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- I. INTRODUCTION

The present grant represents a continuation of the research completed
in the previous grant years (May 1977 - May 1981) and reported in Refs.
1-7.* The dynamics and attitude and shape control of very large, inher-
ently flexible spacecraft systems are being investigated in this fesearch.
Increasingly more complex examples have been examined, beginaning with a
unifo:m free-free beam, next a free-free uniform plate/platform and finally
by considering a thin shallow spherical shell structure in orbit. The
examples considered differ from those of other investigators in that:

(1) the whole structure iz assumed to be flexible throughout, with no
rigid hub or main part; and (2) the svstems considered are assumed to be
earth oriented when in equilibrium - i.,e. the inertial angular rate of
such systems is very small a3 compared with the fundamental structural
modal frequgncy.

Once the uncontrolled dynamics has been examined, the policy has then
been to include in the model the effects of control devices. For given
sets of assumed actuator locations, the controllability of these systems
is first established. After that, control laws for each of the actuators
are developed based on some or all of the following techniques: découpling
techniques (including distributed modal control); pole placement alzcrithms;
and an application of the linear regulator problem from optimal control

theory.

*For references cited please see list of references page 13.




For the more complex examples of the platform‘and shell involving many
degrees-of-freedom the ORACLS numerical subroutines have been employed_
. to develop various control iaws.s
Figure 1 illustrates our concept for the developmént of the necessary
system software necessary for the support of LSST dynamics analyaié. Ttems
ideucified with a check mark indicéte computer algorithms which are at
presen: operational. Items identified with the symbol (IP) indicate
routines that are curreatly in the process of development.
-The proposal9 for studies to be performed durihgvthe period May 16, 1981 -
May 15, 1982 called for: (1) further analysis of the environmental effects
on large flexible space systems in the absence of very fine precission sur-
face control, in order to better understand the principal expected distur-
bance effect cn such systems; (2) inclusion of the sensor and actuator dyna~-
mics into the previously developed modeis of the orbiting structures where
. the sensors were assumed to measure each of the output variables perfectly,
and the actuators were assumed to provide the desired control time histories
without deiay; and (3) further application of graph theoretic techniques
to determining the controllability, observability, and the eigenvalues
(frequencies) of large scale systems.
Howevér, at the time of the final oral presentation in July 1981, iﬁ was
indicated that a change in the scope of the work was desired by NASA-LRC
in order to lend greater support to the dynamics analvsis of the propsoed
LSST-Hoop/Column antenna system. At this time wébwere provided with &
copy of a letter dated March 30, ;981 from Dr. John Shipley of'the Harris
Corporation, Melbourne, Florida, to Dr. G. Rodriquez of JfL togaether with
a computer prinzout of the eigen;\ralues and eigenvectors associated with a

NASTRAN finite element representation (FEM) of the system.
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We were asked to begin to look at the design of possible control laws for
this system and then to determine whether the surface control stringers
could, indeed, provide the required tensions. It should be noted that
the FEM model does not include the effects of gravity~gradient torques and

gyroscopic coupling effects due to the orbital motion.
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IX. REVIEW OF RESULTS OBTAINED IN THE PERIOD MAY 16, 1981 - NOV. 15,1981

In accordance with the redirection of our effort after mid July 1981,
a poriod was spant to familiarize ourselves with the data provided us.

" As & result, we prepared z list of ten points of information that we felt
would be helpful in the completion of our controls analysis of the LSST Hoop/
Column System as documented in our letter to the Technitai Monizor dated
July 21, 1981 (please see Appendix A). Through the efforts of Dr. Suresh
M. Joshi, NASA~LRC modified this raquest te include not only our questions
but some of Dr. Joshi's as well (please refer to letter from Mr. Hamer
dated Aug. 5, 1981, with attached request for information as forwarded to
the Harris Corporation, Appendix A). The response from the Harris Corp.
was transmitted to us via Mr., Hamer's letter dated August 28, 1981 {also
contained in Appendix A). | '

