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Abstract:  

Advancing in the process of extending the use of composites for structural parts applications, it is inevitable 

to work on complex shapes. That is the main reason why understanding the complex forming mechanisms and 

the factors put into play during the process of composite materials is a major interest for both pre-impregnated 

forming and dry fabric preforming. Thus, the apdpearance of defects is a major concern and predicting their 

appearance for optimal product quality is the priority. A great number of authors showed that defects degrade 

the overall performance of the composite by creating local heterogeneities. Many factors can initiate these 

defects. This article is an assembly of the development of the literature on this subject. It is an attempt to 

provide a description for each defect and a classification order following the scale, the behavior mechanisms, 

the appearance plan. This will help to converge toward an identification of the defects manifesting during the 

composite forming. 
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I. INTRODUCTION  

For the last decades, composite materials are more in demand in many industries thanks to their interesting 

mechanical properties, the possibility of functionalizing them and their good adaptability according to the 

environment they are used in. To harvest their fullest potentials, one of the challenges to overcome is to 

master the forming process. If we look at the example of metal forming, it has long been guided by a 

normalized forming limit diagrams (FLD) or curves. Among the first authors who proposed such approach, 

we find Hosford and Caddell (1983) who proposed a graphic curves describing the strain limit of the metal 

sheet in each direction. These forming limit diagrams (FLD) [1] allow determining the formability to know 

whether a given geometry can be obtained with a specific material. Doing the same for the composite 

materials is a challenge because having a great variety of composites types along with the highly 
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heterogeneous properties make it hard to cover all the variabilities such as the weaving pattern and 

parameters, the nature and the material of the fiber, the yarn width, treatment undergone such as sizing, 

conditioning, stress history ... So, it is mandatory to understand the composite behavior during forming. The 

complexity of the reinforcement brings forwards numerous defects that manifest on different levels. Every 

factor such as the reinforcement type (fabric type, number of layers, orientation …), the process type (punch 

and die, global or sequential stamp, diaphragm …),  settings (speed, tool, pressure, blank holders…) and the 

geometry (hemisphere, square, double dome, prism …) can influence the outcome of the preform quality.  

The effort has been put to understand these defects and the cause of their appearance [2–7] along with 

suggesting solutions to avoid them [8–11]. It was either manipulate one of these factors or add a new one to 

oppose the effect of the first. For each application, these defects have been investigated individually. So until 

today there is no forming limit norm or guide that standardize the forming process for composites. Some 

authors attempted to preform each fabric with a similar protocol [12] using different type of setting and others 

conducted benchmark of forming geometries on the appearance of defects [13]. These studies have proven 

that building a standardized forming limit diagram for composite materials is a challenge. This why a lot of 

efforts are being put on working on developing numerical simulations [14–16] to determine the feasibility of 

the forming, to narrow down the factors, to lower the possibilities and avoid unnecessary experimental work. 

The numerical simulations are a complementary work done before conducting the experimental forming, for 

side by side verification and validation [17–21]. Alone, they cannot portray all the factors that take part in the 

preforming, it may show great accuracy but, it cannot be an alternative for the experimental results. 

The preforming of a composite can be distinguished into 2 types, prepreg forming and the dry fabric 

preforming, where the defects play a great role in degrading the mechanical properties and creating local 

heterogeneities and weaknesses that will initiate the failure. To assess the gravity of the defects, many studies 

have investigated how a defect affects composite mechanical behaviors such as the effect of out of plane 

wrinkles and waviness on quasi-static behavior [22–27] or the fatigue performance [28, 29], the effect of in-

plane fiber misalignment [30, 31] and out of plane waviness [30], the effect of voids on the composite’s limit 

under compression loads [31] and the effect of the shear angle variation under compression [32]. The 

literature highlighted that multiple forming defects, on different scales, degrade the mechanical properties 

depending on their severity hence the importance to predict their appearance. For that, the composite's 

behavior mechanisms and the multiple factors taking a part in the forming process must be investigated to 

understand the role of each on the defect appearance. Until now the forming defect studies have shared many 

common conclusions on this aspect but they did not share the same vocabulary and definition in reference to 

each of the defects. In this paper, we propose an overview of the different defects appearing during the 

preforming process that are listed in the literature so far, the different mechanisms associated with their 

appearance and then a classification depending on their scale (Multi-layer, mono-layer, and down to the yarn 

defects). This can be the first step to create a composite forming defects manual.  
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II. PREFORMING DEFECTS 

The manifestation of defects during preforming of dry fabric or prepreg forming is a complex process and a 

result of many factors, either originated from the composite itself (the fabric properties, dimensional or 

mechanical …) or the preforming procedure (the preform shape, speed, pressure …). All these factors should 

be deeply investigated as they hold the key to understand the phenomena behind the appearance of the 

defects. Hence, any defect will disturb the homogeneity of the structure creating local variation in the 

mechanical properties of the composite. Therefore, they are deeply investigated in numerous works in the 

literature starting from forming a single layer as it is the simplest to study then to preforming a stack of multi-

layered fabrics adding new variables to the picture. The vocabulary used in the literature is unstandardized 

from an author to another, all through this article, each time we use the exact term used by an author it will be 

mentioned between brackets. We propose a defect classification depending on the scale of their appearance:  

monolayer, multilayer and the yarn/ filament scale. Following the description and definition of each one 

provided, we can distinguish defects generated due to out-of-plane deformations, and in-plane deformations. 

The ‘plane’ referring to the plane in which the fabric takes for its final form after the preform shaped into the 

geometry that we are aiming to obtain in the final results. Then defects go beyond the change of the fabric 

form or pattern to appearing on a smaller scale on the yarns or filaments of the fiber.  

