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Abstract: Recently, SO has defined the guidelines for the evaluation of the measurement and
exposure limits of hand-transmitted vibrations at the handle of hand-held portable power tools. In
a measurement of vibrations at pneumatic impact wrenches that tighten and remove screws. 1SO
8862-7 standard: 1997% and | SO 5349 standard: 1986 are set asinternational standards. In order
to make an exact measurement of the quantities of vibrations exposed to the hand-arm system of a
human body, | SO 8662-7 gives specificationsto a measurement device and aloading device. Astoa
measurement device, for instance, the mass, installation method etc. of transducer s and mechanical
filtersaredefined. In addition, it specifieswith each tolerance the working conditions of a pneumatic
tool, the number of revolutions of socket in aloading device, the feed force, the number of subjects,
and such an evaluation method as how to decide a declar ation value of vibrations. These specifications
give toolmakers a compar ative measurement of vibration values of their tools before shipment.
M eanwhile, although the measurement condition described in 1SO8662-7: 1997 is that skilled
operators conduct vibration measurement, no provisions asto operatorsare madein detail. Hence,
this study focuses its concern on ambiguous work experience yearsin measuring vibrations of the
tools in conformity with 1SO 8662-7, and hereby the effect of years of work experience upon
measurement valuesis considered and at the same time a knowledge of how to select operatorsis
made clear.

Key words: Hand-transmitted vibration, Frequency-weighted r.m.s. acceleration, Pneumatic tool,
Pneumatic impact wrenches, Skilled operators, Length-of-service

I ntroduction

The purpose of this study isto clarify issuesin measuring
vibrations of the tools by the method of the measurement
and evaluation on the condition in adherence to I SO 8662-
7. The vibrations of a hand-held power tool have serious
effects upon the operator’s health, whereas an operator of it
must be on good health. In Europe, the EC Machinery Safety

*To whom correspondence should be addressed.

Directive, [89/392/EEC]® that came into effect in 1995
defines the target figure of the frequency-weighted r.m.s.
acceleration as 2.5 (m/s?) and smaller for the purpose of
decreasing the vibrations of a hand-held power tool.
Therefore, 1SO at present makes the careful provisions for
the measurement method and the subsequent evaluation
method of vibrations of each hand-held power tool asto the
measurement method of frequency-weighted r.m.s.
acceleration at the handle of the tool. (1S08662-1 ~14)%
SO 8662-7 provides the measurement and evaluation of



256

Table1l. Excerptsfrom |SO8662-7: 1997

Y SHIDA etal.

Item

Content

Figure

Measured quantities

Frequency-weighted r.m.s. acceleration that is measured with afrequency weighting
filter for hand-arm vibration measurements, excerpted from 1SO8662-1: 1988

Measurement

Transducer

Piezoel ectric transducer etc. Themassof atransducer and that of amechanical

Mechanical filter

) o filter must be smaller than 5 g, respectively.
With the transducer in vibration

measurement of impact power
tools whose housing is made of
metals.

NOTE 1S08662-1: 1988 provides that the total
mass of the vibration transducer and its
mounting, the mechanical filter, shall preferably
be less than 50 g and not more than 5% of the
mass of the tool complete with accessories.

On the other, 1SO8662-7: 1997 describes as a
precaution that for light handles the mass of
transducer and its mounting shdl belessthan 5 g.

M easurement
direction and
measurement
location

The normal position of the transducer shall be halfway aong the length of the handle
where the operator normally holds the hand-held power tool.

In the case of pistol control-handle power tools, the vibrations of the transducer 1 is
measured in the P-direction perpendicular to the operator’s palm, and those of
transducer 2 in the same H-direction as the output shaft.

Figure 1

Supply ar pressure

0.63 + 0.015 MPa (Pe); thisfigure is quoted from 1S02787: 1984.9

Feed force

During testing, the operator press the hand-held portable power tool in a vertical
direction apply afeed force, aload equal to the + 50% weight of the tool body.
For example, if the mass of the body is 1 kg, the load becomes 5 to 15 N.

