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— 

 Abstract  

 

Disc brakes are exposed to large thermal stresses during routine braking and extraordinary 

thermal stresses during hard braking. High-g decelerations typical of passenger vehicles are 

known to generate temperatures as high as 300○C in a fraction of a second. These large 

temperature excursions have two possible outcomes„ thermal shock that generates surface 

cracks, and or large amounts of plastic deformation in the brake rotor. In the absence of 

thermal shock, a relatively small number of high-g braking cycles are found to generate 

macroscopic cracks running through the rotor. 

Thermal cracking is commonly observed in disc brake rotors following high-g braking 

events. The cracks fall into two broad categories„ a series of heat cracks that partially 

penetrate the surface of the discs and thru-cracks that completely pass through the disc wall. 

Though it is well known that thermal cracks do arise from hard braking, there is no formal 

treatment of the problem of thru cracks. 

Disc brakes are fabricated from grey cast iron. Grey cast iron is chosen for its relatively high 

thermal conductivity, high thermal diffusivity and low cost. The brake rotor consists of a hat, 

or hub, which is connected to the wheel and axle, and an inboard and outboard braking 

surface. The outboard braking surface is attached directly to the hat, while the inboard 

braking surface is attached to the outboard unit by a series of cooling vanes. A small groove 

is machined around the periphery of the hat-rotor attachment site to relieve the stress 

concentration associated with the change in section. 

To overcome the problem of thermal cracks in discs Grey cast Iron can be replaced with 

the Al-Si alloys strengthened with Cobalt (Co), Nickel (Ni) and Strontium (Sr), This report 

reviews thermal analysis of disc brakes and various experiments done by various 

researchers regarding increasing of mechanical properties of Al-Si alloys at high 

temperatures which can be used in place of grey cast iron. 
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Chapter 1  

1.1. Introduction 

A disc brake is a type of brake that uses the callipers to squeeze pairs of pads against 

a disc or rotor to create friction This action slows the rotation of a shaft, such as a vehicle 

axle, either to reduce its rotational speed or to hold it stationary. The energy of motion is 

converted into the waste heat which must be dispersed.  

   

Figure 1: Disc Brake 

Hydraulically actuated disc brakes are the most used form of brake for motor vehicles, 

but the principles of a disc brake are applicable to almost any rotating shaft. 

Development of disc-type brakes began in England in the 1890s. In 1902, 

the Blanchester Motor Company designed brakes that looked and operated in a similar way 

to a modern disc-brake system even though the disc was thin, and a cable activated the 

brake pad. Other designs were not practical or widely available in cars for another 60 years. 

Successful application began in airplanes before World War II, and even the German 

Tiger tank was fitted with discs in 1942. After the war, technological progress began to arrive 

in the 1950s, leading to a critical demonstration of superiority at the 1953 24 Hours of Le 
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Mans race, which required braking from high speeds several times per lap. The Jaguar racing 

team won, using disc brake equipped cars, with much of the credit being given to the brakes' 

superior performance over rivals equipped with drum brakes. Mass production began with 

the 1955 Citroen Ds. 

           

     

Figure 2: On automobiles, disc brakes are often located within the wheel 

 

Compared to drum brakes, disc brakes offer better stopping performance because 

the disc is more readily cooled. Therefore, discs are less prone to the brake fade caused 

when brake components overheat. Disc brakes also recover more quickly from immersion 

(wet brakes are less effective than dry ones).   

Most drum brake designs have at least one leading shoe, which gives a servo effect. 

By contrast, a disc brake has no self-servo effect and its braking force is always proportional 

to the pressure placed on the brake pad by the braking system via any brake servo, braking 

pedal, or lever. This tends to give the driver better "feel" and helps to avoid impending 

lockup. Drums are also prone to "bell mouthing" and trap worn lining material within the 

assembly, both causes of various braking problems. 

The disc is usually made of Cast iron but may in some cases be made of composites 

such as reinforced carbon-carbon or ceramic matrix composites. This is connected to 

the wheel and/or the axle. To slow down the wheel, friction material in the form of brake 

pads, mounted on the brake calliper, is forced mechanically, hydraulically, pneumatically, 

or electromagnetically against both sides of the disc. Friction causes the disc and attached 

wheel to slow or stop. 

https://en.wikipedia.org/wiki/File:Suspension.jpg
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Development of disc brakes began in England in the 1890s.The first calliper-type 

automobile disc brake was patented by Fredrick William Lanchester in his Birmingham 

factory in 1902 and used successfully on Lanchester Cars. However, the limited choice of 

metals in this period meant that he had to use copper as the braking medium acting on the 

disc. The poor state of the roads at this time, no more than dusty, rough tracks, meant that 

the copper wore quickly making the system impractical. 

 

 

    

Figure 3: A drilled motorcycle brake disc 

In 1921, the Douglas motorcycle company introduced a form of disc brake on the front 

wheel of their overhead-valve sports models. Patented by the British Motorcycle & Cycle-Car 

Research Association, Douglas described the device as a "novel wedge brake" working on a 

"bevelled hub flange", the brake was operated by a Bowden Cable. Front and rear brakes of 

this type were fitted to the machine on which Tom Sheard rode to victory in the 1923 Senior 

TT.  

Successful application began on railroad streamliner passenger trains and in airplanes 

and tanks before and during World War II. In the USA, the Budd Company introduced disc 

brakes on the General Perishing Zephyr for the Burlington Railroad in 1938. By the early 

1950s, disc brakes were being regularly applied to new passenger rolling stock. In Britain, 

the Daimler Company used disc brakes on its Daimler armoured car of 1939, the disc brakes, 

made by the Girling company, were necessary because in that four wheel drive (4x4) vehicle 

the epicyclic final drive was in the wheel hubs and therefore left no room for conventional 

hub-mounted drum brakes.  

https://en.wikipedia.org/wiki/File:2009-02-10_2008_Yamaha_FZ6_front_rotor_close-up.jpg
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At Germany's Argus Motoren, Hermann Klaue (1912-2001) had patented disc brakes 

in 1940. Argus supplied wheels fitted with disc brakes e.g. for the Arado Ar 96. The 

German Tiger heavy tank was introduced in 1942 with a 55 cm Argus-Werke disc on each 

drive shaft. 

The American Crosley Hot Shot is often given credit for the first automotive 

production disc brakes. For six months in 1950, Crosley built a car with these brakes, then 

returned to drum brakes. Lack of enough research caused reliability problems, such as 

sticking and corrosion, especially in regions using salt on winter roads. Drum brake 

conversions for Hot Shots were quite popular. The Crosley disc was a Good 

year development, a calliper type with ventilated disc, originally designed for aircraft 

applications.  

Chrysler developed a unique braking system, offered from 1949 to 1953. Instead of 

the disc with calliper squeezing on it, this system used twin expanding discs that rubbed 

against the inner surface of a cast-iron brake drum, which doubled as the brake housing. The 

discs spread apart to create friction against the inner drum surface through the action of 

standard wheel cylinders. Because of the expense, the brakes were only standard on the 

Chrysler Crown and the Town and Country New port in 1950. They were optional, however, 

on other Chryslers, priced around $400, at a time when an entire Crosley Hot Shot retailed 

for $935. This four-wheel disc brake system was built by Auto Specialties Manufacturing 

Company (Ausco) of St. Joseph Michigan, under patents of inventor H.L. Lambert, and was 

first tested on a 1939 Ply Mouth. Chrysler discs were "self-energizing," in that some of the 

braking energy itself contributed to the braking effort. This was accomplished by small balls 

set into oval holes leading to the brake surface. When the disc made initial contact with the 

friction surface, the balls would be forced up the holes forcing the discs further apart and 

augmenting the braking energy. This made for lighter braking pressure than with callipers, 

avoided brake fade, promoted cooler running, and provided one-third more friction surface 

than standard Chrysler twelve-inch drums. Today's owners consider the Ausco-

Lambert very reliable and powerful but admit its grubbiness and sensitivity.  

The first motorcycles to use disc brakes were racing vehicles. Mv Agusta was the first 

to offer a front disc brake motorcycle to the public on a small scale in 1965, on their 

relatively expensive 600 Touring Motorcycle, using a mechanical brake linkage. In 1969 

Honda introduced the more affordable CB750, which had a single hydraulically actuated 

front disc brake (and a rear drum brake), and which sold in huge numbers. Disc brakes are 

now common on motorcycles, mopeds and even mountain bikes. 

The brake disc (or rotor) is the rotating part of a wheel's disc brake assembly, against 

which the brake pads are applied. The material is typically grey iron a form of cast iron. The 

design of the discs varies somewhat. Some are simply solid, but others are hollowed out 

with fins or vanes joining the disc's two contact surfaces (usually included as part of a casting 
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process). The weight and power of the vehicle determines the need for ventilated discs. The 

"ventilated" disc design helps to dissipate the generated heat and is commonly used on the 

more-heavily loaded front discs.  

Discs for motorcycles, bicycles, and many cars often have holes or slots cut through 

the disc. This is done for better heat dissipation, to aid surface-water dispersal, to reduce 

noise, to reduce mass, or for marketing cosmetics.  

Slotted discs have shallow channels machined into the disc to aid in removing dust 

and gas. Slotting is the preferred method in most racing environments to remove gas and 

water and to deglaze brake pads. Some discs are both drilled and slotted. Slotted discs are 

generally not used on standard vehicles because they quickly wear down brake pads; 

however, this removal of material is beneficial to race vehicles since it keeps the pads soft 

and avoids vitrification of their surfaces. On the road, drilled or slotted discs still have a 

positive effect in wet conditions because the holes or slots prevent a film of water building 

up between the disc and the pads. 

