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Hand-Arm Vibration and Noise Levels of Double-Hammer Type
and Oil-Pulse Type Impact Wrenches in Automobile Assembly Lines

Jae-Yeal Jeung, Jung-Man Kim

Institute of Industrial Medicine, College of Medicine, Dong-A University

This study was conducted to introduce fundamental data of hand-arm vibration and noise exposure
levels with impact wrenches(double-hammer impact wrenches and oil-pulse impact wrenches) used
in automobile assembly lines considering the -process. variables and tool variables. In studing, prod-
ucts per day, required time screwing the bolts or nuts per bolts or nut were considered as process
variables, and capacity of bolts or nuts, air consumptions per minute, tool weights, RPM were con-
sidered as tool variables. Hand-arm vibration levels of 3 axis in each hand were measured using the
instruments compling with ISO/DIS 5349 and noise levels were measured using a noise logging
dosimeter. The results were as follows :

1. Required time to screwing the bolt or nut by oil-pulse impact wrenches is shorter than double-
hammer impact wrenches but total daily exposure time of oil-pulse impact wrenches was higher than
double-hammer impact wrenches because the number of bolts or nuts per cycle was many.

2. Oil-pulse impact wrenches have been used to screwing the large bolt or nut in comparing with
double-hammer impact wrenches and required time to screwing the bolts or nuts were shorter than
double-hammer impact wrenches because oil-pulse impact wrenches were using high RPM and large
air consumption per minute. Noise level of oil-pulse impact wrenches was 8 dB(A) lower than dou-
ble-hammer impact wrenches.

3. Dominant hand-arm vibration levels of double-hammer impact wrenches in each hand were 8.24
m/sec? of Zh axis in right hand and 9.60 m/sec’ of Xh axis in left hand. Dominant hand-arm vibration
level of oil-pulse impact wrenches in each hand was 2.59 m/sec? of Xh axis in right hand and 3.23
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m/sec’ of Yh axis in left hand.

4. In double-hammer impact wrenches, corresponding hand-arm vibration levels of Xh, Yh, Zh
axis in left hand were higher than hand-arm vibration levels of right hand in 3 axis. In oil-pulse
impact wrenches, Xh axis of right, Yh axis of left, Zh axis of left were higher than the corresponding
hand-arm vibration levels of Xh, Yh, Zh axis in right and left hand.

5. Correlation coefficients émong Xh, Yh, Zh axis of right and left hand hand-arm vibration levels
in double-hammer impact wrenches and oil-pulse impact wrenches were commonly high in Yh axis
and correlation coefficients of Yh axis in double-hammer impact wrenches and oil-pulse impact

wrenches were 0.76 and 0.86, respectively.

6. As a measure repetitiveness, plotting total daily exposure time with the number of bolts or nut
per cycle, direct correlation was shown between repetitiveness and hand-arn vibration exposure, and
correlation coefficient between the number of bolts or nut per cycle and total daily exposure time in
double-hammer impact wrenches, oil-pulse impact wrenches were 0.84 and 0.50, respectively.

7. Considering the total acceleration level and tool variables in double-hammer impact wrenches
and oil-pulse impact wrenches, air consumption in right hand, and bolt or nut capacity in left hand
were commonly the variable that explainability was high. Considering the noise and tool variables in
double-hammer impact wrenches and oil-pulse impact wrenches, air consumption per minute was-

commonly the variable that explainability was high.

Key Words : Impact Wrench, Hand-arm Vibration, Process Variable, Tool Variable,

Repetitiveness, Total Acceleration
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1989).
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I. cHed 3 U

1. HPoi4k (Subjects)

AFhAE 2R 2gERI(B/C 2R, TRIM
2Hl, AkA] 2iel, smolg =%l W&7] Rl Fel
A YJHE dANE olE3e AYAR o]F-¥Ur¥
(double-hammer type) YHYE W& o|&3e
YA 344, 29-"2Y (oil-pulse type) HHE
A g olgde AYA 319E L Bt
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2. 97w (Methods)

Z2AFEEFES] #%de Modular Preci-
sion Sound Level Meter(Type 2231, Bruel
and Kjear), Human-vibration Units(Type 25
22, Bruel and Kjear), Human-vibration Mo-
dule(BZ 7105, Bruel and Kjear), Hand-Arm
Transducer Set(Type 4392, Bruel and Kjear),
3 789l Piezoelectric Accelerometer (Type 4374,
Bruel and Kjear) & °l-83l5ith. &Ae] o|4¥
e FAAFSH A AR 7]Ed 180/
DIS 5349(1986) M A e WHE ol 83
qot. FA2AF 33 AQYAL A7 o3&
o] g3 Y& 3l7] olMe]l Hand Adapter(UA
0891, Bruel and Kjear)& 2, 3¥A £& 3, 49

