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OVERVIEW OF NASA/HU LSSI

. The purpcse cf c:the Insti:uie is to provide the NASA/Largley
Research Center with besic reseérch needs te suppert their large
space s.ruu.urns irterests. The cbjectives of the Irstitute are
(1) <o crea:e'a body of kncﬁledge concingent te anvunderstanding
¢f the ergireering benavier of large space strﬁctﬁres;'ahd (25 te
populate the field of ;a“ge space siructures erglreerlrg with
persers whe zre capable: researchers ard who share NASA/Larg ey's
interests ir such structures. The focus of the Irsvltute is on
methods of structural aralysis, cortrol and optimi;aiion'of iarge
flexible systems. The aim is to integfate these methods to'ére-
ate a certer of excellerce irn the area of cortrol and optimiza-

tiorn of large structural systems modeled as contiruous media.

The missior of the Irstitute, ther, is to fulfill these cbjec=

tives withir the framework of the missior c¢f Howard Uriversity

which is as folleows:

The mission eof Howard Urniversity, exparded sirce the
establishmert of the Uriversity, is twe-fold. First, it is
to provide gquality educatiorn at a reascorable:cest  for ary
studert irrespective of race, creed, or raticral origir, but
with emphasis upor the provisioen -of -educaticral.-cppertuni-
ties for those students who may nret otherwise have ar opper-
turity to acguire ar- educstion c¢f the :ype provided at
doward., Secerd, it is te assist, through full utilizatior
of its research rescurces, inr the deve.opmerv of .sclutions
te humar ard sccial problems. T

The methodolcgy by which the Irmstitute can realizes its mis-

sier is ocutlirnred as follows:
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ative urit is corgarized tc marage the werk

. of the irstitute. This urit corsists of {(a) a Director whe as-

sumes respoensibilicty {or :he'reglization ¢f the Irstitute's mis-
siern, and assumes acceourtability for the activities of the Inf
stituté'é‘resources - humar, physical ard fiscal resources. The
Director'alsobini:iates the recruitment of all key perscrnrel; (b)
ar Admirisctracive Assistant who performs both office maragemert
ard secretarial duties, and manaéeé‘the techrical typirg furc-
tiors as prescribed by the Institute's researchers aéd a secre=
tary whe performs secretarial GUCies for the Irstitute. (See

Overview Apperndix A: LSSI Orgarizatioral Chart).

2. Ar Adviscory Committee wnich consists of Howard faculﬁy,
NASA personnel; cther wuniversity and irdustrial scholars, has
beer formed. The Advisory Committee advises the Director or all
matters tﬁe Committee corsiders withir its concern, and approves

of ary new directions the Irstitute proposes to take. (See Over=-

‘view Apperdix B: LSSI AdviSqry Committee}.

3. On;going research projec:s with NASA will be éontinued,
bui secretarial work will be gcoled'and pnysical facilities (eg.
cffice épaée of gradua:e's:udenté, computer hardware anrd sofi-
Qare, e:é.) will be shared. A;sé;npég rgsearch prejects will pe
ihitiéted as recommerded by the. Directoer and appreved by the Ad-
visory Committeg. Each_projeci-is diregted'by a Prircipal I;ves-
tigaior ard is supperted by as man} Graduate Research Assistants

as approved. It is anrticipated that the stipends of such assis-

cants wiil be supplementec by departmerzal Ddudgets. (See Pars

II: Orzarizatiorn of Research Projects).
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4, Graduate Student Fellowships are made ava;lable to stu-
dents who are deemed capablé of makiﬁg superior coﬁﬁributions tpf"“
'.the creative efforts research projects. These stddéﬁts'are re-
cruited by the Institute Director and appcinted to a project (éee
#2 above) with the approval of the Advisory Committee. The Fel-
lows are U.S. citizers and full-time graduate students, and their
research duties will be to write theses on topics specified by
A‘pﬁe principal investigators_ of the projects to which they are
assigned. Each fellow will spend several weeks during the summer
doing:research in residence at the NASA/Langley Research Center
in Hampton, Virgiria. It is anticipated that at least one Fellow
Qilln be éssigned to each research project. It is hoped thai
these Fellows, upon completion of their M.S. and/or Ph.D. studies
at‘ Howard, will Jjoin the research staff at the NASA/Langley

Research Center.

5. A revolvinrg l-year Post-Doctoral Fellowship program.has
been establiéhéd in order tc brirg special scholarly activity’
irto residency at Howard in order to enhance the breadth and
‘depth of the Institute's research. Such Fellows may be either
" young scholars who possess unique up-to-date skills which are
‘relevant to the Institute's research plan; or serior écholars
"lwhosé experience and “eye-t§-thé tuture" could enhance the ‘quali-
‘ty of the Institute's research. Such Fellows are recommended by
the'principal investigators, through the Director, to the Adviso-
hy‘Committeq._ It is anticipated that the presence of such schol-
ars would invite the various- engineerinrg departmeﬁts'tdlSUpple-‘

ment the Irnstitute's finarcial burden of "acquiring them. The
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resumes of two candidates for this position are included in this

document (see Part III: HU Human Support Plan).

6. The equipment needs of £he Institute are in the area of
computer graphics. These needs are described in the Physical

Support Plan of this document.

7. Such a concertrated effort on the part of faculty and -

students in the area of large space structures would nétufally

impact on the ergireerirg curriculum at Howard. Therefore, in-

house resources would be used to establish new courses such as

Control of Flexible Bodies, Megamechanics, etc, Such courses

would be offered by one of the existing enginreering departments

as a regular part of their degree-granting program.

Some sigrificant activities of the LSSI that will be con-

tinued are as follows:

1. SEMINARS. The HU Institute PI's meet weekly to (a)
present technical seminars aimed at achieving a truly interdisci-
plirnary effort focused on control and optimization of large lét-
tice systems using -- in part -- the LCM; and (b) to conduct
busiress. The RPI and MIT PI'sia}e kept informed of these semi-
rars and a mailing list of other-ibterested parties (ie. HU stu-
dents and faculty from other uniQersities, etc.)Ahéé beeBAformu-
lated. The Institute sponsored a seminar on Hédnesdéy; November

16, 1983 by Dr. K.C. Park, Senior Scientist, Lockbeed Missiles

and Space Corp. who spoke on tﬁé topic "Computational issues in

Large Space Structures Technology. (See Overview Appendix' C:

Institute Lectures).

S



2. LECTURE/RECRUiTING TOUk; Bétween-Febnuary 22, 1984 and
March 2, 1984 the HU PI's conducted a nation-wide lecture/
recruitirg . tour. The purposés of the tour were (a) to make
scholarly contacts with persons whe are iﬁvolved in research work
of irterest to the Institute; and (2) to recruit qualified gradu- |
ate students, includiné minority studerts, to the Institute.
Nine universities were visited including Starford, Prairie View
A&M, and SouthernvuniverSitﬁ.- Whéféas results of the recruiting
-effort of the tour are as‘yet fofthcoming, the PI's agree that
the tour was a success and another tour is plénned for the Fall
of 1984, (See Cverview Appéndix D: 1st LSSI Lecture/Recruiting

Tour).

3. DOD PROPOSAL. On behalf of the LSSI and other Howard
faculﬁy, the Institute TDirector submitted a 'propoéal to AFOSR
entitled "DOD/HU Interactive Computer Graphics Faéility for Space
Research - December 15, 1983. This proposal was for computer
hardware dedicated to computer'gfaphics for space research. The
amount of the proposal was $350K and, if awarded, would establish
the LSSI Director as PI for the implementation and use of this
equipméﬁt. .Notificatioq of.a§éeptahce'is expected on on about

April 15, 1984,

L. AbVISORY COMHITTEE MEETINGS. The first Advisory Commit-
tee meeting was on Monday, October 17, 1983 in Washington, D.C.
at Héwafd Univesity. The second.meeting is scheduled for March
23, 1984 at the NASA/Langley Research Center in. Hamﬁfbn,

‘Virginia. _ .

e a b eie e e ey & . —— 2 . A e (@ " T A et S B S T . - - ———— e W ¢



5. STUDENT TOURS AT NASA/LANGLEY. A tour was.conducted on
January 26, 1984 for two Institute research studerts at NASA/
Largley. The two LSSI fellows, .Cheryl McKissack and Starley
Woeodard, will sperd several weeks each in residence at the Center

this summer. Other tours are plannéd for the Fall'of 1984,

6. NEW LSSI PROJECT. A new project has been added to the
--LSSI.  The PI of this project is D}. I.W. Jores. The project is
ir the area of deployable dynamics and Dr. K.C. Park of Lockheed
will consult with Dr. Jones (See Organizatior of Research Proj-
ects). It is expected that by the Fall of 1984 Df. Jones and Dr.
Park will gererate an HU-LSSI/Lecckheed proposal to support their

work.

. T. OFFICE SPACE UTILIZATION. The office space needs of the
LS3I are driven by (1) reeds of the LSSI Administrative Assis-
tanﬁ; (2) needs of the LSSI Secretary; (3) work space for LSSI
terminals, printer, xerox machine, etc.; and (U4) storége require-
ments. The present situation is illustrated by the diagram in
Overview Appendix E.1. The renovation plan is 1illustrated in
Overview Appendix E.Z2. The costs of éffectihg this plén. are
borne by the LSSI, the Civil Engineering Department‘and the Of-

fice of the Dean of the Schecol of Engireering. (Note: Though
.this plan was initiated in Séptember, 1983, the HU Physical Plant
did not respond with an estimate until January, 1984. However,
the Physical Plant has responded tc a memorandum from the Presi-
dent‘dirécting it to place research heeds on a high priority.
4 Thé ﬁéﬁ Chief of Operatiorns and Maintenance of the Physical

Plant, Mr, Hight, has been desigrated as the person responsible

\W¥7
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to tne Directoer for expediiing research regquests. Relatiers with
the Physical Plart have sirce beer very good anrd responsive to

our reeds).

8. LSSI PRODUCTIVITY TO DATE. The mears suggested for
measurirg the output of the LSSI are (1) presertatiorns made at

cenferences; (2) papers in ‘scholariy jourrals; anrd (3) student

acquisitiors of graduate degrees. A $tatus report of pregress.

toward preducing tnis output is described ir Overview Apperdix F

ir bibliograpnic ferm. -

9. PROGRESS TOWARD LSSI FOCUS. As mehtioned earlier, the
aim of the LSSI is te form a truly irnterdisciplirary approach ﬁo
the cornctrel and optimizatiorn of large lattice systems using con-
tiruum modeling methods. Though we will mairtair interest in
large space structures ;hat do not corsist of lattice systems

(e.g., the thethered satellitej, focus is directed upon creatirg

:expertise - or the part of each HU Prircipal Investigator - in

the use of the corntiruum modelinrg approacit to the cptimizatiorn
~ard cortrel of large lattices. The measures taker to achieve

this focus are.listed ir Overview Appendix G.

>
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graduate

September
September

September

. Octcher 5, 1983 Dr. R. Reiss

October 26, 1983 Dr.

November 2, 1933 Dr. R. Reiss

C._ INSTITUTE LECTURES

Heward Uriversity Prircipal Investigaters,
students, guests.

14, 1983 Dr. T.H. Broome Introduction to
} LSSI

21, 1983 br. T.H. Brocme Introducticn to
: : Megamechanrics =1

28 . 1983 Dr. T.H. Brocme " Irtreoductior to
Megamechanics =2

Elasticity: A
Review .

" Cetober 19, 1983 Dr. R. Reiss Variatioral

Metihds in
Elasticity

w
.

Reiss Self-Adjoint
- Bourdary Value
Problems

Optimum Struc-
“tural Design,

Nevember §, 1933 .  Dr.. P.M. Bairum Intreduction to

Spacecraft
Dyramics:
Modelling of
Disturbarce
Torques

- Gravity

Gradient Terques .

- Moments "Due to
Sclar Pressure
« Magretic
Torques

11
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November 22,

1383

Nevember 30, 1883

March 13, 1984

INVITED SCHOLARS;

November 16, 1983

SIGMA x;:
December 3, 1983
 PLARNED

a. IN-Qbusaé

b. "INVIT
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TD SCHOLAR;
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Dr.

Dr.

Dr..

Dr.

PEM. Bairum

P.M. Bairum

J.
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Park®

H. Broome

Deraldsor, Choudhury (weekly)

To be arranged.
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D. 1st LSSI LECTURE/RECRUITING 'lOUR

l‘FBRUARY 1984

PLACE

ACTIVITTES

Colorado BOZ(M

DATE 'IME LSS1 PERSONNEL
Wednesday W : : : .
February 22 IJAVING Washmgton DC 3:30 pm | GOING. TO: Denver, CO T.ll. Broome Contincntal Air-
_ - National Almort : lines, Flight %467
“Thursday :
February 23 University of Colorado at 9:00 am Meet with Dean Thomas T.H. Broome Dean G. Thomas
Denver, Colorado 80202
School of Ingineering ‘111:00 am Structural /\naly51s T.H. Broome Prof. Judy Stlan-
Fast Classroom #15 1 o .cmm'n' ker s :
12:00 pm lech. With Fngineering T.H. Broome | pean 6. Thomas
(‘hairmen of Departments
. Metropolitan State Col-_ oo
lege |
; X
. V1ce President of MSC 8 2
B M z r
‘| @ University of Denver O
' S
e lniversity of Colorado =
=3
e Martin Marietta Corp. -
"[University of Denver 4:00 pm Lecture: With lngmeermg T.Il. Broome/ | bean R. Amme
Denver, Colorado 80210 1 Students C. McKissack School ofifng'g
br. Xing
Friday ' ' i - ' ,
February 24 South High School 10:00 am lecture T.H. Broome/ 1 Mrs. B. Deline
Denver, Colorado C. McKissack g '
M:t'mpovlit'an State College [11:30 am Second Bléck World Con- T.H. Broome Dr. Akbarali
St. Cajetans Bldg., Denver, ference. Thobhani

CONTACT PERSON]

4]
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/. " ‘1st LSSI LECTURE/RECRUITING TOUR

FEBR!

PLACE

TINE ]

UARY, 1984

’ LSST PERSONNEL

Swnday
i'thruary 26

Monday
February 27

Sa tAurday Evening
tchruary 25

Note: C. McKissack returns
to Washipgto_n, DC- -

LODGING: Ricky's llyde House
4219 E1 Camino Real
Palo Alto, CA

Note: P.M. Baimum arrived

Stanford University

Durand Building Room 369

.blgrand Building Room 206

9:00 pm

3:25 pm

8:00 am

9:00 am

- - TES

Picked up mail and tele-
phone messages from front
desk and replied. For-
warded response back to
Howard University

Meetings with

e Prof. liolt Ashley
‘ Aero-Astvro & Mechanical

e P'rof. Peter Banks, !lead
NASA Task Force

T.Il. Broome

T.H. bBroome/
P. M. Baimm

DATE CONTACT PERSON
Friday . e Annowncement of the T.H. Broome 25
February 24 1SSI: T.H. Broome w0

Q32
"Role of Minorities in =
the Spac_c Program' :2 <
12:00 pm | lunch i 7
Saturday : _ - e
February 25 LEAVING: Denver, CO 6:36 pm |.GOING TO: Stanford Univ. T.H. Broome United Airlines’
' _ _ . Flight #825
ARRIVING: San‘Francisco, CA| 8:01 pm Travel to lodgihg T.H. Broome

Lodging: (415) 493-
8000

t

¥

Dr. Michael L.
:Jackson, DNirector
Stanford Overseas

© Studies

(415) 497-3555

14¢

ca e

\t



1st LSSI LECTURE/RECRUITING TOUR

FEBRUARY, 1984

“ “_"

Department of Mechanical

. pind-Aerospace I‘ngmeermg

Room G- 325

Interview

° Dr Kailash C. Pande
‘Mechanical and I\erospace
Enginéering

Discuss: 1SSI (‘andldacy
. for potential Iost
Doctoral Fellow/(‘onsultind

P. Bainum

[ DATE PLACE TIME ACTIVITIES LSSI PERSONNEL CONTACT PERSON
Monday ' ' "
Februavy 27 Dirand Building Room 113 10:00 am | e (Prof. John Breakwell
B . . . o A Orbital Mechanics -
- Cancelled) oo
ma
Durand Building Room 262-A [11:00 am |e Prof. Arthur Bryson 3 ‘_z’
. ‘ Q2 _ K
Tresidder Room 271 12:00 pm Luncheon with (15 people) 2r Dr. M.L. Jackson
: - , : : 23 Prof. Thomas Kane
‘| ® Adininistrators of Minori? » 0 R
ty Programs cm
' <@
® Vice President Boyd
e Faculty, and
' e Students
_|stanford University 2:30 pm ISSI Symposium T.li. Broome/ Prof. Thomas Kane
< [Tresidder Room 132 ' ' Faculty/Students P. Bainum
IFAVING: San Francisco, CA | 5:25 pm GOING TO: Arizona State T.H. Brbome/ Republic Airlines
: Umveruty P, Baimm Flight 119 -
Tuesday o » . )
February 28 Arizona State University  [10:00 am Meet with and conduct T.H. Broome/ -Dr. Kailash C.

Dr. Mahosh Rayan
Dr. K.C. Pande

Pande (602) 965-
4115




1st LSST LECTURE/RECRUITING TOUR

FEBRUARY, 1984

LSSI PHRSONNEL

~CONTACT PERSON] «©

C oast

[ DATE PLACE TIME ACTIVITIES
Tuesday
February 28 1:30 pm | Seminar: With ASU Graduate
Students and Faculty
LEAVING: Phoenix, AZ 6:40 pm GOING TO: Prairie View T. Broome/ Republic Airlines
AGM University P. Bainum
AKRIVING: Houston, TX 9:51 pm | Travel to lodging T. Broome/P. Baimm
liobby Airport '
Wednesday _ L o : ‘ :
February 29 Prairie View A6M University | 9:00 am |Mcet with T. Broome/P. Bainum | Dr. John Hill
: Office of the President ' : :
flain entrance on Campus = | o Dr. John Hill, Vice
Avenue-A, 2nd Bldg. on left President for Develop- -
R ’ : ment and University
Relations
|President's Conference Room | 9:15 am 0 Mcet with Nlministrators T. Broome/P. Bainum oo
. (Idllége'of l‘mginceriﬁg |10:00 am Meet with o T. Broome/P. Bainum :g
Dean's Conference Room : oz
o Dr. Decatur Rogers, Dean gz
College of Lngineering O -3
c >
o Faculty ol T h
: = carn
'11:30 am |Tour of Facilities T. Broome/P. Bainum <
12:30 Tunch.
1:30 pm |Meet with T. Broome/P. Baimum
o Dr. Percy A. Pierre
President
Prairie View AGM

91
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‘1st LSSI LECTURE/RECRUITING TOUR
FEBRUARY, 1984

[T DATE —T PLACE 1 TIME ACTIVITIES LSST PERSONNEL CONTACT PERSON
{ Wednesday ‘ ' ’ } ' , '
February 29 - [Prairie View AfM ' 1 2:00 pm lecture/Graduate Students | T. Broome/P. Baimum
. ‘ and Faculty
Introduction by Dr. Percy
A. Pierre, President
ARRIVE: Memorial Student 6:30 pm
- |Center- Texas AGM University
Campus
The Confederate llouse 7:30 pm Dinner: With Dr. Cress T. Broome/P. Bainum
Thursday ~ o : ' . S '
March 1 . |Texas AGM University . 19:30 am |Meeting with 4 T. Broome/P. Bainum/ Dr. E. James Cross,
. |ingineering Room 215 ' ' ‘ R. Reiss . - © | Jr. (409) 845-
College Station, TX .. - o Dr. E. James Cross, Jr, ' 7541
Meeting with T. Broome/P. Baimuam/
. R. Reiss
10:00 am o Dr. Allen o0
o Dr. Kinra ma
o2
12:00 LUNQL: Dr. Cross gz
o : : . o
[Engineering Research Center | 2:00 pm |Seminar: Faculty/Graduate | T. Broome/P. Baimum/ QT
- {Room 324 - o Students” R. Reiss §§
' » : ‘ R
3:30 pm Tour, Pngineering Research 3G
Center
4:00 pm |Depart for Fasteniwood T. Broome/P. Baimum/ '
Airport R. Reiss

Lt
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DATE

1st LSSI LECTURB/RECi{UITING TOUK
FEBRUARY, 1984

PLACE TIME ACTIVITIES LSST PERSONNEL CONTACT. PERSON
NRIVING: Baton Rouge,LA 9:08 pm T.Broome/R.Reiss American Airlines
‘ , Flight #59§
Bainun retumns to Washingtdn
A.K. (houwdhury arrives in
Baton Rouge, LA
EFriday
Havch 2 Southern University 10:00 am | Meet with: T.Broome/R.- Reiss Dean M.Q. Burrell
Baton Rouge, LA . . --Dr. M.Q. Burrell, Dean ‘ 504/771-5290 ‘
School of Pngineering :
-Seminar: Faculty/Student { A.K. Choudhury . o
+ | 11:00 am {Seminar | T.Broome/R.Reiss 2%
. ' R
©12:00 pm {lanch 8 ‘;
2 re
1:00 pin |Two-hour Interview with Broome/Reiss/Choudin Po e
Students : S
LEAVE: Baton, Rouge,LA 4:00 pn [Returm to Washington, D.C. | Broome/Reiss/Choudht c ™
<&

e
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F. LSSI RESEARCH PRODUCTIVITY STATUSA

Reiss, 3., "Structural. Optimizatior With Censtrairts or
Tranrsient RéSponse", to be presernted at the NASA Symposium

or Recent Experierces ir Multidisciplirary Aralysis ard Op-

timizatior, April 24-26, 1984,

Ararthakrishrar, S., "Aralysis of a Cecrtrol System for a

Large Space Arterra System ir the Presence of Plart and Mea-

suremert Noise"™, to be preserted at the AIAA Mid-Atlartic
Regioral Studert Corfererce, Uriversity of Marylard, Ccllege
Park, Marylard, April 27-28, 1984.

Bairum, P. anrd Krishra, R., "Contrel of ar Orbiting Flexible
Square Platform ir the Presence ¢f Solar Radiatiern", to be
presenrted at the Fourteenth International Sympecsium or Space
Techrclicgy ard Scierce, Tékyé; Japar, May 28-Jjure 3, 1984.
Krishra, R. and Bairum, P., "Dyramics ard Contrecl of Ofbit-
irg Flexible Beams and Platforms Under the Influerce of So=-

lar Radiaticer and Thermal Effects", terntatively accepted for

presertatior at the AIAA/AAS Astrodyramics Cornference, Seat-

tle, Washingtor, August 20-22, 1984.

Krishrna, R. ard Bairum, P., "Envircrmertal Effacts or ‘the
Dyramics and Control of ar Orbiting Large Flexible Anterna
System”, under review for preserntation at the 35th Interra-
tioral Astrorautical Corgress, Lausarre, Switzerlard, Oc-

tober 7-13, 1384,

Miller, A.F., Interactive Coumputer-Aided Desigr and Aralysis

of Larze Space Structures, M.S. Thesis, R.P.I., February,

1984,
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7. ~Brceme, T.H., The POWER Aralysis Program. Solves the LCM

prodbiem for plane':?us;es ard frames. A power series répé
resertatior of the displacemen: field is used. The thermal
. ﬁodule from a préviously-uritten program is added. Opera-
tioral at HU ard R.P.I. and . was used'to gererate the resulis

preserted ir ref.'06 9b§Yg,

‘8. ‘Ackroyd, M., the FOURIER Aralysis Program. Exterds the

POWER aralysis program (ref. #7 above) by the use of Fourier
series representaticn of the displacemert field. Operation=-
al ac R.P.I. |

9. Miller, L. arnd Ackroyd, M., The LCM Preprocessor. <Computes,

irteractively, the load corrections fer general (i.e., 3D)
truss and lattice frames. Operatioral at R.P.I. and used to
gererate the results preserted ir ref. #6-above,

10. Cordiero, J., Dyramic Aralysis of Large Lattice Booms via

the Load (Correction Method,‘M.S. Thesis, M.I.T,, ir prepara-
tier for May, 1984. »
The follewirg is the publicatior plan for the MRC {i.e., Brocme,

Ackroyd and wWilliams). The MRC is ir its seccrnd year of furdirg

‘and has idertified its publicatiorn chéllenges. Whereas the MRC

is ready tc presert the view that the LCM is (1) a correct for=-
mulatiorn c¢f a cortiruux modelirg strategy; (2) is independeh:
(theoretically) of existirg strategies; and is (3) computaticral-
ly efficient or comparable to existing.strategies; the challerges
are to fcrmulate a literature in which the.LCM is proved %o be
advartageous - ir some respects - td existing hodeling's:réteéieé

ard/or ﬁresenz selutiorns <o preblems which have as yet Ddeern

22
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3. New MRC Reference Set

Brooﬁe,'f.a., "The Load Correction dethodn, invi:ed,rdﬁ pre-
sentation at the ASCE Structural Erglreering  Congress,

_Chicago, 1385 (Sessicn spornsorad 9y =he Zlasticisy Commi:z-
-See, Ingineering Mechanics 2iv., ASCD). T

Ackrovd, M. and W¥illiams, J., "Advances of the Load Correction
Metkad", iarised £or presentation at the ASCE Structural Zagi-
-neeriag Congress, Caicage, 1985 (see #11 above).
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4. New Optibizaiion Reference

~

Reiss, R., "Quadratic Extremum Principles: A Unified
Approach’, submitted to 16th International Congress

© of Theoretical and Applied Mechanics, Lyngby, Denmark,
August, 1984. <(Includes discussions "of wn1ghted vari-

atlonal principles (see Item 6, Appendlx G).

»
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" studisd. To meet these challerges, the MRC resclved to (1) cor-

struct a computer scofiware system that would enabie the PI's to

solve a wide variety of LCM precblems quickly; (2) identify”a set

. of candidate problems that have premise of ‘beirg irstrumertal ip

meeting these chailenges; ard (3) solve-tnis set of candidate
problehs ard ircorporate the appropriate solutiers irteo a litera-
ture that is in pregress. These scftware systehs have beer con-
structed. (see #7, #5 and #3 above), have beer verified (see for
exampie #6.above) and are beinrg improved. The ;iterature that is
ir progress will Be firalized in May, 1984 ard is as follows:

11. Broome, T.H., "A New Method of Modeling Latice Structures by

Contirua®™. This paper presents the LCM formulatior ard was

used as the theoretical basis for #6 zbove anrd all of the
papers belcow. This paper has been completed and will be

‘released to NASA and the literature in May, 1984,

. 12. Broome, T.H. and Ackroyd, M., "LCM Solutions for Complex

tructures", The LCM 1is applied te plane <russes ard
frames, and 3D beams. Beth POWER And FOURIER aralysis codes

will be applied arnd compared. To be released in May, 1984,

13, Hiiler, A. and Ackroyd, M., "Irteractive Ccmputer-Aided

Desigr Using the LCM". The scftware in #6 abcve, tcgether

with cther scftware desigred by M. Ackreyd, will be present-"

ed in the form of a desigr procedure for large lattice sys-
tems. To be released irn May, 1984.
14, Cordierc, J., Williams, J. ard Brocme, T., "Dyramic Aralysis

.‘”via the LCM". To be released. ir June, 1984, - e

157 dilliams, J., "Cn the LCM"., Ar aralysis of #ii abcve for

23
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the purpese of placing the LCM er firm tnéoretical grounds.
To be released ir Jure, 1934,
8rcome, T., "“Extersior

of the Bousseresq Problem Inte the
Lattice Domain". To be released in September, 1984.
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 G. LSSI'PROGRESS TOWARD ITS FOCUS

The ceriral poirt about which the HU/LSSI PI's contirue to

',acquire krowledgse abbutrore arother's work anrd to identify

areas for ccllaooratlor are. tne Ir House Semirars (see Over=-

-view Apperdix C: I"stltute Lectures)

Ir order to begir to acquireﬂexpertise ir the area of cor-
trels, T. Brcome' atvended the ore-week short course
"Dyramics and Cortrol of Large Flexible S ructures", by R.

Skeltor ard P. Hughes at UCLA (August 22- 26 1983).

Irteractlors ameng the research prc;ects are as follow5'

3.

. Broome/Doraldsor. Irvestxgaclors irto the speczal type of»

,bourdary value problems ar131rg from the lcac correction

method (LCM) have begun.

Bairum/Doraldson. Corntrcl. problems of interest irnvolvirg

partial differertial equaticens have bpeen ‘idertified.
Broome/Reiss. A problem of optimizirg the stress distribu-

tior in a lattice. half-plare is beirg formulated. Broome

and Reiss will collaborate cr this portiorn of the propeosed

new work cof the MRC

Reiss/Broome., A problem -irvolvirg the de irability of a

weighted variatioral principle for the solutior of elastici-
ty problems has beer idertified and discussed. Investiga-
tiorns into this problem_will'continbe but or a low priority

basis.

.Bainrum/Choudhury. There- exists. .a mutual interest in the

“control aspects of the heop-cclumr., Bairum will exterd werx

dore or determiristic contrels irte the stechastic regime.

25
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- Choudhury will ccmplement this work with the -cornsideratiorn

of déléyed_controls.

: Réiss/Broome. Reiss has. prcposed the problenm of;‘optihal

desigr of truss beams. with attached vibratipnj.ébsorbefs.

"Broome will follow Reiss' progress with irterest ir extend-

'  ing the problem by.ap LCM aralysis for large oné-ﬁay-and

' two-way beams (i.e., two repeatirg element bays in- the.

thickness direction).

‘Reiss/Bairum. Reiss has propesed to optimally design truss-

beams with prescribed passive.corntrels. Bairum is irterest-

-ed in desigrirg ¢ontrols for specified space structures.

lthoughlthe imporiant problem of simultareously desigring

the structure ~ard contrel system is rot specifically ad-

dressed, it 1is anticipated that Reiss' propesed research

will be a first step ir this directiorn.

26
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5. .New FOCUS. Problem

Reddy/Bainum/Choudhury. Reddy
melement .control laws uUsing a
systems. Bainum and Choudhu;y
control laws developed by them
simulafors to mimic,the»actdgi

has préﬁosed';o set uplg-lab to
microprocessor and data acquistion
can use this lab to test the

ezther on the scale models or using
space structures.
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. INTRODUCTION

: Iﬁe.gurgcse cf the Mesamechanics4ﬁesearch Corsortium (MRC)
is o develep a bedy of krewledge of thne mecharical beha#;or of
"lérgé space lattice systems. The aim of the MRC is té solvé
s:rucnurél aralysis problems defired by the grantors. Thé cor=-
?rcep s tc be déveloped derive from various. ccrtiruum modeli“é
t:methods Hlth particular emphasis placed cr a rew cortlruum medel-
;hling‘approacn,developed by the Corsortium Director, called the

' "load correcticr methed (LCM)".

AlThe primary objective of thé.LCM is te map a latticé Struce-
;_iure inté a topoleogically identical, -and kinematicaily similar
E&coptinﬁhm medel. The LCM derives its medelirg capabilities from

L we sbecial attributes: - (1) ;ocal (as cpposed te global) im-
- plemer;atior of 'adi’iar finite elemert operatiers; and (2).the a
. grlor SPOCIflCatlor qf ary advartageous material model which

 bo.h lerds itself tc a more ready secluticr of the contiruum prob-

, lem and erables the irjectior of irtuitior irte the sclutior preo-

Qrcess. ‘*he'first attribute admits a broader domair of seluticr

30

‘fsurateg es fer the aralyst whlle ellmlratlrg the reed fcr sclu-A

or of ’arge sys.ems of equatiors ;he ‘'second at‘rlbute facili-

".tanes iruerpre»atzor of results ard formulatlor of de51gr alterf

i'natiyes for the desigrer, and admits a szmpler set of goverrinrg

“ ;d*’ferértia1 equatiocns withir the demainr of the material bedy at

"ithe experse of -a mcre ccmpllcateo loadlrg as compared wlvn exist-

:~1 g .ecnnxques. dcweve.J these tweo attiributes allcw fcr very

i®
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simple expressicrs f{or the variaticr of work dere or-the model  pby -

‘~this loadirg.

A fundamen:al attribute of current techriques 1is that <the
mappinrg from the lattice te the equivalert conrntiruum is cortaired
ir the corstitutive properties of the cortiruum, while the lcads
and beourdary conditiors _ane“_Lef; Aunchanged. Ir mary cases,
however, the resultirg corntiruum exhibits quite ccmplex and X
otic corstitutive propertles ngirg rise te a corclruum problem
which car be more difficulf to sclve thar the orlgzral lattice
problem., Ir such cases, a technique which dces rot possess this
fundamertal attrioute is de51raole. fhué, ar alterrative te, but
ret a replacemert for, these techriques is a rew cortiruum model-
irg meihod proposed hereir which “circumverts the possibility eof
cerfrorting unrusual cornstitutive properties by nousirng all the
mapping tranrsformatiors in.the structural leadirg rather thanr ir
the matefial properties. This is the esserce of the LCM. The

main features of the LCM are as fellows:.

e The corstltutlve equatlors fcr the cortiruum model car be
Aspeclfled Erlorl, (e.g., 1sotrop1c) regardless of the lat-
tice prcpertxes ard whether_its joirts are pirred or rigid.

© . Matrix dimersiors are'dependent uper the gecmetry cof the re-
peated lattice pattérn.cnly,.and are. irdeperdert of the nun-
ber of repeatirg eleméents ir the structure.

o) The matrices are the mlllar matrices used ir the firite
elemert methbd,_édt solutlor c’ large systems of equaclors ‘is
aveoidec.

o The LCH accommeaates a wide variesty of lattices (e.3g., beoous,

).



reticulated plates ard shells), is apparertly adaptab.e ie a
large rarge of structural resperses (e.g., statié} dyramic,
thermal and materially ard gecmetrically ror lirear), ard

accounts for edge effects.
2. PROGRESS TO DATE

' The LCM has beer exterded from the static aralysis of trus-
ses to irclude (1) static aralysis of frames; (2) dyramic araly-
sis of trusses; (3) a computer code to do static aralyses of

plare frames anrd trusses subject to mecharical ard thermal loads;

ard (4) a preprocesser to gererate the load cerrectiorns for 3D

complex gecmetries.

The extersior of the LCM teo inrclude frames was aécomplished

by extendirg the cluster stiffress equaticrs ir the form:

(F} = [Kpyl (U} + (Kol (01} + [Kpo2l 02} + [Kppd {T).....(D)

(M} = [Kyy] (U} + [Kup1l {07} + [Kmo2l {02} + [Kyrl {T}.....(2)

where F and M are knowr exterral forces and momenrts; U arnrd 0 are.
translaticral ard rctaticral displacemenrts, 01 beirg rotatiens at -

exterral jeirts ard 0 being rotaticns at irterral jeoints; T are.

téﬁperaiures at the Jjeinrts; and the K-matrices are eenstants.
Since.KMo1 is always irvertible, 09 car be elimirated frem (1),
_ard U ard 02 car be appreoximated usirng a Ritz précedure as was
dore inr the.case cf the truss. Some reSul:s'are presented in the

 Apperdix tc this sectior.

32
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The specific furcticns carried out by the preprocesser fall

into.three gerera.l areasﬁ

1. Stardard structural defiritior

2. LCM structural defiritioern

3. Gereratirg the load correctiors

Withir each of these areas, irdividual functiors are grouped by
task. Tasks which must be contrclied by theAuse? é?efmédé avail=-

able as modes of operatior. Tasks which car be autcmated are

directly ircorperated as features which are transparert to the

‘user.

The computer model of a conventional latticed'stru;ture in-
cludes four groups of data: |
1. Geometry (ircluding beoth joint locations and - mémber
correctivity)

. Material and member properties

[ ad

2
3. Exterral loads
4

. Beurdary conditiors

These fcur groups of irformatier are created by the preprécessor‘

usirg five differert medes of operatior. Two .medes - are used to
describe the structural gecmetry (GEOM ard VLSS). Material ‘and
member properties, exterrzl loads, ard boundary cerditiens are

each prcduced usirg ore mode (MEMBS, LOADS, and DISPL).

Ore of the advantages of using the Lcad Ccrrec;ion:Method of .

certiruum medeling is that wmappirg to the cortinuum is carried

out usirg repetitive sub-domairs (clusters). Defirirg the ap-

prepriate clusters requires twe steps. The first step is to

specify <tne gecmeiry ard material properties of the lattice

(4
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ciusters. Because of the way -geomeiry is irteractively gererated

ir tne prepreocesscer, this step is completely autcmated.

.The second step is te defire the gecmetry ard material prop-
erties of the cerrespending ‘corntiruum clusters, This process
must pe user cortrciled, ard a moede of operaticr (ELEM) has beer

created with the appropriate. functiers.

After both the lattice and the cortiruum clusters have beern

defired, the lcad correctior ccefficierts car be calculated as

descripbped earlier. Load correctiors are automatically gererated
by the preprocessor and saved or file for later use by LCM araly-

sis packages.

The six modes (GEOM, VLSS, LOADS, ELCM, MEMBS, and DISPL)

are used ir the defiritior of the structural mecdel ard are

" described ir the RPI “Masters Thesis ertitled "Interactive
Computer~Aided ‘Desigr anrd Anal&sis of -Lerge Spéce Structures" by
A. Miller (February, 198&}. The other two modes (I/0 and CLUST)
provide preprocessor support funéticns which deo nret directly af-

fect the mode; data base.] The 1/0 mode'is described in YSuppert

Furctions ir Mecde I/Q". ‘A descriptior of the CLUST mode is feourd.

ir the thesis secticr "Displayirg Clusters Usirg Mcde Clust".

Dyramic aralysis wusirg the LCM has beer completed and

results will be available:in approximately threg weeks.
};~_PROPOSED*RESEARCH PLAN

The propcsed research plar . is o use ¢the firite eiement

method ard tne LTM o exterd Seint-Verart's principle via tne

N\
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Boussiresq protiem irtc the regime of iarge repetitive lattice
Ssystems. Sirce it is- apparently di flcu to jus**fy Sairt Ve-

ranrt's prinrciple in all cases - purely or mathematical grounds,

specific irstarces can be studied.

J. BouSsinesq, ir Appli;aticns des potertiels a l'etude-de
‘equ‘libre et du mouvemert des sclides elastiques \1885)

Shokn hhat if the exuerral forces act rorma ly to the plare sur=

face of a semi-irfirite solld, ‘ard if they are confired to l;e ir

a circle of radius e, thern the stresses at a fixed interior:point

35

at a distanrce greater thanr e from the cenrter of the circle are of .

the order of magritude e wher the resultart of the exterral for-

. ces is zero ard of the c-.:er e2 wher the resultart momert is 2

zerc,. R.v. Mises has showr that -hese results nreed not be vaiid

wher the exterral forces are nrot rermal te the surface. Irn a

paper entitled "Or Sairt Verant's Prirciple”, Bulletir of the

Americar Matnematical Sccieti, Vol;~51 (1945), pp. ‘55-562

Mlses preposed a mcalflcatlcr of the Saint- Verart prmrclple, cor=

cerred essertially with the relative rather thar absoluue orders

of magrltude of applled forces ard,.he resu 1rg J."terr‘a1 stres-

ses. E.~ terhberg, Quarterly of Agolled Mauhematwcs Voi. 11
{1953), pp. 393-402, has also stud¢ed thls proolem. Sternberg

supplies a genreral proof o >aint-Venant s pr1nc1ple as medified

by v. Mises. ternberg's argumert is carried or for the case of

piecewise»cohtinuous tracticrs and for the case of corcentrated

forces. This argument applies te firite ard irfinite demains . cf

arbitrary cernrectivicy.



The aim of this plar is tc develop ar urderstarding of the

way. stresses are distributed irn large laitice systems due 0

statically equivalent lecadings applied ir small regiorns cof the

structures, and te develcp an bptimizaton strategy for desigrinrg

lattices to achieve the mest desirable distributiors.