To this date, we have procee@ed with the following tasks in preparation
for our analysis: _ _
(1) Calculation of the cartesian coordinates of the nodal points ou the
outer hoop and the four inner circles using a compﬁter routine. There are
24 such points on the hoop and each of ﬁhe four inner circlgs for a total of
120 nodal points. The data provided by the Harris Corporation indicated only
the radius of each circle and the polar angular coordinate of the node, whereas .
the direction cosines of the modal shape function are provided in a cartesian
system of coordinates for each of the twelve modes to be considered in the

truncated model for preliminary controls analysié;
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(2) Calculation of the direction cosines for each of the control stringers;
first this was'ione assumiﬁg chai each such stringer was attached at nodal
point number 2 (as shownAin the schematic on Enclosure 3, provided to us

6n July 15, 1981) on the lower mast. A further study of the computer input/
output of the FEM program revealed that a circular ring represented by the
700—§eries of nodes also contains 24 nodal points, and suggests the possi-
bility tﬁat the control stringers may actually be attached at the corresponding
nodal points on the circle (701", 702-, — 724“). The direction cosines
‘were recalculated with the greatest'differences observed for those stringers
assumed to connect the 500~ series of nodes to the 700- series, respectively,
as expected.

3) ﬁsing computer assisted logié, we are nov in the process of determining
the non-zero elements in the control influence matrix (B) whose dimensionality
is 1236 rows x 96 columns, assuming that there are 24 lower control stringers
connected to eacﬁ of the four circles repreéented by the nodes: 201-,-- 224",
| 301", === 324, === , 501, ===, 524 , and that the FEM is based on a total
of 216 nodal points.

(4) TFurther clarification of some of the questions raised in (3) has been
requested together with a request for the tape containing the elements of
‘the modal "¢J matrix of dimensionality)1236x12. We understand NASA~LRC

will provide this information on tape compatible with the Howard IBM sys-

tem in the near future.

In addition to the tasks described above in direct support of the
LSST Hoop/Column Controls Analyses the following additional eiforts have

been initiated:
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(5) At the suggestion of NASA—LRC, we have re-~examined the models of the
orbiting pléte and shell to determine the effects of the gravity-gradient
and orbital dynamics on the closed loop poles of these models where the
control law was initially developed based on models vibrating out-of-orbit. -
The control laws thus developed, primarily for vibration control, were then
inserted into our previously developed models which contain both first
order gravity-gradient and orbital dynamic coupling effects. Changes in
the location of che closed—looh poles and in the required force-time his-
tories were noted. In all cases there is a general tendency for some of the
rigid‘modes to shift toward the imaginary axis (which could cause insta-
bility for the less robust systems) when thz gravity-gradient and orbital
effects are superimposed. In general, there is no noticeable shift in the
polee corresponding to the flexible modes. Furthermore, for the cases of
the controlied shell, some of the peak forces and total force impulses are
in;reased when the gravity-gradient and orbital effects are included. When
the time constant of the least damped mode is comparable to the orbital period
in ﬁagnituée, the shift in the closed loop poles is more pronounced. As
expected, for the more robust systems, the relative effect of this shift is
less noticeable, but at the expense of greater control forces.

{(6) The evaluation of the coefficients of the coupling terms in both the
rigid rotational equations and the elastic generic modal equations has been
initiated. Thgse terms account for coupling between the rigid and flexible
modes due to both ygravity and orbital gyroscopic effects as well as intra-

modal coupaing.
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_ For the FEM provided by the Harris Corp., these terms involve the calculation

of certain volume intégralsth

, dependent oh both the ﬁ&dal shape functions
and the mass distribution, which now must be approximated by a sumﬁaﬁion of
discrete terms taken at each of the nodal points in the FEM simulation.

For these purposes, it is necessary to know the mass distribution at each §f
the nodal points in the model and this iﬁformétion has been requested. By
comparing the magnitude of these coefficlents with the other coefficients

in these equations, one can assess the need fo: incorporating thé effects
of orbital coupling and gravity-gradient into the previously developed FEM,
before designing coﬁtfol algorithms. In connection.with this effort, the

- tape containing the elements of the "¢" matrix referred to in (4), will also
be required. .

