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Abstract: For the requirements of the mirror in a large-aperture spaceborne telescope for lightweight ,
a web-skin-typed ground structure based topology optimization method was presented for the configu-
ration design of large-aperture mirror. Based on the idea of topology optimization, the ground struc-
ture in this method was restricted to be a web-skin-type structure composed of a surface (skin) stiff-

ened by webs, and the change of the configuration was described by whether webs or parts of the
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webs were deleted from the ground structure or not. Firstly, the web-skin-type ground structure was
discreted with shell elements, the relative densities of all the elements on the webs were taken as de-
sign variables (the relative density was taken as 1 or 0 to describe whether the webs or parts of webs
were kept or not). Then, by using optical aberration of the mirror in the load case of vertical optical
axis as a design restraint, and the total weight of the structure as a optimized target, a topology opti-
mization model was established. Furthermore, the concept configuration based on the structure ob-
tained by topology optimization was extracted. Finally, the dynamic and static stiffnesses and optical
performance of the mirror were analyzed using the finite element method, the mirror configuration
was modified, and a lightweight mirror structural innovation configuration was obtained. It shows
that the optical aberration PV and RMS of the mirror obtained by the design example are less than A/10
and A/40, respectively, the fundamental frequency is greater than 1 000 Hz and the lightweight ratio reaches
86.0%. The results demonstrate the validity of the proposed approach properly.

Key words: large-aperture spaceborne telescope; mirror; configuration design; lightweight design; to-

pology optimization; web-skin-type ground structure

1 351 =&

ATF ) R 11 A 1 25 18] D 2 S 3 2 4 i 5 DD
RGP PRRE S AR Z —  AH AR Y 1 n el
T B g AR Ak DT 5 A 4 5 T 7 R R 3
BAR TR R R 53 A L AR ST o R R
TG RGN RS UA . TR I B A2 R e iR
T 6 X B DR O 10 AR 25 8] S S 5 9 16 2 A5 B
R AR A S A 73 B B RO R B =S ] D o
ARGV R AR Z —.

S B R i A R AR R R AL
B LRt Ay RO e e A BT RS e
SERR L, R RS R BT I, i T SIC A
o5 e B8 ) Tl BB | < TR A S B IR A R
A EE BT AR L FE I RE R B Tl 3 s L 3R
PEGF DURR B A BTPIR R 4F O AR W e BLAR
5o 2 RITRSE R85 >4 45 10 S ) BRI AL BRCRE 1 E 22
o 73 1) S B R B B e bR

Bk Ry fed A BTt 22 R X E I 2 B 7 ik
0 PCAET R R M AF R A R A BE 4 A
J5 1% <l i 3 A X FEAS [R) B AR A5 R B0 MR L AR
TEVE AR AL R A E T — P i A R A A
Fy o AR XL TAR A sl ik 20 A HL AT A B A A9 4
R b B A — R B A 19 B AR BT O 46 H 2
AL G A e R 2, 76 A A R T Il ik
BA KRR

T ARG Al A T R LR AR T A S S B
SER R RY T BEAT TR 10 B B MOT I . b
LA REAE 2 AT 45 44 1 30 M 2L R B B B
S5 R R RY BT B BT I P AR TVE 2 U T
FLR R R 0 0 T v A S A B R
A Al R Bt rh A ARG B N TR 5. FATIE
Hhap i Sl T AR BT IR A5 R A4 8 B AL B b T R
ML AR . Park 48 AN IR T =4 S0 R B
A LS P IT 4% 8 O BT AR R A M AL £
ARV T — B R O B L A B R e AR
BB 780 . E A K AECHLTTE BE B T —
SeR) A i ARAT T H R LS S B 4 M TR G 4
Fa R B A T ) AR B R RE AR
St 5 5 T 0 T g 0 s A X Al A L T T =4S
PR A 1 O A AN AT 3B O T LR A 25
B — B2 BEA 17 AR T 0 T4 B A A R L AR HE AR
1 H R T AR B i i i s ik 4544
DR I 5 BT 5 — A BE AR AT i 31y JE2 X A 2R ) S
BB ML T %

