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«

SUMMARY

A modai analysis of the Harris DTS reflector has
been performed using the structural analysis software
package ANSYS. This report contains a brief physical

description of the Harris reflector, a description of the

“manner in which the model was read into the ANSYS

program, and a table of the first five natural
frequencies and their associated eigenvectors as

calculated by the program.
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1. INTRODUCTION

The General Dynamics Convair and Harris DTS reflectors
were two of the major candidates considered for the Mobile Communi-
cations Satellite (MSAT) by Spar Aerospace Ltd. Spar performed a
dynamical analysis of the Convair reflector when it was the primary
candidate, and concluded that although 1t'possessed many meritorious
features, it was simply too heavy to be accepted as the final design.
Attention then turned to the Harris DTS reflector as an alternative.
A need was expressed by Spar for a dynamical model of the Harris re-
flector and Dynacon was asked to take on the task of creating this
model. This report contains some of the results of this modeling.

Section 2 of this report contains a physical description
of the Harris DTS reflector. Section 3 describes the manner in which
the modeling was performed using the structural analysis software
package ANSYS. Section 4 contains five of the natural frequencies X
of the structure with their corresponding eigenvectors.

2. DESCRIPTION OF THE HARRIS DTS REFLECTOR

The Harris Deployable Truss Structure (DTS) Reflector
consists of eight radial articulating ribs which unfo]d.froﬁ a com-
pact package to a rigid, stable backup structure for the mesh re-
flective surface. The tubular folding deployable ribs (Figure 1) |
form the main structural elements of the reflector, serving as the
only compression members in the reflector dish. Tension members are
cords, allowing stiffening of the structure with a minimum of addi-
tional weight and volume. These cords form the lower and diagonal
truss elements (Figure 1) as well as inter-rib members to provide
rib-to-rib stiffness and torsional stiffness. This is evident in
Figure 2, which illustrates two of the eight gores of the reflector
support structure. On top of this support structure lies a mesh
attachment structure that acts as an interface between the support
structure and the reflective mesh. Figure 3a shows a typical gore
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of the support structure with nodes numbered, and Figure 3b illus-
trates the corresponding sector of the mesh attachment structure.
This latter structure is composed almost entirely of cords, the ex-
ception being a single beam per rib, labeled the "deploying tip
standoff" in Figure 3b. It is worthy of note that there are only
seven points of connection between the mesh attachment and reflector

. support structures per gore. Figure 4 shows a schematic of the space-

craft with two reflectors and solar arrays, and gives some jdea of
the shape and dimensions of the modeled structure, and of its method
of attachment to the MSAT main bus. This method of attachment is
further illustrated in Figure 5 where it can be seen that there are
three points at which the attachment structure is fixed to the MSAT
bus. The attachment consists of ten tubular members of various
diameters and thicknesses, as shown in the figure. It is interest-
ing to note that this attachment structure comprises approximately
60% of the total weight of the Harris DTS reflector. |

The tubular members of the reflector properiare all as-
sumed to be of four-ply graphite reinforced epoxy: two Tayers of
0.006" 'thickness each, with fibers oriented along the long axis of
the tubes, and two layers of 0.004" each, oriented at #60° to this.
The members of the attachment structure are generally of thicknesses
that are multiplies of this basic 20 mil thickness. The cords are
bundled graphite fibers. The material property details will not be
further enlarged upon, as only their respective densities and elastic .
moduli are required for the modeling performed in this study. Figure
6 defines the Cartesian coordinate system used in this study, with
the origin at the mass center of the main bus. Table I gives the
total mass, centroid, and moments and products of inertia about both
the origin and the reflector mass center. '

3. MODELING OF THE HARRIS DTS REFLECTOR

. It is to be noted at this point that with the exception
of Figure 4 which is marked in millimeters, the units for this study
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are inches, pounds, and Hertz.

