
hieve unique mechanical properties and superior per- 
formance characteristics not possible with any of the e Struct~rd component materials alone. Quite often, the unique 
combinations of metarials, structure and form found 

Preforms For in composites lead to synergetic effects wherein the per- 
formance behaviour of the whole is much greater than Advanced Composite ' the sum of the individual parts. 
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In this paper, textile structural preforms and composi- 
tes have been described and briefly explained. The exis- 
ting technologies in  this field and their products have 
been compared with each other in terms of prosesses 
andproduct performance. 
It is pointed out that more research and developments 
have been concentrated on three dimensional weaving, 
knitting and braiding techniques especially in  the last 
decades in  the developed countries. 
1. INTRODUCTION 

In this paper three dimasional textile structural 
preforms and composites are described. Conventional 
and new textile structural preform processing techni- 
ques are briefly explained. 

Conventional techniques have been used in composi- 
te industry since 1950 whereas unconventional techni- 
ques are quite new and have some advantages over for- 
mer techniques in terms of manufacturing on proces- 
sing side and final product performance. 
All manufacturing techniques in this field have been 

compared with each other on the ground of processabi- 
lity, versatility, cost etc. The characteristic of final pro- 
ducts from all techniques are also discussed with re- 
gard to the main stuctural parameters such as volume, 
fabric fraction, yarn interlacing, structural integrity 
and mechanical behaviour under the external forces 
such as stiffness, tougheness, etc. 
2. TEXTILE STRUCTURAL COMPOSITES 

Textile structural composites are rigid textile-conta- 
ining materials designed for structural or load- bearing 
applications. Presently, textile structural composites 
represent a small but technically significant segment 
of the rapidly expanding world of textile composites [C- 
hou and KO, 19891. 
2.l.Composites 

In general, a composite can be defined as a selected 
combination of dissimilar materials formed with a spe- 
cific internal structure and with a specific external sha- 
pe [Chou and KO, 19891. Composites are designed to ac- 

2.2.Textile Composites 
Textile composites can be defined as the combinati- 

ons of a resin system with a textile fibre, yarn or fabric 
system. They may be flexible or quite rigid. Examples 
of flexible textile composites are tyres, inflatable life 
rafts, and heavy duty conveyer belts, where the textile 
component provides tensile stength and dimensional 
stability, and wherein the rubber component provides 
a flexible impervious matrix. Only in combination do 
the two components meet the performance require- 
ments. 

Examples of inflexible or rigid textile composites are 
found in a variety of products referred to as fibre rein- 
forced plastic (FRP). Fibre reinforced plastic products 
emerged as accepted alternatives to metal and wood 
applications by the W e s  [Chou and KO, 19891. Since 
then, fibre reinforced plastics have become commonpla- 
ce in intedor and exterior panels of aeroplanes and in 
parts for automotive and spacecraft construction, in a 
variety of piping products, in indoor and outdoor furni- 
ture, in housing construction components, in industri- 
al cabinets and casings, in containers, in sheathings, 
etc. Accordingly, the majority of rigid or inflexible texti- 
le composites made thus far have been in the form of 
surface panels and sheathings (the skin, rather than 
the load-bearing skeleton) for a variety of applications. 
2.3. Textile Structural Composites 

Structural materials are designed for primary and 
secondary load-bearing applications such as the basic 
framework for buildings, bridges, vehicles, etc. By defi- 
nition, textile structural composites must have textile 
as well as resin, metal or ceramic components and 
must be capable of withstanding the loads to which the 
basic framework in buildings, bridges, vehicles, etc. 
are subjected. The vast majority of these composites 
are fibre reinforced plastics (FRP). However, a large 
proportion of the stresses on the basic framework of bu- 
ildings, bridges and vehicles is related to the weight of 
the structure itself (i.e the weight of the framework 
and other components). In theory, if a lighter weight 
structure is designed, the basic load-bearing require- 
ment can be substantially reduced [Chou and KO, 
19891. 

Texlile composites are superior to other materials 
(e.g. metals) on a strength-to-weight or stiffness-to-we- 
ight basis. With this reassurance, the potential for the 
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Bu yazzda tekstil ongekilli-yapzlar 
ve kompozitler tanzmlanmz~ ve klsa- 
ca agzklanmzgtzr. Bu sahadaki mev- 
cud teknolojiler ve bunlann iiriinle- 
ri, proses ve iibiinlerinin performan- 
sz agzszndan birbirleri ile mukayese 
edilerek agzklanmzglardzr. 
0zellikle son onylllardageligmig iil- 
kelerde i ig  boyutlu dokuma, orme ve 
sac orgii teknikleri iizerinde ara.$r- 
ma ve geligtirmelerin yo&.mlagtznl- 
dzgzna i~aret  edilmigtir. 
1.GiRIS 

Bu yazida up boyutlu ongekilli ya- 
pisal tekstiller ve bunlann kompo- 
zit formlan tammlanmigtir. Bu ya- 
pdann uretiminde kullamlan gele- 
neksel ve yeni teknikler lusaca apik- 
lanmigbr. 

Geleneksel teknikler bu yapda- 
n n  iiretiminde 19507den bu yana 
kullanllmg olmakla birlikte, kon- 
vensiyonel olmayan teknikler yeni 
olup eski uretim tekniklerine gore 
uretim ve uretilen urunun perfor- 
mans1 apsindan birpok avantajlara 
sahiptir. 

Bu sahada gimdiye kadar ileri su- 
riilen butiin uretim teknikleri, ure- 
tim etkinlikleri, cegitlilikleri ve ma- 
liyeti ap~sindan kargilqbdmglar- 
dir. 

~re t i len  yapllann ozelikleri, ana 
yapisal parametreler, ornegn iplik- 
lerin uriin i~inde iggal ettikleri ha- 
cim, yapdann kompaktli$, kesig- 
meli ya da dik oluglan, aynca bazi 
mekanik ozellikleri, egme,  enerji- 
yi absorbe etme gibi ozellikler api- 
sindan tmbgilmigbr. 
2. TEKST~L YAPISAL 
KOMPOZ~TLER 

Tekstil yapisal kompozitler iperi- 

sinde tekstil elemam olan yapisal 
veya yijlk-tagiyan uygulamalar ipin 
dizayn edilmig kab materyaldirler. 

