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A 928-M 2 (10 000 FT 2) SOLAR ARRAY

By Dale E. Lindberg*

ABSTRACT

As the power requirements for space vehicles increases, the area of solar

arrays that convert solar energy to usable electrical power increases. The require-

ments for a 928-m 2 (10 000 ft 2) array, its design, and a full-scale demonstration of

one quadrant (232 m 2 (2500 ft2)) deployed in a one-g field are described in this report.

INTRODUCTION

Until the beginning of this program, all operational solar-array systems were

designed in small sizes (the largest was 112 m 2 in area per vehicle) and were designed

for low structural loadings (0.1-g level or less) in the deployed condition. The space

station solar-array requirements were to design a deployable array of silicon solar

cells 928 m 2 in area that was to be capable of articulation in two axes for sun tracking;

the entire structure was to be packaged for deployment in the space shuttle cargo bay.

The entire structure had to be retractable automatically into a 4.27-meter diameter

by 15.25-meter length shuttle cargo envelope without recourse to astronaut extra-
vehicular activity (EVA). Furthermore, high-on orbit loads had to be tolerated by the

structure in the deployed condition because it was required that the entire space station

rotate about a center displaced as much as 13.4 meters from the center of mass of the

solar-array system, resulting in nonsymmetric gravity loadings that are an order of

magnitude greater than those previously experienced in operational solar arrays.

After an evaluation of state-of-the-art solar-array and extendible-beam technol-

ogy, design studies were conducted to evaluate several structural configurations,

including calculation of weight penalties and assessment of system complexity. A two-

boom system was selected that used an Astromast boom as a basic deployable structure.

This boom and rigid truss members, which also functioned as ascent supporting mem-
bers for the stowed solar array, were the main structural elements. A unique

variable-tensioning system and an auxiliary guide-wire system were used for deploy-

ment of the flexible solar-array strips.

*Lockheed Missiles and Space Company, Inc., SunnyvaIe, Calif.
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Full-scale hardware was fabricated and assembled into a 232-m 2 quadrant of

the 928-m 2 array. The quadrant components were tested individually for function and
were assembled for deployment-capability testing.

DESIGN REQUIREMENTS

The following two ground rules were established at the beginning of the design
phase to accommodate the development of a valid component-technology demonstration
during a period of requirement definition. Maximum use was to be made of modularity
so that changes could be made at the component and subcomponent levels and to facil-
itate straightforward size scaleup or scaledown. If a requirement conflict occurred,
the most difficult requirement was to be adopted so that any subsequent changes or
firming up in requirements would result in a less difficult design or fabrication problem
and, thereby, not compromising the validity of the technology demonstrated in the
program.

The NASA shuttle-launched space station requirements were used as a basis for
the design. The shuttle requirements that were developed originally and the require-
ments derived using the noted ground rules are listed in table I. There were additional
assumed requirements, listed in table II, which provided a basis for the solar-array
design.

STRUCTURAL DESIGN

Configuration

A model of the space station solar-array baseline 928-m 2 design is shown in
figure 1 in relation to a shuttle-launched space station concept. The test quadrant that
was fabricated is shown in figures 1 and 2. The quadrant is 10.3 meters wide by
27.4 meters long. The orientation and power-transfer drive is built around a
1.53-meter power-boom section at the center root of the array.

The initial deployment sequence of the solar array, starting with the position of
the stowed quadrants that are packaged within the 4.27-meter maximum envelope (a
basic requirement of the design), is shown in figure 3. Initial outward deployment of
the quadrants is accomplished by means of a jackscrew mechanism. After this phase
of the deployment has been accomplished, the upper portion of the structure, the out-
board support assembly (OSA), begins the deployment of the major array.

The major structural elements of the solar array and the next step in the de-
ployment sequence are shown in figure 4. The two inboard solar-array strips, on
each side of the boom, deploy to provide power for the artificial-gravity mode, which
is the initial mode that is assumed to be used in the operational station. The inboard
and outboard supports form the upper and lower supports for the packaged array during
launch and contain the tensioning mechanisms that are required for proper support of
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the arrays. Also, these support assemblies provide housings for the guide-wire as-
sembly that is used for solar-array-strip alinement and to provide retraction capa-
bility for the strips. After all of the 10 solar-array strips have been deployed,
subsequent retractions are completed with all solar-array strips and structures being
retracted together, providing replaceability at the array level. An attachment point
is provided for the support of the inboard support assembly during ascent and the ar-
tificial-gravity mode.

The deployed arrays, with guy tapes in place, are shown in figure 5. The inset
shows more details of the packaged array before deployment.

