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A B S T R A C T 
Understanding the frictional properties of chickpea seeds on different surface materials 

is essential for the design and optimization of agricultural machinery and post-harvest 

handling systems. Chickpea seeds come into contact with various engineering surfaces 
during transportation, planting, storage, and processing, and the resulting frictional 

resistance directly affects material movement and machine performance. This study 

aimed to determine the static friction coefficient (SFC) and kinetic friction coefficient 
(KFC) of four chickpea varieties (Taek-Sağel, Diyar 95, Aziziye 95, and Gökçe) on 

different surface materials and at different pulling speeds. Galvanized sheet metal, 

chrome, and rubber surfaces were used in the experiments. Friction tests were conducted 
at six pulling speeds of 5, 10, 15, 20, 25, and 50 mm s⁻¹ using a specially designed 

experimental setup. Chickpea variety, surface material, and pulling speed significantly 

affected both the static and kinetic coefficients of friction (p < 0.001). Among the 

chickpea varieties, Taek-Sağel exhibited the highest static friction coefficient (0.03919), 
whereas Aziziye 95 had the lowest value (0.02978). Gökçe and Diyar 95 showed 

intermediate values. The highest static and kinetic friction coefficients were obtained on 

the rubber surface, followed by galvanized sheet metal and chrome. Both static and 
kinetic friction coefficients generally increased with increasing pulling speed, with more 

pronounced differences observed at the higher speeds. The results indicate that chickpea 

variety, contact surface material, and operating speed should be considered when 
determining friction parameters for the design and optimization of chickpea handling 

and processing equipment. 

I NT RO DUCTI O N  

Chickpea (Cicer arietinum L.) is an annual grain legume cultivated for its seeds and is an important source of protein and 

carbohydrates for human nutrition. Türkiye is the world's second-largest chickpea producer after India, with an annual 

production of approximately 630,000 tons and a 4.4% share of world production in 2021 (FAO, 2021). Southeastern Türkiye 

is one of the most important chickpea-producing regions, where chickpea cultivation has been practiced for approximately 

7000–7500 years (Eker, 2019). The region has the highest chickpea production in Türkiye, and the national chickpea 

cultivation area has increased by 42.3% over the last five years (FAO, 2021). 

As chickpeas are an important food source, accurate knowledge of their physical and mechanical properties is essential for 

the design of equipment used during harvesting, transportation, storage, and processing. Among these properties, friction is 

particularly important because it affects the movement of agricultural materials on machine and structural surfaces. 

Knowledge of the frictional characteristics of plant materials is essential for designing mechanical components used in 

agricultural machinery and post-harvest operations (Kashaninejad et al., 2008; Emami and Tabil, 2008; Naveen et al., 2025). 

These properties are also important for food scientists, processors, researchers, machinery manufacturers, and plant breeders 

(Nesvadba et al., 2004; Sessiz et al., 2007; Lorestani et al., 2012; Kaliniewicz, 2013; Kaliniewicz et al., 2015; Ghodki and 

Goswami, 2016). In modern agriculture, reducing energy consumption and production costs is also a major concern. In this 

regard, the friction coefficients between seeds and machine surfaces directly affect the operational performance and energy 

efficiency of crop-handling and harvesting equipment (Shinners et al., 1991; Mohsenin, 1986; Kostaropoulos et al., 1997; 

Blau, 2001; Boac et al., 2009; Nyendu et al., 2014; Esgici et al., 2018). 
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The coefficient of friction of agricultural products is affected by several factors, including moisture content, normal load, 

surface characteristics, and sliding velocity. In particular, sliding velocity is an important parameter affecting the kinetic 

coefficient of friction (Mohsenin, 1986; Shinners et al., 1991; Ibrahim, 2008; Zaalouk and Zabady, 2009; Kalkan and Kara, 

2011; Bakhtiari et al., 2011; Sologubik et al., 2013; Shafaei and Kamgar, 2017). Frictional resistance can be reduced by 

using contact surfaces with low friction coefficients, which may improve operational efficiency and reduce energy losses 

during handling and storage (Nyendu et al., 2014; Obi and Offorha, 2015). Therefore, determining friction coefficients on 

different contact surfaces is essential for the design and optimization of mechanical systems such as conveyors, separation 

units, cleaning equipment, dryers, and storage structures (Mohsenin, 1986; Baryeh, 2002; Amin et al., 2005; Shafaei and 

Kamgar, 2017). Agricultural products are commonly conveyed using screw conveyors, belt conveyors, elevators, and chutes. 

