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Abstract: The need to develop novel lightweight materials and their manufacturing processes is sets 

out to meet the new aerospace, automotive and construction requirements. Within this context, this 

research work is proposed to develop a novel thermoplastic composite material with high mechan-

ical properties. These composites will be based on thermoplastic matrixes made from polyamide 

and 35% short glass fiber filled-polyamide reinforced with different types of fabrics. As reinforce-

ment, glass fiber fabrics will be used as the base. They will be treated with different processes, both 

chemical and physical, to promote adherence to the matrix. Textile overmoulding technology was 

selected for manufacturing these composites. This technology was primarily developed to manu-

facture aesthetic lined components and has achieved a great implantation. Once these new compo-

sites are manufactured, they will be submitted to different tests to evaluate their behavior regarding 

adhesion, impact strength and stiffness. It is expected an improvement on stiffness and impact ab-

sorption. 
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1. Introduction 

The demand of thermoplastic materials has suffered a high increase in the last 30 

years due to the growth of their possible applications [1], both as new products and as 

substitution materials, including metals. Their low cost, good thermal and mechanical 

performance and their low specific weight have contributed in a great way.  

However, thermoplastics have some limitations in their use, particularly in applica-

tions with higher mechanical requirements and higher prices that are mainly used in the 

aerospace sector and, in special cases, in the automotive sector, such as PEEK (Polyether-

etherketone). Due to the higher price and difficulties of processing, these materials are not 

usually used in the automotive sector, only in some specific applications [2-3]. Recently, 

the use of additive manufacturing technology with thermoplastic matrix has been gaining 

attention in aviation or space industry. The use of dry textile fabrics infiltrated in a high-

pressure resin transfer process is postulated as a viable alternative of low cost and high 

production ratio necessary in sectors such as automotive [4]. 

To overcome these limitations, these materials are reinforced, for example, with glass 

fibers allowing to obtain better mechanical and thermal properties. These improvements 

of properties largely depend on the adhesion on the matrix-fiber interface, the orientation 

and the proportion of reinforcing fiber. Although there are already fiber-reinforced ther-

moplastics for injection processes, in these types of applications, the fibers in the materials 

are often shorts and their orientation cannot be controlled during processing [5]. This does 

not allow taking advantage of all the properties as is done in other plastics manufacturing 

processes, such as fabric reinforced thermosets [6]. 

In the field of building materials, reinforced textile membranes have been increasing 

their use in recent years. Nowadays traditional strengthening of building structures is of-

ten replaced with modern textile reinforcement. The selection of a membrane for struc-
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tural purposes has various criteria such as mechanical properties, insulation, light trans-

mission, fire retardancy, foldability, and cost. PVC (polyvinylchloride)-coated PET (poly-

ethylene terephthalate) fabric is one of the most common commercially available types 

[7]. 

Mikolajczyk et al. [8], investigated building composite beams made from Mapei 

Mapefill concrete reinforced with knitted meshes, made using the technology of warp 

knitted fabrics. Three variants of knitted technical meshes made of polyamide PA6, PP 

(polypropylene) and fibreglass threads were used as reinforcement. Regarding the me-

chanical properties, in case of the composite with fiberglass, strength properties were 

twice better compared to the original concrete beam. 

Textiles in prefabrication as well as in the retrofitting of existing concrete or masonry 

structures was studied by Triantafillou et al. [9]. Fiber rovings arrange in two or more 

directions are used. Textiles with polymers improves the stability of the textile material 

and the mechanical interlock between the textile and the matrix. As a result, the stiffness, 

the ultimate flexural or shear capacity, and the performance under serviceability loads are 

increased. In addition, cracking is better controlled. 

Franke et al. [10], formed composite construction parts, specifically sandwich mate-

rials, with good load-bearing characteristics. Performed composites of pure PA66 and 

PTFE (polytetrafluoroethylene ), PTFE-PA66 compounds with a PA66 injection matrix 

and glass fiber reinforced core, resulting compounds with high mechanical strength.  

Composite materials, mainly fiber-reinforced polymers, are nowadays used in many 

applications in which lightweight, high modulus and specific mechanical strength are crit-

ical issues [11-12]. A major challenge is also to ensure that these substitute materials can 

be recyclable like the thermoplastics in order to produce new products for a more sustain-

able future. 

