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ABSTRACT 

Objective: This paper studies the method of measuring whole-body vibration in the car and terms associated. Background: 

Human exposure to vibration can be broadly classified as localized and whole-body vibration. The whole-body vibration 
affects the entire body of the exposed person. It is mainly transmitted through the seat surfaces, backrests, and through the 

floor to an individual sitting in the vehicle. It can affect the comfort, performance, and health of individuals. Method: Human 

responses to whole-body vibration can be evaluated by two main standards such as ISO 2631 and BS 6841. The vibration is 
measured at 8 axes - three translations at feet, 3 translations of hip and two translations of back proposed by Griffin. B&K's 

sensors used in this study are the 3-axes translational acceleration sensor to measure the translational accelerations at the hip, 

back and foot. Results: The parameters associated with the whole-body vibration in the car are frequency weightings, 
frequency weighted root-mean-square, vibration dose values, maximum transient vibration value, seat effective amplitude 

transmissibility, ride values and ride comfort. Conclusion: Studied the evaluating methods of vibration exposure and ride 

comfort. Application: Evaluation of whole-body vibration in the car. 
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1. Introduction 

In recent years, there has been the increase of possibilities 

in getting exposed to vibration and impact caused by living 

environment, working environment, and riding environment 

such as cars, vessels and flights. A comfortable ride is 

essential for a vehicle to obtain passenger satisfaction (Park 

et al., 1997, 1998, 2001; Kim et al., 2001; Nahvi et al., 

2006). There have been lots of studies attempted to identify 

factors contributing to the ride quality (Parsons and Griffin, 

1983; Pardko and Lee, 1966; Reed et al., 1991; Wambold, 

1986; Park et al., 1998; Kim et al., 2001). Ride comfort is a 

very important problem in vehicle design as well as in 

vehicle judgment (Valasek et al., 2008; Park et al., 1998, 

1998a; 2001). Seating comfort is associated with the various 

factors such as dynamic, postural, visual, sonic, and thermal 

comfort. Among these types of comfort, one of the principal 

components of a vehicle environment which can affect 

passenger's comfort is vibration (Reed et al., 1991; Park et 

al., 1997, 1998; Paddan and Griffin, 2002). 

Vibration transmission to passengers has a large influence 

on comfort, performance, and health (Griffin, 1990). 

Vibration also affects passenger's ability to carry out tasks, 

such as eating, reading and writing. Under more extreme 

conditions vibration will have psychological and physio- 
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logical effects, such as motion sickness, headaches, and even 

chronic health effects (Hostens, 2004). Human exposure to 

vibration can be broadly classified as whole-body and 

localized vibration. Whole-body vibration is defined as a 

motion transmitted to the human body as a whole through 

supporting surfaces, as opposed to vibration directed more 

locally, such as hand-arm vibration. It is important to 

under-stand the effects of whole-body vibration, because 

millions of people expose themselves to it every day while 

working and commuting (Palmer et al., 2003; Hostens, 2004; 

Mansfield, 2005). There are literally many publications 

relating to whole-body vibration. The effects of whole-body 

vibration on a human body have been a subject of interest 

at least since the early 20th century (Griffin, 1990; Mansfield, 

2005). Whole-body vibration mainly transmitted through 

the seat surfaces, backrests, and through the floor to an 

individual sitting in the vehicle (Park et al., 1998). The 

whole-body vibration can affect the comfort, performance, 

and health of individuals (Griffin, 1990). The comfort and 

health relate in many ways. The methods used for health 

evaluation are mainly based on perception and comfort 

studies (Mansfield, 2005). Thus the method for evaluating 

the health effects is the same as for evaluating comfort. 

When developing car seats, human health (Kelsey, 1975; 

McLain and Weinstein, 1994; Necking et al., 1992; Troup, 

1978) and comfort (Dupius and Zerlett, 1986; Griffin, 1990; 

Park et al., 1997, 1998a) are important design considerations. 

There have been several experimental test methods devel- 

oped for evaluating seat vibrational comfort (Giacomin and 

Bracco, 1995; Meier et al., 1998; Staszewski and Giacomin, 

1997; Park et al., 2001). 

Human responses to whole-body vibration can be 

evaluated by two main standards such as ISO 2631 (ISO 

2631, 1997) and BS 6841 (BS 6841, 1987). The ISO 2631 

is to define methods of quantifying whole-body vibration 

in relation to human health and comfort, the probability of 

vibration perception, and the incidence of motion sickness. 

The ISO 2631-1 concerns human exposure to whole-body 

vibration due to mechanical vibration and shock. The ISO 

2631-2 concerns human exposure to whole-body vibration 

and shock in buildings with respect to the comfort and 

annoyance of the occupants. The frequency range considered 

is 0.5Hz to 80Hz for health, comfort and perception, and 

0.1Hz to 0.5Hz for motion sickness. The ISO suggests 

vibration measurements in the three translational axes on 

the seat pan, but only the axis with greatest vibration is used 

to estimate the vibration severity. The BS 6841 considers a 

frequency range 0.5Hz to 80Hz. The BS standard recom- 

mends measuring four axes of vibration on the seat and 

combines them in an evaluation that assesses the vibration 

severity. It is important to know the method of measuring 

vibration and terms associated with vibration. This paper 

studies the whole-body vibration in the car which constitutes 

one aspect of the physical environment that can cause 

discomfort to passengers. 

