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Design of Five Degree of Freedom Parallel Locating Mechanism

for Mosaic Gratings
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Abstract The grating mosaic technique is an effective method to obtain the large-aperture grating of the petawatt
laser system. The five degree of freedom parallel mosaic mechanism is designed. The macro/micro dual-drive
technique of ball screw and piezoelectric ceramic achieves the location precision of nanometer level in the work range
of millimeter level. Based on finite element method, the displacement coupling properties analysis shows that the
mechanism has high linearity and the error of displacement coupling is nanometer level. The relative angle deviation
of grating mosaic mechanism is less than 0.2 prad. The displacement deviation is less than 20 nm. Two gratings
with size of 200 mm X 400 mm are installed in the proposed mosaic mechanism in order to conduct experimental

study. The clear image of far-field focal spot is obtained, which proves that the proposed mechanism can meet the

accuracy requirement of large-aperture mosaic grating system.

Key words measurement; mosaic grating; compliant parallel mechanism; macro/micro dual-drive; finite element

method
OCIS codes 120.4880; 050.2770; 220.4880

1 5l =

T 5 Az B O 4 b DGR A A O
A5 B R AR M 2 A% R (ICF) 45 3% £ 7 T
SRR & NN AV DA -8 5 N
RSE B ZIRIBL A A8 4 22 R i Bk
LA P L 38 S E R SRS A s ) St
PRIt ] P A1 22 SR B 4 5 AR SR AR BBOR AR 06

W BHI: 2017-08-14; KRB EXFBmBHI: 2017-09-20

JIT 3 BF 2 T7 1% R0 48 W B BOL R AT S G I ik
T — i+ I (o AF L () 37 S i o T AR 02 22 2 BB DN
T — e 58 B Y9 ORS R . 1 TR G 2 A — B
JCAMHEE T Bl 15 2 SRR R A BT 5 B AN B TR
ACRGEMYIRMGERZE LSR8 T R0
ot F 58 5 19 v 450 O B (EDG B R 46 &% L 8 DT =
REUAR | i A JEE A AT S5 O i B 42 D' il 2 o b i
IR A R A . 5 — MR S0 b A R H AR F

EER A TARFI1961—), 5 ARL, @ G TARIN , 22 02K 8 LA T B8 A 45 D ML 4 il 5 B R D T A F

%% . E-mail: cxfjs@hit.edu.cn
*» BIEEBKE A, E-mail: lihual@hit.edu.cn

0104005-1



H

i P

£2 5y N P o 5 W T D5 e ) o8 I N [ E R
AR v o S TS L T EL IR AR R A AR RS B
P2 MRS BE 9 43 B RR T 3k AT S I Ik R
EGAHRERIEEDY . MEHE RS D, PO
M A9 15 31 O 22 i X 38O P 4 Tk ol ) 8 i A T
FE 25 % LAWY S 0 A7 45 21 0 1 e Ml 22 1) AR X E %
ZBPEHIAE 0.3~ 0.4 prad LL WY, 101 6 HF #Y AiT
Ja I A R 2 GE b B o R B A B
Wi 500, 2 S B0 R e 3 £ BE 0 4 2, H R REOKS B
— R ILASGIOK . X SE SR G M DF AL B
A R JH o BE SRR e ML L TR R S
N DR 5% 22 L S B0 B B R 225 19 ) Bl A A R
P SO DF R

iR IR AR I N B WS D P (E D 0 e
B S HERNESS AL AR Z R AE A B 4 W is 3h 22 E &
it RS SR LR R ME . I S BRI BLAT 38 B F
OO L AR M G PR . B R Noll 585K
1 TE 28 I BRALAL) 1Y BIK By S B 1 38 A T AT I i
TEFBEIE  SEI T 22 K0 Bl 7S A B A 490 0K Rl
ICRE R BE B 64 B8 R (0 TR L, BE K O AR e A BF

@ Y
reference sub-grating

e R M RO SEILT O = A R K
0 ] BORS JBE O X8 5 T ' M 4 R 4 A R E R Y
R E4T 1 B2 #r

B BOE s 48 A5 I il 19 R AR PR OB Bt
T H LA B 2 R AT R AN KOR JEE A 1 52 OBk
FUEMFG. 2T A RICE (FEM) X G Z2
TCAFBEATRAL BT, I X 2 1k I BR AL 932 8 25 A
B3R R AT T . R R R 24T + TR L
BEWY R /OO B 8l 7 58, S BB HE OE I 64 S B A7
ESLE SVNITR VEUNIREES| | ko Rt DR o N i =
AP A 19 L BRI 5K

2 e BHE R G Ryt

2.1 SEHHENAAR BRI

H1 T PR HOC MR H R M DF 1A, 51K
23 ()07 B 22 W 1 Cad) BTz o A6 HERL A% i 22 -
A2 Ax OLMEIE D FHT IS G085 22 A<
OBt SRR s = 48 A0 O 22 - A0 0 22 A0, L i 22
i 2E A0, MZRLCFATE M ZE A0. . X 5 A7 H 0 22
A LR AR DO 24

B BEESEMIPL . GO OEME T 1 el B2 TR AR SR 5 (b SBHE B e e B T A

Fig. 1 Mechanism of mosaic gratings. (a) Adjusting principle of five degrees of freedom of the sub-gratings;

(b) design model of grating mosaic device
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Fig. 2 Structural schematic of flexible ball hinge
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Fig. 3 Finite element model of grating mosaic mechanism
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Table 1 Results of displacement adjustment of mosaic grating by FEM
Macro-actuation Micro-actuation

ftem Ax =500 pm Az =500 pm Axr=12.5 pm Az=12.5 pm
Az /pm 500+0.21 0.17 12.5+0.005 0.005
Az /pm 0.33 500+0.18 0.008 12.540.005
A, /prad 0.03 0.01 0 0
NG, /prad —3.33 0.22 0.085 0
A, /prad 0.01 —0.03 0 0
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Fig. 4 Mode analysis results of grating mosaic mechanism.

(a) First order frequency and mode; (b) second order nature frequency and mode
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Fig. 5 Scheme of light path of grating mosaic experiment
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Fig. 6 Image of far-field focal spot by experiment. (a) Before coplanar adjustment; (b) after coplanar adjustment
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