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Abstract

Results of two different nonlinear finite-element analyses and preliminary
static test results for the final design of the Controls-Structures Interaction

Evolutionary Model reflector are presented. Load-deflection data bases are

generated from analysis and testing of the 16-ft diameter, dish-shaped reflec-
tor, and natural frequencies and mode shapes are obtained from vibrational

analysis. Experimental and analytical results show similar trends; however,

future test hardware modifications and finite-element model refinement would

be necessary to obtain better correlation. The two nonlinear analysis ap-

proaches are both adequate techniques for the analysis of prestressed struc-
tures with complex geometry.

Introduction

Future space structures, such as the proposed

Space Station Freedom--which consists of a truss

structure with many appendages such as antennas
and motors--present new challenges to structure and

control-system design. The structural design require-

ment of low mass results in very flexible structures.

To be able to meet pointing-control requirements
in space, engineers need complete knowledge of the

static and dynamic characteristics of the structure.

New technology for ground testing and analysis to

characterize controlled flexible space structures is be-
ing developed and tested as described in references 1

and 2. Correlation of experimental and analytical

results leads to the refinement of the analytical mod-

els, which gives engineers more confidence in the an-
alytical predictions. The final goal is to be able to

characterize and design space structures by means of

analysis only or by means of analysis and testing of
individual components of the structure.

Langley Research Center recently conducted
closed-loop-control ground tests on the Controls-

Structures Interaction Evolutionary Model (CEM),

an experimental model that is generically similar to a
future space platform to be instrumented to monitor

the Earth's climate. Figure 1 shows the main compo-

nents of the CEM. Preliminary design, test, and anal-

ysis results are described in reference 2. As shown in
the figure, the Evolutionary Model consists primar-

ily of a flexible truss structure and an antenna-like

appendage called a reflector. The reflector, shown in

detail in figure 2, is an important dynamic compo-

nent of the global line-of-sight (LOS) pointing path.
To monitor the LOS pointing accuracy, a laser is

mounted on the vertical truss tower of the CEM, such
that the laser beam reflects upon the reflector mirror.

The laser-beam reflection is measured by a photo-

diode array above the reflector. This laser-reflector-

detector system allows the pointing accuracy of the

CEM to be measured and controlled. Because of the

complexity of the geometry of the reflector, and in an
effort to update the finite-element analytical model of

the whole structure, testing and analysis of that indi-

vidual component have been conducted. Reference 3

presents preliminary design, test, and analysis results
of the developmental model of the reflector. The

present paper describes the results obtained from the

finite-element analysis and static test for the final

design of the reflector and some preliminary results
from vibrational analysis. Nonlinear capabilities of

MSC/NASTRAN (ref. 4) were used to account for

large-displacements and pretensioning effects in the

finite-element analysis of the reflector; results were
compared with the nonlinear technique described in
reference 3.

Evolutionary Model Reflector

The CEM reflector (figs. 2 and 3) is a dish-shaped

structure 185.5 in. in diameter and 19.93 in. deep.
The main components are the ribs, hub, and sensor

plate. Each of the eight aluminum ribs is 0.25 in.

thick and 96 in. long and is tapered in width over
its length from 2 in. to 1 in. The ribs are oriented

at angles of 45 ° around the hub--a 3/8-in.-thick

aluminum plate, with a 4-in. inside diameter and
an 8-in. outside diameter. One end of the ribs is

attached to the hub, and the other end is connected

to each adjacent rib by a 1/32-in.-diameter steel

cable. Tensioning the cable by means of thumb
screws on each rib deforms the ribs to obtain the

desired shape of the reflector.

The sensor plate is a 1.5-in.-thick fiberglass-

honeycomb composite panel with a mirrored surface.

The top view of the reflector in figure 3 reveals the

octagonal shape of the reflector plate and the circu-
lar mirror on its center. Each corner of the octagonal

panel is attached to the ribs by swivel-head bolts to

prevent transmission of moments from the ribs to the

panel. A detailed view of that connection is shown



in figure3. Fouraluminumrodsstiffentheplateand
connectit to thehub.Thehubistheconnectinglink-
agebetweenthereflectorandthe supportingstruc-
ture. A detailedviewof theconnectionsbetweenthe
hubandsensorplateandbetweenthehubandtruss
toweris shownin figure4.

Duringthis investigation,thereflectorw_ stat-
ically testedin two positions horizontally(fig. 5)
andinclined39.1° (fig.6). Theinclinedpositionis
thesameasfortheCEM. It was supported in the hor-

izontal position by a single 10-in. cubical truss bay

fixed at the bottom (fig. 5). The supporting struc-
ture for the inclined reflector test setup (fig. 6) was

the upper section of the truss tower; this tower con-
sisted of a tapered truss bay and one cubic bay that
was also fixed at its bottom. The truss members of

the cubical bays are aluminum tubes connected by

node-ball joints. A typical truss member and node-

ball joint are shown in figure 7. The vertical mem-
bers of the tapered bay are aluminum tubes, and the

diagonal and top members are aluminum structural

angles. Dynamic analyses were performed only in the

inclined position.

Finite-Element Models

The dish shape of the reflector is a result of the
deflection of the ribs caused by tensioning the cables.

Previous finite-elenmnt analysis of a preliminary re-

flector design (ref. 3) showed that small-deflection

nonlinear analysis can be used if the post-tensioned

geometry and compressive loads of a typical rib are
known. A model of a prestressed reflector follow-

ing this approach was created by using the MacNeal-
Schwendler Corp. MSC/NASTRAN. A second non-

linear analysis, which included MSC/NASTRAN

nonlinear analysis capabilities, was used to model

the large deflections of the reflector, starting from
its undeformed position, to obtain the correct geom-

etry and stiffness of the prestressed structure. The

only physical parameter needed for the analysis in
this case, other than material properties and basic

dimensions, is the tension in the cables for the fi-

nal configuration. Results from both analyses vcere

compared with test results.

In the finite-element models of the reflector, each

rib consists of 12 beam elements dimensioned accQrd-

ing to the tapered shape of the ribs. The cables

are modeled by using 1/32-in.-diameter rod elements
with material properties of steel wire. The hub is

modeled with 24 3/8-in.-thick triangular plate ele-
ments. Tile steel bolts connecting the ribs to the hub

are represented by 1/4-in.-diameter bar elements:
Due to the short length and high stiffness of the bolts
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connecting the hub to the supporting structure, zero-

length scalar spring elements (1.5 x 108 lb/in.) for all

six degrees of freedom are used for each connector.
All support brackets and truss elements of the sup-

porting structure were modeled by using two-noded
CBAR elements.

The sensor plate is modeled by using 24 triangular

plate elements. Since the material properties of the

honeycomb: composite panel were unknown, an effec-

tive platc thickness of 0.408 in. was computed, and
the known material properties of the fiberglass sheets

were used as material properties for the equivalent

plate. The following equation was used to compute

the effective thickness teff of the composite panel:

-_- x b= 12

Therefore,

t5 =(ho-
where I is the area moment of inertia for a rectan-

: 4 :

gular cross-sectional element of the panel of length b

and height ho. (See fig. 8.) Honeycomb core thick-
ness is denoted by hi. The mirrored surface of the re-

flector plate was represented by a lumped mass at its
center. The swivel-head bolts connecting the sensor

plate to the ribs were modeled with CBAR clements,
and the rotational degree of freedom about the axis

passing through the eye of each bolt (see detail in

fig. 3) was left frce by using pin flags. Since CROD
elements only have torsional and axial stiffness, they
were also used to model the swivel-head bolts; re-

sults were compared with those obtained with CBAR
elements.

The input geometry of the undeformed rib for the

large-displacements nonlinear model should not be
represented by a horizontal line. A bifurcation would
exist and the ribs could deflect either up or down.
To ensure that the ribs would move in the correct

direction, the rib was represented by a straight line

that made a 6° angle with a horizontal line (fig. 9).

Analysis

The MSC/NASTRAN solution 64 employs an it-
erative procedure with a modified Newton-Raphson

approach to solve geometric nonlinear problems. The

large-displacements nonlinear analysis for the reflec-

tor involved two steps, which are summarized in fig-
urc 10. In the first step, the structure was preloaded

and shaped by applying a thermal load to the ca-

bles that was equivalent to the measured tension in
the cables on the shaped structure. Gravity effects



andtargetweightswerealsoincluded.Fifteeniter-
ationswererequiredfor forceconvergence,andthe
first iterationwasthe linearstatic solution.Differ-
entialstiffnesscalculationswereskippedto avoidin-
stabilityor mechanismerrors.Thesecondstepwas
arestartfromstep1to applyexternalloads.Fifteen
dummysubcaseswererequiredin the casecontrol
deckto restartfrom the last stressstatein step1.
Threeiterationswererequiredfor final convergence
in step2. Superimposingresultsfromsteps1 and2
gives the displacements that result from external

loading. These results are compared with small-

displacements nonlinear analysis and experimental
results.

Analysis with a prestressed reflector model, simi-

lar to the analysis described in reference 3, was also

performed by using solution 64; however, the geom-
etry input for the ribs was that of a deflected and

prestressed rib. Since there were no large deflec-

tions of the preshaped structure, the CBEAM ele-
ments were replaced by the easier to use CBAR el-

ements. The analysis consisted of the three steps

shown in figure 11. First, a thermal load equiva-

lent to the compressive preload is applied to the ribs,

which are completely restrained (ref. 3). A thermal
preload is also applied to the cables. The constraint

forces obtained in this step are the forces required to
maintain equilibrium when all degrees of freedom are

released in step 2. The second step is to release all

degrees of freedom, apply the computed constraint

forces, gravity load, and target weights to obtain the

final prestress state, which is equivalent to step 1
for the large-displacements nonlinear model. Step 3
involves the application of external loads. Results
from steps 2 and 3 are combined to obtain the final

displacements. For this case, each step ran indepen-

dently, no data base was required. Each step required
three iterations for convergence a linear static solu-

tion, a differential stiffness calculation, and one non-

linear iteration. Figure 9 shows the geometry of a
preloaded rib that results from small-displacements

nonlinear analysis and large-displacements nonlinear
analyses. Listings of the NASTRAN data decks for

both models are included in the appendix.

The analysis results seem very sensitive to dif-

ferent models of swivel-head bolts. Changing the

swivel bolt element from CBAR with pin flags to
CROD greatly reduces the stiffness of the ribs and

smooths the stress distribution along the ribs. Fig-
ure 12 shows the deformation of one of the ribs under

gravity and target weight for the small-displacements

analysis with two different connector models. Sig-
nificant changes occur in the axial-force distribution

along the ribs for the large-displacements nonlinear

model. (See table 1.)

Vibrational analysis was also performed by us-
ing the data bases generated for the final prestressed

states for both the small-displacements and the large-
displacements nonlinear analytical models of the re-

flector in its inclined position. Mode shapes and

frequencies were computed for modes below 10 Hz.

Correlation of Static Tests With

Analysis

Static tests of the reflector on its horizontal and

inclined configurations were conducted to obtain

load-deflection characteristics for comparison with

analytical results. Four of the eight reflector ribs,

numbered as shown in figure 3, were instrumented
with target plates and proximity probes to measure

rib-tip and plate-end displacements. Loads were ap-

plied at specific locations on the ribs and plate ends

to provide the required symmetric or unsymmetric
loading condition. Loads were applied and removed

in step increments. Table 2 summarizes the load-
ing cycles that were conducted to obtain the data

base for this investigation; figure 13 shows the de-

tails of the target and weight configurations. Output
data from the proximity probes were displayed on

voltmeters and were recorded manually.

Load-deflection plots for each loading condi-
tion described in table 2 were generated from the

test data for comparison with load-deflection plots
generated from large-displacements nonlinear and

small-displacements nonlinear analyses. Symmetric
and asymmetric stiffness characteristics of the reflec-

tor ribs for test and analysis of the reflector on its
inclined position are shown in figure 14. Both sets
of data indicate that the load deflections are linear

during load-application and load-relief cycles; there
is good correlation between small-displacements and

large-displacements nonlinear analysis results. As

explained subsequently in this section, correlation
between experimental and analytical results is ac-

ceptable, considering possible errors in experimen-

tal measurements. Similar plots were generated that
described load-deflection characteristics of the reflec-

tor in its horizontal position when loads were applied
at the sensor-plate ends. Experimental and analyti-

cal results obtained from symmetric and asymmetric

loading of the plate ends are shown in figure 15. For
this set of data, because of the symmetry of the struc-

ture, all the measured and generated displacement
data obtained for each of the four locations on the

sensor plate were combined and curve fitted. Exper-
imental data show hysteresis losses during the load-

ing and unloading cycles; however, load-deflection



characteristicscanbeconsideredlinear. Hysteresis
lossisacommoncharacteristicofcompositematerial
structures.Eventhoughthepresentanalyticaltools
donot havethecapabilitiesto modelhystereticen-
ergylosses,load-deflectioncharacteristicsobtained
from both analysesagainagreewith experimental
results,andcorrelationbetweenresultsfrom both
analyticalmodelswasverygood.Thesymmetryof
thehorizontalstructureisverywelldescribedbythe
analyticalmodels.Table3summarizesthepercent-
ageerrorbetweentheslopesof thetestandanalysis
curvesforloadcycles1to 4.

