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A vehicle moving handle used for opening car door is important in terms of grip
comfort. Grip comfort of moving handle can be improved by design dimension optimization.
Previous studies evaluated applied forces, pressures, electromyograms (EMGs), and
satisfactions to recognize optimal handle design dimension for muscle load reduce, work
efficiency and customer satisfaction improvement. But proposed handle design dimensions
based on cylindrical handle cannot be applied to complicated shape of moving handle design.
And previous studies measured only objective measures like force, pressure, EMG and

overall satisfaction, so that detailed grip comfort on Moving Handle use was not analyzed

enough.

The present study is intended to choose important moving handle design dimensions

DIME 135}, Hayoung Jung

20142212  An Ergonomic Vehicle Moving Handle Design and Evaluation Method
for Grip Comfort,
T S fek JA-EEA A Moving Handle A A 2
H7F W,
Division of Industrial and Management Engineering (Human Factors
and Ergonomics Program), 2016, 78P, Advisor: Heecheon You, Text in
Korean.
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for grip comfort and analyze optimal size of each design dimension by grip comfort
evaluation. The proposed study consists of five steps: (1) understanding design
characteristics through design analysis and benchmarking, (2) major design dimension
selection and develop experimental design based on Taguchi method, (3) ergonomic moving
handle evaluation protocol establishment, (4) develop optimal moving handle design and
validation.

First, in design characteristics analysis step, 12 design dimensions of length, angle,
and curvature was defined using 8 reference points and 2 reference line with shape of top,
front, right, and cross section view. The size and range of each design dimensions was
analyzed by benchmarking of 5 vehicles moving handles.

Second, handle height, handle width, and handle side angle, grip part central
curvature, inner-upper curvature, inner-middle curvature, inner-lower curvature was selected
as major evaluation target design dimensions by the evaluation of design dimension priority
according to grip posture and grip area change inducement. To recognize preferred size of
selected design dimensions, grip comfort evaluation experiment by mixed-level of Taguchi
Design L18 (2* x 3°) was performed.

Third, 20 participants (male: 10, female: 10) with various hand length and width
was recruited and grip comfort of developed moving handle was relatively evaluated with
specified evaluation measures (easy to control, fitness, length, angle, curvature of propriety,

pressure distribution suitability, overall satisfaction) and 11-point bipolar scale (-5: very



unpleasant, 0: no difference, 5: very pleasant) compared to reference moving handle. Handle
height and width was significant design dimension to grip comfort. Handle height was
preferred as 12.5% at minimum value (26.0 mm, p < 0.05) compare to maximum value
within the design factor levels, and handle width was preferred as 11.0% at maximum (22.0
mm, p < 0.05) value compare to minimum value within the design factor levels. Handle side
angle was preferred at maximum value (76.4°), inner-middle curvature was preferred at
maximum value (40.0 mm), and grip part central curvature was preferred at mean value
(583.9 mm) without significance.

Lastly, optimal moving handle was developed by considering sensitivity and
preferred trend of design dimensions and optimization effect was validated. The sensitivity
of moving handle design dimensions was analyzed as following order in terms of overall
satisfaction: handle width (3.9), handle height (3.5), handle side angle (2.0), inner-upper
curvature (1.0), inner-middle curvature (0.8), inner-lower curvature (0.4), grip part central
curvature (0.4). The grip comfort of suggested evaluation best ODH and estimation best
ODH was 24% ~ 48% higher than reference ODH, so that optimal moving handle design
effect was validated. The moving handle design and evaluation method proposed in this
study can be applied for optimal handle design to improve grip comfort of grip able handle

products.
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I. Introduction

1.1. Research Background

2+5F moving handle> 53tk Al i ZH#E el AFE-E = handle=A] 474,
ARE o, AR A SHdA Fatt AFeR QEdE A7
ZT QAo ¥ 9l 2% moving handle> I FF 24 Figure 1-13} 29|
2k 2] 4-2] outside door handle (ODH), 2} W4-2] inside door handle (IDH), door
trim grip handle (DTGH), =22] 3L door trim pull handle (DTPH)S©] it} 2FaF 94
¥Ho =59 FAo=w AHAFEE ODHE A% exteriore] design identity =
st AlFoez A, A, A 5o design featuret= A% S oA
T8gk 847 HI7HETh Moving handle®] A7 @72 Sstat Al WA sk 4§

0, 4 RE, B4 84, SR 157

N

5o ARE A I = F
210 (Blackwell, Kornats, & Heath, 1999; Grant, Habes, & Steward, 1992; Yakou,
Yamamoto, Koyama, & Hyodo, 1997) U3k Algx}e] 7S HF=dd 5
A thH(Herring, Castillejos, & Hallbeck, 2011). A& AF-&A] 2As= A A ARS8}
AL AREA RS Al ARAEAY F 7AdE ¢ JerER(Kim &

Nam, 1099) ©AAS FHH AL Y K, A BelY FIS AT AP



Outside door handle (ODH) i
* XtA|: standing . t.' -

* A & both hands
\“ 7

* XbA: sitting
+ AFE £: door side-hand|

* XtA: sitting

. Al A ide-
« X}Af: sitting A& £: door side-hand

* AH2 £: door side-hand

Figure I.1. %} moving handle &+

Handle®] # 7% design dimension <17tEE% H7IE B3l +HE &
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A AES] &5 HE S5 HHE A AR H94d 2 A4 58
SRS 98] thFsk shape (49°5) 2 diameter (2575)2] scaling instrument
handleES 7}l %4 handle dimension= 183} th. Herring et al. (2011)-
Neutron detector handle AR&-#HolA AL 93] shape (85-)3 perimeter
@F)7F thdsk 874 handleo] thste] S wrF & handle S 9%
A7} protocol ¢ 2 A 83Fo] %A handle shape ¥ perimeterE 4 3},
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Handle Shape Height widthratio __ Shape
€ Circular with two flat sides 01013

A Circular with flat side 01013 =

> s s
A — P
s T =
SR oous
P — nors
u Rectangutar e
(a) Dong et al. (2007) (b) Herring et al. (2011)

Figure 1.2. Dong et al. (2007)¥} Herring et al. (2011) 1<) 7} W4+ handles

71 handle #d AFELS 2 Ay aF

ofk

B, QAR A

)

ALE WS gS EH o= force, electromyogram (EMG), satisfactionS
A7]15 83 th Welcome, Rakheja, Dong, Wu,

and Schopper (2004) ¥} Aldien, Welcome, Rakheja, Dong, and Boileau (2005)+

rl
fiid

AA A oS 935 cylindrical handle?] diameterell e} handle % force
plateol] =83} grip force, push force, contact pressure 52 43 S™ 30 mm
Y 40 mme| handleoll Al 71 =S contact force”} A stE AS otk ith

Grant et al. (1992)2 =3k & vt

0%
E
P
o
tjo
ok
B
ol
ol
N
do
o
Q
oS

o7 I3k <A
strength 2 muscular effortell g cylindrical handle diametere] S

718} 2.1, handle diametere] <3 &2 grip strength 2 muscular effortell 2] s}
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handle diameter’} A}&2F2] inside grip diameter® T ZS w) <l EEH7}