(7) Following our original proposalg, preliminary work has been initiated
in developing expressions for the fofces and torques on flexible orbiting
structures. For the case of a completely absorbing free-free beam the
expressions involved can be integrated analytipally vhereas for a completely

reflecting surface an approximate expreuvsion is developed under the assumption

of small slopes as compared with over~all beam lengths.
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II1. PRESENTATION AND PUBLICATION OF RESULIS

A final presentation of last year's>grant was given at Langley on
July 15, 1981 and s final report was published: The Dynamics and Conﬁrol
of Large Flexible Space Structures IV, by P.M. Bainum, V.K. Kumar, R. Krishna,
and A.S.S.R. Reddy, August 1981. It is our.understanding that the Technical
Officer plgns to issue this document as a NASA Contract Report (CR). A
visit to Langely during the period Nov. 16-18 is planned in response to
an invitation tc attend the Third Annual Technical Review -~ Large Space
Systems Technology. During this time a brief informal exchange with the
Technical Officer is planned. A ﬁid—term presentation of the current year's
pregress is planned, tentativély on Dec. 10-11, 1981.

During the six month reportiﬁg period two papers based on last year's
grant were present at professional society meetings:

(1) "Graph Theory Approach to the Eigenvalue Problem of Large Space
Structures,”" by A.S.S8.R. Reddy and Peter M. Bainum, Third VPI & .
SU/AIAA Symposium on Dynamics and Control of Large Flexible Spacecraft,
Blacksburg, Va., June 15-17, 1981.

(2) "The Dynamics of Large Flexible Earth Pointing Structures with a
Hybrid Control System,' by Peter M. Bainum, R. Krishna, and

V.K. Kumar, AAS/ATAA Astrodynamics Specialist Conference, Lake
Tahoe, Nevada, August 3-5, 1981, Paper No. 81-122.

The following papers previously presented at professional society meetings

Ahave been accepted for journal publication:

(3) "Control of a Large Flexible Platform in Orbit," by A.8.S.R. Reddy,
P.M. Bainum, H.A. Hamer, and R. Krishna, to appear, Journal of Guidance
and_Coatrol, Nov. - Dec. 1981. “_

(4) - "On the Dynamics of Large Orbiting Flexible Beams and Platforms Oriented
along the Local Horizontal,” by Peter M. Bainum and V.K. Kumar, to
appear, Acta Astronautica.

e 0 ok Bk AL TGN 3 )

i it adAR A A stk RO e s e BNt A A it it



R TR

Another paper has been tentatively accepted, pending a minor revision:

(5) "On the Motion of a Flexible Shallow Spherical Shell in Orbit," by
V.K. Kumar and P.M. Bainum, tentatively accepted for publication
in the AIAA Journal.

The Principal Investigator has also participated in the following invited
lectures and panel discussions:

(6) Invited Panelist, Third VPI & SU/AIAA Symposium on Dynamics
aud Control of Large Flexible Spacecraft, Blacksburg, Va.,
June 15-17, 1981.

(7) "The Dynamics and Control of Large Flexible Earth Pointing
Orbiting Systems,' Catholic University of Louvain, Applied
Mechanics Unit, Louvain, Belgium, Sept. 14, 1981.

(8) "The Dynamics and Control of Large Flexible Space Systems,"

Rice University, Departments of Mechanical and Civil Engineering,
Ho'-iton, Texas, October 3C, 1981.

-10~
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IV. PLANS FOR THE NEXT REPORTING PERIOD

Under the assumption that the IBM compatible tape containing the ele-
ﬁents of the ¢ matfix will be supplied by NASA-LRC ia the near future, we
will proceed wiﬁh the controls analyses of the LSST Hoop/Column System.

It is énticipated that some preliminary numerical ~esults for the case

where the number of control stringers is equal to the number of ﬁodes in

the truncated model (12) would be completed during the period Nov. 16,'1981 -
May 15, 1982._ For this special case control laws can be developed based

on decoupling techniques as Qell as the pole placement algorithm using the
ORACLS8 routines. For each control law and sets of arbitrarj (small) initial
displacements, the required control (tension) force time histories will be
obtained to determine if all tension levels are within the maximum allowable.
This study will also include the variation in the location(s) of those
stringers that can be assumed %o ﬁrovide surface control.

Depending on the cesults of this inifial effort, a number of control
stringers different from the number of modes in the truncated model can be
assumed with control laws based on the ORACLS numerical techniques. It is
anticipated that this effort could continue into the next grant year, where
an attempt.could be made to opfimize both the number an& location of active
con~rol stringers. As an altermative to using the tape containing the ele~
ments of tBe ¢ matrix, it would be necessary to prepare hand-punched input
cards of this data requiring of thé order of 1000 input cards, each of
whizh wouid need to be verifiedlto avoid numerical error.