Fiorotto’s team from the University of Padua has investigated the manufacturing of 

a thermoplastic with a reinforcement sheet of a thermoformed fiber, which is inserted in 

the mold and, right after the thermoplastic is injected. It produces an economic composite 

with good technical qualities. Adhesion parameters between the fiber and the polymer 

have been experimentally investigated [13]. 

Khondker´s team has experimented the injection molding with textile inserts of knit-

ted polyethylene fabric as reinforcement and only polyethylene as matrix. Since they are 

similar elements, there would be a high bond between matrix and reinforcements. In ad-

dition, an impregnation of a resin in the textile was applied. As a result, they found that 

the tensile properties were dependent on the impregnated resin [14]. 

Yang et al. has investigated the impact of PP composites, reinforced with fibers of the 

same PP, and of PP reinforced with knitted glass fiber (GF). Panels of these composites 

are made using the injection-compression molding technique, studying the behavior de-

pending on the composites temperatures. It was demonstrated that the impact strength of 

PP/PP and GF/PP was very similar [15].  

In the University of Zaragoza, the injection on fabric has been investigated from the 

aesthetic point of view, studying the injection pressure parameters inside the mold in or-

der to achieve a good final finish. The methodology to determine the relationship between 

pressure and flow has been studied, with the aim to optimize this process. With that pur-

pose they have designed a spiral mold with pressure sensors and three types of textiles 

with different qualities and different foam thicknesses [16].  

The German company “BASF” has developed a material called “Ultramid Estruc-

ture®”. It is a long glass fiber-reinforced polyamide in the form of sheets. This product 

represents a significant advance in performance. The exceptional feature of the composites 

manufactured with long glass fiber-reinforced plastic components is the three-dimen-

sional fiberglass net that they form during the conventional injection molding, which 

gives the product exceptional physical properties, both at high and low temperatures. The 

fiber net forms the skeleton of the component which lasts even after calcination. This struc-

ture is the reason why warping, plastic deformation behavior and energy absorption in 

this type of material have a performance close to metals [17].  
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After performing an analysis of the investigations in the field of polymeric materials, 

it can be summarized that there are several researches in the experimental field of addition 

of various elements such as natural and non-natural fiber-reinforcements with varied ba-

ses, like, for example, in PP and PET. However, there are not sufficient studies or profuse 

clear results on PA matrix, hence the objective of this project is oriented to work with PA 

and reinforcement PA with fiberglass, which is widely used in the automotive, aerospace 

and infrastructure industry. 

2. Materials and Methods 

The methodology developed in this work for the consecution of the reinforced com-

posite material is based on the phases shown in Figure 1. First, the materials for the matrix 

and the reinforcing ones are selected, the latter being manufactured in the form of fabric. 

In order to corroborate the material compatibility between the matrix and the reinforcing 

materials, their melting points are validated by a differential scanning calorimetry test. 

Also, to verify if the manufacturing process damaged the fabrics, a tensile test of the man-

ufactured fabrics is performed. After that, the composite samples are manufactured by 

combining the matrix and reinforcement materials. Finally, these samples are tested to 

validate their properties. 

  

Figure 1. Experimental procedure. 

In the manufacturing of composite samples, the injection over-molding process has 

been chosen. In this process a piece of fabric is placed between the plates of the mold and 

a matrix material is injected to reinforce the superstructural material (Figure 2). 
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Figure 2. Injection over-molding process sketch. 

2.1. Materials selection 

Two types of materials should be selected as discussed above, the matrix and the 

reinforcement materials. These materials must be chemically compatible, so that the ma-

trix helps to stiffen the fabric.  

2.1.1. Matrix materials 

PP and PA are the most widely thermoplastics introduced in the automotive sector 

[6, 18-19]. The first ones are used for general parts while the second ones are used for parts 

with more restrictive mechanical requirements. Since the goal of this work is to develop a 

thermoplastic composite material with high mechanical properties, PA is finally the se-

lected material.  

