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Dynamic characteristics of a compliant seat
coupled with the human body and a manikin

during the exposure to the whole-body vibration:
effect of the polyurethane foam, the track position
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Transmissibility is used to assess dynamic responses of the occupant-seat system, and most studies have exclusively assessed the
transmissibility from the floor to the cushion or the backrest surface with the human body. In this investigation, the vertical vibration
transmitted from the floor to six specific locations both on the seat surface and the frame when the seat was fixed on three positions on
the track was examined utilizing an SAE J826 manikin and 12 male adults (0.25 to 20 Hz) for a duration of 120 seconds at three vibra-
tion amplitudes. The transmissibility from the floor to the headrest frame, the cushion surface, the headrest surface, the seat back frame,
and the seat back surface all exhibited a principal peak frequency within 4–5 Hz. With the exception of the cushion frame, the principal
peak frequency and the peak transmissibility in transmissibilities to all positions decreased with increasing vibration amplitude, indicat-
ing the non-linearity within the occupant-seat system. It was also found modifying seat track positions minimally affected the seat trans-
missibility to either the surface or the frame of the seat. Polyurethane foam amplified vibration at peak frequency, simultaneously en-
hancing static sitting comfort and reducing the vertical vibration transmission above peak frequency.
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1. Introduction

Whole-body vibration is experienced by vehicle
drivers and passengers during various transportations
[12]. These vibrations can cause discomfort and health
risks, including tiredness, fatigue, musculoskeletal dis-
orders, cardiovascular diseases and neurological disor-
ders [1], [22]. Therefore, understanding the vibrations
transmitted through seats is necessary to minimize the
riding discomfort and reduce the health risks.

The transmissibility of seats characterizes the degree
to which the vibration amplitude is either amplified or

attenuated as it is transmitted through the seat across
different frequencies [8]. Typically, car seats loaded with
a human body exhibit a principal vertical peak fre-
quency approximately between 4 and 5 Hz, occasionally
accompanied by a secondary peak frequency within the
9–12 Hz [1]. The seat transmissibility is dependent on
the dynamic responses to the vibration of both the seat
itself and the occupants [19]. Therefore, the seat trans-
missibility can be influenced by various factors that
impact either the biodynamics or the seating dynam-
ics. The biodynamic responses can be characterized
by the apparent mass and the seating dynamics can be
characterized by the dynamic stiffness, which is asso-
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ciated with factors like the cushion thickness and the
material property, etc [14], [15].

Seat transmissibility can be measured along any
axis or at any point (e.g., on the cushion surface or
seat back surface) and is assessed by comparing seat
acceleration to that on the floor. Yao et al. [24] intro-
duced an indirect approach to forecast seat transmissi-
bility, where they derived the seat transmissibility of
the cushion surface without subjecting individuals to
vibration. This method combined measurements of the
seat’s dynamic stiffness alongside apparent mass to
forecast the vertical seat transmissibility of the cush-
ion surface.

The transmissibility of seats can be influenced by
various factors, including the amplitude or spectrum
of the vibration, the seat (e.g., the dynamic properties
of the foam and seat structures) and the anthropomet-
ric parameters [3], [5], [25]. The majority of research
on seat transmissibility has focused on the vertical
transmissibility from the floor to the interface beneath
the ischial tuberosities, presuming that the primary
factor affecting the ride quality is the vertical trans-
missibility to the cushion [17]. Although the headrest
may stabilize head movements and affect the seat-to-
head-transmissibility, studies on vibration transmitted
to car seat headrests or the frame are scarce. Further-
more, reports on vibration transmission to positions on
a seat frame are also limited.

