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Abstract : Automotive seat covers with olefin film imported from foreign companies exhibit some problems such as

low peeling strength and high burning rate. The traditional manufacturing process requires gas flame or direct heating

for the laminating step. This paper introduces an alternative solution that replaces the olefin film and flame lamination

method in making automotive seat covers or interior fabrics. We adopt a new manufacturing concept that applies a

water-based resin coating to develop a coating system. The coating machine was successfully developed and tested.

Results are intended to contribute to improving the quality and productivity of automotive seat cover production.
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1. Introduction

Traditionally, flame lamination has been widely used
in automotive industry to make seat cover or interior
fabrics” (Fig. 1). This method can be used to adhere
polyurethane foam into a textile material. A web of
polyurethane(PU) foam or olefin film that melts when
passed over a gas flame and combines with the fabrics
material from a second roller. A thin molten layer is
created on the surface, allowing substrates to bond to
the foam when passed under a nip roller. However, the
major disadvantage is the high capital cost of equip-
ment, for instance, carbon filter absorbers are needed to
clean up the gaseous emissions so that they comply
with legislative requirements.”

In addition, olefin films sheet depends on the impor-
tation from foreign companies. Moreover, the fabric
and PU foam of the seat cover that is bonded by olefin
film can be peeled or detached due to the rubbing of the
driver or passenger after a certain time of usage(Fig. 2).

This disadvantage makes a dissatisfaction of automo-

*Corresponding author, E-mail: phuongdx@ntu.edu.vn

tive customer. The experiment shows that the peeling
or detachment occurs after 3,000 times of cycles using
robot car MS-SPEC 2 peeling test. Olefin is also very
heat sensitive. Although the flame retardant is added to
the polyurethane sponge with 5 mm thickness, olefin
film adhesive sponge also temporarily is unstable
during flammability tests based on automotive standard
MS-300-08(Fig. 3). The speed of burning propagation
is up to 146 mm after 44 seconds. This is not safe for
day-to-day use of vehicles.

Due to previously mentioned problems, the quality
of the seat cover is not good as expectation. Therefore,
it is necessary to find an alternative solution that
replaces the olefin film and flame lamination method
for making automotive seat covers or interior fabrics.
Based on information and literature review, we found
that there is no domestic patent on automotive seat
fabric and production method using a water-based
resin.”’ The research projects to be carried out can be
summarized as follows:

- Develop new method that applies a water-based resin

coating(new manufacturing concept).
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Fig. 1 Conventional olefin film and variety of fabric materials
that are used to make car seat cover

Olefin Film
PU FOAM I

Fig. 2 The durability failure of automotive seat cover made
with olefin film

Easy buming,
High scattering

Speed: 146mm/44sec
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Fig. 3 Automotive standard MS-300-08 flammability test

- Development of coating system equipment(new
machine tool development for the new manufacturing

process).

2. Manufacturing Concept

PU foam is firstly coated with liquid resin by rollers
and then laminated with fabric materials by laminating
process as shown in Fig. 4, Fig. 5 depicts a manufac-
turing line where the aqueous-based resin coating
method is applied to make the final automotive seat

cover products. It can be seen that the coating resin that
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Fig. 4 Water-based resin roller coating concept

resolves the disadvantages of olefin film as previously
mentioned in the introduction section.

The requirements and process parameters include the
speed of the rollers, gap between rollers, coating mate-
rial, viscosity of resin material. Moreover, no flame or
direct heating is involved in this process. The gap
between coating rollers is important and should be
maintained by manual or automatic way in order to coat
variety of thicknesses of polyurethane foam sheet. Aqu-
eous resin which is a plastic material will be applied for
coating(the kind of resin is confidential). Uniform layer
of coating material must be applied. Drying system will
also be incorporated in this conceptual idea. The foam
is coated first and then laminated with the fabric mate-
rial to make final products. This is an adhesive-based
lamination. PU foam sheet coated with adhesive by a
coating process is bonded with another substrate(fabric).

In this case, the coating process is the heart of the
)

. . 4
laminating process.

*‘ b

Final Product after Coating

Fig. 5 Manufacturing concept that is used to make automotive seat covers
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3. The Selection of Coating Method

Coating is a process in which one or several layers of
material are deposited on the surface of a substrate.
Many different coating techniques have been developed
to address the characteristics of a wide range of coating
materials and substrates.”’ The idea of coating method
in this work is originated from the textile industry. We
focus on aqueous resin as the coating material. It
functions as an adhesive substance.

Coating flow is fluid flow which results in a thin film
of liquid forming onto a surface that needs to be coated.
The terminology associated with coating methods is
diverse but they can all be classified, according to
Shim® and Benkreira et al.” into the following broad
ways: free coating, metered coating, transfer coating,
roll coating, and gravure or engraved roll coating,
screen coating, and spay coating.

Gravure roll coating is a technique used to coat
fluids of a wide range of viscosities onto substrates at
high speeds.”® Gravure roll coating is the process
where engraving on the roller acts as a metering device.
The engraved roller is partly submerged in the coating
bath and as it rotates, coating liquid fills the engraved
pattern and excess coating liquid in the form of a film
on the roller’s surface” (Fig. 6). Coating thicknesses in
the range of less than 1m up to 50 pm can be achieved,
making this a versatile process which fulfills the

requirement of automotive seat cover products.