It is hoped that the evaluation of all the coefficients in the coupling
terms in the rigid modal equations and the generic modal equations for

one of the twelve modes can be completed during the next reporting period,

-1l




including at l-ast cne of the series of coefficients involving coupling of
that mode with oﬁe of the otber modes. Depending on these results, selected
coefficients corresponding to the other modes will be evaluated. If it
appears that thé magnitudes of some of these coefficiei.ts are the same
order as those of the remaining texms in ﬁhe equations, it may be necessary
to completely evaluate all of the coupling coefficients for each of the
twelve modés. It is anticipated that this effort would also continue unto
the 1982-83 grant year.

Numerical evaluation of the effect of solar radiation torques on the
flexible orbiting beam should be completed during the next six mon;hs and
should provide insight into the treatment of solar radiation torquos on

the more complex structures.

-12-
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fE ey THE SCHOOL OF ENGINEERING / HOWARD UNIVERSITY

R | Washington, D. C. 20059

MECHANICAL ENGINEERING
Telephone (202) 636-6600 : July 21, 1981
1]

Mr. H.A. Hamer, Technical Officer NASA Grant NSG~1414
402 Woodroof Road _
Newport News, Va. 23606

Dear Mr., Hamer:

In accordance with our telephone conversation today I am writing
to request additional information in comnection with our future con-
trols analysis of the L3ST Hoop/Celumm System as modelled by a finite
tlement structural model. .

The following information we feel is abaolutely necessary to help
us in the completion of this task:

l. The exact coordinates, with system of units defired,which represent
the location of the points on the ring(s) where the surface control
stringers are attached. Do some or all of these points correspond
to the nodal points on the radius used in connection with the finite
element computer anelysis as generated by the Harris Corp:? 1If not,
we would need both the coordinates of the stringer attachment points
as well as the coordinstes of the NASTRAN nodal points.

2. We understand that there are either 16 or 24 surface control stringers
attached to each of the five rings, for a total of 80 or 120 control
members. Car we assume that the tension in each of these members be
controlled separately and independently of the temsion in &any other
member? If no:, which of the surface control stringers are controlled
dependent on the contrel in other nembers? The answer to this question
will help us to ascertein the total number of independent tension
control devices.

3. What is the normalizing factor relating the frequencies toc the eigen-
values - i.e. for the seventh mode, W, = 0.101 Hz and the eigenvaluz
is 0.04057837., etc.? -

The following information would be belpful but not absolutely necessary
for the completion of this task:

4., A knowledpge of rhe elements contained in the mass and stiffness matrices.
Presumably thi., -ras calculated prior to the eigenvalue-eigenvector
calculations. 1his information could help as a chteck in our calcu-
lations,




Mr. H.A. Hamer Page two
: Suly 21, 1981

S. MAny preliminary or final reports issued by ihe Hayris Corp., parti-
cularly in the area of the structural dynamics gnalysis.

6. A description (users’ manual) of the NASTRAN MSC-60A version used
in this study. ’

7. 1Is the center of the X,Y,Z coordinate system taken at element number
10 on the mast, or slightly above this element? (Enclosure 3)

8. Are the generaiized masses, damping ratios (on page 20 handout), and
the computer listed eigenwvalues for the twelve wmodes given in a
congistent system of units? We note the generalized masses are
given in the English systenm of units, whereas the cuter radius of
the structure is apparently 64 meters.

9. Later on in the study we will need to know the nominal tension in the
controi stringers when in the nominal (unstretched) position as well
as the maximum tensile strength of these elements.

10. A kuowledge of the overall area/mass ratio and surface element
teflectivities would ensble us to perform a preliminary analysis of
the solar radiation pressure effects.

We wderstand that our tuesk is first to determine the control
influence matrix for the truncated 12 mode system which could have a
dimensionality as large as 804x120 or (804x80) and then proceed with the
development of control laws using the ORACLS algorithms. While we are
waiting for the requested necessary information we will proceed with the
final rhaces of our final report, and also with computer simulations of
the control of the plate model Lased on the exclusion of the orbital and
gravity-gradient effects and then compare these results with our previous
results. When these computer results are available I ill contact you again.