Knowledge of the coefficient of friction is therefore useful for determining conveying power requirements, conveyor slope, 

and the potential for clogging and material accumulation. 

Chickpea seeds come into contact with different materials during conveying, planting, storage, separation, cleaning, and 

processing. Differences in the surface characteristics of these materials can consequently affect seed movement, flow 

behavior, frictional resistance, energy requirements, and equipment performance. Therefore, a comprehensive understanding 

of the frictional behavior of chickpea seeds on different engineering surfaces is important for the design, development, and 

optimization of agricultural machinery and post-harvest handling systems (Kashaninejad et al., 2008). Knowledge of these 

properties is also valuable to researchers, machinery manufacturers, and the food industry (Nesvadba et al., 2004; Sessiz et 

al., 2007; Lorestani et al., 2012; Kaliniewicz, 2013; Kaliniewicz et al., 2015; Ghodki and Goswami, 2016). 

Both static and kinetic friction should be considered when evaluating the interaction between chickpea seeds and engineering 

surfaces. Static friction determines the force required to initiate seed movement, whereas kinetic friction governs resistance 

during sliding. In general, the coefficient of static friction is higher than that of kinetic friction and has been reported to be 

approximately 25% greater (Blau, 2001). However, frictional behavior may vary with product moisture content, surface 

material and condition, applied pressure during transportation or storage, and sliding speed (Mohsenin, 1986; Shinners et 

al., 1991; Ibrahim, 2008; Çalışkan and Vursavuş, 2009; Bakhtiari et al., 2011; Sologubik et al., 2013; Shafaei and Kamgar, 

2017). 

Numerous studies have investigated the frictional behavior of agricultural products and determined friction coefficients for 

various biological materials in contact with different surface materials (Kostaropoulos et al., 1997; Baryeh, 2002; Konak et 

al., 2002; Subramanian and Viswanathan, 2007; Lorestani et al., 2012; Aremu et al., 2014; Kaliniewicz et al., 2015; Özlü 

and Güner, 2016). However, the frictional characteristics of chickpea seeds may differ according to varietal properties, 

contact surface, and operating conditions. Thus, determining the friction coefficients of different chickpea varieties on 

relevant engineering surfaces is necessary for accurately characterizing their handling behavior and improving the design 

and performance of equipment used in chickpea production and post-harvest operations (Mohsenin, 1986; Amin et al., 2005; 

Unal et al., 2009; Nyendu et al., 2014; Obi and Offorha, 2015; Shafaei and Kamgar, 2017). Accurate knowledge of these 

properties can contribute to reducing energy consumption and mechanical damage, preventing product losses, improving 

storage safety, and developing reliable agricultural machinery and handling systems (Zielinska et al., 2012; Sastry et al., 

2013; Nikhil et al., 2021). 

Therefore, the aim of this study was to determine the static and kinetic coefficients of friction of four chickpea varieties on 

different contact surfaces and at different sliding speeds. 

M AT ERI ALS AND M ET HO DS  

The chickpea seeds were obtained from the Field Crops Research and Application areas of the Faculty of Agriculture, Dicle 

University, Diyarbakır, Türkiye, during the early spring growing season of 2023. After harvest, the stalk material collected 

from the experimental field was threshed, and the seeds were stored in the laboratory until the friction tests were conducted. 

Friction experiments were performed at six pulling speeds (5, 10, 15, 20, 25, and 50 mm s⁻¹) for each chickpea variety and 

surface material. 

In this study, the static and kinetic friction properties of four chickpea varieties (Figure 1), namely Taek-Sağel, Diyar 95, 

Aziziye 95, and Gökçe, were determined using three different surface materials: rubber, chrome, and galvanized sheet metal. 

All chickpea varieties used in the study have been registered by research institutes in Türkiye. 