Device

Loading device

The loading device should be one specified in 1SO8662-7: 1997.
The loading devise isinstalled on a concrete block whose mass is 400 kg and more
(SeeFig. 2).

Figure 2

Brake device

In the measurement, the brake of theloading device must be adjusted in order to obtain
astable rotational frequency of the output shaft of (0.15 + 0.05)s?, or 9+ 3r.p.m.

Subjects

Three skilled operators shall each carry out one test series 5 times with the hand-held portable power tool
held and operated in a manner typical of normal use.
The time for each test shall not be less than 4s.

Validity of
test

The variation coefficient of five consecutive frequency-weighted r.m.s. acceleration , for the same operator,
islessthan 0.15 or the standard deviation is less than 0.30 m/s.

The coefficient of variation is:

Cy= S:I
X

where the standard deviation is

S =y nfll i(xi—i)z

and the mean value of the seriesis
_ 1 2
X=—
n 2%

X istheith value measured,
n isthe number of measurement values.

where

Declaration
value

The arithmetic mean of five valuesfor each of the three operators, if their validity is checked, is calculated.
The arithmetic mean value in each direction is obtained as that of the three operators.
The largest of these overall arithmetic mean valuesis regarded as the declaration value.
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Transducer 1 in the P-direction

Transducer 2 in the H-direction

Fig. 1. Measurement location and direction, according to | SO8662-7

01 Base

02 Block, small

03 Block, small

04 Plate, small

05 Coverplate, small upper
06 Coverplate, small lower
07 Socket

08 Screw M6 x60

09 Cup spring

10 Screw M16 x200

11  Nut M16

12 Plain washer

Fig. 2. Loading devicein the case of 1/2" Sq according to 1 SO8662-7

pneumatic impact wrenches, the subject of this study, where
compressed air makes pneumatic motor revolve and the
consequent impact clutches enable operators to tighten and
remove screws. Table 1 showsthe content of the provision.
The measured quantities of vibrations arefrequency-weighted
r.m.s. acceleration prescribed in the EC Machinery Safety
Directive, asshowninTable 1. Inorder to serve the purpose
that the measurement can be made at any maker in any
country, SO 8662-7 gives specifications with each tolerance
to ameasurement device—including the mass of atransducer
and a mechanical filter, installation method, measurement
direction and location as shown in Fig. 1—the working

conditions of a pneumatic tool, the number of revolutions
of the socket in aloading devicein Fig. 2, the feed force,
the number of subjects, and such an evaluation method as
how to decide the number of subjects and adeclaration value
of vibrations.

Inthisway, 1S08662-7: 1997 makesdetailed specifications
of the measurement method, but some obscure points can
be found. One of them is deemed to be the description of
subjects. 1S08662-7: 1997 describesjust “ skilled operators’
as subjectsbut no concrete figure cannot befound. Therefore,
this study checked the effect of the difference of operators
upon measurement val ues, made clear the operator’sfactors
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influential in the measurement, and discussed the selection
of the operatorsthat will enable the measurement to be stable.

Method

Subjects

In this measurement, six “skilled operators’ described in
1SO8662-7: 1997 were selected. Table 2 exhibits the sex,
age, length-of-service, height, and weight of each subject.
Any of six persons was selected as an operator that was
healthy and did not develop a hand-arm malfunction due to
vibration. Inthe study, the skill of an operator is deemed to
be parallel to length-of-serve in Table 2, and therefore their
skillswere eight to twenty years. The characteristics of these
operators are considered to have satisfied the provisions of
1S08662-7 shown in Table 1. Hence, the data obtained from
this study as to these operators is unlikely to make much
difference with that from any other under the measurement
condition in accordance with 1SO8662-7.

Characteristics of pneumatic impact wrenches operated in
the experiment

The pneumatic impact wrenches used in this experiment
were ones that are sold in general and whose output-shaft
sizes are 1/2" Sq and 3/4” Sq, and in the case of the same
output-shaft size, both high-powered and low-powered
models of wenches were selected. The output-shaft sizein
Fig. 3 isthe width of the diagonal line of the square joint
into which a socket isinserted and whose top is ahexagonal -
head bolt. In this study, the six operators conducted the
vibration measurements with four kinds of tools shown in
Table 3. Then, while each of six subjects was operating the
model A, B, C, and D of pneumatic impact wrenches, each
frequency-weighted r.m.s. accel eration was measured.

