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Abstract: The airbags are one of the most important element in the vehicle, they keep people safe during
accident or collision. The materials which are used to produce airbags must comply with many rigorous
requirements The main aspects pertain in the article are:
‒ dependence between layout of fibre in the cutting material and the mechanic durability;
‒ airbags match elements for laser cutting facilitation;
‒ starts to create the laser emplacement for textiles cutting;
‒ laser cutting parameters of airbags elements (parameters of laser beam, cutting speed, the number of
cutting layers);
‒ the influence of material quality for cutting effects;
‒ cutting materials shape tolerance and their impact on the airbag’s functionality;
‒ quality control of cutting elements and their separation.
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Introduction
Today, laser cutting is one of the most effective technologies for cutting various materials [1÷8].
Most often this applies to steel and metal components and their alloys, but also to non-metallic materials.
The cut elements must meet many requirements, including requirements regarding cutting accuracy and
surface quality [9÷11]. This requires the selection of many cutting parameters, including laser power,
cutting speed, distance between the laser nozzle and the surface of the material being cut, type of gas shield
and gas flow rate accompanying the laser beam. The components of airbags are also cut with a laser beam
[12], although there are few reports on this subject in the scientific and technical literature. In the case
of cutting out airbag elements, the number of process parameters is smaller, as laser cutting is usually
carried out without an additional gas shield, under the influence of atmospheric air. During cutting the
laser beam melts the edges of the fabric, protecting them from fraying, however, excessive melting of the
edges of the multilayer fabric causes their unfavorable sticking.
People traveling in modern passenger cars are protected by many security systems, but one of the
oldest and still irreplaceable elements of vehicle equipment are airbags. The textile part of the airbag
module absorbs the impetus with which a person hits an airbag. The complexity and size of the cushion
depends
on the requirements of the car manufacturers and the country's legal regulations, but each airbag in the
vehicle has one important task: to save lives. Hence, the quality of cutting out airbag elements is of great
importance here.

Characteristics of textile materials and their parameters
The process of creating an airbag begins with the extrusion of nylon fibers, which in a subsequent
process are combined into threads and then woven into a material. The weaving of the material is very
diverse. When weaving the material, the threads are divided into warp and weft, which is the term for the
position of the thread when weaving. The vertical fibers are the warp and the horizontal fibers are the weft
(Fig. 1). Depending on the position of the cut element on car airbags, its orientation relative to the warp and
weft
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is blocked, thanks to which the element acquires various properties. The main property of the material is its
mechanical strength, which is very important during the explosion of a pyrotechnic agent. If the element
is turned 45° relative to the warp and weft, a much more durable material is obtained than about 90°.
This significantly affects the performance of the material, which also leads to an increase in the price
of the product.

warp

weft

Fig. 1. Warp and weft of fabric [13]

For the production of airbags, three types of woven nylon material with 235dtex, 470dtex, 750dtex
markings are most often used (Fig. 2). The dtex symbol defines the mass of fibers expressed in kilograms
per 1 km of material. In addition, to improve the material's resistance to fire arising during an explosion of
pyrotechnic material (called an inflator), silicone coating is used on one side of the material or in some cases
on both sides. Depending on the need for protection against hot gas pumping the cushion at the moment
of explosion, coverings are used: 25, 50 or 70 g of silicone per 1m2 .
In the product development department, the components of airbags, according to customer needs, are
designed and adjusted by structural engineers. Sewn cushions in prototype phases are checked and tested
so that they can be put into serial production in the next phase of the project. Thanks to the cooperation
of the maintenance departments, cutting process engineers and construction engineers, the preferred
shapes of blanks have been developed that affect the efficiency of work and improve the efficiency of the
cutting process by eliminating too much material waste. The most preferred shapes of cut elements are:
squares, rectangles and hexagonal figures. Due to their properties, these elements have a very low
material waste rate, and technological transitions between the elements are smooth and do not require
turning off the laser beam. Circles and figures with rounded vertices are less preferred. Often, elements
are added between such shapes that will fit into the free spaces between them. In the case of less
preferred shapes of elements, the waste of material increases, and due to the time of technological
transition from element to element, the laser must be turned off and then turned on. This generates large
losses of electricity and causes a slight melting at the place of laser activation.

