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Topological Design of Fully Decoupled Compliant Mechanisms with
Multiple Materials
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Abstract: For the input coupling and output coupling issues of compliant mechanisms with multiple degrees of
freedom, a method for topological design of fully decoupled compliant mechanisms with multiple materials is
presented. The multiple materials interpolation model based on the element stacking method is adopted. The
maximization of the weighted sum of multiple output displacements is applied as the objective function. Both in-
put coupling and output coupling constraints are proposed to suppress the coupling issues. The coupling con-
straints and the structural volume for each material are used as the constraints. The model for topological design
of fully decoupled compliant mechanisms with multiple degrees of freedom using multiple materials is estab-
lished. The method of moving asymptotes is adopted to solve the topology optimization problem. The obtained
compliant mechanisms considering the coupling issue is different from those without considering the coupling is-
sue. Both input coupling and output coupling of compliant mechanisms with multiple degrees of freedom can be
suppressed effectively. The input and output motions of the compliant mechanisms can be completely decoupled.

The influence of different coupling coefficients on the results is analyzed.

Y #5 B 85 :2022-03-25
EL£W A . HEKARBEIES (52065019, 52165002, 5166501 1) ; 11P644 H 48B4 5E4: (20202BAB204015, 20202ACB1.214013)



5

st

i

EE 2

Key words: compliant mechanisms; multiple degrees of freedom; multiple materials; topology optimization; full

decoupling

FIHLR 2 F T B S i kA2 e iz s g
AE 115328 2 i v 1) — R R AR AL, 5250
MIPENLRY LU 8L, B BAT < Be e i iz sh ks
15 I BT o PRI SRR 32 TAE 26 A
AL 2 48 (micro—electro mechanical system, MEMS)
AW BRI AN ST M AL T R B R
FIHLAL ) F LR kL — ., Z R R AL
AT D)3 ik B A [ R R 0 R P 4 T LA 25 B
RS,

5K 78 B APt — b B TR AT SR I 1Y 2 AH B R
FIGHLR FAMEAC B T T7 75 W — A A0 Z A M
ABHE T ) 8 2 HOS Ry HRE - BT R) R  Majdi 450
K H 45 1] [A] P4 44 BHE ST B (solid isotropic material
with penalization,SIMP) FI3c 8 & sl Akt f7 £
AR B R LA P AMEAE 33T . Zuo SFMER HIEE T
e PRSI BRI (B A5E 28 AT 22 AH B RE SR AL A
I, TG AT 128 i, Rostami S52H& 1 T
— ol T O ) A 5 5 R B T 1 1 22 AH R AL A #
FMIEAC BT 71 o Zhan SR F AT 43 85 06 7 46 (6 J5
AT Z AR BRI 1 ) 29 R s AL it
{145 B AFBA 5 48 W 2 R L AR 1 T 295, R SE
F B O R D 22 R R SR RILAS #
Yok e, FEsChs TR, &% FEEA 24
A 22 0 22 R BB R AL

H A, 25 A 25t 2L 6 4k i 1t
K2R — b B3I, Frecker S5 H A T5
VA ) N C A= R ANEE S G L R TN 2 TS
EAILAE #1 FE A BT, {H R AR X 2E 45 1 A A A
¥ Zhu FFOSR A8 T 2, LA 7R g 5 0 A2 RE
Fe AR S5 KA AR AL B bR 547 22 4 i SR ITH LA 46 b
AL, Alonso ZF1IL A A iy A B AT 7 A= 1 HL W
A5 BB 1 S I B KA H AR R, S Z A 2 i
SRR F AN ALY SR, DL b B 5T 34 22w
T Z H R R A TE R S | RS RO
MELLSE I Z A4S B i BE Ty ) 90z SR i e o 2Rk
SEWSy AN RS T A RS R T 2

A 2RI R MEAL BT il , Zha S
SR 1 AR B BE AT 58 42 A 1) 2 AL A 41 $ 8 AL
B, LA A S SR LIk Z AR
FMTALH H 3B 0T 55 B A 2% rE 4 il i AR 5 F
B AR RO, e AR SO Y — R T 2 AR A R
58 MR Z A AL SR MR B T 1%

1 ETSHEMBETEBEZ IV HH
L ER

11 ZHEMRHEERE

53T SIMP 12 (9 22 R B RH (A T A [A] | S
T T AR 1) 22 AR R R (BB A R OB
B — > P IT Y B — A AL RO B — A TR EE | REA
5 TR [R) A REAR O 320 B 46 1 HE AT 22 ARERE SR I
PRI BETT o AR SOR HIE T 5T BRIL
22 MR R 47 AR AR

huﬁixiﬂh4mfﬁﬁ} ()

Sk, HHTE e BRI R K S5 ¢ AR
B 4 T R B s b A, A, 2030
5E e AP T4 § ARBEEV RV A BERHA R 125 B,
1 py 2055 R A0 3, Ny 36 2 AR bR
HBH
12 U EHRER

X T 20 A 2t R IR B 3
TR A 58 6 7 A PR 47 D66 B o8 37
R 1432 3, 3095 00T B HEA  0  10 3)
A A S BT AR X R0 B
NS T A B 2 A LRI B 0 4 35 10 12
.18 1 HE A LA MR T 1
O, 53 M F R B A i (i=1,2, - n) F H 0 0 (i=1,2,
on) o SRS I, 601 A 4007 S, W 7
1158 0, PR LR o, Ty S

T B 32 E K L BT LR 2 6
SR 1 LS o, AL A B R I




W A T A ARG S8 42 R 2 THLR FR G A BT 3

E1 @A SHHZIRVAEIMALEITE
Fig.1 Design domain for topology optimization of multi-
input—output compliant mechanisms
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Fig.2 Schematic diagram of the input and output
coupling issues for compliant mechanisms with multiple
degrees of freedom
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Fig.4 The topological configuration of the multi—-material
compliant mechanism obtained by topology optimization
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Fig.5 The convergence history of the objective for
topology optimization of fully decoupled multi-material
compliant mechanisms
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Tab.1 Results of multi—-material topology optimization of multi-input—output compliant mechanisms with decoupled
constraints and without decoupled constraints

Topology optimization model Ug Lo, oy 1 w, oy 2 wy
Without decoupled constraints 115423 10.281 4 -3.374 8 1.648 9 6.964 2 1.648 9
With decoupled constraints 10.424 5 4.818 3 -0.064 6 -0.003 3 0.076 3 -0.003 3
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Tab.2 Results of multi-material topology optimization of multi-input—output compliant mechanisms with decoupled
constraints under different coupling coefficients

Different coupling

coefficients o o o Up,i Uoi 2 Up,
&=n"=0.1 10.098 7 4.909 2 -0.209 0 0.227 2 0.237 2 0.227 2
&'=1"=0.01 10.424 5 4818 3 -0.064 6 —-0.003 3 0.076 3 -0.003 3

&'=1"=0.001 10.449 9 4.776 2 -0.019 5 0.000 5 0.024 8 0.000 5

(a) £=7"=0.01
6 TEMBRIMAKSEHN S A BZ IR 45

Fig.6 The topological configuration of the multi-material
compliant mechanism obtained by topology optimization
with decoupled constraints
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