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   Abstract  

 

The use of alternative materials in becoming increasingly important in various engineering fields. In this way, present study 

indicates the possibilities of reinforcing aluminium alloy (Al6061) with locally available inexpensive rice husk ash for developing 

a new material. 4, 8 & 12% of a rice husk ash particle were used by weight to develop metal matrix composite. This can be done 

by liquid metallurgy route. Where they are sustainable, high performance, or simply lower cost alternatives often have some 

different characteristics that can be appealing in some way. Metal matrix composites (MMCs) constitute in important category of 

design and weight efficient materials, this research project is ultimately sought to determine an alternative material for disk brake 

rotor. In this article we fabricate aluminium (Al6061) matrix composite reinforced with rice husk ash (RHA) with a large amount 

of silica contain. This can be done by stir casting. The report gives the results that it decreases the density and increases yield 

strength, ultimate strength and hardness of the composite. 
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I. INTRODUCTION 

A. What is Disc Brake Rotor? 

– The disc brake rotor is the part which is rotating with the wheel of bike. The rotor consist of press fitted assembly which is 

fitted with the help of bolts to the wheel ring 

– The general material used for disc brake rotor is grey cast iron. There are many design of disc brake rotor. The design, shapes 

and slots provided on disc brake rotor are for proper heat dissipation, and to less the mass of rotor. 

– If slots are provided on rotor then there is more wear of the brake pads, therefore in some cases slotted discs are not used. 

– The disc brake rotor which is rotating and another part ‘pads’ are stationary When ‘pads’ are apply comp force on disc stops 

and slouerstommmohe speed of vehicle 

B. Aluminium 6061 

– 6061 is a precipitation-hardened aluminium alloy 

– It contains magnesium and silicon in high proportion 

– It has good mechanical properties, it has good weldability, and is commonly extruded. 

– It is alloy aluminium which is generally used many times 

– Tempered grade such as 6061-T6 

– Aluminium 6061 is an alloy which is normally suitable for casting. 

– The billet is heated through induction furnace and casted using closed pattern process. 

– Automobile parts, industrial equipment is similar material made by casting.  

– Flat, round, ring, blocks, hallow and spindle, AL6061 can be casted in special and custom shape. 
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Fig. 1: Block of Al6061 

C. What is RHA (Rice Husk Ash)? 

– Rice husk ASN is a waste collected from agriculture. 

– During milling of rice, 78% is rice 22% is husk. 

– This husk is used as fuel in rice mills for generating steam. 

– Husk contain 75% organic material 25% is convert into ash. 

– For every 100 kg, 22 kg husk is produced and after burning of husk in boiler or burning equipment 5.5kg rice husk ash is 

generated  

– RHA is causing damage to the land and surrounding area where it is thrown away as waste. 

– We can use this agriculture waste, thus environment set protected. 

– Many times, the rice husk is burned in atmosphere air by farmer. 

– It contains 85.90% silica which can be used. 

– This product from rice mills is converted into as instead of dumping it. 

– The silica contained is used by casting its ash with aluminium in proportion. 

II. RESEARCH METHODOLOGY 

A. Theory of Disc Brake 

Most brakes commonly use friction between two surfaces pressed together to convert the kinetic energy of the moving object into 

heat, though other methods of energy conversion may be employed. For example, regenerative braking converts much of the energy 

to electrical energy, which may be stored for later use. Other methods convert kinetic energy into potential energy in such stored 

forms as pressurized air or pressurized oil. Eddy current brakes use magnetic fields to convert kinetic energy into electric current 

in the brake disc, fin, or rail, which is converted into heat. Still other braking methods even transform kinetic energy into different 

forms, for example by transferring the energy to a rotating flywheel. Brakes are generally applied to rotating axles or wheels but 

may also take other forms such as the surface of a moving fluid (flaps deployed into water or air). Some vehicles use a combination 

of braking mechanisms, such as drag racing cars with both wheel brakes and a parachute, or airplanes with both wheel brakes and 

drag flaps raised into the air during landing. Since kinetic energy increases quadratic ally with velocity and object moving at 10 