Car seats are frequently equipped with mechanisms
to adjust the seat back inclination, the fore-and-aft posi-
tion, the cushion angle or the seat height to accommo-
date occupants of varying sizes and provide flexibility
for different sitting postures [26]. These adjustments
are combined in modern seats by moving along the
track mechanism in the seat system. Studies have re-
ported the significant impact of cushion and seat back
inclinations on the apparent mass [20] and a finite
element (FE) model of the seated human body was
established to calculate the biodynamic response of the
lumbar spine with three inclined backrests under whole-
body vibration [7]. However, to the best of the authors’
knowledge, the impact for seat track positions on seat
transmissibilities remains uncertain.

Vertical vibration transmitted to the cushion sur-
face can be measured with a rigid mass, although sig-
nificant differences between measurement with a rigid
mass and with a human body are observed [19]. In
comparison with the use of rigid masses for the test,
the manikin may better represent the mass distribution
supported on the cushion and the seat back [9]. The
utilization of SAE manikin for seat transmissibility
measurement is intriguing as it enables the compari-
son between transmissibility derived from manikin

and that measured from human subjects and facilitates
calibration of seat models.

The present study aimed to examine the vertical
vibration transmission from the floor to the headrest, the
cushion, and the backrest of a car seat, employing twelve
participants and the SAE J826 manikin. Further-
more, measurements were taken to evaluate the vibra-
tion transmission to the seat frame, providing insight
into the mechanisms underlying vibration propagation
through the seat structure. The effect of seat track posi-
tion on the vibration transmitted to either the surface
or the frame was also investigated.

2. Materials and methods

In this investigation, a seat sourced from a car
was employed, featuring a reclining seat back angled
at approximately 25 degrees from the vertical plane,
and with a cushion inclined at 6 degrees from the
horizontal plane (Fig. 1). All three components (i.e.,
the headrest, the backrest and the cushion) of the seat
were constructed with polyurethane foam covered by
leather covers fixed to the metal frame. The seat was
mounted onto the motion simulator, and the vibra-
tions were measured at the floor, the cushion frame,
headrest frame and backrest frame using four Entran
EGCS-DO-10V accelerometers (sensitivity: 100 mV/g).
Additionally, accelerations on the headrest, the back-
rest and the cushion surface were measured with tri-
axial SIT-pads embedded with Entran EGCS-DO-10V
accelerometers within rubber molds, meeting ISO
10326-1 (1992) specifications (Fig. 1a, b). This design
allowed the SIT-pads to effectively adapt to the elastic
deformation between the human body and the foam,
thereby reducing the noise and accurately measuring
acceleration on soft parts. Signals were sampled at
512 samples per second.

The study enlisted twelve adult volunteers, whose
anthropometric parameters are detailed in Table 1. Each
participant underwent three 120-second vibration ex-
posures characterized by random vertical vibration
with amplitudes of 0.4, 0.8 and 1.2 m/s2, featuring
nearly constant-bandwidth acceleration spectra rang-
ing from 0.25 to 20 Hz. These vibrations were experi-
enced while seated at three different positions along
the seat track: the rearmost and lowest, the foremost
and highest, and at a mid-height and mid-fore-aft po-
sition, as shown in Fig. 2. Concurrently, electronic
weighing scales were employed to measure the weight
supported by both the feet and lower legs at each seat
track position, enabling the calculation of the partici-
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pant’s sitting weight (i.e., total body weight minus the
weight of the feet and lower legs), as shown in Table 1.
For the manikin test, a winch was employed to recline
the manikin until alignment was achieved with both
the seat’s central line and the H-point. The accelera-
tion was measured at the following locations: (1) cush-
ion surface, (2) cushion frame, (3) seat back surface,
(4) seat back frame, (5) headrest surface, (6) headrest
frame, as shown in Fig. 1.

Fig. 2. Seat movement along the track.
F – the highest and foremost position, M – mid-mid position,

R – lowest and rearmost position

Before collecting data, participants were provided an
informed consent forms detailing the objectives, proce-
dures and potential risks of the experiment. The experi-
ment was approved by the Human Experimentation
Safety and Ethics Committee. All participants were in-
formed about the nature of the experiments and their
right to withdraw at any time without facing any conse-
quences. The vibration conditions were controlled and
checked in the preliminary study, with vibration dose
values deemed acceptable based on BS6841 standards.

