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Ergonomic Evaluation of Screw Driver-Using
Workstations : Psychophysical Approach
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ABSTRACT

This research utilized the psychophysical methodology, where screw drivers are
used, to determine the effects of i) the location and orientation of work objects,
and i) wearing gloves, on ratings of perceived exertion at various body parts.
The validity of the psychophysical methodology in determining a preferred work
pace was also studied. The subjects drove screws with a screw driver into thick
wooden sheet at three vertical and three horizontal locations. They drove screws
for 3 minutes at each location and assessed the condition using the
psychophysical scale. The results showed that only the vertical location was a
significant factor in determining the discomfort ratings. Driving screws at elbow
height on the vertical surface and with the lower arm close to the body on the
horizontal surface were the work locations with the smallest ratings of perceived
discomfort. Wearing gloves had significant effects on reducing the pain of the
hand. From the experiment in which a comfortable work pace was identified
using 20 minute psychophysical adjustment, it was found that the psychophysical
method is sensitive to workers perception of the physical stress when the upper
limbs are employed. This was confirmed by the high correlation between the
psychophysical results and EMG measurement.
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B aAgeE A 8% 2 sPgelA 7
dg] AMREE F£37 9 Ul &3
£ =glol¥] (screw driver)E A83tH
UARS dhe Zle] IzbEerd grtol
B RoezA,  HESHF  HrpY
(psychophysical rating)& AH&3ted 1) #
A4 AA ¥wF (FHAA AL +
B 2 $ZA)7E datg wet AdAd
7} 2 A Bl e BF BES
BAsa, i) AR 49 55 Axd o
g aas moret i) FAxE WAt
A =7e AY FEE AT 53
ey ZA=el A slojAdE AeSAH
ZA Wil 93 Zyet 2HE (EMG)
=22 Aty FBBAE AESAUTH

AW ALFoME 71A3e} AEEE
sl AEZAQ 37 (hand too)®] FL
ol = glon, obFzkA] Al E
A3} 7}RANME FEF7E WHE] AHEE
Ak FF37 galE ARl #3)
B3] AQZEANMNE FFTE AHRS
AJQA, FEF AX AL 28 A
st AR/MEC] ARd #UAS B gk
a2 F3 olfE HHEAHQ] e <l
3t Cumulative  Trauma  Disorders
(CTD9)2A, #37F Ajle 3¢ 8A%t
o 37 wE £3Y By, & F, o
7, 2oz FAxE bkt (upper
extremities)®] &3 AHF ZF  (soft
tissue)oll FE)7F 9k AxHOoRE A 9
715 Astet YotMe B5E FEd
Z ok AT AZE AN 233 aEs
B owE gE 2R =5 Awel o5
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g3t ZYL = Ao A F
3 72z o) IAade AYATE &
st gloh o) WHEA AEe vx T
A A AdA el AX Hdo
Aoz AH: o, 2000dhl
B ool A4 AdAs) #E 989 50%
o)g XY Aoz HYHI Utk ¥
Auetel A9 3D (Difficult, Dirty and
Dangerous) 23S 393z AHE] #9971
o] WEsld A o] AFE FE3
Ax e wdel Ak HAstT 3o,
Ne ZAol CTDse AL #4573
kg dapolrt,

ol#3t CTDsE Fe ¥, ¥xd=g
& AA, e 2, BItEe wHe A
= A% Ade =& Fol o3t
Achs Aol Yuk<Qg AAeltt (Putz-
Anderson, 1988). Aghazadeh$} Mital®]
ZA} (19870 &t FFFo oF A
A =, Fg ol 23 At FE
olo] FHA Fo Yoz e, CTDs
9%y 2g Alojsior ke FRAE A
ARt Aok ([(F 11 F=). A3l F9d=
= A9 ezt w2 vlFEE AAs2
Qlo}jA] o] dA] CTDse A4 JAF
3t £33 YAYAEY Fa4E 7H
713 Ut ([ 2] ZF=2).
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(£ 1] #4872 % MeNsel gy 2R
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4« H] (%)
Struck or struck against 71.2
Over-exertion 24.8
Caught or between 20
Fall 0.7
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[E 2] $272 olst Aloixisie] Alsl Sl
E)
A4 B W (%)
AA] 59.3
3] 16.7
A 9.0
2s | 85 i
W/ = 39
B0 29 1.8
x | 07
71} | 0.1

