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Abstract: The error caused by Finite Element Analysis(FEA) in the mode analysis of a reflective mir-
ror set was evaluated quantitatively and identified by an experiment. The influence of source factors,
arithmetic error, material parameter error and the simplification of the bolt connection on the FEA re-
sults were introduced in detail. It shows that the arithmetic error is less than one percent; the deliver
factors of the material parameter errors can be calculated by the formula and test calculation dada, re-
spectively,and the participation factors of the material parameter errors are estimated by the modal
plot; the error caused by the simplification of the bolt connection is calculated by the contrast of the
results of the simplification finite element model and the detailed finite element model. The results

show that the FEA error would be 10% if the bolt connection is simplified. However, if the bolt con-
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nection is considered in detail,the FEA error would be decreased to 5%. The experiment results prove

that the error analysis results are correct. Moreover, the trade method of the bolt connection is the key

factor in the mode analysis of the reflective mirror set and it can’t be ignored apparently in the high

precision analysis. It concludes that the quantitative error valuation method can be applied to the other

cases, such as gravity transformation analysis, dynamic response analysis and thermal analysis.

Key words: mode analysis; error deliver factor; error participation factor; bolt connection
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Fig. 1 Finite element model of reflective mirror set
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Tab.1 Results of quality check for hexahedron element
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eIk 30 0 BARk=26.5
K h 0.707 0 k=0
T 45 0 mAk=19.4
2R T B 0.8 1 B/N=0.3
25 1] i 0.87 0 B/N=0
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Tab. 2 Results of quality check for pentahedron element
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Tab. 3 Material parameters for reflective mirror structure
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Tab. 4 The first ten modals and participation factors of reflective mirror set
" x y b4 x v b4
P Ry e e ekt ekt ekt

1 178. 1 1.78X1072 2.36X10°°% 2.24X107" 1.63X10 72 1.14X10°' 1.72X10°*

2 178.3 1.21X10°% 3.63X10°% 1.35X10°% 2.56X10°' 6.64X10°° 2.65X10 2

3 222. 4 1.13X107% 5.06X107" 1.41X10°° 2.84X107" 8.69X10°% 3.30X10"!

4 236. 4 6.51X107" 4.50X10°° 9.95%X10°° 8.17X10°° 1.48X10°' 7.20X10°°

5 274.2 6.32X1077 4.85X10°° 3.38X10°' 3.88X10°° 3.76X10°' 1.33X10°°

6 289. 3 8.65X107% 1.24X107" 1.73X107° 1.02X10°' 2.93X10°° 2.98X10"!

7 1609.6  7.17X107% 7.46X107" 2.39X10°" 4.94X10°% 2.03X10°' 9.59X10°*

8 1914.1  1.67X10°° 3.74X107% 2.90X10°% 3.03X10°% 3.67X10°°% 9.55X10 "

9 1989.9  3.82X107% 2.31X1077 1.54X10°% 7.39X10°°% 1.07X10* 4.14X10°"

10 1991.0  7.81X1077 1.56X107% 7.57X107% 7.63X107% 3.36X107° 3.46X107"
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Tab. 5 Principle frequency of reflective mirror set

B A/ He PRI IR PRI = 5]

x 236. 4 BERUS = W gh & 2(a)
y 222. 4 RS R A 2(b)
z 178.1 BEARYT = WO K 2(c)




1886

rE R TR

%19 %

3

(a) a [u] FH 4R A

(a) Principle plot of a-direction
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(b) Principle plot of y-direction
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(¢) Principle plot of z-direction
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Fig. 2 Principle plots of mirror sets
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Fig. 3 Equivalent support structure
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Tab. 6 Results of deliver factors of SiC density errors

BT BTN B BIMIRAHT BRI
. fr
ﬁ;g;zi 0.0% 2.5% 5% 7.5% 10%
e AL Ak 1 e _
, 3.06 3.136 5 3.213 3.289 5 3. 366
/g em?
X 4/ Hz 236.7 234, 2 231.6 229. 3 226.9
2% %R 2/ Hz 2.5 5.1 7.4 9.8
AR X IR 22 1.05% 2.15% 3.13% 1.14%
a, 0.42 0.43 0.42 0.414

I 4 R4y 5 356 TR 10 7 34 (8 . 1 R 4 i
EZREEF TR 0. 42,
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Tab.7 Results of deliver factors of invar elasticity errors

