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Abstract

There is a growing number of applications in whtble traditional sewing process is replaced by
welding, usually ultrasonic welding. The joining apholstery is an example for the successful
integration of a textile welding process into adarction process of the automotive industry.

In general, welding is possible, if the fabrics ar@de of thermoplastic materials, which is usutily
case for technical textiles. The joining of airlfagrics — made of nylon (PA 6.6) or polyester (PES)

is a potential welding application in the futureor@sponding developments are stimulated by the
airbag industry due to important drawbacks of teeisg process, e.g. seam leakage behaviour,
occurrence of stitch errors as well as limited degof automation. However, the requirements on the
seam strength are extremely high (tensile streb@®0 N/5cm according to a tensile test specifigd b
DIN EN ISO 13935-1) and so far cannot be fulfilledultrasonic welding.

Laser welding may be an alternative joining techaidor airbag fabrics as it enables much higher
seam strengths than ultrasonic welding. The basitciples of laser-based airbag welding are
presented and discussed for a driver airbag asxkampe. Furthermore, the influence of different
process parameters on the seam strength as wadipasts of seam construction and quality control
are shown.

Introduction

Today, the usual industrial joining process fortitex is sewing. However, there is a growing numbier
applications, especially in the area of technieatiles, in which sewing is substituted or just pbemented

by welding, e.g. in the case of impermeable sediygical welding procedures for textiles are hot it
wedge and ultrasonic welding [1-3]. These methodg be implemented in machines which can be operated
by persons in a similar way like conventional seguimachines. An important requirement for weldinghis
presence of a thermoplastic material, which méyeeibe the fabric itself, a coating or an additianaterial
which is placed between the textile layers to b&dea In case the additional material has a lowelting
point than the fabric material, the welding processy more correctly be designated as a hot metigso

This work is focused on laser welding of textiladich is a comparably new technology. It has orégrb
implemented on an industrial scale in few applaai like sealing of conventional sewn seams using a
thermoplastic hot melt tape as an additional malteri

Laser welding processes for technical textilesrarely described in the literature [4]. Some of tatest
publications deal with a laser sewing machine [Sr6]vhich the textile layers are fed and at thmedime
pressed together by rolls. Using a {&ser at a wavelength of 10.6 um, the laser riadianteracts with the
interface region directly in front of the rolls. #tis wavelength, all plastic materials are strabgorbers.

The laser welding process of technical textileghasstigated in this work is based on the lasersingission
welding of thermoplastic polymers using near irdth(NIR) laser sources. The method is well desdribe
the literature (see e.g. [7-9]), mainly in the @xttof plastics welding. However, it has also bepplied to
technical textiles [10-13]. In these cases, a losual impact absorber (Clearwdly, which is directly
applied to the lower textile surface, has been tieagknerate radiation absorption. The correspanidiser
seams have qualitatively good external appearascthey are clean and the weld fume is minimaltheur
more, sealed seams can be generated, which covddevant e.g. for outer garments.

" To whom correspondence should be addressed.
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Fig. 1 shows the principle of laser transmissiotdimg for textiles. The upper joining partner iansparent
for the laser radiation. Thus, the radiation isogbed by the lower absorbing joining partner, beémglose
contact with the upper partner. The main advantdgaser transmission welding in comparison to othe
welding processes is the precise and controllaiéegy deposition, which allows for localising thelting
zone to a small region around the contact zonbetéxtile layers connected with a high opticalliguaf
the weld seam. The full potential of the technolagn be exploited, if the absorber is included n a
additional polymeric material which is either atiad to one of the joining partners as surface wgatr
inserted during the welding process as thin addiditayer between the textile layers.

laser bea laser bea
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& ﬂ U glass & ﬂ U glass
| 1 | C 1 [ ]

coloured or coated coloured polymeric
lower textile layer interlayer material

Fig. 1:  Principle of laser transmission welding fiextiles with (right) and without (left)
absorbing polymeric interlayer material. Here, ttemplete arrangement is presse
and fixed by means of a transparent glass platevalbloe upper textile layer.

