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ABSTRACT

Objectives: This study was conducted to evaluate hand—arm vibration (HAV) exposure levels due to the use of
power hand tools and to evaluate the determinants in the automobile assembly process.

Methods: The exposure level to HAV was evaluated for 30 work lines in five assembly processes (body,
engine, chassis, door, and design) that use air-powered tools and battery-powered tools and operate in
circulation for two hours. The 2-hr equivalent energy vibration acceleration, A (2), of the task was measured.
The 8-hr equivalent energy vibration acceleration, A (8), was estimated in consideration of the number of
tasks that can be performed per day by each process. In addition, a survey on the working environment was
conducted with workers exposed to vibration.

Results: The geometric mean of the HAV exposure level, A (2), for a total of 30 tasks was 2.51 m/s®, and one
case was 10.30 m/s?, exceeding TLV (2hr). The HAV exposure level of A (8) was evaluated from 1.03 m/s* to
5.36 m/s’. A (2) showed a statistically significant difference (P{0.01) for each process, and the chassis
process (GM=3.90 m/s*) was the highest. The larger the tool size and the longer the tool length, the higher
was the vibration acceleration when using a battery-powered tool than an air-powered tool (P{0.01).
Battery—powered tool users showed higher dissatisfaction on all items than did air-powered tool users.

Conclusions: As a result of this study, it is necessary to implement a program to reduce the HAV exposure
levels.
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Table 1. Basic characteristics of process, department, and tasks in this study

Process Department Description Number of  Working hour Maximum H_AV*
tasks per task, hr exposure duration, hr
Body Body A Panel assembly (front, rear) 3 2 6
Body B Door panel assembly 2 2 4
Chassis Chassis A Brake parts assembly 3 2 6
Chassis B Power parts assembly 2 2 4
Design Design A Car interior assembly 3 2 6
Design B Car outside assembly 2 2 4
Door Door A Door wiring assembly 3 2 6
Door B Door glass assembly 2 2 4
Engine Engine A Install engine block 3 2 6
Engine B Install engine parts 2 2 4
Engine C Install engine wiring 2 2 4
Engine D Transmission & engine assembly 3 2 6
Total 30

" HAV: hand-arm vibration
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Figure. 1. Examples of air-powered tool (a) and battery—powered tool (b)
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Table 2. Summary of hand-arm vibration exposure level for two hours (A (2)) by process and the characteristics of hand tools

AQ2), %

Category N :
GM GSD AM SD Min Max
Process** Body 5 2.54 1.31 2.62 0.75 1.85 3.77
Chassis 5 39 1.75 453 3.25 2.49 10.30
Design 5 1.31 1.16 1.32 0.18 1.01 1.49
Door 5 2.07 1.33 2.14 0.59 1.39 2.97
Engine 10 3.03 1.31 3.13 0.87 2.20 453
Tool type Air tool 15 2.86 1.31 2.96 0.84 1.85 453
Battery tool 15 2.2 1.78 2.67 2.26 1.01 10.30
Tool size, inch** 1/4 6 1.33 1.156 1.34 0.17 1.01 1.49
3/8 11 2.49 1.17 2.52 0.41 1.85 3.36
1/2 13 3.38 1.54 3.74 2.14 1.95 10.30
Tool length, cm** <14 14 1.97 15 2.12 0.84 1.01 3.55
Y14 16 3.1 1.52 3.42 2.01 1.85 10.30
Tool connect length, cm <3 12 2.31 1.35 2.39 0.58 1.01 3.36
>3 18 2.65 1.73 3.09 2.10 1.36 10.30
Tool weight, kg <15 11 2.49 1.17 2.52 0.41 1.85 3.36
.5 19 2.52 1.78 2.98 2.10 1.01 10.30
Max torque, Nm <100 15 2.86 1.31 2.96 0.84 1.85 453
»100 15 2.2 1.78 2.67 2.26 1.01 10.30
Total 30 2.51 1.59 2.81 1.68 1.01 10.30

N: number of measurement, GM: Geometric mean,
standard deviation, Min: minimum, Max: maximum
*P(0.05, **P{0.01 (t-test or ANOVA)
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Figure 2. Comparison of the frequency-weighted root means square (RMS) acceleration (%) of three axises and average crest

factor measured in 30 tasks

7 A= vlashd oflo]E(GM=2.86 %, Max=
4.53 m)o] ABE(GM=2.20 %, Max=10.30 U)Xt}
A vehgoy, SARHCE folokA= AU T
o] 9 EAEE MF 7T $FL FF A7 7
22 1/2 AAQ F(GM=3.38 %, Max=10.30 %),
T+ o7}t 14 ecmEo 71 A(GM=3.10 %, Max=
10.30 %7} AR 2 HeH BAZCE
oleHA AF 7HEE o] EUTHP € 0.01). 3+ 4
30| 3 cmEt 71 FHGM=2.65 %, Max=10.30
ng), T BAZF 1.5 kgBEoh 2 AX(GM=2.52 %,
Max=3.36 %), Hd EI7H00 Nm ©|Frel A<
(GM=2.86 %, Max=4.53 %ol J1¥A] 2 H-Eot
AE7HEE 0] 3o AR E |9 A=
oFoxTt.

