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Foreword

A wide variety of components made from a variety of materials are used in realization of
an aircraft. Numerous processing technologies are also used to manufacture such critical and
non critical components in the aircraft industry. Brake pad is a safety critical component which
is manufactured through powder metallurgy processing route. Earlier brake pads for certain
type of military aircraft were made as cast bimetallic sector. Advances in powder metallurgy
techniques, advantages of the powder processed products and the diverse demands to be met
in a component like brake pad in an aircraft, have made powder metallurgy an attractive and
unique choice.
Brake pad as a component in aircraft is a consumable. India has a wide variety of
military aircraft in its inventory as indigenously developed, bought and manufactured under
license programmes from a few countries.

In the development of brake pads, initial

indigenization efforts started at Defense Metallurgical Research Laboratory at Hyderabad and
initial manufacturing technology was vested with Hindustan Aeronautics Ltd., at Hyderabad. To
meet the growing demand for this critical consumable for wide range of military aircraft
inventory, thrust was given to study the characteristics in terms of shape, size, performance
characteristics of ingredients, energy needs and lifing for replacement schedules at the Foundry
& Forge division of HAL, Bangalore in the year 1986. Drawing inspiration from the successful
research work at DMRL, Hyderabad, a dedicated group complimented with inspiring and
committed management at HAL, tasked to build self sufficiency in brake pads manufacturing
technology for all the aircraft manufactured and overhauled in the country.
The development work ranged from characterizing to establishing manufacturing
process to stipulating comprehensive certification tests for verifying the compliance to
performance needs of each aircraft. The development of brake pads is essentially pivoted on
the understanding of conversion of kinetic energy to thermal energy in mechanical subsystem of
the vehicle.
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The complexity in aircraft assumes significance due to sheer magnitude of energy level,
thermal capacity, thermal conductivity and short turn around aspects which are much needed
but conflicting and compelling in the brake pads. Tailoring to such diverse essential properties
needed has led to thorough understanding of the functional additives like friction materials,
lubricating additives, inter-particle bonding agent in the base material possessing bulk strength
and desirable thermal properties. While the component like brake pad is configured through
compaction, properties like density, strength and interparticle bonding is achieved through
sintering.
Thus, for a variety of aircraft depending on the energy levels associated, powder
compacts have been of functional additives in either polymer based matrix materials or metal
based powder matrix.

The compendium is collation of type of brake pads indigenously

developed for military aircraft operated in our country indicating the Airworthiness approvals and
applicable Joint Services Specification references.
The compendium gives a brief about carbon-carbon brake which is emerging for the
future aircraft. This compendium is intended to serve as a quick reference on brake pads used
in military aircraft with their Airworthiness Approvals in our country. The compendium could be
updated with wider emerging applications of frictional materials of which brake pad is significant
one.
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CHAPTER: 1
INTRODUCTION
Aircraft brakes are designed to stop an aircraft by means of converting the kinetic
energy of a motion into heat. The heat thus generated at the sliding interface of the rotor
and friction material of the brake is dissipated primarily by conduction through various
components of the brake, by convection to the atmosphere and by radiation to the
atmosphere and adjacent components; it is also absorbed by chemical, metallurgical
and wear process occurring at the interface. In addition, some of the kinetic energy is
absorbed by the engine, tyres and viscous drag of the mechanical components.
Aircraft brakes were composed of multiple disk pairs, which are commonly
referred to as the brake heat sink, in different sizes and configurations depending on the
application. The majority of aircraft brakes use full-circle rotors and stators. The stators
carry the metallic friction material and the rotors are composed of high-strength hightemperature alloy steels, commonly called the mating surface. Some designs have the
rotors carrying the metallic friction material. The opposing steel typically lasts two to
three times longer than the metallic friction material lining. The selection of the metallic
friction material influences the brake design and must be carefully considered in order to
obtain optimum dynamic performance, friction coefficient stability and wear rate of the
friction pair.

Brake housings normally contain several pistons for applications of the normal
force needed to develop the brake torque. The high levels of torque developed to stop
an aircraft require the conversion of large amounts of kinetic energy into thermal energy
over a short period of time. This energy conversion process produces very high energy
fluxes at the multiple friction interfaces, resulting in high temperatures and stresses in
the brake heat sink.

The brake pad material is a complex composite material and consisting of Iron,
Copper, phenolic resin and carbon based as matrix or base material, reinforced with
1

fibers and various other metallic, non-metallic and ceramic additives that impart such
diverse properties as friction and wear stability, thermal stability, solid lubrication, noise
or squeal reduction etc. Depending on the design and requirements of the aircraft,
various classes of brake pad materials with specific types of performance
characteristics, such as friction level, friction stability, wear resistance and noise
behavior, in various temperature ranges are developed.
The general characteristics of aircraft brake pad material are summarized as
follows:
a) High and stable coefficient of dynamic friction and its stability over a wide range
of speeds, loads and brake temperatures
b) Fade-recovery characteristics, i.e. the ability to resist friction level deterioration
when subjected to extreme elevated temperatures (the fade) and then return to
the pre-fade friction level on cooling (the recovery).
c) High and thermally stable wear rate for long life
d) Adequate mechanical strength at room and elevated temperature
e) High refractoriness( melting point)
f) Good anti-seizure property with mating member material
g) High specific heat and thermal conductivity
h) Low coefficient of thermal expansion and tolerance to steep thermal gradients
i) Compatibility and conformability with mating part to avoid judder
j) Embedability property to hard ceramic particles or wear debris
k) Tolerance to high ceramic and non-metallic additions
l) Good wear properties for long life, without excessive wear or grooving on the
mating disc
m) Low noise, chatter and vibration
n) Low sensitivity to moisture
o) Ease of manufacture
The existence of numerous brake designs provides another level of complexity in
formulating brake pad material. In brake pad material development, an attempt to
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improve one characteristic often results in the deterioration of other characteristics. The
development of brake pad materials is therefore a complex iterative process in which an
optimized combination of interdependent properties is sought.

The methodology of development of the unique brake pad material for a given
aircraft brake, therefore, starts with an in-depth study of the brake design specification.
A step by step approach is then followed for derivation of the physical and metallurgical
properties of the candidate brake pad material from the brake specification. Thus the
brake design parameters such as the brake energy and the allowable heat sink mass
help one to decide on the density, specific heat and melting point of the brake pad
material. The area energy loading, loading rate and brake torque requirements
determine the coefficient of friction, thermal conductivity and stability properties of the
material.
Once developed, the brake pad material needs to undergo rigorous and repeated
testing to prove reliability and reproducibility of its performance in actual service. For
this, the brake pads material are mounted on actual aircraft brake and are subjected to
real time brake dynamometer tests simulating the actual kinetic energies of aircraft
braking under various conditions of operation such as normal landing, emergency
landing, rejected take-off etc. The dynamometer tests are followed by actual taxy trials
on aircraft to evaluate true field performance, landing characteristics and pilot’s feel of
the newly developed brake pad material.

3

CHAPTER: 2
TYPES OF THE BRAKE PAD USED IN THE AIRCRAFT
Depending on the level of kinetic energy to be absorbed and the limit of
temperature generated on the brake pad surface, four basic friction materials are
presently being used in aircraft braking application. These are:

2.1 Organic friction materials
2.2 Metalloceramic friction materials
2.3 Bimetallic(Cast based) friction materials
2.4 Carbon-Carbon Composite friction materials

2.1 Organic friction materials:
Organic brake linings were the earliest friction materials developed and used
extensively on light weight low speed trainer aircraft and in helicopter rotor brakes.
These brake pad materials are still used for light to moderate duty braking applications
where kinetic energy absorption requirement, brake temperature and speeds are on the
lower side.

The organic based brake pad material consists of more than five ingredients with
phenolic resin as the binder or matrix. Each ingredient is added to promote different
physical, mechanical and thermal properties. These components are usually compacted
in a hydraulic press followed by curing and post curing in furnace.
These organic friction materials possess a working surface limit temperature of
about 6000C and suffer from poor thermal conductivity and specific heat. These resin
bonded brake pads tends to fade away above 4000C and thus cannot be used in high
speed combat aircraft braking application.

4

Table 2.1 gives the compositions of typical organic brake pad materials used in aircraft
and helicopter brake applications.
Table 2.1:Typical organic brake pad materials used in aircraft applications
SL
no

Composition in Wt%
Phenolic
resin

BaSO4

CaSO4

Bronze
powder

Friction
dust

Asbestos
fiber

Brass
Powder

Other
additives

1

21-22

24-25

6-8

20-22

5-7

20-22

-

Carbon
black-1.5

2

20-22

15-17

5-7

-

2-4

48-50

10-12

Glass
fiber-15-17

3

12-14

38-40

10-12

-

8-10

-

5-7

Glass
fiber-1618,ZrSiO41012,Carbon
black-1-2

2.2 Metalloceramic friction materials:
The metal based sintered Metalloceramic material is the most widely used friction
material in aircraft braking application. These are much stronger and more heat
resistant and were developed in response to energy inputs and temperature which
exceed the capabilities of organic friction materials. Metalloceramic friction materials are
used as “speed brakes” of majority of military and civilian aircraft. The steel brake heat
sink consists of a sintered metalloceramic friction material bonded to a steel supporting
backing plate.
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This class of brake pad materials is made by the modern route of Powder
Metallurgy (P/M) and can be further classified in to two categories depending on the
metallic matrix material used. These are iron and copper friction materials.

