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Biomechanical Analysis of Grasp Motion Characteristics

Tsuyoshi TAKANO, Hitoshi YAMAMOTO and Toshiaki HARA

This paper is concerned with biomechanical analysis of the motion characteristics for grasping
a solid cylinder. Contact pressure and surface electromyogram (surface EMG) of muscle flexor
digitorum superficialis during grip motion were measured using a contact pressure measurement
system with pressure-sensitive conductive rubber sensors and an electromyograph, respectively. In
addition, direct linear transformation (DLT) technique with a video camera system is used to analyze
three-dimensional joint motion of fingers. It was found that the tips of middle finger, ring finger and
thumb are mainly used to stably grip the cylinder. The experimental results also showed that grip
pressure increased with an increase in the weight of the cylinder with a constant diameter.
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Fig.1 Geometry of pressure sensor
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Fig.2 Applied pressure-output voltage characteristics of

pressure sensor
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Fig.3 Location of pressure sensors
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Fig.5 Location of surface electromyogram electrode
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Fig.6 Transaction of surface EMG output wave

JEHE A R, & SIZDLTiE (Direct Linear Transforma-
tion technique) Z AV T 3 K /ERICLMR L THEH
BomdAELREHL /..

2.3 BHHAHhOME BHAERETDHDICEK
i fH & (Surface EMG) 2HIAH L7, REMHERXZ
BES DB, BBRE OO SR E 220~ 30mnmBf
LE2@oREHmEMEE (HAER X (K) RF
4 A R—F 7 NVEE : Biorode) I LD EH AN
EBEM A AHHESE (HABR =X (K) ®: R
75 73664 ERAME =y b4124) KHEHELT
W EIZ LY REHEMZEGZ. RWT, HEMH
HEADa L R—FEHFLTAA—VF LI ta—-Y
AAL, BT EIT-7-. HEREBCESTIHE AT
FieOMMERITEKEI DD, WiELO 445
(2 LD xS EE AR D ERIRIE A 5 L ONRIEIE
FRESREL, IS5 RTEIEHREOLE FE

Fig.7 Property of subject hand measurements
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Fig.8 Experimental set up
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(b) Applied force : 39.2N
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(c) Applied force : 58.8N
Fig.10 Ratio of force detected on each finger to total force

to grasp the cylinder
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(c) Metacarpophalangeal joint motion

Fig.11 Flexion angle of each finger joint

LRI IMMmBBOLNE. £7-, BERHIL, M
BOBICHDLLTEENO~0mATZICBWTHE
RETENRBKNEARY, TOEBLEYKELTHIE
KTHHERBOBHIMKT2MmAER SN, ¥
7o, EIEEHIT, ARORMIEE L CHEREY
BLRKE RsBmNEEIN-. ZhbDEMIT,
OHEREICBNTHLRBRICER SN, oKL
PHIREBEEICEER L, ERMA30mmIA TR /» &

0.03
m Weight
% 00250 196N f
> -0- 392N
E —r 583N /
o 00 2] 7
=
w p=
3 0015 I -
£ LT .
(0] N =4
2 N —-o
=] 0-p=-=-0""
T 000s bl B8 --1°
g —Or b X B ] .
0
0 10 20 30 40 50 60 70 80
Cylinder diameter (mm)
(a) EMG in muscle flexor digitorum superficialis
0.03
m Weight
2 ; Lo
2 0025H-0 19.6N e
E -0- 392N
s om —— 88N A Lo
= e
73} .- e}
3008 & Sn=Y W T
E; ob-o O__..-‘o ''''' J”
& oo —
E o7
0.005 z
o
0
0 10 20 0 40 50 60 70 80

Cylinder diameter (mm)

(b) EMG in muscle flexor pollicis brevis

Fig.12 Variation of integrated electromyogram

nYERDEE, BESREBOECEERSELA2VWT
BIEELR 4AIBEFEENLBENEL XRTDILE
BEHRLTWVWS. 5T, 40OFBEHmMBREIEML
FRECHEAREGLZ2EXALL ) ICBREB A RET
S5-I HERERIL, REBHICEBVTHEKL,
ElEEF TN RS, £2, ERM50mmEl Lo
BE, WMELtOABICIIAHNEATEL SRICAR
RUKRETORBHESRAGEL R ENLBER
JUOMMOBORBHBIZ L Z2RZALIBEBE®ERE S 2
DO MMEROBMMICHE> TRIEBH B L OEIBE
BHSECHERBYBOMAE R EBbRD.

1. 8 B

AR EORBEEICS T FFEOEMT , %
EHEML L CHEMASEMAE LR ES DLk »
TEOIRBHELEKAZAHICRITL, UTOHR%
B,

LIBRBREEE, EEA30mmLL FTOBE, BV~

AL FERCLIIAMAAEmE R ADIRBE

BT, HEMNIO~50mmOBE, £igL FEEIZL

— 140 —

NACSI| S-El ectronic Library

Service



The Japan

Society of Mechanical Engineers

FOREBECH T > LK FHIMRIT

4263

PAMABRELZ ELICAHLALRBEL 22 548,
Kbz, EEMNEML TSomm EDBEIIE, #BE
LAHBIZIAAMARAE 2 RLADIRBREIZBT
LTEERIDRBREL#ETD.

2. FIREOEME A, RESESAES I UHERE
SEMNS, AEOBEZS40mATEICEBVTEL D E
ANFRETRY B RS ENRENT.

SAMOEERARLTHIE, AMOBEBINRERLT
LIBIFRICIBBRIEL#RFL, BVvoREHL XD
AR

£ L

(1)Hiroshi Kinoshita, Satoru Kawai and Komei Ikuta, Con-
tributions and co-ordination of individual fingers in mul-
tiple finger prehension, Ergonomics, 38-6(1995), 1212-
1230.

(2)Robert G. Radwin, Seoungyeon Oh, Todd R. Jebsen
and John G. Webaster, External finger forces in sub-

maximal five-finger static pinch prehension, Ergonomics,

35-3(1992), 275-288.

(3)R.Gurram, S. Rakheja and G. J. Gouw, A study of hand
grip pressure distribution and EMG of finger flexor mus-
cles under dynamic loads, Ergonomics, 38-4(1995), 684-
699.

(4)Bi 2 £, Jean Claude Cnockaert, Ghislaine Lensel and
Emile Pertuzon, Relative contribution of individual mus-
cles to the isometric contraction of a muscular group, J.
Biomechanics 8(1975), 191-197.

GBAAMIFSAKHNBS, EERFMOIELI
Myo8E®&, AMIFE, 6-1(1970), 25-41.

OMEEFERRE, MZARMEBOHEHRE - KE
RERHODO AT FEARER—, (1980).

MAABRBGE, BAAOKBEERSES & —BERAS
DOHEEEERO DO —, BAREHS, (1978-
1981).

®RE , MAEEF, BARARAB FL124 D54
HEAKHMEL T OORE L L TICHBEEK,
fg M, 53-3(1978), 238-247.

— 141 —

NACSI| S-El ectronic Library

Service



