

CHAPTER - 4	     	RESULT & DISCUSSION


4. Result and discussion:
4.1 Coating characterization:
The microstructure of the coating was studied with the help of scanning electron microscope. The surface of the coating showed in the microstructure in which the splat of the sprayed material does not seem to form a continuous layer but at the cross section, it observed the coating was more homogeneous and regular (figure 25a).
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Figure 4.1. (a,b) Top view of anodised coating surface
The inner side material deposited in continuous layer because and the porosity and the blow holes were negligible (figure 25b) [15]. 
[image: ]Figure 4.1.2. EDS analysis of aluminium silicon alloy 

The EDS analysis of the coating material was analyzed in the thermo EDS analyzer, and it was found that the coating material was an alloy of the aluminum 98.76%, magnesium 0.82% and manganese 0.43% (figure 26). As in the coating material aluminum was the major constituents, when we sprayed the coating the coatings get oxidized during the spraying process. Some negligible amount of the copper, zinc and the iron were also present in the aluminum in the form of impurity [57]. The coating of aluminum has a property to form an oxide layer over it. It protects the aluminum from the atmosphere and also from the chemical environment [4].
	Element Line
	Net  Counts
	ZAF
	Weight  %
	Weight % Error
	Atom %
	Atom % Error
	Compound%


	C K
	18
	10.950
	3.43
	+/- 1.14
	7.34
	+/- 2.45
	3.43

	O K
	31
	3.037
	2.38
	+/- 0.62
	3.83
	+/- 0.99
	2.38

	Mg K
	0
	1.009
	0.00
	---
	0.00
	+/- 0.00
	0.00

	Al K
	5710
	1.048
	92.33
	+/- 1.25
	88.06
	+/- 1.19
	92.33

	Si K
	0
	2.169
	0.00
	---
	0.00
	+/- 0.00
	0.00

	Si L
	0
	0.000
	---
	---
	---
	---
	---

	Mn K
	0
	1.185
	0.00
	---
	0.00
	+/- 0.00
	0.00

	Mn L
	0
	0.000
	---
	---
	---
	---
	---

	Fe K
	3
	1.168
	0.32
	+/- 0.76
	0.15
	+/- 0.35
	0.32

	Fe L
	0
	0.000
	---
	---
	---
	---
	---

	Cu K
	2
	1.223
	0.57
	+/- 1.70
	0.23
	+/- 0.69
	0.57

	Cu L
	0
	0.000
	---
	---
	---
	---
	---

	Zn K
	3
	1.228
	0.97
	+/- 1.93
	0.38
	+/- 0.76
	0.97

	Zn L
	0
	0.000
	---
	---
	---
	---
	---

	Total
	
	
	100.00
	
	100.00
	
	100.00


Table 4.1.Quantitative table of EDS analysis of aluminium silicon alloy
.
4.2. Wear rate of anodising coating: 
4.2.1. Wear rate with mild steel pin:
The wear rate of the coating in terms of mass loss per 1200 m sliding distance was calculated. To find the wear rate of the coating the one variables were chosen as already described that are load. The load was chosen as 29.9, 39.24 N.  Noise may be due to some hard particles in the coating. 


Figure 4.2.1. Mass loss of anodized coating with mild steel pin at various loading at 80 mm track diameter 

Figure 28 shows the variation of the wear rate of the coating at different loads.  The wear rate of the coating at wear track 80 mm , and 29.43 N load was found to be 0.0023 g. The wear rate was increased to 0.0029 g when the load was increased to 39.24 N. The  wear rate in increasing trend
 When load was 29.43 w.r.t. to time it is shown in figure-29. 
 
Figure-4.2.2   wear rate of anodized coating w.r.t. time in second at 29.43N load


