533/YA

TR F RIS DB YL & 5 3l

PR 508455112

’7$ﬁ8¢§~9ﬁﬁﬂ?ﬁ%§ﬁ%%(%ﬁﬁ%&)Q))H%&%ﬁ%é |

HEEN AR

TR

10500066

SER1 043 A |
BREttEE A\E i
MR R ST RS T8 4



< L 74 S

AT DHEIFIC & - 72 SR D BT D 720 DI 2185 AT, B BHERIF DI
WBEDNE L, LIEBIROERICESEHT, AMEE H—& UTHW, —i

ek Uic. TOEID/ N FIVOIEE LB X B LU T 71 RBEOHIEMS &
U%@ﬁ@%%%@&@%&@%%%%N,Mﬁb%%?é@%ﬁ@ﬁﬁﬁﬁ5:&
DEBREA T 135100 T, FHAHMWINL, THERRTE 2 HERE
-0, TODAHOFOERE GBRL TS Z E0W SMTIED, R H LU
KT —MWEAHINEHGTTHS. CNETEETHHENS, T, LY, A&
HEEOERHD, BOEDFPNFICOBETH » 70, THEfclEd 5
53 EF DU EHITAP B TN T 5.

SR
MES 0 A B B BHEE SRS TS IE)
WHEaEs B H — R SLRSEASER LRSI
s A B (BGRESIASHEE ARBEESE)
WEAEE 0 E B % % WHEEIAYEEAMBENEE
B B B IR (BRIRE SRS ABIS SR )

Wi
SRR 8 4EE 5, 50 0T
A9 4N 1, 10 0FH

£t 6, 60 0FH
MR %
(1) %ok

Lo AP - ARG/ - ML B - BITFIA - FEYERIBIRICS I 2 8 0 o9 I 0kt
FHIm, BARIRAERMRICE, 60-602, C(1996), 3999-4004. |

2. Takao YAKOU - Keijiro YAMAMOTO - Masahiro KOYAMA - Kazuhito HYODO : Sensory
Evaluation of Grip Using Cylindrical Objects, JSME International Journal

Series C, Vol40, No. 4, 1997, 730-735.



3. IFSEA - FRATE - \EOHEKE - LLASEIANS - AEVHRE R P T ORI B IR B0 B R

KRB BICONT, AR S [ETE | |
4L AR - A MUBEE 75 A XA & BB F RS FORE

VEREA, BB S (BT |

5. J\EREME - ILAEIBES - —: 754 ZBANY FIVORE I EFNPTXIIHT S
EREL, BABSRAES [RETE

6. N\EHEHE - ARSI B EFEDEORD 2T X ORI KFREFO0 50
7—F LOMEL BAMMES [FETE)

(2) OEjEE

1.M%%m-MKiﬁw'mME#:M754zﬁ&ﬁﬁ@AyFwKMb%%E§&$®

 RMEFEE, BARESHLZ:AD & D conference, ERO/ETH 2 3 A

2. INEESEA - BATE - NEEEHE - WAREIERR - WIARICIR IR O MR & R PEFEAE,

 BAMEAD & D conference, FHOLET A2 30

3. A\EREME - fE— c WAREIGIS : 75 BN Y FVORES NPT EITHT S
TEHEREAL, HABMFS AN A o027 ) Ui S, FR1 04F 68 [RET

sl |

4. \IAREIEER - NEREME - R HE— - PHEND) - BT BB D B X i BURTER BE
MEFOVSOT—F O, AABEF 2D &Dconference, Fa1 048 A
[FE3T3E



AABMFE2HE (CHR)
62 # 602 5 (1996-10)