(a)

(2)

(2)

(d)

(e)

The methodeclegy feor fulfillirg this plar is as follows:

The literature on éfj;féhanﬁ‘s principle and the Beussinresqu

problem, and other similar applications, will be surveyed.
Various lattice repeating'geometries will be selected for
study based or their likelihoods as cardidates for space
applications. o -

The repeating geometries will be used te build up pléne half
spaces which will be subjected to statically equivalert
loadirgs ir small regierns both or their surfaces as well as

ir their intericers.

The role of the LCM will be to calculéte the stress dis-

tributiers ir the lattice half spaces. First, a variety of

statically equivalent locads will be applied teo lattice truss

half spaces ir the reignborhoed of poirt A (see MRC Apperdix

D.1). Ther, the stress distributions in the lattices will

be computed freoem the strairn distributioers in the cortiruum

models. Secerd, this prqéess will be repéated for lattice
frame half spaces usirg the loadirgs or the trusses as well
as statically equivalert momert ldédings (see MRC Apperdix
D.Z); The aim is to deter@ine whether Sairt-Verari's prin-

ciple-applies to these lattice structures

The recle cf :tne finite elemert dethod will be to verify the

36
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LCM calculaticrs te the degree thail computaticral efficiercy

(e.g., cost) can be justified. Sirce semi-irfirite regions

car only be apprecximated by firite elemert (FEM) models, a
corvergerce proceiure will be used to verify the LCM cal-
culations. Associated with each problem beirg studied by

the LCM, a series of FEM problems will be solved (see MRC

_Apperdix D.3). If the scluticrs of these problems are ob-

seryed to ccnverée to the LCM solutionrs, ther <the LCM
results will be takenr as correct.

A design parameter will be fermulated that méasures the de=-
grée to which the stress distrivutiors are uriform, and this
paraﬁeter will bYe mirimized subject tc the relative cross-
sectioral areas of the lattice cords-to~diagorals (i.e., Ag/
Ap). For example, the degree to which the first strair in-
variant, Ie, of the LCM centiruum medel car provide informa=-
tion about the state of stress ir the lattice will be irves-
tigated. If this investigatior suggests that the distribu-
tion of stress in the lattice can (scmehow) be characterized
by the distributiorn of Ie cver the LCM model, thern we will
seek te formulate the argumenrt - that the most urifora dis;
tributior of stress ir the lattice is achieved when the ra-
tio Ag/Ap corresponds tc the mirimum value of B where:

B = /f(Ie,x2 + Ie,y2) dx dy
Thus, B will be called the design parameter fer the stress

distributicen aralysis.

- The plar for maragirg the work of the studert researchers is

illustrated ir MRC Apperdix E. The graduate thesis students
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are actively ergaged in preducirg thesis work described in
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(é) and (f) above. The graduate nor-thesis studerts are
actaively ergaged irn performirg the FEM aralysis as described
ir (e) abeve as their_ special .preject requirements. | The
MRC/HU PI (T. Brocme) has‘established an elaberate trairinrg
program f{or these students te assure the quality cof their
research productivity.

Extensions of Calvin's preblem arnd Lamp's pnéblem'into the

large lattice domair will be studied if time permits.

Of sigrificarce is that studies will be made to ircerperate

tne effect of damping inte the LCM, If such ar ircorporation

appears at anytime toc be promisirg, the projeéz aims will be

modified under the corcurrerce of the NASA meritor.

(4]
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MRC APPENDIX

" LCM Preblem #1: Symmetric, Lattice Truss - Extersior Lcads.

LCM Prcbiem #2: Symmetric, Lattice Frame - Extersionr Lcads.
LCM Problem #5: Symmetric, Lattice Frame - Cantilever Boonm,
Lattice Half-Space Problems

1. Truss Half—Space:Probléms

2. Frame Half-Space Proﬁlems

3. Firite Elemert Aﬁpro#imations

MRC Studernt Maragemert Plar

MRC Fiscal Requirements

(&)
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1. SYMMETRIC, LATTICE TRUSS ~ EXTENSION LOADS

—> 25 %N

> 23 kN

| . |
20 @ 1m X im SN

- Material Properties

~ E = 2500 kN/cm?

Member Properties

-A = 10.00 ¢m?

Notes

" —

* All joints are pinned connections
*  Bracing is not attached 2t midpoint

-e  All members have identical properties
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i Continuum M2pping

POWER Resulcss

Case : Element : Displacement Percent Error in -
Number : Type |, Field Codes Tip Displacement
L Ux,y) | V(x,y) § U(x,y) L V(=)
1 | Lree | 1  1(a) | -3.03 | 151.34 |
2 LRBE | I. 1 III(a} | -1.15°1 - 7.75 |
3 | LRBE | I VI | -0.73 | 83.77 |
4 LRBE  : II I1I(a) | -1.09 | 15.18 |
6 LRBE | I I(b) | -3.03 { 151.20
I 9 LRBE | 1 III(b) | -1.15 |  7.61
7 LRBE | I | v -1.1s L 7067
8 LRBE ' I IV -1.15 | 7.67
10 LRBE | II vizz | -0.36 | 15.66 |
U-Dispiacement Field Codes
I Alx
11 Alx + A2%?
V-Displacement Tield Codes
I(a) Blx(y - h/2).
I(b)  Blx + B2xy ,
II1I{a) (Blx + B2x?)(y - h/2)
~IITZ(b) Blx + B2x? + B3xy + R4x3y
IV Blx + B2xy + B3x® + B4x?y , "
bV Blx + B2xy + B3x® + B4x?*y - BSx¥? {
P VI (Blx + B2x? « B3x?)(y - h/2) .
VIiII (Blx + B2x? + B3x® + B4x"*)(y - h/2)

Figure 26. POWER Results for Example Number 1

a1
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Observations About the Results -

" e _ Forcing symmetry in displacements has negligible advantage cver
using simple series approximations (case 1 vs 6 and 2 vs £).

o Displacement fields with terms which do not contribute to the actuai
displacement of the continuum do not influence the results (cases
7, 8, and 9).

* Many terms are neeced to increase the orcder of the solution
(case 10). - a - UEE .

. Simple displacement behévfor is modeled a‘cc‘ur;ate'ly by the power
series approximation (see horizontal displacements in Figure 27).
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2. SYMMETRIC, LATTICE FRAME - EXTENSION LOACS

Py

Material Properties

E

2500 kN/cm?
0.25

v

Member Properties

A =10.00 cm?
| =30.00 cm*
Y
l1_=30.00 cm*
2

Notes

;o y—> 28 uN
XXX
iy S N

< 20 @ im X im >-l

e A!l joints are framed connections capable of transferring moment

(except to supports)

e Bracing is not attached at midpoint

e All members have identical properties

44
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i Continuum Mapping .

POWER Results

~ Element Displacemenﬁ Percent Error in ;

Number : Type Field Codes [ Tip Displacement !
| U(x,y) - V(x,y) | U(x,y) V(x,y)
1 LRBE 1 | 1(2) ~2.91 | 150.90
2 | LRBE 1§ 11I(a) | -1.03 7.52
3 'LRBE I | VI | -o0.61 83.37
4 LRBE 1T |orrrca) | -1.03 | 14.92
6 | LreE 1 | 1(b) -1.03 | 150.73
9 | Lree 1 | 11I() | -1.03 7.364
7 LRBE I v | -1.03| o 7.24

8 | LrBE 1 fav -1.03 | 7.24 |
10 LRBE 11 | vIIz -0.24 | 15.39

ﬂ-Displacemegt Field Codes

II

V-Displacement Field Codes

. I(a)

- I(b)
III(a)
III(o)
Iv

v

Vi
VIII

" Alx

Alx + AZxz

Blx(y - h/2)
Blx + B2xy : '

(Blx - BZK (¥ - h/2) :
Blx + B2x? + B3xy <+ Bé4x?’y
Blx + B2xy -+ B3x’®
Blx + B2xy + B3x® - B4x*y + BSxy?

(Blx + B2x?* + B3x?)(y - h/2)

+ Béxly

(Blx + B2x?* + B3x® + B4x*)(y - h/2)

Figure 28.

POWER Remﬂfsforsxamph Number 2

(4
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ORIGINAL PAGE 19
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for

1220.09

Compariscns

Comparisons shown for top joints only.
Rotation units are radians.

Displacement
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o Figure 29.
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- Observations About the Results

* Results are compsrable to the <orresponcing trusseZ exzmple
(number 1). :

* Local rotation behavior is moceled well by the condensatiosn and
recovery procedure. _ i : :
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6. SYMMETRIC, LATTICE FRAME - CANTILEVER BOOM

8.3 kNzm 1;‘” 4”1‘” 1N o VRN '.-;(N RN G5 kN
QRN SN () P
XKD (XXX
%/ ‘ — _ia-\ \ : )

~ !
< ' 208 1m X Im >1

Matorlal Properties
E = 2500 kN/cm?
v = 0.25

Member Properties

A =10.00 em? - -J =50.00 cm*
1, = 30. . Y, = 2.0

y 30_ 00 cm y 0
1, =30.00 e o A\, = 2.00
Notes

e All joints are framed connections capable of transferring moment
(except to supports)

» Bracing is not attached at midpoint

e All members have identical properties
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; _’ Ccﬁ:inuun Mam:..ng ' POWER Resuits -
; Case | ‘ Element | - Displacement | Percent Erfor in :
*  Number Type - Tield Codes | Tip Displacement -
U(x,y) © V(x,y) | Ulx,y) | V(x,y) |

11 LRBE IIT VID | 36.94 | -12.34 |
12 Jwse | vic | e38] 7.6
13 LKBE . i IX 6.25 |  7.69 |
14 LRBE | Vv | viz 5.91 6.72 |

U-Displacement Field Codes

III Alx + A2x? + A3xy _
v Alx + A2x? + A3xy + A4x? + ASx*y + A6xy®
\'A Alx +« A2x? + A3xy - A4x? + ASx?y fﬁAny‘ -

A7x* + ABx’y + A9x*y? + AlOxy’®

V-Displavcemem: Field Codes

VIiI Blx + B2x? + B3xy =~ B4x? BSx’y + Béxy? +
' B7x* + B38x’y + BIx?y? « Bley
- IX ..Blx + B2x? + B3xy + B4x? + BSx?y + Béxy® «

B7x* + B8x’y + BI9x3y? «+ Bley + Bllx?* «+-
Bl2x*y + Bl3x’y? + Blé4x?y? + BlSxy*

Figure 36. POWER Results for Example Number &

Observations About the"Res'ults,_» SR S S

e Simple cantilever dlsplacenﬁent; are mudeled well by e power serles
However, these frame rasults are not as good as those for the cor-

responding truss examplc (number 5).

. Rotations are recovered accurately when cdisplacements are
accurate, . . . .
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ORIGINAL, PAGE 187 77
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D.3. FINITE ELEMENT APPROXIMATIONS
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MRC STUDENT MANAGEMENT PLAN

sa Y

ORIGINAL PAGE {9
OF POOR QUALITY

MRC/HU
T. Broome
McKissack*#* Valdez ~ Artin®
3.0 GFA 3.0 GPA
S. Rasolee Bodunde Ajemba
-Hbsang
3.30 GPA

Couch*
3.2¢2 GPA

* Black Americans L
. GPA = Grade -Point Average on 4.0 system
** LSSI Fellow

Ruffner#
3.56 GPA

Undergraduate students

Graduate
MS/thesis
Students

(L)

Graduate
Ms/non-
thesis
(i.e.,
project)
students
(F.E.)

ta Generators)




.. 2. BUDGET
F. MRC FISCAL REQUIREMENTS (BROGME)

L

LTEM L A |  NASA
Salaries
Consortium Director (Broome)

- Summer (FT)
- Winter (30%)

- TOTAL-A
" Fringe Benefits @ 28%

TOTAL SALARIES

Wages

Secretarial (1/2T) -

Fringe Benefits a 28%

TOTAL WAGES

Travel -

Supplies

SUBTOTAL

INDIRECT COST @ 90%

Graduate Student Assistants (4)
Equipment

Sub-Contractor (MIT) o
Principal Investigator (Williams)
- Summer (1/2T) :

.= Winter (1/10T)

TOTAL-B

Research Associates (L/107)
SUBTOTAL

Employee Benefits 2@ 27.9%
Computing ‘
Materials and Services
SUBTOTAL

Overhead ¢ 51.5%

TOTALTC (MIT)



-Sub-Contractor (RPI)

Prihcipal Iﬁvestigatorl(Ackroyd)l

- Summer (3/4T)

- Winter (1/4T)
TOTAL-D

Fringe Benefits 9 16%
Supplies

" SUBTOTAL

Overhead @ 62%
TOTAL-E (RPI)

GRAND TOTAL

@
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Stabilizatior of a Flexible Body (Hoop-Co‘umr) Antenra by
. Feedback Control Law .

by

Dr. Ajit Choudhury
Departmenrt of Electrical Ergineerirg
Howard Uriversity
washirgten, DC 200359
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_ Stabilization of a flexible Body (Hoop-Column)

Antenna by Feedback Control law.

‘1. Introduction

, There are several models of the Hoop-Column antenna ,such as
the finite element model used in [1]. All of these models can
be described by the finite dimensional state-space equatiocn of the

form

X(t) = A X(t),

where the dimension of the model depends or the degree of sophisti-
cation and the number of modes retained.
2. Nonlinear Feedback Control fbf Stabilization by Receding Horizon
Metbbd. | ‘ _
Linear state feedback control laws have been used by many authors
to control and stabilize linear systems. However, linear control laws
- suffer from the deficiency that they cannot react fast enough to large
errors. The object is to find easily computable nonlinear controllers
. with desirable properties, such as:fast response to large errors and,
;losed-loop asymptotic stability. In a classical paper by Lewis [2], |,
~the improvement in the transient response of a second-order linear
position servomechanism achieved by using nonlinear feedback control
.law is reparted.The feedback is arranged so that the system has a small
*damping ratio during early part.of the transient response, and thus a
. highfiditfal‘vélocit?'féééits."Aé the output'apbroa;hesAtﬁe steady state
position, the damping ratio bécomes_large and the overshoot is minimized
The inherent difficulty in extending this method to higher order sysiems

is the need to guarantee closed-locp s+tability. Also, in the past

A

v
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.-.honlinear damping, odd power law feedback devices were B .
.attempted [3) . However, except fer low.order'systems these techniques
fail to guarantee asymptotic stability of the closed-lﬁop system.
Design of nonlinear regulators was first considered by Rekasius [4)
who fcrmulated the problem as a minimization of a nonquadratic
integral performance index. More .recent1y4, in the regulator problem
éonsidered by Moylan and Anderson [S] , where the plant is considefed'
controilable and suitably observable with respect to the performance inneg:
Irn [6,7]) Sander and Williamson consider thé problem of designing al
a stable nonlinear controller. for an n-th order blan:. The design is
formulated as the solution of an inverse optimal control problen,
and it is shown that the nonlinear controllers result from the
constrained minimization of an integral performance index which is
quadfétic in controls and nonquédratic in the system stateé. The solu-
tion is obtained directly by solving a system of linear equations anéd
leads to a feedback control law’ U.-\'L(x) which is a nonlinear fimction

of the states of the plant. The general nonlinear feedback control law
UNL(x) may p‘rove to be impractical due to the complex computational - x
effort required to solve a large number of linear equations. In (8]
Shaw considers the design of a non” near feadback controller by modi; : :
.;fying the linear control law of that of receding horizon method {9,10].
by making the horizon time dependent on the states of the system .
Thése'control laws, less camplex than {6,7], are computable witn

e

a microprocessor and assure closed-loop stability. The method is briefly

_.explained below.
" """ Consider the linear plant

X(t) = AX(®) + Bu(); X(tp) = X,
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which is the model of the flexiblelhoop-column antenna

The performance index to be minimized is

T 1
J= 7 u () Ru(9gdr

to

subject to the constraint

X(to + T ) =0.

Assume that the pair (A,B) is completely controllable, then it is

straightforward to show that the cptimal controller is of the form

A?(t*t

)
B e 0

-1

n
s

ut (t) Wl x,

t t

in

<
0 ——
in which the horizon dependent matrix W(T) is the solution at time

T of the Lyapunov equation

AW - WAL wo)=0 .

In the receding horizon method, the above time-vgrying”ccntroller
is made time-invariant controller by i@aginingu:%ﬁét it every
instant t, the controiler acts as if it were beginning a T

seconds performance interval. That is , in the above COntfol law,

we set t = t, , and the new control law becomes

0

wleey = r7L BT

wlem xeoy
In-the above control law, T :s a design parameter- and is proportional

to the effective settling time, a2ithough it no longer represents the
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A0

6l

L e
the solution to an optimal control problém. The s{ab;iii§.pr§perty
of.ihe.above controlier is shown 3% prbving that indeed.'
v, = xo)T W xee)

is a Lyapunov function

Upto this point , T is a design parameter. Now we want to
"make T a function T(X) which decreases as the size of X increases,
The desired T(X) behavior could be induced viz an implicit definition

0of T(X) , resulting from the additional constraint
V(X,T) = F(T)
with F a monotonically deéreasing tfunction of I.
'Possible forms of F(T) are
Fi(m) = cCat wiimmX
 where h is a given vector, and c,k are design parameters.
| | /T, - T‘ \k

_ 2 M ;
FZ (T) = C _ -.\—.-15—'—1;;—/.

where T, < T < Ty and c,k are again iesipn paTaueters.

R0
N® \ o

It is clear from the shape of these ., functions, and the bounded
.. positive nature of V, that there will always exist at least one T
in ( Tp, M) which satisfies

VIX,T) = F.(T).
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For each F(T), theres will be a different control law. The
response will be computed for the hoop-cclumn antenna model ancé the

the result will be compared with a linear control law model [1].

3. Delayed Feedback Stabilization of the Hoop-Column Antenna Model

bv the Receding Horizon Method.

This part of the proposal will be addressed if there®is
enough manpower. Otherwise it will be addressed in the next fiscail

vear. _
As was mentioned before, most of the models of the hoop-column

antenna can be posed as a finite-dimensional model of the form

X(t) = A X(t) A
where A is a constant matrix. t is desired to stabilize the

system with a feedback control law. In space applications there
is some delay between the estimation of the state variables and
and the application of feedback control laws. So the model we

consider is of the form

X(t) = A X(t) + By u(t) + By u(t-h),
where h is the delay. X(t) represeﬁts the state of the system at
time t and u(t) is the control law . A, BO' B1 are constant matrices
of appropriate dimensions. We follow here the formulatidn of W.H. -
Kwon and A.E. Pearson [11] . .Historically, a. constant stable
feedback control law has been obtained in a general way from the
infinize-time quadratic cost ﬁroblem..In [12],-i: is shewn that the

steady state optimal control law for the quadratic cost sroblem
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R T
u(t)=- (BJLyg*Bilg )X (2)* J h_{}30-.Ll(a)»fxsfx.z(e) Biu(t+e)lde

where the nxn matrices Loo» Log» Ll(e), and Lz(e) are obtained
from operator Riccati equationsAwhich are extremely difficult to
compute owing to their represenfation by partial differential
equations. | |
. Stabilization by Receding Horizon Method.
We define .
ut(s) = uft*s), -h<s <0
and consider the fixed terminal control energy problem, which
is to find the optimal control of the system which minimizes the cost
functional tl-h
J) = 7 ut(t) u(t)de
tO,,

_ subject to the control segment pairs
u = ‘v, and u = 0 and
state vector pairs
X(to)»= X, andAX(tl) = 0
We assume that the system is completely controllable. It can be shown,

using calculus of variations, that the optimal control law is

is given by

u'(e) =-aT (e )W (e cher ) [X (2 )+ e A0S %p) "My u(s) a5 ]

\.
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wheré. .
. tl
8 T
W(tl-to) = H{< -tO)H (- to) dt
to ’
.-t
1 0
_ .
= 0 H(s) H (s)ds
‘an&

H(t-ty) = e Alt to).B0 + e AlT-tyd Ah‘Bl

The above confrolifunction is an open-loop control and u£0 is a
given initial ;ondition. By replacing ty by t in the open-loop contronl,
we obtain the closed-loop control

)

® - o - . - - B
Cute) = - (Bye e MBI T W (e ohet) [X(0) ;/. e ¢ M g uT(ter) 4=
By the receding horizon concept, ty above is replaced by t+T

resulting in the new control law

n .

a(t) = -(3p+ e 3T wlern) [xee) ,/. e AT TN y(renan]

It may be mentioned that

Hen s H0) ey + Mg
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and the uoper ’1m1t in the cost functional together wlth the
corstra‘nt ut = 0 have been dellberatelv chosen to glve the

1 .
system-closed- loop stablllty

The-Rlant——

R . X(t)= AX(t)+Bou(t){ _ X(B) >
. -[By+e A3 )W (o)) Ul + Byu(t-h)
0 ¥
TN f _-At _-Ah
Af : [ - e e Blu(§+r )dT
/. -h '
+ ) .

Feedback structure of the delayed feedback

receding horizon control law.

The above control law will be computed for the hoop-éolumn
model and compared with linear and nonlinear control laws. With

the advent of microprocéssors,the implementation of the above

.7-&.0 .
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control .laws are within the realms of possibility and camputer simulation ‘
and, comparison of the effect of different control laws are a worthlwhile

investment for NASA before embarking on the construction of large antenna

and large space structures.

D
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Backgroind

Durirg weekly semirars of the LSSI and discussionrs with par-
ticipants of LSSI seversl areas raquirinrg further mathematical
aralysis were idertified. Of special irterest for further inves-

tigation are twe areas:

sy Sev e e e

i. Beundary Valiue Prcobiems arising ir the Professor Taft
‘ Brocme's Load Cerrectior Methed for aralyzirg large
Space structures. o
2. Cortrol Problems invelving partial differential equa=-
tiors. (This arez was suggested ir part by work of
Juarg ard Sur (7) ard others (14) whe have irtroduced
.simple corntiruum models in the study of large space
structures, and ir part by remarks of Prefessor Peter
Bairum eof LSSI).
The problems ir each of these areas are governed by a par-
tial differencvial equaticn, or a system of paf:iél differential

eguaciors.,

Reports abound in the literature cof analyses-éf large space
structures where the system is first approxima;ed by a discrete
model at the firite element of the modal level. The appreoximate
model is ther trurcated and a coétfoi'Sysiem'i;;desighgq;for the
trurcated model., For large rumbers of degrees of freedocm this
approach is computaticrally expepéive, ard it is commen that the

accuracy of the results decreases as the number of degrees of

freedom increases. Furthermere, imboftaht bfcbertiés'of'stabili-

o
'

ty of the system are often cbscured and certain deésired tasks

N
LY
-

-~
-

example, updating parameters or-line, a necessary .task be=

[#]
W
€
(7]
[{]

o7 urcertainties in most models) can ret be performed effi-

18

ntiy by this apprcach.

>
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Ir certrast, some researchers pbelieve that the .simple cor-
tiruum medel is superior o cther models in aralyzinrg large

structures for several importanrt reasons:
1. the simplicity of the mcdel,

2. the greater efficiency of estimating parameters of the
simple continuum model go#erned by a partial differer-
tial equation cover estimating all the mecdes and medal

frequencies of other models, and

3. the capability of estimating oniy those parameters that
ffect the cortrels. |

Progress to date:

& boundary value prcblemiarising ir the Léad Correctien'
-Method apprecach of Professor Broome has been studied. This pfob-
lem irvelves a system of two. second other partial differential.
equatiors ir a region.fL.. Various methods have beer used to ob-

tain expiicit representatiors of sclutiors.

Fer the $econd‘problem ipvo;ving contrel problems for par-
‘tial differential, oﬁly”pféfiﬁgéérywwo}ﬁ has been aone. .Some
literature (1, 2, 3, 4, 7, 9, 10, 11, ard 15) or.contreol problems
foer differertial equatiorns (ordirary, ard partial) and the ap=~
plication of these problems'in'large'space structures has beer
surveyed. Qut of these egfdrcsAhave come material for a series
-ef lectures for delivery ir .the NASA Largley - HU LSSI weekly
-seminar series, ard tne -idertification ¢f a problem for further

study.
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) S;'are'ci fically, we prc‘\'pose~ te employ -partial diff'e“l':‘ént'iai' eqﬁA-
tiops‘to model a large space structure, base the deﬁign'éf ar
optimai contrcller or this model, approximate the resuiting opti=-
malicontrcl model, ard compare the results with those obtained
from other methods. '

 Proposed Research Plan:

W;rk will be cortirued ir the two areas: {1) boundary value
prcblems.arising in the Load Correction Method, and (2) control
preblems irvelving partisl diferertial equations. It is proposed
toe produce a completg mathematical aralysis qf the boundary value

© problen involving

auxx + (l -Q) Uyy + (1 +$) ny =0

T in a gereral region where u,v ard/cr its derivatives are
givern cor 3.0., the bourdary of{T . Here mixed corditiors are pre-

scribed or the becundary. We hope to find ar explicit represerta-

tior for the solutior., Also, numerical metheds will be employed”"

. to- obtain an appreximatior to the solutior,

‘Simiple cerntinuum model; goeverred by partia; differencial‘
“équétions appear tc have beern under-utilized ir the analysis of
‘large space structures largely beéause of the incorrect percep=-
tion thaﬁ_chey are matnemastically less tractable. This percep-
.;ion'grqﬁé cuf cf tne misurderstanrdirg that it ;s recessary to 

'solve the partial differertial equaticr ir order to selve the

A4
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- optimal certr2l preblem. VHe"probcse s corstruct simpie ccre
“tiruum models which may be used in the design, arnalysis and con-
trel of large space structures. Iritially, an analysis will Dpe

ccmpleted for a simple cerntinuum mocel for a space anterna.

ir order to gainr a brpader overQiew of the éﬁplicétioh td
‘largevspace-structuresvof_éﬁtimal'con:fcl:theofy_ﬁqg baf;;al,g;QQ-
fererntial equations, it is héped'that a visi:l(446 weékS)Atb
' Largley car be arrarged this summer.

Justification:

Simple cortiruum models goverred by: pa"tlal dlfferertlal
equations have a petentially 1mportanz rele ir accomp‘lshlrg one
-of NASA's gcals, nramely, the aralysis, desigr aré .corirol of
large flexible structures (platforms in space) p’aced i. orbit .
about the earth. The simplicity ef the models, and - fewer struc-
_tural parameters cor»rloute to more accuraue predlctlors of “
ratural frequencies and mode shapes, and appear to be Iimportant
ir treatinrg the questior cf svstem iden:ificatioﬁ after depléj-
ment of large space structures. Ir crder for thls methed to be-
come a toeel which will be used to obtaxr in ar e 1¢1eng marner
1desxg“s of ard cortrols for -arge fi ex1ble structares, it would
-oe desirabple to demorsvraue throusn ‘a dota led matnematicéi'anal-
ysis cof several examples the superiority of the simple corntiruum
mcdel approach over cthers (finiﬁé éleménts, etc.). fIt is also .
importart to give coﬁsiderabie attertion to the :a§k §f~de;ineat-
irg e :lass cf preblems where theusimple continuumﬁmqfhéd ig_bet;

ter thar other methods.

Y]
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-INTRODUCTION

’ Backgrcund

'irveetigatiors irte problems of eptimal structurai design
’genera’ly prcceed elther computaulorally or by deriving ard then
solvzns the opt;mallty crlter1or.- " The former approach conszsts
of cemputer based direct methods in whlch the deszgr is repeated-A
ly cherged until an . a;parert optlmum is found. These methods
1nclude gradient prOJectlon technlques {1,212, SVeepes:--deecent
] metﬁods (371, reductior ﬁethed_[&j'ahd penalt& function techriques
fS]. Much of the literature deals with applications of those di-

rect methods, nc doubt, because of the size and. complexities of

the:problems treated.

_ The indirect method 1is ofter termed the Moptimality

‘eriterion" approach. Here, either *ne methods cr differential or -

variationsl calculus are employed to determlne the optlmalxty
criterior., The former. is used whenever the dlfferertial field
equations are approximated in a.finite‘dimensional algebraic form

6,71, ctherwise, variatioral calculus is employed [8-11].

The development ef:dﬁeiqali;y criteria pioreerad by Prager-

and nis fellow workers. [11, 12]-ertails the developmert of varia-
tional representation of the relevant field equaticrs. Mecreover,

the functioral must be iderntical to the cost furctioral at the

_solutior of the field equatiens. 'Thus, the design criteriorn for

maximum. plastic resistance of a structure folleowed directly from

..phe upper bourd theorem. of limic anélyéié (11, 13], =he design

- eriteriorn for maximum elastic stiffress from the arinciple of.

R B 4
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mirimum potertial erergy [11, 12, 14], tne desigr criterior for

maximum furndamertal frequerncy frodiRéyieigh's prirciple {11, 15],

the design criterion for maximum steady state stiffress [16] from

,Eeis$nér's prirciple [17], the desigr for maximum statie deflec-
‘ tion from the Shield-Prager principle of mutual statiorary poten=-
tial enérgy [12]), ard the design for mirimum steady state deflec-
',vgggéuﬂrqm‘phe steady state counterpart to the_Shield-Praéer prih-

- eiple [10].

The optimality criterion is generaliy so highly noﬁ-linear
that anely:ic solutions are obtainrnable only in4the simplest of
cases. NeVertheless, these solutions that have beer obtained are
sufficiently gereral to.permit valuable irsights into the nrature
and pfoperties of the cptimum desigr. Moreover, resolution cf
the. Questions of global [9, 11] orA local optimality [8]. and
uriqueness [9, 18-19] of the optimum desigr recessitates a varia-
tional approach. 4 |

‘Rationale

In order to mosi,efficientiy utilize the capabilities of the
present ard expected future staff, three distinct 'buil related

problems are formulated. These are: (i) a cortiruatiocn of the

' study to optimally desigr lamimates; (ii) a contiruaticn of cur-

rent work to optimally design structures for Specified trarsient
response; and (iii) initiation of a project to optimally design a

truss-beam with specified attached vibration abscrbers.

Lying together some of the interdisciplirary aspects -of LSSI

tne Cforegoirg problems represent ar iritial step toward

4

I “.. - __4__;h~;_;):
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research. - For examplggvin erder to cptimally design the stiff-

ness distribution of truss-type beams or plates, it is ‘necessary

to know TMa-priori" i{hLe mass-stiffness relationship for the
equivaient cortinuum. Resolution of this question will ultimate-

ly be provided by the megamechaﬁics work. When'psing'the Load-

Correction Method, the .stiffress is preset; accordingly the

desigr. variables become the load corrections,. Similar .remarks-

are appropriate for the optimization/Boussinresq problem mentiored

elsewhere in this document.

And, firally, one cf the most important but least examined

issues that fallsuﬁdef‘the title "Opt;mizacion of-Spacé Struc-
tures™ is to optimally desigr a structure with cortrollability
constrairts. The proposed problem here represehts an initial
attémpt at this problem; ore for which the controls are $pecified

and passive.

..

LS
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OPTIMAL DESIGN OF LAMINATES

Raticrale/Background .

Since hign stiffness to weight ratiocs are critical to suec--

cessful deployment and utilizétiob of large space structures, it

is not surprising ;b find many structural components of space

structures desigred with .modern lightweight materials, ircluding’

fiber-reinforced lamirated ‘composites. In view of the velumirous
irvestigations of the mecharnics of composite materials, the
paucity of studies on tne optiﬁal design of these structures is

strikirgly noticeable.

One of the earliest ;nvest;gations in this area, Heousrer and
Stein determired, paramétrically} the orierntatior of angle-ply

lamirates of prescribed thickneSé which maximized the shear buck-

V'ling stress [20]. Slightly more generél but related optimization

'problems were solved using direct nﬁmerically based methods by

Hirano [21-22]. Bert succeséfuily determined the optimal orien--

tation that maximized fuhdamenpal ffequehcy for simply supported

[23] and clamped [24]° rectangular 1lamirates, symmetric about
their mid-plare. Bert's method, nowever, required a priori

krowledge of the fundamertal frequency in terms of the plate's

; flexural and torsional rigidities. Arother study maximizirg

eigernvalues (furdamertal frequency and critical buckling). [251

" assumes a cortinuous angle-plyA variatior through the laminate
. thickress. These eigenvélugs<are then maximized by mathematical

 programming techriques.
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Tauchert [26] maximized the stiffress of a cylirndrical pres-

‘sure vessel. Here, global sti?fress was équated'ﬁiﬁh'pocéntial
'Zerérgy. Ard Obraztsov ard Vasil® ev [27) max1mize a lamlrate s
strergth subJect to presurlbeo in- plane 1oads, assumlng aMMlsgs'-

'”'H11l strergth cr1uerlor.'

ﬂ;ln ‘a related grbdp" of 'optimization: probleﬁé,‘-thé -désign
Eivakiaﬁles.~are ‘the constituent iamina _thickneséé5,4'and iﬁtal'
' weight ‘is: to ‘be-minimiigd subject to certain perfd}manée con=-
siréints. Héke, the phoblem f&? plates with frequenéy;‘ﬁuckling‘>
5:aﬁd vdéflection» constraints is soLVea using a peralty-funrction
1: gpprééchl[ZB]l' Khot, étial. [ZSl:déveIop a requrfencevrelatién
ﬁ:bééed.on ah b§timali£y criterion to iteratively reduce 'the struc-
g’ tufal'lweight iﬁ the pre;ehce of stress ard displacemeni. con-

' f'spraiﬁts. "Rand and Sher [30] employ mathematicail‘programhing
'l'tech;iéués to determine both- the thick*eeﬁ and oriértatior of -
veaqh_ply ir order <o mlrimlze the welght of a lamlraued shell

: subject te a ratural frequency cons;ralnt. - The varlable thick-

'_ness”of.laminated shells of revolution subject to stress con- .

stralr:s has also been the subject of a recert study [31]

',Obgectlve

Cortxrua.lor of a furdamertal research program 1rvo‘v1rg the
4'opt1ma1 desxgr of comp051te lamzrates for large shace-s:rqcture
' applications xs proposed. In fzscal 1984-5, the study ;ili-focus
" or the mlrzmum weight design of ’ lamlrates with frequercy,'buck-
.11:8 and zlebal stiffrness constraints. The He51gr varlablﬂs will

. be the thicknress and/er orientatier of  each corstituent lamira.

/

v

. - . .
, I Y



OR!GIINL PAZE °T - . .83

OF r’OOR QUAL.

A related problem, parnlcu ar’v relevap* for large flexible”

e a

>structures,.concer -3 max;m*z*rg ,he stiffress of lamirates under-
goﬂrg large deflectlons {but 1rfir1,es;mal st*alr) - Stiffness

will be 1d°nt1 ied w1th.potentlal erergy. Resu;ts wlll'be com-

pared to those obca‘red from. small de’lectlon theory. : It is

in terestlrg to rote that the orly attertior this problem appears

to have recezved in tne lzverature is a paper by Glnrllrsk1 ard.

Mroz who treat the optlmal stszress design of" homogereous beams
and. plates for large deflec»icns [32].

P ocedure4

_;he optlmallty crlterza for the three small deflectlor prob=-

lems follow dlrectly from the pr1PClple of mlrlmum pOue“tlal en=-

ergy and Raylelsh‘s prirciple for the least elgenvalue ofxposi-.

tive definité lirear operators.--Indeed,‘i: is a simple matter to

show that the opt mallcy ~condition for the maxiaum 'stiffress

- desigr of a symmetric lam;rate with prescribed cors»xtuert lamxra

thickness is

L 2 .
Uo sir 2 €y s/ (W ,yy = W 1xx) dA’

+ 2U3 sin & ek'if ["W.g§ - (W,xx - W'YY)E]dA
= 2U2.cos 28y fS W,xy V2 W dA ' |

- 8U3 cos 4 By S Woxy (W,yxx- < W,yy)dh = 0,

whera W is the vertical displacemert of the plate under the pre-

scribed loads, 8y, is the fiber oriertatiorn in the k-th lamina

ard Up, Uz are Aspecifiéd invariant furcticns invélv;ng‘ the -

material properties of the constituernt lamira {33].

The optimality criterion associated with maximizing the

critical bucklirg load or fundamertal frequency diifers frem the

\Jj
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g4

::,’ore301rg only ir the coefl ficierts of the sire and cosire terms.

t;ne Optlma;lty -condltlgns, together - with the ébyerning' field

equations will be,solvod itératively for the  displacements ard

design argles 6yg. The: 1terat1ve method shall parallel the ap-

‘b"oach'ir’[Bu 351, wherelr corvergerce to" the optlmum design-

" For tne large deflnct‘or optlmlzatlor problem, ﬁhe pfincipleA_

fA of‘max1mum potertial °rergy is still appl‘cable. ~The orly dif-
ference occurs when the stra'rs‘are represe »ed by derivatives of
"the ‘displacenents. Slrce the poten*lal enersy functloral may

_s.l‘l be used as ar alterra:zve to the f eld equaulors, the op-

~malxty cordiulor is agalr readl‘y obtalﬁable. ' Agaln,' it _is'

’ art1c1pated that an 1tera~1ve approach w‘ll efficxgntiy solve the .

‘associated field eqUatiQn-and optimali:y equation.

C'l "J- pl’ '\'- ":?

OF POOR QUALITY

‘A ve



' - 85
ORIGINAL PAGE % >
OF POOR QUALITY

OPTIMAL DESIGN FOR TRANSIENT RESPONSE

Raticrale/Backgrournd

" Ar exceptionally elegant method for struct@rél'op;imizétion,.f

with- cornstraints on- the static resporse has been preserted by

 Shiel3'aEd'Pfager. Their deriviation of the éptimally bondi:ﬁonf”

1'Qéslféciiita;éd;by a.réformuiation of ‘the strﬁétural’eiasiiéityf

""equations ir terms of what was ther a new variatiépal principle’-
:thé principlé ofAstationary mﬁiual potential'engray (12]. ‘Thgir

optimality condition nelates the desisn variable to -an apprcpri-'

ately defined. "mutual strain erergy". Ar alterda;iye, but ree

lated approach, based :upor ‘the principle . of stétionar&’ mutuai -

compigmehzéry énergy, was presented'by N.C. Huanrg f36].

The simplicity of these prirciples lies ir the facts that

. the erergy functiorals are statiorary at the solutiorn to the

figidvequa;ions and that their statiorary value is proportioral

;tb'qhé quaptity to be optimiéed._

V{jFunctionals, whizh are the transient counterparts to. tnose

 5;pI}Shié1d.apd Prager<i121'and.ﬂuépg [35], hava~beeﬁ=recen:iy de=
',:ve;Qped by Rgiss {371, iHis approaqb is quite gereral aﬁd leads'{
t&_ﬁniéxﬁiicit expressién.for sm#ll changes'of :hé }eépcnsé in
"'ftérms‘ of an infinitesimal variation .in'-the Aesign 'of-ythe

_ structure.

Other irvestigators have devgloped cptimality criteria for

" forced steady-state vibrations [16), forced harmoris lcads [38]

ard fcr;edxperiédic lcads [10, 39].
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. Apart from compuﬁagzqna;¢y based approaéhes;fthe problem of

transien: response has received little attertion ir the litera-

ture. 3rach {40, "37 optxmlzes the resporse of impulsively

loaded beams. His meuhod 1rvolves ar expansion of the resporse

ir verms of the e‘genmodes. : Optimlz;tzon is thern carrzed out |

using a gradiert projection. method. Plaut [42] determinres -an

upper bound .te the trarsient resporse ard ther seeks tc mirimize .

that becund. Althpugh'én;approximate methbd, he deQelopé ar eXxe -

plicit optimality condition, which then must be solved in con-

jurctior with the relevant equations of moticn.

ObjéctiVes

'Thefpriﬁéry4objéé£ivé‘bth5is portion of Eheffeéeaféh is to

develop sultable measures of the dyramlc suiffress for.. ‘struc-

tures, and<tner>»c maximize thls snlffness for speclfied total

©ass. The'du~‘ problam is to mxrlmlze the svructura; weight for

a specified dynamlc st 1ffress.

At least two di fferert measures of the dyramlc stxffressﬂ

will be examlred. These are:

(a) the maximum (ir ~space ard time) ‘deflection. in ‘the

- structure; and ..