Figure-4.2.3  wear rate of anodized coating w.r.t. time in second at 39.24N load


The wear rate at low load was found to be very low. The wear rate of coating increased to a lesser degree with higher loads. The wear rate was found to increase with increased load [8,41]. The wear rate was increased more with increased load. It can be concluded that at lower load the wear is caused by adhesion and very less abrasion. When either one of two surfaces of tribo-elements in sliding or rolling contact has thin soft surface layer that can be partly transferred to the counter surface by adhesion relative displacement takes place at the interface between the surfaces of coating and transfer layer with smaller shear strength of the soft material than that of the underlying element material [30]. This was further explained by Subramanian et al. [52] that during wear test of aluminum alloy with a copper pin, a tribolayer of aluminum alloy forms on the copper pin. This tribolayer was formed at low load. The wear rate of the coating was decreased by the tribolayer. The mild steel pin at  low load showed low deformation and low wear rate because the micro hardness of coating used was  very high as compared to hardness of the mild steel. A.P. Sannino et al. [31] found that the wear rate also depends on the sliding speed; it is low at low speed and increases with increasing speed. The similar behavior that the wear rate increases with increase in load has also been reported by Koji Kato et al. [51].

4.2.2 Wear rate with Tungsten carbide pin of anodizing coating:
Wear rate of the coating with Tungsten carbide under similar loading and different track diameter conditions were calculated as described earlier 



Figure 4.2.2.1. Mass loss of the anodizing coating with Tungsten carbide pin  at various  loading conditions at  90 mm track diameter


Figure- 4.2.2.2  wear rate of anodized coating w.r.t. time in second at 29.43N load

Figure-4.2.2.3   wear rate of anodized coating w.r.t. time in second at 39.24N load



Figure 30 shows the variation of the wear rate of the coating at different load  with  Tungsten carbide  pin.  The wear rate of the coating at  29.43 N load was calculated as 0.0019 g. The wear rate increased to 0.004 g when the load was increased to 39.24 N.
The wear rate of the coating with Tungsten carbide pin was found to be higher than the wear rate of the coating with mild steel pin. W. Maa et al. [51] showed that the wear behaviour of different material is different with different counter materials. The wear rate of the coating increased slightly with increased load. In case of Tungsten carbide pin the material gets eroded fast so the coefficient of friction and the wear rate were found to be more [51,54]. The wear rate of the coating with Tungsten carbide pin was higher as the mild steel pin is much harder compared to the aluminum alloy coating, and the wear mechanism was mainly due to micro cutting. It can be seen by SEM Diagram
[image: D:\sudeep thesis\M.Tech Thesis\Dr.Qasim\sudeep\anoddised ms-tr--80-1_m005.jpg][image: D:\sudeep thesis\M.Tech Thesis\Dr.Qasim\sudeep\anoddised ms-tr--80-1_m003.jpg]
       FIGURE 4.2.2.4 WEAR OF ANODISED DISC USING TUNGSTEN CARBIDE


4.2.3. Wear rate with Tungsten carbide pin on tin coating:
The wear of the coating was analyzed with high carbon steel pin under the same loading and sliding conditions. 

Figure 4.2.3.1. Mass loss of the coating with Tungsten carbide pin coating at various loading conditions at 50 mm track diameter
Figure 30 shows the variation of the wear rate of the coating at different load with Tungsten carbide pin.  The wear rate of the coating at  29.43 N load was .0949 g. The wear rate increased to 0.1764 g when the load was increased to 39.24 N. 

Figure-4.2.3.2 wear rate of tin coating w.r.t. time in second at 29.43N load

4.2.4.Wear rate with high carbon steel pin on tin coating:
                     
 Figure-4.2.4.1 Mass loss of the tin coating with high carbon steel pin coating at various loading conditions at 60 mm track diameter

Figure 4.2.4.1 shows the variation of the wear rate of the coating at different load with Tungsten carbide pin.  The wear rate of the coating at  29.43 N load was .2505 g. The wear rate increased to 0.9673 g when the load was increased to 39.24 N.  It is clear from Figure   that the wear rate of the coating with high carbon steel was low at low load [41]. The wear rate also increased with the increased value of the load [8]. At low speed the value of wear rate increased with load, but the increment was very less. However, at higher sliding speed the value of wear rate increased abruptly with increased loading conditions. It was found that the wear rate of the coating was more than that with the mild steel pin and the high  carbon pin . It was concluded that at the lower loads, the coating wear was mainly due to adhesion and deformation, and other modes of wear did not observed as reported earlier [55]. 

Figure-4.2.4.2   wear rate of tin coating w.r.t. time in second at 39.24N load with high carbon steel pin
In this graph negative wear had been got because there was adhesion of material on high carbon pin. It was proved by measuring the weight of pin after wear test which was increased. It was increased by .0004g.