Thediscrepanciesbetweenexperimentalandan-
alytical resultsin sometestsincreasewith increas-
ing loadand deflection.Thesediscrepanciesmay
be causedby the waythe target-plateassemblyis
attachedto the ribs. Beforeany loadsareapplied
to the ribsor plateends,the targetplatesareper-
pendicularto the proximityprobes.Whenthe ribs
arcdisplacedby the appliedload,thetarget,plates,
whicharefixedto theribs, followthe rib displace-
ment;therib displacementincludesrotation. In its
final position,the targetplate is at ananglewith
the proximityprobe. Therefore,the measuredver-
tical displacementis not theverticalcomponentof
the displacementvectorof the point of intereston
therib. Theerrorisa functionof thehorizontaldis-
placementof the target-platecenterandthe angle
the targetplatemakeswith thehorizontal.Someof
thediscrepanciesbetweenexperimentalandanalyti-
calresultscouldhavebccneliminatedif swiveljoints
wereusedto attachthetargetassemblyto theribs.

Results of Vibrational Analysis

Vibrationalanalysisofthereflectorhasbeencon-
ductedto correlateresultsfrombothanalyticalmod-
elsandforfuturecorrelationwithexperimentaldata.
Thefirst 13naturalfrequenciesforthereflectorin its
inclinedposition,obtainedfromlarge-displacements
nonlinearanalysisand small-displacementsnonlin-
earanalysis,are listed in table 4. Corresponding

mode shapes are shown in figure 16 for the larga-
displacements nonlinear model. The cigenvalues and

mode shapes obtained from the two analytical models

show close agreement.

The first global mode shape identified, mode 4,
exhibits a rocking motion of the reflector about

the hub. Mode 9, the second global mode, in-
volves torsion of the reflector around the hub cen-

ter. Modes 1 to 3 and 6 to 8 are different combina-

tions of first bending modes of the individual ribs.
Second rib bending modes are in mode 10. Many

of the mode shapes are similar and have similar

frequencies because of the symmetry of the structure.

Frequency-response functions for random exci-
tation at rib 2 were also generated by using the

NASTRAN models. The plot in figure 17 shows a

typical frequency-response function (FRF) taken in

the vertical plane for rib 2. The point of excitation
was the connection between the rib and sensor plate,

and the measurement was taken 2.5 ft along the rib
from the connector. The two analytical models show

similar results.

Concluding Remarks

Two different nonlinear finite-element models for

the final design of the Controls-Structures Inter-
action Evolutionary Model (CEM) reflector were de-

veloped and load-deflection data bases were gen-

erated for comparison with experimental results.
Static tests to obtain load-deflection characteristics

of the Controls-Structures Interaction (CSI) Evolu-

tionary Model reflector were conducted. Limited vi-
brational analysis was also conducted, and prelimi-

nary system modes were computed for future system
identification.

Excellent agreement between small-displacements
and large-displacements nonlinear models for the re-
flector has bccn demonstrated. The modeling tech-

niques described could be used in future applications
involving the analysis of prestressed structures with

complex geometry. The small-displacements nonlin-

ear analysis approach works well for the analysis of
prestressed structures where both the shape and the

preload are known. During the design stage, the

large-displacements nonlinear analysis approach can
be used to design shape and prestress simultaneously.

Analytical and experimental results follow simi-

lar trends, but there are some discrepancies. These

discrepancies may be reduced by modifying the dis-

p!acement measurement hardware and by incorpo-
rating composite material data for the sensor plate
into the finite-element models. Nlrther refinement of

the swivel-head bolt model is also warranted.

NASA Langley Research Center
Hampton, VA 23665-5225
March 12, 1992
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Appendix

Listing of Finite-Element Analyses

3

4

5

6

7

8

9

I0

11

12

13

14

15

16

17

18

19

2O

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

4O

41

42

43

44

45

46

47

48

49

5O

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

RUNSTREAM OF NONLINEAR MODEL,REFLECTOR IN HORIZONTAL POSITION, STEP 1

NASTRAN FILES= (DB01)

ID STATIC NL ANALYSIS, REFLECTOR IN HORIZONTAL POSITION

APP DISPLACEMENT

SOL 64

TIME 120

CEND

$ CASE CONTROL DECK FOLLOWS

$
TITLE = REFLECTOR WITH TAPERED RIBS, NONLTNEAR PRELOAD RUN, STEP 1

ECHO = SORT

SPC - 1

LOAD=I00 $ GRAVITY AND TARGET WEIGHTS

TEMP (LOAD)=13 $ THERMAL LOAD ON CABLES

SUBCASE 1

LABEL= LINEAR STATIC SOLUTION

DISPLACEMENT = ALL

ELFOR=ALL

SUBCASE 2

SUBCASE 3

SUBCASE 4

SUBCASE 5

SUBCASE 6

SUBCASE 7

SUBCASE 8

SUBCASE 9

SUBCASE I0

SUBCASE ii

SUBCASE 12

SUBCASE 13

SPCF=ALL

SUBCASE 14

SUBCASE 15

SPCF=ALL

DISP=ALL

ELFOR=ALL

$ FIFTEEN ITERATIONS REQUIRED FOR CONVERGENCE

OUTPUT (PLOT)

CSCALE=I. 8

PLOTTER NAST

SET 30=ALL

AXES Y, X, Z

VIEW 0.0,0.0,0.0

PTITLE=NONLINEAR STATIC ANALYSIS OF HORIZONTAL REFLECTOR

FIND SCALE,ORIGIN 30,SET 30

PLOT STATIC DEFORMATION 0,15,SET 30,ORIGIN 30

$ BULK DATA DECK FOLLOWS

$
BEGIN BULK

$
GRAV 200 0 386. 0.0 0.0 -I.0

LOAD, 100, 1. , I. , 60, 1 . , 200

LOAD, 101,1.,1., 60,1., 64,1.,200

$ TARGET WEIGHTS

FORCE 60,2201,0, .4,0.,0

FORCE 60,2301,0,

FORCE 60,2401,0,

FORCE 60,2501,0,

FORCE 60,2601,0,

FORCE 60,2701,0,

FORCE 60,2801,0,

FORCE 60,2901,0,

$
FORCE, 60,2206,0,

FORCE, 60,2306,0,

.,-1

.4,0.,0.,-i

.4,0.,0.,-I

.4,0.,0.,-1

.4,0.,0.,-I

.4,0.,0.,-i

.4,0.,0.,-1

.4,0.,0.,-1

.3,0.,0.,-1.

.3,0.,0.,-1.

FORCE, 60,2406,0,.3,0.,0.,-1.

FORCE, 60,2506,0,.3,0.,0.,-1.

FORCE, 60,2606,0,.3,0.,0.,-1.
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72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124
125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145
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FORCE, 60, 2706, 0, .3, 0., 0., -I.

FORCE, 60,2806,0, .3,0.,0.,-I.

FORCE, 60, 2906,0, .3,0.,0.,-I.

$
PARAM, COUPMASS, 1

PARAM, GRDPNT, 0

PARAM, MAXRATIO, 5

PARAM, K6ROT, i0.

pARAM, TESTNEG, -2

CORD2C 4

+ORD 5.0

$
$ GRID POINTS - RIBS GEOMETRY

.E+06

$ SKIP DIFFERENTIAL STIFFNESS CALCULATIONS

0.0 0.0 0.0 0.0

0.0 5.0

GRID 2001 4 96.00

GRID 2002 4 82.11

GRID 2003 4 71.79

GRID 2004 4 59.66

GRID 2005 4 47.83

GRID 2006 4 35.75

GRID 2007 4 35.35

GRID 2008 4 26.5

GRID 2009 4 17.25

GRID 2010 4 8.0

GRID 2011 4 4.625

GRID 2012 4 8.0

GRID 2013 4 4.625

$
GRID 2014 4 96.00

GRID 2015 4 82.11

GRID 2016 4 71.79

GRID 2017 4 59.66

GRID 2018 4 47.83

GRID 2019 4 35.75

GRID 2020 4 35.35

GRID 2021 4 26.5

GRID 2022 4 17.25

GRID 2023 4 8.0

GRID 2024 4 4.625

GRID 2025 4 8.0

GRID 2026 4 4.625

$
GRID 2027 4 96.00

GRID 2028 4 82.11

GRID 2029 4 71.79

GRID 2030 4 59.66

GRID 2031 4 47.83

GRID 2032 4 35.75

GRID 2033 4 35.35

GRID 2034 4 26.5

GRID 2035 4 17.25

GRID 2036 4 8.0

GRID 2037 4 4.625

GRID 2038 4 8.0

GRID 2039 4 4.625

$
GRID 2040 4 96.00

GRID 2041 4 82.11

GRID 2042 4 71.79

GRID 2043 4 59.66

GRID 2044 4 47.83

GRID 2045 4 35.75

GRID 2046 4 35.35

GRID 2047 4 26.5

GRID 2048 4 17.25

GRID 2049 4 8.0

GRID 2050 4 4.625

GRID 2051 4 8.0

GRID 2052 4 4.625

$
GRID 2053 4 96.00

GRID 2054 4 82.11

GRID 2055 4 71.79

GRID 2056 4 59.66

GRID 2057 4 47.83

22.5 8.3705

22.5 6.8685

22.5 5.7535
22.5 4.4415

22.5 3.1635

22.5 1.8572

22.5 2.4375

22.5 .8572

22.5 .3572

22.5 .3125

22.5 .3125

22.5 0.0

22.5 0.0

67.5 8.3705

67.5 6.8685

67.5 5.7535

67.5 4.4415

67.5 3.1635

67.5 1.8572

67.5 2.4375

67.5 .8572
67.5 .3572

67.5 .3125

67.5 .3125

67.5 0.0

67.5 0.0

112 5 8.3705

112 5 6.8685

112 5 5.7535

112 5 4.4415

112 5 3.1635

112 5 1.8572

112 5 2.437_

112 5 .8572

112 5 .3572

112 5 .3i25
112 5 .3125

112 5 0.0

112 5 0.0

157.5 8.3705

157.5 6.8685

157.5 5.7535

157.5 4.4415

157.5 3.1635

157.5 1.8572

157.5 2.4375

157.5 .8572

157.5 .3572
157.5 .3125

157.5 .3125

157.5 0.0

157.5 0.0

202.5 8.3705

202.5 6.8685

202.5 5.7535

202.5 4.4415

202.5 3.1635

0.0 5.0CORD

!