12 ZHAZF dAe} A BT

A& biel 2ol CTDhse F3 ¥,
HAAZze]E ZpA|, vEE 2] dyle e
Hite] HE Ag, A9 =% Foll 9
st fuabEy) REYY  (epidemiological),
BELY  (clinical), I8]31 ApmyEpy
(biomechanical) #4]ol] 2J3lH ol 94H
[JELS Ao dA 549 U3
o]l ok B3] AAFH 2EyAE 7}
dAE9] X9} W (orientation), 18]3t
T EgE g @™ol A
(Tichauer 1978, Armstrong and Chaffin,
1979; Herberts et al.,, 1981; Armstrong et
al, 1986). o|¢} T g9 AF
&2 A} Hrtel HEHE gukbel o
Ao ge i) &89 UL AR i) of
7Het &) FAALHE AAE A
gom i) AP 3 AHHE
iv) &utga) &rpehs qhubela] glolol &
th= Zo|t} (Chaffin and Andersson,
1991).

o714 olg YARL F4e AlAH A
Fieo fAE uste £33 duz

N, A dRRe £3TE god W
o W JHAE AYR) AgHme
A A Wgsh AAse] BAsE
o) B% whgHsich olo] B AFoA
£ bl w4 7% 4 sles, 7}
W7 WEe] A St Welslmz
AAA TP gol AgHI e
FEFY el 2AF SolnE AMg
@ o wgse AAR BEEE A9
o HA WE F AR Qo) Ay
AAel Hlste] £ EE FH9Uv})
gz BASGTh o W, Y g
a3E P 2E

13 d2lsHA gy

CTDsE ofwsleiw o1
metslz 1 1S g
(acceptable exposure limit)E& AAd=
Zol o3t 18 B3 WaAY, =
= E¥AY 97z, 2¥He d= Manual
Materials Handling (MMH) Ztde] 74$-
v]=re] NIOSH (National Institute for
Occupational Safety and Health)?] =]
S AL oo AGar e A
gl 7 Ajtsta kS B0 &
g £ & HWH8SF  (maximum
acceptable weight of lift)S ZAA3H=0
=80l He AogM 2 Hus831%9]
AR ) AN BHEs =z}
9o AJH 54T g 5 #AS
T2 A3 BARNE Filo BNl &
2By H 9y (epidemiology), i) F&
29 Wxr} @& (infrequent) MMH %
A A, 2HTEA N dEHE BiE 2
& (modeD<s T3l B3l B8y
B (biomechanical method), iii) Xt} uF
BHoln A4 W=yt & MMH #
Al VR AR ZASE ATREMY
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¥}l (physiological method), iv) 2|3
9jxrel =y QI7ke] QAA] (cognition)E
AFAI=  LEEREL WH (psycho-
physical method) %°] F& AM-Ho| &
t} (NIOSH, 1981).

o] & E3] AgsA4 Wy Ad 20
Fob vz} e wEAHd 7] &
4e #Hrletzl g8liM del AREEo %
t} (Snook and Irvine, 1967, 1968; Ayoub
et al., 1978; Mital, 1983, 1984; Snook and
Ciriello, 1991). o] ¥hje FHAHAA} &
7] AYgS &% 8 A B Fy3te=d
ol AEF AAH 2EFH2 Qlo] F&
7bsd HEEslEsS oF 208904 408
Azol Azt WA AAsE RoEA,

14

L4

st 2 2AS vlw3d AHEsl 2o
(simulate)® & 1ow, 1 Axte] WHEA

o] ¥=o}A (Snook, 1985) A& FHo R
g AMgE I th

o] Algl&A3 Wy d¥ FAE
oJate] A=A zgiel Y RIxel AA
<25 uv Utk Marley®t Fernandez
(1993 Z71944 =¥ (pneumatic drill
motor) & AHE3ld &% FHE <
Age & o, o8 7 &5 AA
(flexion/ulnar deviation)oll 23 41&lS)
2 uhyol A& sheAS stk ol
ES &R 247 FH AAE FE 9]
g3 o, 3 Y £=F 23 AT
2 AABFETh Snock S(199H)E EEe
flexion/extension 2], <& Fehel A
M), gripdl e, wEE, 8w #AY
& "17}°ﬂ g A2EAHH He »
7‘5—;‘: KRR =
—’F%-T‘% AHEEH AS & o

por ohrjzl ozl |HE Bol
, A Ee] $x7F S o,
EE FAE7 At =
=9 AAE H3tee

wd -

r h

Aol glon, ol st oA BHEo]
therst vlEY AME FHEA =He Al
o} 3 H2 Genaidys (19958 ATt
Mz RaZ el gol &5 R, o

7, % 2ein se) B gstel v
AAE ALY AL, oA MFY A7}

N 2EHAE o] £oe Zd 9
Asted B AFode ASAH HH
o gwAe NPFHoz HEFA U
ol7f @A vFH AME SHHTE
FHstArh.