Figure-4.2.4.3   wear rate of tin coating w.r.t. time in second at 29.43N load with high carbon  steel pin

4.2.5.Wear rate with mild steel pin on tin coating:

Figure-4.2.5.1 Mass loss of the tin coating with mild steel pin coating at various loading conditions at 70 mm track diameter

Figure-4.2.5.2   wear rate of tin coating w.r.t. time in second at 29.43N load with mild steel pin
4.2.6. Wear rate with tungsten carbide pin on soft material :




Figure-4.2.6.1 Mass loss of the soft material with tungsten carbide pin coating at various loading conditions at 50 mm track diameter

4.2.6.1 Wear rate with Tungsten carbide pin on soft material of aluminum silicon piston alloy:




Figure-4.2.6.2   wear rate of soft material w.r.t. time in second at 39.24 N load
4.2.6.2 Wear rate with Tungsten carbide pin on soft material of aluminum silicon piston alloy at 29.43N:



Figure-4.2.6.2   wear rate of soft material w.r.t. time in second at 29.43 N load
Graph shows negative wear because there was adhesion on tungsten carbide pin. Pin weight was increased by .0007g.

4.2.7.1 Wear rate with high carbon steel pin on soft material :



Figure4.2.7.1 Mass loss of the soft material with high carbon steel pin coating at various loading conditions at 60 mm track diameter 
4.2.7.2 Wear rate with high carbon  steel pin on soft material of aluminum silicon piston alloy at 39.24 N load:


Figure-4.2.7.2  wear rate of soft material w.r.t. time in second at 39.24 N load using high carbon steel pin




4.2.7.3 Wear rate with high carbon steel  pin on soft material of aluminum silicon piston alloy at 29.9N load:


Figure-4.2.7.3   wear rate of soft material w.r.t. time in second at 29.43 N load using high carbon steel pin
High carbon steel pin weight after wear test was increased by .0002 g. adhesion was there this was the reason graph showed negative trend.
4.2.8.1 Wear rate with mild steel pin on soft material :


Figure-4.2.8.1 Mass loss of the soft material with mild steel pin coating at various loading conditions at 70 mm track diameter

4.2.8.2 Wear rate with mild steel  pin on soft material of aluminum silicon piston alloy at 39.24N load:



Figure-4.2.8.2  wear rate of soft material w.r.t. time in second at 39.24 N load using mild   steel pin
4.2.8.3  Wear rate with mild steel  pin on soft material of aluminum silicon piston alloy at 29.43N load:


Figure-4.2.8.3   wear rate of soft material w.r.t. time in second at 29.43 N load using mild   steel pin

4.3. Coefficient of friction of the coating:
4.3.1. Coefficient of friction of the Anodizing coating with MS pin:
The co-efficient of friction of the coating at three loads (29.9 N) and one sliding conditions (500 rpm) were analysed.
.


Figure 4.3.1.a. Variation of coefficient of friction with MS pin W.R.T. Time


Figure 4.3.1.b. Variation of coefficient of friction with MS pin W.R.T. Time load 40N



Figure 4.3.1.a&b shows the variation of the co-efficient of friction of the coating at different Time condition with MS pin. The coefficient of friction of the coating at 29.9 N load & 39.24 N and 500 rpm was calculated. The coefficient of friction increased at a load of 39.24 N at the same speed compare to 29.9 N loads. It went to increasing trend after some time it became constant.
The coefficient of friction of the coating decreased. A. Edrisy et al. [53] has earlier reported that at high sliding speed and high load the coefficient of friction was low. However, the variation in the co-efficient of friction with variation in load was very less which is contrary to Binshi Xu et al. [9] . But using anodizing coating coefficient of friction at high load was increased.  