R
!
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146 GRID 2058

147 GRID 2059

148 GRID 2060

149 GRID 2061

150 GRID 2062

151 GRID 2063

152 GRID 2064

153 GRID 2065

154 $
155 GRID 2066

156 GRID 2067

157 GRID 2068

158 GRID 2069

159 GRID 2070

160 GRID 2071

161 GRID 2072

162 GRID 2073

163 GRID 2074

164 GRID 2075

165 GRID 2076

166 GRID 2077

167 GRID 2078

168 $
169 GRID 2079

170 GRID 2080

171 GRID" 2081

172 GRID 2082

173 GRID 2083

174 GRID 2084

175 GRID 2085

176 GRID 2086

177 GRID 2087

178 GRID 2088

179 GRID 2089

180 GRID 2090

181 GRID 2091

182 $
183 GRID 2092

184 GRID 2093

185 GRID 2094

186 GRID 2095

187 GRID 2096

188 GRID 2097

189 GRID 2098

190 GRID 2099

191 GRID 2100

192 GRID 2101

193 GRID 2102

194 GRID 2103

195 GRID 2104

196 GRID 2106

197 $ HUB

198 GRID 2110

199 GRID 2111

200 GRID 2112

201 GRID 2113

202 GRID 2114

203 GRID 2115

204 GRID 2116

205 GRID 2117

206 $ SENSOR PLATE

207 GRID 2119

208 GRID 2120

209 GRID 2121

210 GRID 2122

211 $ TRUSS BAY

212 GRID 315

213 GRID 316

214 GRID 404

215 GRID 405

216 GRID 313

217 GRID 314

218 GRID 402

219 GRID 403

4 35.75 202.5 1.8572

4 35.35 202.5 2.4375

4 26.5 202.5 .8572

4 17.25 202.5 .3572

4 8.0 202.5 .3125

4 4.625 202.5 .3125

4 8.0 202.5 0.0

4 4.625 202.5 0.0

4 96.00 247.5 8.3705

4 82.11 247.5 6.8685

4 71.79 247.5 5.7535

4 59.66 247.5 4 4415

4 47.83 247.5 3 1635

4 35.75 247.5 1 8572

4 35.35 247.5 2 4375

4 26.5 247.5 8572

4 17.25 247.5 3572

4 8.0 247.5 .3125

4 4.625 247.5 .3125

4 8.0 247.5 0.0

4 4.625 247.5 0.0

4 96.00 292.5 8.3705

4 82.11 292.5 6.8685

4 71.79 292.5 5.7535

4 59.66 292.5 4.4415

4 47.83 292.5 3.1635

4 35.75 292.5 1.8572

4 35.35 292.5 2.4375

4 26.5 292.5 .8572

4 17.25 292.5 .3572

4 8.0 292.5 .3125

4 4.625 292.5 .3125

4 8.0 292.5 0.0

4 4.625 292.5 0.0

96.00 337.5 8.3705

82.11 337.5 6.8685

71.79 337.5 5.7535

59.66 337.5 4.4415

47.83 337.5 3.1635

35.75 337.5 1.8572

35.35 337.5 2.4375

26.5 337.5 .8572

17.25 337.5 .3572

8.0 337.5 .3125

4.625 337.5 .3125

8.0 337.5 0.0

4.625 337.5 0.0

0.0 0.0 2.4375

4 8.5 0.0 0.0

4 7.07 45.0 0.0

4 8.50 90.0 0.0

4 7.07 135.0 0.0

4 8.50 180.0 0.0

4 7.07 225.0 0.0

4 8.50 270.0 0.0

4 7.07 315.0 0.0

4 8.5 0.0 2.4375

4 8.5 90.0 2.4375

4 8.5 180.0 2.4375

4 8.5 270.0 2.4375

4 7.0711 45 0 -.8125

4 7.0711 -45 0 -.8125

4 7.0711 135 0 -.8125

4 7.0711 -135 0 -.8125

4 7.0711 45 0 -10.812

4 7.0711 -45 0 -10.812

4 7.0711 135.0 -10.812

4 7.0711 -135.0 -10.812

7
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220 $ TARGET LOCATIONS

221 GRID, 2201,4,94.012,22.5,8.1555

222 GRID,2301,4,94.012,67.5,8.1555

223 GRID,2401,4,94.012,112.5,8.1555

224 GRID, 2501,4,94.012,157.5,8.1555

225 GRID,2601,4,94.012,202.5,8.1555

226 GRID,2701,4,94.012,247.5,8.1555

227 GRID,2801,4,94.012,292.5,8.1555

228 GRID,2901,4,94.012,337.5,8.1555

229 GRID,2206,4,41.8397,22.5,2.5157

230 GRID,2306,4,41.8397,67.5,2.5157

231 GRID,2406,4,41.8397,112.5,2.5157

232 GRID,2506,4,41.8397,157.5,2.5157

233 GRID,2606,4,41.8397,202.5,2.5157

234 GRID,2706,4,41.8397,247.5,2.5157

235 GRID,2806,4,41.8397,292.5,2.5157

236 GRID,2906,4,41.8397,337.5,2.5157

237 $ CONSTRAINT POINTS, BAY BOTTOM

238 SPCI 1 123456 313

239 SPCI 1 123456 314

240 SPCI 1 123456 402

241 SPCI 1 123456 403

242 $ RIBS ELEMENTS

243 CBEAM 1 1 2001

244 CBEAM 2 1 2014

245 CBEAM 3 1 2027

246 CBEAM 4 1 2040

247 CBEAM 5 1 2053

248 CBEAM 6 1 2066

249 CBEAM 7 1 2079

250 CBEAM 8 1 2092

251 $

252 CBEAM 9 2 2002

253 CBEAM I0 2 2015

254 CBEAM II 2 2028

255 CBEAM 12 2 2041

256 CBEAM 13 2 2054

257 CBEAM 14 2 2067

258 CBEAM 15 2 2080

259 CBEAM 16 2 2093
260 $
261 CBEAM 17 3 2003
262 CBE_ 18 3 2016
263 CBEAM 19 3 2029
264 CBEAM 20 3 2042

265 CBZAM 21 3 2055
266 CBZAM 22 3 2068
267 CBEAM 23 3 2081

268 CBEAM 24 3 2094

269 $
270 CBEAM 25 4 2004

271 CBEAM 26 4 2017

272 CBEAM 27 4 2030

273 CBEAM 28 4 2043

274 CBEAM 29 4 2056

275 CBEAM 30 4 2069

276 CREAM 31 4 2082

277 CREAM 32 4 2095

278 $
279 CBEAM 33 5 2005

280 CREAM 34 5 2018

281 CBEAM 35 5 2031

282 CBEAM 36 5 2044

283 CBEAM 37 5 2057

284 CBEAM 38 5 2070

285 CBEAM 39 5 2083

286 CBEAM 40 5 2096

287 $

288 CREAM 41 6 2006

289 CBEAM 42 6 2019

290 CBEAM 43 6 2032

291 CBEAM 44 6 2045

292 CBEAM 45 6 2058

293 CBEAM 46 6 2071

8

2201

2301

2401

2501

2601

2701

2801

2901

2003

2016

2029

2042

2055

2068

2081

2094

2004

2017

2030

2043

2056

2069

2082

2095

2005

2018

2031

2044

2057

2070

2083

2096

2206

2306

2406

2506

2606

2706

2806

2906

2008

2021

2034

2047

2060

2073

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0,0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.00

1.00

1.00

1.00

1.00

1.00

lJi



294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

CBEAM

CBEAM

$
CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

$
CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

$
CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

CBEAM,

$ END

47 6 2084 2086 0.0 0.0 1.00

48 6 2097 2099 0.0 0.0 1.00

49 6 2008 2009 0.0 0.0 1.00

50 6 2021 2022 0.0 0.0 1.00

51 6 2034 2035 0.0 0.0 1.00

52 6 2047 2048 0.0 0.0 1.00

53 6 2060 2061 0.0 0.0 1.00

54 6 2073 2074 0.0 0.0 1.00

55 6 2086 2087 0.0 0.0 1.00

56 6 2099 2100 0.0 0.0 1.00

57 6 2009 2010

58 6 2022 2023

59 6 2035 2036

60 6 2048 2049

61 6 2061 2062

62 6 2074 2075

63 6 2087 2088

64 6 2100 2101

0.0

0.0

0 0

0 0

0 0

0 0

0 0

0 0

0.0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

65 6 2010 2011 0.0 0.0 1.00

66 6 2023 2024 0.0 0.0 1.00

67 6 2036 2037 0.0 0.0 1.00

68 6 2049 2050 0.0 0.0 1.00

69 6 2062 2063 0.0 0.0 1.00

70 6 2075 2076 0.0 0.0 1.00

71 6 2088 2089 0.0 0.0 1.00

72 6 2101 2102 0.0 0.0 1.00

140_1,2201,2002,0.,0.,1.

141, I,2301,2015,0.,0.,i.

142,1,2401,2028,0.,0.,1.

143,1,2501,2041,0.,0.,I.

144,1,2601,2054,0.,0.,I.

145,1,2701,2067,0.,0.,i.

146,1,2801,2080,0.,0.,I.

147,1,2901,2093,0.,0.,I.

148,5,2206,2006,0.,0.,I.

149,5,2306,2019,0.,0.,1.

150,5,2406,2032,0.,0.,1.

151,5,2506,2045,0.,0.,i.

152,5,2606,2058,0.,0.,I.

153,5,2706,2071,0.,0.,I.

154,5,2806,2084,0.,0.,I.

155,5,2906,2097,0.,0.,i.

TAPERED RIBS

$ START CONNECTOR BOLTS - RIBS TO HUB

CBAR 73 8 2010 2012 2062

CBAR 74 8 2023 2025 2075

CBAR 75 8 2036 2038 2088

CBAR 76 8 2049 2051 2101

CBAR 77 8 2062 2064 2010

CBAR 78 8 2075 2077 2023

CBAR 79 8 2088 2090 2036

CBAR 80 8 2101 2103 2049

CBAR 81 8 2011 2013 2063

CBAR 82 8 2024 2026 2076

CBAR 83 8 2037 2039 2089

CBAR 84 8 2050 2052 2102

CBAR 85 8 2063 2065 2011

CBAR 86 8 2076 2078 2024

CBAR 87 8 2089 2091 2037

CBAR 88 8 2102 2104 2050

$ START CONNECTORS BETWEEN RIBS AND SENSOR PLATE

CBAR, 89,9,2006,2007,2005

,t6

CBAR, 90,9,2019,2020,2018

,,6

CBAR, 91,9,2032,2033,2031

,e6

CBAR, 92,9,2045,2046,2044

,16

CBAR, 93,9,2058,2059,2057

,e6

g



368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

I0

CBAR, 94,9,2071,2072,2070

,,6

CBAR, 95,9,2084,2085,2083

,,6

CBAR, 96,9,2097,2098,2096

,,6

$ START COMPRESSION MEMBERS BETWEEN HUB AND SENSOR

CBAR 97 14 2110 2119 1.0

CBAR 98 14 2112 2120 1.0

CBAR 99 14 2114 2121 1.0

CBAR I00 14 2116 2122 1.0

$ START TENSION CABLE AT TIP oF RIBS

CROD i01 7 2001 2014

CROD 102 7 2014 2027

CROD 103 7 2027 2040

CROD 104 7 2040 2053

CROD 105 7 2053 2066

CROD 106 7 2066 2079

CROD 107 7 2079 2092

CROD 108 7 2092 2001

$ TRUSS BAY

CBAR 105 12 404 405 1.0

CBAR 106 12 405 316 1.0

CBAR 107 12 315 316 1.0

CBAR 108 13 315 405 1.0

CBAR 109 12 315 404 1.0

CBAR Ii0 12 402 404 1.0

CBAR IIi 12 403 405 1.0

CBAR 112 12 313 315 1.0

CBAR 113 12 314 316 1.0

CBAR 114 12 402 403 1.0

CBAR 115 12 403 314 1.0

CBAR 116 12 314 313 1.0

CBAR 117 12 313 402 1.0

CBAR 118 13 402 405 1.0

CBAR 119 13 313 404 1.0

CBAR 120 13 314 315 1.0

CBAR 121 13 403 316 1.0

CBAR 122 13 314 402 1.0 1.0

TO SUPPORT STRUCTURE$ 1/4" DIAM BOLTS WHICH CONNECT RFL HUB

PLATE, D=.375"

1.0

1.0

1.0

1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

1.0

CELAS2 123 1.5E+08 315 1 2111 1

CELAS2 124 1.5E+08 315 2 2111 2

CELAS2 125 1.5E+08 315 3 2111 3

CELAS2 126 1.5E+08 315 4 2111 4

CELAS2 127 1.5E+08 315 5 2111 5

CELAS2 128 1.5E+08 315 6 2111 6

CELAS2 129 1.5E+08 316 1 2117 1

CELAS2 130 1.5E+08 316 2 2117 2

CELAS2 131 1.5E+08 316 3 2117 3

CELAS2 132 1.5E+08 316 4 2117 4

CELAS2 133 1.5E+08 316 5 2117 5

CELAS2 134 1.5E+08 316 6 2117 6

CELAS2 135 1.5E+08 404 1 2113 1

CELAS2 136 1.5E+08 404 2 2113 2

CELAS2 137 1.5E+08 404 3 2113 3

CELAS2 138 1.5E+08 404 4 2113 4

CELAS2 139 1.5E+08 404 5 2113 5

CELAS2 140 1.5E+08 404 6 2113 6

CELAS2 141 1.5E+08 405 1 2115 1

CELAS2 142 1.5E+08 405 2 21i5 2

CELAS2 143 1.5E+08 405 3 2115 3

CELAS2 144 1.5E+08 405 4 2115 4

CELAS2 145 I.SE+0S 405 5 2115 5

CELAS2 146 1.5E+08 405 6 2115 6

$ LUMP MASS AT RIB kIPS

CONM2 205 2001 4 .000259

CONM2 206 2014 4 .000259

CONM2 207 2027 4 .000259

CONM2 208 2040 4 .000259

CONM2 209 2053 4 .000259

CONM2 210 2066 4 .000259

CONM2 211 2079 4 .000259

CONM2 212 2092 4 .000259

$ LUMP MASS-TRUSS JOINTS



442
443
444
445
446
447
448
449
45O
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473

