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Modeling of Wrist Discomfort with External Loads

Kwangsoo Choi’, Jaekyu Park’, Eui S. ]ung*, Jaeho Choe”™

ABSTRACT

The objectives of this study are to analyze representative wrist postures while using hand tools and parts at general
assembly processes, to evaluate perceived discomfort on the wrist when external loads are present, and to suggest an
evaluation and prediction model of perceived discomfort. Sixteen subjects participated in an experiment to appraise perceived
discomfort. Three types of the wrist postures with five levels of non-neutralities were analyzed when five levels of external
load were applied to each posture. The ANOVA results showed that the perceived discomfort of wrist postures was
significantly affected by both the wrist posture and external load (p<<0.001). It was also shown that some of the interactions
between external loads and the wrist postures(Flexion/Extension*Load, Flexion/Extension*supination/pronation, ulnar/radial
deviation*supination/pronation) were significant(p<0.001). The result implies that a new posture classification scheme for
workload assessment methods may be needed to reflect such effects of external load and wrist posture. A regression model
of perceived discomfort was developed with respect to wrist posture and external load from the experimental data. A
subsequent experiment revealed that the correlation coefficient between the predicted values of perceived discomfort from
the model and the actual values obtained from the experiment was about 0.98. It is expected that the results help to properly
estimate the body stress resulting from worker's postures and external loads and can be used as a valuable design guideline
to analyze potential hazard of musculoskeletal diseases in industry.
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AgS AF=T(eEY, 2004). ol8d ZFAAASLS ¢
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vk o® 2bEat A 3 A A¥E 9 FH Fx, ASolM SeEAAES 7P & 8 s AAshe &
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AR T A TS o ® 117 2344 ¥ & o U 5 9\12‘# % 19 2537 7 A F =53
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2. 917 e : L
A H- 7 2%
_ ZHY 253 T4%
2.1 mAERL s :
HRIER 17 5%
B oATE A 690 2R 0 raslbgn ! o
B9 ol gl 9 1699 st @ st ate; i S
25.112.6A4, 7: 174+4.6cm, F5A1: 72.5+7.5kg) & o
o Ade ANEIel AY Fole dddAAE] A olefdt £ ¥ TE e wA Ay &5 BUe
o5 F olFelR o, AF W AA ARE 9IF 7] of dFE MAE WFEE F5 Y A, o AT E A
= ARE Fetaty] flete] HEAE FEA A9 9 9 = A 3y 2 32)e] AA 891E ERIF 5= USIT o]
W A g A4 A 55 AR 23k 24l 9l & B 2 329 ApHle AEs] Lok
dmAe] wA o R &5 At w3 5 Qv ey g
2.2 A A= W 9 s]e]e] AAZE Al A el RIvg sxo
gl wt & AtellM Frketo] A ]'E% skl o,
AL EF 7 AAeL FA el gk ARl B A4 B Wl 2tk 1Y 2+ o]d &
FHA 2R S HH0R 8, 59 WFE 25 Y 5 52 3y A9 o F ®RojFu Qirk
ol whE 37HA] &5 A 7ol tigte] 5eEo® Ao o[F Hete] B9 o Ade TS FAE 24,
SR o, e el 9] 5FEEo R sl &5 A & 2 d A B ZHlE (moment) & AlATSH]
+ =5 (Flexion) ¥ A1 (Extension), 2= Ulnar) % & AFgegit), 2F Dol x] Enpeta) FakE0] A 2 A4
= & (Radial deviation), 783 3] (Pronation) % ¥ ZARANA Q] AgE &g @A) AA| ke SAsto] AMS
2] (Supination) 2] H]E% (Twist) &= 3t 0m, 2H7te] 4= lom £ 7o =L HFE JirS Bsle] AL
£ sl thee] 2 12 &5 oA BRIE A 7

Fo F3 g AHS —45° -32°0°,32°, 45° AT &
T HFFS —20°, —14° 0°, 14°, 20° 183 HEYS o|t},
—80°, —56°, 0°, 56°, 80°9] 55F2o 7 3tk w3k 9F

