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Applications of hand-arm models in the investigation of
the interaction between man and machine

by Reiner Jahn, MScEng, Michael Hesse, MScEng'

JAHN R, HESSE M. Applications of hand-arm models in the investigation of the interaction between
man and machine. Scand J Work Environ Health 12 (1986) 343—346. The mode of vibration of hand-
held tools cannot be considered without knowledge of the influence of the operator’s hand-arm system.
Therefore some technical applications of hand-arm models were realized for drill hammers by the Uni-
versity of Dortmund. These applications are a software program to simulate the motion of machine com-
ponents, a horizontal drilling jig, and a chucking device in a drilling rig.
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Comparative measurements of oscillation on vibrating
hand-held tools, like drill hammers, chain saws, or
grinding machines, in normal use with an operator are
possible only with restrictions because of the different
feedback of the hand-arm system of individual oper-
ators. On the other hand the hand-arm system cannot
be ignored during investigations on vibration because
the motional behavior of the whole man-machine sys-
tem is significantly influenced by the hand and arm
of the operator. Therefore, for many years, engineers
have tried to simulate the dynamic qualities of a repre-
sentative human hand-arm system with mechanical
models.

This report is essentially restricted to applications
of technical hand-arm models for investigations on
electric drill hammers and impact drilling machines.
Their use has spread during the last two decades be-
cause of their easy handling and efficiency.

Hand-arm models

Figure 1 shows a selection of experimentally deter-
mined impedance characteristics of the human hand-
arm system. They are valid for loading the extended
or flexed arm in the longitudinal axis of the forearm
as measured by different scientists.

As shown in the figure, most of the impedance char-
acteristics do not cover all of the frequency range from
6 to 1 000 Hz that is of interest in this case, and they
partially deviate one from another. The different test
parameters, like grip force, feed force, arm bearing,
etc, and the dissimilar experimental techniques may
be primarily responsible for this deviation. These
parameters had not, however, been described precisely
at all. The mechanical hand-arm models developed by
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scientists working on impedance measurements (1, 4,
5,6,7,8,9, 10, 12) (their different structures are shown
for one direction in figure 1) vary in complexity and
are valid, of course, only for the hand-arm character-
istics, grip and feed forces, and arm positions adopt-
ed during the impedance measurements.

Some of the models are suitable only for theoreti-
cal investigations and technical realization is impos-
sible, either because of the complexity of the structure
of the models or, in part, because of the extremely low
masses or rigidity of the spring elements. Another
reason for the technical unfittedness of some models
is the different values stated for the coupling masses
in different directions.

Mathematical model of a drill hammer

The first of the three applications presented in this
report refers to the numerical simulation of the motion
of the main parts of electropneumatic drill hammers.
During a scientific investigation by the University of
Dortmund (11) a computer program was developed to
obtain knowledge about the essential reasons for the
vibration of drill hammers and to evaluate the vibra-
tion effects of constructive modifications of the batting
unit,

Figure 2 shows a mechanical model of a drilling ma-
chine with a batting unit based on a pneumatic cush-
ioning. The dynamic specifications of the hand-arm
system are simulated by a mechanical model elaborated
by Meltzer et al and published in 1980 (6). The model
is valid in the frequency range from 10 to 500 Hz, and
it possesses three degrees of freedom. The program in-
cludes the variation of parameters which are essential
for the construction of percussive boring machines,
such as the length of the pneumatic spring, batting
piston diameter, crank arm radius, masses of the dif-
ferent pistons, the case, the blow rate, the feed force,
data on the damping ring, etc. Moreover it is possible
to consider different grip cushionings.

The mechanical dimensions of a real drill hammer
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1 Kuhn
2 Dieckmann

3 Reynolds, Meltzer,
Suggs and Mishoe

4 Reynolds and Soedel, Abrams
5 Miwa

6 Suggs and Mishoe

7 Nilsson and Olsson

Figure 1. Mechanical hand-arm models (one direction) (3, 5, 7, 8, 9, 12).
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Figure 2. Mechanical model of a drill hammer.

calculated with the help of the program are shown in
figure 3. One can see that the case acceleration is
marked by distinctive acceleration peaks superimposed
on a base curve similar to a sine wave. This curve
results from a combination of the maximum compres-
sion of the pneumatic spring (the peaks of which are
indicated by LF in figure 3) and the impact of the
secondary piston on the damper element which leads
to narrow but high peaks (D in the figure). Moreover,
the case of the drill hammer hits the collar of the
secondary piston during its motion towards the tool.
This is called the B impact, and it causes another peak
in the case acceleration curve.

