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Performance evaluation and parameters optimization of space
telescope secondary mirror adjusting mechanism

Liu Yuzhe, Zhang Xinyu, Zhang Qun, Yang Yong, Peng Huilian, Yang Zipeng
(Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract: For meeting the requirement of complicated design restrictions, a set of performance indices
was proposed, which was used to evaluate the efficiency of a space telescope secondary mirror adjusting
mechanism. Based on these indices, a set of dimension parameters with high efficiency was obtained. By
establishing the kinematic model, error model, statics model, dynamic model and analyzing the characters
of these models, the Workspace Efficiency Index (WEI), Error Efficiency Index (EEI), Force Efficiency
Index (FEI) and Energy Efficiency Index (EnEI) were proposed. The performance atlases method was
used to investigate these indices. Four performance atlases of these indices were presented. Furthermore,
a set of dimension parameters ((a, b, [)=(197 mm, 643 mm, 1 260 mm)) with high efficiency was
obtained by optimizing these indices. The research result is helpful for engineering applications of this
mechanism.

Key words: space science;  secondary mirror adjusting mechanism;  performance atlases method;

performance evaluation

I 75 B 5 .2019-08-11; f&1iT B #§ :2019-09-21
EL£WB . WK H AP 4 (51225503, 51575307)
YEZ B X T (1990-) , B, TR 4 4, 32 22 D= it K 48 45 4 AL A B 4R B 1F O 18 i F %€ . Email: 869369479@qq.com

1214004=1



bl ok TR

% 12 # www.irla.cn % 48 %
(42255 7 (] 155 4 Tk 10y WL 400 ) 7 90 240 o0 G 0y i 22
035 § I E 17 B FE 69 T2 3R ) , [F) I 36 3 75 24 o 4% 14 FF R T i

Bifi 75 [ F 25 8] L 2% W A 2s (8] 48 00 3% 2 19 +F
SL R 7S B AT A 5 Y A T A AL Ok B 2
23 () AR AL 32 UK 458 B4 R X 67 28 AR Ak X T A AL A o
B OCHE SR AEHT, T b OB I R R H TR
0 ESEEF B, BB £ kB A A4
iz 8 A E R Stewart F- 751274,

Stewart JFECHLH A 20 {22 60 4F A 4% IT & i
K FESAT AT RN T ) # W AR 2 2 35 %
2 T ] 9 1] B0 25 64T T A L A M e AN FLOL AR
WF5E 2 B A IR = 55 il 3R HL AL R AR K BL AR Al
THE XU 007 8 S HGHE T HRFOR R AL ;. X% 45
X =GR G R Stewart F- 75, FH Matlab 46 T
FLAFRF SR il 1 g AR RE AT AR AR R R SR TR
FVRL T HE 4T Stewart 7 6 19 45 1) 3l 2 [7] P 14 fig
HEAT AL 5 T 45 OB B A A S 5 0 AR A T
ALK 8% Stewart %L 3 & ML AL 19 B o P AL ) 8
Shao &5 “VF] H P B8 & 3% 15 X5 Stewart HLAS (19 TAF 25
[i) 1SR A B 2% 1 Bk BB 2E AT TR 4K s Yao A5 ORI
X ] 4 B 2 4G 46 T 3% B FAST (Five—hundred -
E
Stewart “F- {5 [ (19 7 B ORS BE 5 Xie S5 120R H AL T
A B RN A 28 I 2% 1 N TR BB 5 ik X Stewart HLAY
4 T R RN R 1 B AT TR

SR, H TR BIE 5T A R A A0 AR TP e
ASD7HEIE . — g 58 X — 300k BB 2E AT WF O
ML, (A5 Z 50 M R A B B0, =2 B X 2 Ik
fE , >k IACE 73 e (4 7 Xk A7 28 2 VP Fn ik o 72
M B2 X PRI S T VR AT AR S S B S i
Bl BT T B — I B Y O A0 B 9 23 S BOH: il 1 B Bt
R, DT e 75 i ALA Y 25 G 1k e R A TSR S
M 2R FACE 43 1ie 77 U9 22 H Ar v RE G A6 BIF 58 0 35 A
BB T B 29 SRR, S BT S bR 4R A
B, LA ST RS T W B %44
1P BB VE Y 5 LA B R AR 5E , ANUFT 25 58 2 TPk
fE | 30 SEAE S PR 20 SR AT AT PR REVE M AL AL