Bu yapllar, hizla buyiiyen tekstil 
kompozitleri dunyasinda ufak bir si- 
llls olugturmalmna kargin teknik 
ozellikleri itiban ile onemli bir yere 
sahiptirler. 
2.1. Kompozitler 

Gene1 olarak kompozitler spesi- 
fik ip yapisi ve dig bipimi olan ve bir- 
birlerinden farkli materyallerin bir 
araya getirilmesi ile diizenlenmig 
karma bir yap1 olarak tanimlanabi- 
lirler. Kompozitler, kendilerini 
olugturan her bir materyalin goste- 
remeyeceg performansi gosterirler 
ve egsiz mekanik ozellikleri uzerle- 
rinde oluglxrmak ipin dizayn edil- 
miglerdir. 

Kompozitlerin bunyelerinde bu- 
lundurduklan materyallerin, yapi- 
mn ve bipimin uygun bir diizenlen- 
mesi ile, birbirleri ile yarhmlagma- 
si sonucu olarak kompozitin perfor- 
mans karakteri kendisini olugturan 
birimlerden pok daha buyiiktiir. 
2.2. Tekstil Kompozitleri 

Tekstil kompozitleri tekstil lif, ip- 
lik ya da kumaglannin yapi@nci 
bir sistem ile olugan bilegimi olarak 
tammlanabilir. Bunlar esnek ya da 
kab olabilirler. Esnek tekstil kom- 
pozitlerine ornek olarak tagit lastik- 
leri, gigirilebilen kurtarma teknele- 
rive tagiyci endustriyel a a r  yiik ka- 
y g l a n  verilebilir. Burada tekstil 
komponenti yapiya pekme dayam- 
mi ve boyutsal duzgiinluk saglar- 
ken termo plastik lusmi esnek bir 
matris saglar. Sadece bu iki eleman 
gerekli performansi biraraya geldik- 
lerinde yerine getirirler. 

Esnek olmayan kab tekstil kom- 
pozitlerine, ornek olarak pok gegitli 
uriinler de, lif takviyeli plastiklerde 
rastlanabilir. 1950'lerde lif takviyeli 
plastikler metal ve tahtaya alterna- 
tif ve onlmn yerini alabilecek uriin 
olarak ortaya plktrlar. 

0 zamandan giinumuze lif takvi- 
yeli plastikler yaygn olarak ufakla- 
nn, otomobil ve uzay ara@annin 
kontriiksiyonunda ip ve dq  eleman- 
lar olarak, evlerin ip ve dig eleman- 
lan olarak, boru endiistrisinde, ev- 
lerin i~ ve dig dogenimleri ile yapi- 
minda, tagycilarda, dig yiizeylerin 
korunmasi amaci ile kaplamalann- 
da kullanila gelmiglerdir. 

Kab ya da esnek olmayan bu 
tekstil yapllann po@nlu@ yiizey 
kaplamac&$mn (yuk tagimaktan 
ziyade dig yiizeyin yapiminda) her 
sahasinda kullani1migt.w. 
2.3. Tekstil Yap~sa l  
Kompozitler 

Yapisal materyaller birinci ve 
ikinci yiik tagima uygulamalannda 
ornegn binalann iskeletinde, kop- 
rii ve kqitlarda kullamlmak amaci 
ile dizayn edilrniglerdir. 

Tammdan hareketle, tekstil yapi- 
sal kompozitler tekstil oldu@ gibi 
yapi@nci (resin), metal ya da sera- 
mik matris lusmiru da ipermek ve 
binalann, kopriilerin, tagitlann V.S. 

temel yapilanmn maruz kalhklan 
yuklere dayamm gostermek zorun- 
dadirlar. Bu kompozitlerin buyuk 
~o@nlu@mu lif takviyeli plastikler 
(FRP) olugturur. 

Bununla birlikte, binalann, kop- 
riilerin ve tagitlann temel yapllann- 
daki gerilmelerin buyiim bolumu 
ile yapinin @rli& arasinda oranth 



design of textile structural composites appears to be li- 
mitless, especially in vehicles where weight saving is es- 
sential. 
2.4. Textile Composites Preform 

The specific assemblage of unrigidized fibrous mate- 
rials (yarns or fabrics) is known as the textile composi- 
te preform. Textile preforms vary considerably in 
terms of yarn orientation, entanglement, and geo- 
metry. Moreover, a textile preform architecture can 
vary from a simple planar sheet to a complex three di- 
mensional shape. 
3. MANUF'ACTURING TECHNIQUES FOR 
TEXTILE STRUCTURAL PREFORMS 

In the design of textile structural composites, the se- 
lection of materials and constructional techniques 
must be matched with product performance, producti- 
vity, and cost requirements. Constructional techniqu- 
es may vary from slow and expensive, hand-laid, batch 
manufacturing (one unit at a time) to very quick and 
cost effective Pultrusion processing. Textile structural 
composite products can be made or moulded to final 
shape or can be assembled or machined to specified 
contours and dimensions. 

No single textile material, resin system, textile as- 
semblage or constructional techniques can be conside- 
red optimal for all applications on grounds of, 

-Cost 
-Performance 
-Availability 
-Processability 
-Machinability 
- Joinability 
-Maintainability 
Manufacturing techniques of the textile structural 

composite preform can be divided into three main 
parts according to yarn place in the structure, yarn ty- 
pe (continuous or discontinuous) and the geometrical 
arrangements of yarns in the final products. 
3.1. Three Dimensional Weaving 

Three dimensional weaving can be described as a 
process in which two or more sets of yarns, warp, weft, 
and extra yarn sets (such as binder) are interlaced 
with each other to  produce a solid structure with a se- 
lected cross-sectional geometry [Chou and KO, 19891. 

Three dimensional woven fabrics are produced prin- 
cipally by the multiple warp weaving method, which 
has long been used for the manufacturing of double 
cloth and triple cloths for bags, webbings and carpets. 
The bending and friction resulting from the shedding 
motion and beat-up motion inherent to this weaving 
process tend to damage the high modulus yarns for the 
three dimensional fabrics. 