Thank vou for your kind attention to this natter.

Sincerely yours,

Peter M. Bainum

Professor of Aerospace Engrg.
Director, Graduate Studies
Principal Investigator

cc: ¥Mr. V.K. Kurar
Mr. R. Krishna
Mr, A.S5.S.R. Reddy
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Repy 10 Afin of

National Agronautics and
Space Administration

Langley Ressarch Center
Hampton, Virgiria
23665

152E

heward ‘University
School of Engineering
Attn: Professor Peter M. Bainum

. Mechanical Engineering

Washington, DC 20059

Dear Prof. Bainum:

'Thrbugh the efforts of Dr. Suresh M. Joshi, we have revised your recent

letter of request for additional information on the model of the LSST
Hoop/Column System, We believe that this will give you most of the
information needed for control analyses of this antenna. I am enclosing

a copy of this revised letter, Richard Russell of the LSS Project Office
has sent this letter by datafax to the Harris Corporation, Personnel

from Langley will visit the Harris Corporation on Thursday, August 6, 1981,
and, hopefully, will be able to bring back most of this information.

In any event, I will call you upon their return and bring you up~to-date
on your request,

In reference to your question in item number (3) of your letter, the
eigenvalue 0,4057837 is the frequency squared in radians/second,

Sincerely,
/[ )
%‘.‘cé’dz .aé /q[(umu’...
Harold A, Hamer
Aern-Space Technologist,
Stebility and Control Branch,
FECD

Enclosure
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Reference: Letter and data sent by Dr, John Shipley to Dr. G. Rodriquez,
Jet Propulsion Laboratory, March 30, 1981,

The following information is necessary for two separate investigations to be

conducted by NASA Langley on control analyses of the LSST Hoop/Column System,

1) A clearer definition of the coordinate system and origin.is needed.
For example, is the ceater of the X,Y,Z coordinate system taken at

element mumber 10 on the mast, or slightly above this element?

(Enclosure 3), We need the manner in which the elements and nodes ave
nunbered, and how does one find out the coordinates of any nodal point.
Do some or all of the points on the ring(s) where the surface control
stringers are attached correspond to the nodal points on the radius

used in connection with the finite element computer analysis as generated
by the Harris Corp.? Which ones are the control stringers and has their
interaction against the mast (caused by pulling them) been incorporated
in the model? We need the numbering and coofdinates of points of
attachment of the stringers (both ends).

2) We understand that there are either 16 or 24 surface control stringers
attached to each of the five rings, for a total of B0 or 120 control
members. Can we assume that the tension in each of these members can be
controlled separately and independently of the tension in any other
member? If not, which of the surface control stringers are controlled
dependent on the control in other members? The answer to tﬁis question
will helpus to ascertain the total number of independent tension control
devices.

3) We need an explanation of the printout of modal data (symbols, units, etc).

4) How does one calculate displacement (translations and rotatioms) at any

node from the data provided?



The standard modal model used by control engineers is of the form:'
g +D+ Aqg= 0F

It would be immensely helpful if the printout were explained with the help
of an example which would demonstrate how to obtain the row of the of natrix
corresponding to a certain mode. Also, the units of f, and of diéplacements

(defined by)
y =¢q
should be explained. More than one example may be necessary in order to

accomplish this. (An NASA sample report on a plate model will be seht next .

week, which shows the type of informstion needed.)

"8} In the “Structural Model Elastic Modes' summary sheet (page 20), it

seems that Mode No. 16 should be 17 and gz_should be 18, because in checking

the Plot Module printouts (as well as the Real Eigenvector printouts),
Mode No. 16 should have a frequency of 3.357 Hz. Is this current.and ,
if so, what does the 4,616 value in the summary sheet relate to?

6) We need to know the nominal tension in the control stringers when in the
nominal (unstretched) position as well as the maximm tensile strength
of these elements, Arz there any nonlinearities in the stringers, or

can they be assumed to be linear force-producing devices for surface

control? For example, does the slack caused by loosening a stringer appear

as a nonlinearity, or are the stringers normally in tension, and thercfore
can be considered linear around the nominal operating tension point?

