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A Review of space mirror topology optimization technology based on
additive manufacturing

SUN Yuxin FAN Yanchao DONG Deyi LI Chao JIANG Xiaonan
Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Science Changchun 130033 China

Abstract: Through the investigation of the current development trend of space mirror topology optimization and ad—
ditive manufacturing technology the current relatively mature technologies of mirror topology optimization and additive
manufacturing are summarized. The problems existing in the combination of topology optimization and additive manu—
facturing process manufacturing of space mirrors are explained and the additive manufacturing process simulation and
technical route of topology optimization mirrors are introduced in detail to ensure that the space mirrors designed with
topology optimization are manufacturable properties and achieve good performance after additive manufacturing. By
summarizing the development of the topology optimization of the current additive manufacturing space mirror structure
the existing problems and future development trends of the current additive manufacturing space mirror structure topolo—
gy optimization are pointed out with a view to have reference significance for the development of space mirrors manu—
factured by combining topology optimization and additive manufacturing in my country.

Key words: additive manufacturing; topological optimization; space mirror; lightweight mirror

1 ( Topology Optimization)
6-7

( Additive Manufacturing AM)

12022-03-21
: ( No. 11873007) N
(1995-) 8-9
o E-mail: sunyuxin@ ciomp. ac. c¢n
(1984-)

o E-mail: fanyanchao@

ciomp. ac. cn

http : //www. laserjournal. cn



2.1

12-13

2.1. 1
2.1. 1.1

15
Bendsoe °

Mlejnek '

o

17
- Bendsoe

( Solid TIsotropic Material with Penalization SIMP)

0-1
1( c) o
Osher
Sethian '* Allaire "
1
20-23
*2 ( Evolutionary Structural
timization ESO)
- . ESO
Querin 2
. ( BESO) ’
27-30
1 0 0-1
31
2.1.1.2

http : //www. laserjournal. cn



( (b)

. ML
) ( Voronoi)
(a) ’
(b)
() g
£
Ajit Panesar *
(¢) SIMP
(a)
1.
(b) ( Voronoi)
Voronoi (a) Voronoi
Voronoi .
Voronoi 2 o 2
Voronoi ]
35 2
° I
0
. )
-3
B 0 2 4 6 8 10 12 14
(b) Voronoi (
)
2 Voronoi
2.1.2
() ML
36
U (a)
s Ak s TAb
e 3(a)
Wiz BB Pt AT A I
ST AN
37-39
TR it °
o (b)
a

http : //www. laserjournal. cn

16

18 20

34



FDM) . ( Three Dimensional Printing 3DP)
o “ N ( Polymer Jetting PolyJet) o
SLm SiC SLS
55-57
3 (a)
(b) o
(c)
40°-50°
4
( a) 39
(bh)
42-47 3( C) .
(d)
( b) 40
2.1.3 (o)
S ( C) 42
N 3
48
N N WAAM
49-52 4 .
(1) IR s
( Stereo Lithography Apparatus - Fom
SLA) . ( Continuous Liquid Interface Pro-— - b -

: e -
duction CLIP) . ( Selective Laser Sinte— i "
ring SLS) . ( Direct Metal Laser Sin— Polgler
tering DMLS) . ( Selective Laser Melting OB
SLM) . ( Laminated Object Manufactur—
ing LOM) . ( Digital Light Processing

SLA SLS SLM LOM bLP LENS
DLP) . ( Laser Engineered Net Shaping . .
LENS) : i i
i 3
( 2) . CLIP DMLS
( Electron Beam Melting EBM) |
( Electron Beam Free Form Fabrica— 4
tion EBF3) ; 2.2
(3) : 2.2.1

( WireArcAdditiveManufacture
WAAM) ;

