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Design and Experiment of Multi-segmented Picking Gripper Driven
by Electrorheological Fluid

ZHAO Yunwei LIU Zheng LI Jinzhou WEI Heng LIU Xiaomin
(School of Mechanical Engineering, Beihua University, Jilin 132021, China)

Abstract: Aiming to achieve the harvesting of various types of fruits and vegetables, a multi-segment
independently controlled flexible picking gripper driven by electrorheological fluid ( ERF) was designed
based on a human-finger-inspired structure. The gripper adopted a modular and integrated design, and
the flexible fingers were directly driven by micro-pumps. The finger comprised three multi-chamber
flexible joints, each containing an embedded ERF microvalve. The electrorheological fluid served as both
the actuation and working fluid. By leveraging its tunable rheological properties through the coordinated
operation of the microvalve array, independent bending deformation of each joint was achieved. A
comprehensive study was conducted on the control principles of the multi-segment finger. This involved
developing theoretical models for the current-controlled microvalves, the deformation of the flexible
joints, and the finger’s overall kinematics, all of which were validated experimentally. The models
quantified critical performance metrics, such as the microvalve threshold pressure, the normal output
force and deformation as functions of air pressure, and the finger’s kinematic workspace. Furthermore, a
two-finger picking gripper prototype was fabricated, and an experimental platform was constructed to
conduct grasping and picking tests on various fruits and vegetables. Results demonstrated that the finger
exhibited smooth, flexible, and diverse movements. The integrated microvalve system enabled a single
input to produce human finger-like multi-modal deformation, the gripper offered a larger envelope
workspace and superior shape adaptability. A maximum joint bending angle of 121° and a normal output
force of 2. 3 N were achieved. The two-finger picking gripper featured multiple grasping modes, including
enveloping, pinching, and clamping, exhibiting excellent adaptability to different object shapes, which
was suitable for harvesting small and lightweight fruits and vegetables.

Key words: fruit and vegetable picking gripper; electrorheological fluid actuation; multi-segment

independent control; electrorheological fluid microvalve
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Fig. 18  Joint forces under full-joint bending mode
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Fig. 20  Fingertip force change curves under different

diameters

B 21 AR5 i s R R T, PR R IER T
Bt s 5 19 A2 A 2 o T R SRk T4 T A PR A
P 0 g 5 A S T4 R AR A B I AR R
W&

HiP 21 A UL, B 3 TR 5 0, 4% 25l gl A
AR IE R Iy % 0 0L B ek 38 I, WT L AT A%
PEF 48 09 T UL e Wy i, G Sl 5 48 50 mT 9, e
Ry mr s o Hrp U3 G5 AR B i, 48 R TR R ) iR
/N, 1 75 A I B8 T B AR, i 3 S8 A A S B
Jr G REE HAL S S 5 e sl AR, i i 18
ORI BE Z 5 4 2T A Iy B3 A SR 51 ]
W2 T, 38 R IE R J1 e K, £ 45 kPa I IE & J1
2.3 N,

g L, BT BLvh Y S TR AT S B AR 1Y R A
AZREAI iz 2 [ 3K, s 8 R 35 15 R



260 & ok L

25; —
—A— 45 FRAAH
- RS
201 —ge- TR f
—0— T LA e
z1s] —E-EERTTH il
S —— mRHEH W3t
1A
H1.0p
05
0 10 20 30 40 30 6 70

FE5#/kPa
21 R[] AR 2T 4 R 0E T g B i AR Ak i 2k
Fig. 21

Curves of finger tip normal force with pressure

fingertip force under different bending modes
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Fig.22  Control system diagram of picking gripper
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Tab.4 Experimental conditions and object parameters
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Fig.26  Process of fruit and vegetable picking
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