o

A challenging example for the potential use of tasehnology for textile welding is the industrfaoduc-
tion of airbags in the automotive supplier industjrbag production is characterised by frequermtdpict
changes and short innovation cycles combined wittgense cost pressure, which requires high mawhin
flexibility to avoid high costs for retooling. F@ome seams, joining of more than two layers is ss0g
(see Fig. 2). Furthermore, the requirements onjdlreng process regarding seam strength and product
guality are extremely high. E.g., seam strengthatdéast 1,000 N/5 cm are required for the cirarenitial
seam of a driver airbag. The quality assurancewhsairbags, i.e. the detection of sewing errarsisually
performed by visual inspection, which is simplifiegl using coloured yarns. The quality requiremeantd

the validation are standardised in ISO/TS 16949c¢chkvfavours automated joining processes combindkd wi
automatic measurement and documentation of quphhameters. In general, laser welding has a high
potential for realising automation and automati@liy control, accompanied by high flexibility wiric
should allow for fast modification of airbag design

reinforcement

limit straps

© Automotive Safety
Components International

inflated airbags (driver,
passenger and side airbags)

Fig. 2: Basic textile components
of a driver airbag
(left: inflated airbags
in an automobile).
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The outer seam of a driver airbag is a circulanseftwo fabric layers. The tensile strength ostheam
must be at least 1,000 N/5cm. In a conventionalirggwyrocess, this seam is produced by putting two
circular fabric pieces on each other and sewingecto the circumference of the circle. In case shsm is
welded, the stress conditions during an explosifiation of the airbag are very unfavourable. Dadhte
geometry of the joint, there are a peel forcesngatin the seam, which does not allow a distributibgtress
over the whole seam width. An overlap weld geometopld be much more favourable. In this case, the
stress conditions during inflation correspond tshaar tensile loading which is distributed overr@ader
area of the seam. The two seam types are showmathbally in Fig. 3.

peel seam overlap seam

peel tensile loading shear tensile loading

force effect in the seam laminary force effect
along a straight line spread across the seam

Fig. 3: Two analysed layer geometries for the laselding of technical textiles.
Left: peel seam, right: overlap seam.

This work presents the basic principles of lasengmission welding of technical textiles for airlpagduc-
tion. Systematic experiments have been performetkttermine the influence of various parametershen t
seam characteristics, especially on the seam skrefigus, extended knowledge about the laser weglplio-
cess is gained. The basics for industrial implewmigon of the process are developed by analysirfgrdift
textile layer arrangements, which may be relevanttifie airbag seam construction, and by regardieg t
optical appearance of the laser welded seams, winéghgive access to an automartissitu quality control.

Experimental investigations

Most airbags actually used in automotive industey made of polyamide 6.6 (PA 6.6) or polyester (PES
As known from the literature [10,11], especially B fabrics yield weld seams with tensile streagth
significantly reduced with respect to the parentaral. The variance of the seam strength valuaois-
parably high because of the chemical and physiea¢nal properties, i.e. the absorption capacityafer to
several percent, depending on the storage conglijtaonrd the influence of the water content on theargbal
decomposition during radiative heating. All invgstions described in this work were performed on@=&\
fabrics (thickness 370 um, yarn count 700 dtex;iéatiensile strength larger than 3,000 N/ 5 cm).

For comparability and reproducibility of the resuithe layers to be joined were placed on top of edher
so that the thread (warp or weft thread) orientetiovere identical. The weld seams were generatedigda
to the threads. Usually, joined airbag layers atated against each other by 45° with respectedtiread
orientation, because this is the alignment whidkxjzected to yield the highest seam strengths.

Four variants of laser transmission welding arewkm@l4], which are contour, simultaneous, quasitgim
taneous and mask welding. In this work, contourdingj is investigated exclusively, because it is st
flexible variant with regard to possible contouislging high reproducibility, and the process cohtran be
implemented simply via temperature measuremerttérptocess zone. As laser source, a high poweediod
laser (Laserline LDF 600-250) with a wavelength 920 nm was used for the welding experiments.
Depending on the optics used, a circular or a dueesr laser spot can be generated on the tesuiface.
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To guarantee sufficient thermal contact during aftdr the interaction with the laser radiation, uatil the

molten polymer has solidified, a pressure is exkebig means of a transparent plate, e.g. glassjnonmse

the gap between the layers. Several approachesiaently being tested in order to integrate aadlé glass
plate into a dynamic process. So far, all weldiests reported here have been realised using a gtasis
plate covering and pressing the whole textile agdein the area of the joining (see Fig. 4).

diode laser
beam shaping 940 nm

optical fibre '—

pyrometer

laser beam

plexiglass
holding platé
glass plate
textile
layers absorber D

joining pressure

( Vs pneumatic clamping device

Fig. 4: Process technology (schematic) with laseirse, optical set-up, clamping device
and pyrometer. The feed, indicated by the blackwaris generated by a two-axes
positioning system, on which the clamping devicadsnted.

