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Abstract: In the topology optimization proceses, the number of subdomains would increase, so
that the material distribution would occur at the junctions between the outer diameter and the inner di-
ameter, and the too little optimization spaces in the subdomain of topology design would affect the o-
verall performance of the structures. Therefore, the topological optimization models of single material
{lexible mechanisms were proposed based on the ITT. Through the description of material properties
and attribute parameter calculation, the models made the value of the design subdomain number on
the basis of adapting to the material characteristics and distribution of materials, so as to ensure that
the structures had enough optimization spaces. Aiming at the maximum geometric gain of the mecha-
nisms, the topological optimization models of single material flexible mechanisms were established
based on the element-free Galerkin(EFG). In the topology optimization processes, the grid-fess Galer-
kin method was introduced to construct the EFG relative density field, and the EFG nodes in the de-
sign domain were used to construct the deformation function. Under the conditions that the material
properties were effectively described in advance, the nodes might be flexibly arranged, so as to avoid
the phenomenon of numerical instability, which might affect the performance optimization effective-
ness. The typical analysis examples demonstrate the effectiveness of the proposed method.

Key words: informed tectonics theory(ITT); flexible mechanism; topology optimization; materi-
al property description
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Topology optimization design method of single material flexible mechanism based on ITT
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reverser and the role of input force and output force

ENIFE U, . SN R B/ MEBU B0k 0.4,

A 60Si2Mn 19 44 5% 57 M g N A2 iR
HEHEMZER R N M2 E£xR. WA 3
Jiaw Af ] Walker #5584 1 g 0 {8 5 57 7 iR {8
WG R RO I AE BT R /ANR F L, = 1.5
N,F,.=—0.9 N,

100 -
BEROG T
= N R R AE
o gifi 4tk R A% R

10!

P & ¥Rk N AR IR 18
o
&
S % SAXTIPN
I R LT B
é ..A.' .....
S A
’né 103k .
K.
10 T | AT L nal B
10! 10?2 10° 10* 10°
#f N

B3 SHEM 60Si2Mn B L 35 M R R AE
Fig.3 Characterization of the material fatigue properties

of the spring steel 60Si2Mn

J T s A R0 ) ) St SR RORS T AR RN
Proe/E[CREO B iy 1 Fl 7 42 51 A Bk
50 v 8 I T g R R e A A, 7 R Y o
e B et mm BE N R SRR B AL i TR
e R AL RS E [ I 7 ST R 1] 4% S H U AR Y 2
Xk HE A AR AT — S AR R A 1R AL L e IR R o ST
FOMERE L8 T 5 S A A5 M A AL e it . 7E xS 8ok
AR AT AT BRIC 3 A 22 T oK K S A ) S 1) 4 A6
HIYE ANSYS Workbench ) Geometry #8852 i,
AU 4 Fros . BT AR IR B e AN-
SYS HEAT bR S BOR T

0 150 000 300 000
—— e mm

75000 225000

B4 REFBEEIA
Fig.4 Reverse-back model import

3.2 BETESH

BT B K] S 5 g3 B 4l R R v R U0 AH
K BERIR o3BETT BE A B A B TC AT R KR
R 5 M TSR B AT SRR . A AR R PR AT
iR J5 I EFG 7 58 B vH U e B of

« 877 -



R EALAE TR 45 36 & 45 4 ) 2025 4FE 4 A

AT SR 3 iR T U U R R, )
Sy VETT IR LR A 2 IR T O 4 R 0 A M T 5
BRI TR ZE, A B vk b ORE 08 A A5 A K 2
BT IR A S) 3 5E A A B R T R A R R
e 0 it il 45 R S Y e B R AL 2R AT Al Ak sk 1
FA AL, XoF AE B ) S 2 38 O A 2 A Ak 1)
i B BEEERR A AT DA AR e T AR B RS
R AR . 0 W EUE B R AL
23 72579 jiF 3958 AT I IT, B e )
Gy 85T T 5 2L 254 43 AT .