2.1.1 Iron Based Material
Iron based friction materials consist of ceramic additives, solid lubricant and
friction modifiers in Iron rich matrix. Iron based sintered friction materials are used under
harsher operating conditions since they allow higher operating temperatures of up to
9000C and in some emergency cases even higher.
Iron, as the friction material matrix, is used because of its high melting point and
other properties such as, strength, hardness, heat resistance and stability, which can be
regulated by alloying with different metals to promote specific properties.
A significant characteristic of iron is demonstrated at the moment of the braking
action when the oxide, located on the friction surfaces, protects the brake from sudden
impact by forming a thin film which simultaneously enables slipping.
These friction materials are usually compacted in a hydraulic press followed by
pressure sintering in the bell type sintering furnace.
Table 2 gives the composition of certain iron based brake pad materials used in the
aircraft brake application
Table 2.2: Typical Iron based brake pad material used in aircraft application
SL
no

M/L
Designation

Composition in Wt%
Fe Cu

Ni C

SiO2 Asbestos Other additives

1

FMK-11

64 15

0

7

3

3

BaSo4-6%,

2

MKV-50A

64 15

0

8

0

3

FeSo4-5,SiC-5,B4C-5

3

SMK-83

54 20

0

0

0

0

Mn-7,MoS2-2,BN6.5,B4C-9.5,SiC-1
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2.1.2 Copper based friction material
Copper based friction material consists of ceramic, solid lubricant and friction
modifiers in Copper rich matrix.
Copper based friction materials have many advantages, such as better heat
conductivity for efficient heat dissipation and higher anti-wear property compared to iron
based materials.
These friction materials are usually compacted in a hydraulic press followed by
sintering in the bell type or pusher type sintering furnace.
Table 3 gives the composition of certain copper based brake pad materials used
in the aircraft brake application
Table2.3: Typical Copper based brake pad material used in aircraft application
SL
no

Composition in Wt%
Cu

Sn

Pb

Fe

C

Asbestos

Sio2

Other additives

1

50-80

0

10

20

5-15

0

5

MoS2-20%,Ti-2-10

2

61-62

6

0

7-8

6

0

0

Mullite-7,Zn-12

3

70

7

8

0

8

0

7

TiO2-10

2.3 Bi-Metallic friction materials:
The earlier Bi-metallic friction material is of grey cast iron type being used in the
aircraft. The cast bi-metallic pads are now replaced with the Powder Metallurgy (P/M)
route as later enables non-stoichiometric combination, better interfacial bonding, near
net shape processing, clean manufacturing environment, increased productivity and
other techno-economic advantages. Hence powder metallurgy route is fast replacing
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bimetallic casting route. Bimetallic cast brake pads route is essentially conventional grey
cast iron foundry technique.
2.4 Carbon-Carbon Composite friction materials:
The carbon/carbon fiber composites friction materials are the latest entry in to the
field of friction materials and have been developed mainly to cater to the severest
operating conditions encountered in modern day supersonic jet fighters and very large
and heavy commercial jet liners. The carbon brake is lighter in weight with excellent
high temperature performance, low wear rate, and high cost per brake landing. Steel
brake is heavier with higher wear rate and lower cost per brake landing compared to the
carbon brake.
Carbon-carbon friction materials are composites comprising of high-density
carbon fibers embedded in a carbon matrix. The carbon fibers used in carbon brakes
are made from two precursors: polyacrylonitrile (PAN) or pitch. Fiber properties are
normally controlled by the manufacturing process of the fiber. In brakes, woven fabrics,
short length yarns, chopped fabrics and woven three-dimensional preforms are used.
Typical fabrication process includes carbonizing, PAN-fabrics to 10000C, cutting
the fabric to shape, impregnating with a polymer, carbonizing and densifying by
Chemical Vapour Deposition (CVD) by the decomposition of natural gas at low
pressure.
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CHAPTER: 3
INGREDIENTS OF AIRCRAFT BRAKE FRICTION MATERIAL
This chapter deals broadly with the ingredients of the friction materials used in
aircraft brake. Ingredients used are broadly classified as follows
3.1 Matrix Material
3.2 Abrasive Material
3.3 Solid Lubricant and Stabilizer
3.4 Filler Material
3.5 Wear Resistant Material
3.1 Matrix Material
Matrix material imparts the basic physical and mechanical properties such as
strength, friction, specific heat, thermal conductivity and melting point to the brake
pad material and normally accounts for 50-80% of the weight (more than 40% of
volume) of the friction material.
The metal matrix represents a flat surface on which deformation and
additional destruction occurs, producing wear products. In the case of the
metalloceramic materials the choice of the metallic matrix is restricted to either an
iron base or a copper base or a judicious combination of the two bases. In carboncarbon friction material, the matrix is carbon and in the organic based material the
matrix consists of mainly phenolic resin.
3.1.1 Iron Powder
The sponge iron powder or electrolytic iron powders are used as a matrix for
the manufacture of iron based friction materials.

9

Sintered friction materials made of fine grained iron powders possess high
mechanical strength and very good friction properties because of higher surface
energy that results in increasing activity during sintering.
The typical characteristics of iron used as friction material matrix in aircraft
brake pads is shown in the table 3.1
Table 3.1: Characteristic of the Iron used as friction material matrix in aircraft
brake
Characteristics

Value

Thermal Conductivity at R.T

59 J/M/Sec/0K

Specific Heat at Room Temp (R.T)

0.59 J/gm/0K

Purity

98% Fe Minimum

Apparent density

2.3-3.5 g/cm3

Flow rate

44s/50 g

Characteristic Shape

Sponge or electrolytic

Heat Sink Loading Capacity

450,000 Joules/Kg

Green strength

23.2 MN/m2

Pressability

6.8 g/cm3

Size

(-100+300) BS

Melting Temperature

15390C

Coefficient of Linear Expansion

14*10-6 /0K

Tensile Strength

410 MPa

Antiseizure Property

Good

Tolerance to Ceramic/non-metallic addition

Poor

Density

7.8 g/ cm3

Softening Resistance at Elevated Temperature

Good

Ease of Manufacture in to Pad Materials

Poor
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3.1.2 Copper Powder
The electrolytic Copper powder is used as a matrix material in the copper
base brake pad. Copper as a matrix, ensures basic strength, conductivity properties
and also embeddability for hard ceramic ingredients. The typical characteristics of
the Copper used as a friction material matrix in aircraft brake pads is shown in the
table 3.2
Table 3.2: Characteristic of the Copper powder used as friction material matrix
in aircraft brake
Characteristics

Value

Specific Heat at Room Temp(R.T)

0.42 J/gm/0K

Thermal Conductivity at R.T

346 J/M/Sec/0C

Purity

99.5% Cu Minimum

Apparent density

1.3-2.4g/cm3

Characteristic Shape

Electrolytic

Heat Sink Loading Capacity

280,000 Joules/Kg

Green strength

24 MN/m2

Pressability

7.5 g/cm3

Size

(-250+300) BS

Melting Temperature

10830C

Coefficient of Linear Expansion

18*10-6 /0K

Tensile Strength

240 MPa

Antiseizure Property

Poor

Density

8.96 g/ cm3

Tolerance to Ceramic/non-metallic addition

Good

Softening Resistance at Elevated Temperature

Poor

Ease of Manufacture in to Pad Materials

Good
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3.1.3 Phenolic Resin:
Phenolic resin as shown in fig 3.1 is a reaction product of phenol and an
aldehyde, usually formaldehyde (HCHO), in acid solution. They have good wetting
ability and bonds the fillers and fibers in the matrix. Contributes for friction
performance and improves wear resistance. A criterion for selection of grade is
based on the process used to manufacture and also depends on the final properties.
Depending on their composition phenol resins harden at temperatures between 180°
and 250° C. The hardening process for phenol resins requires a temperature in
excess of 100° C. Phenol resins are distinguished by high adhesive stability and
good mechanical properties. Furthermore they show good heat-resistance up to
250° C.

Figure 3.1 Phenolic resin structures.
The typical characteristics of the Phenolic resin used as a matrix in aircraft
brake pad is shown in the table 3.3
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Table 3.3: Characteristic of the Phenolic Resin used as friction material matrix
in aircraft brake
Characteristics
Softening Point
Flow
Gelation time
Size
Melting Range
Coefficient of Linear Expansion
Thermal Conductivity
Yield Strength
Specific Heat at Room Temp
Antiseizure Property
Density

Value
90-1050C
15-40 m/m
35-80 sec
(-250) BS
70-1500C
80*10-6 /0K
0.16 W/m.K
133 MPa
1.19 kJ · kg-1 K-1
Poor
0.1-0.6 g/ cm3

The properties of the final material can be varied by modifying the resin,
altering the phenol-formaldehyde ratio, changing the catalyst, or changing the
polymerizing conditions.
3.2 Abrasive Materials
These are added to the brake pad material to give rise to friction and also
help to prevent local welding and metal transfer of the metallic matrix material on to
the mating part-rubbing surface during braking.
The advantages related to abrasives, utilization in the brake friction materials
are as follows
1. The enhancement and stabilization of µ (coefficient of friction) value at
elevated temperatures
2. Renew of the disc rotor surfaces.
3. Coefficient of friction (µ) increases value with increasing amount of abrasives.
Higher value of µ is very important to the brake friction materials because the
braking is done by the direct contact of friction materials with the rotating disc and
deceleration of the disc by means of friction.
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Disadvantages of the higher abrasives content in the brake pad material are
as follows:
1. They enhance the specific wear rate of friction materials
2. Damage the mating disc(enhance the specific wear rate of the disc) and
transfer debris from the disc to the surface of the friction materials
3. Unstable variation of coefficient of friction during operation
4. Responsible for the noise occurring during the braking due to the formation of
the hard contact patches.
In view of the above mentioned positive and negative effects of abrasives,
optimized volume fraction is to be used in the aircraft brake pad application.
The following are the abrasive materials used in aircraft brake pads.

3.2.1 Silicon Carbide Powder
Silicon carbide (SiC) is a hard covalently bonded material predominantly
produced by the carbothermal reduction of silica.

