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Posture Control of a Grasped Object by Two fingers of a
Rounnd-belt Twisting-mechanism with Passive Component
O Itaru OKAMOTO (Okayama Pref. Univ.), Takahiro INOUE (Okayama Pref. Univ.)
and Shinichi HIRAI (Ritsumeikan. Univ.)

Abstract : In this paper, we develop a novel robotic joint mechanism that has a polyurethane round-belt and a linear spring
placed on each side of the joint. This mechanism is based on antagonistic mechanical configuration by the round-belt
activated by twisting motion. This mechanism enables the robotic joint to move around its axis according to the contraction
force generated by the twisting. In addition, antagonist side of the joint generates passive tension by a spring, which may
reduce the range of motion of the joint. In order to improve that problem, this study newly modified the joint mechanism so
that the tensile force can be eliminated by maintaining natural length of the spring. Finally, we show successful experiments
in terms of two-fingered object manipulation by the proposed twisting mechanism.
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Fig. 1: A developed two-fingered hand with the twist-

drive mechanism and a linear spring.

(a)external force from the right  (b)external force from the left
Fig. 2: Secure safety by elastic force of linear spring and

round belt.
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Fig. 3: Schematic diagram showing the way of syn-

chronous motion.
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(a)comparison of two types

(b)twist deformation

Fig. 4: Difference of design on O-type and V-type ar-

rangements.
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Fig. 5: Experimental comparison of the range of motion

with respect to the proposed mechanism.
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Fig. 6: Schematic diagram of the posture control of a

grasped object.
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Fig. 7: A block diagram of the proposed control
method.

ZTW5. PLEDOSKRKZ: 2 BN Fig. 7 TH
5. M&o 1 BEHEEEX (2) oRflE 2 B HHIEE
X (3) DAIPESNZENNTND. ZORIEIIEIT 5
EIREREET G 2 v U7z “ EHENEE ” AYREE 2 BEREHIEIR] D
KOFHATH 5. £7z, BEHFNICET2H0EECE D
Lo, RET D 2 BREHIERNGER P TFIES AT
B> TWb., M, ARETIINA T A NVY 2 ELTH
HELTWAED, =T =1, £ LTWV5,

3.3 RFYTAACHT IS

AEITlE, RIEHZIR ATz 2 BeBEHIER] 2 WD TR D
EIEZ47S. 1 DHOEERRIZE T, 5 sec DEFFILREEDE 5
sec DI TEIFITIE L 72V > 27 & HIIRTED & ) e~
T7m—F UEME RS, KI, RO ARME 05, %
25w TRIZEL S, 15 sec 1T 5°, 10°, 15°, 20°,
DIZ AT v FRIZZETEA (2) ITRATS. 2 OHD
FERIX, 0 sec 225 10 sec DFJHAENEIX 1 DHDEER
[T, A7y PRICHEYOBEEZ 5°, 15°, 0° &
T35, WINOFERIZBEWTH, HERMMEL SRE N
% & 5 7R V2 AT B TREMEDD B 72k (3) D
NATANVY 7, 121500 ZEIIILTWA. £/, 2E
BEHIFENZ B 2871 v Kp, K 3FNTEN Kp=175,
K1=0.00045 &9 5. [, H#EEAHZ 2 msec & UE Wl
HEIATOZREAE Y HIEEITS.

Fig. 8(a) & Fig. 9(a) IINEHDMAE L HEMEZ R L T
B, (b), (c) TV > 7OfAEE 1 BHGIETER
U7z 0 2R3, RN SADPDE L5, WFhDZAT Yy
TAINTH U TEMREBAR BB L TWD Z & h8
bbb, iz, 2O0FEREEKT AV ERFECHEIZHIEL
TWAIZHELS THEEICRFRIERVBFONTNE I L

- 1374 -



N
a

desired ---- experiment —

N
o

[}

o

angle [deg]

h o «

Y

0 10 20 30 40 50 60 70
time [s]

(a)fobj vs time

10 7 20
desired ---- t—

5 15 ]
< T . ot
=, N B0 ol
5 2 oot
: B of e
g0 S f”

.15 |--deslred - .- experiment — 07

20 5

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
time [s] time [s]

(b)6s vs time (c)0s2 vs time
Fig. 8: Experimental results of the posture control of a

grasped object when you input up step.
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Tendon configuration
type DIP DIP-PIP DIP-MP DIP-PIP-MP
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DC motors 1 2 2 3
Grasp force [N] 8.22 14.02 7.94 9.57
Normalized
Grasp force [N] 8.22 7.01 3.97 3.19

* 2 ) DEHHIRER
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type DIP DIP-PIP DIP-MP DIP-PIP-MP
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Fingertip force [N] ~ 5.23 8.82 8.80 7.23
Normalized
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Development of Robotic Finger Having Double-Tendons of Different Insertion Position

O%  FaARfhisr (B KE)

iE o EETE (R

Yusuke ARAKI, Okayama Pref. Univ., ¢325002u@ss.oka-pu.ac.jp
Takahiro INOUE, Okayama Pref. Univ., inoue@ss.oka-pu.ac.jp

This paper newly proposes a three-joint robotic finger mechanism on the basis of biomechanical structure of
human fingers. This finger consists of MP, PIP, and DIP joints activated by two tendons and motors. This
tendon driven mechanism is designed to create secure coupled motion of the joints, which can be realized
by applying different insertion configuration of the tendons. We experimentally verify that the bioinspired
mechanism is appropriate for adaptive grasping. Finally, this study identifies a transfer function model with
respect to the tapping force from dynamic repetitive motion.