 

Figure 1. Four different chickpea varieties 
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A special test apparatus, shown in Figure 2, was constructed to determine the static and kinetic coefficients of friction. The 

apparatus consisted of a seed container, a friction surface, and a data acquisition system. The bottom of the wooden box 

containing the chickpea seeds was left open, and a rail system was installed beneath the box to prevent direct contact between 

the box and the friction surface (Figure 2). The seed box measured 250 × 250 × 90 mm. The pulling and friction forces 

acting on the box were measured using a Lloyd Plus universal testing machine with a capacity of 2500 N in both tension and 

compression modes (Figure 2) (Lorestani, 2012; Esgici et al., 2018). During the experiments, the moisture contents of the 

chickpea varieties were 6.14%, 7.66%, 6.13%, and 6.23% for Taek-Sağel, Diyar 95, Aziziye 95, and Gökçe, respectively, 

as determined according to ASABE (2008). 

 

Figure 2. Friction force measuring apparatus and Lloyd's test device 

The data obtained from each test were automatically recorded by the device as force–displacement curves. During the pulling 

process, the maximum force required to initiate movement of the box was considered the static friction force, whereas the 

mean force measured after the peak force during continuous movement was considered the kinetic friction force. The box 

was pulled over a distance of 50 cm. For each experimental condition, 25 individual measurements were performed and 

averaged to obtain a single experimental observation. This procedure was repeated three times independently for each 

treatment combination. The static (μs) and kinetic (μk) coefficients of friction were calculated using the following equations 

based on the measured static and kinetic friction forces (Chandrasekar and Viswanathan, 1999; Blau, 2001; 

Balasubramanian, 2001; Amin et al., 2004; Kaleemullah and Gunasekar, 2002; Aviara et al., 2014; Sessiz et al., 2019). The 

experiment was repeated for each surface material (Çalışkan and Vursavuş, 2009). 

 

𝜇𝑠= 
Fs

𝑊
   

 

where μs is the static coefficient of friction, Fs is the static friction force (N), and W is the total weight of the box and 

chickpea seeds (N). 

 

𝜇𝑘= 
Fk

𝑊
  

 

where μk is the kinetic coefficient of friction, Fk is the kinetic friction force (N), and W is the total weight of the box and 

chickpea seeds (N). 

The experimental data were subjected to analysis of variance (ANOVA) to evaluate the effects of chickpea variety, surface 

material, pulling speed, and their interactions on the static and kinetic coefficients of friction. When significant differences 

were detected, mean comparisons were performed using Tukey’s multiple range test at the 1% significance level. All 

statistical analyses were conducted using JMP software. 
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RESULT S AND DI SCUSSI O N  

Effect of Chickpea Variety on Static and Kinetic Friction Coefficients 

The results of the Tukey multiple comparison test for the static and kinetic coefficients of friction of the chickpea varieties 

are presented in Table 1. The analysis of variance showed that chickpea variety, surface material, and pulling speed had 

statistically significant effects on both the static and kinetic coefficients of friction (p < 0.001). The significant differences 

among the varieties indicate that the frictional behavior of chickpea seeds varies depending on the cultivar. 

As shown in Table 1, the highest static friction coefficient was obtained for the Taek-Sağel variety (0.03919), whereas the 

lowest value was recorded for Aziziye 95 (0.02978). The values obtained for Gökçe (0.03600) and Diyar 95 (0.03378) were 

intermediate. A similar ranking was observed for the kinetic friction coefficient, with the highest value obtained for Taek-

Sağel (0.03321) and the lowest for Aziziye 95 (0.02524). Gökçe and Diyar 95 again showed intermediate values. The 

statistically distinct groups assigned to all four varieties indicate that the differences among cultivars were statistically 

significant at the 1% probability level. 

The differences observed among the varieties indicate that cultivar-specific characteristics may influence the interaction 

between chickpea seeds and engineering surfaces. Physical characteristics of biological materials, including seed geometry, 

surface characteristics, and other varietal properties, can affect the contact conditions between the seed and the surface. 

However, because these properties were not independently evaluated in the present study, their individual contributions to 

the observed differences in friction coefficients cannot be quantified. Therefore, the results primarily demonstrate that 

cultivar should be considered when determining friction parameters for chickpea handling and processing equipment. 

For all four chickpea varieties, the kinetic friction coefficient was lower than the corresponding static friction coefficient. 