Silicon carbide is abundantly

0

available, cheap and stable up to 1800 C.
Silicon carbide exists in at least 70 crystalline forms and mainly alpha silicon
carbide (α-SiC) with a hexagonal crystal structure and beta modification (β-SiC) with
cubic crystal structure are the most commonly encountered polymorphs.
Silicon carbide has low density, high strength, low thermal expansion, high
thermal conductivity, high hardness, high elastic modulus, excellent thermal shock
resistance, and superior chemical inertness.
The typical characteristics of the SiC used in aircraft brake pad is shown in
the table 3.4
Characteristics

Value

Thermal Conductivity

121 W/m K

Size

(-100+150)BS
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SiC content

95% minimum

Density

3.21 g/cm3

Color

Green

Melting Temperature

>17000C

Coefficient of Linear Expansion

5.5*10-6 /0K

Specific Gravity

3.2

Tensile Strength

20GPa

Specific Heat at Room Temp

670-750 J/kg K

Antiseizure Property

Poor

Table 3.4: Characteristic of the SiC powder used in aircraft brake friction
material formulation
3.2.2 Silica Powder
The chemical compound silicon dioxide, also known as silica, is an oxide of
silicon with a chemical formula of SiO2. Silica is the most abundant mineral in the
Earth's crust.
Fused Silica powder which is used in the friction materials as abrasive is
generally made from high purity crystalline silica sand. The crystalline silica is fused
in very high temperature around 17300C, results in conversion of crystalline silica to
fused silica. It has the lowest coefficient of thermal expansion among all fused
minerals. It has high thermal shock resistance and low thermal conductivity.
The typical characteristics of the Silica used in aircraft brake pad is shown in
the table 3.5

Characteristics

Value

Thermal Conductivity

1.4W/m K
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SiO2 content

90% minimum

Density

2.63 g/cm3

Size

(-60+100)BS mesh

Melting Temperature

1650(±75) °C

Coefficient of Linear Expansion

0.4*10-6 /0K

Crystal Structure

Tetrahedron

Tensile Strength

5-7 GPa

Specific Heat at Room Temp

740 J/kg K

Compressive Strength

3000 MPa

Table 3.5: Characteristic of the Silica powder used in aircraft brake
3.2.3 Zirconium Silicate Powder:
Zirconium silicate, also zirconium orthosilicate, (ZrSiO4) is a chemical
compound, a silicate of zirconium. It occurs in nature as the zircon, a silicate
mineral.
The typical characteristics of the Zirconium Silicate used in aircraft brake pad
friction material is shown in the table 3.6
Table 3.6: Characteristic of the Zirconium Silicate powder used in aircraft
brake
Characteristics

Value

Thermal Conductivity

1.4W/m K

ZrO2 /SiO2 content

65%/35% minimum

Density

4.56 g/cm3

Size

(-60+100)BS mesh

Melting Temperature

1540 °C

Coefficient of Linear Expansion

0.4*10-6 /0K
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Crystal Structure

Tetragonal

Tensile Strength

5-7 GPa

Specific Heat at Room Temp

740 J/kg K

3.2.4 Mullite Powder
Mullite is a synthetic alumino-silicate ceramic powder. Mullite powder with
unique characteristics such as low thermal expansion coefficient, high creep
resistance, melting point, thermal shock resistance and thermal stability under
oxidizing conditions favors it to use it in friction material.
The typical characteristics of the Mullite powder used in aircraft brake pad
friction material is shown in the table 3.7
Table 3.7: Characteristic of the Mullite powder used in aircraft brake
Characteristics

Value

Thermal Conductivity

2.0 W/m K

Al2O3/SiO2 content

60-70/40-30% minimum

Density

2.63 g/cm3

Size

(-60+100)BS mesh

Melting Temperature

1810- 1880°C

Coefficient of Linear Expansion

4*10-6 /0K

Tensile Strength

2-4 GPa

Specific Heat at Room Temp

0.175 cgs

3.3 Solid Lubricant and Stabilizer
These are added to stabilize the friction, wear at higher temperature and
contribute to the formation of surface reaction layer on the frictional surface of the
brake pad.
3.3.1 Barium Suphate:
Barium sulphate is a white crystalline powder with the chemical formula
BaSO4. It is stable at high temperatures. The expected deterioration of friction and
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wear properties in iron base friction materials is known to be effectively
compensated by Barium Sulphate.
Barium Sulphate (BaSO4) undergoes complete reduction by carbon of
graphite during sintering according to the following equation
BaSO4 + C = BaS + 4 CO………………………………………….(3.1)
This reaction activates the sintering process of the iron base material making it
stronger.
The typical characteristics of the Barium Sulphate powder used in aircraft
brake pad friction material is shown in the table 3.8
Table 3.8: Characteristic of the Barium Sulphate powder used in aircraft brake
Characteristics

Value

Thermal Conductivity

18.4 W/m K

Crystal Structure

orthorhombic

BaSO4 content

98.5% minimum

Density

4.50 g/cm3

Size

(-250)BS mesh

Melting Temperature

1580 °C

Color

White

Grade

X-ray

3.3.2 Calcium Sulphate
Calcium sulphate is a white crystalline powder with the chemical formula
CaSO4.
The typical characteristics of the Calcium Sulphate powder used in aircraft
brake pad friction material is shown in the table 3.9
Characteristics

Value

CaSO4 content

98.5% minimum
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Density

2.96 g/cm3

Size

(-250)BS mesh

Melting Temperature

1460 °C

Structure

Orthorhombic

Color

White

Specific Heat

0.732324 J/g/°C

Grade

X-ray

Table 3.9: Characteristic of the Calcium Sulphate powder used in aircraft brake
3.3.3 Molybdenum di Sulphide
Molybdenum disulfide is the inorganic compound with the formula MoS2. In its
appearance and feel, molybdenum disulfide is similar to graphite. Hence, like
graphite, it is widely used as a solid lubricant because of the weak van der Waals
interactions between the sheets of sulfide atoms. MoS2 has a low coefficient of
friction, resulting in its lubricating properties. An outstanding characteristic of
molybdenum-disulfide lubricant is its high heat resistance. Oxygen reacts with it only
at temperatures above 400 0C. This lubricant retains its properties not only at high
temperatures, but at low temperatures as well (as low as -700C).
The typical characteristics of the Molybdenum di sulphide powder used in
aircraft brake pad is shown in the table 3.10
Table 3.10: Characteristic of the Molybdenum di sulphide powder used in
aircraft brake
Characteristics

Value

Thermal Conductivity

18 W/m K

MoS2content

95% minimum

Density

5.06 g/cm3

Size

(-100)BS mesh
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Melting Temperature

1185 °C

Coefficient of Linear Expansion

1-4 *10-6 /0K

Crystal Structure

Hexagonal

Compressive Strength

30 MPa

Specific Heat at Room Temp

1450 J/kg K

Colour

Black

3.3.4 Graphite Powder:
Graphite is structurally composed of planes of polycyclic carbon atoms that
are hexagonal in orientation. The distance of carbon atoms between planes is longer
and therefore the bonding is weaker.
Graphite has low binding forces parallel to the axis of its hexagonal layered
lattice. For this reason, it forms lamellar plates with a high shear capacity. This high
shear however is only maintained if a certain amount of water vapor and oxygen can
be adsorbed from the surrounding atmosphere. The shear can be further improved
and maintained even at higher temperatures if certain foreign atoms or molecules
such as metal oxides are incorporated as well.The adsorption of water reduces the
bonding energy between the hexagonal planes of the graphite to a lower level than
the adhesion energy between a substrate and the graphite.
Graphite is characterized by two main groups: natural and synthetic.
Synthetic graphite is a high temperature sintered product and is characterized by its
high purity of carbon (99.5-99.9%). The primary grade synthetic graphite can
approach the good lubricity of quality natural graphite.
Natural graphite is derived from mining. The quality of natural graphite varies
as a result of the ore quality and post mining processing of the ore. The end product
is graphite with a high content of carbon (ex: high grade graphite has 96-98%
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carbon), sulfur, SiO2 and Ash. The higher the carbon content and the degree of
graphitization (more crystalline) the better the lubricity and resistance to oxidation.
The typical characteristics of the Graphite powder used in aircraft brake pad
friction material is shown in the table 3.11
Table 3.11: Characteristic of the Graphite powder used in aircraft brake
Characteristics

Value

Thermal Conductivity

1.67-518.8 W/m K

Carbon content

94% minimum

Density

2.09-2.23 g/cm3

Size

(-100+250)BS mesh

Melting Temperature

3527(±20) °C

Coefficient of Linear Expansion

0.1-19.4 *10-6 /0K

Crystal Structure

Hexagonal

Compressive Strength

18-30 MPa

Specific Heat at Room Temp

8.517 J/mol K

Ash Content

4% max

Volatile Matter

2% max

Grade

Fine natural or synthetic

3.4 The Filler Material
Fillers are used to maintain the overall composition of the friction material and
help to give the friction material the required coefficient of friction and wear
properties. These materials are used, in amounts up to 15% to decrease the cost of
the friction material.

21

The following are the filler materials used in the organic, copper and iron based
friction materials.
3.4.1 Friction Dust
This is widely used filler material in organic based pads. It is generally based
on a Phenolic monomer which has a very long hydrocarbon side chain which makes
the polymer rubbery. The friction dust assists in the manufacture of the friction
materials, and improves its friction and wears behavior.
3.4.2 Asbestos
Friction materials use asbestos as a reinforcement and friction modifier.
Asbestos is particularly effective filler in that it can withstand high temperatures; it is
very strong, has good thermal stability and high Length/diameter ratio. It can be
continually subdivided down to molecular size and it is relatively cheap.
The high friction coefficient of asbestos powder is probably due to the fibers
subdividing easily to give very clean surfaces and to the large area of contact
inherent in a mass of easily deformable fibers. At high temperatures asbestos is
dehydoxylated and above 8100C it is transformed to forsterite and silica.
3.4.3 Mineral Particle
Another major types of filler used is mineral particles. In certain
circumstances the µ of such fillers is approximately proportional to their Mohs
hardness.
When mineral particles are added to the matrix the coefficient of friction (µ) of
the resulting material is not simply related to the µ of particles and matrix and their
relative proportions because of complex interaction between the two phases.
3.4.4 Metal Particle
These are often used in organic based brake pads. The metal makes its
contribution to the coefficient of friction (µ) of the material and some metals scour the
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opposing surface preventing the buildup of resin or oxide films which may affect µ
and which can act as thermal barrier.
Metal fillers are plastic during sliding and suggest that metal particles behave in the
same way as the bulk materials.
3.4.5 Glass fiber (Chopped Strands):
Glass fiber is material made from extremely fine fibers of glass. Glass fibers
are useful because of their high ratio of surface area to weight. These are often used
in organic based brake pad to improve the matrix strength, coefficient of friction
stability and mechanical property. These fibers are melts at 5000C and shows poor
wear resistance at higher temperature.
3.5 Wear resistant material
These are added in the organic based friction material to improve the wear
resistance of the brake pad. The following are the list of wear resistant material used
in the organic based brake pad.
3.5.1 Steel Wool
Steel wool or 'wire wool' is a bundle of strands of very fine soft steel filaments.
Steel wool is made from low-carbon steel (low enough to be close to plain iron). It is
not made by drawing "steel wool wire" through a tapered die, but rather by a process
more like broaching where a heavy steel wire is pulled through a toothed die that
removes a thin wire shaving.
When steel wool is heated, it increases in mass due to the burning iron
combining with the oxygen. It is an excellent wear resistance additive besides being
filler. It is used both in organic and metalloceramic friction materials.
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CHAPTER: 4
DESIGN REQUIREMENT OF THE BRAKE PAD QUALIFICATION

4.1 INTRODUCTION:
Figure 4.1 represents a view of a typical disc type aircraft brake unit. The
unit is designed as a multiple disc assembly consisting of a brake housing,
pressure plate, torque tube, and disc stack comprising of a series of alternate
stator and rotor discs assembled with brake pads and steel rotor segments,
respectively.

