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Simulation and experiment of the stiffness of tendon connector flexjoint

LI Songyu, WANG Liquan, GONG Haixia, YUN Feihong, JIA Peng

(College of Mechanical and Electronic Engineering ,Harbin Engineering University, Harbin 150001, China)

Abstract. Five flexjoints of tendon connector with different rubber material or structure were simulated by FEM to
study the effect of parameters on the stiffness of flexjoint. The flexjoints were also tested under compression and
rotation load. The material tests are taken on the specified rubber, and a half 3D model and a 2D model are built by
Abaqus/Standard software. Neo—Hooke, Mooney—Rivlin and Yeoh constitutive model are used in the simulation.
The experiments and simulation results are compared to analyze the validity and accuracy of different constitutive
models, and the results show that the compression stiffness of flexjoints will increase as displacement increases, and
the rotational stiffness will decrease as the angle increases. The increase in the number of the rubber layers will
improve the compression stiffness but has little effect on the rotation stiffness. The results of simulation with Yeoh
model can fit the experimental results very well. The Mooney—Rivlin model can also provide a relative accurate
results under small deformation. The compression simulation results of Mooney—Rivlin model will be smaller than
test results because that model cannot reflect the “upturn” of rubber material. The Neo—Hooke model provides the

biggest error.
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stiffness
KT BRI SR, I Sk TP B EOEAR K. BRIE AR AR R — MR

IR 5 R AL A 2 4 5K BB S A SR S RIRENEER AR AT B R B DA O i

o K IR 5 7 A R AR v 23 B A T R
TR = A Tl v N R A 3 i O B i el
PR E R AR ; RN T ORI S A , fE K IR
V15 258 U I P A AR B — 2 T T, i
PR SRR g i i — RE WY TR 7, IR R AE i 42 i

RS EE: 2017-11-14

E€WE: TR EARMMBIN H (CCL2015SKGF0012)
K B RFHFA R4 (51305088 )

EERIAY . 2P (1989—) , F , H-L0F50 2L
ENIAL(1957—) , 5 82 A S

BIE1ER : LA, wangliquan@ hrbeu.edu.cn

PRIt —E s bk, &8 E B a5 LT
HRAZ B KIE ). DA B XA e 7 1 D i 4
ST EoE.
BRI il R e AR 22 T R4 P R A A
SR X T f37 Mt 32 % 7 P BRI A5 e i 7, 47 e =2 A1 O
RISIFTT. BT AR b AL 1) v B R Rk e, TRt
il AR S AR BRI 25 5 A BT T AR ST AR M R
(12D S T RIS A R S 8, T AR
—ZI R RHR R B AR EC T
JEL AT B T 1 % BROE S Rl R SEA TR 5. SR,



St

186 - IR T

AN S

5 50 %

X 1 i 22 42 2% AR i S oK I iF 58, A Hannus
Sl A B v 7 2 S S L P R AR il R A
TRED L

AR SCHIF 58— Fi BROE AR B Sl 7K & T I B2 3 0 7
G5 0 5 AN IR B2 R4 100 57 i 32 4 s HT3ROEAR
AR IEAT T 40 542 IR0, X5 AH R A AR A
TFRes: A FRIcHE AT 05 5. XA BRITT 5
RIRZE RIEAT T X LB UE, 20 8T T 3 Fh A AL ()
A RNE AT TE  BETE TARIBCA B} | 42 i R BOMAZ i
S i D 3 RS Bl I 2 1 5

1 PR AR I T

1.1 BREBEGH &R =

VEFE 5 FhERIE AR B AR 47 06 L i e, AR 44
LR RIS TR SIS ) BRIk, & B R A 45 54N
LA 1 B 5 HEC B %) 7 M 12 2 25 PN R 45 4 4
Kl 1 s, A LAR B PRI HR 5 i B AR i | 2K 32 77
i b (R AR A far 5

S '

Wik Etdy BB ARSNI

(a) AR H AR S BREAS I R

(b) =2 BRBRIF 5 R B (HL mm)
1 fiRiERESRREEERG

Fig.] Geometry dimension and details of specimens
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Tab.1 Test parameters
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mm
D3 NBR 3 3,4,4,3 7
D4 NBR 4 2.5,3,3,3,25 5.2
D5 NBR 5 2,2,3,3,2,2 4.2
Q3 HNBR 3 3,4,4,3
T3 KR 3 3,4,4,3
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Fig.3 Uniaxial tension test
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Tab.2 Constitutive model parameters

Neo Hooke 1571 Mooney Rivlin 1574

Yeoh 57

Gk C/MPa D, /MPa~! C,i/MPa C,/MPa D /MPa~' C,;/MPa C,/MPa C3/MPa D,/MPa~' D,/ MPa™' D,/ MPa™!
NBR 0.505  0.001 40 0.193 0.1390  0.001 39 0.307  -0.0109 0.000 476 0.001 68 1.29e-5 —1.45e-7
HNBR  0.882  0.001 56 0.387 0.1170  0.001 56 0.496  -0.0196 0.001 200 0.002 18 7.37e-6 -7.14e-8
KRB 0.796  0.001 45 0.359 0.0842  0.001 45 0.440  -0.0174 0.001 150 0.001 84 1.04e-5 -1.09¢-7
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different rubber material %
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Tab.5 Error of compression simulation results of flexjoints with

different rubber material %
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Tab.6  Error of compression simulation results of flexjoints with

different rubber material %
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