(4) : o
( Fused Deposition Modeling

http : //www. laserjournal. cn



63
Park *® SIMP Zernike
RMS i 64-65
mm N
5 o
? 500 mm 10
SIMP 6 126. 02 kg
o 8.7 kg 75.83% 3.4 nm 76. 4%
4.12 nm 79. 6 kg/m’.
44.3 kg/m’,
« (a) 69 ()
0.8
2m 06
SIMP 03
0.3
02
0.1
0.0
25.3% PV () (b)
23. 1% RMS 13.3%.
5
61
Heaviside
6 ®500 mm
8( a) 0 2 m
(a) (h)
RMS
82.2 kg/m’ RMS YZX
12. 55 10. 24 8(b o
nm nm (b) () )
7 2D 60
s,
8( C) ’ (a) Casting An elenleull
dil’er‘li:n group o
p
’ Base surface OPJ 1
9 (a) Heaviside
° ( b ) ( c )
9(b)
9( ¢) (b) (c)
62 8 61

o o

http : //www. laserjournal. cn

1

59

420

COooooo0o00o
o—whroaNuxod



(a)
: Base
surface
Extrusion
n direction
4 The s—th element
grl)up
(a)
( b ) ( c )
v
V. ¢
(b) (c)
62
9
TRIX
(a) Y v U\ﬁiHA
X X
N 2
A 2
S £
b -
~ ke
” ~
- 7 e A
XA
(a)
(b)) o —
K000k o1 £900E-01
i i
S0 ot 2500601
330001 ool
i 30001
1000502
(b)
64
10 1 420 mm
. 66
Hilpert E
Voronoi
Voronoi AlSi40
11 o
(a)
(bh)
(a) Voronoi (b)
Voronoi
66
11 °

Horvath N ¢
184 mm

36. 8 mm

AM

24%
12 o

0.6 threshold smoothed Section cut along symmetry plane

a

(b) 25 mm
184 mm
(b)
12 _ 67
Eberle S * Ansys  TopOpt
13( b) ANSYS
13 (¢) TopOpt
13( d) -
35% o
2.2.2
69-71
14 0
2.2.2.1
Herzog H 7 N
o DMLS
AlSi Mg ( 15

http : //www. laserjournal. cn



) EBM (a) (b)
Ti ALV ( 15 )
A/20 RMS.
a) (b)
( (a)
Siy Mg
(e) (d)
(a) (b)
(e) (d) .
(¢) AlSi; Mg (d)
(e) (r)
(¢) (d)
13 AlSi,, o8
(e) EBM Ti6Al4V ()
EBF3 WAAM SLA 15 AlSi, Mg Ti Al,V
N o SICR St 3DP (a) Laser optic ~ Laser source
pMis  HWMHE S s
Part }‘I Coater (h)
) DLP Powder x
EBM  SLM bed
Building z % Powder
chamber chamber
14 (a) SLM (b)
Hilpert E 7 SLM 86 :
, (d
mm AlSi,, ()
PV 109
nm RMS 12.5nm RMS
0.1 nm SLM
° (c) SILM
Atkins. C ™77
®40 mm AlSi ;Mg 16 AlSi),
17( a)
17( b) 78-79
DMLS
17( ¢)
18% Py RMS AlISi Mg (67 mmx50 mm)
’ (b) (e)

http : //www. laserjournal. cn

(b) DMLS

Al-

Ti6Al4V

3

PV<O0. 4\

72

77

20

18
RMS



<\/10( A=632. 8 nm)

Sij Mg
®210 mm

(a)

17

(a)

19

2.2.2.2 SiC

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

. 80 SIMP
19( a)
Al-
SLM
19( b)
(b) - mm
2(115_1(15
0,
ig
0 E
20
10
0
-10
-20 mm
(b)
(d)
(d)
DMLS ™
(b)
CAD (b)
18  AlSi, Mg ®
(b)
(b) AlSi10Mg
SiC
o SiC
SiC

81-82
DLP 20( a)
Sic SLA
. . DLP
Cf / SiC SiC
21( a) . 3D Ceram SLS
21( b) . Horvath N *
SiC CVI CVD
CVI CVD
CVI