3999

#@3Z No. 96-0155

 FIRMIEIE S 515 BB Y T & OB

OB OB BT, LA e
TR N B N

Sensory Evaluation of Grip Using Cylindrical Objects

Takao YAKOU, Keijiro YAMAMOTO,
Masahiro KOYAMA, and Kazuhito HYODO

In order to clarify the grasping mechanism of tools and machine handles, sensory tests to
evaluate the optimum grasping diameter have been performed .on forty-three people from age seven
to fifty-three. It was confirmed that the sensory evaluation of the optimum grasping diameter was
difﬁ'cult for children under age ten due to insufficient growth of skeletal structure. The optimum

grasping diameter was evaluated for persons above age ten. The optimum grasping diameter -

depended on the hand size, and the dependency was marked for children under eleven. In the case
of adults, the optimum grasping diameter depended on the dimensions concerned with the length of
the hand but only depended slightly on the hand breadth or fist. The optimum grasping diameters
evaluated for males were 30~40 mm, which were about 109 larger than those evaluated for females.
As a result of investigating above data, it was found that the tube could be grasped well by a human
hand if all fingertips and the entire palm area contact it.

Key Words: Sensory Evaluation, Human Engineering, Optimﬁm Grasping Diameter, Children and - .

Adults
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Sensory Evaluation of Grip Using Cylind‘rical
Objects* |

Takao YAKOU**, Keijiro YAMAMOTO***,
Masahiro KOYAMA** and Kazuhito HYODO***

~ For clarifying the mechanism of tool and machine handle grasping, sensory tests

to determine the optimum grasping diameter were performed on 43 people aged seven
to fifty-three years. It was confirmed that the sensory evaluation for determining the
optimum grasping diameter was difficult for children under age ten due to insufficient
growth of the skeletal structure. The optimum grasping diameter was thus determined
+for persons above age ten. The optimum grasping diameter was found to depend on
the hand size, strongly on the length of the hand but only weakly on the hand breadth

. or fist size. The optimum grasping diameters for the males were 30 - 40 mm, about
10% larger than those for the females. It was also found that a cylinder could be
grasped well by a human hand if all the finger tips and the entire palm of the hand were

in contact with it.

Key Words: Sensory Evaluation, Human Engineering, Optimum Grasping Diame-

ter, Children and Adults

1. Introduction

Many tools and machines used every day are
operated by hand and have structures for grasping
such as handles and shafts. Through a series of
studies™~® on the mechanism of cylindrical object
grasping, in particular from the viewpoint of measure-
ment engineering in the case of grasping with the
hand, it has been clarified that an optimum diameter
of an object for grasping with the largest force trans-
mission exists™. However, the optimum grasping
diameter (comfortable grasping diameter) has often
been determined based on psychological factors such
as human preference®. These factors are examined
by sensory testing»®,

* Received 3rd March, 1997. Japanese original : Trans. -

Jpn. Soc. Mech. Eng., Vol.62, No.602, C (1996),
p. 3999-4004 (Received 5th February 1996)

** Faculty of Engineering, Yokohama National Univer-

sity, 79-5 Tokiwadai, Hodogaya-ku, Yokohama 240,
Japan ’ '

*** Faculty of Engineering, Kanagawa Institute of Tech-
nology, 1030 Shimoogino, Atsugi-shi, Kanagawa 243~
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In this study, sensory tests to determine the opti-
mum grasping diameter were performed to investi--
gate the relationship between the optimum grasping .
diameter and various parameters related to hand size.

2. Experimental Procedure

The experimental subjects we‘re 43 persons, males
and females, aged 7 to 53 years. The hand dimensions
shown in Fig. 1, the maximum holding force Fmax,
contact area A between the hand and a grasping
cylinder, and the optimum grasping diameter (the
most comfortable grasping diameter determined by
sensory testing) were determined for these subjects.