Measuring apparatus

The vibrations of each pneumatic impact wrench were
measured in line with the measurement system described
in Fig. 4. Inthe measurement system, the signals from a
vibrating transducer installed on the handle of a hand-held
portable power tool are transmitted to a conditioning
amplifier, and then the outputs are changed by an A/D
converter after passing through an anti-areazing filter, and
read by acomputer. The frequency weighting of the digital
datais made, based on the provisionsof 1S05349, and thereby
each frequency-weighted r.m.s. accel eration can be obtained.
This system is what is called the HVLab Data Analysis
System®. Besides, the total weight of a transducer and a
mechanical filter in Fig. 5is4.8 g, according to the 1SO8662-
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Table2. Subjects
No. Sex Age Le.ngth-of- Height  Body weight
(year)  service(year)  (cm) (kg)
1 female 32 8 161 64.7
2 male 40 19 168 61.5
3 male 46 8 167 73.6
4 male 42 20 164 62.5
5 male 39 11 167 83.1
6 male 41 18 170 90.3
Mean 40.0 14.0 166.0 72.6
Standard deviation 4.6 5.6 3.2 11.9

Sockeat

Fig. 3. Shape of output shaft

7inTable 1. The conditioning amplifiers and the HVLab
System adopted in this study was the | SO-compatible system
developed by the Human Factors Research Unit, Institute
of Sound & Vibration Research in the University of
Southampton (See Table 4).

Experimental conditions and experimental procedure

Inthe experiment, theloading devicein Fig. 2wasingtaled
on a concrete block of whose mass was 450 kg, shown in

Industrial Health 2001, 39, 255-268
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Table 3. Pneumatic impact wrenches
Output- .
chaft Size L ow-powered output High-powered output
12" Model A Model B
Mass: 1.5 kg Mass: 2.5 kg
Capacity: 300 Nm Capacity: 350 Nm
3/4" Model C Model D

Mass: 3.1 kg

Mass: 5.2 kg

Capacity: 580 Nm

Capacity: 1,100 Nm

NOTE 1. Conditions in measuring the capacity are:
Pneumatic pressure at non running: 0.63 MPa (Pe);
Used air hose: 6.5 mm caliber x 3 m long in the case of the output-shaft size of 1/2”
Sq, and 12 mm caliber x 3 m long in the case of the output-shaft size of 3/4” Sq.

NOTE 2. Each actual object was photographically reduced to the same scale.

R —

Conditioning amplifier

(A/D converter)

7

Data acquisition and analysis
system, HVLab
{Computing)

Digital filtering

\Y

Computing of frequency-weighted
r.m.s. acceleration

Fig. 4. Block diagram of measuring apparatus

Fig. 5. Transducer and mechanical filter
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Table4. Measuring apparatus

Specification Accordance )
) Figure
Manufacturer Type Mass (g) with ISO
Transducer Briel & Kjaa #4393 24 o Figure 5
Mechanical filter Briel & Kjaer WA-0224 24 o
Conditioning amplifier Briel & Kjaar #2692 o

Data analysis system

HVLab System: this system was developed by
the Institute of Sound & Vibration Researchin

Y SHIDA etal.

the University of Southampton.

