
INTRODUCTION

Today, comfort has become a major quality criterion
of cars. Comfort in a car is a complex phenomenon
and comprises such different aspects as, for exam-
ple, noise, driving behavior, or ease of handling. One
of the most important factors influencing passenger
convenience is thermal comfort. Therefore, car man-
ufacturers are paying a lot of attention to this aspect,
as can be seen by an increased application of air
conditioning in the car [1].
A particularly important aspect of vehicle comfort is
the seats. Seats do not only have to have an attrac-
tive design or meet specific design criteria for safety
reasons, they must also have optimum comfort prop-
erties. But seat comfort is much more than just pas-
senger convenience. Scientific findings show that the
performance of a driver over long distances signifi-
cantly decreases if the car seats do not support pos-
ture and heat balance as required. This leads to
exhaus tion and loss of concentration, which, in extreme
cases, could result in serious accidents [2, 3].
In addition to ergonomic considerations of comfort,
the climatic or thermophysiological comfort of the seat
is of particular importance. This indicates whether the
seat is able to support the thermoregulation of the
body via heat and moisture transport.

PARAMETERS OF SEATING COMFORT

From the physiological point of view, seat comfort
comprises the following four parameters [4]:
i. The initial heat flow following the first contact with

the seat. In other words; the sensation of warmth
or cold in the first few minutes or even seconds
after entering the car.

ii. The dry heat flow on long journeys, i.e. the
amount of body heat transferred by the seat.

iii. The ability known as “breathability” to transfer any
sweating away from the body. In so-called “normal
sitting situations” there is no perceptible perspira-
tion, but, nevertheless, the human body constant-
ly releases moisture (so-called ‘insensible perspi-
ration’), which has to be taken away from the body

iv. In the event of heavy perspiration (a car in the
summer heat, stressful traffic situations) the abili-
ty to absorb perspiration without the seat feeling
damp.

Warmth sensation

25% of human body is in contact with car seat and
the car seat acts as an extra layer of the clothing thus
the effecting parameter of the clothing comfort is the
same for car seat thermal comfort as well.
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The passenger is already sensing his first thermal
impression of a car seat while entering the vehicle.
This initial perception of warmth after sitting depends
on the thermal absorptivity of the car seat. It is effect-
ed by is its heat capacity of the car seat material.
Heat capacity is amount of heat required to raise its
temperature one degree. Heat capacity varies with
the mass of the cushion and the type of material.
Thermal conductivity is also another parameter of the
thermal absorbency and the thermal absorptivity
should be as low as possible; otherwise a car seat
feels cold in the winter time or hot during summer
[1, 5].
Although this initial feeling may last only a few min-
utes, it is nevertheless very important for the user’s
acceptance, as it is being repeated frequently. If a car
is used every day during the winter time and each
morning the driver is dissatisfied when entering the
car, acceptance can be significantly decreased.
During long journeys it is favorable if the seat offers a
high steady state heat flow, to minimize the tendency
to sweat , whereas for the initial perception a low heat
flux is required [3]. Hence a conflict arises between
these two scenarios.
This conflict can be overcome, because the cover,
which determines the initial perception, is only of
minor influence on the steady state heat flux, which is
mainly determined by the thermal insulation of the
seat. Owing to its greater thickness and, hence, high-
er thermal insulation in comparison to the cover, the
cushion becomes the dominant part.
On the other hand, the heat flux is also dependent on
the ventilation in the seat. Ventilation itself is deter-
mined by the design of the seat (side supports, sur-
face grooves), the elasticity and air permeability of
the cushion and, if present, a fan to enforce ventila-
tion [6]. 
For the car seats with heating, the dominant seat
components are the cover. Other than thermal prop-
erties of the car seat cover, heating power and its
position are of great importance [7, 8].
As a common material used in car seats, foams are
poor conductors of heat and have a low heat capaci-
ty. A thin layer of foam (plus cover) warms up to skin
temperature when driver sits on it, but does not draw
much heat from the body’s tissues. In warm environ-
ments, or during physical exercise, the body attempts
to lose heat but is prevented from doing so in the but-
tocks area and back rest due to the insulating foam
of the cushion. This region may therefore begin to
heat, resulting in uncomfortable dampness.
A car sit with impermeable foam can increase the
skin temperature 10 °C in 2 hours and increase of the
temperature of the skin will cause sweating [5].