374 

Three dimensional woven fabrics are constructed 
using different weaving methods. These include solid 
orthogonal panel, variable thickness solid panel, and 
angle interlock structures. These are all thick structu- 
res. Triangular, rectangular, and circular core structu- 
res are quite thin and relatively weak. There is no sing- 
le weaving machine capable of producing all these wo- 
ven structures. Another limitation of the multi-warp 
weaving method is the difficulty of introducing yarns 
in the bias direction, as in triaxial weaving. 
3.2. Three Dimensional Orthogonal Nonwoven 
Process 

There dimensional orthogonal nonwoven processes 
interlock three sets of yarns at 90" to each other, with 
no interlacing inside the structure. The only interla- 
cing occurs on the outer surface of the structure to ma- 
intain structural integrity. One set of (warp) yarns is 
oriented along the axis of the structure and the other 
sets of yarns are inserted in turn between the warp 
yarns perpendicular to the axis and to each other. 

Three dimensional nonwoven fabrics 'are products 
of the late twentieth century, having been developed in 
the aerospace industry for specific composite applicati- 
ons. 
3.3. Three Dimensional Knitting 

Knitted fabrics are interlooped structures where the 
knitted loops are produced by the introduction of the 
knitting yarn in either the weft or warp , in the weft 
knitting or the warp knitting processes. An example of 
a weft knit is the near net shape structure knitted elec- 
tronically by the pressure foot process, as shown in Fi- 
gure 1. 

I 

Figure I .  A weft knit [Chou and KO, 19891. 
8ekil1. Bir atluh orme yapis1 [Chou ve KO, 19891. 
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bir iligki vardlr. 
Teorik olarak, gayet hafif yapllar 

yapllabilirse, yapidan istenen ybk 
mima kapasitesi onemli ol~ude du- 
guriilebilir. 

Tekstil kompozitler diger mater- 
yallere gore (ornegin metal) daya- 
mm-@rl& veya sa~lamhk-a@rl& 
apslndan ~ o k  ustiindurler. Bura- 
dan tekstil kompozitlerin dizayn po- 
tansiyellerinin slnlrsn o ldua  gorii- 
liir. 0zellikle haf'if materyallerin 
kullanllmaslnm kaglnllmaz oldu@ 
tag~t sahaslnda . 
2.4. Tekstil Kompozitlerinde 
Ongekilli Yapllar 

iplik ya da kumq formunda lif- 
lerden olugan esnek yapllar toplulu- 
gU tekstil kompozitlerinde kullanl- 
lan ongekilli yapllar olarak bilinir. 
Bu yapllar iplik yonu, kesigmesi ve 
geometrisi aslslndan habn sayhr 
bir degigkenlik gosterirler. Buna ek 
olarak, tekstil on gekilli yapllann is 
diizenleri de duzlemsel yijzeyler- 
den us boyutlu kompleks gekilli 
formlarakadar degigkenlik gosterir- 
ler . 
3. Y-WISAL TEKST~L 
ON@E@LL~ LER~N URET~M 
TEKN~KLER~ 

Tekstil yaplsal kompozitlerin di- 
zaynlnda, materyal segimi ve kons- 
triiksiyon tekniklerinin uretilen 
uriinun performansl, verimliligi ve 
mali istemler ile birlikte duguniil- 
mesi zorunludur. dngekillilerin ya- 
plm teknikleri yavq ve pahall elle 
serme, p a r p  uretimden, gok hlzh 
ve ucuz, gekerek gekillendirmeye 
kadar de&im gostermektedir. 

Tekstil yaplsal kompozit iiriinler 
dowdan veya kahplanarak son ge- 
killerine getirilirler ya da istenen 
profillerde ve boyutlarda birle$ri- 
lir veya imal edilirler. 

His bir tekstil materyali tek ola- 
rak, his bir resine sisterni, sesim 
yontemi ve uretim tekniklerinin 
higbiri agudaki noktalann tiimu- 
nu tum uygulamalar igin optimum 
degerde kargllayamazlar. Bunlar; 

-Maliyet 
-Performans 
-Saglanabilirlik 
-~retilebilirlik 
-1glenebilirlik 
-Birlegtirilebilirlik 
-Balum ve onanmdw. 
Tekstil yaplsal ongekilli kompo- 

zitler isin uretimyontemleriyaplda- 
ki ipligin iggal ettigi yer, iplik tipi 
(devami, kesikli) ve ipliklerin yap1 
idndeki geometrik diizenlenmesi 
agismdan use aynlabilir. 
3.1. U~ Boyutlu Dokuma 

uC boyutlu dokuma iki yada da- 
ha fazla iplik gruplanmn -sozgii, at- 
h, baglayla- birlikte kesigmeler ya- 
parak kab bir yapiyl istenen dig ge- 
ometriye gore uretmesidir. U~ bo- 
yuth  dokunmug kumaglar uzun 
bir sureden beri gift kath kumag, 
wta, dar kemer ve hall yaplminda 
k u l l d a n  us katll kumq olarak, 
prensipte gok katll sozgiilu dokuma 
yontemi ile uretilirler. ~g boyutlu 
kumq uretiminde ozellikle kullanl- 
lan a&I& asma ve vurma sistemle- 
rinin e rne  ve siiriiinme geklinde 
uyguladlklan kuwetlerden dolay 
bu iglem yuksek dayanlmll ipliklere 
zarar vermektedir. 

U~ boyutlu yapllar bundan dola- 
yl farkll dokuma teknikleri vasltasl 
ile uretilmektedir. Kab ve kesiqme- 
siz panel, uzunluk boyunca degig- 
ken kesitli kab panel, kesigmeli ya- 
pllar bu yontemle uretilmektedir- 
ler. Bu yapllann hepsi kalm olup, 
iiggen, dortgen ve yuvarlak gekilli 
kare yapllar bunlara gore ince ve go- 
receli olarak zayf kalirlar. 

Bu yapllann hepsini uretecek 
tek bir dokuma teknigi mevcut de- 
jjildir. Cok kath ~ozgiilu dokuma 
yonteminin obur limiti dokuya u~ 
eksenli yapllarda oldugu gibi iplikle- 
rin verev sokulamamaadlr. 
3.2. U$ Boyutlu Dik 
Dokunmam~g Yap1 Teknigi 

Us boyutlu dik dokunmarmg ya- 
p~ prosesinde us grup iplik aralann- 
da 90" agl olacak gekilde dokunur- 

lar. Dokunan yaplnin isinde kesig- 
h e  olmaylp sadece dig yiizeyde yapi- 
sal butiinlugu saglayan kesigme 
varhr. Bir grup iplik (gozgii) yapl- 
mn dokuma yonunde yer ahrken 
obur iki gurup iplik kargd&h ola- 
rak bu yaplya sokulurlar. 

