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BIODYNAMIC RESPONSE TO WHOLE-BODY VIBRATION

M.J. Griffin*

*Human Factors Research Unit, Institute of Sound and Vibration Research, University of Southampton, Southampton S09 5NH,
England

Abstract. Recent experimental studies of biodynamic
response to vibration and some attempts to model
this response are reviewed. It is proposed that bio-
dynamic models should be classified according to

their general application. It is shown that the re-

sponses of the body to vibration are highly varied
and that there is a need for increased availability
of experimental biodynamic data.

Biodynamics is a broad subject ranging from purely
experimental to entirely mathematical studies of

body motion. The last five years have seen the

publication of new information on both measures
and predictions of the mechanical impedances, trans-
missibilities, and gross movements of the whole

body and of body parts. In addition, new mathe-
matical models and revisions of earlier models have
been defined to predict bodily injury and human
performance.

Although the collection and manipulation of bio-

dynamic data is often seen as an objective, the

prime justification for biodynamic studies remains
minimization of the effects of vibration and im-

pact on human comfort, performance, and health.
A review of recent developments reveals that the

complexity of body dynamics is now widely ac-

cepted ; in some cases advanced models have been
devised to describe this complexity. However, parallel
efforts to advance experimental work are also re-

quired to assist both the evolution and the evalu-

ation of such models. Further, without experimental
and epidemiological studies of the effects of vibration
on comfort, performance, and health it is not known
which parameters of vibration should be used with
the biodynamic models (or measures) to minimize

discomfort, loss of performance, and injury or

d isease.

This review concentrates on biodynamic research as
it affects body movement due to vibration. The

physiological and psychological effects of this move-
ment on responses to high levels of impact are not

considered. (Some recent advances in the field of

impact modeling are included in two conference

proceedings [1, 2] .) The prime measures under

consideration are therefore transmissibility (usually
the ratio of motion at some point on the body to
motion at the interface between the body and the
vibration source) and mechanical impedance (usually
the ratio of force to velocity at the interface between
the body and the vibration source).

EXPERIMENTAL STUDIES

Although variability and adaptability to vibration

among and within individuals are of paramount

importance, they have often been considered nui-

sances or sources of error rather than parameters

requiring measurement. It has been reported that

for some conditions intersubject variability in seat-to-
head transmissibility is well approximated by normal
distributions and that, although transmissibility is

correlated with physical characteristics of subjects,
the correlation is probably insufficient to be of

practical value [3]. Sex and age also have statisticaliy
significant, although small, effects on seat-to-head

transmissibility [4].

lt has been shown that the type of backrest on a

seat can affect the level of vibration reaching the
head [4-6] and that the effect is dependent on the
axis of vibration of the seat [7]. At low frequencies
backrests can reduce head vibration levels. Alterations

to head position [4] and even foot position [5) can

also affect head motion when a seated person is

exposed to vertical seat vibration,

Body posture, muscle tension, and body restraints

have long been reported to affect head motion. Mean

changes of 600 percent in vertical head motion due
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to posture changes with vertical seat vibration have
been reported [8] ; see also Figure 1. Although such

changes correspond to extremes of posture, they indi-
cate the type of effect that occurs with more typical
changes from a slumped to a sitting position. It has

been shown that subjects adopting normal upright
postures generally have transmissibilities in the range
defined by stiff and relaxed postures [4]. At fre-

quencies above 5 Hz stiff postures cause more head

motion; the converse is true at lower frequencies.

It appears that, although any nonlinear effects in re-
sponse to vibration alone might be due to voluntary
postural changes [4, 8] , larger and more predictable
changes in vibration transmissibility occur with

changing levels of sustained acceleration [9, 10] .
Some attempts have been made to investigate the
importance of the experimental method used to

determine seat-to-head transmissibility. Comparative

measures using discrete sine and various swept sine

and random motions in combination with trans-

missibility calculations using such methods as root

mean square, power spectral density, r and cross-
o 

spectral density often show only small differences
’ 

due to the choice of method [4].

Data from studies of vision during vibration show
the rotational head vibration caused by rotational

oscillation of the body [11, 12] . Studies have quan-
tified the rotational head vibrations caused by trans-
lational seat vibration [7, 8, 13]; see Figure 2.
Other data reflect the transmission of vibration

from head to eye [14-20] but contain conflict-

ing conclusions on the existence of eyeball reso-

nances.

For a seated person the degree to which vibration
is transmitted to the hand is a dominant factor in

Figure 1. The Seat-to-Head Translational Vibration Transmissibility I

from 1 to 50 Hz of a Single Subject Sitting in 8 Postures from Slouched to Erect [4]
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determining the effect of vibration on control tasks
involving the hands. With continuous control tasks
this vibration, often called feedthrough or break-

through, produces a component in the tracking error
record that is often the principal error component.
The transmission of vibration from seat to shoulder
and hand has been reported C21, 22~ . Both the levels
of vibration at the hand and their significance are
system-dependent and vary according to such factors
as control dynamics.

