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Design of constant-force extrusion unit for hand prosthesis socket

LIU Jie-min, Daniel SU,
Mechanical System and Vibration,

Shanghai 200240, China)

SANG Yuan-jun,

School of Mechanical Engineering, Shanghai Jiao Tong University,

LI Xiang, LUO Yun( State Key Laboratory of

Abstract; Objective To design a constant-force extrusion unit to meet the functional requirements of the prosthe-
sis socket. Methods Based on the operational principle that the constant-force derives from offsetting of the posi-
tive and negative stiffness, the leaf spring was simulated based on the finite element analysis software. According
to the simulation result of the leaf spring, the coefficient of spring stiffness was calculated. The constant-force unit
after processing and assembling was tested by compression experiment. Results The simulation result was con-
sistent with experimental result and the constant force of extrusion unit obtained an error about 2% within 3. 5-mm

range. Conclusions

The constant-force characteristic is confirmed by experiment, which lays the foundation of

realizing the time-shared and load-bearing hand prosthesis socket.
Key words: Prosthesis socket; Constant-force unit; Leaf spring; Finite element analysis
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Fig.1 Schematic of variable prosthesis socket
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Fig.2 Schematic and mechanical properties of the constant-force extrusion unit

hinge, (c¢) Mechanical properties of composite elastic element
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Fig.3 Simulation model of the leaf spring and the base in constant-

force unit
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(a) Schematic of constant-force extrusion unit, (b) Hinge to
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Fig. 4 Simulation constraints and result of the leaf spring
(a) Simulation constraints and loads of the leaf spring,

(b) Displacement-force curve of the leaf spring
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Fig.5 Fitting curve of the constant-force unit
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Fig.6 Experiment setup of the constant-force unit and experimen-
tal result (a) Solid model of the constant-force unit, (b) Ex-
periment setup of the constant-force unit, ( c¢) Displacement-
force curve of the processing model ( before installing ),
(d) Displacement-force curve of the processing model (after in-

stalling)

3 g

AR S Ao B - L TR M JRE A TR 5 T W
SR T RO T Z AR D B IR AL 4R 4 A R
JUoP TR A W S R B T A e RS
BIE MRS B R, FET TR TE I 5
AT , S50 5 A 3 R A e AR e 2 i
SEINCIE 1B 45, I XHE F AR A T 52 50 I, B
LA TR S BE T 2% 5 Bl oA 04 g A 1 1
PERERER , N e BB T4 32 I 73 Ik o X 42 o 33
TEER



EREYMANFE H31E H6H

2016 ££12 A

524 Journal of Medical Biomechanics, Vol. 31 No. 6, Dec. 2016
2 EHA, 1995(2) : 3-6.

52Tk (8] MR, WuET-, S5, 7 300w i 2 % S g B o m
WA [J]. BEHAEY %%, 1999, 14(1) ; 54-57.
NI GX, CHENG HP, WU ZY. The constant pressure mi-

[U] ARk, 46300, XU, S Tk LA 22447 1 /) crometer for measuring the effects of immobilization on
HFEICHELI]. BEHAEYIII5:, 2011, 26(6) - 580-584. cross-sectional area of patellar tendon [ J]. J Med Bio-
DAN JB, JIANG WT, LIU Z, et al. Advances of residual mech, 1999, 14(1) : 54-57.
limb muscle atrophy in biomechanics research [J]. J Med (9] LANCC, WANG JH, CHEN YH. A compliant constant-
Biomech, 2011, 26(6) : 580-584. force mechanism for adaptive robot end-effector operations

[2] MAK AF,ZHANG M,BOONE DA. State-of-the-art research [ C]//Proceedings of the IEEE International Conference on
in lower-limb prosthetic biomechanics-socket interface: A Robotics and Automation. Anchorage: IEEE, 2010; 2131-
review [ J].J Rehabil Res Dev, 2001, 38(2): 161-174. 2136.

[3] GREENWALD RM, DEAN RC, BOARD WJ. Volume man- 1o e ey, #6206, . — B0 BLID A L5 0 sk
agement. Smart variable geometry socket ( SVGS) tech- [J]. hERHEE SCFEL , 2000, 4(8) & 550-554.
nology for lower-limb prostheses [ J]. J Prosthet Orthot, (117 Z57e, XUPe. A HoE AU [ Jd]. UMt 5
2003, 15(3) : 107-112. s TR, 2015, 44(11) ; 54-56.

(4] ALLEY RD, WILLIAMS TW 3rd, ALBUQUERQUE MJ, [12] PEDERSEN CBW, FLECK NA. Design of a compliant
et al. Prosthetic sockets stabilized by alternating areas of mechanism to modify an actuator characteristic to deliver a
tissue compression and release [J]. J Rehabil Res Dev, constant output force [J]. J Mech Design, 2005, 128(5) .
2011, 48(6) : 679-696. 1101-1112.

[5] Hz, &, ook, 5. Fom ey il f U s 2 ikt [13] PHAM HT, WANG DA. A constant-force bistable mecha-
[J]. LigagE K724, 2013, 49(11) ; 106-113. nism for force regulation and overload protection [ J].

[6] skige, WM, sK5EE. EPRIALIE H LA K hr 3 Itk ik Mech Mach Theory, 2011, 46(7) : 899-909
PLY.  TAR, 2008, 29(2) : 38-40. [14] HOWELL LL. ARBRFE (1) FMHLSE [M]. dE5T: %%

(7] Wkn—, $%F. Wi se mARm ekt [J]. MLmiet H AL, 2007.