m/s has 100 times as much energy as one of the same mass moving at 1 m/s, and consequently the theoretical braking distance, 

when braking at the traction limit, is 100 times as long. In practice, fast vehicles usually have significant air drag, and energy lost 

to air drag rises quickly with speed. Almost all wheeled vehicles have a brake of some sort. Even baggage carts and shopping carts 

may have them for use on a moving ramp. Most fixed-wing aircraft are fitted with wheel brakes on the undercarriage. Some aircraft 

also feature air brakes designed to reduce their speed in flight. Notable examples include gliders and some World War II-era 

aircraft, primarily some fighter aircraft and many dive bombers of the era. These allow the aircraft to maintain a safe speed in a 

steep descent. The Saab B 17dive bomber and Vought F4U Corsair fighter used the deployed undercarriage as an air brake. Friction 

brakes on automobiles store braking heat in the drum brake or disc brake while braking then conduct it to the air gradually. When 

traveling downhill some vehicles can break. When the brake pedal of a modern vehicle with hydraulic brakes is pushed against the 

master cylinder, ultimately a piston pushes the brake pad against the brake disc which slows the wheel down. On the brake drum 

it is similar as the cylinder pushes the brake shoes against the drum which also slows the wheel down. 
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B. Material Specification 
Table 1: Material Properties 

Material Gray Cast Iron Alloy Steel 

Thermal conductivity (w/mk) 58 130 

Mass density (kg/m3) 7800 2810 

Specific Heat (kj/kgk) 460 960 

Coefficient of Friction 0.4 0.27 

Compressive Strength (Mpa) 1293 250 

Specific Gravity (kg/m3) 7200 7840 

Ultimate Strength (Mpa) 320 515 

Yield Strength (Mpa) 210 350 

Poisson’s Ratio 0.27 0.33 

III. PROCEDURE 

A. Formation of RHA 

First of all, the washed dry rice husk is taken in to the graphite crucible. After proper arrangement of furnace and graphite crucible, 

washed rice husk is heated at 200° C for 1 hr. 

This operation removes the moisture and other organic matter from the rice husk. During this process the colour of rice 

husk changed from yellowish to black because of carrying of organic matter. 

After heated at 200° C, again this ash is heated between 600° to 800°C for 6 hrs to remove the carbonaceous material 

from it. And this operation is takes place in the presence of oxygen. 

Now to obtaining the desired properties of ash, the ash then further heated in the electric furnace up to the temperature of 

750° for 12 hrs. Thus, rice husk ash is used as filler material. After all this process the rise husk ash is cooled up to the room 

temperature and its colour has been completely changed to the grey. 

B. Pattern and Mould preparation 

 
Fig. 2: Pattern of Wooden plate 

Dimensions: - 

Diameter-250mm 

Thickness-10mm 

 
Fig. 3: Aluminium Mould 



Casting of Aluminium Alloy with Rice Husk Ash for Disc Brake Rotor 
(GRDJE/ Volume 3 / Issue 5 / 013) 

 

 All rights reserved by www.grdjournals.com 
 

76 

C. Stir Casting of Al6061 with RHA 

In a stir casting process, the matrix materials which have to be reinforced and a new material has to be casted are equally distributed 

and mixed with the help of mechanical stirring in the furnace. The material which has been cast and be used to reduce porosity, 

microstructure refinement, mould and sand casting etc. Segregation is the major concern faced in the process of stir casting. The 

distribution of the particles in the molten matrix depends mainly on the factors such as wetting conditions, strength of belt, and 

temperature of melting, position of mechanical stirrer in the melt. Recently a two-step mixing process has been the recent 

development in the field of stir casting. Such a process can be used for fabrication of aluminium. Stir casting is the most commonly 

used and economical methods used today. 

Stirring speed is the important process parameter of stir casting. It directly controls and governs the pattern flow of 

material. So for the purpose of good flow pattern and hence a good mixture of molten matrix, we prefer the stirring speed from 

300-600 rpm. 

Another important factor regarding stir casting is stirring temperature. We know that Aluminium generally melts at 650°C. 