The hand dimensions determined are ones related
to hand length (total hand length L, middle finger
length 4, palm length /%), and hand width (hand

Fig. 1 Hand dimensions determined
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breadth B, fist size b), and dimension C shown in Fig.
1. These dimensions are listed in The Human Body
Measurement Manual for Design®. The maximum
holding force Fmax maintained by the hand was deter-
mined under conditions as shown in Fig. 2 ; a cylinder
from which a. bucket was suspended was grasped,
and the weight of the bucket was increased by adding
water into the bucket until the subject could no longer
hold the cylinder with his hand®. Contact area A
between the hand and the cylinder was determined
by copying the ink on the hand into thinly paper
lapping the grasping cylinder. This method is almost
as precise as the photograph method used in the
previous study®. :

The optimum grasping diameter was determined
based on the Semantic Differential Method with the
following numerical values used as indices of the
degree of grasping comfort: very comfortable, +3;

moderately comfortable, +2 ; somewhat comfortable,
+1; cannot determine, 0; somewhat uncomfortable,
—1; moderately uncomfortable, —2; and very un-
comfortable, —3.

Before the sensory test of grasping, the subjects
preliminarily evaluated the comfortableness of grasp-
ing for all pipes. Then the sensory tests were perfor-

med in following manners i.e., grasping from the

smallest diameter pipe to the largest diameter one and
grasping from the largest diameter one to the smallest
~diameter one. ~Through the experiment, rubber
vacuum tubes were used in most cases, but metal
pipes were used for determining the maximum holding
force and the contact area because the rubber vacuum
tubes were deformed by applying large force. The
~ difference in results obtained using the two pipe
materials was not recognized except in case of ex-
tremely powerful grasping. Ten rubber vacuum tubes,
one each of diameters D=13, 16, 19, 22, 25, 32, 38, 43,
52 mm and 62 mm, and nine metal pipes, one each of D
=10, 16, 19, 25, 32, 38, 43, 51 mm and 61 mm were used.

3. Results and Discussion

' 3.1 Diameter of pipe producing maximum hold-

ing force and optimum pipe diameter for
grasping
When cylindrical objects were grasped by the hand,

the correlation between the diameter of cylinder and

the maximum holding force existed as a function of
the hand dimention®®. On the other hand, the optimum
pipe diameter at which the pipe feels easy to grasp
exist. In this study, before the sense and the favor of
grasping were analyzed, the relationship between the
diameter of pipe producing maximum holding force
and the optimum grasping diameter was clarified.
Figure 3 shows the relationship between the
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Fig. 2 Experimental set up

12 T ‘I T T T T

100- 4

Fmax (N)
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‘Fig. 3 Effect of grasping diameter D on maximum
holding force Fmax

% 10?

8 T T T T | —

0102030 4030 60 70
D (mm)

i
Fig. 4 Relationship between contact area between hand
) and pipes A and grasping diameter D

maximum holding force Fmax and pipe diameter D for a

24-year-old man. The subject’s hand dimensions were

L=182 mm, 41=79 mm, »=103 mm, B=83 mm, 6=60
mm and C=28 mm. For this subject, the diameter of
pipe producing maximum holding force is in the range
of 35-42 mm. It is known that the diameter of pipe
producing maximum holding force for a pipe is almost
identical to the diameter of the pipe at which the
contact area between hand and the cylinder is
largest™. Figure 4 shows the relationship between the
contact area A between the hand and the pipe and

grasping pipe diameter D. The contact area A was

determined at a pretty strong grasping force so that
clear contact patterns could be obtainded. A in Fig. 4
corresponds to Fmax in Fig. 3, and at maximum A, D
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was 36 - 44 mm.

Figure 5 shows the results of the sensory test for
evalution of the comfortableness of grasping of verti-
cal pipes in terms of the 7 grades in the SD method.
The solid line shows the result for testing from the
largest diameter to the smallest one, and the dotted
line shows those for testing from the smallest diame-
ter to the largest one. The grasping diameter of the
pipes at which the graspring was judged to be
modelately comfortable (+2) were 25 ~ 38 mm though
the solid and dotted lines differ slightly (the grasping
diameter at which the grasping was judged to be most
comfortable was nearly 32 mm). These diameters are
inconsiderably smaller than those shown in Fig. 3 and
Fig. 4. In the case of Fig. 3, a weight larger than that
in the sensory test was applied to the pipe, and then
the subject grasped the pipe strongly. However, when
the comfortableness of grasping was evaluated in the
sensory test, the subject grasped the pipe weakly.
Therefore the differences between the diameters at
maximum holding force shown in Fig. 3 and the opti-
mum grasping diameter shown in Fig.5 seem to be
caused by the difference in the grasping intensity. In
the sensory test (results are shown in Fig. 5), the pipes