The differences between the static and kinetic coefficients were approximately 15–16%, indicating that a higher force was 

required to initiate seed movement than to maintain continuous sliding. This behavior is consistent with the general 

characteristics of friction in biological materials. Blau (2001) reported that static friction coefficients are generally higher 

than kinetic friction coefficients, with the difference depending on the material and contact conditions. The present results 

therefore confirm that distinguishing between static and kinetic friction is important when determining the force 

requirements of chickpea handling systems. 

The moisture contents of the varieties used in the experiments were 6.14% for Taek-Sağel, 7.66% for Diyar 95, 6.13% for 

Aziziye 95, and 6.23% for Gökçe. Although moisture content differed among the varieties, it was not considered as an 

independent experimental factor in this study. Therefore, no direct conclusion can be drawn regarding the effect of moisture 

content on the observed varietal differences. Nevertheless, this variation should be considered when comparing the present 

results with studies conducted under different moisture conditions. 

Table 1. Tukey average static and kinetic friction coefficients of chickpea varieties* 

Chickpea Varieties Static friction coefficient Kinetic friction coefficient 

Taek-Sağel 0.03919 a 0.03321 a 

Gökçe  0.03600 b 0.03051 b 

Diyar 95 0.03378 c 0.02828 c 

Aziziye 95 0.02978 d 0.02524 d 

 *Levels not connected by same letter are significantly different at probability level of 1%. 

Effect of Surface Material on Static and Kinetic Friction Coefficients 

The static and kinetic friction coefficients obtained for the three surface materials are presented in Table 2. The analysis of 

variance indicated that surface material had a statistically significant effect on both friction coefficients (p < 0.001). This 

finding demonstrates that the interaction between chickpea seeds and the engineering surface is an important factor 

determining the resistance to seed movement. 

The highest static friction coefficient was obtained on the rubber surface (0.03668), followed by galvanized sheet metal 

(0.03665), while the lowest value was obtained on the chrome surface (0.03043). The static friction coefficients of rubber 

and galvanized sheet metal were numerically almost identical and were assigned to the same statistical group. This indicates 

that there was no statistically significant difference between these two surfaces for static friction under the experimental 

conditions. 

A similar general trend was observed for kinetic friction. The highest kinetic friction coefficient was measured on rubber 

(0.03109), followed by galvanized sheet metal (0.03106), whereas the lowest value was obtained on chrome (0.02579). 

Although the numerical difference between rubber and galvanized sheet metal was very small, the Tukey test assigned them 

to different statistical groups for kinetic friction. In contrast, chrome produced substantially lower kinetic friction than both 

rubber and galvanized sheet metal. 

The lower friction coefficients obtained on the chrome surface indicate lower resistance to continuous sliding under the 

conditions tested. The higher coefficients observed on rubber may be related to differences in the interaction between the 

chickpea seed surface and the contact material. Surface characteristics such as roughness, compliance, and adhesion can 
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influence frictional behavior; however, these characteristics were not directly measured in the present study. Therefore, the 

observed differences should be interpreted primarily as differences in the overall frictional response of the tested material 

combinations rather than being attributed to a specific surface property. 

The differences among surface materials have practical implications for the design of chickpea handling equipment. In 

conveying and feeding systems where low resistance to seed movement is desired, surfaces producing lower friction 

coefficients may reduce the resistance encountered during seed movement. Conversely, surfaces with relatively higher 

friction may provide greater resistance to sliding and may therefore be relevant in applications where controlled seed 

movement is required. Consequently, the selection of contact material should be considered together with the operating 

conditions and the characteristics of the chickpea variety being handled. 

Table 2. Measured static and kinetic friction coefficients for surface materials* 

Surface Materials Static friction coefficient Kinetic friction coefficient 

Rubber 0.03668 a 0.03109 a 

Galvanized sheet metal  0.03665 a 0.03106 b 

Chrome 0.03043 b 0.02579 c 

    *Levels not connected by same letter are significantly different at probability level of 1%. 

Effect of Pulling Speed on Static and Kinetic Friction Coefficients 

The effect of pulling speed on the static and kinetic coefficients of friction is presented in Table 3. Tukey's multiple 

comparison test showed that pulling speed significantly affected both static and kinetic friction coefficients (p < 0.001). 

However, the magnitude of this effect was not uniform across all speed levels. 