4.3.2. Coefficient of friction of the anodizing coating with WC pin:
The co-efficient of friction of coating with WC pin was analyzed under similar loading and sliding conditions, 



Figure 4.3.2.a. Variation of coefficient of friction with WC pin W.R.T. to Time at 29.9 N load


4.3.2.b. Variation of coefficient of friction with WC pin W.R.T. to Time at 39.24 N load
Figure 4.3.2 a&b shows the variation of the co-efficient of friction of the coating at different loading and sliding condition with WC pin. The coefficient of friction of the coating at 29.9 N load and 500 rpm with time was less compare to 39.24N load. It first increased with time then after some time it became constant. First at slow speed it was less but after gaining speed it became constant.  
The Coating showed lower co-efficient of friction with mild steel pin as compared to WC pin. The coefficient of friction in case of the WC pin was higher than in case of mild steel pin [51,54]. The coefficient of friction was increased with increased loading conditions. It was increased may be due to reason that at increased load, the wear rate was less, that’s why the direct rubbing was more. And it showed more coefficient of friction. 
4.3.3. Coefficient of friction of the Tin coating with mild steel pin :
The co-efficient of friction of the coating was also analysed with mild steel pin at similar loading and sliding conditions, 


Figure 4.3.3.a. Variation of coefficient of friction with mild steel pin W.R.T. Time at 29.49N


Figure 4.3.3.b. Variation of coefficient of friction with mild steel pin W.R.T. Time at 39.24N

Figure 4.3.3 a&b shows the variation of the co-efficient of friction of the coating at with time. The
Variation of coefficient of friction of the coating at 29.9 N load and 500 rpm was calculated with time. It’s value was around .4 it has been shown in graph. But at load 39.24 N it increased first
Then after some time it became constant giving value above .4. The co-efficient of friction of the coating with high carbon steel was more than coefficient of friction with  medium carbon steel pin [51,54]. The co-efficient of the friction of the coating was decreased with increase in load [9,12]. The coefficient of friction was also decreased with the increased sliding speed [13,53].  
 

4.3.4. Coefficient of friction of the Tin coating with WC pin :

Figure 4.3.4.a. Variation of coefficient of friction with WC pin W.R.T. Time at 39.24N

Figure 4.3.4.b. Variation of coefficient of friction with WC pin W.R.T. Time at 29.9N
No deformation of the tungsten carbide pin was observed during the wear test.
 
Graph showed at high load coefficient of friction was decreased of coating using tungsten carbide pin.









4.3.5. Coefficient of friction of the Tin coating with high carbon steel pin:

Figure 4.3.5.A. Variation of coefficient of friction with HCS pin W.R.T. Time at 39.24N

4.3.6.1 Coefficient of friction of the soft material with WC pin:

Figure 4.3.6.A. Variation of coefficient of friction with WC pin W.R.T. Time at 39.24N
4.3.6.2 Coefficient of friction of the soft material with WC pin at 29.43 N


Figure 4.3.6.b. Variation of coefficient of friction with WC pin W.R.T. Time at 29.43N

Under same loading condition using tungsten carbide pin anodized coated material coefficient of friction was less but tin coated material coefficient of friction was more.




Using tin coated material coefficient of friction was less under same loading condition and high carbon steel pin.
4.3.7.1 Coefficient of friction of the soft material with mild steel pin at 39.24 N

Figure 4.3.7.a. Variation of coefficient of friction with mild steel pin W.R.T. Time at 39.24N

4.3.7.2. Coefficient of friction of the soft material with mild steel pin at 29.43 N


Figure 4.3.7.b. Variation of coefficient of friction with mild steel pin W.R.T. Time at 29.43N
According to the graph coefficient of friction of anodized coated material is less compare to soft material but in tin coated it was more. Anodizing gives better wear resistant characteristic.


4.3.8.1. Coefficient of friction of the soft material with HCS pin at 29.43 N





Figure 4.3.8.a. Variation of coefficient of friction with HCS pin W.R.T. Time at 29.43N
4.3.8.2. Coefficient of friction of the soft material with HCS pin:


Figure 4.3.8.b. Variation of coefficient of friction with HCS pin W.R.T. Time at 39.24N
Using tin coated material coefficient of friction was less under same loading condition and high carbon steel pin.

 In general it is found that the coefficient of friction of aluminum alloy decreases with an increase in load. Graph has shown by increasing load coefficient of friction of aluminum silicon piston alloy has increased with high carbon steel and tungsten carbide pin but in case of mild steel it has decreased with increased load.