(a) bl R
RO A

TR v 4 R R
3DFTEN 4%

b G )R B
sk pg

A R S
RSN

HbA v 4 R A BE
AT

il < e S
i IR A PR AL 2T

B A i 1 4 R S
T

T B E m B
HERCE)Z

TEbA S 5 B
ot

SRR ) S
B STIEANLr

Hp S 4 RN B

81

20

(a) DLP
21

http : //www. laserjournal. cn

(b)) s — ey

SICHA RSk %

SICZE (] S S B ]

SICZ (] S St e B i

SiC73 ) S B AR G e a4

SiCZs [ [t BEC VDA HE

SiCZE ] AT BE MG

SiCZS ] f
? (b) SiC
(b)
¥ (b) SLS 8
SiC

http://www.cnki.net



Al
N
3.1
2,
2r
(1= (=)
q(r)=—7:e
R
) q(r) P
A r
R o
o
o
AY Al
o
o
o _ -
o
91
B
° CAD
STL
Al
o
(a)  JUferomnyds:
o
et dal 3 Ke T
LT
ANSYS Additive Work—
. . . . MEUR IR T
bench Additive AbaqusSimufact Welding Simufact Ad-
ditive o iR
HEBEERE ST
1/6-1/2
()
86 e
SRR B,
B T A% K]
22( a) Jo 7.
PR ER, ) TR A
HARHR R T, MRS
DEAD 0
AEFEHTEARER | BRI ABEHTARTR )
R BRI AT
W . A ;
& R, SR LKA, BT b
% MR MR, “
o in 4
o i
T 5E? IR
o
SEM LM
87-90
° ( b) 87
22

http : //www. laserjournal. cn

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



10

3.2
SiC

AT F AR
W

R F RN R
pUR L

EATIBAT 200 F
s

FRITHH T 1 2
I RARPRIR

4.1
4.1.1

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

23

[2iives

SCRHE BRI

S bl n T

T

SiCHAHH

SICHEERI it
s

gk

SiCR S AL
]

TSk
i #
SiC R -
SICIZ AU [ mnmt |

SiC 73[Rl R4

B R

S bA i K ) Ak

o

4.1.2

4.1.3 SiC

SiC

SiC o
4.2

AM

http : //www. laserjournal. cn

SiC

SiC

http://www.cnki.net



11

Voronoi

SiC o

Wu J. Design of High-lightweight Space Mirror Component
Based on Automatic Optimization C // 2020 International
Conference on Internet of Things Artificial Intelligence and
Mechanical Automation [oTAIMA 2020 July 10 2020 -
July 12 2020. Hangzhou China: Institute of Physics Pub—
lishing  2020.

Shao M Zhang L. Jia X. Optomechanical integrated opti—
mization of a lightweight mirror for space cameras J . Ap—
plied Optics 2021 60( 3) : 539-546.

YuQ Meng X Li A Chen] ZhangZ etal. Ultra—pre—
cision processing and detection technology for space light—
weight mirror C // 2021 IEEE International Conference on
Manipulation ~ Manufacturing and Measurement on the
Nanoscale 3M—-NANO 2021 August 2 2021 - August 6
2021. Xi‘an China: Institute of Electrical and Electronics
Engineers Inc. 2021: 315-318.

Butova DV Tolstoba ND  Fleysher AG  Starichenkova
VD. Options of lightweight mirror design and mounting such
mirrors in telescope C // Optical Design and Engineering
VII 2018 May 14 2018 — May 17 2018. Frankfurt Ger—
many: SPIE 2018: OPTATEC; The Society of Photo—Op—
tical Instrumentation Engineers ( SPIE) .

QuH Wei] DongD HuH Guan Y. Lightweight struc—
tural design of rectangular space mirror assembly J
Hongwai yu Jiguang Gongcheng/Infrared and Laser Engi—
50( 6) .

