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Finite Element Simulation and Optimization of Cushioning Uniformity of Hyperelastic Materials
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[ABSTRACT] In order to ensure uniform stress on the surface of friable structure while flexible loading, we use finite
element method to simulate the load of hyperelastic material, analyzing and optimizing the uniformity of contact stress on
the friable structure. According to the characteristics of hyperelastic cushion under pressure, a model for evaluating the
uniformity of contact stress is established. Based on the analysis of simulation results of the basic model, two optimization
models are proposed to reduce the friction factor and to change the cushion structure; Aiming at the results of finite element
simulation, an experiment of flexible load is carried out to verify the validity of the finite element model. The results show
that the finite element model can, too some extent, accurately describe the actual situation of robot loading on the friable
structure, and the two optimization models can effectively improve the uniformity of the stress on the surface of the tile;
Compared with the basic model, the equivalent coverage ratio of the optimized model with 20mm hole is 77.44%, which
improves the uniformity by 15%. This result will provide a theoretical basis for the design and optimization of hyperelastic
cushion in the future.

Keywords: Flexible loading; Hyperelastic; Finite element; Uniformity; Evaluation model; Contact stress; Friable structure
DOI:10.16080/j.issn1671-833x.2018.01/02.082

P RATER IR R AR O, O T RIS SIVEEORBOS R IR RE S B AR, B HaE T I

Z ) HE A SR TERG i R v, A O N 2 8 1Y INAR S 1 UM RHR T AR 2L P O T By 1k s e P A
FEI M RER AR Ry WP B, W] DA HeifE A T TC 2R BHER AT R rh 2 2R, ﬁﬂ\%fﬁﬂﬁifiiﬁﬁﬁﬁ
MNP TS5 R R i By B 6 2T 32 ) 44 —BRIEEAT R G2 b B Dy e b, AT R Nk,
Al R SIVEEOR o BFFERVITTE SEBR I B0 T , bk bt

« EATE : B BlL 54001 H ( 20162E52053 ). BME R e 1S5 14 22 i, Jia tAF 2R 1T 32 07 B9 25150 1 B IS

82 WiZTMIEIA - 20184E 6185 1/210)




PN
RESEARCH mﬁtﬁi

ReiR B AR WMl 454 SE LR £ = 3%
SIPE? X T MEPECR R e A B B

TV AL I ST I 1 55 4 1 T SR PR X A 2k
14 DG B LA B AR (R 40 B A8 T CRBBILM: ) AS T R
AR R o EAESZ B, RIS W MEPE R e AR
W A 1 T3 AR BIMEPE A 3R o T AF R DGR AR 55
B R A CRIP FA) W i 2 ) AR 3 o 54 oA
BME A% A e i B G s e FAS o] 4 PR 1)
ST g7/ L N < ke a1 G R DA B 2 K )
TP A T e P 25 4 X A xt 52 7 3 5 PSR AR
e (R RLIE, LA AR FE B IS REIA B 220, W AiE ik K
SN A B E . AEAREBGX — 15 2 A LA L,
A] DA% ph 8 2548 SR T E— 2D A4k, 28 ik
e 2% HEL

Bl AE TN R AT & JE , W5 M S e i Akt
B 0 2 kG BEAR TR A BR TR T e, i A B
T LR AR U 2 HiTJS , WP 17 b 3 T 4 1z g 1 R
AN G R AR B RS RS SR, S e R Y
SIS B BAHDC . AR B 1R RIS A R 5 5%
A B A5 SENOCR AT DAIXTZE kit — 2040
feizit. XTI A B, A E T T
BT IREB IR0, EEIESE Y 455 ANSYS
PRI A3 At A A X AR B 3 218 7 LR b R 114 DL 1 A2 g 4
FEASTRY (135 FHYEBIEAT T 90 UE . KR 225 7 X R4tk
AT KA H#HAT 7058 $&ih 7 A ROT i 5
A S FAPEATRE Mooney—Rivlin &7 F7 24Pk RE H
B Jrk o el %5 ™ SR a0 %o A8 o ek R e T AR
FOCERIAT 7RG, 45t T AR B rh AR S B0
Jride

AR ORIk A R TT I T k4 A R v 2 AR AR ok
W MEVESS F4 A AEAT LA e R v e T 52 ) 1 145 50 1
T ML PRI ZR G B IR SIS AT OCR S8
B B) 25 0 T SR G R 5 ROC R e 58 JUSE
R 05 L, 38 A0 AH OG22 ok g e XA Y A T i
AT AN A LRI 28 P 254 1 B 25 Ak A0 , TRl
WA LI S S EHL

1 MR R

RS G iR T B R BIL R AN R S L
PEGE ohs VRSSO PER I, HEASH AN TET 1 7R o

G I [ G A G2 ph LR A, L AR T
Takd ik BLE A St 7 , 80 2 i B 2 o
PEE S I, NITTSE BT EVE S A R 2 e
£ SEUGNDEAE IR Ut LR IR YNSRI SO AR e D
A B e e T o

11 BIZHRmEgERTEE

AP 2 TR V5 I T 28 v i b1 5 | 2 i 44
BHEEL A it B 5 e i LT HE et 2 o i
JEEEE S R A AR L v o PRI, (o A B g R 2 P )
ML g ABAQUS Xtttk fit i, T
i 1 45 R A 52 B R 2 R R A5, R T TR R AR
AT AL R AR, AN (&l 2 Fim o

IR ZRZZ v 32— A B A R, (kBT
DRV A 2 B[] %) ek i 7, T A2 0 280K iz ) B AN [+)
A7 B S 25K () SR 197, I LA F ABAQUS/Standard £
SRR g, BB T A2, Static Al General, BT
T A5 M G P S 4 A 1 g 1 A R O TR 4
G2 RIS K 22 wpARobE beb i B R SR A, Rl 5
1000 A~ TG, e 285 0 101 o s A4, X 43 20 4
BTG ARl I A Sty 1) T 28K T % AR R 1 5
PR ANE, AR SN TR 2 Fizs o o sh B8 DN 00 it
G pP ARG PSS R 22 R) 9 PEE S B0 e AR I, HLAA G
ARSI T SCHR (9], BRAUIRES T etk 4544 - R 1w 52
F] 0.05MPa (¥4 7, o1 T HUAIN 50 H 19 & — -4
o ) UM 8 AR RO A S5O 1
171 g=0.05MPa ; ¥4 JJ 553046 h ) F=769.3N ; 4%
fit ST £ 2 PEE 4 DRI KR 10,=0.16 5 W5 A 2 A O A
E=94GPa; Hﬁ‘@%i"@#ﬂ@/m"ﬁ 4 ,U=0-25 5 C10 %H Col ﬁ%u
9 0.17 F1 -0.13,

- N BLER AL 22 (e E},

L DLE ARG S| A

Jill

SEL IR ) ﬁ

NGRS ) o
Ji ([ 52 22 v A 2

L)
rﬁﬂfiﬁ%*@ﬂ‘

E1 MM RE
Fig.1 Hyperelastic buffer model
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Fig.2 Finite element model of loading cushion
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Fig.3 Evaluation model of uniformity
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Fig.4 Distribution of contact stress at the bottom of cushion
0.10 -
0.094
0.08

0.07
0.06
0.05F————————————
0.04 -
0.03
0.02
0.01

AR A1)

Hefph)v J) /MPa

0 10 20 30 40 50 60 70 80
X FREHI 2 /mm

E5 ZWMBKMRZNSM
Fig.5 Stress distribution at the bottom of cushion
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