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Abstract: This paper deals with investigating performance of car seat fabrics in terms of their compression 
and recovery properties influenced by heat degradation. Polyurethane foam, nonwoven and 3D knitted 
spacer fabrics are commonly used as padding (in middle layer) in car seats cover. The current work 
presents an alternative approach to evaluate effectivity of car seat fabrics, namely behaviour of their 
middle layers before and after heat degradation which simulates hot summer condition. In summary, 
results show that 3D spacer is the most appropriate middle layer for car seat cover because of its recovery 
properties is very good at both before and after heat degradation (about 94% from original thickness) 
on the contrary PU foam. The PU foam is very good at recovery behaviour under standard ambient 
conditions (temperature about 25°C) on the other hand PU foam recovery significantly decreases 
(about 40% against 3D spacer) after impact of high temperature. 
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1 INTRODUCTION  

There are approximately 3-5 kg car seat cover 
fabrics used in each car [1]. Car seat covers are 
often composed of several layers of different 
materials, usually polyester fabric (or leather 
or synthetic leather) laminated to polyurethane foam 
(or 3D knitted spacer or nonwoven) backing by 
an adhesive. Each part of car seat cover brings 
different properties which affect both their durability 
and comfort in automotive seating. One group 
of researchers prefer polyethylene terephthalate 
(PET) fibres for automotive application (both for top 
and middle layers) due to their superior properties, 
like a high tenacity, abrasion, light, heat and 
chemical aging, UV resistance, dimensional stability, 
recyclability etc. [2-5]. The others are in favour 
of modified PU foam (in middle layer) because 
of their excellent elasticity and very good recovery 
to compression [4]. Study on comparison of quality 
for different types of seat cover padding was carried 
out from aspects of physiological properties and 
relaxation behaviour after static and dynamic loading 
[6]. The result of this study showed that warp knitted 
spacer fabrics demonstrate better recovery 
to compression, better thermal properties and better 
breathability as compared to PU foam [6]. The other 
research found out that fabrics using monofilament 
as spacer yarn generally have higher compression 
resistance than multifilament yarns [2, 7]. Major car 
manufacturers evaluate degree of car seat durability, 

including relaxation behaviour after cyclic loading by 
special equipment, which uses the robot. This robot 
allows realistic simulation, of someone getting into 
and out of the seat (ingress/egress test), or of strong 
pulsation or vibration during driving [8]. The current 
study is focused on investigating performance of car 
seat fabrics in terms of their compression and 
recovery properties influenced by heat degradation 
which simulates hot summer condition.  

2 EXPERIMENTAL 

2.1 Materials  

Tested materials were designed in order 
to understand the role of middle layer of textile 
sandwich car seats from point of view of their 
compression and relaxation behaviour. There were 
used different middle layers (polyurethane foam, 
nonwoven and 3D spacer) in the tested samples. 
Material in top layer was the same – PES woven 
fabric. Basic characteristics of all tested car seat 
fabrics are shown in Table 1.  

The Figures 1a-1c show 3D structures of all tested 
middle layers by means of micro tomography 
system. Before being tested, the samples had been 
washed and conditioned for 24 hours. 
The measurement was carried out in an air-
conditioned room under constant relative humidity 
of 65% and the temperature of 21°C. Measurements 
of thickness were performed under 100 Pa. 
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Table 1 Basic characteristic of the tested samples  

Code Structure Raw material Thickness [mm] Weight [g/m2] 

Top layer 
 woven fabric, twill 100% PES, twill 0.7 203 

Middle layer 
A 3D warp knitted spacer 100% PES 6.2 408 
B nonwoven 70% PES / 30% wool 5.7 230 
C foam 100% PUR 4.1 247 

 

 

 a)  b)  c) 

Figure 1 a) 3D spacer, b) nonwoven, c) foam 

 

 

2.2 Methods 

The compression and relaxation behaviour were 
investigated before and after degradation of tested 
samples in autoclave which simulates hot summer 
conditions. It is important to uncover how cyclic 
compressive loading combined with above 
mentioned degradation influence recovery of car 
seat cover for the lifetime period. 