White DA Voronin A. A computational study of symmetry

neering 2021

and well-posedness of structural topology optimization J .
Structural and Multidisciplinary Optimization 2019 59
(3): 759-766.

Rong J Tang G Yang Z Fu J. A THREE-DIMENSION
STRUCTURAL TOPOLOGY OPTIMIZATION DESIGN
METHOD J . 2005 26
(13): 289-296.

DebRoy T Wei HL. Zuback JS Mukherjee T Elmer JW

et al. Additive manufacturing of metallic components —

Acta Mechanica Solida Sinica

Process structure and properties J . Progress in Materials

10

11

12

13

14

15

16

17

18

19

20

21

22

Science 2018 92( 112-224.

Ligon SC Liska R Stampfl ] Gurr M Muelhaupt R. Pol-

ymers for 3D Printing and Customized Additive Manufactur—

ing J . Chemical Reviews 2017 117( 15): 10212 -
10290.

Allaire G Jouve F Toader AM. Structural optimization u—

sing sensitivity analysis and a level-set method J . Journal

of Computational Physics 2004 194( 1) : 363-393.

Deaton JD Grandhi RV. A survey of structural and multi—

post 2000
J . Structural and Multidisciplinary Optimization 2014

49(1): 1-38.

LiuS Li Q LiuJ Chen W Zhang Y. A Realization

disciplinary continuum topology optimization:

Method for Transforming a Topology Optimization Design in—
to Additive Manufacturing Structures ]
2018 4(2): 277-285.

Zhu] Zhou H Wang C Zhou L. Zhang W. A review of

topology optimization for additive manufacturing: Status and

Engineering

challenges J . Chinese Journal of Aeronautics 2020.
Guest JK  Prevost JH Belytschko T. Achieving minimum
length scale in topology optimization using nodal design var—
iables and projection functions J . International Journal for
Numerical Methods in Engineering 2004 61(2): 238-
254.

Bends? e MP Kikuchi N. Generating optimal topologies in
structural design using a homogenization method J . Com—
puter Methods in Applied Mechanics and Engineering
1988 71(2): 197-224.

Mlejnek HP. An engineer ‘s approach to optimal material
distribution and shape finding J . Computer Methods in
Applied Mechanics Engineering 1993  106(

Bendse MP  Sigmund O. Material interpolation schemes in
topology optimization J . Archive of Applied Mechanics
1999 69(9): 635-654.

Osher S Sethian JAJJoCP. Fronts propagating with curva—
ture—dependent speed: Algorithms based on Hamilton—Ja—
1988 79(1): 12-49.

Lenz D Stollmann PJRan eacute r0. A level-set method

cobi formulations J .

for shape optimization J . 2002.

Nguyen SH Sohn D Kim H-G. A novel hr—adaptive mesh
refinement scheme for stress—constrained shape and topolo—
gy optimization using level-set—based trimmed meshes | .

2022 65

Structural and Multidisciplinary Optimization
(2).

LinY Zhu W LiJ Ke Y. Structural topology optimiza—
tion using a level set method with finite difference updating
scheme ] . Structural and Multidisciplinary Optimization
2021 63(4): 1839-1852.

