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Fig. 2 (a) Wear pin geometry. (b) Crack orientation with respect 
to sliding direction. 

sliding direction is shown in Fig. 2(b). The reciproca-

ting counterface plates with dimensions of 330 mm × 

30 mm × 3 mm were machined from steel AISI 1050. 

All plates were prepared by surface grinding to provide 

a surface with a center line average (Ra) value of 

0.2–0.4 μm. The grinding direction is parallel to the 

sliding direction. 

3 Experimental work 

In order to study the wear behavior of nylon 66, two 

sets of tests were performed. First, constant load tests 

were conducted to investigate the effect of an imposed 

crack on the wear rate at two loads (F = 90 N and 

135 N). In cyclic load tests, pre-cracked polymer  

was examined at Fmean= 90 N and the effect of two 

frequencies ( f = 0.25 Hz and 1.50 Hz) was considered. 

The influence of the number of surface imperfections 

was investigated in tests 3 and 9 by using polymer 

specimens with three imposed cracks. Tests 6 and 12 

were designed to explore the relationship between 

surface cracks and the section B wear regime at constant 

and cyclic loads. The tests began using an uncracked 

pin; subsequently, a surface crack was imposed after 

80 km sliding distance and tests were run again for 

another 40 km of sliding. Optical microscopes and 

photography were employed to examine the polymer 

worn surface as well as the metallic counterface. The 

wear rates were calculated according to the relationship: 

WR = V / X     (mm3·m−1)         (1) 

4 Results 

4.1 Wear rates 

Tables 1 and 2 present a summary of the wear results. 

In constant load tests, the wear rates were greatly 

affected by the existence of surface cracks. The wear 

rates increased from 13.3 × 10−4 mm3·m−1 (test 1) to 14.8 × 
10−4 mm3 ·m−1 (test 2) and from 18.1 × 10−4 mm3· m−1 

(test 4) to 30.7 × 10−4 mm3·m−1 (test 5) with a single 

 

Fig. 1 (a) Tribometer: (1) motor; (2) machine frame; (3) chain drive mechanism; (4) U-beam guide; (5) reciprocating carriage; (6) spring;
(7) eccentric cam; (8) dead weights; (9) pin holder. (b) Cyclic load system: (1) eccentric cam; (2) compression spring (3) pin holder; 
(4) polymer specimen; (5) steel counterface; (6) imposed crack. 
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imposed crack. Moreover, the amount the wear rates 

increased, due to the imposed cracks, was highly 

affected by the increase in the applied constant loads, 

as shown in Fig. 3. 

However, under a cyclic load at Fmean = 90 N, the 

wear behavior of the nylon showed a similar trend to  

 

Fig. 3 Effect of imposed surface crack on the wear rate, constant 
load. 

those at constant loads, as reported in Table 2. Results 

indicate that the wear rates of the uncracked specimens, 

tests 7 and 10, increased from 13.7 × 10−4 mm3· m−1 to 

15.8 × 10−4 mm3· m−1 (about 15.3%) as the load frequency 

increased from 0.25 Hz to 1.50 Hz, respectively. The 

same trend was detected for pre-cracked specimens, 

in tests 8 and 11, where the wear rates increased from 

21.8 × 10−4 mm3· m−1 to 30.1 × 10−4 mm3· m−1 (about 38%), 

respectively, as illustrated in Fig. 4.  

The effect of multiple surface cracks on the wear 

resistance under constant and cyclic loads was con-

sidered in tests 3 and 9, respectively. Specimens with 

three imposed surface cracks were tested at 90 N 

applied load. Compared to the wear rates of uncracked 

pins in tests 1 and 7, a dramatic increase in wear rates 

of about 90% to 117% was obtained due to the multiple 

surface defects. 

Tests 6 and 12 were conducted to investigate the 

effect of a single transverse crack on the wear rate in 

a steady state regime. Both tests, at first, started with an 

uncracked pin, and after 80 km of sliding distance, a 

surface crack was made, after which the test continued 

for another 40-km sliding distance. Plots of volume 

loss due to wear versus sliding distance with all points 

marked for these tests are presented in Figs. 5 and 6,  

Table 1 Results of constant load wear tests. 

Test 
Applied force,  

F (N) 
Imposed 

surface cracks 
Total sliding 

distance, X (km) 
Wear rate of sec. A, 

WR (×10−4 mm3·m−1)
Sliding distance at 

onset of sec. B (km) 
Wear rate of sec. B, 

WR (×10−4 mm3·m−1)

1 90 – 110 13.3 – – 

2 90 1 80 14.8 – – 

3 90 3 80 25.2 – – 

4 135 – 90 18.1 – – 

5 135 1 90 30.7 – – 

6 90 1 120 12.7 80 14.6 

Table 2 Results of cyclic load wear tests (Fmean = 90 N, Fmin/Fmax = 0.06). 

Test 
Cyclic frequency, 

f (Hz) 
Imposed 

surface cracks 
Total sliding 

distance, X (km) 
Wear rate of sec. A, 

WR (×10−4 mm3·m−1)
Sliding distance at 

onset of sec. B (km) 
Wear rate of sec. B, 

WR (×10−4 mm3·m−1)

7 0.25 – 80 13.7 – – 

8 0.25 1 80 21.8 – – 

9 0.25 3 80 29.7 – – 

10 1.50 – 100 15.8 – – 

11 1.50 1 80 30.1 – – 

12 0.25 1 125 25.1 80 27.6 
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Fig. 4 Effect of imposed surface crack on the wear rate, cyclic 
load at Fmean = 90 N. 

respectively. The wear graphs exhibit two straight 

line regions, designated as sections A and B. Their 

slopes were calculated by the least squares method 

and wear rates determined for each section are given 

in Tables 1 and 2. One surprising observation was 

that section B wear began after 80 km of sliding, i.e., 

just after the formation of the surface crack. Although 

the increase in wear rates was only about 15%, this is 

still a significant increase since there were no changes 

in any of the other test conditions. 

 

Fig. 5 Wear plot for Test 6, surface crack was imposed after 
80 km of siding. 

 

Fig. 6 Wear plot for Test 12, surface crack was imposed after 
80 km of siding. 

4.2 Microscopic observations 

Uncracked specimens. Features observed on the polymer 

worn surfaces were common to all uncracked pins 

examined; test 10, carried out with a cyclic load, can 

be taken as representative. On the wear surface 

generated after 60 km of sliding, as shown in Fig. 7(a), 

apparent wear grooves parallel to the sliding direction 

formed on the worn surface of the nylon 66, and these 

valleys were present at all stages. The appearance of 

wear grooves can be attributed to the banded transfer 

of polymer to the counterface; the grooves appear 

opposite the bands of transfer. The formation and 

build-up of polymer transfer film on the steel coun-

terface was examined. Figure 7(b) shows a uniform 

and continuous transfer film on the steel counterpart 

surface after 20 km of sliding. Polymer transfer is 

observed to be heaviest at the center of the track and 

decreases towards the edges. This is attributed to the 

circular shape of the specimen where the mid-track 

position comes into contact with a greater area of the 

wear pin at each pass. The track width of the transfer 

film was about 4 mm in the beginning and then 

became wider as the test progressed, eventually pro-

ducing a fairly uniform appearance. These observations 

agree with previously reported data results from  

the same polymer sliding against a stainless steel 

counterface [10]. 

(a) One surface crack. Figures 8(a) and 9 illustrate the 

typical appearance of nylon 66 worn surfaces with a 