 

 

Figure 4:Example of two-piece disc in an aftermarket application 

https://en.wikipedia.org/wiki/File:Upgraded-Disk-brake.JPG
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Two-piece discs (rotors) are a disc where the centre mounting part of the disc is 

manufactured separately from the outer friction ring. The central section used for fitment is 

often referred to as the bell or hat and is commonly manufactured from an alloy such as 

a 7075 alloy and hard anodised for a lasting finish. The outer disc ring or rotor usually is 

manufactured from grey iron but in special applications can be from steel. Originating from 

Motorsport but now common in high performance applications and aftermarket upgrades.  

 

Two piece discs can be supplied as a fixed assembly with regular nuts, bolts and 

washers or a more complicated floating system where drive bobbins allow the two parts of 

the brake disc to expand and contract at different rates therefore reducing the chance a disc 

will warp from overheating. Key advantages of a two-piece disc are a saving in critical un-

sprung weight and the dissipation of heat from the disc surface through the alloy bell (hat). 

Both fixed and floating options have their drawbacks and advantages, floating discs are prone 

to rattle and collection of debris and best for suited to Motorsport whereas fixed is best for 

road use. 

 

Brake pads are designed for high friction with brake pad material embedded in the 

disc in the process of bedding while wearing evenly. Friction can be divided into two parts. 

They are adhesive and abrasive. 

Depending on the properties of the material of both the pad and the disc and the 

configuration and the usage, pad and disc wear rates will vary considerably. The properties 

that determine material wear involve trade-offs between performance and longevity. 

The brake pads must usually be replaced regularly (depending on pad material, and 

drive style), and some are equipped with a mechanism that alerts drivers that replacement 

is needed, such as a thin piece of soft metal that rubs against the disc when the pads are too 

Figure 5: Ford Escape Front Brake Discs and Pads 
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thin causing the brakes to squeal, a soft metal tab embedded in the pad material that closes 

an electric circuit and lights a warning light when the brake pad gets thin, or an 

electronic sensor. 

Generally, road-going vehicles have two brake pads per calliper, while up to six are 

installed on each racing calliper, with varying frictional properties in a staggered pattern for 

optimum performance. 

Early brake pads (and linings) contained asbestos, producing dust which should not 

be inhaled. Although newer pads can be made of ceramics, kevlar, and other plastics, 

inhalation of brake dust should still be avoided regardless of material. 

The brake calliper is the assembly which houses the brake pads and pistons. The 

pistons are usually made of plastic, aluminium or chrome plated steel. 

      

Figure 6: GM disc brake calliper (twin-piston, floating) removed from its mounting for 

changing pads. 

Callipers are of two types, floating or fixed. A fixed calliper does not move relative to 

the disc and is thus less tolerant of disc imperfections. It uses one or more pairs of opposing 

pistons to clamp from each side of the disc and is more complex and expensive than a floating 

calliper. 

A floating calliper (also called a "sliding calliper") moves with respect to the disc, along 

a line parallel to the axis of rotation of the disc; a piston on one side of the disc pushes the 

inner brake pad until it makes contact with the braking surface, then pulls the calliper body 

with the outer brake pad so pressure is applied to both sides of the disc. Floating calliper 

(single piston) designs are subject to sticking failure, caused by dirt or corrosion entering at 

least one mounting mechanism and stopping its normal movement. This can lead to the 

calliper’s pads rubbing on the disc when the brake is not engaged or engaging it at an angle. 

Sticking can result from infrequent vehicle use, failure of a seal or rubber protection boot 
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allowing debris entry, dry-out of the grease in the mounting mechanism and subsequent 

moisture incursion leading to corrosion, or some combination of these factors. Consequences 

may include reduced fuel efficiency, extreme heating of the disc or excessive wear on the 

affected pad. A sticking front calliper may also cause steering vibration. 

Another type of floating calliper is a swinging calliper. Instead of a pair of horizontal 

bolts that allow the calliper to move straight in and out respective to the car body, a swinging 

calliper utilizes a single, vertical pivot bolt located somewhere behind the axle centreline. 

When the driver presses the brakes, the brake piston pushes on the inside piston and rotates 

the whole calliper inward, when viewed from the top. Because the swinging calliper’s piston 

angle changes relative to the disc, this design uses wedge-shaped pads that are narrower in 

the rear on the outside and narrower on the front on the inside. 

 

1.2 Uses of Disc Brakes 

Motorcycles and scooters 

Lambretta introduced the first high-volume production use of a single, floating, front 

disc brake, enclosed in a ventilated cast alloy hub and actuated by cable, on the 1962 

TV175, followed by the range topping GT200 in 1964. The 1969 Honda Cb750 introduced 

hydraulic disc brakes on a large scale to the wide motorcycle public, following the lesser 

known 1965 MV Agusta 600, which had cable-operated mechanical actuation. 

   

    

 

Figure7: Radially mounted brake calliper on a Triumph Speed Triple 
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Unlike car disc brakes that are buried within the wheel, bike disc brakes are in the 

airstream and have optimum cooling. Although cast iron discs have a porous surface which 

give superior braking performance, such discs rust in the rain and become unsightly. 

Accordingly, motorcycle discs are usually stainless steel, drilled, slotted or wavy to disperse 

rainwater. Modern motorcycle discs tend to have a floating design whereby the disc "floats" 

on bobbins and can move slightly, allowing better disc centering with a fixed calliper. A 

floating disc also avoids disc warping and reduces heat transfer to the wheel hub. Callipers 

have evolved from simple single-piston units to two-, four- and even six-piston 

items. Compared to cars, motorcycles have a higher centre of mass wheelbase ratio, so they 

experience more weight transfer when braking. Front brakes absorb most of the braking 

forces, while the rear brake serves mainly to balance the motorcycle during braking. 

Modern sports bikes typically have twin large front discs, with a much smaller single rear disc. 

Bikes that are particularly fast or heavy may have vented discs. 

Early disc brakes (such as on the early Honda fours and the Norton Commando) sited 

the callipers on top of the disc, ahead of the fork slider. Although this gave the brake pads 

better cooling, it is now almost universal practice to site the calliper behind the slider (to 

reduce the angular momentum of the fork assembly). Rear disc callipers may be mounted 

above (e.g. BMW RW1100S) or below (e.g. Yamaha TRX850) the swinging arm: a low mount 

provides for a marginally lower centre of gravity, while an upper siting keeps the calliper 

cleaner and better  protected from road obstacles. 

    

Figure 8: Floating disc brake on Kawasaki W800 

One problem with motorcycle disc brakes is that when a bike gets into a violent tank 

slapper (high speed oscillation of the front wheel) the brake pads in the callipers are forced 

away from the discs, so when the rider applies the brake lever the calliper pistons push the 

pads towards the discs without actually making contact. The rider immediately brakes harder, 
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which pushes the pads onto the disc much more aggressively than during normal braking. For 

example, The Michele Pirro incident at Mugello, Italy on 1 June 2018. At least one 

manufacturer has developed a system to counter the pads being forced away. 

A modern development, particularly on inverted ("upside down", or "USD") forks is 

the radially mounted calliper. Although these are fashionable, there is no evidence that they 

improve braking performance, nor do they add to the stiffness of the fork. (Lacking the option 

of a fork brace, USD forks may be best stiffened by an oversize front axle). 

 

Heavy vehicles 

Disc brakes are increasingly used on very large and heavy road vehicles, where 

previously large drum brakes were nearly universal. One reason is that the disc's lack of self-

assist makes brake force much more predictable, so peak brake force can be raised without 

more risk of braking-induced steering or jack-knife on articulated vehicles. Another is disc 

brakes fade less when hot, and in a heavy vehicle air and rolling drag and engine braking are 

small parts of total braking force, so brakes are used harder than on lighter vehicles, and 

drum brake fade can occur in a single stop. For these reasons, a heavy truck with disc brakes 

can stop in about 120% the distance of a passenger car, but with drums stopping takes about 

150% the distance.[34] In Europe, stopping distance regulations essentially require disc brakes 

for heavy vehicles. In the U.S., drums are allowed and are typically preferred for their lower 

purchase price, despite higher total lifetime cost and more frequent service intervals. 

 

Rail and aircraft 

Still-larger discs are used for railroad cars, trams and some airplanes. Passenger rail 

cars and light rail vehicles often use disc brakes outboard of the wheels, which helps ensure 

a free flow of cooling air. Some modern passenger rail cars, such as the Amfleet II Cars, use 

inboard disc brakes. This reduces wear from debris, and provides protection from rain and 

snow, which would make the discs slippery and unreliable. However, there is still plenty of 

cooling for reliable operation. Some airplanes have the brake mounted with very little 

cooling, and the brake gets quite hot in a stop. This is acceptable as there is enough time for 

cooling, where the maximum braking energy is very predictable. Should the braking energy 

exceed the maximum, for example during an emergency occurring during take-off, aircraft 

wheels can be fitted with a fusible plug to prevent the tyre bursting. This is a milestone test 

in aircraft development. 

https://en.wikipedia.org/wiki/Disc_brake#cite_note-ganaway-34
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Figure 9: A Railroad Bogie and Disc Brakes 

 

Racing applications  

In racing and very-high-performance road cars, other disc materials have been 

employed. Reinforced Carbon discs and pads inspired by aircraft braking systems such as 

those used on Concorde were introduced in Formula One by Brabham in conjunction 

with Dunlop in 1976. Carbon–carbon braking is now used in most top-level motorsport 

worldwide, reducing un-sprung weight giving better frictional performance and improved 

structural properties at high temperatures, compared to cast iron. Carbon brakes have 

occasionally been applied to road cars, by the French Venturi sports car manufacturer in the 

mid-1990s for example but need to reach a very high operation temperature before 

becoming truly effective and so are not well suited to road use. The extreme heat generated 

in  these systems is visible during night racing, especially at shorter tracks. It is not uncommon 

to see the brake discs glowing red during use. 
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Figure10: Reinforced carbon brake disc on a Ferrari F430 Challenge race car 

 

 

1.3 Disc Main Damage Modes 

Discs are usually damaged in one of four ways: scarring, cracking, warping or excessive 

rusting. Service shops will sometimes respond to any disc problem by changing out the discs 

entirely, This is done mainly where the cost of a new disc may actually be lower than the 

cost of labour to resurface the old disc. Mechanically this is unnecessary unless the discs 

have reached manufacturer's minimum recommended thickness, which would make it 

unsafe to use them, or vane rusting is severe (ventilated discs only). Most leading vehicle 

manufacturers recommend brake disc skimming (US: turning) as a solution for lateral run-

out, vibration issues and brake noises. The machining process is performed in a brake lathe, 

which removes a very thin layer off the disc surface to clean off minor damage and restore 

uniform thickness. Machining the disc as necessary will maximise the mileage out of the 

current discs on the vehicle. 

