receiver 
tank is 18 feet in diameter and 26 feet long. Altitude 
simulation can be carried to 10-, Torr. There is no 
external flow. 

3 
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Vacuum Technology. To proYide for studies of oot­
gassing, calibration and research in extreme vacuum 

technology, the laborato,-y is equipped with a low density 
chamber, test and calibration bench and bell jars. The 
high vacuum <.:hamber, 3. 5 feet in diameter and 14 feet 
in length, has a pressure range from ambient to 10-7 

Torr. Vacuum measurement has state of the art ac­
curacy to 10-8 Torr. 

Vacuum tanks and peripheral equipment provide capa­
bility for scale model e),.-periments under medium range 
vacuum conditions. The horizontal tank is 18 feet in 
diameter and 26 feet long; the \'ertical tank is 12 feet 
in diameter with a 35-foot length. Mechanical and oil
diffusion pumps e,·acuate these tanks to 10-4 Torr. 

Rarefied Gas Dynamics. Transitional and free mole­
cule flow, jet pluming and flow discharge at extreme 
altitudes are im•f:stigated in a low density wind tunnel. 
The tunnel has a cryogenically pumped receiver 3. 5 
feet in diameter and 1-1 feet long; the flow medium is 
COi. Maximum flow rate is 5 gram/sec at 5 x 10--' 

Torr static pressure. 

AERO ·.-\S'l'RODY,AYilCS 

.. 

LAUHCti DEFLECTOR FACILITY 



ThL'rmal Radiation Exoeriments. A radiation furnace 
treats experimental specimens in thermal radiation 

tests and proYides sensor calibration capability. The 
exposure angle is 5° to 180 ° . The specimens are ex­
posed t.o diffuse, black body radiation from ambient 
temperatures to 300o• F at pressures from 5 mm Hg 
t.o ambient and may be remotely manipulated. 

Scale Model Experiments. Di\'erse laboratory space 
and equipment proYide potential for scale model ex­
periments in l:1nding stability, docking, impact and 

shock, and mot10n studies of tethe-red objects, control 
compliance, etc. Included are a wide range of trans­
ducers and calibration gear for mechanical, electronic, 

optical and hydraulic-pnenrnatic devices. 

Support. A full complement of auxiliary equipment 
associated with the fluid flow and spacC' environmental 
te!>ting facilities described above is provided. These 
suµport items include large air storage and vacuum 
vessels, compressors and cxhausters, numerical data 
acquisition and reduction systems, high speed photog­

rap!1y and shadowgraph systems, control rooms, fiow 

conditioning equipment, et.c. 

AERO ·ASTRODY\:AMICS 
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RESEARCH PROJECTS 

The facilities and equipment in the Research Projects 

Laboratory provide a capability for applied research 

in the fields of physics and astrophysics, space envi­

ronment, nuclear and plasma physics, space thermo­

dynamics, meteoroid measurements and advanced sys­

tems and instrumentation. 

The laboratory is characterized by the flexible multi­

use combinations of space and sensitive equipment, 

The majority of equipment is of a "plug in" nature, 

portable and semi-portable, requiring minimum spe­

cial utilities. The experimental set-ups are not per­

manent and are modified and replaced as required. 

7 
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Elec romagnetic Radiation Physics. Activity in this 
field is housed in a 900 square-foot area containing 

• 

ultra high vacuum system with 18-inch 
diameter by 24-inch chamber 

4-inch oil diffusion vacuum system

• thermal conductivitv calorim ter

• 

• 

.. 

line heat source thermal conductivity
apparatus

thermal conductivity probe

SG-4 grating spectrophotometer

infrared raruometer

Thermal conductivity of solid particulare and foamy or 
forthy materials can be measured over a temperature 
range from 4 ° K to 400 ° K and pressure range from 
atmospheric to 10-13 Torr. In ·addition, laboratory 
facilities can measure both total radiation from sam­
ples at temperatures near or below 100 ° K and spectral 
radiation from heated samples over the wave -length 
range from 5 to 25 microns. 

RE EARCH PROJECTS 

ELECTRON PARAMAGNETIC RESONANCE EQUIPMENT AND MAGNET 



• eteoroid Ph\·sics. Con ained in 900 square feet of

floor space are

• 

• 

250 kilojoule - 1 rnegajoulc fa t capacitor 

bank and associated quiprnent 

di er t µarticle accelerator 

large vacuum containment tank 

diagnostic equipment 

• framing camera

• image con rter cameras

• spectrograph

• timing devices, etc.

\Hthin the scope of its c pabilities for m teoroid 

ph_·sic re earchth Jaboratoryproduceshighvelocity, 

high d nc;ity pla mas for par icl ace 1 ration and de­

velops and calibrat meteoroid detec or . let or­

oid simulation can be conducted wi h projectiles rang­

ing in diameter from 50 to 1000 microns at velocities 

exceeding 10 kilomet rs per second. Penetration and 

cratering m chanics, el ctromagn tic radiation aDd 

charge liberation of par icl s during impact are studied 

as well as the behavior of material in a st.ate of high 

internal density subj cted toe ·trem ly high pressure. 

RESEAR H PROJECTS 

9 
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0:r::cs. For the calibration, testing and checkout of 
o;i:: 11 instrumentation the Optics Laboratory utilizes 
a :::-meter optical bench with auxiliary accessories 
s:i.::ias carriers, a telescope, etc. A 24-inch by 18-
b.:.. film viewer for 16, 35 and 70 mm film permits 
e.r..:...!Ilination and engineering measurements of photo­
F,=--;,hed phenomena. The laboratory can also establish 
□::2-:iods and equipment requirements for r mot opti­
c.::.:: observation of hazardous tests.

G::--:"!ogv and Geophysics. Equipment loca'ted in the 
1 �: J square feet devoted to this study area include an 
ur.::-1-higb vacuum system ( 10-12 T;rr}, a high vac­
lI'.=::. system ( 10-7 Torr) and a particle accelerator for
ir:.:stigations in a range_ up to lunar escape velocity. 
Fc;,.:ilities of the laboratory provide for studies of 
Sfe::.Jndary irnpaets on non-metallic •·rock" materials 
ti effects of vacuum on mechanical properties of 
tl:r:;;e materials. 

L::�d Measurement Physics. This laboratory segment 
�loo.es 

small vacuum chamber 

magnetomete� 

electrorn eters 

electronic test instruments 

shop and laboratory equipment 

RESEARCH PROJECTS 

Facilities provide for measurements of electrical and 
magnetic field strengths, exploration of new electric 
and magnetic field measuring techniques applicable to 
the development of field measur.ino- instruments and 

. � ' 

performance evaluations of electric and magnetic field 
meters. The· laboratory has a space simulation capa­
bility of 10-8 Torr.

THERMAL CO DUCTIVITY CALORIMETER 



Radiation Physics. This function occupies a working 
area of 500 square feet and houses 

• multi-channel radiation analyz.er

• ultra-fast coincidence system

• solid state and scintillation detectors

• ultra-high vacuum system

• radioactive sources

The laboratory has provisions for studies of space 
vehicle radiation shielding, basic radioactive dee3.¥ 
schemes, cosmic ra) telescope am anced detect:ian 
systems and space radiation environments. 

Scientific Data Analysis. In 2000 square feet of floor 
space are contained a Burroughs 5000 thermhml with 
card reader/punch line printer; 4AMTRA.N terminals 
with Tektronix cathode ray storage scopes, keyboards, 
scientific 0.exwriters, stylus input and pa;er tape 
reader punches; a Calcomp on-line increment.al plot­
ter; an optical character recognition device; elec­
tronics logic-module breadboard equipment; oscillo­
scopes; and one IBM 1130 compute.J:_ 

RESEARCH PROJEC
T

S 

TIMES OF FLIGHT MASS SPECTROMETER 

The equipment in this laboratory 1s applied to the 
development and execution of advanced methods of data 
analysis and translation. Typical efforts are the 
de\' lopment of greatly increased peeds in scientific 
computations and design drafting; the solution of prob­
lems in vector and tensor calculus symbolically; 
improvem nt in the manipulation of algebraic expres­
sions; and a reduction in the time required to type and 
edit scientilic papers. 

11 
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.RE�EARCH PROJECTS 

Atmospheric Physics. A 1600square-foot area houses 
a horizontal vacuum chamber 30 inches by 48 inches 
long with quartz window, bakeout heaters, and LN2 
shroud. Pressure level attainable is lower than 10-10

Torr. Associated laboratory and field instrumentation 
include 

• leak detector

• 4-channel instrumentation magnetic tape re­
corder

• portable scanning spectrophotometer

• 35-mm cine-pulsed boresight data camera

• 2 modified l\1K 51 gun director mounts

• 2 cine-spectral polarization recorders

• Questar telescope with 35-mm camera

• oscillosc opes

This laboratory carries out experimental research in 
simulated tenuous earth and planetary atmospheres. 
Emissions from combustion products simulating rocket 
exhausts and the interaction with these atmospheres 
are im·estigated.. Optical properties of simulated 
lunar and planetary materials under high vacuum, from 

ultraviolet through infrared wavelengths, can be

studied. 

11-!F RARED RADIOMETER 



..... 
• 

ICINETICS REACTION LABORATORY WITH RESIDUAL GAS ANA­

L.YZER ANO REACTION CHAMBER 

LU"1AR GEOLOGICAL A.t-10 GEOPHYSICAL VACUUM LABORATORY 

RE EARCH PROJEC
T

S 

Thermal Environment Physics. This laboratory, com­
prising a 2000 square-foot area, houses a small 

pace simulation chamber, 3 feet in diameter by 4 feet 
long, with a solar simulator, vacuum chambers and 

• high precision laboratory radiometric equip­
ment

• portable radiometric equipment for in-sites
measurements

• ultra\"iol t irradiation lamps

• electron paramagnetic resonance equipment

• magnetic susceptibility equipment

• calorimeters

The laboratory is equipped to measure directional 
spectral reflectance and emittance from 0. 25 to 50. 0 
microns and to calibrate radiometric equipment. Re­
search projects can be conducted in simulated space 
or lunar environments to 10-11 Torr to study space 
environmental effects on the radiometric characteris­
tics of surfaces, performance of active and semi­
active thermal control devices and in support of 
developing thermophysical flight experiments. 

13 
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Reaction Kinetic . The facilities and major equip­

ment of the Reaction Kinetics Laboratory, incorporated 

in a 1600 _ qua re-foot area, have the following capa­
bility: 

• Times of Flight fas_ Spec roroeter Bendix
Model 3015 i used for analysis of gas s and
vapors, partial pres ures and free radi al
and for studi s of reaction kinetics.

• Residual ga analyzer eve model 31-e13 per­

forms analyse of gaseouc; mLxtur s leak de
tection.

Vacuum ultraviolet canning monochrometer

Jarrell-Ash.model 7 -751 makes spectroscopic
measurements in acuum UV to 500 A source

of monochrometer radiation in acuum UV.

• Spectrum line measuring comparator ( Grant

In truments) measures intensities and com­
pares line spectra obtained from pectrometers
and pectrographs.

RE EARCH PROJEC
T

S 

VACUUM ULTRAVIOLET SCANNING MONOCHROMETER 



RE EARCH PROJECTS • A reaction chamber, constructed of stainless
steel with 6- and 9-inch diffusion pumps, LN2
baffles, gages, \' iewing ports and feedthroughs,
simulates high altitudes. UV radiation molec­
ular beam techniques are used for flash photo­
lysis and spectral absorption studies.

• A capacitor bank power supply of 10-20kV,
18,000 joule, with rectifier, controls and meter,
supplies high energy pulse to flash tubes,
lasers, etc.

UV radiation ources - Kemlite helical flash 
. -

tubes, helium discharge sources, Jarrell-A� 
Wilkensen high intensity sources - in the range 

6 

of 500 A to visible provide f(?r photolysis and 
spectral absorption studies. 

-

• An STL trigger delay generator is used for
optical pickup in coordinating electronic meas­
urements with flash photolysls.

• An Abtronics signal delay generator delays
signals in flash photolysis studies.

In addition the laboratory contains electr6nic meas­
uring and recording equipment, oscilloscopes and 
plug-in oscillographs, trace recording cameras, vac­
uum gages and Cooke recording gages. 

15 
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ELECTRONIC FIELD MEASUREMENT LABORATORY 

Plasma Phvsics. A partial listing of equipment for 

this laboratory includes 

• small vacuum chamber

• pla ma probes

• o cilloscopes

• d ,war for LN2 and He

RE EAR H PROJE "1 S 

and an on-line computer arrangement for real-time 

r duction and interpretation of data. 

Space plasmas can be simulated to measure plasma 

probe voltage, potentials on satellites and other space 

plasma phenomena. Theor tlcal calculations of space 

plasma phenomena can be evaluated with an AMTRAN 

computer system at vastly increased speeds. 

MAG ETIC SUSCEPTIBILITY APPARATUS 



COMPUTATION 

The Computation Laboratory has a wide variety of 
analog, hybrid and high speed digital computers, pro­
viding MSFC with the computation potential necessary 
in research and development of space vehicles and in 
efficient administrative management of the Center. 

In late 1966 the Computation Laboratory will acquire 
a large scale, centralized, third-generation computer. 
The new computer will, permit the phase out of most 
presently installed digital computer equipment and will 
provide greatly increased computation capacity at 
lower cost. It will, furthermore, add a new dimension 
to the scope of MSFC operations by providing effective 
real time capacity and furnishing management with 
direct access to information through visual display de­
vices. The modularity of the computer will permit 
the ex-pansion of its capacity to meet any increaseci 
computation requirements in t;he future. 

17 
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Analog ,111d Hrbrid Simulation. This functional su.b­
divisioni>f the laboratory is equipp d for studies con­
cerning t'.light simulation, lunar tra erses, rendez­
vous, om tal docking a r usable boo ter, a mobile 
lunar laboratory, engine start-up and cut-off, including 
fuel flow, sloshing, heat transfer, tc., and other 
operations using physical and math matical models. 
Floor space is 7881 square feet. Computers for thesE' 

imulation projects include 

• PB 440 + Trice II ( 1)

• PB 2 50 + Trice I ( 1)

• .A.sl 2100 + EA.I 1231 RV ( 1)

• EAI 231 RV (3)

• High speed statistical computers ( 2) 

CO\tPU'f.J\TlON 

1-401 COMPUTERS FOR PREPARATION OF INPUT OATA FOR 7094 

COMPUTER ANO COt-lVERSION OF MAGNETIC TAPE DATA TO 

HARO COPY OR CARO FORM 



Scientific Pro lem oh' ing ( Digital) . This functional 
subdivision of the laboratory, comprising 16,723 
square feet of floor area, is equipped for digital com­
putations in the areas of aerodynamic analysis, flight 
mechanics, flight performance (pre and post), dy­
namics, thermodynamic static and flight test data 
reduction, general support of automatic checkout, 
PERT, APT, management system models, real time 
data acquisition and comµu tation, vibration and acous­
tical studies, weather, wind tunn 1 and miscellaneous 
data evaluation, and operations and numerical analysis 
researchL Computers performing t.hes computations 
include 

• IBM 7094 II ( 2)

• medium size computers ( 13)

• small computers ( 20)

COMPUTATIO. 

7094 COMPUTERS, USED FOR SCIENTIFIC PROBLEMS, TRAJECTORY 
SIMULATION AND REDUCTION OF FLIGliT DATA 

19 
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Data Reduction. This functional subdivision of the 

laboratory, utilizing approximately 10,000 square feet 

of working area, is equipped for data acquisition, data 
processing, data reduction and ancillary functions. 

Equigment used in the various fu11ctions include: 

• B5500 digital comput rproYides data reduction

of realti:me, post-flight and supporting re­

search.

• SC-4020 microfilm printer/plotter shows the
graphic display generation from digital com­

puters.

• RCC-3 cycle counter converts cyclic data to
input form for digital computation. 

• 

• 

• 

• 

Analog to digital converter system converts 
analog signals to sampled digital computer in­

put form. 

Analog ground station produces o cillograms 
for analog input signals. 

PCM ground station produces oscillograms and 

digital computer input from analog PCM signals 
and serves as the interface between the data 

transmission line and the B5500. 

UNIVAC 1004 m computer serves as a data 
communication terminal. It is a general pur­
pose computer for data reduction. 

COMPUTATION 

• Time generation and transmission station gen­
erates and transmits fr quency and time stand­

ards for use throughout the Marshall area.

• Receiving and recording station receives and

record TM and video signals via radio, and

microwave links from sat Uites, launch vehi­

cles and captive tests.

