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1. Introduction  
 

Researchers are constantly working to make human life 

more comfortable and to extend the life of the materials used. 

Therefore, existing materials are constantly being improved 

and replaced with smart and innovative materials. Due to their 

low cost, ease of manufacture and lightness, polymeric 

composites replace traditional materials such as metals and 

ceramics. In this way, innovative materials are created by 

taking advantage of the synergistic effect in the content of the 

composite material (Hamamcı et al., 2018; Kursuncu et al., 

2020). A polymer is a large molecule (macromolecules) made 

up of repeating structural units. These subunits are typically 

linked by covalent chemical bonds (Kulkarni et al., 2012). 

Polymers and their composites may exhibit some properties 

that cannot be obtained or are difficult to obtain in metal and 

ceramic materials (Boztoprak and Kartal, 2019; Erdogan et al., 

2021). Polymers and polymer composites are widely used in 

various tribological applications such as rollers, gears and dry 

plain bearings due to their inherent advantages such as high 

specific strength, corrosion resistance and self-lubricating 

behavior. It is widely accepted that the tribological 

performance of polymeric materials can be improved by using 

various fillers or reinforcing fibers (Man et al., 2021). Polymer 

matrix composites can be used in oil-free dry sliding 

applications due to their low friction, high durability and good 

solvent resistance properties (Erdogan et al., 2021). 

Generally, the mechanical properties of polymers are 

insufficient for many structural purposes. Since their hardness 

and strength are low compared to metals and ceramics, their 

usage areas are limited. These disadvantages can be eliminated 

by adding additives to polymers (Karthik et al., 2020; Polanec 

et al., 2021). It is possible to produce polymer matrix 

composites using different types of reinforcing materials. The 

nature of the reinforcement directly affects the final physical 

and mechanical properties of the composite. With 

reinforcements, properties such as hardness, strength and 

thermal expansion of the polymer matrix can be improved. In 

addition, thanks to the superior tribological properties of the 

polymer matrix such as high wear resistance, self-lubrication, 

vibration and corrosion resistance, the use of composite 

materials in wear parts is constantly expanding. In addition to 

these features, they are preferred due to their recyclability, ease 

of production and low cost (Erdoğan et al., 2019; Kursuncu et 

al., 2020). 

Since polymer composite materials exhibit high specific 

strength and hardness compared to monolithic metal alloys, 

they have attracted wide attention in various engineering 

fields, especially in aerospace applications (Çakır and 

Berberoğlu, 2018; Kessler, 2012; Sari and Sinmazçelik, 2007). 

Typically, composites consist of a matrix and a reinforcing 

element. While the reinforcing element serves to carry the 

load, the matrix serves as a load transfer tool between the 

reinforcements (Ateş and Aztekin, 2011; Jesson and Watts, 

2012; Koç and Demirel, 2019). The matrix is more ductile than 
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the reinforcing elements and therefore the reinforcing agent is 

often used as a strength enhancer. When the matrix and the 

reinforcement are combined efficiently, the resulting material 

can show very high strengths. In addition to their structural 

properties, composites are used in electrical, thermal and 

environmental applications (Karthik et al., 2020). In addition, 

the equipment required for the production of polymer matrix 

composites is simpler. Therefore, polymer matrix composites 

developed gradually and soon became popular for structural 

applications (Karthik et al., 2020). 

 

 

 
Figure 1. CFRP and other composite parts used in an aircraft 

(Mohamed, 2013). 

 

Polymer matrix composites are the most widely used 

composite type on the market, and the two main application 

sectors (by value) are the automotive industry (over 30%) and 

the aerospace industry (over 20%) (Thomas et al., 2014). An 

example of a CFRP composite used in any aircraft is given in 

Figure 1. Apart from this, it is possible to see CFRP composite 

in many parts used in assembly (Mohamed, 2013). Carbon 

fiber reinforced polymers (CFRP) are characterized by 

exceptional specific strength and stiffness properties that make 

them particularly suitable for lightweight structures in the 

aerospace industry (Kumar et al., 2021; Kuo et al., 2018; 

Seeholzer et al., 2021). In this study, the dry-sliding wear 

behavior of CFRP composite material produced at different 

laying angles was investigated. It has been tried to understand 

how the laying angle has an effect on the wear behavior of the 

sample. 