4.4. Microhardness of the worn surfaces:
The micro hardness of the worn surfaces was determined on Vickers micro hardness tester. The micro hardness of the worn surfaces at the cross section of the worn surface was determined. The micro hardness of the coating was determined at a distance of 0.05 µm from the end of the surfaces. After this the distance taken between the two points of indentation was 1 µm. To determine the micro hardness the work piece was first fixed in a Bakelite cylinder with the help of automatic mounting press (Simplimet 1000, Buehler) at a pressure of 60 psi. The heating time of the thermosetting plastic having sample piece was 12 minutes and cooling times was 3 minutes. After fixing the sample in Bakelite cylinder, it was polished with carbon paper with grit size of 100, 200, and 600. The sample was then polished with aluminum powder paste on polishing machine upto mirror finishing of the sample (surface finish upto 1 µm). The polished sample was put on the job rest of Vickers hardness tester. The load applied over the work piece was 5gm, as aluminum being soft to the indenter will be very large. The time of loading was 10 seconds.  The resolution of the indenter was chosen to the 400 X. Upon completion of indentation, the two diagonals were measured, named as D1 and D2 (figure 37). The micro hardness of the coating was calculated with the help of these two diagonals.
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Figure 4.4.1. Indentation over the cross section at a distance of 0.05 micro meters from wear track of without coating at 500 rpm speed and 29.9 N loads (a) with  mildsteel pin (b) with high carbon steel pin (c) with Tungsten carbide pin.



4.5. Microstructure of worn surfaces of the soft material:
The microstructure of the coating was studied under the optical microscope. To study the microstructure a piece of the track of coating was cut and then fixed in the thermosetting plastic to hold it. The fixing of the small piece of the coating piece was done on the automatic mounting press as described earlier in micro hardness test.  The cross section of worn surfaces was analyzed, when the pin was sliding over the coating material there was a generation of heat which might result in change in the microstructure. It is known that the melting point of the aluminum is 662˚C [1] and when there is rise in temperature above recrystalisation temperature then there occurs a change in the microstructure. The aluminum is a good conductor of heat so heat generated during the wear test is rejected to the surrounding [4]. 
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Figure-4.5.a& b. Processed image microstructure of aluminum silicon alloy without coating 










Primary Silicon Size Distribution
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	Phase Percentage
	
	

	
	
	

	Source Bitplane(s)
	Field (%)
	w/o overlap

	Mg2Si
	0.004043579
	0.004043579

	Alpha-Al
	65.07835388
	65.07835388

	Primary Silicon
	27.52861023
	27.52861023

	Eutetic silicon
	7.38899231
	7.38899231



 


4.6 Wear mechanism:
4.6.1 Wear mechanism with mild steel pin on Tin coating :                                                                                                                                              
In order to study the wear mechanism the worn surface were examined by scanning electron microscope. The scanning electron microscope gives the 3D surface morphology of the wear track which helps in the interpretation of the wear mechanism at various loading conditions and various speeds. 
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Figure 4.6. Worn surface of Tin coating using MS pin, at 500 rpm speed and (a) 29.43 N load (b) 39.24 N load 
The wear mechanism of the Tin coating with mild steel pin, at 29.9 N load and 500 rpm speed was analysed and it was found that the wear mechanism was mainly due to micro cutting and abrasion (figure 4.6a). When the load was increased to 39.24 N at the same 500 rpm speed then adhesion also seems to come into picture. Due to this adhesion some deformation was also observed (figure 45b).  The deformed particles get flattened over the coating surface. At higher loads and sliding speeds the occurrences of severe metallic wear by physical metallic failure are more dominating [4]. Due to this deformation was less and the micro cuttings were more. At 500 rpm and the load of 29.9 N the wear was very less, because the pin just slides over the coating material and the adhesion was very less. The main wear mechanism was only due to erosion of the coating. When the load was increased to 39.24 N, the wear mechanism of the coating was also included adhesion wear as with the micro cutting. So there was deformation of the coating material and some amount of the steel pin material also gets adhered over the wear track. The coating at 39.24 N loads deformed and gets flattened over the wear track. 
The wear mechanism of the coating was also analysed with 500 rpm speed and 29.43 N load some deformation was found to take place (figure 4.6.a). As the load was increased to 39.24 N the deformation of the worn surface was more. The worn surfaces were found to be more adhered to the coating surface hence, the wear mechanism was found in case of 39.24 N load mainly due to delaminating and adhesion (figure 4.6.b). Shunyan Tao et al. [56], has also previously reported that the deformation of the coating with copper pin at high load and low speed was more.