 

1.  Monolayers pre-form defects:  

A major number of the studies on the preform of composite materials have been done on a single layer, 

mostly on forming dry fabric and rarely on Prepreg composites. They used different simple geometries and 

complex geometries dedicated to specific applications. Using a single layer, defects appear on the level of a 

single fabric form as an out-of-plane defect or it affects its pattern distribution as in-plane defects.  

a) Out of plane deformation: 

One of the first studies was by Tam [33] concentrating solely on the kinematic analysis to form a fiber sheet 

into a geodesic. Tam highlighted that it is important for the fabric to allow the in-plane shear to prevent the 

out-of-plane bending, “buckling”, where he identified the health of the forming by characterizing the 

magnitude of the shearing angle in the critical, highly curved areas. Then, he determined that the appearance 

of the out-of-plane deformation depends on the shear angle. This angle is the rotation that the fabric is 

subjected to,  comparing to its initial direction. In the same period, Christie et al.[34] has attributed the out-of-

plane deformation to the effect of the compression (negative tension). When this compression occurs in a 

certain location of the fiber alignment, the fabric buckles in an out-of-plane deformation. They concluded that 

this phenomenon depends purely on the stress distribution in the concerned area, which is very complex in the 

case of composite forming, highlighting that building a forming limit diagram like for metal sheet forming 

dictated by Hosford and Caddell in 1983 is a  challenge. This limit is a criterion defined by the formability, 

which is the ability of the fabric to take the shape and form of defined geometry and undergo plastic 
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deformation without creating any damages [35], which is measured by conducting different tests. The higher 

the curves and the details, the higher the formability is required. 

Yu et al. [36]  identified the different deformation modes of fabrics: transverse compression, out-of-plane 

bending, in-plane tension and in-plane shear. They suggested that by conducting these tests we can determine 

the formability of the fabrics. They used different types of fabrics and measured their shearing angles and 

their behavior in different deformation loads experimentally. They concluded that the formability depends 

strongly on the fabric type that is why there were authors who build on their statement and investigated the 

effect of the fiber type on the fabric behavior during preforming. Mohammed [37] studied 4 types of fabrics 

(Fig.1), under the same forming settings, formed all into an identical hemisphere. The fabrics have shown 

different characteristics of out-of-plane deformation (“wrinkles”). As an example, certain types of 

reinforcements such as the plain weaved fabric have a more liberated angle rotation so it can resist wrinkling 

compared to the tight weave and satin. The appearance of this defect was explained by being a result of the 

compressive loads, created during the forming, as it is subjected to shearing to conform to the punch shape. A 

buckling deformation manifests out-of-plane of the fabric's thickness when the strain energy is too high for 

shear to absorb it, thus surpassing the locking angle and creating a double curved shape. The “locking angle” 

is defined as the onset angle of the out of plane deformation where the fabric is sheared at a certain state with 

an in plane yarn/yarn compression leading to an energy in which the fabric cannot accommodate, so it deform 

into a new form/shape to dissipate and cancel this energy by forming out of plane curve as “wrinkles”. 

 

 

Figure 1: Wrinkles forming loose plain weave, tight plain  twill 5-harness satin weave formed into hemisphere 

[37]  
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For almost a decade, the out-of-plane deformation was attributed to the shear and tension behavior of the 

fabric. This was the earliest concentration of Boisse’s work [38] (Fig.2)  where they studied different types of 

fabrics:  First, by identifying numerically and experimentally their tension stiffness in the weft and warp 

directions, then implement it to the model set into 2 forms(a hemisphere, a square). For the result of the 

simulations, the areas with high shear angles are compared with the locking angle determined experimentally. 

Starting with the tension approach only, the rotation of the in-plane angle has no limit. Thus, no out-of-plane 

deformation occurs even in highly unrealistic angles’ deformations. Later in [39], he highlighted the 

importance of the shear stiffness, as a fabric property, to predict its behavior during forming [40]. He showed 

that taking the shear stiffness into account allows the wrinkles to appear in the final result of the simulation 

when it surpasses the locking angle where wrinkles are initiated to reduce the energy of the shear strain. As a 

result, we have more accurate and realistic results compared to the simple tension model, especially at the 

point when the “locking angle” or the “shear limit” is surpassed.  

 

Figure 2: Different modeling approaches comparison , a- experimental forming , b-tensile rigidity,c-tensile+ 

in-plane shear rigidity,d- tensile+ in-plane +shear rigidity+ bending rigidity [41] 

The wrinkles were illustrated and their location agreed with the experimental results (Fig.2), but the shape is 

reduced to small wrinkles with almost equally distributed magnitude. Boisse [41] suggested that these 

properties are not the only ones contributing to the wrinkles manifestation. So, the third propriety proposed 

was bending stiffness, which was previously proposed and characterize by De-Bilbao and al [42] on several 

fabrics. He proved the importance of implanting the bending stiffness to illustrate the preforming behavior, 

especially in profiling the wrinkles. The possibility of the out-of-plane deformation is higher compared to its 

ability to resist the in-plane shearing and maintain its position because the energy needed to deform out-of-

plane is much lower. That is why the first form, which is taken by the fabric, to alter the compressive loads in 

wrinkling is by forming a double-curved shape. By doing so, the compressive strain energy is dissipated and 

lowered. Authors proposed using a blank holder to apply opposite forces on the yarns network. The applied 

pressure increases the threshold of the compressive energy needed to trigger the out-of-plane deformation, 
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which decreases the risk and  delay  the wrinkles formation until angles beyond the locking angle . It is also 

proven that the properties of the wrinkles, such as number and magnitude, depend on the bending stiffness of 

the fabric [43][44] where the magnitude of the wrinkles increases along with the bending stiffness. So to 

oppose the bending energy from acting up and triggering the out of plane deformation, it could be nullified by 

adding opposing tensile energy into the picture, transferring all the energy into shearing. So we can have a 

delayed onset of the out-of-plane deformation with shear angles being higher than the locking angle, so we 

have a delay in the appearance of the defect. 

So, adding the bending stiffness to the tension, the locking angle is not a criterion for the existence of the 

wrinkles. This statement was subsequently backed up by the result found in other studies where the onset of 

the wrinkles can happen at higher than the locking angle [37] or be avoided even with widely exceeded 

locking angle [45]. This questioning the certainty of the first definitions of the locking angle in 1993 by A.C 

Long [46] and later in 1998 by J.Wang [47], where it was measured by an experimental shear test (picture 

frame and bias test) assuming that there is purely in-plane shearing, whereas the appearance of wrinkles is 

driven by a strong coupling between shear, tension and bending behaviors. Many studies proved that the 

locking angle is relative to the process, depending on all the different properties mentioned above, coupled to 

shape the result accordingly. Thus, one by itself is not enough to set the deformation mechanism during the 

preforming. So the idea suggested earlier during the ’90s by Yu et al. [36] to determine the formability by 

performing separate tensile, bending and shear experimental tests is not enough, because during forming, the 

fabric is subjected to all these modes of deformations at the same time and they can be coupled. As a result, 

some of these modes may magnify or cancel the effect of each other, so they play a major role in determining 

the final shape, state and location of the out-of-plane deformation. Thus, independent mechanical testing is 

not enough to cover the full picture of the forming behavior. That is why, to predict the formability of a 

structure, implementing the mechanical properties into a numerical model, seems the right solution.  But, to 

be so, it has to cover all the variables during the forming, from the forming process setting to the fabric 

properties, the form geometry, etc., which is in reality very complicated due to the interfering of different 

factors and acting at the same time. So the numerical simulation results until this day are accurate and 

satisfying in term of presenting the out of plane deformation and predicting their appearance and profile 

(magnitude and number) .  

