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Abstract  To develop the lightweight and high-performance large-aperture silicon carbide (SiC) space primary mirrors,
the combination of topology optimization methods and ceramic additive manufacturing techniques provides an effective
strategy. The lightweight and thin design method was designed with the back support structure of the silicon carbide

space primary mirror, with the maximum stiffness as the design objective and the total mass of the silicon carbide space
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primary mirror as the constraint. Additionally, this novel method was designed while considering the ceramic
manufacturability constraints, based on the Heaviside-function based directional growth topology parameterization (H-
DGTP) method. Firstly, the lightweight and thin design method designed a lightweight and thin configuration of the
silicon carbide space primary mirror body with ceramic manufacturability, based on the actual requirements of a typical
large-diameter silicon carbide space primary mirror. Then, the size optimization method was used to reconstruct and
refine the topology-optimized silicon carbide space primary mirror structure. Furthermore, the ceramic sample of the
silicon carbide space primary mirror was successfully prepared by the digital light processing (DLP) ceramic additive
manufacturing technology, which verified that the designed lightweight and thin configuration of the mirror body meets
the manufacturability requirements of ceramic additive manufacturing. Numerical simulation was carried out for the
design scheme of the lightweight and thin method. The root mean square (RMS) values of the silicon carbide space
primary mirror normal axis along the x, y, and z directions under self-weight load are 3.27 nm, 3.27 nm, and 7.55 nm,
respectively. Moreover, the area density of the silicon carbide space primary mirror is 13.21 kg/m?. The analysis results
show that the optimized large-aperture silicon carbide space primary mirror meets the design requirements of surface
accuracy and greatly reduces the weight of the mirror. The results verify the effectiveness of the proposed method for the

lightweight and thin design of additive manufacturing silicon carbide space primary mirror.

Key words topology optimization, lightweight and thin design, primary mirror, additive manufacturing, silicon carbide

x> Bt B T SR AL BT K S B AE T T
KSR AN Gk A A B AR T AR G = MBI 4L
BRI SR RAL T VE R T AL SR LTI

518§
FEAS IR B AR, SO 5 ) 5 A T 3 B T S S

B g S RITH T A B2 IR OB R 3102, Bl KPR 5 8
V) B2 370 45 (1) A BB R, R T A4 11 2 56 4 T s 55 o 7™
F& VB R, AN B ARAIE CE 0% F I AT B 1)
AT HE T E— DUk S B o B, R R G B AR R
JE L ARG 6 ~ 8 SR 1) B KW LU AR R 2, DA 2
B P B T T O, AR B8 IR S B A2 PR T &
T ORI T f B 4 1k, 3 i P S 50 B vt vk
XoF T 0 T X P e R 425 P 1B T AT AR T SR
e FEE R ) P 55 23 1 5k, SR ORATE S SR 455 1 T T
FE RMS 355 /& /N TP K 1/40 (B L = 632.8 nm)
PIPERE 7 K, (H = 5 Bt B2 JE 12 bl A wf DAE— 2D 4
E TR, AT R K AR A T B e A
LA PRI (X | DN vei A R W S
R AL G AT RBRE, 3 — D B 4Bt & it
2% ), T H B AR 1 R A R

AR, ¥ IMILAL T7 7 5 1 ) 3 B R 1) P
R RIFRPR VAR S S B AL T o) AR AL T 39 e
PRSP0 PN A 5 v A S S B R T s SR
ARSI DR R AL . H R R
g, WAL R M, 5 GR% AT, Qu P10
KR AT I R S B TR iR AL R N S5 A I
ST TSR =AU AL, Lin F501

