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Assessment of Vibration Produced by Pneamatic
Hand Tools Used in Automobile Assembly

Sun Sul Kim and Nam Won Paik

School of Public Health, Seoul National University, Seoul ,Korea

This study was conducted at an automobile zissembly line located in Kyonggi-do, Korea from
January 16 to February 28, 1995. The purposes of this study were to assess worker exposures to
hand-arm vibration and the performance of gloves for reduction of vibration. The exposure to vibra-
tion was measured using to the ISO 5349(1986) method. Vibration acceleration and frequency spec-
tra for each tool were determined on-line replicating actual working conditions and analyzed together
with exposure time for evaluating individual worker exposure. Eight pneumatic hand tools, 60 work-
ers exposured to hand-arm vibration, and three pairs of gloves were involved in this study. Results
are summarized as follows.

1. Dominant frequencies of vibration for all tools(n—S) measured in this study ranged from 250 Hz
to 800 Hz. '

2.There was no significant correleration between dominant frequencies and free running speed

(p>0.05). )
3. Total predicted exposure times of using impact, hammer type did not exceed 40 minutes, but

metal finish task, using grinder and sander exceeded 40 minutes.

Total exposure time affected significantly the frequency-weighted, 4 hr equivalent acceleration.

4. Predicted prevalence and observed exposure period data were compared in workers(n=60), accord-
ing to ISO 5349. In this results, 23(50.0 %) and 24(48.07 %) persons exceeded the mean latency
periods for vibration-induced white finger(VWF) at 10 % (n=46) and 50 % (n=52) standards,
respectively. On the basis of ISO equation, mean latent periods for VWF were 3.23, 4.72 years at
10 %, 50 % standards, respectively.

5. Reduction of vibration by gloves was evaluated. Since impact pneumauc tools produced low
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frequency vibrations, conventional gloves did not provide any protection. Gloves A and C
amplify somewhat the signal at frequency below 400 Hz; the attenuation increases progres-
sively by frequency to reach 18 dB (7.94 X 10 m/s?) at 1,000 Hz.

slightly worsening Glove B did not provide any protection and made the situation slightly worse.
However, since they make the hands warm, the occurrence of vibration-induced white fingers may

be reduced.

Key Words : Hand-Arm Vibration, Pneumatic Hand Tools, Vascular Disorders, Frequency-
Weighted Energy Equivalent Acceleration. Vibration-Induced White Finger(VWF)

I. M £

7144, A7, F94, FAQL£S$(chain
saws) 59 ZF FTERE AR &3 &, o7
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4 Ayl 7 F kA Tt AHEEHAL
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Table 1. Description of Tools and Associated Tasks

99 7P 7 Fell oJ9E (adaptor) & &3
o] Ao EE-F FXo] qA 93] nAHANE
A 271457 (magnetic accelerometer) S #3
3t 7|25 EAA  (Basicentric Coordinate
System) ©ll @&} 3% (X, Y,Z) ol dajx 33Tt
(ISO 5349, 1986; ACGIH, 1993; Pyykko,
1976). ¥ 19 (O)9] 71719} 2] &3 o)z} 2 7)
 AS T FFHL FEol diE) AA S
Fo7tEE AFNEES 2337 9y
Bruel & Kjaer 24 AEIAFZH7]|7)
2513 (Intergrating Vibration Type 2513)<
Bruel & Kjaer AAIZMITEA7]7] 2144 (Real
Time Signal Analyzer Type 2144)<} AZA3}o
ZAstden, 1/3 SEEHSF (One-Third
Octave Band Spectra) 2 Bruel & Kjaer AA|3t
A5 E47]7] 2144 (Real Time Signal Analyzer
Type 2144) 2 F34e] M9 16 Hz-1250 Hz2
Ae g F 7171 Yol WA= de T2 (Soft-
ware Version 1.40 Program) < Al&3le 2=}
85 BEF AT AFE Age gl
Kodak Diconix 1805 Printer® &33sld r}s}

Type Air Free Task
of Tool Consumption Weight Running Description
(m*/min) (kg) Speed
(rpm)