Bt B aN BEZRAW BN B RS
F 4
i 0.0% 2.5% 5% 7.5% 10%
PR iR 22
J5 4 -
141 144,525 148. 05 151.575 155. 1
Fi g /GPa
X [/ He 232.1 234.5 236.7 239.0 241.2
Y X R 7%/ He 2.4 4.6 6.9 9.1
AR R 22 1.03% 1.98% 2.97% 3.92%
ar 0.41 0.396 0. 396 0.392
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Tab. 8 Participation factors of material parameter errors
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Tab.9 Errors deduced by material parameter errors

s kw25 5lA

W/ % AR WE RE/Y%
PR 5.0 0. 396 0.2 0. 40
ALk :
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FPEfE 5.0 0.396 1.0 1.98
B .
R 3.0 0.42 0.8 1.01
HPEREE 4.5 0. 396 0.8 1.43
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R 3.0 0.42 0.2 0.25
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Fig. 4

Finite element model of reflective mirror set

including bolt finite element model in detailed
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Tab. 10 The first ten modals and participation factors of reflective mirror sets
including bolt finite element model in detail

o . x v z x y z

i R T T T e e feht
1 184.9 8.30X107° 1.33X10°° 2.33X10°! 1.27X107* 1.29X10 ! 8.87X10 "
2 187.8 1.06X10°° 1.91X10°* 5.98 X107 2.23X107" 1.80X10°° 1.28X10°*
3 234.4 2.28X10°° 5.10X10°" 7.05X10°° 3.26X107" 3.56X10°° 3.22X10°!
4 251.7 6.49X10"" 1.02X10°° 3.06X10* 2.34X10°° 2.28X10°! 1.48X10°°
5 274.3 3.08X10* 1.46X10°° 3.24 X107 1.08X10°° 2.82X10"" 1.47X10°°
6 299.5 1.66X107° 1.56 X107 5.24X107° 1.45X107" 3.05X10°° 3.39X107!
7 1610. 8 6.42X10"" 4.34X1077 2.33X10°" 6.48X10° 1.98X10°! 8.36X10"7
8 1890. 0 7.55X1077 1.88x107" 2.22X10°° 1.71X10* 2.89x107¢ 5.09X10"
9 1943. 2 2.65X10°" 2.14X10°° 1.95X10°" 4.43X10°7 1.51X10°" 2.86X10°°
10 1955. 6 1.56 X107 7 3.03X10°" 5.19X10°° 1.99X10°* 7.45X1078 7.28X10°"

MRIEREHESNS S5 7. 1528 7 9 5EH — KM

PR 3 Al i B 11 IR R E S WA 2

IR .

=11
Tab. 11

SRITHARSRAGNER

Principle frequency of reflective mirror set

including bolt finite element model in detail

il ) W%/ Ha P 04t A IR = ]
x 251.7 BRI « o7 5l & 2(a)
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PEAE B 1 A BR TR 1) 70 B 45 3
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Tab. 12 Contrast of model analysis result
i IR~ WAL MZEARMH %M
5}
/Hz /Hz /Hz %
X 251.7 236.4 15.3 6.1
Y 234.4 222.4 12.0 5.1
Z 184.9 178.1 6.8 3.7
3.4 REAH

RERBUEHIMIRIT A R AW 4P
MAREH 26, Q MHEHLIRZE 6. . L D RGRE
O W5 BUR (9 1 BR B 22 D (B2 4% 1% 22 A L A7
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OrHTEE R IR A AN 13 PR .

R
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,
Sile I+
u=1

Q L
D8+ D208
i=1 j=1
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(16)
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AEFRGI A IRIE Sconneet 1 LA A H1 3 Fift 428 21 755X
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Q Q
2 2
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Tab.13 Error synthesis of simplified bolt connection model
73]
Jm HwiRE SHiRE EHRE MRE
X [ 1 2.98 6.1 9.08
Y [ 1 2.98 5.1 8.08
Z i) 1 2.98 3.7 6.68

SR FH 5 IR BT R 9 O A 45 R R 22 20 A
BT IE R R AL BT A MR 22 (A AE
XM I B R AR AT B BB CR B S H5IA
R 28 AN I R A A i S B DR 02 500 .
RITR2E N 300 BRI 250 22 3. 7680
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Tab. 14  Error synthesis including detailed bolt connection model 5
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Tab. 15 Input parameters of frequency sweeping experiment 10.0 'DO-E;HZ LOk
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Fig.8 Acceleration response of Z-direction
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Fig.5 Frequency sweep test equipment of reflective mirror set




1892 e KE IR

%19 %

F16 FEFFITEHITEESELENRERER

Tab. 16 Comparison between test and calculation for principle frequencies

Jri it/ He FIRIRIT

SRT T AL AR
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X 255.4 251.7 3.7 1.4 236.4 19.0 7.4
Y 245.7 234.4 11.3 4.6 222.4 23.3 9.5
z 189.7 184.9 4.8 2.5 178.1 11.6 6.1
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