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ABSTRACT - In the present investigation, a brief 

discussion on material removal mechanisms of hybrid 

Al-Mg-Si composites (reinforced graphite and SiC 

particulates) subjected to high stress abrasion was 

reported. The material removal i.e. wear mechanisms of 

hybrid composites are dictated by the interaction of pin 

surface and abrasive grit as well as interface bond 

characteristics of reinforcement with matrix. These wear 

mechanisms were discussed based on the wear surface 

analysis of both the surfaces. The wear results in the form 

of normalised wear rates and normalised wear 

coefficients was represented.  

 

1. INTRODUCTION 

The extensive investigation was done on the sliding 

and abrasion wear of aluminium metal matrix composites 

(Al-MMCs) for automotive applications. It was known 

that wear characteristics vary at different conditions like 

material parameters such as matrix material, reinforce-

ement volume/weight fractions etc.; test parameters such 

as applied load, sliding distance, grit size etc. [1-5]. The 

broad classification of independent and dependent 

variables affecting the abrasive wear characteristics of a 

material was reported in reference [6]. Kaushik et al. [5-

8] recently studied on the effect of different parameters 

on the abrasive wear characteristics of hybrid 

Grp/SiCp/Al composites. It was noted that abrasive wear 

resistance characteristics enhanced compared to matrix 

alloy and SiCp/Al composites. In continuous to previous 

observations, the present investigation was focussed on 

the comparison of the possible material removal 

mechanisms of matrix alloy and composites during high 

stress abrasive wear condition. This was discussed 

through interaction between pin surface and abrasive grit 

during wear process as well as the interface bond 

characteristics of reinforcement with matrix material. 

 

2. METHODOLOGY 

The detailed explanation on the process of 

composites preparation, pin fabrication and wear testing 

were given in reference [5-8]. The composites were 

prepared by stir casting route. Two sets of samples i.e. as 

cast (AC) and T6 heat treated (T6) were prepared for 

abrasive wear testing. The obtained wear results were 

represented in terms of normalised wear rate (NWr) and 

normalised wear coefficients (KN). NWr is the ratio of 

wear rates of composite to alloy whereas KN is ratio of 

the wear coefficients of composite to alloy. The results of 

wear rate and wear coefficients was adopted from 

previous works indicated in [5-8]. 

 

3. RESULTS AND DISCUSSION 

The NWr and KN of hybrid composites reduced 

when compared to SiC reinforced composites as 

indicated in Figures 1(a) and (b). The experimental 

results show that addition of two reinforcements to 

matrix material was advantageous in achieving better 

wear resistance compared single reinforcement. From 

Fig. 1(a), at 200µm grit size, as applied load is increased 

from 5N-15N, NWr of hybrid composites increased from 

0.64 to 0.73 respectively in as cast (AC) condition 

whereas it increased from 0.62 to 0.84 in T6 condition 

whereas the KN was almost flat in both AC and T6 

conditions at maximum load, as grit size increased from 

100µm to 200µm, indicated in Fig. 1(b). it was 

understood that, as applied load increases, the pressure in 

between the pin sample and grits on emery paper 

increases, leading to increase in the wear rate for all the 

materials in both as cast and T6 conditions. The wear of 

the materials was lowered in T6 condition when 

compared to as cast condition. Due to T6 heat treatment, 

the formation of intermetallic precipitates and stronger 

bond between reinforcement and matrix material is 

expected. Similar trends were also observed in research 

work carried by Yigezu et al. [9]. The similar 

observations were noticed at other grit sizes and 

transition at 125 µm grit size was also observed in some 

cases based on the load and sliding distance adopted. The 

transition was reported in ref [10]. 

The abrasive grit was assumed as a micron sized cutting 

tool would engage material surface of pin at different 

rake angles as indicated in Figure 2. The abrasive grit 

could interact with material surface at three different rake 

angles i.e. at negative, zero and positive. Based on their 

interaction, the process of material removal happens from 

pin surface as well as grit particle pick up from emery 

paper. These phenomena were discussed briefly and 

schematically represented in full length paper.   
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4. SUMMARY

The NWr of hybrid composites was found to be 

reduced when compared with composites with SiC. It 

was noticed that as applied load increases, the NWr of 

hybrid composites increased in both AC and T6 

condition. The material removal of hybrid composites 

during abrasion was perceived from the wear debris as 

well as wear surfaces. It was noticed that fractured SiC 

chips and graphitic layer at interface of the pin and emery 

paper. The former one promotes three body abrasion and 

the later provides lubrication, thereby reducing the wear 

of hybrid composites. 