The modeling of the reflector was performed using the
structural analysis program ANSYS. This is a finite element soft-
ware package, which is an out-of-core wavefront solver. The number
of equations active after any element has been processed during the
solution procedure is termed the 'wavefront' at that point. In a
wavefront procedure the ordering of elements is crucial in minimiz-
ing the size ot the wavefront, as opposed to a bandwidth solver in
which the ordering of the nodes is important. The elements consist
of 59 beam elements, 313 cable elements and 112 triangular membrane
elements, with a total of 175 structural nodes. Thus there are
three types of elements specified in lines 6-8 in the program in-
put (displayed in Appendix A) to which frequent reference will be
made in the following paragraphs. There are six beam elements per
rib and 39 cable elements per gore, of which 11 are in the reflector
support structure. Element properties and dimensions are specified
in the lines following Tine number 8. Lines 10-13 specify the cross-
sectional areas and moments of inertia about orthogonal axes, and
the cross-sectional dimensions for the four types of beams used in
the analysis of the reflector dish itself. The corresponding quanti-
ties for the five types of beams used in the attachment structure
are given in lines 43-47. Lines 14-42 specify the cross-sectional
areas and prestrains in the cable elements. It can be seen that the
cable cross-sectional areas are rather high, on the order of 10 inz;
the actual cable cross-sectional areas were unavailable to Dynacon.
Since the cords were sized such that EA = 4000 x preload in cable,
with E the Young's modulus and A the cross-sectional area, E is cor-
respondingly reduced, and the cable prestrains are uniformly
2.5 x 10'4. The membrane elements are assumed to have unit thickness,
as the membrane density is given as a density per unit thickness.
This is specified in line 48.

The defining nodes of the beam elements of the reflector
dish are given in lines 50-98, and for the beam elements of the
attachment structure in Tines 412-421. The defining nodes for the

10



cable elements are given in lines 99-411, and the three defining nodes
of the triangular membrane elements in lines 423-533. There are 18
distinct nodes per gore of the reflector, and label numbers of cor-
responding nodes in adjacent sectors differ by twenty. The coordin-
ites of the 175 structural nodes are given in lines 535-709, in
Cartesian coordinates with the axes defihed as in Figure 6, with the
origin at the centroid of the spacecraft bus. Lines 721—737 define
the material properties for the elements: 721-724 define the Young's
modulus and density of rib beam elements, 725-727 the corresponding
quantities for the cable elements, 728-731 the same quantities for
the attachment structure beams, and 732-737 the membrané-modu]i and
density. As mentioned earlier, all ﬁhe beams are construéted from
the same graphite-epoxy composite, but it can be seen from the ma-
terial specifications (lines 724 and 731) that there are two vastly
different beam densities, viz: 0.18 and 0.74 1b/1n3. The actual
beam densities were not available to Dynacon, and the data obtained
from Harris included the weight of such components as the mechanical
deployment system in the densities of certain beams. It is also
apparent from line 727 that the cable elements, thick as they are,
have no mass associated with them. The data available from Harris
include the cable mass distributed over the reflective membrane and
included in its density.

The ANSYS structural dynamics program reduces the complexity
of the system under consideration via Guyan reduction. Lines 739-
743 specify master degrees of freedom as thrée‘trans1ationa1 degrees
of freedom at fifty-one nodes. These are all selected as nodes on
beams, since cable-to-cable junctions, while having Tow stiffness
associated with them, have even a Tower mass (zero),resulting in singu-
Tar reduced mass matrices. Rotational degrees of freedom are not
included 1n the master degrees of freedom, as they are considered
to be of less significance than translational degrees of freedom for
this particular case.

Lines 751-753 specify that nodes 201, 203, and 210, which
are the points of attachment of the reflector to the spacecraft bus

11




(Figure 5), are comp]eté]y constrained (no translational or rotational
degrees of freedom). '

4, RESULTS OF MODELING

A modal analysis of the reflector, giving constrained
natural frequencies and eigenvectors, was performed. It is also
possible, using ANSYS, to produce the inertia and stiffness matrices
directly for constrained and unconstrained (including rigid body ‘modes)
structures. A list of 153 calculated natural frequencies is given
in Table IT, and frequency/eigenvector pairs for the first five modes
are given in Table III. It can be seen that the Towest natural fre-
quency is 0.35 Hz, which is a reasonable natural frequency for large
structures of this type. It is suggested (though not explicitly
stated) in data from Harris describing their model, that the lowest