Horizontal drilling jig

The second application is the hardware construct of
a mechanical hand-arm model for vibration measure-
ments on drill hammers. Measurements on hand-held
tools generally lead to large data errors and data vari-
ances, which are mainly caused by the influence of the
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operator. In order to eliminate these influences in com-
parative measurements of drill hammer vibration, a
drilling jig with an artificial hand-arm system, shown
in figure 4, was built. With this jig the drill hammer
is pressed against the workpiece during the drilling
process. The hand-arm system of this device has three
degrees of freedom and is also based on the hand-arm
model developed by Meltzer et al (6).

The mechanical hand-arm model can be directly
fixed to the grip of the drill hammer. The drill ham-
mer can be moved in the longitudinal direction and
is suspended by a low-friction guide. A brace for the
drilling torque is also available, so that the torque does
not affect the hand-arm model. The mass m, which
is relatively large, causes a dynamic decoupling between
the feed force G and the mechanic hand-arm model.

One of the important factors in the development of
the hand-arm model is the construction of the dash-
pots. Each one of these dashpots consists of a piston
running in a collar. The ring gap between the piston
and cylinder must be manufactured precisely, and it
must be filled with a suitable oil or grease. The com-



3

4 1 [ |
I,_, mg @ ;) Secondary piston (path) Case (path) ;‘8(']2 I
5 : o T\ AN
0 ~ < L B® - M0
- (’\ " . Case (acceleration) {\ e
g 22— s A 100 &
INEEE Al Al B
1 i 14 2
20 B i g I 0 @
/ \ \ / \ \ /Driving piston (path\
° | /NS A
10 n\ v/ 1/\\\/ //\ uy \ - ,/\
RPZAVARW A \PE A
g Vo | Y V.o IV Y
& - Batting piston (path)
T 40 I l
& 770 15 2 48 64 80 96 ns
Time t —_—
Figure 3. Dispiacement and acceleration of several drill hammer elements.
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position of the oil, especially its dynamic viscosity, is
an important factor which had to be determined by
experiment.

For example, using the horizontal test rig with
Meltzer’s hand-arm model gives a variance coefficient
that is about 9 % lower (3 % against 12 %) in accel-
eration measurements on the Bosch 11206 drill ham-
mer than the values obtained in the usual hand-held
operation (data from five persons, seven measurements
each).

Automatic drilling rig

The third application is an automatic hammer drilling
rig for the execution of endurance tests with drill ham-
mers and drilling tools. For such investigations a large
number of tests are necessary. Until now these tests
have been performed by an operator, who will be

exposed to damaging vibration, noise, and dust. There-
fore the University of Dortmund has developed a
microprocessor-controlled drilling test rig (2). This test
rig has been installed in several companies. It is able
to drill any arrangement of drill holes without the
requirement of an operator to monitor its operation.
The microprocessor system is able to recognize dif-
ferent kinds of failures (eg, fracture of the drilling tool,
clamping of the drilling tool, overheating of the drill
hammer) and to react to these failures in an adequate
manner. The drill hammer is to be chucked in the uni-
versal flexible coupling which is shown in figure 5. The
vertical oscillatory motions, ie, those in the drilling
direction, are mainly influenced by coil springs. Os-
cillatory motions in the horizontal direction are mainly
influenced by rubber elements. In order to get good
agreement between the dynamic behavior of the model
and the human hand-arm system the movable masses
of the coupling should be as small as possible.
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For the construction of the coupling for the drill
hammer none of the existing hand-arm systems could
be used. Either it was impossible because of one of
the aforementioned reasons (degrees of freedom, low

masses, low spring rigidities, different coupling masses).

or the applied test parameters (feed and grip forces,
arm bearings) differed too much from those param-
eters which were suitable for the planned task. Another
reason may have been the large space needed for the
technical realization, for example, with Meltzer’s
model.

In order to achieve conformity between the im-
pedance characteristic of the flexible coupling and the
human hand-arm system, a comparison was made with
the use of vibration and power data obtained from the
machines while they were being operated by hand. A
systematic variation of the springs and rubber elements
was made until there was agreement between the
frequency-weighted effective acceleration measured on
the handle according to DIN 45675 (3), the feed rate and
the drill power while in an automatic service state and
the equivalent data while in a hand-held service state.

The automatic test rig is used by several companies
in order to make endurance tests of their drilling tools.
On the basis of their experience, it has become pos-
sible to perform tests in a shorter time than before.
The test results (endurance) are similar to those ob-
tained for a hand-held service state. Therefore the rig
makes it possible to carry out a greater number of
endurance tests in the same time with less personnel.
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hammer coupling.
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