FE S BR Tl iz b, 8 1 GRAIEAE K U ik 78 R AE
Bz 17 B ALAL 1) e PR g T Stewart F 5 A9 IK R
R LA 06 250 ] B 25 R S DY A 2 B, R AR 2 IR

meter Aperture Spherical Telescope)

fifk DR 249 SR BR 4] 5 2 v LA BE 22 8] B9 0F I o, 22
B 23 (] (4 BR ) 5 LA 328 8 TR 28 [ SR B o7 i, G
) R 22 A s SRS E H ORI P O, A5 R R
FIR ] 5 85 R P2 T P I, LA s A A R fiE
IRt S YL 2 S REFE B0 F & o SO Y A A B
JE s AR Y PR 5 LA P RE 2 1A SR, X
-5 (9 PF A SR AR Z A RCR , A AES M AR Y
P BE Y- i #8125 B 280 A e 9 I, A BEAS DA R
e 5 057 T JE vk A AR LA RO BE 1 . I, P AL B2
Stewart Jf BRHLAG i) If %, 75 B e R 7 — &
SERE M BCRIEM AR &, T2 B IR BF 58 4% 45 A5 19 78 X
MBI, HIPRET XA ERIR T2
oA, T e 28 3R 45 25 A 1 e 4 T EL B v 1) g 2
RoF 280,

3CH B Xz AR 2 oA AE B 2 R 26 DY A 24
W, M LA BRG] R RO 4R
bR R 2245 3 ROCR AR b R 2 ) RO AR b ALz Bl fiE
FERCRARAR M T — BB BRI MK 5 3k
TV R R R PR RE B35 ik, BE S T DA 4R b 5
Nt S8z M A2 e e fga s, shmifefe i3 2 1
TEVE M 1A F 29T AL RF S 4

1 HliEE

Stewart J&BR LA 19 JE AR £, 3CHh WF 58 19 255 i)
WA PR LM % F 6-SPS Y Stewart B AL #4 52 B
25 AT 45 2 8h % 3K . 6-SPS A Stewart I BX AL 4
I8 JE B xS SPS M Sk, DL K B & MERE G T
LI ALK, P O AR SPS K EE, i — 4
# &l (P &l ,Prismatic joint) FH-~BREI (S Hl,
Spherical joint) 41 i, ,

1.1 EHFEEEK

AT @7 Stewart I BR ALK I8 s E R T A
ST R (932 B A8 A 2R 0T 45 108 s 2 Rk 2, e 1T
N, BEBRR N-UVW BETEZ T 5 A A,AAA A,
b, #ARtR R O-XYZ B ETER-F 5 B, B,B,B,B, B,
e, 3F A LRERE A ALAAAA W R —41,
S5 HZ Mg 1200, #-1-1 -W5k& B, B,B,B,B; B,



b Gk TAR

% 12 4

www.irla.cn

% 48 %

MAEMRIEXS3ITFH A AAAAA MAEMR
JJE RN, B3 G FARRE S-S FAskal
[&] B A 60°,

K 1 Stewart Jf BB iz gh 27 1L A

Fig.1 Kinematic model of Stewart parallel mechanism

HF R EAEET I, XL A — 5k S
HEST AR R 1) 5 P 2% 3 7 AR A5 B Stewart J B AL
13 gy 2 R

H+R_RPY-R. -a =R, b+l i=1, .6 (1)
K ia, b 4N NA, B OB, H (X 317 & ot i
B R L ANRBE AT B R, MR, 5
SRR ERE A, B B, 0 5% 46 B 5 307 & e % 4 1
R_RPY "R ] RPY ff1 .