(b)Y a wéightedAquéd?étié:fuéctional of the diéﬁlééehenp of -

the form

5y Sg £(E) (1 ulx,t) - 12 dx dt.

Here, 2 is the,dispiaéomert, ard f. lS a welght f'rc qn terdirg -

toward zerc as T + = .he lrclus‘cr of £z ) is recessary in drder
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= .te insure that the s‘l'fress wr,egral is ron- 51ngular. ”hyslcal-'
1y, f may simulatve structural camplrg wher the drlvlrg functior
is ror-zerc for a firite pericd of time.

Procedure

Exp‘lclc optima?i‘y criteria can be developed usinrg either

the var‘atzo"al cr Greer 'S furctxoral approach alluded to earlier

-t

--[373. These cptxma-lty -cndlclors are. hish y non-liner integro-'

ldifferent.al equatiors ’or whlch ‘elosed form solutiors .are ex- .

tremely urlikely..-

Wher optimality cordi 1ons car be expllclty ob»alred, itera-

tlve techrlques rerder approx1mate SOlUthPS ‘for. even the rost

complex problems. The s;udlesrlnl[6-7, 43] are representative of
'the_lterative‘techhiquei,_whichfhave been developed primarily-for':
Ffinite-element‘ cr flrlte-dlffererce formulatlors of the field

equatiors. More to the’ polnt the form of the opuimallty condi-

tlor [37] for the cortiruous structurelsuggests that the itera-

. tive techrique applled ’or beams ard plates [34, 35) for static

problems zay .alseo be app xcable ir the frarglerc case. Essen-

‘ulally tnls approach ert alls (1)f7ac 1r1t1ally assumed -secA of

desxbr varxables, (1‘) solut on. of the fleld eqxatlcrc for"tb

stresses ard dlsplacemercs, ard /11x) subsequent Lpdatzng of the‘~:
de51gr from the opt;mall»y crlterlor using the Just calculated

staue variables. The updated de51gr becomes the Rew - initial .

de51gr ard thP procedure is ccrtlrued urt;l satxs.actory convere

. genc e.has,been obta;aed.A B

&7
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OPTIMAL DESIGN OF TRUSS BEAMS WITH ATTACHED VI3RATION A3SORSERS

Raticrale/Background

The design cf passive dampirg for space-structure applica-
tions has been thne subject of several recent investigations. Der

darveg (44) has treated, in detail, the dyramics of a two-degree

.of " freedom .urconstrainred system.....The problem of optimally

desigrinrg the same absorber has beer solved by Hamad (45] using
direct search techrigues. Kwak, ot al. [46] applied the methed
of s:eepéét descent to optimally desigrn an absorber which would

be‘empLOyed over a range of driving frequences applied to the

‘mair mass.  The foregeing methodologies are particularly useful

for vibratirg conrtinua or 'multi-degree of freedod systenms
wherever :ﬁe driving frequency is sufficiertly close to a reso-
rart frequency, so that the structure may be modelled as a lumped
mass-spring system. Juang [47] has~recehtly presented ar itera-
tive method for optimally desigring a vibratiorn absorber for a

nulti-degree of freedom system.

A related queStion_which-haSunot received much attention but
is revertheless worthy of corsideration corcerns the redesign of
the basic'structuré ir crder to-maximize the'efficiency'of one or
mofe'specified vibratior absorters.  However, similar optimiza-
tion problems without attached absorbers have been discussed ir
the opern literature. For example, Prager and Taylor [11] con-
sidered the optimal desigrn of a structure in crder to maximize

its furdamertal frequenrcy, and Icerman-[16] mirimized the maximum

o ®



Steady state tip deflection of a rod .subject to harmornic excita-
tior. Although the necesséry conditier for optimality is the
same for each of the aforeméntioned problems, it is also suffi-
ciert for the foruer, but is ornly sufficiert ir the latter case
when the fundamerntal frequency exceeds the excitatiorn frequency.

Objectives

'A.The objectives of this-phase of the research is to optimally
desigr a cantilevered space-truss beam with speCified'structural
mass and a specified tip vitratior absorber. The truss beam will
bé modelled as a cortinuum whose dyramic bending stiffness i$ a
‘specified function of its specific mass. The determiration of
this function properly belergs te the "megamechanics" work else-
where in this proposal. However, as a first approximation, a
lirear .reacticr between s3specific 'mass and stiffress will be

assumed.

89

Several different cost functionals will be considered.

These include

(a) wmaximizatiorn of furdamertal undamped frequency of the

coupled beam-vibraticn absorber system; and

(b) mirimizing the maximum steady state deflection of the

beam subject to a specified excitatior frequency.
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" Procedure -

Cptimziity criteria are most easily obtzined when .the
governing field équations are hepfesented ir a variatioral for-
mulatiorn, provided the functioral is idertical to the cost funce-
tioral at the solutior of the field equations. Since the fun-
damertzl undamped frequency occurs at the mirimum to the Rayleigh

quotient, problem (a) above enrtails

' k 22 + L s(x)Y"2 (x)dx
max min 0
S(x) 2,Y(x)}

sLe ()12 ax + RLZ+¥(L)12 + MY2 (L)

where K ;s the spring corstant of the absorber, m islﬁhe maSS‘of
the absorber, M is the concentrated tip mass attached to the
beam, Z is the amplitude ol the rela;ive displacement be;weeﬁ m
and M ir the furdamertal mode, Y(x) is the amplitude cf vibratiop
in the fundamenrtal mode, S(x) is the berding stiffress and.p is

the mass of truss beam per urit lenrgth.

Mirnimizing the maximum steacdy state deflection is somewhat.

"less straight. In order to follow Icerman's [16] specific ap-

proach, corsistent with the gereral methodolcgy ‘outlinéd by

Prager and Taylor [11], it is first nrecessary tc develop an ap-

prbpriate variatioral representatior to tne steady state forced

response of the coupled beam -~ vibratiorn absorber system. Meth-

ods of determirirg such variaticral prirciples have beern dis-

cussed recerctly Dy Reiss ard Haug [48] and Reiss {49]. Ar alter-

rative approach tnat does rot require a variatctioral represéhtas

tion of the fieid equatior is based upoer the design Ja2rivative of

(=
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Greer's furctioral [50]. Either or boih of the above suggested

procedures. mey be expected to readily yield optimziity criterion.

- - - M * St

.

N
4

)

T e



g

10.

11.

12,

92

REFERENCES
E.J. Haug, ™A Gradiert Projecticn Methcd for Strdcturai Op-
timizaticn”, Optimizatior of Distributed Parameter . Struc-
tures, (Eds. E.J. Haug arnda J. Cea), Sijthoff ard Noordhoff

Alphenr aan den Rigr, Netherlands (1980), p. 453,

R.W.H. "Sargent, "Reduced- Gradlert and Preojectior Methods. for
Non-linear Programmirg®", Numerical Methods for Constrained

Optimizatior, (Eds. P.E. GIIl and W. Murray), Academic

Press, Loraon (1674).

. ~E;J1wﬁaug, J.S. Arera arnd K. Matsui, "A~Steepest:Deséent
"Method for Optimization of Mecharical Systems", Journal of

Ontlmlzatlor Tneory and Applicastions, Vol. 19 (1978), p.
30T, . ” - :

J.S. Arora, E.J. Haug and S.D. Rajan, "Efficient Treatment
of COPStPal“ts in Large Scale Structural Optimizatlor" "En-
gineering Optimization, Vol. 5 (1931), p. 63.

L.M._Santi, M.A. Townsend and u.E. Johnson, "A Non-iterative
Peralty Function Technique for Corstraired Optimization",
Ergireering Optimizatior, Vel. 7 (1983), p. 63.

N.S. Khot, "Algorithm Based or Optimallty Criteria to Design
Mirimum Wezght Structure”, Engineering Optimizatior, Vol. 5
(1981), p. 73. _

N.S. Khot, L. Berke and V.B. Venkayya, "Comparison of Op- .

timality Criteria Algorithms for Mirimum Weight Design of
Structures", AIAA Jourrnal, Vol. 17 (1979), p. 182.

R. Reiss, "Optimal Coapliance Criterion for Axisymmetric
Solid Plates", Irnterratioral Jourral of Solids anrd Struc-
tures, Vol. 12 (1976), p. 319. '

N.C. Huangvand H.T. Tang, "Mirnimum Weight Design of nléstic

-.-Beams With Deflection Corstraints", Jourral of ODtlml’athPn.

Theory ard Applicatiorns, Vol, & (19697, p. 227.

R.H. Plaut, "Optimal Structural Desigr for Giver Defiectlor

Under Deriodlc Loading" , Quarterly of Applied Math., Vol 29
_ (1971), p. 315. . ‘

W. Prager and J.E. Taylor, "Problems of Optimal Structural

R.T.'Shield and W. Prager, "Optimal Structural Des;gr for
'Given Deflecticn®, "ZAMP, Vol. 21 (1970),° P- 513 '

. Desigrn", Jourral of Applied Mecharics, Vel. 35 (1968), p. .
- 102. : - SR

(»)

N



12

4,

16.

17.
18.
19.

20.

21,
22.

23,
24,
25.

26.

.27,

ORIGINAL PAGE (9 . ‘ 93
OF POCR QUALITY o

D.C. Drucker and R.T. Shield, "Desigr for Mirimum Weignt",
Proceedinrgs:® 9th Irterratioral Corgress of Applied

Mecnarics, Erp$sels, Jo;. 5 (1857), p. 2i2..

E.F. . Masur, "Optimum Stiffness and Strang‘h of Elastic
Structures", Proceedings: American Society of Civil En-
gineers (EM5) (1979d), p. 521. :

A. Cardou arnd W.H. Warner;."Minimumqwass'Design‘of Sardwich
Structures Witn Frequency ard Section Constrairts", Jourral
of Optimizatior Theory .and Applicatiors, Vol. 14 (1975}, p.

633 .

L.J. Icerman, "Optimal Structural Design for Giver Dyramic
Deflection”, Internatioral Journal of Sclids -and- Structres,
Vol. 5 (1669), p. U73.

E. Reissrer, "Note or the Method of Complimentary~£nergy“,
J. Math. Phys., Vol. 27 (1948), p. 159.

T.C. Hu ard R.T. Shield, "Uriqueness ir the Optimal Desigr
of Structures", J. App. Mech., Vol. 28 (1961), p. 284. :

v

R. Relss,."Mlﬂlmum Weight Designr for Corical Shells" :;ﬂ
App. Mech., Vol. U1 (1974), p. 599.

J.M. Housrer and M. Steirn, "Numerical Aralysis and
Parametric Studies ir the Buckling of Composite. Orthotroplc
Compression ard Shear Panels", NASA TN D-7996 (1975).

Y. Hirano, "Optimum Desigr of Lamirated Plates Undev Shea*"
J. Composite Materials, Vol. 13 (1979), p. 329

Y. Hiraro, "Optimal Desigr of Lamlnated-Plate54Under'AxiaI
Compression", AIAA Jourral, Vol. 17 (1979), p. 1017..

C.W. Bert, "Optimal Desigrn of a Composite-Material Plate to
Maximize Its Furdamertal Frequercy", J. Sound and Vibratior,
Vol. 50 (1977), p. 229. : : :

c;w. Bert, "Design of Damped’ Composzte-Material Plates- to
Maximize Funrdamertal Frequercy" - Jourrnal of. Weéhanicél
Design, Vol. 100 (1978), p.,273 : '

Y.S. Nshaniar ard M. Pappas "Optimal Lamin ated Composzte
Shells for Buckling and Vibratior", AIAA Journal, Vol. 2;
(1982), p. 430, : S ,

T.R. Tauchert, "Optimum Desigr . .of a Reinfqrced Cylirdrical
Pressure Vessel" .J. Composite Materials, Vol. 15 (1981), p.
390. - :

- I1.F: -Gbraztsov- ard V:V. "Vasil'ev, "Optiamum- "S't;r"‘\.\é‘tzis'r"e"'a'r'td”'

Strength of Lamirated Compcsites~.in<»-1e' Case of a Twe-
,1mers cnal Siress State", Mecharnices ¢f Zcmposite Materials,

e e e e e [ R """'.Y e e —'—-——.-——«u-......-,..d



28, "

29,

30.
31.

32.

33.

34,

35.

36.

37.

38.

39.

uo.

ORIGINAL PAGE 19 94
OF POOR QUALITY :

translated {rom Mekharika Kompositrykh Materialov, NcI; 2
(1979), p. 228-234, Plerum Publishirg Corporationr, p. 167.

‘qu; ‘Rao and K. Singh, "Optimum Desigrn of Lamiates. with

Natural Frequercy Constraints", J. Sound and Vibratior, Vol.
67 (1979), p. 101. ,

N.S. Khot, V.B. Verkayya and L. Berke, "Optimum Design of
Composite Structures with Stress and Displacement Con-
straints", AIAA Jourral, (syroptic), Vol. 14 (1976), p. 131.

R.A. Rand ard C.N. Shen, "Optimum Design of Composite Shells .

Subject <¢o Natural Frequency Constraints", Computers and
Structures, Vol. 3 (1673), p. 247.

S.C. Battermar ard M. Pavicic,~"0ptimum Design of Fiber Re-
inforced Shells of Revolution", Optimization in Structural
Design, Springer-Verlog, New York (1375).

J. Glerlinski and Z. Mroz, "Optimal Design of Elastic Plates

"anrd Beams Takirg Large Deflections ard Shear Forces Irnto

Accounrt", Acta Mecharica, Vol. 39 (1981), p. 77.

R. Jones, Mecnanics of Composite Materials, Scripta Book
Compary, Washingtor, D.C. (1975). :

R. Reiss ard T.S. Ravigururajar, "On Mirimizing the Mean
Square Deflectiorn of Thir Elastic Beams", Proceedings: SEC=-
TAM XI, Developments ir Theoretical ard Applied Mecharics,
(Eds. T.J. Churg ard G.R. Karr), University of Alabama in

"Huntsville (1982), p. 125.

T.S. Ravigururajar, "Optimal Siructural Design for Minimum
Mean Square Deflectior”, M.S. Thesis, Howard University

N.C. Huang, "Or the Principle -of Statiorary Mutual Com-
plementary Erergy anrd 1It's Applications to Structural
Design"™, ZAMP, Vol. 22 (1971), P. 608.

R. Reiss, "Structural Optimizaticnrn With Constraints on Trane

siert Response", Proceedings. NASA Symposium: Recent Ex-
periences. ir Multiaisciplirary Aralvsis and Optimizaticon
Symposium, April, 1984 (to appear).

Z. Mroz, "QOptimal Design of Structures Subject to Dynamic
Harmorically-Varying Loads"™, ZAMP, Vol. 50 (1970), p. 303.

N.C. Huarg, "Minimum Weight Desigr of Vibrating Elastic
Structures With Dyramic Deflection Corstrairt", J. App.
Mech., Vol. 31 {197%), p. 171.

R.M. Brach, "Mirimum Dyramic Response for -a Class of Simply -

Supperted -Beaa Shapes", Int. J. ™Mech. Sciences, Vel., 1)
{1968), p. 422. '

C e tmem e At e e = e o e e e e



41
uz.

43.

4y,

45,

u6 .

u7o
48,
9,

50.

CRIGINA. agr
OF PCOR QJALYYY

R.M. Brach, "Optimum Dﬂsig“.of Beams for Sudder Loadirg",
Journal of rr5¥>eer1r5,Mechar1cs Divis*or (ASCE), Vol. 96
(1908), p. 1395. i . N

R.H. 'Plaut; "Or Minimizirg the 'Response of Structures to
Dyramic Loading", ZAMP, Vol. 21 (1970), p. 1004.

M.R. Kharn, W.A. Thornter ard K.D. Willmert, "Optimality
Criteriorn Techniques Applied to Mecharical Desigr", Jourral
of Mecharical Desigr, Vol. 100 (1978), p. 319.

J.P. Den Hartog, Mecharical Vibrations, McGraw Hill, Fourth
Editiorn, New York (1950). .

B.M. Hamad "Optimum Desigr of Vibratory Systems" Ph.D.
Thesis, Urxverszty of Wiscorsin (1968).

B.M. Kwak, J.S. Arora and £.d. Huang, "Optimum Design of
Damped Vibratior Absorbers Over a Firite Frequercy Ranrge",
AIAA Journal, Vol. ‘13, No. 4 (1975), p. 540.

J.N. Juarg, "Optimal Desigrn of a Passive Vibraticr Absorber
for a Truss Beam", Preserted at the AIAA Guidance and Con-
trol Conference, Gatllnburb, Tennessee (1983).

R. Reiss and E.J. Haug, "Extremum Principles fer Linear
Initial-Value Problems of Mathematical Physizs", Int. J.

Erg. Sci., Vol. 16 (1978), p. 231.

R. Reiss, "Quadratic Extremum Principles: A Urified Ap-
proach", submitted to 16th 1Internatioral Congress of
Ih;oretical and Applied Mechanics.

R. Reiss, "Orn the Design Derivative of Green's Functiornal”,
Proceedings of 18th Midwestern Mechanrics Conference (Extend-
ed Abstract), Iowa City (1983), p. 145.



- Y Y R Y

. BUDGET

'Dr. Robert Reisé,'?rincipai Investigator

Optimization.of Space Structures

Year 1984 - 1985

Salaries : S Co e

Principél Investigator
(2 months) \
Bo Qiamn

Fringe Benefits éZG% .

TOTAL SALARIES

Hageé _

Fringe Benefits @ 26% 
TOTAL WAGES. .

"Travel

Supplies

SUBTOTAL

INDIRECT COST (90%)

Student Stipends ' i

Mr. Ramachandran»(ihcludes?tui§ion)
Master student .

Uhdergraduaté Studenis'_' '

" TCTAL L

96

-

~a.



DYNAMICS AND CONTROL OF FLEXIBLE ORBITING SYSTEMS .

Peter M. Bairum, P.I.
Graduate Professor

o ' Dr. K. Pande®
Candidate for Post-Doctoral Visitirg Professor

R. Krisnra
Senior Graduate Research Assistanrt

A.S. Sivaramachandrar
Graduate Research Assistarnrt

S. Arnanthakrishran
Graduate Research Assistant

'Sﬁpport is ircluded in the admiristrative portion»of the budgeﬁ

for the LSSI (gee Part V).

ra\

e



98

Proposed Studies to be Performed During the Period
July, 1984 - July, 1985
by
Kailash C. Pande
Visitinz Professor
Department of Mechanical and Aerospace Engineering

Arizona State University

Inertially Fixed Attitude Stabilization of Large Flexible Space-
craft : ST TR T

With the successful operation of the space shuttle, the
dream of building large structures in space, such as solar energy
collectors, microwave reflectoré,.solar sails, telescopes, etc.,
is likely to become a practical reality in the near futurel,
These structures would be extremely flexible due to_their large
size, low rigidity and the 1low natural damping available in
lightweight construction materials. The attitude control tasks
for large flexible spacecraft may be cla;sified into two cat-
egories: (a) maintenance of the spacecraft in a desired attitude
with no vibration (configuration or shape control) and (b)
achieving attitude reorientations with simultaneous vibraﬁion

suppression,

Flekibie spécecraft représént-'cgntinuoﬁs dynamic ngﬁstems
possessing an infinite numbe: of deérees of freedom. In prac-
tice, discrete models of finite bﬁt Qery large dimension are re-
quired to describe their dynaﬁiés accurately. On.the other hand,
flight computers available‘ for contfol implementation are of
limited anaciiy yhen_gompared,ththg sizg oi_;heusgaqgcrafg_modg‘

el. Hence, the problem of largeispace structure control becomes

b mem s e et o m————— e
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that of controlling a large dimensional plant with a substantial-
.}y,;educgj controller. Unfortunately, the standard modern con-
trol iheory QOes not provid? a readymade sélution to ihe'p}éb;
lem@. The interaction of the reduced order controller and the
full-order system results in performance deterioration and may
even cause instability due' to control and observation spill-
over3,4, Development of reduced order controllers capatle of
maintaining the shape of flexible .spacecraft represents the major

thrust of recent research in this field3-11,

The problem of attitude reorientation of flexible spacecraft
has received some attention. Markley'2 and Turner and Junkins13
studied single-axis attitude maneuvers of spacecraft consisting
of a rigid central hub and flexibie appendages} Employing a
torquer mounted on the rigid hub, these studies develop open-lcop
control strategies to achieve single-axis rotational maneuvers

along witn the minimization of the associated in-plane structural

excitation of the appendages. Extensions of the approach to the

more complex three-axis maneuvers are reported tc be in prog-
ress13. Breakwelll® proposed a feedback control law for .the
single-axis a;titﬁde maneﬁvgr and Aemonstrated its effectiveness
expériﬁéntaliy; | B

The studies on vibration suppression and attitude maneuvers
assume a torque-free space enviroﬁment and ignore orbital motion
effects., The interaction of gravity-gradiént torques with the
elastic deformation of nighly flexisie space structufes in orbit
was highlighted by Asnleyi5 and-Xumar ~and Bainum!6, .The pOS=

8ibility of achieving passive gravity-gradient stabilization of

.l
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vefy”fléxible'beam,“ﬁigcéféﬁdﬁgﬁéil‘type structu}és éléng local
vertical and local borizoﬁ:al.orien:ations was demenstirated by
Bainum, et ai.'6-18. 1In a recent paper!d, the authors devéloped
a hybrid centreol approach invelving a passive gravity anchor and

active point actuators,

The foregeing - indicates that studies én- the céﬁt?ol of
flexible space structures either ignore the environmental torques
or are restricted to acﬁieving_én earth-oriented attitude in the
gravity gradient field. Development of control systems capable
of maintaining space-orientationn of large flexible structures‘in
" the presence of gratxtatiédal;torques has remained upexplored.
On the other hand, attitude stabilization of flexible spacecraft
aleng inertially-fizxed orientaﬁions would find aﬁplicatiQns. in
astronomical observatiods;' scientific missions to» study' solar
activity, scolar energy cbllectioﬁ, spaée baséd.sérdc:urél con-

struction activity, etc.

This project aims at evblving control syStems capable of
stabilizing the attitude of large space strué;urg;i along any
specifxed ineriiailyéfixed orieﬁiatioﬁ.A.In the initial phése'of
‘the work, it is proposed to consiﬁer the inertiall}-fiked”atti-
tude stabilization of a Qer& flexible beam in a circular orbit,
A distributed controller, coansisting of a number of tqrquers and
. peoint ‘aétuators' distribuﬁed throughout the structure, is en=-
visaged to simultanecusly counter the disturbing,gravityagradient.
~torques and suppress the stfuctﬁrai'viBration. The linearizaticn

of the governing equaiions in the neighborhocd of. tne desired



.inertial -orientation is likely to result in a system with time- .

varying coefficients. Some results due to Juang20 may find an
application during the control synthesis. The feasidbility of
employinglan<adaptiVe constanf gaiQICOntrol strategy will be ex-
amihed;‘ Efforts will be directed at accnmplishing a robust con-
troller design capable éf satisfac;ory performance in presence of

structural parameter uncértaintiégf‘hrﬁe approach will then be

eXtended to the more complex prqblem of maintaining an inertial-

ly-fixed attitude of a large flexible space platférm. Finally,
modifications of the control iaw will be considered to accomplish
attitude reorientations of the flexible structure from one iner-

tially-fixed attitude to another.

The proposed research, aimed - at space-orientation of large

flexible spacecraft, would compliment the previous work of Béi-.

num, et al.16-19 on earth-orientation of such bodies. The inves-
tigation would repfeseﬁt an éxtensiqn of the author's previous
work on inertial attitude'stabilizapiod of rigid spacecraft by

solar pressure control21-23,;
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" Proposed Studies to be Performed During the Period
July, 1984 - July, 1985
by

Mr. R. Krishna, Senior Graduate Research Assistant

(1 Further Analysis of Environmental Effects

The shape and oriéhtﬁtisﬁ-éghﬁfol of.orbiting flexible beams
and plates have been studied previously using different tech-
niques, neglecting the environmental effects.1:2 To tes: the
effectiveness of these control systems it is necessary to obtain
mathematical models of the environmental disturbances. The na-
ture and magnitudes of the disturbances should be understood in
order to predict the actual flight pérformance of these control
systems and to determine whethef steady state RMS pointing re-

guirements can be met.

Recently the effect of solar radiation pressure torques have
been included into the previously developed dynamics of simple
structures such as free-free beams and plates.3 It was found, in
general, that for extremely Iargéiflexib1e systems, it will some-
times be necessary to redesign the previously derived control
iaws for actuators which could simultaneously provide for both
orientation and shape control. In certain cases it may even be
advisable to reconsider the placement and/or number of actuators -
rather than siaply redesigniné the control law gain coefficients.
In addition-the effect of moments inducéd due to thermal
gradients was also added to the beam and plate models.3 It was

founa that, {or representative materials, the moments at<ridbuted : ,



105

to the interaction of solar pressure.with the thermally deflected -
structure could be more significant than those due to the inter-
action of solar pressure with the freely vibrating structures

under small amplitudes.

A previous controllability analysis and the control law syn=-
. thesis of the proposed Hoop/Column Antenna System (Fig. 1) did
not include the environmenﬁal disturbances.4 It is now proposed
.ﬁo study the éombined solar radiation pressure and heating ef-
Afects_on a very simplified model of the Hoop/Column System. For
this application the mast will be considered to be a flexible
‘beam having a circular cross section. The mode shapes of the
mast will be used to obtain the solar radiation disturpance ex-

_ pression for the vibrating mast. 'The mode shapes and frequencies
;Of the lower solar panels will be obtained using a2 finite eiement
program and these results will be used to simulate the effects of
solar radiation pressure acting on the vibrating solaripanels}
-Nominal-thermal deflections of the column and the .solar paﬁels
'Will be assumed and the resulting'moment expressions due to
_intq§§gtion of solar radiation pressure will be deveioped} -The
-distﬁrbance effects contriSuted by the rest of the~structure are
.assumed to be negligible. ‘The solar radiation disturbance model
thus obtained will be included in the dynamic model of the Hoop/
Column antenna. - The effect of this disturbance on the transient
responses of the Hoop/Column with the previously desighed control
laws will also be studied. Where necessary, modifications to . the

previous control laws will be incorporated.
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(2 Modelling of Thermal Shock Effects

The thermal gradients induced in space structures due to
solar radiation heating can .cause severe thermal deformations.
When these structures emerge from the Earth's shadow (or a simu-
lated shadow in a laboratory experiment) very large thermal
gradients may be induced due to light-incident heating for .shert
intervals of time. Large amplitude‘oscillations may rgsult,
depending on the magnitude of the thermal gradientéﬂ To analyze
the effects of such thermal shocks on the dynamic behavibr of the
structures, the thermal stresses induced in the structure as 2
function of time will have io be evaluaﬁed. 'Fér simple struc-
tures such as beams and platés, the temperature distribption_can
be obtained by solving a one*dihensional nonhomogeneous bdundé%y
value problem of heat:conduction in an infinite region;5 The
thermal stresses and the strains generated in the structure cén
then be evaluated either analytica11y5 or through'numerical meth- .
ods.7T It is proposed té considef a thin.square plate exposed to-
'solar radiation heating as an appiication. A control system to
maintain the shape and ofigntétién'of the plate.during the ther-
mal shock Qill be developed. Peak cdntroi forces and the total
control effoft required‘during,ﬁhis phése will also be evéluated
and recommendations made as to the necessity of substantial

modifications in the previously developed control laws.
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(3) Modéllin& of Solar Padiation Pressure and Solar Heating
cffect. due to Local Shadowing.

The force and moment expressions due to solar radiation
pressure3 wil; be evaluated over the part of the {lluminated
siructure as a function of the precentage illumination. Due to.
the complexity of the problem it is anticipated that only numeri-
" cal integration will be used'to.évéiua;e the forces and ﬁomed;s.
Expressions for thermal deformations of the structures due to the
shadowing will be developed. The moménts due to solar radiation
pressure, as a result of the thermally deflected strucéure, will
_ also be evaluated. For selected shadowing conditions, the force
and moment expressions will Be used to evaluété ﬁhe performénée
of the previously developed éontro;'laws. where necessary ap-
p;opriate rodifications in the coﬁtrol géins and/or form of the

control laws will be considered.

*)
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Proposed Studies to 3e Performed During the Period
July 1984 - july 1985 |
. by
M}. L.5. Sivaramachandran, PnJD.'Sﬁqden;, Mechanical Engineering
Preliminary Analysis of a Hybrid Control System for Space Mast
Structures

I. Introduction

During the next grant period it is proposed to commence an
analysis of a hybrid control system for space mast structures.
It is anticipated that this_firet phase would require both an-
alytical and numerical techniguesQ_ A prepoeed candidate space
-experiment1 possibly $uitabie for the Space Technology Experi-
ments Platform (STEP) wouldvinvolve'a long flexible anﬁenna mast
which is attached to the Shuttle orbiter and which could be
dynamicelly excited by the aecelerations induced on the oribiter,
In Ref. 1 a simple method for selecting a vibration absorber. for
a2 large flexible mast was described based on Den KHartog's vibra-
tlon absorber .,heory2 for a. two-degree-of -freedom system. The.
results indxcated that for large flexlble masts (lengths of
'IOOm.), the mass of the v1bratlon~absorber required for tip de-
Aflectlor tolerances of the order of centlmeters may be at least
an order of magnitude larger tnan the antenna feed mass at the
tlp of the mast.! Recently Juang3 extended the work of Ref. 1,
ny aeveloping an optimization scneme, dsing a quadratic cost
.function, which.resulted«in_the obtimum sizing of the tip vibra-- -
tion-absorber. It was concluded that non-colocated active con-

trol;and/or distributed passive control may be necessary when the

N\



initial conditions are such that a prohibitively liarge mass ratio
resul: fé: ‘the sizing of :héiabéorbe?, or Qhén multiple s&sﬁém'A'
modes are 1ike1y to be excited by éxternal disturbahces. With
this in mind, it is proposed to consider a hybrid control system
consisting of one (or more) active point actuetors acting simul-’

taneously with the passive (damper) absorber.

_:4"Thé'mbtivazion for considering such a hybrid control system
may be found in Refs. 4 and 5 where thé dynamics-and control of
free-free earth pointing beams and platforms were considered.
These siructures; in equilibrium, wdﬁld assume an orientation
,aiong the local horizohtal. It wag aﬁsumed that»grayitapional
stabilization could be provided‘by attaching a}rigid light weight
dumb-bell at the center of mass by a spring loaded hinge, which |
dodld aléo provide passive ;iscous damﬁing; In addition, orien-
tation and .snape control was also assumed to be providgd by ac=-
tive,point thrustérs. This.Eontrol-system, when operaﬁéd in a
‘h&brid"ﬁanner, was seen to:generally result in improved trans-
cient characteristics while requiring less over-all force impulse
. than that required for the active system operatipg alone. It-is
‘the objective of the present study to find, by appropriaté'
_dgsign;va suitable trade-off between absorber mass required in
‘the former case and the combiﬁed resultihg mass of théyp}opésed
hybrid control system. A clear advantage of the hybrid control

"system_is the obvious built-in redundancy offered by both passive

and active components.

(4



2. Definition of the Problenm

Large mast-like structures have béen proposed for a variety of
'space applications such as in the key supporting structure of
multi-beam orbiting antenna systems, and may form the major ele-
ments in the construction of modular type space statiohs."A par-
ticular example of the space mest in the proposed 55 meter di-
ameter offset wrap-rib space antenna system is described in Ref.
l (Fig. 1). 1In some of these applications, where the mast is
a;tached to the orbiter, the mast can be modelled as a long,
flexible canti-levered beam with a concentrated tip load. The
problem is to control the deflections at pre-selected 'points on
the mast, once the disturbing forces/torques at the root (con=-
nected to the Shuttle orbiter) are known. To realize this con-
trol a combination of any one of the following control concepts

may be considered:

(1) a passive vibration absorber at a pre -selected points on
the mast; .

(2) " one or more active p01nt acyuators at pre selected
points; or

(3) a varying moment scheme, in which the posztlon of a

fixed mass is continuously varied along the. longitudinal
direction of the mast.

3. Review of Different Formulations

3a.. .Den Hartog's Model? .
Den Hartog, in his took on "Mechanical Vibrations" (Ref. 2)

has shown that the amplitude of vibrations of a single-degree-of-
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freedom-system (Fig. 2az) can be controlled by atiaching z second-
ary mass-spring system, thereby converting it into 2z two-degree-
of-freedom-systemr (Fig. 2b). ‘Tﬁe analysis of this system is
presented in Ref. 2, giving alsé a plot of amplitude as a funce
tion of.frequency. The existence of two fixed points, P ana Q
(Fig. 3), in this plot has been well-emphasized. Through these
points pass all the curves, irrespective‘of ;hg value of damping.
Tnis fact has been exploiged to develop the theory of the vibra-
tion-absorber that minimizes the amplitude of vibraticn of the
main system. An absorber can be tuned also in such a way that

its frequency is made equal to the frequency of the main system.

3.b Card's Analysisl

In his paper, cited as Ref. 1, Card has presented an analy-
sis of the vibration-absorber theory applied to space-mast struc-
. tures. Using Den Har:og's theory as the basis, equations have
been developed for the two cases separately, némely, the case
where the vibration amplituie.of the main system is minimized,
(referred to as the "best-tuned absorber") and the case where
bdth_the frequencies are matched ("frequency-matched absorber").
" The space mast structure haS“been approximated as a long can-
jtilever beam with an equivaleni static load 2t the free enc. .One
third ﬁhe mass of the beam has been assiLned to be concentrated at
the free end, acting albng'with the feed mass. The mass of the.
absorbér, normalized with reSpéct to the combined mass of the
antenna-system and connected structures, has been plotted against’
' the léngth of the cantilever beam in both the best tuned case and

the frequency matched case.- The graphs indicate that the mass of

(4.
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the absorber, in the best tuned case, becomes prohibitively large
as the mast length approaches 62 m. 'In the frequency uwatched
case there is no real solution ﬁeyond a beamr length of 40.5 ﬁ.
For arriving at these vaiues the zuthor has assumed orbiter dis-
turbances of the order 0.001 radiéns/secz, and the“requirement
for the tip deflections to be controlled within + 10 cm displace=
ment from the nominal equilibrium position. An equivalent mass
of 360 kg has been assumed:to be acting at the free end of the

beam having a stiffness of 2x107 N.-m2.

Evidently the conclusion is that a passive damper'alone may
not be the choice for large space structures. The results of‘the
analysis suggest that, a2s an alternative, an active mode of con-
trol, o~ a hybrid system which combines features of both active

and passive systems, should be considered.

3.¢c The Present Propoéal

According to the present proposal, one or two point éctua-
tor$ gre proposed to be used in combination with tﬁé passive ab-
sorbef (Fig. 4a). A driye mot6r mounted on thé béam éah trans-
late, on coﬁmand, the entire block»which could accommodate.the
absorber as well as the point.actuator. Any standard mechanism
such as the rack and pinion arrangehent or helical screw
mechanism is to be thought of for converting tne rotary motion of
the drive motor into linear motion. In addition to supplying a
varying moment for control, this sort of arrangement yill.ensure'
also that the point loads are not applied at any of the nodal

points of the key modes of vibration. One possible disadvantage
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of ;hisuarrangeqeﬁt would be that the mass.of'the’driVe moior anc
po;nt actuators cquld be & "burcen™ on the flexible beam, without
effectively contributing to the sbsorber mass. This drawback can
be partially eliminated byjésing an arrangement as shown in Fig.
4b. In this case the drive motor itself forms part of the ab-
sorber mass, serving a dual function. The drive shaft is not
rigidly connected to the beam;~although it can be engaged with
the rack attached to the beam. An ideal design should take care
of the fo.lowing: N

(1) nodal points of key modes to be controlled are avoided in
actuator placemént; . ‘
(2) the operation of the drive mot9r~does not further compli-
cate the dynamics of the system; i,e. - care must be taken to
avoid undesired interaction torques or resonances due to mis-
alignments, asymmétfies; ete. ‘
- (3) energy loss due to friction is minimized for the optimum

design of the drive motor.

The analysis may be carried out for the best tuned and
_frequency matched absorber;in_;his,case also, of course, taking
into consideraticn the additiénglheffect of the point actuators
as well. -

4y, Methodology

The research activity can be streamlined in the following

steps:

Step 1l: Use Den Hartog's model of a two-degree-of-freedom-systen
for designing a fixed vibration absorber. Study the
effects of varying the absorber mass, spring constant
and damping factor, leading to an optimum design.3,6

= -

o -
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hdZ the varying-moment technique and study the effects

of moving the absorber mass along the ieng:ih of the mast
sing a drive motor. '

w

ct

o -
ho BB
N

Step 3: Incorporate now the effect of a point thruster at &
‘ fixed point on the beam and synthesize <he control law
gezins, using standard existing software algorithmsT as
applied to modern control theory.

Step 4: Combine Steps 1 and 3 for the hybrid control system,
o evaluating.the trade-off points. _

~'Step 5: Combine Steps 2 and 3 to include the varying moment
: technzque.

Step 6: Expand the beam model now to 2 multi-degree of freedom
' : system fer obtaining more realistic results.

Step 7: Design a suitable scaled laboratory model for validating
the performance of the hybrid control system. Prepare a
master plan for simulating the disturbing forces/torques
and measuring the responses.

-Step 8: Develop the dynamic model, test-it and correlate the
. . - theoretical and exper;mental results

AS.' Proposed Schedule

The task could be accomplished in 3 phases:

‘Phase 1- (First year): steps 1 to 5 (inclusive)

':Analysis based on a two-degree-of-freedom approgima;ion
could be accomplished during the first year. This will give an
insight into the more complicated multi-degree-of-freedom model.
Included in the analysis will be.the simulation of the effect of
the drive motor for the‘varying-moment technique and the use of

the ORACLST software package.

4
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Phase I (Second year): steps 6 and 7

Extension‘of the analysis for multi-degree-of-freedom sys-
tems, possibly to include élastic displacements due to transverse
bending as well as other flexible”modes, could be completed
during this phase. This involvés a reformulation ofrphe_mére‘
complex mathematical model. Design of the scale mode;-and-prépa-
ration 6f the drawings could be carried out. Specifications of
the required instrumentati&n would be decided after cdnducting a

thorough survey in this area.
Phase III (Third year): step 8

Fabrication of the scale_model; procurement of sensors,“és—
sembly and testing are planned for this phase. FinaIIy, corrgla:
tions between expérimental.@nd numerically simulatedlfesults,
would be completed and conclusions made concerning thé adequécy
of both thé scale laboratory model and the simulated dathemétical
model in predicting the actgal results expected during an in-
orbit test situation. Special éonsidefation of apprqgfiate scal=-
ing must be taken into a;céuné ﬁo insure accurate lzbbfatory mod-

elling of expected disturbance effects..

D)
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Figure 4.b.  SCHEMATIC ARRANGEMENT OF THE HYBRID SYSTEM
' IN WHICH THE DRIVE MOTOR ASSEMBLY FORMS PART
OF THE ABSORBER MASS.
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Proposed Studies to Be Performed During the Period
July 1984 - July 1985
by
Mr. S. Ananthakrishnan, Graduate Research Assistant

MechanicalvEngineering
STOCHASTIC OPTIMAL CONTROL OF A FLEXIBLE SPACE ANTENNA SYSTEM

Earlier aﬁalyses of the Hoop/Column System considered. either

2 deterministic linear system with noise free plant and sensors?
or a stochastic linear system (with plant and sensor noise) but
with the restriction that sensors are collocated and that only
torque actuatoré on the feed mast are considered in controlling
the antenna shape and attitude% In the proposed controls analy-
sis here both plant and measurement noise will be taken under
consideration; in addition, the controls analysis will be carried
out with one of the actuators assumed to be placed 6n the hoop. |
(In Ref.2 the controls analysis has been carried out with a sin-
gle actuator on the hoop). A similar analysis has beén done for
a spacecraft with dynamically significant elastic‘appendages'at-

‘tached to a rigid central parﬂf

It will be assumed that the complete state,X(t),of the plant
cannot be accurately measured at ﬁll'times‘and Qill'conséquently
not be available for feedback. This ésshmption is'trué in.précti-
cal control systems since noise is present in both thé plant as ‘
well as the sensors. Therefofé; in ‘the proposed control law
design of this investigation both sensor and plant noise will be

included. It will be assumed.that the continous linear system
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under consideration 1g driven by & white Gaussian process with

- Known statisticesl prcperties.

