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Abstract 

  Wear properties of Polyurethane Matrix composites have tested experimentally. 

The experimental results have to be compared with modeling and FEA results for 

identifying the optimum composition of the additive particles percentage with 

Polyurethane matrix. The properties to be identified for three samples obtained from 

varying percentage of Molybdenum disulphide particles such as 7%, 10% & 20 % of 

Polyurethane blended with the Tetrahydrafuron solvent. The next three samples have 

been synthesized and tested by adding 0.5%, 1% & 1.5% of Titanium dioxide nano 

particles with 7%, 10% & 20% of Molybdenum disulphide particles in the Polyurethane 

Matrix Hybrid Composites. The wear test has to be conducted on Pin on Disk test 

Apparatus. Finite Element Analysis, a model has designed for all the six samples with 

and without Titanium dioxide nano particles in Polyurethane matrix hybrid composites 

by selecting the appropriate element. The calculated wear rate has to be compared with 

experimental results. By Comparing the Experimental and FEA output, the optimum 

composition of the sample has been identified for the test and to be applied to specific 

application. 

 

Keywords: Polyurethane, X-ray diffraction, Molybdenum disulphide , Nanoparticles, 

Finite Element Analysis.. 

 

 

1. Introduction 

 Mechanical and microstructural properties of Polyurethane Matrix composites 

have tested experimentally. The experimental results have to be compared with modeling 

and FEA results for identifying the optimum composition of the additive particles 

percentage with Polyurethane matrix. The samples have been synthesized by sol-gel 

process with or without the addition of Titanium dioxide nano particles in Polyurethane 

matrix composites. First, the samples of Polyurethane matrix composite have been 

synthesized without the addition of Titanium dioxide nano particles. 

Commercially available Molybdenum disulphide has to be blended with the 

Tetrahydrafuron solvent and then polyurethane was added pellet wise to the stirred 

suspension of Tetrahydrafuron solvent in various concentration to obtain the feasible 

viscosity of the suspension. The suspended solution was stirred continuously for one 

hour using the mechanical stirrer and the mixing has been continued for another 10 

minutes with high speed stirrer. The suspended solution was cured for layer by layer 

approximately for 8 hours and the samples were cut into standard specimen sizes. The 
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different specimen from each sample has been taken for testing their mechanical 

properties. The properties to be identified for three samples obtained from varying 

percentage of Molybdenum disulphide particles such as 7%, 10% & 20 % of 

Polyurethane blended with the Tetrahydrafuron solvent. 

The different specimen as per ASTM specification of each sample has been taken for 

obtaining the wear test has been conducted by Pin on Disk Test Apparatus; the wear rate 

of each sample has been calculated by obtaining the average values of wear rate on 

different specimens. The average values of wear rate of each samples have been 

compared for obtaining the perfect composition of composite having minimum wear 

rate. 

Using the above procedure, the next three samples have been synthesized and tested 

by adding 0.5%, 1% & 1.5% of Titanium dioxide nano particles with 7%, 10% & 20% of 

Molybdenum disulphide particles in the Polyurethane Matrix Hybrid Composites. The 

wear test has to be conducted on Pin on Disk test Apparatus. The wear rate for the next 

three samples has been calculated by obtaining the average values of wear rate on 

different specimens. The average values of wear rate of each sample have been 

compared for obtaining the perfect composition of Molybdenum disulphide and 

Titanium dioxide nano particles in the Polyurethane Matrix Hybrid Composites having 

minimum wear rate. 

Using ANSYS software, the Finite Element Analysis has to be done on each sample. 

For Finite Element Analysis, a model has designed for all the six samples with and 

without Titanium dioxide nano particles in Polyurethane matrix hybrid composites by 

selecting the appropriate element. The Properties of the composites has been calculated 

by using the Rule of Mixtures and then entered for analyzing, according to the required 

sample. The Boundary condition has been applied according to wear test. The load has 

been applied on the specific nodes  by knowing the type of test to be conducted on the 

model. Obtain the output as stress and strain images having maximum and minimum 

values of the plotted result. 