+ A O:1
© : : T :largest to
’g +2 L : X ) smallest diameter.
L N S R 4 ©t Ac:smallest to
-: o [N U SN BRSS9 W largest diameter
S ; : :
17 S T
B o NN
..3 ! i 1
0 10 20 30 40 50 60 70 80 90
D (mm)
Fig. 5 Relationship between SD scale value and grasping
diameter D
70
60 - Range transmitting
max imum force
50
E 40 T/, T/,
ps . ————e— 1
S A
20
10 +
O L 1 1 1 3 1 1 1 1

O 10 20 30 40 50 60 70 80
F(N)

Fig. 6 Effect of holding force F on optimum grasping
diameter do
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were placed vertically on the table and no weigt was
applied. Figure 6 shows the results of the evaluation
of the comfortableness of grasping of the pipe when
various weights were suspended from the pipe. The
hatched region in Fig.6 indicates the range of the
diameter of pipe producing maximum holding force.
The optimum grasping diameter at each holding force
F is shown by a black dot, and the range of the most
comfortable grasping diameters is shown by an error
bar. These results show that, as the weight of the
contents of the bucket suspended from the pipe in-
creased, the optimum grasping diameter tended to
agree almost exactly with the diameter of maximum
holding force. ; X '

3.2 Relationship between the result of sensory
evaluation of the comfortableness of grasp-
ing and the age of the subjects

Figure 7 shows the results of the sensory evalua-
tion for (a) a 7-year-old girl,-(b) a 10~year-old boy,
(c¢) a 22-year-old man and (d) a 53-year-old man.
The open circles in Fig. 7. represent the results of the
test carried out from the largest diameter to the
smallest one, and the open triangles represent those of
the test carried out from smallgst diameter to the
largest one. B ‘

The 7-year-old girl could not evaluate the confor-
tableness in terms of 7 grades of SD scale. Therefore,
the number of evaluation grades was decreased to 5:
very comfortable, +2; moderately comfortable, +1;
cannot determine, 0 ; moderately uncomfortable, —1;
and very uncomfortable, —2. However, she was not
able to evaluate the confortableness using this scale
either. Figure 7(a) shows the results for this subject
in terms of 3 grades: comfortable,+1; cannot deter-
mine, 0; and uncomfortable, —1. In this 3-grade
evaluation, she was able to judge the comfortableness
of grasping, but the results of the evaluation were
lacking in reproducibility, and the optimum grasping
diameter was not determined.

On the other hand, for older subjects, from age 10,
the evaluation in terms of 7 grades was possible.
However, in Fig.7(b}, the results for sequential
evaluation from the largest diameter to the smallest
one and from the smallest diameter to the largest one
are very different, and not distributed symmetrically
not same as that in the case of the adults. This
tendency was recognized in the results for 5 of 11
children aged 10 to 11 years. Children aged 10 to 11
years were not able to the evaluate confortableness for
grasping due to undeveloped sense and sensory. This
result is attributed to the following. In the human
hand, the five fingers are connected to a hand joint
consisting of 8 carpalia®®, and the pisiform bone on
the side of the little finger is the fulcrum of another
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Fig. 7 Evaluation of grip by subject of various ages
(a) Seyven-year-old girl, (b) Ten-year-old
~boy, (c) Twenty-two-year -old man, (d)
Fifty-three-year-old man

skeletal structure of hand during grasping"®. From
infancy to age 10 years, the skeletal parts of the hand
joints are formed in sequence, and the changes in the
skeletal structure of the the hand are extensive. It is
speculated that completion of the development of the
bony parts of the hand is a prerequisite for sensory
evaluation of comfortableness in grasping of objects.

