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Comparison on linear and contact nonlinear analysis methods
of pull-rod bent focusing mirror assembly

LU Qing-tao' , XUE Song' ,PENG Zhong-qi’*,ZHU Wan-qian' ,FU Yuan'

(1. Shanghai Institute of Applied Physics, Chinese Academy of
Sciences, Shanghai 201800, China;2. Changchun Institute of Optics, Fine Mechanics
and Physics, Chinese Academy of Sciences, Changchun 130033 ,China)

Abstract: For analysis on pull-rod bent focusing mirror assemblies in engineering, the accurate results
can be obtained by a contact nonlinear method rather than a linear analysis. As analysis of a nonlinear
system by linear method shows a bigger error, this paper researches the causes of errors. A pull-rod
bent focusing mirror assembly is simulated by the finite element method, then the contact nonlinear a-
nalysis method is introduced to analyze the response of focusing mirror when its pull-rod is bended. In
comparison of the nonlinear analysis results with detection results, it is pointed out that the errors be-
tween them on scope and radius are 4 prad and 5 km when the bent vector height of focusing mirror is
a constant, which can meet the requirements of engineering. Finally, the tested results of the bent fo-
cusing mirror from linear analysis, nonlinear analysis and detection are compared, which indicates that

the nonlinear analysis is closer to a real system in engineering analysis and suits to simulate the real
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conditions at the scope of limited errors.

Key words: bent focusing mirror; contact nonlinear analysis;linear analysis
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Fig. 1 Bent focusing mirror assembly
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Fig2 Structure of pull-rod and sleeve
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Fig. 3 Contact of two objects

Kl 3 s - T N A AR WP AN Pk 0
Q. TEH—TJ7 [ SN R AT P (3 1) 2% 1 2% A 19 4
A A 0 T I L . B e AN TR Bk

(D PR R g 25 1] ) 5

(2) 4 fih 2 THI G o 72 W) [ JBE 452

(3 /NI, BAEAZTE 3o 7 v 4 fih 0] 4 28—
— X 5
() BRI 28 RO hn 28k ik A vp TS 2 1 O
TEAD Jb 132 il X R J& L 0 0 Q0 B UK
FE Sl SO0 TR 3 Y 1.2, e sn, X AEAL BE AT
DL PH 2 HICR H22 i 35 422 Mok 07 SR AR AP A R R
M3 T o Bl X A AE — 5 & 7228 TE 5 b 20 i
JESRIAPE AR Y 55 ) i BE B 2 RN K F 804 T RIMA AL
B, HBCARIEA N
er—¢eu Tty Ty —a s (D
K et b SO IR LG IR s s s o 53900 2 PR )
&k SR o ENRG R & e Y
A DA A % 0 3 B8 PR A8 T J % 14 ) B
R RE 5 ik 1) 0T N 28 1 (8] B R B B
Kby, BP
{et={eo} T{ur} T{ur } —ale} , (2)
A @ {e) NI R
P B 5 B8 0 B B AT 1 {ey b = Fy J{Ry )
{u, ) =[F, {R,} . (3)
KO LF . LF ik Q0 it Q. %R F Al fg
Sk 5000 2 8 R B L e E R R Y M B R 1Y L A
DL AE AL E I T3 7K S 0 A X6 5 W B SR8 A5 1
(R} ARy} N AT 5 1. A (R ) = — (R, ).
w0 BEEME LR )= (R}, [F ]+ [F,]=
CF ], D) RT 75 380 gt 78 g 422 fh [ R0 1) 050 %% B0 98 5 72
I
{e} ={es} H{R} —ale} .
YEFIAEAS A3 BOS _E f Fo iy b 25 55+ 1%

AN P o T BT T SIF, = P

(] Fsf o X6 P B 42 i X% R U U 2 i i A A7
TESZ ik 77 B
F,.=0(Y ¢,=0 1)
{Foo(ﬂéaj>oa¢)

S CA PR A 122 ol o U], 30 A 422 flle 1] AT 0 2 5K
— 2 R R A AR AR
TP B R AR S T .

2 ik 5] R0 R 5 TE T Ml AR ) P A LG R
I 5 28 SR 3 D 7 Sl IS 0 ) 5C R 5 U0 1) Ok
FRo TEIE WAL IR AL ik g A% 3 5 T 42
Sl VG [R) 0 A 25 3% . D) O AR R L4 kv A 42
fill J5 AU BEHEE ) . N TR R ARG LR S AT L
FE5 B IS5 1 i, 2otk 5 R Lt 2t Uiy ik

(k:1,2, """ 577) ’ (4)



%8l

FI U 4 A o 25 SR AR BT AL IR 2V 5 el Al AR P 7 0 1 PR 1845

HUTT BRI o H I R 22 2 % 4
il T 9 5 D oK 37 AT 5 2 T ) 2 1T 19 9
H R R — 19 R XRE R R AE A BROCAE AL 1 515G 1]
BR 7R G Y R LASh e Y O B
5 HAREAR B s R G T i
VAR TR I o0 N % A RS E S NI LR
FIv DL He 25 3R A 8 v X T 250 J3E 2 T 8 2 1) S A0
i IO SR FH AR S 3 ik o A A T B ph T 0 A O kg
FMRMRE

3 EETRESEAMNH TSN

AU REEGE RGO 4 0 H R
AT T % i AR LM R T 43 B, O
SY BT 5 R LM ik T AR 45 R AT T HK
3.1 ExBMRTER

1E CAD JUfuf 55784 (¥ Sk 1 7l ANSYS g
ST RS R AR A TR (B 4, R
BE R B S A RE L LR 0 R 4 S, SCHE M R
FAGE (OCr18NI9) , 37 4 45 ¥y 55 B FF 42 fioh 4k A7
B, HER @RS A B L5, it
Qb AT DA A ST AT BRTTAE AL R ARy e
W (GCr15) , 75 W0 1 £ 15 N H AL AT 6 o b A
RE PR B A BRI 2%t R
W B THATEEM AN A ZMEBIAE, it L
I A i AR S v 43 B

K4 R R BB AT A RITE A

Fig. 4 FE model of bent focusing mirror
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Tab. 2 Bent focusing deflection angle in nonlinear analysis
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Tab. 3 Contrast of linear and nonlinear analysis
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Tab. 4 Contrast on nonlinear analysis and experiment result
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