 

2. Materials and Methods  
 

Composite materials were produced in the form of plates 

by hand-laying method. The production process was carried 

out using two different laying angles, “45” degrees and “0” 

degrees. CFRP composite specimens were produced with a 

width of 25 mm and a thickness of 5 mm. Reciprocating type 

dry-sliding wear tests were performed at room temperature 

using a 6 mm diameter Al2O3 ball using a Ball-on-disc 

tribometer device (TURKYUS POD). The hardness of Al2O3 

balls used in the experiments is 15 GPa. Wear tests were 

carried out under loads of 1, 3 and 5 N. Another variable used 

in the tests is the sliding speed and it was applied as 0.02 m/sec 

and 0.04 m/sec for a total of 15 minutes. Total sliding distance 

is 18-36 m and wear stroke length is 5.5 mm. In order to 

increase the accuracy and validity of the results obtained from 

the experiments, each experiment was performed 3 times and 

average values were taken. After the wear tests, the volume 

losses of the samples were determined by taking a 3D 

profilometer image from the formed wear trace section. Cross-

sectional images were taken from at least 4 parts of the groove 

formed by the abrasive ball on the sample, and their average 

value was used in the volume loss calculation. The images of 

the worn surfaces of the samples were taken on the TESCAN 

MAIA3 XMU brand SEM device. 

 

3. Result and Discussion  
 

Composites produced as polymeric materials and polymer 

matrix are used successfully in many applications. As in 

metallic materials, important parameters emerge in wear 

resistance depending on the material, counter surface, 

environment and operating conditions in polymer-based 

materials. In Figure 2, the volume loss values occurring in the 

sample produced with "0" degree laying angle, which was 

subjected to wear test at different sliding speeds and under 

three different loads, are given. There is an increase in the 

volume losses of the samples depending on both the load and 

the sliding speed. However, it is seen that this increase is not 

directly proportional in terms of applied wear load. It is 

possible to explain the increase in volume loss in the sample 

due to the increasing load simply by using the term hardness. 

Hardness can be defined as the resistance of a material against 

another material trying to sink from its surface. 

If the force applied on a sample with the same hardness is 

increased, the rate of penetration of the object to the opposite 

surface will increase. Therefore, it will penetrate the opposite 

surface more. This sinking rate will create a compressive force 

on the sample and a deformation will occur depending on the 

yield strength of the material. The deformation will increase 

with the increase of the applied load. In this case, more 

material will be accumulated in front of the penetrating tip due 

to its relative motion. In other words, the amount of material 

that resists the cutting force of the ball will be more. Due to 

the ongoing relative movement, material transfer will start 

from the surface and there will be a change in the profile of the 

wear trace on the sample surface. As a result, if the shear force 

is sufficient, the increase in the load will be effective in 

increasing the volume loss of the material. 

 

 
Figure 2. Volume losses in composites produced with “0” 

degree laying angle depending on shear rate and load. 
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As can be seen from the wear loss (Figure 1) graph, another 

parameter that affects the volume losses in the samples is the 

shear rate. It is seen that the volume losses increase with the 

increase of the sliding speed. It should not be forgotten that the 

increase in the applied sliding speed will increase the wear 

losses. Apart from this, two different possibilities can be 

presented for the variation in wear losses that can be caused by 

the sliding speed. The first of these is the sudden increase in 

heat that occurs during friction. The thermal increase that 

occurs during the mutual friction of two objects may have 

different effects depending on the material properties. For 

example, in a metallic material, the oxidation that occurs due 

to the increase in temperature can reduce friction and even 

material loss. However, the effect on a polymeric matrix will 

be different. In polymeric materials, the temperature increase 

due to friction causes the matrix to soften. For this reason, the 

matrix deforms more easily. This, in turn, increases material 

loss, resulting in a decrease in wear resistance. Another effect 

of the increase in the sliding speed is the increase in the impact 

effect. As the sliding speed increases, the abrasive ball moving 

on the material will create a more dynamic effect on the part 

accumulated behind it. This will create a higher impact effect 

with high sliding speed and will increase the wear losses. 

 

 

 
Figure 3. Depending on the sliding speed and load, the COF 

values occurring in composites produced with a "0" degree 

laying angle are a) 0.02 m/sec, b) 0.04 m/sec. 

 

The coefficient of friction (COF) values of the samples 

obtained at different sliding speeds are given in Figure 3a-b. 
Although the COF values of the samples were close to each 

other, the increasing shear rate had an effect on the COF value. 