Fig 4.1 Brake unit assembly of Carbon and Steel Brake
The disc stack is also called the “heat sink” and is the most important part
of the brake unit.
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The brake functions by virtue of the conversion of the kinetic energy of the
moving aircraft to heat energy and the absorption and subsequent dissipation of
the same by the heat sink.
Heat generation arises from the rubbing of the surfaces of the brake pads
on the rotor discs against those on the adjacent stator discs and is thus
dependent on the frictional characteristics of these surfaces, specific heat of the
heat sink mass and the rate of heat abstraction from the frictional surfaces.
Stator plates are keyed to the brake housing and torque tube, and rotor
plates are keyed to the wheel drive blocks that rotate with the wheel to which
they are attached.
An aircraft brake heat sink is designed using the following design
performance parameters derived from the basic brake design specifications:•

Heat Sink Loading (Kinetic energy per unit heat sink mass)

•

Area Loading (Kinetic energy absorbed per unit swept area of the rubbing
faces)

•

Area Loading Rate (Area Loading per unit braking time)

4.2 DERIVATION OF FRICTION MATERIAL PROPERTIES FROM THE BRAKE
SPECIFICAITON
All the above performance characteristics of the brake and the brake heat
sink are determined by the brake design specification. The first phase of the
development of an appropriate friction composition for the brake pads, therefore,
starts with a detailed analysis of the brake design specification and deduction of
physical and mechanical properties of the candidate friction material. Table 4.1
presents the typical brake design specification parameters that are required for
the derivation of properties and development of an appropriate friction/brake pad
material.
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Table 4.1: Typical Aircraft Brake Design Specification Parameters
Sl.NO. Basic brake design specification
1.
Maximum Design Landing Weight of Aircraft at Sea Level

Symbol(Units)
WDL(Kgf)

2.

Maximum Brake Application Speed on Design Landing

VLBr (m/sec)

3.

No. of Landing Brake s per Aircraft

N

4.

Maximum Take-off Weight of Aircraft

WTO(Kgf)

5.

Maximum Decision Speed for Reject-Take-Off (R.T.O.)

VD(M/sec)

6.

Mean Deceleration reqd. from Brake during Design Landing

D1(-3m/sec2)

7.

Minimum Deceleration reqd. from Brake during R.T.O.

dRTO
(1.83m/sec2)

8.

Mean Service Life of Brake Linings in Number of Landings

L(m)

9.

Tyre Rolling Radius of Braking Wheel

R (m)

10.

Number of Brake Pistons

n
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11.

Mean Diameter of Brake Pistons

D(cm)

12.

Pitch Circle Radius of Brake Pistons

r (m)

13.

Maximum Effective Brake Pistons

Peff (kgf/cm2)

14.

Total design heat sink mass of brake

MHS(Kgf)

15.

Number of Frictional Rubbing surfaces per brake

B

16.

Total Frictional Swept Area per rubbing surface

a (cm2)

17.

Threshold Brake Temperature Rise on Design Landing

TDL(0C)

18.

Maximum Allowable Brake Temp. Rise during Emergency

TRTO(0C)

R.T.O.
19.

Nominal Friction Material Thickness per face of brake disc
FTH(cm)
From the basic design specification data given in Table 4.1, a number of

performance characteristics of the brake such as kinetic energy per brake, brake
torque, stopping time, and stopping distance etc. could be derived which in turn
form the acceptance requirements of the brake friction material being developed.
From the basic data of table 4.1 and the derived brake performance
characteristics, a number of physical and mechanical properties of the candidate
friction material, such as coefficient of friction and wear, could be derived which
govern the development of the friction material, table 4.2 presents the derived
performance characteristics of an aircraft brake illustrating the relation between
the basic design specifications and the derived characteristics.
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Table 4.2 Derived Brake Performance Characteristics
Sl.
No.
1.

Derived Characteristics

Derived from

Relationship

Kinetic energy (Design Landing(, KE(DL)

WDL, VLBr, N

KE(DL)=1/2WDL VLBr2/gN

2.

Kinetic energy (R.T.O.), KE (RTO)

WRTO, VD, N

KE(RTO)=1/2WRTOVD2/gN

3.

Mean Stopping Time(Design Landing),

VLBr, dI

t(DL)= - VLBr / dI

VD, dRTO

t(RTO) = -VD /dRTO

VLBr, dI , t(DL)

S(DL) =VLBr t(DL) + dI t(DL)2/2

VD, dRTO, t(RTO)

S(RTO)=VDt(RTO)+dRTOt(RTO)2/2

WDL, dI, N, R

τ (DL) = WDL dI R/ gN

t(DL)
4.

Max, Stopping time allowed for RTO
emergency braking , t(RTO)

5.

Mean braking distance (Design Landing)
S(DL)

6.

Max. braking distance allowed in RTO,
S(RTO)

7.

Mean Dynamic Brake Torque (Design
Landing), τ (DL)

8.

Heat Sink Loading , HM

KE(DL) , MHS

HM = KE (DL) / MHS

9.

Heat Sink Area Loading, HA

KE (DL) , a, b

HA = KE (DL) / a b

10.

Heat Sink Loading Rate
A) Mass Loading Rate , HM

HM , t(DL)

HM = HM / t(DL)

B) Area Loading Rate, HA

HA, t(DL)

HA = HA / t(DL)

The basic physical and mechanical properties of the candidate friction
material are derived from the analysis of the brake specification (table 4.1) and
the derived performance characteristics (table 4.2). Table 4.3 presents some of
the physical properties of the candidate friction material for a typical aircraft
brake, the basic specification/characteristics and the friction material properties.
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Table 4.3 Properties of the Candidate Friction material derived from the brake
specification
SL. Property
Derived from
Relationship
Value of
NO.
property derived
for a typical
transport aircraft
1.

2.

3.

τ (DL), P eff, D,

µ = 4 τ(DL) / תּD2 nbr

Friction, µ

n, b,r

Peff

Mean Specific Heat of

KE (DL), MHS,

SM = KE (DL)/MHS TDL

0.59 J/gm/deg.C

Friction Heat Pack, SM

TDL

Maximum allowable

FTH, Lm

WTH = FTH/Lm

0.003 mm

TM>(TRTO+2000C)

12500 C

Mean

Coefficient of

0.29

Wear rate per braking
stop, WTH

4.

Minimum melting point of TRTO
Friction material , TM

In a similar manner the other basic physical, mechanical properties of the
candidate friction material such as thermal conductivity, specific gravity, shear
strength, compressive strength, etc., could be easily derived from the brake
specification.
4.3 DESIGN AND SELECTION OF FRICTION MATERIAL COMPOSITION
The composition of the prototype friction material is then designed,
selected and formulated based on the properties derived. The first step in this
process is the selection of the metallic matrix material which imparts the basic
physical and mechanical properties such as friction, strength, specific heat,
thermal conductivity and melting point to the friction material and normally
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accounts for 60 to 75% of the metallic matrix is restricted to either a copper base
or an iron base or a judicious combination of the two bases. Minor additions of
other metals such as Zinc, Tin, Nickel, Chromium, etc., as alloying elements, are
sometimes necessary to enhance the mechanical properties of the metallic base.
Table 4.4 shows the relative characteristics of the Iron and copper matrix
material.
Table 4.4. The relative characteristics of iron and copper based matrix
materials
Sl.no. Characteristics
1.

Specific Heat at Room Temp

Iron

Copper

0.59

0.42

59

346

14

18

450,000

280,000

(Joules/gm/0K)
2.

Thermal Conductivity at R.T.
(J/M/sec/0K)

3.

Coefficient of Linear Expansion
(0K1 . 106)

4.

Heat Sink Loading Capacity
(Joules/Kg)

5.

Tensile strength (MPa)

410

240

6

Melting Point (0C)

1539

1083

7.

Antiseizure

Good

Poor

8.

Tolerance to ceramic/non-

Poor

Good

Good

Poor

Poor

Good

metallic additions
9.

Softening Resistance at
Elevated Temperature

10.

Ease of Manufacture into
friction Materials
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From an analysis of Table 4.4 and the desired properties of the candidate
friction material, the matrix material could be easily selected. For example, for a
typical transport aircraft brake, the derived properties of which are given in table
4.3, iron could be selected as the most suitable matrix material as most of the
characteristics desired such as specific heat, heat sink loading, melting point,
thermal conductivity, etc. However, in most cases to improve thermal conductivity
with a negligible reduction of room temperature specific heat, about 5-10% of the
iron is replaced by copper. Incorporation of a small quantity of copper in iron
matrix also improves fabrication characteristics such as mixing, powder
compressibility and sinterability and promotes strength and hardness of the
resultant material due to precipitation hardening.
The next step in the design of composition is the selection of the other
secondary ingredients such as friction additives, dispersed solid lubricants,
stabilizers, etc. Table 4.5 illustrates the various ingredients commonly used in
formulation of metalloceramic friction materials to fulfill the diverse functional
characteristics required. The type and proportion of the secondary ingredients
selected are based on the level of functional properties required in the resultant
friction material.
Table 4.5 Friction Material Ingredients
SL.NO. Frictional characteristics
1.