4.6.2 Wear mechanism with Tungsten Carbide of Tin coating:
[image: F:\sudeep thesis\M.Tech Thesis\Dr.Qasim\sudeep\sn coated-4kg_m008.jpg][image: ]
Figure 4.6.2.1. Worn surfaces with WC at 500 rpm speed and (a) 29.9 N load (b) 39.24 N load 
When the WC pin slided over the coating at 500 rpm speed and 29.9 N load then abrasion of the coating was more and the wear debris was in the form of microchips (figure 47). These microchips were suddenly removed over the track due to high velocity. At 39.24 N load and 500 rpm speed deformation was found to be more, due to high pressure exerted by the pin. The worn debris also got deposited over the wear track (figure 47b). With mild steel pin the pin material got deformed and the diffusion observed was more, whereas in case of high carbon steel pin & WC pin did not get deformed.

4.6.2.1. Wear mechanism with high carbon steel on Tin coating:

The wear mechanism of the aluminum alloy coating with high carbon steel was analyzed at same sliding and loading condition as in the case of brass and medium carbon steel pin.  The wear mechanism at 500 rpm speed and 29.9 N load having very less deformed surfaces and the worn debris was observed in the form of micro chips (figure 49a). At the loads of 44.1 N and at the same sliding speed, some deformation of the surfaces was observed but the main wear mechanism was due to abrasion and micro cutting, some amount of plastic deformation was also present over the wear track (figure 49b). The high carbon steel is harder as compared to mild steel pin but less harder to WC pin so the deformation of the wear track was very less and the main wear mechanism observed was micro cutting. 
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Figure 4.6.3.1. Worn surfaces with high carbon steel at 500 rpm speed and (a) 29.9 N load (b) 39.24 N load 



4.6.4 Wear mechanism with mild steel on Anodizing coating:
At 500 rpm speed and 39.24 N load the deformation was high as compared to deformation in case of 500 rpm speed at same 29.9 load At 500 rpm speed and 29.9 N load the deformation as well as micro cutting was less, along with less deformation of the wear track . At the same speed and load of 39.24 N the deformation of the coating was more pronounced together with the micro cutting of the coating. However, it was found that with decreased speed the deformation of the coating surface was more while the micro cuttings were very less.
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Figure 4.6.4.1. Worn surface with mild steel pin of anodizing coating, at500 rpm speed and (a) 29.9 N load (b) 39.24 N load 
4.6.5 Wear mechanism with WC  on Anodizing coating:
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Figure 4.6.5.1. Worn surface withWC pin of anodizing coating, at 500 rpm speed and (a) 29.9 N load (b) 39.24 N load 

At 500 rpm speed and 39.24 N load the deformation was high as compared to deformation in case of 500 rpm speed at same 29.9 load At 500 rpm speed and 29.9 N load the deformation as well as micro cutting was less, along with less deformation of the wear track . At the same speed and load of39.24 N the deformation of the coating was more pronounced together with the micro cutting of the coating. However, it was found that with increased the deformation of the coating surface was more while the micro cuttings were very less.

4.6.5. Wear mechanism  on soft material coating:
[image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m010.jpg][image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m007.jpg]
[image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m006.jpg][image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m005.jpg]
[image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m004.jpg]

[image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m001.jpg][image: F:\sudeep thesis\sjj\Dr.Qasim\wear_ring\Al SOFT\Al SOFT_m002.jpg]
 FIGURE- 4.6.5.1 WEAR SURFACE OF SOFT MATERIAL USING PIN WC, HCS & MILD STEEL

Soft material of aluminum silicon piston alloy wear test with WC, HCS, and Mild Steel pin had been done load were 30N and 40N. At 500 rpm speed and 39.24 N load the deformation was high as compared to deformation in case of 500 rpm speed at same 29.9 load At 500 rpm speed and 29.9 N load the deformation as well as micro cutting was less, along with less deformation of the wear track . At the same speed and load of 39.24 N the deformation of the coating was more pronounced together with the micro cutting of the coating. However, it was found that with decreased speed the deformation of the coating surface was more while the micro cuttings were very less. It is seen that anodizing gave better wear resistant to material because there were no diffusion of material to pin even in test with tungsten carbide pin. Tin coating was not more effective for wear resistant.
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Ø6mm	
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