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EFFECT OF WHOLE-BODY VIBRATION AND DRIVING
A FOREST MACHINE SIMULATOR ON SOME
PHYSIOLOGICAL VARIABLES OF THE OPERATOR
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Saapunut toimitukselle 11. 3. 1985

We studied the influence of horizontal whole-body vibration of fairly low intensity alone and combined with the
mental load and motor actions typical for the forest machine driver on heart rate variability (HRV), respiration rate
(RR) and heart rate (HR). Five subjects were tested. Horizontal vibration had an influende on HR, HRV and RR.
"Control activities’ had the most influence on RR and HRV, but some influence on HR, too. ’Moving the control
devices’ (motor action) gave the same response in HR as ’control activities’, but not in HRV and RR. *Control
activities’ together with "vibration’ had more effect on HRV and RR than these two factors singly, but not on HR. The
possibilities of using these variables in field studies are discussed.

1. INTRODUCTION

There are a lot of investigations on the
influence of low-frequency vibration on heart
rate (HR) and pulmonary ventilation
(Bogert, 1967, Coermann, 1965, Dieckmann,
1957, 1958, Hasan, 1970, Sjoflot and Suggs,
1973). There seem to be no investigations on
the influence of the vibration on heart rate
variability (HRV). In most terrain machines
vibration occurs as a rule together with the
other stress factors, i.e. mental load. Sjoflot
and Suggs (1973) have studied the influence
of vibration together with tracking on heart
rate (HR) and on some other factors but not
on HRV or respiration rate (RR). They did
not study the influence of vibration singly
compared with this kind of combined strain.
But because the HR was slightly higher dur-
ing the last 50 seconds of the tracking task
than during the first 50 seconds, they con-

cluded that this might be caused by the track-
ing or by the prolonged vibration exposure.
Because HRV, HR and RR are interesting
variables in intra-individual comparative
studies on the mental strain of the driver, it is
useful to know the influence of vibration and
the combined effect of vibration, motor action
and mental load on these factors.

The purpose of this study was to determine
the influence of whole-body vibration of fairly
low intensity and the combined influence of
the mental load typical for the machine driver
and vibration on HRV, HR, and RR. The
influence of the physical work needed for
moving the control devices alone and com-
bined with the mental load and vibration was
also studied.

Horizontal and rotational vibration is the
most harmful vibration in terrain machines
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(Siren, et al. 1979, Sjoflot and Suggs, 1973).
The intensity of vibration typical for forest
machines is greatest at the frequency area of
ca. 2 Hz when compared with the ISO stan-
dard (Siren et al. 1979). So, experiment con-

sisted of tests to ascertain the influence of
rotational (horizontal) vibration at the fre-
quency of 2 Hz. According to the pilot study
this was the range with the most influence on
the HRV.

2. METHODS

The subjects were five research assistants
aged from 29 to 35. The experiment consisted
of laboratory tests to ascertain the influence
of rotational (horizontal) vibration on HR,
HRYV and RR. The influence of mental and
motor activities typical for a forest machine
driver was studied with and without vibra-
tion in a forest machine simulator built in the
Finnish Forest Research Institute (Harstela,
1981). In the simulator there are normal size,
two-lever control devices and seat for the
operator. As the central machine element of
most forest machines is the grapple loader,
the grapple loader is the basic element of the
simulator as well. It is a miniature model on a
scale size of 1:8 to a real forest machine. The
moving time of the machine elements from
one position to the other correspond to that of
the normal machine. A mobile forest on a
scale size of 1:8 has been constructed on both
sides of the stationary loader and load space.
Under the seat there is a vibration simulator
steered by a micro-computer.

Acceleration of vibration was adjusted ac-
cording to "the fatique-decreased proficiency
boundary” of ISO standard 2631 for 8 h,
which means 0,315 m/s? at 4—8 Hz and 0,63
m/s? at 1 and 16 Hz frequency. This intensity
of vibration is typical of many machines, for
instance forest tractors (Siren et al 1979). The
frequency of vibration was 2 Hz. In this area
of the intensity of forest terrain machines the
vibration is greatest compared with the ISO
standard (Siren et al. 1979). The work load
phases lasted 10 min and there was a 5 min
pause between phases and 10 min rest before
each replication. Five replications were used.
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The following work load combinations were
applied in every replication in different order:

1. vibration

2. control activities of the grapple loader (mental and
light muscle activities)

3. movin the control devices of the grapple loader with-
out intention (light muscle activities)

4. vibration + control activities

5. vibration + moving the control devices

Only very light muscle activities were
needed to move the control devices because
the control system consisted of only two lev-
ers and there were elbow rests for the arms.