There has been almost no major addition since later the authors focused their efforts on investigating which 

factor is associated with each deformation mode aiming to understand and prevent the out-of-plane 

deformation from manifesting. One of the methods is to optimize the blank holder pressure, used as a tool to 

maintain the sheet’s initial position during forming. The blank holders apply in-plane tension, which opposes 

the compression stress that is one of the main causes of the initiation of wrinkling. Authors like Allaoui 

[6][45], on interlock shaped into a prism and tetrahedral, and J.S.Lee [7], with NCF shaped into a hemisphere, 

studied thoroughly the effect of varying the blank holder pressure, even with different fabrics type and 
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geometries. It has been proven that the blank holder plays a major role in delaying of the wrinkling helping to 

suppress the compression stress.  

The authors also worked on the variation of geometries and their influence on the out-of-plane deformations. 

They have found that when the geometry holds a highly curved shape or small radii, it creates additional 

stress in that specific local area that forces the fabric to adapt to the distinctive form of the geometry. There is 

a limit to this adaptability [48], it can end up with wrinkles [8, 45] or in rare cases with bridging [49–51]: it is 

when the fabric is not able to copy the radii of a corner of the geometry with it will maintain a bigger radius, 

thus a void between the shape and the fabric in this local area occur. It is also found that the wrinkling can be 

delayed by using the punch and die vacuum bag, which creates normal compressing making the energy 

needed to deform out-of-plane more important, thus resisting and maintaining its plane form for longer. But 

these solution has to be conducted with caution because by applying excess pressure in the case where the 

wrinkles are already formed, we can create “folds”. In fact, after the forming of the wrinkles if any pressure is 

applied, one of the two sides of the curved wrinkles will fall on the second and create a local fold with 2 more 

extra layers, so further complicated defects (Fig.3) [49][4].  

 

Figure 3: Details of the occurrence of wrinkling turning into folds [4] 

Even though the pre-impregnated has rarely been studied a single layer [4, 52], the out of plane deformation 

mechanism is identical with a difference due to the presence of the resin which, when heated, acts as a 

lubricant due to its viscosity leading to reduce fiber / fiber friction. This lead to a decrease of the stress state of 

the reinforcement, and therefore potential defects, as the friction is the predominant mechanism of the fabric 

behaviors (shearing, lateral compaction, bending, etc.), due to its heterogeneity, where the movements of 

fibers, yarns or ply occur. Putting on the spotlight another parameter investigated, the friction manifested 

between the tool and the reinforcement [53][54][55], which was not taken into consideration before. This 

Wrinkles ➔ Folds
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friction creates an adding tangential load on the fabric, which should be taken into account for how it can 

contribute to wrinkles formation. 

 

b) In-plane deformation: 

In addition to the out-of-plane deformation, the fabric has the liberty of an in-plane movement. For an in-

plane defect, the fabric pattern changes leading to local heterogeneity. When a single layer is subjected to in-

plane strain, the pattern is affected to adapt the shape and the risk of defects is high in many cases (depending 

on the geometry, the fabric, and the process settings). Laroche [56] was amongst the first that explored the 

effect of the shear angle “variation on the thickness distribution”, which can be considered as a defect while 

testing six different types of fabrics. The preform geometry is highly curved on top with a radius of 60 mm. 

The author developed a geometrical equation that represents the thickness increase due to the shear angle in 

one cell, using the volume conservation assumption. This study showed that the final thickness can exceed 1.4 

of the original fiber thickness in a high sheared zone. This variation in fiber density creates heterogeneity in 

mechanical properties. This form of defect is due to the shearing behavior that manifests by yarns rotation. 

Hallander [57] identified three distinctive defects in the unidirectional laminate prepreg composite. The first, 

called "the fiber angle variation" is when the fibers keep being parallel to each other but change the direction 

of their alignment (Fig.4-a). The second type is an “in-plane waviness” (Fig.4-b) where the compressive load 

in the same direction as the fiber results in an in-plane buckling, in the form of waves, losing the fiber’s initial 

linearity. And the third type is a “spreading or tightening of the fiber tow” (Fig.4-c) where the fibers lose their 

parallelism. These defects influence the fiber distribution and orientation in the structure and lead to local 

variability of the fiber density and thus areas rich in resin after injection. This heterogeneity affects directly 

the mechanical properties which depend strongly on the fiber direction, orientation and density[58][59]. 

 

 

Figure 4: In-plane deformation modes a- Fiber angle variations, b- Local angle variation c- Spreading or 

tightening of the fiber  [57] 
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For the fabric, not only rotation is allowed under strain but also an in-plane sliding displacement between the 

yarn/filament of the fabric. So, yarns can slide in a transversal motion and stay parallel to their initial direction 

(their network). The motion can be homogenously distributed all along with the fabric. This defect is 

manifested as a consequence of the load distribution and fabric movements. This displacement can occur in 

both directions: when the yarns or the filaments move perpendicular to their initial position and stay parallel 

[49] (Fig.5-a) or when they move parallel to their initial position and stay in the same direction in a pulled out 

or pulled-in motion in the longitudinal direction (Fig.5-b) [60][61]. This defect manifest when the in-plane 

tensile is higher than the cohesion forces (mostly due to friction), can alter the unit cell dimensions and create 

local high and/or low-density areas. When the density is low, the defect is considered as a “gap”[59], which 

hinders the resin injection process with variability in the permeability resulting in resin-rich and resin-poor 

areas. The outcome will be a weak mechanical performance. Since this behavior depends strongly on the 

fabric cohesion, the type of reinforcement influences the outcome of the sliding phenomena. 

  

  

a) Sliding (transversal) b) Sliding (longitudinal) 

  

c) Slippage  d) Longitudinal sliding + slippage  

Figure 5:  Sliding and slippage defects 
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Thereby, these defects are most likely to occur with the unidirectional or NCF [48] or the unbalanced fabric 

[39][62] where the friction and cohesion are not equally distributed in all directions or asymmetrical. This 

defect has been called both “ sliding “or “slippage” or both and also called “fabric shifting” [8]. For this 

particular defect the direction of the yarn or filament movement can be transversal or longitudinal, but what is 

in common is that this “sliding” affects the latter in a homogeneous way all along with the fabric. 