1.2 EHIREEE

X g F AR B AT — B i s, VAR s B R iR E

LA
(0,) -AH+(R_RPY-R,-a,x0,) -Aa=

[(Ryer) vw,)- Db+ (@) Al

6i+1 )

((R_RPY'R,) -w, )T -Aa, 2)

K AH RERI 606 8RR 2ER & Aa G

K6 0B RERE Aa, Ab, A AL 73 G

a, b, 1 000 E R 2R EE N =B AL FE ; o, R

RS AI MR LR,

WL AL 11 32 2y 25 1 22 1S A JE [ X

Jeror = cminat i (3)

R 22 AL B A B A ST T ORIk 22 SRS A iR %

SRR TR KEE L LT Aa, Ab, FI AL

M =R, USRI, WA A HLM B oS 2%
SCHE VST 54 MRES L
1.3 BAFER

SCHRTE FEST ) RIS RS BT T
Wk th 0 F, S I8 F 4 SCRERSZ T1 08 f
5 SCHE RS Bl 5N T AR G ) n] AR SR
Ji, MT SRR S-S 45K, DR SR SCRE S AR
TR, R AT S o W7 H—2, W, s30F
3 B9 71 F g R Y 1 5 7R

Z; frw=F, (4)

6

> (R_RPY-a,)xf=F, (5)

045 7 L A T WS 0 T, n] DGR B BE 32
T3 I AN
F;
F

m

=J

force 'Jjoinl (6)

14 BhAhFER

Kl 2 J2 g Jy o i sz Jyn P, e gl O o i
LSS IE ORI — R S BR IB X NLAT S
ZHH — O S8 S AT 5 IE BT AR IC R S 8
RIKX BT S8 8 S8 572 EIrbs
AT S RIX S R X AL AR & P R A

platform

Slider

Jionts on fixed
platform

K2 S5k 0
Fig.2 Force of each limb

Xt 8l & e B S J7 R D7 5 T R
zBfm-+mHBg=mHBl;H (7)
Z Aai +Afai=A I“;H (8)

1214004=3



bl ok TR

% 12 4

www.irla.cn

% 48 %

ENIIIPE S RSN )i SN PIES EI R ACNY
B SR 5 bR s I 0 B X R A B R
eV

HE— 25 S WFF 2 0 9 5 - 00 AR, AT A 4
1 U A

7= [ tm, g+m, v, 9

2 HEM BT NI

5 LA 2 X Stewart I BX LAY 19 £ fL BF 58 A
A A 2, SCrh a2 B % LA AE KT R S R TE B
6] f4) 7 A S, A RN XM R T PR LA a2
TTRCR M REHE br .
21 ZEF AREER

BUAL ) JE A M RE AE T 38 Sy [, X R ) ML A
A5 Re R M N I8 B TAE A 1A, (H2 X FAE#LZ
T W HLAL AN A AN 55 8 G T H 26 % 19 38 3 T AR 25 ]
[F] Bof 3 5 2 s [B] RAT A B /N 0 2 B B AT B
Be, DA R B DT LA 132 Bl TR A A R AY
A B 1y 2 R 23 ] kg T TR IR e S ) B A S
Hh g SR e KA 8 AR 2 6] 5 WA A B (1 22 e 28
] 2Z Lo AR PP 46 bm , Bk =2 o 25 )R] %% 48 i
(WED) ., %48 br B 8K, 3o 25 18] (1 F) %05 Bk
e, MLAS RO P e B AT

B T X FR B Stewart I B ALY A TAE 25 (0] — i
AL ITRHEIE TR SR e R AR S ) AL
4 1 A 25 8] A f R S 5 IR HE TR AR R, SR BB
BRJE o S Dy AR AR MM I TS 1], SRS DA TR 2
) () TE AP0 S B KR X — Y SV T AR R Y i AR D
1T, Z 18] 19 785 3 22 48 0 57 7 IR 19 &5, %l DA ST TR TR
R A4 FR 2 2B AT AR A5 B KA R T AR 25 )

