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Evaluation of Glove Designs Applying Change in
Hand Length Dimensions by Hand Motion
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ABSTRACT

Use of a glove made of materials with a low elasticity decreases the performance of the hand such as agility, dexterity,
range of motion, and grip strength. The present study examined if the adverse effects of a low-elastic glove can be reduced
by a design which accommodates the changes of hand surface lengths by hand motion. Two glove designs which provide
patches of elastic cloth and pleats at the finger joints and knuckle were developed by considering the hand surface length
changes, and then compared with two conditions(bare hand and conventional glove design that does not consider the
dynamic characteristics of the hand dimensions) in terms of completion time in peg board insertion task, maximum grip
strength, discomfort in hand motion, discomfort in force exertion, and overall discomfort by 24 right-handed participants.
The test results confirmed that wearing of a glove significantly reduced the agility and grip strength capability of the hand
and indicated that the novel designs were effective to lessen the performance decreases compared to the conventional design.
Also, of the glove designs, the pleat glove design was found most preferred for both better hand performance and less
subjective discomfort.

Keyword: =A% Zo] #3}, 23 A, &9 +35, A3t 37}

1. & FE At Atk (Muralidhar et al., 1999).

b 220 7 Qlgk £9] = E2) U]?}(j)ﬂ ol—e_:]h 1=

3, T2 W9 T SHelA BHrrEoIA (k. A3t 2-E

2 A ddoluy dAF AR oY f38l QAR w2 &0 3% W3l H7kA|, Bensel(1993) ¥ Nelson
E& 1o] g8 FEEY &2 FHES A and Mital(1995) 2 2] A7 S4S B8 52 WF
o} A dolu 39, A%, B84 vpE, dtEe A W3S H7181 31, Batra et al. (1994), Muralidhar et al.
, o1k gl vAbd B AESHE fdl Bd 5o ERE (1999), Tsaousidis and Freivalds(1998)2 Htj] 2}& <]
B33 Yste] agen) Tey, At 28-S &9 W3lE B£49819 21, Adams and Peterson(1988) &
N394, AmA, S Q4" A ok 5o 5 tf £33 W3S 9ebsk9l 1, Bellinger and Slocum (1993)

an

o)
N
N,

Mo
>

oft rhr ma 4 4
2ol 2t 30 )

"2 =R BK21 ARIY 9L ot £35S,
YA FABAARIE, TRRIRATY AR AT, T EG TN AN TR, AR S ARt
wAAR: 731
=
=

2 790—784 7ZAE E3A] T GAE ARIRA], A3k 054—279—-8246, E—mail: hcyou@postech.ac.kr

Copyright (C) 2006 NuriMedia Co., Ltd.



16 2 - &0Id

IS 0191F - o407

o0
[l
0y
(o]
o

REABISE

= B4 Wle wakE Bkl

A A AR E2) Y% At EEA BE
EAE 7o) WekE B Aol FelHow Hegow
W BN 5 9 Rolth &0 FRe] G vAE
B3 A Qa3 A, A2 4

MEA, A, vt
=Rk P‘Lﬁﬂ %ol 9lt}(Batra et al., 1994). Au]xd &
(2004) & &%

ol SR ASE P17 S B3 SE A A
g gl EAES Qo] MBS AT of

TE &R Y 19 2
langeal, MCP) #4&
TEete] & H A din]
W3l =A3h9=),

Fo] Z=%]4 (metacarpopha—
7o 107 F91(H1~H10) =
T A ZAA 7 F-9 o] do]
Zo] Wglgo] &7kt g (HI1~

H5) oA & xpo) (g 112~127%; o]0 111~125%) 7}
&5 FYH6~HI0) M= 22 Aol (112~
o=

OT_‘:_ ]%l_]‘_

116%) 7} 9= #1& ujol

271 g

nE ool

(e
e
o
b
i
kkl
i)
o
a (&
il
=
r)
o,
B
o
7
lo
N
—E‘ ol
ol

}L
<
2
offl
o 1N
=
.
oX
i
fu)
1L
£ g
offl r
i)
ithA
r’l
o kI ¥ o

Copyright (C) 2006 NuriMedia Co., Ltd.