www.kiha.kr

Figure 2= Z} &l Hisf AAIRE 89 5715
9] rms % Y] peak @t H]QI crest factors AKXt
gt Aol 98 rms BogkZ SRRERE H|wgt 4
ot crest factord] 3070 2 B 32 3.509041
5.0 01311, ZF &Y rms HHES v wsHH Y‘j‘?

o] ]'o =2 &o] 1871, xFo] 7P =2 Aol 1
N2 25 Bt F2 y539% x5 439 s 7 }‘31‘57]‘
=9t

2. CIPIRIl ASTIAL E £Z0| YHS FE Q
ol 24

5370 B4 B8, 2], Zol, FA dhte]
B7hE AQ Het GRe B oEIARAe
ANE A3} Table 37 2 84 23t 37 23

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(2): 103-114



XS HZERH =

BESY 22 =&

FE L= AZ 9 XS OEEL 57 109

HH
J

Table 3. Multiple regression analysis results on the effect of hand tool characteristics on hand—arm vibration exposure

level(A (2))
_ Non-standardized coefficient Standardized coefficient
Variable T
B SE B

(Intercept) -0.656 0.093 -7.077
Tool size, inch 1.306 0.149 0.628 8.765*%
Tool length, cm 0.578 0.08 1.46 7.205*%

Tool type? 0.437 0.08 1.105 5.486*

*P{0.001, a) Coding of tool type (0 = air tool, 1 = battery tool), Adjusted R?=0.857
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Table 4. Comparison of daily hand-arm vibration exposure (8—hour energy equivalent total value) levels by process

Process Group Job description Tool type A8), %
Body Body A Panel assembly (front, rear) Air tool 2.36
Body B Door panel assembly Air tool 1.88
Engine Engine A Install engine block Air tool 2.17
Engine B Install engine parts Air tool 1.67
Engine C Install engine wiring Air tool 2.19
Engine D Transmission & engine assembly Air tool 3.73
Chassis Chassis A Brake parts assembly Battery tool 2.74
Chassis B Power parts assembly Battery tool 5.36
Door Door A Door wiring assembly Battery tool 2.16
Door B Door glass assembly Battery tool 1.20
Design Design A Car interior assembly Battery tool 1.08
Design B Car outside assembly Battery tool 1.03
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Table 5. Comparison of subjective evaluation results of workers on the working conditions by hand tool type

Tool type
Category - P-value
Air tool (n=15) Battery tool (n=15)

Tool weight Moderate 8 (53.3) 4 (26.7) 0.264”
Heavy 7 (46.7) 11 (73.3)

Tool grip size Moderate 8 (53.3) 7 (46.7) 0.7159
Thick 7 (46.7) 8 (53.3)

Worktable Satisfied 8 (563.3) 5 (33.3) 0.269°
Dissatisfied 7 (46.7) 10 (66.7)

Working tool Satisfied 8 (53.3) 5 (33.3) 0.269”
Dissatisfied 7 (46.7) 10 (66.7)

Glove Cotton glove 7 (46.7) 3 (20.0) 0.245?
Rubber glove 8 (63.3) 12 (80.0)

Work speed Satisfied 8 (63.3) 6 (40.0) 0.464°
Too fast 7 (46.7) 9 (60.0)

Break time Satisfied 12 (80.0) 7 (46.7) 0.128”
Dissatisfied 3 (20.0) 8 (63.3)

Physical burden Satisfied 8 (63.3) 5 (33.3) 0.269°
Dissatisfied 7 (46.7) 10 (66.7)

Mental burden Satisfied 8 (63.3) 6 (40.0) 0.464°
Dissatisfied 7 (46.7) 9 (60.0)

a) Number of response (%), b) Fisher's exact test, ¢c) Chi-squared test
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Figure 4. Comparison of assembling tasks between design and chassis process
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(Task20)9] A< TLV(Zhr) 10 m/s* & 2T5}F =4,
o] AL AFe] 5 AL AA|(power parts)?] &
= AA FAFoz AR 3] A7]= 1/2904, &
T ZolE 14.75 cm, Il AA% dZ82 7P 1
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EIL 2AE 235 £ 7P 2 290.91 Nm o9t}
TS A} Al 3TE Fle o] Al E017ke