U~ boyutlu dokunmamlg yap1 
u e  endustrisinde kullanllan spesi- 
fik kompozit olarak 20'nci yiizyhn 
uriinu olarak gozonune allnmakta- 
dlr. 
3.3. UG Boyutlu 0rme Teknigi 

0rme yapllar is ise gesmig ilmek- 
lerin olugturdum bir yapldlr. Bu or- 
gii ilmekleri orgii ipliginin, ~ozgii 
ya da a t h  yonunde, sozulu orme ya 
da a W  orme prosesinde k u l l d -  
mas1 ile uretilirler. 

Atlull ormeye ornek olarak Sekil 
l'de gosterilen baslu ayakh proses 
ile elektronik olarak yaklqlk net 
(ag) geklinde orgii yapllanmn iiretil- 
mesi verilebilir. 

Cokertilmig bir formda bu onge- 
killi yapllar, Karbon-Karbon en- 
dustrisinde u w a n n  fren tertiba- 
bnda kullanllmakta&r. Eger 0 ve 
90" yonunde yapiya ek giiglendirici- 
ler istenirse, Sekil 2'de gosterildigi 
gibi orgii ilmeklerinin idnden ge- 
gen ve lineer olarak uzanan iplikler 
yer alabilir. 

$e jd  2 drgii ilmekleri arasma yerle.ytiril- 
mi$ takviye ipligi. A t k h  orme, @z@i yatm- 
m, a t h  yatmm~ [Chou ve KO, 19891 
Figure 2. Reinforced yarn placed in the 
knitting loops. Weft knit, laid-in warp, la- 
id-in weft [Chou and KO, 19891 



In a collapsed form this preform has been used for 
carbon-carbon aifcraft brakes. When additional reinfor- 
cement is needed in the 0" and 90" direction, linear la- 
id-in yarns can be placed inside the knitting loops as 
shown in Figure 2. 

Chain Tricot 

0' 

I 
unit cell 

Figure 3. Multi axial warp knitted fabric systems [Chou and KO, 
19891. 
seki l3 .  Cok eksenli @zgiilii iirme kumq sistemleri [Chou ve Ko, 
19891. 

The multiaxial warp knit three dimensional structu- 
res have undergone a great deal more development in 
recent years. From the structural geometry point of vi- 
ew, the multiaxial warp knitted fabric (MWK) systems 
consist of warp (O"), weft (90') and bias (+45') yarns 
held together by a chain or tricot stitch through the 
thickness of the fabric, as illustrated in figure 3. 

The major distinctions of those fabrics are the linea- 
rity of the bias yarns; the number of axes; and the preci- 
sion of the stitching process. 

The latest development, as shown in Figure 4, has 
been made on MWK. It is called the LIBA system whe- 
rein sixlayers of linear yarns can be assembled in vario- 
us stacking sequences and stitched together by knit- 
ting needles piercing through the yarn layers. This pi- 
ercing action unavoidably damages the reinforcing fib- 
re. The penetration of the knitting needles also per- 
mits the incorporation of a nonwoven as a surface layer 

for the composite [Chou and KO, 19891. 
3.4. Three Dimensional Braiding 

A three dimensional braided fabric is constructed by 
the intertwining of two or more yarn systems to form 
an integral structure. Serious consideration of three di- 
mensional braids for composites started in the late 
1960's in the search for multidirectional reinforced 
composites for aerospace applications. The mechanism 
of three dimensional braiding differs from traditional 
braiding methods only in the way the carriers are disp- 
laced to create the final braid geometry [Chou and KO, 
19891. 

The three dimensional braiding system can produce 
thin and thick structures in a wide variety of complex 
shapes. Yarn orientation can be chosen and 0" longitu- 
dinal reinforcements can be added as desired. 
3.5. Other Manufacturing Processes 

Although several different processing techniques 
exist to produce three dimensional textile structural 
composites, some basic processing techniques are con- 
sidered. These are Pultrusion, Filament Winding, La- 
minate and Chopped Mat Formation techniques. 
3.5.1. Pultpsion 

Pultrusion is a one step, continuous raw materials 
conversion system for reinforced plastics, which is the 
exact analogue of an extrusion machine for aluminium 
or thermoplastics. It takes a wide variety of reinforce- 
ment and resin matrix systems and continuously sha- 
pes and finish-cures them into structural profiles. 

As materials of construction are pulled through a he- 
ated die, polymerisation of the resin occurs to continuo- 
usly form a rigid, cured profile corresponding to the die 
orifice shape. The emerging end product is a constant 
cross-sectional shape of infinite length. Figure 5 illus- 
trates the rocess schematically b e ,  19871. 
3.5.2 Filament Winding Process 

This is a process by which continuous reinforce- 
ments in the from of rovings or tows (gathered strands 
of fibre) are wound over a rotating mandrel. Figures 6 
schematically shows the process. 

This process can be adapted to produce many shuc- 
tures such as cylinders, pipes, tubing, and closed end 
pressure vessels with spherical, conical and geodesic 
shapes Eee, 19871. 
3.5.3. Laminating Process 

Laminar preforms are composed of two or more la- 
yers Oarninea) of materials bonded together. The mate- 
rials used in the laminating process exist in two forms. 
They are: 

-Unidirectional aligned pre-impregnated tape parts. 
-Woven or knitted pre-impregnated parts. 
In unidirectional tape parts, all the yarns have a 
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I 
K N I T T E D  W E F T  
Y A R N  L A Y E R S  

N O N W O V E N  
M A T E R I A L  

'ekil4. Cok eksenli LIBA N z N t i  iirme sistemi [Chou ve KO, 19891 
'igure 4. Multi axial warp knit LIBA system [Chou and KO, 19891 

boyutlu c;ok eksenli ~ozgiilu 
orme yapllan son ylllarda buyuk ge- 
ligmelere u@-amlghr. Yap1 b A m n -  
dan MWK (c;ok eksenli c;ozgiilu or- 
me) sistemleri, kumq  k&nlig.lnca 
yer alan bir triko orme ilmek zinci- 
ri ile tutulan O" c;ozgii 90" a t h  ve 
f 45" ipliklerden Qekil3'te goriildu- 
$jii gibi olugur. 
Bu yapilann belli bagh ozellig ve- 

rev ipliklerin do$$usall@, eksen sa- 
ylsi ve orme igleminin hassas11g.l- 
dir. 