The previous defect can be created locally when the linear form of the yarns is lost and a particular zone slips 

from its previous direction in a transversal direction forming an in-plane local curve (Fig.5-c). The causes are 

numerous such as compression, bending or tensile that can be generated due to a local detail of the preform 

that forces the fabric to take a curved shape (as an example: a hemisphere's curve [37], prim top  [53] or 

tetrahedral side corner [54]) and force the fabric to slip to accommodate the change in the length. It can also 

be caused by the fabric maintaining system used during the pre-form process like blank holders, clips and 

springs [2] or by an error in the fabric handling before the preforming process. One of the major reasons 

behind creating this defect is the “sliding “, which is described previously. When yarns slide in the 

longitudinal direction, the effort applied to them is higher than resistance forces, due to the reinforcement 

cohesion, that they encounter which are located at the intersections with the yarns of the other network. If 

these resistance forces are locally higher than the other region of the fabric, the concerned transverse yarns are 

carried along locally, so they slip creating an in-plane curve (Fig.5-d), thus creating a local “slippage” [65]. 

This causes a drop in the local fiber density, so low that it is considered a “gap”. This defect has been also 

called in the literature by “laddering” [8] and “weave pattern heterogeneity” [45]. 

 

Fig 6: Fiber  buckling :a-[45],b-[7] 

In some cases, these pattern disturbances can be highly irregular and look seemingly random due to the 

coupling of different in-plane deformations like the defects mentioned above that are concentrated in the same 

area. This generates a disturbance in the pattern and changes the structure of the unit cell. This defect has been 

referred to as the in-plane “buckling”[45] (Fig.6-a), fiber displacement [9] [7] (Fig.6-b) and occur when the 

yarns are subjected to coupled stresses (compression, bending, shearing, ...). This lead to yarn buckling, due 
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compression force, which is very heterogeneous because of the local heterogeneity of the comression stresses. 

In parallel, the tangential force, that are higer than the fabric cohesion forces, lead to slippage that affects a 

group of unit cells leading the fabric architecture to lose its uniformity. These coupled forces can be generated 

by severe details punch geometry that requires the fabric to sustain a combination of modes of deformation. 

The profile of this defect depends on the characteristic of the material, and the distribution of the forces 

behind the deformation mechanism, amplitude, curves directions…. Later, their moving direction is dictated 

by the stress distribution and the process parameters consisting of the blank holder pressure, tool/fabric 

friction and geometry. 

2) Multi-layer preforms defects: 

 The out-of-plane deformation for the multi-layer configuration is like the single layer in terms of the 

mechanical phenomena with additional variables, which are the layers stacking, number and thickness... 

a) Out of plane deformation: 

One of the most basic, yet critical, types of forming is bending the structure to a predefined angle.  

Due to the radius change of the different layers of the stacking that is funcition of the value of the bending 

radius of the punch, the radius area is considered a critical area with high defect risk that must therefore be 

investigated. One of the earliest studies was by Tam. A.S [66] on bending the prepreg thermoplastic 

composite into V-Shape, which resulted in the appearance of an undesired feature defined as “Buckling“ 

(Fig.7 -a). This defect is a result of having different radii at the corner, enhanced by the thickness of the 

preform and the inter-ply friction, which applies compression leading to buckling on the inside surfaces.  

During the bending of the corner, the ones closer to the interradii can develop an excess of length that cannot 

be dissolved easily through the length because of the inter-ply friction. With an excess of material’s length 

and the compression load applied by the tool geometry to force the fabric to adapt to its shape, the outer layers 

deform out of plane and buckle. Hallett referred to this default as wrinkles [20, 30, 67] (Fig.7-c). This defect 

severity is strongly influenced by the thickness of the plies [68] proven by J. P.-H. Belnoue et al. while 

developing a numerical model to include the effect of different factors, geometrical, material properties and 

process parameters. Recent authors have investigated the way the wrinkling manifest during the forming 

process and develop [69]. Tam et al. suggested applying a tensile load on the interior plies, during the forming 

process to oppose the compressive load, to avoid the forming of any buckles on the corner. Other factors 

influence the quality of the preform such as the speed of preforming that induces poor surface quality, or the 

temperature distribution between the punch and die throughout the thickness of the preform, the position of 

the wrinkles is either side of the corner, the inter or the outer side depending on the geometry characteristics, 

and it is concave or convex. J. P.-H. Belnoue et al. [68] stated, in their work comparing the laminate in contact 

with the tool at the external radius and or a trapped laminate below hard tooling, that the wrinkles are 

influenced by the inability of the prepreg to compress or slip, the access length is generated in the form of the 

out of the plane deformation. Similarly, Cattanach [70] defined two corner default mechanisms. The first one 

is the same as the buckling mentioned by the authors above and the second one is defined as a “resin 
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squaeezing”. This last consists of a resin-rich area at the outer corner (Fig.7-b) that appears when the external 

ply surface is subjected to tensile load forcing the fabric layers to squeeze in the interior section on a smaller 

radius and the resin to get out. The resin squeezing and the buckling default can also be a result of an attempt 

to reduce the buckling on the inter corner by applying a tensile load on it as suggested by Tam. This 

phenomenon was also investigated by L. Jerpdal [71]. 

 

Figure 7 : a- Buckling [66] , b- Resin squeezing [70], c- Thickness variation [75] 

Another defect has been investigated which is the thickness reduction and volume fraction variation on the 

corner that influence dramatically the uniformity of the geometrical and mechanical properties of the 

structure. Hubert et al. [72] determined that the thickening of a corner tend to occur with a concave tool 

contrary to the convex shape that induces the thining explained by two different mechanisms in their later 

work [73]. The first being the corner/flange pressure variation, where the resin accumulates and flows to the 

corner due to its locally low pressure[74] and the second being the inter-ply friction. Hallander et al. [75] 

determined the influence of the interlayer friction by changing the fiber orientation and implanting a veil on 

the outcome of the forming procedure of the unidirectional (UD) laminate composite with mixed ply materials 

formed into the C-channel. The thickness variation at the corner with and without an interlayer veil, showed 

the importance of reducing the friction between the layers at the corner, similar to that described by Bickerton 

[76] (Fig.7-c) who worked on the dry fabric (woven carbon fiber and a stitched fiberglass). Bickerton found 

that the thickness is at its minimum at the corner tip, reducing the space between the fabric tows and forming 

an obstacle in the face of the resin flow, thus, affecting the local permeability, which is studied S. Pierce [77] 

in their work where they determined the effects of the variation of the reinforcement shearing on the 

permeability while building a numerical model to predict the resin flow behavior. 