Extendible Truss Beam

The extendible truss beam (ETB) forms the primary, structural element of the
solar-array system. It is the actuation (deployment and retraction) device and the sup-
porting structure for the flexible-substrate solar array. Because of its characteris-
tics of high strength and stiffness as well as low weight and thermal bending, a truss
beam was selected for this application. Although other truss-beam designs that have
significantly lower parts counts and higher strength-to-weight ratios are available, the
Astromast beam (figure 6) develops full strength and rigidity at any stage of deployment,
is fully retractable, and represents the minimum developmental cost. In addition, this
type of boom is versatile in that the deployed length and structural properties may be
varied with little change to the basic design and hardware.

In the launch mode, the entire beam is stowed within a canister 0.61 meter in
diameter and 1.32 meters in height. The upper external portion of this canister is a
rotatable nut that has three sets of inward-facing rectangular threads. The internal
(stationary) part of the canister supports the three vertical guideslots. The rollers
extending from the beam-batten corners are guided by tracks and are engaged simul-
taneously between the vertical guideslots and the lands of the threaded nut. The beam
deploys from or retracts into the canister when the nut is rotated by means of electric
motors. Cams for latching and unlatching the diagonal linkages of the beam are fixed
to the inner canister wall just below the rotating nut. The ETB is shown deployed in
figure 7.

When extended to its full length (25.6 meters), the beam is composed of 66 bays
(including two bays that remain inside the canister). A single bay consists of two fixed
(upper and lower) tubular triangles (battens) joined at each of the vertices by vertical
tubular compression members and by diagonal cable-tension members. Three of the
six tension cables terminate at one end (bottom of the bay) in an "over-center" toggle-
joint locking mechanism. The longerons and tubular batten members are deformed
locally to minimize the stowed-package height. These deformations reduce the overall
stowed height by approximately 30 percent, and reduce the strength of the members by
approximately 25 percent.

The ETB was subjected to basic structural testing in the vertical position. Com-
pression loads of as much as 19 670 newtons (2400 pounds) combined with a 271 meter-
newtons (200 foot-pounds) bending moment were sustained without failure. Also, during
testing, more than 2000 bays were extended and retracted successfully. The only major
failure occurred when a pivot pin in the latching mechanism sheared after 882 bays had
been extended.
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Guy-Tape Assembly

The guy-tape system minimizes the beam-bending loads and prevents cross-
wrinkling of the substrates strips by limiting the inplane deflections of the truss beam
to less than 25 centimeters. These deflections of the beam tip are caused by external
loading on the array from station-docking, attitude-control, and artificial-gravity
operation.

The guy-tape assembly consists of a 27.10-meter (1068 inch) winding tape and a
reel motor for stowage and release of the tape. The reel motor (one for each quadrant
of the array wing), to which one end of each tape is attached, is mounted near the outer
end of its inboard-support assembly. The other end of each tape is fixed to the cap at
the upper end of the truss beam by means of a pair of 0.294-centimeter-diameter
stainless-steel-cable assemblies, each of which straddles the cap assembly. As the
truss beam is deployed, the tapes unreel until a fixed position of the array wing is
reached. The guy-stowage mechanism is shown in figure 8 installed on the inboard
support assembly (ISA).

Strip Tensioning and Deployment Mechanism

As was mentioned, the three outer strips of each solar-array quadrant are de-
ployed after artificial-gravity operation has been completed and are tensioned to a
constant value of 29.2 N/m (2 lb/ft) throughout the entire mission life. To accomplish
this task, a simple motor-clutch system is mounted on the OSA (fig. 9) and is combined
with a Negator reel-tensioning system on the inboard supports in order to provide a
simple combined deployment drive and tensioning system for the zero-g strips. The
two strips closest to the beam in each quadrant require much higher tensions during
operation in artificial gravity. These strips are tensioned through the use of a pneu-
matic bellows system. During ascent, the unpressurized bellows are left open to the
outboard atmosphere to prevent inadvertent actuation of the mechanism. After extension
and before artificial-gravity operation, the bellows are pressurized to provide the in-
crease in tension for the strips; tension is maintained until the station returns to a
zero-g mode. Assuming the strip modulus of elasticity is constant with load, the tension
during artificial-gravity operation will vary from 1220 newtons (275 podnds) to 1265 new-
tons (285 pounds) because of length changes that result from orbital temperature varia-
tions in the extendable beam and the strip (fig. 10). After the artificial-gravity mode,
the bellows are depressurized and the system becomes a completely spring-loaded sys-
tem for the remainder of the mission.

