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- Abstract -

Evaluation of Hand- Arm Vibration of Steel Processing

Factory Workers

Jeong Taek Youn, Sang Kyu Park™, So Yeon Kim*, Tae Yeoung Lee*, Jae Yeon Jang*

Yonsei University, College of Health Science, Department of Industrial Environment

Ajou University, Medical College, Occupational and Industrial medicine*

This study was performed to evaluate the
hand- arm vibration of the steel processing factory
workers. Measurement, evaluation and assessment
were based on the International Standard(ISO
5349). The frequency weighted accelerations of the
various hand- held tools and total exposure time
were measured to assess the periods for the white
finger symptom to occur.

As a result, it was found that the air angle
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grinder and the air baby grinder are more harmful
than other hand- held tools. It was also found that
using various vibratory tools together is more
harmful than using a single tool.
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Table. 1 Conditions of the tool used in the factory

Rate of o
Category T ools usage(%) Sub total(%)
Air angle grinder 40.3
Air baby grinder 26.4
) Air straight grinder 38
Grinder ] 76.3
Elect. angle grinder 4.8
Elect. straight grinder 0.2
Elect. bench grinder 0.8
Air corner drill 11
) Air straight drill 15
Drill ) ) 85
Elect. straight drill 5.2
Magnet drill post(KCD- 3/4) 0.7
Driver Air screw driver 16 16
Impact wrench Air impact wrench 7.8 7.8
Chipping hammer Air chipping hammer(A) 13 13
etc. 45 45
T otal 100.0

CHARGE TAPE
AMPLIFIER RECORDER
ACCELEROMETER T

VIBRATION

CALIBRATOR

FFT PRINT
ANALYZER ouT
recall

Fig. 1 Schematic diagram for measurement system

adaptor set : B & K, UA-0894),
calibrator : RION, VE-10)

ISO 5349- 1986(E)
(basicentric coordinate system)

(vibration (Fig. 2

U3

(Fig. 3)

1 Hz ~ 2000 Hz

3 Hz 10 m/sec2
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Fig. 2 Basicentric coordinate system

(a) Air angle grinder (b) Elect. straight grinder
b
Z h
R@f Z
(c) Air baby grinder (d) Air impact wrench

: -
b § g

(e) Tucker (f) Air screw driver

Fig. 3 Directions of x, y and z axis
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(100002 ¢ 138mV, 10031 2 138mV). AH&-2
AewAe) 2489 2 0z —t— Table. 29} 2t.

Table. 2 Specification of accelerometers
(B & K type 4374)

Serial Max.

: o Fregency range  Charge sensitivity
No.  acceleration
1 1R 0098 pC/ms
2161631 000 ms  1Hz- 1830 Hz 0109 pC/ms”
31893789 0.163 pC/ms *

* Max. operational continuous sinusoidal acceleration (peak)
source : Transducer & Conditioning Catalogue 1997,
Briiel & Kjer
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(@, w) eqa) 1s the energy equivalent acceleration

for a period of 4 hour ;
@ o 1S the instantaneous value of the
weighted acceleration ;

r is the total duration of the working day, in
hours ;

T4 = 4 hour

£ oujgth ®3 oA F7t 7}-1.‘:E§k(energy
equivalent acceleration)®] 4 AA 2 75l
T AQ)2 $ist 4 A7 B9 3&" THEEH
< 47 .

T 1/2
( ah,w) eq(4) = ( T4) ( ah'w) D (2)
9714

(@n, w) ey 1s the frequency-weighted energy
equivalent acceleration for a period of T h.
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N A Fig. 4
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((@nw) g, IS the frequency-weighted

energy equivalent acceleration for the ith exposure

component of duration ti, in hours (Qnw)er) is frequency-weighted energy

equivalent acceleration for the period of 4 hours
(anhw) (4) C is percentile of exposed persons expected to
show vascular disorders(inside the range(10 to 50 %)

T ¢ is exposure time before finger blanching, in
2

any= ( 21 (Kjag) 2) .9 years(inside the range 1 to 25 years)
=

K is the weighting factor for the jth one- third

octave band or octave band given respectively in 4
ISO 5349 ;

2
. . . . ( (ah,w)eq(4)) 2m/s
ay; is the acceleration measured in the jth

15

10%
n is the number of ond-third octave or octave
50%

one- third octave band or octave band

bands being used

ISO- 5349- 1986(E) =

15
o

=

i

[ e p—

[

Fig. 4 Exposure time for different percentiles of population group exposed to vibrations in
three coordinate axes(ISO 5349- 1986(E) Annex A)
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. grinder

28 30
1. baby grinder 9 30
. Chipping hammer
5 6 30
Table. 3 32 40
30
, 8 6
. air angle grinder 40 1
baby grinder 4 30
. Screw driver 1 3
750
. ar 1 4 30
angle grinder . Impact wrench
75 , 14
baby grinder 19 ,
16 . impact .
wrench 11 , 1 17 1
chipping hammer 0.6 , Screw 57.9 1
driver 1.0 . 1 38
1
Table. 5
Table. 4 . air angle
Table. 3 Daily working period
Tools No. of person Daily working period(h)
Air angle grinder
Professional worker 100 7.5(1.7)*
Non- professional worker 286 1.4(1.7)
Air baby grinder
Professional worker 48 1.9(1.9
Non- professional worker 106 1.6(1.6)
Impact wrench 90 1.1(1.4)
Chipping hammer 38 0.6(1.1)
Screw driver 9 1.0(1.4)
* () is S.D.
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Table. 4 Actual vibration exposure time per hour