Besides the defect appearing on the corner, Hallander et al. investigated in their later work [57] the influence 

of compression on the out-of-plane defect for the UD prepreg multi-layer forming, resulting in the fact that 

these defects can reduce the strength up to 40% [78]. They have defined two out-of-plane defects: ”Waviness” 

(Fig.8-a) and “wrinkles” (Fig.8-b). These defects are due to the loss of fiber linearity (in-plane), due to the 

compressive loads, giving it an amplitude in the out-of-plane direction. Both the waviness and wrinkles 
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present the same phenomena that result in wrinkles with severe amplitudes and waves with a lesser amplitude. 

These defects can appear from the first layer reaching the last one or they can start at any level and build up 

from one to another, depending purely on the compressive stress applied on each layer of the stress from a 

neighbor layer. These defects (waviness, wrinkles) have been highlighted by multiple authors. One of the 

earliest is Haorong, L. I., & Gutowski [12] in 1997. They attributed this phenomenon to the inability of the 

material to cope with the shear applied in an area. The material on its own has a degree of resistance to absorb 

this shear until a threshold level in which the shearing mechanism is prohibited leading to failure thus the 

initiation of wrinkling. In this study, they introduced a form of “forming limit diagrams” for composite 

forming aiming at detecting the laminate wrinkles initiation. They studied the effect of different factors like 

the number of plies, the orientation, the diaphragm tension, the compressive forces, etc. By the same year, Ó 

Brádaigh [79] investigated the same type of defects but used the term “shear buckling” and they described it 

using two different forming procedures: the forming using Huang et al. and the diaphragm forming. The 

following year, DeLuca et al. [80] published their work on the PEEK resin reinforced by UD carbon fiber 

layered up in 20 layers within different orientations. They studied the effect of the use of a blank holder and 

concluded that using blank holders to apply tensile force on the edges while forming can delay and reduce the 

appearance of wrinkles on the top layer. Later, the majority of the authors identified the out-of-plane defect as 

the “wrinkles”, such as Thije R. et al. [81] who added the definition of the “folds” for the multi-layer 

preforming. This “fold” identified by Lisa M. Dangora [44] starts with the formation of out-of-plane waves. 

With a higher pressure, the distance between the two sides of the waves starts to close until they collide, to 

adapt to the form forced by the punch, thus creating a fold to end up with a local area where the number of 

layers and thickness is doubled. For the multi-layer preforming, the profile of the wrinkles as the size and 

number has been studied latterly by Boisse et al. [82] with the main factor influencing that is the bending 

stiffness and Huang et al. [83] taking into consideration the role of the excess length in initiating the 

appearance of wrinkles where they proved that the amplitude differs from layer to layer due to the variation of 

the outer pressure on each layer and the orientation of the woven fabric. 

As concluded before, investigating the influence of factors like the blank holder’s pressure, orientation 

settings and layup, fiber type and geometry helps to identify and predict the location of the out-of-plane 

deformation. Each different forming process is characterized by its own set for variables. While forming the 

prepreg composites additional factors join the picture like which is the temperature distribution. As mentioned 

by Wang [3, 84], it is essential for an ideal thermoforming to have an isothermal and homogeneous 

temperature distribution in the prepreg stacks. It is hard to obtain this during the forming process and this 

creates a temperature gradient between layers. As the viscosity and stiffness depend on the temperature, the 

mechanical behavior will be different from one level to the next, which initiates the appearance of wrinkles. 

 Besides the prepreg studies mentioned above, the out-of-plane deformation was also defined by other studies 

as a defect of preforming the dry multi-layered fabric before the resin impregnation and investigated to 

prevent and delay its appearance as an unwanted phenomenon. With the absence of the resin, which plays the 



14 

 

role of a lubricant, as mentioned previously, the inter-ply friction is more severe in terms of its role in 

initiating the out-of-plane deformation. That is why wrinkles are more likely to form in multi-ply settings. 

Lately, Allaoui et al [5][85] investigated experimentally the effects of the fabric/fabric friction on the 

initiation and the appearance of the defects with multi-layer stacked in a different orientation formed with 

prism. The choice of geometry was dictated to generate the defects using its highly curved and deep draw 

shape. Comparing the single layer to the multi-layer setup, the defects on the multi-layered set have a higher 

magnitude and severity than the single layer. The “wrinkles” here are defined as the out-of-plane deformation 

that accumulated on all layers. It is then concluded that the blank holders have great effects on inducing or 

reducing the defects depending on the whole set configuration and it is stated that the orientation of the fabric 

as a reference to the punch also influences the number and type of defects while working with highly curved 

shapes. When ply subjects to more defects are placed in the internal position of the stacking, the compaction 

of the upper ply tends to reduce the defect and prevent its expansion. Moreover, it has been shown that the 

inter-layer slippage, when it's greater than the unit cell length, has more influence on the increase of the 

amount and amplitude of the defects than the value of the fabric/fabric friction.  

 

Figure 8: Out of plane deformation a- waviness b- wrinkles [78] 

So the appearance and the profile of the out of planes defects are highly influenced by the deformation mode 

and the stress distribution throughout the plies. Therefore, the occurrence of defects when using blank-

holders, which apply in plane tension to the fabric throught the applied pressure, differs from the case of 

diaphragm forming that brings a normal uniform pressure applies on the either or both surfaces of the 

laminate. With the absence of the in-plane stress to absorb, the  undulations transform into wrinkles[86] and 
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the yars’ in-plane movements and rotations are very limited. This process also comes with a common defect 

of the bridging due to the low pressure that goes from 0 to 1 Bar [51]. 

Therefore, some authors developed the concept of preform optimization to delay as much as possible the 

appearance of the defects or minimize their magnitude. A. Shanwan [87] classified the different preform 

parameters such as the blank holder pressure and geometry, controlling the fabric /fabric friction by inserting 

a mat fabric in between and reaching an optimized preforming process by combining multiple solutions. Also,  

Hao et al. [11], L.S.Liu [88] and H.Shen [89] worked on different geometries (hemisphere, box …) to 

determine the influence of the tufting and the density of the stitching on the initiation of the out-of-plane 

deformation of the multi-layered preforms. Since this defect depends highly on the bending stiffness 

reinforcing the layers by the stitching leads the wrinkles to turn thinner each time the density of the tufting 

increases. Molnàr [10] went further to develop a specific stitching path depending on the geometry. One of 

the original methods to reduce the appearance of out-of-plane deformations was developed by Nosrat et al. 

