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JWST Spacecraft Element:
A Challenging Model to Correlate

« Spacecraft Element (SCE) FE model was the starting point
for the sine vibe pre-test analysis

— Bus and sunshield models from this configuration along with the
model of the telescope will be used for coupled loads analysis (CLA)

— Model size is 1.4M nodes and 1.2M elements
— Primary interest is in modes up to 30 Hz

— Response limiting / notching is necessary to safely conduct sine vibe
test — this benefits from a correlated model

A significant pre-test analysis effort was conducted

— A total of 550 accelerometers were used in order to characterize 23
expected “important” modes out of 120 modes below 30Hz

 Many analysis iterations were conducted to improve modal
frequency agreement and cross-orthogonality

— Sought “physically realistic” model updates

 The resulting correlated model met desired goals for
frequency and cross-orthogonality agreement between the
FEM and the test data
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Pre-Test Objectives & Summary

* Overall goals for pretest analysis were based on model-to-test correlation criteria:
— Use a Guyan-reduced model; compare frequencies and mode shapes with full G-set model

» Primary modes frequency within 5% and secondary modes within 10% relative to G-set
model values

» Pseudo-orthogonality of mode shapes using Guyan reduced mass matrix:
— > 0.9 on diagonal, < 0.1 on off-diagonal

» Cross-orthogonality between Guyan-reduced and full G-set mode shapes:
— > 0.9 on diagonal, < 0.2 on off-diagonal

« Target modes selection mainly considered Modal Effective Mass (MEM), strain
and kinetic energies

— Subassembly MEM was used to identify subassembly modes that may not be identified at the
system level
o 23target modes were selected (see slide 5)
— 16 based on modal effective mass
— 7 otherwise “important” modes were also included in the pre-test effort

« At the end of the pre-test analysis effort a total of 550 accelerometer DOFs were
selected

— At 260 locations
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FEM & Accelerometer Set

Accelerometer Set
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Modal Effective Mass
Summary Tables

Secondary Modes: 7  Other: 7

Primary Modes: 9

Effective Mass > 5%

5% = Effective Mass = 2%

kS | =
bt % = |~
S| =]
2|2l el 3|
W S|~ oo o
m o | WA [=3 =1 =]
— m sw rD- uw [=x] n_ (o Bt JE=R =0 =] -] [==) (==l =]
] wg I G EIEIE =] =1 =]
s
a
.2
.m || EE -
™~ =] olol o =7 ™~
m = olo|lo Ll -] LA
2| e EA kS il & EAEA RS
=] ua [ | ca [=] J =t I =]
SN IN=] | e =1 =] =} A E=]
x| ™ = GGG =} n =1 k]
_.qM | colo|lalalala [=] ol [=1 W5s
= A= R A e — — P[] e | oy | e W | = =
m ™ m H m M IR R IR A R s m = M =] m o || = | o | o & oo | o ﬂ
= R el e e B A A= R R I G e R = = R s e = | f|ca| S|
i B e e I R T T R R R | o] = st el =) s sl R TR = R =
i
g 223 2 25
=] =10 =t =l w | r~ e =
.MN N S| HS&8 R | F B8 Bag a3 e

Primary Mode > 5% Effective Mass

Secondary Mode > 2% Effective Mass
Important Mode, but < 2% Effective Mass

82.87% 82.66% 80.74% 99.04% 99.13% 85.98%

Sum up to 100Hz
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Pseudo-Ortho Table
550 DOF Accels, 260 Grids

« Pseudo-orthogonality of FEM modes via Guyan reduced mass matrix (A-
set) were computed