This effect is the change in peaks and valleys after steady-state 

wear, rather than an increase in the COF value. While the 

peaks that occurred as a result of the increase and decrease of 

COF at low shear rate showed a triangular formation (Figure 

3a), these peaks were blunted with increasing shear speed 

(Figure 3b). This situation can be seen much more clearly, 

especially at increasing loads. It is possible to say that the flash 

heating caused by the increasing load and sliding speed on the 

material surface causes this situation. The high COF value, 

which is seen at the beginning and called run-in, is attributed 

to the cleaning of the surface roughness. With the start of the 

wear process, the abrasive tip makes contact with the opposite 

surface only above the roughness. At this point, a high contact 

pressure occurs because the contact area is very small. Due to 

the high contact pressure, the friction coefficient increases 

rapidly. As the roughness peaks flatten over time and wear 

marks begin to form, the contact area between the abrasive ball 

and the sample expands and the friction coefficient reaches 

average values. 

SEM wear trace photographs of the samples produced with 

a “0” degree laying angle and subjected to the wear test at a 

sliding speed of 0.02 m/sec under three different loads are 

given in Figures 4a-c. Although the increased shear rate was 

effective in the wear losses of the samples, there was no critical 

change in the wear mechanisms. As a result of the wear 

process carried out under low load (1 N) (Figure 4a), micro-

fatigues on the sample surface and adhesion related ruptures 

occurring perpendicular and angular to the wear path caused 

by these fatigues are observed. As a result, there was material 

separation from the surface by the union of these tears. It is 

seen that the effect of micro-fatigue increases with the increase 

of the load of 3 N, thus the micro-cracks become more 

prominent, and then the cracks that come to the macro-size 

form wider. It is understood that with the increase of the load 

5 N, besides the abrasion damage mentioned above, the carbon 

fibers begin to appear with the severity of the abrasion. It is 

noteworthy that the polymer, which acts as a matrix between 

the abrasive ball and carbon fibers, creates slight elongations 

in the form of extrusion. 

In Figure 5, the volume loss values of the samples, which 

were subjected to abrasion test under different sliding speeds 

and loads after being produced with a "45" degree laying 

angle, are given. Although similar volume losses are observed 

with “0” degree laying angle in the experiments carried out 

under 1 N load at a sliding speed of 0.02 m/sec, it is seen that 

the volume loss is relatively reduced at 3 N load. It can be seen 

from the graph that this situation becomes more evident under 

a load of 5 N. Similar volume losses under 1 N load are due to 

the fact that the abrasive works on the polymer matrix rather 

than the carbon fiber reinforcements at this load. Therefore, 

neither the effect of carbon fiber carbons nor their laying 

angles could be observed in this region. However, the change 

in volume losses between the two layings is striking with the 

increase of the load of 3 N. While a ratio difference of 

approximately 2% occurred between two pavings at 1 N load 

due to volume loss, this ratio increased to 8-9% at 3 N load and 

up to 12% at 5 N load. The increase in the reinforcing ratio of 

the carbon fibers on the bottom surface with the polymer 

matrix at 3 N load, and the operation of a mechanism that 

prevents the polymer matrix from flowing with the 

reinforcement under 5 N load, played a role in the decrease in 

volume losses. Although a noticeable volume loss is observed 

at 1 and 3 N loads with the increase in sliding speed, it is 

understood that this value is similar to the value obtained at 

0.02 m/sec sliding speed at 5 N load. 
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Figure 4. SEM images of worn surfaces due to load in 

composites produced with a "0" laying angle at a shear rate of 

0.02 m/sec: a)1 N, b) 3 N, c) 5 N. 

 

The COF values obtained at different shear rates of the 

samples produced with a “45” degree laying angle are given in 

Figure 6 a-b. A striking situation in both graphs is the decrease 

in COF values with increasing load. It is understood that the 

samples exit the run-in mechanism and show a stable COF 

value after approximately 100 s of sliding time at low shear 

speed. As the reason why the COF value decreases with the 

increase in the load is interpreted in the previous graphs, it will 

not be mentioned again here. However, it can be seen that peak 

and valley formations are much more severe, especially at 

loads of 3 and 5 N, with an increase in shear speed. Here, the 

heat caused by friction may play a role in the decrease of the 

COF value, as well as an increase in the COF value due to 

adhesions that occur due to sudden cooling or adhesions. 

  

 

 
Figure 5. Volume losses in composites produced with “45” 

degree laying angle depending on shear rate and load. 