After an exhaustive benchmarking analysis of commercial PA, and weighting their 

mechanical, physical ant thermal properties, two PA66 have been chosen as the base ma-

trix material, whose properties are shown in Table 1:  

• Zytel® 70G35HSL NC010 reinforced with 35 % short GF (PAGF). 

• Zytel® 101L NC010 non reinforced (PA). 

Table 1. Mechanical and physical properties of selected materials. 

Properties PA PAGF 

Density (g/cm3) 1.14 1.41 

Young’s modulus (GPa) 1.4 8.30 

Bending modulus (MPa) 1,210 - 

Impact resistance – Charpy-V-notch (J/m) 110 15 

Poisson’s ratio  0.41 - 

 

2.1.2. Reinforcement materials 

From the side of the fabrics, and due to the lack of suppliers in the market for hybrid 

fiberglass fabric with PA, this material was obtained by manufacturing processes. For the 

manufacture of the hybrid fabrics, two different techniques were studied: 

1. Over-stitching manufacturing of PA thread on fiberglass fabric. 

2. Manufacture by weaving of hybrid fabrics, with fiberglass on a prototype loom. 
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Over-stitching manufacturing  

To produce de fabric by over-stitching, it is necessary to select the weight and orien-

tation of the fabric fibers since these features affect the greater or lesser opening of the 

mesh (Figure 3).  

 

Figure 3. Fabric structure. 

The more open the mesh, the better the embedding of the thermoplastic in the fabric 

(Figure 4) and consequently the better the adhesion at the matrix-fiber interface.  

  

Figure 4. Embedding schema. 

Regarding the orientation of the fibers in the fabric, a multidirectional fabric (0° / 90°) 

was chosen to minimize the anisotropy of the properties of the composites.  

Keeping these orientations as a basis, fabrics with lower weights were selected for 

the processing since they have a bigger pitch between threads. Two fiberglass fabrics with 

weights of 86 and 125 g/m2 with different mesh opening were selected to manufacture by 

over-stitching (Table 2): 

• Fiberglass of 86 g/m2 (GF86). 

• Fiberglass of 125 g/m2 (GF125). 

Table 2. Characteristics of the fiberglass fabrics. 

Characteristics 
GF86  GF125 

Weft Warp  Weft Warp 

Fiber percentage 49 51  53 47 

Fiber type EC9 34 EC9 34  EC9 34X2 EC9 34X2 

Number of threads per cm 12.0 12.5  9.6 9.0 

 

To facilitate the ulterior injection over-molding process, a PA fabric that acts as a 

coupling agent between the fiberglass fabric and the matrix, was added. To stitch both 

fabrics it was used a PA thread (Figure 5). Both PA fabric and PA thread are made of 

PA66, the same material as the base, which ensures the chemical compatibility and helps 

to stiffen the fiberglass fabric in the process of over-stitching.  

 

 

Matrix Matrix 

Fiberglass fabric Fiberglass fabric 
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Figure 5. Hybrid fabric constitution. 

Characteristics of the PA fabric and PA thread are shown in Table 3 and Table 4 re-

spectively.  

Table 3. Characteristics of the PA fabric. Monodur® from Cadisch Precision Meshes. 

Characteristiccs PA fabric 

Weight (g/m2) 110 

Filament diameter (μm) 210 

Mesh opening (μm) 500 

 

Table 4. Characteristics of the PA thread. Passat20 from Hicoman. 

Characteristics PA thread 

Diameter (mm) 0.50 

Linear density (TEX) 179.92 

Resistance (N) 108.50 

Deformation (%) 29 

 

As a result of the over-stitching process two hybrid fabrics are obtained: 

• Fiberglass + PA thread by over-stitching of 86 g/m2 (PAGF86).  

• Fiberglass + PA thread by over-stitching of 125 g/m2 (PAGF125). 

 

Weaving manufacturing 

For the fabrics manufactured with fiberglass on a prototype loom (Figure 6), a single-

end roving for long fiber thermoplastics PA composites SE 4535 from 3B Fibreglass was 

selected (Table 5). The proprietary sizing chemistry is specifically engineered to provide 

excellent wet out, optimum resin-fibre load transfer and adhesion for exceptional mechan-

ical performances. 