A &7hE Alold 7fi¥a AU € W Xh, Yh,
Zhe] 3 &9 F2AE /1ETFEE FA &%
fev, g0 SoME ISO/DIS 534944 A
#e 94 HHE U4s AU (weighting)
234& $9s9t. Modular Precision Sound
Level Meter®t Human-vibration Unit®l 93
% (sensitivity) & A2 #Aole 247137 (Ca-
libration Exciter Type 4294, Bruel and Kje-
ar)& olg3en, 159.2 HzalM 10 m/sec’s]
ARA EEAFTEE <1880 ¥

5 JHE dAXF ol 83 & YAl thelA
2R EZSFEE BN, 2§APA )4E 2
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o] ag=yue A BA, 50-146 dB ¥4, ¥¥
115dB, Alztd4 =d low), 714 90dB,” H¥¥]&
5dBE 43t I P E 8Pl 189 L8
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Table 1. Specifications of Air Tool Model by Impact Wrench

Groups Model Capacity” RPM?» Weight” ACY
DHIW® UW-13CSK 13 6500 517 0.75
DHIW UW-161ER 8 7300 1.51 0.35
DHIW UW-220PL 19 5500 4.77 0.70
DHIW UW-6CSHK 8 7500 1.71 0.35
DHIW UW-6SLK 6 8500 0.97 0.30
DHIW UW-ST6SHK 8 6500 1.70 0.40
OPIW® UX-1000 1 6800 2.08 0.50
OPIW UX-13008 13 6200 2.70 0.55
OPIW UX-1400 14 5250 3.20 0.60
OPIW UX-6128 17 9300 1.00 0.30
OPIW UX-800 9 9000 1.70 0.85
OPIW UXR-T1920 17 4400 4.50 0.70

1) Capacity: nominal bolt or nut size, mm
2): RPM: revolution per minute
3): Weight: air tool weight(less socket), Kg

4): AC: average air consumption per minute, m3/minute

5): DHIW: double-hammer impact wrenches
6): OPIW: oil-pulse impact wrenches

Az, 373 AAEZARL, SAFTHAA olgdE
EE 2& YE9 A¢e B 29 Zr) 389 AE
AAFE olF-¥mY YHE AXJ} BF 120.24
A2 od-HAy e A9 113.24 /) B} @
%L, BUFHNA ARl 28HE AHe o]F-
AojY dHE WX/ B 14.12 22 2Y-9 9
JHE Axle] 18.84 = B} #A 28¥n
(p€0.05), BE T+ HEE 1 /] Hed 285
AN Y-l YHAE AX7} 219 X o)F-
oy ddE AA 2,47 X Bt B 28HRA
ow, FHRF HAAF2AINL o|F3-¥dvy YdE
A7} 29.85 Fog oU-HAYH dHE U9
34,06 ¥ 2} HA L8l T3 FUFAH oA
ol4HE BE E¥ HES AFe 29-BAY ¢
HYE dAX7} 8.65 /N2 o)Wy YHYE A9
6.06 Hch g@ske}(pd0. 05).

2. BE &&= {ES 83 Sgs|ES
B7e| BH|, gdoojangt

EE e VES 4%, PI3AS, T F
A, £Fololande ¥ 39 A}, EE Ee HE
o] §%F2 2Y-¥2% YYUE JAr} 12.06moR
olF-¥uy JHE WX 10.12mEc}t FHu

(p<0.05), BZAAFRPM)L 29-¥28 Ay
E AA]7} 6708.062-2 ©1F-Pri¥ YHE Ax|e)
44.69.718c}F #3k3 (p<0.05), F79 FAE £
Y-8 YHUE JFA7} 2,56kl B o]F-y o]y
YHE ARe] | 3lkeRt} Ao, EF By
A2 e ed-d42% YHUE A7} (.51
2 o]Z-¥dv¥ dHE AA)9 (. 46mEr} Wk,
YA e 25FEE 0)5-EU0Y YHE A
A7} 95.950B(A) 28 2Y-HAY UHE |9
87.52dB(A) B} =3t} (p<0. 05).

3 0|5-HY AWE x|e} 20-EHAY
YHE o] LBEI e IAZE
7155 £F vl @ ZZte] AWE Ax|ofM
LEED AL IANUSVIETHE |1

o]F-¥r¥ UYE Axg oUd-"WAY JHE
Ax e E&a o] FAAFINEESFE v
2 2tzte] JHE AR oA L ELH Y& 4
FETTLES B 4 9 E 59 2 olF-¥niy
YHE JAXe} oUd-H2 dHE x)9 g
Xh, Yh, Zh 3 %9 A& ELES v ms)
HEH Xh%e ZA$E olF-¥0¥ JdHE dx}
6.43m/sec’e. 2 2Y-H2¥ JHAE =)o) 2.59
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Table 2. Process Variables by Impact Wrench Type