[9]. They separated the different layers of plain woven carbon fabric using metal sheets and implanted 

segments with piezo-electric actuators to reduce the friction that translates into a strain applied on the fabric, 

which may initiate the appearance of the wrinkle during the forming. They found that by using this technique 

they eliminated the appearance of wrinkles even the ones that had high magnitude. 

 

b) In-plane deformation: 

The in-plane defects of the single-layer can look similar to the defects on a multilayer set but the mechanisms 

behind them can vary, so with that, the classification of the 3 types of in-plane defaults put by Hallander [57] 

applies also on the multi-layer (Fig.04 a-b-c). The in-plane deformation is spotted also in the work of Ó 

Brádaigh [90] with a type of deformation named “buckling” illustrated in (Fig.9). A thin band of the fiber 

located at the fabric centerline was forced to slide because it is situated at the diameter of the hemisphere and 

sharing the same direction. The fiber could not resist the shearing leading to the deformation propagating all 

along with the sheet and eventually reaching the edges. An identical phenomenon was spotted by De Lucas 

[80], located where the fiber direction is parallel to the hemisphere’s diameter, described as a sliding of the 

fabric giving it a waved form.   

Every noticeable in-plane movement of the fibers or yarns should be investigated because it threatens to play 

the role of a defect that influences the mechanical properties. One of the most important properties of the 

composite materials is to conserve the homogeneity of the fiber density and keep a constant fiber/resin 

volume fractions distribution through all the formed shapes. The earliest studies that concentrated on this 

aspect were done by Bickerton [91] in 1997, by determining the influence of the shearing angle variation on 

the volume fraction distribution on different areas of a cone form. The results showed that the fabric draping 

changes significantly the fiber orientations and the volume fraction distribution. A similar study was done by 

Koziey [92] about the thickness variation during thermoforming. This variation is due to the typical material 
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behavior while forming the sheet is subjected to biaxial stretching that has a major effect on the material 

distribution considering the strain hardening characteristic of the plastic hence the thickness variation. 

 

 

Figure 9:  In-plane “buckling “[90] 

When the fabric/fabric friction is considerably high and added to the tool/fabric friction, this affects each ply. 

The pressure applied to the stacking generates the tangential friction loads on each layer, which takes different 

directions depending on the geometry and the fabric orientation. Nosrat [93] has elaborated a detailed 

experimental process to determine the onset of the defects depending on some forming settings and 

configurations such as the layer orientation choice and the normal pressure applied onto the fabric. The 

number of defects appearing, compared to the single layer, is considerably higher and increasing the relative 

orientation angle of the ply leads to an increase of the defect's number and intensity. Backed up by the study 

of Jennifer [94] that showed the importance of the different preforming factors (orientation, speed, the 

temperature …) on the inter ply friction behavior in case of the prepreg. Allaoui [95, 96] and Hivet [97] 

investigated, using a developed device, the friction behavior between layers made of dry reinforcement. They 

highlighted the importance of understanding this particular behavior, which varies depending on the 

orientation and that this behavior plays a major role in the initiation of the defects’, along with other factors, 

such as in the geometry details like a small radius that means higher normal forces that counter the forces of 

the blank holder pressure. Therefore, increases in-plane stress on the fabric lead to in-plane failures in the 

form of distortion and a disturbance in the arrangement pattern of the fabric. Nosrat concluded that inter-ply 

friction is crucial to the preform quality and should be reduced to avoid the appearance of in-plane defects. An 

identical defect is found in Allaoui’s study [5, 45], called “weave pattern heterogeneity”, where the fabric 

meso-architecture is impacted and is no longer respects the weaving of the fabric. This heterogeneity is due to 

the relative weft and warp yarn sliding or slippage leading to a local high or low fiber density [45]. The origin 

of this default is the difference between the loads in both yarn network directions. The destruction of the 
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pattern structure occurs when the frictional tangential forces, generated by the blank holders on one of the 

yarn directions are higher than the fabric cohesion. This sliding depends strongly on the complexity of that 

shape generates severe stress due to the in-plane load distribution. 

 

2. Yarn defects:  

The preforming process affects the structure of the fabric at the macroscopic level and it inevitably goes into 

the micro and mesoscopic levels that affect the yarns or fiber filaments. 

1) Out-of-plane defect  

The “yarn buckling” is when the yarns are subjected to out-of-plane buckling, go out of the plane of the 

fabric, and hence no longer respect their initial form resulting in local irregularities (Fig.10-a-b). One first 

study highlighting this mesoscopic defect on the woven fabric experimentally is done by Allaoui et al. [98] (in 

2007) with the shaping of interlock reinforcement on complex geometry. The yarn buckling can manifest with 

or without changing the fabric weaving pattern [45] but being an out-of-plane deformation it alters the 

thickness of the preform [5] and degrade mechanical properties of the composite material [99, 100]. This 

mesoscopic defect manifests when the yarn undergoes stress that forces it to buckle and deform in an out-of-

plane curve. The buckling can be induced by a compressive load applied on the yarn in the same direction as 

the fiber [5] ( longitudinal)  (Fig.10-b) or by a bending load of the yarn (Fig.10-a)  [5, 45, 65, 101, 102].  