Aol wE A do] WET S

= e AT (I 2 2.

% A4 5(2004)
o seket Qo] WHEe 483k AFE(200%) 2 71

SAAE Sitle] AR W, HTE e B R
2 % Lo ANE BAY oRFE /1S A8l A
olek. &7kt eelN BT ol fFE Al &9 el
A4 5(2004)0] Shetet AL Qo] Mk, £39)
A 58 aelstel 4 19} 29 98 A g,
&9 olfFE A7) =
&9 o] x (EAE Aol WakE - (D)
HAY o f7E ] =
ER9 ofFE 2]+ ERY BE S @

sojel g EFE Mol Aol ol fF5F F71(cm)
(cm) ek &1 24

A (HD) 7.0 1.12 0.8 0.8
AA(H2) 75 1.19 1.4 0.7

L7kt

ey TAMHY) 8.4 1.20 1.6 0.8
k2] (H4) 7.9 1.22 1.7 0.9
24 (H5) 6.5 1.27 1.7 0.9
=] (H6) 6.8 1.16 1.1 -
AAHT) 11.0 1.12

301‘5; A (HB) 11.1 1.14 s -
k2] (H9) 10.6 1.14
22 (H10) 9.5 1.13

#* US Army A& (Greiner, 1991) 2] 34l 50%ile #k AH&-

He) A A B, Sk 99 PAE shiel B
lFol onw B ohiFE VL LAl ot
[e;

38 19 BAAR, £ G99 A4, FA, oA,
AT T NS AR olFolA Qo] Y B o fFE



$24%, B43%, 2005. 11.30

S0 2 =ME 20| HSIE N &2 84X €0t 17

Pl 99 oAFE 2719 o] Btk W, £ 9
F AN 24 H919) oA FE 2N A
sol Y oIfFE /5 3 AUA GO T A

_MJRHJ

9

C
=4l

**74]51 Al F7F9] A2 US Army A& (Greiner, 1991)
ofl Al AAIgE 707 =57 Wil 3 50%ile wh= 83t
o] AFAo] e lEo g AZEd Al F7 ke
US Army A5 5 3t AAA &84 5 &= 707 &5
A HMFsEeA & 2004)«1 FA 50%ile FHS 283t
AAEIG oM, AEAdo] v s ARE-Ste] AlFtE Sk

3.1 oA}

B oAgea AlzE AHUS Army 9] B4 50%ile &
54 AR 7IE AAS ol #FHEFE e £37
(+70]: 18.9~19.5cm, £5): 20.7~21.3cm) = 7k 24
o] A PAE gt PRS- 20~294) (F:
23.641, EFRAE 2.64) <] W*Ol"* Oﬂ% EES FES
2 ARSIt +7é019} S SNBSS FAREIIA
GEFYsted T, 1997) oﬂ*i x%lf\lfa oz SHH3)
on »léli‘éx}gA JAOM EEd9 Hae 247 19.2
cm(EFHxE 0.2cm) & 21.0cm (EFH2)E 0.2cm) Sk

a17] 213l pegboard 2§13} grip #4lo] A= I Peg—
board ZYE k& A oA QEES ALEEe] 30709
pege 6x5718 FHORE F/J¥ pegboarde] AEFH

YoM @ EZOF Z2= 2ot} HbA grip FYS O
Aol RS 90°= A%k Aelel ] NK Digit—Grip ™
(NK Biotechnical Co.) ol th3l] &2 FHuj o= U3
s Zgolch