[

i

4 HEoofd 2 HI AN

537 B4 met sk F2050) 9T
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o oL Yo, BT A% Lot 41,
To| BA BALLE ABAEET B HFL
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o b Hnrlr
N
e

AT AR, JHE Az9] 717 1
HEY A 7P 2 A7 S, 59
3719] #AX| 92 ot A4E A& =
Al LAYgckal B arskal Qi

Y FTT AR B WAoke 159 BEAAS Tes
7] 918 AAIRE rms @3t peak g2 S75t0] crest
factorg ALFSFIH. crest factor’t &5 W &%t
40 gt s 2717t Atk AZ vEhE, A4l
s H7tol digt 24 22 421 1SO 263194+
crest factor7} 9 o5l A--ofgt X5-2] ¥o|7t A
oot rms ARFOE AFFES HUIEE 4= vt A
3k JTHISO, 1997). =4%E9] A< 1SO 5349
oA= crest factorg A#okaL A AT, F2 Al
7kl BEEAQl 32 (mechanical shock)o] 7Fsid 74
$ &1l @Rt fAsEE 34 9Tl UEE 5
Ath= AF Bk QItkYe et al., 2012). & A3 2
I} crest factore= X TRFA0IA B 5.0 ©I5kH
ow, &7HARl E94 S0 3t 2 AA g2
Aoz WA= ItHFigure 2).

74 By S Zolg vlugt 23 5 B

= v, x59 7I&EE7F AdEes =4 UEEt
(Figure 2). ol 7| 7<= v|3t 2iks B9E
o, Jeong & Kim(1995)9] dolA= Asar 29 2t
QoA @ Y-HAY YHE X of|o] TS AHLHS
o 02 £02 ALFS i z50] 7P w3k,
LA E yFol 7HY 94, AA VMR S
W& el A B4 2 yE3t 7P AR
o] &ty BUSIAtt Kim & Paik(1996)2] 7oA
= ] Z4F FETEE HUkE Stet 9"9E
AR 9] A yF 7RV 7P =90, oo R xS,
7% 0]t ol JWE #HR9] AL LI A &0

|

www.kiha.kr

A & & FJAGo] o) ZHEE7] el M, & HeF
9 % Ht= x, y& WFY 7&ELrt 2 7|5k
Zoz woiEt,

A7 19 HHE &9 5 U= AREE 185t
o F 127119 T4-FAE E&wtol gk AR) B7t 2
7 1.03 m/s" oA 5.36 m/s’ 9] ol on, THel&t
A 7oA} Zo] ARA] 34 9] 27K FAet - 3
o] D I§o] ALhr) 2.5 m/s'E ZI8IATH
(Table 4). A®) A= ZF YA E0| oFF F 444
5 i) FAAS gz & Qe £ E 238U T
Sl sigstr] WEel 7P HiE wEgE & A= A
ZHworst case)= 7HI3t Aol mEkA olet HE
1T o AATT ARFGo] F4ZE F T
7F 7P 83t ZAoletal waE AAREe] A
4 vk 23 Jaste] A oA dEE ET
437} it}

2+ 3k digt TE = ARSSH= E o uket
BAA Fo482 QAN o2 BEAS B, oog
ARBAES gIFE T HlEgo] EUEET &2 B,
AsE ARBAES EUS HlE°] £9™HTable 5). &
5] T/t o] s ERAE AR, FAAZE
T B9 v]go] =9HFigure 3). °|8st 3¢ ¥al
2 ofo]E9] - AT FaolA Aot 2 A
o] EUH AA|tof| ol &= Y EAo] YA A
=Y A% HiEgE ARt glo] v 71, &
A Al AHHE £F55 S thdof 7] ool
TEAE FTE I e AlZto] o ol mErt
E2 7oz 3l FQIth o]+ 20040 AR Park
& Huh(2004)9] A+t Z2Ht= AR, o] A-tofA
£ AEXARE 20780] ARESE JHE #:x]9] {3o]
o] AA=o] A AIAT T Bt = B
T4 36.8%% 7P WkTE ERE o] AFolME ®
A 2ok A7 & e gy, Bt 2
N 2 B RS RS FEoke HlE
(83.3%)°] 7 w2 Ao=Z RAE =T, 18¢0] A
W S0 AAIRE B AFoA T RS 280k &
A= glglon, WAt 32 1R I S ZE
Skar QQith Park & Huh(2004)9] ZA} Axfeto] 2}
o] 2004Woll= 7S 285t A AAITE 9
£ A70%7F 2ok, & AFoAs RS &
A B S A L Qo Fe] B
ool Avt WA} 1R I8 S 2HEoto] ZY
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