For the results shown in Figs. 7(c) and 7(d) for
the 22- and 53-year-old men, in contrast to the above
results for the children, diameters for the sensory
evaluation grade of very comfortable (+3) were
determined, and the evaluation result diagrams are
almost symmetrical. The optimum grasping diameter
of the pipe for the 22-year-old man was 32 - 38 mm, in
the case of evaluation from the smallest diameters to
the largest one, and 38 mm in the case of evalution
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Fig. 8 Method of opimum grasping diameter
determination

from the largest diameters to the smallest one. The
corresponding values for the 53-year-old man were 38
mm and 38 - 43 mm, respectively. That is, a larger
diameter was judged as the optimum grasping diame-
ter in the case of evaluation from largest diameter to
smallest one, and a smaller one was judged as the
optimum grasping diameter in the case of evalution
from the smallest diameter to the largest one. From
the above results, it is clear that the grasping evalua-
tion results were affected by the diameter of the
previously grasped pipe, that is, sensory hysteresis of
the hand grasping object exist.
3.3 Relationship between the optimum grasping
diameter and the hand dimensions
In order to avoid the obscurities in the determina-
tion of optimum grasping diameter due to the
difficulty of evaluation of the comfortableness of
grasping pipe by the children aged under 10 and
unsymmetry in the evaluation result diagrams, opti-
mum grasping diameter is defined as follows. As
shown in Fig. 8, the pipe diameters ¢\ and s at the SD
scale of +1 in the case of evaluation from the smallest
diameter to the largest one, and the pipe diameters
and d; at the SD scale of +1 in the case of evalution
from the largest diameter to the smallest one were
determined. Then the optimum grasping diameter
was calculated as the average value, do={do+ d2)/2,
tising the average values do of ¢ and ds, and do: of &
and d. .
Figures 9 - 15 shows the relationship between the

. optimum grasping diameters b calculated using the

above equation and the hand dimensions with respesct
to the hand size (L, &, &, B, b and C) and hand area
(BX L) for the 40 subjects. The straight lines in the
figures were determined by the method of least
squares from the data for the children aged less than
11 years. From these results, it is clear that the
optimum grasping diameter ¢ increases in proportion
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Fig. 12 Effect of dimension B on optimum grasping
diameter do

to the dimenéion indicating the hand size, for children
less than 11 years old. Moreover, in the case of the

adults, the optimum grasping diameter do is large
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Fig. 15 Effect of dimension BX /% on optimum grasping
diameter b '

when the hand length dimensions L, 4 and % and the
dimension B X/ are large, but depends only weakly
on the hand breadth B and fist size &.

Based on the results for the children and adults, it
is thought that the optimum grasping diameter d
increases with increasing hand length dimensions, but
tends to saturate at dv of approximately 40 mm.
Furthermore, db for the adults is 30 - 40 mm ; thisis the
same range as determined previously!”. The values of
do for the women are more scattered than those for
the men, and the average do values for the women are
smaller by about 3 mm than those for the men. This
is speculated to be due to the hands of the women
being smaller than those of the men, which is the
reason that grasping tools designed for use by women
are generally smaller than ones designed for use by
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men.

The optimum grasping diameter do for the adults
increases linealy with increasing L, 4, b, BX b, or C.
It is estimated that the comfortableness of grasping
have the relation with the length of fingers rolling up
the pipe. The discrimination ability between two
points of the finger tip is very high next to that of the
tongue®. Thus, it is possible that the optimum grasp-

ing diameter-is judged when the cylinder is in contact

with most effectively with the finger tips. On the other
hand, it is noticed that the feeling of the grasping
object depends on an arch of the palm formed when
the hand is moderately open®®. It is thought that in
grasping, the force loaded on the palm is small when
the contact area of the palm with the object is large.
The size of this arch formed at grasping is reflected by
dimension C indicated in Fig. 1. The skin of the part
of the palm contacting with the object is deformed
when the object is grasped. Assuming that the thick-
ness of the first joint part of the finger is approximate-
ly 20 mm and the joint part yields about 5mm in
grasping, then the thumb and forefinger yield each by
5mm, amounted to 10 mm. The value of the dimen-
tion C of 30 mm - 40 mm in grasping is obtained by
adding 10 mm to the value of C in vungrasping. This
range agrees with the optimum graéping diameters for
the adults determined in this study. Accordingly, the
grasping comfortableness of a cylindrical object
depends on the lengths of the hand and fingers, and of
the size of the arch that is formed when the hand is
moderately open, and it is thought that comfortable-
ness of the grasping was judged to be good when the
object was in contact with all finger tips and with a
full area of palm.