Coneneie hkek
|

Fig. 6.a. Whole view of measuring apparatus

Fig. 6.a. Figure6.bindicates how an operator kept the handle
of apneumatic impact wrench attached to aloading device
in measuring vibrations of it. Theloading brake of aloading
device had the performance figures written in Table 5. In
addition, the pneumatic air supplied with each of four kinds
of toolswas set to be 0.63 MPa(Pe) in operating such toals,
the sufficient air supply system was adopted that prevented
the air pressure put in operating tools from being different
among operators, and the air pressure by each operator was
monitored for fear that it should change. Figure 7 shows
measurement directions as to the vibrations of a pneumatic
impact wrench attached to a loading device. Feed forces
put on tools by each operator were able to be monitored
through a digital scale set in front of a concrete block in
Fig. 6.a. With these loading device and vibration
measurement device, vibration measurements were
performed on four kinds of hand-held power tools by each
of six operators. In measuring vibrations, each operator
was got to be posed as seen in Fig. 6, and to hold the tools
in such ways as shown in Fig. 6.b. The figures of afeed

Fig. 6.b. Apparatus

force by each tool in Table 5 were designed to keep stable
with monitoring them through the scale on the floor. Then,
the tools were operated, the number of revolutions of the
brake of the loading device was adjusted as provided in
1SO8662-7. After this adjustment was completed, each
subject started to give consecutive impacts on the loading
device, and the stable vibrations after starting enabled the
vibration measurement to be conducted for ten seconds. The
turnaround time of this measurement was fifteen seconds
from starting the impacts to finishing the measurement. The
same measurement as this was repeated five times. In this
procedure, the vibration measurement of each tool by each
subject was conducted, and then each frequency-weighted
r.m.s. acceleration was obtained.

Results and Consider ations

Table 6 shows each frequency-weighted r.m.s. accel eration
by each direction at five times when six operators operated
the model A, B, C, and D of wrenches.

Industrial Health 2001, 39, 255-268
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Table5. Experimental apparatus and method
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Fig. 7. Location and direction in measuring vibrations

Since each standard deviation or each variation coefficient
in Table 6 falls under the validity of measurement val ues of
1S08662-7 in Table 1, each measured value of the individual
operators meets the conditions specified in 1SO.

The frequency-weighted r.m.s. acceleration averaged in
one subject to another is exhibited by model and by direction
inTable7. Then, three mean valuesin the ascending numeric
order were selected and marked by each of six subjects.

Besides, based on Table 7, Table 8 shows, by model, the
maximum and minimum value of each frequency-weighted

Settin Accordance Figure
9 with 1SO g
Apparatus Loading device Made as specified in 1SO8662-7: 1997. o Figure 6
Brake 0.12~0.13 (s?), or 7.5~8.6 r.p.m. o
Measurement Measurement direction In P-direction and H-direction o Figure 7
and location at the midst of the grip
Supply air pressure 0.63 MPa (Pe) at non running o
Regulation on tools maximum power dial o
Feed Force Model-A 15 (N) o
Model-B 25 (N)
Model-C 31(N)
Model-D 52 (N)
Operation method Each subject gives consecutive impacts o
on the loading device for 10 s.
Thisisrepeated fivetimes, and then, each
frequency-weighted r.m.s. accelerationis
measured.
u-j r.m.s. acceleration by subject, and difference between the
; two. Table 8 exhibits that the variation of each frequency-
A E weighted r.m.s. acceleration between the model A and the
, model B was 1.24 to 1.29 (m/s?) in the P-direction and 0.58
Pddiroctio to 0.60 (m/s?) in the H-direction, due to the difference of

subjects, irrelevant to outputs. The same table shows that
between the model C and the model D was 1.34to 2.44 (m/
&) inthe P-direction and 0.66 to 1.97 (m/<?) inthe H-direction.

The maximum variation of the frequency-weighted r.m.s.
acceleration was 2.44 (m/s?) though six “skilled operators’
described in 1SO8662-7: 1997 were selected and the vibration
measurement was made.

According to the provisions in Table 1, the declaration
value should be considered to be the largest of the overall
arithmetic mean values using the mean value of five
measurement val ues obtained for each of three operators.
The datain Table 7 and Table 8, however, indicate that the
variations of the measurement values will happen even
though the measurement is made on the condition that
subjects should be “skilled operators’. With this being the
situation, we discussed how to select “skilled operators”
that meet the provision in 1SO8662-7: 1997.