The profile of the buckling as the affected area and the amplitude are influenced by the fiber material, the 

tension, and the meso-architecture of the fabric [103]. Thus for the case of flax woven fabric, that is less 

heterogeneous than those made of synthetic fiber, these defects can be avoided by combining the optimization 

of the fabric meso-architecture and the blank-holder pressure [101]. This defect is frequently found in the 

NCF [79] because the fibers are more likely to deform out-of-plane. Indeed, the notion of yarns does not 

apply because the NCF consists of two layers linked with stitching, which generate compressive stresses 

during the shearing of the reinforcement. Consequently, it is the fibers, or a set of fibers, which buckle due to 

their low rigidity compared to the yarns (made up of several thousand fibers) and the boundary conditions, 

equivalent to the embedding, imposed by the stitching at short fiber's length preventing their slipping locally 

(Fig.10-c). 
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a) Yarns buckling induced by bending [5]      b) Yarns buckling induced by compression [5] 

 

 

  

c) NCF Buckling [79] d) Filament splitting [2] 

Figure 10: Mesoscopic buckling  

2) In-plane defect  

The main reason for this type of defect to manifest is when the in-plane loads are too excessive for the yarn to 

maintain its form in-plane. It is known that the yarn highest stiffness is following its direction, but in the first 

case, if the loads are in a different direction of one of the yarns or the filaments, it may lead to the yarn (or 

filament) splitting [2] when the inter-fiber cohesion can no longer resist the opposing loads (Fig.10-d). In a 

second scenario, the yarn is subjected to high loads in its direction, which leads to the “fiber rupture “. This 

can occur when the preforming process is performed under extremely high velocity, like in the case of De 

Luca [80]’s study, where:  the fibers rupture occurred at the bottom ply of the spherical area of a double 

dome. The same defect was observed by Allaoui et al. [5] during multi-layered preforming, named “fiber 

breakage“, and was attributed to severe stresses generated by the boundary conditions like the radii of the 

small curvature of the double-curved geometries, and the pressure exerted by the upper layers on the lower 

ones. Identical defect identified or as  “ broken roving’s” [93] also occurs at the yarn level for high normal 

pressure.  
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III. Discussions 

 

To better understand the defects of the composite preforming, it is important to unify the understanding of 

each defect's description and on which scale it occurs. Table 1 to 3 is our attempt to summarize most defects 

found in the literature, which are classified according to the scale on where they appear: the multi-layer, 

monolayer and yarn defects. For each scale, defects manifest out-of-plane or in-plane. The description 

provided is an assembly of their common description gived by the authors distinguishing the different 

vocabulary used to describe the same type of defect. We can conclude from it that the vocabulary referring to 

composite preforming defects is not yet standardized. This variety in the vocabulary used can be because the 

authors’ use different types of reinforcement (NCF, woven, interlock, unidirectional…), or since some of 

these defects can be similar but caused by different factors or conditions (buckling, slippage, etc.) or for the 

fact that the same cause can generate different defects. Ideally, to be able to describe a defect it should be in a 

reference to the behavior mechanisms and the mode of deformation that caused it to appear. This is not simple 

to apply since the stress/deformation is under the influence of other parameters such as the details of the 

preform geometry, the boundary conditions, the fabric structure, the fabric behavior, etc. Then, the fact that 

the reinforcement is highly heterogeneous, so we have the defects that appear locally and the ones that affect 

the whole length of the reinforcement. This highlights if defects should be named the same under different 

scales. 

 

IV. Mono-layer defects 

Defect definition / description Terms used  illustrations +Generalized term suggesting  

Out of plane deformation 

 When the fabric deforms in and out 

of plane taking the shape of a waved 

curve that can vary in length, 

number, and magnitude. 

Wrinkles [6–8, 22, 37–39, 

41, 43–48, 95] ; Bucking [33, 

34, 36, 52, 104, 105] 

 Wrinkles  

 

When the fabric deforms in an out-

of-plane curved form, identical to the 

“wrinkles” mechanism described, the 

two sides of the curves will fall, one 

on the other, multiplying the 

thickness of the fabric locally. 

Folds [4, 46, 48, 49] Folds: 
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When forming a curved concave 

form, the material retreats in a corner 

and the fabric is no longer in contact 

with the shaping form and stay 

suspended mid-air  

Bridging [49, 50] Bridging: a pre-defined 

term for this 

phenomenon  

In-plane deformation 

1- The yarn slides from its initial 

position to another following its 

longitudinal direction. One yarn can 

move individually or as a group with 

similar or different movements. 

2-When the movement of the yarn is 

perpendicular to its direction, it tends 

to either slide closer to its 

neighboring yarn, resulting in a high-

density area or move further leaving 

a low-density area or even gaps.  

This defect can occur locally creating 

a local in-plane curve or deviation. 

Sliding [39, 62] ; Slippage/ 

Fabric shifting [8] 

Buckling/ In-plane Buckling 

[2] 

Sliding:  

2- In plane 

wrinkles/waviness [48][106]; 

Laddering[8]; Gaps[59] ; 

Sliding [107][63] ; Slippage 

[2] ; Weave Pattern 

heterogeneity [45]  

Slippage  

A local in-plane 

curved deformation  

When the shifting of the fiber 

position in-plane is randomly 

creating an irregular yarns pattern 

distribution 

In-plane Buckling[7][48] ; 

Fiber distortion [93] 

 Slippage:  Same defect and causes as slippage (Fig.5-

c) at multiple random rates (Fig.6-a-b). 

 

 

 

 

 

Table 1: Summary of the monolayer defects 
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Multi-layer defects 

Defect definition / description Terms used  Illustrations +Generalized term suggested 

Out of plane deformation 

Corner 

defects

: 

Having different radii between the 

interlayers and the outer layer at the corner 

resulting in the inner layer buckling to 

cope with the compressive force. 

Buckling [66, 70]; 

Wrinkles[20, 67, 

108]; Misalignment 

or misorientation [30] 

Wrinkles  

Different radii induce tensile forces on the 

outer layers forcing them to move to the 

internal layer and squeezing the resin out. 

So, we have fabric piling at the inter part 

and resin-rich are at the outer part. 

Resin squeezing 

[70][71] 

Resin squeezing 

 The thickness is at its minimum at the 

corner tip due to the interlayer friction 

making it difficult for the plies to inter slip.   

Thickness reduction 

[75, 76] 

Thickness reduction 

The stack of the fabric changes its shape to an out-

of-plane curve. This deformation can affect all the 

layers or only a certain group and not the rest of the 

plies. 

Wrinkles[3, 5, 9–12, 

57, 78, 84, 88][109]; 

Waviness ; Shear 

buckling[90] 

Wrinkles: The most frequented use of the term  

After the curve of the wrinkles is formed, normal 

forces applied on the stack of layers can result in the 

curve sides collapsing on the other, multiplying the 

thickness of the local area depending on the number 

of layers folded. 

Folds [44] [81] Folds 
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Table 2: Summary of the multi-layered defects. 

When the group of plies retreat or resist the forming 

of the angle to obtain a part where the radius is 

bigger than the geometry desired. 