T ools No. of measurement Exposure time per hour
Air angle grinder 6 28 30"
Air baby grinder 4 9 30"
Impact Wrench 7 1 38"
Chipping Hammer 5 4" 30"
Screw Driver 5 4 30"

Table. 5 Actual vibration exposure time per day

T ools

Exposure time per hour X
Daily working period(h)

Actual exposure time(h)

Air angle grinder

Professional worker 28" 30"xX75 3.6
Non- professional worker 28" 30" x1.7 0.7
Air baby grinder
Professional worker 9 30"x19 0.3
Non- professional worker 9 30"x16 0.3
Impact Wrench 1 38"x11 0.02
Chipping Hammer 4" 30" x0.6 0.05
Screw Driver 4" 30"x1.0 0.08
2. Table 6 , air impact wrench
25.7 m/s2
chipping hammer  24.2
138 m/s2 air baby grinder 175 m/s2 air angle
grinder 6.6 m/s2 screw driver 2.8 m/s2
Table. 6 7
.3 I1SO- 5349
dominant axis method
‘dom’ ISSA
(6) 3 International Section for Research(1989)
frequency- weighted acceleration sum method ISO 5349
‘sum’ (Bovenzi et al, Fig. 6

1997: Morioka et al., 1998)

ahvs = (ahwe + ahw2 + 312 . . . (6)
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Table. 6 Average values of frequency weighted acceleration(m/s2 : (ah,w)eq

Ave. Accel. min - max
Tools
dom. sum. dom. sum.
Air Angle Grinder 6.6 9.9 2.3-31.8 3.9-43.7
Air Baby Grinder 175 244 4.3-37.7 5.4-54.2
Impact Wrench 25.7 39.0 4.8-39.5 7.3-544
Chipping Hammer 24.2 321 4.9-45.9 5.9- 60.0
Screw Dirver 28 4.4 24-32 3.7-5.2
Table. 7 (@, ) eqay according to actual exposure time
Tools Actual E. T. Ave. Accel. (ahwexd
Air Angle Grinder
Professional worker 36 h 6.6 6.3
Non- professional worker 0.7 h 6.6 2.8
Air BaBy Grinder
Professional worker 0.3 h 175 47
Non- professional worker 0.3 h 175 4.7
Impact Wrench 0.02 h 257 18
Chipping Hammer 0.05 h 24.2 2.7
Screw Dirver 0.08 h 28 04
Table. 8 (a&p, ) eqa according to Actual exposure time(when exposed to several tools)
Tools Actual E. T. (ahw) efT)* (ahweq?d
Air Angle Grinder
+ Air Baby Grinder
Professional worker 39 h 8.0 79
Non- professional worker 10 h 111 5.6
Air Angle Grinder
+ Air Chipping Hammer 0.75 h 89 38
Air Angle Grinder
+ Air Impact Wrench 0.72 h 7.8 33
Air Angle Grinder
+ Air Baby Grinder 1.05 h 12.0 6.1

+ Air Chipping Hammer

* total frequency-weighted accelerations
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4 (ahw)eq(4)
Table. 7
air angle grinder

6.3
m/s2
air baby grinder
4.7 m/s2
chipping hammer, impact wrench, screw
driver

Table. 8
. air angle grinder
air baby grinder
79 m/s2
grinder

56 m/s2 air angle
chipping hammer
3.8 m/s2 air angle grinder impact wrench

3.3 m/s2 air angle grinder  air

baby grinder  chipping hammer
6.1 m/s2
Fig. 5 1/3 octave
baby grinder 1000 Hz

Air angle grinder

chipping hammer 80Hz
chipping hammer
(4500 beat/min) (
75Hz)

. Air baby grinder

1SO- 5349 6.3Hz~1250Hz
1/3 octave

(frequency weighted)

8Hz ~ 15Hz

, ar angle grinder

50%
11
24 (Table. 9)

impact
wrench  chipping hammer

screw driver
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Figure. 5 One-third octave band histogram on vibratory tools
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Fig. 6 Range of acceleration for various tools
(ISSA International Section for Research 1989)

Table. 9 Exposure time & percentiles of population(when exposed to a single tool)

Weighted Percentile of population , C
acceleration
Tools (ahwetd 10 20 30 40 50
m/s2 Exposure time, years
Air Angle Grinder
Professional worker 6.3 48 6.8 8.3 9.5 10.7
Non- professional worker 2.8 109 153 18.7 214 24.1
Air Baby Grinder
Professional worker 4.7 6.5 9.1 111 12.7 144
Non- professional worker 47 6.5 9.1 111 12.7 144
Air Impact Wrench 18 16.9 238 >25 >25 >25
Air Chipping Hammer 2.7 113 15.8 194 22.2 >25
Air Screw Dirver 04 >25 >25 >25 >25 >25

Table. 10 Exposure time & percentiles of population(when exposed to several tools)

Weighted Percentile of population , C
acceleration
Tools (ahwed 10 20 30 40 50
m/s2 Exposure time, years
Air Angle Grinder + Air Baby Grinder
Professional worker 79 38 54 6.6 78 8.5
Non- professional worker 56 54 76 9.3 10.7 12.0
Air Angle Grinder
Air Angle Grinder
+ Air Impact Wrench 33 9.2 130 158 18.1 204
Air Angle Grinder + Air Baby Grinder 61 5.0 70 86 9.8 11

+ Air Chipping Hammer




air angle grinder + air baby grinder + chipping
hammer 111

V.

, 50%

(vibration induced white

finger : VWF)

(frequency weighted acceleration)
(frequency unweighted

1/3 octave
36Hz ~ 16Hz

acceleration)
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