
ALVIN G. BUSH, WILLIAM E. FRAIN, and ALBERT C. REYMANN 

THE RICHARD B. KERSHNER 
SPACE INTEGRATION AND TEST FACILITY 

This article describes the functional characteristics and capabilities of the APL Space Integration 
and Test Facility. Its design was begun in late 1981, and the building was dedicated on October 11, 1983. 

INTRODUCTION 
The Richard B. Kershner Space Integration and Test 

Facility (Fig. 1) provides laboratory and office space 
to support the assembly and testing of spacecraft and 
spacecraft-borne instruments. Environmental test fa
cilities within its 79,000 square feet simulate the rigors 
of launch and of operations in the vacuum conditions 
of space. The building contains assembly and test 
rooms that are clean enough so that precision optical 
equipment will not be contaminated; laboratories for 
the development of components for attitude control 
systems, power system electronics, batteries, and so
lar arrays; reliability and quality assurance laborato
ries for the inspection of delicate electronics parts and 
for failure analysis; and office space for 155 engineers, 
technicians, draftsmen, and secretaries. 

At the core of the building's function are areas 
devoted to the assembly and testing of spacecraft and 
spacecraft instruments. Five rooms, each with 1000 
square feet of floor space, adjoin a staging area served 
by an overhead crane. Three of the rooms meet Fed
eral Standard clean room requirements of Class 
100,000. (These standards will be defined later in this 
article.) Two rooms are 10 times cleaner, i.e., Class 
10,000. Adjacent to that area are two rooms, each with 
a 240 square foot floor area, that are maintained at 
Class 100, suitable for the assembly of small space in
struments containing delicate optics and particle de
tectors or as sterile rooms for the assembly of implant
able biomedical devices. 

Joining the assembly and test area are the Space 
Simulation and the Vibration Test Laboratories. The 
former contains vacuum chambers for simulating the 
vacuum and temperature conditions of space and a 
temperature, humidity, and altitude chamber to simu
late environmental extremes on earth. The Vibration 
Test Laboratory has shakers for vibrating and shock
ing test articles, thereby simulating environments com
mon to launch vehicles, missiles, and aircraft. 

Smaller laboratories serve the Satellite Reliability 
Group. There, new parts are inspected and parts that 
may have failed to operate properly are analyzed. 
Nearby are a stockroom for bonded storage of flight 
hardware and a solar simulation laboratory where 
spacecraft solar array performance (electrical output 
characteristics) can be tested. 
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Figure 1-The Richard B. Kershner building contains offices, 
laboratories, and clean rooms. It is the point of final assem
bly and qualification of spacecraft and space instrumentation. 

Space allocation and layout (Fig. 2) were determined 
by the requirement for the flow, under one roof, of 
individual parts from a certified clean stockroom 
through acceptable assembly areas to the environmen
tal test areas. 

CLEAN ROOM TECHNOLOGY 
A clean room is defined by Federal Standard No. 

209B.l It is one with a controlled environment in 
which filtering, room structure, and work discipline 
will ensure that no more than a specified number of 
particles greater than a specified size are contained in 
a given volume of the room air. For example, a Class 
100,000 clean room can contain no more than 100,000 
particles, 0.5 micrometer in size or larger, per cubic 
foot of air. The sources of contamination (Table 1) 
in these rooms are primarily people (skin scales and 
clothing lint) and equipment (wear particles and previ
ously accumulated dust). A typical inactive office 
might contain 100,000 0.5 micrometer and larger par
ticles per cubic foot. But if 0.3 micrometer size parti
cles are considered, the count goes up to 550,000 per 
cubic foot. And if the office is active, the count can 
increase by a factor of 10. A measurement made out
side the southeast entrance to the Kershner building 
on a summer afternoon with a clear sky and no wind 
yielded 714,000 half-micrometer or larger particles per 
cubic foot. If 0.3 micrometer particles had been count
ed also, the number would have increased to 1,900,000. 
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o Drafting room 
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thermal-vacuum testing of space
craft and spacecraft components 

o Machinery spaces for air han
dling and conditioning 

Figure 2-A floor plan showing the layout of clean rooms, offices, and air handling equipment in the Richard B. 
Kershner Space Integration and Test Facility. 