DATA REDUCTION COMPLEX (ANALO;G TO DIGITAL STATION IH 
FORE GROUND) 



co� f PU
T

.<\'"f lON 

Statistical, Enginel!rin);and Commerical Applications. 
Two IBM 1410 computers are situated in this area of 
approximately 8820 square feet. Typical applications 
of the computers are in design and engineering, parts 
reliability, security, ADP workload control, supply 
control, procurement, financial and personnel man­
agement, etc. 

DATA REDUCTION COMPLEX, INCLUDING FLIGHT DATA MOt-llTOR. r\. 
ING AND IMMEDIATE OATA OUTPUT ANO DISPLAY L/ 

DIGITAL DIFFEREt-lTIAL ANALYZER FOR DIFFERENTIAL ANO 
ALGEBRAIC EQUATIONS 

B,5500 COMPUTER FOR 01-1-LINf DIGITAL PRINTOUT IN REAL 
TIME 

'21 



ASTRIONICS 

The facilities and equipment in A strionics Laboratory 
provide a broad capability for de\•eloping and evaluat­
ing components and systems involved in aerospace 
communications, guidance and control, air-borne and 
ground instrumentation, vehicle and ground power, and 
electrical integration systems. 

In addition to the substantial investment in standard 
bench equipment, such as oscilloscopes, meters, 
power supplies, etc., the laboratory has a very large 
inventory of special equipment. The combination of 
these facilities and equipment together with the spe­
c i.alized manpower skills into a total complex produces 
a unique over-all capability. 

23 
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Inertial Sensor and Stabilizer Development. The lab­
oratory development and test programs use 18, 000 
square feet of working space. 

Electronic research and development is accomplished 
utilizing general test equipment, oscilloscopes, me­
ters, power supplies, etc. Comprehensive electro­
mechanical research and development of internal sen­
sors utilizes centrUuges, vibration tables and tem­
perature cabinets. 

Inertial platform prototype equipment, including com­
plete systems, sensitive gyroscopes and accelerome­
ters, can be tested utilizing special test fixtures, tem­
perature controlled enclosures and rooms, vibration 
isolation pads and Yersatile power supplies. Flight 
components and systems are tested in. a. semi-clean 
production test area and celestial seeking systems are 
tested in a dark room, 250 square feet in area, con­
taining power supplies, sun sources, star sources and 
an isolation pad. 

High quality clean rooms. tot:ali.ng. t500 square feet, 

provide the correct environment for disassembly, 
assembly, evaluation and testi.Dg of gyroscopes and 
accelerometers, platform systems and components.
Equipment for these functions includes dynamic bal­
ancing machines, special assembly tools and precision 
ball bearing evaluation fixtures. 

ASTR 10!\:ICS 

A full complement of data collecting and recording 
equipment, design and drafting space, etc., supports 
engineering design and evaluation. Inspection and 
repair functions, including inspection and minor re­
pair of inertial platform systems, test equipment and 
components, are carried out v-:ith special fixtures and 
tools. 

PROTOTYPE SHOPS 



Prototype Development and Supporting Fabrication Ac­
tivities. Total area of this functional subdivision of the 
laboratory is 25,000 square feet. Included in the com­
plex are a complete machine shop, comprising an area 
of 14,000 square _feet, for mechanical fabrication and 
assembly; an electrical shop, 7000 square feet in area; 
and a full complement of necessary equipment in sup­
port of fabrication activities. 

THERMAL AND VACUUM TESTING 

ASTRIONICS 

The Machine Shop has a balanced variety of both con­
ventional and high precision equipment. Heat treating 
equipment also is provided. Machining and fabrication 
of small and medium size components is carried out 
with emphasis on high precision accuracy require­
ments: machining operations are within . 00005-inch 
accuracy; lapping is within . 000015-inch mundnes�; 
surfaces can be finished to two micro-inches and flat­
ness to one light band. Advanced methods are employed 
in the mechanical fabrication of special materials and 
metals, such as beryllium. 

Specialized machine tools include an electrical dis­
charge grinding machine, ultrasonic machining equip­
ment and chemical milling equipment. Conventional 
equipment includes machine tools, lathes, grinders, 
shapers, jig borers, gear cutting machines, drill 
presses, pantographs and engravers, honing machines, 
band and power hacksaws and vertical, horizontal and 
universal milling machines. Kumerical control ma­
chines include a continuous path type 3-axis super pre­
cision milling machine, a step-to-step type milling 
machine, a vertical jig borer and drilling machines. 

'For processing sheet metal, the shop is equipped with 
punch presses, power shears, press brakes, metal 
forming and bendin5 machines, a vapor blast machine 

'" and a sheet meta.I fabricator. Resistance, spot, arc 
sigma, heliarc and electron beam welding can be 
carried out. Precision bpping machines and finishing 
lathes provide an assembly capab�ity for any fabrica­
tion. 

25 
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r-.lechanical, electrical and electromechanical meas­
uring and testing equipment includt:! surface analyzers, 
auto-colHmators, balancing machines, optical gaging 
equipment, compara1�ors, tl1eodolites, microscopes, 
interferometers, a differential gaging system and a 
conventional and coordinate measuring machine. 

The Electrical Shop has a wide range of capabilities 
for accomplishing electrical fabrication. component 
and unit assembly wiring, coil winding, printed cir­
cuit board processing and manufacture, module assem­

bly, electronic and electrical component potting and 
encapsulation and general laboratory support. 

In addition to these shops' facilities, the laboratory 
has a calibration unit completely equipped for electri­
cal and electronic instrument calibration. Power dis­
tribution equipment supplies special power require­
ments, special voltages, frequencies and measuring 
circuits for space vehicle development. 

This subdivision of the laboratory also carries out de­
velopment projects in micro-electronics. Included in 
this field are studies in thin film deposition, vacuum 
technology investigations, micro-electronic circuitry 
and interconnection improvement, and an extended de­
velopment of welding of micro-circuitry. Some of the 
equipment used in these projects include injection and 
compression molding ma.chines, a micro-circuitry 
assembly machine, mass flowmeters, etc. 

:\STRIO>-"ICS 

OU1er developmenbl capabilitic:s include chemical re­
search of special purpose pl3.stics and conformal coat­
ings of electrical and electronic circuit components 
:ind sub-units; metal plating process improvement, 
precision plating, anodizing and etching; design and 
development of special tooling fixtures and equipment; 
and flat conductor cable development in circuitry and 
interconnection. 

SATURN ELECTRO-MECHANICAL THRUST VECTOR CONTROL 

SIMULATION LABORATORY 



Applied Research and Environmental Testing. This 
facility is divided into the followin individual functional 
subdivisions and areas: 

• Optical Laboratory, 1080 square feet in area,
is equipped with ·optical benches, lasers, opti­
cal and laser components, etc. , for experi­
ments and construction of lasers, optical
systems and their components, etc.

Spectrographk Laboratory, 600 square feet in 
area, is used for spectrographic experimenta­
tion. It contains high quality spectrographic 
and spectrophotometric equipment. 

• Optical Tunnel is 100 meters long and evacuable
with 20-foot by 20-foot access rooms at either
end. Laser and optical systems can be eval­
uated.

• Two astro-domes are used for field testing of
electro-optical and laser syst ms and testing
of advanced laser and optical launch tracking
systems. The domes are 12 feet and 14 feet
respectively in diameter, are air conditioned
and have isolation pads in their bases.

ASTRIO�ICS 

• Environmental Test Area, comprising 14, 000
square feet, contains vibration and accelera­
tion tables, vacuum equipment, a linear accel­
erator andacoustic equipment. Developmental
and environmental testing is conducted.

• High-Quality Clean Room ( Class I-ID) incor­
porates diffusion furnaces, photo-engraving
equipment, evaporators, etc., in a 1000
square-foot area. Complete fabrication arid
e\·aluation of integrated circuit devices can be
carried out.

• Non-Linear Magnetic Laboratory is 500 square
feet in size. It includes evaporators, Kerr
magneto-optic equipment, etc., for the f

a

bri­
cation and evaluation of thin film memories.

• Diagnostic Laboratory uses 500 square feet to
accommodate thermal plotters, X-ray equip­
ment, a scanning electronic microscope, etc.,
for analysis of failure mechanics in integrated
circuits and transistors.
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Guidance and Control Systems and Components Devel­
opment. This facility is divided into the following 
functional subdivisions and areas: 

• The Checkout Laboratory, 800 square feet in
area, utilizes an aerospace test and evaluation
console for checkout of the launch data adapter
and digital computer.

• A 1250 square-foot laboratory contains anRCA­
U0A computer with Saturn V display for com­
puting program and ground systems tests.

• The Control Sel!-Sor Laboratory is 500 square
feet in area and contains specialized equipment
for checkout of rate gyros and control acceler­
ometers, and for acceptance testing and quali­
fication checks of control ensors for flight
equipment.

• The Applied Dynamics Laboratory provides
analog computers for solution of guidance and
control problems.

� The G neral Laboratory and support are.a com­
prises 1500 square feet. Circuits and sub­
assemblies can be buil and an a.r;ea is provided 
for their testing; breadboard circuits are also 
constructed. 

ASTRID ICS 

. 29



30 

• The Hydraulic De ·eloprnentA rca of 3700 square

feet cont.a.in actu·1.tor test and checkout equip­

ment, load simulator fi> .. 1:ures for actuators
( engine simulators), larg pumping- equipment

with a pr s ure fore up to ::moo psi and acces­

sary equipm nt. A ·tuation and gimballing sy

terns of space v •hides c3.n be developed, Jon.d­

ing con 'itions of actuator simulat d, ancJ
actuators and hydraulic cquipn ·nt tested.

HYDRAULIC TEH FACILITY 

HYBRID FLIGHT SIMULATOR FACILITY 

An altitud motion simulator with a three-axis system 

simulates motions of satellites and payloads in orbit; 
h equipment i hou edinan area of 1000 square feet. 

Simulators for G and C systems used in conjunction 

with test equipment pro ide simulated flight conditions 
for s stems testing of flight compon nts; operations 
are observed throu h remote TV. This equipment also 
is contained in an area of 1000 square feet. 



Instrumentation and Communications Development, 
L1.bor:itory functions involving telemetry are conducted 
in a 7000 squ1re-foot area. Advanced telemetry lab­
oratory equipment includes a telemetry analyzer, 
checkout consoles for evaluation of subcarrier oscil­
lators and mLxer amplifiers and a checkout console 
for evaluation of testing of time dh·ision multiplexers. 
This equipment provides capability for complete tele­
metry sy sterns analysis, for performing experiments 
and measurements, for performing data reduction of 
telemetry laboratory and fligbt experiments, and for 

- hardware development in the field of advanced tele­
metry techniques. Th e }aboratory also is equipped to
perform studies, expE>riments and design of FM/FM
( proportional and constant oandwidili), SS/FM,
PCM/FM, PAM/Fir, VHF and UHF techniques, air­
borne recording systems and data compression sys­
tems.

The Mobile Telemetry Ground Station, 800 square feet 
in area, is used for studies of flight systems to deter­
mine optimum data acquisition and selection of trans­
mission techniques. 

ASTRIONICS 

The Radio Frequency Laboratory of 8000 square feet

provides facilities for conducting studies, experimen­
tation and hardware development in the fields of radio 
frequency communications, techniques, tracking de­
vices and systems; in TV technology, especially as 
applicable to space flight vehicles; and for digital data 
systems. A mobile RF laboratory ( 300 square feet) 
and a mobile TV laboratory ( 300 square feet) provide 
additional communications capability. 

TELEMETIH GROUMO STATION 
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The Radio Frequency Test Area is a 2400 square-foot 
laboratory located in a remote area of low radio fre­
quency interference. The laboratory includes an an­
echoic chamber ( 33 feet by 33 feet by 120 feet) , three 
outdoor pattern ranges and imp<>dance measuring facil­
ities. A non-reflecting RF en\'ironroent can be used 
year round in conducting measurements and experi­
ments on the properties of antenna systems. Capability 
further provides for recording pattern and polarization 
data from full and reduced scale space vehicle antenna 
systems and measuring the radiation characteristics 
of these systems.

The Radio Frequency Propagation Facility ( 1600 
square feet) atop Green Mountain, approximately 16 
miles from the Laboratory facilities on Redstone Ar­
senal, is a specially located remote receiving station 
in a minimum RF noise interference area. It is 
equipped with a selection of antennas, control equip­
ment, readout consoles and displays, etc. , providing 
capability for both ground propagation and flight ex­

periments and measurements. It is particularly 
equipped to track and receive transmission from ve­
hicles traveling in space. Together with laborato�y 
facilities located on Redston e Arsenal, it is used for 

long baseline RF experiments and measurements. ,. 

ASTRlO[';ICS 



The Airborne Instrumentation Labora ory, 740 square 
feet in area, comprises a varie , of special equipment 
oriented toward instrum ntation de,·elopment on ve­
h.icles or payloads. Included in this special equipment 
are a 10\v frequency linear accel ration table, an os­
cillating rate table, a rate of turn table, a precision 
rotary tilt table, a sinusoidal pressure generator, 
vacuum systems, an amplifier checkout console, a 
microphone calibrator, a photographic instrumentation 
laboratory, a signal conditioning test console, a fre­
quency analysis grou.nd station, a vibration calibration 
system and an interferometer calibration system (to 
20 kHz). 

Capabilities for experimentation and development of 
instrumentation include those involved with radiation· 
monitoring, temperature, fluid behavior, upper at­
mosphere density and composition, pressu.re, vacuum, 
angle of attack, voltage, current, error signals, 
strain, acceleration, vibration, acoustics, signal 
conditioning, automatic checkout, optics and photo­
graphic instrumentation. Also under development are 
ad, a.need instrumentation concepts, hazardous evalua­
tion sensors, fiber optics. vibration measn:rement, 
mosaic photodetectors, TV on film airborne recording 
and playback, and solid state laser illumjnaUoo 

CENTRIFUGE ROOM 

:\ TRIO JCS 
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The Hazardous Operations Laboratory is a specially 
constructed 6600 square-foot facility equipped for 
handling materials of a hazardous nature. The radia­
tion cells have 5-foot thick walls, plug doors, a manip­
u.lator, etc. For handling LN2, LOX and cryogenic 
materials the test cells hav.e special safety instrumen­
tation, e>..--plosion proof electrical wiring, etc. A re­
inforced concrete cell has bullet proof windows for 
high pressure testing. 

-

The laboratory facilities include a high pressure source 
up to 30,000 psi, LOX now test equipment, tempera­
ture chambers, temperature standards, cryostats, a 
neutron generator, an X-ray generator and radiation 
sources. Experimentation and development projects 
dealing with instrumentation for space ve hie] es pertain 
to radiation, cryogenics, high pressure, LN2, LOX 
and LOX flow characteristics. Detection instrumen­
tation under development is for leak and fire detection 
and explosion and for detecti_ng hazardous conditions. 

The Fluid Test Facility is a 4500 square-foot labora­
tory containing flow calibration equipment and a tower 
for a 40-foot high V-tube. The .. acility is used to de­
velop slosh sensor instrumentation am. flow calibra­
tions of instrument unit flowmeters. Fluid behavior 
studies relate to flow, level, slosh, mass, density and 
leakage characteristics. 

ASTRIO�ICS 

The Airborne Motion Picture Support area is 500 square 
feet; it is used for airborne photography and recording. 

TRANSISTOR BETA ANO ICBO MEASUREMENTS 



Electrical Svstems Integration. Four major areas are 
incorporated in this laboratory: 

The General Design Area is responsible for the design 
concept and reliability criteria of integral electrical 
subsystems for multistage launch and space vehicles. 
Coverage includes all electrical assemblies and sub­
systems as well as the complele electrical ground 
support equipment required for lest checkout and 
launch. These electrical systems and equipment are 
designed, developed, tested and evaluated by the lab­
oratory. Total working area is 24,000 square feet. 

DIFFUSIOM AND PHOTO MASKING OF A MICROCIRCUIT 

.\STR 10;-.;1cs 

The Saturn IB Systems Development Facility is 6500 
square feet in dimension with computers and simula­
tion equipment. Facilities enable sjmulation of the

complete vehicle and ground support equipment for 
Sa.turn IBvehicles. Launch programs can be developed 
and aulomatic checkout is provided for design or design 
changes in the system. 

The Sa.turn V Systems Development Facility, also com­
prising 6500 square feet of area, has equipment simi­
lar to that of the Saturn IB facility, but applicable to 
the Saturn V vehicles. 