Array Packaging and Deployment Assembly

Details of one array-strip packaging assembly, 20 of which are required for the
solar-array baseline design, are shown in figure 11. The cover plate (top) and the base
plate (bottom) of the strip package are honeycomb pallets that are lined on the inside
with polyurethane foam. The plates are used to provide support normal to the stored
modules and to provide contamination control during ground-based handling ascent and
descent phases of the station mission. The sheet-metal sides on the packaging assembly
are formed to deflect the retracting strip modules into the container for orderly stacking
during the ground-based test. Also, the sides are used to control contamination and to
contain the retracted strip during resupply operations.
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Each strip cover plate has six adjustable preload screws (three near the front
edge and three near the rear edge) to prevent slippage between stowed strip-module
joints during launch and ascent. Separation-nut assemblies, at the front and rear
center edges of the cover and base plate, form the tie points of the ISA and OSA, there-
by supporting the container. These assemblies are detonated on command to release
the preload screws and to permit system deployment.

Cushioning pads between alternate module layers (cell to cell surfaces) of a strip
prevent possible cell damage during ground-based handling and ascent vibration. The
pads are hinged, at the front edge of the ISA, to a spring-loaded double-hinge system
to facilitate removal of the pads during deployment. A pair of guide wires, tensioned
by negator motors and reels and passing through slots in alternate module joints, main-
tain control of the strips during deployment and retraction of the array. During exten-
sion and retraction tests, the simulated OSAwas offset as much as 10° and the strip
was extended and retracted successfully several times.

GROUND-BASED TESTING

To demonstrate quadrant operation it was necessary to counterbalance all deployed
fixed and variable weights and to balance the system tensions with an applied (but vari-
able) moment at the beam cap. This setup was accomplished as shown in figure 12.

A 12.2-meter I-beam was supported from the test area ceiling 33.6 meters
(110 feet) above the floor and was stabilized by means of a cable on each end tied to the
floor. The beam was used to support the pulley systems for the deployed variable and
fixed weights. A chain of various weights per meter was used in combination with fixed
weights as the variable counterbalances.

A moment-reaction beam was used in conjunction with a cable to balance the
quadrant tensions. The cable was attached to the overhead beam, passed around a
pulley near the external beam support ETB cap, and over another pulley at the reaction
beam tip, and then attached to a hydraulic cylinder at floor level. A leveling acceler-
ometer was attached to the ETB cap and the reading was used to manually increase or
decrease the tension in the cable, thereby maintaining the cap within 0. of level.
Normally, after the tension was adjusted for a deployment cycle, no further adjustment
was required in order to maintain a level cap.

Ten complete deployment cycles involving numerous short extensions and retrac-
tions were accomplished successfully. In addition, two cycles were accomplished that
demonstrated the ability of the array system to extend and retract a single strip for
replacement or additional power. During extensions or retractions, the air conditioning
was shut down to ensure that no external loads were imparted to the array.
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CONCLUDING REMARKS

The following conclusions were formulated during the study program and the
hardware demonstration. It is feasible to design, fabricate, and test solar arrays2.
928 m in area that will withstand the loads of a spinning spacecraft. The design must
be modular from the solar-cell strip to structural components to permit configuration
versatility, component handling, and maintenance. The Astromast extendible truss
beam is an excellent choice if high strength, low thermal bending, configuration versa-
tility, and retraction are required of a beam. Vertical testing of large-area flexible-
substrate arrays is a practical method of ground-based testing if adequate indoor
facilities are available.
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TABLE I.- BASELINE REQUIREMENTS FOR FIRST-LEVEL DESIGN

Requirement

MSC-03696
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Assumed At start

of flight

only

Replace

strip by
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km
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TABLE II.- BASELINE REQUIREMENTS FOR SECOND-LEVEL DESIGN

Item Assumed requirement

Resupply accommodation Main structure retractable (array strips

retractable)

Artificial-g mode Main structure fully deployable to 25.6 m with
4 strips/wing

Artificial-g mode Maximum artificial-g radius of rotation

displacement = 13.4 m

Array orientation 2-axis tracking ± 12 ° point accuracy

Lowest possible level of resupply Array strip (1.83 by 25.3 m) EVA required

Maintainability Shirt-sleeve maintenance
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Figure 1.- Shuttle-launched station concept.
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Figure 2.- Deployment-test quadrant.
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Figure 3.- Initial positioning of stowed quadrants.
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Figure 4.- Baseline structural elements.
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Figure 6.- Cutaway of the Astromast.
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Figure 7.- Extendible truss beam.
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Figure 8.- Guy-tape stowage mechanism.

Figure 9.- Strip pullup mechanisms.
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Figure 10.- Artificial-gravity tension mechanism.
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Figure 11.- Array packaging assembly.
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Figure 12.- Counterbalance support beam.