The static friction coefficient increased from 0.03346 at 5 mm s⁻¹ to 0.03581 at 50 mm s⁻¹. Similarly, the kinetic friction 

coefficient increased from 0.02836 to 0.03035 over the same speed range. Although the numerical increase in the friction 

coefficients across the tested speed range was relatively small (approximately 7%), the statistical analysis confirmed that the 

higher speed levels significantly increased both static and kinetic friction coefficients.  

The friction coefficients obtained at 5, 10, 15, and 20 mm s⁻¹ were statistically similar for both static and kinetic friction. 

However, the coefficients measured at 25 and 50 mm s⁻¹ were significantly higher than those obtained at the lower speeds. 

This indicates that the effect of pulling speed became more evident at the higher speed range. Thus, although friction 

increased progressively with increasing speed, the relationship was not linear over the entire experimental range. 

The increase in friction coefficient with pulling speed observed in the present study indicates that the resistance experienced 

by chickpea seeds during movement may depend on the operating speed of the handling system. Similar effects of sliding 

velocity on frictional behavior have been reported for some agricultural materials (Shafaei and Kamgar, 2017). However, 

Sessiz et al. (2018) reported that pulling speed and additional load had negligible effects on the friction coefficients of 

Gundelia tournefortii seeds. The difference between the present findings and those reported by Sessiz et al. (2018) may be 

related to differences in the biological material, surface characteristics, experimental conditions, or tested speed ranges. This 

comparison demonstrates that the effect of pulling speed cannot necessarily be generalized across different agricultural 

materials. 

From an engineering perspective, the increase in friction coefficients at higher pulling speeds is relevant to the design and 

operation of chickpea handling systems. Conveyors, elevators, feeding units, and other equipment operate at different 

material velocities, and frictional resistance contributes to the force required for material movement. Therefore, using friction 

coefficients determined under representative operating speeds can improve the accuracy of calculations related to material 

flow and equipment performance. 

Table 3. Static and kinetic friction coefficients measured as a function of pulling velocities* 

Velocity (mm s-1) 
Static friction coefficient Kinetic friction coefficient 

Mean Std Error Mean Std Error 

5 0.03346 b 0.00048633 0.02836 b 0.00041215 

10 0.03399 ab 0.00048633 0.02881 ab 0.00041215 

15 0.03429 ab 0.00048633 0.02906 ab 0.00041215 

20 0.03448 ab 0.00048633 0.02923 ab 0.00041215 

25 0.03548 a 0.00048633 0.03007 a 0.00041215 

50 0.03581 a 0.00048633 0.03035 a 0.00041215 

*Levels not connected by same letter are significantly different at probability level of 1%. 
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CO NCLUSI O N  

The results demonstrated that chickpea variety, surface material, and pulling speed significantly affected both the static and 

kinetic coefficients of friction. Among the four chickpea varieties, Taek-Sağel exhibited the highest friction coefficients, 

whereas Aziziye 95 showed the lowest values. The kinetic friction coefficients were consistently lower than the 

corresponding static friction coefficients, with differences of approximately 15–16%, confirming the greater force required 

to initiate seed movement than to maintain continuous sliding. 

Surface material also had a significant effect on frictional behavior. Rubber produced the highest static and kinetic friction 

coefficients, whereas chrome resulted in the lowest values. Galvanized sheet metal showed friction coefficients close to 

those obtained for rubber, although the statistical comparison differed between static and kinetic friction. These results 

demonstrate that the selection of contact surface material can substantially influence the resistance to seed movement. 

Pulling speed significantly affected both static and kinetic friction coefficients. The coefficients increased from 5 to 50 mm 

s⁻¹, with statistically significant differences becoming more evident at 25 and 50 mm s⁻¹. Although the increase across the 

tested speed range was relatively small, the results indicate that friction parameters should be determined under 

representative operating speeds rather than assuming a constant coefficient independent of operating conditions. 

Overall, the experimentally determined friction coefficients provide useful engineering data for the design and optimization 

of chickpea conveying, feeding, separation, cleaning, processing, and storage systems. The observed differences among 

varieties, surface materials, and pulling speeds indicate that friction coefficients should be selected according to the specific 

material and operating conditions of the intended application. 
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