This study involved six seat transmissibilities:
1. TScs and TPcs, defined as the transfer functions be-

tween the acceleration on the floor and the accel-
eration on cushion surface;

2. TScf and TPcf, defined as the transfer functions be-
tween the acceleration on the floor and the accel-
eration on cushion frame;

3. TSbs and TPbs, defined as the transfer functions be-
tween the acceleration on the floor and the accel-
eration on seat back surface;

4. TSbf and TPbf, defined as the transfer functions be-
tween the acceleration on the floor and the accel-
eration on seat back frame;

5. TShs and TPhs, defined as the transfer functions be-
tween the acceleration on the floor and the accel-
eration on headrest surface;

(a) (b)

(c) (d)

Fig. 1. The test schematic: (a) SIT-pad locations on the seat surface, (b) measurement locations on seat frames,
(c) the seat with a participant seated, (d) the seat with an SAE J826 manikin seated
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6. TShf and TPhf, defined as the transfer functions be-
tween the acceleration on the floor and the accel-
eration on headrest frame.
TS denotes the seat with an SAE J826 manikin

seated, while TP denotes the seat with a participant
seated.

3. Results

3.1. Seat transmissibility
measured with a manikin

The TScs is depicted in Fig. 3a, exhibiting a principal
peak frequency around 8 Hz and a secondary peak fre-
quency at approximately 12 Hz. Both peak frequencies
and transmissibilities decreased as vibration amplitude
increased. As illustrated in Fig. 3b, the TScf showed
a slight peak frequency around 8 Hz. Notably, trans-
missibility remained close to unity for frequencies
below 20 Hz, aside from a minor peak around 8 Hz.

Fig. 3. The impact of vibration amplitudes on (a) TScs and (b) TScf

With increasing the vibration amplitude, similar to TScs,
there was a decrease observed in both the principal
peak frequency and transmissibility at around 8 Hz.

The TSbs exhibited a principal peak frequency at
approximately 9 Hz and an additional peak at around
12 Hz (Fig. 4a). As vibration amplitudes increased, there
was a significant decrease observed in peak frequen-
cies. The TSbf is depicted in Fig. 4b. At frequencies
below 20 Hz, the transmissibility was nearly unity, with
the exception of two slight peak frequencies observed
at approximately 8 Hz and 14 Hz. The principal peak
frequency decreased with increasing vibration ampli-
tude, paralleled by a reduction in peak transmissibility.

Fig. 4. The impact of vibration amplitudes on (a) TSbs and (b) TSbf

3.2. Seat transmissibility
measured with the human body

3.2.1. Impact of vibration amplitudes
on seat transmissibilities

When the seat was positioned at the mid-mid track
location, the median transmissibilities from the floor

Table 1. The participants’ anthropometric parameters

Sitting weight for each seat position [kg]Participant
number

Height
[cm]

Weight
[kg]

Age
[years] foremost mid rearmost

1 170.0 60.0 29.0 47.2 45.3 49.7
2 197.0 107.0 25.0 83.1 82.2 86.9
3 172.0 74.0 24.0 55.9 51.3 53.3
4 181.0 76.0 24.0 54.3 54.2 54.6
5 176.0 81.0 58.0 61.8 60.3 64.2
6 182.0 87.0 24.0 55.1 53.8 53.8
7 194.0 86.0 25.0 67.8 65.2 65.1
8 169.0 66.0 44.0 50.9 48.5 53.1
9 176.0 58.0 23.0 46.9 45.2 49.5

10 170.0 65.0 56.0 53.2 51.1 54.9
11 186.0 80.0 56.0 62.9 61.6 64.8
12 180.0 70.0 25.0 55.9 56.5 59.6

Average 179.4 75.7 35.4 57.9 56.3 59.1
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to six locations with different vibration amplitudes were
depicted in Figs. 5–7. Statistical analysis was conducted
using SPSS (version 21) with non-parametric statis-
tics. The statistical significance of difference in the seat
transmissibilities with various seat conditions was cal-
culated using the Friedman two-way analysis of vari-
ance method. The significance level, indicated by the
p-value, was taken to indicate statistical significance
when it was less than 0.01.