2. 917
2.1 AE 1 AT WLt AH EHT
® AE saf sAeis 48

o ais mehl o AR o A
A RAAN =l BRTH BF AE
£ 243t 92 992 selac

S =
2.1.1 J4gx=}

269 e] HEAE (F:209%, o :6%)0]
kA o g Ao FArEtuch HAFA
%ﬂvﬂ?ﬂ%Sinmw(ﬁﬁﬁﬂlgl

AEa, AE oo g 5313 B
okt sjAPA Ado) FAle 2HEH
A (musculoskeletal system)el o}F& &

A7l gge AW ARt AR T
o Fsta.
212 A3 Ay

durz el Hejo] 4 23F =2l
B (&Fo] Zdo] 74 cm, A& 15 e}
AZE YA (Zo] 25cm)e] Al A}
2= At
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213 ¥43 Ha

2 2 AA) 299 E=do 7
AL Brrslrl fstd 23R =goly
2 Al EellA ZAAH 7R ) = A9
FAAYE WA dndE Ax
FHAYYG FAAY F AAre] mE
o] LAHA gkomg Aol AHAA
< 128} Full Factorial Designg =8
Sk skth FHAY ] FFe HEAsly)
At 2] 3 FHolE nlFEoqA
103cm=Z  TAHAIZ  FHAYs Zz}
S5cm, 25cm, 45emd W (W Z¢) e
TS BAYY 282 3A ) o
S Grkatr] flsle FHARE HofA
2oemz AT FHRAE 7 vpRol A
242} 103cm, 138cm, 164demdd o) (2=
e B5E BAgoe, o W Z
AP 24 FHAZ AXNHAY. Jg
=9 A7t WAslste] wal dxe] A
7 Ad2=gGA ool wel HsEe e
st

E A A8 anEs B4 9
dtd ALY 25em, 2 A7} 103em
d e FEE FE A9 e A9 2
3 AP AAEAT o 2 Ay 27
AMe FzHg a3 edsteh [F 3]0
2 2389 Algo] et ot

(B 3 48 A"
7% 2 4 22

oYz U
S bem| 3% s | B |

G 38/738)

ﬁ%ﬂ%cm FAH 108em | A 18em | $HAY 16dem

7 Ay zA%N 2aF Sejojug
AHgstel BG4 W AA 7 2ge) 3l
He ¥ (ain) EE EWF (dis

comfort) A=E R[5t 48 A
o] Z+ Y 2ol 3837 3709 YA}
2 U g 2a3F =gdolyE A}
&3t S84 vhe AP AAS F, &
Hie, &1 2 g 19 oz, o
Y AA FEHYolM =AXNE B2g
AEAVE AH HrkeA gk (A3 A
3RS AN BF AT Falo] i
o7t vhe FEE A Y8t dul A
do] A ostd A Y=n) 37 2
dE& B3l FAAY Y FHATY g
o] &3] WY shsdlgeny, 1 o))
Hozsts #E¥de 2 zjolrh Ao
a4 103cme FJJFAEY] s
W] Fold sidatart)

7t AE zol gsHW A=
718 Zh A=A 2Ll téte] Zo] 10cm
A£42) psychophysical scale’}dl] =
AEE d¥Z X BAE 89k o
psychophysical scale®] 7} 92 (03)&
T3] AE glg woly s e 2% (10
AE o ol #HA 2 Hre 5o
=4 g2 FojE ). durHow E2o)
Y EAZO Hrlole Borg (1970)7F A
At 104 wHHe) o)ibA (discrete) H%=
7b A AREE D glon) B oubie ~E
g0 54 s 2 Y AP
o139 (o : o=}, g of=T} E) Foj
A A48 AA A Bt A &
AMgE 3hte) 58 MdslA ez )
DAY Az} FxolA <kzhe] zlolE
=7 Afollx ol FAHEA Eale A
F7F Ao AR &4 JhsAdo] Qi) o)
€ HY] 9dle B Ao B2
H7} Al 10cm@4:3<l  psychophysical
scale TF FTo mat JMFow
e Zog Esol e Mmoo %3t
A0l AL AAYANA FAAZ F
AdAt =le 529 ZwE a2 9%

oN 1o ox
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22 AE 2: = Hxo MeI|HH =