Fagkebar Boa1sQltt Blackwell etal. (1999)2 2H4 &85 ol 1A Fal&

g

2A]71% handle A 71E $13 handle circumference®] EMG 2 grip forceel] t st

of
o%

S 2819 91, handle circumference 130 mm % 160 mmoll A <5 F-3&}7}

N

HAstE 3 Hd grip force7l TAE = AL gelskth T3 Y. K. Kong,
Freivalds, and Kim (2004)>- hand tool®] 291 &8 S 9l&] handle 3ol

2 &7 A8

ook

, THA SR E qfHstglon, A2 handle diameter (30
mm, 37 mm > 45 mm)o| Al W=7 =4 gpetE Qlchal vl o

°17F334 handle design dimension TS 93k thFst AU}
Aot sk &4 handled] diske] A&} 7HJS 18] g handle design
A= HEFE AAolnk 7= Aol A & handle®] dimension> cylindrical
handle?} %2 gt Feje] dEo diste]l F= ATEHo LS AT
A3E moving handle®} o] 233k Aol handle A Aol 28317 o] $-H,
== handle diameter 3 circumferenceE design dimensionS. 2 A7d3le] 371X
o]%+e] design dimension®] X3S Fek HFAQA AHA @i g FHEE

F-=53519lth B8k 7] handle 7} protocol-> grip force 2 pressure, EMG S} 22

N

A Gt JF ol Y handlee] #wHAQl M S w=wk3 dkofsto] handle

Al BB AR AgAe] AL FEEY] ol@an AER 24
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Dong et al., 2007; Grant et al., 1992; Harih & Dolsak, 2014a, 2014b; Herring et al., 2011;
Jung & Jung, 2010; Y.-K. Kong & Lowe, 2005; Y. K. Kong et al., 2004; Mahmut, 2004;
McDowell, Wimer, Welcome, Warren, & Dong, 2012; McGorry, Maikala, Lin, & Rivard,
2009; Seo, Armstrong, Ashton-Miller, & Chaffin, 2007; Welcome et al., 2004; Yakou et al.,

1997).
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Table 1.1. Handle®] <17+-geH4 AF F3F

Measures
No. Authors Year
Force EMG Satisfaction
1 Aldien et al. 2005 Contact pressure, peak pressure - -
2 Dong et al. 2007 Thumb pinch force FDS, FPL, EDC, ECR 6-point (0-5)
3 Eksioglu et al. 2004 Maximum voluntary isometric grip force 5-point (1-5), bipolar (1, 3, 5, 3, 1)
(MVGF)
4 Grant et al. 1992 Maximum grip strength Right forearm (flexor, extensor) -
Harih and .
5 Dolsak 2014 . - 7-point
6 Herring et al. 2011 - - 2-point (0, 1)
7 Kong and 2005 Finger force, toque FDS, ED 7-point
Lowe
McDowell et Force ratio (measured / baseline), grip
8 2012 - -
al. force
9 Welcome et al. 2004 Grip force, push force, contact pressure - -
10 aBIOh'ema”” et 1994 - DPA, FCR, ED, FCUD, FCUS 4-point, bipolar
Harih and -
11 Doltak 2013 - - 7-point
Harih and
12 Doltak 2014 Contact pressure - -
13 McGorry etal. 2009 Grip force - -
14 aBI'aCk""e” . 1909 Grip force FDS -
15 Kongetal. 2004 Finger force, phalange force - 7-point
16 Seoetal. 2007 Grip force, total normal force, fingertip ) )

force, thumb force

14



1.2.  Objectives of the Study

2 A7+ A% moving handle®] TH7F S 918l (1) design analysis %2
benchmarkingS &3 A7 54 142}, (2) 2 design dimension 4174 2 Taguchi
method 7]WF A3 t]=}<l, (3) <17+F84 moving handle 7} protocol A #H, (4)

moving handle % A7 7| 2 &3

oY

Zo ol 71 BES b A, 2
A= moving handle?] Z1@Zre] FL3F J3FS 1X = design dimension<
A7) fste] Ewldel, W], 4=, HE

=2l design dimensionE<

lolstal Y4k 2] moving handles benchmarking 3F©] moving handle 7]

|

\#

EAS wolgitl. E4, B A= volH design dimensionE 9 8% HILE
F=33te] H7F 4} design dimensionS 3 Habar theksl design dimension
AA =& 23S grip comfort B7HE a3l 7] $18ko] Taguchi design (L18: 21
X 36)= A&et] AA oS AABear Adds AR AR, & A
moving handle AF8-A TAsh= vt ARSA S AAH ez BHIEH]

S5kl grip comfort W7ol AABE Frh FE A, W A= A4 L B

o
oX,
uch
o
v

2] JhEks Esle] A1 sH4 %} moving handle 7} protocol

(1) controllability, (2) shape (length, angle, and curvature), 12| 3L (3) overall satisfaction
=] 117}A] H7F o] thte] 11-point bipolar scales ©]-&3lo] 7|& =}
moving handled] tale] H7F At moving handle A& 18FS Atz o=
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Hrbgeh v Rto R, B Ay FHA wSE Wy Z3E Jwro R stetd
755 design dimension™d HZ A7 FFE A&ste] moving handled] %
AAE MPdsta AA adE #ZASsu. 2 AF= grip comfort el
AR Z 23k design dimension 2 A A S GFESaL design dimension'™

Q55 volste] moving handled] HZ A7 7S It B d3A99

( S1. Design analysis

Design dimension It}

g4l &4y

[ s2. Grip comfort evaluation

(1) Taguchl Experlmental d95|gn (2) Ergonomlc evaluatlon protocols (3) Experimental instrument

==

Design guidelines

28 pip nR g !qu‘ i
AR A R R doo

p
S3. Optimization
,

o wa w3 2w 1’!“.:'

Figure 1.3. 2} moving handle®] # % A7 A+ Hx}
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Il. Literature review

2002)S #arste]l 7l=sigleow, £3d A= Keyword /', Title screening,

=
N

Abstract screening, ¥+ 3o WHE HIE HF review At Fd AW
5714 ©AE Eate] It Table 2-10] BEl® Fo 34 o](Keywords)S
zgste] & A Alo]ESl Scopus (www.scopus.com)oll A ZAFE Az}

184719] =Fo] AME I title?} abstractE HAESIY HEZX OS2 Table 2-29F

S1. Keywords Z=gt2 £t journal paper Z4 A4

<

S2. Title screenings St 1k M4

S4. ==&l full paperdj| Tt 2tE = H 7}

$

S5, ZHE Z 0 [2} A|Z review CHAH =2 M

Figure Il.1. Handle a1 &3 A A3}
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Table I1.1. Handle 4+ 23 %A}

3 4o}

Mr

;L

Keywords

Domain

Handle, hand, grip

Design dimensions

Size, span, grip span, diameter, shape

* A 27 title, abstract, keyword 91 5= A
** 2 A1 F-oF: Ergonomics, biomechanics -©F2] journal paper