Fig. 5. The impact of vibration amplitudes on (a) TPcs and (b) TPcf

Fig. 6. The impact of vibration amplitudes on (a) TPbs and (b) TPbf

Fig. 7. The impact of vibration amplitudes on (a) TPhs and (b) TPhf

The median TPcs revealed a principal peak frequency
around 5 Hz (Fig. 5a). The principal peak frequency
exhibited a decrease with increasing vibration am-
plitude ( p < 0.01), accompanied by a corresponding
decrease in peak transmissibility ( p < 0.01). In Fig-
ure 5b, it was shown that, based on the TPcf it can be
observed that the transmissibility remained nearly unity
below 20 Hz, except for a minor peak frequency
within 4–5 Hz. The peak frequency, as well as the
peak transmissibility, showed no statistically signifi-
cant impact from vibration amplitudes ( p > 0.05).

The TPbs was illustrated in Fig. 6a and the peak
frequencies were observed at approximately 4 to 5 Hz.
Both the peak frequency around 4 to 5 Hz ( p < 0.01)
and the peak transmissibility decreased with increas-
ing the vibration amplitude ( p < 0.01). Peak frequen-
cies could also be observed at approximately 4 Hz for
the TPbf (Fig. 6b). In the TPbf and TPbs, as vibration
amplitude increases, both the peak frequency and the
peak transmissibility demonstrate a marked decrease
( p < 0.01).

In Figure 7a, a notable peak frequency at 5 Hz
observed for the TPhs was shown. Both peak frequen-

Table 2. The impact of vibration amplitudes on various seat transmissibilities at three seat track positions

Seat track positionTransmissibility from
floor to: (F) Foremost (M) Mid (R) Rearmost

Cushion surface ** ** **
Cushion frame – – –
Seat back surface ** ** **
Seat back frame ** ** **
Headrest surface ** ** **

Principal peak
frequency

Headrest frame ** ** **
Cushion surface ** ** **
Cushion frame – – –
Seat back surface ** ** **
Seat back frame ** ** **
Headrest surface ** ** **

Peak transmissibility

Headrest frame ** ** **

“**” denotes results with significant differences ( p < 0.01), “–” denotes results with no significant differences.
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cies ( p < 0.01) and peak transmissibilities exhibited
a decrease with the increase of vibration amplitude
( p < 0.01). For both the TPhs and TPhf, it was ob-
served that the principal peak frequency decreased as
vibration amplitudes increased, accompanied by a de-
crease in peak transmissibility ( p < 0.01).

3.2.2. Impact of seat track positions
on seat transmissibilities

During the measurement, the inclination of the
cushion varied from 3 to 10 degrees, and the inclina-
tion of the seat back ranged from 21 to 29 degrees, as
the seat moved from the highest and foremost posi-
tion to the lowest and rearmost position. Although
the sitting weight and the sitting posture of each par-
ticipant varied when the seat moved along the track
at three positions, the Friedman two-way analysis of
variance showed the variation in seat track positions
had little impact on either peak frequencies ( p > 0.05)

Fig. 8. The impact of seat track positions on (a) TPcs and (b)TPbs
(vibration amplitude = 0.8 m/s2)

or the peak transmissibilities ( p > 0.05) of all the
measured six transmissibilities, as depicted in Table 3.
The median TPcs and TPbs were illustrated in Fig. 8
as two examples for the investigation of the effect
of seat track positions on the measured transmissi-
bilities.