474

475

476

477

478

479

48O

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

CONM2 213 402 4 .00142

CONM2 214 403 4 .00106

CONM2 215 404 4 .00124

CONM2 216 405 4 .00124

CONM2 217 313 4 .00124

CONM2 218 314 4 .00142

CONM2 219 315 4 .00124

CONM2 220 316 4 .00106

$ MIRROR LUMP MASS

CONM2 221 2106 4 .049223

+ON 6.795 6.795

$ SENSOR PLATE AND HUB ELEMENTS

CTRIA3 229 ii 2104 2013

CTRIA3 230 11 2026 2039

CTRIA3 231 11 2052 2065

CTRIA3 232 11 2078 2091

CQUAD4 261 10 2007 2020

CTRIA3 233 11 2012 2111

CTRIA3 234 11 2111 2025

CTRIA3 235 11 2038 2113

CTRIA3 236 ii 2113 2051

CQUAD4 262 i0 2033 2046

CTRIA3 237 ii 2064 2115

CTRIA3 238 Ii 2115 2077

CTRIA3 239 II 2090 2117

CTRIA3 240 11 2117 2103

CQUAD4 263 i0 2059 2072

CTRIA3 241 11 2013 2026

CTRIA3 242 Ii 2039 2052

CTRIA3 243 II 2065 2078

CTRIA3 244 ii 2091 2104

CQUAD4 264 i0 2085 2098

CTRIA3 245 11 2110 2012

CTRIA3 246 11 2025 2112

CTRIA3 247 II 2112 2038

CTRIA3 248 11 2051 2114

CTRIA3 249 II 2114 2064

CTRIA3 250 11 2077 2116

CTRIA3 251 ii 2116 2090

CTRIA3 252 Ii 2103 2110

CTRIA3 253 10 2007 2119

CTRIA3 254 i0 2033 21i0

CTRIA3 255 I0 2059 2121

CTRIA3 256 I0 2085 2122

CTRIA3 257 i0 2119 2106

CTRIA3 258 I0 2120 2106

CTRIA3 259 I0 2121 2106

CTRIA3 260 10 2122 2106

$
$ PROPERTIES

$ RIBS

PBEAM * 1 1

• PBI .0325186667 0.0

PBEAM * 2 1

• PB5 .0512578125 0.0

PBEAM * 3 1

• PB9 .0754974720 0.0

PBEAM * 4 1

• PBI3 .106009333 0.0

PBEAM * 5 1

• PBI7 .145163979 0.0

PBEAM * 6 1

• PB21 .166666667 0.0

$ HUB TO RIBS CONNECTORS

PBAR * 8

• PB25 .000191747598

3

.000383495197

$ SENSOR PLATE TO RIBS CONNECTORS

PBAR * 9 3

• PB29 .639711713E-04 .000127942343

$ TRUSS BAY

PBAR 12 ii .12316 .0042

PBAR 13 12 .1166 .0042

13.591

2010

2112

2114

2116

2120 2119

2013

2026

2039

2052

2121 2120

2065

2078

2091

2104

2122 2121

2111

2113

2115

2117

2119 2122

2013

2026

2039

2052

2065

2078

2091

2104

2098

2020

2046

2072

2120

2121

2122

2119

.29

.00522150000

.3375

.00621100

.384

.0071797

.43

.008138

.4775

.0091276

.5

.0095964

.0490873859

0.0

.0283528741

0.0

.0042 .0084

.0042 .0084

$ COMPRESSION MEMBERS BETWEEN HUB AND SENSOR PLATE

PBAR 14 3 .110446.0009707.0009707.0019414

CON

.00151041667 PBI

.00175781250 PB5

.002 PB9

.00223958333 PBI3

.00248697917 PBI7

.00260416667 PB21

.000191747598 PB25

PB26

• 639711713E-04 PB29

PB30

0.0

0.0

0.0

II



516

517

518

519

52O

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

$ CABLES

PROD 7 2 .000767 .00 .00

$ SENSOR PLATE

PSHELL I0 4 0.40807 4

$ HUB

pSHELL II 5 .375 5

$ MATERIAL CARDS

$ RIBS

MAT1 * 1 1.0E+07 .375093773E+07

• MAT1 .0002539 0.0

$ cABLEs
MAT1 * 2 3.0E+07 .I15384615E+08

• MAT3 .0004585 -2.535E-06

$ RIB TO HUB CONNECTORS

MAT1 * 3 .30E+08 .I15384615E+08

• MAT5 .0007332

$ SENSOR PLATE

MAT1 * 4 .65E+07 .25E+07

• MAT7 .0000512

$ HUB
MAT1 * 5 .10E+08 .375093773E+07

• MAT9 .0002751

$ TRUSS BAY

MAT1 ii I.E+07 .3332.19E-04 0.

MAT1 12 I.E+07 .3332.29E-04 0.

TEMPD 13 15000.

$
ENDDATA

0.

0.

.000

.000

MAT1

MAT3

MAT5

MAT7

MAT9

i -

i
12



1

2

3

4

5

6

7

8

9

lO

Ii

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

NONLINEAR ANALYSIS STEP 2, RESTART FROM LAST ITERATION IN STEP 1

$ REFLECTOR ON ITS HORIZONTAL POSITION

NASTRAN FILES= (DE01)

ID STATIC NON-LINEAR ANALYSIS

SOL 64

TIME 120

CEND

$ CASE CONTROL DECK FOLLOWS

TITLE=REFLECTOR WITH TAPERED RIBS, HORIZONTAL POSITION

SPC=I $ CONSTRAINTS

TEMP(LOAD)=I3 $ CABLES THERMAL LOAD

ECHO=SORT

LINE=40

LOAD=I00

$ FIFTEEN

SUBCASE 1

SUBCASE 2

SUBCASE 3

SUBCASE 4

SUBCASE 5

SUBCASE 6

SUBCASE 7

SUBCASE 8

SUBCASE 9

SUBCASE i0

SUBCASE ii

SUBCASE 12

SUBCASE 13

SUBCASE 14

SUBCASE 15

SUBCASE 16

SUBCASE 17

SUBCASE 18

DXSPzALL

SPCF=ALL

ELFOR=ALL

$ PLOTTING

OUTPUT (PLOT)

CSCALE=I. 8

SCALE=0.1

$ APPLIED LOADS

DUMMY SUBCASES INCLUDED TO START FROM LATEST STRESS STATE IN STEP 1

$DU_4Y

SDUb_Y

SDU_a4Y

SDUbm_

SDU_n_Y

$DU_4Y

SDU_MY

SDma4Y

SDUb_Y

SDDI_MY

$DUMMY

$DUb_Y

SDUb_Y

SDUMMY

SDU_4Y

PLOTTER NAST

SET 1 INCLUDE ALL

PTITLE=NL ANALYSIS - SEMI-PRESHAPED REFLECTOR

FIND ORIGIN 1,SET 1

VIEW 180.0,0.0,0.0

PLOT SET 1,ORIGIN 1, SHAPE

PLOT STATIC DEFORMATION, SET 1,ORIGIN 1,SHAPE

PLOT STATIC DEFORMATION 0,SET 1,ORIGIN 1, SYMBOLS 1

$ BULK DATA FOLLOWS

BEGIN BULK

$ LOAD APPLIED AT SENSOR PLATE ENDS

FORCE, 60,2006,0,0

FORCE, 60,2019,0,0

FORCE, 60,2032o0,3

FORCE, 60,2045,0,0

FORCE, 60,2058,0,3

FORCE, 60,2071,0,0

FORCE, 60,2084,0,0

FORCE, 60,2097,0,0

$ TARGET WEIGHTS

FORCE, 62,2201,0,

FORCE, 62,2301,0,

FORCE, 62,2401,0,

FORCE, 62,2501,0,

FORCE, 62,2601,0,

FORCE, 62,2701,0,

FORCE, 62,2801,0,

FORCE 62,2901,0,

FORCE 62,2206,0,

FORCE 62,2306,0,

FORCE

FORCE

FORCE

FORCE

,0.,0.,-I.

,0.,0.,-1.

,0.,0.,-i.

,0.,0.,-i.

,0.,0.,-i.

,0.,0.,-i.

,0.,0.,-I.

,0.,0.,-i.

.4,0.,0.,-I.

.4,0.,0.,-i.

.4,0.,0.,-I.

.4, 0.,0.,-i.

.4,0.,0.,-I.

.4,0.,0.,-I

.4,0.,0.,-I

.4,0.,0.,-I

.3,0.,0.,-i

.3,0.,0.,-i

62, 2406,0,.3,0.,0.,-I

62, 2506,0, .3,0.,0.,-i

62, 2606,0, .3,0.,0.,-i

62,2706,0, .3,0.,0.,-i

13



75

76

77

78

79

80

81

82

83

84

85

86

87
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FORCE, 62, 2806, 0, .3, 0., 0., -1.

FORCE, 62, 2906, 0, .3, 0., 0. ,-i.

GRAV, 200, 0,386., 0.0, 0.0, -i.

LOAD, I00, i., I., 200, I., 60, I., 62

PARAM, COUPMASS, 1

PARAM, DLOAD, - 1

PARAM, GRDPNT, 0

pARAM, MAXRATIO, 5 .E+06

PARAM, SUBSKP, 15

PARAM, TESTNEG, -2

PARAM, K6ROT, i0.

TEMPD, 13, 15000.

ENDDATA

ilļ



1

2

3

4

5

6

7

8

9

i0

Ii

12

13

14

15

16

17

18

19

2O

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

RUNSTREAM OF PRESTRESS MODEL OF INCLINED REFLECTOR , STEP 2

$ APPLIED LOADS ARE CABLE THERMAL LOAD,GRAVITY, TARGET WEIGHTS AND PRESTRESS

• FORCES

NASTRAN FILES= (DB01)

ID INCLINED REFLECTOR

APP DISPLACEMENT

SOL 64

TIME 120

CEND

$ Start Case Control Deck

TITLE = INCLINED REFLECTOR, PRESTRESS MODEL, STEP 1

ECHO s SORT

LINE = 35

SET 20 = 2001 THRU 2072, 2101 THRU 2108, 2157 thru 2176

SPC = i00 $ Constraints

LOAD=262 $ Applied loads

TEMP (LOAD)=13 $ Thermal load on cables

SUBCASE 1

LABEL= LINEAR STATIC SOLUTION

SUBCASE 2

LABEL = K + DIFFERENTIAL K

SUBCASE 3

LABEL=FIRST NON-LINEAR ITERATION

OUTPUT (PLOT)

CSCALE=I. 8

PLOTTER NAST

SET 30 = all

AXES Y,X, Z

VIEW=0., 0., 0.

PTITLE=SIDE VIEW

PLOT STATIC DEFORMATION, 3, SET 30,ORIGIN 30

PLOT STATIC DEFORMATION 0,3,SET 30,ORIGIN 30

BEGIN BULK

CORD2C 3 0 615.00 0.00000 56.110

+CS 3 645.60 0.00000 80.885

LOAD, 262, i., I., 62, i., 200, i., 60

PARAM GRDPNT 0

PARAM COUPMASSI

PARAM, K6ROT, i0.

PARAM, MAXRATIO, 1.5E+05

SPCI, i00, 123456, 261

SPCI, I00, 123456, 262

SPCI, i00, 123456, 263

SPCI, I00, 123456, 264

GRAV 200 0 386. 0. 0. -I.

$ TARGET WEIGHTS

FORCE, 60, 2201, 0, .4, 0., 0., -i.

FORCE, 60,2206, 0, .3, 0., 0., -I.

FORCE, 60,2301, 0, . 4, 0., O., -I.

FORCE, 60, 2306, 0, .3, 0., 0., -I.

FORCE, 60, 2401, 0, .4, 0., 0., -I.

FORCE, 60, 2406, 0, .3, 0., 0., -I.

FORCE, 60, 2501, 0, .4, 0., 0. ,-I.

FORCE, 60, 2506, 0, .3, 0., 0., -I.

FORCE, 60, 2601, 0, . 4, 0., 0., -i.

FORCE, 60,2606, 0, .3, 0., 0. ,-I

FORCE, 60, 2701, 0, . 4, 0., 0 , -I

FORCE, 60,2706, 0, .3, 0., 0 , -I

FORCE, 60,2801, 0, . 4, 0., 0 ,-I

FORCE, 60,2806, 0, .3, 0., 0 ,-I

FORCE, 60,2901, 0, .4, 0., 0 , ~I

FORCE, 60,2906, 0, .3, 0., 0 ,-I

$ EXTERNAL APPLIED FORCE AT THE RIBS

FORCE, 63, 2002, 0, .5, 0., 0 ,-i

FORCE, 63,2015,0, .5,0.,0 ,-i

FORCE, 63,2028, 0, .5,0. , 0 , -I

FORCE, 63, 2041, 0, .5, 0., 0 , -I

FORCE, 63,2054, 0, .5, 0., 0 ,-I

FORCE, 63,2067, 0, . 5,0., 0 , -I

FORCE, 63, 2080, 0, .5,0., 0 ,-i

FORCE, 63,2093, 0, . 5,0., 0 ,-I

TEMPD, 13,235.8

$ PRESTRESS FORCES GENERATED FROM PRESTRESS CASE FOR TEMP=235.8 DEG F

590.22 0.00000 86.707+CS
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84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

i00

i01

102

103

104

105

106

107

108

109

ii0

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138
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140
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142

143

144

145

146
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FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

FORCE

62, 2001,

62, 2001,

62, 2001,

62, 2002,

62, 2002,

62, 2002,

62 2003,

62 2003,

62 2003,

62 2004,

62 2004,

62 2004,

62 2005,

62 2005,

62 2005,

62 2006,

62 2006,

62 2006,

62 2008,

62 2008,

62 2008,

62 2009,

62 2009,

62 2009,

62 2010,

62 2010,

62 2010,

62 2011,

62 2011,

62 2011,

62 2014,

62 2014,

62 2014,

62 2015,

62, 2015,

62, 2015,

62, 2016,

62, 2016,

62, 2016,

62, 2017,

62, 2017,

62, 2017,

62, 2018,

62, 2018,

62, 2018,

62, 2019,

62, 2019,

62, 2019,

62, 2021,

62, 2021,

62, 2021,

62, 2022,

62, 2022,

62, 2022,

62, 2023,

62, 2023,

62, 2023,

62, 2024,

62, 2024,

62, 2024,

62, 2027,

62, 2027,

62, 2027,

62, 2028,

62, 2028,

62, 2028,

62, 2029,

62, 2029,

62, 2029,

62, 2030,

62, 2030,

62, 2030,

62, 2031,

62, 2031,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

1.39078,1.,0.,0.

-0.00006,0.,i.,0.

-3.99135,0.,0.,I.

-1.65445,1.,0.,0.

-0.00001,0.,I.,0.

-0.26564,0.,0.,i.

-1.68624 1.,0.,0.

0 00001 0.,I.,0.

-0 03636 0.,0.,I.

-0 35100 1.,0.,0.

-0 00002 0 ,I.,0.

1 20939 0 ,0.,i.

-i 79837 1 ,0.,0.

0 00003 0 ,I.,0.

0 61360 0 ,0.,I.

-0 93170 1 ,0.,0

-0 00001 0 ,I.,0

1 04994 0 ,0.,I

-0 07452 I.,0.,0

-0 00002 0.,I.,0

0 91970 0.,0.,I

-0 02486 i.,0.,0

0 00004 0.,i.,0

0 84485 0.,0.,i

-0 00020 i.,0.,0

-0 00002 0.,i.,0

0 08302 0.,0.,I

17 18982 I.,0.,0

-0 00001 0.,I.,0

0 00001 0.,0.,1.

1 39077 I.,0.,0.

-0 00004 0.,I.,0.

-3 99131 0.,0.,i.

-1.65447 1.,0.,0.

0.00003 0.,1.,0.