Absorption of the NIR laser radiation within thetite assembly was realised either by dyeing theelo
textile layer or by putting a coloured polymeri¢erayer with defined absorber concentration betwibe

two textile layers to be joined. As polymeric idéger materials, either coloured plastic films bintfine-
woven textile layers, calendered subsequently, weesl. The thickness ranged between 30 and 230 pm.
The materials for the films were PA 6, PA 6.6 a#d@— PA 6.6 blends. For the calendered textiletay
only PA 6.6 was used. In addition to advantagecaisdling, the calendered textile interlayer material
corresponds to the airbag textiles used and gusrarthemical purity with regard to recycling preess
required for airbags after they have passed tlieitiine cycle.

Basic experiments showed that optimised weldingltesan be achieved using a process control tar@ss
constant, reproducible process conditions. The gg®aontrol was realised by adjusting the laserepow
based on pyrometric measurement of the temperatuttee process zone and software-based PID control.
The temperature measurement can be performed eiffxaxial (the pyrometer axis is inclined with pest

to the laser beam, compare Fig. 4) or coaxial (mater axis and laser beam are parallel to each)offiee
pyrometer detects heat radiation from the surfaceell as from the process zone due to its spestradi-
tivity. Therefore, the displayed temperatures aremore than relative values, which however isisigfit to
keep the process conditions constant. Using optiraantrol parameters, almost constant temperatule an
output signals can be obtained.

To evaluate the weld seam characteristics, the s¢@mgth is the measured by means of tensilengestihe
strength tests are performed according to DIN ER [8935-1. The textile samples to be welded for the
tests were rectangular, 20 cm long and 6 cm widé¢h Bint geometries, i.e. peel as well as ovedagpem-
bly, have been realised. Taking into account tleadbrvariance regarding tensile tests of textilés/adues
reported here are average values of at least Saegples. Further information about the weld seamle
extracted from the appearance of rupture uponlestesting. Selected samples are analysed to dedlua
different rupture fractions quantitatively. Thesdalare correlated with the seam strength curves.



Third World Automotive Congress Plastics-in-Moti®@08, Prague, 14 — 16 May, 2008 5

Results and Discussion
Joint performance

When no polymeric interlayer material is used dmel lower textile layer is coloured directly to amre
absorbance, the seam strength is significantly tdten with an absorbing polymeric interlayer. e first
case, the seam strength increases with increasagrage laser energy per length until a plateagashed
(before polymer decomposition starts and strengttrahses again). Depending on the process paragmeter
the height of the plateau ranges between 220 a@dNZ cm for peel geometry. The largest strengthes
achieved for peel seams without polymeric intentapaterial using a quasi linear laser spot, arermath
larger than 300 N/5 cm. The curve progressionasvehschematically in Fig. 5.
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Fig. 5: Dependence of the seam strength on the &sergy input (top) for laser-welded PA 6.6 text
layers without polymeric interlayer material (lowextile layer directly coloured, solid line)
and with absorbing polymeric interlayer materiab@thed line), respectively.

Bottom: pictures of typical weld seams (left: withpolymeric interlayer, in the plateau regign
of the strength curve, right: with polymeric int@yer, near the strength curve maxim.
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If the melt generation is limited to the interfaegion of the textile layers, the layers hardly adhe each
other. When the seam strength approaches the plékhuextile layers have been completely moltethan
joining region and re-solidified after the irradiatibas stopped (see pictures of weld seams in Fig. 5, left), so
that the fibre structure is completely destroyed. Ddpwy on the laser energy input, the seam region i mo
or less vitreous and brittle. With moderate lasesrgies at the lower border of the plateau regiondwe
seams can be realised which are quite flexible compaitbdseams generated by ultrasonic welding.

Using an absorbing interlayer material placed betwthe fabric layers, the curve for the seam stheng
shows a distinct maximum (see schematic curve pesipn in Fig. 5), which corresponds to a partiatig-n
destroyed fibre structure with distinctly increasgéength values. Here, the optical appearance of tluedie
seams is much better than in case no absorbindayee is used, and the fabric structure is complete
retained at the outer sides of the samples (séer@icof weld seams in Fig. 5, right). This resultnzdrbe
achieved by ultrasonic welding, where at least thpeu fabric layer is always molten across the whole
thickness, similar to the case of laser welding authinterlayer.If the process temperature becomes too
high, penetration of molten material to the surfat¢he airbag textile layers occurs. Different degref
fibore damage are shown by means of microscopicysisabf polished cross-sections (see Fig. 6), thus
agreeing with investigations presented in [10,11].

| maximum strength |

500 pm 500 pm 500 pm
e —_ —_
molten interlayer material molten interlayer material interlayer material mixed
(textile layers are stuck up), (mixture in the peripheral zone of with the textile layers in the
fibre structure almost the textile layers), fibre structure  seam centre, fibre structure
completely preserved preserved to a large extent widely destroyed
increasing average laser power >

Fig. 6: Microscopic pictures of polished cross-secsiaf laser-welded seams (two PA 6.6 textile
layers with an absorbing polymeric interlayer maaém-between).