(a)

(b)

(c)

Fig. 2. a) Fabric 235dtex, b) fabric 470dtex, c) fabric 750dtex

Stand for laser cutting and basic cutting parameters
At Autoliv Polska Sp. z o.o. with the branch located in Oława there are two types of machines for laser
cutting of textile materials [14,15]. Suppliers of laser cutting combines are HELD and LANCET as well as
ROFIN SINAR (1500÷2500 W generators, molecular lasers of CO2 type). The layout of the positions where
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material for airbag elements is cut is identical, regardless of the type of machine. These areas can be divided
into three zones: a material feeder, a material cutting zone and a ready-made part collection zone (Fig. 3).
Material cutting zone
Collection zone

Material feeder

Fig. 3. Laser cutting machine

In the material feed zone, the fabric wound on a roll is passed towards the zone in which the given
shapes of elements are cut out. For many machines, to increase the efficiency of the cutting process, multiple
layers of material are cut simultaneously. Thanks to the feeders, up to 10 layers of material can be cut out
at the same time (Fig. 4).
The material cutting zone can be divided into two types: plotter cutting and scanner cutting.
For Lancet FATBOY 1000 machines, the plotter cutting method is used (Fig. 5). The specificity of this
method is based on one laser beam directed at the material cut at an angle of 90°. The range of movement
of the laser beam at the cutting station is from 0 to 2550 mm in the x axis and from 450 to 610 mm in the
y axis. This range was chosen due to the variety of cut elements and for reasons of servicing the machine.
The focal surface of the laser beam is 0.2 mm2, which allows cutting elements with high precision.

Fig. 4. Feeder of many fabric layer for cutting
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Fig. 5. Lancet FATBOY 1000 method of plotter cutting

When cutting with a plotter method, the start/stop system is distinguished, when cutting shapes it
results in switching off the laser beam for one thousandth of a second and switching it on again when the
laser beam reaches one of the points on the contour of the element. This is due to the creation of
components using many individual lines arranged in one polyline. The most favorable for laser life and
cutting time is the shape of the element consisting of the least number of lines, so that the laser turns off as
few times as possible (Fig. 6).

(a)

(b)

Fig. 6. a) Shape of reinforcement prepare to cutting, blue squares are points in which laser beam stops in this place,
b) shape of reinforcement prepare to cutting after optimization

For HELD machines, the method of scanner cutting is used (Fig. 7). The specificity of this method
is based on two laser beams, reflected by four movable mirrors, which direct the beam to the right point.
The working range of one beam is inscribed in a circle with a radius of 800 mm and a maximum angle
of 37°. The laser beam with mirrors only moves in the machine x axis from 0 to 2550 mm (in its width).
The focus area of the laser beam is 1.8 mm2. With this type of machine, the cutting is continuous, thanks to
which the laser beam cuts much more efficiently and faster than the aforementioned Lancet laser. As a result
of continuous cutting, many edges can be rounded, but they are microscopic fillets so that they do not affect
the functionality of the entire airbag.
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Fig. 7. Machine HELD scanner method cutting

The main task of setting the correct parameters that define laser cutting is to obtain the optimum
between maximum efficiency (cutting speed) and the accuracy of cut components. The main parameter
used to cut out cushion elements is the specific laser power in the watt/meter/second dimension. This is a
unit developed by cutting engineers at Autoliv. To calculate the specific power value, you need: laser
power, selected appropriately for the given material and the number of layers cut out, based on many years
of knowledge and experience, divided by two variables, which are: the speed of the table on which the
material lies and the speed with which the manipulators move the laser beam (this is the result of the
surface of the cut elements). Too low set value may cause material undercuts, especially in the initial
cutting phases. When the parameter value is too high, excessive melting of the material may occur, which
completely disqualifies the cut element from its further use. Table I presents examples of laser beam
cutting parameters for different varieties of 470dtex material used for airbag components, using the
FATBOY 1000 laser plotter method, by LANCET, with a capacity of 2.5 kW. The smaller values, given in
Table
I,
are close to optimal, while an increase in parameter values causes excessive melting of the fabric. The laser
beam moves in the x-y plane and the material moves in the x-axis direction. The material's feed rate
corresponds to the speed of the laser beam.
Table I. Laser cutting an example parameters of fabric 470dtex
L.p.