(A) Calking Screwing on to a Small
Hammer 0.1 0.83 6000 Bolt in order to Fix

(B) Impact Screwing on to a Bolt
Wrench(Offset) 0.6 1.8 6500 in order to Fix

(C) Vertical Rough Metal Finishing
Grinder 1.1 3.8 7100 and Grinding

(D) Impact Screwing on to a Bolt
Wrench(Straight) 0:5 13 5800 in order to Fix

(E) a-Impact Screwing on to a Bolt
Wrench 0.6 2.16 4500 in order to Fix

(F) Light Duty Metal Surface Lightly
Sander 0.4 0.83 2400 Finishing

(G) Dag 100s Metal Surface Finishing
Grinder 0.6 1.5 8000

(H) Chipping Remover Rough Piece
Hammer 0.45 1.8 3600 of Metal Surface
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Fig. 1.
Handle and Grip Posture for
_ the Eight Tocls Included in
the Survey. Accelerometer
Locations and Comresponding
Coordinates in the x, y, and z
Axes are also Included.
{A)Calking Hammer (B)Im-
pact Wrench(Offset Type)
{C)Ver-tical Grinder (D)mp-
ot B wrelRrcdnhanFii cype)
(E)a-Impact Wrench (F)Light
"Duty Sander (G)Dagl00s ..
Grinder (H)Chipping Ham-
mer.

Table 2. Values of K; for convertion of one-third octave band measurements to weighted measurements

Frequency Weighting Frequency Weighting Frequency Weighting

(Hz) factor(K,) (H) factor(K)) (H) factor(K;)
6.3 10 40 0.4 250 0.063
3.0 1.0 50 0.3 315 0.05

10.0 C 10 63 0.25 400 0.04

12.5 1.0 80 0.2 500 0.03

16 1.0 100 0.16 630 0.025

20 0.8 125 0.125 800 0.02

25 S 063 - 160 0.1 -1000 0.016

31.5 05 200 0.08 1250 0.0125

gder, oF 77l AFHFY AF g 100 m/HFEE A (DS Fe3k A&k
Hzoll4l 9.8 m/sec’® BAIHA Hdsigic, 23 =
20 F2AEEE W] dF EYHE@lack  an= e (Kay; )t o (1)
Diagram) & Yehigich :

Fa¢ 715E HEESES ISO 53494 weE K; is the weighting factor for the jth one-
6.3-1250 Hze#M 24E 714X (Acceleration, third octave band or octave band given respec-
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Fig. 2. Black Diagram for Assessment of Vibration
Exposure.

tively in Table 2;
ap; is the acceleration measured in the jth
one-third octave band or octave band, in m/s ;
n is the number of one-third octave or
octave band being used.

Ts &AM 2

A% =3 AL st dd 7R A
e AR A, #RVY F, 719
AFZFTE /Hedte BTALES 1T 59
F =3RS AEIT. FTEE 4413 7L
EEFEL HFF F =THE ANS WREF 4
(2)ell 283t ALF3tSATh

1

(ah,w)eq(4) = [E f Z ( ah.w(o ]Zdt ]1/2 ......... ©

(anw)eqw 1S the energy equivalent accelera-

tion for a period of 4 hours, in m/s’;

@®
An,w

weighted acceleration, in m/s’;

is the instantaneous value of the

t is the total duration of the working day,
in hours;
T4 = 4 hours.

ek ARt Fuik 71FE TR £F0] e
4 71 AFTTE ASE AF 4 ()2 AH83
o F7EE A7 I ESES AlAkE T

(ahvw)eQ('I‘) = [? :‘g‘ [(ah.w)eq(ti)jz tﬂl/Z ........... (3)
where
T=r =

(anw ey is the frequency-weighted energy
equivalent acceleration for the jth exposure
component of durationti, in hours.

Q) ZEXe| =587t

ISO 5349 #5 A AF #F= FAZYFA 7t
AL T B TIke R dFe] =EARM
g3l F3 7kE duAe FqrEA 4358
Je FEE AFsted T7IHHY AFTTE A
&3 I 224 6082 IF =T FES
B7re7) fiste) FAFNSAS FFE FEILE
4 @, 6, O AH&std AdAT. 9714
F7EE ViEE a2 UEY 0, @, O
< AHEtY Wrkstien, ANtE FEZ|S AA
27133 vlawrt 87 st 7159 A=t A
A AEE 53 4 =271312 Fefsich

(B, w) eqtey * Tt

C=(
) 95

J % % 100

where
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Table 3. Glove Characteristics

No Type of Materials Weight Thickness Dexterity
Gloves [{:4] (mm) Loss
A Vibrastop Cotton + Urethane 8578 4.5 Low
Hand Pad (Finger Open)
B Sanon ~ Naturat Ring Rubber 80.84 10.0 Medium
(Finger Close)
C SuperGlovel 01 Leather + Urethane 85.07 5.0 Very High
(Finger Close)

(anw e is the frequency-weighted energy
equivalent acceleration for “the period of 4
hours, in m/s% :

C is the percentile of exposed persons ex-
pected to show vascular disorders:

T; is the exposure time before finger blan-
ching in years.