Son geligmeler, Qekil4'de ariildu- 
@,i gibi, c;ok yijnlu c;ozgulu orme iize- 
rine geqeklegmigtir. LIBA diye ad- 
landinlan bu proseste alb kat iplik 
deBgikyonlerdebirbirleri ile diizen- 
lenmig ve bu duzene dik yonde,dikil- 
miglerdir. Dikme iglemi her katta 
bulunan ipliklerin katmanlan del- ' mesi ile gerqeklegir. Bu delme igle- 
mi kapmlmaz olarak takviye iplikle- 
rine zarar verir. Ancak bu iglem so- 
nucu yapmn her iki yiizeyine ek 
olarak nonwoven katlmn eklenme- 
sine imkan tammighr. 

3.4. U~ Boyutlu Sag ~rgii ,  
"BraidingTeknigi 

~ c ;  boyutlu sac; orgii kumq  iki ya 
da daha fazla iplii sisteminin bira- 
rada birbirleri ile sanlip kompakt 
bir yapiya donu~r i i lmes i  ile ureti- 

' lirler. Kompozityapimndakullaml- 
mak iizere sac; orgii yapllar iizerine 

ciddi qhgmalar 1960'lmn sonlan- 
na do&u upklarda kullanilmak 
amau ile c;ok yonlii kuwetlendiril- 
rnig kompozit yapilar iizerine yapi- 
lan ara@rmalardan hareketle bag- 
larm@r. 

Uc; boyutlu sac; orgiinun igleyigi 
geleneksel sac; orgii sisteminden 
f a r m  gosterir. Bu farklll~k sade- 
ce sonuc; yapisal geometrinin elde 
edilmesi ic;in tagiylcllara yer veril- 
mesinden kaynaklanmaktadir. 

UE boyutlu sac; orgiilu sistem ge- 
gitli kompleks gekilli yapllan ince 
yada kalin formda uretebilir. iplik 
yonu sec;ilebilir ve uretim hath dog- 
rultusundaki yapiya istege bag11 ola- 

rak giic;lendirici iplilder eklenebilir. 
3.5.0ngekilli Yapilann 
uretiminde ~ i g e r  ~ r e t i m  
Teknikleri 

Ug boyutlu tekstil yap~sal kompo- 
zitlerin uretiminde farkh teknikler 
olmasina ramen, barn temel ure- 
tim yontemleri goz onune alinmg- 
hr. Bunlar c;ekerek gekillendirme, fi- 
lament sarma, lamineyt ve liflerin ke- 
silerek gekil verildiB tekniklerdir. 
3.5.1. Cekerek Qekillendirme 

Cekerek gekillendirme tek adim- 
11, hammadeyi giic;lendirilmig plas- 
tik yapiya doniiytiiren ve alumin- 
yum ile termoplastikler ic;in kullam- 
lan ekstriizyon yonterninin benzeri 

'ekil5. Cekerek sekillendirme elemanlan- gematik [Lee, 19871. 
'igum 5. Elements of pultrusion-schematic [Lee. 19871 
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high degree of alignment within each lamina, and the 
orientation of the laminae vary according to the engine- 
ering requirements. 

This ensures an optimised level of mechanical per- 
formance of the final laminates. 

In the woven pre-impregnated parts, there are two 
sets of yarns as weft and warp. These increase the in- 
tegrity of the final laminar preform in both longitudi- 
nal and transverse directions. 

Fabrication techniques vary according to the part si- 
ze, curvature, thickness, ply complixity, tolerances, re- 
peatability requirements and quality constrains. 

There are three main routes available for manufac- 
turing. These are: 

-Hand lay-up 
-Automated ply profiling 
-Tape laying 
Hand lay-up: 
The individual lamina (ply) is profiled.Then it is cut 

to the required shape. Each lamina is subsequently bu- 
ilt ply-by-ply into a laminate. The part is then placed 
on the tool and a range of ancilllary materials are pla- 
ced on the part to allow for volatile and excess resin ex- 
traction during cure. A pressure membrane (vacuum 
bag) is then placed over the part and it is ready for cu- 
re. The cure is determined by the matrix system and in- 
volves the simultaneous application of heat and pressu- 
re. This can be achieved in either an autoclave or oven 
depending on the amount of pressure required. After 
the cure the yarns and matrix are completely bound 
and the part is removed from the tool and undergoes 
deflashing a d  a non-destructive quality assessment. If 
it passes the quality control it is ready for painting and 
finishing. 

Auotmated ply profiling: 
A major proportion of the time involved in part fabri- 

cation by a hand lay-up technique is taken up by the 
ply profiling operation. 

This method ensures that the cutting of each ply is 
carried out properly and speedily. Therefore time con- 
suming problems and material wastage are elimina- 
ted. Several cutting devices are employed such as laser 
cutting, water jet cutting, reciprocating knife, ultraso- 
nic knife and preset steel rule dies. The most widely 
used apparatus is the Gerber knife cutter. 

After profiling, the plies are stacked by hand in the 
required sequence and are taken to an area to have the 
laminae hand-laid into a laminate. Apart from the pro- 
filing aspects the procedure is identical to the hand 
lay-up operation. Though this reduces the time taken 
to fabricate a part, laminate lay-up is still done by 
hand. 

Tape Bayhg: 
The purpose of this equipment is both to profile the 

plies and to lay them into a laminate simultaneously. 
Much effort has been expended on this sort of machi- 

ne. Intitially they could only deposit tape on a flat surfa- 
ce slowly, but currently it is possible to purchase machi- 
nes that can lay tape directly to curved tools with up to 
30 " of inclinations with high deposition rates for the 
pre-pregs. This technique has its drawbacks in that it 
is limited in the level of inclinations with which it can 
deal [Woolstencraft, 19891. 
3.5.4. Chopped Fibre Mat Making Process 

This is a preform making technique in which fibrous 
rovings are fed through a chopper and ejected into a re- 
sin stream onto the mold. Also continuous filaments 
are used together with short fibres. The well known 
commercial name of this processing technique is called 
spray-up. Figure 7 illustrates schematically the spray- 
up process pchardson, 19871. 

The above is a brief description of each process for 
textile structural composite processing. Now each sy- 
stem will be discussed in terms of its product perfor- 
mance and,processing advantages or disadvantages. 