 

Table 5. Fiber characteristic from 3B Fibreglass. 

Characteristics Fiber 

Density (g/cm3) 2.62 

Linear density (TEX) 1200 

Filament diameter (µm) 17 
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(a)                         (b) 

Figure 6. (a) Prototype loom. (b) Fiberglass fabric. 

A hybrid fabric composed by fiberglass roving with PA thread was also created. The 

procedure for making this hybrid fabric is the same as for the fabric made with only fiber-

glass, with the difference that, in this case, for each horizontal fiberglass thread two PA66 

threads are interspersed (Figure 7).  

 

(b)                       (b) 

Figure 7. (a) Fiberglass + PA hybrid fabric. (b) Polyamide reel of thread. 

 These two fiberglass fabrics were functionalized with aminopropyltriethoxysilane 

(APS) to provide them with new properties [20-23], obtaining the following fabrics to the 

tests: 

• Functionalized fiberglass (GFF). 

• Functionalized fiberglass + PA thread (GFFPA). 

 

2.2. Validation of materials 

Before manufacturing the composites, differential scanning calorimetry (DSC) tests 

were performed in order to validate the melting point of the thermoplastic materials re-

ferred in the manufacturers’ datasheet (fabric, textile thread and granules for the injection) 

and to stablish a correlation between the melting points of the PA threads and fabrics and 

the PA pellets to be injected. The tests were carried out on a previously calibrated “DSC 

Perkinelmer precisely” equipment, according to specifications of the standard ISO 11357-

1:2017 [24]. Three samples of each material (PA66 fabric, PA66 thread, PA matrix and 

PAGF matrix) were tested resulting in 12 tests. 

Once the fabrics were manufactured, to assess whether the manufacturing process 

damaged the fabrics, a tensile test on these fabrics was performed on an Instron 4505 uni-

versal testing machine at room temperature (23°C) with a 1KN load cell and a constant 

speed of 50 mm/min until failure, according to specifications of the standard ISO 527-

4:1997 [25]. These processing conditions have a direct influence on the morphological 

structure of the parts [26-27], and this structure, in turn, influences the properties of the 
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material [28]. This test was not performed with functionalized/hybrid fabrics because no 

comparison values are available. With this test it was sought that the maximum force sup-

ported by the hybrid fabric was at least equal to or greater than the force supported by the 

GF/PA fabric. Then, three samples of each material (PA66 fabric, PA66 thread, GF86, 

GF125, PAGF86 and PAGF125) were tested resulting in 18 tests. 

 

2.3. Manufacturing of composite samples by over-molding process 

For the injection of the composites, an Engel 350 ton injection mold machine with a 

60mm diameter screw and a mold with flat plates was used. Both the equipment and the 

mold are not adapted for injection by the injection-compression process. The mold is also 

not prepared for the manufacturing of samples by a multipoint or sequential injection 

process, consequently it was not possible to apply these techniques in order to reduce the 

injection pressure during the process. The fabric was placed directly in the cavity of the 

movable plate. It was fixed by a double-faced tape at each of the corners and in the middle 

of the fabric longitudinal distance in order to ensure the total support of the fabric (Figure 

8). 

 

Figure 8. Fixing system of fabric to the mold. 

Fourteen samples were injected considering the different combinations of matrix and 

reinforcement materials, corresponding to the design of experiments that is shown in Ta-

ble 6.  

Table 6. Design of experiments. 

Matrix 
Fabric 

(Reinforcement material) 
Sample acronym Number 

PA None PA 1 

PAGF None PAGF 2 

PA GF86 (conventional fabric) PA-86 3 

 GF125 (conventional fabric) PA-125 4 

PAGF GF125 (conventional fabric) PAGF-86 5 

 GF86 (conventional fabric) PAGF-125 6 

PA PAGF86 (over-stitched fabric) PA-PA86 7 

 PAGF125 (over-stitched fabric) PA-PA125 8 

 GFF (weaved fabric) PA-F 9 

 GFFPA (weaved fabric) PA-FPA 10 

PAGF PAGF86 (over-stitched fabric) PAGF-PA86 11 

 PAGF125 (over-stitched fabric) PAGF-PA125 12 

 GFF (weaved fabric) PAGF-F 13 

 GFFPA (weaved fabric) PAGF-FPA 14 

 

Figure 9 shows an explanatory diagram of the samples’ composition.  
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Figure 9. Explanatory diagram of the composition of the samples. 