The results were compared and discussed in order 
to understand the real performance of tested 
materials. Final values (means) of all tested 
parameters correspond to five measurements 
on average. The coefficients of variation for all tests 
do not exceed 10% and therefore not statistically 
significant.  

Simulation of sample degradation by heat 

Generally, the autoclave is a piece of equipment 
used for sterilizing various requirements in the lab 
by wet sterilization method. Car producer very often 
use this device for testing car seat fabric to simulate 
accelerated degradation by high temperature 
corresponds to hot summer conditions. 

Principle autoclave is following. When water 
is heated in a closed container, saturated steam 
is produced under pressure. According to Boyle’s 
Law, when volume of the steam is kept constant, 
the temperature is directly proportional to pressure. 
If the pressure is reduced, it boils at a lower 
temperature. If the pressure rises, it boils 
at a greater temperature. The autoclave Sano LA-
MCS was used for degradation of samples, 

see Figure 3. Applied conditions for degradation 
were: 120°C during 20 hours.  

Compression and relaxation behaviour 

Repeated compression - recovery test was carried 
out by the device developed by Technical University 
of Liberec [9] as shown in Figure 2. This simple 
device consists of transparent Perspex cylinder 
(diameter of base is 14 cm) and pressure plate for 
set of required compression. Loading time was set 
to 24 hours and the pressure of static loading was 
12 kPa. Value of pressure corresponds to maximum 
real loading of car seat during sitting of driver [10]. 
Relaxation behaviour given by the thickness 
recovery of samples was investigated after above 
mentioned compression test, when load was 
removed The measurement of recovery was carried 
out immediately, 10 min, 20 min, 40 min, 1 h, 2 h 
and 3 h after test. The referred compression - 
recovery test was repeated 5 times for each sample. 
The thickness of tested samples was measured 
by compression tester SDL M 034A according to EN 
ISO 5084 both before and after loading (pressure 
1000 Pa). The recovery R [%] were determined 
by means of equations (1), see below. Recovery 
is given as the degree which a sample mass 
recovered to its original height upon unloading. 

 %     100*
1
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where h1 is the original height of the samples,  

h2 is the height of samples after removal of load. 
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Figure 2 Schema of recovery measurement 

 

 

Figure 3 SanoClave LA MCS 

 

3 RESULTS AND DISCUSSION  

The results of the recovery tests are presented 
in Figure 4 and Figure 5. 

 

 

Figure 4 Recovery of tested samples before degradation 

 

 

Figure 5 Recovery of tested samples after degradation 

The results, as shown in Figures above, indicate that 
the difference between the groups was significant. 
The recovery before degradation of Group A 
(3D warp knitted spacer in middle layer) was equal 
to recovery after degradation, i.e. 94.4% 
immediately 96.2% after 40 min and 96.6% after 
3 hours. Group B (nonwoven) reports decrease 
of recovery after degradation about 2% than before 
degradation. The impact of degradation was most 
pronounced in Group C (foam) when recovery 
before degradation was 86.8% immediately, 96.1% 
after 40 min and 97.4% after 3 hours and recovery 
after degradation was 42.2%, 76.6% and 82.3%.  

4 CONCLUSIONS  

The results of this study are consistent with data 
obtained in other researches which studied using 
of 3D spacer in car seat cover. The most obvious 
finding to emerge from this study is that 3D spacer 
is the most appropriate middle layer for car seat 
cover in view of the fact that its recovery properties 
is very strong in both before and after heat 
degradation (about 94% from original thickness) 
on the contrary PU foam. The PU foam is very good 
at recovery behaviour under standard ambient 
conditions (temperature about 25°C). On the other 
hand PU foam recovery significantly decreases 
(about 40% against 3D spacer) after impact of high 
temperature. PU foam is degraded by combination 
of hydrolysis and thermal oxidation, which causes 
shortening of the polymer chains. Further research 
could usefully explore compression and relaxation 
behaviour of tested materials using not static 
but dynamic loading. A further study might also 
focus on determining relaxation behaviour after 
lower degradation temperature than standardized 
120°C. 
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