The chopped fibre mat technique is not suitable for 
structural composite applications because of fibre dis- 
continuity, uncontrolled fibre orientation and lack of 
fibre integration or entanglement. Although the pro- 
cess is simple, cheap and high speed, it is messy and la- 
bour intensive [Chou and KO, 1989; Richardson, 19871. 

Pultrusion products are acceptable for structural 
components which are exposed to simple tension in the- 
ir application. 

To qualify for a more general use as structural com- 
ponents, this system must be positioned multi-driecti- 
onally. It has limited potential for general load-bearing 
applications because of lack of filament integration or 
entanglement, which means vulnerability to splitting 
and delamination between filament layers [Chou and 
KO, 19891. 

The Pultrusion process is; 
-Continuous 
-Not labour intensive 
-Cheap 
-Of high output 
-Capable of producing dfferent sorts of flat structure 

easily [Chou and KO, 1989; Lee, 19871. 
Filament winding techniques show similar characte- 

ristics in terms of product performance. The main 
constraint of filament wound product application is al- 
so the interlaminar stength between yarn layers. 

The advantages of this technique are that: 
-There is no yarn discontinuity over whole compo- 
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rekil6. Filament sarrna i5lemi [Lee, 19871. 
'igure 6. Filament winding process [Lee, 19871. 

olan bir sistemdir. Degigik gii~lendi- 
riciler (iplikler, filamentler) ve ya- 
p~gbnci matrislerle tpl~gabilen, de- 
vamh uretim yapabilen ve deagik 
gekillerin verilebildiB bir prosestir. 

Materyalin yapimi onun Qekile- 
rek isitdm~g bir gekillendiriciden ge- 
~irilmesi esnasinda uzerinde bulu- 
nan yap1gt;lnclnin a1 etkisi ile poli- 
merizasyonu sonucu kab bir gekle 
donu@uriilmesi ile olugur. Kesit bi- 
Qimi kahbin qlug @min bi~imine 
kaq111k gelir. S o n u ~  uriin sonsuz 
uzunlukta ve uzunluk boyunca sa- 

( bit bir kesitte olup, Sekil 5 prosesi 
gematik olarak gostermektedir. 

f 3.5.2. Filament Sarma Teknigi 
Tekstil kompozit yapim prosesi 

olup istenen kalinliktaki bukumsiiz 
ya da "towt'lann (biraraya getiril- 
mig lif demetleri) donen bir mand- 
rele sanlmasi ile elde ediien devam- 
h bir uretim tekniBdir. gekil 6 ge- 
matik olarak bu prosesi gostermek- 
tedir. Bu proses daha ziyade silin- 
dir, boru, tiip, basmQ1i kaplann ure- 
timinde kullmlan bir yontemdir 
ve kuresel, konik ve jeodezik biqim- 
ler elde edilebilir. 
3.5.3. Lamineyt Tekn ig  

o n  gekilli larnineyt, iki yada da- 

ha fazla malzeme katlannin bir ara- 
da yap~$mlmasindan olugur. 

Bu teknikte kullanllan malzeme 
iki gekilde olabilir. 

Bunlar; 
-Tek yonde do@ultulanmg ve 

onceden yapigbnci uygulanmig par- 
'?' 

-Dokunmug ya da oriilmug ve on- 
ceden yapiqhnci ile muamele gor- 
mu5 par*. 

Tek yonlu parplar muhendislik 
uygulmalanna gore birbirlerine 
farkli do&ultularda yonlendirile- 
rek hazirlanm~g farkl~ yonlenmeli 
katmanlardan olugur. Sonuc urii- 
nun mekanik performansiru bu du- 
zenlemeler optimal duzeyde saglar. 

Ikinci kategorideki partplar ise, 
i~erisinde ~ozgii ve atlu ipliklerini 
olugturduklan i ~ i n  sonuq iiriinun 
performansi hem uzunluk ve hem 
de geniglik boyunca artar. ~ r e t i m  
teknikleri, p a r e  boyutu, eami, ka- 
hnl~& karmagik kat yapisl, toleran- 
SI ve kullanllan her bir parpmn bir- 
birine benzerliB ile kalite aqlann- 
dan de@;igim gosterirler. 

UQ ana uretim teknig mevcut- 
tur. Bunlar; 

1.Elle serme 

2.0tornotik p a r p  kesme 
$.Par@ sermedir. 

Elle.Serme: 
Her bir katm gekli s h r b h r .  Da- 

ha sonra istenen gekle gore kesilir. 
Her bir kat ust uste getirilerek ana 
pa& elde edilir. Bu par* daha son- 
ra a r q  iizerine yerlegtirilir ve iizeri- 
ne bir dizi yarhmci madde konarak 
p a r e  uzerindeki fazla yaplgbna 
uzaklaghnlir ve isd iglem uygula- 
nir. Pigirme icin p a r e  iizerine ba- 
smc m e m b m   basin^ torbasi) ko- 
nur ve pigirmeye hazlr hale getiri- 
lir. Pigirme matris sistemine bagh- 
drr ve lsi ile basincin egzamanh uy- 
gularnasim i~erir. Isil iglem basrn~ 
altmda otoklav ya da finnda yapihr. 
Isll iglemden sonra'ana p a r e p  olug- 
turan iplik ve matris Qap~gbncl) 
birbirleri ile iyice tutturulmug olur 
ve sonu$ uriin-tahrip etmeden uy- 
gulanan kalite kontrolundan gegiri- 
lir. Sayet uriin istenen kalitede ise 
boyanma ve bitim iglemlerine ham- 
dir. 

Otomatik Paqa Kesme: 
Elle serme teknia ile p a r e  ima- 

linde harcanan zamanin buyiik bo- 
lumu her bir parpnm istenen gek- 
le getirilmesinde uygulanan kesme 
igleminde harcanan zamandir. 

Otomatik p a r e  kesme tekni@ 
herbir p a r w i n  huh ve d o w  ola- 
rak kesilmesini mumkiin hlar. Do- 
laps1 ile bu iglem i ~ i n  harcanan za- 
man hsalblrmg, kesme iglemindeki 
malzeme kaybi da minumuma indi- 
rilmig olur. 

Birgok kesme ciham kul ldabi -  
lir, ornegin lazer kesici, su jeti kesi- 
ci, hareketli kesici, ultrasonik kesi- 
ci ve aDr11k esasli celik kesiciler gi- 
bi. En yaygm kullanllan Gerber ke- 
sicidir. 