Bridging 

[109][30][106][50] 

Bridging  

In-plane deformation 

This defect manifest when certain yarns or a band of 

fibers shift their position following the same 

direction of the fiber, or yarn, or perpendicular 

because it can no longer maintain its initial position 

since the tensile applied is higher than the one that 

the friction can withstand. So, it changes position all 

along with the fabric  

Gaps, pore  [78][93] ; 

In-plane waviness 

Angle variation, 

tightening, spreading 

[78][75]; Buckles 

[80][90] 

Sliding: (global, linear, in-plane deformation) 

 

Slippage:  

(local in-plane fabric deformation) 

This defect can occur locally creating a local in-

plane curve or deviation  

Local variation of the fabric thickness due to 

unevenly distributed stresses and strain  

Thickness 

variation[92] 

Thickness varriation 

 

Happens when the shearing angle results in a 

significant change in the local fiber density, or when 

the geometry strain forces the resin to take its shape.   

Volume fraction 

variation [91] 

Volume fraction variation  

 

When the yarn’s movement is irregular the pattern is 

disturbed, and the movement tends to look random.  

Pattern heterogeneity 

; Distortion, 

disturbance [5][93] 

Slippage: same choice justification as in the 

monolayer set up. 
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Yarn/filament defects 

Defect definition / description Terms used in the 

literature 

Illustrations +Generalized term suggested 

Out of plane deformation 

The yarn is subjected to an out-of-plane bending out 

of the fabric plane but in a lot of cases without even 

impacting the fabric pattern structure. 

Buckles[5] [101]; 

Pulled out roving 

[93] 

Buckles: the term is 

used to describe the 

deformation mode 

creating this defect  

In-plane deformation 

By applying high tensile stress on the yarn, higher 

than its maximum resistant stress, it will break the 

fiber 

Fiber rupture [5]; 

Broken roving[40] 

[93] 

Fiber rupture: to describe the phenomena 

occurring    

 

When the yarn or the fiber band is under loads 

perpendicular to its linear direction, it breaks the 

cohesion that maintains the yarn’s fiber attached. 

Splitting[2] Splitting: loss of cohesion between the yarn 

fibers 

 

Table 3: Summary of the mesoscopic defects. 

 

The second aspect to look at is when the deformation and disturbance are considered a defect. The shearing 

for example is considered a natural behavior during preforming for the fabric to adapt to the shape of the part, 

but there are some areas where the high shearing is considered a defect as well as the variation in volume 

fraction of fiber which results therefrom. The same goes for the wrinkles, the sliding, etc., which are 
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considered as a defects the moment that they are visible usually with the naked eye without considering a 

measurable threshold.. If we consider the case of a wrinkle is a form of out-of-plane bending deformation and 

thus a fabric behavior. Starting from which  threshold magnitude we can consider it as a defect and not a 

deformation? This magnitude should be a function of the fabric thickness but while ideally considering its 

criticality on the composite mechanical behavior and its effect on the further steps of the process (resin 

injection for example) where the wrinkles can disappear due to the compression during the fabrics compaction 

between process tools. The same remark can be made to other defects like "sliding", "gap", "slippage", ... 

where the limit to consider these phenomena as defects could be related to the fabric meso-architecture 

parameters  (yarn width, unit cell length, ...) and its criticality on the composite behavior. 

Many studies have been concentrating on the defects located at a corner. The vocabulary used by authors like 

“wrinkles”, “resin squeezing” and “thickness reduction” (Tab.2). These distinctive terms are easily identified 

for being a defect of the corner. 

The defects referred to as a “thickness and volume fraction variation “ are more likely to describe the outcome 

of a defect since they are a way to measure the physical impact of a defect (Tab.2), where they can be the 

result of many different types of defects manifesting under a different mechanism.   

Noticing that the term “buckling “ has been used frequently to describe different defects in different scales 

multi-layers, mono-layers and even at the yarn scale, which is understandable because “buckling” here refers 

to the deformation mode that caused all these defects, either in-plane or out-of-plane, so to avoid the 

confusion, our choice was to use it on the out of plane yarn buckling since the only term that has been used to 

describe it.  

 The method that we used to identify each defect started by classifying the scale in which it occurs, then 

deciding them into in-plane and out-of-plane to avoid any confusion between defects with the same name and 

in different scales and than to attribute names according to defect we chose. We favored the terms that they 

are frequently used, which are more assertive describing the defect to lessen the chances of a mix-up, the 

defects having the same deformation outcome and causes are named the same. 

 

V. Conclusion 

Understanding the preforming defects to obtain non-defective parts, is a major issue for the extension of the 

use of composites materials in several industries’ sectors. For this purpose, it is necessary to understand the 

deformation mechanisms and the material's behavior in response, and master the many factors that play a role 

in the initiation of defects. There is a diversity in the work done by the researches until now, a variation in 

investigating these factors and proposing a solution to predict their appearance and ways to suppress them. 

This diversity created a difference in the way authors have been defining and identifying these defects and 

even the vocabulary of reference terms.  
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In this review, we started by identifying the defects listed in the literature and classified them according to the 

scale where they appear, i.e. multi-layers, monolayer, and yarns. Each of those defects is characterized by 

their type of deformation being out or in-plane. We started by identifying each defect searching for the 

similarities in the way different authors' definitions and interpretations of the manifestation mechanisms and 

the cause of their appearance. The cause of these defects, which are detailed for each, can be due to the 

material’s behavior due to the deformation mode they undergo, the preforming setup or the geometry 

characteristics we are aiming for, or the process parameter is chosen. 

After studying the defects defined by authors we concluded that authors have used different ways to identify 

the defects.  Some of them referred to the cause of the defect and the mechanisms behind their appearance, 

others referred to the type of deformation created by these mechanisms and others used terms to describe the 

outcome of the deformation. So, we can find a defect with different definitions and terms while they are 

describing the same defect, while in other cases different defect was referred to by the same term. 

 Our attempt to put together a way to unite the vocabulary used to name each defect is not the same from an 

author to another, we summarised a definition that helps identify the defects and proposed a term of reference. 

Having a solid definition and vocabulary will avoid any confusion in the future in the community when 

working on the defects. 

This can be the first contribution to converge toward a composite forming defects manual that would make it 

possible to work on the same basis for the numerous studies in progress or to come which relate to several 

aspects related to formatting defects such as: a more detailed understanding of the mechanisms involved 

during the appearance of these defects, the evaluation of the effect induced on the performance of the 

composite material as well as the establishment of criteria taking into account these two aspects and which 

would be implemented in the numeriacal codes. 

All of this knowledge would make it possible to increase the mastery of composites processes and therefore 

their use in different industrial sctors. 
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