Moisture sensation

The moisture sensation of the passenger is very
important for perceived overall seat comfort. In order
to achieve a dry microclimate, the ability, known as
‘breathability’, of the seat to transport any perspiration

formed away from the body is crucial. Not only under
warm summer conditions is good water vapour trans-
port necessary, but even when there is no perceptible
perspiration. The human body constantly releases
moisture, the so-called ‘insensible perspiration’. As
the skin is not totally water vapour tight, our body
loses on average 30 grams of moisture per hour.
Because a car seat covers large areas of the body,
the seat has to manage a large part of the perspira-
tion formed, and, hence, a considerable amount of
moisture [1].
Moisture accumulation results in discomfort and, in
some cases, an increased risk of soft tissue damage.
Many factors determine the causes and prevention of
moisture accumulation.
Generation of excessive quantities of heat can cause
the sweating. Sweat is normally generated to assist
in the thermoregulation of the body by the evapora-
tion of moisture to cool the surface of the skin.
Normally, sweating is suppressed locally by pressure.
However, sweating can occur in an uncontrolled
manner, independent of thermoregulation as insensi-
ble perspiration. 
Poor exchange of air is one of the reasons of mois-
ture accumulation if there is poor exchange of air in
the supported area and the supported area is ther-
mally insulated by the cushion, the interface temper-
ature can exceed 38°C, where upon sweating increas-
es rapidly with increasing temperature. So that use of
impermeable covers for car seat can increase the
moisture accumulation. If materials in close contact
with the skin do not “breathe” the sweat from body is
not being evaporated so that natural environmental
cooling cannot occur and resulting in more heat
build-up and more sweating.
Methods for preventing moisture build-up include the
use of cushion and cover materials that encourage
air exchange between the cushion and skin. Any
impermeable layer of car seat will be the barrier for
moisture transport and will make the complete struc-
ture impermeable so that uncomfortable. Cushions
with good heat dissipation characteristics help to
reduce moisture build-up, if they include absorbent
materials like wool or cotton, it helps to reduce mois-
ture build-up.
Some cushions naturally pump air that is trapped in
their structure when compressed. This effect can
contribute to maintaining comfortable moisture levels
at the cushion/skin interface, if the cushion is fitted
with an air permeable cover [5]. 
One solution to reduce the degree of discomfort can
be ventilation of the car seat. This can be the solution
of both sense of high temperature and the high mois-
ture. To be able to use the car with ventilation sys-
tems it is important that the car seat should have the
sufficient air permeability and should give the good
distribution of the air [9–12]. Suction or blowing of air
is also another parameter that may affect the flow of
air in car seats. 
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Insertion of a component blocking the transport of
moisture (e.g. polyurethane foam of a thickness
greater than 5 mm, leather and artificial leather prod-
ucts, flame and the other adhesive lamination of the
layers) inside a car seat disqualifies the whole car
seat, irrespective of the quality of the remaining com-
ponents [9]. This is unwanted situation for both with
or without ventilation seats. In this case the water
vapour absorbency is the car seat cover layer is the
only source to remove the moisture from microcli-
mate in between human body and the car seat.

Liquid and moisture transfer

Liquid and moisture transfer mechanisms in the
fibrous textiles include [13–15]:
• Vapour diffusion in the void space
• Absorption, transmission and desorption of the

water vapour by the fibres.
• Adsorption and migration of the water vapour along

the fibre surface
• Transmission of water vapour by forced convec-

tion. 
Water vapour moves through textiles as a result of
water vapor concentration differences. Fibres absorb
water vapor due to their internal chemical composi-
tions and structures. The flow of liquid moisture
through the textiles is caused by fibre-liquid molecu-
lar attraction at the surface of fibre materials, which is
determined mainly by surface tension and effective
capillary pore distribution and pathways. Evaporation
and/or condensation take place, depending on the
temperature and moisture distributions [15].
Moisture vapour transmission parameters are calcu-
lated by following different standard methods [16]:
i. Evaporative dish method or control dish method

(BS 7209);
ii. Upright cup method or Gore cup method (ASTM

E 96-66);
iii. Inverted cup method and desiccant inverted cup

method (ASTM F 2298);
iv. The dynamic moisture permeable cell (ASTM

F 2298) and 
v. The sweating guarded hot plate, skin model (ISO

11092).