The processing conditions were selected following the manufacturer’s recommenda-

tions, which essentially depend on the matrix material. Table 7 shows these conditions. 

Due to the typical hygroscopicity of PA, it was necessary to perform a drying process prior 

to the injection process, which was carried out in a Koch Technik KKTT55 dehumidifier 

at 80°C for 4 hours, as recommended by the manufacturer. 

Table 7. Injection conditions. 

Condition PA PAGF 

Melt temperature (°C) 290 310 

Mold temperature (°C) 50 90 

Injection speed (m/s) 43 44 

Clamping force (ton) 100 100 

 

Sample preparation plays a major role in recorded test results. Depending on the ge-

ometry and the type of test, different shapes are proposed for cutting the 3 types of sam-

ples (Figure 10) [29]. 

 

Figure 10. (a) Tensile and peeling tests. (b) Three-point loading test. (c) Impact test. 

2.3. Tests and validations 

(a) 

(c) (b) 
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The morphological structure influences the properties of the material, so before real-

izing the tests in the different samples to evaluate the composites, it was evaluated the 

shell-core-shell type morphology of them due to the injection process. In Figure 11 it can 

be observed the asymmetry in the morphology resulting from the difference in the cooling 

velocity on the side of the fabric with respect to the side without fabric. On the injection 

side (side without fabric), due to the better thermal conductivity of the mold insert mate-

rial, the cooling velocity is higher, which causes a well-defined layer. On the other hand, 

on the ejector side (side with fabric) due to the low thermal conductivity of the fabric, the 

cooling velocity is much lower than the injection side one, leading to a decrease of the 

shell advantaging the nucleus formation [30]. 

  

Figure 11. Morphological structure. (a) Injection side. (b) Ejector side. 

In order to evaluate the function of the diverse fabrics used and final reinforced com-

posite, numerous tests were performed. Table 8 summarizes all the test performed to ver-

ify each property.  

  Table 8. Test performed to different composit4es. 

Function to verify Test Quantity 

Adhesion Peeling test 36 

Impact strength Impact test 42 

Stiffness Three-point loading test 30 

 

 

Once the composites have been manufactured by injection, three tests are conducted 

to assess their behavior. To evaluate the adhesion of the fabrics to the matrix, the peeling 

test was performed according to ISO 11339 [31]. Tests were carried out on the previous 

universal testing machine at room temperature (23°C) with a 1 KN load cell and a constant 

speed of 50 mm/min. Three samples of each composite (PA-86, PA-125, PAGF-86, PAGF-

125, PA-PA86, PA-PA125, PA-F, PA-FPA, PAGF-PA86, PAGF-PA125, PAGF-F and PAGF-

FPA) were tested resulting in 36 tests. For the manufacturing of the samples for the peeling 

test, a part of the plate was covered with aluminium adhesive tape, to avoid the adhesion 

and to be able to use that area for pulling, as shown in the figure 12.  

 

(a) (b) 
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Figure 12. Prototype part for the manufacturing of the peeling test sample. 

To determine the influence of the hybrid fabric on the impact properties with respect 

to the initial matrix, impact tests were carried out in a Fractovis Plus machine using a drop 

weight instrument at room temperature (23°C) with a weight of 5.045Kg, a dart with a 20 

mm diameter ball tip, dropping from a 1 meter height [32-33]. Samples with fabrics with-

out reinforcement and samples with the hybrid fabric were tested. The composites were 

tested with the face of the fabric under impact and with the face of the matrix under im-

pact as shown in figure 13, due to the different morphological structure commented be-

fore. Three samples of each composite at both sides (PA-PA86, PA-PA125, PA-F, PA-FPA, 

PAGF-PA86 and PAGF-PA125) and three samples of the two matrix material (PA and 

PAGF) were tested resulting in 42 tests. PAGF-F and PAGF-FPA were not tested because 

of poor adhesion between matrix and fabric. 