Material designation

1

470dtex, uncoated with silicone

2

470dtex, double woven, covered with silicone 25 g

3

470dtex, covered with silicone 70 g

Specific power,
W/m/s
300

Speed of the laser
beam, mm/s
28

1000

2

300

28

1000

2

400

20

1000

2

Figure 8a shows the edges of a 470dtex fabric, uncoated with silicone, cut with a laser beam at a
specific power of 300 W/m/s, and figure 8b shows the edge of the fabric after cutting with a laser with a
power
of 1000 W/m/s. Photographs of the samples were taken using a scanning electron microscope (SEM), model
JSM6610A (JEOL, Japan). Because the samples do not conduct electricity, they were covered with a metallic
conductive layer. Samples in the holder were placed in a vacuum sputter (model 306 from Edwards (Great
Britain)), they were sprayed with a thin layer of gold. The spraying was carried out by cathodic sputtering.
The specific laser power of 300 W/m/s is the optimal parameter for this material, hence visible in figure 8a
there is only slight melting. The sample is slightly tilted, a fragment of the fabric surface is visible from the
left. However, when the laser power is too high, 1000 W/m/s, large melts are visible, which cause the
sticking of many layers of the material, cut simultaneously (the edge of the glued layers was photographed
from the laser side).
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(a)

(b)

Fig. 8. Melting of fabric 470dtex silicon uncoated, view from electron microscope, SEM: a) specific power 300 W/m/s,
b) specific power 1000 W/m/s

Laser cutting of airbag components usually takes place in the air, without shielding gas. In exceptional
cases, carbon dioxide is used when cutting flammable fabrics.

Control of the elements after the cutting process
Due to the specificity of the automotive market and the special group of safety products, all
specifications and quality control must be carried out with the greatest accuracy. Cut out textile elements
should have a specific type of tolerance and dimensional control. Due to the material from which the
airbags are made, control of the cut out elements takes place at special stands with a template and with an
illuminated table (Fig. 9).
Many dimensions are standard for individual customers for whom airbags are manufactured.
Depending on the company, the dimensions can be divided into standard and specific. The standard
dimensions in the drawing notation are used by the designer when the dimension is oversized and less
important for the function of the cushion or sewing definition in the next stages of production. Specific
dimensions refer to shapes that have a significant impact on the function or sewing of the cushion.
These dimensions are the lengths of the cuts that regulate the stress of the material, or the indentations
on which the cushion will be mounted to the module. In the case of textiles, due to difficulties in checking
dimensions, e.g. using a caliper, templates are used to which the nominal size is applied and additional
shapes with the largest and smallest tolerances. In the case of cut elements, it is common practice to base
the dimensions on characteristic points, which become the bases from which the shape tolerances of given
parts of the element are determined.

Fig. 9. Components' dimensions control after the cutting process
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Summary
1. The strength of the textile element intended for airbags can be defined by the weft and warp
direction. By turning the shape of the element during the preparation of the program for laser
cutting, you can get different strength parameters for the same type of material.
2. Due to the specificity of laser plotter cutting, shapes made of many lines are avoided. The aim is to
simplify the shape of the airbag element, consisting of the smallest number of lines, so that the laser
has as few start and stop points as possible.
3. For laser cutting of cushion elements, a specific unit is used, which is the specific power, expressed
in W/m/s, which correctly selected determines the optimum between the quality of cut elements and
the speed at which cushion elements are cut.
4. For textile products, a specific dimension control is used where a cut-out element is checked using
a template for compliance with the drawing specification.
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