Hyun ] Kim HA. Level-set topology optimization for effec—

tive control of transient conductive heat response using ei—

http : //www. laserjournal. cn



12

23

24

25

26

27

28

29

30

31

32

33

34

35

genvalue ] . International Journal of Heat and Mass Trans—
fer 2021 176(
Deng H To AC. A parametric level set method for topology
optimization based on deep neural network J . Journal of
Mechanical Design Transactions of the ASME 2021 143
(9).
Xie HYM. A further review of ESO type methods for topolo—
gy optimization J . Structural Multidisciplinary Optimiza—
tion 2010.
Yi MX Huang X Zhi HZ Ji WT Jian HR. Recent ad-
vances in evolutionary structural optimization ( ESO) and bi
—directional evolutionary structural optimization ( BESO)
J . Advances in Mechanics 2011 41(4): 462-471.
Querin OM  Steven GP  Xie YMJECIJfC-AE. Evolutionary
structural optimisation ( ESO) using a bidirectional algo—
rithm J . 1998 15(8): 1031-1048.
Harald G Paul H Patrik K. Shape and topology optimiza—
tion involving the eigenvalues of an elastic structure: A
multi—phase —field approach J . Advances in Nonlinear
Analysis 2021 11(1).
Gao ] Song B Mao Z. Combination of the phase field
method and BESO method for topology optimization J .
Structural and Multidisciplinary Optimization 2020 61
(3).
Auricchio F Bonetti E Carraturo M Homberg D Reali
A et al. A phase—field—based graded —material topology
optimization with stress constraint J . Mathematical Mod-
els and Methods in Applied Sciences 2020 30( 08) .
Carraturo M Rocca E Bonetti E Homberg D Reali A et
al. Graded—material design based on phase—field and topol—
2019 64

ogy optimization J . Computational Mechanics
(6).

Sui YK Ye HL Du JZ. DEVELOPMENT OF STRUC-
TURAL TOPOLOGICAL OPTIMIZATION AND IMMINEN-
CY OF ITS MODEL TRANSFORMATION INTO INDE-
PENDENT LEVEL ] . Engineering Mechanics 2005.
Atkins C  Brzozowski W Dobson N Milanova M Nistea
IT. Lightweighting design optimisation for additively manu—
factured mirrors C // Astronomical Optics: Design Man—
ufacture and Test of Space and Ground Systems II. 2019.
Apa B Maa C Dh A Ia A. Strategies for functionally gra—
ded lattice structures derived using topology optimisation for
Additive Manufacturing ]
2018 19( 81-94.

Atkins C Feldman C Brooks D Watson S Cochrane W
et al. Topological design of lightweight additively manufac—

Additive Manufacturing

tured mirrors for space C // Conference on Advances in
Optical and Mechanical Technologies for Telescopes and In—
strumentation III. Austin TX 2018.

Mici ] Rothenberg B Brisson E Wicks S Stubbs DM.

http : //www

36

37

38

39

40

41

42

43

44

45

46

Optomechanical performance of 3D — printed mirrors with
embedded cooling channels and substructures C // Opto—
mechanical Engineering 2015 August 10 2015 — August
12 2015. San Diego CA United states: SPIE 2015:
The Society of Photo — Optical Instrumentation Engineers
( SPIE) .

Peng X Sui Y. Lightweight topology optimization with con—
sideration of the fail —safe design principle for continuum
structures J . Engineering Optimization 2021 53( 1):
32-48.

Sigmund O. Morphology —based black and white filters for
topology optimization J . Structural Multidisciplinary Opti—
mization 2007 33(4): 401-424.

Bai W Li Q-H Chen W-] Liu S-T. A novel projection
based method for imposing maximum length scale in topolo—
gy optimization J . Gongcheng Lixue/Engineering Me—
chanics 2017 34(9): 18-26.

Shutian L. Quhao . Wenjiong C  Yongcun Z. Combina—
tion of Topology Optimization and Additive Manufacturing:
an Integration Method of Structural Design and Manufactur—
ing J . Aeronautical Manufacturing Technology 2017
10. 16080/j. issn1671-833x. 2017. 10. 02610) : 26-31.
LiQ Chen W LiuS Tong L. Structural topology optimi—
Structural
971 -