3.3. Comparing seat transmissibilities
between the measurement

with the human body
and the manikin

Distinct differences were displayed for the meas-
ured transmissibilities between with participants and
with a manikin, and four examples were depicted in
Fig. 9. When the seat was loaded with the manikin,
TScs exhibited two peak frequencies at approximately
8 and 12 Hz, whereas with participants, the principal
peak frequency was around 4 Hz (Fig. 9a). For the
TSbs, two peak frequencies at about 8 and 12 Hz were
observed (Fig. 9b). Yet the transmissibilities dis-
played peak frequency at about 5 Hz when measured
for participants. Similar differences were observed
between TScf and TPcf, and between TSbf and TPbf.
Furthermore, there were slight variations in the coher-
encies associated with the transmissibilities between
the human and the manikin, particularly regarding
the transmissibilities from the floor to the seat back
surface, where the coherency of the transmissibil-
ity with the manikin decreased with increasing fre-
quency.

Table 3. The impact of seat track positions on seat transmissibilities at three vibration amplitudes

Vibration amplitudeTransmissibility
from floor to: 0.4 m/s2 0.8 m/s2 1.2 m/s2

Cushion surface – – –
Cushion frame – – –
Seat back surface – – –
Seat back frame – – –
Headrest surface – – –

Principal peak frequency

Headrest frame – – –
Cushion surface – – –
Cushion frame – – –
Seat back surface – – –
Seat back frame – – –
Headrest surface – – –

Peak transmissibility

Headrest frame – – –

“**” denotes results with significant differences ( p < 0.01), and “–” denotes results with no significant differences.
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4. Discussion

4.1. Seat transmissibility
with the human body

A principal peak frequency was found within 4–5 Hz
in TPcs, consistent with the previous study [6]. The peak
frequency around 4–5 Hz was less clear in the TPcf

than in the TPbf or TPhf, suggesting the pathway of
vibration transmission from the floor to the cushion
frame can be considered to be close to rigid and the
seat foam could significantly influence the vibration
transmission through the seat structure to seated
human body (Figs. 5b, 6b and 7b). A reduction in
principal peak frequencies with increasing vibration
amplitudes was observed for all measured transmissi-
bilities, except for the TPcf, accompanied with a cor-
responding decrease in the peak transmissibility
(Figs. 5–7). This suggests that the occupant-seat sys-
tem exhibits non-linear characteristics in terms of the
vibration amplitude. Kim et al. [8] reported similar
findings regarding the transmission of horizontal vibra-
tion to vehicle seats. Furthermore, nonlinearities were
observed in apparent masses measured at the seat back
or the cushion, varying with vibration amplitudes [11],
[16], [23]. Since the dynamic stiffness of seats de-
creases as vibration amplitudes increase, the non-
linearity of the occupant-seat system may arise from
both the non-linearity of the seat itself and the non-

linearity of the occupant. Yet, further quantification is
needed to determine their respective contributions to
the non-linearity of the coupling occupant-seat system.

The TPcf exhibited near unity at frequency below
20 Hz, with a minor peak observed within a range
of 4–5 Hz (Fig. 5b). This indicates that the cushion
frame and the potentially suspension mechanism
primarily influenced the vertical vibration transmis-
sion to occupants. As frequencies approach 20 Hz,
there was a slight amplification observed in the
vibrations transmitted to both the frame and surface
of the cushion. Consequently, the supportive frame
may not be deemed rigid when simulating the dy-
namic characteristic of the seat at frequency ex-
ceeding 20 Hz. Comparable findings were evident
in the transmissibility between to the back surface
and to the seat back frame, as well as between to the
headrest surface and to the headrest frame, sug-
gesting the polyurethane foam played a dominant
role in transmitting vibration to occupants. This
aligns with prior studies indicating that the foam
enhances static sitting comfort while reducing vi-
bration transmission at high frequency but ampli-
fying vibration at peak frequency [4], [21]. Around
the peak frequency of 4–5 Hz, the TPbs typically
exhibited lower values compared to the TPcs (Figs 5b
and 6b). This discrepancy may stem from the com-
pliance of the connection between the frame of the
cushion and the backrest, as suggested by Vink and
Lips [21]. Similarly, the TPhs and the TPhf demon-
strated a similar pattern to that observed in the trans-
missibilities to the seat back.

