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Design and Bending Performance Analysis of a Pneumatic Flexible Gripper

SUN Longfei, LIANG Shuang,SHI Suhang

( Shenyang Ligong University , Shenyang 110159 , China)

Abstract; To improve the grasping compliance and stability of the gripper,a pneumatic rigid-flexible
coupled gripper is proposed,featuring actuation layers made of silicone rubber. Firstly,, based on the
Yeoh constitutive model describing the nonlinear deformation of silicone rubber and the principle of
virtual work ,the relationship between the deformation of a single joint$§ air chamber and the driving
pressure is determined. Then,the analytical relationship between the local deflection angle of two ad-
jacent joints and the deformation of the actuation layer’s air chamber is derived. Finally ,through co-
ordinate transformation,the deflection angle of the end joint relative to the proximal joint is obtained,
establishing a mathematical model to predict the overall bending deformation performance of the grip-
per arm. Experimental results show that the gripper’s posture and grasping range can be changed by
adjusting the number of joints to achieve adaptive enveloping. When the air pressure is in the range of
0 to 100 kPa,the deflection angle of the gripper arm, which consists of four joints connected in se-
ries,ranges from 0° to 20°,and the grasping load can reach approximately 20 N.
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Fig.1 Opverall design diagram of the gripper
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Table 1 Structural parameters of the joint
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Fig.3 Deformation profile of the joint actuation layer
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Fig.4 Deformation characteristics of the squeeze region
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Fig.6 Comparison of the deformed positions

of adjacent joints

HE 6 (b) AT W, 545 MO | N B P =i
GBS O TiEs 0 IR )R, iB sl MN (BC
AP, =BtLL O A5 RO IR, A0 DE 1S 8 s
M P RUSZNZE P, 8L, RS H B JUS3I%E C AN,

RN S 41 T 2 2 RN A AR Ay B8 28 2N 5
C FUR P, aSHELL A SRR AR bR 2R I AR R

C JHMERR R

{xc =d,(1 —cosf) + Lcosf — h,sinf
(17)
Ye=hy (1 —cosf) + (d, — L)sinf
P, S AERR R
x, =d, (1 —cosf) — h;sinf
. (18)
Y, =hy (1 —cosf) +d,sinf

RIS o FURFRIFA AR B W] i i 1)
NN G T IR WS

AB-AC
a =arccos| _~ (19)
laBllllac]
CP,-CA
B =arccos| o (20)
lcp, [ cAll
KXhABll =L,

WiFF(16) ~ (20) A1 H J R B2 X ¢
WAEARIE J5 1 45 300 e 3832 3l 24 S 80, A 48 )R 3
Hfmoo,.C, KiF P, KIBIAAR (x, Ly, ) (X, ,
Vo) s AR S AR A A o, RO () J5) 35 F 45 £
Boo (B TXEESHOE LT 45 A M 1 R AL bR
R OABEE R N R BIE R RE, SV E
FER R I FR A8 5 W VR 18] 0 32 RS | 75 T A o 56
AR COMRT TR O  EoK i A, IR
£ @ T2 R W e R R 1 25 iy P B, e Rpig oy
PR A AL e 7 iR,

7 RFEXTVRETAREER
Fig.7 Schematic of the bending angle change of the

joints on the gripper arm
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