— Verifies Guyan-reduced A-set and mass matrix

TEERED ITiE 1 2 3 4 5 3] 7 8 9 10 11 12 14 25 26 37 50 54 55 65 66 87 95 101 130 131 146 162 197
Reduced [ Number
Mode |Frequency
Number (Hz) 7.87 8.79 9.20 9.84 10.29 10.61 10.67 1112 11.17 1178 1211 1223 12.90 16.11 16.48 18.61 20.69 2147 2151 2313 23.23 26.92 27.68 28.62 34.06 38.57 40.61 4517
1 7.87 99.20% | 0.04% | 0.13% | 0.03% 0.08% 0.01% 0.08% 0.01% 0.23% 0.98% 0.01% 0.07% 0.00% 0.03% 0.05% 0.03% 0.00% 0.03% 0.03% 0.04% 0.00% 0.49% 1.15% 0.40% 0.24% 0.06% 0.85% 0.21%
2 879 0.04% | 99.232% | 0.08% | 0.03% 0.04% 0.00% 0.01% 0.04% 0.00% 0.08% 0.00% 0.12% 0.18% 0.42% 0.12% 0.04% 0.01% 0.25% 0.15% 0.12% 0.02% 1.46% 0.24% 0.04% 0.03% 2.55% 0.53% 0.74%
3 9.20 0.13% 0.08% |98.21%| 0.01% 0.09% 0.09% 0.13% 0.01% 1.26% 0.38% 0.00% 0.10% 0.06% 0.11% 0.11% 0.04% 0.04% 0.01% 0.09% 0.00% 0.03% 0.48% 0.26% 0.20% 0.32% 0.18% 0.32% 0.13%
4 9.84 0.03% 0.03% | 0.01% [ 0.00% 0.02% 0.00% 0.01% 0.00% 0.01% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00%
5 10.29 0.08% 0.04% | 0.09% | 0.02% | 965.84% | 013% 0.37% 0.00% 0.62% 017% 0.01% 0.20% 0.26% 0.18% 0.28% 0.10% 0.12% 0.10% 0.30% 0.05% 0.11% 0.35% 0.27% 0.23% 0.82% 0.81% 1.63% 0.03%
6 10.61 0.01% 0.00% | 0.09% [ 0.00% 0.13% | 98.97% | 0.04% 0.00% 0.17% 0.00% 0.00% 0.02% 0.01% 0.00% 0.00% 0.00% 0.00% 0.01% 0.01% 0.00% 0.00% 0.04% 0.01% 0.01% 0.00% 0.05% 0.08% 0.03%
7 10.67 0.08% 0.01% | 0.13% [ 0.01% 0.37% 0.04% | 97.81% 0.03% 0.13% 0.08% 0.02% 0.65% 0.41% 0.17% 0.24% 0.05% 0.08% 0.42% 0.41% 0.10% 0.19% 1.44% 0.36% 0.11% 0.62% 0.86% 1.31% 0.61%
8 11.12 0.01% 0.04% | 0.01% [ 0.00% 0.00% 0.00% 0.03% 0.00% 0.03% 0.00% 0.00% 0.02% 0.02% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
9 11.17 0.23% 0.00% | 1.26% | 0.01% 0.62% 0.17% 0.13% 0.03% | 97.03% | 1.18% 0.02% 0.05% 0.14% 0.09% 0.05% 0.03% 0.02% 0.12% 0.00% 0.03% 0.01% 0.49% 0.34% 0.21% 0.02% 0.14% 0.23% 0.10%
10 11.78 0.98% 0.08% | 0.38% [ 0.01% 0.17% 0.00% 0.08% 0.00% 1.18% | 9438% | 0.02% 0.07% 0.25% 0.51% 0.18% 0.20% 0.03% 0.13% 0.04% 0.05% 0.03% 2.42% 0.77% 0.08% 0.91% 2.48% 0.06% 0.54%
11 12.11 0.01% 0.00% | 0.00% [ 0.00% 0.01% 0.00% 0.02% 0.00% 0.02% 0.02% | 99.44% | 0.03% 0.03% 0.03% 0.01% 0.01% 0.01% 0.00% 0.01% 0.00% 0.01% 0.11% 0.01% 0.03% 0.03% 0.15% 0.05% 0.26%
12 12.23 0.07% 0.12% | 0.10% [ 0.00% 0.20% 0.02% 0.65% 0.02% 0.05% 0.07% 0.03% | 98.62% | 0.79% 0.14% 0.00% 0.06% 0.06% 0.17% 0.18% 0.02% 0.11% 0.56% 0.00% 0.02% 0.44% 0.03% 1.45% 0.80%
14 12.90 0.00% 0.18% | 0.06% [ 0.00% 0.26% 0.01% 0.41% 0.02% 0.14% 0.25% 0.03% 0.79% | 98.91% | 0.34% 0.23% 0.15% 0.02% 0.07% 0.08% 0.01% 0.00% 0.50% 0.04% 0.09% 0.19% 1.48% 0.42% 0.18%
25 16.11 0.03% 0.42% | 0.11% [ 0.00% 0.18% 0.00% 017% 0.00% 0.09% 051% 0.03% 0.14% 0.34% | 9410% | 0.83% 0.03% 0.07% 0.06% 0.11% 0.04% 0.01% 0.17% 0.63% 0.14% 0.47% 1.21% 0.46% 0.03%
26 16.48 0.05% 0.12% | 0.11% [ 0.00% 0.28% 0.00% 0.24% 0.00% 0.05% 0.18% 0.01% 0.00% 0.23% 0.83% | 98.46% | 0.10% 0.04% 0.33% 0.20% 0.04% 0.07% 0.11% 0.21% 0.10% 0.29% 0.19% 1.29% 0.02%