2 o P it o A BHDRE EHE RE e T A A R 1Y
HERA T AS IR B 20 o 5 1, S5 SR AR 22 AR K. FE i
TR 30 5 /INFL P R A i i T R 24 R, 2 SRS in 4
BN 5a s 56 K3k, L% sl fT 2242 5
KRR AET F1 24.88 kKN FA] 5| fi & 20 000
kg FFHARSHONRIE TR 2 5] 4 W% ) 45 5L
N T0~90 A, 78 S 1) 2545 A 1y b T 1 it fin v
—Y Jr % 500 N Zfar , 27 U m &S SR an &l 5b B
NSEAR NS

0 4V><103
1 mim
2X10°%
(b)) Zfaf Jiti
(=Y J I, F=500 N)
B 5 ARSHFHAHMHEM

Fig.5 Constraints and load application

Ca) [ 58 29 978

3.2.1 ehsh
XoF 2 [0 4 5 B 25 K8 R A E AT 38— 4 T, 1B 6
SRy BT Al Kb S AR 4 R s L R R R AT i
FHE R4 5 % 4b BT 9090 4S5 AR 1508 A4S
JC. HE 6 A LLE L E T AER T xR Bk
Wb F e R AT A B H v 3 Y B A Ak R AR Y HE
WEAE L 5% 0.005 58 mm, i P — b A L E (B
0.003 10 mm, J& M A 28 T B i /N . B 7 R
iyl Ak 107 T 2 R 31 S TR A A 5 R N g A Y
TIBUEIEF] 0.434 MPa, £¢ b #3235 007 58 i
fraEsk.
3.2.2 EmR
AT sty /N FL AR 7R SE PR 2 5] 5 N 3 4R e i
e T 55 A S R AT L WO A i o R A 2
HL L8 Sy iz Ak AR AN T B it in 2 A 5 2 R R
. 878 -

mm
0. 005 584 5
) 0.004 964 0
0.004 3435
~ 0.003 7230
\ 0.003 102 5
0.002 482 0
0.001 861 5
0.001 2410
8. 000 620 5

Ca) iy ol Ak 2 ASE 40 45 (b) 28 48 e = &

B 6 HIEY B Ab
Fig.6 The model crankshaft

MPa

0.433 820
0. 385 620
0. 337 410
0.289 210
0.241 010
0. 192 810
0.144 610
0.096 101
0. 048 205
0.027 910

B7 REpELNAOZE

Fig.7 The stress cloud map at the model crankshaft
AL R = . AR S BT ) o e A
6498 A~ A 1076 D HIT, WK 8 FT R, 78 )
BT R AL B R A I AT T 0L A A
TR AL R E PEESR L B9 I A AL I )
=B R RN ) A D R E A e Ab L K fE A
0.096 MPa, AKX T8 4 FF 2R T Y 8 & Ak A2 2
PEP R A I . fh O IR LA G R R R

mm

- 0. 005 584 5
— 0.004 964 0
0.004 343 5
0.003 7730
0.003 102 5
0. 002 482 0
0.001 961 5
0.001 2410
0. 000 620 5
0
() B BB (b B R
E 8 B [EE 4
Fig.8 The model fixation
MPa
0. 433 820
0. 385 620
0.337 410
0.289 210
0.241 010
0.192 810
0.144 610
0.096 101
0. 048 205
0.027 910

H9 #HEBEELNHZE

Fig.9 Stress cloud map at the model fixation
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Fig.12 Cloud diagram of deformation and stress results
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Fig.13 Model reconstruction with load and

constraint reimposed
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Fig.14 Stress analysis of the model reconstruction
R 2 TR T R AL 3 RS B9 30 F LA D7
55 R G TE MRS k1 B 1) A AL BT 4 SR X
FHES T AL GET0 WIS 35 5 1 01 44 3 L8 1) 31 4 h
LA T 3 7 iy Ak B B8 15 Juk o e K s D
2950 %0, A AW T R BT T O 2 Sl it
TRz B A i L 24 B T 7 2
A DIE A 2 TR] B 28 FT 3R A5 19 45 4 41 $1 4 TR g A% []
R 3 A2 445 F) 20 B R Jo £ 22 P R A A A R L 1
PRFEE PR AN 32 52 TR B T4 T B8 5 sl /N 31 410 Ak
A BT Y 4200, S T 45 M i i Ak
x2 ETHBEMEEENEIMUAETES
R T MR R m SRR AL SRR