Components/Ingredients

Friction, strength, thermal

Matrix: Copper or iron (with or

conductivity and specific heat

without alloying elements, e.g. Sn,
Zn, Ni, Cr, Mn etc.)

2.

Lubrication, seizure prevention,

Dispersed Lubricants: Graphite,

stability

MoS2, Special high temp.
Lubricants.
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3.

Abrasive component: Silica,

Abrasion/Friction

Mullite, Silicon Carbide etc.

4.

Friction stability, thermal stability,

BaSO4, CaSO4, Mo, etc.

Softening resistance,
Conformability

5.

Spinels, steel wool, pearlite and

Wear resistance

Cementite phase in iron matrix.

6.

Carbon, Minerals.

Fillers

The abrasive component is the most important ingredient after the matrix
as this gives rise to friction and also helps in preventing local welding and metal
transfer of the metallic matrix material on to the mating part rubbing surface
during braking. Out of the various abrasive ingredients, the oxides of silicon and
aluminum are known to be suitable for low and medium energy friction materials
whereas the carbide of silicon is most desirable for high energy possessing high
heat sink loading values. For the transport aircraft brake, which has a friction
material with a iron based matrix, SiC was chosen as the abrasive ingredient.
SiC is also abundantly available in our country, is cheap and is stable till a
temperature of 1800 0C and hence is the ideal abrasive ingredient for the friction
material.
Dispersed dry lubricants are added to avoid gross seizure between the
friction element and mating part. These lubricants provide smoothness of
engagement during braking by forming a self regulating smooth film on the
friction surface. These lubricants, by forming a film,

also regulate friction and

wear at all rubbing speeds and brake temperatures. Out of the various dispersed
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lubricants, natural graphite is best suited for the iron matrix as it also helps
formation of the much desired pearlite phase in the iron matrix during sintering.
Pearlite improves strength, friction coefficient, stability and wears resistance in
iron base friction materials. Graphite, however, ceases to be a good lubricant at
brake bulk temperatures above 600

0

C and therefore a secondary high

temperature lubricant is also required when temperatures more than 600 0C are
encountered.
It has been found that high graphite contents (15 to 20%) are suitable for
low temperature performance and where very high thermal conductance is
assured, but in conditions of poor heat transfer such as in the present example,
the addition of graphite should not exceed 6 to 8%. Secondary high temperature
lubricant additions are normally kept very low, i.e., about 1 to 2%, as higher
amounts added lead to excessive wear of the friction material.
An important requirement, which the friction material of a high energy
aircraft brake must fulfill, is thermal stability which means that the basic strength,
friction and wear rate of the material should not deteriorate appreciably with
increasing rubbing speeds and brake temperatures. Sulphates of Barium,
Calcium, Manganese or Iron are effective stabilizers. BaSO4 is very commonly
used in iron base friction materials. Additions are limited to 12% beyond which
mechanical properties of the friction material decline.
The resultant composition of the iron base friction material for a typical
high energy transport aircraft brake could be tentatively fixed as given in Table4.6.
Table 4.6 Typical composition of the iron base friction material
Sl.No.
1.

Ingredient
BaSO4

Weight Percent
8 to 12%

2.

Graphite

6 to 8%

3.

Silicon carbide

7 to 10%
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4.

High temp. Lubricant

1 to 2%

5.

Copper

5 to 7%

6.

Iron
Balance
It is thus observed that the friction material composition for any aircraft

brake could be designed, formulated and derived from the brake specification
data and such a composition derived would naturally satisfy all the properties and
performance parameters dictated by the brake specification.
4.4. Design and Selection of Multi-layer Technology in Aircraft Brake pads:
The sintered metal-ceramic friction material developed does not by itself
fulfill all the requirements of aircraft braking. There are other vital issues such as
absorption of noise and vibrations generated during high speed aircraft braking,
the steep thermal gradients to be neutralized, the proper fastening of the friction
material to the carrier assembly etc. To meet all the above requirement, the
friction element is designed as not only a multi-component friction material, but
also a multi-layered composite.
Fig 4.2 shows the conceptual view of the multi-layers in a brake friction material.

Friction material layer
Layer to compensate for
thermal gradient
Layer for absorbing
vibration and noise

Adhesive Layer
Steel backing frame
Fig 4.2 conceptual multi-layers in a brake friction material
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In iron base friction elements a pure sponge iron powder layer of thickness
0.5 to 2.0 mm between the friction material and the nickel plated steel backing
frame is incorporated as a special feature by making a multi-layer compact. The
sponge iron acts as a cushion layer due to its sponginess. This characteristic
allows the effective damping of vibrations/judder during braking. This layer also
acts as a medium to further ensure good bonding between the friction material
and the steel back plate through the intermediate nickel layer. A portion of lower
melting copper/tin, which are the ingredients of the friction material, also
percolate to this sponge iron layer during pressure sintering by capillary action
and are believed to reduce the effect of thermal gradients.
The nickel coated layer of the back plate also contributes to neutralizing
the thermal gradient due to a compositional gradient that exists across its
thickness. The compositional gradient arises due to its alloying with some of the
friction material ingredients on one side and with the back plate on the other side.
Fig 4.3 shows the microstructure image of a typical iron based aircraft
brake pad showing various multi-layers

Iro n b a se me ta l-c e ra mic
fric tio n ma te ria l (fric tio n, we a r
a nd a nti se izure )

Sp o ng e iro n-c o p p e r la ye r
(c ushio ning a nd the rma l
g ra d ie nt c o mp e nsa ting la ye r)

Nic ke l p la ting (a d he sive
Allo y ste e l b a c king fra me (fo r
she a r stre ng th a nd fitme nt)

Fig 4.3: Sectional microstructure of a typical iron based aircraft brake pad
showing various technological layers
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In copper base friction materials, a cup type design and presence of
metallic grid inserted by spot welding between the cup and the friction material
ensures judder reduction, bonding and integrity of the material against thermal
gradients.
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CHAPTER: 5
POWDER CHARACTERISATION
5.1 Introduction:
Powder metallurgy method of brake pad manufacturing start with processing of
powders. Hence it is necessary to understand the nature and characterization of the
ingredient powders in order to develop a sound manufacturing method.
A particle is defined as the smallest unit of a powder that cannot be subdivided.
Powder metallurgy deals with particles that are larger than smoke (0.01 to 1 µm), but
smaller than sand (0.1 to 3 mm), and most of the common particles have diameters
similar to that seen with human hair (25- 200 µm).
5.2 Particle Size and Shape:
Both particle size and particle shape exert considerable influence on the behavior
of a powder during brake pad manufacturing. The properties of the powder compact and
the final sintered part are directly related to the extent to which powder particles
establish contact with their neighbors.
Metal powders suitable for processing in to brake pad material generally ranges
from 0.1 to 200 µm in size.
The size of a particle is specified by linear dimension in spherical shaped powder
as shown in fig 5.1. For plate or flake shaped particle two parameters i.e. diameter and
width are needed to describe the size as shown in fig 5.1.

Fig 5.1: single and double parameter of sphere and flake powder particle
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Fine powders provide many interparticle contacts during compactions. This
promotes sintering but makes it difficult to achieve uniform compacted density. However
coarse powders result in more uniform densification during compaction, but due to
fewer interparticle contacts and more sluggish sintering behavior, large pores are
retained after sintering.
The shapes of powder particles used in the brake pad applications vary greatly
depending on the property required. The powder shape play a dominant role in
establishing packing efficiency, flow ability, compressibility etc.
Fig 5.2 shows the some of the powder particle shapes used in the brake pad
friction material manufacturing.

Fig 5.2: Different shaped powder
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5.3 Powder Measurement Technique:
Most ferrous and non ferrous powders used in the brake pad friction material
applications are measured for size by Sieve analysis and microscopic analysis.
5.3.1 Sieve Analysis:
Screening or sieve analysis is a common technique for rapidly analyzing particle
size. This technique is usually applied only to particles larger than about 45 Micron
meter.
This technique uses a square grid of evenly spaced wire called mesh. The mesh
size is determined by the number of wires per unit length. The opening size varies
inversely with the mesh size. Larger mesh sizes imply small opening sizes and vice
versa.
Screen analyses begin with a stack of screen with decreasing mesh openings as
shown in fig 5.3.

Fig 5.3 stacks of screens with decreasing opening
The smallest opening size sieve is placed at the bottom. The powder is loaded
on to the top screen and the screen stack is agitated for 15 minutes. After vibration for
15 min, the screens are unstacked and the powder in each size interval is weighed. The
powder passing through a mesh is designated as minus (-) sign, and that retained on a
mesh is designated by a plus (+) sign.
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5.3.2 Microscopic Analysis:
A widely applied technique for particle sizing uses the ability of the eye to rapidly
size dispersed particles in a microscope. Microscopic methods have the advantages
that they record not only particle size, but also particle shape, frequency distribution of
the powder size and structure.
There are two types of microscopes used for microscopic analysis, they are
optical microscope and Scanning Electron Microscope.
5.3.2.1 Optical Microscope:
The optical microscope, often referred to as the "light microscope", is a type of
microscope which uses visible light and a system of lenses to magnify images of small
samples.
In optical microscope the particles are measured and counted either on the
focusing screen of the microscope or from image analyzer attached to the microscope.
Limitation of the optical microscope in terms of particle size measurement is that
the depth of focus of this microscope is lesser then the scanning electron microscope
hence it is not used for particle size lesser than 1 micron meter.
5.3.2.2 Scanning Electron Microscope
The scanning electron microscope is the most powerful method of examining
powders optically. This method yields an illuminated image of the particle that is
distinguished by high depth of focus and three-dimensional perspective.
5.4 Powder Fabrication:
The method selected for fabricating a powder depends on specific material
properties required in the brake pad application. The three main fabrication technique
used in the powder manufacturing used in friction material are electrolytic fabrication,
chemical fabrication and atomization method.
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CHAPTER: 6
MANUFACTURING OF BRAKE PAD COMPONENT
6.1 Manufacturing process for brake pads:
The manufacturing process for the copper and iron based brake pad components
are shown in the fig 6.1 and fig 6.2 respectively

Fig 6.1 process chart for iron based brake pad

Fig 6.2 Process chart for Copper based brake pad
The steps involve selection of raw material, powder compaction, processing of
back plate, pressure sintering, secondary operation etc.
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6.2 Electroplating of brake pad back plate frames and formed cups:
The plating is given to back plate or cup of the brake pad material to aid diffusion
bonding during sintering and to project the part against corrosion.
The plating process include following operations
a. Sand blasting
b. Vapour Degrease
c. Masking
d. Alkaline Cleaning
e. Acid Pickle
f.