37 18.61 0.03% 0.04% | 0.04% [ 0.00% 0.10% 0.00% 0.05% 0.00% 0.03% 0.20% 0.01% 0.06% 0.15% 0.03% 0.10% | 92.07% | 0.03% 0.01% 0.01% 1.22% 0.07% 0.15% 0.02% 0.06% 0.18% 0.02% 0.06% 0.08%
50 20.69 0.00% 0.01% | 0.04% [ 0.00% 0.12% 0.00% 0.08% 0.00% 0.02% 0.03% 0.01% 0.06% 0.02% 0.07% 0.04% 0.03% | 98.83% | 0.12% 0.00% 0.16% 0.60% 0.08% 0.03% 0.11% 0.26% 0.06% 0.14% 0.06%
54 21.47 0.03% 0.25% | 0.01% [ 0.00% 0.10% 0.01% 0.42% 0.00% 0.12% 0.13% 0.00% 0.17% 0.07% 0.06% 0.33% 0.01% 0.12% | 97.16% | 097% 0.19% 0.09% 0.37% 0.02% 0.19% 0.31% 0.23% 0.22% 0.50%
55 21.51 0.03% 0.15% | 0.09% [ 0.00% 0.30% 0.01% 0.41% 0.00% 0.00% 0.04% 0.01% 0.18% 0.08% 0.11% 0.20% 0.01% 0.00% 0.97% | 97.12% | 0.02% 0.10% 0.15% 0.07% 0.24% 0.27% 0.21% 0.39% 0.26%
65 23.13 0.04% 0.12% | 0.00% [ 0.00% 0.05% 0.00% 0.10% 0.00% 0.03% 0.05% 0.00% 0.02% 0.01% 0.04% 0.04% 1.22% 0.16% 0.19% 0.02% | 9554% | 0.27% 0.01% 0.06% 0.05% 0.28% 0.07% 0.06% 0.11%
66 23.23 0.00% 0.02% | 0.03% [ 0.00% 0.11% 0.00% 0.19% 0.00% 0.01% 0.03% 0.01% 0.11% 0.00% 0.01% 0.07% 0.07% 0.60% 0.09% 0.10% 0.27% | 95.83% | 0.05% 0.12% 0.23% 0.20% 0.17% 0.10% 0.05%
87 26.92 0.49% 1.46% | 0.48% | 0.00% 0.35% 0.04% 1.44% 0.00% 0.49% 2.42% 0.11% 0.56% 0.50% 0.17% 0.11% 0.15% 0.08% 0.37% 0.15% 0.01% 0.05% 0.11% 0.73% 1.41% 0.58% 1.02% 2.53%
95 27.68 1.15% 0.24% | 0.26% [ 0.00% 0.27% 0.01% 0.36% 0.00% 0.34% 0.77% 0.01% 0.00% 0.04% 0.63% 0.21% 0.02% 0.03% 0.02% 0.07% 0.06% 0.12% 0.11% | 81.86% | 3.89% 3.21% 3.27% 197% 431%
101 28.62 0.40% 0.04% | 0.20% [ 0.00% 0.23% 0.01% 0.11% 0.00% 0.21% 0.08% 0.03% 0.02% 0.09% 0.14% 0.10% 0.06% 0.11% 0.19% 0.24% 0.05% 0.23% 0.73% 3.89% | 87.95% | 2.44% 2.81% 0.58% 3.08%
130 34.06 0.24% 0.03% | 0.32% [ 0.00% 0.82% 0.00% 0.62% 0.00% 0.02% 0.91% 0.03% 0.44% 0.19% 0.47% 0.29% 0.18% 0.26% 0.31% 0.27% 0.28% 0.20% 1.41% 3.21% 2.44% | 60.71% 1.81% 0.12% 0.25%
131 34.21 0.46% 0.06% | 0.29% [ 0.00% 0.58% 0.00% 0.37% 0.00% 0.05% 151% 0.04% 0.32% 0.28% 0.58% 0.28% 0.19% 0.24% 0.34% 0.10% 0.18% 0.21% 2.10% 3.35% 231% | 16.43% 4.69% 0.35% 4.90%
146 38.57 0.06% 255% | 0.18% | 0.01% 0.81% 0.05% 0.86% 0.00% 0.14% 2.48% 0.15% 0.03% 1.48% 1.21% 0.19% 0.02% 0.06% 0.23% 0.21% 0.07% 0.17% 0.58% 3.27% 281% 1.81% 74.49% | 192% 191%
162 40.61 0.85% 0.53% | 0.32% [ 0.00% 1.63% 0.08% 131% 0.00% 0.23% 0.06% 0.05% 1.45% 0.42% 0.46% 1.29% 0.06% 0.14% 0.22% 0.39% 0.06% 0.10% 1.02% 197% 0.58% 0.12% 192% | 70.66% | 0.59%
197 45.17 0.21% 0.74% | 0.13% | 0.00% 0.03% 0.03% 0.61% 0.00% 0.10% 0.54% 0.26% 0.80% 0.18% 0.03% 0.02% 0.08% 0.06% 0.50% 0.26% 0.11% 0.05% 2.53% 4.31% 3.08% 0.25% 191% 0.59%
Primary Maode > 5% Effective Mass Not d 4 t t
: & 8 I I d h
Secondary Mode > 2% Effective Mass ote. r_no es are local modes atare
important Mode, but < 2% Effective Mass not of interest and not captured by the Aset.
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Cross-Ortho — Relevant modes
550 DOF Accels, 260 Grids