4. Conclusion

The comfortableness of grasping of cylindrical
objects has been evaluated by a sensory test for male
and female subjects aged 7 to 53 years, and the rela-

tionship between the comfortableness of grasping and -

the hand size was explained, and the following conclu-
sions were reached.

(1) The diameter of pipe producing maximum
holding force is somewhat larger than the optimum
grasping diameter determined in the sensory test, but
the two values agree as the weight of cylinder
increases.

(2) The children less than 10 years old could not
evaluate the comfortableness of grasping of the cylin-
der in the sensory test, but elder children and adults
were able to evaluate.

(3) The larger the hand dxmensmns the larger
the optimum grasping diameter, and this tendency

735
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was stronger for the children under 11 years old than
that for the adults. However, in the case of the adults,
the optimum grasping diameter depends mainly on the
hand length dimentions, and only weakly on the hand
width and fist size.

(4) The optimum grasping diameter for the men

~was 30 - 40 mm, and that for the women was smaller

by an average of approximately 3 mm than that for
men due to the hand size.

(5) Based on the ahove results, it is considered
that the optimum grasping condition is gained when

the the object is contact with all finger tips and with

a full area of palm.

The authors are grateful to Mr. Shigeaki Kobaya-
shi, a graduate student at Yokohama National Uni-
versity, for help in the experiment. This work was
supported in part by a Grant-in-Aid for Scientific
Research from the Ministry of Education, Science,
Sports and Culture (No. 08455112).
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Diameter of Cylinder with Maximum Holding Force under Rapid Loading Conditions

Mifuyu KAMO, Shigeru MORIMOTO, Takao YAKOU and Keijiro YAMAMOTO

The aim of this study is to investigate the relation between diameter of cylindrical object and holding force
under the condition of rapidly increment of load. The holding force was in a range from 100 to 300N at the
cylindrical diameter between 15 and 60mm. The maximum force was obtained from the cylinder with a
diameter of 20 and 25mm. In the comparison with the results from the static holding condition, the present
results showed that the larger force was appeared at the thinner cylinder. When electromyogram was
recorded from the grasping muscles during constant loading, the targeted value of the electromyogram

showed the minimum value at the cylinder diameter at which the maximum force was obtained. Experimental

results show the existence of the optimum diameter to transmit the muscle force to the cylindrical object with

good efficiency.

Key words: Human Engineering, Human Interface, Measurement, Grasping of Cylindrical Object, Rapid

Loading Condition, Holding Force, Sensory Evaluation, Electromyogram, Hand Dimension,

Contact Area between Hand and Object
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-RMHERIE, Fig.3 1R 7 & I E i (volar 4
interossei : VI), EHERNIZM (édductor pollicis : AP)
LEIEA M (flexor digitorum sublimis : FDS), &
f&JE#H, (flexor pollicis longus : FPL)D S 5328 L7z,

MRBALIE, T 5mm O Ag/AgCl BB AR
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Fig.l1 Hand dimensions determined

Tablel Dimensions of subject's hand

Subj. | L1 L2 L5 L10
MK 167 95 72 73
sM | 181 102 | 79 90
" SA 172 96. 76 74
SYU | 188 107 81 85
YN | 188 108 80 | 90

) unit: mm

L1: hand length, L2: palm length
L5: middle finger length, L10: hand breadth

Fig.2 Experimental set up
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Fig.3 Schematic illustration of EMG

recording positions in hand and forearm

AP: adductor pollicis, VI: volar interossei,
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Fig.4 Process of EMG analysis
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Handling and Sensory Evaluation of Handle during the Positioning of Milling Machine Operation