Impression roller

Coated

PU foam foam

Coating
resin

Gravure N

roller 5 .
Coating pan

Fig. 6 Principle of direct gravure coating method

Although there are many coating methods, based on
the equipment used, metering method, coating materials
and substrate properties, we select gravure coating
because this method can be applied to a wide range of
level coating from medium to high viscosity. Moreover,
a high precision and versatility can be achieved by this
method as well as some advantages. such as precision
control of coat weight, very low weight coat possible,

and webs diversity.'”

4. Development of the Gravure Coating Machine

4.1 Development procedure and conceptual design
The systematic procedure of coating machine deve-
lopment is presented in Fig. 7. The main structure of the
coater includes the four modules as shown in Figure 8.
The four main modules are control mechanism module,
driving module, core coating module, and coating

material feeding module. The machine should be as

Design goal

Carrent Manufacturing concept Literature
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/ Design Specifications /
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material
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Static and
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| Detailed Design |

2

| Prototype and testing |

Satisfy?
No
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Production

Fig. 7 Systematic procedure of coater development
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Fig. 8 The structure diagram of the gravure coater

Table 1 Coating machine specifications

Specifications Value
The product thickness 3-12 mm
Motor power 1.5 KW-02 motors
Roller diameter and length 213 and 1800 mm
Roller engraving form Square pyramid
Coating capacity (weight) 30 gam/sqr-meter
Coating speed 10, 20, 30 m/min
Tension force Natural movement
Control Numerical control with HMI

Fig. 9 The prototype of the developed coating machine

simple as possible, but it must be modern and satisfies
the functional requirements. The specifications of the
coating machine are depicted in Table 1. The 3D model
of the coating machine(Fig. 9) is generated using CAD
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software. This geometrical model is useful for static

and dynamics analysis later.

4.2 Static and dynamic analysis

After performing initial design, the analysis using
CAE tool was carried out to verify the static and dynamic
characteristics. The diagram of external load is shown in
Fig. 10. The loads acting on the components of the
machine include the gravity force, tension force of the
coated product and driving torque of the motors.

We consider the stress and deformation of the machine

Movement- -
—> nt-

Tension

Press
Fs  force
Fﬁxcnon >

Engraving F,
roller

Fy
Tension force
—

Fig. 10 Diagram of external load
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Fig. 11 Deformation results of static analysis

Table 2 The modal analysis results

Mode F (Hz) n (rev/minute)
1 13.3 792
2 27.1 1626
3 27.5 1650
4 35.6 2136
5 39.0 2340

due to their effect on the machine performance. The
maximum stress is 163 N/mm’. It can conclude that all
the components are strong enough. Fig. 11 shows the
deformation under maximum working load. The machine
has small displacement.

For the dynamic analysis, we use the Solidworks
simulation tool to solve modal and dynamic analysis
problem in which five modes are considered. The
modal results are shown in Table 2. The natural fre-
quencies are higher than the operational frequencies of
the coating machine. Therefore, there will be no reso-
nant vibration in reality. It is no need to do harmonic
analysis. The coating machine is safety in terms of

dynamics.

4.3 Design the graved pattern of gravure roller

The most important components are the gravure
roller and impression roller. The gravure roller is en-
graved with pattern. The choice of cell structure is
dependent upon the coating viscosity and flow para-
meters. Square pyramid pattern was selected as shown
in Fig. 12 because the required coating weight per
square meter is low. To select the correct gravure
pattern, we used the reference of coat weight chart. For

a given coat weight, selection is based upon the solids

/
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Fig. 12 Gravure roller with pyramid pattern engraving
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Table 3 Parameters of the gravure mesh (pattern)

Mesh | Depth |Cell vol.| +/ Hor- Yer— ApPllca—
densit; (um) em’/m? (root) zontal | - tical tion
v W form | form | amount

55 165 76 8.7 8.7 12.5 108.7

120 85 41.1 6.4 6.4 9.2 58.8

content of the coating, its viscosity, and its flow
characteristics. According to the required coating weight
per square meter, the parameters the gravure pattern was
determined based on the data of Anilox Roller. The
parameter of designed gravure roller is shown in Table
3. The diameter and length of the engraved roller are

213 mm and 1800 mm, respectively.

5. Machine Construction and Testing Results

After detail design, the gravure roller coating ma-
chine was manufactured in order to verify the new
coating process to make automotive seat cover(Fig. 13).
The functionality of the coater was tested. The quality
and productivity of coated product meets the require-
ments successfully.

The seat cover with resin-based coating endures up
to 25,000 cycles of durability test without peeling
compare to 3,000 times of olefin-based product. In
addition, the coated product was also tested according
to Hyundai MS-300-08 flame retardant test. The test
results show that the species is determined to be non-
combustible flame; combustion fumes directly from the
lateral both less than 10 mm from the test sample over 8
times(Fig. 14).
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Fig. 14 Durable test and flame retardant test

6. Conclusions

It can be concluded that the coating machine was
designed by scientific and systematic procedure. The
static and dynamic analyses of the machine have been
carried out in order to verify the mechanical behavior of
the machine. The results show that the machine desi-
gned is safe in terms of strength. The prototype was
made and the testing results show that all the require-
ments are satisfied. This work is intended as a con-
tribution for increasing productive and quality of
automotive supporting industry. Product failures and
the complains of the customer about the quality of seat

covers are eliminated.
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