3, -0.26559

3, -1.68624

3, 0.00000

3, -0.03636

3, -0.35102

3, 0.00000

3, 1.20949

3, -1.79836

3, 0.00012

3, 0.61359

3, -0.93171

3, 0.00007

3, 1.05002

0.,0.,1.

1.,0.,0.

0.,I.,0.

0.,0.,I.

1.,0.,0.

0.,1.,0.

0.,0.,1.

I.,0.,0.

0.,i.,0.

0.,0.,I.

I.,0.,0.

0.,I.,0.

0.,0.,i.

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

3,

-0.07452,1.,0.,0.

0.00001,0.,I.,0.

0.91979,0.,0.,1.

-0.02486,1.,0.,0.

-0.00007,0.,I.,0.

0.84470,0.,0.,1.

-0.00020, i.,0.,0.

0.00003,0.,1.,0.

0.08309,0.,0.,I.

17.18982,1.,0.,0.

0.00009,0.,1.,0.

0.00002,0.,0.,i.

1.39080, I.,0.,0.

-0.00020,0.,1.,0.

-3.99135,0.,0.,i.

-1.65446,1.,0.,0.

0.00000,0.,I.,0.

-0.26561 0.,0.,I.

-1.68623 I.,0.,0.

-0.00001 0.,I./0.

-0.03638 0.,0.,I.

-0.35099 I.,0.,0.

-0.00010 0.,I.,0.

1.20939 0.,0.,i.

-1.79834 i.,0.,0.

-0.00003 0.,i.,0.



149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

2031, 3, 0.61348,0.,0.,1

2032, 3, -0.93170,1.,0.,0

2032, 3, -0.00003,0.,1.,0

2032, 3, 1.04993,0.,0.,I

2034, 3, -0.07452,1.,0.,0

2034, 3, 0.00002,0.,1.,0

2034, 3, 0.91978,0.,0.,I

2035, 3, -0.02486,1.,0.,0

2035, 3, -0.00007,0.,i.,0

2035, 3, 0.84470,0.,0.,I

2036, 3, -0.00020,1.,0.,0

2036, 3, 0.00006,0.,1.,0

2036, 3, 0.08313,0.,0.,1

2037, 3, 17.18982,1.,0.,0

2037, 3, 0.00004,0.,i.,0

2037, 3, -0.00002,0. 0.,i

2040, 3, 1.39074,1. 0.,0

2040, 3, 0.00004,0. i.,0

2040, 3, -3.99126,0. 0.,I

2041, 3, -1.65445,1. 0.,0

2041, 3, 0.00000,0. I.,0

FORCE 62, 2041, 3, -0.26565,0

FORCE 62, 2042, 3, -1.68627,1

FORCE 62, 2042, 3, 0.00000,0

FORCE 62, 2042, 3, -0.03627,0

FORCE 62, 2043, 3, -0.35103,1

FORCE 62, 2043, 3, 0.00003,0

FORCE 62, 2043, 3, 1.20951,0

FORCE 62, 2044, 3, -1.79834,1

FORCE 62, 2044, 3, 0.00000,0

FORCE 62, 2044, 3, 0.61349,0

FORCE 62, 2045, 3, -0.93171, I

FORCE 62, 2045, 3, 0.00002,0

FORCE 62, 2045, 3, 1.04999,0

FORCE 62, 2047, 3, -0.07452,1

FORCE 62, 2047, 3, 0.00001,0

FORCE 62, 2047, 3, 0.91978,0

. 0.,i

. 0.,0

. I.,0

. 0.,i

. 0.,0

. I.,0

. 0.,I

. 0.,0

• I.,0

. 0.,I

• 0.,0

. 1.,0

. 0.,i

. 0.,0.

. I.,0.

. 0.,i.

FORCE 62, 2048, 3, -0.02486,1.

FORCE 62, 2048, 3, 0.00001,0.

FORCE 62, 2048, 3, 0.84476,0.

FORCE 62, 2049, 3, -0.00020, I

FORCE 62, 2049, 3, -0.00001,0

FORCE 62, 2049, 3, 0.08306,0

FORCE 62, 2050, 3, 17.18982,1

FORCE 62, 2050, 3, -0.00001,0

FORCE 62, 2050, 3, -0.00001,0

FORCE 62, 2053, 3, 1.39074,1

FORCE 62, 2053, 3, -0.00004,0

FORCE 62, 2053, 3, -3.99126,0

FORCE 62,

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

FORCE 62

2054, 3, -1.65445 1

2054, 3, -0.00001 0

2054, 3, -0.26565 0

2055, 3, -1.68627 1

2055, 3, 0.00000 0

2055, 3, -0.03627 0

2056, 3, -0.35103 1

2056, 3, -0 00003 0

2056, 3, 1

2057, 3, -1

2057, 3, 0

2057, 3, 0

2058, 3, -0

2058, 3, -0

2058, 3, 1

2060, 3, -0

2060, 3, -0

2060, 3, 0

2061, 3, -0

2061, 3, -0

2061, 3, 0

2062, 3, -0

2062, 3, 0

2062, 3, 0

2063, 3, 17

20951 0

79834 1

00000 0

61349 0

93171 1

00003 0

04999 0

07452 1

00001 0

91978 0

02486 1

00001 0

84476 0

00020 1

00001 0

08306 0

18982 1

0.,0.

1.,0.

0.,1.

. 0.,0.

. 1.,0.

. 0.,1.

• 0.,0.

. 1.,0

. 0.,1

. 0.,0

. 1.,0

,0.,1

,0.,0

,i.,0

,0.,i

,0.,0

,I.,0

,0.,I

,0.,0

i.,0

,0.,i

,0.,0

,I.,0

,0.,i

,0.,0

,1.,0

,0.,I

,0.,0

,I.,0

,0.,1

,0.,0

,1.,0

,0.,i.

,0.,0.

,1.,0.

,0.,I.

,0.,0.
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223

224

225

226

227

228
229

230
231

232
233

234

235

236

237

238

239

240

241

242

243

244
245

246

247

248

249

250
251

252

253

254

255
256

257

258

259
260

261

262

263

264

265

266
26"/

268

269

270
271

272

273
274

275

276

277

278
279

28O

281
282

283

284
285

286

287
288

289
290

291

292

293

294
295

296
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FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

2063, 3, 0 00001,0.,1.,0.

2063, 3, -0 00001,0.,0.,i.

2066, 3, 1 39075,1.,0.,0

2066, 3, -0 00003,0.,1.,0

2066, 3, -3 99124,0.,0.,i

2067, 3, -i 65446,1.,0.,0

2067, 3, -0.00004,0.,i.,0

2067, 3, -0.26560,0. 0.,i

2068, 3, -1.68623,1. 0.,0

FORCE 62, 2068, 3, 0.00001,0.

FORCE 62, 2068, 3, -0.03637,0.

FORCE 62, 2069, 3, -0.35099, I.

FORCE 62, 2069, 3, 0.00011,0.

FORCE 62, 2069, 3, 1.20940,0.

FORCE 62, 2070, 3, -1.79834,1.

FORCE 62, 2070, 3, 0.00002,0.

FORCE 62, 2070,

FORCE 62, 2071,

FORCE 62, 2071,

FORCE 62, 2071,

FORCE 62, 2073,

FORCE 62, 2073,

FORCE 62, 2073,

FORCE 62, 2074,

FORCE 62, 2074,

FORCE 62, 2074,

FORCE 62, 2075,

FORCE 62, 2075,

1.,0

0.,I

0.,0.

1.,0.

0.,I.

0.,0.

1.,0.

3, 0.61348,0.,0..I.

3, -0.93170,1.,0

3, 0.00003,0.,1

3, 1.04993,0.,0

3, -0.07452,1.,0

3, -0.00002 0.,I

3, 0.91978 0.,0

3, -0.02486 I.,0

3, 0.00007 0.,1

3, 0.84470 0.,0

3, -0.00020 I.,0.

3, -0.00008 0.,i.

r0.

0.

I.

0.

0.

I.

0.

0.

1.

0.

0.

FORCE 62, 2075, 3, 0.08311 0.,0. i.

FORCE 62, 2076, 3, 17.18982 i.,0.,0.

FORCE 62, 2076, 3, -0.00002 0.,I.,0

FORCE 62, 2076, 3, 0.00000 0.,0.,I

FORCE 62, 2079, 3, 1.39068 I.,0.,0

FORCE 62, 2079, 3, -0.00016,0.,I.,0

FORCE 62, 2079, 3, -3.99112,0.,0.,I

FORCE 62, 2080, 3, -1.65447,1.,0.,0

FORCE 62, 2080, 3, -0.00003,0.,i.,0.

FORCE 62, 2080, 3, -0.26559,0.,0.,I.

FORCE 62, 2081, 3, -1.68624,1.,0.,0.

FORCE 62, 2081, 3, 0.00001,0.,1.,0.

FORCE 62, 2081, 3, -0.03636,0.,0. 1.

FORCE 62, 2082, 3, -0.35102,1.,0..0.

FORCE 62, 2082, 3, -0.00001 0.,I. 0.

FORCE 62, 2082, 3, 1.20948 0.,0. i.

FORCE 62, 2083, 3, -1.79834 I.,0. 0.

FORCE 62, 2083, 3, 0.00003 0.,i. 0.

FORCE 62, 2083, 3, 0.61348 0.,0. i.

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62, 2087

FORCE 62, 2087

FORCE 62, 2088

FORCE 62, 2088

FORCE 62, 2088

FORCE 62, 2089

FORCE 62, 2089

FORCE 62, 2089

FORCE 62, 2092

FORCE 62, 2092

FORCE 62, 2092

FORCE 62, 2093

FORCE 62, 2093

FORCE 62, 2093

FORCE 62, 2094

FORCE 62, 2094

FORCE 62, 2094

FORCE 62, 2095

FORCE 62, 2095

FORCE 62, 2095

2084, 3, -0.93169 I.,0. 0.

2084, 3, 0.00005 0.,I. 0.

2084, 3, 1.04991 0.,0.,i.

2086, 3, -0.07452 I.,0.,0.

2086, 3, -0.00002 0.,I.,0

2086, 3, 0.91978,0.,0.,1

2087, 3, -0.02486,1.,0.,0

3, 0.00007,0.,I.,0

3, 0.84470,0.,0.,I

3, -0.00020,I.,0.,0

3, -0.00003,0.,1.,0.

3, 0.08309,0.,0.,I.

3, 17.18982,1.,0.,0.

3, -0.00009,0.,i.,0.

3, 0.00002,0.,0.,I.

3, 1.39079,1.,0.,0.

3, 0.00003,0.,1.,0.

3, -3.99136,0.,0.,I.

3, -1.65445,1.,0.,0.

3, 0.00001,0.,I.,0.

3, -0.26564,0.,0.,I.

3, -1.68624,1.,0.,0.

3, -0.00001,0.,1.,0.
3, -0.03636,0.,0.,1.

3, -0.35100,1.,0.,0.

3, 0.00002,0.,i.,0.

3, 1.20940,0.,0.,I.

Ill

°

Z



297

298

299

3OO

301

302

303

304

3O5

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

FORCE 62, 2096, 3, -1.79836,1.s0.,0.

FORCE 62, 2096, 3, -0.0000310._I.,0.

FORCE 62, 2096, 3, 0.61358,0.,0.,i.

FORCE 62, 2097, 3, -0.93170, I.,0.,0.

FORCE 62, 2097, 3, 0.00001,0.,I., 0.

FORCE 62, 2097, 3, 1.04994,0.,0.,1.

FORCE 62, 2099, 3, -0.07452,1.,0.,0.

FORCE 62, 2099, 3, 0.00002,0.,I.,0.

FORCE 62, 2099, 3, 0.91970,0.,0.,i.

FORCE 62, 2100, 3, -0.02486,1.,0.,0.

FORCE 62, 2100, 3, -0.00004,0.,i.,0.

FORCE 62, 2100, 3, 0.84485,0.,0.,1.

FORCE 62, 2101, 3, -0.00020,i.,0.,0.

FORCE 62, 2101, 3, 0.00002,0.,I.,0.

FORCE 62, 2101, 3, 0.08302,0.,0.,i.

FORCE 62, 2102, 3, 17.18982,1.,0.,0.

FORCE 62, 2102, 3, 0.00001,0.,1.,0.

FORCE 62, 2102, 3, 0.00001,0.,0.,i.

FORCE 62, 2123, 3, -1.49813,1.,0.,0.

FORCE 62, 2123, 3, 0.00000,0.,I.,0.

FORCE 62, 2123, 3, -0.50658,0.,0.,1.

FORCE 62, 2124, 3, -1.49811,1.,0.,0.

FORCE 62, 2124, 3, -0.00002,0.,I.,0.

FORCE 62, 2124, 3, -0.50664,0.,0.,I.

FORCE 62, 2125, 3, -1.49814,1. 0.,0.

FORCE 62, 2125, 3, 0.00009,0. i.,0.

FORCE 62, 2125, 3, -0.50655,0. 0.,I.

FORCE 62, 2126, 3, -1.49809,1. 0.,0.

FORCE 62, 2126, 3, -0.00003,0. I.,0.

FORCE 62, 2126, 3, -0.50670,0. 0.,i.

FORCE 62, 2127, 3, -1.49809,1. 0.,0.

FORCE 62, 2127, 3, 0.00003,0. i.,0.

FORCE 62, 2127, 3, -0.50670,0. 0.,i.

FORCE 62, 2128, 3, -1.49814,1. 0.,0.

FORCE 62, 2128, 3, -0.00009,0. I.,0.