2. Method 

Evaluation of the effects from whole-body vibration 

requires measurement of the vibration in the form of 

acceleration. Based on the standards the vibration is 

measured between a human body and a vibrating platform. 

Figure 1 shows the experimental setup for measuring the 

whole-body vibration at the feet, hip and back. The vibration 

is measured at 8 axes - three translations (Xf, Yf, Zf) at feet, 

3 translations (Xs, Ys, Zs) of hip and two translations (Xb, 

Zb) of back. Such measuring scheme is based on that 

proposed 1990 by Griffin, except that four minor axes are 

omitted. These omitted 4 axes (3 rotations of hip and 

y-translation of the back) showed a small contribution on the 

ride values (Park et al., 1998). Generally 12-axis measuring 

system is accepted in the vehicle industry and adopted by 
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Figure 1. Schematic configuration for the measurement of 
whole-body vibration (Park et al., 1998) 
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BS 6841. 

There are numerous sensors used in the whole-body 

vibration studies. B&K's sensors are most commonly used 

in the whole-body vibration studies, they are the 3-axes 

translational acceleration sensor to measure the translational 

accelerations at the hip, back and foot. The acceleration of 

the foot is generally measured by B&K 4326 accelerometer 

and the accelerations of the hip and back are measured by 

B&K 4322 accelerometer. The output signal are amplified 

through B&K 8-channel charge amplifier Type 5974 and 

are recorded with 1 kHz sampling rate by 16-bit digital 

recorder (Sony DAT 216A) (Park et al., 1998). 

3. Analysis 

3.1 Frequency weightings 

The manner in which vibration affects health, comfort, 

perception and motion sickness is dependent on the vibration 

frequency content (Griffin, 1990). There have been several 

experimental test methods developed for evaluating seat 

vibrational comfort. However, the comfort rating was deter- 

mined by means of the frequency weighting filters defined 

in ISO 2631 and BS 6841 standards. As ISO 2631 and BS 

6841 indicate, the human response to vibration differs by 

the axes and frequency of the vibration. The weightings 

have been derived from the study by Griffin (Griffin, 1990). 

The subjects' responses are used to determine the 

equivalent comfort contours. The inverse of such curves 

form the 'frequency weighting functions'. There are different 

frequency weightings are required for the different axes of 

vibration. In order to minimize the number of frequency 

weightings for axes, some are used for more than one axis 

with different 'axis multiplying factors'. Therefore, frequency 

weightings are composed of 4 functions: Wb, Wc, Wd, We. 

The weighting functions and axis multiplying factors used 

for 8-axis are described in Table 1 and Figure 2. 

3.2 Root-Mean-Square 

The vibration evaluation according to the ISO 2631 shall 

always include measurements of the weighted root mean 

square (R.M.S) acceleration. The R.M.S. method is a 

statistical measure of the magnitude of a varying quantity. 

It is especially useful for calculating mean of values which 

are both positive and negative acceleration signal, as the 

method weights each value as positive. The weighted R.M.S 

acceleration is expressed in terms of meters per second 

squared for translational vibrations and radians per second 

squared for rotational vibrations. ISO 2631 evaluates the 

vibration transmitted to the body through the supporting 

surfaces. The ride comfort as per ISO 2631 is evaluated 

using frequency weighted r.m.s. acceleration and is defined 

by (Eqn.1): 
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Where, a (t) is the frequency-weighted acceleration time 

Table 1. Weighting functions and axis multiplying factors 
(BS 6841, 1987) 

Position Weighting function 
(wi) 

Axis multiplying factors
(mi) 

Xf wb 0.25 

Yf wb 0.25 

Zf wb 0.40 

Xs wd 1.00 

Ys wd 1.00 

Zs wd 1.00 

Xb wc 0.80 

Zb wd 0.40 

Figure 2. British standard frequency weighting function 
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history; T is the duration of the measurement, in seconds. 

3.3 Running r.m.s method 

The running r.m.s evaluation method takes into account 

occasional shocks and transient vibration by use of a short 

integration time constant. The vibration magnitude is defined 

as a maximum transient vibration value (MTVV), given as 

the maximum in time of aw (t0), defined by the equation 

(Eqn.2). The maximum transient vibration value (MTVV) 

is defined as (Eqn.3): 
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Where, aw(t) is the instantaneous frequency-weighted 

acceleration; τ is the integration time for running averages; 

t is the time (integration variable); t0 is the time of 

observation (instantaneous time). 