&9 Y= ARE VEEY FHA
ZJ,]—Z‘] 7]_,_(EZ1— b‘u:]}\(i 617_(-11%_ %j‘xi}\é

= AHg3te]l B71E %It Pegboard % =
AAE ARGl SAE o, A o2 Caldwell 24}
(Caldwell et al., 1974) °l] w2} NK Digit—Gripell th3l] <F
1% 53t AA138] & S7kste] Al 3ol o] & ZdEelA 4
= &3 frAlshs wet S48tk 2 38732 pegboard
Al A3t oz A% FAe] EHs s veR
A28 =88 grip 2AIA A ZEo= el S
AL %XISM gjd??l AEE YeRY, AWy Euss
Sk dNkE o & Bksst Y=g yEhdh
ol F#4 Hrle 19 39 WdHE Borg CR—10 scale
(Borg, 1998 You et al.,, 2005)2 AFg-ato] $=3¥]gic}.

L

-

s

B

=) ¥

s
-

™

DL
=
=12

~

)

4
o
rlo

(=

o N BN

[11

v, =2 U

At A, A5 &1 el Hisl pegboard 4
T grip Zlo] FAECE A1t 2§ 279 A SAE
AEME A ShFolt 2T AT FHE *‘»11*1717

?l8ko] Latin Square 4= @%‘6@1 AE3 e A A

H }\h'sd% Lﬂ 7}.}] X]—@— 7‘<1—_9_ ZA(ME old} ]c}@'
J.0

ol

o U

W B RS A Ul £ FYLE B e AUBAY BE AR 719 £ewgnh
oy el
WO o) Ol Y=
o et EHoict mmorcy
0 1 2 3 4 6 7 8 9 10
(1 1 | | 1 ] | ] | ] (]
] 1 I T I I 1 T I T | |
30 =3 o o)< s
=mOpny = moft Emofcf Emofcy Emolcy
et
(a) 5% 2y ¥ X8 2HY
Ty AE!
HOROM|  EEISOHY Ol B=
o esct =0ra ofct s ofch
0 1 2 3 4 6 7 8 9 10
L 1 [l ] ] Il ] 1 ] 1 1
| T T T T T T T 1 1 1
20| =3 o o s
R ERET Y SRR ERELT] EREL
e

(b) ™G+

4

g0Eg

8 3. #8=l Borg CR—10 scale

Copyright (C) 2006 NuriMedia Co., Ltd.