Squeal:  

Sometimes a loud noise or high-pitched squeal occurs when the brakes are applied. 

Most brake squeal is produced by vibration (resonance instability) of the brake components, 

especially the pads and discs (known as force-coupled excitation). This type of squeal should 

not negatively affect brake stopping performance. Techniques include adding chamfer pads 

to the contact points between calliper pistons and the pads, the bonding insulators 
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(damping material) to pad backplate, the brake shims between the brake pad and pistons, 

etc. All should be coated with an extremely high temperature, high solids lubricant to help 

reduce squeal. This allows the metal to metal parts to move independently of each other 

and thereby eliminate the build-up of energy that can create a frequency that is heard as 

brake squeal, groan, or growl. It is inherent that some pads are going to squeal more given 

the type of pad and its usage case. Pads typically rated to withstand very high temperatures 

for extended periods tend to produce high amounts of friction leading to more noise during 

brake application. 

Cold weather combined with high early-morning humidity (dew) often worsens brake 

squeal, although the squeal generally stops when the lining reaches regular operating 

temperatures. This more strongly affects pads meant to be used at higher temperatures. 

Dust on the brakes may also cause squeal and commercial brake cleaning products are 

designed to remove dirt and other contaminants. Pads without a proper amount of transfer 

material could also squeal, this can be remedied by bedding or re-bedding the brake pads 

to brake discs. 

Some lining wear indicators, located either as a semi-metallic layer within the brake 

pad material or with an external "sensor", are also designed to squeal when the lining is due 

for replacement. The typical external sensor is fundamentally different from the noises 

described above (when the brakes are applied) because the wear sensor noise typically 

occurs when the brakes are not used. The wear sensor may only create squeal under braking 

when it first begins to indicate wear but is still a fundamentally different sound and pitch. 

 

Judder or shimmy: 

Brake judder is usually perceived by the driver as minor to severe vibrations 

transferred through the chassis during braking 

The judder phenomenon can be classified into two distinct 

subgroups: hot (or thermal), or cold judder. 

Hot judder is usually produced as a result of longer, more moderate braking from high 

speed where the vehicle does not come to a complete stop. It commonly occurs when a 

motorist decelerates from speeds of around 120 km/h (74.6 mph) to about 60 km/h 

(37.3 mph), which results in severe vibrations being transmitted to the driver. These 

vibrations are the result of uneven thermal distributions, or hot spots. Hot spots are 

classified as concentrated thermal regions that alternate between both sides of a disc that 

distort it in such a way that produces a sinusoidal waviness around its edges. Once the brake 

pads (friction material/brake lining) come in contact with the sinusoidal surface during 

braking, severe vibrations are induced, and can produce hazardous conditions for the 

person driving the vehicle. 
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— 

Cold judder, on the other hand, is the result of uneven disc wear patterns or disc 

thickness variation (DTV). These variations in the disc surface are usually the result of 

extensive vehicle road usage. DTV is usually attributed to the following causes: waviness and 

roughness of disc surface, misalignment of axis (runout), elastic deflection, wear and friction 

material transfers. Either type could potentially fixed by ensuring a clean mounting surface 

on either side of the brake disc between the wheel hub and brake disc hub before usage 

and paying attention to imprinting after extended usage by leaving the brake pedal heavily 

depressed at the end of heavy usage. Sometimes a bed in procedure can clean and minimize 

DTV and lay a new even transfer layer between the pad and brake disc. However, it will not 

eliminate hot spots or excessive run out. 

 

DUST: 

 When braking force is applied, the act of abrasive friction between the brake pad and 

the disc wears both the disc and pad away. The brake dust that is seen deposited on wheels, 

callipers and other braking system components consists mostly of disc material. Brake dust 

can damage the finish of most wheels if not washed off. Generally, a brake pad that 

aggressively abrades more disc material away, such as metallic pads, will create more brake 

dust. Some higher performing pads for track use or towing use may wear away much quicker 

than a typical pad causing additional dust from heightened brake disc wear and brake pad 

wear. 

The most Important damage we need to consider is the thermal cracking of the disc 

brakes. 

Disc brakes are exposed to large thermal stresses during routine braking and 

extraordinary thermal stresses during hard braking. High-g decelerations typical of passenger 

vehicles are known to generate temperatures as high as 900○C in a fraction of a second. These 

large temperature excursions have two possible outcomes„ thermal shock that generates 

surface cracks and/or large amounts of plastic deformation in the brake rotor. In the 

absence of thermal shock, a relatively small number of high-g braking cycles are found to 

generate macroscopic cracks running through the rotor thickness and along the radius of the 

disc brake. 

 

 

 

 

 



 

 

_________________________________________________________________________ 

 

___________________________________________________________________________ 

22 

 

1.4 Review on Thermal Cracking in DISC Brakes 

Thermal cracking is commonly observed in disc brake rotors following high-g braking 

events. The cracks fall into two broad categories„ a series of heat cracks that partially 

penetrate the surface of the discs and thru-cracks that completely pass through the disc wall. 

Though it is well known that thermal cracks do arise from hard braking, there is no formal 

treatment of the problem of thru cracks.  

Disc brakes are fabricated from grey cast iron with the typical geometry shown in 

Fig.11. Grey cast iron is chosen for its relatively high thermal conductivity, high thermal 

diffusivity and low cost. The brake rotor consists of a hat, or hub, which is connected to the 

wheel and axle, and an inboard and outboard braking surface. The outboard braking surface  

is attached directly to the hat, while the inboard braking surface is attached to the outboard 

unit by a series of cooling vanes. A small groove is machined around the periphery of the 

hat-rotor attachment site to relieve the stress concentration associated with the change in 

section. It is important to note that the inboard disc is not directly attached to the hat, its 

only attachment to the hat is through the cooling vanes. The inboard and outboard rotors 

are squeezed by the brake pads during braking. The subsequent frictional work arrests the 

rotation of the wheel and generates a substantial amount of heat. Braking events last on 

the order of seconds, generating frictional heating in the rotors while leaving the hat very 

near room temperature. Thermal cracking is not common in passenger vehicles, but it is 

relatively common in trucks and emergency vehicles, the very sorts of vehicles that are 

exposed to extreme conditions. It is important to note that those conditions are not 

considered abusive, rather they simply expose the limitations of braking technology. Though 

the present article was motivated by failure of disc brakes on a truck, the following sections 

present a general treatment of the problem that is applicable to any vehicle. 

Figure 11: Picture of a failed front brake rotor from a Ford F-250 Pickup truck. Cracks are 
seen to run radially from the hat to the exterior of the disc 
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Braking must, necessarily, remove the kinetic energy of a moving vehicle in a timely 

and repeatable fashion. In order to estimate the temperatures that arise during braking, it 

is necessary to calculate the forces acting on the brake rotors. 

 

Braking causes rapid heating of rotor surface that can lead to thermal shock in the skin 

of the brake. That problem can be treated using the method of stress suppression to calculate 

the stresses in the skin of the disc. In addition to that problem, braking leads to rapid heating 

of the rotor with little or no change in the temperature of the hat. As such, the hat constrains 

the outboard braking surface. 

 

Thermal cracking in disc brake rotors is a low cycle thermo-mechanical fatigue 

problem. The frictional work of braking rapidly heats the rotors while having no effect on 

the hat region. This difference in temperatures sets up compressive thermal stresses in the 

rotor during braking that reverse sign upon cooling. 

 

It is known that high frequency braking cycles lead a raising of the disc temperature. 

After a period of temperature growth, the disc will reach its balance between the heat 

generated by braking action and the dissipated heat. 

 

At the balance a steady state temperature is reached. If the steady state temperature 

is too high, several problems happen among which a decay of friction coefficient and a not 

constant behavior between following braking actions. 

 

Depending on type of commercial brake disc - if it is designed for motorbike 

application,  thus made in martensitic stainless steel, or in grey cast iron for automobiles – 

thermal degradation of mechanical properties of material usually induces premature failure 

due to so called thermal cracking, e.g. crack formation under fatigue-in-temperature 

condition. Added to friction load that interests actually the top-layers of disc material onto 

which pads directly act, sections in brake discs are subjected to heating–cooling cycles at 

each rotation. This phenomenon produces thermal differential strains of contiguous 

material portions; as a result, at each rotation, portions of material nearby the geometric 

discontinuities (such as holes, tip radii, etc.) are much more susceptible to thermal-fatigue 

phenomena. 

 

From metallurgical point of view, it is furthermore known that premature failure at 

high temperature, (better telling, at steady-state temperature reached by braking disc) 

occurs for brake disc due to microstructure alteration that provokes material decaying. 