\7-

2 Aol 23F SoolME AME
Sol UAIRS wE AAS ¥ W AR
b Weksl mE A BES AEY
o o} AeAA =Y el A
g 2dE 23 A PA PEstac

221 o4

9me] WEAE (F:7%, o:2%)o]
AR oz Ao Hrpstact. HAEA
So] HF AYL 20594 (XFEHAF 1.67
AFa, AE Fojo g FHH BAS
molth FAEA HAo] gAY 2FTH

=
Al o}7d AV fE& FAskAUth
A

Bz} (Subjects)

222 A¥

NoraxonAle] ZAE =3 FA|
Myosystem 20005 ALE3le] gge] 8%

2Z(flexor carpi radialis), @ Q5T

E"’:JEL (extensor carpi radialis), 1%l
o] (biceps brachii), o718 2

(deltoid) 5 F 4Me =5 27 A=
(surface electrodes)S #2384t JA4H
A7b Thkg AAEeld RS 2T
AL Y AP} 2% A RS =
2] Ko} (palpation) &%2 $IxE 3t
Qo 289 7FF WS F9(muscle
valley)oll A=Zg R34t oA 59
HEEE 24 7, &3] trapezius <
o] 2SS A3} AT Palmeruds
o] AF (199%)e) oshE AAHY AA
(static posture)Z FHE ¢, trapezius
9] F&& APt AEFHeE
(voluntarily) 22-47% Ax TAAE 5
otk welA] trapezius 5ol QG Al
ks ojzlel zE#2E JHEdhs A

g3k Hry} obd F glomz E AYPd
Ae A4S Adskdth ground elec-
trodels T 59} W Alole] o] Qv #
B BEH) A 2= A5
sampling frequency® 100 Hzgod, &
e YA AFE (raw signaDE BF
(rectify)dte] =je] olFoAL e 20
B oH 37 2% dleleE EiFH 7
2313, old] whakd A&xHA HE
(continuous  integration)2 3]  inte-
grated EMG (IEMG)E T+t 21 o
<, TR IEMG«] Ay ()G HT
(mean area) Falod Ao ARG

223 A8 H=zat

3% =goly 9] A, I FF5%
o] AR 2 45F, F 50 T ¥F, 23
Lxglol Zbe 30%, 60%, 283 W= 4
szoz Bz o] o, FAAPA=
A7 AAE AP, 237 =gl
Wl gAY Fole F, oriel 583t
9] Zxd wt AI=HA HIEF §
2319tk A8 2AL FAFpEE 73
gz AAFHUL 4 AP x=HEelA A

=

gaAd Wn 23T ZHL FA
s 2 SAgAe) tske Age

shzol AAN ARHLOH, WE AP

e g A
Ur*} e =2 v b 285 3

7\P°ﬂ7ﬂ Z] AL FAoh 28a A E
A AL vhE)l= AE, & displacement™
P58t 3 AdAF}EE ¥tk Lindgvist
(1993), Kihlbergs (1993)¢] Azl o3}
] ’“1—?‘«] torque7t QAo vRE BF
2 71 torquedl 93} 75}0"301 o] F3h=
dlsp]acement Az w3tz =goly
2 ARE kS v displacement ampli-
tude® YASA sld AP =EA
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rir

(contro)-& EHh

zk A 2@ sty 23F =ato)
HE ARE3t] 8A1ZF F9F LIALE S =8
e AdE ¥ 9E sgste Zgast
oF 0% B¢ 222 A9 £xF 2Hs)
A Ak A Al wE w3
feedback® #F31x] dton, = =A
Tolle 83 F4 Alzhol Aok

3.4 1

31 FEA2I9 $NHale| oa

zt AA 9ol disle psychophysical
scale’doll EAIE 55 A=E 048 71
o2 243t FHEAY} FHAAYE =
g2 o BEARRA (Analysis  of
Variance)& HAIEIHTh 1 A} [§ 4]
oA AAlxo] Qe niel o] thato]l HY
g RE AA Rl disty @A
TH3A] e Aoz Jelgr HIE #
o] FFole vHA 3t B (p=0.12)
o7 (p=021) Fi7F e g 53
Agel 78, APHo] Fog Ry o
2] ASTE AT HH9 FZFo) -57P3}
© AFTS B