 

 

 

 
Figure 6. Depending on the sliding speed and load, the COF 

values occurring in composites produced with a “45” degree 

laying angle are a) 0.02 m/sec, b) 0.04 m/sec. 
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Figure 7. SEM images of the worn surfaces due to the load in 

composites produced with a “45” degree laying angle at a 

shear rate of 0.02 m/sec: a)1 N, b) 3 N, c) 5 N. 

 

The SEM wear trace photographs of the samples produced 

with a "45" laying angle and subjected to the wear test at a 

sliding speed of 0.02 m/sec under three different loads are 

given in Figure 7a-c. It is seen that micro and macro cracks are 

formed in the direction perpendicular to the wear trace of the 

matrix surface, which is under the compressive and tensile 

stresses, as in the sample produced with a "0" degree laying 

angle. However, it is seen that the width of the traces 

perpendicular to the wear direction is less and the damage to 

the surface is lower when compared to the sample whose 

cracks were produced with zero degree laying and subjected to 

the wear test. When the SEM (Figure 7b) wear trace 

photograph of the sample, which was subjected to the test at a 

sliding speed of 0.02 m/s under 3 N load, is examined, it is 

seen that the damage caused on the surface by the forces 

resulting from friction has increased. Because it can be clearly 

seen that the width of the cracks that occur and perpendicular 

to the wear mark increase and the gap between them increases. 

The SEM wear trace photograph of the sample, which was 

produced with a "45" degree laying angle and subjected to 

wear treatment at a 5 N load, 0.02 m/sec sliding speed, is given 

in Figure 7c. Especially on the left side of the SEM image, the 

silhouette of the carbon fibers embedded under the polymer 

matrix can be seen with a 45 degree lay angle. However, when 

the degree of damage is compared to the damage of the 

samples produced with zero degree paving, it is seen that 45 

degree paving is more resistant in all three loads. 

 
4. Conclusion 

 

In this study, the effect of laying angle on the wear 

resistance of CFRP (Carbon fiber reinforced plastic) 

composites produced with different laying angles was 

investigated. In addition, these parameters were also tested as 

variables to determine the possible effects of load and sliding 

speed. In the tests performed with the ball-on-disc method, it 

was observed that the laying angle, the applied load and the 

sliding speed had different effects on the wear resistance of the 

composites.  

 

• The increase in load facilitated material loss due to 

increased compressive forces and reduced wear 

resistance. The increase in shear rate also caused an 

increase in volume losses.  

• It was determined that the wear resistance of the 

composites produced with the "45" degree laying angle 

was higher. The effect of the laying angle became more 

evident with the increase in the load.  

• It has also been understood that the laying angle is also 

effective in the coefficient of friction.  

• Micro and macro cracks and extrusion type wear 

mechanisms were observed on the SEM wear surfaces 

of the samples.  

 
Ethical approval 
Not applicable. 

 
Conflicts of Interest 
The authors declare that there is no conflict of interest 

regarding the publication of this paper. 

 
References 
 

Ateş, E., & Aztekin, K. (2011). Density and compression 

strength properties of particulated and fiber reinforced 

polymer composites. Journal of the Faculty of 

Engineering and Architecture of Gazi University, 26(2), 

479–486. 

Boztoprak, Y., & Kartal, İ. (2019). Bor Nitrür Partikülleriyle 

Takviyelendirilmiş Vinil Ester Matrisli Kompozitlerin 

Mekanik Özelliklerinin İncelenmesi. El-Cezeri Fen ve 

Mühendislik Dergisi, 2019(1), 43–50.  

Çakir, M., & Berberoğlu, B. (2018). E-Cam Elyaf Takviyeli 

Epoksi Matrisli Kompozit Malzemelerin Elyaf 

Oranındaki Artış İle Mekanik Özelliklerindeki 

Değişimlerin İncelenmesi. El-Cezeri Fen ve 

Mühendislik Dergisi, 5(3), 734–740.  

Erdoğan, A., Gök, M. S., Koç, V., & Günen, A. (2019). 

Friction and wear behavior of epoxy composite filled 

with industrial wastes. Journal of Cleaner Production, 

237. 

Erdogan, A., Gök, M. S., Kurşuncu, B., Kiraz, T., & Demirel, 

B. (2021). Mechanical and tribological properties of 

waste iron scale reinforced polypropylene composite. 