 

!

(a) 

 

 
(b) 

Figure 1 Graphical plots showing (a) Normalised wear 

rate versus applied load at 200µm grit size (b) 

Normalised wear coefficient versus grit size at 15N 

applied load. 

 

 
Figure 2 Abrasive grit and pin surface interaction: 

Illustration through the effect of rake angle. 

 

REFERENCES 

[1] Lloyd, D. J. (1994). Particle reinforced aluminium 

and magnesium matrix composites. International 

materials reviews, 39(1), 1-23. 

[2] Deuis, R. L., Subramanian, C., & Yellup, J. M. 

(1996). Abrasive wear of aluminium composites—

a review. Wear, 201(1-2), 132-144. 

[3] Miracle, D. B. (2005). Metal matrix composites–

from science to technological 

significance. Composites science and 

technology, 65(15-16), 2526-2540. 

[4] Sannino, A. P., & Rack, H. J. (1995). Dry sliding 

wear of discontinuously reinforced aluminum 

composites: review and discussion. Wear, 189(1-2), 

1-19. 

[5] Kaushik, N. C., & Rao, R. N. (2017). Effect of 

applied pressure on high-stress abrasive wear 

behavior of hybrid Al–Mg–Si 

composites. Proceedings of the Institution of 

Mechanical Engineers, Part J: Journal of 

Engineering Tribology, 231(8), 1089-1100. 

[6] Kaushik, N. C., & Rao, R. N. (2017). Influence of 

Applied Load on Abrasive Wear Depth of Hybrid 

Gr/SiC/Al–Mg–Si Composites in a Two-Body 

Condition. Journal of Tribology, 139(6), 061601. 

[7] Kaushik, N. C., & Rao, R. N. (2016). Effect of grit 

size on two body abrasive wear of Al 6082 hybrid 

composites produced by stir casting 

method. Tribology International, 102, 52-60. 

[8] Kaushik, N. C., & Rao, R. N. (2016). Effect of 

applied load and grit size on wear coefficients of Al 

6082–SiC–Gr hybrid composites under two body 

abrasion. Tribology International, 103, 298-308. 

[9] Yigezu, B. S., Jha, P. K., & Mahapatra, M. M. 

(2013). Effect of sliding distance, applied load, and 

weight percentage of reinforcement on the abrasive 

wear properties of in situ synthesized Al–12% 

Si/TiC composites. Tribology Transactions, 56(4), 

546-554. 

[10] Kaushik, N. C., & Rao, R. N. (2017). High-stress 

abrasive wear behavior of Al–Mg–Si hybrid 

composites using regression analysis. Industrial 

Lubrication and Tribology, 69(2), 149-157. 

"#$%

"#&'

"#()

"#*%
"#*+

"#$,"#$$

"#(%

"#&&

"#*'

"#&$
"#&%

0.0

0.2

0.4

0.6

0.8

1.0

1.2

5 10 15

N
o

rm
al

is
ed

 w
ea

r 
ra

te
, 

N
W

r

Load (N)

200µm

Al-SiC/Alloy (AC) Al-SiC-Gr/Alloy (AC)

Al-SiC/Alloy (T6) Al-SiC-Gr/Alloy (T6)

)#)) )#)) )#)'

"#('
"#(%

"#(*

)#'+
)#)(

)#)*

"#&*
"#&"

"#&*

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

100 125 200

N
o

rm
al

is
ed

 w
ea

r 
co

ef
fi

ci
en

t,
 K

N

Grit size (µm)

15N

Al-SiC/Alloy (AC) Al-SiC-Gr/Alloy (AC)

Al-SiC/Alloy (T6) Al-SiC-Gr/Alloy (T6)