 

Figure 13. (a) Sample without fabric reinforcement. (b) Reinforced sample, ejector side. (c) Rein-

forced sample, injection side.  

The three-point loading test used was the one proposed by Hostal and Stevens [34], 

where the sample is supported in three uniformly distributed points inserted in a circum-

ference with a diameter of 9.35 cm. The load is applied in the center with constant speed, 

in the same way as in the dart drop impact test. The composites were tested positioned on 

both sides according to Figure 14. Tests were carried out on the same universal testing 

machine at room temperature (23°C) with a 1 KN load cell and a constant speed of 5 

mm/min up to 2 mm maximum deformation. Three samples of each composite at both 

sides (PA-PA86, PA-PA125, PA-F, PA-FPA, PAGF-PA86, PAGF-PA125, PAGF-F and 

PAGF-FPA) and three samples of the two matrix material (PA and PAGF) were tested for 

each load orientation, resulting in 30 tests.  

 

Figure 14. Three-point loading test schema [35]. 

 

3. Results and Discussion 

3.1. Differential scanning calorimetry (DSC) tests  

The DSC curves of the heat flow vs. the temperature were obtained for the analyzed 

samples, obtaining graphs similar to the example in Figure 15 for one of the PA matrix 

material sample.  

 

(a)  (b)  (c)  
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Figure 15. PA matrix material DSC test results. 

In the different DSC tests, it was checked that the melting temperature, experimen-

tally measured in the samples, corresponds to that shown by the manufacturers in their 

datasheets, with variations under 0.5%. It was also verified that all the materials have sim-

ilar melting temperatures (Table 9), the largest difference being 5.5°C between the PA66 

textile thread and the PA matrix material, which shows the stability of these materials and 

the stability of the transitions. 

Table 9. DSC test results. 

Material 

Melting temperature (Peak) (°C) 

Experimental 
Datasheet 

�̅� s 

PA 263.87 1.38 262 

PAGF 263.21 1.51 262 

PA66 thread 257.33 0.95 - 

PA66 fabric 262.59 0.40 - 

 

 

3.2. Tensile test 

As an example of the graphs obtained from the tensile tests, Figure 16 shows the 

graph Load vs. Extension of the hybrid fiberglass + PA thread by over-stitching of 86 g/m2 

(PA86 hybrid fabric) compared with its component materials (GF86, PA fabric and PA 

thread).  
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Figure 16. Tensile test curve of PA86 hybrid fabric compared with its components. 

The graph shows that the maximum force supported by the hybrid fabric is greater 

than its components. In Table 10 the values of maximum force obtained for all the material 

are resumed. It can be observed that the tensile strength of GF125 fabric is higher com-

pared to the tensile strength of the GF86 fabric. In hybrid fabrics this difference does not 

exist, assuming similar values. This fact is justified by the use of the PA fabric in the man-

ufacture of the hybrid fabrics, since the value of the maximum force recorded for the hy-

brid fabrics practically corresponds to the value obtained in the PA66 fabric test. It means 

that the manufacturing process by industrial over-stitching does not influence on the 

properties of the hybrid fabrics, thus guaranteeing the viability of the manufacturing pro-

cess. 

Table 10. Tensile test results. 

Material 
Maximum force (KN) 

�̅� s 

GF86 0.19 0.03 

GF125 0.42 0.03 

PA66 fabric 0.59 0.04 

PA66 thread 0.08 0.01 

PAGF86 0.58 0.03 

PAGF125 0.59 0.02 

 

3.3. Peeling test 

Table 11 shows the mean peel strength of the samples tested. During the tests it was 

revealed that in the samples reinforced with conventional fiberglass fabric, the fabric is 

evenly pulled off. However, in the samples based on hybrid fabrics, elaborated both 

through sewing and weaved by a weaving machine, there are areas in which the adhesion 

is higher than the reinforcement, thus when performing the test, the fabric is stretched 

until it breaks.  

Table 11. Peeling test results. 