H Fed p-at
27 29 FHE A | F3E 2y
£2 (wrist) 0.7415 0.2769
S (forearm) 0.1219 0.1648
A% (upper arm) | 0510 0.1057
oA A(shoulder) | 02072 0.0009"
el (low back) | 04617 0.8999
&heh(hand) 0.6783 0.6820
&7 fingers) 0.419% 0.7632
(x5 93

FHAGE @A o7 RYe Ul
frolsted =828 103cmy W E=o] 7}
Ao, 558 wo] 7= 138cm
¢} 164emitoll= B34 423 zxjol7t Q)
Aot 1 9 $1% (p=0.11), ¥F (p=0.16)
o7t #AAY FijHes s A
o2 Jehgth

7&% 7;334, tﬁ}‘%* (p~0.0099), &7
(p=0.0010), A7} (p=0.0458)%-91o) w3}
A3 vEE Ao vl aElE Ao
Z YEsth 1 9 A4 3E9jd gl
A3 A8 g JS wAYg § g
ATk

33 dalgHN =¥

20839 A9 dAg=z s
U UAMR ] A5 FHus
2t 2 AME EYdsE B
AP A7, JAPAZEe] zlo)E=
o (p=0.1573), ©A] 2y AFA|gle] 53k
Aog velsth (p=0.0004). walA &
T4 JdPAE 9HE A3} (repli-
cation)2 7FH3lHTh

Duncan 8 Hlul (pairwise comparison)
ay, "ol FFe g AL (0=)9%

A
o

2
£0 Mo H

Qo>
%4 o o o W

25 94849 100%

20
A 15
ﬂ..
2 10

0% 0% 60% 0%
@3 B33 7

(38 1] Z/E5Sote) Zzet Mat



pEE

mxoz 2y 0% ALlE Aot
gk A B 583 4% 60
=9} 0 HA Aol7t Uitk AT
178 059 0%, 233 22F 60=9
NE, T 2FTANE #9F =Aol7k AN
o (21 1] 3. 8539 4=t 0=
Q) A 30 ATl widtd AL
Zo] 79.34%E ZrAa3ct A9 Wk
2 & Oe 499 e A 2,
& Aozt AUt

gul
[
ar

34 2H™E £
4719) 250 tiste] 2Ho] o]Fojxji
A 208 M Ax [EMGE #3h3,

2HT A% 9 ®F3} (normalization), &
A Ex7re] [EMGRHES Aol Fol7)
95l B3 ol Zxwrt 0% A9
[EMG(IEMGe=)E 71Fo2 ZF 24 AA
oA FalX IEMGZEe! ®&S T3P
(Ratiosos =IEMGaos=/TEMGoz; Ratioso= =IEMG

e0s/ITEMGos;  Ratio9o==TEMGeo=/TEMGos).
o WMaPES FausE HABAst 2

Q ANE SHPAFE Felo 29 WA ¥
AEAS AAE thAl PRt Aol
o} AA)e) gae F3Hch
Aol 253 FHe] THE i3t
2] A7 WalEitets 23 A%
Q) Zxde FoF xlolrt wAHA A%
on oAl o7} Z8o it AA9
w3yl f93k Ao (p=0.0001) FAHEA
Ax JeElgth ole T3 BEde 4x
7} Wgsitels 2aF =giolwst 24l
He] Fole &, oriel FEY ZAxd
2t AFAAPA HIEE FHEINIeH,
o] £29] AANE IA WA golA
WA g Avtg FA L

Duncan %# ®lw Az} o] EFd
Hilg A9 EEoz RE 0= A

-

Ly

K AR T8
spele o) =%z RE) 2AE
Az o] Axoe zolrt NoH, 553

9] Ztx 0= NEIF Al Zol7l U
). AT (0%, 30%) 283 (605, N
) 5 aggde #9§ zol7t UATh
ol A{AY 9 A} AT