302



' ATTENDEES





ATTENDEES OF THE

7th AEROSPACE MECHANISMS SYMPOSIUM

Adair, H. L.
Kentron Hawaii, Ltd.
Bldg. VI, 1720NASA Rd. 1
Houston, Tex. 77058

Anderson, Thomas W. (EW)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Balzen, Richard T.
Tracor, Inc.
6500 Tracor Lane
Austin, Tex. 78721

Barzda, Justin J.
Kaman Aerospace Corp.
77 Overlook Drive
Windsor, Conn. 06095

Bates, William V. (FC4)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Beall, Roger R.
Lockheed Missiles and Space Co., Inc.
P. O. Box 504
Sunnyvale, Calif. 94088

Beam, Benjamin H. (213-1)
NASA Ames Research Center
Moffett Field, Calif. 94035

Berg, Tom

The Boeing Co.
P. O. Box 58747

Houston, Tex. 77058

Bernstein, S.
Lockheed Missiles and Space Co., Inc.

Org. 62-30, Bldg. 151
P. O. Box 504

Sunnyvale, Calif. 94088

Binge, Derek (116)

RCA, Astro-Electronics Div.
P. O. Box 800

Princeton, N.J. 08540

Bomke, P. W.

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, Calif. 91103

Bond, A.C. (EA2)

NASA Manned Spacecraft Center

Houston_ Tex. 77058

Brown, H.
California Institute of Technology

Pasadena, Calif. 91109

Brubaker, Lee M. (PA)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Buchannan, J. S.

220 Albans St.

Houston, Tex. 77005

Bunson, George A.
Santa Barbara Research Center

75 Coromar Drive

Goleta, Calif. 93017

Burroughs, E. G. (ES4)
4016 Tilson Lane

Houston, Tex. 77055

Bush, Kenneth S. (257)
NASA Langley Research Center

Hampton, Va. 23365

Campbell, Carlisle (EW5)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Campbell, R. L.
The Boeing Co.
P. O. Box 58747

Houston, Tex. 77058

Carlton, Robert L. (FC4)
NASA Manned Spacecraft Center

Houston, Tex. 77058

305



Carrier, David (TN4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Carson, Maurice A. (EC6)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Casebolt, Barry J.
Huntsville Times

Huntsville, Ala. 35901

Chauvin, Leo T. (EA22)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Cioni, Jim (EP5)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Clark, Dianne (ES)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Clark, Don. G. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Cole, Mark W., Jr. (314)

NASA Langley Research Center

Hampton_ Va. 23365

Colovin, James E.

Fairchild Corp.
18611 Point Lookout Drive

Houston, Tex. 77058

Conner, J. E.

Lockheed Propulsion Co.
16811 E1 Camino Real

Houston, Tex. 77058

Cook, James E.

University of Texas

3819 Maple Avenue

Dallas, Tex. 75219

Coston, Charles L.

5526 Whispering Creek

Houston, Tex. 77017

306

Cousins, T. E.

Kentron Hawaii, Ltd.

Bldg VI, 1720 NASA Rd. 1

Houston, Tex. 77058

Creel, Morris M.

Tracor, Inc.
6500 Tracor Lane

Austin, Tex. 78721

Curry, Kenneth C.

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, Calif. 91103

Dabbs, Danielle E.
American Institute of Aeronautics and

Astronautics

4404 Memorial Drive, Apt. 2103

Houston, Tex. 77007

Davidson, Richard B. (EW6)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Davis, Stewart L. (EP)

NASA Manned Spacecraft Center

Houston, Tex. 77058

DeBrecht, John J.

Singer-Link Co.
506 S. Austin

Webster, Tex. 77598

Dessert, Kenneth O., Jr.

Northrop Services Incorporated
210 Pecan Drive

League City, Tex. 77573

Dickson, L.R. (ES64)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Dodson, J.W. (PT2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Dorland, Wade D. (ES64)

NASA Manned Spacecraft Center

Houston, Tex. 77058



Downs, W. R. (ES)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Drexel, Mildred
10227 Old Orchard

LaPorte, Tex. 77571

Drexel, Ralph (EC3)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Eggleston, Jack M. (EA4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Faget, Maxime A. (EA)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Fawcett, W. K.

Lockheed Propulsion Co.
P.O. Box iii

Redlands, Calif. 92373

Fedor, O.

NASA John F. Kennedy Space Center
Kennedy Space Center, Fla. 32899

Ferger, H. L.

The Aerospace Corp.

1904 Via Arroyo
Palos Verdes, Calif. 90274

Ferguson, Mary C, (FD3)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Ferrera, J. D.

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, Calif. 91103

Fields, John B., Jr.

Sperry Rand Corp.
1715 Solomon Rd.

Charlottesville, Va. 22901

Fisher, Ken
Celesco Industries
3333 Harbor Blvd.

