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Abstract— Pin-on-disc wear tests of tungsten carbide inserts 

at different conditions of pin setting is carried out with loads 

of 2kg, 4kg, 6kg and 8kg.speeds of 800rpm, 1200rpm, 

1600rpm, 2000rpm. Two type of pin setting is used with 

first type the insert is set in direct contact with the disc 

throughout the whole testing cycle. In the second type the 

insert is set with an angular setting with the disc at the 

beginning of the wear test, but later it got converted into 

direct contact. Then bio- lubricant i.e canola oil is used 

during testing. The ratio of these two wear values was found 

to be an important parameter. The turning distance is 

obtained from the diameter of the work piece and its 

rotational speed. It is found that with same testing 

parameters the wear value of the insert with an initial 

angular setting is significantly lower than those obtained 

with insert that is at full contact with the disc throughout the 

testing cycle. This work is therefore provided a significant 

new insight into the discrepancy of the wear values obtained 

previously by the turning methods and those by the standard 

pin-on-disc testing methods. 
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I. INTRODUCTION 

The pin-on-disc test is a classical method commonly used 

for wear experiments. During the experiment, the sliding 

between the pin and disc may result in wear on both contact 

surfaces of the pair. To facilitate measurement, the pin is 

generally the wearing member that has a lower hardness. 

However, it is also possible to choose a pin material, such as 

tungsten carbide which has a higher hardness value as 

compared with that of the disc material. Although weight 

loss and wear rate are often used for studying the wear 

characteristics of test specimens, recent investigations [1,2] 

have found that the wear coefficient is a better parameter to 

be used 

Tungsten carbide [1] is a common tool material 

used in metal machining because of its high hardness and 

high resistance to softening at high cutting speed and at high 

cutting temperature. However, there are many grades of 

tungsten carbide tools available in the market with different 

properties. Tool life is an important parameter to be 

considered in tool selection since it will affect tool change 

scheduling, production planning and unit production cost. 

The tool life of a cutting tool is commonly determined with 

an actual machining operation by using the cutting tool with 

a particular work material under certain cutting conditions to 

reach the maximum allowable flank wear width as stipulated 

in inter- national standards such as ISO 3685 [2]. Obviously, 

this is the most accurate method available to determine the 

tool life for a single point cutting tool. However, this is also 

an expensive process since a lot of work material is 

consumed in the test. The pin-on-disc wear test should have 

the advantage of having a simpler set-up and hence a lower 

testing cost to determine the tool life of a tool material. 

However, it has never been used for evaluating the tool life 

of single point cutting tools due to lack of any correlation 

between the two test results obtained, the recent works 

conducted by the author and his co-workers [4,1], to be 

described below. 

In the  study [4], Sandvik Grade S6 tungsten 

carbide inserts of type SPUN 120308 were used as pins and 

three types of disc materials, namely low carbon steel, 

medium carbon steel and hardened tool steel with initial 

hardness values of 173, 270 and 713 Hv respectively, were 

employed. Both the moving pin method with a spiral track 

and the stationary pin method with a circular wear track 

were used. The applied load was set to 500N for all the 

experiments. During the moving pin experiment, the CNC 

lathe was programmed with a constant sliding speed of 

100m/min and the feed of the pin was 0.030mm/rev with a 

total testing time of 38min, giving a sliding distance of 

3800m. For the stationary pin experiments, the pin was 

programmed to remain stationary at a radius of 75mm, at the 

same sliding speed of 100m/min, and for the same testing 

time of 38min. Fig. 1 is a schematic diagram showing the 

full contact of the tungsten carbide insert (pin) and the disc 

during wear testing (rubbing), with an insert contact area of 

12mm×3mm. Table 1 shows the wear coefficients of 

tungsten carbide obtained from the moving pin and 

stationary pin experiments.  It can be seen from Table 1 that, 

with the moving pin technique, the KS values vary from 

1.02×10−6 to 1.09×10−6; and with a stationary pin 

technique, from 0.58×10−6 to 0.76×10−6. The moving pin 

has given higher wear coefficient values due to a longer 

running in period. 