Wk ARG FRES TAR Fede] Agagion o o o SE W ER FHEAT 5T
%3 7}7) Okg, kg, 3.2kg, 5.5kg, 6.5kg®] FAZ 3hol, A FAE7A A2 < 98m /s Y
459 el 2 ol e P REE AT olela 2 200l TS AUE MRS BN
om, 3.1 Aqtst iPé—% AA AR-H 20T w] g 2Yde] A AL thRE Hd A 8.9keo]
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@ oleld ¥4 AR A 1T QTS Bused ¢ L = i
% Bae B4 W9l 0 522 AP AE AP @ Moore and Gare 020,720
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Armstrong(1986), Genaidy(1993), McAtamney and
Corlett(1993), Moore and Garg(1994), Ketola(2001), RULA 0.0715.>15
Hignett and McAtamney (2000), 7% (1998) 2] 972 Armstrong, Genaidy 0715, 1545, >45
FEIAGT. E 2 71 AT &5 B2 W9 9 FES Ketola 0-20, >20
LFEFA Zo|t} A1 Moore and Garg 0~20, 20~45, >45
2 AFexE AR A A 7 59 e 3 s REBA 0~25,>25
T Folx ARgERgion, E W AlH, oF 49 HE HE RULA 0,0~15,>15
a3 s 9 ] ]e] nERHS] HErt 747 1719 SR Armstrong 0~25, >25
AREE| T B o]ake] EAefX ZF =Y Wl T EA Genaidy >0
AR P, U, T, L2 2] Flexion/Extension, Ulnar/Radial A2 WE  Ketola 590
deviation, Supination/Pronation, Load& 2]w]|gtt}., Moore and Garg 0~10. >10
H Ao AY AFe ure-EH e (Response surface REBA, RULA Ulnar deviation
designs) 9] 3l}el CCD(Central Composite Design) %ol Armstrong, Genaidy.,
] CCC(Central Composite Circumscribed Design) & Ak Moore and Garg >0
300k CCDE WS EHRY 5 @ /2A Zzke we 2EET ), 0-20,>20
off vl B 7hA o] 3% = (leveD = 7HAM, 7479 REBA, RULA Radial deviation
T —a, —1 0, +1, e FAFG T3 4704 W Armstrong 0~45, >45
o] A HAANA o F 1.414°]FMyers, 1976). T3t Genaidy 0~15, >15
CCD= #al 7hedh RRleA] 7lesom WAk o 2 1 REBA Supination
2} 37 58 (second—order regression) 9] {3 3}¥ W RULA Mid range, at/near end
#k(coded factor value) % AHTAE AATOZM A
Aoz AL A3 Ao 7]—10:5]":]'(Williges, 1981). webA Armstrong, Genaidy 0~15, >15
2 Aol e olelak CCDE 54 4k - ska ke AHe M ReBA Pronation
alo] A2 saeloln) wek W R e 9 CCDo of RULA Mid range, at/near end
NG e AP ALY WGAL 2003 B o 1234
kg)  RuLA 0~2, 2~10,>10
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% Adgo| 33t} Calibration test
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magnitude estimationg ARESISATE 18U FAHRe] =
2 EHZel tigk dAHolE] (raw data) & A3 A 8h=
AL BE7Fs3h] witel & dAFeAs 34 BEEe J
T3 S AX FA ) ARSIt

FHE EUE JrHs AEEE dATelA g o] g5
1L 3= Free—modulus magnitude estimations ©]-23}5]
t}. Free—modulus magnitude estimations 3|2 & x50
Al F7F 7S AABHA a ZF AA-EAE 159 VE
O Foz A=l gk & v HER FUIsIESE ot
E HoR, AEEHE AT FokelA dE o] 8FH = B
ojtk.

2

AT 4= max—min transformations ARg-8ke] of
Yol 2 o r Fad EATE ®FsesttHwang
and Yoon, 1981; Gescheider, 1985; Han et al., 1999).

Standardized Discomfort =

(Raw data — minimum data)

- - x100 2
(maximum data — minimum data)

o714 Hol 2dEe}t Ha 2HEE AP 2 F
7b = el A ot #H s

3

3] E A
T8 4. QIR KA (A9 AlE HEH (S 3.2 =iF=A

dEshd AEEstd U g S5 AR 7154
AMESE A8 SleliAls gk 203 olde] A A B AtelM AR wEshE AuelstA = w
Aol H QAR 503 ol AAl FAIE & A A - o] owg g B AgeA| e tigtk o] F-E e
sl mh At 2HEE AS 3ok 5, A 4 S1ske] CCD dlel] theh 3]7124 oA Eakials AAlst
AlRto] A7 i ol A A Folxl o Fatel] sl Sich
AY oF 9 AFYe] WolAl= AiE dE F ee = HE 4= 3] Bdo) gig ZAREA Ao, & A9
gk AR 7129 (2004a) O] A Aafellr ofe] oF F EHE BE §3o 24 S8 AR EdT 5, % 59 3
afell thall 4025 =33t AA 4] Al 7H A9 A" AR Y BAREA AdE, 4 Wge Faskd ieE AR
o] Alg)ido] wroAn, A9l e 77k AXth=s As & 4 9k ol BAREA e A3E &85kl A3 (Liner), 23+

S|
it 21 (Quadratic), AR5 (Crossproduct) 8] & 30| E3t

A
zb Ao gL vz FHow Qdt BAURY TUE 35 AL ukE A9 A4 &4 29 R gho] 0.91
AAs] Y8t 18] A8 F 587 FA AR Fof A3 2 uig He AYEs Ad wds ws 5 Qv w13 A
& AANEROH Fa] Alzto] At Tl wAdRTL FE 0 F, 2314, wAbFe] #4749 3 mde R gho] 0.8796,
o FAS FHAAEA Flskick 0.0372, 0.00272A AA 4 2 F Liner e
2dlo] £ 3 AR 2 2SO § glon, 231y
W} wxkEe] $rE BE AdgEo] wes o 4 Stk mEet
3.4 1 A s 23 247e] b REle fo) £ 0.0500