The appearance of rupture also corresponds totritaegsh curve for weld seams with polymeric intgela
Below the strength maximum, the textile layers symg#tach of each other, eventually with a slighfesie
damage. The interlayer material is stuck to theleeldyer which has been affected stronger at tivease.
With increasing average energy per length, theléekers remain widely undamaged, but the interlaye
material now is found on both layers after thergjte test. Near the maximum of the strength curve, de
taching the textile layers of each other is hard. [algers are stretched distinctly adjacent to tlarsdefore
the rupture point is reached. Above the strengthimam, the fibre structure is damaged and weakenied d
to the comparably large melting pool, so that axtile layer completely breaks near the weld seatmctv
layer breaks depends on the extent of fibre straalamage. The largest seam strengths achievezkeébr
seams with absorbing polymeric interlayer materialiathe range of 500 to 550 N/5 cm so far.

The reason for this significant increase compacedelding without polymeric interlayer is that tfibre
structure can be preserved to a higher degree. dimech strength values are higher than those whiald co
be achieved by other welding techniques under @heesgeometric conditions (peel stress), but theycare
small for the circumferential airbag seam. Contoodifications corresponding to dashed, zigzag oraisu
seams even Yyield decreased seam strengths, bet@usetitve length transmitting the peel forces upon
strength testing is reduced.
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Conventional seams generated by sewing show mugiehitensile strengths upon testing (in the range
between 1,400 and 1,500 N/5 cm for a combinatiolod stitch and double chain stitch accordingdsts

of Automotive Safety Components International Gmbio. KG, Hildesheim). The reason for this is that
the loading of the seam which corresponds to a teglile loading for the whole arrangement is apur
tensile loading of many thread segments within gbam when the process is regarded in detail. Hee. t
strength of the whole seam is mainly given by then ©f the tensile strengths of the thread segments
connecting the two layers.

In overlap geometry, the achieved strengths farlaselded seams are generally much higher. Fomoipti
process conditions and with absorbing polymerieriayer material, average strength values sigmitiga
larger than 1,000 N/5 cm have been achieved, depgid the process temperature. These values vixeuld
sufficient for the airbag industry. For feed ratds5 and 30 mm/s, comparable seam strengths hase be
found. So far, the highest average seam strendtmsooe than 1,200 N/5 cm have been obtained with
calendered fine-woven PA 6.6 textile layers as diisg interlayer material. Without polymeric intayer
material, the seam strengths for overlap geomeé&yrathe range of 500 N/5 cm.

Obviously, there is no pronounced dependence of¢laen strength on the thickness of the interlayaem
rial. In case of extremely thin interlayer materiayers, the risk of damaging the textile fibreusture

increases significantly. Too thick interlayer méktayers require more energy per length to geretfze

melt pool necessary for the connection and leawitouniform melting behaviour in the process zavigich

causes a decrease of the seam strength.

The clamping pressure is of less importance fovibkling results. The materials to be joined aegifile,

and the pressure to get a “zero gap” for sufficirermal contact is small. A joining pressure obutb
0.1 MPa was found to be enough. More important seenbe the pressure holding time. If the pressure
drops just simultaneously to the termination ofitnediation, the material in the process zondiismolten

but not pressed into the vacancies of the textilecgire any more. This is the case when a globlding
system (Leister Process Technologies) is used Hé&ie, a glass ball is moved across the textilersgand
presses them together. At the same time, the glkserves as focusing optics for the laser ramhatso
that the process zone is located directly bendwahball. Correspondingly, experiments performedvait
globo welding system showed rather low seam sthsngempared to laminary static pressing.

Aspects of seam construction

The realisation of overlap seams for airbags ireotd optimise the seam strengths is not straigvtdrd.