 
Fig. 1: Schematic diagram showing the full contact of the 

tungsten carbide insert (pin) and the disc during wear testing 

carried out in the previous work 
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Moving 

Pin 
1.09 1.03 1.02 1.05 

Stationary 

Pin 
0.62 0.58 0.76 0.65 

Table 1.Wear coefficient of tungsten carbide obtained from 

the moving pin and stationary pin wear experiments 

By comparing the wear coefficient values listed in 

Tables 1, it is obvious that they vary considerably. For 

example, for medium carbon steel, the average wear 

coefficient value obtained from the turning operation is 

0.13×10−6 to 0.16×10−6 as compared with 0.58×10−6 

obtained with the stationary pin, or 1.03 × 10−6 obtained 

with the moving-pin method. It is also clear that the average 

wear coefficient value obtained from the pin-on-disc method 

is about four to eight times the value obtained from the 

turning process. Hence it might be reasonable to treat 

turning and pin-on-disc test as two different wear processes 

unrelated to each other. However, as the flank wear is 

basically caused by adhesive wear [5], there is no reason 

why the pin-on-disc wear test cannot be used to simulate the 

adhesive wearing process. This is the new thinking that 

leads to this study, as no references on previous work done 

by other investigators could be found. There are some 

differences between the wearing processes encountered in 

turning and the pin-on-disc wear test. The major ones are: (i) 

the tool contact area is smaller in turning. (ii) Heat is 

generated during turning. (iii) The chip of the work material 

is highly deformed after turning. This might have the strain 

hardening effect to increase the hard- ness of the chip. 

However, this might also be suppressed by the high cutting 

temperature produced during turning. (iv)Virgin work 

material is presented to the cutting tool during turning while 

pin-on-disc test may encounter oxide films. 

 
Fig. 2: Schematic diagram showing both the turning force 

and thrust force acting at the insert tip during the turning 

operation. 

However, problem can be overcome by using an 

inert gas in wear testing or by using a suitable disc material. 

Among these four factors, the tool contact area and the 

cutting temperature appear to have some significant effects 

contributing to the discrepancy of the test results. Fig. 2 is a 

schematic diagram showing both the turning force and thrust 

force acting at the insert tip during the turning operation. It 

can be seen from the figure that, during the turning 

operation, the thrust force is acting on the flank face of the 

cutting tool to cause the flank wear; while the turning force 

from the chip is acting on the rake face to cause the crater 

wear. It is obvious that during turning, the contact area of 

the tool flank with the work piece is extremely small 

especially when the tool is sharp. Similarly there is also a 

very small contact area between the chip and the tool face, 

since the chip size is related to the depth of cut and the feed 

which is usually small. On the other hand, in a pin-on-disc 

test, a full contact between the pin and the disc is always 

maintained. Hence a smaller tool contact area in turning 

may give rise to a different wear coefficient value. The 

second factor to be considered is the presence of high 

temperature at the tool-chip interface during the turning 

operation. Previous calculation by using Cook’s equation [6] 

indicated that, a cutting temperature of 453 and 601◦C were 

obtained for low carbon steel and medium carbon steel, 

respectively, when a turning speed of 100m/min was used. 

Comparatively, it is unlikely that pin-on-disc test carried out 

with similar load and speed would experience such a high 

temperature. This research work is therefore carried out, by 

using the standard pin-on-disc method and with two 

different insert (pin) settings, to determine the effects of 

these two parameters on the wear coefficient of tungsten 

carbide inserts. Loads of 40 and 50kgf; and speeds of 100 

and 130m/min, similar to those used previously, were also 

selected in this investigation to facilitate comparison of test 

results. 

II. EXPERIMENTAL METHODOLOGY 

A. Experimental setup 

As high testing speed and high load were to be used, a test 

rig is designed and made. The main components of this 

machine include the wear testing chamber, the lubricant 

contain unit, the variable speed motor together with an 

inverter that is housed in the speed control unit. Fig. 3 shows 

a photograph of the wear testing machine, where the testing 

chamber and a lubricant contained unit are located at its 

upper part while the motor and the speed control unit at the 

bottom. Fig. 4 shows the general layout of the insert holder, 

the counter disc, the heating furnace, the horizontal guide 

bar and the vertical guide rods inside the testing chamber 

[7]. The insert holder is designed to hold a 12mm× 12mm × 

4mm tungsten carbide insert firmly. It is attached to the load 

for the wear testing. The counter disc has a diameter of 

130mm and a thickness of 16mm. It is driven by a variable 

speed, 4-pole, 3-phase and 5-HP motor which is controlled 

by an unit. The Watt meter is connected to the motor to 

measure the power needed to drive the counter disc. The 

heating furnace is used to heat the counter disc as well as the 

insert to the required temperature for experimentation. The 

maximum amount of lubricant to be consumed is 1 litre. 
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Fig. 3: Photograph of the Pin- on- disk wear testing rig. 

 
Fig. 4: Schematic layout of the main components inside the 

testing chamber. 

B. Fixture to hold the Insert 

To simulate the turning operation, it is necessary to have a 

small contact angle between the insert and the counter disc. 