" frequency obtained by them was 2.85 Hz., It is difficult to make a

comparison between the Harris model and our model, however, because

it is highly unlikely that the information given Dynacon and that

used by Harris to generate their own are the same. There are many
points of ambiguity and uncertainty in the data obtained from Harris.
There are, for example three distinct sets of inertia properties--
centroids and moments and products of inertia--given by Harris, none
of which coincides with that calculated here. Harris at one point
mentions that all nine ribs of the attachment structure are the same
size, while the ten used by Dynacon were of five different dimensions.
Harris streamlined their analysis by such shortcuts as lumping the
cable weight into the membrane density, and the weight of the mechani-
cal deployment system into the density of the hub. As a consequence
of this, not all material properties and member dimensions were avail-
able to Dynacon. A final item of some importance is that Harris men-
tion "structural damping > 0.005" as one of their design specifications.
We have no way of knowing at this distance what the damping properties
of the reflector actually are, and it is not clear how much Harris
knows about damping either.

12



5. CONCLUDING REMARKS

This work described in this report was carried out under
shifting boundary conditions--not boundary conditions of a mathematical
nature, but the more perplexing shifting sands of policies beyond
the control of this small company. This work was begun under a
Purchase Order from Spar Aerospace Division, Ste.-Anne-de-Be]]evUe,
as part of Spar's MSAT Project (Mr. Chris Morgan, Project Manager).
Consistent with its role as Canada's Prime Contractor for satellite
systems, Spar asked Dynacon to prepare a structural dynamics model
of the MSAT communications reflector, a necessary component in the
reliable attitude control of this flexible communications satellite.

- This work, which was scheduled to proceed from 18 May 83
until 31 December 83, became suddenly un-funded early in the autumn
of 1983 when Spar received a Stop Work Order in the MSAT Project.

This was a most unwelcome development from Dynacon's point of view,
not only because of the obvious reason (work loss), but also because
Dynacon was intent on demonstrating that it was a company capable

not only on the forefront of the theoretical aspects of spacecraft
dynamics and control, but capable as well of performing detailed
structural dynamics analyses using state-of-the art software packages.

Fortunately, Dynacon also held a contract with the Depart-
ment of Communications (Mr. Howard Reynaud, Scientific Authority)
whose aim was to perform analyses as generally needed to support
the MSAT project. Under this contract, the work reported here was
completed. ”

Because the original contacts with Spar (and, through
Spar, with Harris) were not in force at the time the final calcu-
lations in this contract were being made, the parameters u]timate]y'
used here may not be precisely the same as those currently being
used by Harris in their reflector design. Therefore, the results
are, unfortunately, not quantitatively comparable to the latest
Harris data. Nevertheless, it can be concluded that Dynacon now
possesses the expertise to use'state-of-theeart finite-element soft-

13



ware packages to analyse the structural dynamics of flexible communications
satellites. Although the results of the present analysis are not
quantitatively comparable to the Harris data available because of the
interruption mentioned above, the data produced are quite reasonable,
and it is evident that more precise inputs to the computer code

would produce more precise outputs.
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Table 1: Inertia Properties of Structure
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Table [1:

Natural Frequencies of Harris-Like Reflector
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Table 111:

Frequernicy /Eigenvector Pairs for the First Five Modes

i
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Appendix A

ANSYS Program Inputs

This appendix contains a listing of the input of the
ANSYS program used in the modeling of the Harris DTS reflector.’
A1l units are inches, pounds, Hertz, and their various combin-
ations.
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| - .893  §9,n,0, ,=282,009,1,5%4,10,707 i
r 547 00;0'0'.-—'_"“2701.566,2.‘7570-1.022 N
; 595  06150,0, ,*150,215,~136,922,250,048
.. 596 . .62,0,0,. 1 =1 78.07),=108,008,n03,700 i 3 R R _ . L
| 5977 63,0,0, sm211,612,272,341,=35,187
. 498 ba.ﬂ,O. ."179 ()69.-108 083)-"7 210
) 599  05,0,0, ,=212,766,%72,162,%30, 35;__ i il
"i'ooo ab,o 0...-55 9&5,-uu 059,-64,513
A A A A A A A [




