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Hyperelasticity of biological soft tissues and simulation analysis on

the clamping process
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of High Efficiency and Clean Mechanical Manufacture ( Ministry of Education) , School of Mechanical Engineering,
Shandong University, Jinan 250061, China)

Abstract: Objective To determin the hyperelastic constitutive equation of biological soft tissues and study the
mechanical responses during the clamping process of biological tissues. Methods The destructive uniaxial ten-
sile test was performed on fresh porcine liver and the uniaxial tension experiment was simulated in ABAQUS. The
hyperelastic constitutive equation of porcine liver was determined by comparing the simulation results with the ex-
perimental data. Based on this equation, the sharp teeth-shaped and wave-shaped chucks were used to simulate
the clamping process. Results The simulation results of the tensile experiment with the 4"-order Ogden model
were in good agreement with the experimental data. The results of tissue clamping simulation showed that stress
concentration was more likely to occur when the sharp teeth-shaped chuck was adopted. Conclusions The 4"-
order Ogden model can be used to describe the hyperelasticity of porcine liver and determine the relevant para-
meters. Using the sharp-shaped chuck is more likely to cause tissue clamping damage, and there is a linear rela-
tionship between tissue stress and clamping feed distance. These research findings provide references for the de-
sign of surgical clamp.
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Fig.1 Experimental setup (a) Schematic of the tissue specimen,

(b) Photo of the experimental platform

I, # B S min 2 R 7% R otk 46 2R R
5 K, e A SR o A 2 7 il 2 BRA <08
2 Z AN 22 S AN /N B2 28 5 AU R L2
J12E R E E IR BAR G AR E R A, T LA T Wy s A

8 T HUE 2 2 0 B By Iy 538437 e S 36 A I S
1o B H P I A SRR ISR & 1,
PR RTE T H TP, T8 BRI X SRR 45 R Y
SN SRR R IR ST Sk L 2 mm/s
JE BB, BERIHAE2WR . RITZ M5
HETRRE A T A W R A S0 SR 37 e e 2H 41
32 JIREL AR AR RS . PR 2 IR 2 mm/s i
BRI SR 3 ALRL W se s i 2 4N Ty it £k, o3
BT Al #2 #3

12 #1 #2 3
\
10} /\
z 9
~
R 6
&
& 4t
2
0

0 4 8 12 16 20 24
HifHE/mm

E2 FFAEAR SR RIS H AT S L
Fig.2 Force curve of porcine liver during the uniaxial

extension experiment
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Tab.1 Destructive force and threshold of the test-piece

N ] F./N o/kPa o s/ kPa
#1 10.49 104.9 —
# 10. 69 106.9 107.7
# 1. 12 111.2 —
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Fig.3 Comparison between the simulation results and experimental

results
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Fig.5 Comparison of tissue stresses

(a) The peak stress, (b) The stable stress
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