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Abstract

Within the “VIBTOOL” project” sponsored by the European Union, a system
was developed by means of which the magnitude #tdhdition of the coupling
forces can be measured and analyzed. The BGIA @&sbvasponsibility within the
project for conducting practical trials in plantesation. The performance and the
results of this part of the project are presentehThe trials were conducted on
typical manually guided tools. The particular featiof the tools studied and the is-
sues identified during performance of measuremenpeesented, together with ex-
amples for their resolution. The limitations of theeasurement system are de-
scribed, and proposals stated for further optinomat

D' The project was led by the Politecnica Ancona y)talith the participation of
the following test institutes: the Istituto per Macchine Agricole e Movimento
Terra (CNR, Italy), the Institut National de Redttex et de Sécurité (INRS, France)
and the University of Southampton (UK), togethethviilovel GmbH (Germany).

1. Introduction

The magnitude of the coupling forces of the hamd-aystem on vibrating
equipment has considerable influence upon the tithirand strain to which the op-
erator is exposed [1]. The effect of grip and cogplforces under vibration expo-
sure upon the biodynamic vibration behaviour, tki@ semperature and the vibra-
tion perception threshold have been described menaus publications. The forces
were defined as grip and feed forces in DIN 456§ @axly as 1998, and a measure-
ment and analysis method set out. The relationsetpeen the coupling force and
consideration of the “correction” of the vibratierposure is shown in figure 1.
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Figure 1 - Influence of the coupling forces to DIBNG679

The coupling-dependent measurement value can teénelt by multiplication
of the frequency-weighted measured acceleratiameviay the coupling factor.

ISO/DIS 15230 [4] describes more far-reaching dedins of the forces; these
also embody the principle of measurement of thequne distribution on the surface
of the handle.

2. Methods
2.1 Selection of typical tools and wor kplaces

The selection of typical tools takes account ofittiliencing variables and par-
ticular features: size and geometry of the haral, gripping arrangements; requi-
site feed and grip forces; mode of operation amttfan (e.g. rotating or hammer-
action); type and power of the drive; and switclsipon and working direction.
Figure 2 shows the tools at different scales.

Figure 2 - Selection of suitable tools

2.2 Performance of measurements
The studies were limited to the testing of the g&n matrix” sensor. This sensor
is an improved version of a simple pressure semsarix, and was developed by the
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Polytechnic University of Marche together with Nb¥@mbH in order to permit
mounting on the handles of actual tools.

The measurement strategy was based upon the vibnatasurement standards
ISO 5349 [3] and ISO/DIS 15230 [4] and upon DIN 4965], the German standard
governing the measurement and evaluation of thgpopg and pull/push forces.

Two measurement systems were employed, enablingahgling forces to be
measured in parallel on both hands. Where permiityeithe location of the accelera-
tion sensors and the “finger matrix”, the couplfogce and vibration were measured
simultaneously. Each series of measurements wésrperd with five repeat meas-
urements and in some cases on several differdrpeesons.

Prior to performance of each series of measuremarststic force measurement
was performed for examination of the measuremeaincét the site of use and for
measurement of the feed angle. For this purposetes$t person stood on a force
measurement platform and applied pressure to tidria typical working position
(see Fig. 3). The measurement platform servegafegence measurement system in
this instance.

Figure 3 - Use of a reference measurement chainefamination of the
measurement system

2.3 Particular issues and problems

Modification of the handles was necessitated byntezhanical sensitivity of
the sensors on tools such as the angle grindew(shofigure 4), on which the ac-
tuator of the switch was originally integrated ithe handle, or the rammer (shown
in figure 5).

For this purpose, the switch was locked in posiém the handle, including
switch, was encased by thin matting. Figures 6 astiow the handles modified in
this way. For safety reasons, the tools concernext wperated by a foot-operated
switch, and equipped in addition with an emergestop switch.
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Figure 4 - Main handle of the angle Figure 5- Rammer handle with switch
grinder with integrated switch

Figure 6 - Modified handle of the angle Figure 7 - Modified handle of
grinder the stamp hammer

A further problem is that of fitting the “finger ri&x” to limited areas on han-
dles, such as the auxiliary handle of the angledgn (see Fig. 8). Owing to the sus-
ceptibility of the “finger matrix” to bending andubkling, the arrangement for at-
tachment of the handles was modified as showngurd 9. An alternative solution
would be a number of sensor mats differing in te&e and geometry. The width of
the individual sensors would also have to be végiabthis case.

o

Figure 8 - Auxiliary handle of the angleFigure 9 - Fitting the “finger matrix” to
grinder the auxiliary handle of the an-
gle grinder
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3. Results
3.1 Influence of different software

Conversion of the force distribution from the measiupressure distribution and
calculation of the grip force and the feed force based upon ISO/DIS 15230 [4].
Software developed in parallel by the INRS and ttheversity of Ancona was
available for these analyses of the measuremeat d&ke results of the vibration
measurements were analyzed by BGIA software inrdec@e with DIN EN I1SO
5349 [3].

The influence of the different software applicaionas tested randomly. For
this purpose, the same measurement data recor@sprecessed in both program
versions. The results are summarized in table rhean value and scatter. They ex-
hibit only minor deviations, which may arise froounding errors or differences in
definition of the handle geometry.