Electrical Support Equipment Checkout Facilities, in­
corporating a total of 35,000 square feet, contain a 
full complement of computers and checkout equipment 
including a digital events evaluator, an automatic panel 
cneckout machine, automatic circuit testers, simula­
tion equipment, etc. The facilities are used for check­
out and acceptance of Saturn !Band Saturn V electrical 
support equipment. 
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Electro-:Mechar-ical Engineering. The General Design 
Area encompasses 11,000 square feet and provides the 
capability for research, development and design engi­
neering of mecllanical and electro-mechanical com­
ponents, sub-systems, systems, simulators and en­
vironmental test facilities. Design engineering is per­
formed in electronic packaging, test devices and 
special assignments in space tee hnology. Detailed 
documental;ion for items assigned can be prepared, 
including test procedures associated with test fixtures, 

devices and details. 

VACUUM CHAMBER 

AS'fRIO�ICS 

Flight ]),,·namks Simulation. Both analog and digital 
computer sy sterns as well as simulation equipment are 
contained in the 12,000 square-foot facility. The lab­
oratory is utilized for the design and verification of 
guidance and control systems and is capable of hybrid, 
analog and digital simulation. Interfaces are provided 
for incorporation of flight and flight type guidance and 
control hardware. 

S-IVB AND S-11 INERTIA SIMULATOR 



PROPCLSION AND VEHICLE ENGI:'JEERING 

The facilities and equipment of the Propulsion and 

Vehicle Engineering Laboratory provide capability for 

research, development, and test in the fields of struc­
tures, mechanics, prupulsion and materials as applied 

to launch and space vehicles and their payloads. The 

complex includes equipment for providing a variety of 

test environments, chemical and photographic analy­
sis, heat transfer study, structural testing, flow test­

ing, dynamic testing, radiation exposure and analysis, 

etc. 

• I 
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Static Load Testing. The Static Test Tower in Build­
ing 4619 has a test floor area 86. 5 feet by 48. 5 feet 
with anchor plates. The tower can accommodate 
specimens 35 feet high and 21. 5 feet in diameter. 
Small tensile test machines have capability up to

400,000 pounds. Two ·10-ton cranes are 42 feet bigh; 
one 20-ton crane is 80 feet high. 

The Load Test Annex ( LTA) 15,000 square feet in

area, accommodates a static test tower with cross­
head height of 115 feet and 30 million pound capacity. 
The tower can accept a preassembled article of 54-
foot diameter or an article 65 feet in diameter if it is 
assembled in the to\\er. Two 30-ton bridge cranes 
have a hook clearance up to 106 feet. 

The LTA Extension building comprises a total area of 
37, 587 square feet. Included in this addition is a high 
bay section of 19,900 square feet with anchor plates 
and two 20-ton cranes with 80-foot hook height. A 
universal test machine has a 3 million-pound capa­
bility. There are 2 test pads external to the building; 
One is 42 feet by 42 feet; the other ia52. feet by 52 feet 

and has dead man anchors. 

The Data Acquisition/Processing Sy&tem consis!-.s of 
2 GE 235 computers together \\ ith a: Master Control 
Program. The computer system, serving BuitditJlr 
4619, LTA and its extension, and outside test pads, is 
comprised of four lKC subsystems capable of sampling 
a maximum of 3072 transducers in a single scan; total 

capacity is 8000. The multiplex Master Control Pro­
gram permits concurrent testing.

PROPl"LSIO� :\�D VEHICLE 
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Vibration Testing. Over 20 vibralion exciters of var­
ious types and capabilities �xist within the laboratory. 
This number consists of small shakers for system 
calibration; long-stroke electrodynarn ic, long-stroke 
hydraulic, 8000 force-pound shakers; and one large 
2 , 000 force pound shaker for cumponent testing. The 
electronic control equipment is available to perform 
sine and random tests. Tests requiring single or mul-

tiple shakers can be pt:rformed as well as combined 
elevated temperature-vibration testing. The neces­
sary electromc analysis equipment is available t.o per­
form almost any type of vibration analysis desired. 

A dynamic test trailer b used a:, a test-control and 
data acquisition facility for cumplete vehicle dynamic• 
tests. The trailer contains consoles which control 
either a 1500-pound or two 500-pound electrodynamic 
shakers through a frequency range of O to 3000 cps, 
an oscillator for controlling test frequencies, an os­
cilloscope for displaying data frurn any one of 100 ac­

celerometer channels, a SO-channel oscillograph pro­
viding direct readout from accelerometers and a digi­
tal converter for producing complete data tapes. There 
is a low frequency amplifier capable of producing 40 
KVA with the following combinations, all at 0. 1 to 30 
cycles per second: 

PROPLLSJO:'\ .\;\;D VEHICLE 

E\:GI �EERI\:G 

RECORDER ROOM FOR TEST DATA 
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2 model 350 shakers (± 2-inch displacement) 
@ 10,000 pounds 

or 1 model 350 shaker iii. to, 000 pounds 

or 2 model 310 shakers (= 0. 5-inch displace­
ment) @ 5, 000 pounds 

or 1 model 310 shaker IQ. 10,000 pounds._ 

There is a high frequency amplifier capable C1f pro­
ducing 20KVA with the same combination:s, all at 20 
to 2500 cycles per second; it also can handle one model 
310 shaker@; 40,000 pounds. 

A completely equipped impedance trailer is available 
for performing impedance tests on full scale and scale 
model vehicle structure. Graphic displays of force, 
acceleration, impedance, phase angle. transmissibil­
ity and power spectral density are quickly obtaiD.ed. 
This system has the capability of tape recording test 
data and immediately processingthe da.ta after the test 
is performed. Up to 60 channels of phase accurate 
data can be recorded du ring one test where t.he desired 
data is below 4000 Hz. 

PR< )PU LSIO:'\ \ >JO VEI 1 ICLE 
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Shock and Acceleration Testing. Limited shock test­
ing can be performed on certain shakers by use of an 
available wave form synthesizer. In addition, there 
is a drop test shock machine, with a 3-foot by 3-foot 
table of 1000 pound capacity, a pneumatic shock test 
machine of 100,000 pound capacity and a small pneu­
matic shock machine capable of testing components up 

150 pounds with terminal velocities up to 300 inches 
per second. A centrif uge of 8-foot radius of gyration 
can provide accelerations of 100 g ma.ximum on 500 
pounds per arm. 

CUTAWAY OF ION ACCELERATOR 

PROPL1LSIO:---: A:\JD VEHICLE 

E�GINEERING 

SYMT11ESIS OF ORGANIC POLYMERS 

Acoustic Testing. There is a 4846 cubic-foot rever­
berant room and an anechoic room of approximately 

1500 cubic feet. A test section between these rooms 
will accept panels up to 6 feet square for sound trans­
mission studies. Grazing incidence tests on 5-foot by 
5-foot panels can be performed in a progressive wave

test section. The major random noise source provides
40,000 acoustic watts (166 lb. pwl 10- 12 watts) to the
reverberant room. Maximum continuous test time is
30 minutes at maximum power. At lower power levels
the test time is extended. Closed circuit television is
a\·ailable for instrumentation coverage for the acoustic
test areas as well as Ll-ie vibration areas.
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Computation. Computations can be performed un an 
IB\1 1620 cum put.er system \\ hose capacity is 60,000 
BCD digits and an SOS !.130 computer system with 4 
mag-pack unit� (28 million character capacity) and 
8000 words (core) of storage. These systems, in­
cluding Lhdr support equipment, provLd8 capability to 
sort microfilm on test me:i.::,urement analysis, develop 
dynamics �nd load::, calculations anJ make stress or 
!Qads analysh of structures. They are also U.SL!d for
\':J..rious tests :ind sptcial projects in the vibratiun and
acoustic areas.

High Temperature Testing. There are two systems 
for providing powe:r LO ban.ks of radiant heating ele­
ments which are built into special reflector confi1,'Ura­
tions for each test ;:;ctup. ThL• upper limits uf control 
in temperature ru:e 1000 ° c and in heat-ilux, 100 
Btu.'ft2/ sec. 0 :e system ha.s 300(1 KVA divided in.tD 
G channels for power c:untroi with 4 pnwer outlets for 
each cha.ruwl. The entire system is analog-controlled 
and analog-recorded. The other system has 3750 KVA 
divided into 18 channels for power contrul with multi­
ple 1X>wer outlets for eac.:h channel This sysc.em in­
clud1::s a highly flexible contrul and recording scheme 
whereby the data acquisition and processing system

described under ''Static Load Testing" can be used to 
compute and tabulate results. 

PROPl.LSIO\i .'\\:D VEHICLE 
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Hvdraulic Research, Development and Test. Floor 
area devoted to this activity is 25,000 square feet. 
Operations utilize a clean room of Class Ill quality, 
600 square feet in area, for proce:::,sing of flight test 
components and systems. Four hydraulic fluid and 
RP1 flow stands have capacity up to 400 gallo ns per 
minute and 5000 psi. A hydraulic impulse of 0 to' 400 
psig in 15 milliseconds can be provided on an impulse 
test stand. The pump test stand has a capacity of 100 
HP and 30,000 RPM. The engine gimbal test stands 
can accomodate gimballing equipme nt up to the size 
required for F-1. 

Heal Transfer. Studies performed in test stands em­
pl9y scaled down models to investigate beat transfer 
in  propellant systems and in two-phase flow systems 
(liquid-vapor), insulation schemes for cryogenic tanks 
a nd calorimeter development for beat radiation meas­
urements. Existing capability allows for investigation 
of present problems, but models and facilities can 
easily be modi.fied as required. 

PROPl'LSIO� .\�D \'El I rcr ,E 
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Environmental Chambers. Two space simulation 
chambers, each of 75 cubic-foot volume can attain a 
vacuum of 10-1 Torr and temperature of ±800° F. A

walk-in high-altitude chamber, 560 cubic feet in vol­
ume, has a 1 Torr pressure capability and a tempera-

ture range from -100° F to + 350• F. The vacuum, 
temperature, humidity chamber is 8 cubic feet in vol­
ume and can maintain a 1 Torr vacuum at -300° F to 
+ 600° F temperature with a O to 100 relative humid­
ity. The temperature chamber, 27 cubic feet in vol­
ume, has capability of -300°F to +600° F. A 112 cubic­
inch vacuum furnace provides temperatures up to
2760° C at pressures down to 10-G Torr. The 75 cubic­
foot explosion chamber provides selected initial pres­
sures of from 1 Torr to 60 psi.

Cryogenics. For cryogenic studies a LOX-LH2 high 
pressure test stand has a working pressure up to 1000 
psi and a capacity of 150 pounds of LOX or LH2• LN2 
test stands have a dewar capacity up to 40 tons. 

Fluid Mechanics. Flow test stands provide for studies 
of vortex, terminal drainage, surge pressure, strati­
fication, bubble dynamics and gysering in turbulent 
fluid flow. Metal and plexiglass tanks cao be prero­
lated, pressurized, drained and vibrated. Model 
studies are cooducted as well as similarity and two­
phase flow investigations. 

PROPl.LSJO� .-\'.'\'D VEHICLE 

E'.'..(il �EERl:-,..;G 

ENVIRONMENTAL CHAMBER FOR VIBRATION TABLE 



Data Acquisition and Calibration. ln addition to the 
data acquisition and calibration equipment already 
mentioned there is a 2200 square-foot Recorder and

Evaluation room containing 80 strip chart recorders, 
3 v isicorder s, 6 osc illographs, 3 digital recording 
systems ( 25 channels each), 1 digilal recording sys­
tem ( 100 channels), 2 ta.pt: recorders, 2 oscillograph 
trace readers, 2 X-Y data plotters, as well as oscil­
loscopes, cameras, power supplies, calibration equip­
ment and electrical support equipment. 

Pneumatic and General Test. Facilities consist of 
high pressure test cells, zero leakage testing equip­
ment occupying 400 square feet and miscellaneous fa­

cilities for testing of valves, regulators, pressure 
switches, ejection systems, etc. There are a total of 
8 pressure test cells comprising G40 square feet of 
floor area. All are connected to an air pressure source 
of 3000 psi and GN2 source of 5000 psi. 

PROPl"LS!OJ\ \>.'D \l.HICLE 
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Materials Development, Evaluation, and Fabrication. 
Floor area devoted to laborati>ry activity in the ma­
terials research and development field is approxi­
mately 23,000 square feet. An additional 4000 square 

foet contains a completely equipped machine shop to 
produce small detailed parts when necessary and 
otJ1erwbc: support the development activities. Labora­
tory support also exists in a capability for filameru. 
\\'inding components up to 12 inches diameter by 20 
inches long and for vapor deposition of coatings (in­
cluding refractory m:nerials) to bot.b metallic and 
non-metallic substrates up to 25 S(luare inches in size. 

1\velve ,·acuum systems and associated small cham­
bers are used to determine compatibility of materials 
with combined vacuum and temperature environments 
of 1 atmosphere to 10-Jo Torr and -200° C to+ 500° C. 

Radiation effects on the useful properties ( mechanical 
strength, physical properties, and chemical proper­
ties) of materials, especially when combwed with. 
other environmental parameter� such as ,temperature 
and vacuum, are rnvestigated rn a 2400 square-foot 
area. A 2 MEV Van de Graaff accelerator and radio­
isotopic, ultrav wlet :llld X-ray sources are employed. 

PROl'l LSI<>� .\:'\IJ \'El I !CLE 

E\. C, I� LU� I'\(; 

A complete spectrum of non-dt:sLructive testing equip­
ment is contained in a laboratory ar ea of 4000 square 
feet. The facility carries out feasiLility studies and 
development programs of techniques for nondestructive 
determination of proper lies and structural integrity of 
materials and components. These methods utilize 
X-rays, isotopes, ultrasonic techniques. infrared
radiation, eddy current and magnetic particles.

X-RAY EXAMINATION OF A HEAT EXCHANGER



An 800 square-foot area is equipped to determine the 
effects of hypenelocity impact vn materials. The ve­
locity range is 20,000 to 100,000 feet per second for 
particles witb 'mass beh,:een 0. 0005 and 0. 5 gram. 
Methods are determined for minimizing the detrimen­
tal effects of hyper9'elocity impact. 

Equipment for complete evaluation of electrical ma­
terials is located with in a 1200 square-loot area. These 
evaluations involve determination of such properties 
as dielectric strength, dielectric constant, dissipation 
factor and conductivity. Temperature and pressure 
environments that c:an be provided range from -253° C 
to +300° C and 10- 10 Torr to 1 atmosphere. 

There is capability for evaluation and/ or development 
of lubricants for both low and very high b!,!aring Loads 
under a variety of operating conditions including space 
environments. 

Mechanical and physical testing occupies 2500 square 
feet of floor space. Equipment exists for measuring 
all important mechanical and physical properties of 
materials from -269 ° C to temperatures in excess of 
1000° c.
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RUBBER ANO PLASTICS TECHNOLOGY 

Fully equipped labvralories are available to develop 

and 1::valuate manufacturing processes required to ob­

tain specified materials properties and to adapt ma­

terials for use under extreme environments and per ­

formance requirements. Rubber, plastic, metal, 

ceramic and composite materials are involved. Floor 

space assigned to va.rious technical areas is as follows: 

Rubber and Plastics 

Laboratory, 2000 square feet 

Developmental 

Foundry, 1800 square feet 

Developmental Welding 

Laboratory, 2500 square feet 

Heat Treating 

Laboratory, 1000 square feet 

Electroplating 

Laboratory• 700 square feet 

Ceramics Laboratory, 1500 square feet. 



\1A:\uFACTL
1
RI�G E!\GINEERING 

Manufacturing Engineering Laboratory has large fabri­

cation and assembly high bay areas and associated 

cranes, large access doors, machine shops, clean 

rooms, and specialized equipment necessary for pro­

ducing and refurbishing prototypes of large aerospace 

hardwar0 systems. It includes equipment for research 

and de,·elopme.nt in advanc.:ed manufacturing tetjmiques, 

met.hods and tooling for structural, surface finish, and 

pressure \·essel applications. 
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High Bav Fabrication and Assembly Space. The following chart summarizes the space in Manufacturing Engi­
neering Laboratory \\·ith 30' or greater truss cl_earance for accommodation of large hardware items. 

Truss 
Clearance 

BuildiM 4705 

Fab/Assem.bly 48'9" 
30' 

tBuilding S-4755 

Assembly 86' 

45' 

Building 4707 

Composite Structure 34' 0" 
Fabrication 34 1 0" 

Vertical Assembly/ 151' 

Cleaning 

Cranes 
No. & Tons 

2-10
1-5

2-90.
1-20

1-7.5 

2-20

1-60

Hook Ht. 