 



 

 

_________________________________________________________________________ 

 

___________________________________________________________________________ 

24 

 

If, on one hand, the macro-mechanisms responsible for the reduction of mechanical 

resistance at high temperature strongly depends on type of material and its own 

microstructure (for example, martensitic steel of motorbike brake discs can suffer of over- 

tempering phenomena, that provoke softening of material with YS, UTS and fatigue limit 

accordingly). 

 

As one main failure mechanism to control in brake disc is the thermal- induced 

cracking phenomena, the most effective strategy for preventing premature failure is to 

target such an alloy design suitable for inhibiting those micro-mechanisms actives at high 

temperature responsible of  YS, UTS and low-cycle fatigue limit reduction. 

 

In this report we have targeted to design an alloy suitable for replacement of grey 

cast iron disc brakes which can resist the high temperature fatigue cycles, which have higher 

UTS, YS and low cycle fatigue limit reduction. 

 

The braking system is a most important factor of design and manufacturing of any 

vehicle. The function of the braking system is to retard or stop the motion of the vehicle. The 

braking system is directly related to the safety of the driver, passengers, and people on the 

road. Generally, two types of braking systems are used in automobile sectors such as disc 

brakes and drum brakes. The basic principle of the braking system is to convert the kinetic 

energy of the vehicle into thermal energy. To stop the vehicle, friction is created between 

two mechanical components, giving rise to heat generated between those two components 

and reduction in kinetic energy of vehicle i.e. decreases vehicle velocity. 

 

       

   Figure 12: Hydraulic Braking System 
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1.4.1. HEAT GENERATION IN DISC BRAKE 

When brake pads and rotor are physically in contact with each other friction is 

created between them and it results in the generation of heat. In normal braking, the 

amount of pressure generated in caliper piston is very less, therefore the amount of heat 

generated is less. So, the performance of the disc brake is not severely hampered nor is there 

any significant reduction in disc’s life. But when the sudden or hard braking force is applied, 

friction between pad and disc increases in order to stop the vehicle. This generates a large 

amount of heat between disc and pad. When the amount of generation of heat increases, it 

affects the performance of the braking system. So, dissipation of generated heat is important 

for the proper working of the braking system. 

Heat is dissipated from the surface in three modes of heat transfer such as convection, 

conduction, and radiation. Conduction is heat transfer mode in which heat is transferred 

through a solid. In the case of the disc brake, conduction takes place from disc to the hub 

and also through pads. Hub can be an extended portion of the disc or an entirely separate 

component, with comparatively smaller diameter but larger thickness while pads are packed 

with a composite material having a high coefficient of friction and are actually responsible 

for stopping the vehicle. Conductive heat transfers totally depending on the thermal 

conductivity of a material and area normal to heat flow in case of 1D analysis. As thermal 

conductivity is different for different materials, heat transfer rate depends on the material 

of disc brake. 

In convection, heat is transferred between the solid surface and a fluid layer adjacent 

to the solid surface via conduction and then the heat flows through the fluid medium via 

convection. In the case of the disc brake, the air flowing over surface dissipates heat and 

Figure 13: Disk brake rotor, pad, and caliper assembly 
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reduces the temperature of the disc. When the vehicle is in motion greater turbulence is 

developed near the brake disc. Which increases heat transfer rate. The capacity of heat 

transfer depends on the coefficient of convection and area of the disc. The coefficient of 

convection is different for different fluids. 

 

 

 

Figure 14: Heat dissipation from a pad/disc 

 

1.4.2 HOT SPOTS GENERATION IN DISC BRAKES:  

 Development in vehicle chassis along with the engines have also led to the 

development of the braking system. To provide adequate braking force the disc and pad as 

a friction pair operate at temperatures up to 3000C, interface pressures up to 5 Mpa and 

rubbing speeds up to 22m/s. Under some conditions an automotive distorts thermally, 

which leads to the visual evidence of hot spotting, thus creating problems of rotor cracking 

and judder. Thermal analysis may reveal one notable cause of the presence of hotspots at 

regular intervals on the rotor. 
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Thermal imaging measurements reveal that heat generation is restricted narrow 

bands, representing the presence of a localized pressure distribution. Temperature 

developed near hotspots is too high about 5000 C. These rapid fluctuations in temperature, 

of about thermal gradient 3000 C to 6000 C lead to permanent phase change from pearlite 

to martensite. It could also lead to distortion and variation in disc thickness due to the 

volume of martensite being higher than pearlite. Near the hotspots due to high-

temperature circumferential stresses also known as hoop stresses are developed in bands 

type patterns. They can be accounted for crack generation and propagation in the rotor. 

Such failure occurs in commercial vehicles. As the shape of the original components changes 

and their thickness variations in the disc, the normal force can vary. Thus, deviations in 

normal force are caused by variation in disc thickness which leads to variation of braking 

force and also braking torque variation, together with developing thermal judders 

 

   

 Thermal imaging measurements reveal that heat generation is restricted narrow 

bands, representing the presence of a localized pressure distribution. Temperature 

developed near hotspots is too high about 5000 C. These rapid fluctuations in temperature, 

of about thermal gradient 3000 C to 6000 C lead to permanent phase change from pearlite 

to martensite. It could also lead to distortion and variation in disc thickness due to the 

Figure 15: Hotspot Generation in Disc Brakes 
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volume of martensite being higher than pearlite. Near the hotspots due to high-

temperature circumferential stresses also known as hoop stresses are developed in bands 

type patterns. They can be accounted for crack generation and propagation in the rotor. 

Such failure occurs in commercial vehicles. As the shape of the original components changes 

and their thickness variations in the disc, the normal force can vary. Thus, deviations in 

normal force are caused by variation in disc thickness which leads to variation of braking 

force and also braking torque variation, together with developing thermal judders. 

 

1.4.3. THERMAL JUDDER  

Thermal Judders have forced vibration generated on the brake disc. As the thickness 

of the rotor varies it leads to physical interference between the rotor and pads while passing 

over the brake lining which causes variation of the normal forces between the rotor and 

brake. The stack of vehicle and brake part deform to allow that interference to pass through 

the brake, and internal forces and moments vary accordingly. The frequency is consequently 

directly proportional to the wheel speed and therefore also to the forward velocity of the 

vehicle. It is thus usual to relate judder frequencies to wheel speed. The frequency of judder 

which is thermally excited has frequencies of typically 6 to 20 cycles per revolution. Low-

frequency vibrations are transmitted from the disc brake to the body as body shake and 

steering shake, and are audible, causing discomfort to both driver and passengers. As the low 

frequencies are involved, they are practically felt rather than being audible. At the vehicle 

design stage, it is important to approach a situation where the brake and the other adjacent 

components do not have a critical natural frequency or harmonic corresponding with the 

operational frequencies generated by disc thickness variation or unstable thermal 

deformation. Judders are also classified as Hot Judders and Cold Judder. Some of the common 

causes of judder are: 

 

• Uneven Wear: Off brake wear, sometimes called ‘cold erosion’, is coupled to disc 

thickness variation and can lead to ‘cold judder’. Brake discs can develop the variation 

in thickness as the brake pads in the off-brake mode lightly touch the rotors in some 

parts but not at all in few others of them thus resulting in non-uniform wear. The off-

brake wear may be caused by disc run-out and can be reduced by increasing the 

distance that the caliper piston is retarded after application of the brake that is the 

rollback. 

 

• Uneven Heating: Thermal deformation of a disc consists of the following: 

• Waving or warping of the disc. 

• Uneven thermal expansion 
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• Transformation of phase 

• Deposition of heated pre-material on disc 

With the increase in radius frictional heat and rubbing speed increases. This may lead to the 

formation of hotspots. 

• External Forces: Unbalanced and variation in tyre force may induce a  tumbling rigid 

body motion of the disc, because of elasticity of the wheel hub and bearing unit. Such 

dynamic deflections cause the same type of vibrations as geometrical irregularities. 

Thus, they may contribute to judder. The wheel hub–bearing design and stiffness 

contribute to the magnitude of the disc deviation. 

 

• Time Scales: Brake judder depends strongly on the braking history, on the short as 

well as on the long timescale. There are different three timescales involved in brake 

judder: 

• Revolution time of wheel 

• Brake application time or the time between two braking 

• Lifetime of brake components. 

 

• Uneven Friction Films: The third body layer, friction film is of few micrometers thick 

consisting of material produced by attrition. The ferrous particles produced by the 

wear of the cast-iron disc are transformed and oxidized by the atmospheric oxygen 

and deposited as a grey-black layer on the braking surface of the disc. This layer, 

together with the corresponding layers on the pads, determines the frictional behavior 

of the brake. When hot brakes are applied on a stationary vehicle, the pads can adhere 

to the rotor. At very high temperatures of almost above 500C, the melted friction 

material can be burnt into the disc. Disc brakes are exposed to large thermal stresses 

during routine braking and extraordinary thermal stresses during hard braking. 

 

• Friction Characteristics: The variation of friction with velocity results in braking- 

induced vibrations, including brake judder. To achieve a given brake torque, a pad 

material with a lower friction coefficient needs a higher brake pressure level. This 

induces more evenly distributed pressure and temperature fields on the contact 

surface. Similarly, a reduction of the friction coefficient level decreases the judder 

problems and at the same time reduces the crack probability. The relation between 

brake torque variation and brake pressure variation is affected by the absolute 

friction level. This is because brake torque variation is proportional to the 

coefficient of friction while brake pressure variation is independent of friction. 