Costa Mesa, Calif. 92626

Fisher, Lewis R. (EK)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Fogwell, J. W.
Southwest Research Institute

8500 Culebra Rd.

P. O. Drawer 28510

San Antonio, Tex. 78284

Foster, G. B., Jr. (PT3)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Foster, Ralph H. (CD33)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Foster, Robert W.
McDonnell-Douglas Corp.

15611 Wandering Trail

Friendswood, Tex. 77546

Frazer, R.R. (MT)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Frere, Fred (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Frost, Richard H.

Frost Engineering
3900 S. Kalamath St.

P. O. Box 1294

Englewood, Colo. 80110

Gammon, Edward P. (PT3)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Graves, John C.

IBM Corp.

Dept. K81, Bldg 5-2

150 Sparkman Dr.

Huntsville, Ala. 35805

Gelotte, Gustav A.

The Boeing Co.

4002 Highknoll
Seabrook, Tex. 77586

307



Giesecke, Robert L. (ED2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Girala, Anthony S. (EW7)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Glenn, Dean C. (EWT)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Glynn, Philip C. (ES2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Gonzales, Norberto R. (EW7)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Graves, Donald L. (HA-84)

The Boeing Co.
P. O. Box 58747

Houston, Tex. 77058

Greek, B. F.

Chemical & Engineering News
P. O. Box 27620

Houston, Tex. 77027

Groskopfs, Ernest

Spar Aerospace Products
825 Caledonia Rd.

Toronto, Canada

Gruby, Charles L. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Gudikunst, J. B.

Hughes Aircraft Co.
Centinela and Teale Streets

Bldg 5, MS B-145

Culver City, Calif. 90230

Guerin, A. R.
The Singer Co.
Kearfott Div.

3300 W. Mockingbird Lane, Room 632

Dallas, Tex. 75235

Hacker, Russell

Stanford University

1214 St. Josephs Avenue
Los Altos, Calif. 94022

Hagel, Virginia T. (EM)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Hallmark, William A.

Martin Marietta Corp.

1730 NASA Rd. 1, Suite 106

Houston, Tex. 77058

Hamblett, Edward B., Jr. (PD)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Hannigan, James E. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Hardy, P. B.
Beech Aircraft.

Box 631

Boulder, Colo. 80302

Harrington, Timothy G.

Lockheed Missiles and Space Co., Inc.

906 Forest Ridge Drive

San Jose, Calif. 95129

Haynie, H. Theron

The Boeing Co.
5226 S. W. Dakota St.

Seattle, Wash. 98116

Hazel, Frank J.
RCA

1275 Space Park Dr., Suite 106

Houston, Tex. 77058

Heineman, W., Jr. (EW6)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Herzl, G. G.

Lockheed Missiles and Space Co., Inc.
3400 Kenneth Drive

Palo Alto, Calif. 94303

308



Hinricks, James T.
Ball Brothers Research Corp.

P. O. Box 1062

Boulder, Colo. 80302

Hobokan, Andrew (MT)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Hodge, Ralph D. (EW)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Holder, Ben W. (ES2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Hollrock, Richard
Kaman Aerospace Corp.

Bloomfield, Conn. 06002

Horne, William A.
American Institute of Aeronautics

and Astronautics
4106 Willow Hill Dr.

Seabrook, Tex. 77586

Howey, Charles K.

The Aerospace Corp.
P. O. Box 92957

Los Angeles, Calif. 90045

Hoyler, W. F. (MT)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Hunter, Alex B., Jr.

The Boeing Co.

2111 Wimberly Rd.

Huntsville, Ala. 35805

Idomir, Kenneth (EW)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Jacobsen, S.E. (JMS)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Jaderlund, W.W. (MT)
NASA Manned Spacecraft Center

Houston, Tex. 77058

James, Jack W.
Ball Brothers Research Corp.

P. O. Box 1062

Boulder, Colo. 80302

Jenkins, Lyle M. (EW8)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Jiongo, Edward M. (FM2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Johansen, David
Weber Aircraft Co.

2820 Ontario St.

Burbank, Calif. 91505

Johnson, C.C. (EW)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Jones, James C. (EW8)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Jones, J. L.
NASA Ames Research Center

Moffett Field, Calif. 94035

Jordan, J. J.

Singer Co.
120 Oak Brook Center Mall

Oakbrook, Ill. 60521

Katsuyama, G.
Marubeni America Inc.

3650 One Shell Plaza

Houston, Tex. 77002

Keathley, William H. (EWT)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Keim, Paul T. (CC4)
NASA Manned Spacecraft Center

Houston, Tex. 77058

309



Kerfoot, H. P.
Lockheed Missiles and Space Co., Inc.
1111 Lockheed Way
Sunnyvale, Calif. 94088

Kiker, John W. (EW5)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Kilbourn, Max B. (FM2)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Kirkpatrick, Donald L.
General Electric Co.
P. O. Box 8555, Room M2700
Philadelphia, Pa. 19101

Klauss, Marion E. (Zll)
Philco- Ford Corp.