The transmission of high levels of vibration to the
hand from hand-held tools can cause injury -- most

notably Vibration-induced White Finger or Raynaud’s
phenomenon of occupational origin. This injury

has stimulated various studies of the mechanical

impedance of the hand-arm system [23, 24] , the
transmission of vibration to the hand and arm [25,
26] , and the measurement of energy absorbed by
the hand [23, 24, 27-29] . It has been shown that

the point impedance of the hand is dependent on
arm position, grip, push force, and the axis of vibra-
tion [23, 24, 30] . Various models of the hand-arm
system have been devised [23, 24, 31-33] .

MODELS OF BIODYNAMIC RESPONSE

Biodynamic models might be devised for a variety
of purposes. For example:

Figure 2. Transfer Functions (Modulus and Phase) between Vertical (z-axis) Seat Vibration
and Translational (Fore-and-Aft, Lateral and Vertical and Rotational (Roll, Pitch and Yaw)

Head Motion. (Previously Unpublished Data from One Subject Using a Hard Flat Seat
without Backrest and Measuring Head Motion with a Bite-bar)
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Type (i). To predict movement or forces caused

by situations too hazardous for an

experimental determination
Type (ii). To predict movement or forces caused

by situations too numerous and

varied for experimental determination

Type (iii). To understand the nature of body
movements

Type (iv). To provide information necessary for
the optimization of isolation systems

’ and the dynamics of other systems
coupled to the body

Type (v). To determine standard impedance con-
ditions for the vibration testing of

systems used by man
Type (vi). To provide a convenient method of

summarizing average experimental bio-
dynamic data

Type (vii). To define variables affecting biody-
namic response

All current models of the dynamics of the human
. 

body are highly restrictive in their application. They
are often a Type (vi) model proposed for use as a

Type (i), (ii), (iii), (iv) or (v) model. Models are

commonly based on point impedance data and apply
to single axis Translational vibration normal to the

point of contact.

One of the simplest and most used models in recent

years is that employed in the Dynamic Response In-

dex (DRI). The DRI model was originally evolved in

connection with the study of acceleration in the

headward direction from aircraft ejection seats. It is

a single-degree-of-freedom lumped parameter model
as shown in Figure 3. The damping ratio is 0.224,
and the natural frequency (can) is 52.9 rad/sec. The

Dynamic Response I ndex is defined as c~.in2 2 () max/g,
where Smax is the maximum deflection and g is

9.81 m/s2. An approximate relationship between
DRI values and the probability of spinal injury has
been established. 

,

I n the last few years it has been proposed that the
DRI should be extended to repeated shocks (from
1 to 20,000 shocks per day) so as to fill the gap
between single events and continuous vibration t341 .
It has also been suggested that the DRI, representing
a spinal model (w = 52.9 c = 0.224), should be
supplemented by a visceral model (w = 25.1 1 E = 0.4)
and a body vibration model (ú.) = 52.9 c = 1.0); see

Figure 4. A low frequency (motion sickness) model
(w = 1.571 ë = 1.0) has also been proposed. The max-
imum rms acceleration output from these four single-
degree-of-freedom systems would then be used to

calculate a total Vibration Ride Quality Index [35].

A more complex model than that used for the DR I
has nonlinear characteristics [9, 10] ; see Figure 5.
It has been suggested that this nonlinear model is

more appropriate when the injury potential of ex-

treme shocks is assessed and the response of the body

Figure 3. The Model Used for the Dynamic Response Index
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to combined vibration and steady-state acceleration
is predicted. A very different lumped parameter

model containing frequency-dependent damping
coefficients was earlier defined by Muksian and Nash
[3fit].

The use of absorbed power for predicting discomfort
due to whole-body vibration has been proposed over
many years [37] . The combined use of absorbed

power, a so-called Amplitude Frequency Distribution
(AFD) method, ’and a mechanical model with repre-

~ 

sentative response has also been proposed [38] .

An Internatiorlal Standard [39] soon to be published
will define the standard mechanical impedance of
man in three positions: sitting, standing, and lying
(see Figure 6). The modulus and phase of mechanical
impedance predicted by three different models

corresponding to the three different postures are

compared with some experimental data. The experi-
mental data used to derive parts of the standard

are sparse, and doubts exist concerning the limits
of application of these data. For example, it is not

known how the presence of a backrest modifies the

impedance of a seated person; nevertheless, the

standard serves to emphasize that the body cannot
be considered a rigid mass at frequencies above

Figure 5. Multi-Degree-of-Freedom Nonlinear Model
of the Sitting Human Body [9, 10]

I 

Figure 4. Ride Quality Model Proposed by Payne [35]
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