Fig. 9. Comparison between: (a) the TPcs and the TScs, (b) the TPbs and the TSbs, (c) the TPcf and TScf ,
(d) the TPbf and the TSbf with a vibration amplitude of 0.8 m/s2 at mid-mid position
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4.2. Seat transmissibility
with a manikin

The TScs and the TSbs exhibited a principal peak
frequency at approximately 8 Hz, with the peak trans-
missibilities decreasing as the vibration amplitude
increased (Figs. 3 and 4). This suggests that the seat–
manikin system demonstrates the non-linearity across
different vibration amplitudes. Given that the manikin
comprises two rigid masses interconnected, the non-
linearity primarily stems from the characteristics of
the seat system itself. The conclusion aligns with the
findings that the dynamic stiffness of both the seat
backrest and the cushion decreased as the excitation
amplitude increases [28]. The vertical transmissibilities
exhibited distinct characteristics between participants
and the manikin. While the controlled static loading
provided by the manikin may be more suitable than
any arbitrary rigid mass, the utilization of the current
manikin in forecasting seat transmissibilities is deemed
inadequate due to its failure to accurately represent the
dynamics of occupants. This study indicates that ad-
justments in the structure and the weight distribution
are necessary when employing the manikin for the
substitution for the human body. A manikin with rep-
resentative dynamic responses mirroring those of seated
human bodies could serve as a standardized measure-
ment condition, obviating the need for human partici-
pants in seat tests and thereby mitigating the impact of
inter-subject variability.

4.3. Impact of seat track positions
on the occupant-seat system

Locking the seat at extreme track positions or
leaving it moved along the track may induce altera-
tions in the seating dynamics. In this investigation,
adjusting the seat track between the extreme positions
resulted in a change in the tilt angles of both the seat
back and the cushion. Studies showed the peak fre-
quency of the apparent mass measured on the seat
surface increased with increasing the inclination of the
rigid seat back [13]. It was also found that inclinations
of the compliant seat back could alter the peak fre-
quency and peak transmissibility in the transmissibil-
ity from the floor to the cushion surface, which was
likely attributable to the influence of the inclination of
the seat back on the biodynamic responses of the hu-
man body [27], since adjustments to the inclination of
the seat back could change the sitting posture and the
muscular force, thereby altering the vibration trans-

mitted to and through the human body [13]. Varia-
tions of the seat inclinations could potentially change
the distribution for the mass of the human body on the
cushion and against the seat back, thereby impacting
the seat back’s ability to restrict upper body move-
ments and consequently affecting the transmission of
vibrations to the upper body. The seated weights of
participants tended to be lower when positioned at the
middle track position (Table 1), yet statistical analysis
revealed seat track positions did not significantly af-
fect either the peak frequencies or the peak transmis-
sibilities. This finding aligns with prior research indi-
cating that while participant weight correlates strongly
with the apparent mass, it does not exhibit a strong
correlation with seat transmissibilities [20]. It seems
the combination of the changing factors mentioned
above (i.e., the seat inclination, the distribution of the
body mass, the sitting posture and the muscular force)
did not significantly affect either the peak frequencies
or the peak magnitude of seat transmissibilities and
might have opposing effects on the dynamics of the
occupant-seat system when adjusting the seat track
between the extreme positions.