ol

BRI, BE— P50 T A B R AR, R A
A SR N EEALREE. — 71, FA At s
T DAAE B B AR G Y e (R A L3t — P it
PLACBL 13, 55— T T B AT DA BB e 4 45 4
5 B AR H R BT 10 S B 5 A A R L4131, LR SRT
i T 2R T A EOR. Bl 584 i SR )t
A IAMEA BT B B R LT R 1) < AR
S5 RT LA B ] 4 U1 I T T AR G L2
3 LT R A, Ay 1 32 reiop B B i A R ) B i
BT 5 2 (KR REDO21. E S e A e e RS S A 5 ) 1
A ) 36 475 8 A 00 P 068 0 AT A R 1 ] 5122241,
(7 I £ 52 B N2 R, SR AMEAL K e B R BT AAS
(7 18 A 1 3 T 25 ) T A 3 Mk 2 T A A R,
B AR S AU A 25 K P FR B A B LR 2 B 125200 R4 A
B 2728 5 AR, R R D AR B AT 5 ) S S
B, W AUE 5 FET 2 VE REZD PR A AL BER A (R I
% AT ) A ) R R ) 5 S A ST R R G
P R 389 47 1) ad B A R B A B A AL LU D vk, SE B
K DA B T 2 8] B S B ) 1 RE DA AT B i %
AR SRR T 2% RS AT 3 P R A 3 e A e S S
BRI BT ) R, A ST T AR LA B G A )G
B ALRE S S B AL BTt i Tk TR RE S B IR R



F x #

R AR TR AL A RS R 1 B A S S B e A BT T T 3

PR BRAG TR S B ) e A S e THD TSR BE RO 1 g
R ARG R REE, SEBLBLUE . AN e TR Y
PR, L AR T A B A fek 2 [ S S B ], 2k
TP SL I T RN B B S AE A R IR R AT
TR, FEX B AT T AR RESRAL. A
SRR, SRAF M BT R R AR PEREART AT #3E k.

1 BEURSREIT A

N T PRI S5 ) 1R A ) A 5 i, 45 R A
A M JUATRAAE. AR SC iz FH AR 38 2 X A5 i 1 Dy
T ) 38 A0 2 1 38 F) 5 A R IR 38 R AR AT SR
Ao, MR TS5 M PE R, A SCHE T Lin 4507
$2 1K) H-DGTP 7792 2 S AR RS T 2K 1 ) i 3 1
2)R, LR I B2 e RAE D H AR i ST AR M A R,
SRR 1) B2 43 A7 38 3 0 A4 45 2R 1) AT G
W R T SR O AL e, AIRAS St
CRESEE A aA g ALt
1.1 #RE 7 EIR TR IMA AR R

H-DGTP (heaviside-function based directional
growth topology parameterization) /7 % A& — FhAR i Aii
J 5 v BE W [EARAGAR Y, 207V Re e SEIL A T = 4t
TR i 5 3 5 ) AR A SR 5 v B O R AL B
A H-DGTP 773129 () JBAR, A5 A1 Ry i i it e
SPEET T (FET) FVRET7 [ — € & B2 B0 X 38 (Tt
) BIRRE AT S, a1 B, a5l T %
Ak B RE XS %5 B AR B p; SR ARUHT A TG, IR 51 ES H
n; IR L. B B TT IR AR o, P HH 2
TS0 A, B PRV AR X 3% 2 o A iR 2 8 ; 1

pe:ijH(SE’nj)’ j:1927”',NCg

1, Se <M (1)
H(se,flj)={ ‘Y

0, Se 211§

A, p; [0, 1] R i 45 4 5 THI 1) B0 o0 AH X 235 B
se =x/Ly € [0,1] NHITHNAEZEHICH— LG

printing direction

_____anelement group , ¢

1l

base surface P 1 TPe

| H-DGTP J5 i 5. 70 % B S HU R 5
Fig. 1 Schematic diagram of the elemental density parameterization of
the H-DGTP method

O RUABFR, x B oG ROV AT B 7 n) 31 2 1 1 BR
B, Ly NATENT7 M) B e s BE, my AR 1) v
WAL &, Neg NRIFIRA LT HE. BN
Heaviside B, HOGHIERIERE T € SN