Table 11.2. Handle &1+ ¥3 %A} A3}

No. Authors Year Title Source
1 | Aldienetal. | 2005 | Contact pressure distribution at hand— International Journal
handle interface: role of hand forces and of Industrial Ergonomics
handle size
2 | Dongetal. 2007 | The effect of tool handle shape on hand Applied Ergonomics
muscle load and pinch force in a simulated
dental scaling task
3 | Eksiogluet | 2004 | Relative optimum grip span as a function of | International Journal of
al. hand anthropometry Industrial Ergonomics
4 | Grantetal. | 1992 | Ananalysis of handle designs for reducing | International Journal of
manual effort: The influence of grip Industrial Ergonomics
diameter
5 Harih and 2014 | Comparison of subjective comfort ratings Applied Ergonomics
Dolsak between anatomically shaped and
cylindrical handles
6 | Herring et 2011 | User-centered evaluation of handle shape Applied Ergonomics
al. and size and input controls for a neutron
detector
7 | Kong and 2005 | Optimal cylindrical handle diameter for grip | International Journal of
Lowe force tasks Industrial Ergonomics
8 | Kongand 2005 | Evaluation of handle diameters and International Journal of
Lowe orientations in a maximum torque task Industrial Ergonomics
9 | McDowell 2012 | Effects of handle size and shape on International Journal of
etal. measured grip strength Industrial Ergonomics
10 | Welcome et | 2004 | An investigation on the relationship International Journal of
al. between grip, push and contact forces Industrial Ergonomics
applied to a tool handle
11 | Cuijpers et 2004 | On the Relation Between Object Shape and | Journal of
al. Grasping Kinematics Neurophysiology
12 | Bohlemann 1994 | Ergonomic assessment of handle design by Applied Ergonomics
et al. means of electromyography and subjective
rating

19



13 | Dusenberry | 2009 | Effect of handrail shape on graspability Applied Ergonomics
etal.
14 | Etherton et 1996 | Handtool-task strength comparison between | International Journal of
al. younger and older tractor operators using Industrial Ergonomics
adjustable rollover protective structures
15 | Horsfall et 2005 | The effect of knife handle shape on Applied Ergonomics
al. stabbing performance
16 | Harih and 2013 | Tool-handle design based on a digital International Journal of
Dolsak human hand model Industrial Ergonomics
17 | Harih and 2014 | Recommendations for tool-handle Applied Ergonomics
Dolgak material choice based on finite element
analysis
18 | McGorry et | 2009 | Oxygenation kinetics of forearm International Journal of
al. muscles as a function of handle Industrial Ergonomics
diameter during a repetitive power grip
force task
19 | Blackwell et | 1999 | Effect of grip span on maximal grip Applied Ergonomics
al. force and fatigue of flexor digitorum
superficialis
20 | Kongetal 2004 | Evaluation of handles in a maximum Ergonomics
gripping task
2.1.  Anatomy of the Hand
Ee oW, A, 28, 9%, 2 Sor TAHY ARstdorn B4y TxE
7HA AL Aok B Aol e £ = AA x9k gripst #HE &9 7 H

2.1.1. Bones and Joints of the Hand

27702 wj(147)¢)

A4z, 5709

FEAAE, FEFSHE 2 AEGAE)ER FAdE 9 (Figure 2-2.)
A4 = (phalanges)>  =7tES Ak W2 DA(distal),  Fd(middle),
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-

t}. 5= (metachapal)

o]
AN

714 (proximal) 2 -4 =] o]

=K

]

o
=2 =

=
T

o T2 wgsel Ak 2999 7))

2919

=1]
=

o] 291%

i
¢

A7) 2 (triqueterum) O 2

=]
=

3= (scaphoid), 97 (lunate)

N

o)

-
i Eany

KeR
T

22 (pisiform)

i

= (trapezoid),

(¢}

T
A5

(trapezium),

Hed=

SEY

o] Sl A

d (distal radioulnar

4

=]
Zs)

9e

i

= (hamate) = -4 © T}

=i
=

5 (capitate)

%} 3 (trochoid

o
T

2 =44 (radiocarpal joint)
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¢
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7= (Hamate)

5= (Capitate)

s

(Trapezium) N

=
\ X
22538 Z(Trapezoid) /\ XZVE (Triquet run)
=
F3E(Scaphoid) QA= (Lunate)

Figure 11.2. <=<] wj 2 34

2.1.2. Muscles of the Hand
WS a7je] Erlete] #3 g5 ANFT, ANEFT 4 £3589 2

(o)
“q'
olsle]  wAIBITE A A= (flexor  digitorum  profundus)S A HA A 9

o)

=30 #ojst, H=A|FX(flexor digitorum superficialis)S ¢ A A 73 9

.

=0 F2 #osy, TFEAARAHY FLEoE Ees Tk AT

=5 F FE(interosseous) > T A EA ] Fog FAToR G, 1
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=HTES &5 g2 Aot Zes E5S WA ZECdA e
afol Fuh &7FEe] AHE 27xe] 259 o oA o] FofxH
] Al *(extensor digitorum) @} F-%<*(lumbrical) ¥ 2 {F<*(interosseous)©] <=7}2}o]
el #Hofdth &MY AT WS =0 B FASG &A1

|

FH

Sol o) WS, YALFe 35 B L $Ae] Az o

Qo

u
°

AR ZZ(Flexor digitorum profundus)

AA=ZZ(Flexor digitorum superficialis)

N

A Z(Adductor pollicis)

FEAZZ(Flexor pollicis brevis)

S5 A 2] 4 Z(Abductor pollicis brevis)

]
T2 A ZZ(Flexor digiti minimi brevis)

A 9] A2 (Abdcuctor digiti minim)

Figure 11.3. &9 =< 2 9Hd
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Al (Extensor digitorum)

Hj= Z7F2(Dorsal interosseous)

Z % (Lumbrical) ////

5

(Palmar interosseous) I//

A 212 (Ext. digitorum)

A 94 Z(Abdcuctor digiti minim)

8= Z7+Z(Dorsal interossei)

&5-2] 2] A 2 (Abductor pollicis brevis)

Figure 11.5. &7}2te] &)
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2.1.3. Functional Anatomy of the Hand

&=7F

7] (power  grips)i=

48

grip),

A% #7] (cylindrical

& Z7](spherical

7] (hook grip), oF 3ot L&A X

A&7 A =

e

or ball grip)°]

= me F A

2ol

AAAY E3ol9

9l

|

-y
=

Eaty 4 R=15
. =

E

paekind

28

0
.zrl
~

SRR

= &7k

fuy

o]
B/
Al

&

A}
2l

9

o
=

E'_]_—

e ol AHEEA

= &

Z+7] (precision  grips)

7]

fﬂ_

Al

o] ol 2t} 4]

2-g-o]

@_

ol

g

s

sk

p=h
=

71 (A AZE7], tip-to-tip grip or pinch grip), A%<

X

oy

)|
puy

= (pad, pulp)¥} A =

%+7], pad-to-pad grip or pinch grip), —Lg]aL Fx]¢] &3}
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ke
)
e

Ho g 7)(d2] %71, pad-to-slide grip for key grip)2] &F7F ATt

N

>3
Jj/ S

32
A

¥ E 7] (Cylindrical grip) 2 3L8] 37| (Hook grip) & 7+ 7] (Spherical grip)

7.