Groups  No. PD” RTC™ URT” TDET® NOCw*
mean + 8D mean+ SD mean+SD mean+SD mean+SD
DHIW 34 120.24+42.04 14.12:+9.85 2471079 29.85+27.75 6.06+4.33
OPIW 31 113.24:+42.66 18.84+6.21 2.19+0.33 34.06+16.89 8.651+2.98
Total 65 116.89+42.13 16.36:+8.58 2.331+0.62 31.86+23.13 7.294+3.93
*: p<0.05
7)PD : products per day, No./day
8) RTC : required time per cycle, sec
9) URT : unit required time, sec
10) TDET : total daily exposure time, minute
11y NOC : bolt or nut No. per cycle
Table 3. Air Tool Variables and Noise Levels by Impact Wrench Type
Groups No. Capacity* RPM* Weight AC Noise*
mean £ SD mean 1 SD meanSD mean=+SD mean+SD
DHIW 34 10.12:£3.97 4469.71 +3072.65 231+1.34 0.46+0.15 95.95+4.56
OPIW 31 12.06+3.43 6708.06+ 1795.97 2.56+1.17 051+0.14 87.524+2.87
Total 65 11.04+3.81 5537.23+2765.77 243+1.25 0.48+0.14 91.93+5.70
*: p<0.05

m/sec’BTh E343 (p<0.05), Yh#e A+x ojF-
Aoy YHE A7} 6,98m/sec’ 2R YU-Hx
JHAE A9 2 16m/sec’®Tt ES}TH(p0.05).
Zh %9 ALE HA o|F-¥vY dAE A7}
8.24m/sec’ .2 2Y-H2% UHE A& 2.83m
/sectBT} Egkew (p0.05), AA JMETsE: FA
o]Z-dviy YHME A7} 12.96m/sec’ 22 2.Y-
B8 JWE WA 9 4 Tlm/sec’RT} #HTHpC
0.05). ©13-¥vi¥ Y¥YE AXs} eY-42Y o
HE dxe AL Xh, Yh, Zhe FAANE/E
=43¢ vafid Xh $9 A$e o|F-dvY¥
J¥E A7} 9.60m/sec’ B 2Y-HAYH YHE
Ax 9 2 39m/sec’ Tt E}T (p<0.05), Yh&E: 7
25 o]z-Yriy UHE W7} 8. 15m/sec’ 22 £
g-¥23 JHE Ax9 3.23m/sec’BT} wRL
(p0.05), Zh &9 ZA$E 9 o|3-Uv¥y ¥
E dx}7} 8. 54m/sec’ 8 S¥-H Y YHE X
9] 2.92m/sec’it} ¥ESEOU0.05), AN /K=
43 94 o]Z-dvY YHAE AX7} 15. T8m/sec”
oz oY-242% YHE AN 5 15m/sec’Br}
=3k (p<0. 05).

o]y YHE WAXMe] L EE&FH d&o
Xh, Yh, Zh#%2 Z2AF7M4E 8§ $4HEH
(One-way ANOVA) & 4AI% @3 2EddMe
Xh, Yh, Zh 3& Z<lX Zh #o°] 8 24m/sec’Z
Xh #8| 6.43m/sec’*l\t Yh %9 6.98m/sec’®
o} 53, gd&dME 3%FANA Xh#o] 9.60m/
sec’22 Yh#%¢ 8.15m/sec™™t Zh%9] 8.54m/
sec’ir} w3kt

2Y-gAY YAE XA 2B8EH d&o
Xh, Yh, Zh &8 ZFAAFIEEFEE BN
(One-way ANOVA)& 4AA# 23 o gdolHe
3 2 ZdA] Zh %o] 2.83m/sec’® XhZe] 2,59
m/sec’o]tt Yh &9 2, 16m/sec’ict 3k, 9&
qMe 3 & Fo1A Yh #o] 3.23m/sec’2® Xh
29] 2 39m/sec™t Zh %9 2.92m/sec’®t} ¥t
o}

4, o|Z-pioiY QUEE x| W 2u-WAY
WE YxjoljM 2EED 2ol 2t Hofl cigt
FLNUS7IKESTE ol

o]Z-dry YHE WX oY-E2Y YHAE
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Ax)e] o8& A& BHE 4 FHo g T
ANFHEESTE B 63 A, o590y U9
E e 28&0 d&8 FAAFNEEST
¥ paired t-test& AAIY Z Xh FelMe €
&9 FANFHEESSE0} 9.60m/sec’ 28 2 EE
2] 6.43m/sec’ 2t} XL (p<0.05), Yh M E
&8 FAAFIEEFE] 8, 15m/sec’e2 28
£9] 6.98m/sec’ et ¥3koH (p<0.05), ZhHolA
T YA d&g] FANBIMEESE] 8. 54m/sec
o2 Q8¢9 8 24m/sec’Et} BT AR
FEL U&o] 15 78m/sec’e2 28E2 12,96
m/sec’ith ERTHP0.05). LY-E2¥ JHAE
Ax)e] Aee 28Ed d&d FAAFREFE
o ti§t paired t-test®& 4AA1% A3} Xh #fMe
2848 FANFINEESFE] 2.59m/sec’eE €

