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ABSTRACT 
Aluminium matrix composite spur gears, in which pure aluminium powders are reinforced with silicon carbide ceramic particles 

(SiCp), were produced by net shape powder metallurgy. The Al/SiCp spur gears were prepared by varying the weight percentage of 

SiCpas 0%, 5%, 10% and 15%. Two powder sizes of SiC (35µm and 65µm – average diameters) and zinc stearate lubricant were 

applied. Gear samples were formed with 48 mm pitch circle diameter, 4 module, 22 mm face width and 14 mm bore with key 

way.The production involves – powder blending, compaction die manufacturing, green compact preparation and sintering. The 

gears were undergone minimum breakage strength test, hardness test and density test statically.The load capacity of gears shows 

that Al-SiCp composite gear is suitable for making power transmission gears to transmit fairly large amount of power with 

minimum weight. 
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INTRODUCTION 
 

The aero space and automotive industry has higher demand in increase of power to weight ratio. The light 
weight and high strength to weight ratio Metal Matrix Composite Materials (MMC) accomplishes needs of 
aerospace and automotive industries. Therefore, reinforced aluminum alloy composites are widely used in 
industries due to their excellent mechanical properties and wear resistance.Powder metallurgy gear preparation 
has more advantages because it blends the material, chip less process and cost savings compared to conventional 
cast and forging processes.  

Mao proposed the new method for polymer composite gear design. This design method is based on the link 
between polymer gear wear rate and its surface temperature [1]. Wright and Kukureka investigated the wear 
characteristics of injection moulded thermo plastic polymer gear by different test methodologies. The detailed 
relationship between actual contact conditions and gear tooth wear were discussed [2].Mao introduced a 
numerical method for polymer composite gear flash temperature prediction and the heat partition between the 
gear teeth [3]. He et al. have investigated the microstructure and mechanical properties of 2024 Al/SiCp Metal 
Matrix Composite (MMC) die forged gear under the constant High Hydrostatic Pressure (HHP) [4]. Masaya 
Kurokawa et al., prepared carbon fibre reinforced poly-ether-ether-ketone PEEK) gear by injection moulding 
and evaluated its  performance under various test conditions[5] .Thomas Yeh et al., presented a new method for 
the design of line contact gear profiles. In this method the deviation function technique has been applied to 
generate new gear profiles [6]. Lu et al., were investigatedthe cyclic stress response of MMCs and revealed that 
MMC has strong dependence on the percentage of the reinforcement. The ductile failure of the Aluminium 
matrix has been studied for the nucleation, growth and coalescence of voids under tensile load [7]. Derrien et al., 
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proposed a micromechanical model to predict the damage mechanisms of AlSiCp composites. It takes into 
account the reinforcement volume fraction, material microstructure, size, aspect ratio and orientation 
[8].Szczepanik and Lehnert had conducted Compression deformation test on Al–SiC composite at elevated 
temperature and it has been found that the SiC added Aluminium powder metallurgy composite gives better 
formability compared to pure Aluminium and also deformation proved using CAPS software [9]. Abdel-
Rahman and El-Sheikh were investigated the effect of the relative density on the forming limit of PM 
composites in upsetting. They have proposed the criteria called formability stress index (b) for describing the 
effect of the mean stress and the effective stress with the help of two theories, proposed by Kuhn-Downey and 
Whang-Kobayashi [10].Narayanasamy et al. had done more experimental work on workability behaviour of 
Aluminium–Glass and found that as percentage content of glass increases the workability parameter also 
increases[11].Ganesan and Vijayarangan madean attempt to study and compare the performance of gears made 
of MMC (Gr/Al and Al2O3/Al) materials with that conventional steelmaterial gears[12].Dhanasekaran and 
Gnanamoorthy investigated the influence of material properties on sintered gear tooth wear under dry running 
(unlubricated) condition [13].Tamer Ozben et al., have investigated density, toughness, impact hardness and 
tensile stress properties of 5, 10, 15wt.% of SiCp reinforced AlSi7Mg2-MMC and the effect of SiCp 
reinforcement ratio on machining and the effects of machining parameters such as cutting speed, feed rate and 
cutting depth on wear of tools and surface roughness[14].Kumar et al.,have evaluated the effect of different 
percentage of Glass addition in Powder metallurgy preforms of Al-Glass composite on workability behavior 
[15]. O.Eyercioglu et al., the analytical approach for dies with gear teeth was modified using finite element 
method solution sets.[16].Dudina et al.,prepared the magnesium and Zr based glass reinforced MMC. The 
manufactured Mg alloy- metallic glass composite shows increased mechanical strength without critical loss of 
ductility as compared to those of the Mg alloy alone.[17]. Hailong Wang et al., investigated the effect of 
temperature on the density, hardness, strength, and microstructure of Al-Cu/SiCp composites. They found that 
the segregation of SiC appeared at higher temperature and highest micro-hardness of 80MPa occurred at 700◦C. 
The strength tended to increase with the increasing temperature due to the formation of Al2Cu.[18]   Gokce and   
Findik   compared the physical and mechanical properties of argon atomized Al-1wt-%Mg powders with and 
without lubricant 1wt% Acrawac in the powder metallurgy process. They identified that Green and theoretical 
density increased with the increment of compaction pressure. Although Acrawax lubricant provides a reasonable 
green density, it had a harmful effect on sintered density mainly owing to its wide burn off range and hence 
incomplete removal during sintering leaving some black residue [19].Saravanan et al., have produced AlSi10Mg 
matrix and rice husk reinforced MMC with three various grain size and 3, 6, 9 and 12 % wt. of rice husk.The 
results reveal that the composite reinforced with the coarse rice husk ash particles exhibits superior wear 
resistance compared to the fine rice husk ash particles. The wear rate of the composite decreased with an 
increase in the weight percentage of rice husk ash particles for all size ranges. [20].Senthilkumar and 
Vijayarangan was carried out detailed investigation on static and fatigue analysis of steel leaf spring and glass 
fiber reinforced polymer composite multi leaf spring. The results revealed that composite spring has higher 
stiffness, lesser stress and higher natural frequency than that of existing steel spring [21].Most of the researchers 
had concentrated particularly on fiber reinforced polymer composites characterization, gear manufacturing and 
performance testing.  

