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Principle and Design of Mechanically Musculoskeletal Variable-Stiffness Mechanism

WANG Yan, FANG Lijin
(Northeastern University, Shenyang 110819, China)

Abstract: With the growth of physical human-robot interface, the security of human-robot interface has attracted attention
recently. Mechanically musculoskeletal variable-stiffness mechanisms applied to robot joints can solve the problems about
human-robot security and unknown environmental adaptability by imitating the variable stiffness property of skeletal muscle.
Many mechanism designs of variable stiffness joints of overseas robots are studied. The nonlinear variable stiffness principle
of mechanically musculoskeletal variable-stiffness mechanisms is summarized. Mechanism design methods are classified
into five categories, and their advantages and disadvantages are analyzed. The analysis results might provide references for

designs of highly-safe and well-adapted robots.
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Fig.1  Anatomical diagram of a human arm
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2 TN EHL# (Variable stiffness mecha-
nisms)

21 TRIFEHNAMEE

A5 B HLRA) S 5 26 ST I B BB 7, R X
BT G W DR h o 1 B R A, REAE BRI R
TWAERIEEERE. AR RN S A R G L
ITHEEAHIT, XL Th R 1 A0t 78 22 W B AL
PR T — B MHE B S H K IE, AN R
2% EL A UL (R AR 2 A8 W1 . AR W e 5
A, RMEEMNIE R R, AHEKERL, H
e L

F

e FRRERTERE O LIS ), Ax FoR3
YETTA AR TP A B AR &, SR AR RN
IR BEA R, A& O & AR A2, 1 —1fr
BR BN, B Rikn T

k@:%%#ﬁﬁ (2)
H1 2 (2) W BAE S AR NI EER LA 32 BI04 0 © AR,
PR O RITEIL T BRI Rk

k@:%%#%ﬁ (3)

AR 77 A2 AR 2 A A DI FEE AR B AR I FEE B 1)

BTk E A JRATTANE AR S 1 B A B AR W

Rtk BB 2 Bros i) JURN AR I L e st 3, i

A, A, BERLERPN— D)L SH

RIS NIEEREPE 1O, (HIXFPp 22 T2, Wit
SEJTHEI RS, RV DA .

WA

B2 LR AZAI L R e o 5%

Fig.2  Several variable-stiffness coil springs
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Fig.3 Triangular variable stiffness mechanisms
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Fig.4 Four-bar variable stiffness mechanisms
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Fig.6  Variable stiffness mechanisms with leaf springs
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Tab.1 An overview of some parameters of several variable stiffness joints
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Tab.3 Some parameters of human joints
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