ARAXAkXRK A& khkkxkARK KX

ANSYS INPUT DATA LISTING (FILE18)

[ 994

b 12 18 24 30 36 4z 4g 54 60 b6 72 78
v Y v v Y v v v v - v v . v v
\ 601 - b6T,0;0s p=135,248,=63,100,54,706 :
YY) 6840,0, ,=181,237,=41,648,=41,221
' 605 69,0,0, ;-229.636,-1‘7.870.-23.735
04 70,0,0, ,»88,61],84,035,a84,070
509 73,0005 »2108,799,276,706,=77,931
606 72:0,0, +20135,538,«62,h6b,"68,174
607 73.0,0: »,=18U0,38G9,«00,867,251,174
08 TU 0,0, ;-250,986.-19.027,!27,6!9
609 75,0,0, ,»194,105,=39,683,~103,010
610 .7bp 70, .-138.559.-35.4351'4&802
611 - 77,0,0, ,=24%9039,%3%5,782,~19,299
612 78:,0,0, »=245,988,+35,535,=21,566
613 79,0,0, ,=~280,84%,3,005,=11,187
sid ‘BO,0,0; .-279.'56!1,2.9‘57,'].022 .
615 - 81,0,0, 1=91,22b,0,00,«57,977
616 B2,0,0, ¢=131,072,1,90R3,=50,017 -
N 617 83,0,0, »»179.54R,2,085,«37,497
S, bIB . BU,0,0, 4=131,851,1,516,=53,556
"619  .85,0,0, ,=180,6048,2,u91,=40,675
(X4 BE,070s +m771:605,80,018,45,962
Y3 67,0,0, ,=126,955,60,b633,=40,480
622 BB, 0,0, +»176:929,45,520,51,513 -
623 “B89,0,0s ,*227,206,25,237,=18,711
624 90i0,0s 1=80,155,R87,009,65,017
. 625 91,0,0p »»97,045,80,163,m50,4A1
. wbzb 9?;040' .-129olS?:,bb.S()Q.-UQ.?&H
Cln2i 93,0,0, ,=180,03%,u7,253,=41,301
678 . 94,0,0, 4~228,750,25,810,22,581 SR .
TTTEIET TG, Gy 0, 5o 180,256,58A77,432,080 R -
630 . 96,0,0, ,*184,3906,u5,272,=39,4564 . . E : W
631 97,0,0, ,=228,450,2,724,=21,529 ) :

532 9870, 0,

w270 376, 3,028,%23,7498

b33 99,0,0, ,=2B0,753,5,264,%10,933 =
630 100,0,0, ;=279,366,2,957,=1,022 i _ L o _
535 T 107,0,0, ,*156,680,136,922,19,55]
636 102,0,07 ,=167, 287,110.175,-19 0ot
637 108,0,0, ,=208,255,70,511,=16,609
B3R TTTHCU, 0,0, s=168,235,1171,[15,~22,798
639 105,0,0, ,=2G5,386,77,180,=19,723
. e40 106,050, ,=180,328,200,305,15,292 ... o a o .
T ed) T TG, 6,0, T, w205 ,638,154,957,6, a92
ou2 108,0,0, ,=230,h56,107,157,0,5%41
byl 109'0'0; p»254,99R,57,132,»2,125 -
biq , lTO—TGIOI !-195";&6;208.023"’2.lns
sus 111,0,0, ,=193,698,191,08b,=2,776
__bub: 112,040, ,=208 742.157LaAQ,-2 288 e e e . e
647 £13,0,0, ,#234,827,109,563,+8,957 ‘
'opUB  114,0,0, ,e25b,622,57,798,%5,946 ®
ouq 115,0,0, ,=289,704,127 800,956,007 _ L . s e e e
- bsd‘*‘laijﬁib.f“léie 280,104,816, ~8,499 ; ) : :
) A A 4 A Y A A A T A A A




takarXkE%A ANSYS INPUT DATA LISTING (FILESB) akaANkkhAan

bTTYE T8 24 30 36 42 48 54 &0 &6 712 18 ' ' : -
: . v v v v v V. v v v v Vv v . . .
6hi - 117,0,0, ,«201,233,4),229,~10,722

