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Abstract In this work, the design of the mechanical structure of a precision electric mirror frame is realized.
Through the design and debugging of a micro-drive device and the decoupling operation of the parallel drive
mechanism, the motorized mirror frame designed in this work achieves a motion stroke of =7.5 mrad and a single-
step resolution of 0.3 prad. The finite element modal analysis of the mirror {rame was conducted to obtain the
natural frequency and the corresponding mode shape. Based on this analysis, the dynamic characteristics of the
electric mirror frame were tested experimentally. Using the results of the modal analysis and dynamic characteristics

test, the random vibration analysis of the mirror frame was conducted, revealing that the stability index of the

mirror {frame under the influence of ground pulse vibrations is better than 0.5 prad.

Key words laser optics; mirror frame; flexible parallel drive mechanism; finite element; modal analysis; dynamic

characteristic test; random vibration analysis
OCIS codes 140.3295; 080.4035; 220.4830

1 5 7

P 29 H A% AR (ICF) 3K FH 5 21 3R 4% i 1Y) BE VR
R AR AL (o e v B R 4, S BURRE Y A R e
AT 5 1) B0 A% 1K 2% 1 RIS 55 b 0 48 70 ICF
eI ONNELY ) SN L S E TSR 4
Wi AL R 6 KA I E RGN
T BRI RO AR M B TS R e
U5 T R SR A LA B TR IG5 K 8 2 1 AR
FIEITS K 52 B0 200 P RS ff o . 36 I K K

B (NTE) 3¢ B (9 4T HUOR5 B 50 ™, 10152 1) D
SRUE AV 1% 22 1 32 B B O L AT #L A A o B B
SE U PR RS , 3% E SR ICF %68 vh & 6 2% ook i
SCHEA BB AR PE L R gl U R 4
SR MO CA AL R 3T HE R A BT
SR B 551 5 08 e Rk A% R 58 O R
ITHE T 5 280 1) e R OU A » JORG JEE 5 A 1o B 4%
SO B 2 ST AR A . DR O o)k iR RE R Bl R R
R A B L,

Xt XA T ARAT R AR 2 K s SRS AR Ok

Wfm HE: 2019-09-27; 1E[E HHA: 2019-10-23; RABHY. 2019-11-02

HEE£WEH: BEXARR¥ES
* E-mail; lihual@hit.edu.cn

FHAEPRL#H A4 (51805116)

0301010-1



th i

L

AR IR B FR G, [ P AR 30 R T 2 K B
FEARBEATIRZ 33X — 4 A fe - fy 25 R 48 3 T2 B
() Sharon #42 F 1984 4E 4 Hoh 22 3K 8 o &
GLARLRATRE, IR B M R IR B AR iR 2. T
KA A BT T — R PR R R I E 7 AL
¥ o R PR BR 22 K15 e v B 8 AH 45 6 10 23 T 3K B0
ARG TAEAT RN ST 90K G i) 22 7 kG
. FERE IR S R v, SO Bh T R R L R
S ) 7% B3 R B 47 3K B S S IG K ) 9K B R
JE, HL T AR D B 2 Sy ) 3 e A0 4 i B A
206 1 305 3 17 A5 PR RN SE BLRS W IR s i B, B s
SIOR BE e I R DR L I B A AR S . R, TR
) RS M T 9K Bl T A R S B B RE S o L R R
RS T o S B A i i L A AE — 2 1Y R B

AR SCPIT VT I RS 25 L Bl SO B AR I AR ER R Oy
15 RE G AT I A 2 iy B0 L BEOR RSB AR I R
THTAE L FE T RS T L BE 8 W LR S R e ik
LR W R P B A RO T R A 1) IR B e
AREH TASCE TR B RO B AL . O B 2 R ik
18 AR 3 s At AN 8 SR A% 6 i LA A K 3 2
HEATUR BN . [ P A 2 AR 7 L S 2 AL T
TR ER 22 AT 9K 3h 2% B AR LRV RO AT S 1 45 AR AR
IR TR R AT IR B 25 & 10 nm A9 45 k43
PR BT, IR R B B B AR SR I 2 OE A8
SERIALAE K Bl B AL Sh B, 76 AH R 9 L
9K 291255 1Y BK Sh R 3k B RS B A AR L AR SR
FH RS BE 1 A8 i Ar) A AL IE 53 BT BR 2241 R G it
ATBR SN, 2R FH I B 7 20 A O s 4 B 8l TR %
HL 2 S S5 SR AL AR 45 ) 1) 152 31 LA B 5 BB BIK 3 ML A )
AR AT, IEXT R BE AR 04T T A BT S S B L A
1503 O WS s/ e i Bl ) B 1L W 4
b AR SO AR YRS 43 17 55 2 A8 AR P 0 3 ) 5 S %o
S BE AR BEAT T REAILAR 2 43 B . B iR TR U B R A
bk 3 3h 52 T R R
2 KR RGN A A BT
2.1 RHEEMNIZHEALAREHARIET