&£9] 2.38m/sec’ith ¥, YhBAMT fee]
FAAEMEESLFo] 3.23m/sec’22 2 EEY
2.16m/sec’2t} FXo ™ (p<0.05), ZhFHIMEe o
&9 FAAFNMEESE] 2.92m/sec’22 2EE
o] 2.83m/sec’BTH ¥, ANIEESEL @&
°] 5. 15m/sec’e2 28¢2] 4 Tim/sec’® T} ¥}
o},

5. O|Z-HniY uEst 29-FAY
YuE HrolM 2BED eel T Xh,
Yh Zh & ¥ RAMyIEESS0] chet
2f2}e| AbptalA|

olF-dn¥ YHES} od-H2y YYE WX
A 2 E&F 9&9 32 Xh, Yh, Zhd 3 AA
7EEEsEd dE A4z JedAe & 78 2.

Table 4. Hand-arm Vibration Levels of Right Hand by Impact Wrench Type

Groups No. Hands Xh* Yh* Zh* TA"*
mean=SD mean +SD mean+SD mean+SD
DHIW 34 Right 6.43+5.29 6.98+5.67 8.241+7.54 1296+ 10.33
OPIW 31 Right 2.591+0.88 2.16%+1.36 2.83+1.20 471+ 1.12
Total 65 Right 4.59+4.30 4.671£4.82 5.65+6.11 9.02+ 8.53
*: p<0.05
12) TA: total acceleration, m/sec’
Table 5. Hand-arm Vibration Levels of Left Hand by Impact Wrench Type
Groups No.  Hands Xh* Yh* Zh* TA*
mean+SD mean+ SD mean+SD mean+SD
DHIW 34 Left 9.60+6.92 8.15+4.19 8.54+4.85 15.78 +8.41
OPIW 31 Left 2.391+1.67 3.23+1.98 2.92+0.96 5.15+2.38
Total 65 Left 6.1616.26 5.80+4.12 5.851+4.52 10.71+8.23
*: p<0.05
Table 6. Hand-arm Vibration Levels of Right and Left Hand by Impact Wrench Type
Groups Hands No. Xh Yh Zh TA
mean+ SD mean=+SD mean=+SD mean=+SD
DHIW Right 34 6.43 +5.29* 6.98+5.67* 8.24+7.54 12.96+10.33*
DHIW Left 34 9.60+6.92* 8.15+4.19* 8.54+4.85 1578+ 8.41*
OPIW Right 31 2.59+0.88 2.16£1.36* 2.83+1.20 471+ 1.12%
OPIW Left 31 2.39+1.67 3.2341.98* 2.92+0.96 5.15+ 2.38*
*: p<0.05
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Table 7. Correlation of Corresponding Axis and Total
Acceleration Levels in Right Hand and Left
Hand by Impact Wrench Type

Table 8. Correlation between Bolt or Nut No./Cyclés

Groups L\R™ Xh Yh Zh TA

Xh 0.40*
DHIW  Yh 0.76*
Zh - - 0.55%
TA - - - 0.58*

L/R Xh Yh Zh TA

Xh 0.38*

OPIW Yh 0.86*
Zh - - 0.05 -
TA - - - 091*

*: p<0.05 _
13) L/R: left hand/ right hand

olF-¥vY JUES 2Y-H2Y JHE AN
2EEF 49 MY Xh, Yh, Zh&d R AN
T5Ed B A FaATE oUWy U9
E @& Xh#ol 0.40, Yh#&o| 0.76, Zh &
o] 0.55, AAIEEFEC] 0.5828 3P
Yh&el 2#AS7 712 gster], od-U2Y 4

and Total Daily Exposure Times
Groups nD™ TEDT
DHIW NOC 0.84*
OPIW NOC 0.50*
* : p<0.05

14) I/D : independent variable/dependent variable

HE PA A Xh#Ho] (.38, Yh %] 0.86, Zh
£o] 0.05, BMIHEEFE] 0.9122 35FNA
Yh#&e] A@As7t 718 Eskch

6. CiEdo olR=l: RE EE WED Usel
BRE MMERAIZI0| CiEt ATREA|

dd 3 ol 4sHE BE B UES Asel 3}
T AAFZAIZ R FREAE E 8% Zx
°|F-¥rj¥ YHE AN JAVAE T
2 BN a9 1% 2ok 9UFFd olése
BE Ev YES Ags} 37T FAAE2AN o
¥ gudAd de EAEH, o390 JHE
AN E 0.84010T £U-B2Y YHE WA
Ae 0.5022 ©]F-90Y dHE AN o ¢

80
||
.2:-
'g 60
m

2

g .
2

g a0 -4 y= 0.84x - 283 1
§ P = 0.71(p<0.05)
- - 2

3 -4

% 5 10 5 20
Bolt or Nut No./Cycle

Fig. 1. Plotting of Total Daily Exposure Time versus Bolt or Nut No./Cycle in Double-