SCH DL 2 i o S ) B AT AT, R A
TAEZS [ Sr 5 R HETE ST B S, BET A LLSR
HUA BT AR 2 ] (R A FR

W_workspace_e=§—Sx_y(f (z,+°z,)) (10)

max

LS, PRECR IR S PR RETCE

BLAG A B i 22 2% %5 [A] W_install & X4 B4 7
0 0 RS B SR B AR AR AR T LAY Y T i
Fa B b — B b B B o K (HLA

A B &S W 1 A e P ) TR L K T o i F 5
A2 b 5 EF S b PR SR A A R R s
[, G 22 2 23 ) B AR AR R

W_install=mh h (11)
B (g 1 s 2 G I R AT
W_workspace_e
El=——= = 12
w W_install (12)

22 REGBUERIER
PR BT LA B — A AR AE T s 3
R LB B e T HLAR 1932 Bl iR 25 KU 4575 TR A
Y E R IRE S BOR M £ 315 ShiR 22, I RE &l
KB T ANBER R IRESHOAGE (XA
R 25 RAUE BRI L R ZE WA B R, W2 7™ A )
R iy i B 15 22 ), 5 BOR BE B 98 B AL AL A B i3
PEAG I RV o PR, SO bl S BT 0% 22 A% 38 O I b ox
IO PR % 2 A 33 R i, G TTY R 28 K i R A i 1R 2 K
B R MR KR AR R VO ILAG YR 22 A% 3 1 E Y 48 A
(EED), %48 bp (E R, W) 2 7m AT IR 224 2 DL R
10 2% A% 3ok ) 28 o 1% 22, LA S Bl ORS M AR R 2%
T T — > OG22 SRR X A i R A A ih
JE iz 3 = A iR 22 5 R R] RO BT Y R 22
SRR M ST AATER, Wl 2R 2 S Z A &
AEAAE R, DR R AR R 22 AR R R R U AT
JRTRI I3 M G Ty T oy s 93 TR TR 22K
it Aa Ab FAL X 2 S i S m AR 22 00 R iR
AL B N T RS ARIBITE SR X AR 22
LB KRG —RIBN J o BIRKTTRE R
) 2 AR E N, HJR R IRE R TP T R I A
SRS, ek @ R 3RS 5 2 B AR 2 BRI
E—DERIEH Ry, Xy TP — iR 2 K
X 2 S R 2 R W, T B R AR i BB
B, SO AR K s, BOBEAE D PR 5 n A S8 B
FR O R 22 K it joint XF & i 2 om iR Z TR
R ESUEVES
Ak :norm(jm—n—join[ ) (13)
W DR AL R T P A Ay, O
I RABAE Ry 1R 2245 1 HORVE 18 5
EEI=f,  (Ag)me[l, 6] ne[l, 6] (14)
23 REZFAMERER
TE I AT B B, ML 2 700 R IR 8 R R 2 88



bl ok TR

% 12 4

www.irla.cn

% 48 %

KA A 28, 8 A D ) 4 R A R R R BT R 2
BLA A2 T332 e 0y E BRI, DR S P 32 4 52
B 2t 37 ) B KAE 5 LR B R 6 22 L AR R o i 32
JIRCRFE AR (FEL) o %46 b5 (8 88 K R B AL 45 14 44
T et K32 32 7 MR, R T HE A (R R AL AL
JT i 2 SRR GF . B T SPS ALY Stewart Jf
IR BL A 1) B 2 2 e B AR RS S R S 85 AL B, I, M
PO SR BN DO A )| K O N E R B2 N
SCr BB T K EE A B, L Z T E .

Bl KT S B B, BILAA I ¢ g g T A M,
J 7% G, R (XORT Y ) A G, (2
)ik 28, B0 5 37 & 7 T 0 I BRSO p, A it
B A BT 1R S AE BT A O A BT A A A
FE, DRI BILAS) 18 28 i o1 15 K TR) I R 52 0 0 RS 4R, il
T RETAE Kk B b, R o R R AR R )
AIREME & Sl B i AR — A, R R
ARIGIEAT R Z S0 TO T, & SCE M2 il
K 2 v 52 3 W25 RS O BE 2 207 1) o B PRAR F(ary)
MF,(a),