FORCE 62, 2128, 3, -0.50655,0. 0.,I.

FORCE 62, 2129, 3, -1.49811, I. 0.,0.

FORCE 62, 2129, 3, 0.00001,0. i.,0.

FORCE 62, 2129, 3, -0.50665,0. 0.,i.

FORCE 62, 2130, 3, -1.49813,1. 0.,0.

FORCE 62, 2130, 3, 0.00000,0. i.,0.

FORCE 62, 2130, 3, -0.50658,0. 0.,i.

FORCE 62, 2201, 3, -0.03391,1. 0.,0.

FORCE 62, 2201, 3, 0.00007,0. I.,0.

FORCE 62, 2201, 3, 0.07853,0. 0.,I.

FORCE 62, 2206, 3, -0.00016,1. 0.,0.

FORCE 62, 2206, 3, 0.00000,0. i.,0.

FORCE 62, 2206, 3, 0.00089,0.,0.,I.

FORCE 62, 2301, 3, -0.03388,1.,0.,0.

FORCE 62, 2301, 3, 0.00002,0.,i.,0.

FORCE 62, 2301, 3, 0.07846,0.,0.,1.

FORCE 62, 2306,

FORCE 62, 2306,

FORCE 62, 2306,

FORCE 62, 2401,

FORCE 62, 2401,

FORCE 62, 2401,

FORCE 62, 2406,

FORCE 62, 2406,

FORCE 62, 2406,

FORCE 62, 2501,

FORCE 62, 2501,

FORCE 62, 2501,

FORCE 62, 2506,

FORCE 62, 2506,

FORCE 62, 2506,

FORCE 62, 2601,

FORCE 62, 2601,

FORCE 62, 2601,

FORCE 62, 2606,

FORCE 62, 2606,

FORCE 62,

FORCE 62,

FORCE 62,

3, -0.00014,1.,0.,0.

3, -0.00017,0.,1.,0.

3, 0.00076,0.,0.,I.

3, -0.03390_i.,0.,0.

3, 0.00021_0.,I.,0.

3, 0.07852,0.,0.,i.

3, -0.00018,1.,0.,0.

3, 0.00008 0.,I.,0.

3, 0.00098

3, -0.03386

3, -0.00004

3, 0.07842

3, -0.00016

3, -0.00003

3, 0.00087

3, -0.03386

3, 0.00004

3, 0.07842

3, -0.00016

3, 0.00003

2606, 3, 0.00087

2701, 3, -0.03385

2701, 3, 0.00006

0.,0.,I.

1.,0.,0.

0.,I.,0.

0.,0.,1.

i.,0.,0.

0.,1.,0.

0.,0.,1.

i.,0.,0.

0.,1.,0.

0.,0.,1.

1.,0.,0.

0.,I.,0.

0.,0.,I.

1.,0.,0.

0.,I.,0.
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371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

2O

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

FORCE 62,

$ REFLECTOR

GRID, 261,

GRID, 262,

GRID, 263,

GRID, 264,

GRID, 265,

GRID, 266,

GRID, 267,

GRID, 268,

GRID, 485,

GRID, 486,

GRID, 487,

GRID, 488,

$ RIBS

GRID 2001,

GRID 2002,

GRID 2003,

GRID 2004,

GRID 2005,

GRID 2006,

GRID 2007,

GRID 2008,

GRID 2009,

GRID 2010,

GRID 2011,

GRID 2012,

GRID 2013,

GRID 2014,

GRID 2015,

GRID 2016,

GRID 2017s

GRID 2018,

GRID 2019,

GRID 2020,

GRID 2021,

GRID 2022,

GRID 2023,

GRID 2024,

GRID 2025,

GRID 2026,

GRID 2027,

GRID 2028,

GRID 2029,

GRID 2030,

GRID 2031,

GRID 2032,

GRID 2033,

GRID 2034,

GRID 2035,

GRID 2036,

GRID 2037,

GRID 2038,

GRID 2039,

GRID 2040,

GRID 2041,

GRID 2042,

GRID 2043,

GRID 2044,

2701,

2706,

2706,

2706,

2801,

2801,

2801,

2806,

2806,

2806,

2901,

2901,

2901,

2906,

2906,

2906,

3, 0.07839

3, -0.00018

3, -0.00008

3, 0.00098

3, -0.03379

3, 0.00018

3, 0.07825

3, -0.00018

3, -0.00008 0.,

3, 0.00099,0.,

3, -0.03392,1.,

3, -0.00004,0.,

3, 0.07855,0.,

3, -0.00016,1.,

3, 0.00000,0.,

3, 0.00090,0.,

SUPPORT STRUCTURE

0,610.0000 5.0000

0,610.0000 -5.0000

0,620.0000 -5.0000

0,620.0000 5.0000

0,610.0000 5.0000

0,610.0000 -5.0000

0,620.0000 -5.0000

0,620.0000 5.0000

0,610.0000 5.0000

0,610.0000 -5.0000

0,620.0000 -5.0000

0,620.0000 5.0000

0.,0. i.

I.,0. 0.

0.,i. 0.

0.,0. i.

i.,0. 0.

0.,i 0.

0.,0 i.

i.,0 0.

1 0.

0 I.

0 0.

1 0.

0 l.

0 _0.

1.0.

0. I.

35.0000

35.0000

35.0000

35.0000

45.0000

45.0000

45.0000

45.0000

52.0600

52.0600

60.1600

60.1600

3, 92.6563

3, 79.8800

3, 70.2500

3, 58.7500

3, 47.2500

3, 35.7500

3, 35.3500

3, 26.5000

3, 17.2500

3, 8.0000

3, 4.6000

3, 8.0000

3, 4.6000

3, 92.6563

3, 79.8800

3, 70.2500

3, 58.7500

3, 47.2500

3, 35.7500

3, 35.3500

3, 26.5000

3, 17.2500

3, 8.0000

3, 4.6000

3, 8.0000

3, 4.6000

3, 92.6563

3,79.8800

3, 70.2500

3, 58.7500

3, 47.2500

3, 35.7500

3, 35.3500

3, 26.5000

3, 17.2500

3, 8.0000

3, 4.6000

3, 8.0000

3, 4.6000

3, 92.6563

3, 79.8800

3, 70.2501

3, 58.7500

3, 47.2500

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

22.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

67.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112.5000

112 5000

112 5000

157 5000

157 5000

157 5000

157 5000

157 5000

19.7947,3

14.3245,3

10.6072,3

6.7322,3

3.9197,3

1.8572,3

2.4375,3

0.8572,3

0.3572,3

0.3125,3

0.3125,3

0.0000,3

0.0000,3

19.7947,3

14.3245,3

10.6072,3

6.7322,3

3.9197,3

1.8572,3

2.4375,3

0.8572,3

0.3572,3

0.3125,3

0.3125,3

0.0000,3

0.0000,3

19.7947,3

14.3245,3

10.6072,3

6.7322 3

3.9197 3

1.8572 3

2.4375 3

0.8572 3

0.3572 3

0.3125 3

0.3125 3

0.0000 3

0.0000 3

19.7947 3

14.3245 3

10.6072 3

6.7322 3

3.9197 3

]Ii
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445
446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID, 2057, 3, 47.2500

GRID, 2058, 3, 35.7500

GRID, 2059, 3, 35.3500

GRID, 2060, 3, 26.5000

GRID,2061, 3, 17.2500

GRID,2062, 3, 8.0000

GRID,2063, 3, 4.6000

GRID,2064, 3, 8.0000

GRID, 2065, 3, 4.6000

GRID, 2066, 3, 92.6563

GRID, 2067, 3, 79.8800

GRID, 2068, 3, 70.2500

GRID, 2069, 3, 58.7500

GRID, 2070, 3, 47.2500

GRID, 2071, 3, 35.7500

GRID, 2072, 3, 35.3500

GRID, 2073, 3, 26 5000

GRID, 2074, 3, 17 2500

GRID, 2075, 3, 8 0000

GRID, 2076, 3, 4 6000

GRID,2077, 3, 8 0000

GRID,2078 3, 4 6000

GRID,2079 3, 92 6563

GRID 2045, 3, 35.7500 157.5000

GRID 2046, 3, 35.3500

2047, 3, 26.5000

2048, 3, 17.2500

2049, 3, 8.0000

2050, 3, 4.6000

2051, 3, 8.0000

2052, 3, 4.6000

2053, 3, 92.6563

2054, 3, 79.8800

2055, 3, 70.2501

2056, 3, 58.7500 202.5000

202.5000

202.5000

202.5000

202.5000

202.5000

202.5000

202.5000

202.5000

202.5000

247.5000

247.5000

247.5OOO

247.5000

247.5000

247.5000

247.5000

247.5000

247.5000

.247.5000

247.5000

247.5000

247.5000

_292.5000

157.5000

157.5000

157.5000

157.5000

157.5000

157.5000

157.5000

202.5000

202.5000

202.5000

GRID,2080

GRID,2081

GRID, 2082

GRID,2083

GRID,2084

GRrD 2085

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

GRID

3, 70.2500

3, 58.7500

3, 47.2500

3, 35.7500

3, 35.3500

2086 3, 26.5000

2087, 3, 17.2500

2088, 3, 8.0000

2089, 3, 4.6000

2090, 3, 8.0000

2091 3, 4.6000

2092 3, 92.6563

2093 3, 79.8800

2094 3, 70.2500

2095 3, 58.7500

2096 3, 47.2500

2097 3, 35.7500

2098 3, 35.3500

2099 3, 26.5000

2100 3, 17.2500

GRID, 2101

GRID,2102

GRID, 2103

GRID, 2104

GRID,2106

GRID,2107

GRID, 2108

GRID, 2109

GRID, 2110

GRID, 2111

GRID, 2112

GRID, 2113

GRID, 2114

GRID,2115

GRID,2116, 3, 8.1500

GRID, 2117, 3, 7.3910

GRID, 2118, 3, 8.1500

GRID, 2119, 3, 7.3910

3, 79 8800,292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

292.5000

337.5000

337.5000

337.5000

337 5000

337 5000

337 5000

337 5000

337 5000

337 5000

3, 8.0000,337.5000

3, 4.6000,337.5000

3, 8.0000,337.5000

3, 4.6000.337.5000

3, 0.0000 0.0000

3, 7.3910 0.0000

3, 8.1500 37.8500

3, 7.3910 90.0000

3, 8.1500142.1500

3, 7.3910180.0000

3, 8.1500217.8500

3, 7.3910270.0000

3, 8.1500 322.1500

3, 7.3910 0.0000

37.8500

90.0000

142.1500

180.0000

1.8572 3

2. 4375 3

0.8572 3

0.3572 3

0.3125 3

0.3125 3

0.0000 3

0.0000 3

19.7947 3

14.3245 3

10.6072 3

6.7322 3

3.9197 3

1.8572 3

2.4375 3

0.8572 3

0.3572,3

0.3125,3

0.3125,3

0.0000 3

0.0000 3

19.7947 3

14.3245 3

10.6072 3

6.7322 3

3.9197,3

1.8572,3

2.4375,3

0.8572,3

0.3572,3

0.3125_3

0.3125,3

0.0000,3

0.0000,3

19.7947,3

14.3245,3

10.6072,3

6.7322,3

3.9197,3

1.8572,3

2.4375 3

0.8572 3

0.3572 3

0.3125 3

0.3125 3

0.0000 3

0.0000 3

19.7947 3

14.3245 3

10.6072 3

6.7322 3

3.9197 3

1.8572 3

2.4375 3

0.8572 3

0.3572 3

0.3125,3

0.3125,3

0.0000,3

0.0000,3

2.4375,3

0.0000,3

0.0000,3

0.0000,3

0.0000,3

0.0000,3

0.0000,3

0.0000,3

0.0000,3

2.4375,3

2.4375,3

2.4375,3

2.4375,3

2.4375,3
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519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

22

GRID, 2120, 3,

GRID,2121, 3,

GRID,2122, 3,

GRID,2123, 3,

GRID, 2124, 3,

GRID,2125, 3,

GRID,2126, 3,

GRID,2127, 3,

GRID,2128, 3,

GRID, 2129, 3,

GRID, 2130, 3,

8.1500217.8500,

7.3910 270.0000,

8.1500 322.1500,

64.2000 22.5000,

64.2000 67.5000,

64.2000112.5000,

64.2000157.5000,

64.2000202.5000,

64.2000 247.5000,

64.2000292.5000,

64.2000337.5000,

$ GRIDS FOR TARGET LOCATION

GRID,2201,3,90.82,22.5,18.9925,3

GRID,2206,3,41.?8,22.5,2.9385,3

GRID,2301,3,90.82,67.5,18.9925,3

GRID,2306,3,41.78,67.5,2.9385,3

GRID, 2401,3,90.82,112.5,18 9925,3

GRID,2406,3,41.78,112.5,2.9385,3

GRID,2501,3,90.82,157.5,18 9925,3

GRID, 2506,3,41.78,157.5,2.9385,3

GRID, 2601,3,90.82,202.5,18 9925, 3

GRID, 2606,3,41.78,202.5,2.9385,3

GRID,2701,3,90.82,247.5,18 9925,3

GRID, 2706,3,41.78,247.5,2.9385,3

GRID, 2801,3,90.82,292.5,18 9925,3

GRID, 2806,3,41.78,292.5,2.9385,3

GRID, 2901,3,90.82,337.5,18 9925,3

GRID, 2906,3,41.78,337.5,2.9385,3

$ SUPPORT STRUCTURE

CBAR, 967,12, 261, 265,1.,I.,0.