Industrial Lubrication and Tribology, 73(2), 388–395.  

a) 

b) 

c) 

micro tearing 

micro tearing 

micro cracks 



JAV e-ISSN:2587-1676                                                                                                                                                    7 (2): 190-195 (2023) 

195 

 

Hamamcı, B., Çiftci, M., & Aktaş, T. (2018). Karadeniz Fen 

Bilimleri Dergisi The Black Sea Journal of Sciences 

Fonksiyonel Derecelendirilmiş Kirişlerin Serbest 

Titreşim Analizi. Karadeniz Fen Bilimleri Dergisi, 8(2), 

119–130. 

Jesson, D. A., & Watts, J. F. (2012). The interface and 

interphase in polymer matrix composites: Effect on 

mechanical properties and methods for identification. 

Polymer Reviews, 52(3–4), 321–354.  

Karthik, K., Rajamani, D., Manimaran, A., & Udaya Prakash, 

J. (2020). Wear behaviour of hybrid polymer matrix 

composites using Taguchi technique. Materials Today: 

Proceedings, 33, 3186–3190.  

Kessler, M. R. (2012). Polymer matrix composites: A 

perspective for a special issue of polymer reviews. 

Polymer Reviews, 52(3–4), 229–233. 

Koç, V., & Demİrel, M. (2019). Epoksi Reçine-MgO Polimer 

Matrisli Kompozit Malzemelerin Üretilmesi ve Pin On 

Disk Abrasiv Aşınma Özelliklerinin İncelenmesi. Fırat 

Üniversitesi Mühendislik Bilimleri Dergisi, 31(1), 1–10. 

Kulkarni, V., Butte, K., & Rathod, S. (2012). Natural Polymers 

– A Comprehensive Review. International Journal of 

Research in Pharmaceutical and Biomedical Sciences, 

3(4), 1597–1613. 

Kumar, P., Joshi, R. S., & Singla, R. K. (2021). Sliding wear 

behaviour of CP titanium laminates produced by large 

strain extrusion machining. Wear, 477(September 

2020), 203774.  

Kuo, C., Wang, C., & Ko, S. (2018). Wear behaviour of CVD 

diamond-coated tools in the drilling of woven CFRP 

composites. Wear, 398–399(September 2016), 1–12.  

Kursuncu, B., Erdogan, A., Gok, M. S., & Demirel, B. (2020). 

Investigation of mechanical and tribological properties 

of different grain size iron scale reinforced polymer 

composite. Polymers and Polymer Composites, 1–8.  

Man, Z., Wang, H., He, Q., Kim, D. E., & Chang, L. (2021). 

Friction and wear behaviour of additively manufactured 

continuous carbon fibre reinforced PA6 composites. 

Composites Part B: Engineering, 226(April), 109332.  

Mohamed, H. (2013). Trimming of cfrp aircraft components. 

1–14. 

Polanec, B., Zupanič, F., Bončina, T., Tašner, F., & Glodež, S. 

(2021). Experimental investigation of the wear 

behaviour of coated polymer gears. Polymers, 13(20).  

Sari, N., & Sinmazçelik, T. (2007). Erosive wear behaviour of 

carbon fibre/polyetherimide composites under low 

particle speed. Materials and Design, 28(1), 351–355.  

Seeholzer, L., Kneubühler, F., Grossenbacher, F., & Wegener, 

K. (2021). Tool wear and spring back analysis in 

orthogonal machining unidirectional CFRP with respect 

to tool geometry and fibre orientation. International 

Journal of Advanced Manufacturing Technology, 

115(9–10), 2905–2928. 

Thomas, C., Borges, P. H. R., Panzera, T. H., Cimentada, A., 

& Lombillo, I. (2014). Epoxy composites containing 

CFRP powder wastes. Composites Part B: Engineering, 

59, 260–268.  

_________________________________________________ 

Cite this article: Gok, M.S, Kucuk, Y., Pehlivanlı, M., Erdogan, A. 

(2023). Investigation of Dry Sliding Wear Behavior of CFRP 

Composite Used in New Generation Aircraft Wings. Journal of 

Aviation, 7(2), 190-195. 
 

This is an open access article distributed under the terms of the 

Creative Commons Attiribution 4.0 International Licence 
 

Copyright © 2022 Journal of Aviation   https://javsci.com - 

http://dergipark.gov.tr/jav 
 

 

https://javsci.com/
http://dergipark.gov.tr/jav
https://creativecommons.org/licenses/by-nc/4.0/