The HRV index was calculated from the
following equation, which imitates that which
Luczak and Laurig (1973) assumed to be best
for measuring mental load:
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The periodic variation in the HR was
analyzed by computing the fourier transfor-
mation of the R-R interval signal. An analysis
was made using successive windows of 2 min.
The sampling frequency was 7,5 Hz.

3. RESULTS

Multiple linear regression analyses were cal-
culated for HR, HRV and RR using the mean
or the two-minutes HRV-value of the stress
phases or rest pauses in each replication as
observations for the dependent variable. The
work load combinations and subjects were
the independent dimmy-variables.

The following equation was achieved for
HR:

Variable Coefl. T-value

Intercept 65.99

S| - 820 — 11.86%**

Sy -10.22 — 14.20%**

S3 3.15 — 3.28%*

54 2.30 2.11

X 10.79 11.86%**

Xy 5.01 5.80%**

X3 5.04 5.66***

Xy 8.70 — 9.55%**

X5 9.83 10.71%**

F = 63.0***

s; = subjects X3 = moving the

X, = vibration control devices

X; = control x4 = vibration +
activities control activities

X; = vibration + moving
the control devices

All the stress combinations had a statisti-
cally significant influence on HR. *Vibration’
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had the greatest influence and ’control ac-
tivities’ and "moving the control devices, the
least.

The following equation illustrated the
HRV:

Variable Coeff. T-value

Intercept 0.028

S| -0.039 -9.86

Sy —0.040 —9.76%**

S3 - 0.002 0.31

Sy —0.020 4.32%%*

X) -0.027 — 5.27%**

X; —-0.022 —4.59***

X3 —0.006 -1.19

X4 —-0.033 —6.41%**

X3 —0.024 —4.7]1%**

Xg 0.014 7.94%**

F = 63.0%**

s; = subjects X = time (60 = first 2 mi-

X;...X; = seee the first nutes of the load phase,
equation 420 = last 2 minutes of

the load phase)

"Vibration” and ’control activities’ had a
statistically significant influence on HRV,
but 'moving the control devices’ did not. The
combination of control activities and vibra-
tion had the greatest influence. However, the
influence of the work load partly disappeared
during the 10-minute phase.
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Fig. 1. Heart rate in the end of the work load phases
according to the regression equation.

Kuva 1. Sydimen sykintd tydjakson lopussa regressioyhtalon
mukaisesti.
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Fig. 2. Heart rate variability in the beginning and in the end of the work load phases

according to the regression equation.

Kuva 2. Sydimen sykinndn vaihtelevuus tyjakson alku- ja loppupuolella regressioyhtilon mukaisesti.

The following equation was achieved for
RR:

Variable Coeff. T-value
Intercept 14.79

s 1.97 G.4%e>
S9 -0.21 — 4 5%%*
S3 0.01 0.3

X; 2.23 3.]%%*
X 3.12 7.3%**
X3 0.97 2.3*
Xy 5.15 11.9%**
X3 2:.13 5.0%**
F = 36.8***

s; = subjects

X;...Xs = see the first equation

The influence of stress combinations on RR
was much the same as that on HRV. The
combination of ’control activities’ and ’vibra-
tion’ had the greatest influence and moving
the control devices’ the least influence on RR.
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Fig. 3. Respiration rate in the end of the work load
phases according to the regression equation.

Kuva 3. Hengitystaajuus tygjakson lopussa regressioyhtdlon
mukaisesti.

4. DISCUSSION

It seems that low-intensity-horizontal vib-
ration has an influence on HR, HRV and RR.
It is well known that man is more sensitive to
virations in the horizontal than in the vertical
direction (Dieckmann 1957, 1958, Sjoflot and
Suggs 1973). This may be due to the fact that
man uses a reasonable amount of muscle
activity to maintain his balance during hori-
zontal vibration.