BX01=9)

Hs:m) = s o)

2

X, B> 0 YLE T IR LI AR

gE R )N E 51778 (root mean square, RMS)
B A2 5 G5 1) B AR AL A AH OC 1 i 2 ek 5, 37T F T
1l B 235 ) AR NI FE O3 R 50 45 ) S L e />
YENVCTE H bR ek 3, Gl WA BT A IR 2k A T &
] P 27 G FEE 5 7J SF S S i KA 45 g 118 B A I 2 . 4
GBS T3 g /N W

cX)=u'f (3)

A, w NEEHIIALRS U5, f R R 384T 17
JREATR TR N

Nele
2X)=p" ) peve—M @
e=1

A, o ABRACHEER R B L, ve N TTIERR, M N
Y8 I SR B T, Nete PTG
DAL, S AT I FR MR AR R R IR
find X = (01,771,02:12, -+ - PNegs TINeg) |
«(X)
Ku=f

minimize
subject to
g(X)<0

0<pj<l, O<pj<l, forj=12,....Noy (5)

A, K R B A FEE
12 EiPRE

BT R TAT BB, AT HEAT S8
A5 TR ) G A A S MR AR RO BT R AL B
AN S B TRE I A4 L ART AR I, AR A XE DA fR
FEHEARPED, R R YRR BT AN S H b i iy
12, X JUARTARE R r AU X 3 AT R AL AL 2, fak L
A br e LTI AR. & 2(a) B, fEE AR
SR P A0 S SR AT B S AR o B AT =
FE, BN 53 A TRV B4, 950 HE 55 5 P
A IFBUEE, a1l 2(b) Fos. B RERAE 9 S Bk 4
RASSIRIbIIRIR 8



1

e xxxx £ H x &

<1
< y r
4 P
oY
v % /
! ,
]
v A
pe |
7 / J/ |
o 3 4 J/ K
| / ‘ v
‘
[ o

(a) ELHR]

(a) Before reconfiguration

2 R GRM E B R E

Fig.2 Schematic diagram of the primary mirror reconstruction design
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Table 1 Performance of the topology optimization design of the

primary mirror

GX-max/mm  GY-max/nm GZ-max/mm Xpys/MM ~ Prys/MM  Zpye/Nm

1.44 16.20 36.62 2.04 3.18 7.63
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Fig. 7 Schematic model of the reconstructed mirror
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Table 2 Performance of the reconstructed design of the primary

mirror

GX-max/nm GY-max/nmm GZ-max/nm Xpys/NM  Ypys/NM  Zpyg/Nm

17.37 16.28 36.77 3.39 3.93 6.83
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Fig. 9 Schematic diagram of the design variables in size optimization
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Table 3 Design variables in size optimization

Zone 1 2 3 4 5 6 7 8

lower bound/mm 0 0 0 0 0 0 0 0
upper bound/mm 3 3 5 5 5 3 3 3
initial value/mm 3 3 5 5 5 3 3 3

optimized value/mm 0.5 05 45 45 45 05 05 05

(a) =4k AR

(a) Three-dimensional view
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Fig. 10 The mirror in size optimization

(b) L
(b) Vertical view
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Table 4 Comparison of primary mirror performance

Primary mirror Area density/  xpms/  Vrms/  Zrms/

Mass/kg

design (kg'm™2) nm nm  nm
topology optimization , o 14.56 204 318 763
design
reconstructed 2.96 14.47 339 393 6.83
design
lightweight and 270 13.21 327 327 7.55
thin design
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Table 5 The dimensional measurement results of the green

body of the primary mirror
Measurement Total Center hole Stiffener Stiffener
location diameter (D) diameter (d) thickness (71) thickness (73)
nominal 130.00 29.57 0.76 1.27
value/mm
measured 130.03 29.53 0.81 1.33
mean/mm
standard 0.03 0.03 0.01 0.01

deviation/mm
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