CBAR, 968,12, 262, 266,1.,I.,0.

CBAR, 969,12, 263, 267,1.,I.,0.

CBAR, 970,12, 264, 268,1.,1.,0.

$ RFL TRUSS BATTENS

CBAR, 979, 2, 261, 262,1.,0.,i.

CBAR, 980, 2, 262, 263,1.,0.,i.

CBAR, 981, 2, 263, 264,1.,0.,I.

CBAR, 982, 2, 264, 261, I.,0.,I.

CBAR, 983, 2, 265, 266,1.,0.,1.

CBAR, 984, 2, 266, 267,1.,0.,I.

CBAR, 985, 2, 267, 268,1.,0.,I.

CBAR, 986, 2, 268, 265,1.,0.,I.

$ RFL TRUSS BATTEN DIAGONALS

CBAR, 989, 3, 261, 263,1.,0.,1.

CBAR, 990, 3, 266, 268,1.,0.,I.

$ rfl truss dlagonals

CBAR, 991, 3,263,266, 0., i., i.

CBAR, 992, 3,261,268,0., I., i.

CBAR, 993, 3,262,265, I., 0., I.

CBAR, 994, 3,264,267, I., 0., I.

$ START REFI_CTOR EID'S

C_AR 2001, 16, 2001, 2201, 0.,

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

2002,16,2014,2301,0.,

2003,16,2027,2401,0.,

2004,16,2040,2501,0.,

2005,16,2053,2601,0.,

2006,16,2066,2701,0.,

2007,16,2079,2801,0.,

2008,16,2092,2901,0.,

2009,17,2002,2003,0.,

2010,17,2015,2016,0.,

2011,17,2028,2029,0.,

2012,17,2041,2042,0.,

2013,17,2054,2055,0.,

2014,17,2067,2068,0.,

2015,17,2080,2081,0.,

2016,17,2093,2094,0.,

2017,18,2003,2123,0.,

2018,18,2016,2124,0.,

2019,18,2029,2125,0.,

2020,18,2042,2126,0.,

0 1.

0 1.

0 I.

0 I.

0 i.

0 I.

0 I.

0 I.

0 I.

0 i.

0 i.

0 I.

0 I.

0 I.

0 1.

0 I.

0 i.

0 1.

0 .1.

.,1.

2021,18,2055,2127,0.,0.,I.

2022,18,2068,2128,0.,0.,1.

2023,18,2081,2129,0.,0.,i.

2.4375,3

2. 4375, 3

2. 4375, 3

8. 5690, 3

8.5690,3

8. 5690, 3

8. 5690, 3

8.5690,3

8. 5690, 3

8.5690,3

8.5690,3

I!I



593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

CBAR, 2024,18,2094,2130,0.,0.,I.

$ RIBS WITH NEW GRID PT.

CBAR, 2025,19,2123,2004,0.,0.,I.

CBAR,

CBAR,

CBAR,

CBAR,

CBAR,

CBAR,

CBAR,

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

CBAR

2026, 19, 2124,

2027, 19, 2125,

2028, 19, 2126,

2029, 19, 2127,

2030, 19, 2128,

2031, 19, 2129,

2032,19,2130,

2033,20,2005,

2034,20,2018,

2035,20,2031,

2036,20,2044,

2037,20,2057,

2038,20,2070,

2039,20,2083,

2040,20,2096,

2041,21,2006,

2042,21,2019,

2043,21,2032,

2044,21,2045,

2045,21,2058,

2046,21,2071,

2047,21,2084,

2048,21,2097,

2049,21,2008,

2050,21,2021,

2051,21,2034,

2052,21,2047,

2053,21,2060,

2054,21,2073,

2055,21,2086,

2056,21,2099,

2057,21,2009,

2058,21,2022,

2059,21,2035,

2060,21,2048,

2061,21,2061,

2062,21,2074,

2063,21,2087,

2064,21,2100,

2065,21,2010,

2066,21,2023,

2067,21,2036,

2068,21,2049,

2069,21,2062,

2070,21,2075,

2071,21,2088,

2072,21,2101,

2169,19,2004,

2170,19,2017,

2171,19,2030,

2172,19,2043,

2173,19,2056,

2174,19,2069,

2175,19,2082,

CBAR 2176,19,2095,

CBAR, 2177,16,2201,2002,0.,0.

CBAR, 2178,16,2301,2015,0.,0.

CBAR, 2179,16,2401,2028,0.,0.

CBAR, 2180,16,2501,2041,0.,0.

CBAR, 2181,16,2601,2054,0.,0.

CBAR, 2182,16,2701,2067,0.,0.

CBAR, 2183,16,2801,2080,0.,0.

CBAR, 2184,16,2901,2093,0.,0.

CBAR, 2185,20,2206,2006,0.,0.

CBAR, 2186,20,2306,2019,0.,0.

CBAR, 2187,20,2406,2032,0.,0.

2017,0 ,0.,i

2030,0 ,0.,i

2043,0 ,0.,i

2056,0 ,0.,I

2069,0 ,0.,I

2082,0 ,0.,i

2095,0 ,0.,I

2206,0 ,0.,1

2306,0 ,0.,I.

2406,0 ,0.,I.

2506,0 ,0.,I.

2606,0 ,0.,I.

2706,0 ,0.,I.

2806,0 ,0.,I.

2906,0 ,0.,i

2008,0 ,0.,i

2021,0 ,0.,I

2034,0 ,0.,1

2047,0 ,0.,I

2060,0 ,0.,I

2073,0 0.,I

2086,0 0.,i

2099,0 0.,I

2009,0 0.,i

2022,0 0.,i

2035,0 0.,I

2048,0 0.,I

2061,0. 0.,I

2074,0. 0.,I

2087,0. 0.,I

2100,0. 0.,i

2010,0. 0.,i

2023,0. 0.,i.

2036,0. 0.,i.

2049,0. 0.,i.

2062,0. 0.,i.

2075,0. 0.,i.

2088,0. 0.,i.

2101,0. 0.,I.

2011,0. 0.,i.

2024,0. 0.,i.

2037,0. 0.,i.

2050,0. 0.,i.

2063,0. 0.,i.

2076,0. 0.,i.

2089,0. 0.,I

2102,0. 0.,I

2005,0. 0.,i

2018,0. 0.,I

2031,0. 0.,I

2044,0. 0.,I

2057,0. 0.,i

2070,0. 0.,I

2083,0. 0.,I

2096,0. 0.,i

i.

1.

1.

I.

i.

I.

I.

I.

I.

I.

i.

CBAR, 2188,20,2506,2045,0.,0.,I.

CBAR, 2189,20,2606,2058,0.,0.,I.

CBAR, 2190,20,2706,2071,0.,0.,I.

CBAR, 2191,20,2806,2084,0.,0.,I.

CBAR, 2192,20,2906,2097,0.,0.,I.
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667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

$ END RIBS

$ CONNECTOR BOLTS-RIBS TO HUB

CBAR, 2073,23,2010,2012,2062

CBAR, 2074,23,2023,2025,2075

CBAR, 2075,23,2036,2038,2088

CBAR, 2076,23,2049,2051,2101

CBAR, 2077,23,2062,2064,2010

CBAR, 2078,23,2075,2077,2023

CBAR, 2079,23,2088,2090,2036

CBAR, 2080,23,2101,2103,2049

CBAR, 2081,23,2011,2013,2063

CBAR, 2082,23,2024,2026,2076

CBAR, 2083,23,2037,2039,2089

CBAR, 2084,23,2050,2052,2102

CBAR, 2085,23,2063,2065,2011

CBAR, 2086,23,2076,2078,2024

CBAR, 2087,23,2089,2091,2037

CHAR, 2088,23,2102,2104,2050

$ START CONNECTORS BETWEEN RIBS AND SENSOR PLATE

CHAR, 2089,24,2006,2007,2005

,6

CBAR, 2090,24,2019,2020,2018

,6

CBAR, 2091,24,2032,2033,2031

,6

CBAR, 2092, 24,2045, 2046, 2044

,6

CBAR, 2093,24,2058,2059,2057

,6

CBAR', 2094, 24,2071, 2072, 2070

,6

CBAR, 2095,24,2084,2085,2083

,6

CBAR, 2096,24,2097,2098,2096

,6

$ START COMPRESSION MEMBERS BETWEEN REFLECTOR PLATE AND HUB,

CBAR, 2097,30,2107,2115,1.,1.,0.

CBAR, 2098,30,2109,2117,1.,1.,0.

CBAR, 2099, 30, 2111, 2119,1.,1.,0.

CHAR, 2100,30, 2113,2121, i. , 1. , 0 .

$ CABLES

CROD, 2101, 22, 2001, 2014

CROD, 2102, 22, 2014, 2027

CROD, 2103, 22, 2027, 2040

CROD, 2104, 22, 2040, 2053

CROD, 2105, 22, 2053, 2066

CROD, 2106, 22, 2066, 2079

CROD, 2107, 22, 2079, 2092

CROD, 2108, 22, 2092, 2001

$ REFLECTOR PLATE AND HUB

CTRIA3 2109 26 2107 2012 2013 0.

CTRIA3 2110 26 2012 2108 2013 0.

CTRIA3 2111 26 2108 2025 2026 0.

CTRIA3 2112 26 2025 2109 2026 0.

CTRIA3 2113 26 2109 2038 2039 0.

CTRIA3 2114 26 2038 2110 2039 0.

CTRIA3 2115 26 2110 2051 2052 0.

CTRIA3 2116 26 2051 2111 2052 0.

CTRIA3 2117 26 2111 2064 2065 0.

CTRIA3 2118 26 2064 2112 2065 0.

CTRIA3 2119 26 2112 2077 2078 0.

CTR_A3 2120 26 2077 2113 2078 0.

CTRIA3 2121 26 2113 2090 2091 0.

CTRIA3 2122 26 2090 2114 2091 0.

CTRIA3 2123 26 2114 2103 2104 0.

CTRIA3 2124 26 2103 2107 2104 0.

CTRIA3 2125 26 2104 2013 2107 0.

CTRIA3 2126 26 2013 2026 2108 0.

CTRIA3 2127 26 2026 2039 2109 0.

CTRIA3 2128 26 2039 2052 2110 0.

CTRIA3 2129 26 2052 2065 2111 0.

CTRIA3 2130 26 2065 2078 2112 0.

CTRIA3 2131 26 2078 2091 2113 0.

CTRIA3 2132 26 2091 2104 2114 0.

D=.375"
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741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

CTRIA3 2133 25 2098 2007 2115 0.

CTRIA3 2134 25 2007 2020 2116 0.

CTRIA3 2135 25 2020 2033 2117 0

CTRIA3 2136 25 2033 2046 2118 0

CTRIA3 2137 25 2046 2059 2119 0

CTRIA3 2138 25 2059 2072 2120 0

CTRIA3 2139 25 2072 2085 2121 0

CTRIA3 2140 25 2085 2098 2122 0

CTRIA3 2141 25 2115 2116 2007 0

CTRIA3 2142 25 2116 2117 2020 0

CTRIA3 2143 25 2117 2118 2033 0

CTRIA3 2144 25 2118 2119 2046 0

CTRIA3 2145 25 2119 2120 2059 0

CTRIA3 2146 25 2120 2121 2072 0

CTRIA3 2147 25 2121 2122 2085 0

CTRIA3 2148 25 2122 2115 2098 0

CTRIA3 2149 25 2115 2116 2106 0

CTRIA3 2150 25 2116 2117 2106 0

CTRIA3 2151 25 2117 2118 2106 0

CTRIA3 2152 25 2118 2119 2106 0

CTRIA3 2153 25 2119 2120 2106 0

CTRIA3 2154 25 2120 2121 2106 0

CTRIA3 2155 25 2121 2122 2106 0

CTRIA3 2156 25 2122 2115 2106 0

$ START RFL SUPPORT BRACKETS

CBAR 2157,27, 265, 485,266

CBAR 2158,27, 266, 486,267

CBAR 2159,27, 267, 487,268

CBAR 2160,27, 268, 488,265

CBAR 2161,28, 267, 488,485

CBAR 2162,28, 268, 487,486

CBAR 2163,28, 265, 486,487

CBAR 2164,28, 266, 485,488

CBAR 2165,28, 265, 488,487

CBAR 2166,28, 266, 487,488

CBAR 2167,29, 485, 488,487

CBAR 2168,29, 486, 487,488

$ 1/4" DIAM BOLTS WHICH CONNECT RFL; BASE PLATE TO SUPPORT STRUCTURE

CELAS2 2211, 1.5E+08 488, i, 2108, 1

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS 2

CELAS 2

CELAS2

CELAS2

CELAS2

CELAS 2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

CELAS2

2212, 1.5E+08

2213, 1.5E+08

2214, 1.5E+08

2215, 1.5E+08

2216, 1.5E+08

2217, 1.5E+08

2218, 1.5E+08

2219, 1.5E+08

2220, 1.5E+08

2221, 1.5E+08

2222, 1.5E+08

2223, 1.5E+08

2224, 1.5E+08

2225, 1.5E+08

2226, 1.5E+08

2227, 1.5E+08

2228, 1.5E+08

2229, 1.5E+08

2230, 1.5E+08

2231, 1.5E+08

2232, 1.5E+08

2233, 1.5E+08

2234, 1.5E+08

488, 2, 2108, 2

488, 3, 2108, 3

488, 4, 2108, 4

488, 5, 2108, 5

488, 6, 2108, 6

485, I, 2110, 1

485, 2, 2110, 2

485, 3, 2110, 3

485, 4, 2110, 4

485, 5, 2110, 5

485, 6, 2110, 6

486, I, 2112, I

486, 2, 2112, 2

486, 3, 2112, 3

486, 4, 2112, 4

486, 5, 2112, 5

486, 6, 2112, 6

487, i, 2114, 1

487, 2, 2114, 2

487, 3, 2114, 3

487, 4, 2114, 4

487, 5, 2114, 5

487, 6, 2114, 6

$ START JOINT LUMPED MASSES

CONM2 3289 262 0 .00142

+EA 2011 0. 0. 0. 0.