Wher the ncise processes, w(t) and v(t), are present, the
optimal control protlem must be posed differently than for the
deterministic case, since the exact value of the state vector is
unknown due to the nolsy measurement data. A statistical measure
of the performance is needed and this can be achieved by taking

the expected value of the-gszformance index?

J=E( lim 1 J(X(t)Q(t)x(t) + U(LIR(LIU(L)) &< (1)
t>r R 2t *o '
where
J - cost function
E - expectation value operator
t - inital time
t - terminal time

X(t) - state vector
U(t) - control vector
Q(t),R(t) - positive semi-definite and positive definite

(respectively) state and control weighting matrices.

The optimal stochastic control problem is to choose U(t) so
that J is minimized subject to the equation of motion
X(t) = ACt)X(t) + B(t)U(t) + G(t)w(t) (2)

where

A(t),B(t),G(t) are matrices of compatible dimension and w(t)
is the plant noise. If a feedback control is sought, U(t) depends

on the measurement data,Y(t), which can be related to the state
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according to: ' o

LY(8) = B(OIX(E). + w(t) . . A &)
uhereA ' T .
Y(t) - measuremenf Qector.
H(t) - observation matrix

v(t) - sensor noise

- The optimal control law consists of two seperate cascaded
functions. ?ifst, a conventionai Kalman filter is employed to
obtain an optimal estimate of the state vectbr. Then, the control
command, U(t), is generated according to the relatién,,

V(L) = -C(0)X(L) I O

Where C(t) is the set of control gains derived in the deter-

ministiec case.

f(t) - estimate of the state vector, X(t)

The following figure, Fig.1, shows the functional diagram of

the contrdl law?
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DESCRIPTION OF THE MODEL UNDER CONSIDERATION:

The Hoop/Column antenna system is one of the édnfigurations
under consideration for use in the future multi-beam Land Mobile
Satellite System? designed'tovprovidé poiht tbipoiﬂg éommﬁnicaQ
tions for 250,000 subscriberé aéross the‘U.S in the?mid'19§Os.
The system is based on a large geosynchronous relay antenna and'a
number of mobile, Earth based reéeivers. In order  to aéhieve the
required RF performance 2 pointing accurécy of"(0.03a0.105 dé- ]
gree RMS and a surface (adiehhé’néccu;aéi'df {émm'RMSm;{ii”béf:#

vrequired. The Hoop/Column éntenna Systed% depictédAin Fig;z in
the deployed donfiguration;‘containé the deployable (teléScopihg)
mast system connected to the hoop by support cables under ten-
sion. The hoop'contains 48 rigid sectidns, to be deployed by mo-
tor drive units. The desiréd shape of‘the RF ref;gctivg mesh is
produéédﬂby a secondary drawing suffacé using surface control

cables. The reflective mesh is connected to the hoop by gquartz or
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Erapnite stringers. At one encd of the mast tne eleci-oric feed
_assemblies are positioned, whereas at the other end are the prine

“cipel solar arrays connected to ‘the mair tus bzsec control.
MATHEMATICAL FORMULATION OF THE PROBLEM:

The dynamic model of the Hoop/Column structural system in

the absence of damping can be represented as

ML + KX = B_U o (5)-
where X is the state vector containing the generalized co-
crdinates of each node and will be of the order (nx6) for n num-
ber of nodes and all 6 degrees of freedom. M is the modal matrix
of order (6nx6n) and K is the stiffness matrix of order (€nxbn)..
The control matfix, B ,'is of the order of (6nﬁp) for p nuhber'of
actuators to be arranged on the structure. The data supplied by
NASAthés eigenvectors for 112 nodes and, therefore, n=112 for the
present model. Te décrease_the_dimensionelity of the problem a
modal tranformation is car?ied out, by defining

X = ﬂq A (6)
where, ﬂ is the matrix pontaining the eigen vectors of equation
(5) and is of the order (6nxm); for m number of modes and q is
the vector of order (mx1)..Through diagonalization of equation
(5) the following matrix equation is obtained.

(Fu) G+ (Fkpy q = B U | (1
or ‘

Cm G+ (kD q = PBY | (8)
and - ™, |

- -

Llaa T . - (9)
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where

m,- modal masses, and

EKL] = - K’i - | | . (40)

where

k;- modal stiffnesses

Equation(7) can be written in the state vector form as

Pq‘ - '.1— O | I - —%1 | L o “
U ()
< + ‘ ,
_‘ Yo y: R )
& s °ila '“9§ L d
b - - L -

where k., m_, ¢ ‘are available with the finite‘elementAmodel.
Equation(11) is of the form
CX(t) = AX(t) + BU(t): N 4 1)

Now considering the stochastic problem the plant noise is
included in equation(12) to yield a stochastic linear dynamic
"systen f the form, . .

X(t) = AX + BU + Gw (13)

b3
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‘"The measurement equation can e written as

Y(t) = HX + v ' (1%)

The. plant ncise and the measurement roise are z2ssumed tc be
white Gaussian processes with zero mean. After minimizing the

‘cost function, the optimal control vector U becomes

U = -CX ' . ‘ (15)
where

X - estimate of X

€ = contrel gain given by_

C=REK o (16)

where K is the steady state solution of the matrix Riccati dif-
ferential equation
| K =KA+AK-EBRBK+Q (1

where R and Q are the control and.state ueighting
matrices,respectively.
The estimate, X , is obtainéﬁ from’

% = A% + BU + F(T-ED) - (18)
with the filter gain,F, expressed as . | |

Fz=PHV | RNETY

'wﬁere P is the solution of the filter matrix Riccati differential

equation

- -)
dP = P = AP + PA" - PH'V HP + GWG » (20)
ac '
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where

V = E(vw") and

W

E(ww™) | | | 21

The linear model of the plant and the estimator can be writ-

ten as

AX - BCX + Gw (@)

D) B¢

~ :
(A - FH - BC)X + FHX + Fv , ' ‘ (23}

The general scheme of the stochastic optimal control con-
figuration represented by equations (22) and (23) is shown in
.fisure.3. This configuration is taken as the basis for studying

‘the system behavior.

An attempt will be made to obtain numerical results for the
-:hoop/Column System filter gains and the control forces required
in the actuators, using ORACLS - a system for linear quadratic
Gaussian contrdl law design. Interactive computer graphics téqh-
ﬁiques will be used to interpret the transient performance
fcharécteristics. Comparison of the numerical results with those
of Ref(2) and Ref(3) is expected to provide an idea about the
degradation ol the system perf{ormance due to the noise ph;rec-
teristics. If the control andlfilter.gains in the pré;ehce df
noise deviates much from the case where noise is absent the opti-

mal control law will be redesigned.

1\
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DEPLOYMENT DYNAMICS

Actions have been taken to initiate research in the area of
deployment dynamics as a comple: 3nt to the projects already under
way in the Institute. It is planned that Dr. Irving W. Jones,
Péofessor of Civil Engineering and Dr. K.C. Park of the Applied
Mechanics Laboratory, Lockheed Missiles and Space Compan& (LMSC)
wili be co-principal investigators for this work. To date, Dr.
anes’and Dr. Park have met at NASA Langley Research4Center with
Dr. . J. ﬁousner; Technical Monitor, to discuss possible ad-
ministrative formats for the collaborative effort, some results
of work done at NASA Langley Research Center in the area of de-
ployment dfnamics and possible directions for efforts to aannce
the status of technology in this field. These matters will con-
tinue to be pursued and will result in the preparation‘of a
poposal to NASA Langley Research Center for a FY 1985 grant to
fund Howard and.LMSC, with some supplemental funding to be pro-

vided by the Institute.

e
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5,000.00

'$11,400.00



-

L
)
2

.. /

© 138

"RN84 24482

MICROPROCESSOR BASZD IMPLEMENTATION OF ATTITUDE AND
SHAPE CONTROL OF LARGE SPACE STRUCTURES

by

A.5.5.R. Reddy
Assistart Professor
Departmert of Mecharical zZrgireerinrg
Howard Uriversity
Washingtonr, DC 20059
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Abstract ™

Microprocessor Based Implemerntatiorn of Attitude and Shape

Control of Large Spaée Structures

The cornceptual studies of future space missiors irn terms of
large space structures are gairing wide attentior in acédemie as
well as industrial commurities. Ore of the mair areas of irterest
is the attitude ard shape contrgl of such laréé space structufes.

Mary of the studies assume that this control is achieved usirg

moderr cortrol laws and state variable feedback. Such control

laws have to be implemented by cr beard microprocessors to gener-
ate sigrals wha.ch irnturn operate the actuators. The”purpose of

the proposal is to study the feasibiiity of off the shelf 8 bit

ard 16 bit micreprocesscrs to implement lirear state variable

feedback conrtrol 1laws and assesinrg the real time respornse to

spacecraft dyremics, writirg the nreeded software ard implemeriing
it or a microprocessor to relate the Qomplexity of the dynamic
model ( order of system matrix ) ;ﬁd the éomputa:ional speed of
the microproceésor. The outcome of this research is a laberatory
consisting of ar experimental .setup cf a beém,.‘miqroprqceSSOr

system for implemerting the cortrcl laws and the heeded“genérélé

ized software to implement ary state variable feedback control

system.

b
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Microprocessor Based Implementation of Attitude and Shape Control

of Large Spacg Structures

The linearised equations of motion of lérge space structures
2an be described by a set of coupled second order differential

equations as:5

X +K{+DX=BO - (1)

where

X is an nX1 position vector including attitude and

vibrational coordinates.
K is an nXn positién matrix.
D is an nXn damping matrix.
B is an nXm control influence matrix.
U

is an mX1 control vector.
The most commonly used éontrol law is of the-formsv
U=-Fp X -Fr X | (2).
withn

Fr = mXn rate feedback gain matrix
Fp = mXn positior feedback gair matrix. In reality,
all the states (X and X) are not directly available for sansor

measurements. The outpbt available may be of the form
Y= HX + v (3)

where



X= [X,X]T
Y is the sensor output.
H Is the serscer irfluence matrix,(pXan:..

arc v is the roise,(2rX1).

One has to estimate 5’( szy X )} from the ocutputs ,Y, avail-

able using state estidaterief tne form:
X = AX + BU + G(Y-HX) . ()
where

X = estimate value of X

o O

A=z O I | B
-D =K

G is the kalmarn gair matrix.

Taplementinrg a control law of feorm (2) with X ard X sub-
stituted by their corresponding estimated values (X) directly
translates o evaiuating U ard sclving differential equatiorn ‘4)

or a nicropreocessor,
Selection of a Microprocessor

A large variety cf awicreoprocessors that are available off the
shelf will be compared for the werd size, cycle time, ard in-
structicer repertoire. The & bit ard 16 bvit micrcprccéS;ors will

be censidered for the range ¢f corntroil variables of interest. 7he

effect zf tne micreprecesscrs ocutput at discrete intervais of

time on the cecrtinous dyramic model wiil De used as a sricericon

141
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tc decide the coptimum cycle ;ime_cf tne uieroprocessers te be
selected . For a wide variety cof micreprocessers, the maximum
dimersier ¢f the dyramic model it car hardle teo supply contrel
sigrais. ir real tinme wi:hout‘impairing the cortirous control sys-
tem desigr cnharecteristics.

The mair charecteristics of the commercial microprocessors

]

wing:

[4

3
-

[

ct
oy
1}
ot
|
[ i
[ 254

1 be compared for selection are the fo

(1) gereral register size(3 bit/ 16 bit/ 32 bit)

(2) cycle time

(3) insctructicr repertoire(executicr times)

(4) pemory addrgsibility
de special attertior may be“paid for the édop:abili:y of these
commércial microprocessors tc space envirerments irn this phase.of
study.

‘Centrel algcr;thhs will be implemented usinrg software writter
ir assembler larguage and ther lcaded ir memory. in directly'ex-

ecutable ccde.
Evaluation

The different microprocessors are evaluated in terms of the
performance of the contrcl system. The michprocessor cortrelled
actuater has chanrge cof the magritude at discrete intervals cof
time. The mirimum time between-:wo consecutive corntrol sigrals
deperd upor the overall resporse cf the micreoprocessror te irput
sigrals. The relaticn betweenrn state irputs ard ceonirel 'signals
car be described as o
Ujo1= FX§ ' _ (6)

where



Xi is the estiuwated .state at time tj
Uj+1 is the cortrel sigrsl at time tisq

F is the gair matrix.

Thus the effect of digital step control sigrals corn the perfor-’

marce of & continous system will be evaluated interms of required
time resporse and stability. The pcssible compensaticrn for the
time delay due to umicroprocessor may be incerpoerated irterms of

discrete state predictors irstead of state estimators.
Practical Example

A free-free beam or a free-~free square plate ir a low earth orbit

-4

will be %taker as ar example to test the micreprocessor based con-
trol system. The model may be of the order of 10 modes (rigid as
-well as flexible ) thus givirg a‘20th-order plant., The dyramics
cf the cortirocus model will be simulated on ar aralog computer
and the microprocessor based cortrol system will be irterfaced
with aralog computer to have simulaticr of clesed lecop contrel

system anrd dyramic¢ plant behavior.
Equipments

The fellowing equipments are nreeded for ccmpleting the inves-
tigatior proposed hnere.

1. Microprocesscer developmenrt system,

2. A/D and D/A Corvertor cards ard required irterfaces.

3. Strain gauges, Deflection ard Velocity Sersors.

4, Supporting eiacireric ceompererts,

The required l:ztoratory space fecr conducting the nrecessary

\¥J
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A. Taft B, Broome, Jr., D. Sc.*
Acting Chairman
~ Department of Civil Engineering

/ACADEMIC PREPARATION

Engineering Degrees

_wInsti:u:ion 7 Date of Graduation Degree
'A. Howard University 4 1966 B.S.C.E.
B. 'George Washington Universify 1968 M.S.E.

- C. Georée Washington University : 1972 ' - D.Se.

SCHOLARLY AND CREATIVE PRODUCTIVITY (Sample)
. Technical Reports (Sample)

A. Broome, T.H. and Hymam, B.I., 'A New Approach to Shallow Shell Theory",
: NAVSHIPS, subproject SF0130302, Task 1960, Washington, D.C., 1968.

B. Broome, T.H. and Hyman, B.I., "An Approach to the Analysis of Spheroi-
dal Shells with Locat Flat Sports', NAVSHIPS, subproject SF0130302,
Task 1960, Washingtomn, D.C., 1971,

C. EHyman, B.I. and Broome, T.H., "A Survey of Computer Programs for Struc-
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use of MPR Associates, 1140 Comnecticut Avenue, N, W., Washington, D.C.,
October, 1972.

L

_Publications (Sample) ' o

A. Broome, T.H. and Hyman, B.I., "An Analysis of Shallow Spheroiddl Shells
by.a Semi-Inverse Contour Method", Intermaticnal Journal of Solids and"
Structures, December, 1975. (Broome's D.Sc. Dissertation, Hyman
advisiag). : :

‘B, Tesfaye, E. and Broome, T.H., "Effect of Weight on the Stability of
.- Masonry Walls", J. of the Structural Division, A.S.C.E., May, 1978,
(Tesfaye's M.S. Thesis, Broome .advising).

C. Broome, T.H., "Issues in Ethics for Engineering School Publications:
An NSF-Funded Program', Professional Engineer, January, 1978,

D. Citacions for coatzibutions in:

0'N2ill. Gerard k., Space Resources and Space Settlements, NASA SP-428,
Weshiagroz, L.C., 1979.

#An exzended versicr. of this resume is c¢n file at ¥a3a/langley as part of
the Megamechznics Research Consortium propesal.
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T.H. Broome

,» Science and Engineering Education for the 1980's and
Beyond, NSF/Dept. of Ecducation, Washington, D.C., 1980.

Research Projects

A.

Title: "“A New Approach to the Solution of Partijal le‘erential
_Equations with Biomedical Relevance'.

Principal Investigaror: T.H. Broome
Support: N.I.H. (February 1974 - May 1975), Mini-Grant
Magnitude: $600.00 for one student '

Title: "“Weight Minimization of Large Area Expandable Space Structures
With Respect to a Minimum Allowable Natural Frequency'.

Principal Investigator: T.H. Broome
Support: NASA (December 1974 — March 1978, July 1982 - June, 1983)
Magnitude: $32,000 with two students (First year)

$39,811 with two students (Second year)
$28,370 with two students (Third year under the

new title "Continuum Modeling of Large Area Space S’ructures")

$150,000: Megamechanics Research Consortium
Postdoctoral Fellowship'

Support: NSF/NEH (September 1980 ~ February 1982)

-

Magnitude: $31,500 ... Stipend
3,000 ... activities support (R.P.I.)
1,500 ... activities. support {Howard U.)
$36,000 ... Total

ve
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- E. Dr. Ajit K. Chouchury
‘ssociate Professor
Jepartment of Electrical Engineering
loward University
Jashington, D.C. 20059
Present Home Address : 5635 67th Avenue

Riverdale
Maryland 20737
(301) 577-6514

I ACADEMIC PREPARATION
B.Sc. ( Math Hons)

St. Xavier's College, Calcutta
_Un1verswty of Calcutta 1854

M.Sc.. (Applied Mathematics)
Un1vers1ty of Calcutta, 1958

M.S. (Control Systems Engineering)
University of Califordia
Los Angeles 1967

Ph. D. ( Systems Science Engineering)
~ Major field : Control Systems Engineering
~ Minor fields:’ Commun1cat1ons Systems Eng1neer1ng

Applied Mathematxcs

University of California

Los Angeles . 1969
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PROFESSTONAL E£YPERIENCE OF POOR QUALTY
A INDUSTRIAL
1. Goddard Space Flight Center

3.

Worked on thermal design of small astronomical spacecraft(SAS-D)
‘and the quality of imagery of Landsat satellite pictures.

1352
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National Research Council Fellow (1970-1972)

Worked on the app11cat10n of concatenated convolution coding
with multifrequency shift keyed signalling for low data rate
comnuaication for deep spaC° planetary mission

.

DRI A NS BAIT AL Wt n 8 o % ot oo

General Electric Company
Space Systems
Beltsville

Maryland

Systems Engineer (1972-1973)

Summer Employment

(a) Systems Engineer , IBM Manassis,virginia
June 1st to August 22nd, 1974

Worked on the problem of the optimum flow of data back and
forth between one big computer and three small computers.
This problem appears in the testing of computer chlps and
. semi-conductor devices.

(b) Lewis Research Center, Cleveland
National Aeronautics and Space Administration”

Summer Faculty Fellow
June 1st to Auqust 22nd, 1976

Worked on the application Invariant pole technique of
modern control systems for the control of large flexible
spacecraft.

Vgt Lt
PRGN TR

(¢) Goddard Space Flight Center,Greenbelt
NASA Summer Faculty Fellow 1980
WOrked on the GPS( Global position Satellite) receiver desing.

M =



(d)

B UNIVERSITY

1. Lecturer. Universit ty of California , Los Angeles sprlng semester 1969

2. Assistant Professor Un1vers1ty of Maryiand 1969-1970
Taught courses on Control Systems Engineering, Network , “’; .
I

3. Assistant Professor. " Howard Un1vers1ty, Washington, D. C : 1973-1976;

4. Associate Professor . Howard University

(2)

(b)

153
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Bell Telephone Laboratorues , Holmdel, NJ..
Systems Engineer ( June 1st to August 22nd, ]982)

Developed an ar*amatic technique (digital adaptive filtering) to
remove the holaing sinusoid tone from the received signal in
telephone transmission impairments measurements especially the
impulse noise,phase drop, gaindrop,phase jitter etc.The method was
based on adaptive least square filtering.

Taught course on lwnear systems

Analysis, Electrical Machinery.
Performed unfunded research on contrcllab111ty of Delay-
D1fferent1a1 Systens.

- Taught graduate and undergraduate courses on Communications
Systems , Control Systems Engineering - and Network Analysis.
Performed research cn funded NASA Grant on Kalman. Filtering.
Developed new graduate courses on Estimation, Filtering ,
Circuits and Systems A

Washington, D.C.

1976 to present.

©

Taught courses on Communications Systemss, Control Systems
Eng1neer1ng, Advanced Eng1neer1ng Awa]ys1s, Random process.

Conducted : funded research (NASA) on Nav1gat1on of sna11
aircraft, Receiver design 0flow-cost Global position Satellite
Receiver design, Hoop-column antenna design for large flexible
space structures.
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n'ﬁnBerocmHtj. | R e
ruc;1on of Non- reguIar Po1ntulse Degenerate De?ay—dwfferent1a] Systeua.‘
ipear - IEEE Transactions Automat1c Control 1978. Vol. AC-23, No. 3.

[}
[
AN PY T fomome &

e on Degenerate Dniay-dlfference Systems. To appear ‘“ IEEE Transac;1on, )
atice Control, 1978, , . : .

;ructxon of Non-regular Pointwise Degenerate Delay- d1fferent1al Systems ..
ts Applicaticns to Control Theory.Proceedings of the Joint Automatic
01 Cow.erence, Szn Francisco, 1977 pp. 1662 -~ 1667.

ie Pointwise Coinetanoss o7 Delay-dwfferent1al Systems of the Heutral

Siam Journal of Mathematics Analysis and Applications, .Vol. 7. Mo, 6
ber, 1976, pp. 213-929.

ontroT]ab111ty of Linear Time-invariant Systems Using Multiple Dae-~
sional Linear Delay Feedbacks.. Proceedings of the Interrational
sjum on Dynamical Systems. pi. 317-323. Academic Press, 1976.

viise Degeneracy of Linear Time-invariant Del *y—d1fferent1a1 Systens.
edings of International Conference on Differential Equations. Edited -
A. Antosiewiez.” Academic Press, 1975.

ruction of Time-optimal Zero-ortput. Delay- FeLJbacP Con*ro]ic*s _ :
ete Case. Proceedings of the International Conference on Systexs c T {
ce, Patras, Greece, 1976: Published by Hemisphere Pu§11sh1ng Co.
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{continued)

Faxirum and Minimum Degereracy Set of Linear Time-invariant Delay-differential
. System of the Neutral Type. Proceedings of the International Confzrence
on tionlinear Systems, Arlington, Texas. Edited by Lekshmikanthaz. -
Academic Press, 1977.

On the Exjstence of an Opticnal Solnt n of the Epsilon Veriaticnal - -
Problenm - Journzl of Opvwwxzatxon Theory and Applications, Vol. 11, :
NO- 5. ppo 494-505 ]9730 . . . e

Necessany and Sufficient COndltxons of Pointwise Completeness of L1near a
Z\me-.nvar*ant Delay-differential Systems. International Journal of
ontrol.. :

A Contribution to the Controllability of Time-lag Systems, Interrat;ona1 |
Journal of Control. VYol. 17, No. 2, pp. 305-373, February 1572,

Algebraic and Transfer-function crlteria of Fixed-time Controllability of
Linear Time-invariant De]ay-dlfferpnt1al Systems. Internztional Journal.
of Control, Vol. 16, No. &, pp. 1073-1082, Deccmber, 1972.

”
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D. Dr. James A. ,Donla,ldlson

R Jaxes Asnley Donzldson
Birth date: ) |
Birth place: I
Keight: o3 . - 0
Healch: Good | |

 Present Addze

Telephone:

EDJCATION: . | : - | ~ 3 15

Dislemz, Madison County Training Schwol,
. Vadiscn, Flozida, 1657.

A.B., (Mathomaties), Lincoln Unive:si:y.
Linsoln Universicy, Pemsylvenia, 1961.

M.S., (Qathemarics), University of Illinois,
Urtama, Illinois, 1963. Pt
Ph.D. (Mathematics), thivessity of Illinois, -

. Urbama, Illincis, 1965. S e L
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Pesults of my mathemtical researc‘u bave bee“ rea:l befo:'e the fo;.low ing
scientific meetings. .

1. The znnual meeting ol the American Mathematicel Society, Chicago,
Illinois, January, 195€. '

2. The annual meeting of the American Mathematiczl Sociéty,
New Orleans, Louisizna, Jazuzry, 1938,

3. The anmual meeting of the Nationz2) Institute c¢f Science and Beta
Kappa Cni, Philadelphia, Pennsylvania, April, 1973.

4, The annual meeting of the Nationzl Institute of Science a.nd Beta
Kappa Chi, New Orleans, louisianz, April, 1974.

5. - The Conference Board of Mathemtical Sciences regional coaference
on "Improperly posed problems in partizl differential wt_a..lons"
Albuguergue, New Mexico, May, 1974,

6. The Inte*natlo':al Conference on The Fractlonal Caleulus, New Haven,
Connecticut, June, 1974,

7. The International Congress of Mathematicians, Vancwver Bntlsh
Columbia, Canada, August, 1974,

8. The annual meeting of the American Mathematical Society, Special
' Session on Smgula.r Cauchy Problems, VWashington, D.C., January,
1975.

9. The annual meeting of the Averican Matbematical Society, Special -
Session on Special Functiors, San Antonio, January, 1S76.

10. Mathematical Association of America, Tallahasse, Florida, 1976.

11, First Pan African Congress of Mathematicians, Rabtat, hbroc::o,
1576. - :

12. The International Conference on Runctional A.na;yeis and its
Applications, Kumasi, Chana, August 1979,

13, The meeting of the Avmerican Mathemtical Society, Special Session
' on Differential Equations, Washington, D.C., October, 1978,
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Visiting Lacturer in Maithematics, |
Southarn University, Baton Rouge, lLa.,
Sumners of 1264, 19€5, 1966,

rssistant Frofessor of Mzihamztics,
poward Urdversity, Washington, D.C.,
8/65 to 8/66.

Assistant Proiessor »f MatheTatics,
CUniversity of Illinois (Chicezo),
Chicago, Illimois, B8/66 to £/69.

jisiting Mavber, Mathematics Institute
University of Aarhus, Azarhus, De.,..a'zc,
Sumner, 19€°.

Assistant Professor of lztherz=tics (Co lezve),
University of Illinois (Cricago),
Chicago, Illinois, 8/69 to §/70.

Tost Doctoral Fellow and Ress=rch 2ssociate in
Mathematics, University of Naw Mexico,
ARlbazuercue, New Maxico, 38/69 to £/70.

Associate Professor of Mathevatics,
University of New Mexico, 8/70 to 8/71.

Professor of Mathematics,
Howard University, 1971-

Chairman of the Mathematics Depertmant,
Howard University, 1972- -

Visiting Menber, Courant’ Institute of
Mathematical Sciences, New York University,.
New York, New York 9/76 - 6/77,

6 emmeant t b0
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- IV, OTHER PROTESSITIAL DERITENCE: :
Consultant for The Iducationz! Intershs ‘P Program at

Federal City Collegs, '.Tash_ngtor D. C
(Sumer, 1871).

Consultzat for The Arthur T-"lem_ngs Avards Cammission,
19730

Coxsultagt for The College Science Improvement -
Division of the Netionzl Sc:1 ence *‘ounoaoon
1973 and 1874,

Mamber of The INchanze Committion of
The International Umon of L.a*he:at:.c:La.ns
Avgust, 1974 - 1978,

Member of Sciernce and Technology Cormission of the
Sixth Pan American Congreee, Dar Is Salaam, Taczeniz,
June, 1974.

Consultant for the XNational Sc1e'1ce Toundation,
1975 and 1977.

Consultant for the Matheratics Department, Jackson
State University, Jackson, Mississippi, 1977.

National Research Council Panel (for revieaing appllcauons
for NST Fellowships) 1978 and 1979,

Member at large, Cbunczl of the Anerican Matbemt:.ce.l
Society, 1978 - 1880.

Chairman, American Liatheztatiéal Society's Comittes on
Opportunities in Mathematics for msrrbers of Disadventaged Groups,
1880 - . ' i

Mé.nber, A'ne ican Mat ber:ancal SOCle’} s Cam..tee on Service
to lathemticians in Developing Countries,

Member of CLP:, Mathematical Associaticn of Anerica.

D.C. Coordinator of Blacks and La.tne.'nat*cs Program, Mathematical
Association of Armerica.
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. V. MEBIPSHIPS IN PROTFESSIONAL SOCIZTIES. - POOR QUALITY :
1. The Nationz) Association of Mathemeticians '
2. The American Mathematical Society
(Member of the reviewing staif of the
Mathematical Reviews)
3. Tne Matherztical Association of America
4., The Arperican Associztion of the Advancemnent
of Science :
so American Associztion of University Professors
6. Association for Women in Methemtics
7. Beta Kappa Chi
8. National Institute of Sciences
[o]

e

The Society Zor Industrial and Applied Mathematicians

VI.© MEBIRSHIPS IN HONORARY SCIENTIFIC SOCIETIES.

1'

Sigma Xi, 1965

2. Pi Ma Epsilon, 1974-

VII.  AVARDS AND EONCRS.

Post Doctoral Research Fellowship, University =
of New Mexico, 1968 to 1970.

Election to Merbership in Sigma Xi, 1935.
Outstanding Young Man of America, 1976.

' Visiting Member, Cowrant Institute of Mathemtical Sciences,

New York University, New York, New York, 1876-1977.

160
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PARTICIPANT IN SCIENTITIC METTINGS AND b-.w:,u

The Forth British Vear in Partia i41 Differential ' . B i
Thguations at the University of x:d:.nb >gh, ‘ ‘ T;
Edirburgh, Scotland, lay-June, 1972. - !

i

PP ST RRTNE PR

Sumer Seninzr on Stochastic Differential
Ecuations, University of Alberta, Edmonton,
Alberta, Canada, July 17-28, 1972,

PRIy

The Conference Board on Mathemticzl Sciences :
Regional - ‘ ]
Conference on Improperly Posed Problerns in : f
Partial Differentizl Eguations. University of
New Mexico, Albuquerque, New Mexico, May, 1974.

The Internaticnal Conference on the Fractional
Calculus, University of New Haven, New Haven,
Connecticut, June, 1574.

The Internationzl Congress of Mathemticians,
Vancouver British Col.x:nbxa Canada, August, 1974,

A S'oec:.al S&ssxon on Singulay Cauchv Problems at the
Annuzl Meeting of the AMS, Washingtoa, D.C., January, 1975. - 2

le Seminaire de Mathematiques Superi eures a2 L'Universite : A 1 ]
de Montreal, Montreal, Quebec, Canzda, June 16, 1975 . ]
July 11, 1973.

Colloque sur L'enseignement des Mathematiques dans les
Universites Africaines., Dakar, Senegal, December 8-13,
©1975.

A Special Session on Specizl]l Functions at the Annual
Meeting of the AMS, San Antonio, Texas, January, 1976.

The First Pan African Congress of lathematicians,
Rabat, lorocco, July, 1876, : . .

The AAAS apnual meeting, Washington, D.C. 1978.

The International Congress of Mathemticians,
Helsinki, Finland, August 1978

The Inte*'natmnal Conference on Functional Analysis and
its Apphcat:m._s, Kunzsi, Ghana, August, 1979,

prefodrrirraiigy

A Special Session on Differential Equations at the meeting
“ - of AMS at Howard University, October, -1979.. -

P AT
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SJunior Investigetor, Netisnzl Science
Foundation Grant £GP 873¢ for Research in
Applied Methematics, University of Illinois
(Chicago), Chicago, Illincis, 1¢67-1969.

Principal Investigator, National Science
Founcation Grant #GVY-11065 for '

Research in Analysis, Bowzrd U
Bashingten, D.C. 1972-1G677

niversity,
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X, RESEARCH PAPERS.

1.

100

11,

12,

Integral Re::*esema—mns of the Extendad Airy
Integral Type of the Modified Bessél Funcrion. ~
J. of Mach. and Pays., Vol. 45, No. 1 (1967)

.anars-ms for K,(¢) inwvolving Airy's Function.
Proc. of the Ca:mncge P‘Llo;op’ucal Society,
Vol. 65 (1969).

A Singular Abstract Cauwchy Problem. Proc. of
the National Academy of Science, USA, Vol. 66,
263 (1970)

"A Perturbation Series for Cauciy's Problem for

Pigher-Order Abstract Parabolic Equations.
Proc. of the National Academy of Sciences, USA,
Vol. 67, 41 (1970), (With R. Hersh). :

New Integral Representations for Solutions of
Cauchy's Problem for Abstract Parabolic
Equations. Proc. of National Academy of Sciences,

‘USA, September, 1971.

An Operational Calculus for a Class of Abstract
Operator Equations. Journ. of Math. Analysis
and Applications. Vol. 37, No. 1. Jan. 1972.

On the Invariance Principle of Scattering Theory.
lhiversity of New Mexico Techmical Report Mo. (259).
August (1972). (With A. Gibson and R. Hersh).

On the Invariance Pn'nciple of Scattering Theory.
Journal of Functional Analysis, Vol. 14 (1973), 131.
(With A. Gibson and R. Hersh).

A S:.ngular Cauchy Problem with a Small Parareter.
lé‘unkuala_) Exvacioj (Serio Internacio), Vol. 16, 8
1973)

'A Fariily of Integral Representations For The

Solurion of the Diffusion Equation. (Proc. Intemat.
Conf., Uhiv. New Haven, West Haven, Com., 1974)

"PP- 1&6-150 Lecture Notes in Math., Vol. 457,
. Springer, Berlin, 1975.

A lhiqueness Class For Two Improperly Posed

-Proplens Arising in Mathemmtical Paysics. Ioproperlv

Posed Bondarv Valie Prablems (Conf., Univ. New Mexico,

Albuguerque, N.M., 1974), pp. 9-16. Research Notes in
 Mathematics Series, No. 1, Pizman, Londm, 1975. ‘

Regilar and Singular Pértizbation Probiems for a

. Singular Abstract Czuchy Problem. Dxke Mathemerical

Jowzmnal, Vol. 42, Mo. 3, 1975, (With George Zutcher)
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13.

14,

16.

17.

ORIGINAL PAGE i3
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The Camby Problem for a FlrS" Orcer System of Abs*rat:' ‘

‘Operator Equations. Bulletin cf the ‘mencan Mathematiczl
~ Sociezy, Vol B8l, 576 (1975)..

The Abstract Cauchy Problem and Banach Space Valued Diétr‘.bu—
+ions. Howard lhiversity Mathematics Report #13, 38 pages
.875).

. 'Some Remarks On.l.hiqumeés for a Class of Singular Abstract

Cauchy Problems. Proc. Amer. Math. Soc., Vol. 54, 1492 (1976)
(With J. Goldstein).

The Abstract Cauchy Problem. Journal of D:.fferen":.al Equmlms
Vol. 25, 400 (1977). .

Singular Pertuxbation 'Iheory and Abstract Operator Differential
Equations. Proc. of the Second Intermational Symposium in
West Africa on Functional Analysis and its Applicatioms,
Kumasi, Ghana, 1979.
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XI. PAPTPS, QOLIOQUILY LEC) UIES OF LATMZAATICAL RESEARCH

Results obtained by me in the areas of Specizl Function
Tneory, Differential Ecuations, Operationzl Calculus znd.
Singular Perturbations were rapor.ea in the follcwing lectures:

1. Mathematics Colloquiur Lecture, Southern University, Baton
Rouge, la., July, 1965._ ‘

2. Mathematics Colloculum I.e"n.re, Cniversity of Texas, El Paso,
March, x970.

3. Mathemtics Colloquium Lecture, Drexel University, Philadelphia,
Penns:,lvanla, »‘e.rch, ‘9’70

4, Mathematics Colloqalu'a I.ecture L’niver'sity of New Mexico,
Albucuerque, New Mexico, April, 1970,

‘5, Mathematics Colloquium Lecture, Howard University, Washington,
" D.C., April, 1971, | ,

6. Mathemtics Colloquiun I.ectm.re, CUniversity of Mairyland, _
College Park, laryland, March, 1972. ' _ j

7. Mathematics Colloquium Lectxe, ‘Lincoln University, Lincoln
University, Pennsylvaniz, Spring, 1973,

8. Mathemati s Colloguium Tecture, Tuland University, New Orleans,
Louisiana, May, 1974. ‘

Ar L veees wamm .

9. Mathematics Colloquium Lecture, University of Nairobi, Nairobi, | :
Kenya, July, 1974. 4 S _ ' i

10. Mathematics Colloquium Lecture, George Mason University, Fairfax,
Virginia, March, 197S. ,

11, Mathenatiés Oolloquiu:n' I.ecmre Umve*sity of New Mexico,
Albuquerque, New Me.xico, April, 1975

12, JMathematics Colloguium Lectur e,»._Georgetom University,
" ¥ashington, D.C., April, 1975, L

13. Matheratics Colloquiin Lecture, Federal City College ‘ ok
' Washington, D.C., April, 1975. .

14, Mathematics Colloquium Iecture Sahsbury State College,
: ‘Salisbury, Maryland, October, 1975

15. Mathematics Colloquium lecture, Howard University, Washirgton, o
D.C., August, 1977. | S

16. lMathemtizs Col,cqu.u—a Leﬂtu:-e, ;u"eréity of Victoria, Victoria,
. PBritish Columbia, April, 1978.

e m—— oo s T " .
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RESUME

Dr. Robert Reiss

Professor

Depar-meﬂ: of Mechanical E iginesrin
Howard University

Washington, D.C. 20059

I.  ACADEMIC PREPARATION

College ‘ . . Year
Brown UniverSitj o 1963
I1ll. Inst. Technology - 1967

II. PROFESSIONAL EXPERIE ENCE

A. Indust*ial/Government

1. Assistant Pro;ect Envlneer.

(=4

-—
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Degree
Sc.B. Appiied Math
Ph.D. Sbli¢ Mechznics

Pratt and Whitney Aircrait,

East Hartford Connectlcu' (1967-70).

e Mecha

-

cal anal;szs of compos;te materlals

+ Design analysxs of hollow rotating fan blades

. Design analysis of contalnment Ti ngs for fan and -

turblnd blades

2. Senior Engineer. Fughes Al*cra-t, Canoga Park,

~_..(:a].:Lfcaz'r‘.:.a (Summer, 1978).

. Participaﬂt in Summer ‘acuTty Program -_; S .'-f

. SCudled mechanical response of sclxd rocket propellants

3. Summe.

-ellow. NASA—Langley, Hampton, Vir

ginia  (Suamst, 197

~ e Participant 11 QASA/dampton Institdte’ summer Fellcwsﬁip

Program

Modelled the mechanlcal response of compos:.t° com-

press icn spec:.;nens ’

4. Summer’ Faculty P~og-am 3 ell Laboratories, Whippany,

. New Jersey (summer, 1982).

. . Modzliad thermoelastic r2

- princed circuit boards.

5. Research Fellow. U.S5. Army, AMMRC,
P4 waaxks, Summer 13:35.
Sturverez 323z I art Xncwiadze oF
SZ3CKLTE S2CUanZ2 LICM me~hanisa’

sponse oI multi-

layered,

watertown, Massachuse:its

-eoln - - ™ -
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1.

Teaching Assistant. °ll‘nows Iastituce ci Technology,
Chicago, Illinois (1963-1564 S

.

Taught sec:ioﬁS«cf Statics and Dynamics

Was awarded NDEA Title IV fellowship 1964-1967

Assistant Professor of Engineering Mechanics University

.0f Missouri, Rolia, Missouri (1970-1973)

Taught undergraduate courses in Engineering Mechanics

and a graduate course in Continuum Mechanics. Taught
an average of 10-12 hour;/semes.e..

Conducted research in the area of mlnxmal weloh“ deszgn
for plates and shells.