Takao YAKOU and Keijirou YAMAMOTO
Sensory and mechanical evaluated values have been analyzed duringAvertical milling machine operation for
subjects whose right hand was effective. As a result, ‘thg larger the diame.tér of handle the larger the optimum
grasping diameter, but the tendency at the having spun a handle was remarkable compared with a handle wasn’t
spun. Moreovef, it has been recognized that both mechanical and sensory evaluated values at tha grasping the
handle affected the influence of the judgement of right hand which was hand powerfully.
Key Words: Handling, Sensory Evaluation, Milling Machine Operation, Handle.
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Relationship Between the Handle Size of Milling Ma}ch'ine and the Sensqry Evaluation for Handling
Takao YAKOU, Keijiro YAMAMOTO and Ken—ichi HORI

In order to clarify the functional mechanism of the hand, the relationship between the handle size of the milling 4
machine and the comfort of the ‘handle has been studied by sénsory evaluatibn on eight sfudents aged twenty—one to twenty
— four years. It was found that the handles smaller than 150 mm diameter were operated with a right hand, but larger
handles were operated with the both hands. Small handles under 100 mm diameter were operated with the right hand and
larger handles over 200 mm diameter were operated with the both hands,-and those were evaluated sensory as comfortable
handles to operate. The time necessary to operate those handles was short. On the other hand, the handles of around 150
mm diameter were operated with the right hand or the both hands and were evaluated as uncomfortable handle to operate.
Long time was ne;cessary to operate these handles. The results were discussed from the point of view of the relationship

between the size of arch of the hand, that of the handle and the cohtact area between the palm and the handle.

Keywords: Machine Handle, Handle Size, Handle Rim, Usability, Machine Operation, Sensory Evaluatxon Manual Operatlon,
Milling Machine
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Fig.1 Dimensions of the handle.

Table 1 Dimensions of the handles.
Handle No. Rim diameter | Handle diameter
' d(am) D(mm)
Hl 14 80
82 15 100
B3 17 140
4 20 180
05 24 X 224
H6 26 280

Unit:mm

Fig.2 Experimeatal set up.
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Fig.3 Considered hand dimensi‘ons._

. Table 2 lland dimensions of 8 subjects.

Subject 21 (am) 22 (mm). 2 3 (nm)

A ’ 188 83 ' 85

"B 198 83 Y
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Table 3 Grasping types of the rim of the handles for‘ 8 subjects.
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O : one hand grasping
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Smallest to largest handle
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‘F ig.5 - Relationship between SD scale value and handle‘diameter for all subjects.
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Smallest to largest handle diameter
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Relationship between time required.to 10 rotations and handle diameter D for

D (mm).
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Fig.7 Relationship between time required to 10 rotations and handle diameter D

for all subjects.
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(a) handle Hi (b) handle H2

(d) handle H4 (e) handle H5

(c) handle H3

(£) handle H

Fig.8 Grasping methods of handles.

(a) handle H]

(b) handle U2

(c) handle 113

Fig.9 Contact patterns of hands during grasping.
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L FERBOBOBOP T IOEIREREFOVSOT —F EOME
AT BEHEC, WA EEEc, B RE—cr
v Relationehip Between the Arch of Hand ahd the Sensory Evaluation of the Grasping with Lifting Hand

" Takao YAKOU, Keijiro YAMAMOTO and Ken; ichi HORI

The optimum grasping‘ diameter of the lifting hand was approximately 35 mm at no weighted condition,
the diameter increase with increasing the lifting weight of pipes., then saturated about 40 mm at 30 N.
It wa,s found that the arches formed by a palm— fore fingers exsept for a thumb was more closely
connected with the optimum grasping diameter than the arches formed by a thumb— a forefinger.