 

• Disc: The thermal stability of the disc shape is influenced by the quality of the 
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material and the heat treatment before machining as well as the basic design of the 

disc rotor. Selection of high carbon disc materials and introducing thermal stress 

relief treatment during manufacturing can minimize the problems of thermal 

instability. Ventilated brake discs are widely used for weight reduction and 

additional convective heat transfer. However, they may increase judder problems 

by inducing an uneven temperature field around the disc. Because the material 

suffers from low thermal capacity, it can only be used for relatively light passenger 

cars, say below 1000kg. The introduction of aluminum composite discs or pure 

aluminum covered by a composite layer will probably increase judder problems, 

because of the high coefficient of thermal expansion and the low heat capacity. The 

high thermal conductivity has therefore relatively little influence on the hotspots. 

However, there are composite materials that might have the ability to reduce 

judder, like ceramic materials. Judder is avoided because of the low coefficient of 

thermal expansion and low wear. Also, the low elastic modulus should promote 

uniform contact and reduce thermal DTV and hot spots. The excellent resistance to 

thermal damage of the material makes it suitable for disc brakes of heavy vehicles, 

where normally used cast- iron disc cracking is a problem. However, it is not widely 

used in industries due to its high cost. 

 

• Structure of the Vehicle: The front suspension is designed to admit large vibrations 

in the vertical direction. However, there is a vibration in the fore–aft direction, 

which is related to brake judder, as well as a proportional angular vibration. Brake 

judder is strongly related to the suspension design and the fore–aft flexibility is a 

dominating parameter. Modern suspensions have become more and more flexible 

in the fore–aft direction because of the introduction of radial tyre’s. This is 

necessary in order to absorb the longitudinal vibrations from the stiff belt of the 

tyre’s. It is essential to measure the Eigen frequency and damping in the brake-on 

mode. The instantaneous center of motion of the structure changes with the brake 

pressure level. 

 

1.4.4. THERMAL CRACKING 

Disc brakes are exposed to large thermal stresses during normal braking and very high 

thermal stresses during sudden and hard braking. Typical passenger vehicles generate 

almost as high as 900 °C temperature in a fraction of a second. The possible outcomes of 

high-temperature excursions are: Surface cracks developed due to thermal stresses; and/or 

large amounts of plastic deformation in the brake rotor. In the absence of thermal shock, a 

relatively small number of high- braking cycles are found to generate macroscopic cracks 

running through the rotor thickness and along the radius of the disc brake. 
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Figure 16: Thermal Cracking in Disc Brakes 

When the vehicle is in the motion it possesses the kinetic energy to stop the vehicle. 

This kinetic energy should be converted into another form. Disc brakes are used to stop the 

vehicles or to reduce the speed of the vehicle. 

In this process, when brakes are applied, brake pads come in contact with the disc so 

that friction is created, and heat is generated. 

To get proper braking efficiency and avoid failure of disc proper dissipation of heat is 

required. Heat can be dissipated in the form of conduction, convection or radiation. If the 

heat generated in the system is not dissipated in adequate amounts it results in the 

formation of hot spots and thermal judder which ultimately results in the formation of 

cracks. 

To reduce this failure, the proper material should be selected for manufacturing of 

disc. Proper ventilation, if provided in the disc, can increase the airflow and improves the 

convection rate. Thus, heat dissipation gets faster. 
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CHAPTER 2 - ALUMINIUM SILICON ALLOYS FOR BRAKE 

DISC LIGHTWEIGHT APPLICATIONS 
 

 

2.1 Aluminium-Silicon Alloys  

 

Aluminium alloys are alloys in which aluminium (Al) is the predominant metal. The 

typical alloying elements are copper, magnesium, manganese, silicon, tin and zinc. There 

are two principal classifications, namely casting alloys and wrought alloys, both of which are 

further subdivided into the categories heat treatable and non-heat treatable. About 85% of 

aluminium is used for wrought products, for example rolled plate, foils and extrusions. Cast 

aluminium alloys yield cost-effective products due to the low melting point, although they 

generally have lower tensile strengths than wrought alloys. The most important cast 

aluminium alloy system is Al-Si, where the high levels of silicon (4.0–13%) contribute to give 

good casting characteristics. Aluminium alloys are widely used in engineering structures and 

components where light weight or corrosion resistance is required.  

 

Alloys composed mostly of aluminium have been very important in aerospace 

manufacturing since the introduction of metal-skinned aircraft. Aluminium-magnesium 

alloys are both lighter than other aluminium alloys and much less flammable than alloys 

that contain a very high percentage of magnesium. 

 

Aluminium alloy surfaces will develop a white, protective layer of aluminium oxide if 

left unprotected by anodizing and/or correct painting procedures. In a wet 

environment, galvanic corrosion can occur when an aluminium alloy is placed in electrical 

contact with other metals with more positive corrosion potentials than aluminium, and an 

electrolyte is present that allows ion exchange. Referred to as dissimilar-metal corrosion, 

this process can occur as exfoliation or as intergranular corrosion. Aluminium alloys can be 

improperly heat treated. This causes internal element separation, and the metal then 

corrodes from the inside out. 
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Figure 17: Welded aluminium alloy bicycle frame, made in the 1990s 

 

  

 

  

 

   

 

Figure 18: Aluminium alloy bicycle wheel. 1960s 
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Demands for reduced greenhouse gas emissions and for producing more fuel-efficient 

vehicles have increased the use of light-weight materials in the automotive and aero- space 

industries. Weight reduction in the automotive industry is also important because of the 

increased weight of safety systems, luxury and comfort items that are required by the 

customers. Al–Si alloys are the most widely used aluminium alloys in the foundry industry 

because of their good fluidity, excellent castability, high strength-to-weight ratio, good 

corrosion resistance and good wear properties. However, the use of cast Al–Si alloys at 

temperatures exceeding 200 °C is challenging because of the significant reduction in the 

mechanical properties at elevated temperature. Therefore, researchers have focused 

significant efforts into improving the mechanical properties of Al–Si alloys at elevated 

temperatures through tailoring microstructure and alloy composition, and addition of 

transition elements has been shown to promote thermally stable phases. Both Co and Ni have 

high melting points and are well known as superalloys for high-temperature applications. 

Limited studies have been carried out on the combined effects of Co and Ni in Al–Si alloys, 

and also with Sr and P refiners. 

 

Most of the AI-Si cast alloys to date are intended for applications at temperatures of 

no higher than about 230°C. Above this temperature, non-heat treated Al-Si alloy 

microstructure decays because the only active strengthening mechanism is based on the 

refinement of interdendritic cells, due to eutectic phase distribution. As temperature rises, 

microstructure modifications, such as cell growing/coarsening, make such alloys inadequate 

for high temperature applications. 

This is what we observe in terms of final effects that are induced in the Al/Si cast 

microstructure when strengthening phenomena are investigated at micro-scale. 

When the strengthening mechanism is investigated at nanoscale (i.e. the atomic 

scale), we can ultimately consider the origin of the strengthening action. In general, a large 

mismatch in lattice coherency between Al matrix (i.e. alpha solid solution of Si in Al) and 

secondary phases (such as Al-Si eutectic compound) contributes to an undesirable 

microstructure that cannot maintain excellent mechanical properties at elevated 

temperatures. 

It is known non-coherent particle having poor crystal structural relationship with the 

aluminium atoms, namely the non-coherent phase (see Fig.1B), results in poor impediment  

of dislocation movements, namely latter responsible for those micro-mechanisms that are 

active in plastic yielding of metallic material. Precipitates that are coherently dispersed in Al 

matrix (see Fig.19A) represent an impediment to dislocation movements, therefore to 

irreversible deformation of Al matrix. 
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To enhance/keep high strength at high temperature of Al-Si casting alloys, one costly 

approach investigated in depth in late ‘90s and beginning of 2000s was to incorporate 

particulate ceramic-based reinforcements to increase the high temperature strength of AI-

Si alloys, such as SiC or Al2O3. Aluminium Metal Matrix Composites (MMC), which is the so-

called technology, was originally experimented also in a MMC Al-Si brake disc produced by 

conventional casting technology. 

If from one point of view it was proven the increase of YS and UTS (together with 

Young Modulus, depending on the reinforcement vs aluminium matrix ratio) in aluminium-

based MMCs compared to conventional Al-Si casting alloys, on the other hand the 

enhancement of mechanical properties is not time-temperature durable. This fact is 

explained because of the (main) microscopic mechanism that governs the increase in 

resistance of an  aluminium MMC; it basis mainly on local increase of dislocation population 

at ceramic particle- aluminium matrix interface caused by large differential thermal 

shrinkage between ceramic based material and metallic based matrix. If the increase of 

dislocation density in metal matrix is generally beneficial for dislocation interlocking (this 

micro-mechanism is responsible for YS and UTS increase), the same phenomenon is 

ineffective with prolonged material exposure at temperatures above the recovering 

phenomenon (i.e. annihilation of interlocking dislocation due to atomic diffusion at high 

temperature). Furthermore, a complex technology necessary for homogenize ceramic 

particles inside metallic matrix is also just today an issue. 

For this reason, the most powerful, cheap and practicable method for increasing and 

maintain resistance at high temperature for Al-Si cast alloys is based on one typical strategy 

employed in metals for enhancing resistance to creep, namely introducing presence of 

coherent dispersed precipitates that are stable at high temperature (i.e. not changing in 

crystallographic structure and not growing in dimension), specifically the regime almost 

stationary temperature achieved in the thermo-mechanical system represented by braking 

disc. 

The dispersed coherent particles are thus formed and therefore create impediment 

to dislocation movements due to capability of maintaining at high temperature their 

dimension and coherent or semi-coherent at least crystal lattice with Face Centered Cubic 

structure, the aluminium lattice. Furthermore, the dendritic cells size refinement itself, 

coupled together the formation of those secondary-phase particles inside matrix, is 

beneficial for increasing resistance at high temperature. 
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The only active mechanism in Al-Si systems for prolonged loading below the 

recovery temperature (about 140-170 °C, depending on chemical composition of the 

aluminum alloy) is  dendritic  cell  refining,   As   the   temperature   rises   above   recovery   

temperature,   the refinement by itself is ineffective to stop the decay in YS and thus the 

reduction of low- cycle thermal fatigue limit. 