35'3" 
22'11" 

70' 

35'

. 25' 
25'

140' 

Sq. Ft.

45, 200·� 
B, ooo* * 

45, ooo* *

8. 000* *

15,000 
38,000 

7,600 

* 

** 
Capability of temporar y environmental control of specific portions by use of curtalns and portable A/C. 
Environmental control. 
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SOUTH BAY OF ASSEMBLY BUILDING '755 HYDROSTATIC TEST TOWER IN BUILDING 4.701 
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!\Iachin and, 1odcl Shop. This shop, encompassing a 
35, 00 square-foot ar�a. i capable of both general 
machine shop function a \Yell as pccia operations. 
A Clas Ien\"ir nmenta' oun, 5100 square f et, con­
tainsaprecisionm dd shuµ with a apabtlity of work­
ing to tolerance u . 00 1 inches. In :,ddition to the 
tandard lath s milling machin , planers, radial 

drills, grinders tc., the shop cont.am the following 
quipment: 

• numerically controllcd machin s

• six-position turr t drill

• \'erticeJ. die mill ( l G inch by 24 inches)

• horizontal di mill ( 4' inches b 120 inches)

• machine lathe ( 1 -1 inch by 9 inche )

• kin mill ( with table 12 feet/3 inchc by 36
feel)

• \'ertical boring m Ul ( 12 feet)

• radw drill ( feet}

• engine lathe ( 34 1 /2 inches by 132 inches)

• plan r ( 6 feet by 14 feet)

\1. . ·LrAC
r

r'l .Rl�G 

E. ·c1�EERl\.!G

MACHINE SHOP IN BUILDING ,005 



\IA'.\:l'E-\CTl.Rl�G 

E�Gl�EERING 

lS.000-JOULE PORTABLE POWER SUPPLY 

Tube Cleaning. The facility has a Class IV clean room 
equipped ,Yith solution tanks of 30-gallon capacity. 
Automatic process control consoles are employed as 
well as equipment for ultrasonic cleaning, vapor de­
greasing, vacuum drying and packaging. Aluminum, 
stainless steel and Hastelloy tubes up to 3 inches in 
diameter and 60 feet in length can be cleaned. Clean­
liness is evaluated by particle count. The cleaning 
area is 4000 square feet. 

YaJn:: Clinic. A Class III clr·:.rn room includes a re­
ceiving - disassembly room, assembly room and pack­
aging area, all equipped witll \'.Vhitfield benches of Class 
IV clean room specifications. An eYaluation labora­
tory, change room and air locks are part of the clinic; 
3000 psi clean air, nitrogen and helium are supplied. 

The clinic is capable of disassembly, inspection, re­
pair, modification, cleaning-, cold check pressure and 
flow testing to 50 scfm., evaluation of valves and simi­
lar subassemblies and packagi�g these to 40 cubic-inch 
eny elope size. 

ASSEMBLY AREA OF BUILDING �705 
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Surface Treatment. The area involved is 23, 500 square 
feet and includes 

• 23 cl Paning tanks ( 5 feet by 2 4 f :,,et b l O feet)

• 2 trichlorethylenc\·aporcl aners ( 5 f et by 24
feet by 10 feet)

• 2 drying oyens ( 5 feet by 24 f et by 10 fe t) 

• paint booth ( 20 feet b) 60 feet)

• 0 cleaning and electroplating tanks ( 3 1/2 feet
by 3 1/2 feet by 3 1/2 feet)

which enable high standard chemi.cal and mechanical 
cleaning, electro - polishin�, painting, anodizing, 
chemical milling, pickling, passivating and metal 
plating. 

An instrument surface finish room with 1 � plating units 
ha a capability for developing proce ses in nickel, 
copper silver, rhodium, chrome, anodized, black 
oxid and electro-polished finishes. 

letal Fanning and Fabrication. The equipment in this 
15, L100 _qua re foot area has complete capability for 
f orminr,- and joining large pieces of sheet metal. Stain­
less teel IJigh alloy plates up to 120 inch widths and 
3/ inch thickness re procc. ·ed. Equipment includes 
a 10-ton cran with 35-foot hook height as well as roll 
forming machine..,, hrake , automatic and manual 
\.Velding equipment, flame cutting equipment and radio­
graphic inspection equipment. 

LARGE TAt-lK AREA IN SURFACE TREATING FACILITY 



Comoo�ite Structure Fabrication. This function oc­
cupies a high bay area of 53, 000 square feet. Three 
lay up rooms are enY ironmentally controlled. Cleaning 
tanks, spray booth, pre-fit lay up tables, honeycomb 
expander, rolls, drills and saws are utilized. The 20-
ton and 7. 5-ton crane service have a hook height of 25 
feet. A drying oven beats to 250° F. 

There are two autoclaves: The larger ( 16-foot diam­
eterby 32 feet) has a maximum temperature of 7so•F, 
maximum pressure of 110 psi and minimum pressure ai 
25 Torr. The smaller (10-foot diameter by 14feet)

has 250° F maximum temperab.lre; pressure range is 
from 30 Torr to 150 psi. 

Composite structure panels ca n be fabricated in steel, 
steel alloys, or aluminum either in flatplatesor ct.rrVed 
shapes up to 1G feet wide, 30 feet long and any- p:ractical 
thickness. 

\1A\:UFAC1�L'RI�G 

E�GI\:EERING 

AUTOCLAVE IN BUILDING ,107 
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Welding DeYelopment. The laboratory has proYisions 
for conventional and electron beam welding in addition 
to its plasma arc and induction brazing equipment. The 
area, including high Yacuum welding chambers, is 
12,800 square feet. Basic and applied research and 
development is conducted as related to the fabrication 
of stainless steel alloys, aluminum, ''exotic" alloys 
and refractory metals. 

SHEET METAL FABRICATION SHOP IN BUILDING 4707 

\1/\\:LFACTl"RING 

ENGl!\EERI:\lG 

Material E\'aluation. Scope of capability includes met­
allurgical analysis and testing and evaluation of ma­
terial sµecimens including composite structures. Op­
erations utilize tensile, compression, fatigue,bardness 
and creep test equipment; film processing and X-ray 
equipment; a micro-electron probe spectrograph; and a 
metallograph. Floor area is 4270 square.feet. 

SCHLIEREN APPLICATION SYSTEM 



Proce 
12,000 

Floor area is 
feet. The l:iboratory i d signed for 

deyelopment and te ting of new µroce · es, techniques, 
mechanical manufacturing d \'ic s and materi· ls a 
related to fabrication and a s mbly. 

Examples of specific work areas are 

• 

• 

• 

• 

• 

• 

• 

xplosive forming 

corrosion control 

composite tructure fabrication 

pla tics and adhesiv 

heat treating 

mechanical connections 

new material application 

Equipment for these functions include temperature­
controlled forming presses; a tempering induction 
furnace with temperature ,·ariance from 2500 ° F to 
3000 ° F; beryllium machining quipm nt; prec1s10n 
measuring Instruments such as u Talyrond profilom­
eter, Il-JDI-RO and sbadowgraph; a Royco particle 
nephelometer- a sp ctrophotom t r; gas chromato­
graph; and a sterilization facility. 

\IA. 'l'FAC'Tl RL .G 

E: 'GI. . ERl1 G 

ULTRA HIGH VACUUM RESIDUAL GAS ANALYZER 
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E .. GJ. 'EERI G 

Electronics Development. Research and development 
-is conducted in the app�ication of electronics, electro­
mechanics and physics to the following areas as they
relate to fabrication and assembl · processes:

• physical and thermal measurement

magnetic and electro-hydraulic forming

• infrared photography

• laser technology

• instrument development

Th laboratory en-compasses in a 12,000 square-foot 
work ar a, high intensity magnetic forming coils, com­
puters, electronic monitors, X-ray ' Vidicon " fiber 

optics, closed circuit TV, quipmentfor acuum meas­
urements and calibrations, ultra-high speed Laser• 
cameras and a 240,000 Joule capacitor bank. 



QUALITY A. D RELIABILITY ASSURA CE 

The Quality and Reliability A surance Laboratory has 
the quipment and facilities to perform the following 

functions. 

To e blish, supervi and maintain a com­

prehensive quality and reliability assurance 

program for launch vehicle systems and ma­

t rial during the developm ntal, manufacturing 
and assembly phases and to as ure that ma­

t rial accepted meets established quality and 

reliability levels. 

To perform analysis, tests and checkout of 
launch vehicle systems, their subsystems, 
components and related support equipment to 
assur satisfactory performance under the con­
ditions and purposes for which designed. 

To de elop and apply techniques in quality and 

reliability engineering necessary to ensure the 
quality and reliability of space vehicle parts, 

·components and systems.

To pro ide a compo ite quality and reliability 
assurance technical capability in depth, which 

will nsure the technical adequacy and perform­
ance of inc.ustry in the manufacture, delivery, 
test and launch of space vehlcles. 
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Ql' . .\LI'fY .-\,D RELIABILITY .\SSL R:\:\:CE 

High Bav Space. The following chart summarizes the space in Quality and Relhbility A ssu.rance Laboratory with 
truss and crane clearance greater than 30 feet for accommodation of large hardware items. 

Truss Cranes 
Building Clearance No. & Tons Hook Hf. 

4708* 43' 9" 2 - 10 33' 9" 

4708* *
( Pressure Cell) 35' None 

4752* * * 65' 1- 20 53' 

4705* * • * 35' None 

* High Bay Doors 92' 11 '' wide and 43' 9" high. Floor capacity 2000 lb/ft2.
* * Door 32' wide and 3.6' high at east end.
* * * Doors 60' wide and 65' high at each end. Floor capacity 2000 lb/ft'.
* * * * Door 32' 5" wide and 34' 11. 5" high at west end of area.

Sq. Ft. 

51,700 

7,800 

21,700 

7,722 



CONTROL ROOM, PERFORMANCE TEST COMTROL 

, 

QL. LITY· .. ·o

RELJABILI'fY 

.- SSl 'RA. ·r.E 

Dimen. ional .Laboratory. Calibration tests are per­
fonn ·d for length, threads, uptic., angles, r undness, 
hardne s and flatness. Dim ·nsion a.re traceable to 

pecification of the Bureau of Standards thr ugh gage 
blocks certified t a [ w millionths of an inch. The area 
involved is 1000 quar feet and a tempera b.lre of 6 ° 
F - t O is maintained. 

• Int rnal comparator has an internal range from
125 to 10 inches; external range is 9 inches.

Aulo-eollimator has an accuracy of± 1 second
within a range up to 100 seconds for surface
plates.

Clinometer ran e is 0 to 360 ° and accuracy is 
1 second of an arc. 

Contour projectors for calibration of threads, 
:-traight and tapered are accurate to 2 min­
utes in a rang up to 80 to 1. 

61 



G2 

Ph\' sic:.tl Lai·•orator,. This laboratory occupi<:s lG0U 

squ::u-e feet. Temper�ture and humidity are maintain�d 

at 73 ° F ± 2• and 50 percL.,nt respcctindy. High pres­

sure gas and vacuum arc provid<'d and C<.;rtification for 

pressure me:isurenwnt is based on high accuracy dead 

\\'eight standards up to -i0,000 psi. Facilities include 

a mobile field calibration unit, mass rhree mettler 

balances \\"ith o ro 1000 gm range and 1 x 1 o-
6 gm res­

olution, torque calibrators with a O - 4000 ft/lb range 

and a force accelerometer c:�llibrator co\'cring a range 

up lo 100 G and 10 kHz frequency with ± . 2 percent 

peak accuracy. 

NAVIGATION SYSTEM TEST STATION 

Ql'_\LITY .-\'\D REl.l:\BILlTY .\SSl'R .- \:'\CE 

Elt'clric:al, Elec-tronics Laboraton. Calibrati ons are 

conductc:d in voltage, resistance, current and fre­

quency. A virtual]�· complete secondary calibration is 

possHJ!e from de lo radio frequencies including rnicro­

\\'U\'e frequencies to 18 GHz. An RFscreen room, 192 

square fcet inar�:i., provides 60 dB attenuation for RF 

measurements. 

Total laboratory area is 2500 square feet. A voltage 

standard is maintained by two banks of saturated stand­

ard cells i.n constant temperature air baths. Resist­

ance standards are kept immersed in a thermally reg­

ulated oil bath. Sta ndards for current are derived 

from theresistanceandvoltagestandards. A thermo­

couple element, certified against a de reference volt­

age, provides traceability in ac voltage and current. 



The Environmental Test Laboratory. This laboratory 
occupies 11, 590 square feet \vith 7722 square feet of 
high bzy space and contains both force application and 
environmental equipment to perform qualification tests 
on flight components. Specific capabilities of the pri­
mary equipment are listed below. 

• 

Vibration testing - tbt' installation has a force 
table rated at 5000 pounds and driven by a 50 
J..,v amplifier. The table permits 0, 5 inch 
double displacement at 5 Hz and can acceler­
ate 25-pound specimens to 50 G at 200 Hz. 
Maximum rating is 30 G. 

Centrifugal acceleration - of the three centri­
fuges, the largest has a gyration raditts of 18 
feet and ·can accelerate a 300-pound mass to 
100 G; the c-159 centrifuge is rated at 75 
G/load rating of 2000 pounds; the smallest is 
capaple of accelerations up to 800 G and is 
rated at 1000 pounds. 

Mechanical shock - a 3-inch Consolidated 
Electrody namics Hyge Shock test machine 
can produce a shock of variable magnitude up 
to 8000 pounds force; the wave can be altered. 

Support e·quipment - a full complement of sup­
port equipment is provided to achieve flexi­
bility and develop the full potential of the 
basic fixed equipment. This includes meas­

urement and data recording devices, power 
supplies, special camera, etc. 

OLALITY :\,D RELI:\I3lL11'Y ASSLRA:'-,;CE .... 

Environmental Chambers -1\velve cham bers 
ranging in size up to 35 cubic-foot test volume 
can expose specimens to a variety of ex'treme 
environments. These include pressure to 
20,000 psi, vacuum to 5 x 10-' Torr, tem­
perature from -300° F to+ 535.F, humidity, 
salt spray and exp] osion. Combined environ­
ments that can be produced in a controlled 
manner are altitude-temperature-humidity, 
altitude -explosion, salt spray-temperature 
and vibration-temperature. 

COMPOMEtH CLEANING FACILITY 
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OthL'r capabilities for comprrnent evaluation, mdhods 
de\·elopments, serdcing and support of the Quality 
::rnd Reliability Assurance function arc as fol km s: 

For pneumatic and h�·draulic engine component im•cs­
tigations a Cl:.iss 'n clean room of 1540 square feet 
with a 5606 hyd1·aulic nil :;taJ1d is employed. Com­
ponent failure can be investigated, hydraulic flow me­
ters calibrated :md conl�ination control evaluated. 
The st.:rnd can accommodate up to 400 gallons of oil 
and operating pressures up to 4000 psi. 

A Class IIJ-IV clean room of 560 squo.re feet has pro­
visions for complete evaluation of filters with abilit y 
for cl eaning and checking contamination of parts. A 
Class ID clean room, 680 square feet in area, has a 
3000-ps iair and nitrogen supply for complete analysis 
and detection of hydro-carbon material. 

The facility for evaluation and deYe lopment of advanced 
test and checkout methcx:ls contains 2000 square fe.et, 
has a 3000-psi air and nitrogen supply, and is equipped 
1\·ith a vacuum chamber 12 feer in diameter and Hi feet 
long. The chamber can be evacuated Lo 10-5 Torr.

The Chemical Laboratory performs surface treatment 
operations, bonding processes 3.11d platings and tests 
gases. Air, gas, vacuum and nitrogen are supplied to 
work benches. Equipment includes an electric muffler 
furnace, pyrometer, infrared equipment and fume 
hoods. 

Ql "ALIT'Y .\\;D RELI.\RILI'rY ASSL'R.\;\CE 

The pressure test cell is used for hydraulic and pneu­
matic checkout of the F-1 tngine. The area has 7800 
square feet of high bay. Panels and consoles are used 
in engine checkout; walls can withstand 3000 pound 
nitrogen and air blast. R..J 1 console capability is up 
to 300 gallons flow and 3000 psi. 

HIGH BAY AREA IN VEHICLE INSPECTION HANGAR 



The Hydraulic Pumping Station occupies 660 square 

feet, including the pump room motor control cent.er 

and fuel storage. Specially designed stainless steel 

tubi11g and fittings convey oil up to 3000 psi pressure 
to the pressure testce1l and to the stage under check­

out. Capacity is 300 gallons. 