\, ) P
(652  118,0,0, ,=2u2,178,41,580,-12,977
6h%  119,0,0, ,=282,137,6,896,~10,095
(3o 2] 120,050, =279,366:2,957,=1,022
553 121;0’0' ,-259.951,193.637,u2,722
6586 122,0,90, "255'503'155|362030g21u
657 123,020, ,2271,2601,107,3%9,17,240
658 12U,0,0, s=260,5308,156,512,27,048
. B59 129,0,0, ,°272,597,108,067,14,229 . ’
b6 126,0,0, ,=«335,708,200,3%05,83,387 : -
bbbl 127,0,0, ,=323,296,154,957,58,695 : . ' )
662 128,0,0, »,»310,899,107,157,306,164 . ’ -/
oa?d 12940:0: "290.552'%7.132plb.10° ) _
b4 [30903@,.p'3us.0961203.023'67.513
bbS - 131,0,0, ,=358,139,161,086,61,3%2
bhb 132,0,0, ,»327,684,157,Ru9,%0,503 —
ts? 135[0,0, 2*319,U66,109,563,27,085
bhsx‘il3450'05 )‘396.276557.798'12|q“1
669 - 135,0,0, ,*34d0,041,127,800,=15,912 : : .
670 136,0,0, ,=315,816,104,816,25,914 R - ] ; i g :
. 671 $32,0,0, 29275,599,57,178,6,790 . . . . : . . - . . . :
672 138,0,4, ,=270,B89,57,4%50,4,559
673 - 139,0,0, ,«284,236,5,89p,°9,163
674 IXUO_,OpO‘ "379.5bh12.9571'|.022
0?5 i61,0,0, ,*388,8P9,136,922,92,302
616  1u4d,0,0, 1’505||an‘l0.17‘7'bq.765
6?77 lHSJOIO' n'3u1.31517b.51|'qu.223
678  1u4,0,0, »=~370,008,111,115,66,783 e e e et s
oo 679 1u5,0,U, ,=342,868,77,1048,41,294
oL 880 . fub,u,0, y=447,986,82,518,118, 380

oh 147,0,0, ,=810,888,68,033,H85,548
682 fas, 0,0, ,=370,699,4d5,520,54,489
1K) 149,0,0, ,=»327,477,25,237,25,792
BRI 1R0,0,0, ,ed60,u66,R87,049,103,779
. bAY [81,0,0, ,-au‘; 7‘»7 Bﬂ.lhB.‘?ﬂ 3“1
1.7 -] . 152.0;0, ‘u‘b SOE'bb 509 77 bY9
587 195,0,0, .-575,91°.u7.?53,u5,581
X 150,—0.0. 12329, 811,25,810,22,051 - . - . L.
bH9 15590, 0, 1 =407, 1aa,sa 027 u.713 : RIS

ramon o i et e =t me e Amimns s + S miean s oo et wisrmt e amenma Za ko w

T TR T I YRR, 142,414229,20,750
692 - 158,0,0, ,*3%13, 1&2:u1.519,1ﬂ 537
693 159,a0,0, '-éHB.TQQaH.ZHﬂp-B.bHu

; 694 200,00, 0, ,0,00,34,700, 3,00 ]

f . 89% 201,050, ,=u8,300,34,700,5,500 2 . S B . : : :

Lol BYb  202,0 'OL_20400'.5"L700!5 500 - : . . : e el vt e e sonm e e

; 597 7 7204,0,0, ,«43,300,=34,700,2,500 ’

698 . 204,0,0, ,0,00,34,700,127,000

: 699 -205,0,9, .-qz.uoq,3u.7nn,1a7.noo

C [T a0 20b 0,07 s0,000,=34,700,127,000 .
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Arkxkaanar  ANSYS INPUT DATA LISTING C(FILEIB) Ah#hkkaksa

