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Abstract
passive compliance, low impedance, impact resistance, and force sensing, and so they have been widely used in vari-

Compared with traditional rigid actuators, series elastic actuator (SEA) has many advantages such as

ous robot systems. Firstly, according to the elasticity and damping characteristics, SEAs are divided into elastic
SEAs, damped SEAs and elastic-damped SEAs. The advantages and disadvantages of each SEA are introduced, and
the mechanical implementation methods of elasticity and damping characteristics are summarized in detail. Then,
the modeling methods of SEAs as force sensors are presented. Next, the main applications of SEAs in the robot sys-
tems are described, such as force sensors, safety protection and energy consumption reduction. Finally, the future

development directions of SEAs are recommended.
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Fig.1 Schematic diagram of elastic series
elastic actuator
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Fig.2  The elastic device based on linear
compression spring
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Fig.3  The elastic device based on linear tension spring
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R T2 e A M () ESEA 7] LB & B
BN L S R AR R U B RS HLAE, HRR
Rer=A H 4 7). HnT R s PR A A K
PR 1 D1 R R T L B R S R G ) v T A
1/ FI5EIERE . M T B R 4 s h A %
FEE TCAR AR ) RS ROR HLINI S R B 22
%2k ESEA 75255 [E an il 724 PR 4h 42 4 SEI
e P D R R ) i S 2 A i s J 11 77 / 71 R0
72 S5 ) .

4) GER

& B G R R e A ) L AR —
S e B AR ITAR B 52 bR 75 SR e Bevt B A (dnsg
PETOAFE R WIEE R 8055, SR J5 1 — AN Be g i 2
IRBR IR INGE ), B R T R AN S M Ak
H brxt st e AT oAk, B JE SE 0 & 55 1 o i
IZHL. 1N, Carpino 253 H BRIC TR AL
e J7 e R R LR & B 25 f i (5 (a)
FraR), BT TR AME BEPLEE AN B ESEA, SE3L &
GARWIEE . BB A2 2B, Trmscher 55K H
PR DA A SRS A5 -t R e e A HHL R 1) 4 S 5 A
% (K5 (b) Frax), LAl 2 E 3 IEaspLas A5
SR I T R, S R o e A IS R
B, ARG TEA PR G TY I DL /b 18 oK 28 2%
BN F 1R B R R RSFE T4, Ruiken
S5 K FH 25l 2 BN 1 T L 2 5 ) iR S AT R
T DA S /M 5 F4 E E O Ak H AR e B T
WLEE N RGP L 25 0530 (B 5 (c) Fiw).
FRALLHE, SCHR [52—60] 1% 4 Hi e % 150 1 4 )8 45
FMIBE AT FE, Bk ik MM mEl 5 (d) ~
Bl 5 (1) Fros. Lee 58 DL /MU B KB ) A4 B #5
Wit B 1S B (K5 (m) i), B
T NF L4 A ESEA #1°Y, Bianchi &
ETHAMUMEITIE R RIE &R A3 (B 5 (n)
FioR), o5 F AN BEAL 2 N FI4E SR FH Rl &
fi 25 0 R 1R 2,

T &R EN ESEA BEWMKHE N H 7

Jiewe
AL

Jieks
HLAL




7 3 VTG ERIROR PR IR B 8% Vi AR R AENL AR N L 1471

@) 149 () 50 (¢) 5] (d) [52] (e) [53]

S

O @B B 1 G

(m) [61]

) B9 () [60] () [62]

5 R AR KRR E

Fig.5 The elastic device based on structural spring
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Fig.10  Series elastic actuator based on parallel combination of elastic and damping elements
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Table 1 Mechanical realization and comparison of various series elastic actuators
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