The S-1C Checkout Station is composed of 24,000 
square feet of high bay area and a two-story structure 

housingmechanical and e]ectrical checkout equipment. 
It provides for the complete checkout of the Saturn V 

S-IC stage including computer operations. The entire
area is enclosed by a blast screen designed for a blast

load of 230 pounds per square foot.

The S-V Breadboard Facility , alsoa  two-story struc­

ture contains 3000 square feet on each floor. Both 
' . . 

Launch Control Center and Launch Umbilical Tower 
equipment are housed. An additional 10, 000-foot high 

bay area is aJlocated for stage simulators and mock­

ups. 

The Equipmt:nt Handling and Welding Area occupies 

7100 square feet of Building 4708 high bay area. Lift­
a-lofts, tow motors, loaders and .hy sters are used to 

handle equipment such as computers, racks and con­
soles. Necessary welding for assembling vmrk 

benches, panels and miscellaneous items is done with 

electric, oxy-ace and heliarc equipment .• 

QL':\ l XTY A�D 

RELIADILITY 

.\SSURA:':CE 

The ::i.rea for receiving and inspection of electrical and 

electromechanical component parts entails 30,000 

square feet including a high bay area of 21,700 square 
feet. Equipment items included are 

Automatic Diode and Rectifier Test Instru­
ment 

Automatic Zener Diode Test Instrument 

Transistor and Component Test.er 

Relay Test.er 

Comp]ete and thorough testing can be conducted for 

leakage, resistance, polarity, resolution, impedance 
and voltage drop. 

A Mass Spectrometer and Ra.diflo Activation Unit are 
used to detect any internal barrier ·or e.x-ternal wall 

leakage of hermetically sealed parts. The RA unit 
uses a radioactive tracer gas unit, is automatic and 
se lf-<lOntained. 
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A 34-foot diam Ler Cl: 1 ury -Detroit r..L ta.ry Table i 
used for inspection alignment and checkout of large 

components where clos tolerance• nd precision angtt­

lar measurements must be determin d. It has a...•dal 

ecc ntridty total indicator r ading in inches and . 0005 

planar wobble of= one-half second. 

The Hydrostatic Line and alve Test·ng ornplex is 

5000 square feet in ar a. The overhead indu trial 

bridge crane has a 5-ton capacity. Vah- s and piping 

can b" test d under extreme pressures. The pneu.matic 

components test tand has a pres ure range of 3200 to 

10,000 psi; a fue test panel operates up to 2 00 psi 

with flow rat of 19 gpm; two u r
2 test tov,:ers with a

fuel control panel operate at 150 and 250 psi a. A vac­
uum dry oven, 3 feet in diameter by 12 feet, operates 

at • 5 psia and 160 ° F.

,·. 

QL".\Lll Y :\\;O RFLl:\BlLSfY ASSURA:'\;CE 

TELE/ll.E.TRY GROUND STATION 



TEST LABORATORY 

The Test Laboratory has facilities for performing 
research, experimental and developmental testing pro­

grams of launch vehicla stages, their systems, com­

ponents, and ground support equipment. 

These facilities include a number of vertical stage 
static firing test stands, several single engine test 

stands. ground support equipment test and checkout 

facilities, full scale vehicle dynamic test stands, 
blockhouse control and measuring centers, model 
engine and component test stands and cells, industrial 
water reservoirs and pumping facilities, an instrument 
de\'elopment shop, a test support shop, high pressure 
gas generating plants, high pressure gas storage and 
distribution systems, cryogenic and propellant storage 

and distribution systems and large stage land trans­

porters. 
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Sta.,;e or Er,�ine St:ttic Testing. The vertical S-IC 
Static Test St:rnd is 405 foet in height, including the 
derrick boom and superstructure; the superstructure 
is 267 feet high and 162 square feet at the base. The 
foundation of the stand is keyed into bedrock approxi­
mately 45 feet below grade. 

Capability is provided for static firing 7. 5 million 
pound thrust stagts for 150 seconds duration. With 
modifications the stand could accommodate stages l 70 
feet long and 40 feet in diameter with thrust up to 12.0 
million pounds. 

Incorporated into the test stand complex are the follow­
ing facilities: a 200-ton overhead derrick and 150-ton 
lower derrick, a water cooled deflector with 320, 000-
gpm flow rate, 450, 000-gallon _ LOX storage and 
312, 000-gallon RPl storage, 10, 000-gpm LOX flow 
rate to stand and 2000-gpm RP1 flow rate- to stand, 
5000-psi GN2 ( 6250 cubic feet) and GHe ( 2500 cubic
feet) ser,ice, analog Lape units ( 112 channels), oscil­
lograph recorders ( 296 channels}, digital systems 
( 375 channels) and strip chart recorders ( 117 chan­
nels). 

The Interim Test Stand, used for static firing the 
Redstone missile, has a superstructure 65 feet high 
and 225 square feet_ at the base. The stand can static 
fire stages with 100, 000 pounds thrust. Instrumen­
tation includes 66 strip chart recorders, 90 oscillo­
graph channels, 7 analog tape channels, 55 transmis­
sion cables { 934 conductors} and a water cooled flame 
deflector ( 700 gpm flow rate) 

. 

·1-i- .. �·1· I .. \UUR.Yl'ORY

The S-1 Static Test Tower is a two-µosition test stand, 
approximately 175 feet high and GOO square feet at the 
base. The support shop, 0fficc: space and terminal 
room utiliz<.� 13, 3G0 square feet of area. Each position 
of the tower can static fire 1. 6 mill ion pound thrust 
stages or engines utilizing LOX/ kerosene propellants 
and accommodates stages S2 feet long and 22 feet in 
diameter. A 100-ton overhead crane and a 45-ton 
gantry crane serve the facility. Each position has 

water cooled deflect�r - 50, 000-gpm flow rate 

83, 000-gallon LOX storage 

40, 000-gallon RP1 storage 

5000-psi GN2 and GHe service

• 1100 data channels wired into blockhouse

The S-IVB Test Stand is a two-position LOX/hydrogen 
vertical static firing test stand. The superstructure 
of one position is 156 feet high and the other is 88 feet; 
the area of the two stands at the base is 2448 square 
feet. The shop and terminal room adjacent to the stand 
have an area of �3200 square feet. The stand can accept 
stages 60 feet1ung by 22 feet in diameter and can static 
fire 300; 000 pound thrust stag·es or engines for 500 
seconds duration. The superstructure is designed to 
withstand 300, 000 pounds thrust. 



The complex includes a 75-ton O\·erhead derrick, 50-
ton lower derrick, 5G, 000-gallon LOX storage and 

'150, 000-gallon hydrogen storage, 5000-psi GN2, GHe 
and GH 2 serYice, 1400 cubic-foot H20 Yolume, 5000-
psi GH2 storage and a water cooled deflector ( 25, 000-
gpm flow rate). 

The run tanks now on the stand hold 77, 000 gal lons of 
LH2 and 20,000 gallons of LOX. Instrumentation in­
cludes 132 pressure channels,72 temperature channels, 
72 vibration channels and 120 event recorder channels. 

The F-1 Engine Test Stand is a vertical engine static 
firing test stand, 239 feet high and 4560 square feet in 
area at the base. The foundation is keyed into bedrock 
approximately 4-0 feetbelow grade. The shop and ter­
minal room comprise 2652 square feet of area. 

At prnsent the stand can static fire 1. 5 million pound 
thrust RPl and LOX engines for 180 seconds duration 
and with modifications could handle engines or stages 
of 2.5 million poundthrust and diameters up to 33 feet. 
Equipment includes a water cooled deflector with 
135,000-gpm flow rate and 500-psi Gl\2 and He service. 
LOX andfuel are supplied through lines from the S-IC 
Test Stand. 

TE�T I .. \BOR.\T< )RY 

F-1 ENGINE INSTALLER

Th� lI-1 Engine Test Stand has two \·ertical static firing 
engine positions, each approximately 110 feet high; 
base areas arc 480 and 216 square feet. Capability 
pro,·ides for static firing 225,000 pound thrust LOX/RP1 
engines for 150 seconds duration. The stand has a 25-
ton o\·erhead bridge crane, 5000-psi GN2 and GHe 
serdce and a water cooled deflector with 15, 000-gpm 
flow rate. LOX is supplied from S-IVB stand storage 
( 56, 000 gallons) and RPl, from underground lines. 
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'rEST LABOR.\TORY 

The Liquid Hydrogen Familiarization Facility com­

prises a horizoniaJ LOX/hydrogen engine static firing 

test stand with propellant tankage and flo\\" measuring 
equipment. The engine test position has a supersonic 

diffuser, a steam accumulator and a steam eductor. 

The stand can static fire 15, 000 pound thrust LOX/ 

hydrogen engines for 1 SO seconds duration at a simu­
lated altjtude. 

The facility has a 7500-gpm water supply for cooling 

and firing. The fuel tank holds 2000 gallons; the LOX 

tank contains 600 gallons and is supplemented with 
1000 gallons from the LOX trailer for a total of 1600 

g-allons. The instrumentation center contains 110 strip
chart recorders, 60 oscUlograph channels and 19 ana­

log tape channels. The stand has 5000-psi GN2 and

3500-psi air sen·ice; He and GH2 are furnished by 

trailers. 

ACOUSTIC �WDEL TEST FACILITY 

TEST STANO WITH EXPERIMENTAL SOUND SUPPRESS.JR IN PLACE 



F-1 Tur opump Test Facility. The Test Facility BuUd­
in -l:i4 prO\·ides the 3.p3.bility to perform checkoul
calibration, quaJ i.fication, r search and dcveJ opment
tests on the S-IC/F- turbopump and prl)pt:llant feed
systems. The sh ctur, is 3 feet Ly 51 feet in base
and 156 feet high.

The ·as generator driver F-1 turbopump (Block II) 
used b · the facility is attaC"herl to an F-1 bobt:iil engine 
and can be bootslrapped or operated with propellants 
�upplied from auxiliary run tanks. S-IC flight suction 
lines are i1 stalled. S-IC fuel and LOX ::;uction lines, 
separ:ite from those supplying the F-1 turbopump, may 
be utilized to conduct PVC prevalve and suctLon iine 
qualification, ch ck ut and caliurati n tests. 

Tanks i staJ led in th· tructure include 

46, 000-gallon m:iin fuel run (100 psig) 

46, 000-gallun main LOX nm ( 150 psig) 

3000-ga.Uo GG fuel (2200 psig) 

3000-gallon GG LOX ( 1800 psig) 

There are thre LOX storage t;i,nks, each of 28, 000-
u·a I lun apacity anu ;';{) psig n:ssun· ratin , attached
by L · :it clinf;. Approximately ::?20 in trumentation
channel' are available.

F -1 TUR80PlJMP FACll.lTY 
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Cold Calibration Test Facility. The basic structure is 
24 feet by 68 feet at the base with a height of 84 feet. 
The three distinct test sc>ctions of the facility are de­
scribed below. 

TheH-1 TurbopumpTestFacility, located in the south 
side, utilizes a gas generator driven S-IB 200K H-1 
turbopu�to provide capability for performing check­
out, calibration., qualific:ation, research and dev,elop­
ment tests on the S-IB/H-1 turbopump and propellant 
feed systems. 

Thegasgenerator isfedLOXfroma 500-gallon capac­
ity, 3000-psig pressure rated tank; fuel is pumped 
from the F-1 turbopump GG fuel run tank ( reference 
F-1 Turbopump Test Facility). The H-1 turbopump
is mounted on the H -1 bobtail engine with S-IB suction
lines from simulated S-IB tank sumps. The main LOX
and fuel nm tanks are each rated at 10,000 t,;allons and
150 psig. The facility utilizes a 12, 500-gallon, 50-
psig fuel storage tank. The F-1 turbopump LOX stor­
age tanks provide LOX storage for the H-1 turbopump
facility also. There arc: approximately 180 instrumen­
tation channels.

The 40, 000-gpm Flow Bench, located at the north side, 
enablescaHbrations of largeflowmeters in water. The 

tank holds 30, 000 gallon? of water and has 45-psig 
pressure rating. The two water pumps are each rated 
at 2·0,000 gpm andare driven bytwo 800-HP, 4160-volt, 
three-phase motors. 

1'EST LA BORA'TORY 

S-IC STATIC TEST STANO

The TankM ounted Prevalve Test Facility, also located 
at the north side, provides for tests of S-IC LOX tank 
mounted preval\'es under water flow conditions. The 
tank has a 10, 000-gallon capacity at 150 psig. 



'rE.'T LABORATORY 

Saturn IB Dynamic Test Facility. Th· ba i · ·tructure 
of the facility has a base 100 feet by ·o feet and is 204 
feet in height, not including a 50-foot stiff l g· derrick. 
The major facUit) is comprised of four divisions: 

Dynamic Testing 

LOX Slosh T st Facility 

LH2 Slosh Test Facility 

• A11.F Hydraulic Unit

The D) namic Test Facility provides the capability to 
dynamic test the entire Saturn IB vehicle and separate 
flight configurations. Vibration loads can be induced 
in the pitch, yaw, roll or longitudinal ax.is to obtain 
resonance frequencies and bending modes. The main 
derrick has a 75-ton hook with 50-foot radius and a 
10-ton auxiliary hook of 60-foot radius. The jib hoist
can accommodate up to 60 tons.

The LOX Slosh Test Facility is located in the bay of 
the Sa.turn m Dynamic Test Stand. The facility pro­
vides the capability to perform studies in support of 
the S-IC stage in the areas of tank pressurization, pro­
p�llant geysering, LOX stratification, sloshing and 
tanking phenomena. 

The install tion consists of a one-tllird scale battleship 
model of the S-IC LOX tankandfiv LOX suctionlines. 
It is pressurized with gas ous oxygen from an S-3D 
gas gcncr:itor-heat g •nerator sy em. The gas gen­
erator i operat d with propellants upplied from two 
pressure ve s ls, each having a 2 00-gal on capacity 
and 1500-psig rating. 

Sl-1B DYNAMIC TEST STAND AND LOX/1..H
2 

SLOSH 

TEST FACILITY 
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Two H-1 engine heat exchanger:,, in series provide pres­
surant gases. The Slosh Tank has a 23, 000-gallon 
capacity and 60-psig rating and can be oscillated by a 
hydraulic driYe mechanism at a frequency range from 
o. 0 to 0. 7 cps; max.imum displacement is 8 inches
(peak to peak). The LOX storage tank can hold 28,000
gallons and has a 50-psig rating. Approximately 250
instrumentation channels are utilized.

The LI-!2 Slosh Test Facility is located in a 24-foot by 
24-foot base and 96-foot high extension of the Saturn
IB Dynamic Test Stand. The facility provides for LH2
research and development tests in the areas of tank
pressurization, stratification, sloshing, tank phenom­
ena and recirculation in line LH2 pumps and in tank
mounted LH2 pumps. Instrumentation is approxiroate)y
250 channels.

The facility utilizes the same dri\'e m.ecbani.sm and gaa 
generator - heat exchanger system used by the LOX 
Slosh Facility. LH2 is supplied from a 2.000-gallon. 
100-psig tank to the heat exchanger for conversion to
gaseous hydrogen to pressurize the LH2 Slosh Ta:nk.

The Slosh Tank consists of au S-IV battleship with a 
32, 000-gallon capacity, 35-psig LH2 tank and a 9500-
gallon capacity, 45-psig LOX compartment, separated 
by a common bulkhead. The LOX compr.rtment enables 
testing in an elipsoidaJ tank in the studies of tank pres­
surization, stratification, sloshing, recirculation and 
tank phenomena. 

'fEST LABORATORY 

The AMF Hydraulic Unit is capable of supplying hy­
draulic fluids for operation of F-1 engine servoactu­
ators to evaluate their performance, capabilities, 
gimbal properties and endurance. The unit is utilized 
for the calibration of the sern)valve and operation of 
servoa.ctuators on the Sa turn V Dynamic vehicle. Four 
hydraulic pumps are em�loyed, each with a rating of 110 
gpm at 3500 psig. The pumps are driven by two 350-
HP, 4160-volt, 3-pbase electric motors. The unit can 
utilize 5606 hydraulic oil, JP1 or RP1 fluid. 