The following information would also be helpful:

7) A knowledge of the elements contained in the mass and stiffness
matrices., Presumably this was calculated prior to the eigenvalue-
eigenvector calculations, This information could help as a check in our

calculations.




8) Are the generalized masses, damping ratios (on page 20 handout), and
the computer listed eigenvalues for the twelve modes given in a
consistent system of units? We note the generalized masses are given
in the English system of aunits, whereas the outer radius of thé structure
is apparently 64 nmeters,

9) We would appreciete plots of the mode shapes. Also, any preliminﬁry
or final reports issued by the Harris Corp., particularly in the area
of the structural dynamics analysis.

10) A knowledge of the overall area/mass vatio and surface element
reflectivities would enable us to perform a preliminary analysis of

-the solar radiation pressure effects.

Thank you

July 31, 1981
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Ref'y 1o An of

National Aeronautics and

Space Administration
Langisy Resoerch Canter
Hamgton, Virginia
23665
INFORMAL LETTER
152E " August 28, 1981

Professor Peter M. Bainum

‘The School of Engineering

Department of Mechanical Engineering
Howard University

Washington, DC 20059

Dear Dr. Bainum:

1 am sending you the results of our request for information on the LSST
Hoop/Column System, Dr. Joshi and I think that most of our questions

"have been answered. I still have not been able to obtain the NASTRAN

user's manual, We are attempting to get answers to the.following three
questions:

1) W¥hile simulating a control stringer force "F" at a hoop
node, should a force "-F" be applied to the mast node
No. 1 to represent the reaction force?
2} How do you use a "two-for-one' model for the whole antenna?
3) Are there any upper control stringers?
If you have any questions, please do not hesitate to call me.
Sincerely,

Wamtt g, Hommar.

Harold A. Hamer
Aero-Space Technologist,
Stability and Control Branch, FDCD

Enclosure

P.S. 1In 1eference to question 10, I will get you this data from
Richard Russell (he is now on leave).,
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RESPONSES TO MESSAGE NUMBER 233 LaRe TO HARRIS

1. A) A clearer definition of the coordinate system and origin is
needed. For example, is5 the center of the X,Y,Z coordinate
system taken at element number 10 on the mast, or slightly
above this element? (Enclosure 3).

(Response) - " The reference is on the mast in the plane of the hoop.-
B) We need the manner in which the elements and nodes are

numbered, and how does one find out the coordinates of any
nodal poxnt.

(Response) The elements and nodes are listed in the NASTRAN listing
' (transmitted to JPL on 3-30~-81) of BULK DATA. The coordinates
of each node are listed on the GRID cards. :

C) Do some or all of the points on the ring(s) where the surface
control stringers are attached correspond to the nodal points
on the radius used in connection with the finite element computer
analysxs as generated by the Harrls Corp.?

(Response) Question is not clear. I believe answer is all.

——— e

D) Which ones are the control stringers and has their interaction
against the mast (caused by pulling them) been incorporated in
the model?

(Response) Elements 101-124, 201-224, 301-324, 401-424, 501-524. yes.

E) We need the numbering and coordinates of points of attachment
of the stringers (both ends).

(Response) Hoop nodes: 101-124, 201-224, 301-324, 401-424, 501-524.
Mast nodes: 701-724. » .

2. A) We understand that there are eithex 16 or 24 surface control
stringers attached to each of the flve rings, for a total of 80
or 120 control number, :

The model is a two-for-one model of a 48 gore antenna. There
are 24 gores in this model, and it would be possible to have
24%5 adjustments on cantrol cords

(Response)

B) Car we assume that tlic tension in each of these members can be
cortrulled separately and independently of the tension in any
other member? 1! not, «which of the surface control stringers
are controlled depcinanl on the control in other members? The
answer to this quesnt oo will help us to ascertain the total nunbe
of independent tcn.o..n cnntrol devices.

{Respunse ) Yes.

S ) e e A s A i I d aiis )



3. A) We need an explanation of the printout of modal data
{symbols, units, etc.).

(Response) The modes are printed out one at a time six degrees of
freedom at each node. The symbols are Arabic numerals
"and modern English letters. . Units for the mode shapes are
inches for translations and radians for rotations.