5 12 18

24 30 36 42 ua 54 50 1) 72 78

v v v v \Y v L\ v v v v v v
S 704 207,0,0, 1=45,000,+34,700,127,000
i 7 Te2  210,0,0, ,<d43,000,0,00,127,000
i 703 211,050, ,=5%,000,6,500,=128,000
‘704 2U1,0,0, ,-?lq.SbbJE.‘?b?.-l.QEE
705 262,0,9, ,*283,80006,U4,170,+106,124 -
: 706 245,0,0, ,=308,4158,10,4R80,»57,459
. 107 206,0,0, ,*57,000,32,000,=60,000
i 708  2u7,0,0, ,=62,4000,5,000,165,000
; 709 250,040, ,=157,000,32,000,=60,000
i 719 -} ) :
! 71t b, TsBp9,10,18512,15,34515,19,241,242,24%,«]
. 7128 v2b527-25;29,50;31;32.53,34,35,39.241,2“2,203.f1
? 713 - .46,47,88,49,50,51,%92,53,%4,5%,59,2481,242,213,»1
‘ Tid | 6b,b7:68,69,70,71,72,73,748,75,79,241,202,243, =]
: 715 86,87,88,89,90,91,92,93,94,95,99,241,242,243, =1 .
i 716 .. 106,107,908,109, 110,994,412, 183,114,115,119,201,282,243,=1
i 717 - 126,127,128,129,130,133,1%2,133,134,135,139,241,242,243,=1
+. T8 1d46,147,148,149,150,151,14%2,153,154,155,159,241,242,243,=]
719 201,205,210,211 ,=1 ) )
| TE0ERD
} 721 EX, 150,117,808
722 ALPX,1,0,0
723 NUXY,1,0,0
724 DE.,NS':I:0.0.N
725 EXs2,001,0E03
T26 ALPX,2,0,0
727 DENS,2,0,10
728  EX,3,0,17,4E06
W7 ALPx, 5, 4,0
730 . NUXY,3,0,0
7%} DENS,3,0,0,74
732 EX,8,0,,086
733 EY,liy0,,08
134 NUXY,4,0,,3
A 735 ALPX,8,0,0
736 ALPY,d,0,0 .
137  DENS,4,0;2,5k0Y
7387 e
3 139 bsUXsy 146,200,008
780 10,U%p ey 150,20,10Y,07:
TUTIATT i, 181,20, 0Y,07
Tue 13,iX40,195,20,uY,uZ
Tul ISnUX',‘155,20.UY,UZ
TUuY 19,0, 159,20, 07,07
748 242,UX,,,24244UY,UZ
___Tas__ 2u3,UXy,245,5UY,u2 -
TR AL, Uk g s 2 e s UY U
TuR o
149 1,0,1,1
75077

A A A

S 7 73 <
3 : 9 3 Al e 2% R % X e,
e s 3 £ St 3. X ARSI 2 o 3 ¥ -
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S v P :-_ e b e ay  Ee e g 3 SR SR T 3 ASRLG ¥ Vit
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- L. ARARARxRxs  ANSYS INPUT DATA LISTING (FILEIB) sAxkAsdkns

| 6 12 18 . 24 30 36 42 - 48 54 60 66 72 78 ' : L
. v v 'l v v oV v v v v v v v o ’ ‘ -
g 751 an‘OO“X.O,D'l"UY".’ZIR‘]TX'R”TY,RC‘?Z .

= 752 203,,UX,0,0,,55,UY,UZ,RNTX,ROTY,ROTZ
P 183 210.:1))(,0.0”p.IJY,UZ.ROTX.RIJTY;RUTZ

154  a)
- 155 el . . . . . . . _
1586 =] ’ R : . . _ o . : - —

|
E
| 757 FINISH

axenn BEMORY.KEQUEST FROM JCORE Anass . T :
_MAXTMUM SCHM . = . 453000 : . P i

. MAXTMUM LCM - = 0 S , - _ . e = e
| MAXIMUM VIRTuUALE - @
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