METHODOLOGY

PID controller

The device is controlled using the PID controller
• Proportional (P)
• Integral (I)
• Derivative (D)
Here is the classic block diagram of a process under
PID Control (figure 1 and figure 2).
The ideal version of PID controller is controlled by
this equation.

t de(t)
m(t) = Kp ∙ e(t) + Ki ∫  e() d + Kd        (1)

0 dt

Where m is the control signal and e – the control
error. The control signal is thus a sum of three terms:

a proportional term that is proportional to the error, an
integral term that is proportional to the integral of the
error, and a derivative term that is proportional to the
derivative of the error. The controller parameters are
proportional gain kp, integral gain ki and derivative
gain kd. Proportional-Integral-Derivative (PID) control
is the most common control algorithm used in indus-
try and has been universally accepted in industrial
control. The popularity of PID controllers can be
attributed partly to their robust performance in a wide
range of operating conditions and partly to their func-
tional simplicity, which allows engineers to operate
them in a simple, straightforward manner.

Proportional response

The proportional component depends only on the dif-
ference between the set point and the process vari-
able. This difference is referred to as the Error term.
The proportional gain (Kc) determines the ratio of out-
put response to the error signal. For instance, if the
error term has a magnitude of 10, a proportional gain
of 5 would produce a proportional response of 50. In
general, increasing the proportional gain will increase
the speed of the control system response. However,
if the proportional gain is too large, the process vari-
able will begin to oscillate. If Kc is increased further,
the oscillations will become larger and the system will
become unstable and may even oscillate out of control.

Integral response
The integral component sums the error term over
time. The result is that even a small error term will
cause the integral component to increase slowly. The
integral response will continually increase over time
unless the error is zero, so the effect is to drive the
Steady-State error to zero. Steady-State error is the
final difference between the process variable and set
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Fig. 1. Block diagram of PID controller

Fig. 2. Block diagram of a basic PID control algorithm



point. A phenomenon called integral windup results
when integral action saturates a controller without the
controller driving the error signal toward zero.

Derivative response

The derivative component causes the output to
decrease if the process variable is increasing rapidly.
The derivative response is proportional to the rate of
change of the process variable. Increasing the deriva-
tive time (Td) parameter will cause the control system
to react more strongly to changes in the error term
and will increase the speed of the overall con trol sys-
tem response. Most practical control systems use
very small derivative time (Td), because the Derivative
Response is highly sensitive to noise in the process
variable signal. If the sensor feedback signal is noisy
or if the control loop rate is too slow, the derivative
response can make the control system unstable.

Schematic diagram

The portable device to analyze the comfort perfor-
mance of car seat is always a dream for the car seat
producer. The complication of design and the testing
method makes it hard to have a portable device
which can measure the comfort performance of the
car seat even in uncontrolled condition. Some factors
like the moisture permeability under different condi-
tion, heat of absorption of material negatively affect
the measurement. In this research a first prototype
design of device is made and later in future more
advancement can be made to the technology.
For this experiment a special heat flux sensor is
embedded in a measuring head which is insulated
from outside. The heat transfer can be increasing or
decreasing and can be in the form of convective,
radiative or conductive heat transfer. Heat flux
through a thermal resistance layer will create a tem-
perature gradient. Under a temperature gradient, the
two thermopile junction layers will be at different tem-
peratures and will therefore register a voltage. The
heat flux is proportional to this differential voltage.
The distilled water is added from the tubes above the
measuring head and heated to 35°C. Special micro-
porous membrane (Cellophane) is used on the mea-
suring head to restrict the water drops and allow only
the water vapors to pass by. The device is connected
to computer by USB port and values of heat flux tem-
perature of the water and temperature of the surface
is provided by the software. Heat flux sensors mea-
sure the heat transfer through a surface, and are
expressed in kW/m2. The schematic diagram of the
device is shown in figures 3–5.

