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Force Control of Robot Fingers using Series Elastic Actuators
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Abstract: Robot hands capable of grasping or handling various objects are important for service robots to effectively aid humans. In
particular, controlling a contact force and providing a compliant motion are essential when the hand is in contact with objects. Many
dexterous robot hands equipped with force/torque sensors have been developed to perform force control, but they suffer from the
complexity of control and high cost. In this paper, a low-cost robot hand based on SEA (Series Elastic Actuator), which is composed
of compression spring, stretch sensor, and wire, is proposed. The grasping force can be estimated by measuring the compression
length of spring, which would allow the hand to perform force control. A series of experimentations are carried out to verify the
performance of force control of the proposed robot hand, and it is shown that it can successfully control the contact force without any

additional force/torque sensors.
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Fig. 1. Concept of SEA.

SopH 2T o] AN ST R

A F = kaxoll &Jste] 9155

Fo} ZHR Alole] A YAE %%xﬁti Xﬂfﬁﬁ}f’# 94?%

o] 715 24T = Yk w3, gk ~x o) oA f
[e)

Aol FolgomA 1 G Alo] Aol S FIAZ
T SATHS).
2. SEA HIAHE 7|gte] 28 &71=F 718

ATl o8 Aol 7t =3 &7l AAE
HOM % 29 go] E Axya A3Y (S 99
23y 55 4l sfolojz 4 SEA AIAUSS TRE
o &9, Aol ute} Aol DepAl= AEUA AlA(stretch
sensor) & AR&-Sto] AZH WS AvE SATFORM FH

Vb= Y FE 34T ¢ J=F S5l

Srll A AAE SEA WAYUSFS 7o w a7l 33 o]
A" B 03 Aol 4, 9 BA 1, 28 " 1AHE 2
i 5:7]_31—.0_ 7HH]—>]_0:11;} \‘—Qi 1, 29] jv,].z—l.o_ :[L/H;}L“__ l?_‘ﬂ
°ﬂ” W o] o] mAHETh B AT & 1]
7] At f 7]ol& AMESe] SEA HIAYUSS 7833
ow, SEAS] EFEHo} &rieke] #4158 folo] 12 A4
oy &rlERs FEAIZITh TS A 00 g
T A9 g3 20] Y9k dfolo] 28 AAste] A 13 2
B AR dAFsle] A 7F &1 BE e 27|74 g
o =HFE gfolo] 1o] GARE Zold we} 7= ¢, ¢,R
+2o] we] A py, pr(E7] AA py, p)E A7GEA HE
th Tk &b s Al 9Eo] QIZEER] ereThi ffolo]
12 7H5E BH 9| 3ol Hlgste] Flo] 72Xk 1y
- 9]g Q17 Al SEA HIAUSC SJdte] F7H41 W4
7F A Hal, 2EHGR] AAE Fste] 4% W9E

nlgow slele F43% 4 alrksl

M @

¥

’ﬁ’, Spring }ﬁ’
M Out
TATATA L put
Actuator bk %
) Ax
¥ Stretch  Spring 124,
}—"’» sensor block ’ﬁ»
Actuator e Oll}tll)(ut _F>
in

a9 2. 4% 22" 2EFHXA AXE o]&8 SEA HA
Y

Fig. 2. SEA mechanism using compression spring and stretch
sensor.

3.7 | _—rLél-x-I 3|.| M

965

a9 39) &Rl WA 10] Mk A g W HAY

o, A 917 (g p DT 2

Dy =lhcos(a, + 06q,) +1,cos(ax, + 8¢, +9q,)
Dy = I sin(e, + 8q,) + 1, sin(a, + dq, + 5q,)

M

o] W, &4 1, 28 FAsE= AT HbHo] 2 FUslER
7t o] wa 3|A7 &3 e A2 B o] wHA
USoME el Jar) gelojz dAue] gloma

slolojof] HAYSl= AFHE SExHor xAHTo TN £}
T+

ol 2 o R 4k 9L AT & 9
3

A= vt
F . 0s,=F0s +F0Os,
s, F Js,
*8s, s

w w

= - [e] 3L = =5 2=
3L FLF, &, &, &, T 2ol 28 ok

F, =-F, cos[% -a, - 25qu

F,=F, sin[%—% —25qu
Os, ={l,cos(a, +0q,) +,cos(ax, +20q,)} — p,;
ds, ={lsin(a, +8q,) + 1, sin(a, +26¢,)} — p,,
55, =~rdq,
ol ul, 2 (ZNE &/, 9 &,/67, 5 ToH

0s,
5%

-/ sin(e, + 0¢q,) — 21, sin(ex, +25¢,)

os,
57-" =/ cos(a, +0q,) + 21, cos(a, +25q,)
q,

2]
2 F, Ml 9] 59 BARL oW = Fa=EE &
ek 3(fingertip force) Fo] 8 F, F, W Webdol u
A W9 &, a2 Shelofe] e H wik WY R, &9

7}
]
]
(2a)

(2b)

(a)

(3b)

(4a)
(4b)
(40)

®)

s 2k R A @), 6), @) % ORFE Tt ol w1

et

PO

=

W

r

F.
=—Lx {—cos(z —a, —2dq, J {I;sin(ey, +0¢q,) + 21, sin(e, +25q,)}

~sin (g —a,~25q, ] (I cos(a, +5q,) + 21, cos(at, + 254, )}1 ©)

. (P Py)

Worm gear FA 1 '\
Worm SEA Link 2/,

— ‘ Fose  ay b S i a7/2
‘o | & Q Z Z ” ‘ / > (o a /
Pulley r x "

s
Stretch sensor  Link 0

a3 3. &7k MAYSe] 75
Fig. 3. Kinematics of finger mechanism.

wheel %, module / (pxu Py:)
Mot Wire 1 Wire 2 L, <—~SX—¢
= e Link 1 478 } q1te>” >



966 olsg 249
F L2 ErEEe) A s,
Table 1. Design parameters for robot fingers.
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Fig. 4. Applied tension force on wire 1 versus rotation angle of
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Table 2. Gear ratio of speed reducers.
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