CONM2 3290 264 0 .00142

+EA 2012 0. 0. 0. 0.

CONM2 3291 265 0 .00123

+EA 2013 0. 0. 0. 0.

CONM2 3292 267 0 .00142

+EA 2014 O. 0. 0. 0.

CONM2 3293 261 0 .00160

+EA 2015 0. 0. O. 0.

CONM2 3294 263 0 .00160

0. 0. 0.

0 0.

0 0 0.

0 0

0 0 0.

0 0

0 0 0.

0 0

0 0 0.

0 0

0 0 0.

+EA 2011

+EA 2012

+EA 2013

+EA 2014

+EA 2015

+EA 2016
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815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

860

861

862

863

864

865

866

867

868

869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

26

+EA 2016 0. 0. O. 0.

CONM2 3295 266 0 .00142

+EA 2017 0. 0. 0. 0.

CONM2 3296 268 0 .00160

+EA 2018 0. 0. 0. 0.

$ LUMP MASS AT RIB TIP

CONM2 3501, 2001, 3, 2.59E-04

CONM2 3502, 2014, 3, 2.59E-04

CONM2 3503, 2027, 3, 2.59E-04

CONM2 3504, 2040, 3, 2.59E-04

CONM2 3505, 2053, 3, 2.59E-04

CONM2 3506, 2066, 3, 2.59E-04

CONM2 3507, 2079, 3, 2.59E-04

CONM2 3508, 2092, 3, 2.59E-04

$ MIRROR LUMP MASS

CONM2, 3510, 2106, 3, .049223, 0., 0., 0.

• 6.795, , 6.795, , , 13.591

$ TRUSS MAT1 CARDS

MAT1, I, I.E+07, , .333, 2.19E-04, 0.

MAT1, 2, I.E+07, , .333, 2.23E-04, 0.

MAT1, 4, I.E+07, , .333, 0.

$
$ REFLECTOR MAT1 CARDS

MAT1,11, 1.0E+07, .375E+07,

MAT1,12, 3.0E+07, .11538+8,

MAT1,13, .30E+08, .11538+8,

MAT1,14, .65E+07, .25000+7,

MAT1,15, .10E+08, .37509+7,

MAT1,16, .10E+08, .37509+7,

$
$ TRUSS PID CARDS

.0002539,0.0

.0004585,-2.535-6

.0007332

.0000512

.0003375

.0002539

PBAR, I, I, .12316, 4.20E-03, 4.20E-03, 8.40E-03, O.

PBAR, 2, I, .12316, 4.20E-03, 4.20E-03, 8.40E-03, 0.

PBAR, 3, 2, .11660, 4.20E-03, 4.20E-03, 8.40E-03, 0.

$
PBAR, 12, I, .12316, 4.20E-03, 4.20E-03, 8.40E-03, 0.

PBAR, 13, 2, .11660, 4.20E-03, 4.20E-03, 8.40E-03, O.

$ REFLECTOR PID CARDS

PBAR, 16,11, .2900000 .0015104

.0017578

.0020000

.0022396

.0024870

.0026042

.0001918

.0000640

.0000000

.0325188

.0512578

.0754975

.1060093

.1451640

.1666667

.0001918

.0000640

.0000000

PBAR, 17,11, .3375000

PBAR, 18,11, .3840000

PBAR, 19,11, .4300000

PEAR, 20,11, .4775000

PBAR, 21,11, .5000000

PBAR, 23,13, .0490873

PBAR, 24,13, .0283529

PROD, 22,12, .0007670

$
$ SENSOR PLATE

0° 0.

0. 0.

0. 0.

0. 0.

0. 0.

.0052215 0.0

.0062110 0.0

.0071797 0.0

.0081380 0.0

.0091276 0.0

.0095964 0.0

.0003835 0.0

.0001280 0.0

PSHELL, 25,14, .40807,14

$
$ HUB
PSH_LL,26,15, .37500,15

$
$ VERTICAL MEMBER OF SUPPORT STRUCTURE

PBAR, 27,16, .4418 ,1.55E-02 ,1.55E-02 , 3.1E-02 , 0.

$
$ IXlX5/16" AL ANGLE CROSS MEMBERS

PBAR, 28,16, 0.339, 3.E-02 ,3.E-02 , .00439, 0.

$
$ IXII/4X1/4" AL ANGLE THAT SUPPORTS BASE PLATE

PBAR, 29,16, .5 ,3.97E-02 ,7.10E-02 , .1107 , 0.

$
$ COMPRESSION MEMBERS BETWEEN HUB AND SENSOR PLATE

PBAR, 30,13, .110447, .000971, .000971, .001942, 0.0

$
ENDDATA

0.

0.

+EA 2017

+EA 2018
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Table 1. Axial-Force Distribution on Rib 7 Under Gravity and Target Weight for

Large-Displacements Nonlinear Analysis

Rib beam element

1

"9

17

Axial force on rib

elements, lb, for
CBAR connector

-11.87

-12.66

-13.12
-13.50

Axial force on rib

elements, lb, for
CROD connector

- 10.83

-11.52

-11.90

-12.2325

33 - 13.65 - 12.38

41 115.0 -9.77

49 115.0 -9.11

!

7

i

Table 2. Static Test Matrix for Inclined and Horizontal Positions of Reflector

Load range, Increment,

Load cycle Load location Ib lb

1 All rib tips 0 to 2 0.5

2 Rib tips 5 and 7 0 to 1.5 0.5

3 All plate ends 0 to 24 3.0
Plate ends I and 3 0 to 24 3.0

28
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Table 3. Test and Analysis Curve-Fitting Errors

Load cycle;
measurement

location

Small-displacements

analysis versus

large-displacements

analysis,
percent error

Test versus

small-displacements
analysis,

percent error

Test versus

large-displacements
analysis,

percent error

Inclined position
1 8 10 161; Rib

1; Rib 3 6

1; Rib 5 29
21; Rib 7

33 25

11 14

2; Rib 7

18 16

2; Rib 1 13 36 17

2; Rib 3 13 22 7

2; Rib 5 5 12 6
3 20 16

Horizontal position

3; Plate ends 2 14 12

1, 3, 5, and 7

4; Plate ends 2 8 9
1 and 3

2 19 174; Plate ends
5 and 7

Table 4. Analytical Natural Frequencies for Reflector

Frequencies, Hz, for Frequencies, Hz, for

small-displacements large-displacements

Mode analysis analysis
1 2.524 2.524

2 2.994 3.063

3 2.995 3.064

3.172

13

3.253

5 3.219 3.301

6 3.517 3.563

7 3.529 3.567

8 3.757 3.792

9 5.613 5.447

10 6.583 6.350

11 10.178 9.826

12 10.357 9.995

10.895 10.601
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Figure 1. Controls-Structures Interaction Evolutionary Model (CEM).
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Figure 2. Controls-Structures Interaction Evolutionary Model reflector.
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Side view

-.._ 185.32 ,- _I

Sensor plate --_ Cabl_ . Z

Swivel-head bolt -_

Mirror. _ ,_ Rib6_-- - --A--

I "_///_ "_//E'- - - - -f271-7092 y.
Sensor plate _.r/'/,_ _,//,_ I .o5 l A

--- _ | _-_-x

Rib 2 Rib 5 _ . ___

Top view

Figure 3. Side and top views of reflector. All linear dimensions are in inches.
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Figure 4. Detailed view of connections.
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Side view

l I
185.32 _ I

Sensor plate _ /---Cable

I " /

Rib ....

truss bay J "" "'" .... _ --

Z

L_x

lib 2 RJ_b1_

I_ Mirror_L._._K _..___ --

__
,_, _,_i/__,.

Top vlew

Y

L.x

Figure 5. Side and top views of reflector in horizontal position. All linear dimensions are in inches.

Side view

Z

L.x

SLsor:::I:_ i----_17.__5 7i: L..p.X

Top view

Figure 6. Side and top views of reflector in inclincd position. All linear dimcnsions are in inches.
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Figure 7. Typical truss strut and node-ball joint.
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3O
O Large-displacements nonlinear analysis input rib geometry
A Small-displacements nonlinear analysis prestressed rib geometry

[] Large-displacements nonlinear analysis prestressed rib geometry

20

Vertical
distance
from hub

to rib,

in. 10

0
0 20 40 60 80 100

Radial distance from hub center to rib, in.

Figure 9. Rib analytical geometry for initial and prestressed states.
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EP 1
and shape
cture

l T, thermal load 1

g, gravity load
f, target weight

[Solve for displacements

No_

Output :
Displacements
Forces

PRESTRESSED
STRUCTURE

DB01 data-base file

L._ply externalloa_

Loads"

External loads

DB01 data-base file
available from step 1.

Restart using last iteration in step
1 as initial guess

t

I Solve for disptacementsJ_

Yes
t

Output"
Displacements and forces

from prestress and external loads

Superimpose displacement 1results from steps 1 and 2

 x,T

Figure 10. Large-displacements nonlinear analysis data-base dependent steps.
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G_enemteSTEP 1 "_

preload f_.J

t
I Constrain all degrees of freedomThermal load applied to ribs and cables

Output :
Displacements
Single-point
constraints (SPC)
forces

STEP 2

oad to ribs and___

Release all censb'ained degrees of freedom I

on r bs and cables I
T

Loads :
Thermal load on cables
SPC forces applied as external forces

Gravity and target we ghts

I Solve for displacements J

_ No.-.--.J

Yes

Output :
Displacements
SPC Forces

PRESTRESSED
STRUCTURE

_pply STEP 3 "_extemal Ioa_...,,)

-f
Loads :

Thermal load on cables
SPC forces applied as external
forces
Gravity and target weights
External loads

I Solve for displacements ]_

_...ip_No

Output :
Displacements and

I forces from prestress

I and external loading

I Superimpese displacements from Isteps 2 and 3

Figure 11. Small-displacements nonlinear analysis data-base independent steps.
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displacement
of rib 7, in.
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[]

O

CBAR connector with pin flags
CROD connector

0

Figure 12.
model.

-0.2
2000 2002 2004 2006 2008 2010

Grid number

Sensitivity of rib displacement under gravity and target weight loads to changes in swivel-head bolt

l

38
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.__kN'_"_ _ Target

_ St,ing ---_ _//_//7 Pr°:i :i:::i: be

J L"_- Weight pan

Figure 13. Load application and displacement measurement setup.
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:I W
• ! • ! | | • !

01.2 -1.0 -.8 -.6 -.4 -.2 0 .2 .4 .6 .8

Rib-tip displacement, in.

(a) Load cycle 1: symmetric loading of ribs.

O Test

[] Large-displacements
nonlinear analysis

Zk Small-displacements
nonlinear analysis

2.0____1"5 Ribsland3-_.j__

_- _.__ Rib 7 IIII

.5

08 -.6 -.4 -.2 0 .2

O Test

[] Large-displacements
nonlinear analysis

Zk Small-displacements
nonlinear analysis

Rib-tip displacement, in.

(b) Load cycle 2: asymmetric loading of ribs.

Figure 14. Symmetric and asymmetric load-deflection characteristics of ribs. Inclined position.
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301
2O

Load at l[ _ _ 0 Test
plate ends, I" O¢:_"_j D Large-displacements

Ib I" j._v-- nonlinear analysis

L I_

I n _ Z_ Small-displacements

"_' [ _ nonlinear analysis

0 .05 .10 .15

Plate-end deflection, in.

(a) Load cycle 3: symmetric loading of plate ends.

40

30

nds 5 and 7

20 0 Test

Load at [] Large-displacements
plate ends, nonlinear analysis

Ib I" Plate ends 1 and 3 _ !_ _ Z_ Small'displacements

10I (loaded) _/ nonlinear analysis

0.2 -.1 0 .1

Plate-end deflection, in.

(b) Load cycle 4: asymmetric Ioading of plate ends.

Figure 15. Symmetric and asymmetric loading of plate ends. Horizontal position.
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(a) Mode 1; 2.54 Hz.

I

J

(b) Mode 2; 3.063 Hz.

Figure 16. Large-displacements analysis.
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(e) Mode 3; 3.064 Hz.
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(d) Mode 4; 3.253 Hz,

Figure 16. Continued.
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(e) Mode 5; 3.301 Hz.

I

(f) Mode 6; 3.563 Hz.

Figure 16. Continued.
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(g) Mode7;3.567Hz.

(h) Mode8;3.792Hz.

Figurc16.Continued.
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(i) Mode 9; 5.447 Hz.

(j) Mode 10; 6.350 Hz.

Figure 16. Continued.
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(k) Mode11;9.826Hz.

L

46

I I
I I

(1) Mode 12; 9.995 Hz.

Figure i6. Continued.
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(m) Mode 13; 10.601 Hz.

Figure 16. Concluded.
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Figure 17. Vertical frequency-response function for rib 2.
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