Y53 41 MoR BTk R e Rk Vol. 53 No. 1
20214171 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jan. 2021

DOI.10.11918/202002064
AL K 20 BR R O B 88 1% 1 &2 FEM-DEM = 30 53 #7
%’7;‘7}7}"1’3, _7%&5}]%§1,3’ w %2,3, ) 4%1,3’ ,ﬁ; z’%m, ﬂ}ﬁ-"—%m

(1. R HLH TR KV 410012;2. HEI RS B4R, K1 410012;
3. PRI RE EERE A e B R S Sk, KD 410012)

T OE BN A U oh R A PR WAL B TR R R R L AR AL A B IR IR B A . TR A A A )
MR IR A BAZ S TR ERENE. ZELRBEN AN SRR AR N E S AR T AT
FEM-DEM #5 & 1+ & 69 % R 38 55 8 343 sh 94 J7 . O FBRRBUR e N B 2 s B B9 R 38 42 1 0 ik, it 7 B 43 i B TR 4 SR
o IR B A AR A 4. FIH FEM-DEM A48 &+ 5 7 sk at s 3K 20 2 W95 3 R WA ESRAT T o4, Bl B R B & TRk R
Mohr-Coulomb 3% £ /- JUAZ AL 8y FEM JF & 7 3t l it . FIH 3D 47 7 Ak fi 7 72 4% R 28 30 20 AL, MR 7 SRk sh 2 1 13
R ERE A . FRERK A 5 HT Mohr—Coulomb # A B FEM A7t , | I FEM-DEM #&&1HE 7 %, ) &5
WAEWTNEERE S 143% ;ERARNEENFENRTURGINEANGERE D SR FORE T FM, A
XARM ARG RS BAFH TN ER TR T, RAE o A 489°RFAE T 72.7°.

KEER . AR 88 R, B0 B 3 ; & R E ; DEM-FEM; 42

FESYES . TU3TS XHEFRERD . A XEHES . 0367-6234(2021)01-0155-08

Design of soft actuator driven by granular matters and
its kinematic analysis based on DEM-FEM
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Abstract; Granular matters have the biphasic characteristics of transmitting pressure while flowing and stiffening
while jamming, which makes them the ideal driving medium of the soft robots. Yet with the complex mechanical
properties of the granular matters, it is extremely challenging to predict the motion of granular matters-driven soft
robots. Considering the discreteness of granular matters and the continuity of hyperelastic soft cavities, a motion
analysis method of the soft actuator based on the coupling simulation of FEM-DEM is proposed in this paper. The
structure of the soft cavity of bending actuator that has constraints of radial enhancement is optimized on basis of
previous researches. Rules of the actuator’ s deformation are analyzed using the coupling calculation method of
FEM-DEM and the contrast calculation is conducted with the FEM simplifying granular matters to continuous
medium using Mohr-Coulomb model. The actuator prototype is manufactured using technologies of 3D printing and
silicone casting, and the kinetic characteristic and capacity of variable stiffness are tested. The experimental and
simulation data show that, compared with the FEM based on the Mohr-Coulomb model, the coupling calculation
method of FEM-DEM proposed in this paper is expected to increase the accuracy of predicting the actuator’ s
bending angle by about 14.3%. Using granular matters with smaller diameters can improve the deformation capacity.
At the same time, compared with the original scheme in previous researches, the maximum bending angle of the
actuator that has constraints of radial enhancement increases from 48.9°to 72.7° without weakening the capacity of
stiffness tuning.
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Fig.1 Comparison of soft actuator cavity designs
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Fig.3 Materials used in actuator
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Fig.10  Stress distribution simulation results of actuator
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Fig.12  Experimental and simulation results of changes in the
actuator bending angle versus piston displacement
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