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Introduction

Studies on human response to whole-body vibration agree on the complexity of defining
measures for discomfort [1]. Traditionally, in single-axis WBV, a subject's discomfort is
measured subjectively using verbal or paper-based techniques. Additionally, most of these
studies focused on the lumber region of the spine as a major source of discomfort. In multiple-
axis WBV, where the frequency and the magnitude of the acceleration are randomly changing,
the accuracy of the subjective scales becomes questionable as the subjects have a hard time
rating their perception. Furthermore, with the development in seat design, the relative motion in
the lumbar area has been minimized, but more motion has been transferred to the neck area,
which could be a new source of discomfort.

In any design process, researchers normally check the situations where large relative body
motion occurs and try to avoid these regions in the design. In this work, we propose an
objective discomfort function for the neck flexion-extension and lateral motion, which is useful
for capturing discomfort level in multiple-axis WBV with random motion that contains large-body
motion. The proposed function [2] has been tested and validated on seated subjects inside a
non-vibration environment. Under the current investigation, the proposed discomfort function
has also shown good results when used in comparing the relative discomfort for different control
configurations.

Methods

Seven healthy subjects were tested in a whole-body environment using a ride file (60 seconds)
from a heavy construction machine, the Cat D10 dozer. A six-degree-of-freedom Servotest
(Sears’s seating facility, Davenport, 1A, USA) hydraulic motion platform was used in the testing.
Eight 0.3 megapixels Vicon SV cameras were used in tracking the motion; accelerometers were
attached to the head and the torso areas; and surface electromyography (EMG) of the cervical
erector spinea, sternocleidomastoid, upper trapezius, biceps brachii, and triceps brachii were
collected using the Delsys system. A seat with three-arm support configurations was used in
this study: steering wheel (ST), seat-mounted (SM), and floor-mounted (FM). An objective
discomfort measure for the neck was calculated and used to compare the discomfort level
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between the three configurations. The subjects were asked about their perception of each
configuration.

Results

Figures (a), (b), and (c) show the
discomfort level for the seven subjects,
for = neck flexion-extension, and for the
FM, SM, and ST configurations. The
discomfort activity goes up and down
during the motion with sudden peaks
with maximum activity for the SM,
followed by the FM and ST. Similar
behaviours have been shown for the
neck lateral discomfort. The results
show that the discomfort value
increased significantly when the joint
reached its extreme-uncomfortable
position and that the discomfort was
higher for SM and FM than for ST
positions. Meanwhile, when the
subjects were asked about their
perceptions of vibration and which seat (b)

was better, they gave contradicting

answers. The results on five muscle _ i
activities [3] have shown that SM ‘ — 1300 Bl 1
configuration has the lowest muscle
activities, followed by FM and ST.
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Conclusions .  fian ST
While any biomechanical objective e ———
measure for discomfort should contain (c)

the motion and the muscle activation,

for situations where the muscle activation is relatively low and the relative motion is large, as in
the case for random large motion multiple-axis WBYV, the discomfort measure may be calculated
by considering the motion only.
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