Tab.2 Comparison of inverter topology optimization

design results between topology optimization method

based on ITT and traditional meshless method

ENEVE:S BTk | R A (TSR ) | Ak S A A
S T/ A4 /A /min U
B FJE ) 1
LIS NE /AR 3958 23 725 7.23 42%
ey
£ 58 TC W ¥ 7450 45 450 9.15 69%
4 i

R AL P A ) B T 1 del K e {7 3 A

BHRFIE 5 70 A1 9 S At b AT DRAESS 4 BoAT 2%

DI A 2 Tl 6 T SR 15 A o BILIE 4R H B RE SR

LRI ALY 2B DURE A 4 O A 3

DARTRE VT8 S Al DLALAG Y LA 1 25 e K

Jy BAR ST EFG 2 0 SR S MEHLRY # 4
+ 880 -

DEARRERY , Sy 7= i i | 8 25 O T i) DG Ak i 4R
BT — R AT R B 5 ik . I T AL B B Bl
BT IR TR I 2 5000 AU SR R T
T 2 T B LA =S 1) B R, AR HT
TS WL v Bh AT 2R A2 51 A Bt o O B A T
B E , K A% 7 5Tk g/ B A A T Y 4205
ST AR AL . A SCIR ST R O N R
e RN L IF AR B S T 5 1 A R
AR I7 R AE I A B 45 A8 28 B rp Je 7 4 R T, 7R
FoAb Ry IR I R R 45 4 vh A7 s I =R B A e —
B4 D 22 - AT 5 75 2 Jm B BIE 50 Hp A — 28 A 4R 3T
Bk,

B 3K

[1] HOWELL L L, MAGLEBY S P, OISEN B M.z
IR B i B E 5 S LM, B 5, T35 %, Stk
WAL T A HOE I RRAE . 2015,
HOWELL LL, MAGLEBY S P, OISEN B M.,
Flexible Mechanism Design Theory and Examples
[M]. CHEN Guimin, YU Jun, MA Hongbo, et al.
Trans. Beijing: Higher Education Press, 2015.

[2] ARUMUGAM P, KUMAR A. Design Methods for
Compliant Mechanisms Used in New Age Indus-
tries—a Review[]]. Journal of Applied Engineering
Science,2016,2(374) :223-232.

(3] T o4, ) 3 . PR 5% i, 45 2 M HLAG K HL 1 JH
FE L)), DU TR 242, 2015.51(13) :53-68.
YU Jingjun, HAO Guangbo, CHEN Guimin, et al.
Research Progress on Flexible Mechanisms and
Their Applications[]J]. Journal of Mechanical Engi-
neering, 2015, 51(13):53-68.

[4] LARSEN U D, SIGMUND O, BOUWSTRA S.
Design and Fabrication of Compliant Mechanisms
and Material Structures with Negative Poissons Ra-
tiol CJ] // Int. Workshop on Microelectromechanical
Systems. San Diego, CA,1996:99-106.

(6] ZRASESET /K45 J5 ¥ 14 43 A =0 2 WAL 36 $h AR

BB D], )M AR L TR, 2014,
ZHU Benliang. Research on Topology Optimization
Design of Distributed Compliant Mechanism Based
on Level Set Method[ D]. Guangzhou: South China
University of Technology, 2014.

[6] H .2 WA, B, 55 75 8 i 20 5 19 TC 5Bk 2
A28 R HUR 3 MO AL BT O i [T ] PL AR
B ,2022,44(6):1371-1379.

GAN Wei, RONG Jianhua, ZHAQO Lei, et al. To-
pology Optimization Design Method of Hingeless
Multi-input Multi-output Flexible Mechanism Con-

sidering Buckling Constraints [ J ]. Mechanical



eI R T S B SRS PEALA R M — R

mooE R

[7]

[8]

[9]

(10]

[11]

[12]

(13]

[14]

Strength, 2022,44(6):1371-1379.

B, B, I ARG EEERRFRN A
ger e s R A0 A LT ] TR Jy %, 2000, 17
(1):25-34.

LI Ge, QIN Quan, DONG Cong. Optimal Place-
ment of Sensors for Monitoring Systems on Suspen-
sion Bridges Using Genetic Algorithms[]]. Engi-
neering Mechanics, 2000, 17(1) :25-34.