Table 1-Contamination generation.2 

Activity 

Person standing still 
Arms, head, and body 
motion 

Walking at 0.9 
meter per second 

Substantial activity 

Particuiote 
Generation 

(per minute, greater than 
0.3 micrometer) 

100,000 

1,000,000 

5,000,000 
100,000,000 

Of the particles, 89 percent were in the 0.3 to 0.7 mi
crometer size range. The smaller particles will con
glomerate as they settle if they are not flushed away 
with air flow. 

Figure 3 gives an idea of the relative sizes of many 
common airborne contaminants. High-efficiency par
ticulate air filters capable of filtering out any particle 
or contaminant larger than 0.3 micrometer in size are 
used to purify the air for clean rooms (Fig. 4). 

The highest quality and most costly clean rooms are 
those with laminar air flow, either vertical or horizon-
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tal (Fig. 5). Such rooms provide a constant flow of 
evenly distributed air across the entire area. In a ver
tical laminar flow room, air flows evenly from all areas 
of the ceiling to all areas of the floor and through the 
floor to the return plenum. The horizontal laminar 
flow room functions in a similar fashion except that 
flow is from one wall to and out the opposite wall. 
The two Class 10,000 rooms of the integration and test 
area of the Kershner Building are horizontal laminar 
flow rooms, and the two smaller, Class 100 rooms have 
a modified vertical laminar flow. The latter have an 
even air flow out of the entire ceiling area, but modi
fied so that the air is returned via the bottom edge of 
one wall rather than through the floor area. This pro
vides almost as good a result at the bench working lev
els as a true vertical laminar flow room without the 
necessity of a grating-type floor for the air exhaust. 

Other, more conventional clean rooms are designed 
with diffusers in the ceilings and air returns around 
the bottom of the walls. With this design, however, 
the air flow is downward, then outward to the bot
tom of the walls as in a modified vertical laminar flow 
room, producing more air turbulence than in a lami
nar flow room. The Class 300,000 clean rooms (the 
Space Simulation and Vibration Laboratories) are 
similar except that the air is returned through grills lo
cated at various points around the rooms. 
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Figure 3-Sizes of many common airborne contaminants. 

Figure 4-Section of a high-efficiency particulate air filter. 
Its efficiency is approximately 99.97 percent for filtering 0.3 
micrometer and larger particulates. 

The same quality of filtered air is supplied to all the 
clean rooms. The differences in classification come 
from the way air is supplied, cleaning procedures in 
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Figure 5-Clean room air flow configurations. 

the rooms, discipline to keep dirt out, and procedures 
to prevent dirt from being generated within the room. 

Hydrocarbon is another important contaminant. 
Ultraviolet light instrumentation is particularly sensi
tive, even to only a few angstroms of a hydrocarbon 
film. Such films can accumulate on satellite surfaces 
during fabrication and later migrate to colder surfaces, 
such as the optics. Because hydrocarbon vapors are 
not filtered out by the high-efficiency particulate air 
filters, our approach has been to eliminate, from the 
start, as many hydrocarbon-generating materials as 
possible. All building and finishing materials were ex
amined and rejected if they would pose an outgassing 
problem. The resulting level of hydrocarbons, as mea
sured, is 3 to 5 parts per million of air. Any value be
low 15 parts per million is acceptable. 

QUALITY ASSURANCE 
The responsibility of the Reliability Group is to 

monitor spacecraft hardware development activities 
and assure that standards of reliability and quality are 
met. It has the further responsibility to obtain highly 
reliable parts for hardware fabrication. This procedure 
starts with the initial design and drafting efforts, when 
information begins to be fed into a computerized data
base. As designs progress, parts are purchased. When 
they arrive, the Reliability Group processes them 
through a rigorous incoming test and inspection rou
tine with specified high-reliability standards. The oper
ation uses X-ray facilities; computer-controlled test 
equipment for testing complex integrated digital cir
cuits, diodes, and transistors as well as linear integrated 
circuits; visual inspection; hermetic leak testing; pas-
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sive part testing equipment; particle impact noise de
tection testing; small environmental chambers for 
automatic thermal cycling; and capabilities for' 'burn
ing in" parts with power applied. There are also a 
small ultra-high vacuum chamber and a cobalt-60 ir
radiator for special testing. Two of the test laborato
ries are shown in Figs. 6 and 7. 