Plating

g. Post plating treatment (De embrittlement treatment )
In order to get the defect free plating, the part is checked visually for
smoothness,porosity,nodules and blisters.
The typical lay out of a proces shop for plating of back plate/cup for aircraft brake
pads is shown in fig 6.3.

Fig 6.3: Typical layout of plating shop

6.3 Design and Selection of Dies and Tools required for manufacturing of brake pads
Design and Selection of tools has been done taking in to consideration the
following aspects
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a. Availability of Machines and their capacities
b. Accuracy requirements
c. The tool material is selected taking in to consideration the desired life of the
tools based on its application
d. Economical aspects
The tools that are required in the manufacture of brake pads are
6.3.1 Blanking Tools
Steel sheets of different thicknesses have to be blanked with tolerance of
0.05 mm. For this purpose hardened high carbon steel blanking tool having
proper guiding systems is selected. Fig 6.4 shows the typical blanking tool used
in the manufacturing of brake pad component.

Fig 6.4: sectional and assembly view of the blanking tool
6.3.2 Forming Tools
The forming tool is mainly used for the cup type brake pad component
manufacturing .The blanks got from blanking have to be formed in to a cup. The
cup has two or three embossings on the back side. The press tool is made of
hardened high carbon steel that first does the drawing operation and then the
embossing. Fig 6.5 shows the typical forming or draw tool used in the
manufacturing of brake pad component.
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Fig 6.5: sectional and assembly view of the Forming tool

6.3.3 Powder Compaction Tools:
The tools required for compaction for the production of brake pads
comprises, of a Top Punch, a Bottom Punch, Compaction Die and an upward
ejection mechanism (for powder compacts) or a die shuttle mechanism for
downward ejection (for cup type brake pad compacts).

The schematic of a typical compacts tooling for iron based brake pad is
shown the Fig 6.6

Fig 6.6 Tool drawing of the typical iron based pad
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6.4 Laboratory testing of brake pads:
The brake pads manufactured require to be tested in al laboratory. A typical
lab scale brake pad testing includes

6.4.1 Chemical Analysis:
The brake pad material is chemically analyzed for the presence of
elements as per the approved respective test schedule. The back plate is
analyzed for chemical composition of the steel. Facilities for inorganic analysis
such as computerized spectrochemical analyzer, atomic absorption spectro
photometer,

Carbon-sulfur

analyzer,

carbon

estimation

apparatus

and

conventional wet chemical analysis facilities are typically required. For organic
brake pad testing facilities include viscometer, scratch hardness tester and Shore
‘D’ hardness tester.

6.4.2 Metallurgy Analysis:
The brake pad friction material microstructure is analyzed for the presence
and uniform distribution of all ingredients. The matrix is analyzed for the desired
structures as per specification. The back plate is analyzed for desired heat
treated microstructure and the integrity and bondness of bonding between the
friction material and back plate across the plating is also certified. The plating
thickness is also measured and certified.

The facility for the testing includes Scanning Electron Microscope, Hardness
testers, and metallurgical optical microscopes with image analyzer facility,
metallographic polishing, specimen preparation and mounting facility.

6.4.3 Friction and Wear Test: Lab scale Dynamometer for friction testing:
Two sectors selected out of every batch of metal-ceramic sectors is tested
in the friction testing machine at Foundry & Forge Division for friction and wear
properties.
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Fig 6.7 shows the perspective view of the front & rear view of the friction test
rig.

Fig 6.7 Perspective view of the front & rear view of the friction test rig.
Two sectors shall be riveted to the holder of the machine and these
samples are to be tested under conditions derived from the brake design
specification. The test shall be done on machined sectors. 50 braking stops
shall be carried out and considered for measurements of friction and wear. The
typical parameter for the iron based pad is shown the table 6.1.
Table 6.1: Friction test parameter of typical iron based pad
Kinetic Energy (Kgfm)

6298

Inertia of fly Wheel(kgm2)

3.46

Speed of flywheel (rpm)

576

Brake Force(kgf)

163

During the test the following parameters are to be observed and recorded
a) Coefficient of friction (maxm, min, and average).
b) Wear by thickness loss and weight loss measurements after 50 stops
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c) Run-down time (Seconds).
d) Run-down revolutions
e) Brake temperature rise (deg c)
f) The values of stop time, temperature rise etc., is recorded.
6.4.4

Bend Test:

6.4.1

One sample per sintering batch of the drawn randomly from the bottom of
the stacks of sectors shall be subjected to bend test to asses the quality of
the bond between back plate and friction lining. Bend test for assessing
bond quality for metal-ceramic sectors as per BS.1639-1964.

6.4.2

The bend test fixture is used for testing.

6.4.3

The specimen shall be placed on the fixed rollers with the ceramic layer
facing down. The pressing punch shall be placed centrally on the test
piece. Pressure shall be applied on the pressing roll using a press to bend
the sample to approximately 1200

6.4.4

Observe broken ceramic layer. Friction layer could break away but steel
surface shall not be exposed in the interface. Steel surface shall have a
continuous layer of ceramic material sticking on to the steel.

6.4.5

Exposure of steel surface is indication of poor bonding and failure in the
bend test.

6.5

Preservation and Packing of brake pad

The brake pads are preserved in non-corrosive environment with proper
precautions to prevent corrosion during storage. They are be wrapped in
chemically neutral, grease proof barrier material and delivered in suitable
containers
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For iron based brake pads, the brake pads are protected from
atmospheric corrosion by applying a uniform coating of resin-based cellulose
nitrate varnish mixed with aluminum paste or cellulose nitrate varnish mixed with
Sudan red dye on all surfaces.

Every batch of metal-ceramic sectors is accompanied by a test certificate
furnishing details of batch and test results on the samples, duly certified by the
representative of Quality Control Department.
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CHAPTER: 7
MIXING TECHNOLOGY
7.1 Introduction:
Mixing and blending are two common pre compaction steps used in the
brake pad manufacture. Due to heterogeneous nature and different types of
the powder used, a homogenous mix is a primary importance in getting the
desired property in a brake pad manufacturing process.
Blending refers to the combination of different sized powders of the
same chemistry to achieve control over the particle size distribution and
remove powder segregation, where as mixing implies different powder
chemistries to form new composition. The mixed powders are not as hard and
do not work harden as rapidly during compaction process compared to
prealloyed powder.
Small particles will agglomerate during mixing process because of a
high surface area and the action of one of the weak forces. The common
weak forces are vander Waals attraction, electrostatic charges, capillary liquid
forces, cold welding at the particle contacts or magnetic forces.
The variables involved in blending or mixing powders include the
material, particle sizes, mixer type, mixer size, relative powder volume in the
mixer, speed of mixing, shear and time of mixing and humidity etc.
7.2 Mixing Equipment:
Metal powder mixing and blending is performed using following
equipment
7.2.1 Pot mill/Ball mill
7.2.2 Double cone Blender
7.2.3 Sigma mixer
7.2.1 Pot Mill/Ball mill:
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The fig 7.1 shows the ball mill/pot mill used for mixing of powder metal
powders.

Fig 7.1: Pot mill/Ball mill
The drive assembly of pot mill consists of a pair of rollers with hard
neoprene rubber with one roller driven through V pulley. The second
rubberized roller should be easily removable so that it could be sent in any of
four different positions allowing the space between the rollers are adjusted to
accommodate different sized ball mills. Normally pot mill are used during
development stage in small quantity of mix to establish mixing parameter. The
mixing volume used in the pot mill container should be 1/3rd of the container
volume. Table 7.1 shows the typical specification of the pot mill
Table 7.1: Specification of typical Pot mill/Ball mill
Specification

Dimension

Length of the roller
Over all diameter of rollers
Thickness of rubber lining
Roller speed
SUITABLE DIMENSIONS

Induction Motor
Stainless steel pots with wall
thickness
Stainless steel pot size
Stainless ball size
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7.2.2. Double Cone Blender:
The fig 7.2 shows the sectional view of the double cone blender used
for mixing of powders. The capacity of the blender is more compared to the
pot mill/ball mill. It is mainly used during manufacturing stages.

Fig 7.2 : Double cone Blender
The unit consists of break motor, vessel, gear Box, pillow block, Gear
reducer and Channel frame. The specification of the double cone blender is
shown in table 7.2
Table 7.2: Specification of typical double cone blender
Specification

Dimension

Gross capacity
Working Capacity
SUITABLE DIMENSIONS

Drive Motor
Blender Speed
Blender material wall thickness
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7.2.3 Sigma Mixer:
Another type of mixer for high speed mixing facility .The unit consists
of container, blades, cover, jacket, and tilting and sealing arrangement. The
table 7.3 shows the specification of the typical sigma mixer.
Table 7.3: Specification of typical Sigma mixer
Specification
Container size

Dimension

Working Capacity
Driving arrangement
Tilting arrangement
Blades
Blade speed
Cover

SUITABLE DIMENSIONS

7.3 Mixing with Binders and Lubricants:
The binder is used to mold the powder and lubricants are mixed with
powders to provide easier part ejection from compaction tooling and longer
die life. Lubricants reduce the friction between the powders and die wall, and
between the powder particles themselves. Lubricants decreases wear and
tear of the tools and prevent tool seizure.
There are two ways of lubrication during pressing operation those are
die wall and powder lubrication. Lubricant and binders are removed from
the compacts during sintering operation.