WA @& AL 49 A9 3Ae FEA)
Zrel 18444 254 Aol Blo\d A$- HrhefA A
A3 '

Brammer F°] AAI¢ A333S 50 %7t 4
ARZAE vEpd = e BREEIIAE old o
% FEUA (standard deviation} & 4 (§), 6
3 o] AgEe 4 T30 vlw FGrRsd

ty = 78_ T/akl.lﬂ DR 0 (5)
g = 0_ 01 + 0. 46tu .................... (6)

{41 is the mean latency interval for finger
blanching in a population in years;

ak is the frequency weighted energy equi-
pvalent acceleration for the period of 4
hours, in m/s® ;

s is standard deviation.

@ YTFes] YyEEn

u B WU187) H%e 28 14 AANE A
571713 2¥AUAA Be] A8tz e 3P
Ao dal FHA e WAPRE FEF e 7
S ge AHE TR Agd AT V2N
AP, okfel ¥ 3& AU FAHoE P
Aze 27 R 49 34, 2% FAS S

dE 249 24 #do] Tl Yok,

SIE Ae) HEAFA o Aed AFSE
o) A8 ¥z A%k X, Y, 29} FelNe 2
$45E FU4vIRE 554ES 2553 @
2 J1&Ee oz vmdRed, 1/3 FARES
1ZEe2 6.3 Hz-1250 Hzold B4R Z2ts] A%
sz¢ BISYY. B WA 9N 4§ OB
2ol Fame] ¢e dBUSIE e Hmad
. |

dB = 20log;, ( —
Araf

a is measured level, in m/s%

a. is reference level (10° m/sec’)

FH& ¥ (Grip Force) & 2ol Qo 8% 228
HazEr] Ssld, 2 489S 22 Al s

CAAEHE R, 348 ¥ 9 FAEES £

Ssich.
B, 2= % I&

1. X TE oM 2o HEHE HE 8Y

() Fae 54

7198 AFTTANA g8 SR FES
1/3 F#HFFe 24 IS0 5349904 I234%F9 F
HrEAE T dE 6.0-1250 Hzs) Fo4
W elM Y AFAE ZF T dis 1
3% a9 49 BAEG. d¥Ee] 34 A
FETOIA e AR JIERFES YEhle
F4-e] W9 250-800 Hz= ¥la A AFHelA
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Fig. 3. Representative Power Spectra for the Eight Tools Tested in the Z-Axis. (A) Calking Hammer (B) Impact
Wrench(Offset Type) (C) Vertical Grinder (D) Impact Wrench(Straight Type) (E) a-Impact Wrench (F) Light
Duty Sander (G) Dag100s- Grinder (H) Chipping Hammer.
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Brie aFddA B AFS5To] Bg=AeH,
1250 Hz °)/ide] Fogeir] SdQ AFsES 3
Z ke o ey, o9 19 B, B9 3
4 dAe] ¥ I F5eE JAFSFEL v & A
TAEtn fov FurleE ASFERaMe &)
7F At D¥ (Straight Type)®l #$ nemy
HellA 718 & ABTELE 2on(39.81
m/sec’, 500 Hz), % JF4E =8 /1% =4 &
AR (36.31 m/sec’). ole B TF Q4%
ol 43l riRse] Ao ¥ Zain EE
YEs I77baE 717189 vladd 4gkes
3, 3§ 1948} Zol FAFTH} 4Fe 2 Ho
2ol ARAA7E &30l E FE Fe ol BgAS
7] wEQl Aeg HAY FHANAFETFE Ele-
Impact wrench)¥el Selv Zzte] Faede
7t 3e AFFEE Bolm 3lon (14,62
m/sec’, 63,0 Hz) $JELE £ B vshydg
(16.96 m/sec’). 5¥3] B2 Fupgda AE
FEE Y E olft AFFFY Ry £330
o LAAYZAI]} Hel n, 22 719 o
o] fxe FFHA gz B4E0] w2
2o B4Y VEFEL T F2AFE Aoz
vhebsich ,
¥ 4 zZtge] gEE P48 e Fagdy
d4 L4449 FEFFEE YUY, Radwin$
(1990) 2 44T Fo U4 oA €A &
7EEESES JElE g 717 A=Al
AFe AFHASEckE vy G340 Yok (R
=0,93, Slope<0.88)3t%3, Miwa F& 6,000~