As described, the conventional arrangement of tap @ttom textile plate described above impliesal p
tensile loading upon inflating. To implement overeeam geometry for an airbag, at least one ofetkide
layers has to be bended at the edge before joimimgs, it is necessary to modify the textile aremgnt by
placing additionalayers in order to generate a circumferential @agrdeam for a closed airbag, using a
polymeric interlayer material between the texidgdrs to be joined.

Joining of more than two layers in one step by gatireg two weld seams exactly on top of each other
hardly possible without melting the whole textilesambly, which is accompanied by low weld strengths
However, it can be clearly demonstrated that mioaa two layers can be welded with high joint qyadind
strength, if the joints are slightly shifted agaiaach other. The easiest process realisationgsnerate the
seams successively (two-step process). Corresppihaiyer arrangements were investigated systemigtical
by placing different numbers of airbag textile lesyabove and below the interlayer material (see ®iglrhe
laser energy deposited in the interlayer mater&d wontrolled so that the connection was genetstdeen
the textile layers directly adjacent to the intgelamaterial, and the additional layers could bmaeed
without efforts after the welding process.

The experiments showed that a pyrometric processra@athrough two textile layers above the inteday
material (TTIT and TTITT)) is possible. To get caangble process conditions, the average laser poagr
to be increased significantly, because the additi@tattering reduces the laser radiation reackiieg
process zone. A process control through threelégglyers above the interlayer material (TTTIT) lcboot

be realised with the existing measurement equipnieme sensitivity of the pyrometer was too small to
detect the heat radiation returning from the precme further reduced by additional scatteringeréfore,
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corresponding experiments had to be performed apmplgonstant laser power. Weld seams could be
generated, but instabilities of the deposited gnangthe course of the seam occurred and causdutig
variance of the seam strength.

In general, seam strengths comparable to the sheind the standard arrangement (TIT, see Figar) e
achieved. This was proved especially for the amargnts TITTT and TTIT. The largest average weldrsea
strength determined so far (~ 1,350 N/5 cm) wasdotor the arrangement TTIT with a feed rate of
30 mm/s and a circular focus, using calenderededatyers as polymeric interlayer material.

Obviously, the degree of generating melt in theewmnd the lower textile layer, respectively, dejseon

the layer arrangement. To analyse this, the arraages TITTT and TTIT have been regarded once more.
For a feed rate of 5 mm/s, TITTT shows strongett geheration in the lower textile layer, and forl TTt is

vice versa. This can be seen in Fig. 8, left.

The observed features are attributed to the diffsxdetween the heat dissipation rates. There seebesa
heat accumulation when additional layers are plamed to the layers to be joined. Increasing thes fieate
reduces the difference between the melt generatitimee upper and the lower textile layer for botraage-
ments. For v= 30 mm/s, the seams appear almost equal wherdeztyjrom the upper and the lower side of
the welded samples. Although the focus distanceredsas the laser spot size has been the sameofbr b
feed rates, the seam width is obviously largeBfbmm/s. Corresponding pictures are shown in Figg8t.
The minimisation of the difference between theitexayers regarding the melt generation is advgenas
for the seam strength, because the degree ofdthweture damage in the layers converges. Therlaegm
width has a positive effect, too, especially inecaserlap geometry is regarded.

A 2 2 2 2’

TITTT TTITT TTTIT TITT TTIT TIT

Fig. 7: Layer arrangements possibly relevant fotdirey airbag textiles. The black lines (T) dendte
the airbag textile layers and the red lines (1) regent the interlayer material. The red
arrows indicate the direction of the laser irrad@a. TIT is the “standard” arrangement,
whicl corresponds to conventional airbag construct

v | Y v

— —_— 2cm ] —_—

upper side
lower side
5 mm/s 5 mm/s feed rate 30 mm/s 30 mm/s
22 W 29 W av. laser power 134 W 223 W

Fig. 8: Melt generation for different layer arrangents (TITTT and TTIT, compare Fig. 7) seen
from upper and lower side of the welded sampleyeevely. Focus distance = 44 mm.

Optical appearance of weld seams — quality control

The optical appearance of laser weld seams givestdiccess to the realisation of a quality contfadir-
bags produced by laser transmission welding. Adgmicamera system combined with an image proagssin
unit should allow for automatic detecting of seasfedts or troubles during the welding process.
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Detectable seam defects have been found in weklpgriments at;v«= 30 mm/s. At higher average laser
powers, small randomly distributed regions of npelhetration to the surface of the upper textiletayccur.
This can be correlated with a significant decrezsthe seam strength, shown in Fig. 9. On the dtlaad,
too low laser energy connected with lower seamrmgttemay be indicated by a decrease of the seanth wid
compared to a standard value.