First, we reviewed the rel ationship between the frequency-
weighted r.m.s. acceleration and the length-of-service of
subjects by model, in order to study how the latter will have
the influence upon the variations of the former. The
relationships are shown in Fig. 8. The analysis of variance
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Table6. Frequency-weighted r.m.s. acceleration by subject

Standard  Coefficient
deviation of variation
1st 2nd 3rd 4th 5th Meanvauex  S,:<0.3 Cyv<0.15

Model Subject Direction Frequency-weighted r.m.s. accelerarion (m/s?)

A 1 P 287 291 29 297 299 2.94 0.05 0.02
H 234 229 235 234 234 2.33 0.02 0.01

2 P 242 233 238 239 246 2.40 0.05 0.02
H 243 242 245 217 200 2.29 0.20 0.09

3 P 301 301 298 289 265 291 0.15 0.05
H 228 225 233 229 224 2.28 0.04 0.02

4 P 260 264 259 233 249 2.53 0.12 0.05
H 249 270 236 253 269 2.55 0.14 0.06

5 P 161 165 164 173 162 1.65 0.05 0.03
H 192 194 196 197 198 1.95 0.02 0.01

6 P 205 183 181 187 185 1.88 0.10 0.05
H 191 198 209 19 192 1.97 0.07 0.04

B 1 P 340 366 339 338 353 3.47 0.12 0.04
H 292 270 287 254 237 2.68 0.23 0.09

2 P 278 28 274 287 292 2.83 0.07 0.03
H 297 287 294 316 279 2.95 0.14 0.05

3 P 381 380 380 347 371 3.72 0.14 0.04
H 347 287 327 301 301 3.13 0.24 0.08

4 P 350 350 382 372 355 3.62 0.14 0.04
H 332 318 292 317 330 3.18 0.16 0.05

5 P 234 239 283 231 251 2.48 0.21 0.09
H 264 271 274 290 3.05 281 0.17 0.06

6 P 272 284 28 28 291 2.83 0.07 0.02
H 271 274 288 250 215 2.60 0.28 0.11

C 1 P 266 278 278 278 280 2.76 0.06 0.02
H 211 208 238 190 211 212 0.17 0.08

2 P 259 274 275 276 280 2.73 0.08 0.03
H 224 228 219 219 215 221 0.05 0.02

3 P 311 314 317 318 319 3.16 0.03 0.01
H 277 258 281 306 270 2.78 0.18 0.06

4 P 309 322 324 325 327 321 0.07 0.02
H 300 270 262 276 273 2.76 0.14 0.05

5 P 220 178 176 180 1.83 1.87 0.18 0.10
H 219 248 263 263 268 2.52 0.20 0.08

6 P 210 203 199 202 200 2.03 0.04 0.02
H 241 249 252 257 262 2.52 0.08 0.03

D 1 P 424 464 396 402 382 4.14 0.32 0.08
H 362 391 415 416 427 4.02 0.26 0.06

2 P 549 510 528 549 553 5.38 0.18 0.03
H 311 319 276 311 3.06 3.05 0.17 0.05

3 P 421 424 432 437 443 431 0.09 0.02
H 262 255 275 234 272 2.60 0.16 0.06

4 P 503 459 503 490 497 4.90 0.18 0.04
H 258 314 281 271 341 2.93 0.34 0.12

5 P 259 293 29 304 317 2.94 0.22 0.07
H 186 234 220 213 188 2.08 0.21 0.10

6 P 363 399 400 4.00 4.00 3.92 0.16 0.04
H 226 218 197 190 19 2.05 0.16 0.08
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Mean value of each subject