EXPERIMENTAL PART

In this research firstly 4 standard car seats are used
to test the performance of breathability. For this pur-
pose the car seat’s cover is tested for the water
vapour permeability under the standard Sweating
guarded hotplate by standard ISO11092. The new
device is used directly on the car seat and to obtain

the results, new device is used to test four car seats
in actual form to see the performance of device for
different car seats and to see the repeatability of the
results (figures 6, 7, 8, 9). 
The device can be used over a real car seat as
shown in figure 10.
After testing on real car seat, the new device is test-
ed with 1 top layers with different backing materials to
see the performance of device. The sample proper-
ties are shown in table 1.
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Fig. 4. Measuring head of the new device

Fig. 3. Schematic diagram of the new device

Microporous
membrane

Measuring head

Fig. 5. Part description of the new device

Outlet for bubbles

Insulation material

Water outlet
Water inlet

Measuring



The real pictures of the samples are shown in figure
11.

RESULTS AND DISCUSSION

The experiment was performed for 30 min to avoid
the initial heat flux change due to the first touch with
the sample. Following results are obtained (table 2).
The top layer of the four car seats is tested by SGHP

and the real car seat by the new
device, results shows similar trend
lines.
The table 2 gives us a good idea
that the trend of measurement by
ATLAS SGHP (Ret) value and the

measurement by the new device are comparable
and knowing more information about the temperature
and humidity on other side of the sample the Ret
value can be also calculated. 
The device was also tested for classical and perfo-
rated PU cushion as backing. 1 = classic PU foam,
2 = Retroculated foam, 3 = 3D spacer fabric.
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Fig. 6. Tractor seat A Fig. 7. Truck seat B

Fig. 8. Truck seat C

Fig. 10. Portable measuring device
on a real car seat

Fig. 11. Top layer with different
interlinings

Fig. 9. Truck seat D

Sample
Ret [m2.Pa/w]

(stnd.dev) by standard
SKIN model

New device
[watt/m2] (stnd.dev)

Seat A 20 (+ 1.67) 149 (+ 5.46)

Seat B 39 (+ 2.34) 240 (+ 7.94)

Seat C 45 (+ 3.72) 263 (+ 8.21)

Seat D 29 (+ 1.55) 164 (+ 3.76)

Table 2

1 2 3

Top layer backing material
Thickness

[mm]

Plain woven top layer + Classic PU-foam 5

Plain woven top layer + Retroculated foam 5

Plain woven top layer + 3D spacer fabric 5

Table 1



The sandwich material is placed above classical PU
cushion foam and perforated PU-foam, following
results are achieved as shown in figure 12.
The results are repeatable and the 3D spacer with
the perforated cushion shows highest heat flux.
The device is initial prototype and with further
improvement can be a very reliable device to mea-
sure the performance of the car seat comfort from a
real car seat, without any need to remove the materi-
al test separately in testing equipment. The idea is
very unique and results are repeatable and the device
can be further modified in future.

CONCLUSION

The newly fabricated device is portable and can be
used to obtain the thermal and comfort related prop-
erties of the car seat. The device can be used on real
car seat and the results are comparable, repeatable
and reproducible. It can be seen from the results that
the standard testing method of sweating guarded hot
plate and this new device shows comparable results.
Also the new device takes much less time and is
portable and can be used in any part of the samples.
The device needs further testing to compare results
under different ambient conditions. The device is ini-
tial prototype and with further improvement can be a
very reliable device to measure the performance of
the car seat comfort from a real car seat, without any
need to remove the material test separately in testing
equipment. The idea is very unique and results are
repeatable and the device can be further modified in
future.
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Fig. 12. Effect of perforated and classical PU foam
on heat flux
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