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Modeling of Off-Road Vehicle Operator
for Use in Ride Simulation
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1. Introduction

Since the human body is a very complex physical
structure, it may be impossible to completely des-
cribe the body system by mathematical or mechanical
methods. Therefore, in order to formulate the human
body as a vibratory system, some assumptions, general-
ly acceptable as valid idealizations, must be made.
One such assumption has considered the human body
a very complicated system of interconnected masses,
elastic elements, and viscous dampers (Coermann et
al. 1960). In a limited frequency range, the human
body has been also considered a linear system (Pradko
et al. 1965). Both assumptions have been the bases
for modeling the human body, even though neither
is a particularly valid idealization. Once a human
model is developed, the model must display dynamicai
characteristics of the body system as closely as possible,

and it must resemble the human anatomy for further
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validity of the model. In addition, the model to be
used for ride simulation is also required to be com-
patible with seat suspension model at the seat/operator
interface when the two models are combined. In
this study, it was intended to develop a human
model which will be used for the ride simulation
of off-road vehicle operator incorporating with seat

suspension models.

II. Model Development

Nomenclature

Shown in parentheses are the units of the para-
meters in terms of force (F), length (L), and time (T).

my, = mass of the head (FT?/L)

my, = massof the body (FT*/L)

mp = mass of the pelvis (FT%/L)

kh = spring constant of the neck (F/L)

ky, = spring constant of the visceral path (F/L)

kv = spring constant of the spinal path (F/L)

¢, = damping coefficient of the neck (FT/L)

¢y, = damping coefficient of the visceral path
(FT/L)

¢, = damping coefficient of the spinal path
(FT/L)

Xy, = absolute vertical displacement of the head
(L)

Xy, = absolute vertical displacement of the body
(L

Xp = absolute vertical displacement of the pel-
vis (L)
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y absolute vertical input displacement (L)

io= VA

To develop a mathematical model of an off-
road vehicle operator for use in ride simulation,
a three degree of freedom system was chosen as
a vibratory model of a sitting man. The anatomical
description of the model, which was originated from
Muksian and Nashs’ (1976) work, included the head,
body, and pelvis as shown in Figure 1. The body

Xp

B

1 .

Fig.1. A model of off-road vehicle operator

in the model represented the part between the neck
and pelvis, which is containing the chest, abdomen,
and arms. The head and body were assumed being
coupled by the neck, and the visceral path was
included between the body and pelvis. The model
also included the spinal path between the head and
pelvis so as to increase resemblance of the model
to the human anatomy.

From Newton’s second law, equations of motion
for the model of vehicle operator were derived as

follows:

mhiih+(ch+cv))‘ch-ch)‘(b-cv)'(p+(kh+kv)xh-khxb.kvxp =0,
mbiib-chxh+(ch+cb)xb-cbxp-khxh+(kh+kb) xpkp Xp= 0,

myx 'cvxh'cbxb+(°b+cv)xp'kvxh'kbxb+(kb+kv)xp =0,

In a sitting position, the pelvis was assumed to
be excited by the input motions. Then, the output
motions of the head and body could be given by
the first two of Equation (1). Let Xp be a given
input displacement, y(t), and expressing the first

two of Equation (1) in matrix form

[M] 1%1+[C] txt+ [K] tx} = {F(DI, )
where — —
m o)
M] = h ,
0 m,
— e te ) _
[c) = h L
-ch ch+cb
kptky *y
[K] = ,
L Ky Kyt |
otk
{F(t)t = ,
| GpYtkyY
- x,
and |x| =
L %

Let, | X(f)} be the Fourier transform of {x}.
oo .
XM =/ gxi 32 gt
(o]

Taking the Fourier transform of both sides of Equation
2),
[[K]<2mD)* [M]+27f(C] ] IX(D)1 =

k c
[ "] +2nf [ V} Y(D), 3)
Kp %

where Y(f) is the Fourier transform of input dis-

placement, y(t).

oo

Y= / yy 32t gt
0
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Frequency response function of the model is
given by the Fourier transform of the output dis-
placement, { x|, to a unit impulse input displacement,
ie, y) = 6(1).

a unit impulse displacement is unity, the frequency

Since the Fourier transform of

response function, {H(f)!, of the model is determined
from Equation (3) as follows:
TH(B | = [[K]-27D)? [M]+j2nt[C] )
kv - cy
+j2nf é4)
Kb %
Using Equation (4), transmissibility and phase angle
of the head and body response to the input motion

were computed at the given frequency, f.