 

2. Experimental Results 

 

2.1 Wear Rate for PU / MoS2 Composites 

 

Wear was erosion or sideways displacement of material from its "derivative" and 

original position on a solid surface performed by the action of another surface. Wear rate 

was strongly influenced by the operating conditions. Specifically, normal loads and 

sliding speeds played a pivotal role in determining wear rate. According to ASTM D 

2240 standard, the specimen’s dimensions were 60x 60x 6 mm. The rate of wear for 

different specimens of each samples 1, 2 & 3 were calculated and tabulated in Table 1. 

Wear rate increased with the increase in the particles of molybdenum disulphide in the 
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polyurethane matrix. Thus, sample 3 having 20 % molybdenum disulphide particles in 

polyurethane matrix had more wear rate than the other sample 1 and 2 having 7% and 

10% molybdenum disulphide particles respectively. 

The average values of the wear rate of different specimens of each sample 1, 2 & 

3 were calculated and shown in Table 1. Wear rate increased due to the increase in 

percentage of molybdenum disulphide in the polymer composites. Wear for the sample of 

20% molybdenum disulphide had more wear than the other samples 1 & 2. 

 

Table 1. Rate of Wear for Samples 1, 2 & 3 

S.No Sample 1 Sample 2 Sample 3 

1 2.0258 2.1755 2.4756 

2 2.0926 2.2586 2.5882 

3 2.1748 2.4368 2.7293 

4 2.2172 2.5123 2.7981 

Average 2.1276 2.3458 2.6478 

 

The wear rate of all the samples and their four different specimens values were 

graphically presented in the Fig.1. The figure was having wear rate in the abscissa and 

number of samples in the ordinate. From the graphical presentation of samples having 

the wear rate, it was observed that the sample 3 had higher wear rate than the other 

samples 1 & 2 of 7% and 10% molybdenum disulphide respectively  in the polyurethane 

matrix  composites. 

0

0.5

1

1.5

2

2.5

3

1 2 3 4

W
e
a

r
 r

a
te

 W
s

(m
m

3
/N

-k
m

)

Rate of Wear for PU/MoS2

Sample 1

Sample 2

Sample 3

 

Figure 1. Rate of Wear for Samples 1, 2 & 3. 
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2.2 Wear Rate for PU Matrix Hybrid Composites 

Each sample having different specimens were tested in Pin on Disk test to 

observe the wear volume based on its load and velocity. From the observed values, it was 

possible to calculate the wear rate on each sample. The calculated wear rate of different 

specimen on each sample 4, 5 and 6 were tabulated in Table 2. In Table 2, sample 4 

having 7% molybdenum disulphide and 0.5% titanium dioxide had the lowest wear 

rate,whereas, the sample 5 had higher wear rate than the sample 4 and lower wear rate 

than the sample 6. Thus, wear rate also increased as the percentage of composition of 

molybdenum disulphide and titanium dioxide particles increased in the polyurethane 

matrix. 

Table 2. Rate of Wear for Samples 4, 5 & 6 

S.No Sample 4 Sample 5 Sample 6 

1 1.0794 1.7987 1.9823 

2 1.0845 1.7863 1.9785 

3 1.0899 1.7832 1.9941 

4 1.1042 1.7906 2.0231 

Average 1.0895 1.7897 1.9945 

 

 

Wear rate calculated on different specimens on each sample were plotted in the 

graphical representation as shown in Fig. 2, having number of samples in abscissasand 

wear rate in ordinates. From the graph as shown in Fig.2, it was observed that 

composition percentage of molybdenum disulphide and titanium dioxide particles were 

increased with simultaneous increase in wear rate. Hence, sample 6 having 20% 

molybdenum disulphide and 1.5 % titanium dioxide particles in the polyurethane matrix 

had higher wear rate than the other sample 4 and having lesser percentage of particles in 

the polyurethane matrix. 
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Figure 2. Rate of wear for Samples 4, 5 & 6 

 

 

3. Modeling and FEA Results 
3.1 Wear rate for PU / MoS2 Composites 

 

In Finite element analysis, the wear rate for different samples was calculated by 

using ANSYS software. In ANSYS, selected solid 8node 185 as the element type and 

entered the value of their material properties, which were calculated by using the rule of 

mixture. A model of specified specimen size that had been used on Pin on disk test was 

designed and then applied the mesh, by selecting the degrees of freedom. The load was 

applied on the specified nodes and the solution was plotted. From the nodal solution, the 

maximum stress and maximum strain on each sample were observed and applied using 

the formula as given below andthen calculated the rate of wear using the formula as; 

Wear Rate, K = (e x h) / (σ x L) 

Where, 

e- Maximum strain 

h- Height of the sample, 

σ- Maximum stress on each sample, 

L- Sliding Distance. 