OVERWATER LAUNCH TEST FACILITY 



'TES'f l.,:\BORATORY 

Saturn V Dynamic Test Facility. This test installation 
consists of a Dynamic Testing Facility with a base area 
98 feet by 98 feet and 360 feet high, excluding the 64-
foot stiff leg derrick. Dynamic tests on the entire 
Saturn V vehicle as well as on separate flight config -

urations are conducted in this facility. Vibration loads 
are induced in the pitch, yaw, roll and longitudinal 
ax.is to obtain resonance frequencies and bending 
modes. The main derrick has a 200-ton hook with 70-
foot radius and an auxiliary 40-ton hook with radius of 
100 feet; the secondary derrick has a 175-ton hook 
with 50-foot radius.

The Low Gravity Test Facility, located in a bay of the 
Dynamic Test Facility, provides a free fall height of 
296 feet with maximum drop weight of 4000 pounds at 
a 25 g deceleration. The test package envelopes used 
are 3 feet in diameter by 4 feet long with a weight of 
400 pounds and deceleration range of 15 to 25 g's. The 
test environment can achieve a maximum of 2. 5 x 10-1 

g down to a minimum of 10-5 g. Studies of low gravity
.fluid mechanics and thermodynamics phenomena are 
performed, calibrations of accelerometers are made 
and flight instrumentation can be subjected to low 
gravity conditions. 

TEST POSITION 500, LOXI\..H
2 

VALVE REPAIR AND ASSEMBLY SHOP 
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E2st Blockhouse. Thi� installation serves as the cen­

tral cbt.'.l acquisitiun ,ind control center for the East 

Test Arca. The floor area is 30, 790 square feet and 

includes 180 stripchart recorder channds, GOO digital 

channels, 660 osd.llograph channels and 1'i9 tapc·re­

corder channds. Thirty-five Easterlinc-Angus, twin, 

40 channel, 28 VDC, inking recorders provide 1400 

channels for event recording. 

Analog Recorders include 6 Easterline Angus, twin, 
4 channel {two 0-24/32 voe and two o-so VDC at 50 

micro amps) recorders which provide a total of 24 

analog channels. 

The Analog Events Recorders include 2 Easterliae 

Angus, twin, 0-150/300/600 VAC (R.\1S} or 0-o0/150/ 

800 VDC and 0-50 MA DC at 50 micro amps with 16 

event channels, providing a total of 4 analog cbaooeJs 

and 32 event channels. 

The Digital Events Evaluator _is a 5 DS 910 computer

with programming and modifications used as a digital 
event recorder. The computer handles 758 channels; 

scan is 4 milliseconds. The unit include& a typewriter, 
magnetic tape, paper tape punch. output and paper tape 

reader input. 

The RCA-110 Digital Computer has paper t.ape inpm/ 

output, typewriter output, magnetic tape input/output, 

relay driver output, DA converter output, AD converter 

input and event input. The capability of the computer 

includes 41C high speed memory, 32K drum memory, 

1008 each discrete inputs and outputs and 2 each DA 
and AD converters. 

ITST l,.\IH)R:\'l'Oln.· 

West Blockhouse. The West Blockhouse serves as the 

central data acquisition and control center for the West 

Test Area. The facility is 29,631 square feet in floor 

area and contains instrumentation which provides 168 
strip chart recorder channels, 600 digital channels, 

480 oscillograph channels and 130 tape recorder chan­

nels. 

The Event Recorders include 22 Easterline Angus, 

twin, 40 channel, 28 VDC, inking recorderS. totaling 

880 channels. 

TYPICAL SLOCKHOUSE RECORDER ROOM 



Analog Recorders include 6 Easterline Angus, twin, 

4 channel (two 0-24/32 VDC and two 0-50 MV DC at 
50 microamps) recorders totaling 24 channels. 

The Ana.log EYent Recorders consist of 2 Easterline 
Angus, twin, 0-150/300/G0O VAC (fillS) or 0-50/150/ 
300 VDC and 0-50 1v1A DC at 50 micro amps with 16 
event channels providing a total of 4 analog channels 
and 32 event channels. 

Two Digital Events Evaluators., each incorporating a 
5 DS 910 computer with programming and modifications 
are utilized as digit.al e,·ent recorders. Each unit 
handles 758 channels with a 4 millisecond scan. Each 
computer has typewriter, magnetic tape, paper tape 

punch outputs and paper tape reader input. 

T\1.-0 RCA-110 Digital Computers have paper tape input/ 
output, typewriter output, magnetic tape input/output, 
relay driver output, DA converter output, AD converter 
input and event input. Capability of each includes 41C 
high speed memory, 32K drum memory, 1008 each 
discrete inputs and outputs and 2 each AD and DA con­
verters. 

The RCA-110A Digital Computer bas card punch out­
put, magnetic tape input/output, card reader input, 
line printer output, relay driver output, event input, 
DA converter and AD converter input. Capability of 
this equipment comprises 32K high speed memory, 32K 
drum memory, 1008 discrete output, 1512 discrete 

input, 2 DA converters and 2 AD converters. 

TES'T' I, \BOR.\l�ORY 

Closed Circuit Tcle\'ision $\,·stems. With 81 chains of 
closed circuit television equipment tests can be viewed 
from ::i remote location. The facility has 4 television 
tape recorders providing a capac:ity of recording 4 
pictures. 

SATURN V DYHAMIC TEST STAND 
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Photoi_:;raphic- Equipment. The facility provides photo­
g-rn.µhic con:irage for all tests within the Tc t Labora­
tory . Cameras include 

32 low sp(_;etl ( 8-128 frames/1 sec) 

• 99 low to medium speed ( 16-500 frames/sec)

25 high spct"d ( 250-S000 frames/sec)

4 sequence 

Control Systems. Prov is ions are made f,n- the elec­
trical power, control and electro-mechanical check­
out of all facilities iJf the Test Laboratory. 

Acoustic Data AcquisitiDn and Saturn �tage Transpor­
tation In-trument..3.tion. A far-field monitoring system, 
consisting of 22 land lin<: field uniL and 1 base sta.tion, 
1 telemetry unit and 10 portable tape recorder units, 
is used for acquiring Saturn booster noise lcYel infor­
mation with.in a 25-mile radius of the Test Laboratory, 
complex. The data handling sy.:;tem, a GE 235 com­
puter and associated equipment, controls the operation 
of the far-field monitoring system and performs mathe•­
matical arulyses of acoustic and meteorological data. 
For mid-field acquisition two trailers have 28 channels 
of data acquisition equipment and one trailer, a 14-
channel sy tern; data can bt- acquired within 5000 feet 
of the booster test stands. 

'l'EST L:\BOR.'\'I'ORY 

The Acoustic Calibr:ition Laboratory has various mi­
crophone calibration de\"ices. Pressure calibrations 
are performed on microphones with a frequency range 
from 2 to 10, 000 cps and sound pressure level range 
from 120 to 170 db re 0.0002 dynes/cm2 • 

The acoustic data reduction system includes an octave 
band and 1/3 octa.ve band �ystem for data reduction in 
the frequency range of 1 to 200, 000 cps, and a narrow 
band system for reduction from 1 to 20,000 cps. High 
frequency acoustic data. is acquired from small rocket 
tests by 28 channels of data acquisition equipment in 
the frequency range of 30 to 80, 000 cps. An acoustic 
horn produces 150,000 acoustic watts ina 360° azimuth 
for predicting acoustic levels in the surrounding areas. 

Transportation instrumentation - three 36-channel 
units located in mobile trailers and four 8-channel 
purtable units - is for measuring and recording such 
parameters as vibration, temperature, humidity and 
strain on the Saturn stage boosters during movement 
of the boosters. 
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Vltra-High \':icu�m Facilitv Building 4748. This fa­
cility is designed to test under simulated altitude con­
ditions super insulated tanks containing LH2• The yac­
uum charober is 15 feet diameter by 20 feet high and i.s 
constructed entirely of stainless steel. The chamber 
utilizes two 50, 000 liter-per-second diffusion pumps. 
During the latter part of 1965 a cold shroud and cryo­
pumping array will be added to the chamber.

Capability enables conducting hazardous tests at a sim­
ulated pressure altitude of 1 x 10� Torr. With the 
addition of the cold shroud, the pre&sure obtainable 
will be 1 x 10-9 Torr. The coldness of space will be
simulated to 110° K. The instrumentation capability at 
this facility is approximately 150 channels of informa­
tion. 

Environmental Test "B" Cell Building 4748. The fa­
cility basically consists of an open air building and 
concrete pad. A 1200-gallon dewar stores LH2• The 
facility is utilized to test Mylar honeycomb insulations 
at Lli2 temperatures and ambient conditions. Sma.ll 
LH2 calorimeters and 70-inch diameter insulated tanks 
are tested utilizing Ll{2 to determine t.he thermal con­
ductility of the insulation. Approximately 110 channels 
of instrum.('ntation are available. 

Stor:1hle Propellant Test Facility Building 4750. The 
facility has two positi,ms capable of static firing stor­
=i.blc propellant enginC;S under simulated altitude con­
ditions. Each c:onsists d a stt-am ejector and altitude 
cell. The small cell ( :� feet diameter by 4 feet) has 
the cap:ibil ity of firing singlu engines up to 150 pounds 
Lhrust. The large chamber ( 12 feet Jiameter by 16 
fof't) wi.11 accommodate the S-IVB AuxiJ iary Propulsion 
System tlodule. Each chamber will operate at an 
altitude of 120, 000 feet. There are approximately t50 
channels of instrumentation. 

Pressure and Thrust. The following instrumentation

for caliLration and en1luation studies is contained in 
.3000 square feet of area: an ultra-high vacuum system 
has ::i. capability down to 10-10 Torr for testing vacuum
instrumentation; the high pressure systems for cali­
brating pressure instrumentation have a range up to 
120, 000 psi; and the high capacity load cell, dead 
weight calibrators have a capacity of 5 million pounds 
with a . 0006 percent accuracy up to 500, 000 pounds 
and . 02 percent accuracy above 500, 000 pounds. 

Acoustics. Three hundred square feet of floor space 
contain an anechoic chamber of 750 cubic-foot working 
volume for the calibration and evaluation of micro­
phones at intensities up to 170 db. Evaluation capa­
bilities include spectral analysis, frequency analysis, 
noise level, etc. 
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Vibration. Accelerometer cal ibr:ition systt!ms, oc­
cupying 280 square feet of \\·orking area, enable cali­
bration and E'\'aluation of acc(•lerumetC"r:,; at frequencies 
of 10 Hz to 50 kHz. 

Electrical Starn:brds. T\1
• o hundred-eighty square feet,

scr<.:ened ag;ai nst audio frcquen<') magnetic l iel ds, cun­
ta in standards fur all electric:.il quantities. High ac­
curacy mc:isuring sysl(•ms include ,·oltage, current,
impedance, resistance, frequency, etc.

Tcmperaturt: and Plw�ics Instnunentation. Cryogenic 
equipment includes cryogenic temperature controlled 
de,\·ars ,\;th an automated G-2 muller bridge and a 
helium liquifierof 100-J iter-pcr-day capacity. Various 
test chamber� are a,·ail:lble for temperature sensor 
e\'aluation and calibration m·er the range of 40 ° K to 
273° K. Calibration and e,·aluation of temperature 
sensors frum ambient Lo 2000 ° F a re made possibJe by 
a melting point standard, varial.Jlc temperature oU baths 
and variable temperature furnaces. A high tempera-· 
turc Gasy Body Furnace ( 4500° F) permits calibration 
and C\'aluation of radiometers and1H:at flux transducers 
up to a heat flux of 200 BTU per-square-foot a second. 
Floor space is 2500 square feet. 

Humiditv. A humidity �enerator generates gas of 
known dew point df - l00 ° F to+ 100 ° F. 

·ri�sT 1,_\nOR.\TORY

:'\uc:k3r Ph,·sics. A Scihillation �µcclrom�ter, ampli­
fivts and detectors rrti\ ick for dt..'nsity measurements 
for LOX and LI-Ii propellants. 

UNIVERSAL FORCE CALIBRATION MACHl""E 



G:is and Liquid Flow Calihr:ltion FacUity. The dynamic 
liquid time wcil:iht flowmetcr calibration system per­
mits H20 calibration of Oowmeters over a range of 
0. 012 to 300 gpm. The range uf the volume-time
flowmetcr calibration system for H20 calibration is

125 to 3000 gpm and the high Dow Yolume-time ilow­
metcr calibration system permits H20 calibration up 
to 40,000 gpm. The high pressure gas calibration 
system furnish�s air, nitrogen and helium. over the 
range of 50 to ::;ooo scfm at pressures up to 3500 psi; 
the bell power systems ha\'e a range from 0. 00035 to 
500 scfm.

Liquid Level Test Facilities. A high pressure dewar 
can accommodate discrete liquid level measurements 
of LH2 under pressures up to 5000 psi. The LH2 vac­
uum jacket tank has the capability for testing continu­
ous level systems.

. !'I :sT L.\ H( )R.\TORY 

EAST VIEW .JF S-IVB TEST STAND 
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Ground Support Equipment Testing. Building S4656 
devotes 10,000 square feet of assembly area and 1600 
square feet of �uh-assembly area to general laboratory 
use; an additional 1200 square feet of space is for 
general office use. Hand1int equipment includes two 
30-ton cranes with hook heights of 30 feet. The high
pressure GN2 gas system provides 5000 psi pressure 
for general purpose testing. 

The GSE Test Facility is a complex of 10 paved acres 
· comprising diverse equipment and structures. Four
aircraft engines mounted on trailers serve as \Vind
machines and produce 65 knot winds. The 8 vehicle
simulators duplicate Saturn V lift-off acceleration;
they have a random motion to ± 20 inches and con­
rain Saturn V skin panels and umbilical connectors.
There are 10 umbilical tower imulators similar to the
portions of the LC-3 9 mobile launcher umbilical tower
where the service anns are mounted.

A cryogenic distribution system provides LH2 and LN2
at 150 psi to the test facility; the system has no tankage
or pumps. In the compressed gas distribution system,
the GN2 supply connected to the main distribution sys­
tem feeds GN2 at 5000 psi to each tower and the vehicle
simulator; the helium source is self-contained ahd has
two 35 cubic-foot storage bottles to supply helium at
5000 psi to the cryogenic area.

Five support buildings provi de a total working area of 
12 O squarefcetforinstrument::i.tion, control and per­
sonnel. The pumµhuu se also is 12 0 square feet in 
area and has a hydraulic power pack with a capacity of 
400 gpm against a 4300-psi head. The load test struc­
ture has a capability of 3000 kips down, 3000 kips up 
and 500 kips sideload and is applied hydraulically to 
accommodate Saturn V holddmvn arms. 

The blockhouse, a two-stol") reinforced concrete 
structure containing 2200 square feet of floor area, has 
·the following instrumentation:

analog-to-digital data system - 200 channels 
( 5000 channels-per-second scan rate.} 

• strip chart recorders ( 24)

oscillographs - 'i'2 channels

computer - 250,000 characters-per-second
s.torage

• binal")· to digiUll readout converter.

visual display

printer - 300 lines-per-minute

• X-Y plotter
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Control equipment located in the blockhous permits 
c ntrol of the warning syskm, ie cryo;eni y. lem. 
10 remote control fir nozzles, 4 \\·ind machines, " 
\'chicle random n1<1tion imuhtors 5 vthicle lift-off 
dcyiccs :ind cn:>nt recorders. 

Building 4372 has 3200 square feet of floor area and 
accommodates a wide range of equipment, machines 
and systems. Th high pressure fluid test facility 

compressor rovides 50 scfm of helium, G�2 or air 
at 1 0 00 p i. The LH2 vaporizer has a capability of 
1000 sdm at 15,000 psi and the LN2 \'a.cuum insulated 
storag- tank can hold 4000 ira..llons. The gas torage 

y_tem has eight 12 cubic-foot and four cubic-foot 
torage bottles each with 10, 000-psi capability. In 

additi n there is a 100, 000-psi hydrostatic test ma­
hine and a 25, 000-psi gas intensifier. 

Instrumentation includes: 

• 

Printer - 200 words-per-minute 

3 strip cha rt recorders 

1 oscillograph 

X-Y plotter

The loacJ t t structure, located north of Building 44.81, 
is 40 feet high and 20 feet OJ 27 feet at the base, and 
is c:.ip:1ble f :ipplying 3000 kips up and down on a test 
item by means of hydraulic cylinders. The propellant 
t ·st tower, :il o local ti north of Building 4481, erv es 
a� a gcncr:il test structure and is 4.2 feet hicrh with a 

t:, 

!Jase J2 feet by 32 feet.