3.4 Vibration Dose Value (VDV) 

When the motion of a vehicle includes shocks or 

impulsive velocity changes, the VDV is considered more 

suitable for vibration assessment (BS 6841, 1987; Griffin, 

1998; Paddan and Griffin, 2002). It gives a measure of the 

total exposure to vibration, taking into account the magni- 

tude, frequency, and exposure duration. The VDV reflects 

the total, rather than the average, exposure to vibration over 

the measurement period and is considered more suitable 

when the vibration signal is not statistically stationary 

(Griffin, 1998; Paddan and Griffin, 2002). It is calculated 

by the fourth root of the integral with respect to the time of 

the fourth power of the acceleration after it has been 

weighted (Eqn.4). The use of the fourth-power method 

makes the VDV more sensitive to peaks in the acceleration 

waveform (Griffin, 1990, 1998). 
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Where, a (t) is the frequency-weighted acceleration time 

history, and T is the period of time over which vibration 

occurs (BS 6841, 1987; ISO 2631, 1997). 

3.5 Ride value 

The ride quality is essentially a subjective matter and 

each individual's comfort level may be different for the 

same vibration. It is, therefore, not easy to represent the 

ride value as a quantity. However, many researchers have 

tried to quantify the ride value and developed many ride 

values. In this study, we evaluate the ride values such as the 

component ride value, the overall ride value and the seat 

effective amplitude transmissibility (Parsons and Griffin, 

1983; Griffin, 1990; Park et al., 1998; Kim et al., 2001). 

3.5.1 Component ride valve 

As per Griffin 1990, the component ride value is defined 

as the effective magnitude of vibration at a single point 

(contact point between the human and the seat) and in a 

single axis after it has been weighted for frequency and axis 

according to human sensitivity. To obtain the component 

ride value, power spectral density is multiplied by weighting 

function for each axis and integrated, then its square root is 

multiplied by axis multiplying factor as Eqn. (5). These 

values enable to evaluate the relative contributions of each 

axis (Griffin, 1990; Park et al., 1998; Kim et al., 2001). 
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Where, mi is the axis multiplying factor; Pii (f) is the 

power spectral density of each axis; wi is the weighting 

function of the each axis. 

3.5.2 Overall ride valve 

As per Griffin 1990, the overall ride value is defined as 

the effective magnitude of vibration occurring in one or 

more axes and input positions after it has been weighted 

for frequency, axis and input position according to human 

sensitivity. The overall ride value is evaluated as the 2-norm 

of the component ride value as Eqn. (6). Since this value 

gives total vibration level, it is adequate for making simple 
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comparisons between vehicles with different suspension 

and seat, etc. We can say the seat having the highest overall 

ride value would be expected to be the most uncomfortable 

seat from the viewpoint of vibration (Griffin, 1990; Park et 

al., 1998; Kim et al., 2001). 
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3.5.3 Seat Effective Amplitude Transmissibility (SEAT) 

value 

SEAT values is the ratio of the vibration experienced on 

the top of the seat and the vibration that one would be 

exposed to when sitting directly on the vibrating floor. SEAT 

values have been widely used to determine the vibration 

isolation efficiency of a seat. SEAT values can be used to 

determine how well a seat attenuates vibration from the 

floor. SEAT value is defined as the weighted vibration ratio 

between Zf of the floor and Zs of the hip as Eqn. (7), where 

Pss (f) and Pff (f) are the seat and the floor acceleration 

power spectra, and Wb is the same weighting function in 

both the numerator and denominator (Griffin, 1990; Niekerk 

et al., 2003), which is the weighting for vibration on the 

seat. Even though some studies have used the SEAT value 

as a predictor for dynamic seat comfort (Van der Westhuizen 

and Van Niekerk, 2006), it is designed and mainly used for 

evaluating characteristics of a seat damping. SEAT value 

greater than 1 means the vibration discomfort has been 

increased by the seat, SEAT value lower than 1 indicates 

that the level of vibration is reduced by the seat (or) useful 

isolation provided by the seat (Griffin, 1990; Park, 1998; 

Kim, 2001). 
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3.6 Ride comfort 

The SEAT value is a measure of how well the trans- 

missibility of a seat is suited to the spectrum of entering 

vibration, taking into account the sensitivity of the seat 

occupant to different frequencies. SEAT values less than 

100% indicate isolation or attenuation of vibration. It allows 

for the comparison of seat performance on a variety of 

road surfaces (BS 6841, 1987). 

Seat-isolation performance was indicated by SEAT values, 

which can be calculated from the frequency-weighted r.m.s 

accelerations (Eqn. 8) on the seat surface and seat base, aseat 

and abase, respectively (Griffin, 1990). 
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Current standards recommend that if the input motion 

contains shocks, the SEAT value is determined using the 

VDV (Eqn. 9) on the seat surface and seat base, VDVseat, 

and VDVbase as (BS 6841, 1987; ISO 2631, 1997). 
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4. Conclusion 

The whole-body vibration can affect the comfort, perfor- 

mance, and health of individuals. This paper studied the 

method of measuring whole-body vibration in the car and 

terms associated with vibration. As specified in ISO 2631, 

the relationship between the ride comfort and whole-body 

vibration were modeled using frequency weightings and 

RMS averaging. As of ISO 2631, VDV and the MTVV 

were used to assess vibration transmitted to the passengers. 

The ride values such as the component ride value and the 

overall ride value were evaluated based on acceleration 

root-mean-square. The seat qualities were investigated with 

the SEAT value. The ride comfort was quantified using 

either the RMS or the VDV. 
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