18 AR - M0l - HIIE - 0121 - 21401 - R5|H - As|e RBABIEE
Ay A g5 5 %"éﬁ% el A AEA T = miet AT %0
70 F
TS B ST 2100 i B} SIS, R I PR IR s Trgy P
- = <] B T + =
SABAEE T 45h 2 oIv] vy HEE At e L  PEUN SN Ty
A Aol A8E BARe AFA0] A A S oY Magau] ¥
ck _
=, oAf5E Aol AR ofEEe 2717t maet 5 ¥ T
A A kAl sl Boksker. . 1
0 1 1 L O
AR ORRE  HYMR QWY
| | | l | | | y A
| 1 | I | | |
IR Er A
e g m3  ngy o3 - oS
Mg ng ! a (a) Z2td It AuA= BEHALE <[0))
(a) BHEF FU NEY
M ==y 26
5 |- 28 wny .5-5
| | | l | | | g O foa - oo weas S
| | ! | ! ! | g, ot
}' 26 '/,/
oy eny =3 gy &3 EE o 3 28,2
@nig =ntey CE oe ] 21 e ’%_3
o 2 —t
(b) OIRFE FUS OIRFS S e
; :
J7 4. 90| 0|2y ME 8 . .
HRTFENY HHME Y Qi Ay
WA AR N
=]
4. 87t 21t &4 (b) 2= Bt 23}
J8 5. 29 2= Bt A
Pegboard Z4Al &9 A grip ZA] Hl ot
go me 2AA P mgron ok Ayt =g A AESIGE vEATe R, AN ENSEE AR5 gl
b e Ao oy uh(1d 5.a #F). Pegboard A 1L6F0E 7P wtan @A A3 Ak B3 o
2] Zea) A 7he qﬂ{: ZAA Bt 4527 7P Zoral, o e Aol val 22 1791 (2.8 ¢k 3.4 (5.5%)
FFE AW SRS A O B A8 A RS SR IR,
& z7e] 2] Ferol ue) 27t i 152(33%), 172 £0] FYE G 71 BAREA Ao} AR At
(38%), 20%(44%) 71 o o) A Aoz seigqry. = AfTE Aol A gareld it kel visl Y
= grip A4 Ao) ok wiE 2ol Fat 36kg A AEOE AR 0] TR ASKE elsA dSAA =
o7 JPA =obu, o952 A7 BAAS Azt owk gz = Kol oIk % 29 AN Aiks BE SR 9Tt
28 zAHE W 249 Huf okl nla) 7tz B /1] A A8 200 ) F2%He=0.05) FTF=
2kg(6%), Bkg(14%), 6kg(17%) A% Ftadhs oz p  Was HEhth 3% 39 %7k 7158 SNK vl
Ehict A olf7e Akl Ak Aol wla) mE B} 7)o
1t 28 Aol A pegboard 24t grip 21 A,
A EEA, P48 U B A ERESEE oRFE 2. Bt 7IEE AT &G x7iel BMEM I Q0
Sl 2, A A o R FUtshe AR R DF Sum of Mean F
apetE QIth(1" 5.b FH). e Squares  Square
Ea BUAL o] §5E FrlelA 2.1Mew pg wekn, A9 FaA 3 5466.88  1822.29  76.43+
WA AR O e o 4R el wle) 4zt Ad e 5 49565 16522 1946w
L79(3.65) 9} 2.6 (5.67) F= =2 Ao=E Yepgeh #2894 2 144.22 7211  105.46+
Tl AL FEAE ofTE el 158ew 7 948 =8 2 146.88 7344 8317«
vgron] eRdAS A7t oul AL o] 9Ee Agte] B]  ANA BuEc 2 191.9 9595  83.90+
3 A7 1.9M2.873) 9 3.3M(4.97) AE & FeE & #p<0.05

Copyright (C) 2006 NuriMedia Co., Ltd.



$24%, B43%, 2005. 11.30

S0 2 =HE 20| HeIE NEE 22 4K #8019

E 3. Ut 7|1EE EY EHE =9 SNK CisH|u M 21t ¢

B} 7% A #8224
Rk
oD WE ARFE AT BANG B 9w g
FYAZE
Ao oty WE dfFE AR SRS A A 33t
EZF
o fFE At wAAS B A A
24
6]%%%_
o oAGFE A wAMe Bz duwk Ay
=l o
A
e oAGFE A7 wAe gz g g
=

A oAl Aoy, e Azt wis) A} ARt

= AlLJg 2= 7 el el desEs B =k

Tl SNK o]t Avl= ' dto] vk A3t
of nla] A4 Frt 71E Sl f2lgt ztolrt gloy
THA B7L 71 S folsH Aesgs veRdth
nprjeko 2 A3t A el sl 7kt Ayl o {5
Ao AfFES Ad vl adAaR Al A
7 F5s Hepdigith 9555 2719 disiAe 18
8 (75%) 0] Asitha k3L 678 (25%) 0] 2 Tkl
H7yet whA, B4 3] Aol didiME 59 (21%)
o] Agstrtal a9 199 (79%)©] FAY 2+ #rhar
Brrstlek(x 4 F

Mo

R

BN

).