zation considering connectivity constraint ]
and Multidisciplinary Optimization 2016 54( 4):
984.
Wang D Yang Y YiZ Su X. Research on the fabricating
quality optimization of the overhanging surface in SLM
process J . International Journal of Advanced Manufactur—
ing Technology 2013 65(9-12): 1471-1484.
LiuJ Gaynor AT Chen S Kang Z Suresh K et al. Cur—
rent and future trends in topology optimization for additive
manufacturing J . Structural and Multidisciplinary Optimi—
zation 2018 57(6): 2457-2483.
Walton D Moztarzadeh H. Design and Development of an
Additive Manufactured Component by Topology Optimisation
C // 27th CIRP Design Conference 2017 May 10 2017
— May 12 2017. Cranfield United kingdom: Elsevier B.
V. 2017: 205-210.
ZhouY Lu H Ren Q Li Y. Generation of a tree—like
support structure for fused deposition modelling based on the
L-system and an octree J . Graphical Models 2019 101
(8-16.
Gaynor AT Guest JK. Topology optimization considering o—
verhang constraints: Eliminating sacrificial support material
Structural
1157~

in additive manufacturing through design J .
and Multidisciplinary Optimization 2016 54(5):
1172.

Zhang W Zhou L. Topology optimization of self—supporting

structures with polygon features for additive manufacturing

.laserjournal. cn



13

47

48

49

50

51

52

53

54

55

56

57

58

J . Computer Methods in Applied Mechanics and Engi—
neering 2018 334( 56-78.
Luo Y Sigmund O Li Q Liu S. Additive manufacturing
oriented topology optimization of structures with self —sup—
ported enclosed voids J .
Mechanics and Engineering 2020 372(
Qiang Y Zhongliang L. Fuxiang H Dichen L. Research
on Status and Development Trend of Laser Additive Manu—

Computer Methods in Applied

facturing J
2016 10. 16080/j. issn1671-833x. 2016. 12. 02612) : 26—
31.

Wang X Jiang M Zhou Z Gou J Hui D. 3D printing of
polymer matrix composites: A review and prospective J .
Composites Part B: Engineering 2017 110( 442-458.
Ngo TD Kashani A Imbalzano G Nguyen KTQ Hui D.

Aeronautical Manufacturing Technology

Additive manufacturing ( 3D printing) : A review of materi—

als methods applications and challenges J . Composites
Part B: Engineering 2018 143( 172-196.

Dizon JRC Espera AH Chen Q Advincula RC. Mechani-
cal characterization of 3D —printed polymers J . Additive
Manufacturing 2018 20( 44-67.

Bhuvanesh Kumar M Sathiya P. Methods and materials for
additive manufacturing: A critical review on advancements
and challenges J . Thin—-Walled Structures 2021 159(
Zhang ] Song B Wei Q Bourell D Shi Y. A review of
selective laser melting of aluminum alloys: Processing mi—
crostructure property and developing trends J . Journal of
Materials Science and Technology 2019 35(2): 270-
284.

Pasang T Tavlovich B Yannay O Jakson B Fry M et
al. Directionally — dependent mechanical properties of
Ti6Al4V manufactured by electron beam melting ( EBM)
2021

and selective laser melting ( SLM) J . Materials
14( 13) .

Xu T-T Cheng S Jin L-Z Zhang K Zeng T. High—tem—
perature flexural strength of SiC ceramics prepared by addi-
tive manufacturing J . International Journal of Applied Ce—
ramic Technology 2020 17(2): 438-448.

Tao Z Yi-kai Z Kun Z Si-wen Y. Fabrication and Me-
chanical Property of SiC/SiC Composites by Selective Laser
Sintering Technology Combined with Precursor Impregnation
and Pyrolysis Process J . Journal of Harbin University of
Science and Technology 2020 25(03): 163-168.

Zhu W FuH XuZ Liu R Jiang P

and characterization of carbon fiber reinforced SiC ceramic

et al. Fabrication

matrix composites based on 3D printing technology J .
Journal of the European Ceramic Society 2018 38( 14) :
4604-4613.

Park KS Lee JH Youn SK. Lightweight mirror design

method using topology optimization J . Optical Engineer—

59

60

61

62

63

64

65

66

67

68

69

ing 2005 44(5): 053002.