Hammer Impact Wrenches
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o]F-duY YHE WA} od-WAY Y¥E
AN cgé&a fdde] AMNIEEFT R
&%, £3NAg, FF FA, BEIIAa%)
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ol gt FFESe] g FeATE 0.4622 4
FAAZL AL, olF ¥FF FFY FAS B
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AN IEESS] R 275 e AL
0.71(p<0.05) 2.2 A@@A7L slen, o w4
F £%3% $FEVca¥o] dI9go] ¥ W]
Aot E=F 2U4-H2% JHUE AXoA L9
AAMEEeEd A TR A BT
0.60(p<0. 05) 2.2 A@BAL U, o WSy
7 $3371429%3 RPMe] 493o] & W40
Axn A& AM7IEGEEST gt FFpo] o
g ABAFE 0,502 AuEA 7 e, olg
WEF £33 379 FAV Ayl & WMo
A,

8. OI5-HMY AWE Hx|et 22A-BAY
HE X ZjZtollM ol CHEt 83,
=EE N, 372 A #EBr(280
oiet ciEsHES

°]F-dn¥ JHE I 2Y-¥2Y JHE
AR AN 2ol Y 83, EFYASF, F79 B
A, £FF71428%3d ¢ dFHAENEH, 28
o g FFAFY FBATE 0.4522 4BRA
7h AKNew, olE ¥WyF $IF7I28FI T
FAZ: drgdo] & WFoiplen] =¥ ed-UA
F dHE JAR9 Ffe oFd dY FTHSe
dBAFE 0.91(p<0.05) 22 BBRA AN
o, o1& WsE $937128%% RPMe] 499
o] ¥& ¥t

V.o #

F20F A AFFER QA AsjAle)e] &
F-rggAe] ¥ AT 19189 Alice Hamil-
ton ol WAAX ALEa Aok 1960 L)l
YEF AAg2upylole] ATAEL FA& AlAde)
ZERRg] i) F2-A1-349 “elbow”-HE ]
Yo FA& AAH e (Louda, 1970; Axelsson,
1968), 2&e 1F% Al Y& ANHo 7}
Z EE AAAIEA B g Fupo FR &
€ $84E T Mg F23 ugAgd 248
FA. 34 F4de] AHN FAAF s o
B3 ATF7E F2 o]FojF o e BAYITA
€ °l&3te 71ES 2T E2HE YA ey
TEHLE BiAolA] B Ao A3 St}
58], 27 Fagrt w3 FEHes EE 4
ol ¥ T AYANA cl8HE Bl ol
& ARdo]l H&T WA U (Wasser-man,
1989), ISO/DIS 5349, BSI, ANSI, AC-GIH 3
£7]&A ] B W o] AANHI e HAFolnt
(Wasserman, 1985). W&td £33 de 2}
BE RHEQlO] o) &¥ F Ue AV & ® 7R,
HEY 33 & stojof @ttn 49 dA7a 3
NIOSH-HAV 71&R &8s ZF3ln ot
(Wasserman, 1989). °l€}z2 Ahubgl o)Zo] A
A3 glevt olAzAle B3P 2P0l AN =
27FZFA o Bol o]RojA D Y& Yol

Raynaud 3%, %4, a2l J§ 37 A4
o] A/APL 19008% F7)d, 53 Indianad
Bedford¢} BloomingtonolA oj@4} M3igt dE
(oolitic limestone belt) & 71¢31 ZAYste 7
FT A ZZANe daalelA GuEA g A
(Hamilton, 1918}, 194639} Dart(1946)& a2
el FAEER Qe 11299 AYPAdA AF F
FTE Y AN E Rustgln, 19606 Pe-
cola? A%H Raynauds @42 2= 7l 3l
o $EE stRov, Fo A B8 B
o ATE AAE d ARle] ML GEE 23
=8t H29 ABEAME £379 EF
7] a8 AJ4A7t £33 7€ ¥A ATt e
Aol FaYPAcE YHAn glon, AVJ} AL
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AFFFE 37 274 uisl &3l v IAE
Aol U7l o FAUFFET P FIEEF
& ANTYE F3E o

1960t S} 1970 AFolA, AT &
4d€ e AN F2AFFFTY Kol
A4 371893 (00%742]) £ fHEdoz AES
£ AdwEs ol8x F7Hch. 197294 ol %
AFF7E AHhe AR A3HE 44
Hete] AQAS] e BE Axate 47
CBE mole FTAMEPEYS] AN Bwko] ohiet
(Wasserman, 1987), wlfe] &Folet dzle)x
AFZzo} @ge] 283 AopiyE B 7
238 YA e JEFEE UMY AFEE
ZAA71 7188 = A o] T HAEAR &
Zol AFHEFF) AR} 102 FAAAA A
U& AMgAelA FAFPETY HEEE A
ZaA A cH Wasserman and Taylor, 1977). ©]
s dzAeg, UREe Fr] FFF U A
B5EE A7 9% x¥e dHoz A
o BEE 3T L FRAHE AR AleldlA sig
SAA Alold] AFE WHolAde] SAHIE B
o} (Letz, 1992).