B 4. BHY AR UFYU RFE J7I0 tist 4= B2t
ull-5- B 5 vll-5-
AL Z-e. s ZS. A = ] =
e A h=) =]
s 6 13 5 - - -
A5
[e] A Z L [e]
wige M wawn SHoage IToge T
A A o eaes
A5
=
i} - - - 18 6 - -
7]

5. E 9

Ze] mgge Ao ofgs AsAlE
Aoz metelglet. &52e] WHAS pegboard A4] 43
ke o gste] ke Ax, Azt 2HgAle) A ARt
i ZIAlof| nisl Ht 33~44% = 2 Y Zlo

AE QT mEgh Ho o wiE ol vl gt 2

Copyright (C) 2006 NuriMedia Co., Ltd.

SAl B 6~17% Y= Fadhe o® ety gl o
+ Batra et al.(1994)¢] 10% %4, Muralidhar et al.
(1999) 2] 10% # 4, Tsaousidis and Freivalds (1998) 2]
15% 72 A#s} Al

el e &AEe] o] HslE Agste] AAE &

=

A A} ol fE At A Reow AR £ &
L

=

=

AakE AT o HelEgr. E A 4]
52008 1A Sfetel £l whE EAm) o] W

S BRI RFES ALgSle] B3 Aol A g3

fob 2 0% ox

gk, Ao o] WEE A gsiel 4
3 o4 AT Ak gl vls) 2l FaAATo] 2t
96%<}F 92% = Fekar, Hdol o= 27t 105%<}F 113%
A% wghovl, B4 BRYS 47 6

N0
E T~
N

=3
& BEAES 47 56%¢ 30% v AN BN 7t
7t 51%3} 29% 521 Z o R sotHirt. X7 o)
HAskE Agsto] AAld WAR At oS A3t
Aut gzl mla Aok AL A AdEEE ol
FHol goldt HHow Ao w4 Heldo] T

9

p

3T

S i EAIEe] o]
Wh A gR G WA B AP wet A f
P o7 APOE TRAYOH, AfTE Bl
BE 7 A1 SR el via) A ow
AT ol fFE A AR 2ol vl8) peg-

board 2] AT 3.2% F= Fekor, o) ofH
A 9.7% =9k, =2 B 3Ag EWEA 1 A
Bl At 53~58% 0% et o)#s A7)
© & AA 54 Bl oAfFE A ARTE
A (75%) Whd AR A ASAS 25 Arkar

(79%) zAH Aol 7IQ15E 2o F4Ht

T

%3
)

o
[N

=
[

B QAT SEA) e AR o) WsE nad
AR LS BA WEA, A oY, B4 20y, 948
B, AN 2USE Sveld ks, B g
21 ¢

aFA] ok Ak g3t v 5 (2004) 0] sk



20 M - S0l - HIIE - 0|2E - H==D1 - K5I - H5|=2 KEARISE
o] o] ¥3l= ALt G A oGFE A A ergonomic evaluation of manual Cleco plier designs: Effects of
olul #7to] H] rubber grip, spring recoil, and worksurface angle. Applied Ergonomics,

Ak AR B oI RTFE B
’ 36, 575-583, 2005,

viAEto 2 F& B, §4E B, AR ENESEE

o == } o] ] =] I~z Dzixl' i7HO
o5 Aol 4t el vl§l 29~38% FTolw, &
232 kel vlel 54~58% 9 Aoz etk .

«d 9 iH oo

gyt AT} )
] _ =TTt AT A4
o =9 Egpiojsta AT} what

- =
A A AR FABAAGY AT

“ o
ARk AT, AN, QT4 AFAA

v O pi4

AQA, A&, AV, /317, AL, £5Y WFER An
BN ol§F A HAY Fa ug A4 2 A A5 AV A

o

&, gIgrol71a el =], 23(3), 25-38, 2004.