J. 2009 36
(04) : 35-39.
Liu S-T Hu R Zhou P Dong Z-G Kang R-K. Topo-
logic optimization for configuration design of web—skin—type
ground structure based large — aperture space mirror J .
Guangxue Jingmi Gongcheng/Optics and Precision Engi—
neering 2013 21(7): 1803-1810.
LiuS HuR LiQ ZhouP DongZ etal. Topology opti—
mization—based lightweight primary mirror design of a large
—aperture space lelescope J . 2014 53(35): 8318 -
8325.
Hu R ChenW LiQ LiuS Zhou P et al. Design Opti—
mization Method for Additive Manufacturing of the Primary
Mirror of a Large—Aperture Space Telescope J . Journal of
Aerospace Engineering 2017 30( 3) .
Shi Y-C Yan H-D Gong P Liu T Wang Q-L et al.
Topology Optimization Design Method for Supporting Struc—
tures of Optical Reflective Mirrors Based on Zernike Coeffi—
cient Optimization Model Zernike J . Guangzi Xuebao/Ac—
ta Photonica Sinica 2020 49(6) .
QuY JiangY Feng L Li X Liu B et al. Lightweight
Design of Multi —Objective Topology for a Large — Aperture
Space Mirror J . Applied Sciences 2018 8( 11).
QuY Wang W Liu B Li X. Topology optimization de—
sign of space rectangular mirror C // International Sympo—
sium on Advanced Optical Design and Manufacturing Tech—
nologies and International Symposium on Astronomical Tele—
scope and Instrumentation May 9 2016 — May 11 2016.
Beijing China: SPIE 2016: China High—Tech Industriali-
zation Association ( CHIA) ;
Engineering ( CSOE) .
Hilpert E Hartung J Von Lukowicz H Herffurth T Hei-
dler N. Design

Chinese Society for Optical

additive manufacturing processing and
characterization of metal mirror made of aluminum silicon
alloy for space applications J Optical Engineering
2019 58(9).
Horvath N Davies M. Advancing lightweight mirror de—
sign: a paradigm shift in mirror preforms by utilizing design
for additive manufacturing J . Applied Optics 2021 60
(3): 681-696.
Eberle S Reutlinger A Curzadd B Mueller M Riede M
et al. Additive manufacturing of an ALSI40 mirror coated
with electroless nickel for cryogenic space applications
C // International Conference on Space Optics 1CSO
2018 October 9 2018 - October 12 2018. Chania
Greece: SPIE 2018.
Zhang W Zhang G Guo C—h Fan T-y Xu C—x. Fiber—

reinforced silicon carbide and its applications in optical mir—

http : //www. laserjournal. cn



14

70

71

72

73

74

75

76

77

78

rors J . Chinese Optics 2020 13(4): 695-704.
Wang Y Wu X XuL Ding] MaZ et al. Fabrication
of a lightweight Al alloy mirror through 3D printing and rep—
lication methods J . Applied Optics 2018 57( 27):
8096-8101.
Sweeney M Acreman M Vettese T Myatt R Thompson
M. Application and testing of additive manufacturing for
mirrors and precision structures C // Material Technolo—
gies and Applications to Optics Structures Components
and Sub-Systems II August 10 2015 — August 13 2015.
San Diego CA  United states: SPIE 2015: The Society of
Photo—Optical Instrumentation Engineers ( SPIE) .
Herzog H Segal ] Smith ] Bates R Calis ] et al. Opti—
cal fabrication of lightweighted 3D printed mirrors C //
Optomechanical Engineering 2015 August 10 2015 - Au-
gust 12 2015. San Diego CA United states: SPIE
2015: The Society of Photo—Optical Instrumentation Engi—
neers ( SPIE) .
Hilpert E Hartung J] Risse S Eberhardt R Tunnermann
A. Precision manufacturing of a lightweight mirror body
made by selective laser melting J . Precision Engineering
2018 53(310-317.
Atkins C Feldman C Brooks D Watson S Cochrane W
et al. Topological design of lightweight additively manufac—
tured mirrors for space C // Advances in Optical and Me—
chanical Technologies for Telescopes and Instrumentation 111
2018 June 10 2018 — June 15 2018. Austin TX Unit-
ed states: SPIE 2018: 4D Technology; Andor Technolo—
gy Ltd.; Astronomical Consultants and Equipment Inc.;
et al.; Giant Magellan Telescope; The Society of Photo—
Optical Instrumentation Engineers ( SPIE) .
Atkins € Feldman C Brooks D Watson S Cochrane W
et al. Additive manufactured X —ray optics for astronomy
C // Optics for EUV X-Ray and Gamma-Ray Astron—
omy VIII 2017 August 8 2017 — August 10 2017. San
CA  United states: SPIE 2017: The Society of
Photo—Optical Instrumentation Engineers ( SPIE) .
Atkins C Brzozowski W Dobson N Milanova M Todd S