sog Agsde VEFAFERe A An B
A A AHMEHEE, &3} FFA)9] 7AH
HAEY, Ay, 9% AYeAH FHeE, W
A3tel ol $ei R, am FPe A KA @E
(Radwin, 1990), ¥79 #¥d By oj&sin
A Fu4 Hipelohisl &2 (harmonics) of
ot datgckeE Aol BRuEa Ut (Futatsuka,
1985; Starck, 1984). AAHo=z chee AFF
FE He HedA A Fir BxE R
t}. 379 §A, ¥d 28la {8, R2UT
9 o]g R AR FAIFEE 9 T4 9%
Z43 #¥o) it (Musson, 1989). @k &2
2 AgsE AT d¥Hrte AEFYe 08
oA 7AANAQ FaAo] HEEA dA U] ¥
soials, oy RE 89E& sl ¥
(Taylor and Brammer, 1982). g3 ¥HEA<Q
AL MEANEFRA o8 FHAEZFL F7H
A, AgEd] %L € & 31en, & d7olN
£ uhEA (repetitiveness) 8] HE2A, F3 1 F
7] Bl A3 BE T HES A0 di#

ANRREZALE EASC] HEAT AFERA
old] HHAL ARTAR ¥ 5 UNeH, WAy
o] ¥e rEHAY E2E WiNe VBER/} o
A o %& 4 fthn NIOSH(1989) 8] 244%3
7 RaE AL Yo B A7A4E ¥4 1
27] 3o BE T VE A%t AMHREL
Aol tie ARAGE o3y YHE @A)
A 0.84, 29-B29 JHE BNAN 0,500
o}, NIOSHelA Laine 3zt Yxshich A
FATNN B4 UE0] LYU-BAY YHE @A
s A@A47t ¥2W ol3-HviY YHE @0
Aol FAAFNMEESR] oU-H2Y YWE ¥
A9 98¢ Y9 Xh, Yh, Zh 3% 2F|N
o &4 Jend.

AEe FY4-F7RES e @RI ol
& 2Ho) o8¢ T Mol e 2 PPN
o] @Y. WAEAY ABSEL BT 9
A, #2498 (method of propulsion)& X8
F7e) B4 B4 231 7AW WyhI@) o
2 gEAA g, d4NFe S} HHFETT
A nAY Byolct 2ANFE YHE @x =
£ AGris ge 285 R4 s8M AEs
£ A B4 3/EY, WY, e 49
3 e, TP BYBIFUE AHo W YU
ZTHNIOSH, 1980). Y¥F7E AEE Fa017)
7] 9180 BESA TAIE R sich

QAE WEITE Ce ABeA BEeE
JlE4EI UL BT AW YNE FFE M
¥, AW 21 HAE A% Be BPNA ol
g3 U old# BT o4k TEI 2
Ezga gt} 23xdos A5e AYEM] A
S99 Ye] BE S2olT hRE YEe) Bol
A &40l B8N 2R &0 Mg Mu-
sson, 1989).

JHE F7o BAHCYE VFAEESRL o
4= 377} ofd BP9 AESERYG wh FF
o BAE o Ause VENSENE] B
FYgE F0] BAL FrEelE oW VES
Fo| WolAL} F7E olfd=d LAY HeY (-
rip force)ol 2715j0] FAAEFEEY WA
BR RAAFFEZY WS VMY § Ao
(NIOSH, 1989).
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AFAEHAN FI3T 2R FLAF5E XY
3 oheel QTFHHol EEIH] 2E#H2
% AU, 7 & ARFTY asklde
e A5 A ¥W (NIOSH, 1982),
A3 Yo AYHoZ ol BNUY FHe FUE
FNFWE B ¥& AFSFEE TANES AT
€ AHde @ A48 a3t (Radwin, 1985). 3714
Aol e Foe-BA JMEEe] §AE ol8iE
q 2EL A4 Alolo] WA ¢ Folzl WHelg #
Y} (Holt, 1982). ;

oA UHE dx| e} WelE olfPoEH F
a7 Z2ee AL A diE 439h3 e
2 FFHa Yo 1 F AeA - EY AZoA
T F E2HE A 2B5WPe 2 FPdn
21t} (Pelmear, Taylor and Wasserman, 1992).
SEviete] 7% 95 Holgol Aeat Aol
AA dHReR A Huer 19959 WA A
A 3 Ef U] £oko ARIA ST 183THE FAL
e AR Al F 1899 Fx2 FAHI
o] ol& AAY¥A dF FAAFFIFETE oW
7] f8) FaFFe] A AAEFSFe] Y ¥
& 871EX9 430l aF Aol Azt

E Ao zAERE F79 §A4E AMEY,
Oil-Pulse ¥He 9¥9E dNe 574 &9 3
Zo] gim, HHF AJVEE 8] oARH (air
motor) °ll Super Engineering Plastice.2® "O-
IL-FREE” 2€} E#]o]=(Rotor Blades)& o] &
g Aoz vay HEFH FEY UWYSFT] FE
Holtt, Hammer e @] & o]Foxl ¢dn)
7] EF ZAdAtelA EZ(torque) AEE Ha
AA FS S 28 F Y3 HE XHE ©
& glo] BE gL, F|, ZIAF 3 o] 4wt
Hog iR gl dndxn 3t

29, AzeRuplol, 4&, 299, ¥, =%
&, u= 5o 7Pt 24256 g HE7EX
£ A3 ¥1 e FAFHer FRHE AL
International Organization for Standardiza-
tion®] ISO 5349°| %} (Griffin, 1990).