Western Development Laboratories

3939 Fabian Way

Palo Alto, Calif. 94303

Knight, Jack (FC4)

NASA Manned Spacecraft Center

Houston, Texas 77058

Korth, Kenneth G.
Delco Electronics Div.

General Motors Corp.
18334 Hereford Lane

Houston, Tex. 77058

Kraft, C.C. (AA)

NASA Manned Spacecraft Center
Houston, Tex. 77058

Kubly, Dan B.

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, Calif. 91103

Kuethe, M. W.

Martin Marietta Corp.
P. O. Box 179

Denver, Colo. 80201

Laine, Don
Celesco Industries

3333 Harbor Blvd.

Costa Mesa, Calif. 92626

Langley, Betty
109 Sherwood Drive

Alvin, Tex. 77511

Langley, Robert D. (EW5)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Lindberg, Dale E.

Lockheed Missiles and Space Co., Inc.
259 LaHerran Drive

Santa Clara, Calif. 95051

Lobb, John D. (PT14)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Loden, Harold A. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Loftus, J. P., Jr. (AT)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Lovell, Robert B.

Lovell Enterprises
646 E1 Rancho Dr.

E1 Cajon, Calif. 92021

Lytton, John L.

The Boeing Co.
1420 Ramada

Houston, Tex. 77058

Martin, F. T. (720.0)

NASA Goddard Space Flight Center

Greenbelt, Md. 20771

Mathias, Mike (CD43)

NASA Manned Spacecraft Center

Houston, Tex. 77058

310



McBarron, James W.,H (EC9)
NASA Manned Spacecraft Center

Houston, Tex. 77058

McCullough, John E.
Arthur D. Little Co.

20-554 Acorn Park

Cambridge, Md. 02140

McDonald, Herman D.

Northrop Ventura
800 NASA Blvd. , Apt. 290

Webster, Tex. 77598

McIntire, Claude L.

The Boeing Co.

P. O. Box 58747

Houston, Tex. 77058

McLane, J. C., Jr. (EL)

NASA Manned Spacecraft Center

Houston, Tex. 77058

McManus, Ray S.

Singer/Simulation Products Div.
P. O. Box 58647

Houston, Tex. 77058

Mechelay, Joseph E. (PT2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Merritt, Walter M. (FC4)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Miller, Glenn C. (EW)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Miller, Matthew N.
Fairchild Stratos

1800 Rosecrans Avenue

Manhattan Beach, Calif. 90266

Minter, Larry V. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Naimer, Jack (EC7)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Nemecek, Joseph J. (7129)

U.S. Naval Research Laboratory

Washington, D.C.

Neuschaefer, W. A.

Martin Marietta Corp.

1740 NASA Rd. 1

Houston, Tex. 77058

Norma, L. S.
Kentron Hawaii, Ltd.

Bldg. VI, 1720 NASA Rd.

Houston, Tex. 77058

Oakey, W. E.
Southwest Research Institute

8500 Culebra Road

P. O. Drawer 28510

San Antonio, Tex. 78284

Olson, Merlyn C.

Hughes Aircraft Co.
3379 Wade Street

Los Angeles, Calif. 90066

Owen, David H. (EL)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Pacey, J. J.
LTV Aerospace Corp.
P. O. Box 6267

Dallas, Tex. 75222

Parks, James H. (114)

NASA Langley Research Center

Hampton, Va. 23365

Pearson, O.L. (EL2)
NASA Manned Spacecraft Center

Houston, Tex. 77058

311



Peters, Ronald A.
Marubeni America, Inc.
3650 One Shell Plaza
Houston, Tex. 77002

Peters, William L. (FC4)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Peterson, Rodney J. (MZ 6-73)
General Dynamics Corp.
1675W. Mission
Pomona, Calif. 91766

Pettit, E.M. (A3-830-BBG0-9)
McDonnell-Douglas Astronautics Co.
5301 Bolsa Avenue
Huntington Beach, Calif. 92647

Phelps, Ellsworth, Jr. (EW6)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Phillips, Jesse L. (EW8)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Piercy, Norman A. (EW6)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Pooch, R. J.

Lockheed Propulsion Co.
P. O. Box IIi

Redlands, Calif. 92373

Price, Jack

The Boeing Co.
950 Lefant Plaza

Washington, D.C.

Quinn, William J. (D132)
Hughes Aircraft Co.

Bldg. 6

Culver City, Calif. 90230

Ratcliff, Larry P. (EW7)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Red, Arthur G.