A BAHCE Folet onlE 7zt
3.1 FaN EHES| HAs| ¥ 5 W53} W] BakrA Aupza B Ao A}
S8 WP fods whdsty] fiste] AREE ATk & 5ol
AT AR T EER] S4S fEA A B ake 2ol 9 £F 0.01004 FAHCE {9
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3k u|= 7kx= W4 F, U, T, L FxF, UxU, T+F, T=U, o] Fustd @hs A A% groE wmdsgion, 7 Wy
L#F, L+LY& & = Q1o o] g o]83to] & 49 T 8 g FHoE T FE0] 7hssl] Wikl o
A g mdS ¥eie BEE 2ES wEe] Ry v 9 BHE aEE 448 Mg s B VS &5
Fdg= 3 ZHA|1 2] AAIL} ZEF skglon, V)& ATl E ks Fol
B = 32,39 — 1.66(F) + 5.83(U) + 1.90(T) + w5 s
31.48(L) + 9.32(F*F) + 7.15(U*U) —
6.63(L*L) — 0.89 (T+F) + 0.76 (T*U) — 80 #H=
1.45 (L+F) ©) ]
= o
¥ 4. CCD ZHof oht 2ah4 Yy
. Type I sum p) 401 s
Regression DOF of square R F Value Prob>F 30
Linear 4 247567  0.8796 2419.43 <.0001° 2 4 6 8 10 12 14 16 18 2023 my)
Quadratic 4 17571 00372 17172 <0001’ Al el Bl (R il B
Crossproduct 6 728.72 0.0027 4.75 0.0001" OF 5. AR R EE 590 AN EEHE JHD
Total Model 14 265866 09195 742.36 <0001’
S Rele 001604 Frelet
gl B20=
5. 571240 2a2A 7]
Intercept  DOF Pjgéﬁizr St::riird tvalue  Prob>|t] zz il
Intercept 1 32.3917 08758 3698  <.0001° o o
F 1 -1.6626 03264 —509  <0001° ] : o B
U 1 58346 03264 1787 <0001 2 4 6 8 10 12 14 16 18 20m= meY)
T 1 1.9061  0.3264 584  <.0001* 2-5 195 ;i-5 ;g §§-5 i; 216-5 gj ?2-5 ggfzwn:
L 1 314825 03264 9643 <0001 TE 6 23 E EE s FuH SHE aos
F+F 1 93206 05163 1805  <.0001°
USF 1 -0.1875 03650 —051  0.6079
UsU 1 71532 05163 1385 <0001 s e
THF 1 —08958 03650 -245  0.0147" 80] ’
T+U 1 07604 03650 208  0.0381" ] _
T*T 1 09847 05163 191 00575 ] r o
LF 1 -14583 03650  —4 <0001 40 g
L+U 1 03229 03650  0.88 03771 o
LsT 1 03854 03650 106  0.2919 o)
LiL 1 6.6322 05163 1285  <0001° 1 2 3 4 5 6 65
gl 00114 R, T R E 0,010 FelF dR 7. 9% Palo| FHN BEE I
21 39 2 Rl B4 BEve) #d Azte] wigrd 33 uE AE
e mAHow BN REan, A 2% gk
sol Qe WlolE REATh webd ® Aol WA A3 7 W 1w o] Ik A8 %
9 s 2dy gEo] 747 e BAE JuE & ASTE olgst wE o] AT Wi FxL, F+T, UxT

N Of
T
N
anl

0.001, 0.0147, 0.0381%

“ = = =
o Fud B 2fEs 24 §0 985 @] 7kt <
= = FOFE BT F, FA Bl

9] 43 0.005 BfollA]
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e g Ad aga e gl M A3 s A8l
s, o ek w8l Al T FA] B A

SAXCR FOF wF Ao WAsks Jlolgta T

e,

0 Discomfort
— = —1.66 + 18.64F — 0.89T — 1.45L 4)
oF
0 Discomfort
—— = 1.9 — 0.89F + 0.76U (5)
oT
0 Discomfort
——— = 3148 — 13.26L — 1.45F 6)
oL

e gle) A9 W

E,ﬁt‘_ Dtﬂoﬂ ] ]

GRebd AT 4 29 BAE RAE 47 A8
o W 7 wE A4g BAsigon], a9
%E l,j_ﬂ]Oﬂ/HE] %):_C’_ ;dx% /\]__Q_z‘s]- b A

o o 29 89 g0l 23 o) %7}3}0% 7

5 5)9]9] 09} 80° Alole] FHHA BHE gro] Fashs
o Uelsith UsTE 98 9 42 e o 9 89
o) W% AL ok Aow, 1% 8ol mi kel 2
o] T AP Z4E gho] F/HAFE S 0°9) 80° A
ol Fea BEE

)
o
ol
t;
271
T X
lo
e
_,E
i‘l
uj

Jow dec, oA A ¥ a e A% 2 o
HoR Pl F 27 B 2 o

[e) =
FEHE kY GEe Ay 2 gvd

e
ot
rL

34 EHE 20| M=

2 AFeME S5 A 9 2 Fate] oist BT
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