Fig. 3 showed the modeling of 50mm diameter disk and a pin 0f 4.76mm slides around 

the disk with a force on it. The maximum stress induced on the contact surface of pin on 

disk for the sample 1 was observed as 26.134 MPa. The maximum strain identified from 

the Fig.4 for the sample 1 was 0.000925. By applying the values in the above formula, 

the wear rate was calculated for the sample 1 as 1.606 mm3/ N-Km. 
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Figure 3. Wear Stress of PU / MoS2 (93/7) 
 

 

Figure 4. Wear Strain of PU / MoS2 (93/7) 
 

 
 

Figure 5. Wear Stress of PU / MoS2 (90/10) 

 

Figure 6. Wear Strain of PU / MoS2 (90/10) 
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For the sample 2, the maximum stress values from the plotted solution as shown 

in Fig. 5 was observed as 27.145 MPa and the maximum strain value was taken as 

0.000972 from Fig. 6. Applying the values of maximum stress and strain in the given 

formula K = (e x h) / (σ x L), height of the sample was taken from the geometry of 

modeling and its sliding distance L. Then the wear rate for the sample was calculated as 

1.6250 mm3/N-Km. 

The maximum stress values from the plotted solution for the sample 3 as shown 

in Fig. 7 was observed as 32.534 MPa and the maximum strain value for the same 

sample was taken as 0.001417 from Fig.8. Applying the values of maximum stress and 

strain in the given formula K = (e x h) / (σ x L), height of the sample was taken from the 

geometry of modeling and its sliding distance L then the wear rate for the sample was 

calculated as 1.9765mm3/N-Km. 

 

 

Figure 7. Wear Stress of PU / MoS2 (80/20) 

 

 

Figure 8. Wear Strain of PU / MoS2 (80/20) 
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Table 3. Wear Rate Analysis of Samples 1, 2 & 3 

 

 

 

The wear rate of sample 1, 2 and 3 were calculated from their maximum stress 

and strain values, which was observed from FEA solution using ANSYS Software. The 

calculated wear rate was tabulated as shown in Table3. From the Table3, it was 

understood that the rate of wear was increasing with the increase in the additive particles 

such as molybdenum disulphide particle in the polyurethane matrix. The wear rate was 

higher for the sample 3 having 20% molybdenum disulphide in polyurethane matrix than 

other samples 1 and 2. Whereas, the sample 2 had more wear rate than the sample 1due 

to the addition of molybdenum disulphide alone and then further addition of 

molybdenum disulphide with polyurethane matrix increased the rate of wear. 

 

3.2 Wear Rate for PU Matrix Hybrid Composites 

Fig. 9 showed the modeling of 50mm diameter disk and a pin of 4.76mm slides 

around the disk with a force on it. The maximum stress induced on the contact surface of 

pin on disk for the sample 4 having 7% molybdenum disulphide and 0.5% titanium 

dioxide with polyurethane matrix was observed as 36.172 MPa. The maximum strain 

identified from the Fig.10 for the sample 4 was 0.00061635. By applying the values in 

the above formula, the wear rate was calculated for the sample 4 as 2.2690 mm3/ N-Km. 

 

 

Figure 9. Wear Stress of PU/MoS2/TiO2 (92.5/7/0.5) 

Properties Sample 1 Sample 2 Sample 3 

Maximum 

Stress 
26.134 27.145 32.534 

Maximum 

Strain 
0.000925 0.000972 0.001417 

Calculated 

Wear Rate in 

mm3/N-Km 

1.6062 1.6250 1.9765 
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Figure 10. Wear Strain of PU/MoS2/TiO2 (92.5/7/0.5) 

 

For the sample 5, the maximum stress values from the plotted solution as shown 

in Fig. 11 was observed as 28.937 MPa and the maximum strain value was taken as 

0.000847 from Fig.12. Applying the values of maximum stress and strain in the given 

formula K = (e x h) / (σ x L), height of the sample was taken from the geometry of 

modeling and its sliding distance L. Then the wear rate for the sample 5 was calculated 

as 1.3283 mm3/ N-Km. 