Assistant Professor of Haceria‘s Eangineering, University
of Iowa, Iowa City, Iowa (1973-77) '

Graduate Professor of .Dc‘xanwca1 Zngis
University, Washington, D.C. 20059 (

Partxcxpat*ng Aacu?ty member of B‘omedlcal Eagineering,
Mechanical Engineeriag, and Mechanics and Pydraulx*
academic programs

Participating member of the Blomecnanlcs anc¢ Optimi-
zation Research G*cups

Directed one Ph.D. thesis and six (6) M.S. students

Participated in funded research in biomechanics

Chairman of Deformable Bodies>Course Committee (187477

reering, Howard
932- )

Associate Professor (1977-32)

Associate Chairman of Mechaniczl Engineering.(1981- )
Responsible for imitiating and developing a curriculum
and research program in solid mechanics. As of Jan. 1,
1983, the program had graduated two MS students.

Teaching M.Z. undergraduate and graduate courses

Directing gracuate theses.
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TEACHING COMPZIZNCE ORIGINAL PASE 19
A. Student Zvaluation OF POOR QUALNY
.  The student section of ASHME at Howard hﬁﬂve*si;y'sa’ec:ed'
Dr. Reiss as Outstanding Faculty Member for 1°78 7° an
1981-1982 . ‘
. ' The student secticrn of S {E at lHoward liniversity selected
Dr. Reiss as Most Popular Faculcy Member for 1980-1981
. Student ratings of Dr. Reiss Lave consist~ - 7 been above
'average _ ‘ : ' . ' .
‘B. Ph.D. Theses Supervised
. S. Ting, "The Statical Mechod of Designing Axisymmetric
‘Sandwich Plates Subject to Altermative Loads,"” Oc.oae*
1975, University cf Iowa
C. M.S. Theses Supervised
. Tse~uin Yao, "Effect of Load Introduction on Graphite/
Epoxy Comp*ess*on Specimens'”, Dec..1980, EHoward Univer-
Slty. ) * :
. T.S. Ravigururajaﬁ; "Optimal Structural Design For Mini-
mum Mean Square Deflecticm"”, Dec. 1981, Howard University
4'D. Courses Taught
- INSTITUTION - - UNDERGRADUATE GRADUATE
Univ. of Missouri ~° Statics . Continuum Mechani
- Dymamics ' ' :
Mechanics of Ma;e*xals
(Lecture and Lab)
University of Iowa - a - Deformable Bodies Elasticity I
- --  Statics Elasticicy II
- Dynamics Mechanical Y{>re.
" I.depencent Study tions :
Energy Methods
- Howard University | Matarials Science .Graduate Seminar
- ' - Engineering Methods (Coordirator)
Introduction to Variational etk
Sclid Mechanics ods
- : Senicr Project Appiied Elasti

Specizl Topics
{3iocenginecring)



'E. Ccurse Develcoment (Howzrd Universily) ORIGINAL P/l - 169
. - o , OF POOR_GU J‘LnY
- Develcpec new course, Varietional Methcds, o::e:ed Zor Iirs:
time, rall 157% o

_ - Developed new. course, Appl;ed Zlasticity, ‘cfferad each
Spring since 1580.. -

Other (Koward L“’ve*S"ty)

. Initiated new graduate p*cg*a*s in solid mechaniés at
M.S. and Ph.D. levels :

. Developed concep" and p*ooosal to NCAA for a joicot zmimority
p*og*am with MIT in Ocean _1g-ﬁe r:hg

IV, s HOLARLY AND CREATI VE:' RODU TIVITY

/. Grants

. Co-z:vesblga or: ''Study of the 3iomechanics of Rip_ Disease"
,(197:-75) funded at $80,C00/year by NIH. Prlnc‘pa- Inves~-
.tigator R C. Johﬁscn : , :

. Co-invesciga:or: 'De;ormaticn Pa
of the Left Ventricle", (1974-76
"Princi pal Investigator: K. Rim.

ctern 2nd ‘Stress Analysis
), funceé at $17,G00/year.

—_— « Principal Invesciga Tt Tbe DeZcrmaticn Détte;ﬁje- the llormal
Left Ventricle During Systole (1973 &), Seed granc funded
at $3,200 by the Luaiversity of Iowa.

. Princ-pal Investigator: "Aoplicat101 ol Variat.cna- Princi-~
ples to Froblems of Optimal Structural Designm," (1979-80).
Howard University seed grant funded at $2,200.

. .Princizal Investigator: "Zffect of Load Iatroduction on
Graphite EZpoxy Compression Specizens,' Jan. 1, 1980 -~
Dec. 31, 1980, $21 144, NASA-La:gley. S . ‘

Y , T
« Principal IﬁVesti?acO "A Varia iora’ Apprzach to.Optimal.
Desizn 2% Ss--cc;res," Ma: 1, i1%80 - Ceec. 31, 1932, ‘
$SZ OOO’ Ns‘. ) 4
) ' . Travel Granc: NST travel g-ant to ;rdla, Dec. 1981, '$2,5C6.
. Co-investigazor: ''LSSI1', July, 1983"2“uu1y, 1954 .- ;537;5;. —_——
NASA-Langley (?2.I. Opt miza:ion comporent @ $60,000 annualliv) '
B. Proocsals

. Co-Principal Inveszizatecr: ''Research Qualtity Tareracaiv -
Compucer Graponicss'.. Submit:zed To 2CD through the OIZize of Naval
Researzh, Novemper 1393. ?Prcgosed amount: $350,00C.
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icaticns in Journals cr Proceecdings wit
eaures

2

0]

- Reiss, R. and Jeﬁare_s, G.J., "Mini

0f Altemative Lcads,"

inimal Design of Seixdwich
Axisymmetric Cylindricel Shells Obeving Mises Criterica,"
Acta Mechanica, July, 1969, pp. 72-98. '
Reiss, Q. and Megazels, G.J., "Minimel Desig“ ¢ Sandwich

Axisymmetric Plates. Cdeying Mises Criterion," -“-v*ﬂac cnal
Journal of Selids and Struct ;res, June, 1971, pp. ou3-0l3.

Reiss, R., '"™iniral Des1gn of Sandwich Plates Obeying Mises'
Criterion," Developmeﬂts in Mechanics, Proceedings oi the

13 h Micdwesterm Mechanic Confaren ce, AUgUSC, 13:3, PP. 297=-
Reiss, R., '"Minimal Weight Design for Conical Shells,"”

Journal of Aonlied Mechanics, September, 1974, pp. 559-6C3.

Also: Pr-esented at /ta L.S5. Congress of n,pl;ed Mechanics,

"Jun= 1974, Boulder, Coloradc.

Refss, R., "Minimal Plate Design for angula* Regicns,"
Internaticnal Journal for Non-Linear Mechanics, October,

Reiss, R. and Ting, S., '"Design cf Sandwich Plates for

Maximua Stiffness,' Developments in Mechanics, Precceedinzs

of the 1&th Micdwestern Mecnanics Con:e*eﬁce, Marcn, 19/,
Pp. 331-3%0.

Sode*be’g, G.L., Rezss, R., Johnston, R.C. and Gabel, R.,
"Kinematic and Kinetic Change During Gait as 2 Result of

Hip Disease'", Proceedings of the 5th Internaticnal Congress

of Biomechanics, Jyvasxy'a, rinlanc 1%/O. '}

Rei{ss, R., "The Method of Stress VariaZicn Applied to Minimal
Design Zor Multiple Loacing," International Jourmal 3 Sclids
and Structures, 1976, po. ’35-1@0.

Reiss, R., "Cpt zal Ccmo’ia riterion for Axisymmetric
Solid Plates,'" Internmaticnal TOu.“al cZ Solids ang Stwuctuves,

1676, pp. 319-3(35.

Ting, S. and Reiss, R., "Design of Axisymmetric Sandwich Plate-
Journal of Cctimizaticn Thecrv ard '
Aoolications, March 1977, pp. J5/-&Z1.

-
-

Relss, R., "Minimunm 2rinciplas oy Linear Elaszodymanics,
scutmal ci Zlascticicy," Jan. 1273, pp. 33-45. Alzo, Pres.
iZin Niilw. Mecm. Lonz., March 1577, Chisage, zp. 133-150, .
(ststrazt; '

ORIGINASL. PAGE (9
OF POOR QUALITY

.
-



. ' 1in

. Wu, H.C. and Reiss, R., "Finite Ziastic Deformaticn of lLayered
Scfz Biologiczal Tissues, Journal of Bicmechenical Zngineering
(ASMZ), Hay 1577, po. 98-1US. " o
. Reiss, R. and Haug, E.J., "Extremum Prinziples Ior Linzar
" Initial-Valuve Prodlems. of Mathematicel Physics,” International
Journzal ¢ EZngineerine Sciencs, april 1978, pp. 251-23%.

. Reiss, R., "Duzl Extremum Principles for Coupl ed Thermoelasti-
city," Prcceadings, SECTAM X, Develooments in Theoretical and
Ahol\ed {achanics, April 1980, pp. cii-t3J. :

. Reiss, R., "A Note on Optirmal Conitcal Shells," Journal of e
Aoplied Mechanics, September 1980, cp. 669-671.

. Reiss, R. and Ravigu'u4ajaﬁ T.S., "COn Minimizing the Mean

"~ Sguare Daflection of Thin Elastic 3eams', Proceedings, SECTAM
XI, Develooments in Theoretical and Aoolied Mechanics, April
1982, pp. 125-133. '

.

. Raiss, R., Yzo, T-M. anc Cla tk, R.X., "Effect of Load Iatro-
dur icn in Compression Tesglﬂg of Cvroos‘te Lam‘ﬂages," Cem-
';~5101 Testing of Homogenecus and Ccmposita Mater ials, ASTM
sTET808, Richarc Caait and R_Lpn £&DLIrTo, SCS.), nm rican Sociery

Ior Testing and Materials, 1983, pp. 200-220.

. Reiss, R., "A Uniffed Approach to Greea's Functions for Initial-
. Value .Prodlems'" Quarterly Jourmal o' Mechznics and Applied
Mathematics (To appear).

Papers Presented in Maior Professicnal Meetings

<* Reiss, R., Rim, X., Falsetti, H.L. and Carvoll R.J., "Acc‘va“zw“-
- and Deformation Modeling of the Left Ventricle. "Abstract', AsMI
Journal, 1975. Presented at AAMI Meeting, Boston, Mar ch, 19/3

* —

Reiss, R., "Optimal Des*gﬁ for Vi bratiﬂg Beams," (Aost-ac.) ? o=
ceedis of the 1975 SIAM MNaticrnal @ leeting, Pveseﬂtat ca.was. .
w-snc.a;n cue Lo a cgeali ia @MY famiiy. ‘

res @ wo wwm.

. 'Genl, J., Re
Advances

- Novemper 1573,

-Meatx.h, Housto

R. and Andrews, J.G., "A Dvnam-c nnalvs15 o Gais
:zin e:in:, ASHZ, Ed. A. C. ae’l_aﬁd R.4. Nerem,

pP. 1UD=-iU0. Presented at the ASME Winter. ‘~qua_

, 1975. A :

4

wich °’ate < Two Load ,"" Proceedings of the 15tk H‘cwes;e—ﬂ
leCﬁan;:s Con ence, M z2h 19/s, Colcags, pp. iol-i105.

. Ting, S. and Refss, R., "Cn the Ootimum Plastic Desi°1 of Send-
or

"Optimum Cesign for Minimum-Maximum

. Z2eiss, 2., : . eilecticn,’
Erocegedings oI the 17:ih Micwestarn Mechaniss Confarance, ?:y 1932,
A ATCOT. :
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E.

F.

Reiss, R., "On the Applicability of Vazriaticnal Principles in
Opt‘mun Structural Design,” Indian Society of Theoretical and

. Applizd iechanics (26th ISTAM Congress) Decenoe*_l?&‘, Coinba-

‘tore, India {Invized Paper)

Reiss, R., "On the Design Derivative oI Green's runctionel",
Proceedings of ‘the 18th Micdwestern Mechanics Conference, May,
L9235, Iowa CIlcty, iowa.’

Reiss, R., " truccural Optimization with Constraints on
Transient Response,' NASA Symposium on Recent Experiences
in Mulitidisciplinary Analysis and Design, April, 1934.

Reports

"Torsicnal Analysis of Hollow Fan Blaces in a Cen'r;fuga‘
Field," Pratt and wWhitney Aircraft, 1967

"Effect of Blade Buckling on Containment,' P—a.t and Whi:ﬂey

Aircrafc, 1969. (chh D. Lacoss)

"Mechanical Response of Solid Rocket P:opellets,"-Hughes
Aircrafc, Aug. 1978, 53 pages.

"Materials Evaluation for Coal Oil Mixture Slurry Pumps,"

.Final Report to Pailen-Jobnson Associates, Dec. 1980, 33

"Effect of Load Introduction on Graphite Epoxy Compression
Specimens,' Final Reporz on NASA Graat NAGl-23. With (Tse-Min
Yao), Jan. 1981, 96 pages.

"Thermal Strains In Lamina:es - I: Classical Thecory,” Bell Lab-
oratories, TM-82-52411-6, August 1982, 40 pages. Co

Invized Lectures/Conference Participation

MExtremum Principles for-Linear Inici

ial-Value Problems," Uni-
versity of Pittsburgh, February 22, 1977

"Minimum Principles for Initial Value °%leems,".Ciarkscn
College of Technolch, May"o 19/7 .

Iimvited parcticipant to Optimization .o-Lm, '7:H %‘d..v“ech
Conf., Ann Ardor, May 8, 1981

Session Cha-rman, 26ch ISTAM Cong—ess, Coimbaco e, Iﬂdia,
Dec., 1981 . 4

"Yariational Principles and Opcimal Structural Cesizn,”
Space Science and ecHnolcgy Colleoguia, Indian Institute of
Science, 3angaicre, Incia, Jan. ;93“

Sassion Co-Chairman, 19th Annual Meeting of the Scciety of
Ingineering Science, 0lla, Missouri, ‘October, 1932.

ORIGINAL PAGE 13
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. 173
Session Chairman, 18th Midwestern Mechznics Conferance,

iowa City, Iowa, May, 1983

"Green's Functional: Application to COptimal Design”, Army

Mzterials aﬁd Mechanics Resear:n Cen:e:, June la 1983

N PROF”SS ONAL STANDING %VD DER.OR“AAVE

&

O
.

o :
. L L

.
‘e e & & 8 ¢ ¢ o

A. 7

Memberships in Technical, Professional ‘and Honorary Societies

“.1. - Full member of Sigma Xi (1967- )
2. Associate member ASME (1971- )

3. Member of Academy of Mechanics (1280- )

4. Senior member of Society of Women Engineecs (1980- )

Consulting Activities:

1. Mechanical ~'winee:".'w consultant to RUD, OZfice of the

Assistant Sec*eta*y for Policy. Deve.opmant and Research.
(1677-7%)
2. Cousultant to Sterling Systems, Washington, D.C. (1579)

3.. Comsultant to Pa‘len—Johnsou Associates, McLean, Va. (1930~ )

4. Consultant to Nuclear Safety Associates, 33Cq=sda Md. (1581)

‘Reviewing Activities

American Mathematical Reviews (1979~ )

Journal of Applied Mechanics (1974)

Journal of Engineering Uechanlcs ASCE (1974)
National Science Foundation (197€)

National Council of Engineering Exazminers (1975-77)
International Journzal of Engineering Sciences (1978)
Journal of Structural Mechanics (1980 - )

- Applied Mechanics Reviews (197?-1976)

Awa*ds/Honors

- -

Sloan ?oundat'o ‘Scholarsh a,.3~éwn University, 1959-1953
2nd Hartsh Prize in mathematics, Brown Uﬁ*versz:j, 1960

" NDEA Title IV Fel’ows :ip, T.I.T. 1964-7

Summer Faculty Fellcw at HAC, 1978
Summer Faculty rellow a% NASA/AT 1979

Outstanding Faculty Award from H.U. Chapter ASME (1978-9 and 1¢31.

Most Popula“ Faculty Award frcm H.U. Chapter ASME (1980-81)
External Fh.D. Examiner of Fh.D. candicate Ramnath Kanazsgo,

. Indian Institute of Technology, Kharagpur, india, 1933

.
.
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£. Service to University

1.

3.

e e — we = & e

174

ORIGINAL PAGE 19
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Deparimental

Assoclate Chairman ¢f Mechanical Engi ﬂoering (1681~ )
Member of,G'adqate Program Committse (1977- ) -
Member of Curriculurm Committee (1977- ) oo

Coordinated and Prepared M.E. Department's request for ECPD
Visit (1979-80)

Prepared a Teview with recommednations on uniform guzdel
for M.S. and Ph.D. Comprehensive Zxams

Responsible for preparing proposal to develop an CCean ’
Ergxﬂee.zuo Prcgram _

School-Wide

Faculty a2dvisor to Society of Women Sngineers -
Meaber of Educationel Services Committee (1577-79),

of Building Maintenance subcommittee (1577-75)

. Member oI Educational Policy Committee (1979- )

Unxversx*;-che

-

Member of Task Force which _prepared the unsuccassful

proposal Lo crezte a Minority Center for Science

Education at H.U. (1%77- 78)
Member cf Academic Affairs Commitiee (1978-9) -
Member cf Graduate thool Executive Committee (1982- )

e e 3

Chzir=a
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-S.Xamachandran
3119, y;tﬂ.s:éee:, NE, 1oy
_‘aésﬁiégtda;u.c.~20017.
(202)-520-3031 ()
(202)-6306-71280)

~Academic Kecord:

‘Degree Udbtained: B.Sc

"~ University of Study: Madurai uUniversity, Macuréi,,indla; 

métics

Madras,

tourses of scucy:lrhysics as the major subject and Mathe-

and cnemlstry as ancillartes.

Classification: Placed in the rirst Ciass.

Year of Stuay: 1974-1977( ¢omp1eted in May,lQ?".)

Degree Ubtained: B.Tech,

University of Stuayf Anna'universzty, Macaras, lndla.'

institute Attenaed}_Macrés institute of Technologi,_.
India. | |

Major: Aeronautical Ekngineering

" Classification: Pléced in the Second Cliass.

Year of Stuay: 197/7-1980 (compieted 1n May, i980.)-

Degree Ubtained: M.t.

university of Stuay: Anna university, Madras, india.

institute Attended: Maaras institute ot Technology,

- Maaras, Incia.

MéJof: Aeronautical tngineering with empnasis on Struc-.

tural Mechanics.

“175
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- Tnesis pissertation in n.E.: , :

‘"Ubtim:za‘*on of »-rcuiar and tlilp 1cai Klngs in a bne

rar*1ai’y tillec with r1u1d"

.Llassificetion: Placed In “he rirst tiass.

_1ear~of Stucy:v1980-1984.\¢obp1eted 1n'5eptember,bz.)

Awards and Scholarships:

d secured the 1eacn1ng rellowsh*p oz the Anna Unive*s; y and

HServea as a Teaching rellow n Madras 1nstitute or 1ecnnology,

nadras since November 1982 »111 May,1953

Suosequently 1l nad been the hec;pient‘or indian institute of

Technology, New velihi, india, scholarship'as a Kesearch Scnolar.

" Heterences and Further lntormation upon Kequest.



ZHENANC  UNIVERSITY, HANGZHOU T . . o o

-5

?.

80:

Personal

RESTE
Mame: Siz=n Bo | 'OF POOR QUAL,ig-
' {3urnzme) (Tirst nume)

et ’ s
4 T )

Harital Status: Married

Naticn=1ity: China

Date of Eirth: ‘
DPlace of Birth: .

 .P*ésent professional title: Lecturer

Institution: The Dept. 0f Mech., Zhejiang Univ.

'Education

- Kame of Uziversity: Tsinghua Tziv. (The Dept. of Engrgs Mech.)

Location: beijin A

Dates Attended: Sept. 1955 -- Aug. 1970

Degree Received: * _ . :

Year: 1670 _ - )
 *There wasn't any degree in China before 1931,

Name of University: The graduate college of Zhejiaag Univ.
Location: Hsngzhou ' o
Dates Attended: Sept. 1979 -- Nov. 1981

Degree Received: Master of Science’ '

Year: 1981 :

Professxonal exneri°nce 4nc1udzng research and teachxng (place aad

- date concerned)

institute ' title - duties dates
Sontao Machine=~ Assistant .designing & | Septe 1970-
building Factory engineer research Oct. 13977
‘Hangzhou .Camera Assistact Research Nov. 1977-
Institution engineer ' Aug. 1979
Zhejiang Univ. Lecturer | .Teaching & Nov. 1581-
(The Devot. of Mech.) | = : researsh : -

Cou:ses taught:

(1) Teory of Plates and Shells
*(2) Nuzmerical Anilysis

Administrative

" No

Maia scieatific papers or publications

(1) The Amalytical Method ‘o= Bemding ?roble_s oa Ring Sector
Cantilever Tlat es, Jar., 13£1

(2; 7The 3Series Soiution f>r Triangular DPlates, Moy,

(3) Bezding of Trapezoidnl Plates, June, 1957

Hasgzhou.,  Zhejisnk Teiepbone 21701  Cable 0420

..l



ZHRIANG UNIVERSITY, HANGZHO. =~ . -OF POOR Q’JAU‘
(&) Tre An“lj;;cal Soivution ’or‘*ﬁé Cirsular Cylizdrizal
: Panel with C *ned dcges. July, 19 81
(5) 4 mew Metnod fo= the vonacal She-l u;th Constant “‘ic Tess,
N Jl_.‘\ly v 1981 . ’ '
(6) . A New Method of ”oliocation,'Jan., 1082
'(7) Biozechanical Principle of a New Screw Pin Interzal
. Pixation in Fractures of the Femoral Neck, -Sept. 1982 -
(8) Bourdary Fourier mrans;orna.xon Metbod for Dla.e Seni;ng
. Problems, July, 1983 ‘
(9). A New Numerical Method for Structural Anal yszs —_— Boundarv.'
Fou*ler Transformation Method, Sept., 1583 - - :
9. Results of English tests and Summary of Engllsh iust“ucuion to :

1.

_rq \'t’,‘ 'Q

T *x = o R

. date:

I have been trained in an”English class taught by an‘Abgricgh‘.
teacher for one year. There are 30 students in the class. My

" mark of English test is 91.5. (hundred-mark system) It is the

second bighest score in our class. In addition, my mark of
English proficiency test ‘n graduate school was 90. (hundred-
rark system) o :

Detailed. descript1on of research area- desxred

‘(1) Numerical methods for st—uctura; analys1s, such as F. E.W. &

B. Io-aon . etc..

(2) Analytical methoas for engineerlng problezs on bending,
-vibration and buckling of plates and shells.

(3) Hechanics of composite mterial. e
(4) Other fields of solid mechanics. = _
Length of time expected. to remain in U.S.: 2 years

[, ’ T . ) . ' ..')';-.
-

Qian Bo

Hangzbou, Zhejiarg 'Tclcyv_hcn 21711 Cahle n4l0 A
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. .and. Divector, Graduzte Studies
.. Dept. of Mechanical .ng.nee*ing»
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" Dr. Peter M. Bainum, P.E. o .
_Graduazte Prcfessor of hercspace Engineering

: - Howard University o
.Washington, D.C. 20059

‘aveas ¢of Specialization: - Spacecra.t A:ti'ude Dynazics, ‘-?i=31 Mechazics,
. S.abilitv ‘Theory '

"1, ' ACADEMIC PREPARATION

College -4' ‘ _ i . QYear ":-,~, Degree .

Purdue University . - 1955-56 o :

Texas A&M bniversity . . 1936-59- B.S. Aero. E.
O M.ILT. - 1959-60 o M.S. Astronautics
,Ca.holic bniversity : "A1962757 _ , “Ph.D. Aero.ZE;._

2. PROFESSIONAL zyvsx.zukz

Dr. Bainur has a comb fned teaching and prac’ical experieﬂce .o'e‘ing
approximatel} 24 years since receiving his bachelor's degree in 1959.
'He is a registered pto.essioual engiﬂeer in the District of Columbia.

Teaching Experience:

Howard Uaiversity. o . 1976~ - Gradiate Professor

‘Boward University =~ - -0 1974~ .. . Director, Graduate .

o . S ; Studies

‘Howard Ueiversity = . - 1973- ° » Professor :

" Boward University - - - 1969-73 - Associate Professor
Howard University oo -1967-69 Adjunce: Asst. Prof.

"Vﬂarzin Comparny '-  S 1961-62 Evening Prograrc Instructor

Professional Practice:

(Place. .. L Yéari'_' A' _Position‘

Douglas Aircraft Co... -~ " Simmers 1958,39 = ' Mathematician &

Associate Enginncer

S M. I T Nava’ Supersonic R ’ )
Laboratory : .- 1959-60 - Asst. Engineer
Martin Company ’ ©,. ©'1960-62 : Senior Engineer

- IBM Federal Systens : o |
Civ., Space. Svstems L o .
Center . 1962-65 " . _Staff Zagineer

Applied ?rvs s_Lab.. L , ) , o i
Johns Hopkins Urniv. .. 1969-72.. - - .. Senior Stafi, Aerospace

Engineer; Consultant

.(;p)a

.
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NASA-Goddard . Sucmers 1970- T NASA/ASEE:Facu;:y Fellow S
WET & Associates, Ime.. . ‘9::-, L _ Vice President-Research :

..ané Consulta::, Tethered

'Magszt: Project £or NASA

' Ball Brothers; Upper Az~
mospheric Resea'ch Satellize
Dynamics and. Contrcl ‘or
NaSA GSFC.

‘-‘.'..ACBI\c vr?rczzxcv

. Dr. Bainum has been responsible for the des-gn, deveropment, and of erihgf
: o. courses at botr the undergraduate and graouate level.

B bnde—graduate. Enginee*ing Methods L&II o
Graduate: Advanced Dynamics I&IX Astronautics. .
o ' Space Flight D*namics and Attitude Control

. He hes been advisor to six:een g:aduate students ﬂtluding the School of

".U.Engineering s £irst two Ph.D. graduates. Twelve of these have received their
- degrees and thirteenm students have successfully’ preseﬁted their thesis

3 problems at major pro. essional meetings aad published in refereed journals.
v*@‘D:; Barnum was - cited by ‘the’ 1971—72 Student Counci for-super.or‘teaching,

b SCHOLARLY ASD CREA;IVEAPRODUCTIVITE

" - Principal Iaveéstigator of the’ ‘ollowing Research Grants

" ’1. NASA-NGR-09-011-039, “The lotion and Scability of a Dua‘-Spin Satellite
' - During the Mowentum Wheel Spin-Up Maneuver," 12/1/71 - 2/28/73 - $13,389.

’:,tZ. ?NASA-&GR—O9'011 053, "The Three Dimcnsional Motion and Stabilicy of &
- Rotating Space Statior - Cable Counterweight Conf igu’ation," 6/16/73 -
i 6/15/74 - SlL 961

313;'~\ASA—\GR-O9 011-053 (Supplement No. 1) "The Dynamics of Spin ata:ilized
: Spacecraft with Movable Appendages,” 5/16/74 - 5/15/75 - -$22,853.

;j{#}HA\ASA-NSG'IISI "The Dvnamics of Spin Stabilized Spacecra‘“ w “h'#ovable:
T .Appendages - Part II, " 5/16/75 = 5/15/76 - $27, 516. ' S

© -5 NASA-NSG 1181 Suppl. No. 1, “The Dynamics and Optimal Control of LT
R '__Spinning Spacecrafs with Movable Telescoping Appendages,? 5/16/:6 -

. 5/15/77 - §$34, 630..

“ 6. NASA-NSG 1414, "The Dymamics and Control of Large :1exrb1e Space
) Struo:ures," 5 6//7 - 5/15/78 - §34,974.

7. 8all Brothers Researih Corp. RFP3603, "Te-He’ed Satellite System
o Cont'ol Law Ana-vsis." 2/1/78 = 12/31/78 - s8, 613. :



13.

14,

C1s,

NASA-NSG 1414, Suppl. No. 1, "The Dynamics and Control of large
- Flezible Space Structures. I

.  NASA-NSG 1414, Suppl..No.- 2,
Flexible Space Structifes III,”

Intérnational‘Télééomghnioations Satellite Organization, Contract
INTEL-108, "agreement for-Computer and Other Support of ‘Analysis
‘and Sizulation of Attitude Contzol Systems for Flexible Spacecraft,"”

3/80 - 9/80, S0, 080..

NASA-NSG 1414, Suppl. No. 3, "The Dynamics and Control of Large
Flexible Space Structures 1IV,''5/16/80 ~ 5/15/81 - §68,278.

[VIAVIC TR 7 VR of (30 ] S .

OF POOR QUALITY

1." 5/16/78 - 5/15/79 - $30,458.

Fiexible Space Sttuotures v," 5/16/81 - 5/15/82 = $743702.

8/16/82 - 3/15/83, $26,113.

' NASA-NSG 1414, Suopl No. 5, "The Dynamics and Control of Large
'Flexible Space Structures vi," 5/16/82 - 5/15/83 - $80,164. -

181,

"The Dvoazics and Control of Large -
5/16/79 - :/16/80 - $57,244. )

‘ NASA~NSG'1414 Suppl. No. 4, "The: Dynamics and Control of_Large-1-_

Nippon Telegrapn and Te;ephone Public Corporation." Study on- Op:imal
Control Law of Flexible Antenna Pointing on Large Spacecraft., '

.Nippon Telegraph and Teléphone Public Corporation, "Study on Optimal
Control Law of Flexible Antenna Pointing on Large Spacecraft II ".
. 6/16/83 - 3/‘5/84 $41,000. .

\ASA NSG-1414, Suppl. No. 6, "The Dynamics and Control- of Large';

Flexible Space Structures VII,".(with Dr. A.S.S.R. Reddy, Co- .

Investigator), J/;6/83 - 2/19/8& $81,902.

NASA Large Space Structures Iastituze (Dr. Baitum one of . ‘1ve co-‘

_investigators), 7/11/83 - 7/10/84, $53/ 500.
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Refereed Publications: (Journal articles, symposium proceodings and

presentations)

- YPerturbations and Lyapunov Stadility of a Multiple~-Connected

Gravity-Gradient Sateliite af Synchronous Altitude,"” by Peter

~- M. Baioum, D.K. Arand ané D.L. Mackisor, Fifth U.S. National

Congress of Applied Mechanics, University of Hinuesota, Minnea-
Apolis, June 14-17, 1966. '

" "Comments on Use of Malkin's Theorem for Satellite Stability ia -
the Presence of light Ptessu’e," Proceedings of rhe IEEE, Vol. 5°¢ »
- Sept. 1961, PP. 1658. ‘ ’

"Gravity-Gradient Stabilization of Synchronous Orviting Satellites,”

by Peter M. Bainum and-D.L. Mackison, Journal of the British Inter
_planetarv Societv, Vol. 21, No. &4;.Dez. 1968, pp. 341-359; also

published in Stabilization of Arti‘ic.al Spacecraft (in Russian).
Ed. V.A. Sarychev, Moscow, 1976, PP. 196 151.

"Magnezic Sample-and-Hold Dampinb of a Grav*tv-Gradient Scaoilized ‘
Satellite," by Donald-L. Mackison and Peter M. Bainum, National
Symposium on Gravity-Gradient Attitude Stebilizatiom, EI Segundo,
Calif., Dec. 3-5, 1568, spomsored by A.F. Systems Comuand and Aero-

- space Corporation, published ip- official .Proceedings of Svmposium,

- Aerospace Corp. TR-0066 (5134-1), .Sept. 1969, pp. 5-13 = 5-26.

> "™otion and Stability;sf a Dual-Spin Satellite with Nutation Damping

by Peter M. Bainum, P.G. Fueschsel, and D.L. Mackison, Journal of
Spacecrafr and Rockets, Vol. 7, No. 6, June 1970, pp. 690~696; also

. published in Mechanica, (im Russian) Vol. 1, Moscow, 1975, pp. 59-78.

"Motion and Stability of a Rotating Space Station-Cabie-Counterweight
- Comnfiguration,’ by P. Stabekis and Peter M. Bainum, Journal of Snace

craft and Rockets, Vol 7 ho. 8 August 1870, pp. 912-918.

"Ihe At itude Motion of a Nutationallv Damped Dual-Spin Spacecraft.

_ in the Presence of Near-zarth. Environment," by P.G. Fuechsel, -

Peter M. Bainum, and P.J. Grumberger, ALAA 9th Aerospace Sciences

_ Meeting, New York, N.Y., January 25-27, 1971, AIAA Paver No. 71-50;

gl
.- ~:Satellite.System," by Peter M.: “Bainum, Richard E. Harkness and

synoptic published in Journal of Snacecraft and Rocketz, Voi. 8,

“No. 9, Sept. 1971; ppi” 913-914

"Attitude Stability und Damping of a Tethered Orbi:ing Interferometar

f,-Willem Stuiver The Journal of the Astronautical Sciences, Vol:
. XIX, No. 5, March-April 1972, pp. 364-389.
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11.
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| &

13.

1l4.

16.

17.

18.
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"Scabiliecv of 2 Duai-Spin Spacecrafz wizh a Flexible Momentum
Wheel," by Peter M, Bainum, P.G. Tuechsel ané J.V. Tedor, Journal
¢t Spacecra’t anc Rocxe s, Vol. 9, No. 9, Septexber 1972, pp.
640~04d. ’

"A Study of Plsrar Deplovmeant Control and ibracion Damping of a
Tethered Orbiting iImterferometer Sa:ellite,' bv Willemn Stuiver
and Pezer M. Bainuz, The Journal of the sctironautical Sciences,
Vol. XX, No. 6, Mav-June 1973, pp. 321-346.

"Planar Librational Moticz of a Gravity-Gradient Satellite During
Deployment," dv V. Puri and Peter M. Bainum, ¥XXInd International
Astronautical Congress, Sept. 20-25, 1971, Brussels, Belgium; ealso

in As:tronautical Research 1871, D. Reidel Publishing €o., Dordrecht,

Holland, 1973, pp. 63-~80.

"Nutational Stability of a Dual-Spin Satellite Under the Influence

~of Applied Reaction Torques,' by Peter ¥. Bainum and Joseph V. Fedor,

Journal of Spacecraf:t ané Rockets, Vol. 10, No. 5, May 19 3, pp.
295-300.

"Graviry-Gracdient Stabilization of Synchronous Orbiting Satellites -
Additional Considerations of Actitude Stability," Journal of the
British Intercianetarv Society, Vol. 26, No. 6, June 1973, pp. 343-347.

"Motior of a Dual-Spin Satellite During Momentuz Wneel Spin-Up,"
by S. Sen and Peter M. Bainum, Journal of Spacecraft aad Rockets,
Vel. 10, No. 12, Dec. 1973, pp. 760-706.

"Development of Lvapunov Functions for Freely Spinning Dual-Spin
Spacecraft,"” by Peter M. Bainum ané Chung-jin Woan, XXIVth Inter- -
national Astronautical Congress, Baku, U.S.S.R., Oct. 7-13, 1973;
also in Acra Astrecnautica, Vol. 2, May - June 1975, pp. 463-479,

"Three Dirensional Motion and Stabilicy cf Two Rotating Cable-
Connected 3odies,"” by Peter M., Bainum and K.S. Evans, Journmal of
cacecraft and Rocke'st Vol. 12, No. 4, April 1873, pp. 242-250.

"Gravitv-Gradien: Effects on the Motion of Two Rotating Cable~
Connected Bodies," by Peter M. Baipum and K.S. Evans, nIAA Jourﬁal,
Vol. 14, No. 1, Jan. 1976, pp. 26-32.

"Spacecrait Detumbling Using Movable Telescoping Appendages,"

by Peter M. Bainum and R. Sellappan, XXVIth International Astronaut-
ical Comgress, Lisbon, Portugal, Sept. 21-27, 1975, ‘Paper No. /5-113,
also in Acta Astronautica, Vol 3, 1976, pp. 953-969.
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19,

184

"Dynerics of Spin Stabiliized Spacecraf: During Deployment of

Telescoping Appendages," br R. Sellappan aad Peter M. Balnum,

. Journal 5f Spacecraft aad Rockets, Voi. 13, No. 10, Oecz. 1676,

" 5p. 605-€10.

20,

23.

24,

25.

26.

27.°

"Cptimal Control of Spin-Stabilized Spacecraf: witk Telescoping
Appendages) by P.M. Bainum and R. Sellappan, The Journal of the
Astronautical Sciences, Vo-. XXIV, No. &, Oct. = Dec. 1976, pp.
329-346.

"The Motion and Stability of Spin Stabilized Spacecraft with Hinged
Appendages," by R. Sellappan and P.M. Bainum, ATAA/AAS Astrodynamics
Conference, August 18-20, 1976, San Diego, Calif., Paper No. 76~784;
also iz AIAA Journal, Vel. 15, Wc. €, June 1977, pp. B66-869. '

"Effect of Gravity-Gracdient Torques on the Dynamics of a Spinning
Spacecraft with eiescoping Appendages," by M. Rajan and Peter M.
Bainum, Proceedings of Svmposium on Dvnamics and Control of Large
Flexible Soagecraft, Blackspurg, Va., June 13-15, 197/, VPL & SU -
Press, Ed. L. Meirovitch, pp. 189-201; also in Cosmic Research.
(in Russian) Vol. 16, No. 4, August 1978, pp. 497-504. :

"S:schastic Optimai ttitude Mnatrol of Spacecraft with Movable
Aupendages," by R. Sellappan ané Peter M. Bainum, 1977 AAS/AIAA

trodynamics Conference, Jackson, Wyoming, Sept. 7-9, 1977; also
in The Journal of the Astronautical Sciences, Vol. XXV, No. 4,

- October-December 1977, pp. 323=347.

"The Use of a Movable Teléscoping End Mass System for the Time-~
Optimal Control of Sp‘* iag Spacecralt," by Peter M. Bainum and

R. Sellappan, XXVIIIth Internaitonal Astronautical Congress, Prague,
Czechoslovakia, Sept. 26 - Oect. 1, 1977, Paper No. 77-227; also in
Acta Astronautica, Vol. 5, No. 10, October 1978, pp. 781-795.

"Stability of Spacecra Du*ing Asvometrical Deployment of Append-
ages," by R. Sellappan and Peter M. Bainum, Journal of Guidance
and Control, Vol. 1, No. 6, Nov. - Dec. 1978, pp. 546-647.

“Dynamics of Spinning Spacecraf* During the Deployment of Flexible

. Booms,".by P.K. James and Peter M. Bainum, AIAA/ASME 19th Structures,

S:*uctural Dynamics and Materials Con.e-ence. Bethesda, Md., April
3-5 1918, Paper No. 78—489 .

"Dvnamics of a Flexible Body in Orbit," by V.K. Fumar and Peter
M. Bainum, 1978 ATAA/AAS Astrodynamics Conferencas, Palo Alto,
Calif., Auvg. 7-9, 1978, Paper No. 78-1418; also in J. of Guidance

_and Control, Vol. 3, No. 1, Jan. - Feb. 1980, pp. 90-92.
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30.
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"Modal Control of the Planar Motion of a Long Plexisle Beam <n
Orbic,” by R. Sellappan and Peter M. Baiaum, XXIXth Iaternational
Astrornautical Comgress,.dubrovnik, Yugoslavia, Oct:. 1 - Oct. 8,
1978, Paper No. 78-102; aiso, Acta Astronautica, Vol. 7, Jan. -
Feb. 1980, pp. 19-36. .

"On the Controllability of a Long Flexible Beam ip Orbit,” by Peter
M. Bainum and A.S.S.R. Reddy, Proceedings of Second ATAA Svmposium
cn Dvnanics and Control of La’ze Flexible Spacecraft, Blacksburg,
Va., June 21-23, 1979, VPI & SU Press (Ed. L. Meirovitch), pp.
145-159. .

"Decoupiing Control of a Long Flexible Beam iﬁ.Qrbi:," by A.S.S.R.

- Reddy, Peter M. Bainum, and H.A. Eamer, AAS/ATAA Astrodynamics

31.

32.
33.
© 34,

Specialist Confereace, Provincetown, Mass., June 26-27, 1979, Paper
No. 70-158; also in Advances in the Astronautical Sciences, Vol.

-I1, (AAS Publication), pp. 649-673.