4. A) How does one calculate displacement (translations and
rotations) at any node from the data provided? :

. {Response) Given numerical values for dimensionless nodal coordinates

fa)] . physical rotations are by given the matrix equation

«Q
LR W)

. In-Trans - d) In-Trans
jf ad-Rotations/ | ad-Rotations

9n

The max value in any column of dﬂlis unity.

B) The standard moddl model used by control engineers is of the
form: . T
' g+ Dg+ Ag = ¢° £
It would be immensely helpful if the printout were explained
with the help of an example which.would demonstrate how to obtaij
the row of the ¢T matrix corresponding to a certain mode.

(Response) See 3 above.

C) Also, the units of £, and of displacements (defined by)
y = ¢3
should be explaired. More than one example may be necessary in
order to accomplisn this. (An NASA sample report on a plate
model will be sent next week, which shows the type of informatic
neecded.)

(Response) The units of f would be Lbs. to be consistant with the NASTRAN
run. Displacements are deiined in 4A above.

5. A) In the "Structural Model Elastic Modes" summary sheet (page 20),
i it seems that Mode No. 16 should be 17 and 17 should be 18,
because in checking the Plot Module printcuts (as well as the
Real Eigenvector printouts), Mode No. 16 should have a frequency
of 3.357 Hz.

(Response) The correct freguency for mode 16 is 3.357 Hz.
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Response

Response)

Response)

Response)

The following information would.-also be helpful:l

7.

Response )

Jesponse)
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B) 1s this current? cewest
This is current.

C) And if so, what does the 4.616 value in the summary shect ralate
to?

4.616 Hz is the frequency of mode 19. The mode shapes were
not calculated for modes 19 up.

A) We need to know the nominal tension in the control stringers when
in the nominal (unstretched) position as wel)l as the maximum
tensile strength of these elements.

Information in. attached table,

B) Are there any nonlinearities in the stringers, or can they
be assumed toc be linear force-producing devices for surface
control? For example, does the slack caused by loosening a
stringer appear as a nonlinearity, or are the stringers normally
in tension, and therefore can be considered linear around the
nominal operating tension point?

The control cords are linear elastic elements when near their
nominal tension value. 1 do not know what the term
“linear rforces=-producing devices" means.

A knowledge of the elements contained in the mass and stiffnes:s
matrices. Presumably this was calculated prior to the eigenvalue-
eigenvector calculations. This information could help as a check
in our calculations. '

The structural input is contained in the NASTRAN lfst of BULK DATA ‘
(transmitted to JPL on 3-31-84{ ). The printont >~. mass and '
stiffness matrices would be rather large, but courld be obtained by
making another computer run. This data is on t-. tape sent to JPL

on 3-9-81,

‘" Are the generalized na:ne:, damping ratios (on page 20 handout),
and the computer listoa o ijenvalues for the twelve modes given in o
consistent system of ., .. .] We note the generalized masses are give:
in the English systom mils, whereas the outer radius of the
structure is apparcnt weters.,

All units are in th( IN) LBS, SEC) system.
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9. We would appreciate plots of the mode shapes.. Also, any preliminary
~or final reports issued by the Harris Corp., partlcular*y in the
arva of the structural dynamics analysis. .

‘esponse) ' JpL was given plots of the mode shapes for this model at the LSST
Program Review in Feburary and the LMSS Presentation. in May.

10. A knowledge of the overall area/mass ratio and surface element
reflectivities would enable us to perform a prelxmxnary analysxa U
the solar radiation pressure effects.

lesponse) This data was tranamltted to R.A. Russell LaRc on July 6, 1981.

Pretensions and Tensile Strengths
for the Two-for-One Dynamic Model

lement No.® U 101-124  201-224 _ 301-324  401-424  501-524
ominal Tension (LBS)*# 10.03 49.41  6.22  10.82 13.33
ensile Strength . 184 920 184 184 184

: 2 kK
FTU) in LBS.

Element numbers are pexr enclosure 3 of letter Shipley to Rodriques, Jet
Propulsion Laboratory, 3-30-81.

Because this is-a two-for-one model (24 gore's), these values are twice
the actuals for a 48 gore antenna. Also, hecause the dynamic model has o
single surface representing both the front surface and the rear drawing
surface of the actual antenna, the tensions differ somewhat from those of
the actual antenna because of the model approximation.




End of Document