(a) Power grip

& 2] 7] (Key grip)

(b) Precision grip

Figure 11.6. <=°] grip 3=
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2.2. Ergonomic Evaluation Method of Hand Tools

2.2.1. Evaluation Protocols of Hand Tools

Handle®] H7kA] Al 28 3, 49, A F-38f, T84 vtSE9 yrighEsol
285 o] 2 handle diameter’} 274 = 4= At} Welcome et al. (2004)2} Aldien
et al. (2005)= handleol] 2Fg&3l= 33} AdHEAF HAEE grip force, push force,
1231 contact force® TESFe] H71EF o™, 3744 4=5=2] handle diameter(30

mm, 40 mm, 48 mm) & AF o= 7|7} 22 handle diameter (30, 40 mm > 48

—

mmel A o el WAsn ShEel o wA RSt AL verseln

Eksioglu et al. (2004)= 7HQ1e] & =7 Athz el A handle diameter 3}otS-

A A ZH o] 3§ (maximum voluntary isometric grip force), 5 &-&/J(muscle

bolom, ALgAtel

ol

efficiency, %MVC), 18]x FT#% "KL

|\

4 53

J

thumb crotch length (TCL) E.t} 20 ~ 25 mm 2} handle diameterol]l A4 grip force,

28 G84, O WEE P % stebatin maskelth #9 Haring

et al. (2011)7} Kong et al. (2004)> t}F3t handle ZL7] 2 o tiste] T34
WEE = Hrkste] ZHzE 36 mm, 35 mm<e] handle diameteroll A 7} F3A

ST =4 HUbEE RS g2l T3 Harih and Dolsak (2014)-2 hand
tool®] optimum shape =%& 3L = anatomical handle¥} cylindrical handleoll t §F

HEE nmE gdeke 177449 FuA BEE

o

b GBS AEEon

e & g4 (fits the hand), 7154 (is functional), 3 A & &4 (has a good force and
27



movement transmission), 31324 (is a high quality handle), —L% 7} (offers nice grip
feeling), <=3 & &4 (offers a high task performance) 52| =wolA anatomical
handleo] o A3¥ = AS sofaiai.

£ A7)7F st A ES 37FA] 15 O 2 (small, middle, large) =

THE3ke] 713 handle design dimension & F 7)o W& g3E wpolst 4=

ey

SATHKong et al., 2004). 7= A= A3 Folx 2Y A g & 2719
A FAAE ¥sl7] 98] hand length 2 hand widthS 7] 2 2 small (min ~
33rd%ile), middle (34 ~ 66th %ile), large (67th%ile ~ max) 2] 37}#] 1F o2 &35}
213 o2 =Y 3F9 th(Herring et al., 2001; Kong and Lowe, 2005; Kong et al.,

2004). s B Aol metdE IS AT 0% (147)= HAAoE

T

=

20 (min: 8, max: 73)¢] AAFAAAEZ wHsle] HIE FPEP o T

H &2 1112 Az gory )

2.2.2. Experimental Design of Hand Tools

riN
rO
-
il
rlo

Handle®] 2 2 2 =37] 1okS 98] 7] t}F3E handle design
dimensionol tis] Ade HAASa H7IE S35 Th Dong et al. (2007)
2| o)A} B 2] 9 YA scaling instrumental handle 2 4 =& 98] 2714

(7 mm, 10 mm)2] handle diameter®} 4712 ==2] handle T 3 J(round,

hexagonal, tapered round, tapered hexagonal)el t©]dt EMG, pinch force, ¥4
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¥ =

o
ot

KN
=

fol

=S H7ske] 10 mme] round shape handleo] 7FE A

f

vebsldnh. 71 Aol M= cylindrical handle] diameterS 3714 =0
B71e AFEo] &k 423 E vt Aldien et al. (2005), Welcome et al. (2005),
12]31 McGorry et al. (2009) 30mm, 40 mm, 48 mm<] cylindrical handle®l] t gt
H7ME 83} a2, Cuijpers et al. (2004)= 30mm, 40 mm, 50 mm<2] cylinridal handle
2 34 mm, 47 mm, 60 mm<] Jamar handledl tj3sle] H7FE G35t Seo et al.
(2007):= 45.1 mm, 57.8 mm, 83.2 mm<] handleo] st H7}E st A
Blackwell et al. (1999)-> 4714 <=<=¢] handle circumference (100mm, 130 mm, 160 mm,
180 mm)oll thdt HI7IE 833 o1, Kong and Lowe (2004)+= 5714 =9
handle diameter (25 mm, 30 mm, 35 mm, 40 mm, 45 mm, 50 mm)<} handle orientation
(vertical, horizontal)oll tigt A& A& 3l handle AH&-A] 283, torque,

EMG, %4 TME£LEE 3

of,

7hsk it
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I11.Design Analysis of Moving Handle

e
r2
-
i

I moving handle®] grip comfort @735 913l moving handle ©] A 7|

EA4& 439t Moving handle?] A7 54 412 (1) moving handle design

)

i

dimension 3}}, (2) design dimension® = Q% W7} % FQ design dimension 174,
(3) &AF A moving handle benchmarkinge] Al ©Ale] A= FafE o

WA Q1 2% moving handle ] A 5/do] 4] 5]

32

.

3.1. Geometrical Dimensions of Moving Handle

oA S8 849 A% moving handlee] A 54 #4& {5k (1)
moving handle 84, (2) AW, F¥, 9, @4 FFS JVFow VG
714 Aol (3) Edldo], Z/n], 2%, =& =1 design dimension 3}o}e] A

Aol Ax7F = Ak AA, 25 moving handle % -2 SAE vehicle axis

Figure 111.1. SAE vehicle coordination system
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system (Figure 3-1)&
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5] 71 = o]
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=
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Table 111.2. Moving handle design dimension “J ¢]: ODH 2] 4]
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of= it 2 ATelA TetE moving handle™
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design dimension A4 7]F=H, BWA, AR VEH H 7)EAH, AF A9}

el

N
M

37 Table 3.23+ Zo] e E Yt

3.2.  Ergonomic Priority Evaluation of Moving Handle Dimensions
HoApoA ulelwl 1259 moving handle design dimensionE2 AAISA 2
Fe&EHo uwEt FLEE SRS 98] @A F8HAH design  dimension,
AA3t4  design dimension, <t 334 design dimensionS® 75 AT
0143 3t4 design dimensionS ARgxe] 1A Xe JHFEFS aLv] ko]
AAR=E "7l 9 dimensiono]w, Figure 3-3a2] o9} o] F37F HA zZlol=
Q1 99th %iled] T4 T F3} o FAdolE Yol AAHT F o=

o158 design dimension .2 XA 753t} oFd 3384 design dimension

=7F x| A Z10| ==l o9nwilec] FX| FZHEHE F + 017 20| ZHE AALZE = Mct 28
EEETY / (
/O \
1 40° / J
- - A [ R=1] /
A - \ / /
+ e N /
/