The ’control activities’ involving neuro-
sensoral load had the most influence on RR
and HRV, but some influence on HR, too.
They had more influence on RR and nearly
the same influence on HRV as vibration had,
but less influence on HR. ’Control activities’
together with ’vibration’ had more effect on
HRYV and RR than these two factors singly,
but not on HR. Sjoflot and Suggs (1973)
concluded in their study that tracking task
together with horizontal vibration could
cause more response in HR than vibration
singly. This higher HR might be caused by
the prolonged vibration or prolonged track-
ing task, too. They could also have more
muscle activities during the tracking task
than in our study, because the subject had no
elbow rests in the seat.

"Moving the control devices’ gave nearly
the same response in HR as the ’control
activities’, but not in HRV and RR. As Luc-
zak (1979) assumed, it may be that frequently
measured increase in HR under mental load
conditions can be ascribed either to a simul-
taneous increase in motor actions or to emo-
tional strain. The influence of ’control ac-
tivities’ on RR and HRV seemed to be nearly
independent of this kind of very light motor
action, because 'moving the control devices’
evoke only a very slight response.

Price (1975) and Sharit and Salkvendy
(1982) have suggested that reduced HRV is
accompanied by mental stress due to sus-
tained attention and low informational pro-
cessing rates, but high demands on detection
of environmental events. On the other hand,

HR should be more susceptible to mental
effort. Driving the simulator (grapple load-
ing) is just the kind of work requiring sus-
tained attention and detection of environ-
mental events, but with practice the steering
of the work shifts to the lower levels of the
central nervous system. Early studies con-
tains observations of HRV or RR being indi-
cators of sensitivity in driving work or mental
load. Egelund (1982) and Mulders et al.
(1982) reported that 0.1 Hz HRV seems to be
a sensitive indicator of driver fatigue and
psychophysiological reactivity of city bus
drivers. In this region HRV may be con-
nected with RR, but other factors affecting
the homeostatic maintenance of blood
pressure may also be involved. Hitchen et al.
(1980) have shown that the respiratory fre-
quency increases with mental load.

The ’control activities’ together with vib-
ration’ gave only the same effect on HR as
vibration alone, but had more influence on
RR and HRV than those factors singly. It
may be that the influence on HR is mainly
caused by muscle activities, but on RR and
HRV it is caused by muscle activities and
mental load. This combined effect of *control
activities’ and 'vibration’ on RR and HRV is
less than the sum of the influence of these two
factors separately. This is a very common
phenomenon in physiological variables which
change curve-linearly as a function of stress.

Because of the great inter-individual varia-
tion of HRV and RR, these seem to be usable
only in comparative intra-individual studies.
In practical conditions it seems to be possible
to obtain relative values for the mental strain
of working systems which are similar to other
stress factors, such as vibration and motor
actions. However, if these other stresses are
strong, it may not be easy to find differences
between the different degrees of mental strain
because of the “curve-linearity” of the HRV
and RR change.
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SELOSTE

KOKOKEHON TARINAN JA METSAKONESIMULAATTORIAJON VAIKUTUS ERAISIIN FYSIOLOGISIIN
MUUTTUJIIN

Tutkittiin horisontaalisen kokokehon térinan vai-
kutusta yksin ja metsdakonetyossa tyypillisen mentaalisen
kuormituksen ja lihasaktiviteetin kanssa kuljettajan sy-
damen sykintaan (HR), syddmen sykinnan vaihtelevuu-
teen (HR) ja hengitystaajuuteen (RR). Viisi koehenkil6a
testattiin. Kokokehon tarina vaikutti merkitsevasti HR,
HRV ja RR:ddn. Ohjaustoiminnot vaikuttivat eniten
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RR, HRV, mutta jossain méaarin my6s HR:dian. Ohjaus-
vipujen liikuttelu vaikutti HR yhta paljon kuin ohjaus-
toiminnot, mutta ei HRV ja RR:aan. Ohjaustominnot
yhdessé kokokehon tarinin kanssa vaikuttivat enemmaén
HRV ja RR:dian kuin kumpikaan ndisti muuttujista
yksin, mutta eivat HR:4dn. Ndiden muuttujien kaytt6a
kenttatutkimuksissa pohdittiin.