A, o], A7E, AT, F3d, 8, F
S ] A il d7d

AR AT, AFT A

L A
o

Ly ol 7He8t3], 77 S} et ), 2004,
o FEAeATY, ARAF] FE2A 2SI IUEEA
A BN, FE e F e, 1997,
Adams, S. K., and Peterson, P. J., Maximum voluntary hand grip torque for
circular electrical connectors. Human Factors, 30(6), 733-745, 1988.
Batra, S., Bronkema, L. A., Wang, M. J,, and Bishu, R. R., Glove attributes: _

f
N

sefet AN AT A4

—Wwo I

et A g A

A Al EEEiet 494 9TH A
- o . § . .
Can they predict performance? International Journal of Industrial TA ok Abelol 7kt Q17FE s AEAA

Ergonomics, 14, 201-209, 1994.
Bellinger, T. A., and Slocum, A. C., Effect of protective gloves on hand
movement: An exploratory study. Applied Ergonomics, 24(4), 244 "

-250, 1993, E3FIEh A4 A
Bensel, C. K., The effect of various thicknesses of chemical protective d A =3 sty A7 sk AAA
gloves on manual dexterity. Ergonomics, 36(6), 687-696, 1993. ROk AFIA AEFAEA, AR T4 AFAREA,
Borg, G., Borg's Perceived Exertion and Pain Scales. Champaign: Human VR Tlee] AFAEAA &

Kinetics, 1998.
Caldwell, L. S., Chaffin, D. B., Dukes-Dobos, F. N., Kroemer, K. H. E.,

B 2~ 1] &
Laubach, L. L., Snook, S. H., and Wasserman, D. E., A proposed stan- ’ ;‘3 OET o) %_J_:,_ Sadizkel ahap
dard procedure for static muscle strength testing. American Industrial ARcysty o B stgh A
Hygiene Association Journal, 35(4), 201-206, 1974. 3 A ARG o)Ratg AT,

Greiner, T. M., Hand Anthropometry of U.S. Army Personnel. U.S. Army oyt ol Zu)st A 7] gRpelA Ak
Natick Research, Development and Engineering Center. Natick: MA. B Bo}: 5B3As TRelzyst OB
(NTIS No. ADA244533), 1991.

Muralidhar, A., Bishu, R. R., and Hallbeck, M. S., The development and
evaluation of an ergonomic glove. Applied Ergonomics, 30(6), 555 3 e
-563, 1999. At AgEEa 3k

Nelson, J. B., and Mital, A., An ergonomic evaluation of dexterity and Aedgta g 44
tactility with increase in examination/surgical glove thickness. w5 A e o} FHY g AFgFe AL
Ergonomics, 38, 723-733, 1995, il i ER S e gy

Tsaousidis, N., and Freivalds, A., Effect of gloves on maximum force and 4 A: "E‘%J%‘?’M} it AP QT 2a
the rate of force development in pinch, wrist flexion and grip. ARk kg Al 7:“7]_%' AR T AHEAA,
International Journal of Industrial Ergonomics, 21(5), 353-360, Ay TEAAAR Y, _
1008, AL} dEjsolz AL TR AR,

ZIAEA 7142 AlEA ©.9
You, H., Kumar, A., Young, R., Veluswamy, P., and Malzahn, D. E., An PR 71 AEAA o8

Copyright (C) 2006 NuriMedia Co., Ltd.



S0 [ =ME 20| HeIE MNEEF 22 84X ot 21

$24%, B43%, 2005. 11.30

R ERS = & 3 4 < (Date Received) : 200513 074 07
=R 51 ki jw Z] g3} sk
:;HH;; 123;1;;}%} =EAA <1 (Date Accepted) : 20051 08 19¢
A2 veteiAidistay o) 83ta) Aa)
A& et A3 b
d A AEHSR 53 2
WAk FRRAE, F RT3, A EAA

Copyright (C) 2006 NuriMedia Co., Ltd.



	손동작에 따른 손체표 길이 변화를 적용한 장갑 설계 평가
	ABSTRACT
	1. 서론
	2. 장갑 설계 및 제작
	3. 실험 방법
	4. 평가 결과 분석
	5. 토의
	6. 결론
	참고 문헌
	◐ 저자 소개 ◑