(@ QAT A (b) eHaeA Q1% © A4EF A4

an
™ =
Figure 111.3. A2 7| 5733 moving handle design dimension2] &
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Agdom AgAe Qdd AE4S TSl A4E Wart Qe

dimension©] ™, Figure 3-3b2] <9} o] SHR HAZ-e 7] Arsbol|A e &
MEE e 22 A vEY DA dFE F 5 Jonw ATty

dimensiono. 2 A4 =@ 4 v}k 7A-F84  design dimensionS A H oz

ARg21o] grip comfortE alelste] A= FQ7F = dimension® = Figure 3-
3a9} o] FES o E 4 9t} Design dimension EF A3 7T
design dimension< 8%, <1Al¥3H4 design dimension< 3%, <FA-F3H4 design

dimension& 10 2 yjoly it}

i

AA R S 9d9s VIEeR F8E HUPF FdHo] design

dimension® $-X<=$17F 7 E Ak 2 design dimension A4S 98] 744 ¥

A QAX} mpot

m / £ XA or No
/ & 39y P

\‘/ YES |
i l H H
4 y ZtE or Z§ QAXP? Z0] or & QIX}? < — »
ETTS ¥ l YES Ts § 2o, & :
=95 k 9% =8 F

E SR o ussYR te

]
10
4
[
°

Figure 111.4. Moving handle design dimension = 8% %7} WH: 0DHE| <
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3t4 design dimensionol] t&}o] Figure 3-5¢] Axlo] wha} wH £ = ALz}

IN'

A 383 o] AHEATE handled FHASAL W £ AL BE 9

-1 5

s
s
)
2,
=)
>,
N
o2
18
2
o2
o
o
N
N
£
rir
o
3
=)
o0
=
3
@D
2
)
o0
rlr
oy
o
=
ol
il

3.3.  Moving Handle Design Characteristics Benchmarking

“
12
o

B Ao A= 71 2% moving handlee] A Ad @ AR AA X4

ut?

18 719k FEf7 thgFst A AEF 5E 0] Ao E o AFoA] HA
design dimension (Table 3.1)° th3+ benchmarkinge] 3% 1t} Moving handle

benchmarking (1) &4 W/} moving handle CAD data 945~ % 44, (2) moving

ODH

Figure 111.5. Moving handle benchmarking ™ =&
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A5 Shs

(b) oI FAH = 2 (c) Design dimension'3
71241 A A A

handle ¢|Zd = 2 7IE4d/7IEd A&, Lg]al (3) design dimension A<
A0l Al 7HA] AR FaEAT AR, 4 4 moving handle data $)<F
Al = 7]1¥ CAD datas -8 5+ 3D scanning WS ©]83 surface data

85 Hlglo] g H 4 Quf. B Afo M= 7= AA" CAD data’t

e
ofo
i)
32
o
ity
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o
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i
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ki
Y

HS, H3S 2 FHsE FHel diste 7IEHel A=A eH  Alias
automotive 2012 CAD software (Autodesk INC., USA)7} &-&5o] Zo] Ztw &

= 9] design dimension®] Aol EA 59},
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IV.Grip Comfort Evaluation of Moving Handle Designs

4.1. Methods

4.1.1. Participants

2% moving handle design dimensionol] thgh F¥% WL PIrLE el thekg
£3719] 20 ~ 50t A3 Frojx} 209 (M: 10, F: 10)°] EREALH 2HE A
FoAEe  £UH)(787 £ 51 mm)E 20108 63 IHIEFAY  FAF
AR REHTATYE, 2010014 AAsk= 20 ~ 50 HU(n = 271)9]
£UH](81.4 £ 9.1 mm)$} FAH[289] = 1.326, p = 0.186)3}3 o1, A& Fojz=
£yl wl Small (< 33rd%ile) 97, Medium (33rd%ile~67th%ile) 84, Large (>

67thoile) 3 o2 Taxwo] AT A FgAeE & A O A

HS

NEe SR SAsT 2P Feld s

4.1.2. Apparatus

Moving handle grip comfort 232 Figure 4.13} 72 Seating buck, moving handle
B7HE, B7rEE AARER 4" H7E 840 Al E o] handle A& A9
FHA LT AAIH R HIEE AT Seating bucke AA AP FAgh

A71ek 725 FEEy] He AA A=Fe] FEs ol&ste] AAEAAL, 7

F—lN

handle TR Aeig 7ol &% o= &&al7] ffste] AT =7 L FH
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Reference ODH:
dNY =HCE 1N

AL HEOR QT D2 E X A31517] 2sH
HIxt2| 2170] 7HS3HES door HiX|

Figure IV.1. Moving handle 7} 23 %7

27}4] seating bucko] A}-8-% 21t} Moving handle 3 7H-+= 4714 F72] moving
handle® 18F B7He A&7k /WEEAe™ oo Folgh wA B HIPL
7Vsdt == adapter7} A 8w o] AAEJATHFigure 5.2). H7F W4 moving
handle2 &o]3F AAS £3}o] CATIA (ver. 5.20)2] parametric modeling % ©]

H7+8 ODH ODH Adapter

Figure 1V.2. Moving handle Adapter #]2}: ODH<] 4
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ODH-%0| H&d

o I B N N N

+ + } +
04 5o smy  S7 UPAN KO op o7 o
RE N 2Hy  =@d g Hy  H

+ t {
mHet 20| O 0|
wyt Yt

oy T
.
[

11-point bipolar scale

Figure IV.3. Moving handle 8 7}&5 A|A|3}A: ODH 0] AdA2] o

A gwo] AA o™, 3D printer (Dimension SST, Stratasys INC, USA)S o] &-3}¢]
AZAE Qe B AFoE a&Foln A& HrtE e HrF gy 59,
H7t HE, Hr7t 3E =9 moving handle 7t ¥ AR Hrhsid
AAF(EUE)E St AP AR A ATHAT. (Figure 4.3) =3
Aol xte]l 8%l H7FS 98 Figure 413 70| seating buckS ¥l ] 3}
FAE Ao A% AP}l ¥2E Hist shQlvh Seating buck

AR fAR handle A BFL AZSY] fste] handle ol AR
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4.1.3. Measure and Task
B A3E AFRA o B8 FE(Han et al, 2001)0l 4 AlF-H S17-asbA 5}
measures WS 2 moving handle AR B HEE Sl (1)

controllability, (2) shape, (3) satisfaction =< %% moving handle®] 53}¥ %7}

=S wEHEFrh B Aol A= grip comfort B 7bol g measureA ¥ S
8 AFEA HrE #E EFoA AAE 197FA 3 AFEA measure 9

A

_’_FL
&, Fd wEw FWe] xdA(controllability), 4 WEE W9

i

& el 7F(shape) 3} w4 (satisfaction)©] Q17+3-84 7} measurez A7 & %1

*9,
_EL

Table 1V.1. Moving handle2] <17F33+4 grip comfort 37} &5

71& =
Ak BEe HES AFES o dubxo® vSsls J
z2Z go|A HE AHEA] 2487 A B
e A4 A= Fujrt A str)el A3 J=
214 o] HHA S design dimensione] o]z} FA k7)o A A=
A3
=4 7t AR FE design dimension®] Zt=7} 9A|&}7)o] H A3 Aw=
I& 444 A= design dimensione] FEo| FA 7)o HHg =
HHEN AEAY AES AAES W 4 Bate] AEE A=
FaseRs N o S el = =
=1 TR NS FAGAE W A5 A SHA HHehe Je
1w
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taskE sl grip comfort”} H7}= T) 2 5= outside door handle 3 7}A]
A0 £50] 5L = hook gripe AME

