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IntroductionIntroductionIntroductionIntroductionIntroduction
Manufacturers of technical textiles
or competing leather or artificial
leather (PVC) materials designed for
the use in car interiors have to offer
products with good haptic proper-
ties but objectively quantifying and
measuring haptic properties is very
difficult. In this paper new techniques
for measuring the haptic properties
of textiles, leather and artificial leather
materials used for car seats are de-
scribed. For these measurements a
standard rheometer (Fig. 1) equipped
with an especially developed novel
measuring geometry (Fig. 2a, 2b, 2c,
2d) was used. The material samples
were submitted to normal force hys-
teris and rotational friction measure-
ments (tribological measurements).
The measured data sets were correlated
with the subjective sensations of test
persons obtained in seat trials. The
aim of the actual investigations was
the development of a feasible measur-
ing and evaluating system that can be
used by the textile industry to improve
the haptic properties of their products.

Measurement set-upMeasurement set-upMeasurement set-upMeasurement set-upMeasurement set-up
In total 8 cover materials for car seats
were investigated, namely 4 textile
cover materials (fabrics and compo-
site materials), 1 artificial leather
(PVC) cover material and 3 leather
cover materials.
For the measurements of the compres-
sion deformation behaviour (for an
example see Fig. 3) a parallel-plate
type measuring geometry was used
(diameter 60 mm).
The samples were successively loaded/
unloaded by a series of normal forces
Fn of 1 N, 5 N, 10 N, 5 N and 1 N.
The measuring time of every normal
force level amounted 60 seconds.
From the data sets the following
parameters were derived:
h1B   the thickness of the samples
       (measured under load Fn of 1 N),

ρ t      the density (defined as the quotient
       of the area-weight and h1B the
       thickness of the samples),
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Fig. 1: Thermo Scientific HAAKE MARS III
rheometer

Fig. 2a: Sample clamp device

Fig. 2b: Sample clamp device with sample

Fig. 2c: Plate-Ring geometry

Fig. 2d: Measurement set-up

Δ h1_10  the total deformation (defined
            as the difference between the
            thickness of the samples mea-
            sured and a load Fn of 1 N
            and 10 N) and
Δ h1BE    the plastic deformation (de-
            fined as the difference of thick-
            ness of the samples under a
            load Fn of 1 N during the
            loading and the unloading
            procedure).

For the friction measurements (for an
example see Fig. 4) a flat ring-rotor
type measuring geometry was used
with an inner diameter of 27 mm and
an outer diameter of 35 mm (Fig. 2c,
2d). This geometry was especially de-
veloped for this application in order
to obtain a more uniform friction
speed between the sample and the
rotor. The measurements were per-
formed with a constant circumferential
speed of 1 mm s-1 (CR-mode) at the
outer rim of the ring. The normal
force was varied with five levels of 1,
5, 10, 15 and 20 N. The measuring
time for each force level amounted
60 seconds. From these data sets the
torque M, friction force Ff, normal
force Fn and angular speed Ω were
recorded.

ResultsResultsResultsResultsResults
Regarding the deformation behaviour
(Fig. 5a,b), in particular the nonwoven
based composite materials show a re-
latively high thickness h1B, a high total
deformation Δh1_10 and also a high
plastic deformation Δ h1BE.
From the friction measurements a
linear relation between the normal
force Fn and the friction force Ff1 was
obtained (Fig. 5c).
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Fig. 3: Compression measurements Fig. 4: Friction measurements
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Fig. 5a: Compression deformation be-
haviour of textile composite materials

The friction values found for the
artificial leather cover material (PVC)
are clearly higher than those for the
leathers which again are clearly higher
then those found for the textile cover
materials; the different materials are
clearly distinguishable.
The haptic properties of the cover
materials investigated were determined
in seat trials with test persons. In total
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Fig. 5b: Compression deformation behaviour
of textiles, leather and artificial leather

Fig. 5c: Friction behaviour of textiles,
leather an artificial leather

Fig. 6: Correlations between density ρ t and the subjective haptic properties of the cover materials

11 haptic sensations (coldness, hairi-
ness, smoothness, stickiness, softness,
fleeciness, clamminess, rawness, rough-
ness, stiffness, hardness) were evalu-
ated by means of a 2-level scale
(0 = not at all, 1 = little, 2 = strong).
Besides that the general haptic comfort
impression was evaluated by means
of a 6-level scale (from 1 = very good
up to 6 = insufficient).

The density ρ t of the cover materials
investigated (Fig. 6) correlates with
the smoothness sensations
(R2 = 0.65), the hairiness sensations
(R2 = 0.76) as well as the coldness
sensations (R2 = 0.66). The friction
force Ff1 (Fig. 7) correlates with the
rawness sensations (R2 = 0.86) and
the general haptic comfort impression
(R2 = 0.66).
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Fig. 7: Correlations between friction force Ff1 and subjective haptic properties of the
cover materials

ConclusionsConclusionsConclusionsConclusionsConclusions
The correlations found show that
haptic sensations are not quite subjec-
tive but caused by mainly physical
interactions between human’s skin
and cover material. For this reason
they can be measured in some degree
by means of physical measuring
methods like rheometer. The inves-
tigations will be continued.
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