4.4. Impact of the polyurethane foam
on seat transmissibilities

While the TPcf approached unity, a distinct peak
frequency and vibration amplification were observed
in the TPcs around 4–5 Hz (Figs. 5a, b). Similar phe-
nomena were also observed in the seat transmissibil-
ities to either the seat surface or the frame when meas-
ured with a manikin. Since the spring system is not
included in this full-depth polyurethane foam seat used
in the study, this suggests that the open-cell polyure-
thane foam plays a predominant role in the transmis-
sion of vibration to the manikin or the occupants. The
open-cell polyurethane foam is widely utilized in the
modern seats, and comprised of a polymer matrix
where the flow of the entrapped air could influence
both the dynamic and static properties of the foam [28].
The structure and property of the material forming the
cell walls determines the dynamics of the open-cell
polyurethane foam. Various factors, including the
density, thickness, yield strength, the stress–strain
relationship, and loading, may exert influence on
these properties [25]. For instance, the foam with
higher density demonstrates a tendency to attenuate
vibrations more quickly at frequencies beyond the
peak frequency in comparison to the foam with
lower density [10]. Apart from the effect on the seat
tranmissibilities observed in this study, the charac-
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teristics of open-cell polyurethane foam could also
affect both the static riding comfort and the sitting
posture, which together determine the subjective re-
sponse to the whole-body vibration. Therefore, further
research is necessary to assess the quantitative rela-
tionship between the subjective responses and the seat
transmissibility.

4.5. Implications for the seat design
and the riding discomfort

Previous research is primarily focused on the trans-
missibilities from the floor to the interfaces between
the seat and the human body [8], [17], [28], and the
influences of the vibration amplitude on the vertical
transmissibility from the floor to the frame of various
mechanisms of the seat has been systematically in-
vestigated in this study. It is revealed the transmissi-
bility to the surfaces and frames of either the seat back
or the headrest exhibit similar nonlinear trends, while
the transmissibility to the cushion surfaces and the
cushion frame shows evident differences. Future re-
search should encompass the vibration characteristics
of various seat frames, especially the cushion frame
and the joints between the backrest and seat cushion,
to comprehensively evaluate the mechanism of vibra-
tion propagation through the seat structure to the hu-
man body, especially to the head.

Moreover, the study demonstrates that the dynamics
of vehicle seats significantly influence the vertical vi-
brations experienced by seated occupants. Discomfort
due to vibrations is increased around the peak frequency
of approximately 5 Hz, whereas the attenuation of high
frequency vibrations contributes to the reduction of
the transmission in the vehicle. Future research could
employ the seat effective amplitude transmissibility
(SEAT) for evaluating and improving the seat dy-
namics. This approach aims to effectively reduce the
seat transmissibility at frequencies where vibrations
are pronounced and the body is sensitive to the vibra-
tion, thereby minimizing the vibration discomfort [2],
[18]. Furthermore, since this study showed that the
seat track position did not notably impact the vertical
seat transmissibility of the occupant-seat system, it is
necessary to further study the mechanisms through
which the seat track position influences the horizon-
tal cross-axis transmissibility, static sitting comfort, or
the influence of anthropometric parameters on seat
transmissibilities. This could enhance the understand-
ing of the dynamic interactions between the occupant
and compliant seats, as well as the seating discom-
fort.

5. Conclusions

The vertical vibration transmitted from the floor to
the cushion surface of the car seat with the human
body displayed a peak frequency of approximately
from 4 to 5 Hz. This peak frequency, along with the
peak transmissibility, decreased as the vibration am-
plitude increased, indicating the non-linearity exists
within the occupant–seat system under varying vibra-
tion amplitudes. The polyurethane foam material con-
tributed to the amplification of vibrations at the peak
frequency while enhancing static sitting comfort and
reducing vibration transmission at higher frequencies
in the vertical direction. Although the inclination an-
gles of the seat and the distribution of the body mass
were changed while moving the seat along the track
the seat track position had little significant impact on
the vertical vibration transmission to seats. The verti-
cal transmissibilities measured with the manikin ex-
hibited a significantly higher peak frequency com-
pared to those measured with human participants. This
indicated that the SAE J826 manikin employed in this
study needed to be further adjusted and recalibrated
for a substitute for the human body in measuring seat
transmissibility.
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