B AN e A3 eY-H2al JYETL
EE T UE RF Hed 285HE Aol 219
22 Yvjy YHES 2472 B} HA L8HIS
U BE e UEE 13357 59 e A57t

Wol 3T HAAMERA|IZ] gL Aoz Y4En,
2Y-E2% YHE AN & o|F-¥9vY YHE AR
B} BE B YEQ] §30] 9 o|&= & AP
UM RPMelH, F@olloli o] Bof YHES)
EE v UEE o998 dHE A7 14
Hed 288 Aol @A 2 Ao 4d
th 2Y9-HAY UJHUE YRS A o]F-dviy ¢
HE ARG FAV} $347) Wi FA2AEHE:
459 333 AAe Boy o] FAZ Qg 3y
Aol A FARAFEFXTE TYAI AP o)F-
Yoy dHE JIXEY gz € & fd. 3T
FAE olF-¥02 YHE dAX7} 2 31ke, 2Y-¥
2% JHE HWR)7} 2.56ke> 2 Radwin(1992) ol
Haydd JHE WX 7 1. 8keHrt tf FA
& Ao Yeign, EZAAFRPME ©15-8
W3] JHE X7} 4469, 2U-H2YH YHE WX
7} 670822 Radwin(1992)¢] EngAA 8000
o @t FEAAZTZAIHE o|F-Yrjd JEE
A 7L 29,858, 2U-B2Y UHE [AX|7} 34.06
$22 Radwin(1992)°] RafAQ A= u|
A= (A7) 80)9) 62.9%, FAEF LEFYEa
gRI=(mERle ga=) 9] 49. 78, FALE 2LEF
FZaA= (AA7] 80) Y 42. 1¥Eh @UTH(NI-
OSH, 1989). &< AA o| &l g AM3LFA]
e dRHe] MAEFA el A1 273}
A et FTE FARNFEESFEN Qo)A o]
-4l JEE X9 2 E&(&EFNY Xhrt
6.43m/sec’, Yh7} 6.98m/sec’, Zh7} 8.24m/
sec’, AM7IEET} 12.96m/sec” 18]al A& (EA)
9} Xh7} 9.60m/sec’, Yh7} 8.15m/sec’, Zh7}
8.54m/sec’, AAM7IEEL 15, 78m/sec’IRN 1, £
d-g2y YHE WA EE(EFC)Y Xh7t
2.59m/sec’, Yh7} 2.16m/sec’, Zh7t 2.83m/
sec’, AAM7HE7t 4. TIm/sec’ 28l FEEA)
9] Xh7} 2.39m/sec’, Yh7} 3.23m/sec’, Zh7}
2.92m/sec’, MM MEES} 5. 15m/seclR, o
ME YR FAAF/NEESFTEE 20 Radwin
o] AFdAAEe 2&&(EFNA Xh7t 17.9m/
sec’, Yh7} 10.5m/sec’, Zh7} 12.2 m/sec’, A=Al
74&571 24.0m/sec” a2l P& (EA) S Xh7t
29.3m/sec’, Yh7} 20.5m/se®, Zh7} 35.3m/
sec’, AAZFEES} 50, 3m/sec’o | e ol ¥ 2
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FHe Ao nHRY olF-driYs ed-Hx
Y YHE JNE 329 JiEE 9 AN
el LELT A¢ R 2 AIAE Hiow,
Radwin(1992) 9] Z3ls} dxsh= Jo] ¢AHNU
£ 22 Radwin(1992)3 £ 979 YJHE &
A7t 2% BABYoINL LELET 9&9] 329
ZAAIEESE 3 2 iewrt 94 e
ettt 2Y-92AY YHE WA 2gSFEo]
olZ-guly YHE WA 2&5LERT F
8dB(A)BE Bt ol "USiAle] F932l 7
A xgd A7 YAE Ao AzEy F4AF
THEE FPol BA AAHE 2E% B FELR
ANE & slcke Ag 20 e gt 3
Art,

g0 d& oF-¥riy dPdE AR
Zh%o] 8. 24m/sec’, 24-U2Y AHE FAA
£ Xh#&e] 2.59m/sec’S & 71 & FAAE7}
Ee4fe Vet g&dAe oF-dvid 9Y
E #Rle] XhZo] 9.60m/sec’, 2Y-HAY ¢
E WAfME YhEol 3.23m/sec’e® 7MES
ZAAFEESES Y

o]Z-43 JHE #A e Xh, Yh, Zh 3
Zoa] E&HT AEdA FI FAAFIMEES
Fo] ggton], 2d-¥2Y JYE IAAME Xh
ZoMEe LEE0] Yh FelMe f&0] Zh &M
£ g¢o] e FAAFTMEESTE Jeilt

o] -3y ddHE WYX oUd-¥2% UHYE
oA 23 3BF Y& 9&7 2289 4
A&z e AdAe e 4aA457t
0.76, 0.8622 718 BP0 & Ao AAH
.