Sample 
Mean peel strength (N/cm) 

�̅� s 

PA-86 45.33 18.9 

PA-125 34.66 3,055 

PA-PA86 44 3.46 

PA-PA125 44.66 9.45 

PA-F 29.74 6.9 

PA-FPA 32.89 7.4 

PAGF-86 17.33 7.02 

PAGF-125 25.33 5.33 

PAGF-PA86 26.66 3.05 

PAGF-PA125 22 3.46 

PAGF-F No adhesion  

PAGF-FPA No adhesion  

 

From these results it can be observed that the adhesion load is higher for the samples 

with matrix without fiberglass (PA matrix) than that of the filled ones (PAGF matrix). This 

could be due to any kind of chemical incompatibility between the matrix filled with glass 

fiber and the reinforcement, apart from being the resin denser, which significantly wors-

ens the impregnation of the reinforcement. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 October 2021                   doi:10.20944/preprints202110.0408.v1

https://doi.org/10.20944/preprints202110.0408.v1


 

However, analyzing in more detail the graphs of Figure 17 that compare the results 

of the samples with hybrid fabrics with those with conventional fiberglass fabrics, it can 

be observed that although the mean peel strengths are similar, the adhesiveness remains 

longer. 

 

Figure 17. Comparison of peeling test results between conventional fiberglass fabrics and hybrid 

fabrics. (a) PA matrix + GF86. (b) PAGF matrix + GF86. (c) PA matrix + GF125. (d) PAGF matrix + 

GF125.  

It can be explained by observing in Figure 18 the total impregnation of the PA thread 

in the matrix, which confirms that PA thread improves the adhesion between the rein-

forcement and the matrix. 

 

Figure 18. Impregnation of the PA thread in the PA matrix.  

The samples with reinforced matrix material and functionalized fiberglass reinforce-

ment fabrics (PAGF-F and PAGF-FPA) finally did not undergo peeling test because the 

fabric could detach simply pulling by hand. On the other hand, the samples with weaved 

fabric to reinforce the PA66 matrix are the ones that obtain the worst results. Based on 

these results and given the difficulty and slowness of making these fabrics, it is considered 

that the properties of samples with weaved fabrics will no longer be evaluated. 

3.4. Impact test 
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 As described above, the impact test was performed on both sides of the samples and 

on a sample without fabric reinforcement. The results of these tests are shown in Figure 

19. In each graph, the behaviour on each side of the sample is compared to the sample of 

the matrix material (red line). It was observed that in the case of the PA matrix (Figure 19 

a and b), the behaviour of the composite is worse than that of the matrix. Furthemore, 

since the impact on the side of the fabric reinforcement (yellow line) is produced on a 

more rigid area, the rigidity is higher than when the impact occurs on the matrix side (blue 

line). In the latter case, a ductil behavior is more present at the beginning, with a longer 

duration of the impact. This behaviour is interesting but does not improve that of the 

matrix material. However, in the case of PAGF matrix (Figure 19 c and d), the working of 

the composite is similar to that of the matrix, mainly when the impact is on the side of the 

reinforcement.  

   

  

 

Figure 19. Comparison of the impact test according to the impact side on the sample and with 

respect to the matrix material without reinforcement. (a) PA matrix and PA-PA86 reinforcement. 

(b) PA matrix and PA-PA125 reinforcement. (c) PAGF matrix and PAGF-PA86 reinforcement. (a) 

PAGF matrix and PAGF-PA125 reinforcement.  

From the point of view of the type of fracture, it was observed on the graphs that PA 

matrix material register only radial fracture while PAGF matrix material reveal both radial 

and circunferencial fracture (Figure 20). This is due to the greater rigidity and anysotropy 

of PAGF compared to PA. 
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Figure 20. Correlation between fracture propagation and the Load vs. Time for PAGF matrix ma-

terial.  

If both sides of the impact on PA-PA86 samples are analysed, it is observed that on 

the opposite side of the impact the fractures are developed in a radial direction, which 

corresponds to a radial fracture evidenced by the curve registered (yellow line in Figure 

19 a). A well-defined whitish circle is observed in Figure 21 b as a result of the deformation 

suffered by the sample at the moment of the impact of the dart. Furthermore a higher 

resistance of the composites is observed when they are impacted on the side of the 

reinforcement (Figure 21 a and b). When the samples impacted on the injection side are 

analysed, it is detected that beyond appearance of radial fractures, circumferencial 

fractures occur. In figures 21 c and d, the formation of the radial fracture is distinguished 

and the subsequent circumferential delamination. 