The strategy should target both refinement and secondary particles dispersion in Al 

matrix inside dendritic cells, thanks to introduction of alloying elements capable to promote 

both the phenomena. 

In the following are highlighted major alloying elements employed in cast Al-Si 

systems for the purpose. 

1. Refiners: Sr, Strontium and P, Phosphorous: 

   Sr is generally used to modify the Al-Si eutectic phase (namely 

enhancing the percentage elongation and toughness properties of cast alloys) and 

phosphorus P is used to modify the silicon primary particle size when the silicon 

concentration is greater than about 14 wt%. Both strontium and phosphorous are 

used for grain refinement in all AI-Si alloys. Effective modification is achieved at a very 

low additional level, but the range of recovered strontium and phosphorus of 0.00 1 

to 0.1 wt.% is commonly used. 

 

 

Figure 19:  Schematic representation of coherent (A) and fully non-coherent precipitate (B) 
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2. Strengtheners for high temperature behavior of Al/Si:  

Ni and Co have been recently investigating for overcoming recovery problem 

in Al alloys (~160°C), inhibiting recrystallization and growing till 250°C. Small amounts 

of combination of those elements have been added in hypereutectic systems with Si 

> 14% to form stable compounds of the type Al3X capable to maintain high degrees 

of coherency with Al lattice at high temperatures, from one hand, and to promote 

secondary interdendritic stable compounds capable to pin cell boundaries, on the 

other hand. Two key metallurgical phenomena that are fundamental in increasing 

high temperature behavior of Al-Si systems 

 

2.2 REVIEW ON EFFECT OF Co AND Ni ADDITION ON THE MICROSTRUCTURE AND 

MECHANICAL PROPERTIES AT ROOM AND ELEVATED TEMPERATURE OF AN Al–7%Si ALLOY: 

(AUTHOR: Toni Bogdanoff 2017) 

In the article published by the author TONI BOGDANOFF, 2017 have discussed 

regarding the microstructural changes and increase in the mechanical properties of Al-7Si 

alloy with the addition of Co and Ni. 

For the experiment four hypoeutectic alloys were made in an electrical resistance 

furnace by melting together pure Al, pure Si, and master alloys (Al–20%Co and Al–20%Ni). 

The melt was held at a temperature of 730 °C for 1 h for homogenization. Next, about 250 

ppm Ti was added as Al–5Ti–1B master alloy, 50–70 ppm P as Al–3P and about 300 ppm Sr 

as Al–10%Sr master alloy. All additions were wrapped in aluminium foil and pre-heated to 

200°C before addition to the melt at 730°C. The chemical composition of each alloy was 

measured in an optical emission spectrometer (see Table 1). The melt was held for 30 min, 

stirred and poured into a pre-heated (200 °C) copper mould to obtain cylindrical rods (length 

20 cm, diameter 1 cm). The rods were inserted into steel tubes coated with graphite which 

were inserted into the Bridgman furnace in argon atmosphere. The temperature was set to 

730 °C, and the samples were held  for 30 min. Directional  solidification was  carried out at 

a speed of 3 mm/s, generating a microstructure corresponding to that obtained in high-

pressure die casting, i.e. secondary dendrite arm spacing (SDAS) 
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Table 1: Chemical Composition (wt%) of all Alloys 

 

 Tensile test specimens with a gauge length of 50 mm and a diameter of 6 mm were 

machined from the directionally solidified samples. The samples were tested in the as-cast 

condition and after treatment at 240 °C for 1000 h. Testing was carried out at room 

temperature and at 230 ± 2 °C with a constant cross-head speed of 0.5  mm/min, and three 

samples were tested for each condition. Strain was measured by a clip-on extensometer at 

room temperature and a laser extensometer at 230 °C. The samples tested at 230 °C were 

heated in an electrical resistance furnace and held for 30 min prior to testing. 

Microstructural investigations were carried out on representative regions within the gauge 

length of the as-cast specimens in an optical microscope. The SDAS was measured at ten 

locations in the longitude direction and ten locations from the transverse direction in all 

alloys. The grain size was measured by the intercept method according to ASTM E112-96 on 

an area of mini- mum 1.5 mm2 of inverse pole figure (IPF) maps from electron backscatter 

diffraction (EBSD) analysis in the scanning electron microscope. The EBSD measurements 

were done at an acceleration voltage of 15kV and a step size of 1m. Hardness measurements 

were performed with a micro-Vickers (6 for each sample) and macro-Vickers (6 for each 

sample) following the ISO 6508 standard. More- over, in order to understand the influence 

of Co and Ni on the hardness, nanoindentation tests (36 for each sample) were performed 

in a Micromaterials Nano test Vantage instrument with a load of 200 mN. 

 

2.3 Microstructural Analysis: 

Figure illustrates the microstructures of the directionally solidified Al–7Si alloy that 

shows a typical plate-like, unmodified Si morphology (see Figure 18a). The addition of 0.4 

wt% Co did not produce any significant changes in the microstructure (see Figure 1b), and 

the SDAS values are similar (see Table 2), but some Co-rich intermetallics could be observed. 

Observations reported a reduction of eutectic silicon inter flake spacing with addition of 2 

wt% Co, but there is no clear effect in the present samples, perhaps caused by the lower 

addition level and higher growth rate in the study. 

Alloys Si Co Ni Sr Fe Al 

Al–7Si (Base) 6.81 – – – .079 Bal. 

Al–7Si–Co 6.63 0.48 – – .082 Bal. 

Al–7Si–Co–Ni 6.05 0.82 0.80 – .083 Bal. 

Al–7Si–Co–
Ni–Sr 

6.61 0.47 0.55 .029 .089 Bal. 
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Figure 20: (a) Microstructure of the Al–7Si alloy, (b) microstructure of the Al–7Si–Co 

alloy 

   

 

   

 

 

 

 

Table 2. SDAS Results for all Alloys 

 

The combined addition of Co and Ni to the Al–7Si alloy caused a significant 

modification of the Al–Si eutectic microstructure (see Figure 21a) and a small reduction in 

SDAS compared to Figure 20. The main reason for the modification effect of Si needs further 

Alloys Al7-
Si 

Al7-
Si-
CO 

Al-
7Si-
Co-Ni    

Al-7Si-
Co-Ni-
Sr 

SDAS (1m) 1.3±
1.8 

0.4± 

0.5 

0.5± 

0.7 

0.5± 

0.9 
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investigation. Co- and Ni-rich phases are observed in the vicinity of the a- dendrites. Results 

reported that the addition of Ni creates a stronger interconnected 3D network of Al–Si 

eutectic and Al3Ni phases. However, it is difficult to make a direct observation of such an 

effect based on these micrographs. The microstructure of the Al–7Si–Co–Ni–Sr alloy exhibits 

a fully modified structure (see Figure 20b). 

 

  
 

  Figure 21: (a) Microstructure of Al–7Si–Co–Ni alloy, (b) microstructure of Al–

7Si–Co–Ni–Sr alloy. 

  

 Moreover, the Sr addition also caused a significant change in the size and morphology 
of the Co- and Ni-rich phases, reducing the size to about one-third (compare Figure 19a and 
b). 

Figure 20 shows EBSD mapping results for all alloys. It is apparent that the addition of 

the different elements causes a change in the grain size of the alloy. Table 3 shows the results 

of the grain size measurements. The addition of Co causes a small increase in grain size in 

the Al–7Si alloy. Further addition of Ni increases the grain size much more, and the grain size 

remains the same upon addition of Sr. The addition of Co and Ni increases the solute content 

at the solidification front, thereby increasing the constitutional undercooling, which would 

be expected to cause a reduction in grain size. However, the grain size is observed to increase 
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on addition of these elements and this effect is likely caused by the formation of Co-rich 

intermetallics prior to the nucleation of a-Al dendrites, as shown by Thermo calculations (see 

Figure 21). These inter- metallics may have nucleated on some of the TiB2 particles, thus 

rendering them inactive for nucleation of a-Al. However, this result is contradictory to the 

grain refinement occurred on addition of Co and Ni to an Al–Zn–Mg–Cu alloy. 

 

 

 

Figure 22: EBSD mapping results showing the microstructure of (a) Al–7Si, (b) Al–7Si–

Co, (c) Al–7Si– Co–Ni, (d) Al–7Si–Co–Ni–Sr. 
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Table3:  Results from the Grain Size Measurements 

 

2.4. Mechanical Properties: Room Temperature: 

Figure 21 shows the mechanical properties at room temperature for all alloys in the 

as- cast and overaged condition. The figure shows that the mechanical properties of the 

overaged alloys are as expected, with lower ultimate tensile strength (UTS) and higher 

elongation to failure compared to the as-cast material. The addition of Co causes a limited 

improvement in UTS compared to the base alloy in both conditions (see Figure 22a). 

However, the combined addition of Co and Ni causes an 8% increase in UTS. This 

improvement could be a result of dispersion strengthening or due to higher degree of 

contiguity in the 3D network of Co- and Ni-rich phases and eutectic Al–Si. The elongation to 

failure decreased on addition of Co and Ni (see Figure 22b), from 17% in the base alloy to 

around 12%. Addition of Co and Ni causes a slight increase in yield strength (YS) compared to 

the base alloy (see Figure 22c). The results from tensile testing at room temperature for the 

Al–7Si–Co–Ni alloys show that the improvement in UTS remains after long-time exposure at 

elevated temperature, in accordance with results reported in the literature. 