Kesmeden sonra katlar istenen 
sirada elle yerlegtirilir ve elle lami- 
neyt yapilan yere gotiiriilur. 

Kesme igleminin hgndaki pro- 
ses elle serme tekniBndeki gibidir. 
Otomatik p a r e  kesme her bir par- 
p u n  uretimi i ~ i n  harcanan zama- 



nent area (without joints) and yarn can be oriented ea- structural systems, are totally integrated and the most 
sily in the load direction reliable for load-bearing applications because of yarn 

-It is a continuous and simple step process continuity and because for controlled multi-dimensio- 
-Larger structures can be built nal yarn orientation. Consequently, the risk of split- 
-High fibre volumes are obtainable ting and delamination is eliminated. 
-Costs are lower for large numbers of components Three dimensional woven preforms are: 

produced -Stif€ 
-Costs are relatively low for material (by using the -Have high structural integrity (because of yarn in- 

Resin and 
promom 

Mold 

7. Spray-up process [Honcex, 19831 
gekil7. Spreyleme b l e d  [Honcex, 19831 

The main disadvantages of filament winding proces- 
ses are that; 

-Process needs mandrel, which sometimes can be 
complex or expensive 

-Shape of component must be such as to permit 
mandrel removal 

-Yarn path is not changed easily 
-Final product has a poor external surface [Chou 

and KO, 1989; Lee, 198fl. 
The laminated products represented by a variety of 

simple unidirectional tape or fabric (woven or knitted 
forms) are especially suitable for load-bearing panels 
in flat form. The main features of simple fabric sy- 
stems are yarn continuity, planar yarn orientation and 
integration. The major vulnerability of simple fabric la- 
minate systems is delamination between layers of the 
fabrics. 

The main problems of laminating processes are; 
-They are labour intensive, quality may be variable 

and dependent on the skill of the operator. 
-They are time consuming and discontinuous [Chou 

and KO, 1989; Richardson, 1987; Hancox, 19831. 
The woven, orthogonal nonwoven, knitted and bra- 

ided processing techniques, which are called advanced 

terlacing) 
-Have the maximum fibre volume fraction (Vf), bet- 

ween 58 and 68 % 
-Have a low level of conformability 
With three dimensional weaving: 
-There is no limitation to produce wider preforms (0- 

ver 60 inches) 
-It is difficult to insert the yarn into the woven pre- 

form in the bais (f40°) direction. 
Three dimensional orthogonal nonwoven preforms 

are: 
-stiff 
-Have a maximum fibre volume fraction (Vf) of 58 % 
-Have a low level of conformabii@ 
The three dimensional orthogonal nonwoven pro- 

cess is the rhost direct method to produce thick compo- 
site preforms but at  a narrower width. 

Three dimensional knitted preforms: , 
-Have lower structural integrity 
- ~ a v e h % h e r  level of conformability 
-Are quite s&ble for molded composites 
-Have a maximum fibre volume fraction (VO of 

W68 % 
With three dimensional knitting: 
-It is easier to produce awider preform but the thick- 

ness of it is limited 
-Allows a wide range of possibilities to insert yarns 

into the preform at bias (f45") as well as (f20") and 
(f 60") directions. 

Three dimensional braided preform is: 
-Tough 
-Of low stiffness 
-Of high conformability 
-Of maximum fibre volume fraction (Vf) of 68 % 
-Of yarn orientation variying in the braided preform 

between lO0and 80" 
Three dimensional braiding is: 
-Capable of continuous and part manufacturing 
-A fully automated process 
-Capable of producing different cross-sectional sha- 

pes of Cartesian preform 
-Suitable for producing solid near-net-shapes [Chou 

and KO, 1989; Lawrance, 1983; KO, 1988, Florentine, 
1985, hid, 1982; KO, 1985, Pastore, 19881. 



ni dugurmesine kargin, hala lami- 
neyt serme iglernli elle yapilmakta- 
dir. 

Parga Serme: 
Bu uretim tekniginin ana amaa 

hem kesmenin ve hem de kesilen 
parplann ust uste konulmasimn 
birlikte saglanmasi&r. Bu makina- 
nin geligtirilmesi iizerine buyiik p- 
balar sarfedilmifir. 

Bqlangqta p a r p y  ancak duz 
bir yiizeye yavq olarak serebiliyor- 
lardl. 

Bu makina parplan duz yere se- 
rebileceg gibi 3O0'I& egme kadar 
olan yiizlere de serebilmektedir. 

Bu teknik hala p a r d a n n  egimli 
yiizeylere serilmesi aqisindan slur- 
lidir. 
3.5.4. Liflerin Kesilerek eekil 
Verildifgi ~ r e t i m  Teknifgi 

Tekstil yapisal on gekil yapma te- 
nigi olup bu teknige gore lif fitilleri 
devamli olarak bir kesiciye besle- 
nir. Kesilen lifler yapi@nci bir dug- 
kana yi ic lr i i r t i i lor~ lr  lrnlanlnnrr u- 

silen Mere aynca devamb filament 
iplikler de beslenebilir. Bu prosesin 
piyasada bilinen a& spreyleme tek- 
nigdir. qekil 7 gematik olarak 
spreyleme teknigi gostermektedir. 

Yukanda, tekstil yapisal kompo- 
zitler yapim iqin uygulanan her bir 
proses hsaca aqiklanmgbr. 8imdi 
her bir uretim sistemi, iiriin perfor- 
mans1 ve iglem tekniklerinin avan- 
taj ve dezavantajlan apmdan  tarb- 
gilacalchr. 

Liflerin kesilerek gekil verildigi 
bu teknik, tekstil yapisal kompozit 
yapim iqin liflerdeki kesinti, kon- 
trol edilemeyen lif d o ~ l t u s u  ve lif- 
ler arasl integre bir yapinin ve do- 
lagmanin olmamasi nedeni ile uy- 
gun degildir. 

Proses basit, ucuz ve hizh olmasi- 
na kargin, igqilik yo@n ve kirlidir. 

Cekerek gekillendirme teknig, 
basit qekrneye maruz sahalarda kul- 
lamlacak tekstil yapisal kompozit- 
ler iqin uygundur. Genel amaqh kul- 
l a m a  uygun omasi iqin, bu siste- 

min iirettig yapinin farkh yonler- 
den takviye edilmesi gerekir. 