 

 

Figure 11. Wear Stress of PU/MoS2/TiO2 (89/10/1) 
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Figure 12. Wear Strain of PU/MoS2/TiO2 (89/10/1) 

 

Figure 13. Wear Stress of PU/MoS2/TiO2 (78.5/20/1.5) 

 

 

Figure 14. Wear Strain of PU/MoS2/TiO2 (78.5/20/1.5) 

 

The maximum stress values from the plotted solution for the sample 6 having 

20% Molybdenum disulphide and 1.5% Titanium dioxide with Polyurethane matrix as 

shown in Fig.13 was observed as 27.880 MPa and the maximum strain value for the 

same sample was taken as 0.000893 from Fig.14. Applying the values of maximum 

stress and strain in the given formula K = (e x h) / (σ x L), height of the sample was 
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taken from the geometry of modeling and its sliding distance L then the wear rate for the 

sample 6 was calculated as 1.4536 mm3/ N-Km. 

Table 4. Wear Rate Analysis of Samples 4, 5 & 6 

 

 

The wear rate of sample 4, 5 and 6 were calculated from their maximum stress 

and strain values, which were observed from finite element analysis solution using 

ANSYS software. The calculated wear rate was tabulated as shown in Table 4. From the 

Table 4, it was understood that the rate of wear increased with the increase in the additive 

particles such as molybdenum disulphide and titanium dioxide particles in the 

polyurethane matrix. The wear rate was higher for the sample 4 having 7% molybdenum 

disulphide and 0.5% titanium dioxide in polyurethane matrix than other samples 5 and 6, 

whereas, the sample 5 had lesser wear rate than the sample 6 due to 10% of molybdenum 

disulphide and 1% titanium dioxide in the polyurethane matrix and then further addition 

of molybdenum disulphide and titanium dioxide particles with polyurethane matrix 

increased the rate of wear. 

4. Conclusion 

 
The wear rate of each sample was done experimentally by pin on disk test and 

their values were tabulated in Table 5. From the experimental values, it was observed 

that wear rate was higher for the first three samples and lesser for other three samples. 

The samples had a higher wear rate due to the addition of molybdenum disulphide 

particles in the polyurethane matrix. Whereas,the wear rate decreased by the addition of 

titanium dioxide nano particles with molybdenum disulphide in the polyurethane matrix 

and a further addition of the particles in the matrix increased the wear rate. 

 

 

Properties Sample 4 Sample 5 Sample 6 

Maximum 

Stress 
36.172 28.937 27.880 

Maximum 

Strain 
0.000616 0.000847 0.000893 

Calculated 

Wear Rate in 

mm3/N-Km 

2.269 1.328 1.453 
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Table 5. Correlations of Wear Properties 

 

 

 

 

In FEA, the wear rate of each sample was calculated by using pin on disk setup. 

By the addition of molybdenum disulphide in the polyurethane matrix increased the wear 

rate of the first three samples and then by adding titanium dioxide nanoparticles with 

molybdenum disulphide in the polyurethane matrix, the wear rate decreased. Thus, wear 

rate was optimum for the sample 5 having 10% molybdenum disulphide and 1% titanium 

dioxide. 
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Figure 15. Correlations of Wear Properties 

The graphical representation of wear rate in both experiments and FEA was 

shown in Fig.15. In this figure, X-axis represented the sample number and the Y-axis 

represented the wear rate in mm3/N-Km. The experimental values of wear rate 

S.No 

Experimental 

Values in  

mm3/ N-Km 

FEA Analysis in 

mm3/ N-Km 

Sample 1 2.1276 1.6062 

Sample 2 2.3458 1.6250 

Sample 3 2.6478 1.9765 

Sample 4 1.0895 0.7635 

Sample 5 1.7897 1.3283 

Sample 6 1.9945 1.4536 
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showedthe gradual increase in wear rate with the increase of molybdenum disulphide. 

The wear rate was lower than the first three samples by the addition of titanium dioxide 

nano particles with molybdenum disulphide in the polyurethane matrix. The further 

addition of titanium dioxide particles increased the wear rate, whereas, on FEA, the 

sample 5 having 10% molybdenum disulphide and 1% titanium dioxide had minimum 

wear rate than the other samples. 
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