M AR S5 K PN AL 5 SR < RE A Ry ik 7L B
LAFESS KA D 0 o it o R AR A 530 3 A0 Ak 4 4
T 2 3 o M B Ay 2 R OB A 2 45 4 4 i
T ARLAE) S O FY BT B T 5 26 ofi DU ) 55k =4k &2
HESER PROR LB AE M F AN AL T A2 R AR
SERIFR ML T YR B S K s A Xk BB B AR H
At s T LURE SR B0 e T 3 1 — 4 il Al s
S5K . BT IXRE B0 BRSSO S AL L T T



I

X0 A5 A5« 5 T A Al R 45 A 110 DR 1 AR s Tl i S 5 4 B B 1 A T i 1805

Pl Bk A R A A3 ) A TG R S B S B 4 A 4
P AR AT B AR AT — A A A XY E A Al o R
4 S I B A e A 2 . AR A s A SR AR AR SR
— 7 0 M R A ) A A T S A A 2R
BRI M AL 7 1 O 3l i B S8 R IE T 07
B A AR AT ATk

2 B AHEriE MR ACAR R

2.1 B

AP —F B AT & & T AR 1
e g i AL IR G A 1 L S B a5 A . X TR 4t
HRARRF GRS WIEX . CEARL%
BT A Z A ST 0 R AL A5 I X
FEA =M B SHIE U iR DE 4,
Hor g B 5% g A AL — M i F T A e fL Y B
SR i Al . DB 5% AL AT DUR R 7S 0
WA fLBy Ak . 78RR AR A A JL AT RO By 1%
BN =M REAFLIE R TR R AR TN
B A 8 L, W R B B R R R
HAL RN T S5 W& . NP s BE B kAL
B, FEREH TR NS WIE A, WiE
WAL FLEEE A TR R i S g e 0,
DAL I A o 325 350 i 2 L B SR 5 38 S 3 0 1 O
ZAF B MR R MERE A SRR S AIE
2 AL 20 i AR =X S S A o B A
2.2 igitEE

DA 3 7577 i R 45 g Ay i L 45 1 ) Y ) A
AT H A A A S A3 0 A I A TE R A A . AR %
SR S5 A F ML AL Y SRR 4% 7 A R F A RR R
JC B BN TR IT T | BE— MR A TR K .
I T B0 AR % BT KU B A TE M
Bl AR FMLAL B9 SIMP J7 3, 850 i 41 kR
PEIUCR [T 18 44 R R 36 4R ) 22 FL A Rk L I8 AH X
P 3 R R ORL B A A DR 5 SR T R R JBT (431
S R ) T AR A

E, = (o)'E". Vi = p Ve = 1.2, . Nele,
(D

Hrr: Nele R8I0 EE o, JE. AV 430 51 2R
55 e N BRIT Y M R RE | P AR B RD S0 AR
ARG BD . E° NG EM B Qo=1 B /Y 3 bk
B Ve R e M EITHIRF(ERIEBD . p BT
K. S p WO R T 1A 528, A SCH

M3,

DA AL o 55T 1 800 73 il 3R iZ $ot
F 4R B Fir e BRRY B R B82S b R (R 0A T
B o B S5 K 1 ke Y AT H 45 B0 I R R s R
CHERMFATS ) 38 H 9 231 0 i3 2
CIE-ZN#

X = (prspzs=spra) (2)

2.3 fifim @ m s F

SR 25 K AR B B T 1Y A 2 A i B T T
AR MR o/ MEM B & i 3 Y
AR oK AT WA B SR 5 AR 0 S L HE R

Nele
f(X) = Do V.. (3)
e=1

S % B T T 5 25 38 H R PV CBE T AH

XF T B AR A /) W RN A =2 28) Fil RMS (T JE 3
T7 ZO WA 64 H8 bR Fili R . B T D 25 45 T
R 25 DA B T AR MR85 AR A 5 | 1)V FH A 28728 1 18
WBE T AR TE o AR SC 32 B2 A M TN TR S DL &
25 18] (B 1) TAERZS 10 5 7 for 2028 Ak 5 | ke 1Y) %
T AR T 1 B T E 22 . B, PV AT RMS 43 51 &
PV = max{U,; ,U,,*--

vUNv} - min{Ul 9U2 [ 9U'\\}

€Y)