All of subjects

Output shaft size  model  Direction
1 2 3 4 5 6 Overall meanvalue Standard deviation
2 A P 2.94 291 253 1.88 2.39 0.53
H 233 229 2.55 2.23 0.23
B P 3.47 372 362 3.16 0.51
H 295 313 318 2.89 0.24
34 C P 276 (273 316 321 2.63 0.56
H 212 2D 278 276 Q52 Q52 2.49 0.27
D P 538 431 490 4.27 0.84
H 402 305 2.93 2.79 0.73
Table 8. Maximum and minimum value of each frequency-weighted r.m.s.
acceleration, and difference of the two by measurement direction
Frequency-weighted r.m.s. Acceleration (m/s?
Outpu.t Model Direction = - yweg — - (m's)
shaft size Maximum Minimum Difference
vz’ A P 2.94 1.65 1.29
H 2.55 1.95 0.60
B P 3.72 2.48 1.24
H 3.18 2.60 0.58
314" C P 321 1.87 1.34
H 2.78 2.12 0.66
D P 5.38 2.94 244
H 4.02 2.05 1.97
0MODEL-A P_direction & MODEL-A, H-direction A MODEL-B, P-direction Table9. Analysisof variance
4 MODEL-B, H-direction o MODEL-C, P-direction m MODEL-C, H-direction
¢ MODEL-D, P-direction « MODEL-D, H-direction Sum Deg Mean
Factors ) F. ratio
6 squares Freedom square
c
S
© . ° A (Tools) 10.442 3 3.4808 24.22%*
(%) - . ST
g 5 ~ B (Subjects) 5.7181 5 1.1436 7.96*
3 4 8 C (Directions) 3.1263 1 3.1263 21.76**
3 * el _—
g I f N B A*B 2.4011 15 0.16007 111
o0 SR o * * *
o\ 3 ’ < s i3 _ A*C 3.7625 3 1.2542 8.73
£ £ g " ki B*C 1.1537 5 0.23073 161
? 2 . (ﬁ) ] = Errors 2.1555 15 0.1437
: .
g 1 Total 28.76 47
g
g ol **p<0.01.
0 5 10 15 20 25

Length- of- service(year)

Fig. 8. Relationship between frequency-weighted r.m.s. acceleration
and length-of-service of subjectsby model A, B, C and D

was made of the datain Table 7 so as to investigate whether
any influence of the length of service upon the frequency-
weighted r.m.s. acceleration is found in the model A, B, C,

and D with regard to operators selected as“ skilled operators’
described in 1SO8662-7: 1997. Table 9 shows the result.

Table 9 indicates that there were significant differences
existed among operators. Therefore, this satisfiesthe validity
of measurement values in 1SO8662-7 shown in Table 1.
Although data were taken from “skilled operators,” the
analysis of variance suggests that the measurement result
varied depending on an operator. It follows from thisresult
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Table 10. Subject, added to Table 2
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No. Age Length-of-  Height Body weight  Grip  Weight of the
(year) service(year) (cm) (kg) (N) forearm (kg)
1 Female 32 8 161 64.7 320 1.10
2 Male 40 19 168 61.5 400 1.09
3 Male 46 8 167 73.6 430 1.17
4 Male 42 20 164 62.5 520 1.15
5 Male 39 11 167 83.1 610 1.60
6 Male 41 18 170 90.3 600 1.63
Mean Value 40.0 14.0 166.0 72.6 480.0 1.29
Standard deviation 4.6 5.6 3.2 11.9 116.0 0.25

that, evenif the vibration measurement were conducted with
“skilled operators’ writtenin 1S08662-7, there woul d happen
variationsin data among operators. Heed should be paid to
the clear fact that there arose some unevenness results among
operators with length-of services of eight to twenty, adopted
in this study. This means that differences of one measured
data from another would occur even in conformity with the
selection standard of operatorsof “ skilled operators’ specified
in 1SO8662-7.

In the results of analysis of variance summary table of
the measured data as shown in Table 9, the main effects of
the length of service were statistically significant (p<0.01).
From Fig. 8, it is possible to divide the measured data into
two groups according to the length of services of 8 to 11
years and 18 to 20 years.

The Mann-Whitney U test was used to test for differences
between the length of services among all tools and all
directions. Therewas no significant difference between two
groups of the length of services. From the result of this
test, it was clear that the length of services of the operators
could not evaluate the differences of the measured data.

Subsequently, in order to exhibit what factors of subjects
are likely to influence the variations of frequency-weighted
r.m.s. acceleration, the impact of the physical characteristics
of operators upon the frequency-weighted r.m.s. acceleration.
Such characteristics are the weight of the right forearm of
an operator, which he or she gripped the handle of atool
where a transducer was fixed, with his or her right hand,
the body weight and the grip of an operator.