3IX=5 moving handle A&

AAE EAG

£

A Fpoxt= EYEo AAE grip comfort F7F &
tsted H7} 7] moving handle ((37F 71 0 ) ti¥] H7} dl’d moving
handleS 11-point bipolar scale bipolar scale (-5: ¥} @o] &H, 0: x}o] ¢S, +5:
- @ol IS ol&ste] AUHor HrEE s 2 AT AE
bl ek & A7ASH7] fske] Balanced Latin Squares 4185k ¢

oz M2 thE 42 moving handle A 52 71t

Jfu
QL
32
o

4.1.4. Experimental Design

Grip comfort 7} A3 FF& 344 FotE FAF 2 5F moving handle 2]

Table 1V.2. Moving handle design dimensions benchmarking 23} = A7 4=

- =2 =E eE
w9 - :
Design dimension 4 A B C D E (min.)  (mid)  (max.)

@ Z2¥8% S+ R mm 4235 824.9 3428 619.4 751.9 342.8 583.9 824.9
@ Ws 49 R mm 5.0 6.3 5.9 5.6 438 48 6.4 8.0
@ UWE FY R mm 36.5 34.9 26.0 24.9 25.0 24.9 325 40.0
@ = st R mm 9.0 6.3 5.9 5.6 4.9 4.9 7.0 9.0
® =¥ A4t ( d;g) 51.9 65.6 76.4 51.0 67.9 51.0 63.7 76.4
® ©H =] mm 30.1 35.0 29.6 27.0 29.4 26.0 30.5 35.0
@ 94 = mm 19.6 20.1 18.5 20.0 18.4 145 - 22.0
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design dimension #4] A3} Yeold HA, 3 HYEEE o]&35te] 3714 0]
A=A e QAN FHZS st AA ghol ZA =AUt ODHO
749- design dimension benchmarking 237} FdsA APy A o=
A& 5 A (Table 4.2). ¥ AFoA HAHE 2 design dimension®] H7}&=

a9 Ad 23S & L18(2* x 3% orthogonal array 7} 24 -&F o] 7714

Eolv M AV eElR AAHJL du F2 27bx] AA o

A=A ODHE A;E 244 49 &E71=S 24X 971 hook gripo=

F2 AFEE7] wio] whd Zo] Fawrl thE design dimensionol B3] YA
daEglen, a84 APE fste] 27HA] AA FeEoR AAHJG

Aol Al HA7d¥ design dimension H A7 ¢S o] Table 4.37 o]

moving handle’¥ Taguchi Design L182 ©] -3

Figure IV.5. Moving handle grip comfort 7} 23 H=x}
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Table 1V.3. Taguchi experimental design (L18)
9w = = s 2 s =% s st 2w A5 W o)
T4 58 =5 =B =5
P Fra FraE FreE A FreE ¥
14.5 342.8 48 249 49 51.0 26.0
L2 14.5 3428 6.4 325 7.0 63.7 30.5
L3 14.5 342.8 8.0 400 9.0 76.4 35.0
L4 14.5 583.9 48 249 7.0 637 35.0
L5 14.5 583.9 6.4 325 9.0 764 26.0
L6 145 583.9 8.0 40.0 49 51.0 30.5
L7 14.5 824.9 438 325 49 764 30.5
L8 14.5 824.9 6.4 400 7.0 51.0 35.0
L9 14.5 824.9 8.0 249 9.0 63.7 26.0
L10 220 342.8 48 40.0 9.0 63.7 30.5
L11 220 342.8 6.4 249 49 764 35.0
L12 220 342.8 8.0 325 7.0 51.0 26.0
L13 220 583.9 438 325 9.0 51.0 35.0
L14 220 583.9 6.4 40.0 49 63.7 26.0
L15 220 583.9 8.0 249 7.0 764 30.5
L16 220 824.9 438 40.0 7.0 764 26.0
L17 220 824.9 6.4 249 9.0 51.0 30.5
L18 220 824.9 8.0 325 49 63.7 35.0
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AE

2} moving handle€] grip comfort 2 &S Figure 459} #o] 23
F AF, 2 AR, gl uAl dAlY dxE S EHAT
AR, A3 FH WAl s AR el A APl dis) Awsta AY
ZoAsos Feidith 54, & A7) FH dANAM = Sizekoreaol A Al otal=
=371 54 WHe Faste] Wyolx A HE o] 85k Figure 4.69F 7ol
=yH] g EdolE FAsY. AA, AF A DA A7 FAxrt
A3 ol olsal] A= 174 moving handleol] thate] 2~3714] 371859
grip comforts SAsH AFS FASAT UA, & A= 18F moving
handle® 2 &S o] &ste] RUE spel uebd 11704 H7MgEel gt

grip comfort7} A o] A3 Fojxl H=Z 198H(18F x 11714 )] H7pr)

@ €27 AT Ul AN s () £27) 54 AF R g Sy

Figure IV.6. & Z17] 54 =7 4 WY
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FRE A}, mpA oz o gdA A= AF 227} 1983 9] grip comfort
H7F datas SRS HiL FAo] AR o] FAAA e A&l Wil A

Fdslon, 43 T8 F AP AFHA.

4.1.5. Statistical Analysis

2F%¥ moving handle design dimension’ 3% wh5E W7} A= signal-to-noise
(S/IN) ratio®} meanoll )3 analysis of variance (ANOVA)E 33}
B EAH(H2 45 0.05). SIN ratior= T84 WHE=E 3} 3 design
dimensionS T 3t7] 918k W54 (larger-the-better) & 2 74 2] ¥ 1T}, Design

dimension® % 2 %= (Sensitivity)= Z} design dimension®] A=< SIN ratio?]

U

ol =Fo](Delta = high SIN — low SIN)E Blusle] 5% H7p gE2 74

F

HAo B AT A A= Minitab (ver. 14)0] &% 3]t}

4.2. Results

o

2} ODH<] 77}4] design dimension & W o], © 20| grip comfortol]
kel 23k J&S m X+ design dimension 2 wHelE| Qith. ODHE il

Fol7b AA FE H k(260 mmd wf, 9w X2 HA FFE Y
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Table 1V.4. Design dimension* grip comfort %37} ANOVA 2 2}