In the present work, Al/SiCp spur gears were produced by powder metallurgy technique.  The influence of 
ceramic content and grain size on load carrying capacity, surface hardness and density of spur gear were tested 
and analyzed. 
 
2. Blending Of Powders: 

The pure aluminium powder ,35μm and 65μm  ceramic SiC particles (SiCp) of  0 ,5,10 ,15 and 20 wt.% and 1 
wt.% of zinc stearate were homogeneously blended at a rotary speed ball mill. The required weight of  aluminium 
powders was taken as per the gear volume to weight conversion. The selected gear specification is provided in 
Table.1. The weight fraction of aluminium and SiCp powders is shown in Table 2.  

 
Table 1: Specifications of Spur Gear 

Parameter Value 
Pressure angle 20 º 
Pitch circle diameter 48mm 
Number of teeth 12 
Module 4 mm 
Addendum 4mm 
Dedendum 5mm 
Face width 22mm 
Outside diameter 56mm 
Root diameter 38mm 
Base diameter 45.11mm 
Bore Diameter 14mm 
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Keyway 5mm×5mm 

 
3. Gear Die Assembly: 

The required solid model of the gear is generated as per gear specification Table 1 and is shown in Fig.1. The 
gear die assembly was modelled, parts 

 
Table 2: Weight fractions of SiC.  

Weight Percentage of SiCp Al (g) SiC(g) 
0 89 - 
5 84.5 4.5 
10 80 9 
15 76 13 
20 71.5 17.5 

 
were manufactured as per the requirement of hydraulic press and its exploded view is shown in Fig. 2. The 

gear die assembly has been assembled from top to bottom as shank, punch holder, punch, die cavity with ejector 
gear and core rod, top base plate, two vertical plates and bottom base plate. 

 

 
Fig. 1: Gear model 

 
Fig. 2: Gear die assembly- Exploded view 

 
The gear die parts such as die cavity, punch, punch holder,shank,baseplate and core rod were manufactured 

based on gear and press specification shows in Fig.3 to 8. 
 

 
Fig. 3: Gear Die Cavity 
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Fig. 4: Punch 

 

 
Fig. 5: Punch Holder 
 

 
Fig. 6: Shank 
 

 
 

Fig. 7: Base Plate 
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Fig. 8:  Core Rod. 
 

4. Green Compact Preparation: 
The required compacting force was 0.4 MN based on the gear surface area and aluminium compacting 

pressure was 275 MPa. The press specification is given in Table.3.  The same zinc stearate lubricant was applied 
in the inner contact surfaces. The lubricant coating was applied on punch and core rod to prevent the friction 
during pressing and ejection. The required volume of materials were poured in the cavity between gear die and 
core rod. The ejector gear was inserted before pouring at the bottom. The 40 ton force was applied for green 
compact pressing. Some samples were damaged during bottom ejection by ejector pin and ejection gear. The 
remaining samples were prepared with die block ejection by ejection rod and then gears were removed in the 
separate press by applying theuniform pressure. The damage due to ejection pin method was rectified. Fig.9 
shows the press with die assembly used for compacting. 
 