 Frequency differences & cross-orthogonality of Guyan-reduced (A-set) vs.
unreduced FEM (G-set) modes

— For Closely-Spaced Modes:
» Cross-orthogonality acceptable if their RSS > 0.9

» Max frequency difference in the frequency range is shown

TI;::::EZO A-set Mode # 1 2 3 4 5 6 7 8 9 10 12 18 19 26 31 36 37 38 39 40 45 46 56 58 59 60 61
T s e LEks Max Frequency Diff.
* (Hz) 7.89 8.81 9.23 1037 10.64 10.72 11.24 11.95 1213 12.28 12.94 16.16 1653 18.61 20.74 2146 2151 21.59 21.61 21.98 23.36 2347 27.82 2848 29.14 2942 29.74 Uﬂ":(l;:ﬂl\ > ABS(Gset-Aset)/Gset
1 787 100.00% 010% 0.17% 0.08% 0.00% 0.06% 0.13% 051% 0.01% 0.04% 0.03% 0.03% 0.01% 0.00% 0.00% 0.01% 0.03% 0.02% 0.03% 0.04% 0.00% 0.00% 0.05% 0.07% 0.02% 0.06% 0.00% 100.00% 0.20%
2 8.79 0.09% 100.00% 0.37% 0.08% 0.00% 0.01% 0.03% 007% 0.00% 0.08% 0.12% 0.12% 0.03% 0.00% 0.01% 0.01% 0.01% 0.02% 0.02% 011% 0.02% 0.00% 0.16% 0.03% 0.04% 0.02% 0.00% 100.00% 0.20%
3 9.20 0.19% 0.38% 9992% | 0.45% 0.09% 0.21% 0.99% 0.26% 0.00% 0.08% 0.34% 0.01% 0.10% 0.00% 0.00% 0.04% 0.01% 0.03% 0.00% 0.00% 0.01% 0.00% 0.04% 0.01% 0.14% 0.08% 0.00% 99.92% 0.42%
4 9.84 0.02% 0.03% 0.01% 0.03% 0.00% 0.01% 0.01% 0.01% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.02% 0.01% 0.01% 0.00% NA® NA®
5 10.29 007% 007% 0.34% 99 88% 1.09% 279% 1.02% 039% 001% 031% 0.53% 0.08% 0.04% 0.00% 0.00% 0.02% 0.12% 0.02% 0.10% 011% 0.02% 001% 0.03% 0.00% 0.54% 0.22% 0.01% 99 88% 077%
6 10.61 0.01% 0.00% 0.13% 1.09% |9998% | 1.11% 0.50% 0.04% 0.00% 0.04% 0.09% 0.00% 0.01% 0.00% 0.00% 0.01% 0.01% 0.01% 0.01% 0.01% 0.00% 0.00% 0.01% 0.00% 0.01% 0.01% 0.00% 99.98% 0.26%
7 10.67 0.06% 0.01% 0.21% 2.82% 1.09% | 9993% 0.59% 0.24% 0.03% 1.21% 0.45% 0.09% 0.10% 0.00% 0.00% 0.11% 0.01% 0.06% 0.01% 0.31% 0.03% 0.02% 0.23% 0.07% 0.24% 0.07% 0.01% 99.93% 0.55%
8 11.12 0.00% 0.02% 0.00% 0.00% 0.00% 0.03% 0.03% 0.00% 0.00% 0.02% 0.02% 0.01% 0.00% 0.01% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.01% 0.00% 0.02% 0.01% 0.00% 0.00% 0.01% NA* NA*
£ 11.17 0.14% 0.01% 1.38% 1.39% 0.59% 0.59% 99.18% 517% 0.06% 0.21% 1.42% 0.00% 0.21% 0.01% 0.00% 0.03% 0.06% 0.00% 0.04% 0.18% 0.01% 0.00% 0.13% 0.02% 0.03% 0.07% 0.01% 99.18% 0.56%
10 11.78 0.54% 0.07% 0.36% 0.32% 0.00% 0.18% 5.07% 99.69% 0.42% 1.04% 0.32% 0.35% 0.10% 0.08% 0.03% 0.02% 0.03% 0.01% 0.00% 0.05% 0.00% 0.00% 0.53% 0.15% 0.17% 0.06% 0.01% 99.69% 1.43%
11 12.11 0.00% 0.00% 0.00% 0.01% 0.00% 0.03% 0.05% 043% 99.99% 0.64% 0.09% 0.02% 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 001% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 99.99% 014%
12 12.23 0.03% 0.08% 0.08% 0.27% 0.02% 1.21% 0.14% 097% 0.65% | 99.89% 3.53% 0.16% 0.03% 0.05% 0.04% 0.05% 0.01% 0.05% 0.02% 0.21% 0.03% 0.01% 0.13% 0.00% 0.14% 0.04% 0.00% 99.89% 0.34%
14 12.90 0.00% 0.11% 0.03% 0.26% 0.01% 0.55% 0.09% 0.75% 0.08% 3.62% | 98.77% | 0.44% 0.20% 0.06% 0.03% 0.07% 0.01% 0.02% 0.03% 0.09% 0.01% 0.00% 0.13% 0.00% 0.04% 0.00% 0.00% 98.77% 0.29%