By adding shims in between the horizontal guide bar and the 

upper part of the insert holder, it is possible to change the 

vertical alignment of the holder and to give a small contact 

angle between the insert and the counter disc at the 

beginning of the wear test. However, it should be noted that 

this might not give a stable wear testing condition, 

especially at the initial stage. Hence great care must be taken 

to prevent the sharp insert from cutting into the disc during 

testing, as cemented tungsten carbide is very much harder 

than the counter disc. Cutting can happen when the tool 

holder, with its insert and applied load, is suddenly brought 

into contact with the rotating disc at the beginning of a test. 

It can also happen during a test due to system instability, 

such as fluctuation of air pressure or sudden break down of 

wear particles. It should be noted that any cutting on the disc 

will damage the surface finish of the disc and would 

consequently cause variations in wear volume loss on the 

tungsten insert pin. Fig. 5 shows the effect of shim addition 

on the vertical alignment of the insert holder, which will 

change the contact angle between the insert and the counter 

face. However, it should be noted that, in Fig.5, the effect of 

shim addition is greatly exaggerated to facilitate 

understanding. The actual thickness of the shim used is 

about 0.3mm 

 
Fig. 5: Schematic diagram sowing the effect of angle 

addition on the alignment of the insert holder 

C. Pin and Disc Materials 

The tungsten carbide insert used in this project is of Sandvik 

SNKN 12 04 ENN, Grade S6 and with a dimension of 

12mm×12mm×4mm. Its hardness and density are 1465 Hv 

and 13.0753g/cm3, respectively. Based on the density value, 

the insert should contain about 75% WC and about 25% Co 

[8]. The average surface finish of the flank is about 

0.6m(Ra). The counter disc is of diameter 130mm and a 

thickness of 16mm and made of Alumina having hardness in 

the range of 1800-2000Hv. 

D. Experimental design 

The experimental parameters selected in this research work 

are: (i) applied loads of 2kg, 4kg, 6kg and8kg; (ii) speeds of 

800rpm, 1200rpm, 1600rpm and 2000rpm; (iii) Lubricant of 

1 litre i.e canola oil  (iv) distances of 1000m. It should be 

noted that the load and speed selected are close to those 

values used previously in the turning experiment. This is to 

facilitate the comparison of the wear coefficient values 

obtained from the previous study with the current one. Table 

2 shows the three sets of experimental parameter settings 

used for conducting this research. Two different types of 

insert settings were used for each set of experimental 

parameter setting. The first type of setting is to allow the 

insert to have a small initial contact angle with the counter 

disc at the beginning of the experimental run. The second 

type of setting is to have the insert in full contact with the 

counter disc, i.e with a zero contact angle, throughout the 

whole wear testing cycle. 

E. Experimental Procedure 

The tungsten carbide inserts were tested with the nine 

respective sets of parameters as indicated in Table 2. A total 

of 16 runs, each with three repetitions, were carried out for 

each set of parameter settings. These include sixteen runs to 

cover a sliding distance of 1000 m. To maintain consistency, 

wear tests were conducted first for the three sets of 

parameter settings with an initial angular setting for the 

inserts. The angle were then removed and the tool holder 

was re-aligned back to its vertical position to repeat the 
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tests, with the same three sets of parameter settings, but with 

a full contact between the insert and the counter disc 

surface. Each insert was used for four wear tests, since it had 

four identical flank sides. The insert was weighed at the 

beginning and at the end of each test to determine its weight 

loss, to an accuracy of 0.0001g. The weight loss was then 

converted into the volume loss by dividing it with the 

measured density. The sliding distance was measured by 

using a counter that was linked to the motor spindle through 

a sensor. 

Parameter setting No. Load (kg) Speed (rpm) 

1 2kg 800rpm 

2 2kg 1200rpm 

3 2kg 1600rpm 

4 2kg 2000rpm 

5 4kg 800rpm 

6 4kg 1200rpm 

7 4kg 1600rpm 

8 4kg 2000rpm 

9 6kg 800rpm 

10 6kg 1200rpm 

11 6kg 1600rpm 

12 6kg 2000rpm 

13 8kg 800rpm 

14 8kg 1200rpm 

15 8kg 1600rpm 

16 8kg 2000rpm 

Table 2: Experimental parameter settings 

III. RESULT AND DISCUSSION 

A. Wear Volume Loss 

Two types of wear volume loss against distance values were 

obtained in this investigation, Va  and VF, for inserts with 

an initial angular setting with the counter disc and those 

with a full contact with the counter disc, respectively. It was 

found that, in most cases, the Va values were lower than the 

Vf values when the inserts were tested with the same 

parameter setting, especially at the early stage of transient 

wear. According to the adhesive wear theory, toughing 

asperities adhere together first; and the plastic shearing of 

the junctions so formed will “pluck” of the softer asperities 

leaving them adhering to the harder surface. Subsequently 

these tips can become detached giving rise to wear particles 

or fragments. It can be seen as the result of this wearing 

process, some of the smaller carbide particles together with 

the cobalt binder can also be removed to cause wear on the 

insert. As it is generally reasonable to assume the softer 

touching asperities available per unit area is a constant, 

obviously for an insert set with an angular contact, the total 

number of touching asperities available is smaller due to its 

smaller contact area. This will therefore give rise to a 

smaller wear volume loss. 

