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Abstract: One of the most important problem of coal mining lucket wheel
excavators is how to minimize influence of vibrasoon driver’s body. Experimental
and numerical research was aimed to vibrationsreggipn and a new cab and seat
mounting of wheel excavator was designed. A sudtapbssibilities of cab
suspensions were investigated to minimize drivedybaibrations and to decrease
influence of mining process to drivers health. Aftptimization one concept was
chosen. A new methodic of measured data evaluatias created for using in
excavators as well as in laboratory. The new canoépynamic seat absorber were
designed also. To investigate the spatial vibratisappression, an experimental
device has been used — a platform with six degofefreedom which enables
measured signal realization in laboratory.

Displacements, velocities and accelerations ofsémées of points on a driver body
were determined by optical measuring technique -diayamic measuring system
PONTOS. The signal recorded before and after opétiin were used and the effect
on the driver body response was evaluated.
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1. Introduction

The project solved in Department of Applied Meclearin Technical University of
Liberec was focused on the minimization of vibratioof bucket-wheel excavator
cabin. The details of the machine Schrs 1320 wgrkinDoly Nastup Tusimice are
shown in [1].

An inappropriate cabin mounting was one of the m@aiablem of the machine
causing high level of cabin vibrations. Vibratioase excited by bucket wheel
operation and were increased by rigid joints ofigger, console and cabin frame.
Therefore, operators were exposed to high levdtireadangering vibrations.

The new frame of cabin suspension was designetiembasis of many experiments
and simulations [2, 3]. The previous cab suspensiofour air springs was replaced
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by three cable hangings. This enable cabin movemehtee degrees of freedom -
two horizontal directions and one torsion movensmut vertical axis. The result
of this improvement was the decreasing of vibrati@nsmission from the cabin
frame to the cabin floor in both horizontal directs. Vibration minimization in
vertical direction was realized by a mechanism vdgimamic absorber under the
driver seat.

According to subjective drivers’ feelings, vibrat®in horizontal directions were
considerably decreased. This was also verified bgsuring on the cabin floor. The
vibration level was decreased 10 times on an aeerdpe effect of new cabin
suspension on human body during mining process measured by the set of
sensors. Accelerometers were placed also on the oaunt and on the cabin floor.
The signals of sensors were enregistered and medes

2. Experimental

The signals measured on the cabin floor were inired to the experimental
equipment - platform with six degrees of freedota reproduce cabin behaviour in
laboratory. This platform is shown in Fig. 1 andchbed in detail in [4].

Fig. 1. Platform with six degrees of freedom.

The platform is able to reproduce general spatiabement of real body with
respect to platform characteristics, i.e. maximumgles of ball joints or maximal
engine velocities. The platform is used to simula@ conditions in laboratory. In
this case real data from 2 three-dimensional aomeleters mounted on the cabin
floor are integrated to simulate cabin movementesehdata are recomputed in
simulation model to signals for each one of sixfplan engines. In the next step,



interactive simulation of platform motion is run prevent possible collisions of
platform desk in real experiments.

3. Vibration measurement of human body.

The PONTOS system of GOM based on dynamic photogetnic method was
used for measuring vibrations of human body. Thisthod is well suited to
measuring large displacements. These displacenasedbapproaches allow three-
dimensional (3D) coordinates of an object (withie field of view) to be tracked by
using digital images obtained at more known posgiin space. Furthermore,
surface preparation is generally required for thischnique; dynamic
photogrammetry tracks high-contrast. Circular teggeere applied to a test object
identifiable features within an image. During pgsbcessing of the recorded
images, image processing is done to correlate aimqpdints in one image to another
tracking ellipses, thereby identifying dynamic ches to the structure of interest.
Coordinates, displacements, speeds and accelesaifaevery point are determined
in every time step by the image processing in PONFEOftware. Some parameters
of used PONTOS 5M system are presented in Table 1.