EZgwse FPESt OFARAE 4AF
A o]F-Hdv|Y Y¥WE AXY oY-"AY ¥
E XA AMrEesEsd Frese @AE
B, 2 ESME Bl a®, d&dMe &
E EE YEY $30) FEHoE 4YYo] &
Bigolgich, o]ZF-¥nd Y¥E WY oY-Y2
g JHE XA Ao R TFULe] BAE
Bu, $2E748%0] FEHOE MY &
W ol glet.

V.2 <

€ 479 E5& felvel AREH B3] AFat
Ak Fote] met ZHEate] dR-Ee Yl
A @l o] 8H e oAFT F ol5-¥v¥ ¢
d4E 29} 2d-¥2Y JUE JXNE o=
FAAFEE R &F #£& a8 old F%E
FE 899 dE FHE AFE A goF Fhb
AF7EE Y 2F4Ed AP 2 3 F4H A
gol dig J|AARE AFInA HFA 2
(B/C &%l1, TRIM 211, 24| 2]l, stold <l
H47] 2l FlolA dHE AXE ol&3e A
A o}&-¥o ¥ (double-hammer type) YHE
A2 § o] g8k AU 344, e¥-"A¥ (oil-pul-
se type) YHYE #AXE olfse YA 19E
dAez sl AQYA &L AsdA FAUF
RE 9 2858E SHNY EF FHESE
35F AFPLE, DLITHA Yol L8HE
ARl BE & UEE 1 7/ Hed 288 4
3, BFEF ANEZAL, GYdFPAAAN oliHe
EE e YES Q4 a8la FHEFR EE X
e UEY £3, ¥937148%, 379 A, R-
PME melsiicl. d7AE 8ok ofeiet 2
t},

L2Yd-42% 4HEY} BE B HE 1748 F
Y 288 Ate] 21922 oy YdHES]
2,472 20} &A L85y E & VEE 1
FAF7) U He A7t Bol 3T AAEZR
Alto] Fe Aoz Azhe)

2. 24-92% YHE JA: o|F-WYMY 9y
E AR BE FE HESY £ v o845
£ A%e] da RPMelY, #3elojlage] ©
o} JHES BE X VEE o|F-¥UrY YYE
A2 1718 Hed 9o Aol #A 285
Aoz g, 99-HA¥ UHAE WX 2%
F3o] o|F-YviY JHE AR LFFERY
8dB(A) A= W3t

3. 2&<&d U8 o1F-¥ri¥ YHE AX M e
Zh&o] 8.24m/sec’, £Y9-E2Y UYHE A A
= Xh %°] 2.59m/sec’2 2 71} ¥ FA2PE7L
EE42L Ueiith d&dde olF-dnY oY
E @29 Xh #0] 9.60m/sec’, 24-82% Y
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E AAeMe YhHo] 3,23m/sec’e 2 71% L
FAAEHEESEE e

4. °|3-¥ri¥ dH9E dAJdME Xh, Yh, Zh
3Feoix LBEET fdddA FE F2AFIMEE
FEo] ghon, 2¢-¥2AY dHE IAqHE
Xh&dlAEe LEE0] Yhédae ddo] Zh oA
€ 89&o] ¥ FAAFMEESES YehlTt

5. o1F-¥viY JHE WX 2Y-UAY U
E Ao F3] 3% F Y& d&n 8L
TN EFEELE] FRAS 42 0.76, 0.86
L2 7% #ddo] ¥ Aog AA-EU

6. ¥R (repetitiveness) 2] HFEEA], T4 1
F7] Bl BE Ee VES] £ oy AN
FEEAINE BASA EAY AFETAold] F
AR JaaAE B = dded 24 13 59
o EE £ YES] A4e} WASFEZAN o
g AdAse olF-dnY dHUE WA (.84,
29-HAy UWHE AxqAN 0.500]9c)

7. ol3-Wr|q JHE AXe} od-WAY Y9y
E AN HAMNEZ=SEH FEse] g
o, Q@& Edoliad, dedMe B
E Ty VES &) TEHoT Ao &
gl o] F-duY UHE AXGG oY-Wr
Y YHE AXNAM 2o G F3rLe BAS
B, £2I7)28%0] FEHoE MY e
4ol girt,
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