From these results, in view of the arch formatlon the grasping mechamsm with lifting hand and it’s
weight dependence was dlscussed
Keywords: Grasping, Lifting Hand, Optimum Grasping Diameter, Arch, Sensory Evaluatlon
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(a) : (b)

Fig.2 The arches related to the grasping,
ri' and r2’
Fig.3 Experimental conditions of the grasping

with [ifting hand.
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SD scale value SD scale value SD scale value SD scale value SD scale value
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Fig.5 Sensory evaluation of the grasp feeling

at the graspiné with lifting hand.
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Fig.6 Effect of load on sensory evaluatlion

at grasping with lifting hand.
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Fig.7 Hand dimension determined.
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Physical and Sensory Evaluation during Vertical Milling Machine Operation .

OF AWEHE (MEEA), E WHAERN (WENIHA),

F OMEE (BHEEX)

Takao YAKOU, Yokohama Nationél University, Tokiwadai79-2, tiodogaya-ku, Yokohama

Keijiro Yamamoto, Kanagawa Institute of Technology

Nasahiro Koyama, Yokohama Natiodal University

Sensory and physical evaluated values have been analyzed during vertical milling

machine operation for right handed subject.

As a result, the larger the diameter of

1 .
handle the larger optimum grasping diameter, but the tendency at the having spun a

handle was remarkable compared with a handle wasn’'t spun. Moreover, it has been

recognizeﬁ that both physical and sensory evaluated values at tha grasping the handle

affected the influence of the judgement of right hand which was hand powerfully.

Key Vords: Phsical Evaluation, Sensory Evaluation, Milling Nachine Opeiation

- Right Handed Subject.
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Sensory and Physical Evaluation on the Grasping of Cylindrical Objects

O Mm% %L BEK #FA K BIEX
IE AE BEHE (BER IE AR (BIKD
‘Mifuyu KAMO, Yokohama National University, Tokiwadai 79-2, Hodogaya-ku, Kanagdwa
Shigeru MORIMOTO, Yokohama National University
Takao YAKOU; Yokohama National University
Keijiro YAMAMOTO, Kanagawa Institute of Technology

The aim of this study was to investigate the holding force to cylindrical object under the condition of rapic
increment of the load. The holding force was in a range from 150 to 300N at the cylindrical diameter between 1
and 60mm. The maximum force was obtained from the cylinder with a diameter of 20 and 25mm. In the
comparison with the results from the static holding condition, the present results showed that the larger force w
appeared at the thinner cylinder. When electromyogram was recorded from the grasping muscles during hold t
constant load, the investigated value of the electromyogram showed the minimum value at the cylinder diameter
which the maximal force was obtained. In considered the existence of the optical diameter to transmit the mus:
force to the cylindrical object with good efficiency.

Key words: Cyhndmcal Object, Hand, Holding Porce Dyndmlc Loading Condition
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Relationship Between the Handle Size of Milling Machine and the Sensory Evatuation for Handling
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Relationship Between the Arch of Hand and the Sensory Evaluation of the Grasping with Lifting Hand

OFF WHREESE (MEMIBKX), E ASEH (KKEX),
¥ O M~ (BMEREKA), PEND (KEEX)

Keijiro YAMAMOTO Kanagawa Institute of Technology
Takao YAKOU, Yokohama National University

Ken~ ichi HORI, Yokohama National University
Hisayoshi ITOU, Yokohama National University

The optimum grasping diameter of the lifting hand was approximately 35 mm at no weighted condition,

the diameter increase with increasing the lifting weight of pipes., then saturated about 40 mm at 30 N.

It was found'that the arches formed by a palm— fore fingers exsépt’ for a thumb was more closély

connected with the optimum grasping diameter than the arches formed by a thumb—a forefinger.

From these results, in view of the arch formation, the grasping mechanism with lifting hand and it’s

weight dependence was discussed. '

Keywords: Grasping, Lifting Hand, Optimum Grasping Diameter,‘ Arch, Sensory Evaluation
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Fig.2 The arches related to the grasping
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Fig.3 Experimental conditions of the grasping
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