N E 25 SCHE B Ok 2 ) T (WK B 2
TR R, SCH R ALK % 0105 1) o 8 1 0°~360°, 1L
5 SCHEFT 1 v i B K 32 0 A AR A iz AL i 032 )
AN
F(a) |
Fm(ozf)

1

Fmax =f;nax (aninl(af))=f;nax (Jforce :

afe[Oo, 360°] (15)
HILAL B J5T 8 3 fBL R LAOA O o o i 6 B AL 3
- 5 T8 2 R RO 1 Y B 2 SR, TR B Y R
Jo ] LLE O B R 2 8028 Al i ek 4
M=p(wa2u+wb2u+wrfl) (16)
A p BN B R u KRB O BRI
r RN JE HEFT AR 2 AR
NG —Rw A, SO R R b A O B AU
28, WAL LS 3 52 Bt 3032 ) d R AE 5 PR R 1K
) 2 W BT i 2 R AR B

F ax
2.4 EHRERBEIER

o T2 [ RAT AR B AT e, A2 AR B

AT I AERE YR, IR I RE PRt 45 52 IR T K BH BE WAL AR
sz et AR, AL A B BEAE MR BE P E T LR TR fE
0 15 S0 B AR BLIE AT K LA Y BE AR BE 52 AR
ZW R HALM R EEREAE R A T UK 3h 4% 9 9K
SHREFE , 2E — 2 n] DL O 2 9K 3h A2 3h &l Br w7 2209 g
o TR HILAL ECIE BE 68 R R 25 A BE B 2 o
iz Bl AR B RE Ik O T RN HLA A BE B AR AL Ak
IO R R T A m RE AR S UK B m REAE Z LY is
S AEFERCRIE bR (EnED) KT LA 7E B2 17 REAE
RO AR b R 3R R A8 IR Bl i BE FE — A2 191 Bl
T, 2 i BB 06 B A 0 BE B R, BT LUIZ 9 AR (E B R

9K 3l v (4 BE FE T 22 eh A% 3h R A S i B R A0 9K 2l
JIRE | [A]IN 2E T Bl g s MR AR 9K B T 7 % A i
1L %8 (H, D) , 4 it iz 31 L (v, ,0,,) F1 28 3 12 3 Al 3

JE (v, @, )52 W, 5007 9K S 628 T, BIL A 19 3K 3 i
FEAT AR LN .
dE=7(H,®, v, 0, v,,0,)ds (18)
WU TEE 2 iz s Bl T, ) is 3h 1Y e FE 1
“hy 9% 2y i (4 REFE -

E:] T(H,P, v, ,w,)ds (19)

S E 2 T RS (v, 0, I, 2 AT 7R 52
A 5 32 BB IE , LA IR 3 5 7 0 R AR
e tB M HE B AR .

1T L
E, = JTZ—VHMdeH JTZ—wHIdet+ IHHMgth(ZO)

P, 3z 3l REFERRAE AR 0

E
EnBi="" 1)

3 L TmE

P BE 11 1 05 2R = AR O RO R 5 o 7 A K3
A A8 AR BEAT AL, %07 1% n] DU BR HLA RSF
4y B 5, S ACRE 8 A A BIR A s 2 1) o ol D
AR RSP 3, (R I 0 fE E UL 4R R G A% . SC
PR R F GBI G4 a, 8 GFEE b A
BESHFT A 1,k 8 B35 09 VR 4 AT 35 T 2 AL
225 SCHK (9], &t HILAG B JL AT 24 o 2611

d,=d,~d, (22)



b Gk TAR

% 12 4

www.irla.cn

% 48 %

d,=d, (23)
d,~(d'+d’~2d, d,c0s60°| =0 (24)

K .d, d, M d, K3 a.bFI1HFRKE,
W 25 R AL Sk A7 #5852 , W = A S 800T DLl

NSRRIL N
t=d, (25)
szﬂ d73 (26)
V'3 V3

gy b e 3 s B AL BT X,

d. (1)

Optimization area

\
1.5 N d, =(d, +d; -2d d.cos60”)