Ao 9wz gold WY HRH o) MAy E mgy TOF A IR I us e U 3U Usse  9F 2@ Awy
244 =E AR I AEAY FE AN IFE AEA 244 HEE
Factors Level Mean p Mean p Mean p Mean p Mean p Mean p Mean p Mean p Mean p Mean p Mean p
1 0.3 0 -0.2 0.1 0.1 -0.1 0.1 0 0.2 0.01
%;fl"g 2 02 0684 01 0931 -01 073 01 0804 02 0659 01 0965 -01 0704 02 0708 0 0914 02 0.808 0.07 0916
3 0 0.1 0.3 -0.1 0.1 0.1 -0.2 0 -0.1 0 -0.08
1 0.2 0.1 -0.4 -0.2 0 0.1 -0.5 0.1 -0.2 0 -0.23
L“?;f} E 2 02 0942 02 058 -01 0682 01 078 01 0837 03 0341 0 0104 02 0269 0 023 02 0565 013  0.557
3 0.1 0.1 0.1 0 0.2 0.1 0.2 0.3 0.1 0.2 0.09
1 0.2 0.2 -0.3 0.1 0.1 0.2 0 0.2 0 0.1 -0.09
Hlig%‘ 2 02  0.986 0 0485 -03 0731 -02 0556 01 0822 0 0.846  -0.2 0.68 0 0601 -01 0668 02 0.425 -0.09 0.669
3 0.2 0.1 0.1 0.2 0.2 0.1 -0.1 0 0 0.3 0.18
1 0.2 0 -0.1 -0.1 0.1 0.1 -0.1 0.1 0 0.1 -0.06
2 02 0971 -01 0854 -03 0.755 0 0914 01 0991 01 0.97 -01 0938 01 0967 0 0937 02 041 -003 091
3 0.2 0 0.3 0 0.1 0.1 -0.2 0.1 0 0.2 0.08
1 0.2 0.1 0.3 0.1 0 0 -0.3 0 0 0.1 -0.18
Zi;%} 2 0 0348 -03 0183 -04 0392 -02 0654 02 0899 -01 0183 -03 0084 -02 0087 -03 0073 -0.2 0117 -027 0.8
3 05 0.3 0 0.1 0.1 0.4 0.3 05 0.2 0.4 0.45
1 0.4 0.3 0.4 0.3 05 05 0.4 0.3 0.6 0.3 0.55
@ Fol 2 03 0251 03 0048(x) 02 0008(x) O 0.217 0 0.174 01  0.058 0 0018(x) 02 0173 01 0.002(x) 0.1 024 0.7 0.045(x)
3 -0.1 -0.6 -1.3 -0.4 0.1 0.3 -0.8 0.2 -0.7 0.1 -0.72
1 0 -0.6 -0.7 -0.6 0.1 -0.5 -0.7 0.3 -0.8 0.3 -0.69
o Z 0.196 0.008(*) 0.017(*) 0.021(*) 0.117 0.005(+) 0.003(*) 0.015(*) 0.000(*) 0.008(*) 0.007(*)
2 0.4 0.5 0.3 0.5 0.3 0.6 0.5 05 0.8 0.6

*Shaded area: p < 0.05
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Table IV.5. Moving handle design dimension A A= A3 7
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2 453 = qdd wEe
2= 2= S = X = =0 = X
A gl & o TR us e s 59 a5 e
S ]‘ 5 o
o4 04 n n 04 0 0 04 04 04 04
nz'\\‘ 0z 02| 02, nz/l\' 7 02 0z 02 (B 02
— : 8.
18R o} 0 . [ S nr/\‘ P 0 », e, o a0
02 02 Y. e Y. 02 02 02 ~g 02 02 42 az
Mo e e Man w0 w0 am w0 mo TYaw mw we o e w0 an w0 w0 Cam o0 w0 T an e B0 ae @0 w0 lam e w0 Ctaw e e
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= [} ] [] L 0 [ ] o
W g 0 O s 3 /./‘ ) " a P
== 25, 25 a5 05 25 05 o4 25 25 25 a5
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Table IV.6. Outside door handle (ODH) 185 A A|Z3E W% Hrt A3

H7t & L1 L2 L3 L4 L5 L6 L7 L8 L9 | L10 | L11 | L12 | L13 | L14 | L15 | L16 | L17 | L18

goy |01 |-03]-03 104 |07 |01 |06|02|-01]09 |07 | 10 |-01] 04|07 |05/ 02|07
& (1.61) | (1.34) | (1.62) | (1.73) | (1.87) | (1.77) | (1.36) | (1.54) | (1.85) | (1.84) | (1.76) | (1.56) | (1.43) | (1.63) | (1.81) | (1.79) | (1.57) | (1.66)

s Aay | L0 | -05 | 10 | 19 | 04 | -02 | 02 |09 | -05 | 10 | 07 | 10 | 01| 08 | 07 | 10 | 05 | 07
e WIS (2.06) | (1.36) | (1.36) | (1.35) | (2.01) | (1.50) | (1.36) | (1.71) | (1.85) | (1.88) | (1.66) | (1.47) | (1.45) | (1.62) | (1.84) | (1.62) | (1.50) | (1.66)

-06 | -06 | -1.4 | -1.9 0.1 0.2 0.2 -1.7 | -0.2 0.6 -0.1 1.2 -1.2 1.2 0.8 0.7 0.4 -1.4

o] =0 | any | @an | @se) | @ae) | @239) | o) | @23) | @22) | @2.26) | .98) | (1.79) | (157) | @.35) | 67y | (196) | 1.92) | (157) | (1.50)
A28 | 40| 11| 06|09 00| -05[-02|05|-05[]06] 01| 11|03| 1408/ 07 06| -06

T 09) | (1.12) | (1.15) | (1.57) | (2.13) | (0.89) | (1.39) | (1.28) | (2.35) | (1.79) | (1.68) | (1.39) | (1.42) | (1.50) | (1.96) | (1.57) | (1.39) | (1.60)
2% (Zwy | 05| 06| 04| 02| 03|00 |01 ]|-02]06]03]| 0209|001 11|03]05]o01]|-02

] %474 (1.50) | (0.94) | (1.19) | (1.40) | (1.72) | (0.97) | (1.15) | (0.81) | (1.35) | (1.17) | (1.14) | (1.46) | (1.21) | (1.28) | (L.75) | (1.47) | (1.39) | (1.32)

ag%5-| 06| -07|-08|-11|05]|-04|-03|-08]00] 05|12 11| -03]| 120 | 07 | 12 | 07 | 02
Zob [ (1.23) | (1.22) | (1.54) | (1.57) | (1.70) | (1.05) | (1.13) | (1.29) | (1.45) | (1.32) | (1.64) | (1.47) | (1.30) | (1.39) | (1.31) | (1.67) | (1.18) | (1.60)