25 16.11 0.01% 014% 0.04% 0.09% 0.00% 0.10% 0.05% 036% 0.02% 015% 0.46% 97.54% 212% 0.12% 0.04% 0.16% 0.12% 024% 0.07% 007% 0.06% 0.00% 0.03% 0.21% 0.06% 0.25% 0.01% 97.54% 034%
26 16.48 0.01% 0.04% 0.04% 0.13% 0.00% 0.12% 0.02% 0.12% 0.01% 0.00% 0.24% 2.79% 99.67% 0.04% 0.02% 0.07% 0.09% 0.01% 0.06% 0.67% 0.05% 0.01% 0.04% 0.01% 0.14% 0.13% 0.00% 99.67% 0.34%
37 18.61 0.01% 0.01% 0.01% 0.03% 0.00% 0.02% 0.01% 0.09% 0.00% 0.02% 0.07% 0.09% 006% |9499% | 0.17% 0.29% 0.22% 0.01% 0.04% 0.23% 0.62% 0.16% 0.19% 0.17% 0.00% 0.00% 0.00% 94.99% 0.02%
50 20.69 0.00% 0.00% 0.01% 0.03% 0.00% 0.03% 0.01% 0.01% 0.00% 0.02% 0.01% 0.05% 0.08% 0.17% 99.50% 561% 1.14% 1.54% 061% 015% 0.05% 122% 0.08% 0.09% 0.13% 0.06% 0.00% 99.50% 0.26%
54 21.47 0.00% 0.04% 0.00% 0.02% 0.00% 011% 0.04% 0.04% 0.00% 0.06% 0.02% 0.05% 0.09% 0.06% 0.21% 2901% | 51.00% | 68.70% | 33.01% | 22.44% 053% 023% 0.45% 0.07% 0.18% 0.05% 0.00% 98.77% 234%
55 21.51 0.00% 0.02% 0.02% 0.07% 0.00% 0.11% 0.00% 0.01% 0.00% 0.07% 0.02% 0.04% 0.10% 0.07% 0.62% 4.85% | 1064% | 52.16% 1452% | 0.09% 0.70% 0.45% 0.07% 0.43% 0.08% 0.01% 97.19% 0.44%
65 2313 0.00% 0.02% 0.00% 0.01% 0.00% 0.02% 0.01% 0.02% 0.00% 0.01% 0.00% 0.03% 0.02% 1.10% 0.27% 094% 057% 117% 074% 036% 9823% | 12.33% 012% 0.06% 0.10% 0.13% 0.00% 98.23% 099%
66 23.23 0.00% 0.00% 0.00% 0.02% 0.00% 0.04% 0.00% 001% 0.00% 0.03% 0.00% 0.00% 0.01% 0.08% 1.20% 0.44% 071% 0.64% 017% 133% 12.34% | 98.86% 027% 0.42% 0.09% 0.17% 0.01% 98.86% 1.05%
87 26.92 0.04% 0.16% 0.06% 0.05% 0.00% 0.24% 0.08% 0.51% 0.02% 0.12% 0.14% 0.07% 0.02% 0.15% 0.07% 0.00% 0.30% 0.41% 0.40% 1.34% 0.13% 0.07% | 95.51% 3.44% 5.43% 1.55% 0.12% 95.51% 3.33%
95 27.68 0.09% 0.02% 0.03% 0.04% 0.00% 0.06% 0.05% 0.18% 0.00% 0.00% 0.01% 0.23% 0.09% 0.04% 0.04% 0.07% 0.09% 0.07% 0.15% 0.47% 0.13% 0.17% 2.55% 9.35% | 37.47% | 299% 95.68% 6.30%
101 28.62 0.03% 0.00% 0.02% 0.03% 0.00% 0.01% 0.04% 0.00% 0.01% 0.01% 0.01% 0.08% 0.05% 0.02% 0.06% 0.04% 0.11% 0.05% 0.03% 012% 0.03% 021% 524% 37.88% | 28.67% | 80.05% | 28.67% 97 .40% 393%
Trad,e 150 | ) setMode#| 70 71 72 73 84 86 87 88 89 92 94 103 104 105 106 110 Frequency Diff. <5%
Frequency Diff. =5%
G-set Mode| Frequency RSS % Max Frequency Diff.
. - 3492 | 3566 | 3605 | 3632 | 4055 | 4146 | 4161 | 4198 | 4233 | 4352 | 4402 | 4625 | 4650 | 47.61 | 47.78 | 4950 |Comelation>| o LY
20%
130 34.06 | 56.90% | 39.47% | 0.51% | 5554% | 4.43% | 073% | 072% | 3.49% | 081% | 5.16% | 1.07% | 1.29% | 1.68% | 079% | 3.03% | 049% | s877% 5.61%
131 3421 | 52.58% | 36.10% | 21.71% | 59.11% | 9.40% | 1.21% | 076% | 201% | 118% | 6.58% | 0.35% | 0.04% | 0.12% | 0.99% | 273% | 040% | =9.63% 517%
146 38.57 530% | 7.48% | 3.32% | 3.63% | 77.04% | 27.06% | 21.08% | 2.32% | 11.77% | 18.90% | 16.44% | 0.70% | 0.35% | 1.19% | 657% | 114% | 8433% 7.88%
162 10.61 135% | 0.39% | 1.41% | 0.96% | 2.07% | 15.13% | 14.76% | 51.59% | 28.26% | 23.23% | 33.15% | 1.21% | 0.34% | 0.82% | 2.47% | 382% | 78.93% 8.39%
197 4517 259% | 0.94% | 0.57% | 2.73% | 597% | 1.25% | 072% | 3.46% | 2.62% | 12.08% | 0.70% | 2080% | 32.52% | 20.05% | 63.76% | 32.90% | =6.58% 9.60%

