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Nowadays, there are many researches involving structural actuators, which have adjustable
stiffness; they are also called variable stiffness actuators (VSA). The VSAs can adjust the
characteristics of actuators for various functions and human-machine safety. This paper
describes the design and analysis of two types of VSAs. To adjust stiffness, the actuators are
controlled by a principle of lever ratio mechanism, by changing a pivot position or a spring
position in the structure with springs. To make the principle workable, the designs are simplified
by using a ball screw system with a motor. Each structure shows different static properties with
variable rates of stiffness. We have also shown the experimental verification of the dynamic
performance of the two types of VSAs. This research can be applied to various industrial fields,
where humans work in conjunction with robots.
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Fig. 2 Dynamic model; (a) Spring position mechanism

(b) Pivot position mechanism
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Table 1 Specifications of VSA prototype

Width Length | Height | Weight

(mm) (mm) (mm) (kg)
VSA-I 280 350 150 1.5
VSA-II 280 350 140 1.5

Fig. 4 Assembly drawing of VSA-II
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Fig. 7 Experimental results on the stiffness
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Frequency Response of VSA-I

Table 2 Comparison of stiffness

ﬁ VSA-L | VSA-I
g Position r (mm) Stiffness K (N/mm)
:’i " e 30 0.65 1.03
E 20 — r;“??mm @+ Experiment | "‘“:'_:." ,,,,, 40 0.98 1.96
= il 50 1.47 3.38
60 2.04 5.24
@ 70 2.71 9.02
H 80 3.36 15.71
£ 90 431 24.03
” 100 5.24 47.13
Frequency (rad’s)
Fig. 8 Frequency response of VSA-I Table 3 Frequency response data
VSA-I VSA-II
Fregquency Response of VSA-II .
20 Position Freq. Amp. Freq. Amp.
___________ (mm) (rad/s) (dB) (rad/s) (dB)
g o T "‘ ________ 30 12.6 13.395 13.86 15.586
E 710_1_ —— ‘_-Smm-m 40 15.12 13.092 16.38 14.805
E oo — =Rmm e Epenmen | o i 50 16.38 11.401 18.9 11.496
I X 60 17.64 10.639 20.16 8.967
i 70 18.9 9.928 21.42 6.533
i
i T8 Holm VSA-E Ao 2 wsEa) x
) & FH5E vehic 249 2R BHel 3
Frequency (rads) s oo FueE Fo Adwe Ad 4F A
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