Table 1. Parameters of PONTOS5M system

Parameter Value
Camera resolutiompjxel] 2448 x 2050

Frame rateHiZ] up to 15
Measuring Area fronent to n?’
Accuracy up to 0.00Imm

(depending on measuring area)
Number of measured markers unlimited

4. M easur ement

The reference point - self-adhesive markers wemiexp to measured object - a
human body. The support composite tube with agfdiigh-resolution cameras was
fixed on the wall in front of the platform. A goadsibility of all points from the
both cameras was provided. The three groups of emarlvere used: reference
markers (placed on the stationary part of the ptatj, markers on the head and
markers on the torso of figurant sitting on the rap@r seat. Each group contained
several markers to get detailed information aboovement of particular human
body part.

Three figurants of different weight were measufearameters of these persons are
summarized in the Table 2.



Table 2. Persons available for measurement

Person WeightHg] Height [m]
1 82 1.81
2 93 1.76
3 101 1.86

The frequency of snapshot was 15 frames per seddraseat was excited by two
different signals for each person. The first sigmsgd (signal A) was enregistered
before the change of the cab suspension. The lesfgthis signal was 58. The
intensity of vibration of signal A is comparaldfeall directions. The second signal
(signal B) was enregistered after the installattbrthe new cabin damping device.
The length of the signal was 33 The values of signal B indicate lower levels of
vibrations in horizontal directions, approximatehe same level of vibrations in
vertical direction (due to signal A). The measurameith original and new signals
was three times repeated for each person to geltdata.

5. Results

Measured data were analyzed for each person indillid At first we focused on
human body behaviour during seat exciting by signad comparison with signal B.
Then it was analyzed human body behaviour in depmeel on its weight, i.e.
efficiency of suggested cabin suspension adjustfieemirivers of different weight.

Displacements, velocities and accelerations of gextht were compared for body
movement excited by both signals. RMS values weateutated and compared to
each other. The values of acceleration of humesotm the horizontal directiors
and x receiving from measuring for excitations by sig#aland B are shown in
Table 3. Let’s consider average acceleration ofdis® under excitation of body by
signal A is 100%. The average values of accelardtimm all torso points are in the
columns 2, 4. The acceleration of signal B exprtssea percentage of the signal A
is enrolled at columns 3, 5.

Table 3. Acceleration of human torso in horizontal direction zand x

zdirection x direction

RMS - acczglriti-on of RMS - accgle\z/lriti-on of
Person gcceleration of

acceleration of torso [% of
torso [%] - torso [%] -

torso [% of

signal A C‘l'f;ﬁ‘gl é] - signal A Czlil;rr?glé] _
1 100.0 67.5 100.0 84.5
2 100.0 70.4 100.0 89.4
3 100.0 69.2 100.0 87.3

Trajectories of individual points placed on humanyis shown in Figure 2. From
this trajectories were computed speed and accilerédr individual point. The
position of one of the measured points named "tgygeimt_1" is shown in the same



figure. This point was chosen only for presentapiorposes. Results was computed
from all points. The acceleration in the both honial directions for exciting signal
A, resp. signal B represented by point "torso_pdihtis shown in Figure 3, resp.

Figure 4. Some anomalies in graphs (e.g. in Fige&ly time 20 s) are caused by
bad visibility of some points during measuring.
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Fig. 2. Trajectories of individual points and position &drso_point_1"on the measured human body.
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Fig. 3. Acceleration of "torso_point_1" in lateral and ldmdinal direction - signal A.
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Fig. 4. Acceleration of "torso_point_1" in lateral and l@mgdinal direction - signal B.

6. Conclusion

Main aims of this paper was to show non-contacthoetto measure vibrations of
human body. Optical method is alternative to cotie@al contact methods based
on placing sensors (e.g. accelerometers) to indaligharts of body. One of the
advantages of this method is a flexibility of maasoent preparation. Therefore
measuring procedure can be reduced to shorter time.

The results of PONTOS method measurement demoastatefficiency of the new
conception of cabin suspension. It is evident tiater’s horizontal acceleration
was suppressed. The most important improvementnisndtion of vibration in
longitudinal direction. Similar results are avalfor torso and head movement.

This paper was supported by the grant from Ministiyirade and Industry of the
Czech Republic under Contract Code MPO FT-TA5/102 .
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