Primary Mode > 5% Effective Mass
Secondary Mode > 2% Effective Mass
Important Mode, but < 2% Effective Mass
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Model Updating Approach

* Lack of correlation is caused by many factors
— Lack of model fidelity, errors in model, or difference between test / FEM configuration

 Implemented model updates should have physical explanations and
are “real”
— Preference to avoid purely numerical changes that improve correlation ( AK & AM )

» Still need to retain model functionality for load recovery

— i.e. can not “rigidize” I/F connections by adding fictitiously stiff elements that agree with
test stiffness but can not be used to recover loads

 Typically compared mode shapes and frequencies, and then closely
examined regions with high strain energy (SE)

— High SE regions are typically the “knobs to turn” in modal correlation

« Checked FEM in high SE regions for accurate representation of the
actual hardware

— Reviewed drawings and CAD files and compared to FEM

« Made gradual changes to iterate towards improvements

8 Approved for public release; NG18-2202



Bolted Joint Modeling —
Stress vs. Modal

Stress models are often more compliant in
regions of bolted joints for conservative
estimates

Bolted connections sometimes modeled as:
— Tension only for bolts / Shear only for pins
— Rotational stiffness is frequently not included

Simplified modeling makes joints too
compliant

— Ignores the surface-to-surface contact and friction
behavior at these joints

Typical “fix” (from a modal correlation
perspective) for these joints is to add RBE2
footprints, and add stiffness in all DOF at
connections
— Typical small excitation loads from a modal test will not
break friction

Final changes must be corroborated with
previous proof load tests where available

Approved for public release; NG18-2202



Model Update Example —
Corrections of Element Offsets

 Baseline model did not have shell element offsets on sandwich panel

clamshell
— Grids/elements were on IML

 Added shell element offsets to entire inner sandwich panel to put
elements at neutral axis location
— Results in increased section height and corresponding bending stiffness

10 Approved for public release; NG18-2202



11

Model Speed Improvements

If tuning on certain portion of a model is “done”,
consider reducing model to Craig-Bampton (CB)
model for subsequent tuning iterations on the
remainder of the full model

— Only works well if there are a limited number of interfaces

— Useful when a subassembly of the model is “large”