Table 3:  Hydraulic Press Specification 
Sl.No. Description Value 

1 
Press capacity 60 Ton 

2 
Bed size 600 mm×500mm 

3 
Day light 600 mm 

4 
Die cushion capacity 20 Tonnes 

5 
Cushioning stroke 250 mm 

6 
Main cylinder stroke 500 mm 

 
5. Sintering: 

The green compact spur gear samples were sintered in controlled atmosphere vacuum furnace at closely 
programmable temperatures. Sintering bonds the powder particles together and develops the desired mechanical 
and physical properties. The shrinkage is to be taken care in sintering process in order obtain the dimensional 
stability of the gears. This effect is very less in this case, because the sintering has done at low temperature in the 
range of 570ºC with a sintering time of 30 minutes. However, efficient sintering is established in environments 
containing hydrogen, nitrogen and dissociated ammonia. Otherwise, the environment does not contain moisture 
and oxidizing gases to prevent aluminium oxide formation during heating. Ceramic coating on the aluminium 
samples are used to reduce the oxide formation, but this increases sintering time. In this case, the heating 
environment controlled by in built nitrogen gas atmosphere. The prepared gear is shown in Fig. 11. 
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Fig. 9: H-FrameHydraulic Press and Gear Die Assembly 
 

 
Fig. 10: Sintering Furnace with N2 Cylinder 

 

 
 

Fig.11: Al-SiCp Composite Gear 
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6. Breakage Strength Test: 
The load carrying capacity of gear was found using Universal Testing Machine (UTM). The prepared gear 

samples were placed on bottom jaw and fixture has been designed and prepared in order to apply a tangential 
force at pitch line of the gear teeth as per [22] .Gears  were tested statically as shown in Fig.12. Then breakage 
strength and load carrying capacity are tabulated in the Table 4. 

 
7. Hardness Test: 

The compressive yield strength of the gear flank surface has relation with macroscopic hardness. Rockwell 
hardness ismeasured on the net increase in depth of impression as a load is applied based on  ASTM D 785 
standards. 

 
Table 4: Breakage Strength Test 

Sl.No Material Composition Gear Sample  Load Carrying Capacity 
(N) 

Breakage Strength 
(MPa) 

1. Al + 0 wt.% of SiCp 1 2900 137.3 

2 2920 138.5 

3 2950 139.68 

 
2. 

Al + 5wt.% of  35 μm SiCp 1 3073 145.5 
2 3080 145.8 
3 3085 146.07 

3 Al + 10wt.% of  35 μm SiCp 1 3190 151.04 
2 3196 151.32 
3 3195 151.27 

4 Al + 15wt.% of  35 μm SiCp 1 3260 154.4 
2 3262 154.45 
3 3265 154.6 

5 Al + 20wt.% of  35 μm SiCp 1 3050 144.5 
2 3047 144.3 
3 3054 144.6 

6 Al + 5wt.% of   65 μm SiCp 1 3250 154.4 
2 3270 155 
3 3260 154.45 

7 Al + 10wt.% of  65 μm SiCp 1 3350 158.5 
2 3340 158.35 
3 3360 159 

8 Al + 15wt.% of  65 μm SiCp 1 3400 161.33 
2 3400 161 
3 3410 161.5 

9 Al + 20wt.% of  65 μm SiCp 1 3210 152.3 
2 3200 151.9 

3 3220 152.5 

 
Table 5: Hardness Value for MMC Spur Gear 

Sl. No. Chemical Composition 
Hardness 
(HRC) 
 

1 Pure Al  14 
2 Al + 5% SiCp 65μm 23 
3 Al + 10% SiCp 65μm 26 
4 Al + 15% SiCp 65μm 28 
5 Al + 20% SiCp 65μm 31 
6 Al + 5% SiCp 35μm 16 
7 Al + 10% SiCp 35μm 18 
8 Al + 15% SiCp 35μm 19 
9 Al + 20% SiCp 35μm 20 
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Fig. 12: Breakage Strength Test 
 
Based on the matrixmaterial i.e. aluminium, 1/16” ball indenter has been chosen and hardness scale as ‘B’. 

The applied load has been selected 100 kg as per the aluminium matrix material.The Rockwell hardness values 
with reference to scale HRC were taken for all samples and shown in Table 5. 

 
8. Density Measurement: 

Density measurement was carried out for the green compacted and sintered MMC spur gear using water 
displacement approach (Archimedes density) according to ASTM B311-08. According to Archimedes principle, 
“Apparent weight of an object immersed in a liquid decreases by an amount equals to the weight of the volume of 
the liquid that it displaces. 

 

ρ
�
=

��

�����

× ρ
�

             (1) 

 
Where ρa is the actual density, Wa is the mass of MMC spur gear in air, Ww is the mass in distilled water and 

ρw is the density of distilled water. 