The weight of the forearm of an operator is calculated at
the volume whose special gravity is presumed to be. The
grip of an operator is measured by a hand dynamometer.
The respective values are shown in Table 10.

Figure 9 shows the relationship between the weight of
the forearm of each operator and the frequency-weighted
r.m.s. acceleration asto the model A, B, C, and D. In the

figures, the approximate lines are drawn so as to grasp the
increasing or decreasing trends. From Fig. 9, it was
discernible that the greater the weight of the forearm of an
operator, the smaller the frequency-weighted r.m.s.
acceleration may be likely to bein the model A, B, C, and
D. In addition to this, Fig. 10 shows the nearly direct
proportionality between the weight of the forearm of an
operator and his or her body weight. Figure 11 indicates
the rel ationship between each operator’s body weight and
frequency-weighted r.m.s. acceleration in the model A, B,
C,and D. Itisinferred from the figure that the heavier the
body weight of each operator, the smaller frequency-weighted
r.m.s. acceleration islikely to bein the model A, B, C, and
D.

As an additional plus, Fig. 12 exhibits the relationship
between the grip of each operator and the frequency-weighted
r.m.s. acceleration. It followsfrom thefigurethat the stronger
the grip of each operator, the smaller frequency-weighted
r.m.s. acceleration seemsto beinthemodel A, B, C, and D.

To sum up, the experimental resultsisasfollows. When
the measurements were made with regard to operators who
were selected as “skilled operators’ described in 1SO8662-
7: 1997, and the variations of the frequency-weighted r.m.s.
acceleration were recorded in the Model A, B, C, and D,
the heavier the weight of each operator, the weight of the
forearm of an operator, and his or her weight, the smaller
frequency-weighted r.m.s. acceleration islikely to be. The
stronger hisor her grip, the smaller frequency-weighted r.m.s.
acceleration islikely to be. However, sinceit is considered
that there are some operators whose body weight is heavy
but whose arms are dender, the value is deemed to be unable
to be defined on the basis of only one of the characteristics
of an operator.

Accordingly, Fig. 13 shows the relationship between the
value and the operator’s Body Mass Index (BMI) (See Table
11) which isinternationally used in general. From Fig. 13,
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(O) MODEL-AP-direction  (Y=—1.84X+4.76, r=— 088 )
(@) MODEL-AH-drection  (Y=—0.80X+3.26 , r=—0.88 )
(&) MODEL-BPdirection  [Y=—1.30X+4.95, r=—069 ]
(A) MODEL-B H-diection  (Y=—051X+355 ,r=—055 )
(00) MODEL-C P-drection  (Y=—1.95X+5.15, r=—0:88 ]
_________ (M) MODEL-C H-direction (Y= 0.23X+2.19,1= 069 ]
————————————————————————— () MODEL-D P-direction  [Y=—256X+7.56, r=—0.77 ]
—————— e (®) MODEL-D Hdirection [Y=—2.35X+5,82,r=—081 )

Frequency-weighted r.m.s. acceleration (m.”s ?)

1 1.2 1.4

1.6 1.8 2

Weight of the forearm (kg)
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it was discernible that the greater the BMI of each operator,
the smaller the frequency-weighted r.m.s. accel eration may
belikely tobeinthemodel A, B, C, and D, except asto data
in the case of the H-direction of the model C.

From Figures9 and 13, it is possibleto divide the measured
datainto two groups according to the weight of the right
forearm of operators between 1.09 to 1.17 kg and 1.60 to
1.63 kg or BMI between 21.8 to 25.0 and 29.8t0 31.3. The
Mann-Whitney U test wasused to test for differences between
the weight of the right forearm or BMI of the operators.
There was significant difference between two groups of the
weight of the right forearm or BMI of the operators.

From the result of thistest, it was clear that the weight of
the right forearm or BMI of the operatorsis depending on
the differences of the measured data.