Genel anlamli yiik tagiyci olarak 
iplik katlan arasinda bir entegras- 
yon olma&& iqin sinirlidir. Nedeni 
ise lif biitunlugii veya dolqmasi ol- 
mahandan yiik ahnda katlar ara- 
sinda aynlma ve kopmamn olabile- 
cegidir. 

Cekerek gekillendirme prosesi, 
devamli, fgqiliginin yo@n, ucuz, 
uretim hlzi yiiksek ve kolayca duz 
kesitli gekillerin uretilebildigi bir 
tekniktir. 

Filament sarma teknig uriinun 
gosterdig performans aqisindan 
benzer ozellikler gosterirler. Bu tek- 
nigin urettigi uriinlerdeki ana so- 
run yine iplik M a n  arasindaki 
mukavemettir. 

Bu teknigin avantajlan: 
-~ret i len parpmn herhangi bir 

yerinde (eksiz) devamsizhk yoktur. 
ve iplik yuk yoniine gore yonlendiri- 
lebilir. 

%sit ve devamli bir yontemdir. 
-Buyiik boyutlardaki yapilar ure- 

tilebilir. 
-fpliklerin yap1 iqinde yer aid@ 

hacim istege gore ayarlanabilir. 
-Cok saylda par* imalinde mali- 

yet dugiiktiir. 
-0nceden hazirlanmig formlar 

yerine kuru formda iplik kullani- 
mindan dolay goreceli olarak ham- 
madde maliyeti dugiiktur. 

Bu prosesin ana dezavantajlan 
-Prosesin mandrele ihtiyaci olup 

bazen p a r p  gekline uygun mandrel 
karmaglk ve pahah olabilmektedir. 

-Uretilen komponentin, mandre- 
lin iqinden uzakla@nlmasina uy- 
gun biqimde olmasi gerekir. 

-Iplik yolunun degi$irilmesi ko- 
lay olmamaktadir. 

-Sonu$ uriinun dig yiizeyi puriiz- 
ludur. 

Lamineyt uriinler isterk tek yon- 
de do~ l tu l anmig  parplardan is- 
ter dokunmug ya da oriilmug pare-  
lardan olugsun, ozellikle yuk tagi- 
yan duz kesitli panel yapimna uy- 

gunluk gosterirler. Kumag p a r p  
kullaniminin ana ozellig ipliklerin 
yap1 i&de devamh, duzlemsel dog- 
rultulanmig ve kompakt olmasi&r. 
Basit lamineyt sisteminin temel 
problemi, katlann yiik altmda bir- 
birlerinden aynlmasi&r. 

Bu teknigin ana sorunlan: 
-1gqilik yo@n olmasi ve uriin ka- 

litesinin paredan parpya, pliga- 
mn yetenegine gore degigiklik gos- 
termesidir. 

-Devami olmayan yavq bir iire- 
tim geklidir. 

Dokuma, dik dokuma, orme ve 
saq orgii uretim teknikleri, ileri ya- 
pisal sistem olarak adlandinlirlar. 
fPlik devamlih&, ipliklerin qok yon- 
de do&ultulanmas~ ozellikleri itiba- 
n ile yiik tagiylci olarak gijlvenilir 
bir gekilde kullanilabilirler. Dolayl- 
s ile yapimn aynlmasi ve katlann 
sokiilmesi gibi sorunlar bu teknikle 
ortadan kaldmlmghr. 

~q boyutlu dokunmug on gekil- 
ler, sertlige sahip ipliierin kesigme- 
sinden dolay, 

-Yiiksek bir yapisal butiinliik iqe- 
ren, 

-fplign yap1 i~inde iggal ettigi 
hacmin %58-68 arasinda olu@rula- 
bildigi, 

-8ekillendirilmesi dugiik olan ya- 
pllardir. 

~q boyutlu dokuma prosesi ile 
-On gekillilerinuretiminde genig- 

lik aqisindan bir sinlr yoktur (gele- 
neksel qift katli kumag uretiminde 
kullan~lan teknik igin 160 cm). 

-+ 45O'de dokunan yapiyaiplik so- 
kulmas~ zordur. 

~q boyutlu dik dokunmug on ge- 
killiler 

-Serttirler. 
-Yap1 iqindeki iplik hacmi maksi- 

mum %58'dir. 
-geld verilmesi dug* yapilar- 

&r. 
uC boyutlu dik dokuma prosesi, 

kompozitleriqin ongekillilerinureti- 
minde istenen U n h k t a  fakat dar 
ende dokuyabilen direkt bir teknik- 
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On the basis of the qualitative assessment it is diffi- 
cult, if not impossible, to identify a uniquely superior 
there dimensional system, but it is more convenient to 
make an assessment on the specific matrix system to 
be used and most importantly by the end use require- 
ments. 
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tir. 
uC boyutlu orme ongekilliler 
-Yapisal kompaktli@ dug% 
-qekillendirilmesi yiiksek, 
-Dolaylsi ile kaliplanrnaya uygun, 
-Yap1 igindeki iplik hacmi maksimum %58-68 olan 

malzemelerdir. 
U$ boyutlu orme prosesinde 
-Smrh k a l d k t a  genig ongekillilerin uretimi kolay- 

ca gergeklefirilebilir. 
-1~1iklerin yapisal ongekillilere f 45", f20" ve +60" 

aplardan sokulmasi mumkundur. 
Up boyutlu sa$ orgii ongekilliler 
-Saglamdirlar. 
-Dugiik rijitliktedirler. 
-qekillendirilebilirler. 
-Yap1 icjndeki iplik hacmi maksimum %68'dir. 
-Xpliklerin sag orgiilu yap1 idndeki dogmltulan 10" - 

80" arasinda degigebilir. 
UG boyutlu s q  ijrgii prosesi: 
-Devamli&r ve parip uretimine uygundur. 
-Tamarm ile otomatize edilmig pir prosestir. 
-Farkh bidmli kesitlerde kartezyen onqekillilerin 

uretimine u h n d u r .  
-Kab ve yaklagik-net gekillerin iiretirnine uygun bir 

teknikdir. 
Kalite agisindan degerlendirildiginde, iig boyutlu 

uretim tekniginden hangisi daha iyidir demek oldukp 
giiwr, ancak her teknigin urettigi iiriiniin ne kadar 
iyi oldu&unun kullamlacak yere ve kullamlan matrise 
gore degerlendirilmesi daha dogru olur. 
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