Key Words: Robotic hand, Robotic finger, Tendon driven, Insertion position, Transfer function
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Fig.1 The insertion positions of flexor tendons [2].
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Fig.2 A developed robotic finger.
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Table 1 Specifications of the grasped objects.

object shape mass [g] size [mm]
cylindrical(large) 187 ¢101
cylindrical(small) 105 @57

cubic(large) 232 170 x 118 x 102

cubic(small) 212 110 x 80 x 46

(a) cylindrical(large) (b) cylindrical(small)

(f) cubic(small)

Fig.3 Experiments of adaptive grasps for several objects.

(e) cubic(large)
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Fig.5 Difference of tendon configuration for an experi-
ment of fingertip force.
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Fig.6 Experimental results of fingertip force.
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Fig.10 This result shows irregular joint motion in the
index finger while using the configuration B.
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Fig.11 Experimental movement of the robotic finger for measuring static performance.
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Fig.12 Experimental results of dynamic performance.
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Development of a Robotic Finger Including Round-belt Twist-mechanism and Passive Component

O%F  MAE (B R KE)

iE - EETE (R LRK)

Itaru OKAMOTO, Okayama Pref. Univ, ¢325010b@ss.oka-pu.ac.jp
Takahiro INOUE, Okayama Pref. Univ, inoue@ss.oka-pu.ac.jp

In this paper, we develop a novel robotic joint mechanism that has a polyurethane round-belt and a linear
spring placed on each side of the joint. This mechanism is based on antagonistic mechanical configuration
by the round-belt activated by twisting motion. This mechanism enables the robotic joint to move around
its axis according to the contraction force generated by the twisting. In addition, antagonist side of the joint
generates passive tension by a spring, which may reduce the range of motion of the joint. In order to improve
that problem, this study newly modified the joint mechanism so that the tensile force can be eliminated by

maintaining natural length of the spring.

Key Words: Twisted actuator, Position control, Force control, Round-belt.
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Fig.1 A developed two-fingered hand with the twist-
drive mechanism and a linear spring.
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Fig.2 Computation process of contraction displace-
ment of a twisted round-belt.
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Fig.3 Experimental comparison of the range of motion
with respect to the proposed mechanism.
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Fig.5 Experimental results of joint angle and fingertip
force to compare each round-belt arrangement.

HEBT 5. HIERNEIR D EEHE L U EH MR UIR D 8
EANUHEZTS. M 5(a) 1k, BEfifsE0SS7THY, N
5(b) 1%, WL HDZT7Ths. $RPSHDPE LS, H
Wi Bk & B U AIDMER L TWB Z e ahd. -,
BAM UM AR —@ITHRcE TRy, Zhid, REEEIRT
BTNV IPRTI AN —#ETH D, KRS OIS
TBFIBEABEL TWE 72D TH S, ISIEME, —ED0T A
EHRBZLILL>THEUERIVEST 2REE(IDZ LT
HY, HEEYARIZ-EDOTAELZ SN SRRISHRE
U, BDEEEEL LD s —EIeNZRT 5 [8]. FEFiAHE)
BMEIREOM UM IR LB BE LT, AL b2 VR
T A2 Z L TRT ZFELSAROHEMER 4(b) DL STV
VOEREINZE ISR a, AL THE, RV MBESNT
EED o, AIFOBE IDRKELLBRBIIHSOLTH B2, iR
NIz & BIHE AR & < 7 b BAE AT Bk & $5 B0 U AT 1 Dk
RIZDBEMHTWEEEZLNE. ANV NOEREEET L Z
T, TRVF-HROM EEEH LTS,
3.2 ERRICHT B IERFIE

AHITIK, ARy EY TEERBMIL, FHORZ 5 IE%HK
AT BHLEOMUN T DIz & 2HEBRHEEZITS. HA
5 (9] 1%, HIEOE# R v ¥y SEFEREZTY, Sk LA
HM0TN DRy Y TEHENHIIRINTVWAF{REZETY
5. AR TIE, AEBLEX Y Yy 2YES) %2 EGK 2 E U
KIUAMAIFHD 07 N &2 HIEME AR T5. £72, HIE
HUNMNTHOEER w %2 1 Hz D 5%% 125 < §5 2 & Taseh
EZMEET 5.

™

F%w:&%mca—§)+o4 (4)

F 7z, HEIFERIEEHIGIECH D IR S.
o(t) = —K,(F — ). (5)

RO A RSB R MR 2 S WE ST 5. 1% 6(a)(c)
Y (b)(d) RENTNANEIE 3 Hz & 4 Ho 1L 2 & D

No. 17-2 Proceedings of the 2017 JSME Conference on Robotics and Mechatronics, Fukushima, Japan, May 10-13, 2017
2P1-C08(2)



experiment target experiment target

0:7 A ’
sOTRENAVN AT 207w |
ot i RILININIEININIE N fuﬁ;”f\,ﬁf,ﬁf’f‘
SIUETU R I sosn i
ROl ATLR VLRI RVE AR AVIR=Rod k1% KV S1R KR
geERh o e
Sl LUV UV s

00 0.5 1 15 2 25 3 35 00 05 1 1.5 2 25

time [s] - time [s] .

(a)contact force at 3 Hz (b)contact force at 4 Hz

ok :
=T VAN et
S OPA WY e VYT
-0.05 V v 03
- ' e ilme [ZS? : e o 0 os tlime [;]5 2 e

(c)error at 3 Hz (d)error at 4 Hz
Fig.6 Experimental result of trajectory tracking con-
trol of contact force for desired sinusoidal function.
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Fig.7 Comparison of the size of gyro sensor and rotary
encoder.
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Fig.8 Experimental result of joint control based on PI

controller and a gyro sensor.
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