 

 

 

 

 

 

 

 

 

 

 

 

Alloys Al– 

7Si 

Al–7Si–

Co 

Al–7Si–

Co–Ni 

Al–7Si–Co– 

Ni–Sr 

Grain 

size (1m) 

106 161 173 277 

Figure 23: Thermo Calc result of the Al–7Si–Co alloy 
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Sr addition had a negligible effect on the UTS and elongation to failure, although the 

microstructure had become well modified. The addition of Sr expects to increase the ductility 

in the Al–Si alloy, accordance with results reported in the literature, which is not observed in 

the study. 

 

2.5. Mechanical Properties: Elevated Temperature:  

The results from tensile testing at 230 °C are shown in Figure 24. The UTS increases 

significantly with combined addition of Co and Ni in both the as-cast and the overaged alloys 

(see Figure 24a), while the elongation to failure decreases (see Figure 24b). The YS results 

(see Figure 24c) show a significant increase with the combined addition of Co and Ni in the 

as-cast condition. The combined addition of Co and Ni increases the UTS about 32% 

compared to the base alloy in the as-cast condition, and it remains 23% higher after 1000 h 

to 240°C (see Figure 25a). Author reported that an Al–1.1Si–Mg alloy with combined 

addition of Co and Ni shows a great potential for elevated temperature applications as 

the UTS at 450 °C only decreased by 20% compared to room temperature 
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Figure 24: (a) UTS at room temperature, (b) elongation to failure at room temperature, 

(c) YS at room temperature of all alloys under various conditions. The error bars are showing 

standard deviation. 
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Figure25:  (a) UTS at 230 ºC, (b) elongation to failure at 230 ºC, (c) YS at 230 ºC for all 

alloys under various conditions. The error bars are showing standard deviation. 
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2.6. Mechanical Properties: Hardness: 

The hardness data are shown in Figure 26. It can be observed that the micro-Vickers 

hardness and the nano hardness follow the same trend (see Figure 26a). The addition of Co 

increases the hardness of the alloy, which further increases with the combined addition of 

Co and Ni. However, a decrease in hardness is associated with the addition of Sr. Since neither 

Co nor Ni has significant solid solubility in Al, the increase in hardness must be related to the 

formation of Co- and Ni-rich intermetallics. It is possible that an increase in contiguity in the 

3D-network is responsible for the increase in hardness. The reduction in hardness observed 

with addition of Sr could be caused by the effect of Sr on the volume fraction of a-Al in the 

microstructure. Sr addition causes a shift of the eutectic point to higher Si concentrations and 

lower temperature and therefore increases the amount of a-Al. 
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Figure 26: (a) Hardness results from the micro-Vickers and nanoindentation, (b) the 

hardness response of the alloys aged at 240 ºC. The error bars are showing standard 

deviation 

Figure 26b shows the variation in hardness as a function of time in the base alloy and 

the alloy containing combined Co and Ni addition exposed at 240 °C. The results show a rapid 

decrease in hardness during the first 10 h for both alloys. The alloy with combined Co and Ni 

addition has a hardness value about 12% higher than the base alloy. This could be because 

of the formation of thermally stable Co and Ni intermetallics in the Al–7Si–Co–Ni alloy. 
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2.7. Modification of eutectic Al–Si alloys by Sr and CuSn5: (AUTHOR: MURAT ÇOLAK 2019). 

 

In the article published by the author MURAT COLAK, 2019 have discussed regarding 

the modification of eutectic Al-Si alloys by Sr and CuSn5 master alloys. 

 Eutectic modification is carried out to improve the toughness of Al–Si alloys by 

altering the silicon phase to eliminate its brittle effect in order to increase the fracture 

at elongation. There are several methods to modify Si in cast microstructure. One of 

them is the addition of alkali metals such as Na, Sb, Sr. The modification can also be 

carried out by rapid solidification, vibration during solidification, high-pressure casting, 

and heat treatment operations. Eutectic silicon can be transformed from coarse 

lamellar structure to finer fibrous morphology. 

 In industrial applications, ppm additions of Na and Sr have a strong effect over the 

modification. Na quite effective at the beginning however oxidation and evaporation of 

Na lead to decreasing in the efficiency. It has been reported that Na leads to higher 

elongation at fracture values compare to Sr modification. On the other hand, Sr is 

known to alter α-Al dendrites due to eutectic temperature depression which improves 

feed ability and increased cooling rate. 

There are fundamental differences in the solidification of modified and unmodified 

alloys. These are basically related to the nucleation and growth of silicon. In the 

unmodified alloy, during slow cooling, Si can grow in the form of needle-like plates. 

Modification hinders the growth of Si which results in fibrous morphology. According 

to the phase diagram, in hyper-eutectic alloys, α-Al is solidified first and then in 

between the dendrite arms, the remaining liquid is transformed into the eutectic 

structure of Al and Si. In modified alloys, silicon does not grow in front of the dendrites. 

Therefore, it has been reported that in the unmodified alloy, Si grows outwards while 

in the modified alloy it grows inwards. The transformation of needle-like plates to short 

fibrous structure results in the improvement of mechanical properties particularly 

increased elongation at fracture is observed. For example, T6 heat treated A356 has the 

yield strength of 179 MPa, ultimate tensile strength of 226 MPa and 4.8% elongation at 

fracture. On the other hand, Sr modified A356 has 207 MPa, 297 MPa, and 8% yield, 

ultimate tensile and elongation at fracture respectively. 

 In this work, CuSn5, Al10Sr, and CuSn5 + Al10Sr modified eutectic Al–Si properties 

were investigated. The efficiency of modification was evaluated by metallographic 

analysis. Mechanical tests were carried out to characterize the wear properties. 
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Figure 27: (a)Geometry of the die mould. (b)the image of the die mould. (c)  

image of the sand mould pattern used in the studies. 

  

In this case study, the modification of microstructure of Al12Si eutectic alloy with 

different alloying elements was investigated. As modifiers, Al10Sr and CuSn5 master 

alloys were used. In order to evaluate the efficiency of modifiers, the unmodified alloy was 

cast both in sand and die mould where the dimension is given in figure 1. Melting 

operations were carried out in resistance with at 700 °C in SiC crucible. After degassing the 

dross was skimmed and the melt was poured into the die where the temperature of the 

die was 150 °C. The tests were carried out in the sand mould as well which had the same 

dimension as the die as seen in figure 25(c). Chemical analysis, density measurement, 

hardness test, microstructural analysis, and wear tests were carried out in an aim to 

characterize the effect of modifiers in Al12Si eutectic alloy. 
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Optical emission spectrometry was used to check the chemical composition of the 

alloys which is given in table 4. 

 

 

 

Sample Weight in 

air (gr) 

Weight in 

water (gr) 

 Sample 

density 

(kg m−3) 

Theoretical 

density 

(kg m−3) 

%Poros

ity 

Al12Si (sand) 160.94 97.24 2522.0 2660 5.19 

Al12Si (die) 161.22 98.54 2567.5 2660 3.48 

Al12Si + CuSn5 163.46 101.94 2652.2 2719 2.49 

Al12Si+Al10Sr 161.18 99.82 2622.1 2660 1.43 

Al12Si+Al10Sr+ 

CuSn5 

162.26 101.34 2658.7 2710 1.89 

Table5: Density measurements and porosity of samples. 

The density of the cylindrical samples with a radius of 20 by 190 mm was measured 

by the Archimedes principle. The weight in the air (ma) and in water (mw) was measured 

and the density was calculated according to the equation (1). During the measurements, 

the temperature of the water was recorded as 20 °C and thus, specific density was taken 

as 998,21 kg m−3. 

 

 dsample=Ma*Dwater/(Ma-Mw)  (1) 

The ratio of theoretical density and the sample density was calculated in order to 

quantify the volumetric porosity of the samples. This was calculated according to equation 

(2): 

 

Table 4 : Chemical composition of the alloys used in the study (wt%). 

Alloy moul
d 

Al Si Fe Cu Sn Sr Ti 

Al12Si Sand Rem. 3.15 0.15 0.11 — — 0.01 
Al12Si Die Rem. 3.12 0.14 0.11 — — 0.01 

Al12Si+CuSn5 Die Rem. 2.98 0.13 1.05 0.07 — 0.01 

Al12Si+Al10Sr Die Rem. 3.12 0.16 0.13 — 0.15 0.01 

Al12Si+Al10Sr+ 
CuSn5 

Die Rem. 2.97 0.15 1.06 0.08 0.15 0.01 
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 %𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 = (𝑑𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 − 𝑑𝑠𝑎𝑚𝑝𝑙𝑒) ∗ 100/𝑑𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙       (2) 

 

Table 5 summaries the density and porosity measurements of the samples. 

As seen in figure 28, the effect of alloying elements on the density of the alloy is 

clearly seen. As expected, as the Cu content is increased density was increased. According 

to the porosity measurements, sand casting had the highest porosity level of 5.19%. This 

value was decreased to 3.46% in die casting. The increased cooling rate of the die had 

resulted in finer dendritic structure and less pore formation was observed. With 

decreased grain size and modification, the porosity level was further decreased with 

CuSn and Sr additions. It was found that Sr modified Al12Si alloy had the lowest 

volumetric porosity level of 1.43%. This is attributed to the increased feeding efficiency 

which is mainly due to the eutectic temperature depression 

 

 

Figure28: The density of samples measured by the Archimedes 

Principle. 

2.8. Microstructure: 

Samples were subjected to metallographic examination and Nikon Eclipse L150A 

optical microscope was used for the analysis. The results are given in figure 27. 