Although 1SO8662-7 recommends the vibration
measurement with “ skilled operators’, this study showsthat,
even though with skilled operators, any measurement with
skilled operators would create different data due to their
physical characteristics. Thisimplies that any vibration
measurement of toolswould be brought into the same result
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Fig. 11. Relationship between frequency-
weighted r.m.s. acceleration and body weight
of subjects by model A, B, C and D

Fig. 12. Relationship between frequency-
weighted r.m.s. acceleration and grip of sub-
jectsby model A, B, C and D

Industrial Health 2001, 39, 255-268



MEASUREMENTS OF VIBRATION AT THE HANDLES ACCORDING TO 1S08662-7:1997 267

(O) MODEL-A P-direction  (Y=—0.09X+4.80, 1=—064 ]
(@) MODEL-AH-directon  (Y=—005X+363,r=—0.86 ]
(/) MODEL-BP-direction [Y=—006X+4.81,r=—046 )
(A) MODEL-B,H-direction (Y=—004X+388,=—059 )
— - () MODEL-C,P-direction  [Y=-0.12X+5.70, r=—077 ]
_________ (W) MODEL-C H-direction  [Y= 0.02X+2.02,r= 023 ]
————————————————————————— {©) MODEL-D,P-direction  [Y=—0.19X+9.32,r=—084 )
——— (@) MODEL-D H-direction (¥=—0.14X+6.41,r=—069 )

@
g 3 5
5 o
5 g
E I
2 3
2
=
12
g}
0!
20 25

30 35

BMI

Fig. 13. Relationship between frequency-weighted r.m.s. acceleration and BM| of

subjectsin model A, B, C and D

Table11. BMI of Subject, added to Table 2

Age Length-of-  Height Body weight BMI*

No. Sex .
(year) service(year) (cm) (kg)
1 Female 32 8 161 64.7 25.0
2 Male 40 19 168 61.5 21.8
3 Male 46 8 167 73.6 26.4
4 Male 42 20 164 62.5 23.2
5 Male 39 11 167 83.1 29.8
6 Male 41 18 170 90.3 313
Mean Value 40.0 14.0 166.0 72.6 26.2
Standard deviation 4.6 5.6 3.2 11.9 3.70

*NOTE: BMI =Body weight (kg)/{ Height (m)}>.

if it were conducted with operators. Hence, it seemsnecessary
that 1 SO8662-7 should includethe provision that the vibration
measurement shall be conducted with skilled operatorswhose
physical characteristics or BMI are concretely defined, not
with ambiguous “skilled operators’.

Conclusions

This study was conducted in accordance with | SO8662-
7: 1997 and 1SO5349: 1986. The description of operators,
however, is ambiguous, and to make clear the influence of
such ambiguity upon measurement values, we selected six
“skilled operators” as the subjects and the vibration
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measurement was made with the representative model A,
B, C, and D of pneumatic impact wrenches. Subsequently,
the investigation was made on the relationships among the
skill of operators, their physical characteristics, and
frequency-weighted r.m.s. acceleration.

The results of this study are:

1) The vibration measurement data on each operator
satisfied the validity of test in 1SO8662-7, it is evident
that the difference of the skill or length-of-service of
each operator caused that of each frequency-weighted
r.m.s. accel eration measured.

2) Itisdiscerniblethat the greater the weight of theforearm
of an operator, the smaller the frequency-weighted r.m.s.
acceleration may be likely to be.

3) Itisclear that the heavier the body weight of each
operator, the smaller frequency-weighted r.m.s.
acceleration islikely to be.

4) It follows that the stronger the grip of each operator,
thesmaller frequency-weighted r.m.s. acceleration seems
to be.

5) Itisfound that the bigger the BMI of each operator, the
smaller frequency-weighted r.m.s. acceleration islikely
to be.

To sum up, insofar as the vibrating acceleration of the
tool is measured with an operator, the same results as those
of this study is deemed to be obtained according to the
physical characteristics of an operator. Hence, it seemsto
be necessary that the provision on an operator should be
made by means of such figures as his or her BMI, not with
the ambiguous expression of “skilled operators’, and further
consideration on the way an operator is selected ought to be
made in detail.
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