"Optimal Contrel of the Shuttle-Tethered-Subsatellite System," by
P.M. Bainum and V.K. Rumar, XXXth International Astronautical Con-
gress, Munich, Germany, Sept. 16, 1979, Paper No. 79-190; alsc,
Acta Astronautica, Vol. 7, Nov.-Dec. 1980, pp. 1333-1348.

"Control of a large Flexible Platform in Orbit,” by A.S.S.R. Reddy,
Peter M, Bainum, H.A. Hamer, and R. Krishna, AIAA/AAS Astrodypamics
Conference, Danvers, Mass., Aug. 11-13, 1980, Paper No. 80-1668; also

Jousrnal of Guidance and Contrel, Vol. 4, No. 6, Nov.-Dec. 1981, pp.
642-0649.

"On the Dvnamics of Large Orbiting Flexible Beams and Platforms
Oriented along the Local Borizontal," by Peter M. Bainum and

V.K. Kumar, XXXIst Intermational Astronautical Congress, Tokyo,
Japan, Sept. 21-28, 1980, Paper No. 80-E230; also, Acta Astronautica,
Vol. 9, No. 3, 1982, pp. 119-127,

"On the Motion of a Fiexible Shallow Sphericel Shell ia Orbit," by
V.K. Kumar and Peter M. Bainum, AIAA Aerospace Sciences Meeting,
St. louis, Mo., Jan. 12-15, 1981, Paper No. 81-0170; also, AlAA

~Journal, Vol. 20, No. 8, August 1982, pp. 1113-1119.

"31st Congress of the International Astronautical Federatiom,"
Spaceflight, Vol. 23, No. 4, April 1981, pp. 102-104, (invited paper).

"Grapk Theory Approach to the Eigenvalue Problem of Large Space.
Structures,”" by A.S5.S.R. Reddy and Peter ¥. Bainum, Procee £
Third VPI & SU/AIAA Svmposium on Dvnamics and Control oﬁ,’gxgg_ﬁlgxihl._

Spacecraft., Blacksburg, Va., June 15-17, 1981, VPI & S% Press

(Ed. L. Meirovitech), pp. 175-189.



38.

39.

40.

41.

42,

43.

44,
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'hu"Thn Dynacics of Large Flexible Zarth Poinziag Structures wigh.
“2 Eybrid Comtrcl System,' bv Pezer M. Bainum, R. K.ishna. and

V.K. Rumzr, AAS/AIAL Ast rodvnazics Specialist Conference, Lake
T-uce, Nevada, August 3-5, 12981, Paper Nc. 81-122; also, The

"~ Journal of the Astronautical Sciences, Vol. XXX, No. 3, July-

September, 1982, pp. 251-267.

"Anzlvsis and Design of a Spacecraft Attitude Stabilization
System using a Double Gimbaled Reaction Wheel," by Adi S. Salatun
and Peter M. Bainum, YXXIInd International Astronautical Congress,
Rome, Italy, Sept. 6-12, 1981, Paper No. IAT 81-349; also, Acta

Astronauzic=, Vol, 10, Ne. 2, 1983, pp. 55-66. .. ...

“"Astrodynamics Highlights for 1981," Astromautics and Aeronautics,
Vol. 19, No. 12, December 1981, pp. 42-43 (imvited paper). '

“The Dynamics and Control of lLarge Flexible Space Structures,"
(invited State-of-the Art Paper), 26th Congress of the Indian
Society of Theoretical and Applied Mechanics, Coimbatore, India,
Dec. 28-31, 1931.

"On the Shape and Orientation Control of aa Orbiting Shallow

Spherical Shell Structure,' by Peter M. Bainum and A.S5.S.R. Reddv,

Joint IFAC/ESA Symposium on Automatic Control in Space, Noordwijkerhout,
The Netherlaads, July 5-9, 1982; also, in Automatic Control in Space
1982, (Ed. P. van Woerkom), Pargamon Press, March 1983.

"On the Modelling and Simulation of the Dynaxics and Control of
Large Flexible Orbiting Systems," by Peter M. Baipum, V.K. Kumar,
A.S.S.R. Reddy, and R. Krishna, 10th DMACS World Congress om
System Simulation and Scientific Computation, Montreal, Canada
August 8-13, 1982, (4invited paper); also, IMACS puolication,
Modeling and Simulation in Engineering, Vol. 3, North Holland
Publishing Co., 1983. ' ' ’

"Controllability of Inherently Damped Large Flexible Space Structures,"

by A.S.S.R. Reddy, and Peter M. Baiaum, XXX21Ird International Astro-
nautical Congress, Paris, France, Sept. 26 - Oct. 2, 1982, Paper

No. IAF 82-319; also, Acta Astronautica, Vol 10, Ray-June 1983, pp. 357-363.

"Effect of Solar Radiation Disturbance on a Flexible Becam in Orbit,"
by R. Krishna and P.M. Bainum, AIAA 21lst Acrospace Scieaces Meeting,
Reno, Nevada, Jan. 10-13, 1983, Paper No. 83-0431; to appear,

AIAA Journal.
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47.
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 "The Effect of a Flexitle Massive Tether on the Stability of the

Shuttle-Thered-Subsatellite System during Station Keepilag," by = .
Peter M. Bainum, C.M. Diarra, and V.K. Kumar, Fourth VPI&SU/AIAA

" Symposiuz or Dynamics and Control of lLarge Structures, Blacksbdrg,

Va., June 6-8, 1983.

"Orientation and Shape Coatrol of an Orbiting Flexible Beam
Under the Influence of Solar Radiation Pressure,” by R. Krishna
and P.M. Bainum, AAS/AIAA Astrodynamics Specialist Conference,
Lake Placid, N.Y., August 22-25, 1983, Paper No. 83-325.

"On the Controllability and Control Law Design for an Orbiting
Large Flexible Antenna System," by Peter M. Bainum, A.S.S.R. Reddy,
and R, Krishme, XXXIVth International Astronautical Congress,’
Budapest, Hungary, October 10-15, 1983, Paper No. IAF 83-340. .

b P . . .



188

Books Edited

.. Iaternationai Srcace Technical Apviicacions, (1981 Goddard Svmposium),

. Vol. 52, Science and Technology, American Astromautical Society,
Editors, A. Adelman and P.M. Bainum, 1981.

17th Eurovean Srace Svmpcsium, 1980, Vol. 53, Scienée and Techno-

logy, American Astronautical Society, Editor, P.M. Bainum, 1981.

Spacelab, Space Platforms and the Future~ AAS/DGLR Goddard 1982

. Symposium, Volume 45, Advances in the Astronautical Sciences,

American Astrouautical Society, Editors, P.M. Bainum and D. Koelle,
1982. . :

‘Ascrodvpamices 1983, Vol. 54, Parts I and II, Adv. in the Astro-

nautical Sciences, American Astronautical Society, Edited by
P. Cefola, P.M. Bainum, G.T. Tseng, and D. Levinson, Jan. 1984,

18th European Svace Svmoosium, 1983, Science and Technology Series,

Editor, P.M. Bainum, 1984.
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Reports

10.

11.

12.

"Three Body Guidance in ‘Earth<Moon Space," bv John W. Whitehurst -
and Peter M. Bainum, The Martin Co., (Orlando Div.), Final Report
OR 1591-11-2, August 1961. o

"Preliminary Planar Analysis of the Kinematics of a Space Station-
Cable-Counterweight Configuration," by J.W. Whitehurst ‘and P.M.
Bainum, IBM Federal Svstems Div., Space Systems Center, Aug. 1963.

"aA Simulation Study of Attitude Stabilization by Gravity-Gradient
Techaiques," by P.M. Bainum, F.K. Evans, W.H. Land, Jr., and W.D.
Stockwell, IBM Federal Systems Div., Space Systems Center, for
NASA-G57C, Final Report NAS-53155, Sept. 1963. R

"Tiros 'K' Attitude Studies," by L.5. Schlegel and P.M. Bainum,
IBM Federal Systems Div. for NASA-GSFC, March 1965.

"Lyapunov Stability and Solar Perturbations of a Passively Damped
Gravity-Gradient Satellite,” by P.M. Bainum, D.K. Anaud and D L.
Mackison, APL/JHU Report TG~-854, Sept. 1966.

"Analysis of the Motion of a Dual-Spin Satellite with. Orthogonal .
Nutation Dampers," by P.M. Bainum and P.G. Fuechsel, APL/Jonns
Hopkins University Report, IG-1118, July 1970.

"Stability of SAS-A Dual Spin Spacecraft with Energy Dissipation on
the Momentum Wheel,' NASA-GSFC Report X-732-70-344, Sept. 1970.

"Nutational Stabilicy of a Dual-Spin Satellite Under the Influence
of Applied Reaction Torques," NASA-GSFC Report X-732- 71-335 Sept.

1971.

"The Motion and Stability of a Dual-Spin Satellite During the Momentum
Wheel Spin-Up Maneuver,' by Peter M. Bainum and Subhash Sen, Final
Report, NASA~Grant: NGR 09~011-039, Dept. of Mechanical Engineering,

Howard University, Nov. 1972.

"The Three Dimensional Motion and Stability of a Rotating Space
Station-Cable-Counterweight Configuration," by P.M. Bainum and’ Reith
S. Evans, Final Report, NASA—Grant: NGR-09-011-053, Dept. of '
Mechanical Engineering, Howard University, May 197a. .

"The Dynamics of Spin Stabilized Spacecraft with Movable Appendages-
Part I,"” by P.M. Bainum and R. Sellappan, Final Report, NASA Grant:
NGR-09-011~053 (Supplement No. 1), Dept. of Mechanical Engineering,
Howard Univ., May 197S.

"The Dynamics of Spin Stabilized Spacecraft with Movable Appendagzes-
Part 1I," by P.M. Bainum and R. Sellappan, Final Report, NASA Grant:
NSG-llBl, Dept. of Mechanical Engineering, Howard Universiry, May 1376.
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16.

17,

18.

19,

20.

21,
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The Dymamics and Optimal Control of Spinning gpacecraf' with
Hoveble Telescopirng Apoendﬁges, by P.M. Bainum, R. Sell lappan,’

" ¥. Resas, and P.K. James, Final Report, NASA Grant NSG-1181,

Suppl. i, Dept. of Mechanical Engineering, Howard Unmiversity,
Yay 1977.- .

"A Review of Tethered Subsatellite Dynamics and Control," by .
P.M. Baiaum and Dah-Nier Fan, Final Report P.0. No. S5-34516~B,
WHF & Associates, Inc., to NASA Godda*d Space Flight Center,
June 1977.

"The Dynamics and Control ¢f large Flexiple Space Structures,’
Parts £ and B by P.M. Bainum, R. Sellappaa, V.K. Kumar, and
P.K. James, Final Report NASA Grant NSG-1414, NASA CR-156975 and
CR-156976, Dept. of Mechanical Engineering, Howard University,
May 1978.

"Tethered Satellite System Control Law Analysis," by P.M. Bainum
and V.R. Rumar, Final Report P.0. No. 01964 (WHF & Associates, -
Inc.) and P.O. No. 01965 (Howard University) to Ball Aerospace
Systems Divison, Dec. 21, 1978.

"UARS Structural Dynamics and Control," by Peter M. Bainum and
Dah~Nien (Dan) Fan, Final Report, P.0. No. S-45010B, WHF &
Assoclates, Inc., to NASA Goddard Space Flight Center, January

- 1979.

"The Dynamics and Control of Large Flexible Space Structures-II,"

Parts A and B, by P.M. Bainum, A.S.S.R. Reddy, P.RK. James, V.K. Kumar,

and R. Krishna, Final Report NASA Grant NSG-1414, Suppl. 1, Dept.
of Mechanical Engineering, Howard Uaiversity, Jume 1979.

“The Dynamics and Control of Large Flexible Space Structures-III,"
Parts A aad B, by P.M. Bainum, A.S5.S.R. Reddy, P.K. James, V.K.Kumar,
and R. Krishna, Final Report NASA Grant NSG-1414, Suppl. 2, Dept.

of Mechanical Engineering, Howard University, June-Sept. 1980.

"Attitude Control of Flexible Spacecraft," Final Report (INTEL

. No. 107), WHEF & Associates, Inc., and '"Computer and Other Support

of Analysis and Simulation of Attitude Contrel Systems for
Flexible Spacecraft,” Final Report (INTEL No. 108), Howard Univer-
sity, to International Telecommunications Satellite Organmizationm,
Nov. 1980.

"The Dynamics and Control of Large Flexible Space Structures-IV,"

by Peter M. Bainum, V.K. Kumar, R. Krishna, A.S.S.R. Reddy,
Final Report NASA Grant NSG-1414, Suppl. 3, Dept. of Mechanical
Engineering, Howard University, August 1981, NASA~CR 165815.
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22.

23,

24.

26.

"The Dynamics and Control of Large Flexible Space Structures V,"
by Peter M. Baimum, A.S.S.R. Reddy, R..Rr-ishna, C.M.  Diarra, and
V.K. Kumar, Final Report NASA Grant NSG-1414, -Suppl. 4, Dept. of
Mechanical Eagineering, Foward Universisy, August 1982}

"Study cn Optimal Control Law of Flexible Antenna Pointing on
Large Spacecreft-I," by P.M. Bainum, M.G. Manoharanm, A.S.S.R.

Reddy, ané R. Rrishna, Firal Repor:t to Electrical Communication -

Laboratories, Nippon Telegraphk and Telephone Public Corp.,
Japan, Dept. of Mechanical Engineering, Howard University, March
1983.

"The Dynamics and Control of Large Flexible Space Structures-Vi,”

by Peter M. Bainum, A.S.S.R. Reddy, R. Krishna, and C.M. Diarra,
Final Report NASA-Grant NSG~1414, Suppl. 5, Dept. of Mechanical
Engineering, Boward University, September 1983.

"A Study of an Upper Atmospheric Density Model as Inferred from
Satellite Observations," (M.5. Thesis) M.I.T. Naval Supe'scn-c
Laboratory TR-448, 1960. .

"O0a the Motion'and Stability of a Multiple Coruected Gravity-

" Gradient Satellite with Passive Damping," (Ph.D. Thesis) The

Catholic Univ. of American, 1966; published as APL/JHU TG-872,
Jan. 1967.
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5. INVITED LECTURES, PANELIST

1.

S.

6.

7.

10.

ll‘

:2.

T, S’SSIOV CEAIRMAN/ORGANIZER

The Johns Hoplins University, Dept. of Electrical Engineering,

Control Systems Semin

“Stability Theory in

ar, Baltimore, Md., March 16, 1967.

Spacecraft Attitude Dynamics and Ceatrol,"

The Jonns Hopkins University Evening College, Silver Spring, Md.,

March 18, 1971; March

"Satellite Stabilizati

University, April 1971.

"Selected Problems in

25, 1971.

on Techniques," Air Force ROTC.Class, Howard

Satellite Attitude Dynamics“ The University

of British Columbia, Dept. of Mechanical Engineering, Vancouvet,

Canada, July 25-26,
Invited par:icipant,
the Dynamics and Cont
Application of Mechod

"The Optimal Control

1974,

smerican Astronautical Society Symposium on

rol of Nonrigid Spacecraft, Stability Theory-

s Session, UCLA, Los Angeles, Aug. 1-2, 1974.

of Spin Stabilized Spacecraft with Telescoping

Appendages,' lehrstuhl und Institut B fur Mechanlk, Technische

Bochschule Munchen, M

"The Dynamics of Spac
sity of Technolegy, D
June 1, 1976.

unich, Germany, May 28, 1976.

ecraft with Movable Appendages,” Delft Univer-
ept. of Aerospace Engineering, Delft, Holland,

"The Use of Moderm Control Theory 4n the Desigﬁ of Hﬁlqi-Degree- :
of Freedom Systems,' University of Hawaii, Dept. of Mechanical

Engineering, Honolulu

"The Optimal Control
Appendages,’ Virginia
Dept. of Engineering
March 16, 1977.

Invited participant,

of Large Flexible Spa
Blacksburg, Va., June

Session Chairwman, IUT
Munich, Germany, Aug.

"Optimal and Time Opt

, Hawaii, Jan. 28, 1977.

of Spin Stabilized Spacecraft with Movable
Polytechnic Institute and State Univ,,
Science and Mechanics, Blacksburg, Va.,

"AIAA Symposium on Dynamics and Control

cecraft, Panel II - Control, VPI & ST,
13-15, 1977.

AM Symposium on Dynamics of Multibody Systems,
29 - Sept. 3, 1977.

imal Control of Spinning Spacecraft with

Movable Telescoping Appendages' and '"Dynamics and Control of

Tethered Satellite Sy

Space Operation Center,

stems,” European Space Agency, European
Darmstadt, Germany, Sept. 5, 1977.
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"Design of Sa:ellite A::itude Control Svstems by Lyaounov Technzaues,

T
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18.

19,

20. .

21.

22.

23.

24,

25.
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‘Session Chairman, AAS/AIAA As.rod»namics Conference, Jackson,

' . Wyo., Sept. 7-9, 197,. . »

Member Technical P:ogram Comnittee and Sessior Chairman, AIAA-
16th Aerospace Sciences Meeting, Runtsville, Ala., Jan. 16-18,
1978, : ‘ :

"The Dynamics and Control of Lafge Space Stfuctures," Institutes
for Propulsion and Dynamics, University of Stuttgart, Germany,
Sept. 28, 1978. :

Session Chairman, AIAA-17th Aerospace Sciences Meeting, New

Orleans. La., Jan .5-17 1979‘.

Invited parcicipant, ATAA National Capital Section Fourth Anmnual
Mini-symposiw:, "Aerospace and You," Panel-Aerospace Education
Session, University of Maryland, College Park,Md., Feb. 24, 1979.

Session Chairman, Second ATAA Symposium c¢n Dynamics and Control
of Large Flexible Spacecrait VP1&SU, Blacksburg, Va., June
21-23, 1979. :

"On the Stabilization of lLarge Space Structures" DFVLR (German
Space Agency), Stuttgart, Germany, Sept. 24, 1979.

"Stabilization of Large Space Structures and Control of Shuttle-
Tethered Subsatellite Systems, European Space Agency, European
Space Operations Center, Darmstadt, Germany, Sept. 25, 1979.

“Stabilization and ébntrol;of Large Orbiting Structures,"
Department of Mechanical Engineering, University of British
Columbia, Vancouver, Canada, Nov. 2, 1979.

Session Chairman, AIAA-17th Aerospace Sciences Meeting, Pasadena,
cali.. .y Jano 1&‘16 1980 .

Session Chairman and AAS Organizer, l7°h European Space Symposium,
London, England, June 4-6, 1980.

"Dynamics and Control of Large Oroiciﬁg Space Structures" and

" "Control of a Shuttle-Tethered Subsatellite System," Delft

University of Technology, Dept. of Aerospace Engineering, Delft,
HBolland, June 9, 1980.

"The Large-Space Structures Techdélogy Program,” National Aerospace
Laboratory, Amsterdam, Holland, June 10, 1980.



28.

29.

30.

31.

33,

34.

35.

‘36.

37.
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"The Dvnamics and Control of large Flexible Space Structures”
and "The Dvnamics end Conirol of the Shuzzle-Tethered-Sudb-
satellite Systemz,” Indonesian Nationel Institute. of. Aeronautics

'and Space (LAPAN), Jakarta, Indonesia, Sept. 30 - 0Oct. 1, 1980.

"Snu le-*ethered-Suosatell‘:e Svstem Dynamics and Con.rol "
ind<an Space Research 0’3anization, Bangalore, India, October 3,
1980.

"Dyn#zics and Control of Large Flexible Spacecraft,” Indian
Institute of Science, Dept. of Aeronautical Engrg., Bangalo~e,
India, October 3, 1980. : .

"Dvnarics and Coutrel of Large Space Struc ures," rutopean Space

~Agency, Eurcpean Space Operatioas Center, Darmstadt, Germany,

October 6, 1980.

‘Member of Program Committee, AAS Asnual Meeting, Bééédﬁ, Mass.,

Technical Program Chairman, Americar Astronautical Society, 19th
Goddazd Memorial Symposium, Pentagon City, Va., March 26-27, 1981.

Session Chairman and‘invitea'panelist; Third V2I&SU/AIAA Symposium
on Dynamics and Control of Large Flexible Spacecraft, Blacksburg,
Va., June 15-17, 1981.

"The Dynacics and Control of Large Flexible Earth Pointing drbiting
Systems,' Catholic University of Louvain, Applied Mechanics Unit,
Louvain, Belgium, Sept. 14, 1981. )

"Dynamics and Contrel of Large Flexible Space Syé-ems," Departments
of Mechanical and Civil Engineering, Rice University, Bsustor,
Texas, Oct. 30, 1981.

"Analvsis of a Spacecraft Aztizude Stabilization System Using a

" Double Gimballed Reaction Wheel,' Indian Institute of Scilence -

Indian Space Research Organization Space Science & Technology
Colloquia, Bangalore, India, January 4, 1982,

"The Dynamics of Large Flexible Earth‘Pointiﬁg Struciu;es viﬁh a
Hybrid Contreol System,” Indiat Space Research Orgamization, Bangalore,
India, January 5, 1982.

Technical Program Chairmén, AAS/DGLR 20th Goddard Membrial Symposium,
NASA Goddard Space Plight Center, March 18-19, 1982.

L)
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39.

40.

41,

42.

43.

45,

45.

46.

47.

"Tne Dvramics and Con:rol of large Tlexible Svstems ia Orbic,"
Iastitut fur Mechanik and Institut fur Regelungstechnik, University
of Hanncver, Heamnover,  Germazu, July 2, 1982.

Session Chairman, AIAA/AAS Astrodynarics Conference, San Diego,
Calif., Augus:c 9-11, 1982.

"The Dvnamics 2nd Control of Large Flexibie Svstems ia Orbit,”
Sexinars Za Mechanics, McGill University, Dept. of Mechanical
Engineering, Montreal, Canada, Oct. 12, 1982.

"Dynamique et Cormande des Systemes larges et flexibles en Orbite,"
Sexmineaire sur Espace et Talecommunications, 12th Annual Interna-

tional Worksnop of the African Regionel Group IT- INTELSAT,. Bamako, .

Mali, March 28 - April 1, 1983.

Session Chairman, Fourth VPI5SSU Symposium on Dynamics and Control of
Large Structures, June 6-8, 1983.

AAS Organizer and Session Chairman, 18th European Space Symposium,
London, England, June 8-9, 1983. '

"lLa Dynamique et la Commande des Systems larges et flexibles en
Orbite,' University of Paris VI, Dept. Mecanique Theorique, Paris,
Fraace, June 13, 1983. '

General Conference Co-Chairran and Session Chairman, AAS/AIAA
Astrodynamics Conference, Lake Placid, New York, August 22-24, 1983,

Rapporteur, Session-Astrodynamics-Motion About' the Center of Mass,
XXXIVth International Astronauticel Congress, Budapest, Hungary,
October 10-15, 1983.

"Iatroduction to Spacecrafr Dymamics,” AIAA National Capital
Section Profegsional Study Seminar Series: Spacecraft Attituce
Control Systems, NASA Goddard Space Flight Ceater, Oct. 17, 1983.

L.
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_ PROFESEIONAL STANDING AND PERFORMANCE . e

Dr. Bzinur Is active in numercus professional and honer societies

arncd has pbeen cized in reveral tiographies.

Meabership and Participation iz Professional Societ*es

American Institute ¢f Aeromautics and Astronautics, Associate
Fellow; member Astrodvnamics Technical Commitree, Jan. 1976 -~

Dec. 1978; Jan. 1981 -.

American Astronautical Sociecy; Executive Vice President, 1982 -
First Vice President, 1980-1982; Vice President, Technical; 1978-80;
Vice President, Puolica'ions, 13276-78.

Fellow, AAS, 1979 -

Studens AfS ai s Comm-:;ee, 1975-76

British Interclanetary Soclety, Fellow

Auzerican Academy of Mechanics

American Association for the Advancement of Science, representative

of AAS to Sectzion on Eagineering.

- International Astronautical Federation, Vice Chairman, Astrodynamics

Technical Committee, 1984 -.
Membership, Bonorary Societies:

Phi Eta Sigma
Tau Beta Pi
Sigma Gamma Tau
Phi Kappa Phi

Awards, Listings

Scholarship Purdue, 1955

Fellowship M.I.T., 1959-16960

Student Award Winner, Iustitute of Aeronautical Sciences, 1959 -

Society of Automotive Engineers, Ralph R. Teetor Award for
Engineering Educators, Jan. 1971

NASA/ASEE - Sumrar Faculty Fellowship, 1970, 1971

Listed in Dic:dopary of Intewnarincnal Biogeapne Vol. 9, 1973;
Vol. 12, 1975; Vol. 13, 1976-1977; Vol. 14, 1977-1978; Vol. 15,
1978-1979; Vol. 16, 1979-1980; Vol. 17, 1980-1981, Vol. 18, 1983.

Listed ia Who's Who in Aviation, 1973 .

Member, Intercontinental Biog-aphical Assn.. 1973 -

Listed in Internaticnal Who's Who in Communit« Serv*ce,~1975: 1978.

Listed in Men of Achievement, Vol. LI, 1975; Vol. III, 1976; Vol. V,

196

1978; Vol. VI, 1979; Vol. VIII, 1981; Vel. IX, 1982; Vol. X, 1983.§

‘Listed ia Personalities of the South, 1975-76; 1976=77.

Licted in Who's Who_in Fngineeriag, 1977; 1980; 1982.
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Listed in Cermunitv Leaders -ané Noteworthv Amerizans, 1976-1977;
1979-193C. ’

Listec in Notable Americans, 1976-1577; 1578-1679.

Listed inw 1977

Listed iu_2a;agnal;;izs.n._Amazi;a. 1979; 1982; 1984

" Listed ir The American Regiszry, rall 1980.

Listed in Nora nalicies of 3 1981.

Listed iz Two Thousand Notable Americans, 1983.

Listed ir Communisv Ieaders of the World, 1984.

Listed in 5000 Personalities of the World, 1984.

Listed in Internztional Who's Who in Contemporarv Achievement, 1984.

Listed ia The Direcrtory of Distfnguished Americans, 1981, -1982-83

Listed in American Men and Women of Science, 1982

Listed in International Whe's Who in Epcigeering, 1983
li~ted in Who's Whe in Washington, 1982-83

Listed in International Book of Honmor, 1984

Listed in Jane's Whc's Who in Aviation and Aerospace: U.S. Edir ion, 1982

Listed in Marquis Wpno's Who {a the Fast, 1979-1980; 1981-82

Listed in Men and Womern of Distincticn, 1979; 1980-51

Listed in The Anglo American Wno's Who, 1981 = -

Listed in Who's Who ir Technologv Todav, 1980; 1982- 3

Directorv of World Researchers' 1980's Subjects, 1981

listed in Jane's Cicectorv of Aviation and Aerospace. ProfessionalS'
U.S. Edition, 1982

Listed in Who's Who in America, 1980-81; 1982-83

Listed in Wno's Who in the World, Sth Edition, 1980-81

Howard University, Graduate School of Arts and Sc1ences, Citation
for Exemplary Research, December 1976

Sigma Xi-Scientifc Research Society, 1978- ‘

Howard University Graduate School, Outstanding Faculty Award, 1979-80 .

Howard Universicy Award for Outstanding Research, 1980-81

S
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. 4, Professionai activities

8.

Curreanzly Referee or has served as a Referee for the Journal of
Ssacecraft and Fockess, AIAA Journal, Celestial Mechanics Journal,

The Journal of che Canadian Aeronautics and Space Insitute, The
Journal of the British Interplanetarv Sociecv, Acta Astronautica,

and the Jjournal of Guidance and Conzrol, and Apclied Mechanics Reviews.

Proposal reviewer for the National Science Foundation
PROFESSIONAL COOPERATION

Dr. Baipum has served on important committees over the tenure
of his appointmeat at Howard. Ee is currently serving on the following
cocmittees:

Graduate School: Representative to the University Faculty
Grievance Committee

Department: Director of Graduate Studies - administrative
head of Graduate Program (37 graduate students)
Graduate Program Committee, Chairman
Graduate Student Advisor
Executive Committee

Dr. Bainum also has served as the coordinator of the Graduate
Seminar and currently serves as director of the aerospace component
of the graduate program. Be is a member of the Aerospace Dept. Chairman's
Association. .

TEACHER~-STUDENT RELATIONSHIP

Dr. Bainum invests comsiderable time in educational enrichmeat
of students in his area of specialization.

Dr. Bainum helped organize and is currently serving as Co-Facul:ty
Advisor to the AIAA Student Chapter at Howard. Chapter cited by AIAA
as one of the outstanding student branches for 1976-77 and 1978-79.
For the first time the Howard Stucent Chapter hosted the annual Mid-
Atlantic Regional Student Conference, April 1982.

He has accompanied Howard graduate students to the followihg AJAA
Local Meetings: '

ATAA Communicarions Satellite Conference, Washington, D.C. - April 1972
ATAA llth Aerospace Sciences Meeting, Wash. D.C. - Jan. 1973
ATAA Joint S:udent Section Meeting, at Univ. of Md. - March 1973
ATAA 12th Aerospace Sciences Meeting, Wash. D.C. - Jan. 1974
. ATAA Annual Meeting anc Di<play, Wash. D.C. = Feb. 1975
- AILAA l4th Aerospace Sciences Meating, Wask. D.C. - Jan. 1976

v/
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AIAA Annual Meeting and Displav, Wasn., D.C. - Feb. 1978
ATAA National Capitzal Section, Fourth Annual Minisvmposium,
Univ. of Mé., Feb. 1979
AIAA International Meeting and Display, Baltimore, Md., May 1980
AIAA Annual Meeting and Display, Baltimore, Md., May 1982

AAS/ATAA - Twenty First Goddard Memorial Symposium, Greenbelt, Md.,
March 1983 .

CIVIC ACTIVITIES

Community Activities: 1. Judge at D.C. Science Fair, Woodrow Wilscn

-H.S., April 1973

2. Member AIAA Natiomal Capital Sectior Ccmmuni 194
Action Commitsee, 1975-76

9]



Ramunalli Krishna

Graduate Research Assistans
Dept. of Mechanicel Engineering
Howard University

Washington, D.C. 20059

Ph. (202)-636-7124

ACADEMIC PREPARATION

Year University
1973-34 Howard University,

Washington,D.C.

1974-75 Indian Institute of
Science, Bangalore,
India

1969-73  University of Mysore,
India '

1966-69 Bangalore University,

PROFESSIONAL EXPERIENCE

Year . Position

1976-78 ~ Engineer

200

ORIGINAL PA2L 13
OF POOR QUALIMTY

3307 Chauncey Place #133
Mount Rainier, D 20712

Pn. (301)-854-0039

Degree (Discipline)

Ph.D (Aerospace Engr.) (to -

graduate in Spriag 84)

M.Sc. (Aeronautical Engr.)

B.E. (Mech. Engr;j

B.Sc. (Physics and Maths.)

Organization

Indian Space Research
Organization, Bangalore,
India

ve -
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‘PUBLICATIONS/ PRESENTATIONS

1.

Krishrna,?., Shrivastava, S.X. and Prasad, U.R. "Tri-axial
Control of an earth cbservation Satellite Using Two Reaction
Wheels and Electromagnets,™ Zeitschrift fur
Flugwissenschaften Und Weltraumforschung, Vol. 2, No. &4,

July-Aug., 1978, pp. 280-290.

Reddy, A.S.S.R., Bainum, P:M., Krishna, R. and Hamer, H.A.,
"Control of a Large Flexible Platform in Orbit," Journal of
Guidance and Control, Vol. 4, No. §, Nov-Dec, 1981, pp. 542-

649,

Bainum, ?.M., Krishna,R. and Xumar, V.K. "The Dynamics of
Large Flexible Earth Orbiting Structures with a Hybrid
Control System," The Journal ofthe Astronautical Sciences,
Vol. XXX, No. 3, July=- Sept., 1982, pp. 251-267.

Bainum, ?.M., Kumar, V.K., Reddy, A.S.S.R. and Krishna, R.

~ "0On the Modeliing and;Simulation of the Dynamics and Control
of Large Flexible Orbditing Systems;ﬁ the 10th IMACS World

Congress on System Simulation and Scientifiec Computation,
Montreal, Canada, Aug. 8-13, 1982.

Krishna, R. and Bainum, ?.M. "Effect of Solar Radiation
Disturbance on a Fiexible Beam in Orbit," AIAA 21s% Aerospace
Sciences Meeting, Reno, Nevada, Jan 1C-13, 1683, Paper Yo.
AIAA-83-0219, Also in AIAA Journal April/May 1984 (to be
published)

Krishna, R. and Bainum,P.M. "Orientation and Shape Control of-
an Orbiting Flexible Beam Under the Influence of Solar
Radiation Pressure," Advances in the Astronautical Sciences,
Astrodynamics 1983, Vol. 54, pp

Bainum,?.4., Reddy,A.S.3.3. and Xrishna,l. "On the
Controllabilisy and the Conirol Law Design for an Orbiting
Large tlexibl2 Antenna Sysiem," 34th International
Astronautical Congress, 3udapest, Hungary, Cect. 1C-15, 1933
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Bainum, ?.M. and Krishna, R. "Dynamics and Control of an
Orbiting Flexible Platform in the Presence of Seolar
Radiation," Fourteenth International Symposium on Space
Tecnnology and Sciences, Tokyo, May 28- June 2, 1984
(accepted).

Krishna,R. and Bainum, P.M. "Dynamics and Control of Orbit
ing Flexible Beams anc Platforms Under the Influence of

. S¢lar Radiation and Thermal IZffects,™ AIAA/AAS

10,

Astrodynamics Conference, Washington, Seattle, Aug 20-22,
1984 (offered) '

Krishna, R. and Bainuam,?.M. "The Envircnmental Effects on the
Dynamics and Control of an Orbiting Large Tlexible Antenna
System,"™ 35th International Astronautical Congress, Lausanne,
Switzerland, Oct. 7-13, 1984 (offered).

r)
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Krzshna, R. and Shrivastavz,S.K. "Satellite Attitude Control:
A Bibbliography (1962-73)," Contract Report for ISRO, No.Tu-
FDC=-1, May 1974. ’ ’

Krishna, R. and Shrivastava, S.K. "Attitude Contral System
for Space Missions," Contract Repor:t No. VSSC 75 01-:001

IISc. Report 75=-FDC~1, Jan. 1975

Shrivastava, S.K. and Krishna, R. "Attitude Control System
for an Earth Resourcés'Survey Satellite - A Preliminary
Selection and Design,"‘Techdical Yencrandum for ISRO -No.
VSSC-75-07-4001/1IS¢c.-75-FDC-0U4=-06, IZSc., Bangalore, July
1975. ‘

Shrivastava, S.K., Prasad, U.R., Krishna, R., Kumar{ V.K.,
and Ramakrishna, Y. "ASC lvude Control of an Earth Observa.ion
Satellite," Contrac: Report for ISRO, No. VSSC 75«05~ 5000"
I1Sc.-76-FDC-01- 08, May 19756.

Krishna, R. "An Attitude Control System for ‘Earth Observation
Sateliite,™ M.Sc. Thesis, June 1977 Indian Institute of
Science, Bangalore, India.

3ainua, P.M.,‘ Reddy, A.S. 5.R. James, P.K., Kumar, V.K. and
Xrishna, R. "7The Dynam‘cs and Control of Large Flexzble Space
tructures - II," Final Repor:, NASA Grant NSG- 1u1u Suppl 1,
Dept. of Mechanical ;nglneering, Joward University, June=-
Sept., 1980

3ainum, P.M., Reddy, A.S.S.R., James, P,K., Kumar, V.., and

Krishna, R. "The Dynamics and Control of Large Flexible Space

scructures- III," Final Report, NASA Grant NSG-1414, Suppl.Z2,
dept. of Mecnan;;al -ug‘neerxng,‘dowarJ Un‘v=*s::y, _June=-
Sept., 1980. R

3ainum, P.M., Chieh,H.T., Choudhuary, A.X., Fan,D. and
Xrishna, R. "Computer and Other Suppor of Analysis and

A
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Simulation of Aztitude Cont"o1 Sysuems for Flexibple Space

céaft;"'Final Report; ;VT:L No. 108, Howard University to

international Teleccmmuni cations Sace lite Organization,
Nov. 1980.

" Bainum, P.M., Kumar, V.K., Krishna, R. and Reddy, A,S.S.R.,

"The Dynamics and Control of Large Flexible Space Structures

_ = IV," Final Repor%t, NASA Grant NSG.1414, Suppl.3, Dept. of

10.

11.

12.

Mechanical Engineering, Howard Unlve"si:y, August 1981,
NASA-CR 165815.

Bainum, P.M., Reddy, A.S.S.R., Krishna, R., Diarra, C.M., and
Kumér, V.X., "The Dynamics and Control of Large Flexible
Space Structures V," Final Report, NSG-1414, Suppl. &, Dept;
of Mechaniczal Engineering, Howard Un~v~rsity, August 1982.

Bainum, P.M., Hanoharan,M.G., Reddy, A.5.S.R., and Krishna,

R. "Study on Optimal Control Law of Flexible Antenna Pointing
on Large Spacecraft-I," Final Report to Nippon Telegraph and
Telephone Public Corp., Japép}_ﬁgrch 1983.

Bainum, P.M., Reddv, A.S.S.R., Krishna, R., and Diarré; C.M.
"The Dynamics and Control .of Large Flexible Space Structures
VI," Final Report NSG-1414, Suppl. 5, Dept. of Mechanical
Engineering, Boward Ohiversity, August, 1983,

-8
.
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1. Outstanding Research Scholar (First Place), Fifth Annual
Graduate Student Sumposium, Howard University, .1983..

2. AIAA OQutstanding Student Achievement Award, Howard Uhiversi
ty, 1981-82, 1982-83. '

- 3. AAS Qutstancing Student Award, 1981.

4, Recipient, Graduate Teaching Assistantship, 1978-79 and
1982-83. ' '

5. Research Scholarship (Government of India), Indizn Institute
of Science, 1975-76.

6. Endian Iﬁsti:ute of Science Research Fellowship, 1974-75.
7. . Merit Scholarship, University of Mysore, 1970-72.
HEHBERSHIPl

1. 'AIAA Student Member (197345

2; AAS Student Member (1981-)

3, Sigma xi, Scientific Research Society, 1981.

'PROFESSIONAL ACTIVITIES

1. Chairperson, AIAA Howard University Student 3ranch, 1382-32.

2. Chairpersca, Graduate Student Session, A;so_dember, Program
h Committee, AIAA Mid-Atlantic Regional Student
Conference, Howard University, 1982.

3. 1Reviawed papers for Applied Mechanics Reviaws (2) and the
‘ Journal of Guidance and Zontrol (1). ‘

L., Parcicipatad in research grants spceasored by Inseisaz and
Nippon Telephone =:& Telagraphs {Japan..-

(4
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RESEARCH EXPERIENCE

1978 Aug -
Position:

Projects:

1975 - 1978 :
Position:

Projects:

1974 - 1976:
?6si:icn:

Projects:

Howard University, Wasnington,2.C.

Sraduate Research Assistant

-

(£)'Dynamics aﬁd Control of Large Flexidle
Space Structures' (Research supported by NASA
Grant NSC-1414)

(i1) 'Attitude Control and Simulation of Flex-
ible Spacecraft' {(Researcn supported Sy INTEL
SAT Grant INTZL-108) .

(1{ii)'Dynamics of Large Flexible Space Struc
tures'(Research suppotrad by Nippon Telepnone
and Telegraph, Japan)

Indian Space Research Organizatiocn, India
Zngineer '

(L) Performance Zvaluation of spin axis
stabilized, jet controlled earth resources
satellite through digital and analog
simulation. ‘ -

(ii) Parametric optimization of 3 axis

- stabilized communications sateliite:-using

hWybrid computor simulation.

(£ii) Orbit-Attitude interaction during
oroit transfer of ;he Indian communica=-
tions satellite (pre-launch analysis).

Indian Institute of Science, 3angalors, India
Graduate esearzh assistant

ISRO suppotred research on satellite attl

tude dynamics and sontrol.
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Nane : Sivaramachandran,. A.S.