The unmodified Al12Si reveals the needle-like, elongated Si structure both in sand 

and die castings (figures 30(a)–(b)). The main difference between sand and die casting 

is the size and distribution of dendritic phases. In sand casting, dendrites are connected 

whereas in die casting, smaller, globular and distributed dendrites are observed. Thus, 

in the die-cast samples, the eutectic phase is dominant in the microstructure. In CuSn 

modified alloy, Si modification is observed to be not so efficient as seen in figure 29(c). The 

size of the Si phase was decreased however it was as fibrous and fine as in Sr modified alloy 
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(figure 30(d)). Additionally, primary Si phases in the size of 20–40 micron were found in the 

microstructure. 

When CuSn was added for the modification, it can be seen in figure 29(c) that Si 

length was decreased compared to the unmodified alloy, however, Si was not refined as 

in the case of Sr modification (figure 29(d)). On the other hand, blocky primary Si was 

observed in CuSn modified Al12Si. It acts as primary silicon nucleant similar to AlP 

additions. 

Another study had reported that in Sr modified eutectic Al–Si alloys, as the cooling 

rate was increased, primary Si was size was decreased and broken up where secondary 

silicon had become fibrous due to segregation in the remaining liquid that surrounds the 

dendrites. It can be seen from microstructural analysis (figure 29) that the most 

dominant Si refiner is Al10Sr master alloys. In the presence of Sr, Al12Si microstructure 

consisted of completely fibrous Si eutectic. This structure has improved mechanical 

properties. 

As seen in figure 29(e), when the alloy is modified with both Sr and CuSn, the 

eutectic Si is fibrous which is slightly coarser than the Sr modified alloy. Occasionally, small 

chunks of primary Si are also observed. This is mainly due to the CuSn which nucleates 

primary Si as in the case of P additions to hypereutectic Al–Si alloys. Therefore, a master 

alloys that contains less amount of P can be used. 

 

2.9. Hardness: 

All the cast samples were subjected to a hardness test in order to characterize the 

mechanical properties. Brinell hardness method was used with 10 kg primary load 

followed by 60 kg load with 2.5 mm diameter ball. The results are given in figure 28. 

As seen in figure 30, the lowest hardness value was found in the sand cast 

unmodified Al12Si alloy which was82.6 HBN. The hardness of die-cast unmodified alloy 

was slightly increased to 85.7 HBN. With Sr modification, the hardness was similar to die-

cast samples where the value was 86.4 HBN. When the alloy was modified with CuSn, 

there was an increase in hardness: 90.5 HBN. The highest hardness value was found in the 

Sr + CuSn modified .
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 Figure 30: Hardness change of modified Al12Si alloy 

Figure 29: The microstructure of cast alloys (a) Al12Si sand cast, (b) Al12Si die-cast, (c) CuSn modified Al12Si, (d) Sr 
modified Al12Si, 
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Al12Si alloy. 96.8 HBN was recorded for this sample. The presence of blocky 

primary silicon and solute solution Cu are the main reason for increased hardness. The 

effect of copper on the mechanical properties of aluminum alloys is well known. Tasha 

had shown that the addition of Cu and Mg to aluminum increases hardness and results 

in the better surface finish after machining. 

 

The modification of the eutectic phase was established with Sr addition 

however those samples had a lower hardness than CuSn additions. Barzani had shown 

the effect of Sb and Sr. 

 

2.10. Wear Tests: 

 

Wear tests were carried out on pin-on-drum type equipment where a rotating 

disk (34 revs per min) with 120 grid sandpaper was used. All samples had the same 

diameter and were placed vertically. The loads were selected as 10, 15 and 25N. The 

travel distances were selected to be 20, 40, 60 and 80 m. After the tests were complete, 

weight loss was recorded, and the surfaces were subjected to Scanning Electron 

Microscope (SEM) analysis. 

 

Weight loss graphics of modified and unmodified samples of A112Si alloys with 

respect to the applied force are presented in figures 30 and 31. The basic observation 

reveals that there is a linear increase in weight loss with increased load (from 10 to 25 

N). It can be seen that the weight loss of samples increased while the applied force has 

increased. This increase can be demonstrated with the ratio of 102% for A112Si-sand 

alloy and ratio of 262% for A112Si-die cast alloy samples. According to results die 

method has decreased weight loss around 16.1%. The addition of Sr and CuSn to the 

A112Si-die cast alloy resulted in a decrease in weight loss. It can be seen that CuSn added 

die-cast samples had the highest wear for all the loads used in the tests. For all cases, 

unmodified die cast had the lowest weight loss. The ratio was found to be 40.7% and 

82.3% for  
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Figure 31: Weight loss change of modified Al12Si alloy. 

  

 

A112Si-Sr and A112Si-CuSn, respectively. The minimum weight loss was 

observed at the scheme where the value of the force was 10N and mass of 0.044 g 

A112Si-die alloy and the maximum loss was observed at the scheme where the value of 

the force was 25N and mass of 0.265 g A112Si-CuSn alloy. The highest weight loss was 

observed with CuSn modified Al12Si as seen in figure 29. 

 

 

 

Figure 32: Effect of load on the weight loss of Al12Si. 

 

As the load was increased, the weight loss was increased dramatically for this 

modification. In order to characterize the effect of porosity on the wear rate, figure 30 
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was plotted. As can be seen, there was no correlation between the porosity and wear 

properties of modified Al12Si. The highest wear rates were observed with CuSn 

modified alloy regardless of the pore content. Due to the presence of blocky Si phases, 

although the hardness is highest for CuSn modification, the rupture of these phases 

from the microstructure becomes easier and thus, wear property is lower for this 

sample. Lus had reported similar findings for such phenomena. 

 

 

The worn surfaces of all the samples were subjected to SEM analysis. The results 

are given in figure 33 where (a) is sand cast Al12Si, (b) Al12Si die-cast, (c) CuSn modified 

Al12Si, (d) Sr modified Al12Si, (e) represents the Sr + CuSn modified Al12Si. As can be 

seen, the surfaces were almost similar in all the conditions of the modified Al12Si. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Effect of porosity on the wear properties of Al12Si 
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CHAPTER 3  
 

CONCLUSIONS: 

 

When the vehicle is in the motion it possesses the kinetic energy to stop the vehicle. 

This kinetic energy should be converted into another form. Disc brakes are used to stop the 

vehicle or reduce the speed of the vehicle. 

In this process, when brakes are applied, brake pads come in contact with the disc 

so that friction is created, and heat is generated.  

To get proper braking efficiency and avoid failure of disc proper dissipation of heat 

is required. Heat can be dissipated in the form of conduction, convection or radiation. If the 

heat generated in the system is not dissipated in adequate amounts it results in the 

formation of hot spots and thermal judder which ultimately results in the formation of 

cracks. 

 

To reduce this failure, the proper material should be selected for manufacturing of 

disc. Proper ventilation, if provided in the disc, can increase the airflow and improves the 

convection rate. Thus, heat dissipation gets faster. 

 

The results on the effect of Co, Ni and Sr in Al– 7%Si: 

 

(1) The combined addition of Co and Ni modified the eutectic silicon morphology. 

(2) The size of the Co- and Ni-rich phases is significantly reduced by the addition of Sr. 

(3) The grain size increased with the addition of Co and Ni. 

 

Al12Si eutectic alloy was modified with Sr, CuSn, and Sr + CuSn. The findings are 

summarized as listed below: 

 

• In the unmodified Al12Si, the silicon size does not change dramatically 

regardless of the different cooling rate for sand and die cast samples. 

However, in the die-cast samples, dendritic phase ratio decreases, and thus, 

the wear rate is lower compared to sand cast samples. 
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• When Al12Si is modified with CuSn, the silicon size decreases and becomes 

fibrous. However, much finer Si is obtained when the alloy is Sr modified. 

Additionally, in the CuSn modified alloy, coarse primary Si phases are 

observed in the microstructure. 

• Unmodified Al12Si has coarse and long Si structure. CuSn addition to this 

alloy decreases Si length. However, weight loss is the highest in this 

composition. Particularly, when the load is increased from 10 to 25 N, the 

wear rate increases 4.3 times. 

    

The worn surfaces of all the samples were subjected to SEM analysis. The results 

are given in figure 31 where (a) is sand cast Al12Si, (b) Al12Si die-cast, (c) CuSn modified 

Al12Si, (d) Sr modified Al12Si, (e) represents the Sr + CuSn modified Al12Si. As can be 

seen, the surfaces were almost similar in all the conditions of the modified Al12Si. 

Although CuSn modification of Al12Si had the highest hardness, the wear properties 

were the lowest 
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Figure 34: The SEM images of worn surfaces (a) Al12Si sand cast, (b) Al12Si die-cast, 

(c) CuSn modified Al12Si, (d) Sr modified Al12Si, 

. 
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• Sand cast unmodified Al12Si show the highest volumetric porosity as 5.19% where 

diecast unmodified has 3.48%. 

• As the alloy was modified with Sr and/or CuSn, the porosity was found to decrease. 

In between the modifiers, Sr modification shows the lowest porosity. 

• The efficiency of the modification of the eutectic phase was as follows: Al10Sr > 

Al10Sr + CuSn5 > CuSn5. 

• The change in hardness with modification was as follows: Al10Sr + CuSn5 > CuSn5 > 

Al10Sr where the values were 96.8, 90.5 and 86.4 HBN respectively. 

 

From the above experiments conducted and observations we can clearly see that 

selection of proper materials for disc brakes is much prior and based on the experiments 

regarding mechanical properties of al-si alloys modified using Sr, Ni, Co, P, CuSn 

strengethers  at higher temperatures can be considered good enough for handling and 

tackling the main problem of thermal cracking in commercial disc brakes made of grey 

cast iron. As we have can clearly see that there is an increase in hardness, UTS and wear 

resistance. 
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