3
By -09 | -1.0 | -09 | -1.7 0.3 -05 | -06 | -14 0.1 0.2 0.8 14 -0.8 1.0 15 0.8 0.3 -0.6
g Abdt | (1.42) | (1.32) | (1.29) | (1.66) | (1.80) | (1.36) | (1.15) | (1.27) | (1.57) | (1.85) | (1.82) | (1.53) | (1.40) | (1.70) | (1.57) | (1.65) | (1.21) | (1.54)
Z 2 A =
=l s | 06 | 07 | -03 | -06 | 05 00 | 01 | -08 | -01 0.0 1.0 11 -0.3 05 11 0.7 0.6 -0.3
ot [ (1.27) | (1.17) | (1.48) | (1.28) | (1.54) | (1.21) | (1.10) | (0.85) | (1.54) | (1.12) | (1.69) | (1.50) | (1.66) | (1.32) | (1.77) | (1.57) | (0.89) | (1.21)
W= | 06 | 12 | 12 | 19 | 01 | -05 | -06 | -14 | -0.2 0.8 05 16 -0.2 12 13 13 0.8 -0.3
ek [ (1.36) | (1.14) | (1.20) | (1.63) | (1.76) | (1.15) | (0.99) | (1.43) | (1.58) | (1.25) | (1.43) | (1.15) | (1.24) | (1.81) | (1.33) | (1.89) | (1.15) | (1.34)
e 24 A4 ) 09| 06|01 |-07]|05]-03]|-01]|-04]|-05 05 05 14 0.1 0.6 0.8 1.0 0.4 -0.3
A (1.74) | (1.39) | (1.61) | (1.75) | (1.96) | (1.52) | (1.48) | (1.53) | (1.57) | (1.76) | (2.04) | (1.81) | (1.74) | (1.90) | (1.61) | (1.64) | (1.57) | (1.55)
AubA GrEE -2 | -11 | -10 | -18 | 06 | -02 | -03 | -1.3 | -0.2 1.0 0.9 15 -0.5 12 11 14 0.6 -0.7

(1.60) | (1.45) | (1.43) | (1.86) | (2.14) | (1.44) | (1.26) | (1.45) | (2.11) | (1.88) | (1.73) | (1.70) | (1.64) | (1.81) | (1.86) | (1.73) | (1.39) | (1.66)

* Mean (SD)
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V. Design Optimization of Moving Handle

B Ao = (1) design dimension £ 2% 47, (2) moving handle % A7)
AN, 28] (3) moving handle HZ A7 AF H7F 9 ZAI}E 7|&E5ATh

1A, design dimension & 2 =+ designdimension 2 W% H 7} A3t tfdk S/N

=

ratio = ¥213lo] design dimension ¥ AFH< Faxw

{0

i

spe}

Ptk =4,

O

I

moving handle % A7 7}#-& design dimension & A7 58 wSHxo] s
SAA T AEEES adste HA O AA FFo] AAHAUTE AA,
moving handle 74 AA &ve HFS 3] 3 7% ODH 7} 44 H

71E 1o, 7% ODH vl 2% ODH o 47 &%7h AAew ot

= ATt

5.1. Development of an Optimized Moving Handle
5.1.1. Sensitivity Analysis of Design Factors
Design dimension®™ < 8 %= (Sensitivity)= Z} design dimension®] A A4

SIN ratio®] ZHt] =}o](Delta = high S/IN — low S/N)Z H|W3to] wEHw 7}

o

EH =2 analysis of variance (ANOVA)E F-3)slo] 4 = S oh (24~ 0.05). &

2
-
rr

70 design dimensione] AA 4= W3l wE grip comfortE A3

ih)
&

Zo] =Wl design dimensiono] Zt= 2

1

5 =W design dimensionk.th
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5.1.2. Shape Optimization of Moving Handle
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5.2.  Validation of the Optimized Moving Handle

5.2.1. Methods

eEEE

22 moving handle design dimensionol] th3l F#4 w5 7}

g

SRR R

&719 20 ~50t) A Fol=2H37.2 £ 9.0 Al) 20 (M: 10, F: 10)°] == AT}

219 A% FoxE9 £4H|(79.1 £ 51 mm)E= 20104 63 FHIFFA S
ZAF AEr st 9, 2010)0 4 AASHE 20 ~ 50t HU(n = 271)9]

£191](81.4 + 9.1 mm)e} -AHt[289] = 1.131, p = 0.259)3} o, A& FHojxt=
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67th%ile) 3 o2 FxHol AATE AP FHARES & AP A AP
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b 29 Folol Selshain.
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Table V.3. A5 7} tl’d ODH A A A4
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o o PR A A LR

7]% ODH 30.1 19.6 4235 5.0 36.5 9.0 51.9
% 7}-$-4* ODH 26.0 22.0 342.8 8.0 325 7.0 51.0
+7 9% ODH 26.0 22.0 538.9 6.4 40.0 9.0 76.4

Hdoh 2 AFE 94 AdE HAA AA 5o HAFS #18te] 71+ ODH =
738kl A9t ODH ¢ $HA grip comfortE B7HE ekt 22 A av}
A< W7be= 7]+ ODH tiH] #H7F 95 ODH % 54 9 ODH9 grip
comfortE A& oz Hrlstgl o H7F =+ = 11-point bipolar scale bipolar scale
(-5: W% o] =, 00 zto] §l&, +5: vwi¢ @Wol A7l &EHAT. HF
AL 4ol A A E wp o] 2709 seating buck, moving handle adapter,
B7VE AAFIE AlgEe] 7= grip comfort B7F AR A 0]
AsHRen A3 Q7h58H2 measure 2 task’} &% o] grip comfort 7}
B7rE AT & ASAPAAE BrikeAo i dFE AASH] feko]
Balanced Latin SquareZ Z-&3lo] A Foizxd Mz vE M2 HE: gy

ODHE H7}8t:S 319 o™, ODH 7} measure ' grip comfort 7} =4+

71 FYsA FAEAT ODH HA dA &3 AT AR
W7 ODHZE grip comfort <= 2to] HAS Hx= HrF Aol 57}
AIEEE WEs ow YEh fo5E 0.05914 paired t-test7F 281 Tk,
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5.2.2. Results
MdEst 15 As, B7F 99 ODH % 54 %5 ODH = 7|5 ODH ]
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Table V.4. 47} 5= 51 54 -5 ODH #< B7F 2
ael 4wy = 28 494
z7z} el e obg Rab  AukH
gold A¥A . . Zyn e e e e Ser s s qH4  wEx
= = A2} Zo} = A4 S 4 S std
Mean 1.6 1.8 1.3 1.7 1.7 1.9 2.0 15 2 1.7 2.4
SD 1.3 1.4 1.6 1.2 1.6 1.3 0.9 1.6 1.2 1.3 11
SE 0.3 0.3 0.4 0.3 0.4 0.3 0.2 0.4 0.3 0.3 0.3
H7t Min -1 0 2 0 -1 0 0 2 0 -1 0
Max 3 5 4 4 5 4 4 4 4 4 5
T-value 5.3 5.6 3.8 6.0 4.6 6.5 9.8 43 7.6 5.8 9.4
P-value  <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001 () <0.001(x) <0.001 () < 0.001 ()

Mean 14 16 1.4 14 1.4 13 1.6 15 16 18 2.0
SD 1.2 13 1.7 1.7 15 1.6 1.4 1.6 1.7 1.7 15
SE 0.3 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 0.5 0.4
A Min -1 -1 -1 -2 -1 -2 -2 2 -1 2 -1
Max 4 4 4 4 3 4 4 4 4 4 4
T-value 5.1 5.4 3.6 3.6 4.0 35 4.8 4.1 4.0 4.7 6.2

P-value  <0.001 () <0.001(+) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001(x) <0.001 () <O0.001 ()

66



V1.Discussion

6.1. Design Analysis Method
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2 controller handle ¢ 7R 3 = A AE&=HH grip comfort &F7ol

6.3. Sensitivity Analysis Method
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