3

d,
I 3 4 it X 4

Fig.3 Optimization design area

BTt 23 ) i B A — 2 TG N A B (s, ) RS ME —
XN —H RTS8 (a, b, 1), J5 22K PERE DT 5 45
55 g — A (s, 1) X R AR BOE SR g R R AT DL 2 4
BT R RE R AR 1Y K3

4 MHREMESHL

I H 4 i B T OF M 45 5 WEIL EEIL FEI #l
EnEl % H M PERE I 3%, 125 1t 8 e M B de An 2R
ML MBS B, O 3k o B35 58 LA 1 25 G R
A TR LA Erb RS S 80 S R
D=700 mm, 3CHHLIIE 3 4 0] 46 0 & [0, 0,

VI —(d" +b° —2abcos60°) 1,235 11 16 % 45 10, 0, 0],
4.1 E T 5% WEI B HL#14% gt B i

P A BB HWIIR B BVE A B, Lol
57 B T AE2S [8) $E A7 3 7 RO 98 o 2o v B T4 25 [A]
x Bl 1) 3 5 0 9 B M [-80 mm, 80 mm],y i 1] 8 T
Y Y5 Bl A [-80 mm, 80 mm], z fill In] 7E & 57 7 B Ab 1Y

i 57 75 Bl oM [-80 mm, 80 mm], 37 b Y Bk Bl 7%
RIS o, Lo, 1=[-30°, 30°], #F & LBk @El %
F BRI [B s Buax 1=[-30°, 30°1, % 3l &l 3K 3l 3 [
AIBR (g, » q,., ]=[-30 mm, 30 mm], 4% i% 25 5
AT LA E W0 & 4 1 5 T 4 () A 8%0% 38 b WETL
(P fE R 3 . f 0 AT A WEL 48 b (i 3% A 40 A T
0.001~0.9 Z i), H HHe A e B — 2 (%) 50 B8 3 53
i o WEL [ {88 AR R 2 (R A T R0R By, e LB
FE T B0 DX HLA R R R R AT

3

7
1/ e

s
P 4 3 T 23 ) )] R0 AN 48 b i 1 i 1 1

Fig.4 Performance atlas based on the WEI index

4.2 EHFI54x EEI HI #1441 88 B iE

W 2 v or BN AR W8 AW IR B BVE A
OB RS W —H R SE S8 (s, o) (BRI X 1 (a,
b, 1)) KRB W AY EEL, 24 & 5 B s i 6
W, mIiFE A EEL S8 AREEEA S A T 0.37~3 Z
), LG 38 A e B — 2 0 S 08 6 B2 43 A . EEIL 9 {H
R AR 3R DG T 1R 220 DL R Y &R AL B B K, B
DB 5 S 8 60 IO, MLA B ROCR R R Rk 22 L HR &5
B P R Rk PR T LR B, AE BT =

\d: +d,~2d, d,cos60° | H P AL 1 BB |t BT B/

Minimal value
of EEI

L L "
0 | 2 3
i

P 5 3 T 22 A% 3 ORIV AN 47 b i 1 i 1 1

Fig.5 Performance atlas based on the EEI index

1214004=6



b Gk TAR

%124 www.irla.cn % 48 A
{8, 7 0 L343 EEL bR (576 B/ FBI A9 A — BB, 30 860 D30, HLK 10 BEFE 03 1 RE M
HAME 1630 5 d = (d +d~2d, d, c0s60° | y

LR N

4.3 EFIRIRFEL M4 1 68 B i \ it

SC B TR T BB il 2K R AT B B, # A T i
200 kg, 053 FEFHMEEESS 1.0 m,
BTk 80 1.5 g, ik 808 7.5 g, A4S B A i
LI RER [FF,]=[2943N 2943 N 14715 N
-2 943 N-m 2 943 N-m 0 N-m], X4 —4N =
B (s, ) (BDXF R B (a, b, 1))3RIXT R () FEL, 4 il a0
Kl 6 i B VEBE B3 ol 3H 53 AT 41 FEL 48 A5 (B AR
I3 AT 21.5~140 Z ) & — >S5 A 19 FEI 15 45 6 2
B —Fp2f BUE SN R IE 20, FET A9 (8B COR AL 3R B
T T RE S K A2 0 T8RO BT DA R T 6 DX, AL
Fa 1 52 TR0