 
Fig. 13: Density Measurement 
 
Table 6: Green Compact and Sintered Gear Density 

Chemical Composition Theoretical Density in kg/m3 
Actual Density in kg/m3 

Green Density Sintered Density 
Pure Al 2700 2262 2530 
Al + 5% SiCp 65μm 2719.24 2228 2487 
Al + 10% SiCp 65μm 2738.75 2196 2541 
Al + 15% SiCp 65μm 2758.55 2207 2512 
Al + 20% SiCp 65μm 2776.96 2198 2505 
Al + 5% SiCp 35μm 2719.24 2192 2476 
Al + 10% SiCp 35μm 2738.75 2211 2564 
Al + 15% SiCp 35μm 2758.55 2195 2547 
Al + 20% SiCp 65μm 2776.96 2186 2534 
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The load carrying capacity of gear samples were tested and used for calculating the breakage strength

Euler’s formula. The load carrying capacity and breakage strength according material composition as shown in 
Fig 14 and Fig.15. The load carrying capacity and breakage strength are increased up to 15 wt
increase of ceramic content and micron size lead to increase the strength. The samples more than 15 wt
SiCphas lower properties. The addition of more ceramic particles (SiC
material has 20 wt. % of SiCp has a brittle fracture behaviour and l
are shows that up to 15 wt% of SiC
that the increase in grain size of SiC
hardness plot shown in Fig. 14 indicates that the increase in grain size tends to increase a hardness value. Al + 
20 wt % SiCp of 65 μm has higher hardness value in the used material composition. The effect
reveal from Fig 15 and Fig 16. The sintering density of each grain size gear is higher than the green compact 
density. The porosity of sintered gear is reduced and densification is increased.

 

 
Fig. 14: Material compositions Vs Load carrying capacity.
 

Fig. 15: Material compositions Vs Breakage Strength
 

Fig. 16: Materialcompositions Vs Hardness 
 

Vijayakumar Veeraiyah and Senthilkumar Mouleeswaran., 2016/ Advances in Natural and Applied Sciences

RESULTS AND DISCUSSIONS 

The load carrying capacity of gear samples were tested and used for calculating the breakage strength
Euler’s formula. The load carrying capacity and breakage strength according material composition as shown in 
Fig 14 and Fig.15. The load carrying capacity and breakage strength are increased up to 15 wt

icron size lead to increase the strength. The samples more than 15 wt
lower properties. The addition of more ceramic particles (SiCp) is increase brittle 

has a brittle fracture behaviour and lower breakage strength. The testing results 
shows that up to 15 wt% of SiCp gear samples have superior properties. From the graph observation shows 

that the increase in grain size of SiCp results in lower the load carrying capacity and breakage strengt
hardness plot shown in Fig. 14 indicates that the increase in grain size tends to increase a hardness value. Al + 

m has higher hardness value in the used material composition. The effect
The sintering density of each grain size gear is higher than the green compact 

density. The porosity of sintered gear is reduced and densification is increased. 

 

Vs Load carrying capacity. 

 
Vs Breakage Strength 

 
Vs Hardness  

Advances in Natural and Applied Sciences. 10(7) Special 

The load carrying capacity of gear samples were tested and used for calculating the breakage strength by 
Euler’s formula. The load carrying capacity and breakage strength according material composition as shown in 
Fig 14 and Fig.15. The load carrying capacity and breakage strength are increased up to 15 wt. % of SiCp. The 

icron size lead to increase the strength. The samples more than 15 wt. % of 
) is increase brittle content. Hence, the 

ower breakage strength. The testing results 
superior properties. From the graph observation shows 

results in lower the load carrying capacity and breakage strength.The 
hardness plot shown in Fig. 14 indicates that the increase in grain size tends to increase a hardness value. Al + 

m has higher hardness value in the used material composition. The effect of sintering 
The sintering density of each grain size gear is higher than the green compact 
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Fig. 17: Al- 65 μm SiCp Gear Density 
 

 
Fig.18: Al- 35 μm SiCp Gear Density 

 
Conclusion: 

1. The net shaped Al-SiCp spur gear has been produced with varying SiCp weight percentage from 0 to 20 
by powder metallurgy technique. 

2. Blended powder was compacted with 275 MPa pressure and nitrogen environment sintering has been 
done at a temperature of 570ºC and 30 minutes of sintering time. 

3. It was found that the maximum breakage strength of gear was achieved in Al+ 15 wt % SiCp of 65 μm. 
4. Rockwell hardness test was conducted. The Al + 20 wt % of SiCp of 65 μm gear has higher hardness 

number. Higher the percentage of composition and higher the grain size of SiCp, correspondingly higher 
hardness was obtained. 

5. The reduction in porosity and higher densification of 91.25 % was achieved for the Al + 20 wt % of SiCp 
of 65 μm. gear. 

6. From the results and experimental investigation, it is concluded that the AlSiCp is suitable for 
transmitting the power with less weight approximately 65.32 % than that of plain carbon steel gear. The power 
to weightratio of AlSiCpgear is higher than steel gear. 
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