Table 7.4 shows the most important lubricants used and their characteristics.

52

Table 7.4: Types of lubricant and their characteristics
Name

Formula

Melting point 0C

Zinc Stearate

Zn(C18H35O2)2

140

Boiling or
dissociation point
0
C
335

Calcium
Stearate

Ca((C18H35O2)2

180

350

Stearic acid

CH3(CH2)16 COOH 69.4

360

Molybdenum
disulphide

MoS2

-

1185

The addition of lubricant should not exceed 0.2 to 1 mass% of the
powder mix. Larger quantities can cause disintegration of the green parts. In
metalloceramic pad/Bimetallic brake pad dry lubricants are added to improve
the die wear life.
7.4 Safety and Health consideration:
Powder handling requires safety precautions and cleanliness as some
of the

powder are health hazard to the working environment. The particle

size and the specific gravity of the material largely determine the deposition
site for an inhaled particle. Metal powders in a finely divided state are
pyrophoric (burn in air) and potentially explosive.
The powder handing includes protective equipment like mask, gloves
etc. good ventilation, controlled oxidation surface coating and minimization of
spark. The Material safety data sheets (MSDS) are provided along with the
powder, the same are to be read and safety points to be incorporated.
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CHAPTER: 8
COMPACTION TECHNOLOGY
8.1 Stages of Compaction
Figure 8.1 shows the stages of compaction process in the ductile and brittle
powder
Rearrangement

Elastic deformation

Plastic Deformation

(Brittle powder)

(Ductile powder)

Fragmentation

Strain Hardening

Bulk deformation
Figure 8.1.Compaction Stage

The compaction stages in the powder mix starts with particle rearrangements. As
the compaction pressure increases, the relative volume of each particle undergoing
plastic deformation increases. At low pressures, plastic flow is localized to particle
contacts. As the pressure increases, homogeneous plastic flow spreads from the
contacts and the entire particle become work hardened. The large pores are eliminated
first and the particle coordination number increase to distribute the load.
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The brittle materials, densification can occur by fragmentation. The compact
surface area increases due to fragmentation. A small particle size hinders compaction
because of the higher interparticle friction and higher particle work hardening rate.
The figure 8.2 shows the variation of compaction pressure with density of the
powder compact.
Bulk c o mp re ssio n
Lo c a lize d
Ho mo g e ne o us

Density

Re a rra ng e me nt
Ap p a re nt De nsity

Compaction Pressure
Fig 8.2 Variation of density vs compaction pressure
At the beginning of a compaction cycle, the powder mix has a density
approximately equal to the apparent density. As pressure applied the rearrangement of
the particle take place, by filling of large pores, giving a higher packing coordination.
Further increasing pressure provides better packing by localized deformation followed
by homogenous deformation and bulk compression, which leads to decreasing porosity
with the formation of new particle contacts.
8.2 Compaction of brake pad material:
Compaction operation of metallo ceramic brake pad material is done in hydraulic
presses. Compacting pressure varies from 15 to 35 tons/inch2 is used based on the
type of powder, the compacted density and other property required.
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Uniaxial powder compaction method is predominantly used for production of
brake pad material. In this process, the pressure applied along one axis using hard
tooling of the type shown in Figure 8.3.

Fig 8.3 Uniaxial Powder compaction process
The compaction die provides the cavity into which the powder is pressed and
gives lateral constraint to the powder. The top punch is retracted during powder filling.
The powder is feed into the die from an external feed shoe. The fill position differs from
the bottom punch position during pressurization to allow pressing in the center of the
die. The position of the bottom punch can change during powder fill to aid uniform
powder placement throughout the cavity. After filling, the bottom punch drops to the
pressing position and the top punch is brought into the die. Both punches are loaded to
generate stress within the powder mass. At the end of the compaction stroke, the
powder experiences the maximum stress. Finally, the top punch is removed and the
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bottom punch is used to eject the compact. The cycle then repeats with a new fill of
powder.
After compaction, the compact is removed from the die. The force exerted to
push the compact out of the die is called the ejection force. The stored elastic energy in
the compact causes it to press against the die wall, which causes considerable die
wear. The die wear is minimized by application of lubricant in to the die cavity.
Now a days automatic process like HIP, CIP etc are available for better
dimensional thickness compact during

8.3 Tooling Concerns
Proper design and specification of the compaction tools provides long life and
proper functioning. The greater the number of parts to be formed on a given set of
tooling, the more effort necessary to offset possible wear. Tool steels are approximate
for shorter production runs, while cemented carbides are used for high volume
production. The powder shrinkage and swelling due to sintering and elastic recovery on
ejection must be incorporated into the tooling dimensions. The ability to form a final
shape is a major attribute of P/M. Capitalization on that advantage required careful tool
dimensioning to produce correct component dimensions.
The pressures used during compaction are limited by the tool shape and
material. Furthermore, the press size, motions, part complexity, and required surface
finish influence the tolling design.
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CHAPTER: 9
SINTERING TECHNOLOGY

9.1 Sintering Fundamentals:
Sintering is a complex process where a variety of phenomena are encountered.
In the ISO 3252, sintering was defined as “the thermal treatment of a powder or
compact, at a temperature below the melting point of the main constituent for the
purpose of increasing its strength”.
9.1.1The driving force for sintering:
The driving force for mass transport in solid state sintering is primarily the
minimization of the surface free energy of the powder system. A change in the surface
area (dAs) represents a change in free energy (dE) of the system as
dE = γ .dAs

(9.1)

Where, γ is the surface tension. The variation in surface curvature that
accompanies this reduction in surface area leads to a chemical potential change on
three counts, namely, i) stress, ii) vapour pressure and iii) vacancy concentration.
9.2 Sintering Theory:
9.2.1 Sintering Stages:
Sintering operation are divided in to 3 stages based on the geometrical chages
occuring during sintering process .
9.2.1.1. First stage or initial stage:
The particles, which are in contact with each other, form a very small neck. This
small neck area increases continuously as sintering proceeds. The void spaces within
the particle aggregates change into definite pore structures. In spite of initial neck
growth, the particles in the original powder aggregate are still distinguishable.
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9.2.1.2. Second or intermediate stage:
In this stage the particles can no longer be distinguished, the pore channels in
the powder aggregate become cylindrical in shape and gradually get pinched off and
closed. These pores are situated at the intersection of three or four grain boundaries.
This is a stage of a very rapid densification.
9.2.1.3. Third or final stage:
The final stage begins when the pore phase gets eventually pinched off. The
pores shrink continuously and tend to be spherical in shape. The migration of grain
boundaries and grain growth take place. Majority of the pores are closed and isolated.
At this stage, a definite grain structure also develops. The density of the sintered body
reaches its maximum value at this stage.

9.3 Mixed Powder Sintering:
The mixed phase sintering phenomena relies on both physical and chemical
factors. The physical factors involve the green powder structure, particle size, particle
shape, Composition, homogeneity, and green density. Chemical interactions in mixed
powders usually dominate during heating.
Four types of sintered structure are possible from the mixed powder these are
1.

Homogenization when there is intersolubility between the mixed powders.

Ex: stainless steel.
2.

Enhanced sintering when the base powder is soluble in the additives, but

not vice versa. EX: Refractory metals (W, Mo, Cr) with Ni additions.
3.

Pore formation when the base powder has solubility for the additives, but

not vice versa. Ex: Ti-Al, Al-Zn, Fe-Ti.
4.

Composites when both base powder and additives are insoluble. Ex: Fe-

Al203.
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9.4 Types of sintering process:
The fig 9.4 shows the map of key sintering process.
SINTERING PROCESS

Pressure less

Solid state

Mixed Phase

Pressure-assisted

Liquid Phase

Single Phase

Composites

Transient Liquid

Low stress

High stress

Persistent Liquid

Reactive

Mixed Phase

Solid Solution

Super Solidus

Activated
Homogenization

Fig 9.4 Map of key sintering process.
Sintering process is divided into pressure less and pressure assisted sintering
process. In the pressure assisted process, pressure is usually from hot isostatic, forging
and hot pressing process.
A pressure less sintering process is distinguished as a solid state and liquid
phase sintering processes. solid state sintering processes are further categorized in to a
single phase applicable to pure substances like Iron, Nickel, Copper etc and mixed
phase include compact homogenization, activated sintering and composites. In the
activated sintering process, the second solid phase contributes to rapid particle
bonding.
Liquid phase sintering is categorized based on presents of liquid during the
sintering process. The liquid may be present momentarily or may persist during much of
the sintering cycle. Presence of the liquid in the sintering cycle accelerates mass
transfer, densification, and microstructure coarsening. There are two main forms of
liquid phase sintering, persistent liquid phases exists throughout the high temperature
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portion of the sintering cycle as in sintering of W-Ni-Fe alloys and transient liquid phase
sintering where liquid that disappears during the sintering cycle, due to dissolution in to
the solid solution or formation of a new phase as in the sintering of Cu-Sn and Cu-Zn
alloys.
9.5 Sintering Atmosphere:
Sintering atmosphere influences sinter bonding and compact composition. The
atmosphere is a key to ensure proper sintered properties.
The sintering atmosphere shall perform the following roles during sintering
operations
1. Extracting the surface contaminants
2. Removal of organic materials used in forming operation to avoid undesired
reactions with the powder.
3. Prevent air from entering the furnace
4. Reduce surface oxides on the powder particles
5. Control carbon on the surface and in the core of steel parts
6. Remove carbon in special applications
7. Provide controlled oxidation during cooling in special application.
8. Convey or remove heat efficiently and uniformly

9.5.1 Sintering atmosphere types:
There are seven types of atmosphere used in sintering process. It includes air,
inert

gas, Hydrogen, dissociated ammonia, nitrogen-based, natural gas- based and

vacuum. In the brake pad sintering, mixed gases of hydrogen and nitrogen are mainly
used as a sintering atmosphere .The hydrogen gas provide good oxide reducing
character, high thermal conductivity and carbon control, while the nitrogen gas is used
to minimize explosive dangers.
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9.5.2 Impurity effects on sintering atmosphere
An impurity effect on sintering atmosphere is measured using the dew point. It
tells the temperature at which water vapor will condense. It is a measure of the relative
moisture content and the atmosphere oxidation-reduction potential.