3

Y/

B 6 3T BTS2 01 RO AN R b o g

Fig.6 Performance atlas based on the FEI index

4.4 ETFi54 EnEI B #8414 g8 E it

i 5] iz 3y J& #1132 3l 6. AR IF i — B i B 1Y
WA B | 7E %628 B BB T AL 0 75 4> 3B AR g
75 30 56 0 9K 3h A 56, PRI SC v g B I G AR R g
FEROCRIFAN 0932 B Bk o i 8 50 2 (R R 8 R
WA BLT 9K 3h LR A 2 s i — A S 1 R A
B, F 2 E 18 B H=[r,cosér,siné z,],r, =™
i[5 32 3 19 48, BUE 8 50 mm; € B BUE G FE oA
[0°,360°] 5z, % /8 L i W) 4 67 & F 1 Z Bl AL B 1E

B m B iz s Gk, xR — RS S8, 0K
HOXE R 9 EnEL, 26l W & 7 Bros i v eE g . it
S5 AT EnEL 48 A5 (6 5 A 73 A T 0.001~0.79 Z [H]
HOH AR B — 5 1Y B B BE 43 A6 . EnEl B9 K
B Z IR A RE R S L ML B & il Y, i DA

0.3

0.1

P 7 3T Iz 3 R FE BRIV AN 4R b i i P R

Fig.7 Performance atlas based on the EnEI index

4.5 ZEMERMERMRK

W T DA R Y 38 T 24 RN RE SR, R R il 1
B SCh o dE e S bR AR TN L B, B 2R
h WU Y 25 23 6] 0.25 m®, LTl iR 2% 1 mm),
MUK B 5 20 kg FIHLAA B A BEAE 100 W [a] i 222k
HLA PERE Oy« i 32 3l 25 18] KT 0.003 m?, 2 35 32 3y
WE/NT 1.7 mm, £ 42 T KT 6 000 N Fl & i
By A SR KT 20 W, W A) LS ) 48 AR R
WEI>0.012,EEI<1.7 ,FEI>30 1 EnEI>0.2, @] 1)
RAGUNPE 8 Frs WAk B 38, A6 BB G 4R 4k i
Dl b A T BR 2 ROF 28 (s, ) T LB I, — Mk 4%
PO 7 A5 B AT R T SR T R — O 1 R bR R AR
e, AT D Gk U 4 1R R B A O B — 48 AR Y
Mo BN, N R ALY A2 iR 25 T AR Je AR UE, W
ARG (s, 1) D7 A4 BEEI=1.7 il £k 9 & i) WEI=
0.012 £ 53T, 3 i 25 (8] FI) FH A kg s Ar 22 AD
W5 PE WET 15 b5 P G Sk i & EET 8 b5 75 5K . 1 % &
Al 45 7 T 25 A IR, SCH A R (s, 1)=(2.1,1.8) 5
AT X A7, BRI R T B,

3

4
/W EEI=1.7
/ B WEI=0.012
2r /§:!‘/FEI—3{J
¥ \_EnEl=0.2
= Optimigation area ¢ rf_“"’_n

I+ =

P 8 £ 3 ROR R 09 fI0 Ak BT DX

Fig.8 Optimized design area for overall efficiency performance

1214004=7



bl ok TR

% 12 4

www.irla.cn

% 48 %

HXF R 8 (a, b, D=(197 mm, 643 mm,]l 260 mm),

it

9]

&

(1) # TRORERRIT M fe prn ik & . 32 1h T 25 )
FIRCR AR bR R 22458 1B OB AR bR ot & 52 1 80O 48
b FZ B RE FERICR AR bn , A2 T 8y 58 B 1 ML A &L
FIFMMAR R . AR IR R A S T bR Tl i H]
IR 2 e s ) R T ORE ORI IR 22 FRR IR AL 2 1 &Y
WA S T B Y AR A ] S A ) A
Mz ZhREFEM 2 HARtE R 2K .