et al. Lightweighting design optimisation for additively man—

Diego

ufactured mirrors C // Astronomical Optics: Design

and Test of Space and Ground Systems Il
2019 August 12 2019 - August 15 2019. San Diego

CA  United states: SPIE 2019: The Society of Photo—Op—
tical Instrumentation Engineers ( SPIE) .

FanY DongD Li C SunY Zhang Z et al. Research

and Experimental Verification on Topology — Optimization

Manufacture

Design Method of Space Mirror Based on Additive —Manu—
facturing Technology J . Machines 2021 9(12).
CN111624691B P .2021-08-20.

http : //www

79

80

81

82

83

84

85

86

87

88

89

90

91

Tan S Ding Y XuY ShiL. Design and fabrication of ad—
ditively manufactured aluminum mirrors J . Optical Engi—
neering 2020 59( 01) .

Chong W Qiang—long W Yi—sheng C Rui—qi L. Tao L.
Design of Metal Mirror Based on Topology Optimizationand
Additive Manufacturing J . Journal of Changchun Univer—
sity of Science and Technology( Natural Science Edition)
2021 44(04): 13-18.

et al.

CN110922190A P .2019-12-12.
et al.
CN109467438A P .
2019-01-09.
Zhang H Yang Y Hu K Liu B Liu M
lithography—based additive manufacturing of lightweight and

et al. Stereo—

high—strength Cf/SiC ceramics J . Additive Manufactur—
ing 2020 34( 14): 101199.
Horvath N Honeycutt A Davies MA. Grinding of additive—
ly manufactured silicon carbide surfaces for optical applica—
tions J . Cirp Annals—Manufacturing Technology 2020
69( 1) : 509-512.
Han X CaoJ LyuH Wang C Ge] etal. Applications
and Development of Additive Manufacturing for Space Opti—
cal Remote Sensors J . Spacecraft Recovery & Remote
Sensing 2021 42(01): 74-83.
Su X Yang Y Liu J. Theoretical study on overlapping
mechanism in SLM based on interlayer—staggered scan strat—
egy C // 2010 International Conference on Frontiers of
Manufacturing and Design Science [CFMD2010 December
11 2010 - December 12 2010. Chongqing China: Trans
Tech Publications 2011: 1482-1486.

D . 2019.
Zhan M] Sun GF Wang ZD Shen XT Yan Y et al.
Numerical and experimental investigation on laser metal
deposition as repair technology for 316L stainless steel ] .
118( 84-92.

LiY Gu D. Parametric analysis of thermal behavior during

Optics and Laser Technology 2019

selective laser melting additive manufacturing of aluminum
alloy powder J . Materials and Design 2014 63( 856—
867.

Li Y Gu D. Thermal behavior during selective laser melt—
ing of commercially pure titanium powder: Numerical simu—
lation and experimental study J . Additive Manufacturing
2014 1( 99-109.

LiuS Li Q LiulJ Chen W Zhang Y. A Realization
Method for Transforming a Topology Optimization Design in—
to Additive Manufacturing Structures ] .

2018 4(2).

Engineering

.laserjournal. cn