8,000 rpm, & 100 Hzold 27 IHA273 3
A4 azRkigrle) AS A4 Jegd Foeas
s} w9 Aeadel dx Radta e, ol 7
AAZAAG AFE ARIIASEES g1 F7
A 2 AFFES 4 dm, ol e JEy
AL Ated A% 8% A87 24 Yz 3
Sk

a2y, of AFA A FAYAEL AT 87}
A F71%E AT 2" FAF Fob
T 859 7171 IA AFE AREAGe)
9 #HAEAH (Regression Analysis}d3# R?
=0.427(p>0.05) 2.2 BATH #o4e] gie e
2 et ole §7XIe F71984 AF1719
FH7t Miwa Fol 4% A aoeic R}
Yt 344, Y Fo] X=w, AAEE EF
2,400~7,100 rpme Z tjoksin], F7o| nlmzE,
&34 FTFAlA ZiAE 2, He ¥, 39
9 $HEE Fol d=r] Wi Re 2 v}

2y =EAZEe| 24

E 5& 7149 314984 RF3FE AHgde
¢ AT F =F2ANE EYEigen, E 62
2 =3NS 2T FHIEE 4T TS
F2R 53 Uikl 4 7Y 93
B =2He Ate 4UEY, 333 39 40
~T5822 $74)9] 20~338 w3 13 =AY ¢
ol Ezse AlZe] ¥ Be ez ek
ojw] 3FF A4 H2Y AL E golA] Be A
3 Zo] FoItEE KT JISES R ZA 9

Table 4. Summary of Main Frequency and Corresponding Individual Axis Acceleration for Teols Tested

Main . Acceleration(m/s?)
Type of Tool Frequency . -

(Hz) X Y Z
(A) Calking Hammer 400 7.50 7.58 9.77
(B) Impact Wrench 400 13.49 17.58 11.22
(C) Vertical Grinder 500 18.84. 8.03 13.96
-(D)YImpact Wrench (Straight Type) 500 16.98 10.35 39.81
(E) a-Impact Wrench 63 14.62 8.03 9.88
(F) Light Duty Sander 80 9.12 28.18 11.22
(G) Dagl00s Grinder 200 32713 40.73 16.98
(H) Chipping Hammer ; 40 15.48 18.40 19.98
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Table 5. Vibration Exposure Time Analysis

*Predicted
Type of No of Total Unit “Unit Daily
Tool Products/ Operation operations Operation Exposure
Day Time(min) observed Time(sec) Time(min)
(A) Calking Hammer 120 14.40 54 8 320
(SD=0.99)
(B) Impact Wrench 120 8.33 50 10 20.0
(SD=0.56)
(C) Vertical Grinder 500 Y ) 15 9 75.0
(8D=7.5) '
(D} Impact Wrench 240 4.00 30 - 8 - 32,0
(8D=1.9}
(E)e-Impact Wrench 300 2.25 30 4.5 225
(SD=2.25)
(F)Light Duty Sander 190 3.50 15 14 44.0
' (SD=10)
(G)Dag100s Grinder 190 4.00 15 16 51.0
; (SD=8.2)
(H)Chipping Hammer 5006 1.30 20 4 . 33.0
(SD=3.5)

‘Unit tool operating time was computed by summing tool operation time during the observation period and dividing
by unit operations observed. "Predicied daily exposure time was computed by multi-plying No of Products/Day.

Table 6. Summary of Frequency-Weighted Individual Axis and Tétal Vibraticn

Frequency-Weighted
Predicted 4-hr Energy
Tool Location Daily - Equivalent . Total
Description use of Exposure Vibration(m/s?) {m/s?)
. Handle @ Time(min} . X Y. Z

(A) Calkiﬁg Hammer Right 320 7.28 6.49 7.28 12.17
(B) Impact Wrench(Offset) Right 200 10.24 1024  9.13 17.11
(C) Vertical Grinder Right 75.0 17.47 1540 1850 29.74
Left _ 75.0 22.00 1872  17.08 33.56

(D) Impact Wrench Right 32.0 16.31 i454  29.00 36.31
(E)a-Impact Wrench Right 225 i1.55 6.96 10.29 16.96
( F) Light Duty Sander Right 44.0 8.25 19.13 10.88 23.50
(G) Dag100s Grinder Right 510 18.35 2419 2310 38.15
(H) Chipping Hammer Right 33.0 14.76 16.56 1476 26.65




FE A E Ao YERT
2. ZEXS =& g7t

ZY A F7IEHH JF TTE AHeske
222 F 60l tist] & 2 JF FEL
H7HE A8 ISO 5349 ¥-5 Ae] B7F € A%
FRor olE 608 Y FF IR FES R
7o YepiA.