Basic experiments showed that it is not possiblerage the joining zone through the upper textigel.
Natural PA 6.6 is not absorbing for radiation im tiisible and the near infrared range, but the dexnp
structure of the textile material scatters incidkgint reflected at the seam to a large extentthsd all
information about the weld seam is lost. Thus,dptcal detection of seam characteristics is pésbly
from the surface of the textile layer. To creatéirogl conditions for the optical analysis, the @sg zone
has to be illuminated and perturbing radiation fritv@ surroundings which may have variable interisity
to be shielded. The laser radiation directly reéfiddn the process zone is not suitable as illutionasource
because the intensity is not stable and may ekesily to detector saturation. As the process comtooks
with a pyrometer detecting radiation in the nefiaired range, the wavelength range of the illuningalight
must not include near infrared parts to avoid figlation of the pyrometric measurement.

Tests with a standard CMOS camera, supplied witiaaro object lens, and LED illumination showed that
thein-situ detection of seam defects created on purpose teygixe laser energy is possible even when the
samples are moved relative to the camera. The manveleads to blurring which is of course dependsnt
the ratio of the feed rate and the exposure tinegaRling the recorded picture sequences, standall w
seams cause shadows, and variations of the seaactdréstics occur as changes in the colour canfféss

is especially valid for melt penetration to thetiledayer surface, but also for the reduction edrs width or

the complete absence of melt due to laser enegpkiown.

layer arrangement: TTIT, pictures from the uppdesi

P (av.) =158 W
1100 N/5 cm

P (av.) =160 W
1184 N/5 cm

P.(av.) =173 W

W Sor S em

- : . 3cm
visible melt penetration regions —_

Fig. 9: Optical detection of melt penetration cdated with decrease of seam strength.
Feed rate y= 30 mm/s, focus distance = 0 mm (focal length 750 mm).

Conclusions and Outlook

It has been shown that laser transmission weldfngf06.6 fabrics is a suitable way to join textieers
with sufficient seam strengths larger than 1,000 &. Several pre-conditions have been found otkwhi
the most important is the requirement of overlagnsgeometry to provide a shear tensile loading.dilgl
with the use of additional polymeric interlayer evéls which provides radiation absorption and gyer
transfer to the textile layers yields significantigher seam strengths than welding without polymisiter-
layer material. The process can be controlled bystidg the laser power based upon the pyrometric
measurement of the temperature in the process Zbieworks also for different textile layer arramgents,
where one or two layers are placed on top of therlayer material. The realisation of a seam cotitrn
taking into account overlap geometry and differeayer arrangements, including polymeric interlayer
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material, is actually in the focus of interest. Theestion of the layer arrangement is directly emted with

the pressing concept and the continuous supplyntfrlayer material to generate a successful welding
process for the main seam of a driver airbag. Tikertion of an absorbing polymeric interlayer betwéhe
textile layers to be welded may strongly reduceflirability of the joining process.

Regarding the seam characteristics, laser weldedsbave advantages compared e.g. with seams thera
by ultrasonic welding. Using the latter method, #rergy is coupled to the textile via the upperfasg.
Therefore, the upper layer has to be molten comlgled transfer heat to the lower layer and to gateea
connection of the layers. l.e. the fibre structafghe textile is completely destroyed at leasthia upper
layer, which leads to decreasing seam strengthicdoemplete layer breaking near the seam uponngadi

The basics for a sophisticated quality control hbeen demonstrated. Seam characteristic can bedesto
but only from the surface of the layer arrangemanbok directly into the process zone is not pblesdue
to the scattering properties of the fabrics. Seafeas occur as changes in the colour contrashen t
recorded pictures, and the detection is possilda &hen the welded sample is moved. This is an litapb
precondition for amn-situ quality control favoured by the automotive industry

Using the laser welding method, airbags can beigeovwith new functions like specific leakage rates
tear seams, e.g. to generate specific inflationeeces. But the laser welding of technical texigasot only
interesting for airbag production. As the proceas heen demonstrated for the quite challenging riahte
PA 6.6, it should be easy to transfer the resaltsther technical textiles made e.g. of polyestgrabyolefin
yarns which together made up about 50 % of thd tmasumption of technical textiles in the year @00
[16]. Possible applications are protective clothiogrtains, large-area tarpaulins, parachutes,uitstsetc.
Nevertheless, the industrial implementation of lagelding systems has still to be shown for theselpcts.
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