One Class 100,000 conventional clean room is used 
as the Destructive Physical Analysis and Failure Anal
ysis Laboratory. In those areas, all parts are fully test
ed according to specified requirements. Special pre
cautions are taken to ensure that no electrostatic dam
age is incurred in processing. The floors are made of 
conductive material and are grounded to prevent static 
buildup. Laboratory benches and workers are also 
grounded when static-sensitive parts are being worked 
on. Workers are required to wear conductive, lint-free 
smocks while in the clean room areas, both to reduce 
electrostatic risks and to conform to clean room re
quirements. 

When received, parts are logged into the tracking 
system and followed throughout the testing. As test
ing is completed, the parts are placed in the bonded 
flight stockroom, where the same part-handling re
quirements are applied. 

THE INTEGRATION AND TEST AREAS 
High-reliability parts issued from the flight stock

room are fabricated into spacecraft hardware, which 
is subsequently returned to the Kershner Building to 
join with mechanical structures, cable harness, and test 
equipment. There the spacecraft is assembled and test
ed to ensure that it has met the goals of the design. 
Two computer rooms are connected to the clean rooms 
to provide instrumentation support. 

The integration and test areas have the cleanest 
rooms in the building. Each of the two Class 100 
rooms is constructed as a modified vertical laminar 
flow room. While they use air from the main air han
dling and conditioning unit, they have their own high
efficiency particulate air filters and prefilters, their own 
fans, and an air "shower" in the entrance to the 
rooms. The shower, with multidirectional air nozzles, 
blows away any remaining contamination on the gar
ments and flushes it out of the system. The floors in 
the two rooms are covered with conductive epoxy for 
cleanliness and for electrostatic discharge protection. 
A source of dry nitrogen is available in each room, 
as well as a connection to the central vacuum system 
for cleaning purposes. 

One of the rooms has been' 'scrubbed down" and 
is used as a sterile room. It requires a very strict dis
cipline so that bacteriological contamination will riot 
be introduced. The sterile room will be used for the 
assembly and test of biomedical devices before they 
are implanted into patients at the Johns Hopkins 
Hospital. 

The three-story-high bay that forms the staging area 
is a Class 100,000 conventional clean room. It mea
sures 30 by 50 feet and is 32 feet high. The high bay 
section has a 5-ton crane, operable at fast and slow 
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Figure 6-The particle impact noise detection test station. 
Electronic parts with internal cavities are tested to determine 
that they are free of loose particles that might cause electri
cal shorts in space. 

Figure 7-The digitallarge·scale-integration test station. In
coming parts such as digital integrated circuits are tested 
here before being placed in stock to be used in space 
hardware. 

speeds for precision movement of spacecraft assem
blies. A portage inspection machine is used to mea
sure spacecraft geometry precisely (Fig. 8). 

On one side of the staging area are the Class 10,000 
horizontal laminar flow rooms, which are divided by 
a motorized folding wall that can be opened to form 
one large two-story room. Each area has a floor space 
of about 1000 square feet, and the floor is covered with 
conductive epoxy (Figs. 9 and 10). 

THE SPACE SIMULATION LABORATORY 
The Space Simulation Laboratory is adjacent to the 

integration and test areas and the Vibration Test Lab
oratory. An overhead door between the staging area 
and the environmental test area allows easy movement 
of spacecraft for additional testing. The Laboratory 
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Figure 8-The integration and test high bay area used for 
spacecraft assembly. The portage machine (left) makes pre
cise measurements of spacecraft geometry. 

Figure 9-Work being done on the GEOSAT-A satellite in the 
integration stage of assembly. 

is equipped with thermal-vacuum and temperature, hu
midity, and altitude test facilities (Fig_ 11). 

All the test equipment is located in the high bay area 
serviced by a 5-ton crane with a hook height of 27 feet. 
This test area is maintained to a Class 300,000 clean 
room standard. A control room contains the data ac
quisition equipment and the thermal-vacuum com
puters that control test conditions. 
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Figure 10-The AMPTE satellite in one of the integration and 
test clean rooms. 

I • 

Figure 11-Space hardware being set up for testing in the 
Space Simulation Laboratory's Tenney Chamber. The cham
ber provides environmental conditions for temperature, hu
midity, and vacuum. 