9] B T3 Zo] Fug IS L BY kS
9 FFL 47.50+27.95 m/s’ ol em, HIE =
2 7IF2 4.62+3.49 de2 HA (.42d04 FH
1 15.58de2 27 APt Aelrt AU ]
5 19 migte] 39, 1delA 5ido] 361, 61dolA
10°] 197, 159 o] 28o2 1ddA 5dA}
ol9] 227} AA dde] 60 %S AU

ISO 53499] g 4ellA 2] 3 FAe F5E7]

Table 7. Summary of the workers exposed to Vibration

Number of Workers Years Exposed to Mean
Exposed to Vibration Aw(eqd)
Vibration m/s’
60 4.62+3.49 47.50+27.94
(0.42~15.58) (10~120)

Zro] 1 o]3t = 25 o]l A% HrlolA Al
Qstgem, A9 tFL 10 %, 50 %71FA 2z
2} 147 ( 130]3} 119, 25 <14 39), 8 B (1
dolat 24, 25014 69)2o2 10 %7IEME
e AL Yglle ZEAP) iRz, 50
BN ME HHE ¥e A% £ Yehle 2
Z27F EE A H A

o] A3t Hrt AFd oA HaE AF =& FF
o] Zaste HiE H FA PN FA ZEI]
ol AARA He dAe] Yehed ole ISO
5349 W2 fqEoz AE s Ui Al H
7k o B& A7t ojok &3t

E 8% ¥ 409} Zo] 10 %< 71 uig
2745 AEY, Fo95 715E A B Vs
Hie 14.75+7.33(1. 56~26. 35) m/s’2, A F
W ZA9] 7Y FEIE 2. 73022 YEge,
AA o J2@6) 2 50 %7t FA FH FA9
&S YeERIATh

AME I HE AF £ YYEY F 1
Aeigel 7A¢ Zz 15,17, 12.76 m/s*INoH,
71t FE7IHe 2,73, 5.68922 RIS
HAFshe TEANA o 21 FEVEE YeEids
o, 919 7% & olfe Audez 2 T F
T2 vellle ZE2AE0] HrtelA Aq=A7] o

Table 8. Expected Latency and Prevalence of VWF Assessed According to ISO 5349

Number of Expected
Percentile Type Workers Mean Years of Latency at Observed
of of Exposed to Aw(eq4) Exposure to Prevalence Latency
Population Tools Vibration (m/s?) Vibration (years) Prevalence
A 38 15.17x7.01 3.75:£2.90 2.73'%£ 229 42.1 %
(2.10~26.35) (0.42~9.0) (1.02~14.30)
10 B 8 12.76 +8.94 5.34+4.37 5.68+6.64 62.5 %
(1.56~22.6) (1.25~15.0) (1.33~19.26)
A and B 46 14.75+£7.33 4.03+3.2 3:23+3:53 50.0 %
A 41 18.15+10.65 3.79+2.86 5.03+2.90 41.5 %
(5.50~51.96)  (0.42~9.00) (1.29~12.21)
50 B 11 27.96+15.24 6.38£4.76 3.53+2.68 72.7 %
(7.67~55.9) (1.25~15.58)  (1.20~8.76)
A and B 52 20.22+12.29 4.34+3.46 4.72+2.90 48.07 %

A: Impact wrenches
B: Grinders



Exposure time before finger
blanching, years
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10
Values for r.m.s-weighted acceleration
measured in a single axis direction, mis?

Fig. 4. Exposure and latency period for 10 Percentile of
a population group exposed to vibrations in three
coordinate axes.
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JdH ey gl AHE: FE Ha 2 A
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Table 9. Expected Latency and Prevalence of VWF Provided by Brammer

Number of Mean Years of Expected Observed
Standards Workers Exposed Aw(eq4) Exposure to Latency at Latency
to Vibration (m/s2) Vibration Prevalence Prevalence
(years)
20:224£12:27 4.34+3.46 6.81+4.44
P 52 (5.50~55.5) (0.42~15.58) (1.56~18.55) 34.62 %
15.87£6.90 3:99+3.23 3.44+3.30
N 46 (5.50~30.98) (0.42~15.08) (1.06~17.08) 47.80%

P: tli=78.7/ak'" + S.D
N : tli = 78.7/ak"”" - S.D
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Values for r.m.s-weighted acceleration
measured in a single axis direction ,m/s?

Fig. 6. Exposure and latency periods by provided
Brammer.
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