— Not worth the sidetrack time/effort for small subassemblies

— Need to keep all interface and accelerometer points external

Example: Simulator DMIG was used for many of
the SCE iterations
— Gray “ghost” portion at right

— Model was previously correlated to standalone modal test
and did not require significant additional changes

Several other analyses were done with
significant portions of model reduced to “ghost”
CB models

Approved for public release; NG18-2202



Beware of Non-Linearities

 Modal testing of OTIS Simulator gave a much lower measured lateral
bending frequency than predicted with the FEM
 Test FRFs had very rounded peaks indicating high damping and/or joint

freeplay
« Small freeplay in some joints at low load levels were cause of

discrepancy

O

FRFs showing broad FRFs showing very clear
rounded peak at lateral peak at fore/aft bending
bending mode frequency mode frequency

12 Approved for public release; NG18-2202



Non-Linearities in Deployables

e Deployable hardware tend to be non-linear to
deploy successfully

13

Bumpers were ignored in baseline model

Pre-test FEM gave deployable structure modes starting at 9
Hz, but test showed trim flap mode starting at 13 Hz

Correlation required adding soft spring elements to model
bumpers (circled yellow & pink at right)

Behavior may change at higher Sine Vibe test levels due to
bumper non-linearity

0 ©

0O
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Strategy for Interdependent
“Knobs”

* Frequently, changing one model parameter will effect a number of modes

* Inevitably, one mode may need to increase, and another may need to
decrease — and the high SE for both modes is in a similar region

 Model tuning approach:
— Select a 3-10 model parameters/properties to change within high SE regions
— Create matrix of %SE within each property group for each mode of interest

* This gives you a “menu” of tuning options, with an estimate of effects on
frequencies

« FEMAP API. Custom Tools / PostProcessing / Strain Energy Participation

— Choose combinations of changes from “menu” that move frequencies closer to
targets

Mode

Target

Target

summed ESE% by Group

Freq, Hz

Freq, Hz

Change

95

926

97

a8

101

102

103

13.28

13.35

0.5%

[6.5

EE

[I5.0

a0

[50.5]

99]{100
I

2.6

a3

| 1.7

[5.3

15.34

15.08

-1.7%

| 1.2

| 2.1

[ 1.2

Ho.2

0.9

| 0.5

s>

llas

| 1.4

15.92

15.67

-1.6%

lla.a

[7.4

.6

7.2

[27.2

3.2

[l6.0

| 1.3

!

22.21

22.43

1.0%

| 0.8

| 0.7

0.1

[[7.2

Ho.1

0.4

| 2.2

| 0.8

0.1

24.13

24.25

0.5%

| 1.5

| 1.7

0.2

| 2.5

fah.7

| 1.0

0.2

0.0

| 0.8

14
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Baseline Model

Cross-Ortho to 30Hz

Freq % Error

<---S3poy W34 -

1] 7.88 -7.7%

2 | 8.80 -2.1%

3] 9.23 -28.2%

4 | 1037 -2.6%

6 | 10.72 -4.7%

7| 11.23 -4.0%

8 | 1194 -10.6%

10 | 12.26 1.2%

12 12.53 -6.0%

13| 13.75 -8.8%

141 13.53 -11.1%

15| 13.96 -12.4%

16 | 15.12 -14.1%

18| 16.14 -1.9%

26 | 18.60 -10.2%

27| 18.87 -22.2%

29 | 20,17 -10.1%

31 | 20.66 -11.1%

341 2101 -6.3%

35| 21.30 -52.9%

36| 21.43 -11.6%

43| 22.98 -25.2% . .| | . . | . .| | L

44| 23.08 -26.1% 0.00| 0.00| 0.00( 0.00| 0.00| 0.00{ 0.00| 0.01] 0.00| 0.00f 0.00| 0.00| 0.01 0.02) 0.01| 0.15| 0.28
49 | 25.56 -14.4% 0.03{0.01| 0.02] 0.00/ 0.01| 0.00f 0.01) 0.00/ 0.02| 0.00| 0.03] 0.01| 0.02| 0.01| 0.00] 0.01] 0.04
52| 26.28 4.2% 0.01| 0.00| 0.00( 0.01| 0.01) 0.01| 0.00| 0.00] 0.00| 0.01| 0.04] 0.05| 0.07[ 0.05| 0.00] 0.01] 0.02
55| 27.44 -21.5% 0.01{0.01| 0.00) 0.01] 0.01| 0.04| 0.02] 0.01] 0.04| 0.00( 0.03] 0.02] 0.02| 0.01| 0.02] 0.01] 0.03
57| 28.17 11.7% 0.00/0.02| 0.01| 0.00 0.01) 0.02 0.01) 0.01] 0.02| 0.01| 0.00) 0.04) 0.03( 0.02) 0.06| 0.00] 0.04
58 | 28.73 -3.8% 0.00| 0.00| 0.01| 0.00| 0.00) 0.01| 0.00) 0.01] 0.04| 0.01| 0.00| 0.01) 0.01 0.00| 0.06] 0.00] 0.01
39| 29.21 -2.197% 0.01{0.01| 0.01) 0.02| 0.01| 0.00( 0.01) 0.01| 0.01| 0.01| 0.00) 0.01 0.01| 0.00/ 0.03] 0.00/ 0.01
60 | 29.53 -5.202% 0.02| 0.00| 0.02( 0.00 0.01) 0.00{ 0.01) 0.01] 0.03| 0.01| 0.01] 0.01) 0.00{ 0.01) 0.01] 0.00] 0.01
64 | 31.97 2.6% 0.01f 0.00f 0.01) 0.00| Q.01 0.01| 0.04] 0.01| 0.03| 0.03| 0.01) 0.00/ 0.00| 0.00/ 0.00] 0.00] 0.00
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Updated SCE