The fuelinb tower, Building 4150, serv es as an addi­
tiorul test tructure and is G feet high and 48 feet by 
12 feet in base. 

Building 4 49 is a blockhou e containing 20 strip chart 
r corders and two SO-channel o cillog-raphs. Meas­
urements ar made of temperature, .flow, pressure 
loads, strain, etc. 

Tfiere ar 4 instrument trailers, all of which provide 
measurements of temperature, flow, pressure loads, 
strain, etc. The equipment of each is listed below: 

Instrument Trailer 111, MSfC 2925 
1 G strip chart recorders 
two 50-channel oscillographs 

Instrument Trailer #2, MSFC 2926 
100-chann l digital data system with 6 chan­
nel-per-second scan rate
two SO-channel oscillograpbs
6 strip chart recorders
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Instrument Trailer J3, MSFC 2817' 
100-channel di rital data system with 10
cbannel-per-st:cond scan rate
4 strip chart recorders

Instrument Trailer #4, /JSFC 2940 
100--channel digital data system with 10 
channel-per-second scan rate 
one 50-chann l oscillograph 
4 strip chart recorders 

Test Position 100. The outdoor test c 11, of xplo ion 
proof construction, is most suited to hazardous testing 
of cry ogenic centrifugal pumps or other rotating equip­
ment. The cell i 26 feet by 26 feet by approximately 
60feethi<Thandhas a steel bed plate, 6 feet by 1.6 feet, 

i:, 

in the floor for mounting test it ms. A shaft of 0-to 
15, 000-rpm range e>.."tends into the cell for driving 
rotary test items. Th shaft is turned through gear 
boxes by a variable DC mot.or of 1200-horsepower rat­
ing which can also develop 2400 horsepower for a few 
seconds. Th upper part of the cell contains two LOX 
storag tanks -- one has an 1800-gallon capacity, the 
other, a 5000-gallon capacity with 50-psi rating; there 
is a direct connection to an adjacent 28, 000-catch and 
storage LOX tank. The cell has a supply of 5000-psi 
air and 150-psi indu trial water. Data acquisition 
instrumentation is provided by a recording instrumen­
tati�n center>',.. and remote electrical control ·consoles 
provide facility and test item control. 

,:, See Building 4583 and Recording Instrumentation 
Center, to be described further in section. 

TEST I ,A BOR :\TORY 

Test Position 109. Testing is suited to non-combustion 
objects requiring rough temperature and humidity con­
trols. The cell 15 feet by 21. 5 feet by 10. 5 feet high, 
is thermally insulated for maximum t mp ratures in 
Lhe orde.r of 165 ° F with humidity control. The facility 
is s IV ed by a recording instrumentation center* and 
b) remote electrical control consoles and can be pro­
vided with connections to LOX, LH2, RP1, gaseous 
nitrogen, compre sed air and industrial water. 

T st Position 110. Alsothermall) insulated, the cell 
has the same dim nsions as Test Position 109 but is 
designed for temperatures down to the order of -65° F 
for testing non-combustion items requiring low ambient 
temperatures. A mechanical refrigeration system is 
built in and can be supplemented by discharging LN2 

into the cell. Connections are provided to LOX, LNi, 
RP 1, gaseous nitrogen and compressed air. A record­
ing instrumentation center,:, and remote electrical con­
trol consoles serve the position. 



T st Sta nci 11 5. The ou tel or te t pusiti.on is of open 
stt>elconstti.icti0nandi ro1>fed. There r ·twog-rating­
co\' red working le\'c:ls, each 25 square feet in area, 
with strengths forthrustc: up to 50, 000 pounds. The fuel
tanks haxe the following capacity: 

• 2200 gallon.,, 150U-p� i liqui<l hydrogen

500 gallon , 5000-p i liquid oxygen 

500 g-allons, 1000-psi•water 

• 250 cubic feet, 5000-psi gaseous h� drogen

150-psi industrial water

Burn stacks are pro,·ided for hydrogen disposal. A 
recording instrumentation center-·· :ind reroute electri -
cal control consoles serve the area and an observa­
tion bunker accommodate four persons to conduct 
tests. 
The stand bas two positions, 11 GA and 11 SB. Test 
Position 115A proyides for res!'::'arch and de\'elopment 
of high response, instrument d cumbustc r · for com­
bustion stabilitv sturlic:s f LOX/GH2 with chamber 
pressures up to 3000 psi. LOX/LH� tests simulate 
LOX-rich preburner conditions; thcr hot gas LOX/H2 
studi�s are readily adaptable to the facility. 

Tc.st Position 115B ha· a LOX/LH2 hot gas setup with 
3. separate burn s111.ck for di. posal of gas generator
products. The facility is readily adaptable t such
items as gas generators, heat exchangers, liquid hy­

drogen val\"cs and other sp ci::i.1 liquid hydrogen hard­
ware.

,:c Ibid. 

·1 l· .. ·T L.\B( R:\TORY
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Buildini; 45 3 and Recording Instrumentation Center. 
The blast-re�istant truclure de ·o s the perimeter of , 
two sides to test positions 100 through 110. Control 
consoles within the building provide remote control 
for these te t positions. The in.·trumentation center, 
comprising the major part of the building's interior, 
houses the data acquisition systems for these positions, 
including terminations, patch panels, switching de­
vices, signal conditioning equipm nt and associated 
instrumentation. Capabilill includes the following 
channels: 

• 192 strip chart

2 7 oscillograph 

56 tape 

546 digital 

Shop space is available for associated preparations 
and maintenance of control devices and instrumenta­
tion. Office space houses 15 engineers and facilities 
exist for approximately 34 technicians. A concrete 
tunnel connects Buildings 45 3 and 4561 and has cable 
trays lining both walls to service both i11strurnentation 
and electrical control· sufficient s,pace remains for 
working on the cables and for a passageway. 

TI.::ST L.\BOR.\TORY 

Building 45G1 Control and Service Center. The re­
inforced concrete building, blast resistant and air 
conditioned, houses the control consoles and instru­
mentation c0nnections (fur recorders in Building4583) 
for test uperaLions at stands 300 and 500. 

LOX /t.H
2 

MODEL ENGINE TEST ST.4MD 



A mcchanjcal preparation shop, approximately 5500 
squ::ire feet in area is contained within a hi�h bay and 
is served by a 10-ton bridge crane wiU1 a hook height 
of 17 feet. �!etal working machine tools include a 
power feed band saw, power hack saw, drill press, 
Doall band saw, t-wo lathes and a radial drill. 

ln addition there is a support shop for electrical con­
trol activities and a small room constituting a third 
floor to the building provides space and equipment for 
an area coordinator \\'ho handles switchi..ng of road 
lights and other warning lights and announcements. 

--- ------

Test Stand 500. The test stand has dual positions. 
Side 501 has a steel superstructure which will contain 
a65-psi LH1 tank of approximately 65,000 gallons and 
an 18, 000-gallon, 65-psi LOX tank. The 502 side is 
arranged with I-beams embedded in a 31. 5 foot square 
concrete pad and has no superstructure. The 501 side 
is capable of tests on LOX/hydrogen turbopumps where 
pump discharge fluids are returned to storage, or 
tests on items with similar requirements. The 502 
;id� will handle nearly any LOX/hydrogen component 
or vehicle subsystem test. 

Addition:ll facility tanks situated at the stand are a 
5000-gallon, 2000-P.si LH2 tank and a :moo-gallon,. 
2000-psi LOX tank. Adjacent to the stand is a 110, 000-
gallon LH2 storage sphere, a 13, 000-gallon LN2 stor­
age t,tnk, a 28, 000-gallon LOX storage tank, two 5000-
psi, 700 cubic-foot gaseous hydrogen tanks, a 350 
cubic-foot 5000-psi helium tank and a hydrogen con­
verter for recharging the 5000-psi containers. 5000-
psi G:-{2 and 3500-psi air are available at the stand. 

TE�T L.\IH )R.\'l'ORY 

Piping syskms ha,·e been provided to facilitate trans­
ferring Lll2 and LOX from storage to the stand and 
back :u1d burn stacks and a burn pond handle hydrogen 
disposal. The stand is served by tlw recording in­
strumentation cc:11tcr in Buildi11g 4583 and by electrical 
remote control consoles in Building 4561. 

F•l ENGINE TEST STAND 
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Test Positi on j 16 Building -l5-t0. The structure is of 
open steel construction and incorporates a cantilevered 
section for mounting test items. An acoustically clean 
environment and instrumentation a.re provided for 
studies of dynamic pressures generated by noise 
sources and the facility cun readily be adapted for 
checkout tests of rocket engines, cryogenic valves, 
etc. The isolated location as well as direction of fir­
ing could accommodate exotic propellant tests. 

The cantilevered section is designed for ,O K vertical 
thrust at the CL; tJ1ere 1s no support structure v.-ithin 
22 feet from the CL of the cantilevered tower frame­
work. A 5-ton bridge crane is located on the top level 
�t 50 feet. Below the cantilevered <.:enter line a heavily 
reinforced concrete pad, 20 feet IJy 20 feet by 3 feet 
deep, with an embedded anchorage system is symmet­
rically aligned .. The pad is designed for a 70K hori­
zontal thrust 10 feet above the pit floor. 

Test stand instrumentation and control circuits are 
ducted to a 12-foot by 4 5- foot underground terminal 
room. From here instrumentation goes underground 
to the instrumentation center in Building 4583; elec­
trical control circuits are ducted underground to 
Building 4541. There are 148 acoustic measurTug sta­
tions strategically spaced at 10e intervals over a 
radius of 180° t.o cover 250 feet of hardstand area 
around the cantilevered center. Acoustic instrumen­
tation circuits are ducted to the Control Building 4541. 

TES'f LAl30RXfORY 

The teEt stand has a 1-1, 000-gallon, :;0-psi LOX stor­
age tank, a 3000-gallon, 2000-psi LOX tank, a 3000-
galton, 2000-psi RP1 tattle and a 3000-gallon, 1000-psi 
water tank; it is connected t.o supplies of gaseous hy­
drogen of 5000 psi, gaseous nitrogen of 5000 psi and 
industrial water of 150 psi. 

Conb.·ol Building 4541. TI1e structure is of explosion 
proof concrete with observation windows and houses 
electrical tt:st control and acoustical instrumentation. 



Preparation Building S-4539. Constructed of insulated 
metal panels on st.eel frame, the building has a work­
ing area of 800 square feel with a 10 by 10 roll-up door 
located at one end and is equipped \\-ith a 2-tun capacity 
monorail and electric hoist. 

Test Position 101. The outdoor test cell, of explosion 
proof concrete construction, is suited to research and 
development performance tests on hardware items 
such as cryogenic thermal pumping systems, pumps 
and valves, environmental attitude tests of components 
and evaluation tests of cryogenic materials. 

The cell is 26 feet by 26 feet by 20 feet high; at one 
end there are viewing windows and the opposite end is 
open. Fuel is supplied from a 10, 000-gallon, 50-psi 
LOX tank and 500-gallon, 3000-psi LOX tank, a 5000-
psi air supply and a 150-psi industrial water system. 
The recording instrumentation center and electrical 
control console in Building 4583 serve the cell. 

Test Positions 105
1 

106, 107,. and 108. The outdoor 
test cells are 16 feet by 15 feet by 12 feet high, of 
explosion proof concrete construction, and open at one 
end with viewing windows at the opposite end. Each 
cell is connected to 500-gallon, 3000-psi LOX, H P1, 
LH2 and water tanks, a 5000-psi gaseous nitrogen sup­
ply, 3500-psi air supply and 150-psi industrial water 
system. The cells are served by the recording in­
strumentation center and electrical control consoles 

in Building 4583. 

TEST L.\BOR.\T'ORY 

Capability is suited to resear1.;h and development per­
formance tests on hardware items such as scale model 
combustors, gas generators, heat exchangers, exhaust

ducting, cryogenic valves and pneumatic hydraulic 
equipment. 

Test Positions 113, 114
1 

and 11,. The open structural 
steel structure, located 30 feet from the Control and 
Service Center Building 4583, is connected to 2800-
gallon, 1500-psi LOX, RP! and water tanks, a 10, 000-
gallon, 50-psi LOX tank, 500-gallon, 500-psi RP1 
tank, 5000-psi gaseous nitrogen supply, 3500-psi air 
supply and 150-psi i11dustrial water system. It is 
serviced by the recording instrumentation center and 
electrical control consoles in Building 4583. 

The test position is rated at 50,000 pounds thrust and 
is suited for research and development performance 
tests on hardware, including clusters of scale model 
combustors, flame deflectors, gas generator combus­
tors, heat exchangers, exhaust ducting, cryogenic 
valves, gas pressurization systems, water flow and 
pneumatic-hydraulic equipmept. 
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Dual Test Position 301 and 302. The test site com­
prises two <.,pen concrete pads, 32 feet by 32 feel with 
I-beams embedded, separated by a reinforced concrete
building serving as a termination center for instru­
mentation and control cables. The position is con­
nected to 3000-gallon, 5000-psi LOX and R P1 tan.ks,
a 1 0, 000-gallon, 50-psi LOX tank, 28, 000-gallon LOX
supply tank, 20, 000-gallon R P1 storage tank, 5000-
psi gaseous nitrogen supply, 3500-psi air supply and
150-psi industrial water system. The recording in­
strumentation center and electrical control console
service the site.

The facility has a 200,000 pound thrust rating hori­
zontally or vertically and is suited to research and 
developm ent performance tests on hardware such as 
full scale combustors, gas generator combustors, heat 
exchangers, exhaust ducts,. gas pressurization sys­
tems, water flow, cryogenic valves and pumps, cryo­
genic materials ai1d pneumatic-hydraulic equipment. 

Test Position 112. The test facility is used for alti­
tude studies such as materials tests, ignition prob­
lems, scaled-vehicle studies (for example, separa­
tion of upper stages), lunar surface studies, altitude 
control motors and jet plume behavior. 

The test cell is 8 feet in diameter by 37 feet high, 
connected by a large diameter manifold to four 55-foot 
high tan.ks. Total internal volume is 19, 900 cubfo feet. 
Vacuum is drawn by mechanical pumps and the maxi­

mum vacuum available is 29. 29 inches of mercury or 
the equivalent of 135,200 feet altitude. 

Tl·.ST I. \ 1�01{ \TOHY 

Test Position 105B. The open structural steel struc­
ture is 3. 3 feet by 6 feet by 8. 5 feet high, located :ll 
feet from observation win<lows. It is suited to research 
and development performance tests on hardware items, 
such as scale model combustors using LOX/GH2 or 
LOX/R P1, cryogenic valves, pneumatic equipment 
and water flow. 

The facility is connected to 500-gallon, 3000-psi LOX, 
L�2 and RP1 tan.ks; a500-gallon, 3000-psi water' tank; 
a 200-gallon, 1000-psi water tank; a 5000-psi gaseous 
hydrogen supply; a 5000-psi gaseous nitrogen supply, 
a 3500-psi air supply;. and a 150-psi industrial water 
supply. The test position is served by the recording 
instrumentation center and electrical control consoles 
in Building 4583. 

Test Positions 102
1 

103
1 

and 104. The outdoor test 
cells, 12 feet wide by 15 feet deep by 12 feet high, are 
of explosion proof concrete constnlction and open at 
one end with. view windows at the opposite end. The

positions are suitable for research and development 
performance tests on hardware items, such as scale

model combustors, cryogenic valves, pneumatic 
equipment, hydraulic equipment and water flow studies. 

The test cells are connected to 500-gallon, 3000-psi

LOX, LN2 and RP1 tanks; a 200-gallon. 1000-psi water 
t:mk; a 500-gallon, 3000-psi water tank; a 5000-psi 
gaseous nitrogen supply; a 3500-psi air supply; and a 
150-psi industrial water supply. The facility is served
by the recording instrumentation center and electrical
control consoles in Building 4583.



TEST L:\BOR:\TORY 

Test Supnort Shop. The complex includes the 1'vfachine
Shop, Shop Fabrication and Erection and Fields Fabri­
cation and Erection, each 22,200 square feet in area. 
The Machine Shop is air conditioned and includes bor­
ing mills of 3- and 4-inch capacity (will include one 
dial-a-matic ,1 inch), small precision drilling ma­
chines up to 8-inch radial, surface grinders of the 
balanchard and pedestal type, shapers up to 14 inches 
and saws up to 13- by 16-inch capacity. A 20-ton 
overhead crane provides lifting and hand! ing capahllily. 