AR SRR 1 P Bl B R AR B SE K AR
s A B S P S o B R AR L B RSP 610 mm X
440 mm X 85 mm, fiimZ N 50 kg, FE LR TAEH 5
KV AR AS FCE . S T RS B R
T A8 V3 /N AR R A R T S
B BOAS SR FH 5 08 S 4 i >R FH R 30 S 4 5 =X B

TE SR 45 00 7 80 2R FH — Bl 5 DU 9 & M B itk AT S 4
TE B B N T P 36 1S 5% DU 98 & M IS BT AT S A

Xf i 0 S8 AT TR 2R 4. I
G LA et B VO G £ 0 IS T T S A SR RE b T B
MEASTEEIEMN T E TIRE, SECR WR O
JRCET B 7 B i HE AR A o 3 — 20 5 ) S Sf A ) TG R R
JE S WOTE AT 43 BT I X B AE e R AR HEAT T AT
S BE 42 fl is E An E 1 () s L B R T R S 2R U AR
W e By TR R 42 e, 8 1 D9 A T 5 2R D 9 & 0
JCET X5 Ay PR AR A fik o T 2R DU 9L & s IS R R RS BT 5 4
HE Sy 31 B B2 fioh s 20 A 12 B AN & 1 (o) B, I 2 3
A AT S CGERE i 32 ) (R Sk O 1 S
B, B S HAAR) B 5 Co a3l b R
ST AR [ 5 it T 0] AEE K I AE 7 08 it i ) ] o 2 o
D, E, F, g BEET 805 Ty, %5 B2 A M 7 A i 1 &
BTt 10 N @818 I AR IT s/ Hr s R 1 (o)
JIE 7 s AT L 485 R AT R S S B S A R T AR 2 R
148.42 nm, ¥ & A/6 (A =1053 nm, B 1% i 6 9 %
O 1 THI FROKG JE BEOK

M BT+ BRSOt B8 48 5 EL AT A0 5 O 422 7
Fiiz 2l 7 2 BV 2 B — MK e e fh 5 — i
ELE R, TR AT SO IR RS T A PG X
WO BR A A 3 ] DA e TN HG 3 Ol S8 AR SOy
JRHK B 79 [ 3K 2 2 e e AE B B R T M 2
Ab % BB E T O Ad KT Bl A SO
BRI EB LML an i 2 () R . BT % BCED P
R KSR B E R T B.C ik, Y
PR R B 3 24 B KA BIL A [m) (6] — 7 1) 45 3 5B 3
R BESE K V-4l DE VR 3 25 5 >4 P 4> 1o 3K 2y ¢
EPAT LA [ AH S 5 ) 5 Iz Bl I O R SR R
B OA fwAEiz 3 . T KB & ol XU g
AL, BT AFE O VA P 53T B0 00 1Y ¢ ik
& T T S e b 1 SE BRI BE

M biRiE gt B el 5L B 2 iy A ST EE
AL X 45 Z Wy eis A m ok T T ek Ck B
B, ARSCEOT BB BCEE AN 2(b) s, Hod [
Ui 158 TR AR b T Bl S R SO B AE L A
2y O SFRERALE Z Hiny ek A iz, A
SR 3K S BB 09 B 1 S8 i H Y S S 45 B AR BE K1
ek DE #4775 8 (RIMF iz 3 i, O sl 25 %8
DE % 8, BUB st 2ok O S s A Y J7 )
5Z Jrm g Bl R Wit TR 20 iR By
Bk BB R L LA 2 R B 1Y iz 2 0 2K

0301010-2



c Deformation /nm
®) i 148.42
131.93
B, 115.44
- 98.949
82.458
65.966
B 49.475
32.983
16.492
0

B 1 BN (MRS (WOARRE; (ORGP R
Fig. 1 Static analysis of mirror. (a) Contact setting; (b) constraint setting;

(¢) deformation finite element analysis results
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Fig. 2 Schematic of movement and the structure of the ball head hinge. (a) Schematic of movement of reflector frame;

(b) structure of ball joint hinge at point A; (c) structure of ball joint hinge pair at point O
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Fig. 3 Static analysis result of the ball head hinge
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Fig. 4 Two-dimensional orthogonal coaxial flexible hinge. (a) Structure; (b) section structure; (c) static analysis results
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Fig. 5 Micro drive of the electric mirror frame
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Fig. 6 Sketches of the electric mirror frame. (a) Pitching motion; (b) yaw movement
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Fig. 7 Whole structure of the electric mirror frame
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Fig. 8 Simplified model of the modal analysis. (a) Three-dimensional illustration of the simplified model;

(b) side view of the simplified frame model
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Fig. 9 First eight-order modal shape
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Fig. 10 Modal test experiment of mirror frame. (a) Measuring point; (b) excitation point
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Table 2 Natural frequencies of the first six modals
Modal order 1 2 3 4 5 6
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Fig. 12 Deformation results of the random vibration analysis.
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