 

Figure 21. Impact samples on PA-PA86 composite. (a) Impact face on sample with ejector side 

impact. (b) Opposite impact face on sample with ejector side impact. (c) Impact face on sample 

with injection side impact. (b) Opposite impact face on sample with injection side impact.  

Similarly, analyzing both sides of the impact on PAGF-PA86 samples, it is noticed 

the fracture begins with radial cracks and then evolve to circumferential ones with a man-

ifest pattern of rigid material (Figure 22). This is due to the high rigidity material of its 

base, since it is reinforced with short fiber. 

 

Figure 22. Impact samples on PAGF-PA86 composite. (a) Impact face on sample with 

ejector side impact. (b) Opposite impact face on sample with ejector side impact. (c) Impact 
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face on sample with injection side impact. (b) Opposite impact face on sample with injec-

tion side impact. 

3.5. Three-point loading test 

Regarding the three-point flexural test, the samples are not tested until breakage, 

thus only their behavior in elastic mode was registered. In the Figure 23, it is verified that 

none of the composites show a positive gain, that is to say, the properties of the composites 

registered lower flexural stiffness that their respective matrices. This loss of flexural stiff-

ness was more notable for the composites with PAGF matrix. It can be considered that the 

lower adhesion of the fabric to the PAGF matrix with respect to the PA, contribute to the 

decrease of the flexural stiffness. 

 

Figure 23. Comparison of flexural test results according to the impact side on the sample between 

composites and matrix material without reinforcement. (a) PA matrix. (b) PAGF matrix. 

4. Conclusions and perspectives 

To summarize the results obtained, the properties of each of the composites analyzed 

in the different tests performed is listed in table 12: 

Table 12. Overview of the composites analyzed.  

 
Fabric 

manufacturing 

Composite 

manufacturing 
Deformation Peeling 

Impact 

strength 
Stiffness 

PA-PA86 Good Good Good Good Poor Fair 

PA-PA125 Good Good Good Good Poor Poor 

PA-F Fair Good Good Poor - - 

PA-FPA Fair Good Good Poor - - 

PAGF-PA86 Good Good Good Good Fair Poor 

PAGF-PA125 Good Good Good Good Fair Poor 

PAGF-F Fair Good Good Poor - - 

PAGF-FPA Fair Good Good Poor - - 

 

  

After analyzing the results, the following conclusions were obtained: 

• Regarding the manufacture of the fabric, the one that seems the most industrially 

viable, taking into account the materials currently available at the market, is the over-

stitching technology. 

• The fabric placement system is considered critical regarding the manufacturing 

phase of the composites. 

• The proposed fixing system has allowed the fabric to rest on one of the cavities of the 

mold, in order to avoid problems and favor the consolidation of the part, even being 

a totally manual system. 

• It has been proven that this over-molding technology induces a peculiar and asym-

metric morphological structure in the materials. The analysis of the morphological 
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structure of the composites, by means of reflection microscopy, showed that the low 

thermal conductivity of the hybrid fabrics induced an asymmetry in the morpholog-

ical structure of the composites, caused by the lower cooling velocity on the side of 

the fabric, with respect to the injection side.  

• Peeling tests prove that the use of hybrid textiles on the polyamide matrix allows to 

improve the adhesion on the matrix-fabric interface. The worst adhesion appears be-

tween the hybrid fabrics and PAGF matrix. This is mainly due to the higher viscosity 

of this matrix and the fact that the glass fiber filler already has its own coupling 

agents that could be not compatible with the fabric. 

• With respect to the stiffness tests, it can be ensured that the polyamide matrix com-

posites have a much better behavior than the glass fiber reinforced polyamide matrix 

composites. 

• The stiffness of the composites reinforced with polyamide matrix fabrics can have 

improvements of up to a 5%, however, it is not considered an industrial scale im-

provement. 

• Currently working with tapes materials where rigidity improvements are expected 

to be greater than 50%. 
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