Shop Fabrication and Erection is devoted to operations 
of all types of welding, metal forming and pipefitting. 
Equipment includes 390- and 400-amp gasoline welding 
machines; sigma, submerged arc, short a.re, plasma 
arc and portable 400-amp heliarc cutting machines; 
metal rolling and shearing machines; press brakes; 
beveling and nibbling machines; power saws, etc. A 
3-ton overhead crane serves the area.

Test Support Shop Building 4653. The insulated, double 
wall sheet metal building has a shop area of 16, 000 
square feet plus 6400 square feet for offices and utili­
ties. The high bay height is 20 feet: high bay East 
has a 3-ton crane with 15-foot huok height; high bay 
West has a 5-ton crane of identical hook height. In 
additiun, there is a low bay area 9 feet in height. 

The support shop is responsible for the repair and 
maintenance of stage and engine GSE, test facility 
components, valves, regulators, filters, relief valves,

stage and engine components, gas generators, main 
valves, prevalves, LOX loading and transfer pumps, 
hydraulic pumps, etc. The shop also fabricates flex 
hoses (AK type fittings) up to 2 inches. 

Missile Engine Preparation and Turbopump Shop Build­

ing 4655. The building is of �heet metal construction 
with an area of 11, 200 square feet by 50 feet high. The 
bridge crane has 2 trollies, 25 and 10 tons respec­
tively, and a hook height of 41 feet; a 1-ton crane has 
a 12-foot hook height. Capability eruibles buildup and 
preparation of liquid rocket engines for static firing

and buildup and re.pair of turbines, LOX and fuel pumps 
for these engines. 
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Fi< ld F:ibric-:1ti.Dn and Er ction. The area has a --1-0-
foot b, GO-iool door a1 d -10-foot high bay. A 25-ton 
on:•rhead crane :ind t\\'O 10-ton cranes serve the facil­
ity. The area re.:;en-ed for large fabrication and as­
sembly is --10 fec-t by .J,0 feet with embedded members 
_to tie down fixtJ.res, etc. , for \.velding. Equipment 
includes power µ.i.nchin;; and abrasive cut-off machines, 
a 24-inch power hack saw, oxy gen :ind acetylene cut­
ting equipment, electric welding, portable air com­
pressor and pn€'umatic tools. :\fobile equipment in­
cludes heavy o.i.ty tractors and trailers of 100-ton 
capacity and rnobil cranes from 10- to 130-ton 
capacity. 

Ga�eous ?\itrogen Generation Facilitv. The capabilitv 
of the facility b pro,·1ded by 1e following: Thre� 
tran�port trailers for liquid nitrogen each have a 
4000-gallon capacity, nine Kobe high-pressure liquid 
nitrogen pumps deliver L:;-.;:2 at 5000 p ig; and three 
LHi/ steam v:.1.porizors g:enerat 3 maximum of 13,500 
scfm of G�2 at :,ooo psig. A total of 111, 000-o-allons 
of liquid nitrogen L tared in 6 tanks of 1-1, 000-
gallon capacit '. 2 tanks of,, 000-g·allon capacity and 
1 tank of 13. 000-gallon capacity. The steam genera­
tion plant for the vaporizors has one 100- and one 
200-HP boiler. Associated pipe and components tie
tile plant into the storage and distribution system.

l L�T L. \ I H Jlt \TUR\'

II lium Ruoster t;1ti'ln. Th· t"acility ha- n ma.-ximum 
capacity of Hi.50 scfm H lium at 5UOO psig µer MSFC 
specification 36..,A. Equipment includes 

� Jngcrsol Rand Comprc�sors, 300 scfm (g 
5t10O psig 

Chicago pneumatic, 450 scfm Q 501.lO psig 

1 minco Diaphragm ty pe compressor, 300 
c;cfm tS 5000 psig 

1 Chicago Pneumatic compressor, 300 scfm 
re 5000 psig 

� purification sy terns consisting of scrubbing 
towers, dryers, ft-It filters and metallic filters 

. .\ i r C mpre�::c-or Facility. Capabilit y of the complex 
provid<: · 2230 cfm of missile grade air at 3500 psig 
and 230 scfm of missile grade air at 5000 p ig. The 
facility if equipped with 

10 Chicago Pneum�tic comprC'ssors, 225 
. a.t 3500 psig 

cfm 

1 Chicago Pneumatic c.:ompre sor, 230 scfrn at 
3000 psig 

2 purification -YSt m · consh,ti,1., of .:;crubbing 
towers, dr y ers, felt filters and metalliv ele­
ment filters. 



iquid :t;;d Go,,-1.:,•\1,:; Hrdrm;en Fo,ci)itjes. The equip­
m nt ::Uld caµability of thE:: facility are as foHows: Total 
liquid hydrogen .:;torage capacily is 39,000 gallons; 
15&d scfm f gaseous hydrogen can be generated at 
5UOO psig. T\\'o liquid hydrogen 'tTans_port trailers 
each have a 7 ·oo-t,·allon capacity· the gas 0us hydrogen 
c::ipacity of G transport trailers is '100,000 scf at 5000 
psi. A portable recharger handles 20,000 scfh of 
gaseous hydrogen at 5000 psig with a 1500-gallon LH2 
slorage tank. The recharger for the S-IVB stand pro­
\"ides 75,000 c;cfh of gaseous hydrogen at 5000 psig 
with a 2500-gallon LH2 storage tank. 

R P1 Fuel Storag:e Facilities. The total RP1 storage 
capability of the complex is 47,000 gallons and total 
transporter capacity is 30,000 gallons. The equipment 
serving storage fW1ctions are 

• 6 transport trailers, 5000 gatlons ea.ch

3 underground storage tanks, 1.7 ,_000 gallons 
each 

-1 underground storage tanks, 19, 000 ggl1ons 
each 

1 underground storage tank, 20,000 gallons 

and assoc;iated pipe, pumps and filters to load and un­
load transporters and fill run tanks on test towers. 

·1 L,'T [ . .-\BOR . .\TORY

RJ-1 Servicer. The servicer/ transporter has a 3000-
gallon storage tank with required pump, filter and 
piping to furnish clean and waterfree RJ-1 fuel. De­
livery of 100 gpm of clean RJ-1 is made at 150-psig 
discharge pressure. 

Industrial \,\'ater Pump Station. The facility has a total

storage capacity of 8 million gallons with a pump ca­
pacity of 341, 750 gpm at 1 5 psi. Tankage and pump­
ing systems include 

two 3 1 000, 000-gallon water storage t.arik.s 

twu 1,000, 000-gallon water storage tanks 

13 diesel engine driven pumps, 20,000 gpm 
each 

7 diesel engine driven pumps, 10, 000 gpm each 

3 electric motor driven pumps, 3250 gpm each 

1 electric motur driven pump, 1500 gprn 

• 1 electric motor driven pump, 500 gpm
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Deionized Water Facility. C:..:.pability produces 100 
gpm of deionized water; total deionized waler storage 
is 93,000 gallons and transporter capacity is 21,000 
gallons. A breakdown of equipment includes 

1 deionizer, 100 gpm 

3 storage tanks, 17, 000 gallons each 

• 3 storage tanks, 14,000 gallons each

1 transporter trailer, 600d gallons

1 transporter trailer, 8500 gallons

• 1 transporter trailer, 4000 gallons

• 1 transporter trailer, 2500 gallons

Hydrazine - UDJ\IH and N3o4. Small amounts are sup­
plied with special drums for small engine testing. 

Ethylene Gylcol Service. The trailer transporter has 
a 6000-gallon capacity. 

TEST LAL}OR:\TORY 

, 
Storage and Distribution Systems. Ten air storage 
batteries consist of \·arious siZC:'S of bottles manifolded 
together and tied into a main transmission system. 
The working pressure of the sy£tem is 3500 psig; total 
stor2.ge ·capacity 0f the batteries is 14,164, 114 scf; 
line capacity is 119,500 scf and transporter capacity 
8200 scf. 

The gaseous ni:.rogen storage battery system is identi­
cal to that for storing air except that working pressure'· 
is 5000 psig and storage capacity is 3 t 669,000 scf. 
Seven trailer transporters have 5000-psig rating and 
2 are rated at 3500 psig; their combined capacity is 
103 t 600 scf. 

Gaseous helium has 1 storage battery consisting of 
3 1250 cubic-foot t 500O-psig bottles manifolded and 
tied into � main transmission system. Working pres­
sure is 5000 psig and storage capacity is 1,251,000 
scf. Seven trailer transporters, rated at 5000 psig, 
have a 490, 000-scf capaci�. 

Liquid oxygen is distributed by 3 transport trailers, 
each of 4000-gallon capacity. 



TEST STAND WITH9-FOOT DIAMETER VEHICLE OF 180,000-POUHD 
THRUST 

¢ 

Tl·:ST L\IH)R.\'lt'l{Y 

SAME TEST STAND MODIFIED ON RIGHT SIDE FOR 
21-FOOT DIAMETER 1.5 MILLION-POUND THRUST,

SATURN S-l

LATER CONFIGURATION OF SAME TEST STAND WITH SATURN 

S-1 IN PLACE At-ID F-1 ENGINE SEING FIRED OH OTHER SIDE
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Acceleration testing ......... 24, 27, 33, 41, 63 
Acoustics ..•..•..... 2, 19, 27, 41, 78, 79, 88 

Actuator testing. . . . . . . . . • . • . . . 30, 43, 74 

Aerodynamics . . . . . ......••..••• 2, 3, 19 
Altitude simulation. 3, 4, 27, 44, 63, 70, 79, 90 
Anechoic chambers. . . . . . • . . . . . . 32, 41, 79 

76, 77, 82, '33, 86, 88 Blockhouses . 
Breadboards . . • • • • . • • . • • . • • 6 5 

Centrifuges. . . . . . . . . . . . . . . . . . . . 24, 41, 63 
Chemical research and analysis . . . . . . 26, 46, 64 
Clean rooms . . . . . • . . . . . 24, 27, 43, 52, 53, 6--l 
Commwiications development...... . . 31, 32, 33 
Composite structure fabrication and test . 48, ::>::> 
Computers .•.......... 11, 16, 18, 19, 20, 21, 

29, 35, 36, 38, 42, 58, 76, 77, 78, 82, 83, 84 
Cryogenics . . . . . . . . . . . . . . • • • . . . 44, 80, 89 
Cryogenic storage . . . . . . . . • . . • . . . 44, 68, 69, 

70, 71, 72, 83, 84, 85, 87, 88, 89, 90, 92, 93 

Dimensional measurements .. 
Dynamic Lest, vehicle ..... . 

26, 61, 66 
73, 75 

Electrical fabrication . . . . . . . . . . . . . . . . 26, 27 
Electronic dcvclop1:nent and test . . . . . • . . ...• 

. . . . . . . . . . 24, 26, 27, 29, 36, 58, 62, 65 
Engine simulation .................. ·:rn, 43 
Envi ronrnental ( see environment of interest) 
Explosion chamber. 
Explosive fonning ................. . 

44 
57 

l\lic. \ 

Fabrication .. 25, 26, 27, 46, 54, 55, 56, 57, 91, 92 
Flight simulations ...•.•..•.•.. 18, 30, 35, 3G 
Fluid flow 

Aerodynamics .. 
Internal gas flow 
Internal liquid flow ... 

. • • . • • . . . . . . • • . 2, 3 

.•..•••• 64, 81, 84, 85 
18, 34, 43, 44, 66, 72, 81 

Fuel storage ...•..•..•...•...•••.••••.. 
. . • 68, 69, 70, 71, 72, 85, 87, 88, 89, 90, 93 

Gas analysis . . . . • . . • . . . . . . . . . . . • . • 14, 64 
Gas compressors. . ..... 83, 92, 93 
Gas flow testing. . . . . ..•..... 64, 81, 84, 85 
Gas generation . . . . . . . . . . • . . • . 83, 92, 93 
Gas storage . . . . . . . . . 83, 87, 90, 92, 93, 94 
Groun<l support equipment testing ... 35, 82, 83, 84 
Guidance systems development ..... 24, 29, 30, 36 
Gyroscope testing .... , . . . • • • . . • . . . . . • • 24 

Hazardous test cells .... 34, 45, 64, 84, 85, 89, 90 
Heat transfer . . . . . . . . • . • . 3, 5, 8, 18, 43 
Heat treating . . . . . . . . . 25, 48, 54, 55, 57, 66 
Helium liq uifier . . • . . . . . . • . . • . • • • . . . • • • 80 
High bay space . . . .•.•...••••..• 50, 60 
Hwnidity environment. 
Hydraulic testing ..... 

...... 44, 63, 80, S4 
30, 43, 64, 65, 74, 83 

Impact, particle . . . . • . . . • . . • • • . • • 9, 10, 47 
Inertial platform development . . . • • • . . . . • . • 24 
Instrument development, test and calibration .•... 

.•............... 5, 9, 10, 13, 2-1, 26, 
29, 33, 34, 35, 36, -15, 58, 62, 64, 65, 79, 80 

Insulation testing . . • . . . . . • . • • . . . . . . • 43, 79 
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Jet phune in\·estigation ....•...... 

La!;;ers ......... . 
Liquid le,·el testing . 
Load testing .•.... 
Low gravity simulation . 
Lubrication ........ . 

. . . . 2, 3 

. . 27, 58 

. . . . . 81 
38, 82, 83 

75 
47 

Machining ....•........... 25, 46, 52, 87, 91 
J\1agnctic applications and measurement. . 10, 27 
Materials de\'elopment and test .....•........ 

8, 9, 10, 11, 12, 13, 26, 46, 47, 48, 56, 57 
Metal forming . . . 25, 54, 55, 57, 91 
Meteroid physics . . . . . . . . . . . . . . • . . . . . 9, 47 

Nou-destructi ve testing. . . . . . 46 

Optics 10, 27, 58 

Particle acceleration • • . • . . . . . . • 9, 10, 47 
Photographic equipment: 5, 9, 12, 15, 34, 45, 58, 78 
Pressure environment .... J4, -15, 79, 81, 83 
Pressure testing ....•...... 34, 44, 45, 63, 64 
Propellant analysis ...•...•..• � . • . • . . • • 80 
Propellant·flow testing . . • . . . . . . 18, 34, 43, 44, 

64, 71, 72, 74, 81, 83, 84, 85, 87, 88, 89, 90 

Radiation effects •• 5, 8, 11, 12, 14, 15, 34, 46, 80 
Radio frequency systems test. . . . • . 31, 33, 62 
Reverberation chamber. • . . • • • . • . . • • • • . 41-
notary table . . • . . . . . . . . • . . • . . . • . . . • . . 66 

Screen rooms 
Shock t.t•sting. 

31, 62, 80 
5, 41, 63 

Slosh testing .•••••••••••••••• 18, 34, 73, 74 
Space simulation . . . . . . . . . . . . . . . . . . . . . . . .

4, 8, 10, 12, 13, 
SpL•ctrographic equipment 
Static firing . . . 

Structural testing. 
Surface treatment. 

68, 69, 
. � . . . 

. . . . . 
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. . 

70, 

44, 
. . . 

79, 

46, 
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85, 

47, 
14, 

87, 

38, 
26, 

63, 64, 79 
27, 56, 57

88, 89, 90 
56, 82, 83

46, 54, 64

Tankage dynamics ..•....... 18, 34, 44, 73, 74 
Telemetry development .•.....•...•• 31, 32, 33 
Television systems ..•..•...•..... 31, 58, '17 
Temperature environment ....••..•......•.. 

8, 24; 27, 34, 42, 43, 44, 46, 47, 63, 80, 84 
Turbopum p testing . . . . . . . • . • • . . • . • 7 t, 72, 87 

Umbilical tower simulation .•. 82 

Vacuum chambers 
Altitude ..... . 3, 4, 63, 64, 90 
Space. 4, 8, 10, 12, 13, 15, 44, 46, 47, 63, 64, 79 

Valve testing ..•.....•......••.•.•.••••• 
43, 45, 53, 64, 71, 72, 84, 85, 87, 88, 89, 90 

Vehicle simulation .....•••..... 30, 35, 65, 82 
Vibration ••••......••..•.•.•••..•••. 19, 

24, 27, 33, 39, 40, 44, 63, 73, 75, 80, 84, 85 

Water plant. . ..... 
Welding . . . . • .....• 
\".'ind simulation .•.•.• 
Wi.nd tunnels ..• 

• • • • , , , , • , 93 I 94 

. . . • 25, 48, 56, 65, 9j 
82 

2, 3, 4

X-ray equipment . . . . . • . . . . . 27, 34, 46, 56, 58 
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