Therefore, we keep our stirring temperature to about 630°C. Which helps to keep Al6061 in a semisolid state. 

Reinforcement preheat temperature is about 500°C for about 30 min in order to remove the moisture content or any gases 

present in it.  

Proper stirring time will result in uniform distribution of the particles in liquid to create perfect bonding between them. 

For uniform distribution, the flow of reinforced matrix should be from outward to inward. 

D. Pouring of Molten Metal into Mould Cavity 

The Aluminium (Al6061) is melted with following percentages of RHA of its weight: - 

Aluminium alloy Al6061 melted with 4 percentages of RHA 

Aluminium alloy Al6061 melted with 8 percentages of RHA 

Aluminium alloy Al6061 melted with 12 percentages of RHA 

Aluminium alloy Al6061 melted with 16 percentages of RHA 

All the three molten aluminium metals are poured into the mould cavity for the casting purpose. 

 
Fig. 4: Pouring of Molten metal 

 
Fig. 5: Final product obtained after casting 
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E. Machining 

The product obtained from casting is of irregular shape and dimensions are not in specified limits. So in order to obtain the product 

of desired shape with specific dimensions machining process has to be done on all the three specimens obtained through casting. 

The most common machining process which is done on samples is Lathe machining operation. Also surface finishing required 

after machining can be done on a Lathe machine. 

 
Fig. 6: Machining process on centre Lathe 

 
Fig. 7: Machined Product 

 
Fig. 8: Final Machined Product 
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IV. MATERIAL TESTING 

A. Testing 

Material Testing is a highly precise and reliable set of processes that measure material characteristics, mechanical properties, 

composition, corrosion resistance and the effects of heat treatments against specified criteria. At Laboratory Testing Inc., our 

material testing services include destructive testing methods that are typically categorized as mechanical, fracture mechanics, 

chemical, and metallurgical testing. 

 
Fig. 9: Dimensions of test Specimen 

 
Fig. 10: Specimen for testing 

V. CALCULATIONS 

A. Properties of Materials 
Table 2: Material Properties of Aluminium 6061 T6 with Rice Husk Ash 

Material Density(kg/m3) Ultimate Tensile Strength(Mpa) Tensile Yield Strength Poisson’s ratio Young’s modulus 

Al6061+4%RHA 2694 325 234 0.33 69.5 

Al6061+8%RHA 2681 379 287 0.29 74.3 

Al6061+12%RHA 2662 391 334 0.27 79.8 

Al6061+16%RHA 2653 309 197 0.27 74.7 

Reference Temperature=30°C 

B. CAD Model 

 
Fig.11: CAD Model of Brake Disc Rotor 
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C. Abbreviations 

V = velocity 

OD = Outer Diameter of Brake Disc Rotor 

ID = Inner Diameter of Brake Disc Rotor 

KE = Kinetic Energy 

Qg = Heat Generated 

A = Area of Rubbing Faces 

D. Heat Generated Due to Friction Calculation 

In the aspect of the bike accident prevention, the braking performance of vehicles has been a critical issue. The rotor model heat 

flux is calculated for the bike moving with a velocity 27.77 m/s (100kmph) and the following is the calculation procedure. 

Data: 

1) Mass of the vehicle = 230 kg 

2) Velocity (v) = 27.7 m/s (100 kmph) 

3) Brake rotor outer diameter (OD) = 220mm 

4) Brake rotor inner diameter (ID) =160mm 

Step 1 

Kinetic energy (KE) = 
1

2
∗ m ∗ v2 

                    = 88238.35 joules 

                                 = 88238.35/60 

                   = 1470.63 joules/sec 

The above said the total kinetic energy induced while the vehicle is under motion. 