Hor U, RoR B 1 5o 1 SO W 650 7 19 (1 A
H B AEHA FRINES, Ns 4R - H 7 S 8%,

XFF ks B8 . PV S RMS i 4
FE— B R B PV E W/ . RMS {8
— Bt A AR L IR I A R Ak ) ) B2 A
O TR R TSRO AR Uk B PV (E Y R
VE BT 293, RMS {838 53 47 BR G 43 B >R 45 14 54
T 55 R

R A T R B 4 A A T LA —
R R ARl 45 A e RS 18 AN T T L ke A 7R
Jit JINAS i) B A 3 2E 2 ok o 2 fa i =X 2
Ay o BV AE RS s 5 2% 1 S Sk ik g A 7Y v
T LR ) A R R T AR A 4 . A SO
0 [ 25 S S5 B » 7 Bt o ] 1) A0 B R A A X
HAH AR TN

D,(z) =0, (5)

KD (XD TR F P ICZ A TR R .

AR SR 5 AR X R 45 ) Pl — PR Y B T
B () A5 30 A5 AR S RS AL A B . AR (5




1806 b= - E I

521 &

IS AL R AR 52 B T SR TSR 0 5 B0 . DR L 7
PEA BT A BT Al () A S HEAL XU R BT
X o ARBETFIX G AL A B AR T8 R 1 SE
CAUNIEE N R RITRIEB R
Find X = (o1s025*spna)”

Nele
Minimize f(X) = > V.
e=1

Subject to
PV = max{U, ,U;,+, Uy} —
min{U, ,U,,++ Uy} <U
D,(X) =0
0 < pomin << p(a) < 1
S U Ay 85 1T 1 1 A5 25 PV A9 20 o) R
Ouin A2 A T 3RE BRI AL S AR T B N B A S i
SE 14 5 T8 A X 25 BE T BRAE G H 0. 001)
BT 45 # B9 AL h T SRR A BROTIE O
RLCE

(6)

K(X)U = F(X), YD)
Forb K UV F 3 50 g 2540 B R 0 W B2 1 32 % 1)
o AT [ . Ah 7 1) A W Gl T ) B ) e
A i N H ) A 4805 A R R A O L BRI Ay 4
W Tt A i . PRk, 206D i i B T A 1Y 5
TR A TR R Ry — AN B AR S A A T T B 4544 40
R AP

3 FMAARIR

ASCAR B OptiStruct 4R H ¥ 511 L M
)R AR F MR AR TR] R C6) o T A 2R 1Y i IR
TAHAMIE A SE R v 25 BT 0 AN 8 BE R AT AR Y
LBk MOREL BRI AR APLES HIE K.

Xof T 5 A XA B A B 5 A L #0145 2R
23 B Ak B o A5 A L S 5 A (] R O3 AL
AL TT I B HEIT S O 1Y DX AT R 2 s BT n 5 A
F8 AL v ] RS o {EL 2 8 B S B AE T
T ) 3 ek Y T ) i A A R AN BT N A AR
I AL A Xt 2 A P s e ] X i B
BT AR AT O TSN BT BEATS O 1 B
A M L B BB T LUOR B L BT 25 B A A R R
2T AR L Al T AR T S — 00 A IR S B R
() A S 1 s B A 0 T o A v s S B R i B
TG T A T A AR D B TR Y SR
TR o Al RUAE X i s Al L 00 # R 2R AT A0 A 25 BR

R i R B — 2 B e RE . A D il AR i
14 S B4 A AE JL AT b BAT — 2 B B R 32
LR UL B B DT Bk 14 05 SOR DI BR A1 R o

IR E 3 T R I A S S R A R R B 2
Jai 0 S S B A HE AT Sl W 23 AT O s 1 RE
O AT A A IO B 5 B S B A BT BOR BEAT HE
B Al A R A 45 A AN T 2 DT LA
J A5 3 1) B S5 B 4 Y A By b R AT — R Ak .
WP 1 R o AR T ¥ R P AR kAR
HUIN 7 2 9 A X B S R A M RE A KL BT AR 2 Y
RIS BT Y 18 A B 45 R T A Y

BRI SH
PEREZR

!
| wEmR R |

!

AHLAE E e RS
RETIRAL

|

TR AT
SRS T

v
N
VLR ER?
Y

BSE L A
FaaHr Ay

(I IRV 7 i

Fig. 1 Flowchart of optimization method
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Tab.1 Primary geometric parameters of the mirror
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