Trial 

No. 
Load Speed 

Sliding 

Distance 
Condition 

Weight 

loss 

1 2 kg 
800 

rpm 
1000m DD 7.8943 

2 2kg 
1200 

rpm 
1000m AD 8.0366 

3 2kg 
1600 

rpm 
1000m DW 8.0017 

4 2kg 
2000 

rpm 
1000m AW 7.9961 

5 4kg 
800 

rpm 
1000m DW 8.0001 

6 4kg 
1200 

rpm 
1000m AW 7.9957 

7 4kg 
1600 

rpm 
1000m DD 7.8924 

8 4kg 
2000 

rpm 
1000m AD 8.0344 

9 6 kg 
800 

rpm 
1000m AW 7.9953 

10 6kg 
1200 

rpm 
1000m DW 7.9996 

11 6kg 
1600 

rpm 
1000m AD 8.0324 

12 6kg 
2000 

rpm 
1000m DD 7.8911 

13 8kg 
800 

rpm 
1000m AD 8.0312 

14 8kg 
1200 

rpm 
1000m DD 7.8906 

15 8kg 
1600 

rpm 
1000m AW 7.9943 

16 8kg 
2000 

rpm 
1000m DW 7.9990 

Table.3. Experimental trial run in actual condition 

 
(a) Average effect of Load 
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(b) Average effect of speed 

 
(c)Average effect of condition 

Fig.6. Volume loss against Load, Speed and condition using 

Taguchi method 

B. Measured S/N Ratio of different condition 

During the testing of wear the s/n ratio was also calculated 

by using taguchi method which shows the effect of load, 

speed, sliding distance and different condition with the trial 

as shown in fig.7 and Table.4 shows the result with each 

trial performed with the above parameters as mentioned in 

section 3.1 and also due to lubricant which played the 

important parameter during experimentation which lead to 

constant wear rate of the carbide. 

Trial No. S/N ratio Trial No. S/N ratio 

1 17.946 9 18.057 

2 18.101 10 18.061 

3 18.062 11 18.097 

4 18.058 12 17.943 

5 18.062 13 18.096 

6 18.057 14 17.938 

7 17.944 15 18.056 

8 18.099 16 18.061 

Table.4. Experimental trial of S/N Ratio Result 

 
Fig.7. Average effect of different conditions by S/N ratio 

C. Significance of the present work 

This work has provided a significant new insight into the 

discrepancy of the wear coefficient values obtained 

previously from the turning process and the pin-on-disc 

wear testing process. It is obvious from the previous 

discussions that different settings used for the same insert 

will give rise to different wear values. In the turning 

operation, a sharp tool is always needed to maintain a good 

surface finish and a good cutting accuracy. Hence, the 

cutting tool can only be used within a short sliding distance 

before reaching its tool wear criteria. Furthermore, high 

cutting speed is also involved. As mentioned in Section 3.1, 

with a shorter sliding distance and with a higher speed, the 

wear ratio is lower. This will therefore give rise to a lower 

wear value, when the turning operation with a sharp tool is 

used. 

IV. CONCLUSION 

It was found that the wear coefficient of tungsten carbide 

with an angular setting with the counter disc  with constant 

sliding distance initially and reached an almost constant 

value after the initial period. On the other hand, the wear 

coefficient of tungsten carbide with a full contact with the 

counter disc was found to decrease with sliding distance 

initially and reach a more steady value after the initial 

period. The average wear ratio of inserts with an initial 

angular setting against those with a full contact was found to 

vary from about 1% initially to about 6% at a sliding 

distance of 1km. The average wear ratio was found to vary 

with testing speed as well; higher testing speed would give a 

lower wear ratio. This work was able to explain the 

discrepancy of the wear values obtained by the turning 

operation against that from a pin-on-disc wear testing 

method. The wear value obtained from the turning operation 

was found to be smaller in the previous study, due to the 

sharp geometry of the tool used, as well as high cutting 

speed and lubricant encountered in the cutting process. 
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