(2) BEFE T 4548 b A8 At 3 38 i v fe 3 vk 4
Bl 0, WEL 48 54 73 4 F 0.001~0.9 Z [8] , B A
HE B9 B B2 43 A EEL 48 A5 (H 43 i T 0.37~3 Z [A],
A5k X Sl 42 BECEA R B B o A, (R R R R R
s Fmt BT A /ME B /M 1 B Ak 3 B B
PN, FEL#8 bR 0 A T 21.5~140 Z 0], H%1{E
il £k 52 B — b R S5 19 E 2 EnEL 48 bR 8 4 1
T 0.001~0.79 Z [H] | He A< 4 B B8 A5 B2 43 A

(3) PiAL T R TROR RN A R R S8,
o VR A R R WEI>0.012,EEI<1.7,FEI>30
1 EnE1>0.2, i AL 2 BL (s, £)=(2.1,1.8)1E ¢ i1k
G, A RS ZES N L RS (a, b, )=
(197 mm, 643 mm, 1 260 mm) , % 41 N~ Z B RE U8 4%
B 1 [) B 8 A2 DA 98 B PR AR, H A B I RCR TR

SE MR

[11  Wu Ji. Space science planning and its demand for space

[1].
Engineering Technology, 2018, 2(2): 17-21. (in Chinese)

transportation  system Astronautical  Systems

[2] Zhang Jingxu, An Qichang, Li Jianfeng, et al. Third

mirror Stewart platform of TMT based on mechanism
condition number[J]. Optics and Precision Engineering,
2014, 22(4): 890-896. (in Chinese)

[3] Xie Yuting. Design and accuracy analysis of two

dimensional intergratedadjusting mechanism for the

focal plane in wide camera [D]. Changchun: Changchun

Institute of Optics, Fine Mechanics and Physics,

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Chinese Academy of Sciences, 2016. (in Chinese)

Han Chunyang, Xu Zhenbang, Wu Qingwen, et al.
Optimization design and error distribution for secondary
mirror adjusting mechanism of large optical payload

[J1.
1093-1103. (in Chinese)

Optics and Precision Engineering, 2016, 24 (5):

An Qichang, Zhang Jingxu, Sun Jingwei. TMT third —
mirror shafting system alignment based on maximum
[1].
Engineering, 2013, 42(11): 3002-3007. (in Chinese)

likelihood  estimation Infrared and Laser

Zhao Hongchao, Zhang Jingxu, Yu Xiaobo, et al.

Design and optimization of Stewart platform in TMT
[J].
Engineering, 2012, 41(12): 3336-3341. (in Chinese)

tertiary mirror system Infrared and Laser
Tong Zhizhong, Jiang Hongzhou, He Jingfeng, et al.

Optimal design of generalized Stewart parallel
manipulator based precise tracking —pointing platform
with dynamic isotropy [J]. Journal of Astronautics,
2011, 32(5): 1019-1025. (in Chinese)

Wang Han, Cao Xiaotao, Zhao Weiguo, et al. Improved
cuckoo calibration method of space telescope secondary
mirror adjusting mechanism [J]. Infrared and Laser
Engineering, 2018, 47(5): 0518002. (in Chinese)

Shao Z, Tang X, Wang L, et al. Atlas based kinematic
optimum design of the Stewart parallel manipulator [J].
Chinese Journal of Mechanical Engineering, 2015, 28
(1): 20-28.

Yao R, Zhu W, Huang P. Accuracy analysis of Stewart
platform based on interval analysis method [J]. Chinese
Journal of Mechanical Engineering, 2013, 26 (1): 29—
34.

Xie Wenliang, Shen Zhengxiang, Yu Jun, et al. Design
and mechanical experiment analysis of support structure
for X -ray focusing telescope [J]. Infrared and Laser
Engineering, 2018, 47(4): 0418002. (in Chinese)

Gao Z, Zhang D, Ge Y. Design optimization of a spatial
six degree —of —freedom parallel manipulator based on

[J].
Computer —Integrated Manufacturing,

artificial intelligence approaches Robotics and
2010, 26 (2):

180-189.