The major test facilities are two bottom-load, ver
tical thermal-vacuum chambers, each 8 feet in diameter 
and 10 feet tall (Fig. 12). The test article is mounted 
and instrumented on the lower chamber door; after 
it has been prepared, the assembly is placed under the 
vacuum chamber and raised into position by a hydrau
lic elevator. The chambers have oil diffusion vacuum 
pumps that can maintain a vacuum of 2 x 10-6 torr_ 
The chamber walls are flooded with liquid nitrogen 
to simulate the radiation coupling to space. In a typi
cal test, infrared light heaters and thermal shrouds de
velop heat inputs to the test article. All test conditions 
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Figure 12-Two vertical Mt. Vernon thermal-vacuum cham
bers are used to simulate the space environment. Space hard
ware is mounted on a "door" (unit on rollers, far right). 
Instrumentation wiring is added, and the assembly is lifted 
hydraulically into the chamber for testing under programmed 
computer control. 

are maintained and monitored by APL-designed soft
ware run on a Hewlett-Packard 9836 computer. 

A recently acquired space simulation chamber, 3 feet 
in diameter by 3 feet high, develops vacuum by means 
of a cryopump. This permits testing of smaller instru
ments in a clean environment. The chamber can pro
vide temperature control from -78 to + 126°C at a 
vacuum of 2 x 10 -6 torr. 

THE VIBRATION TEST LABORATORY 
Testing in the Vibration Test Laboratory is designed 

to subject prototype and flight hardware to the me
chanical environmental levels equal to those expected 
in ground handling, launch, and orbit. Before they are 
integrated into the spacecraft, satellite components are 
tested to uncover defects. 

The basic vibration system consists of two shakers, 
two slip tables, one vibration control system, one pow
er amplifier, two field supplies, associated cooling 
equipment, and measurement instrumentation (Figs. 
13 and 14). Each shaker and slip table rests on a 50-ton 
reaction mass supported by six Barry air mounts act
ing as vibration absorbers to prevent any vibration 
higher than 5 hertz from being transmitted to the build
ing foundation. The larger shaker has a force capacity 
of 40,000 pounds and a static load capacity of 3000 
pounds. Its head diameter is 26 inches, which allows 
very large packages to be attached to it. Using the 
shaker and slip table in various configurations allows 
testing of packages in three axes of motion over a fre
quency range of 5 to 2000 hertz. The other reaction 
mass supports a shaker with a force rating of 18,000 
pounds, a static load capacity of 2000 pounds, and a 
head diameter of 18 inches. It can shake packages at 
frequencies up to 3000 hertz. 

Random tests are specified by defining the power 
spectral density required in a given frequency range. 
Control is maintained by using a number of accelerom-
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Figure 13-The Vibration Test Laboratory contains two shak
ers mounted on reaction masses to isolate vibrations from 
other parts of the building. The shakers are rated at force ca
pacities of 18,000 pounds (left unit) and 40,000 pounds (right 
unit). They are used to subject the space hardware to simu
lated launch conditions. 

Figure 14-Precise control of the energy supplied to the shak
ers is maintained with sophisticated instrumentation that 
produces the correct frequencies and amplitudes for speci
fied periods of time. The instrumentation can supply signals 
that are random (white noise), sinusoidal, or shock functions. 

eter inputs that are averaged together. Swept sinusoi
dal tests are also commonly performed using the vibra
tion control system. The sweeps typically run from 5 
to 2000 hertz and follow the desired displacement, ve
locity, or acceleration specified by the operator when 
the particular test is being set up. Up to eight chan
nels of accelerometer data can be displayed immedi
ately following the test. Shock tests have been per
formed on the shaker systems. The computer allows 
shock pulses to be defined via classical waveforms such 
as a half-sine or sawtooth or simply by defining the 
frequency domain spectrum of the desired pulse. 

PROJECTS 
With the timely completion of the Kershner Build

ing, APL was able to process four major projects in 
the facility: The Active Magnetospheric Particle Tracer 
Explorers (AMPTE) spacecraft, a NASA-sponsored 
international space mission to study access of the solar-
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wind ions to the magnetosphere and the processes that 
transport and accelerate magnetospheric particles, was 
launched in August 1984. The GEOSAT-A spacecraft, 
a Navy-sponsored radar altimeter spacecraft to ac
curately measure ocean heights and large-scale ocean 
features, is scheduled for launch on March 8, 1985. 
NOVA 3, a Navy-sponsored, second-generation navi
gation satellite, was launched in October 1984. The 
Hopkins Ultraviolet Telescope, a NASA-sponsored 
program in collaboration with The Johns Hopkins 
University Physics Department, is a space shuttle in
strument that will resolve faint astronomical objects 
and study the ionization and recombination of atom
ic hydrogen during its initial mission in 1986. 
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