Spar Aerospace Products
825 Caledonia Road

Toronto 395

Ontario, Canada

Rice, William E. (EA2)

NASA Manned Spacecraft Center
Houston, Tex. 77058

Riedel, John K.

Lockheed Missiles and Space Co., Inc.

1861 Waverley Street

Palo Alto, Calif. 94303

Rinaldo, A. L.

Lockheed Missiles and Space Co., Inc.
1111 Lockheed Way

Sunnyvale, Calif. 94088

Robertson, James A.

General Dynamics Corp.
1730 NASA Blvd., Suite 204

Houston, Tex. 77058

Rogers, William F. (EW5)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Ross, Thomas O. (EW7)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Royce, R. S.

Jilsco, Inc.

8914 Randolph

Houston, Tex. 77017

Rysavy, Gordon (EW6)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Salcedo, D. E.

Kentron Hawaii, Ltd.

Bldg. VI, 1720 NASA Rd.

Houston, Tex. 77058

312



Samuels, Ronald L.

Airsupply Co./Spar

2230 Michigan Avenue

Santa Monica, Calif. 90404

Schliesing, John A. (ES2)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Schmuecker, Jay

Jet Propulsion Laboratory
4800 Oak Grove Drive

Pasadena, Calif. 91103

Schneider, Charles C. (EW8)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Sechler, E.E. (205-50)

California Institute of Technology

Pasadena, Calif. 91109

Seger, R.
Martin Marie_a Corp.

P. O. Box 179

Denver, Colo. 80201

Seifert, Richard

The Aerospace Corp.
P. O. Box 95085

Los Angeles, Calif. 90045

Shannon, James D. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Sharpless, Eric C.
AMETEC/Hunte r Spring

1 Spring Avenue
Batfield, Pa. 19440

Sherwin, H. G.

Northrop Corp.
Box 34416

Houston, Tex. 77034

Shields, Dales R. (1610)

Martin Marietta Corp.

Box 179

Denver, Colo. 80201

Simmons, Delford E. (7129.2)

U.S. Naval Research Laboratory

Washington, D.C. 20390

Simpkinson, Scott H. (PA)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Slayton, D.K. (CA)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Smith, H. Gaylan

The Boeing Co.

P. O. Box 58747

Houston, Tex. 77058

Smith, P. Don (ES12)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Smith, Richard F. (EW7)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Snyder, Howard E.

The Boeing Co.
P. O. Box 58747

Houston, Tex. 77058

Sova, Bill (EW6)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Speight, Kevin M.
General Electric Co.

3008 Taft Road

Norristown, Pa. 19403

Stap, John, Jr.
Martin Marietta Corp.

1730 NASA Blvd., Suite 106

Houston, Tex. 77058

Starkey, Donald J. (157-110)

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, Calif. 91103

313



Steadman, B. E.

Lockheed Missiles and Space Co., Inc.
16811 E1 Camino Real

Houston, Tex. 77058

Stellenwerf, W. A.

Martin Marietta Corp.
1730 NASA Blvd.

Houston, Tex. 77058

Stevens, Doug
Celesco Industries

3333 Harbor Blvd.

Costa Mesa, Calif. 92626

Stevens, G. W. H.

Engineering Physics Dept.

Royal Aircraft Establishment,
Farnborough
Hampshire 1

England

Stewart, William A.

American Institute of Aeronautics
and Astronautics

P. O. Box 57913

Webster, Tex. 77598

Stott, Gary R.

Lockheed Missiles and Space Co., Inc.
1556 Mallard Way

Sunnyvale, Calif. 94087

Straayer, Joe

The Boeing Co.
P. O. Box 58747

Houston, Tex. 77058

Sturgis, J. D.

Radiation, Inc.
P. O. Box 37

Melbourne, Fla. 32901

Suarez, S.M. (320.1)

NASA Goddard Space Flight Center
Greenbelt, Md. 20771

Swales, Frank

Lockheed Missiles and Space Co., Inc.
P. O. Box 504

Sunnyvale, Calif. 94088

Swenson, Bill

Bell Aerospace Co.

1115 Gemini, Suite F

Houston, Tex. 77058

Talas, Alfred

NASA Manned

Houston, Tex.

(EL2)

Spacecraft Center
77058

Taub, Willard M. (EW8)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Tepley, L. R.

Lockheed Missiles and Space Co., Inc.
1111 Lockheed Way

Sunnyvale, Calif. 94088

Thames, Paul S.

Singer/Simulation Products Div.

1700 Bay Area Blvd.

Houston, Tex. 77058

Thayer, J. C.

Champion Paper Co.
P. O. Box 872

Pasadena, Tex. 77501

Thirolf, R. G. (DE4)

NASA Manned Spacecraft Center
Houston, Tex. 77058

Thomson, Graham

Hughes Aircraft Co.