Nationality : TN
Date of bireh : [

‘Educational Qualifications:

— A good Bachelor‘Degteé in Mechaniczl Engineering from the University
* of Kerala, 1967.

— An excellent Masters Degree in Applied Maths. (Faculty of Engg.) from
Coimbatore Institute of Technology, 1970. '

Professional Experience:

— About 3 years' teaching experience after Masters Degree in the Mech.
Engineering Dept. at Coimbatore Institute of Technology (India),
. '1970-73. '

— About 10 years' experience in research anﬁ ;r:iuct-development'at
Indian Space Research Organisation. During this period I was
promoted twice in recognition of wy contribution to the Orgahisa-

tion. I have been associated with the following activities there:

— Have lead 2 team of engineers for establishing the Static Test and

Evaluation Complex, where the flight~worthiness nf the rockets

43 ascertained. The task éonsis:gd of developing single and six-

4 . - . )
component test-stand.s for static firing of rockets and-entvironmental

" test facilities like vibré:ipn, shock, and thermal test facilities.

— Have developed, right from conceptual level, a System Initiation
Valve for solving a shock-problem in the Thrust Vector Control
System of the first Satellite Launch Vehicle of India. This compo-
nent is presently jart of the first stage Control System of the
Vehicle. A technical paper titled, “A System Initiaticu Valve for

.'ﬁauhch'Vehicle‘Contfdlbewér'Plant Pressurisation Systea" was
prcsentéd-at the 26¢h Céngress of the Iﬁdian Society of Theorftical
and Applied Mechanics, held in December, 1981.

P
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— Have lead a project team which has developed an exﬁerimental

set up for rock-drilling using rockets.

— Last 5-6 years I vas-engaged in the de;eIOpmentaof-Launch,
'Vehicle Control Sys:eﬁ anc Electro-mechanical Components of
aerospéée quality. They include & variety of high pressure
fluid power components like £ill and vent Qalées, solenoid
valves, check Qal§es, relief valves and pneumatically actgated
valves. I have produced a nuober of reports on the deQelopment
of these components. I have also proposed a few original concepts
1ike liquid-enclosing rotary seal, partial balanéing of reliéf
valves, multiple pressure release system, automatic bottling

unit etc., some of which are yet to be.evaluated experimentally.

kkkhki
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ORIGINAL PACE i3
OF POOR QUA' iy .
: - . . RESUME

S. Ananthakrishnan
3719 12th Street, NE, #2018
Washington, D.C. 20017.
H:(202)-526-3031
‘W:(202)-636-7124

OBJECTIVE:

To achieve strong foundation in the various aspects of
the work while at the same time emphasizing depth. I am interestc-
ed in an active research oriented program. ‘

EDUCATION: ‘ ,
.candidate-Master of Engineering program, Department of
Mechanical Engineering, Howard University, Washington, D.C.
20059.(GPA~ 3.79/4.0).
.B.E(Honors) in Mechanical Engineering from University
of Madras, Tamilnadu, India.(May,1981).(Top 5% in a class of 89
students.)

ACCOMPLISHMENTS:

.passed the Bachelor of engineering degree with Honors-
the highest accomplishment one can achieve in the Bachelors
degree.(May,1981)

.recipient of the 'Graduate Apprenticeship Training'
(under the Government of India Board of Apprenticeship scheme) in
M/S Ashok Leyland Ltd., a leading automobile industry in
India.(1981-1982). '

.recipient of 'Graduate Assistantship' from the Depart-
ment of Mechanical Engineering, Howard University, Washington,
D.C. 20059(academic year 1982-1983).

.recipient of 'Graduate Research Assistantship® from the
NASA grant (NSG1414) on 'Dynamics and Control of Large Space
structures' (summer, 1983).

.recipient of 'Graduate Assistantship' from the Depart-
ment of Mechanical Engineering, loward Unlversity, Vashington,
D.C. 20059 (academic year 1983-1984).

.recommended for 'Tau Beta Pi'(Honor Society) membership
by the Department of Mchanical Engineering, Howard University,
Washington,D.C.-20059.. o

COMPUTER RELATED EXPERIENCE:

.Working knowledge on IBM-3033 and HP-3000 computer sys-
tems. I am learning computer graphics and intend using interac-
tive computer graphics in my Masters Thesis,

AREAS OF COURSEYORK:

.Advanced eﬁgineer-ug mathematl s, Statistlcs -and-
Probability, Numerical analysis, Linear control ~heory, Applled
mathematics with special emphasis on perturbation technijues,
fourier transforms, asymptotic expansions; Operations research,
Advanced dynamics, Computational methods, Digital :omputation,
DPigital Control, Aerodynamic theory. )

‘s
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Further I have done extensive coursework in the fiald of

Aerospace engineering.

_CURRENT RESEARCH INTEREST:

.Stochastic optimal control
hoop-column antenna systems-research
.application of interactive
interpretation of the resunlts of the

MEMBERSHIP:
.student member AIAA

.8tudent member ASME

- Mechanical engineering and limited coursewerk in the f1eli of

and estimation as applied to
supported by NASA.

computer graphics in the
above system.

.student member 'Institutiqn of Engineers India' (1979~

" Reference and further information will be furnished upon request.
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RESUME

IRVING W. JONES

PERSONAL

Addresses aad Phone Numbers:

383 N Street, S.W. Civil Engineering Department
Washington, D.C. 20024 : Howard University
(202) 646-0315 Washington, D.C. 20059

(202) 636-6147
Security Clearance: SECRET

EDUCATION
Degrees

Ph.D. in Applied Mechanics, Polytechnic Institute of Brboklyn, 1967
- Title of Dissertation: _"Non Periodic Vibrations of Layered ‘
. Viscoelastic Plates."

Major: Structural Dynamics
Minor: Structural Mechanics (General)

M.S. in Applied Mechanies, Columbia University, Institute of Flight
Structures, 1357. .
Title of Thesis: "Modal Analysis of Ring-Stfffeued Cauntilevered

Cyl;nders."

Major: Aerospace Structures
Minor: Numerical Structural Methods

B.S. fn Civil Engineering (magra cum laude), Howard ﬁniversity, 1953
Special Courses

Dynamics of Shell Structures, UCLA

. Computer-Aided Structural Aralysis, ‘Stanford Unlversity "
Optimized Design of Structures, University of Missouri, Rolla ‘
Finite Element Analysis of Ship Structures, U. of Arizona
Modern Photoelastic Stress Analysis, Vishay Instruments Corp.
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PROFESSIONAL EXPERLENCE

1983

1981

1972

- _ Professor, De artment of Civil Engineering
: Howard University, Washington, D.C.

‘Responsibilities: Teach and develop courses in structures and mechanics

at graduate and undergraduate levels, supervise and perform research,
serve on University committees, perform special tasks for the Department
and School administrators.

- 1983* Structural Engineering Specialist,
The Aerospace Corporation,
El Segundo, California

Responsibilities: In support of the U.S. Air Force space program, per-
form criticsl review of structural aspects of the desizn, testing and
manufacture of Air Force space vehicles and their components, and
related ground support equipment and facilities, produced by government
contractors; more specifically, review stress and failure analyses,
performing independent analyses where necessary, review and approve
test programs and fracture control plans, and certify the flight-worthi-
ness of space hardware. Also, develop advanced structural amalysis
in-house capabilities (included development of formulation for a-
thermo-viscoelastic structural analysis computer program suitable for
solid rocket propellant grains and other polymeric materials).

-~ 1983% Professor and Chairman, Department of
Civil Engineering, Howard University,
Washington, D.C.

Responsibilities: Administer the civil engineering programs at under-
graduate and graduate levals; recruit and supervise faculty and
supporting staff; assumne responsibility for policy implementation,

“planning, budgeting, curricular and other matters; teach courses in

structures and mechanics; supervise and perform research in structures; .
coordinate research and training projects in other areas; serve on
University committees, perform community services.

Summer 1972 " Comsultant to the Port Authority of

- - New.-Tork and New Jersey

. Responsibilities: Assist and advise on proj--'. to expand the use of .

1969

the computer in the structural analysis and design groups.

- 1971 Associate Professor, Department of
: ' ' Civil Engineering, Howard University
‘Washington, D.C.

Responsibilities: Teach and develop courses in structures and mechanics
at graduate and undergraduate levels, supervise and perform research,

" organize the new graduate.program in civil engineering.

*on leave from Howard University, 1981-1983
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Summer 1971 " Structural Methods Enginee , Grupman
. s - Aerospace Corporation, Bethpage, MNew York

Responsibilities: -Enhance capabili:y of the structural engineering
staff in the area of thermal stress analysis; included developing
and teaching a short course.

1969-1971 - Structural Engineer, Structural Mechanics
(Intermittent) Laboratory of the Naval Ship R & D Center
- . 4 Carderock, Maryland

Respénsibilxties~» Pe:form research (60%) and consultaticn (40%) on._
application of structural mechanics to determinatlon of strength of
ship structures and equipment comporents.:

1963-1969 . Assistant Director and Associates

Applied Technology Assoclates, Inc.,
Ramsey, New Jersey

Responsibilities: Perform and supervise research, development and
engineering analysis projects in the structural mechanics area.
Serve as principal investigator for projects with responsibility for
conception, execution and documentation (70%). Also, serve as con-
sultant to the clients of the company (30%)

. 1968-1969 o Graduate Lecturer, Stevens Institute of
" (part-time) Technology, Hoboken, New Jersey

" Responsibilities: Teach graduate courses in structurss and mecbanics

' 1952-1963 ' Structures Group Leader,-Space Systemc

. Division, Fairchild-Hiller Corporation,
Bayshore, New York.

Responsibiiities: Advise and assist stress analysts on design
problems in the structures and structural dynamics area. rojects
ircluded Echo IT and Pegasus satellites.

“'1957-1962 : Structural Methods Engineer, Grumman

Aerospace Corporation, Bethpage, New York )

Responsibilities: Develop methods and'procedures'for advanced stress
and structural dynamics analysis; (included major contribution to

. development of some of the earliest finite element £ormulation),
initiate-proposals for externally funded .research, serve as consuitant
to stress analysts-in-house.

.1956-1957 Research Assistant, Instltute of | Flight
(part-time) o tructures, Columbia Unlversity, New York

Responsibilities: Work with faculty on dymamic response problems for
various types of stiffenmed shell structures.

t®o
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.. 1954-1956 . - -~ -’ First Lieutenant,. U.S. Air Force (Regular) "
: Technical Instructor, Donaldson Air Force:
Base, South Carolina ‘

Responsibilities: Teach courses in mathematics and mechanics
PUBLICATIONS (and typical technical reports)

Jones, I.W.: Evaluation of Foldable Elastic Tubes for Large Space
Structure Applications, Fimal Report-Phase I, January 1980 (with
C. Boateng), Final Report-Phase II, January, 1981  (with C.D. Williame),
and Final Report-Phase III, October, 1981 (with S. 0 Mitchell),
NASA Grant NSG 1320..

*Jones, I.W.: "Craduate and Continuing Education: An Important Focus for
the Minority Engineer," presented at the Annual Conference of the .
National Technical Association, Pittsburg, August 1979 and later
published in the NTA Jourmal.

Jones, I. w., (with H. Hopkins et al) Potential Agricultural Applzcationa
for Lightweight Ground Effect Machlnes NASA Research Review,
August 1979.

*Jones, L.W.: ‘Damping of Plate Vibrations by Means of Attached Visco-
elastic Material," U.S. Naval Research Laboratory Shock and Vibra-
tion Bulletin £3%, pt. &, April, 1969, pp. 63-72; presented at the
NRL Symposium on Shock and Vibration, Monterey, California, 1969.

Jones, L.tI. and Coben, K.: "Laboratory Evaluation .of the Fragility of
Shock-gsensitive Shipboard Mounted Equipment', Naval Ship kesearch.
and Development Center Report June 1979.

Jones, I. W. and Salermo, V.L.: "Guide for Users of the Dynamic Design=
Analysis for Shock Resistance Evaluation of Shipboard Equipment,"
ATA Report No. 1124, January 1969. Prepared for NSRDC Code.745
Onder Contract No. N00600-68—C03l1. : o

Jones, I.W.: "Non-Periodic Vibrations of Layered Viscoelastic Plates,"
Ph.D. Dissertation, New York Iastitute of Technology, June 1967.

*Jones, I.W. and Savacchio, A.: "An Analytical and Experimeatal Evalua-
tion of the Damping Capacity of Sandwich Beams with Viscoelastic
Cores," Journal of Engineering for Industry, Trans. ASME,

Volume 89, Series B, August, 1867.

Jones, L.W.: "Shock Response Analysis of a Shipboard Irem (Vlth illus~
trative problem and theory)," ATA Report No. 114, December 1966.
Prepared for DIMB Code 070 Under Contract No. N00167 67-C0023.

*presented at national conferences by I.W. Jomes.

v/
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PUBLICATIONS (continued)

*Jones, L.W. and Salerno, V.L.: "The Effect of Structural Damping on the
Forced Vibrations of Cylindrical Sandwich Shells," Journmal of Engi-
neering for Industry, Trans. ASME, Volume 88, Series B, August 196€.

*Jones, I.W. and Salermo, V.L.: "Thé Vibration of an Internally Damped
Sandwich Plate Radiating into a Fluid Medium,'” Journal of Engineering
for Industry, Trans. ASME, Volume 87, Series B, August, 1965.

Jones, I.W.: "The Vibration of a Homogeneéous Plate with Linear Damping,
Radiating into a Fluid Medfum," Bosco Institute for Research Report
#101. Performed under ONR Contract Nonr-4199(00), November, 1963.

*Lansing, W., Jones, L.W. and Ratner P.: '"Non-Linear Analysis of Eeated
Cambered Wings by the Matrix Force Method ' ATAA Jou*nal Volume 1,
PP. 1619-1926, 1963.

Lansing, W. and Jones, I.W.: "Non-Linear Shallow Shell Analysis by the
Matrix Force Method," NASA TN D 1510, 1962.

*Lansing, W., Jones, L.W., and Ratner, P.: ™A Matrix Method for Analyzing
Heated Structures, Including Large Deflections,"™ ONR-ACT 62, Symposium
Proceedings, Structural Dynamics of High Speed Flight, April 1961.

Also numerous other technical reports and meworanda at Grumman Aerospace
Corporation, Applied Technology Associates, Inc., Fairchild-Hiller
Corporation and The Aerospace Corporation.

*presented at national conferences By I.H. Jones.

{4
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PROFESSIONAL AND HONORARY SOCIETY AFFILIATIONS ' 216

Member of the following professional societies:

American Institute of Aeronautics and Astronautics

Amerilcan Society of Civil Engineers

Committee on Minority Programs, National Capital Section,
Amerjican Society of Civil Engineers

American Society for Engineering Education

International Association for Computational Mechanics

American Association for the Advancement of Science

ICES (Integrated Civil Engineering Systems) Users Group

Rational Technical Assoczatlon, Committee on Education

served on Design and Analysis Commlttee of Pressure Vessel

A and Piping Committee, ASME, 1963-1969

served on Pressure Vessel Research Committee of the Welding
Research Council, Engineering Foundation, 1963-19€9

Elected to the following honorary societies:

Tau Beta Pi (Engineering)

_Pi Mu Epsilon (Mathematics)

Sigma Xi (Science)

Sigma Gamma Tau (Aerospace Engineering)

Listed in the following publications:

Leaders in Education
Anmerican Men and Women of Science ’
Who's Who in Engineering (Engineers Joint Council publlcation)

Received the folliowing awards:

Guggenheim Foundation Fellowship in Flight Structures 1956-1957
ASCE Outstanding Instructor Award 1970

Meritorious Service Award, Graduate School, Howard University, 1975

. Included in "Outstanding Black Scientists", a permanent exhibit at the
. Philadelphia Museum of Black History and Culture, 1977.

\ o |
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RESUME ) -
Dr. A.S.S.R. Reddy -

Dr. A.S.S.R. Reddy
Assistan: Professor
Department of Mechanical Eangineering
Boward University
Washington, D.C. 20059 -
Tel. No. (0) 202-636-6622.
(R) 301-587-4998

Areas of Interect:

Teaching: - Courses in Dynamics and Control,‘Ins:rubentﬁﬁioﬁ,

Computer Graphics, Computer Aided Design.
Research: ' Control of Large Space Structures, Computer Aided
' Design, Robotics, Microprocessor Oriented Control
Systems. : .
Professional

Memberships: Member, Sigma X1
Member, American Institute of Aérgnautics and. Astronautics

Member, American Astronautical Society

Y

°)
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ACADEMIC PREPARATION:

ACADEMIC . o
ACHIEVEMENT. REMARKS
, Ph,D , 3.85/4.,0 GPA in covrs
(Doctor of Philosophy) work,
: ' Specialization' Dynqnj
and Control.

YEAR® " . ° . - INSTITUTION

1977-1982 Howard University,
Washington, D,C,

Kuchipudy, A.P. ’
(India)

1977-1981 Howard University, Master of Computer 4,0/4.0 G.P.A,
Washington, D.C. Science (M.C.S.) o |
' 1972-1974 Indian Institute of Sclence Master of Engineering First Class with
‘ : - Bangalore, India (M.E.) in Electrical Distinction -
1968-1971  Government Engineering Colloge B.E. (Electronics and First Class with
S Kakinada, A P., ~ Communications) Distinction -
(India) - Third, Fourth and - ‘ -
4 _ Final years - Q¢ -
. - “ a ‘
1966-1968 - Andhra University Engineering - Bachelor of 38
- College, Waltair, APe, - Enginéering (B. E.). ' o>
; . (India) , = First two years in C,”
Electronicas and c >
| L Communications | : =9
1965-1966 Andhra Loyola COIIegé, Pre-~-University COuree'“ First Class: 1a
Vijaywada, A.P,., (P.U.C.) '
. (India) L
19%9-1965 S.K.V.ll, School, Sscondary School First in School

Leaving Certificate

812
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1977 Septenber = /982 ov.

1975 May - 1975 Novenber .

1974 June - 1977 September

1972 hpril ~ 1972 August

1971 Novenboer = 1972 April -

" WORK EXPERIENCE:

INSTITUTTON

Howard University
Washington, D.C.

Societe Engins
Matra, Velizy
France

Indian Space Research
Organization (ISRO)
Bangalore, India

Indian Space Research

Organization (ISRO)
Trivandonm, India

National Institute
of Engineering (N.I.E.)
m'sore, India

POSITION

Graduate
Assistant

. Trainee

Engineer

Technical

Asgistant

. Lecturer

-

AUVYND ¥00d 40

-

£) 30Vd TYNIOIMO

NATURE OF WORK

Working on the project
"Attitude and Shape Oontrol
of large Space Structures”
(using ORNCLS software con-
trol laws).

Understanding of 3-Axis sta-
bilization of camunicatim
Satellite OTS,

Worked in Control and
Guidanca group. Desi

and similation of altitude
control system of -scientific
(spin stabilized) and camun-

. dcation (3.Axis stabilized)

Experience on IBM 360/44,

"Applied Dynamics AD/Five and

EAI's PACER 600 camputer.

Designing a wide Bandwidth
amplifier using discrete
carponents.

Teaching undeigraduate
students Electro Acoustics.

612
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OF POOR QUALITY

'Reddy, A.5.5.0%., " “e'1od fer F:eauen~v Dozzin S‘mplifica:icn

of Iransfer Fumecticns, " Iat. 3. Con::ol, 1876, Vel. 23, No. 2,

Reddy, A.S.S.R., "Gezerztion cf Barmonles without Tuned Circuiss,”
Applied Ideas, Electroric -*z‘ﬁeer‘:g, Vol. 50, No. 613, wid- -

Bainum, P.M. and Reddy, A.S.S.R., "On the Controllability of &
Long Flexible Beam in Orbis,” presented a2t Second AIAA Symposium
on Dynaxics and Control of Large FlexZble Spacecraf:, June 21-23,
1979, Blacksburg, Visginia, also in P*oceeding of VPI&SU/AIAA

Reddy, A.S.S.R. and Bainum, P.¥., "Decoupling Comtroi .- ~ong-
Flexdble Beax in "Orbit", presented at AAS/ATAA Astrodynamics
Specialists Confereace, Provincetowa, Massachusetts, June 25-27,

1979, also in Advances in Ast-onautical Sciences, Vol. 40, pp.. 6494_

Reddy, A.S.S.R., Bainum, P.M., Bamer, E.A., and Krishne, R.,-
"Control of 2 Large Flexdble Platform in Orbit," presented at
ATAA/AAS Astrodynamics Couference, Auvgust 11-13, 1980, Daovers,
Massachusetts, 2lso in Journal of Guidance and Control, Vol. 4,
No. 6, November -~ December 1981, pp. 642-649.

Reddy, A.S.S.R., and Bafnum, P.M., "Graph Theory Approcach to the
Efgenvalue Problem of large Space Structures,” accepted for pre-
sentation at Third VPI&SU/AIAA Symposiim on Dynmamics and Control of
Large Flex{ble Spacecraft, Jume 15-17, 1981, Blacksburg, Virgi=zia,
U.S.A., also in.the Proceedings of Third VPI&SU/ATS4A Svwoosium,

Baiaum, Poho and Reddy, A.S. S.R., "0a the Shape and Orientation
Control of an Orbiting Skallow Spherical Shell Struc’u’e, pre-
seated ar Joiat IPAC/EZSA Symposium on Automatic Control in Space,

" Noordwiikerhout, The Netheclands, July 5— l982.

CPUBLICLTIONS /FRZENTATIONS
1.
PP. 603-608.
. 2.
tober, 1978.
3.
Svaposiuz, pp. 145-59.
4.
673.
5.
6.
pp. 175-B89. .
- 7'0
8.

Bainm, P.MO, Km:’ v.Ko, Reddy, AoSoSoR.’ and K:iShnﬂg RO,

"On the Modelling and Simulation of the Dymamics and Control of

Large Flexible Orbiting Systems," presented at the 10th IMACS World
Congress on System Simulation and Sciexzific Computaticn, Montreal,
Canada, August 8-13, 1982.

<
:
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Reddy, A.S.R. and Eainim, P.M,, "Comtrelilabiliicy c¢f Inherently Damped
Large FlexZble Space Srstems,' presentel 2t the 23v¢d Internztional
Astronauzical Congress, Paris, Framece, Sept. 27-0ct. 2, 1982, 2lso
tc appear iz Acte istronautica.

Bainum, P.M., Reddv, A.S.S.R., and Krisma, R., "Oa the Controllability

and Coatrol law Desiga for an Orbiting Large Flerdble Antenna System”

-~ i~ presented at the 34th Internationzl Astronautical Congress,
Budapest, Eungary, Oet. 10-15, 1983,

Reddy, A.S.S.R., “Solurion of Kepler's Equation 2s a Differential
Equation," : . .- presented at ATAA 22nd Aerospace Sclences Meeting,
Reno, Nevada, Jaa. 9-12, 1984,

ORIGINAL PAGE |9
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"OF POOR QUALITY : CURRICULUY VITAE

Dr.Harijono Djojedihardjo

Sepior Caief lLecturer/Associate Professor of Aerospace anznee.ing
2ad Heald, Aero & Byvérolynamics Laboratory

Departmen: of Mechanicel Engineering

Institute cf Tecnnologv .Banéung, Indonesie

and

Director, Aerospace Technology Center

Kationzl Institute of Aeronaucics and Space (LAPAN)
Jakartz, Indonesia

ancé.

Cnief, Dynamics and loags

Directorate of Technology, Nurbanzo Aircraft Industry
Bandung, Indonesiz2

Areas of Specialization : Aerodynamics and Gas Dynawics, Aeroe.asticity, Stability
and Control, Orbital Mechanics, Wind Energy, Computational
Methods '

1. PERSONAL DATA
Place and Date of Birtk:

Marital Status:
married, to -Dr. Bulantrzsng Djojodinardjo., & medical doctor
" three children : Krishna ( a boy, 1ll), Bismo (a boy, 7) and
asmara ( a gi*l 6)

2. ACADEMIC QUALIFICATION

College L Year Degree

Institut Teknologi Bandung 1958-62 Sarjana  Teknik Mesin (Ir)
University of Kentucky 1963-64. ¥.S.in Mechanlcal Englneering
Massachusetts Institute of - ‘ : .
Technology , 1964-68 . Mech.E. (1965), S.M.inp Naval
B ' Architecture and Mar;ne Eagineeris
" (1966) ’

Sc.D. in Aerodynamxcs and Cap~
Dynamics (1968)

Training and Postdoztoral Courses Attended -

Organization ‘ " Time Subject .-  Fellowship

- National Physical laborztory Jap~Apr 72 Windtunnel . British Council
(Teddington, England) o  Design & . -
A ' . ° ' Techpiques
Internationel Centre for Sep-Nov 74 Coctrol Tneory ICTP.
Theoretical Physics - : é Functiopal
Anaiysis

- _..._ ————— e - . . i e - - : - e e s e . ST - - ‘
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Organlzat1on . Time Subject. Fellowship
_Inte*nationa. Centre for ' -
Theorezical Physics o Sep-Nov 76 Applicerion of ICT?

“Functionzl Analy=""
sis to Mechanics
2. PROFESSIONAL EXPERIENCE
r.BEarijono Djojodihardjo has a comdbined teaching and practical experience
totaling approximately 21 vears since receiving his Sarjana Teknik (Ir)

- degree in 1962

Uaiversitcy Teachlnv and¢ Research

Institut Teknolog‘ Banoung 1983~ Senior Chief lecturer/Associate
' Professor (IV/e)€ '
1979-83 Chief Lecturer (IV/b)
1975-79 Lecturer (IV/a)
1973-75 Senior Associate Lecturer (III/d)
1971-73 Associate Lecturer (III/e¢)
1969-71  ‘Senior Assistant Lecturer (III/b)
A : 1962-63 Assistant Lecturer (III/a)
Massachusetts Institute of ’

Technology , ' 1964-65  Part-time Research Assistant,
- : Gas Turbire Laboratory
1966~-68 Research Assistant, Aerc:  :ics and
. Structures Research Laborz.ury
.z 68~ '

Feb 69 Research Staff Member, Measurement
Systems Laboratory :

Courses Taught:

Ipstitute of Technology Bandung:

Hachlne Elements (1962-63), Fluid Mechanzcs (1969-81), Beat Tramsfer (1969 =70},
hermodynamics (1969-72), Aerodynamics (1969-74), Airplane Performance/Flight

Hechanics (1974-1983), Airplane Stability and Comtrol (1974-83), Applied

Mechanics (1972-76), Numericel Analysis (1972-present), Aerodynamics Labora-

" tory(l976-present), Mathema: cal Physics (1972-present)

Graduate courses:

Aerodynamics (1976-present), Aercelasticity(1982- present), Applied Mathematics

(1979-82), Rocket Flight Mechanics (1976), Spacecra" Yvonamics and Control(198 )

Other Universities:

Military Technical .....camy, Bandumg, 1962-63 : Applied Mecharics, Thermodynamics
State Anmlnlstratlon Institute, Bandung, 1972-74: .Introduction to Computers
' Graduate School of the Institute for Teaching and Education, Banduag, 1976-81:
Introduction to Compute: 3nd Computation '
University of Indonesia, Jakarta, -769-71: Fluid Mechaniecs, Dynamlcs
Navzl Institute of Science , Jakarta, 1969-71 : Energy Conversion

@ Oniversity Teaching Position in Indonesian -.ate Universities falls 1ntb'C1v11 Servant
classification. For University graduates, the rank starts at III/a(for Master's Level)
or III/o(for Doctorate's level ).The nlghest is IV/e,for Semior Professor, and is
equivalent to Major Gemerai/Air Vice Marsh
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Azaderic and Professional Positioms:
Instizute -0of Technologr Bandung, Departmen: of Mechanical Engineering
196¢%~ present Bead, Aero & Bvirodvnamics Laboratory
1965~ 1972 . Beacd, Aeronauticz! Engineering Sub-Depertment
1972 - Execusive Secretary
Institute of Technology Bandung, Computer Center
1972-1977 Director for Research, Development and Computer Science
National Institute for Aeronautics and Space. (LAPAN)
1975~ preseat Director , Aerospace Technology Center
1977-1978 Mapager, Persomnel Development Projec:
1076-1983 Mapager, Wind Energs Research and Development °rogect
vhurtanro Aircraft Industry
1983~ Chief, Dynamics and Loaé, Directorate for Technology

Consulzing Experience:

Place ' Year Activities

Air Force Research lnstitute 1969-74 Aircraft Technology Development, Hovercraft
Directorate General for ' ‘
Aircraft Industry ' 1969-74 Techno-Economic Feasibiliry /Preinvestment
" Studies for Air Transportatlon System and
Aircraft. Industry- :
LIPNOR Aircraft Esta-

blishment 1969-74 Aircraft Technology Development
P.T.Ronstruktor 1969-71 Airconditioning
P.T.Widya Pertiwi Engineering 1975-76 Systems Analysis, Environmental Studies

P.T.Bumi Prasidhi 1980-82 Systems Analysis, Environmental Studies

3. TEACHING AND RESEARCE LEADERSHIP

Dr.Barijoso Djojodikardjo has been responsrble ior tne design, development and
offering of the following courses:. . "

undergraduate: Adr Transportatior System (:'1970-71)
: : Numerical Methods, Mathematical Physiss '~ = .
graduate’ : Aeroelasticity, Spacecraft Dynamics: and Control -

(special graduate program offered for LAPAN sc1entiets)

Dr Barigono Diojodihardjo has also been responsible for the establishment of
the following laboratories:

- Aero & Bydrodvyoamics Laboratory at Institute of Technology Bandung

- Wind Energy Laboratory at LAPAN (under preparation)

He has zlsc organizec & mon-~degree graduate program for LAPAN scientists , under
2 cooperarive framework betweer LAPAN and ITE .(Jnstitut Teknologi Bandung). Some
twenty engineers ané scientists have completed this program in order to provide
additional backgrounc required for their assignments at LAPAN.
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Undergraduate:

is.

1s.

16.
17.
- 18.
19.
20,
21,
22,
23
24,
25,
26,
27,
28
29,
30,
- 31
.32,
33,
© 3¢,
35,
36.
37.
38.

39.
40.

OF POOR QUALITY

4 Simrle Method to Anzlyse and Caleulate Rocket Trzjectory, Urip Subagvo, 1970.
Route and Treffic Anzlysis of Domestic Air Transportetioz System, S.W.Hidayat,
1870. T

£ Study on Gyro-Dypamics, S.E.Pamungkas, 1970.

The Design ané Comstruction of an Optical Stress Analysis Demonstration

Pig, W.Gitosavono, 1971.

-The Desigr and Construction of £ Water Table, Nyoo Seng Tjwan, 1972.

The Design and Construction of z Pyramidal Balence, Nugroho, 1972,

 The Desigo of a Windtunnel Balance, Djinawi, 1972.

Beat Transfer Calculation of Bandung Nuclear Reactor, Antarikso, 1972.
The Design and Construction of a windtummel wire balance, Sumantri, 1973,

.The design of. 2 two-stage sounding rocket, Indrawam, 1973. .

An Experimental Study of Hovercraft Lift Systexm, Subari, 1973.

The Calibration of ITB Low Speed Windtunnel, M.Agus, 1972.

£r experimentel investigation o the flow characteristics around & cir-
cular cylinder at Reynolds number of 104 , Rudiomo, 1973.

An experimental investigatior of Darrieus Rotor Model, H.Abdulrachim, 1974.
An experimentsl investigation of the influemce of aspect ratio on the
aerodynamic drag of rectangular cylinders, Sugiarmadji, 1974.

The design of & transport aircraft, Wahyomo, 1974,

Numerical beat transfer analysxs of grain drying process, Rohmanuddln, 1975.
An experimental investigation of a2 high rise building model, L.TU.Kamil, 1976,
Experimental investigation of propeller type wisdturbine rotor,B.Suraryo, 1976
&n azerodynamic analysxs of sail windrill rotor, R.R.Malik, 1976.

Aerodynamic analysis of Darrieus Windturbine Roter, Rasuldinm, 1976.
Construcrion and field tests of Savomius Rotor, W.Hidayat, 1977.

Analysis of Wind Data for ‘Energv Utilization, D.A.Salim, 1977.

Construction and Tield Test of Thai Bamboo Mat Windmill, Zulfian, 1977,

A Study of Gyro Windmill, Asyaman, 1977.

The design of & small hovercraft; Berman, 1977.

An experimental investigation of the pressure distribution around & TV
Tower Model, Omn Yusoff, 197§.

£ Matrix Mthod for- Structural Analy51s of a Non-Prismatic Beszm,ZSulistyo
Armadi, 1978. , '

An Experimental Investigation of an h-pentane solar pump, Radialtono and
Idrus, 1978.

Construction and Pield Tests of a Clapper Windmill, Santosa, 1979.

The Design of the Propeller for an Open Circuit Windtunnel, M.Wirata, 1980.
Windtunnel Test of Some Automobile Models, Pramudji, 1981.

Pinite Element Analysis of Flow Through an Oru.rfice, B.Priyatmoko, 1983.

An anlysis of the influence of gravitational anomaly on the geostatiomary
orbit, Yus Kadarusman, 1983.

The Design and Construction of a Bicycle Wheel Windmill Rotor., B.Hasan, 1963.:
Experimentation and design of 2 laser anemometer, Chunaeni Latief,1975.

The design and construction of 2 small windtumnel for ‘environmental
studies, Adi Sadewo Salatumn, 1975.

Prelzmznary design of a trainer aircraft, Manahara Parhu51p, 1974

_The design _of a windtunnel fan rotor, Ali Syalfullah 1978.

~ _ Ongoing: . . S L

L
__2

4

The Design o‘ s Darrleus Wlnd Turblne System, D.Rasworo.
Wind Data Analysis of Bandung Northern Bills, Surys Wahidin.
An Analytic and Experimental Investigation of Tip-Vane Concept, T.Sarief.

£ Newton-Raphson Approach for the Analysis of the influence of Gravitational
Anomaly on Geostationary Orbit, E.Sudjono.

N N
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~ Graduate Projects/Theses: ..

4.

- 1. Structurel Analvsis of a Rocke: tirframe, D.Sebavang, 1976.

2. Rocket Trzjectoryr Analysis, Susecyo Mulyoéromo, 1976. )

3. Anzlysis anc Design of & two-stage sounding rockez, S.S5ilitonga, 1976.

4. Anzlysics and Assessment of the ground track cf low earth o*blts for
earth observatijon, D.Ginting, 1579.

5. A Vorzex Lattice Method for Aerodynamic Calculatzon of Three Dimens;onal
Wings, S.Ginting, 1979.

6. Conceptual Design of a Commumication Satellite, E.Satrya, 1979..

7. Finite Elewent Analysis of a Cantilevered Non-prismatic Beam, S.Atmadi,
167¢.

AOngoing:
1. Aeroelastic Anzlysis of Troposkier Rotor Blades, S.Lubis.
2. At experimental inveszization of the vibrational characteristics of

a Darrieus Rotor Blade, A. Gaspers.

Doctorzl Theses Supervised
(Member of Doctoral Thesis Committees)

- 1. Analysis of Geoid in Indonesian Region, Joenil Rahar, -1981.

2. The Application of Optimal Regulator-Ralman Pilter for the design of
- Automatic Control System, Ari‘ln Wardiman, 1983.

SCHOLARLY AND CREATIVE PRODUCTIVITY

Principal Investigator of the following Reserach Grants and Projects:

1.

2.

Department of Defense Grant for the Develonment of Low Speed Windtunnel
at ITB, 1969. A

LAPAR Grant for the Construction of ITB Low Speed Windtunnel Test Section,

- 1970.

Department of Education Grant for.the Calibration of ITB Low Speed Windtunnel,
-1971-1972. . - '

Department of Education Grant for.Hodel Testing at ITB Low Speed Windtunnel,
1973-1974. : .

Department of Education Grant for the Study and Development of Windmills

- for water pumping, 1977-1978

JAlr Force Research Institute Progett fot the Design and Constructlon of
a Hoverc aft, 1970. :

Air Forte ‘Research Institute Progect for the Study on the Development of

Aircraft ip Indonesia, 1970.

)



€. 4ir Yorce Kesearch Institute Projec: for the Modificatior of Gelatik Aircraft
.fo:‘recouneissance-mission,,1979;, : ’ -

9. Air F¥orce Research Institute ProJec‘ for Performance Evaluation of Bovercraft
XEV~0L, 1973. '

1C. Directorate General of Aircraft Industry Project for relinlnary Desigu of
an Overhaul Enterprise for lLigh: Aircraft Engines, 1972-1973.

11. Directorate General of Aircraft Industrv Project for the Techno-~Economic
- Study for the Assembling of Other Types of Aircraft at LIPNUR,1973-1974

12. Foréd Foundation Grant to ITB for the Development of Comoute' Sczenees at
ITB, 1972-1976. .

13. P.X. I;meh (State Tin Enterorise) Project for the Desxgn of Computer System
for the Support oi Exploratior Activities at P.N.Timah, 19/u-l97>

14, P.N.Timah Sub-project for tbe design of Computer Processing System for
Maintenance Inventory, 1976.

15. P.N.Aneke Tambang (State Mining Enterprise) ProJect for Hanagement Personnel
Fam;liarizatlon with Computer System, 1975. )

17. LIPNUR Aircraft Industrial Institute Project for Structural Analy51s of LT-200
trainer aircraft, 1975.

18. Directora.e General for Bulldlng Research Grant for windtunnel studies of
Highrise Building Model, 1976

19. PT Widya Pertiwi Engineering Project on Baselire Studies-for the Development
of Ciliwvung-Cisadane River Basin, 1975.

20. PT Widya Pertiwi Engineering Progect on Environmental Modellzng of Greater
<Jakarta Mgtropolitan Area, 1978-1979. .

21. PT Bumi Prasidht Projeef on °roJect Monitoring System , 1980-1981.

22, Depar:nent of Pznance Projec* for:the Design of Computerlzed Procedure, 1974

Refereed Publications : (Jourmal articles, symposiux proceediugs and presentations)

1. Development of Aerodynamic Computation Routine for Road Vehicles Using Panel
Method, Intermational Pacific Conference on Automotive Eng;neer:ng,November
7-30, 1683, Tokyo, Japan. .

2.-Development of Indonesian Sound;ng Rockets, with K.Subandhi and S Silitonga,
: 34th Congress of the Internatlonal Astronautical Federatzon, October 10-15,
Budapest Bungary. ) .

3. Assessment of Wind Energy Potentlal in. Indonesza and Conszderatzons of Eco-
-nomic Aspects, National Energy Workshop. organlzed by Indonesian National .
Committee for World Energy Conference, April 28-29, 1983, Jakarta, Indonesia.

@)
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Wind Energy ir Ipdonesis: Resource Evaluvatior and Applications Develepment,.-

‘Internazional Svmposiutz - Workshop or Remewable Energv Sources, crganized by

Clean Epergr Kkesearch Imstitute, Universits of Miami anéd Pakistan Council of

~ Scientific and Industrisl Research, March 16-22 1983, Lshore, Pakistac.

The desigr of Cambered Elade P Opelle* Windgenerator EN-P-02Xz (in Indonesian),

© with Sugiarmadji and S.Atmadi, Mzjalah LAPAKN, No.25, ISSN 0126-0480,May-

14,
15'

16.

17.

July 1982,

Aneclysis of the Influence of the Gravitational Anomzly on Geostationary
Orbit (ic Indonesian), with ¥.Kadarisman, Majalah LAPAK, Ko.25, May-July 19E2.

Computarional Scheme for "Geostationary Satellite Orbit due to Bravitationszsl
Apomaly of the Earth, with Y. Kadarisman, Proceedings ITE, ISSN 0125-9350,
v0l.15, No.3, 1982,

Progress and Projection of Indonmesiar Wind Epergy Program, Proc. Pourth
International Sywposium on Wind Energy Systems, September 28-October 2,
1982, Stockholm, Sweden, organized by BHRA Fluid Engineering.

Aerodynamic Computation of Automotive “ehicles (in Indoneszan), 4th IATO
Conference, Jakarta, October 27-28, 1982.