III. Determination of Model Parameter Values

Using a weight distribution of the human body
approximated by Hertzbeig and Clauser (1964), masses
of the operator model were determined as 5.44 kg
for the head, 47.17 kg for the body, and 27.22 kg
for the pelvis on the basis of a total mass of 79.83
kg. Evaluation of spring constants and damping
coefficients was made by using a frequency response
matching method. Frequency response function of
the model, given by Equation (4), was computer
programmed, and the parameter values were varied
until the head transmissibilities showed the best agree-
ment with the head to seat acceleration ratios measured
by Pradko et al. (1965) for the input frequencies
from 1 to 30 Hz. The determined parameter values

were given in Table 1.

Table 1. Parameter values of the operator model

Mass Spring constant | Damping coef,
m, =5.44 kg | k, =10000N/m C,= 630N.s/m
my =47. 17kg { k, =65000N/m C,= 450N.s/m
m, =27.22kg | k, =28000N/m C,=1700N. s/m

Figure 2 shows the transmissibilities of the head
and body of the model simulated in the frequency

range of 1 to 30 Hz. The model displayed two
resonance peaks at 5.5 and 18 Hz. The first resonance

peak occurred at higher frequency than the experimental

results by 1 Hz, which was in the range of difference
exhibited in many experimental results. In the fre-
quency region above 10 Hz, the head response of
the model was in good agreement with the ex-
perimental results. Since no experimental data on
the body response were available, the validity of
the body response of the model could not be assessed
and may still be necessary when those experimental
data become available. It was noted, however, that
the body response showed a similar trend to the
shoulder response measured by Dieckmann (1947)
in the shake table experiment. The experimental
results of the head and shoulder response measured
by Pradiko et al. and Dieckmann were also plotted

in Figure 2.
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Fig. 2. Transmissibilities of the head and body
response of the model

Phase angles of the head and body response
were plotted as a function of input frequency in
Figure 3. The head response lagged by a relatively
constant phase angle of about 20 degrees to the
input motion with the frequency higher than 10 Hz
while the body response led by about 60 degrees
in the same frequency range. In the low frequency
region below 10 Hz, the body response showed
fast phase shift.

IV. Conclusion

A three degree of freedom, lumped parameter
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Fig. 3. Phase angles of the head and body res-
ponse of the model

model of the human body in a sitting position
was developed for use in ride simulation of off-road
vehicle operator. The model response showed a
good approximation of the human response obtained
from the shake table experiments. The model response
also exhibited two resonance peaks at 5.5 and 18
Hz. Since the model included the -head and body
of which response are most important in evaluating
operator’s comfort, the model may be most suitable
for use in ride simulation purposes of off-road vehicle

operator.

References

Coermann, R.R., G.H. Ziegenruecker, A.L. Wittwer,
and H.E. Von Gierke 1960, The passive
dynamic mechanical properties of the human
thorax - abdomen system and of the whole
body system. Aerospace Medicine, 31(6), 443-
455.

Dieckmann, D., 1947, Einfluss vertikeler mechanischer
Schwingungen auf den Menschen. Internat. Z.
angew. Physiol. einschl. Arbeitsphysoil, 16, S.
519-564.

Hertzberg, H.T.E. and C. Clauser, 1964, Size and
motion. Bioastronautic Data Book, NASA SP-
3006, 241-271.

Muksian, R. and C.D. Nash Jr., 1976, On frequency
dependent damping coefficients in lumped para-
meter model of human beings. Journal of Bio-
mechanics, 9, 339-342.

Pradko, F., R.A. Lee, and T.R. Orr, 1965, Human
vibration analysis. SAE Transactions, 74, 331-
339.

© ASPAC (Asian and Pacific Council) M|O|L} Ba{&

4 B@) 4 ASPAC/FFTC(Food and Fertilizer Technology Center) s} #E o2 /@2 3§
shEREyl HBEMRIIEA IF AojuE otslel o] pdfgdte] &R =-Eel %2 BEE wEhch

1. B B:1984%F 7H9H~7R12H

2. B B AR REE BAE 1L56- 1
A-SRBRE BEEW

3. Alulvd P A BEE RAKYS BM