11356 Chenault Street

Los Angeles, Calif. 90049

Trafton, Thomas W.

The Aerospace Corp.
P. O. Box 95085

Los Angeles, Calif. 90045

Tweedt, Roger E.

Hughes Aircraft Co.

Centinela and Teale Streets

Culver City, Calif. 90230

Vaccaro, James J.

TRW Systems

1 Spacepark Drive

Houston, Tex. 77058

314



Vallandigham, Peter L.
Sunstrand Aviation
Rockford, Ill. 61101

Vaughan, N.B. (MT)
NASA Manned Spacecraft Center
Houston, Tex. 77058

Wade, A. L.
Santa Barbara Research Center
75 Coromar Drive
Goleta, Calif. 93017

WaLker, William H. (13-08)
The Boeing Co.
P. O. Box 3999
Seattle, Wash. 98124

Walter, John K. S.
Sandia Laboratories
Division 1326
P. O. Box 5800
Albuquerque, N. Mex. 87115

Ward, B.W. (732.0)
NASA Goddard Space Flight Center
Greenbelt, Md. 20771

Webb, Granville L. (159)
NASA Langley Research Center
Hampton, Va. 23362

Weber, Winston W.
Martin Marietta Corp.
1730 NASA Rd. 1, Suite 106
Houston, Tex. 77058

Webster, H. T.
Weber Aircraft

2820 Ontario Street

Burbank, Calif. 91505

Welch, D. F.
California Institute of Technology

1201 E. California Blvd.

Pasadena, Calif. 91109

Wesselski, Clarence J. (EW7)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Weyman, Nick

Spar Aerospace Products
825 Caledonia Road

Toronto, Ontario
Canada

Wheeler, Bryce A. (B109)

Hughes Aircraft Co.
Centinela and Teale Streets

Culver City, Calif. 90230

White, G. R.
P. O. Box 27012

Houston, Tex. 77027

White, Jim H.
4195 Dundas Street W.

Toronto 590, Ontario

Canada

White, Robert D. (EWS)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Whitmore, C.V. (FC4)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Wible, Lee A. (FC4)
NASA Manned Spacecraft Center

Houston, Tex. 77058

Williams, John E. (EW8)

NASA Manned Spacecraft Center

Houston, Tex. 77058

Woods, Ace M.

Chrysler Corp.
1339 Riviera

New Orleans, La.

Wrede, Karl J.

Singer Co.
P. O. Box 58551

Houston, Tex. 77058

Wren, R.J. (ES12)
NASA Manned Spacecraft Center

Houston, Tex. 77058

315



ORGANIZATIONS REPRESENTED AT THE

7th AEROSPACE MECHANISMS SYMPOSIUM

The Aerospace Corp.

Airsupply Co./Spar

American Institute of Aeronautics
and Astronautics

AMETEC/Hunter Spring

Arthur D. Little Co.

Ball Brothers Research Corp.

Beech Aircraft

Bell Aerospace Co.

The Boeing Co.

California Institute of Technology

Celesco Industries

Champion Paper Co.

Chemical and Engineering News

Chrysler Corp.

General Motors Corp.,
Delco Electronics Div.

Fairchild Corp.

Fairchild Stratos

Frost Engineering

General Dynamics Corp.

General Electric Co.

Hughes Aircraft Co.

Huntsville Times

IBM Corp.

Jet Propulsion Laboratory

Jilsco, Inc.

Kaman Aerospace Corp.

Kentron Hawaii, Ltd.

Lockheed Missiles and Space Co., Inc.

Lockheed Propulsion Co.

Lovell Enterprises

LTV Aerospace Corp.

Martin Marietta Corp.

Marubeni America, Inc.

McDonnell-Douglas Astronautics Co.

McDonnell-Douglas Corp.

NASA Ames Research Center

NASA Goddard Space Flight Center

NASA John F. Kennedy Space Center

NASA Langley Research Center

NASA Manned Spacecraft Center

Northrop Corp.

Northrop Ventura

Northrop Services Incorporated

Philco-Ford Corp.

Radiation, Inc.

316



RCA

RCA, Astro-Electronics Div.

Royal Aircraft Establishment,
Engineering Physics Div.

Sandia Laboratories

Santa Barbara Research Center

Singer Co.

Singer-Link Co.

Singer/Simulation Products Div.

Southwest Research Institute

Spar Aerospace Products

Sperry Rand Corp.

Stanford University

Sunstrand Aviation

Tracor, Inc.

TRW Systems

University of Texas

U.S. Naval Research Laboratory

Weber Aircraft Co.

"_'U.S. GOVERNMENT PRINTING OFFICE: 1973--771-621/71/7

317