Technology Development of Wind Genmerators, with Sugiarmadji, First Congress
of the ASEAX Yederation of Englneerlng Organizations (CAFED I), Jakatta,

August » 1982.

LAPAK Low Subsonic Opean- Circuit Windtunnel at Rumpin (in Indonesian), with
J.Kromodiharjo and I.Sidarta, Scientific Meeting, Laboratory for Aerodynamics
ard Gas Dynamics, BPP Techmology, Jakarta, April 6-7, 1582.

The use of earth surface observation dats for development plamning of
Greater Jakarta Metropolitan Area (JABOTABEK), with E.Saparjan, paper
presented at 29th Congress of the Intermational Astronautical Federatlon,
October 1-8, 1978, Dubrovnik Jugoslavia.

Wind Epergy Research and Development Program in Indonesia, with particular
reference to electric1ty generation, Ipternational Conference .on Using . .

.Renewable Resources in Developing Countries, Berlin (West), June 30-Julv4

1980.

An assessment of the deﬁeldpment‘of wind énsrgy applications in Indonesia, .’
(in Indonesian), with Sugiarmadji, Warta LAPAK, no.5, October, 1981.

Tpe des ign of multibladed windpumper "EN-SM-03 (in Indonesian) Majalah LAPAN,

August-October, 1981, No.22.

Preliminary Assessment of Wind Data é: Selected Sites in Indonesia, with
D. Sebayang, LAPAL-DFVLR Workshop on Wind Energv Systems, Jakarta, March 3~5
1981, . .

"LAPAX Vertical Axis Wind Turbine Piogiam, LAPAN-DFVIR Workshop on Wind Energy -

Systems, Jakarta, March 3-5, 1981.

\"

®)



1E.

24,

25.

26.

27,

28.

29,

30.

<30

The Design ané Construction of LAPAN 6 Darrieus Wind Turbine. LAPAL-DFVLP

Workshop on Wind Epergy Systems,-Jakarta, -March- 3-5 1981,

Preliminary Desigr of LAPAK 6¥ Propeller Winé Turbine, with D.Ginting, LAPAN~-
DFVLFE Worksbop or Winé Energy Systems, Jakarta, March 3-5, 1981.

Progress and Status of LAPAN Windpumpers Development Program, with D.Ginting,
S.Atmadi ancd N.Saarosec, LAPAL-D?VLR Workshop on Wind Energy Systems Jakarta,
March 3-5, 1981.

Windtunnel Testing of Models of Commercial Vehicles (in Indomesian), with
Pramudji, Third IATO Conference, Jzkarta, Jume 11-12, 1981.

' Aetodynemic Considerarior for Fuel Saving in Automotive Vehicie Design (in

Indonesian), Seconé IATO Conferemce, October 11-12, 1979, Jakarta.

"The Determination of the Influence of Various.Parameters -on the Aerodynamic:

Chzracteristics of Vehicles by Utilizing Wind Tunpel, (in Indonesian),First
IATO(Indonesian Automotive Society) Conference, January 19-20, 1979, Jakarta.

Beat Transfer from the Outer Surface of a Rotating Cylinder in Cross Flow,
with Dr.Arvadi. Suwono, Proc. Kational Heat and Mass Transfer Conference V,
Byderabad, India, February 13-16, 1980,

Performance Evaluation of & Propeller Windturbine for Micro-Electrieity
Generation (in Indopesian), with H.Sosrohadisewoyo, Workshop on Non-Con-
ventional Enmergy Development, organized by the Directorate General of
Energy, January 28-29, 1980, Jakarta.

Wind Energy Research and Development ?rogram at the Indonesian National
Aerospace Institute (iun Indonesian), Workshop on Wind Energy Appllcatlons
Development, May 27-28, 1980, Jakarta.

The Applications of Wind Energy for Water Pumping and Electricity Gemera-
tion, (in Indonesian), Workshop on Non~Conventional Emergy Development, or-
ganized by th Directorate Genmeral cf Emergy, January 28-29, 1980, Jakarta.

A Method for the Aerodynamic Computation for Vertical Axis Wind Turbine (in

.. Indonesiaa), with S.Mulyodromo, Workshop on Wind Energy Applieations Develop- N
' 'ment, May 27-28, 1980, Jakarta.

The Deszgn and Comnstruction of 1.3RW Darrieus Wind Turbine (in Indonesian),

with Sugiarmadji, Workshop on Wind Epergy Applications Development, May 27-28, -

Jakarta.

Analys;s‘of Wind Data on Some Regions in Indonesie (in Indomesian), with
D.Sebayang, Workshop on Wind Energy Applications Development, May 27-28 1980,
Jakarta.

31. Optimization. of the Aerodynamic Performance of Propellef Rotor for the Design

32.

of Wind Energy Conversion System (in Indonesian); with- S.Ginting, WOrkshop -on
Wind Energy Applications Development, May 27- 28, 1980, Jakarta. -

The Design and Construction of a Wind Energy System Consisting of a Bamboo-
Mat windmill, a pump and a grain thresher (in Indopmesian), with S.Atmadi,
Workshop on Wind Enmergy Applications Development, Jakarta, May 27-28, 1980,

-« 4
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34,

3s,

36.

221

echnologlicel Capabilities ir Wind: Epnergy Conversior Systexr in Inddnesia
(lt Indonesian), with Dr.Aryadi Suwono' and Dr.Mardjono Siswosuwarno, Uo‘kshop
on. Wind Ene'gv Applications Development, May 27-28, 1980, Jakerta. :

Wind Energy ir Indonesiz: 'Prooects and Chzllenge (in Indone51an), Natiomal
Energr Workshop ‘organized by the Indonesiar National Committee for World
Energy Conference, april 1579, Jakarta.

Orbital Dynamics of Geostationary Communicatior Sestellites (in Indonesian),
Worksnop on Space Communication ‘Systems organized by LAPAK, March 13-15, 1979,
Jakarta.

Wind Epergr Conversion System Technology .and Developmeat Propects in Indonegis
(in Indonesian), theme paper, Seminar on Atmospheric snd Space Research, or~

ganized by LAPAN Space Research Cente:, Bandung, February 5-7, 1979.

37,

38.

39,

40.

41.

42,

43,

44,

45,

46.

47,

Some Erperimental Results of Ssvonius Rotors and Prospects for Weter Pumping
Applications, (ir Indonesian), Seminer on Atmospheric and Space Research, LAPAK;
Bandung, February 5-7, 1979.

Construction and Test Results of Solar Energy Water Pump (in Indonesian),
with Raldiartono EKustur and M.Idrus, Seminar on Armospherlc and Space Research,
LAPAN, Bandung, February 5-7, 1979

Field Testing of Savonius Rotor Prototype (in Indopesian), with W.Hidayat,
Majalah LAPAN, no.ll, Vol.{iii, 1979.

The Influence of Aspect Ratio on Bigh Rise Buildings of'Rectaﬁguiar Cross
Sections in Uniform Flow (in Indoesian), with Sugzarmadg;, Majalah LAPAN,
no.8, Vol.III, 1978. -

Analysis of Wind Datz at Cilaut Eureun for Energy Utilization (in Indonesian),
with D.A.Salim, Majalah LAPAN, no.5, vol I1, 1977,

Research ané Prospects of Utilization of Wind Energy in Indonesxa,
(paper no.NR/ERD/EW GBW/CR.1l7), Proceedings of the ESCAP Expert Worklng Group
on Solar and Wind Emergy, Bangkok, 1976 (published by the United Natioms)

Formulatior and Analysis of the Aerodynamic Load on Darrieus Rotor Blades,
(ic Indonesian), Second National Matnema Jcs.Canerence; Jogyakarta, . Novem-
ber 1977. . e v

Aerospace Technology for Rational bevelopment: Indonesian Study, Inter Congress
of thne Pacifi- Science'Association, Denpassar, Bali, July 1977.

herospace Technology Development in Indonesia (in Indonesian), theme paper,
Seminar on Rocketry, LAPAN, Bandung, February 1976.

A Simple Method to Calculate Rocket Orbit (in Indonesian), with U.Subagyo.
Seminar on Rocketry, LAPAN, Bandung, Iebrﬁary 1976.

Contributions of Aerospace Technology in Environmental Development, (in’
Indonesian), Seminar for Environmental Development, Ministry for Env1ronmental
Development, May 1978, Jakarta.



45,
-Indonesian), with S.W.Eidava: anf E.Taroepratjeka, Mechzniczl Engineering -

49,

50.

51.

- 52,

53.

54,

56.

57.

58.
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The Selectior of Aircraf:t in an Air Transportation Systex: £ Case Study (4in
Secinzr, Decexmber 18-2%, 1671, Bandung.

Séte“'te Orbitel Considerations for Remote Senslng ir Indonesia( with
J.Seiatun ané¢ Prof.Dr.Iskandar Alisyahbana), Join: UN-FAO Regionzl Sexinar on
Remote Sensing Applications, Jakar.c, November 1975.

Computer at ITB: Progress and Problems, with Harsono and T.Mardiomo, 7th
Hawaiian Intermationzl Conference on Systex Sciences, January 1974, Honolulu,
Hawaii.

4 simple potential ‘low'model for-ihé calculation of the oscillating lift on
& circuvlar cylinder, 10th Int etnatlopal Symposium on Space Techmology
anc Science, Tokvc, September 1973,

4 Niumerical Metnod for the Calculation of Nonlinear, Unsteady, Lifring Potential
Flow Problems, witk Dr.S.E.Widnall, 7th Aerospace Sciences Meeting, New York,
N.Y, USA, January 1969; also appeared in AIAA Journal vol.7, mo.10, October
1969.

Wind Loads on Tall Buildihgs; Conferente on Tall'Buildings, December 9-11,
1974, Jakarte.

Fully Developed Laminzr Flow in a Stepped Rectangular Cbannel with Dr.J.F. Thorpe.
ASME Journal of Applied Mechanlcs, June, 1966.

Vinti's Surface Dernsity as a means of representing the Earth's Disturbance
Potential, Proceedings ITB, vol.7, no.&, 197&.

Some Notes on the Design, Construction and Performance of the Low Subsonic
Windtunnel at ITB, Proceedings ITE, Vol.7, mno.3, 1973.

Locally linearized solution of the lifting transonic flow by method of
parametric differentiation, Proceedings ITB, vol.6, no.l, 1971.

An Observation on Research and Development of Wind Energy Conversion System )
in Indonesia, Techmiczl Discussion, World Federatioa of Engimeering "raanlaations,
Rovember -10 1979, JaLarta

o)
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Earijono D1cwodinardio : °engenear PORIRAL IV (In: roauc.ion to PORIRAL ™),

.ITE Computer Center, 1974; supercedeé by -

r‘jono Djojodinardjo an¢ Muhammadi Siswosudarmo: Pengan:ar Pemrog'aman
daiac Bahasza FORTRAN IV (Introduction to FORTRAK IV Programm;ng).

.published by P Gramedia, 1978 .

Barijono Djojodihardjo: Mekaniks Fluida (Fluid Mechanics), PT Erlangga.
1983,

Barijono Djeojodihardjc: Metoda Mumerik (Numerlcal Methods), PT Erlangga,
1983.

Harijono Djojodiharéjo anéd Jens Peter Molly (edito’s) Wind Energy Systems,
PT Alumni, 1983.

Harijono Djojodihardjo : Te*modinamika Teknik (Engzneering Thermodynamics).
PT Gramedia (in press)

Harijono DJojodihardjo : Pengantar Sistem Kamputer (Introduction to Computer

'Sys:en ) (editor), PT Erlangga (in press)

thor of 2z chapter on Antomo'ive Aerodynamics, in a Handbook of Automotive
Engineering, in Indonesian, prepared by IATO (Indonesian Automotive Society).

: ‘Harijonmo Djojodihardjo ané Sanusi Tanoemihardja (editors): Pengembangan

Pemanfaatan Energi Angin (Development of Wind Energy Appllcatlons), Proceedings,
published by LAPAN. .

Research and Project Reports: (in Indonesian)

-1,

2,

Tbe Design of LAPAN 1.75 x 2.35 m Low Speed Wind Tunnel (in Indonesian, as
chief desigmer), LAPAN Interim Report, 1979.

-Structural Amalysis of the Fuselage of XT-400, H. Djojodihardjo, S.Atmadi,"

W.Barun and M.Wirata, Jzpuary 1978, Aero & Hydrodynamics Laboratory Report,

.ITB.

The Design and Construction of Savonius Rotor Windmill, with W.Hidayét,

Aero & Eydrodynamlcs Laboratory Report, ITE, December, 1978

Windtunnel Investigation of TV Tower Model, with O. Yusoff Aero & Eydrody- o

"namics Laboratory Report, ITB, August 1978.

Analysis of Wind Data for Emergy Utilization, with D.A. Sellm, Aero & Bvdrodynamdcs

'Laboratory Report , Angus. 1977,

' Windcunne; Investigation of Hzgn Rise Bu11d1ng Hodel with L.U.Kamil, B
~“Aero & Bydrodynamics Laboratory Report, prepared for tbe Directorate for

Buildlng Research, June 1976.

e o b e s e = e N ey e e qetg
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13.

14.

16.

17,

18.

19.

ORIGINAL PAGE I3 234
OF POOR QUALﬁY '
Az -xverimen:al Inves:iga-ior of z Verticel Windmfill Model, with Sugiarmadji,
Aerc & Bycérodvnamice Laboratory kepor:, July 1974, ITE. ’ ’

Az Experimental Investigezior or- the lnfluence of Aspect Ratio on Tall
Buildings of Rectargular Cross-Section, Sugiarmadii ané Barijono Djojoéihardjoe,

‘June 1974, Aeroé Byérodynmamics Laboratory Report, ITE.

A Computer Aided Analysis of the Grain Drying Process, Berijono Djojodihardjo
and ¥ Rohmanuddin, April 1975, Computer Science Division, Computer Center,ITE.
: . L 4

A Stucy of Windmills with ar experimental investigation on ve*tical'aris
panemones, BHarijono Djogodihardjo & Abdurrachim, February 1974 Aero & Bydrodynamic
Laboratory, ITB. .

Ar Experimental Investigation of Tell Building Models, Sugiarmadji,_L.U.Kanil
and Ezrijono Djojodibardjo, Aero & Bydrodypamics Laboratory Report, ITB,
August 1975,

The Design and Development of a Bovercraft Type XHV-Ol;'Earijono Djojodihardjo

et a2l.-Air Force Research aud Development Center, March, 1971, Bandung.

Fan and Performance Test of the Experimental Bovercraft XHV-0l, Barijono
Djojodihardjo and Sugiarmadji, Air Force Research and Development Center,
Bandung, 1973. .

Prelizinary Design of an Overhaul Enterprose for Light Aircraft Piston
Engines, Harijono Djojodihardjo et 2l, August 1973, Foundation for -Research
and Industrizl Affiliation ITB. :

A Techno-Economic Study for the Assembling of Other Types of Aircrafts at
LIPNUR, Harijono Djojodihardjo et al, March 1974, Foundation for Research
and Indusrrial Affiliation ITB.

A Study on Transportation in Nuss Tenggara, a survey commissioned by BAPPENAS,

..(The Indonesian National Development and Planning Agency) 1972 (member of

working team).

A Design of Computer System for the. Support of Exploration Activities at
Timah Final Report, June 1975 (Progect Officer)

Structural Analy51s and Calculation of the Fuselage of LT-200- (trainer aircra.t),
Report to LIPNUR (Aircrafl t Industrial. Institute), Oc tober 1975.

Baseline Study of the Development of Ciliwung Cisadane River Basin Region, -

" a study prepared for the National Development Planning Agency through

20.

21,

P.T.Widya Pertiwi Engineering, 1975.

A Study on the Environmental Modelling of Greater Jakarta Metropolitan Area
(JABOTABFK) , with'R.J.Widodo,Areport for the National Resources and Environment
Management, BAPPENAS, prepared by P.T.Widya Pertiwi Engineering, 1979.

Coﬁéutef-at ITB: Prospects.end Capabilities  (with- Dr. Filino Harahap),‘a survey
paper prepared on behalf of Computerization and Data Processing Team, ITB, for
the Ford Foundation, 1970. .
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5. INVITED LECTUPES, ‘ABL;IS:, SESSION CEAIRMAX, OPGANIZER
Inv*tec Lectures

l. Feasibility of Space Cooperariop: among ESCA® Member States, United Natioms
Regionzl Seminar or Space Applications Focusing orn the Implementatioc of the
Recommendations ¢f UNISPACE €2, ESCAP Headquarters, Bangkok, Theiland, May 30~
June 3, 1983, .

2. Communications Satellite Systex: Observation aud Expectation, IAF-COSPAR Forum.
Viennz, August 4-6, 1982,

3. & Reviev or the Formlation of Development Alternatives and Requirements
of Future Indonesian Satellite Communication Systew (with co-author E.Jamin),
Goddard Memoriel Svrposiux, American As:ronau*ical Sociery, Washington, D.C.,
March 28-30, 197¢. .

4. Techno-Economic Studr on & Manufacturing Plant for the Overhaul cf Aircraft
Engines (in Indonesizn), Third Seminar on Aircraft Industry, Directorate
General of Aircraf: Industries, Jakarta, January 29, 1974,

5. Wind Epergy Technology -a2nd Potential Assesment of Lombok Area, West Nusa
Tenggara Regional Planning and Developmean: Agency, Mataram, Lombok, July
1982.

6. Assessment of Wind Energy Application in Rural Areazs, University of Dipone-
goro Workshop on Nor-Conventional Energy, Semarang, September 1981,

7. Advances in Space Techmology and its Impact on High Schcol Education, Indonmesian
Institute of Sciences Lecture Series for Dissemination of Sc1ence, Pontianik,
West Kzlimantan, 1982.

8. Progress in Space Technology , Air Force Staff School, Jakarta, May, 1983.

9. Recent Advances in Space Science and Technology, invited lecture delivered
for Naval Officers, Jakarta, November 1982.

10. Systen Analysis and Compute' Science, Air Force Staff and Command School,
_ Bandung, 1974, 1975. ) '

11. Wind Energy Sys;ems Technology:Indonesian Experience, ASEAN-US Erergy Tech-
nologry Semwinar, organized by the Indone51an Ins.itute of Science and US-AID,
VBandung, June 7-1%, 1982.

12. Instructional Methods in Curriculum for Techaical High School (in Indonesian),
’ Seminar /Workshop or Curriculum Development at Tecbnical Bigh Schools, Depart«
mant of Education, Jakarta, 1978.

Member of Indonesian Delegatlon

1. United Nations Committee for Peaceful Uses of Outer Space, Scientific and
Technical Subcommittee , New York, 1977,1978.

2. Association of Soutk East Asiap Nations, Committee on Science and Technolegy,
Sub~committee op Climatology, Jakarta, 1981.

3. ESCAP Expert Worklng Group on Solar and Wind Energy. Bangkok 1976.
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Panelis:, Sessior Chzirpac, Orgacizer;

‘1. Member, Comriztee for Lisison with Internaeiona. 0~ganiaations anc Developing
Couztries, lnternatioaal Astrouaautical Federatior, sznce 1587¢9.

2. Referee/Panelist, IAF-COSPAR UNISPACE Forun, Vienna, August 1982
(Point-to-point Commu“ication)

3. Session Ce~Cnzirman, X¥ZIInd Congress of the International Astronautrical FPedera-~
tioz, Earth Observation from Space, Data Processing, Rome, September 1981.

4. Chaiymar, session for the draftirg of conclusions and reecmmenca.ions,
Unite¢ Kzzions Regionz) Sewinar op Space Applications Focusing on the Imple~
pentatior cf the Recommendazions of UONISPACE 82, ESCAP Beadquarters, Bangkok,
Tna.;and Mar 30-June 3, 1983.
5. Session Chairmam, Space Commmication Session, Upited Nations Regional Seminar
oz Remote Sensing and Space Communication for Development, Jakarta, November
- 1981,

6. Cbzirmar, Working-Group on Technical Aspects, LAPAN- NIVR Joint Workshop on
.~ Tropical Eartb Resources Satellite, Jakarta, 19€3.

7. Session Chairman, LAPAN Seminar on Space Research, Bandung, 1978.
8;-Steering Comrittee Chaifman, LAPAX Seminar on Sounding Rockets, March, 1976.
9. Chief Organizer, LAPAN Wind Energy Workshop, Jakarta, 1980.

10. Chief Organizer, LAPAN-DFVLE Joint Workshop om Wind Energy Systers, Jakarta,
© March 1980.

11. Steering Committee Member, Vorkshop on Bigher Education, organized by Instirut
Teknologi Bandung, -970

12. Steering Committee Member, LAPAN Supersonic Windtunnel Project, 1980-1983.

~13. Chairman, Working Group on Space Transportation, Indonesian National Con-

" sultazive Committee for Aerospace Affairs (PANIARNAS Antariksa/LAPAh), since
-1980.

14. Vice Chairman, Commxittee for Enmergy, National Research Worksbop, Minlstry
for Research and Technology, Jakarta, 1982.

15. Crief Designer, LAPAN Low Speed Windtunnel Project, 1978-1983.

16. Memder, Committee for Curriculum Development, Department of Mechanical
Engineering, Institut Tekmologi Bandung, Bandung, 1983.
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TROFZSSIONAL STANDING ANT: PERFORMANCE

Membership in Prcfessionali Societies:

American Institute of Aeronautics anc Astronautics, member
American Association for the Advancement of Science, wmember
International Solar Enmergr Sozietry, member

British Wind Energy Association, member

Indonesian Association of Engineers (PII), wember
Indonesian Society of Auzomotive Eagineers (IATO), member

Sigme Xi, member :
New York Acauenme of Sc‘en e, membe’ -

hwards, Lis:ings:

Fellowship, US Agency for Internationzl Developmea:, 1963-1966

Fellowship, The British Council, Japuarv-spril 1972

Fellowship, International Center for Theoretical Physics, Sentember-Novemne* ‘974
and September-November 1976

Travel Grant .. , The Ford FToundation , January 1974

Listed in Marquis' Wbo's Who in the World, 1982

Listed in ESCAP Directory in Wind Ene.gy, 1982

Listed in D1ct1onary of International Biography, 1983

Listed in Men of Achievement, -Tenth Edition, Internmatiomal Blographica‘ Centre, 1983
Listed ic 5000 Personalities of the Worlé,to be publisned, 19R%4.

Listed in Community lLeaders of the World, First Commemoratise Issue, to be
pubiished in 1984.

Professional Activities:

Editor of Maialah LAPAN
Reviewer of Proceedings ITB
Chief Editor, Bulletin four Computer Sciences, ITB Computer Center, 1972-1975

CIVIC ACTIVITIES:

Lions Club of Bandunc Raya, Bandung, charter member since 1976 v1ce-presideut,
. 1978~-1980, president, 1980-1981. :

Lions Club of Bandung Utara, Bandumg, guiding Liozn, 1981-

Lions Club of Bandung Selatan, Bandung, advisor.

Community (Rukun-Tetangga) Chairman, 1975

LANGUAGES:

Native Speaker of : Indonesian
Foreign Languages: English (fluent), German, Dutckh. (Fair) French (reading)
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Bersona: Date ' . ORIGINAL PAGCE i3 %
. . OF .'.
Name: Railash C. Panse POOR QuALITY
Date ani Place ’ i B o
of Birth:
Marital Status: Married o : -
Citizenship: Incéian
Visa Status: J=1 Visa
Address: Visiting Professor .
‘ Department of Meckanical . - CIf, (602) 965-4115 .
anc Aerospace Engineering Res. (602) 829-1702
Arizona State University o
Tempe, AZ 85287, U.S.A.
Academic Qualifications
Dearee Institution Year Field of Studv
Ph.D. ~ University of British = 1974 Dynamics and
- s - Columbia, Vancouver, "~ Control Systems
Canaca ' _
M.Sc. University of 1969  Control Systems
' Saskatchewan,
Saskatoon, Canade
B.Sé. Eng. Banaras Eindu Univer- ‘ 1966 Mechanical
{Bons.) sity, Varanasi, India ' Engineering
Academic Awards
Univaersity of British Columbia Postdoctoral 1974-75
Fellowship . .
University of British Columbia Postgraduate R ‘ 1971-73
.Fellowship- : IR e C T
Research Assistantship, Department of Mechanical ‘ 11970-71 -
Engineering, University of British Columbia o .
Research Assistantship, Depa:tment of Mechanical 1967-69

Engineering, University of Saskxatchewan

B.H.U. Gold Medal (for First Rank in the Facuit& 1966
of Technology, Banaras Eindu University) ‘

Prince of Wales Gold Medal (for First Rank in the . 1966
College of Engineering, Banaras Hindu University)

National Merit Scholarship (Government of India) 1961-66
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. w (oTe: in
Professional Experience PCER ¢liarr
Visiting Professor, Department cf Mechanical and 1983-Present
. Aerospace. Erglnee*lnc, Arlzona State University, e
Tempe, A*;zona, u. S A.' '
Professor, Department of Mechanlcal Engineering, 1982-Present
Indian Institute of Technology, Ranpur, India
Assistant Professor, Department of Mechanical C 1977-82
Engineering, Indian Institute of Technology, '
Kanpur,‘India
Lecturer, Departm:nt of Mechan;cal Engineering, . .- - 1975-77
Indian Institute of Technology, Kanpur, India o )
Postdoctoral Fellow, Department cf Mechanlcai E 1974-75
Engineering, University of British Columbia, oo :
Vancouver, Canada
Research Engineer, Saskatchewan Research Council, 1969-70

Saskatoon, Canada

Courses Taﬁqht/Develooed at TIT Ranpur and Arizona State Universitv

Undergraduate Courses: Dynamics, Mechanics of Solids,
Vibrations, Automatic Control Systems,
Space Systems Engineering

Postgraduate Courses: Advanced Dynamics, Modern Control
: - : Theory, Nonlinear Vlbratlons,
Spacec aft Dynamics and. Control -

Theses/Projects Supervised at IIT Ranour

M.Tecn. Theses:

'‘Design and Analysis of a Mechanical Drlve Unit with -
Two Degrees of Freedcm' by M.S. Prasad 1983.

'Optimal Attitude and Vlbratlcn Control of a, Flex;ble JJ ”
Spacecraft' by A. Kumar, 1983. . . :

."‘On Magnetic Attltude-Control of Gravity Gradient
~Satellites' by P. Raut, 1979,

'Pitch Attitude Control of Spaceéraft by Means of
Solar Radiation Pressure' by D.KR. Pathak, 1978.

‘Optimal Aerodynamic Attituce Control of Spinning
Satellites' by R. Venkatachalam, 1%77.
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'Opt*mal Attitucde Stabilization and Centrol of
Spacecraft by Solar Radidtion Préessure" by
R. Venkatachelam, 1980. .

‘Sponsored Project:

'Three~-Axis Attitude Control of Satellites by Semi-
passive Methods', a three vear project supported by
the Indian Space. Resea*ch Organization, Banga;ore,
India, 1978-81

Special Seminars Delivered

1. 'On Inertial Stabilizat tion and Larce Angle Attitude
Maneuvers of Spacecraft by Solar Radiation Pressure',
at the Flight Dynamics and Control Division, NAS2
Langlev Research Center, Hampton, U.S.A., August 1982.

2. 'On Semipassive Attitude Control of Spacecraft', at
the Department of Mechanical Engineering, McGill
University, Montreal, Canada, August 1982.

3. . 'On the Rotational Motion of a Spinning Spacecraft
during Unsymmetrical Deployment of Hinge-Connected
- Appendages', at the Institut fur Mechanik, Techniche
Hochschule, Darmstadt, West Germany, July, 1979.

4. 'On Solar Pressure Stabilization of Satellite Attitude

in BEarth and Space Orientations', at the Institute
for Flight Systems Dynamics, German Aerospace Estab-
lishment, Obervfaffenhofen, West Germany, July 1579.

5. 'On Sclar Pressure Stabilization of Satellite Attitude.
in Earth and sSpace Orientations', at the Burorean
Spvace Overations Center, Darmstadt, West Germany,
July 1979. ‘

6. 'On Attitude Coatrol of Earth-Pointing Spacecraft by
Means of Solar Radiation Pressure', at the Depart-
ment-of Mechanical Engineering, Howard University,
Washincton, D.C., U.S.A., June 1979.

7. 'On Magnetic Attitude Control cZ Satellites', at the
Indian Space Research O*caﬁ- - 'n, Bancalore, ’
India, October 1975.

s
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' (o)
List of Publications o F'PQOR QUALITY

(a) -

l.

”10.

Publications in Reviewed Journals

Pande, K.C., "Parametric Excitation of a High Altitude
‘Gravity Gradient Satellite", Celestizl Mechanics,

vol. 29, 1$83, pp. ,101-106.

Pande, K.C. and Venkatachalam, R., "Optimal Solar Pressure
Attitude Contrecl of Spacecraft ~ Part I: Inertially
Fixed Attitude Stabilization", Acta Astronautica, Vol. 9,
No. 9, 1982, pp. 533-540.

 Venkatachalam, R. and Pande, K.C., “Optimal Solar Pressure

Attitude Control of Spacecraft - Part II: Large Angle
Attitude Maneuvers®, Acta Astronautica, vol. 9, No. 9,
1982, pp. 541-54S5. ' - . ‘

Pande, K.C. and Venkatachalam, R., "Solar Pressure

Attitude Stabilization of Earth-Pointing Spacecraft®,
IEEE Transactions on Aeroswace and Electronic Svstems,

Vol. AES~17, No. 6, November 1981, pp. 748-756.

Panée, K.C. and Venkatachalam, R., "Inertially Fixed
Pitch Stabilization of Satellites by Solar Radiation
Pressure", Acta Astronautica, Vol. 7, 1980, pp. 155-167.

A:?ande, K.C. and Venkatachalam, R., "Semipassive Pitch

Attitude Control ¢f Satellites by Solar Radiation ,
Pressure”, IEEE Transaction on Aerosvace and Electronic

Svstems, Vol. AES-15, No. 2, March 1979, pp. 194-198.

Pande, K.C. and Venkatachalam, R., "On Optimal Aerodynamic
ttitude Control of Spacecraft", Acta Astronautica, Vol. 6,
1979, pp. 1351-59.

Pande, K.C., "Attitude Control of Spinning Spacecraft

-by Radiation Pressure”, Journal of Spacecraft and

Rockets, Vol. 13, No. 12, December 1976, pp. 765-768.

Pande, K.C., Modi, V.J., and Misra, A.K., "Solar Pressure

‘Induced Perturbations of Orbital Elements for the Communie-

cations Technology Satellite”, Astrodvnamics 1975 -~ Advances
in the Astronautical Sciences, Vol. 33, 1576, pp. 1-25.

Meodi, Vv.J. and Pande, K.C., "On the Periodic Solutions and.
Resonance of Spinning Satellites in Near-Circular Orbits"”,

Celestial Mechanics, Vol. 11, 1975, pp. 195-212.
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13.

14.

15.
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Modi, v.J. ané Pande, K.C., "Magnetic-Solar HYvbrid
Attitude Control of Satellites in Near-Equatorial
Orbits", Journzl of Soacecraft and Rozkets, Vol. 11,
No. 12, December 1974, pp. 845-851. : :

Moéi, Vv.J. anéd Pande, K.C., "A Bang-Bang Solar Pressure
Attitude Control System", The Journal of the Astro-
nautical Sciences, Vol. XXII, No. 1, July-September

Modi, Vv.J. and Pande, K.C., "Aerodynamic-Solar Hybrid -
Attitude Control of Near-Earth Satellites”, The Journal
of the Astronautical Sciences, Vol. XXII, No. 1, July-
September 1974, pp. :6-=54., . . R : -

Pande, K.C., Davies, M.S., and Modi, V.J., "Time-Optimal
Pitch Control of Satellites Using Solar Radiation Pres-
sure", Journal of Spacecraft and Rockets, Vol. 1ll, No. 8
August 1974, pp. 6C1l-603.

Modi, v.J. and Pande, K.C., "Solar Pressure Induced
Librations of Spinning Axisymmetric Satellites", Journal
of Svacecraft and Rockets, Vol.. 10, No. 9, September

Modi, v.J. ané Pande, K.C., "Solar Pressure Control of
a Dual-Spin Satellite", Journal of Spvacecraft and Reckets,
vol. 10, No. 6, June 1973, pp. 355-36l. -

Publications in Conference Proceedings

Pande, K.C. and Pathak, D.K., "Solar Pitch Control of
Earth Oriented Satellites", Proceedings of the Indian
National Science Academv Svmposium con Servo Svstems,

Trivandrum, Indie, February 1980, pp. 263-286.

Pande, K.C., "Dynamics of Spinning Spacecraft During
Unsymmetrical Deployment of Einged Appendages With Tip
Masses", Proceedings of the Second VPI/ATAA Svmposium
on Dvnamnics andé Control of Large Flexible Spacecrai+,

edited by L. Meirovitch, Blacksburg, Virginia, U.S.aA.,
June 1979, pp. 611-624.

Modi, v.J. and Pande, K.C., "Libration Damping and
Attitude Control of Communications Technology Satellite
Using Solar Radiation Pressure", Proceedings of the
XIIth International Svmposium on Svace Technology and.

Science, Tokyo, June=-Jduly 1977, pp. 341-350.

te
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‘Modi, v.J., Pande, K.C., and Kumar, K., "On the Optimized

Attitude Control of Space Vehicles Using Solar Radiation
Pressure”™, Proceedinas o0f the VIth Svmposium 0f the

"International Federation of Au*oma+ic Control, Armenia,

U.S.S.R., August 1974, Vol. III, pp. 48-62.

Mocéi, v.J., Pande, K.C., and Nicks, G.W., "On the Semi-
passive Propulsion of Space Vechicles Using Solar
Radiation Pressure", Proceedings of the Xth International
Symposium on Space Technolocy a2nd Science, 'Tokyo, Sep-
tember 1973, Editor in Chief: §S. Kobayashi, pp. 375-382.

Pande, K.C., Rumar, K., and Modi, V.J., "On the Attitude
Control of Canadian Communication Satellites Using Solar
Radiation Pressure", Proceedings of the IVth Canadian
Concress of Apolied Mechanics, edited by A. Bazergui,
Ecol Polytechnique, Montreal, Canada, May-Jdune 1973,

Pp. 521~522.

Invited Paver

Pande, K.C., "Attitude Stabilization and Reorientation
of Space-Pointing Satellites by Radiation Pressure", -
invited for presentation at the 10th IMACS World Concress

. on Svstems Simulation and Scientific Computation, August

1982, Montreal, Canada, to be published in the Congress
Procezedings. -
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Professor o o
Department of Mechanical Engineering .
University of British Columbia
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Professgor
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C. EVALUATION OF GRADUATE STUDENT FELLOWS
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1. CHERYl KCKISSACK

‘Miss Cheryl McKissack esrred her E;chelor's degree in civil
ergireering in 1§82 from' Howéfd' University. She 1is Howard's
first graduate from civil eﬁgiheering with a major ir meéhanics.
Her'undefsraduate GPA ir this major was 2.90 which ircluded a
grade of "A" ir Advarcec Calpﬁlu . IE Jure, 1982, she presented
a papef ertitled "The Load Ccrkeciibn Method" to the Arnual Con-.
-vertior of the NTA ir Orlando, FL. 'Ir the Fall of 1984 whe en-
-relled ir the M.S. pregram irn Civil Ergireerirg at Heward and
earred a GPA of 3.00. Though this performarce is rot exemplary,
. I am aware of the édjustmehtsAto graduate . study Miss McKissack
‘had to make. I am pleased with her performance to date ard ex-
pect'her thesis, presently ertitled "Extension of the Boussiresq
_Problem Inte the Large Lattice Domainr", te be a remarkable
achievemert. Miss McKissack will sperd three weeks residercy . at

the NASA/Largley Research Certer ir Hampten, VA, this summer.
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2. STANLEY E. WOODARD

‘Mf. Séanley Wwoodard, completed his Bachelor's degree at Pure
due University's School of Interdisciplinary EngineeringStudies
in 1983 and is completing his first academic year as a graduate

student enrolled in the Aerospéce Engineerihg Master's program in

". the Department of Mechanical Engineering at Howard University.

At the completion of his first semester he has earned a GPA of

3.3/&,0.' Mr. Woodard has also worked for General Motors, Detroit

'Diesgi Allison Division, Indianapelis Operations as a co-op stu-

dent and also has compleied a summer internship at the Lawrence

Livermore National Laboratory in the Nuclear Physics Division,

. He is the co-author of a technical paper resulting from this as-

signment. It is proposed that Mr. Woodard be assigned as a
Graduate Fellow under the direction of Professor Bainum commenc-
ing with the Summer 1984. He is agreeable to spending part of
this summer in residence a%t NASA Langley and wo?k in the area of
space:systems dynamics and control. t is understood his project
would be mutually agreed upon by Professor Bainum and the NASA
Langley contract meonitor for thié project. After a joint meeting

with NASA Langley personnel a mutu;lly agreeable statement of

work for Mr. Woodard's task would be prepared.
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IV. HU PHYSICAL SUPPORT PLAN

" The principal physical.pee¢Aof the LSSI is cghputer.gfaphics.
'hardﬁaré/software. Since’lési vear's need in this area was $328K
and only $72K was awarded LSSI, some creative use of the avail-
ab-e graphics support had to be coh;idered; The plan now in ef=-

fect is as follows.

Rather than use the $72K ;o pu*chase inferlor graph*cs harde-
"ware, uhese funds are belnb .used in part to support the main-
teﬁance contracts on new computer hardw;re acquisitions m;de by
6ther areas within the universi:y invfeturn for priority access
by LSSI personnel. The Computer Learning and Design Center of
the School of Engineering will receive a gift from Data General
{n the form of a DG MV/4000 computer. This 32 bit super amini
computer will have 6 MB of memor?'and 1 G3 in disk storage. This
éomputer will be dedicated to CAD/CAM and graphlics research.
| Thﬁs, tﬁe LSSI will need only to purchase a sma2ll work station
" that will be partiallf sdppofted by the Mechanical and Civil En-
gineering Depar:ments. Future suppért is needed for an idproved
work stat on and software.' If.§hg DOD propesal is approved (see
Overvxew sectzon), the LSSI will use some funds Lo support ac=-
qu;sitxon of a university-wide graphics work station dedicated to
graphics research in return for priority access by LSSI persone
nel. Present projeétionsein the'periéd July 11, 1984 -~ July iO,

1985 are that 350K is needed to- accomplish these aims.
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SALARIES -

‘Admiristractive (Director)

Post-Doctoral Feliow
Research Projects
Fringe Bénefits e 28%
TOTAL SALARIES

'WAGES

Admiristrative (Assistant)

Admiristrative (Secretary)
Research Projects

Frirge Benefits € 28%
TOTAL W/3ES |
TRAVEL

Admiristrative
(Recruitment, Advisory

Committee, Student Summer.

Expenses, etc.)

Research Projects

(Tech. Confererces, etc. )

TOTAL TRAVEL

SUPPLIES
Admirnistrative
Research Projects
TOTAL SUPPLIES
COMPUTER TIME
INDIRECT COST €@ 90%. .
GRADUATE STUDENTS

(July 171, 1984 - July 10,

V. HY FISCAL SUPPORT PLAN

1985)
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: -~ Fellows () . ~ 134;000.00
. .. . . Assistarts - .. 117,500.00 - o
Ef,r:' . TOTAL STUDENTS | ' +.231,500.00
‘ - 8. EQUIPMENT
|12
] Admiristrative (Computer
¢ - Graphics) 50,000.00
iy . Research Projects - 18,726.00 .
P TOTAL EQUIPMENT 68,726.00
; 9. SUB-CONTRACTORS '
e - MIT 3 . 25,141.00
P . RPI . o : 25,000.00 -
5 Lockheed ‘ : .' . 5,066.00
P TOTAL SUB-CONTRACTORS  55,141.00
P |
g GRAND TOTAL $854,329.00
‘i . B . . )
!y
.
‘.
.. 3 :
! -P :
LD
’ -
»
'