Step 2 

The total kinetic energy = the heat generated  

Qg = 1470.63 joules/sec 

Step 3 

The area of the rubbing faces 

A= Π ∗ (Outer Diameter − Inner Diameter) 

   = Π ∗ (0.22 − 0.16) 

 A = 0.1884 m2 

Step 4 

Heat flux = heat generated / second / rubbing area 

                = Qg/A 

                = 1470.63/0.1884 = 7805.89 watts / m2 

VI. SIMULATION RESULTS 

A. Material 1: Aluminium 6061 4% RHA 

 
Fig. 12: Model for Analysis 
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Fig. 13: Temperature Disrtibution 

 
Fig. 14: Heat Flux 

Table 3: Results of Aluminium 6061 T6 with 4% Rice Husk Ash 

TEMPERATURE DISTRIBUTION(0C) HEAT FLUX(W/M2) 

33.54 23792 

B. Material 2: Aluminium 6061 8% RHA 

 
Fig.15: Temperature Distribution 
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Fig.16: Heat Flux 

Table 4: Results of Aluminium 6061 T6 with 8% Rice Husk Ash 

TEMPERATURE DISTRIBUTION(0C) HEAT FLUX(W/M2) 

32.621 21018 

C. Material 3: Aluminium 6061 12% RHA 

 
Fig. 17: Temperature Distribution 

 

 
Fig. 18: Heat Flux 
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Table 5:  Results of Aluminium 6061 T6 with 12% Rice Husk Ash 

TEMPERATURE DISTRIBUTION(0C) HEAT FLUX(W/M2) 

32.101 19160 

D. Material 4: Aluminium 6061 16% RHA 

 
Fig. 19: Temperature Distribution 

 
Fig. 20: Heat Flux 

Table 6:  Results of Aluminium 6061 T6 with 16% Rice Husk Ash 

TEMPERATURE DISTRIBUTION(0C) HEAT FLUX(W/M2) 

34.421 26371 

E. Summary of Results Obtained in Ansys 
Table 7: Summary 

MATERIAL TEMPERATURE DISTRIBUTION(0C) HEAT FLUX(W/M2) 

Aluminium 6061 4% RHA 33.54 23792 

Aluminium 6061 8% RHA 32.621 21018 

Aluminium 6061 12% RHA 32.101 19160 

Aluminium 6061 16% RHA 34.421 26371 

VII. FUTURE SCOPE 

A disc brake is actually a brake which uses callipers to squeeze pairs of pads against a rotor to create the friction between the pads 

to retards the rotation of shaft or either to reduce the rotational speed. The heat is developed due to friction of pads which must be 

dissipated. Generally, in the motor vehicle hydraulic disc brakes are preferred. And for the cars, cast iron is used as disc material, 

because of its good properties like low cost, thermal stability etc. 
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The aluminium alloy reinforced with rice husk ash will increase various properties of the rotor disc and will alternately 

result in maximum use of such an alloy in future in applications where corrosion resistant property is of great importance. 

Also, the rice husks whose disposal is a major factor in concern perishes as it can be used in fabrication of such aluminium 

alloys. 

It also can prove to be a great success in the field of materials requiring great strengthening and corrosion resistance 

property. 

VIII. CONCLUSION 

1) The Rice husk ash is agricultural waste generated by paddy milling and can be used for reinforcing a material to produce 

aluminium Metal matrix composite. It can be successfully used in place of conventional aluminium intensive material. 

2) The use of rice husk ash for the production of metal matrix can turns the agricultural waste into the profitable wealth of 

industry. This can also solve the problem of storage and disposal of rise husk ash.  

3) It was concluded that there is enhanced improvement in the mechanical properties and well attributed to the high dislocation 

density. And also, it seen that for more than 12% weight fraction of rice husk ash particles the tensile strength was seen to be 

decreasing. 

4) From the work it can be concluded that RHA can be successfully incorporated into pure aluminium matrix for the production 

of composites. 

5) Addition of up to9% by weight RHA to aluminium was done by stir casting route to produce composites. 

6) Addition of magnesium improved the wettability of RHA with aluminium melt and thus increased the retention of the RHA 

in the composite. 

7) Hardness of the composites is increased from 22BHN to 33 BHN with addition of RHA and magnesium compared to 

unreinforced condition. 

8) The Ultimate tensile strength and the yield strength has improved with increase in RHA content while decreasing the density 

ensuring the potential application of materials with lighter weight but superior strength. 
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