Table 1 - Comparison of the results produced bydifferent software applications

University of Ancona | INRS software
software

Rammer

Feed force 40+ 9.0 40+ 9.0

Grip force 44+ 11.5 64+ 13.2

Angle grinder

Feed force 56+ 2.6 56+ 2.6

Grip force 55+ 14.0 52.8:10.9

3.2 Influence of the handle geometry

The angular location of the sensor elements onhtémadle surface must be
known for calculation of the coupling forces. Sirthe handles of the tools are gen-
erally virtually cylindrical in form, the programassume a cylinder for calculation
purposes. For estimation of the influence of catioh based upon a cylindrical
handle geometry upon the actual handle geometegigg measurements were taken
of the handle with the greatest deviation (an élebreaker).

Table 2 - Influence of the handle geometry upontieasurement results [6]

Cylindrical handle geometry [N] Exact handle geometry
[N]
Grip force 135+ 13.0 112+ 11.7
Feed force 210+ 26.5 130+ 13.4

The results of the comparison between the diffehanidle geometries used are
summarized in table 2 in terms of mean value amattesc Use of a cylindrical han-
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dle geometry for approximate calculation yieldshag measured values, namely:
+20% for the feed force and +61% for the grip force

3.3 System-induced limits and scope for correction

The system-induced limits of the measured forceime clear during meas-
urement and analysis of the rammer. The feed foecested by the user can be
measured by means of a measurement platform, Wultynmeans of the measure-
ment sensors on the handle. The pull and pushdareasured by the system are
tool guidance forces. During horizontal guidancekband forth of the tool, a push
force and a pull force alternate on opposite hgRagire 10).

Push/pull force
(feed force)

"Negative lifting force"

Figure 10 - Constraints upon recording of the fleedes

These special cases would necessitate synchroneasunement at the two
measuring points and recording by the softwardefresulting forces on the respec-
tive sides of the handles in the same axis of m@ven©On tools on which the work-
ing direction and the position of the hand or itgla to the handle changes during
the working process, the reference values (andtesgalculation of the grip and
feed forces also change. This fact was taken iotmunt in the University of An-
cona's software, and the measured data analyzaddition with consideration for
the axis of the feed force. Table 3 shows the nredswalues analyzed according to
both methods for the rammer, presented as meaes/alith scatter for the tool in
guestion.
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Table 3 - Calculation method with considerationtfor axis of feed force

Tool Point of 1ISO 15230 [N] UNIVPM software
measurement With consideration for the
axis of the feed force

Main handle
Feed force 37+16.1 42+ 16.2

Rammer Grip force 101+ 19.8 63t 9.9
Auxiliary handle
Feed force 25+4.9 37+ 6.3
Grip force 93+ 20.4 85+ 12.9

3.4 M easurement results

In accordance with 1ISO/DIS 15230, the grip and femdes may be added to-
gether to form a coupling force for the purpose@ata reduction. For illustration of
the measured data gained under field conditiores ctiupling forces are shown in
graphical form for each tool in figure 11.

grinder (el.) VP2
main grip

grinder (el.)  VP1

main grip

rammer (pn.) VP2
main grip
rammer (pn.) VP1

main grip

breaker (hy.)

main grip ]

breaker (el.) 1
main grip

0 50 100 150 200 250

Coupling forces [N]

Figure 11 - Coupling forces of the tools studied

The vibration measurement results analyzed in d@ecare with ISO 5349 are
summarized separately in table 4 according to therete axes of measurement and
measurement points. The mean value and the seatendicated for the discrete
axes of measurement, together with the total \itmavalue, which is computed
from all axes of measurement.
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Table 4 - Frequency-weighted acceleration of tieéstetudied

Tool ahw [m/s?]

X Y Z Vv
Breaker Main handle 6.9+0.72 5.5+ 0.78 5.6+ 0.76 10.5+1.21
(electric)  Auxiliary handle  3.3+0.14  3.940.23 59:0.29  7.8:0.33
Breaker Main handle 6.3+ 0.67 4.5+ 0.51 13.3t1.11 14.4-1.09
(hydraulic)
Rammer Main handle 2.0£0.14 12.1+0.77 2.1+£0.15 12.8£0.73
(pneumatic)
Angle grinderMain handle 2.2+ 0.28 3.6t 0.16 3.1+ 0.31 5.3 0.13
(electric)  Auxiliary handle  5.3+0.16 ~ 3.20.09 5.1+0.16 8.1+ 0.09

4. Summary

The measurement system involving the “finger mataxd two alternative
software applications for calculation of the congliforces was trialled on typical
tools which were relevant to the hazard analysisiunber of optimizations were
implemented even during the trial phase, with #sult that a suitable measurement
system is available for a further area of applaratvith which measurements can be
performed in accordance with ISO/DIS 15230. Mea®ser@ and consideration of
the handle geometry is absolutely essential foreydimdrical handle surfaces.

In addition to software developments for error cemgation, extension of the
scope of use also requires improvements to theosenatrix with regard to its me-
chanical robustness and its flexible adaptatioergmnomic handle geometries.
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