Cross-Ortho to 30 Hz

Freq % Error

<---SPOIAl N34 -

1] 850 -0.3%

2] 911 1.4%

3 | 10.67 0.3%

4 | 1121 -0.3%

5 | 1176 0.5%

6 | 12.29 1.5%

7 | 12.88 0.1%

8 | 13.00 2.4%

9 | 13.26 -0.6%

10 | 13.69 -0.4%

11| 15.36 1.9%

12 | 15.80 0.8%

13 | 15.97 0.3%

14| 16.46 0.0%

15| 17.54 -0.3%

18 | 20.46 -1.2%

19 | 20.80 -7.3%

20 | 20.96 0.0%

241 22.33 -0.5%

27| 22.98 2.5%

29| 23.48 1.0%

33| 24.11 0.5%

34| 24.20 -0.2%

35| 24.62 1.5%

37| 25.35 0.5%

41| 29.81 -0.2%

42| 30.17 5.5% . . . . . . . . . . . . . . . . . . . . . .

44 | 31.09 -0.2% 0.03{0.01| 0.03] 0.00{ 0.01] 0.00/ 0.00) 0.00( 0.02] 0.00/ 0.01] 0.00( Q.00 0.01| 0.01] 0.00[ 0.00] 0.00/ 0.01] 0.00[ 0.00] 0.07] 0.01] 0.01] 0.03] 0.17

45| 31.26 1.8% 0.00{ 0.01f 0.00| 0.00{ 0.00| 0.00f 0.00| 0.00{ 0.00| 0.00{ 0.00| 0.00{ 0.00] 0.00[ 0.00| 0.04| 0.00| 0.01| 0.00| 0.09| 0.01] 0.00| 0.03] 0.03[ 0.00] 0.02 0.01] 0.13
46 | 31.65 1.3% 0.00{ 0.00{ 0.00| 0.00{ 0.00 0.00{ 0.00| 0.01| 0.00 0.00{ 0.00| 0.00{ 0.00 0.00{ 0.00| 0.02| 0.04| 0.00| 0.00| 0.04| 0.02| 0.00| 0.00| 0.01| 0.00] 0.02] 0.05| 0.00{ 0.05
47| 31.66 1.4% 0.00{ 0.00{ 0.00) 0.00{ 0.00| 0.00f 0.00| 0.00( 0.00| 0.00| 0.00) 0.00( 0.00| O.00| O.00| 0.03| 0.02] 0.00f 0.00| 0.07| 0.03] 0.00] 0.01| 0.01| 0.00] 0.04| 0.12| 0.01f 0.12
48 | 32.36 5.0% 0.00{ 0.00{ 0.00) 0.00{ 0.00| 0.00{ 0.00| 0.00{ 0.00) 0.00{ 0.00| 0.00| 0.00) 0.00{ 0.00| 0.00| 0.00] 0.00{ 0.00| 0.00| 0.00] 0.00| 0.00) 0.00| 0.03) 0.03] 0.00| 0.01
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Summary

 |n preparation for modal survey test of the SCE
configuration of the JWST, pretest analysis was
performed to find a set of accelerometer
locations that would capture the mode shapes
and frequencies of interest

— Modal effective mass was used to determine modes of
interest

— Kinetic energies were used to help determine the
accelerometer locations

— 550 accelerometer DOF used
— Modes up to 30Hz targeted

« After modal survey test was completed, analysis
effort was made to correlate the current FEM to
the test data

— FEM was compared against CAD & drawings

— Changes with physical explanations were considered
and implemented

— Frequency match and cross-orthogonality considerably

improved vs. pretest FEM
17
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