4. 48 ¥ E9|

B dAFE 23F =folE ARy
UALES ke Zdel tistd ASA3
Hrpge AHEsl 1) JAF AA Wbt
wstge] wat ZAAxrE Z AA Rl
A =7e 5% AEE B4y, i) A
Zgo) axng sebdie, i) AR} A
et =7l Y AEE AT
23] ZY x99 e doixe A
SA2 23 Ayl Q% AAe 2=
=2 Aete] BAE E43AT
FAAF FPANN 23F =hoi
ARg3te] UALES e AYEE T ),
23 A se) #=RAI AA 99
AT JFe v)d Rz YIS
U B A3 Adze YA ¥
sl AA Z+ BYoA ZAHE FF
e & Wiyt fisidth o As, LA
9] ¥ol7} 103cmE A E ] UReH o]
' gAgAEe HE ZEA xold 3
Zaln o] EoldAE X7t $1E £
A HE (elevated) o] HArt ok &
g B EZoldMe FHAs wstsius
T £E23 o7E uEF XY ATt
aA @zER oz Qe Arle
AsE ARG B APAN /T A
o2 yehAle gskout FHdHel
A NARAEFE FL APl BAHILH
ol oete] Axel IXgt (Ulin et al,
1993).

FAAYY dIAdE Fol7t HEA =

=

=
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old o EWE7} 2Pk o] mje A4
o] ZM7F 58 Al (neutral posture)<t
FrAbste Aol Rodsle 2EH 27 A
A Bk FAARS} olBhTh A5t o
7W7F Zel EEol A EyATL 2
7Heet o] A= o 7kA] HIEY 24
E FHE W o7 R97t g uzs 2
A99E T3 Genaidys (1995)2} A3}s}
Y 2] gt

AE 83t 53] Snigoa =7
Ae FF52 dA-3] #Zasgo X
A AEe Y AT 5 vke gl
ol Azt FAE Alole i) &£ HIA
(dexterity)o] Ast= i) 243 Aw
(performance)”t A3FE™ i) 28 (grip
strength)o] #Z438}A Ho] F=¥oz =
=9 F27t F7shs ZbsAe] U] o
ol (Mital et al, 1994). webr A7t
o] A7 AAY HH) FAE red
°F 3t} (Bellinger and Slocum, 1993;
Bensel, 1993). ©o]& 913t $-gyg}ollA
AlfEls ZAzhe] EAC tg A7r) )
5R20=3

2 d¥qME FAY AA7 ER Ao
ot A £ E PR Axz 2087
e FAHoZ YIS siHct. 1 2
= HE A7 dH@Ado] dRon
T SAH 2EH2E Agyos 23y
T 2iE 53 dast 5o 4udA)
HYth ol F2 57 &¢d) A185
A2 FAH Wo] =37 &Y, E3
A7) THo] Ho] LS e oA
T Adzte] 2E2 Hrte] Hgo] 7}
8 Aolgke AL AKX Yol 4
HEAH WYY BFAS H2 AAIF.
2 BJrretzl fst 7 AR Al 3y
ke ARdAEe 2 B sbe]l A
I B EEN Al olFojAor &
Zo 2 ALgHth

rir mju of

B2 d7dMe 37 A Be A
ol e A JAFAEC] SYHAUL
7] AN e A Aol Be HA
PAo] ATl vlste] AEsHd =
AL A&3] 3t} (o]BA 9], 19%). %
T AN tYFI NA g =
AbshE AEzhe) vinE e, AE]s-A)
A 23 AYEE ¥olr) Y3 wsH
L23& Hetglo] 7)theET)

CTDsE gtz 24 AA, 37
e T 3=dojyQ Wx AzrEsto.
g Aot 3y oo £A) &A E8
T A AY AxY 24 F AT E
Q) WHolt}. olajgt =we] Az}
B H3ld AeSA3 whio] #4483
A HE&E 5 o Asdn 23 ¢
5 O A4 e, 37, 281 3y
Z4 dizld F e elgdel HE
wjojo} g Hojr}

235 =gy 2] Al 25 Tl=29)
EUEE Fole WyogM 584 53¢
79 £94L 738 5 Aok o] A9 A
Al & Aol AAE ure}h go] Bfe)
Fele Y AAdF A ¥b4E 19
gt AAsor AT #H T S
TE AT 4 zFHoE FulgE )
Al XE (vibration)& $7 Bo] w8
B %3 (Freivalds and Eklund, 1993) 2z}
T 49FE & & J2ZE (Park and
Martin, 1993), J&-& F43h= B39 A}
folut F Fo5 24, FF FA9 =
3 T8 B39 o d9RES Haslks
oo} gic}

HHEZQ] 3] e oy 7|A|E}, A%
37t ARgg s A el
A3 AAL e glon, A9 wat
M Z1AIS7E 7M45g0 el vk 5z
de O ¢ I JsAE Ay
(Kuorinka, 1995). o}2]3F whE-z o] 4=21¢]
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