SREESG, XA, B2, . ZEM LT KM%
Galerkin i f# MR AL LT ], HLAR TR 2241, 2009,
45(12) :137-142.

GONG Shuguang, LIU Xiang, XIE Guilan, et al.
Topology Optimization of Meshless Galerkin Meth-
od under Multiple Load Conditions[J]. Journal of
Mechanical Engineering, 2009, 45(12) :137-142.
ZHANG Y., GE W, ZHANG Y, et al. Topology
Optimization of Hyperelastic Structure Based on a
Directly Coupled Finite Element and Element-free
Galerkin Method[J]. Advances in Engineering Soft-
ware, 2018, 123:25-37.

FESCWE, RS, W14, L BT ARENAS
N EFG &3 FMEA T a5 (1], [ & 7724 22 4k,
2014, 35(2):160-166.
DU Yixian, CHEN De, HU Jinrun, et al. Re-
search on Topology Optimization Method of Adap-
tive EFG Method Based on Node Density[ J]. Chi-
nese Journal of Solid Mechanics, 2014, 35(2):
160-166.

FECHE, 5, FE AL BT I0 R B Y S ]
WIMEAL BT R RE MK [T ], T/ 4%, 2010,
27:266-271.

DU Yixian, FANG Zifan, TIAN Qihua. Topology
Optimization Design and Performance Test of In-
verter Based on Meshless Method[ J]. Engineering
Mechanics, 2010, 27:266-271.

ZHAO F. A Meshless Pareto-optimal Method for
Topology Optimization[ ] ]. Engineering Analysis
with Boundary Elements, 2013, 37 (12). 1625-
1631.

KHAN W, SIRAJ UL I, ULLAH B. Structural
Optimization Based on Meshless Element Free
Galerkin and Level Set Methods [J]. Computer
Methods in Applied Mechanics and Engineering,
2019, 344:144-163.

ZHAO F. Topology Optimization with Meshless

Density Variable Approximations and BESO Meth-
od[]J]. Computer-Aided Design, 2014, 56:1-10.
[15] SHOBEIRI V. Topology Optimization Using Bi-
directionalevolutionary Structural Optimization Based
on the Element-free Galerkin Method [ J]. Engi-
neering Optimization,2016,48:380-396.
wiIs, ZY BRGS0 g 4r A BT i
KA IF RZLD]. Kt . REH TR, 2022,
XU Bingbing. Domain Free Element Method and

[16]

Software Development in Coupling Analysis of
Multiphysics Fields[ D]. Dalian: Dalian University
of Technology, 2022.

OXMAN R. Informed Tectonics in Material-based
Design[ ] ].Design Studies,2012,33(5) :427-455.
OXMAN N. Material-based Design Computation
[D]. Cambridge: Massachusetts Institute of Tech-

[17]

[18]

nology,2010.

[19] ANNAMARIA P, PATRIZIA T. A Multifield
Continuum Model for the Description of the Re-
sponse of Microporous/Microcracked Composite
Materials. [ ] ] Mechanics of Materials, 2021, 160:
103965.

SR EOR AN AL T R A 3 B8 7 R B bR
PR T (I WU T, 2019,36(4) :134-139.

SU Ke, WANG Laijie. Research on Product De-
sign Material Selection Based on Informed Con-
struction Theory[ ]J]. Mechanical Design, 2019,36
(4):134-139.

IRI ) DI B TR R S B 0BT T R TS
E T LI HUR 1T,2017,34(12) : 105-110.

SU Ke, LIU Xuejiao. Research on New Product
Development Method Based on Informed Construc-

tion Theory[ J]. Mechanical Design,2017,34(12):
105-110.

[20]

[21]

(g mHE)

TEEREIN: 3 T 40,1980 4R, LA gE . B ST 7 ) O
A %1 . E-mail:coco_su0716@163.com,

A5 RS

PR, LA, BRI L AF R T NG A i B 1 R R SR PEALI I
FMEARLTD. o E AL TR, 2025,36(4) : 873-881.

SU Ke, WANG Ying, LIANG Tengteng., et al. Topology Opti-
mization of Single Material Flexible Mechanism Based on In-
formed Construction Theory[J]. China Mechanical Engineering.,
2025, 36(4):873-881.

+ 881 -