9.5.3 Sintering Furnace
The sintering furnace provides time-temperature control of the sintering cycle
while containing the atmosphere. P/M compacts are porous; therefore, a much greater
surface area is exposed to the furnace atmosphere than with solid parts. Sintering
temperatures are considerably higher than heat treating temperatures (1120 °C for iron
and steel compared to 900 °C for carburizing and neutral hardening of steel).

Sintering furnaces are classified in to two types based on the productivity, these
are
9.5.3.1.

Batch furnace Ex: Bell furnace, oven, elevator furnace etc

9.5.3.2.

Continuous furnace Ex: pusher furnace, Roller Hearth furnace etc

9.5.3.1. Batch Furnace:
The main advantage of batch furnace is flexibility. The pressure assisted
sintering operation is carried out in these types of furnaces. The figure 9.5 shows the
typical bell furnace used in the sintering of brake pad material.

Fig 9.5 : Bell furnance
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Bell furnace is commonly used for pressure sintering of friction materials. They
are equipped with work-pressing devices to apply heavy pressure during sintering
operation.

9.5.3.2 Continuous Furnace:
A continuous furnace provides thermal treatments by controlling the position of
the compact in a pre heated furnace. These are comes in several designs including the
mesh-belt conveyor furnace, the ceramic-belt conveyor furnace, the roller-hearth
furnace, the pusher furnace, the walking-beam furnace, and the continuous vacuum
furnace. A typical continuous sintering furnace has four distinct areas, heat or burn-off
area, the high heat or sintering area, the slow cool or transition area; and the final
cooling area.

The first zone in a continuous furnace initiates compact heating, removes
lubricants, binders and contaminants from the pores, and possibly starts gas reactions
with the powder. The next two zones are the high-heat region, where the actual time,
temperature and atmospheric conditions are maintained. Cooling takes place in the last
zone, where the compact is subjected to a high gas flow. The figure 9.6 shows the
pusher furnace used in the manufacturing of the copper based brake pad material.

Fig 9.6: Pusher furnace
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CHAPTER: 10
AIRWORTHINESS CERIFICATE OF BRAKE PAD
10.1 AN-32 BRAKE PAD
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10.2 AVRO BRAKE PAD

66

10.3 BOEING BRAKE PAD

67

10.4 CHETAH/CHETAK BRAKE PAD

68

69

10.5 DORNIER AIRCRAFT

70

10.6 DC 8 BRAKEPAD

71

10.7

HPT-32 AIRCRAFT

72

73

10.8

HPT-32 LOCATING PAD

74

10.9 ISLANDER AIRCRAFT

75

10.10 JAGUAR INSULATOR PAD

76

77

10.11 JAGUAR BRAKE PAD

78

79

10.12 KIRAN MKII AIRCRAFT

80

10.13 KMI INSULATOR BRAKE PAD

81

82

10.14 MIG27 AIRCRAFT

83

84

10.15 MIG21 BIMETALLIC SECTOR

85

86

10.16 SEAKING AIRCRAFT
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CHAPTER: 11
STATUS OF TYPE APPROVAL/PROVISIONAL CLEARANCE
TA/PC REFERENCE*
SL. NO

PROJECT
CEMILAC/RCMA*

1

BOEING

TA-7-12/90/RD(DGCA)

2

DORNIER

TA-5-13/90/RD(DGCA)

2A

DORNIER

TA-845

3

AVRO

TA-7-12/88/RD(DGCA)

3A

AVRO

CRE/067/13/TECH.

4

JAGUAR INSULATOR

TA NO-943

5

CHEETAH/CHETAK

TANO. 066

6

KIRAN MARK-II

TA NO -717

7

JAGUAR

TA NO-1341

8

ISLANDER

TA NO - 847

9

MIG-27

TA NO-1208

10

AN-32

TA NO-1206

11

HPT-32 (Locating Pad)

TA NO - 864

12

SEA HARRIER

DC-CRE(A/C)HAL-BC/245/24

13

ALH-NV

PC-RCMA (A)/14/Tech

14

MIG-27/29

PC-RCMA (F&F)/249/145

15

HPT-32 (Modified)

TA NO - 1348

16

SARAS

DGCA Capability register

17

ARJUN MBT

F/PMS/FBP 2600

18

HPT-32

TA NO-587

19

KIRAN INSULATOR

TA NO-983
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20

CHETAK/CHETAH

TA-1000

21

AVRO Rotor segment

PC-RCMA(KNP)/050/25/Tech

23

SEA KING

TA - 1001

24

MIG – 21 (BMS)

TA NO- 1216

25

MIG-21

TA NO- 1214

26

IJT/HJT

PC-RCMA (F&F)/247/145

27

KIRAN MARK-I

TA NO-1138

*TA

: Type Approval

*PC

: Provisional Clearance

*CEMILAC: Centre for Military Airworthiness & Certification.
*RCMA

: Regional Centre for Military Airworthiness.
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CHAPTER: 12
JOINT SERVICES SPECIFICATIONS FOR AIRCRAFT BRAKEPAD
Numerous metallic and non- metallic materials are widely used in aviation
industry. As Indian aviation industry began with production and overhaul of
aircraft, engine and their associated systems under license agreement with
collaborators, India was completely dependant on procurement of these articles,
spares and systems from collaborators. In order to become a self – reliant, lot of
emphasis has been laid down on indigenization. Now in India ab-initio projects
like LCA, ALH, PTA etc. have also been successfully developed. A large number
of varieties of materials have been indigenized equivalent to foreign specification
through PSUs, DRDO Labs, and private firms all over the country.
In view of the above, CEMILAC has taken up task of the rationalization of various
airborne stores through Aero Stores Standardization Sub Committee (Aero
SSSC) under CCSSC, which in turn comprised eight working groups. Working
Group of Aircraft Brake Pad is one among them. 7 Joint Services Specifications
have been developed by this group over last five years. Table shows the JSS of
different rubber compounds.

S. No. JSS No.
1
JSS : 1630-01:2009
2
3
4
5
6
7

DESCRIPTION
APPLICATIONS
Metallic brake
Dornier and AN-32 Aircraft
pad
JSS: 1630-03: 2009 Metallic brake
Cheetah/Chetak and
pad
Advanced Light Helicopter
JSS: 1630-05: 2009 Organic brake
Seaking Helicopter
pad
JSS: 1630-06: 2009 Organic brake
Kiran MK I/IA
pad
JSS: 1630-03: 2009 Organic brake
HPT -32
pad
JSS: 1630-03: 2009 Metalloceramic
Kiran Mk II
Brake pad
JSS: 1630-03: 2009 Metalloceramic
AVRO
brake pad
Table12.1 Joint Services Specifications of Brake Pads
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CHAPTER: 13
TYPES OF BRAKEPADS USED IN VARIOUS AIRCRAFT
13.1

AN-32 BRAKE PAD:

AN-32 ROTOR PAD

AN-32 STATOR PAD

Project

: AN -32

Type

: Iron Based

CEMILAC Type Approval No.

: TA-1206

Characteristics
Max. Brake energy = 15 M Joules
Wear life
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= 250 Landings

13.2

JAGUAR BRAKE PAD:

JAGUAR BRAKE PAD

JAGUAR INSULATOR PAD

Project

: JAGUAR

Type

: Iron Based and organic based

CEMILAC Approval No.

: TA-1341

Characteristics:
Max. Brake energy = 8 M Joules
Wear life
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= 250 Landings

13.3

BOEING BRAKE PAD:

BOEING BRAKE PAD

Project

: Boeing 737-200

Type

: Copper Based

CEMILAC Approval No.

: TA-7-12/90-RD (DGCA)

Characteristics:
Max. Brake energy = 16 M Joules
Wear life
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= 600 Landings

13.4

CHETAK ORGANIC BRAKE PAD:

CHETAK ORGANIC BRAKE PAD

Project

: Cheetah/Chetak

Part description

: Clutch Brake Liner

Type

: Organic Based

CEMILAC Approval No.

: TA-066

Characteristics:
Max. Brake energy = 0.311 M Joules
Wear life
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= 150 Landings

13.5

DC-8 BRAKE PAD:

DC-8 BRAKE PAD

Project

: DC-8

Type

: Copper Based

CEMILAC Approval No.

: N409/CAB/MIN/TC/0075/2006

Characteristics:
Max. Brake energy = 18 M Joules
Wear life

96

= 250 Landings

13.6

DORNIER BRAKE PAD:

DORNIER BRAKE PAD
Project

: Dornier Do-228

Type

: Copper Based

CEMILAC Approval No.

: TA-845

Characteristics

:
Max. Brake energy = 2.6 M Joules
Wear life
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= 200 Landings

13.7

HJT-36 BRAKE PAD:

HJT-36 BRAKE PAD

Project

: HJT-36

Type

: Copper Based

Provisional Clearance No.

: PC-RCMA (F&F)/247/145

Characteristics
Max. Brake energy = 3.46 M Joules
Wear life
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= 100 Landing

13.8

HPT 32 BRAKE PAD

HPT 32 BRAKE PAD

HPT 32 LOCATING PAD

Project

: HPT-32

Type

: Organic Based

CEMILAC Approval No.

: TA-1348

Characteristics:
Max. Brake energy = 0.6 M Joules
Wear life

= 50 Landings
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13.9

KIRAN MARKII BRAKE PAD:

KIRAN MKII PAD

Project

: Kiran Mk-II

Type

: Copper Based

CEMILAC Approval No. : TA-717
Characteristics
Max. Brake energy = 5.46 M Joules
Wear life

= 250 Landings
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13.10

MIG 21 BRAKE PAD:

MIG 21 MAIN BRAKE PAD

MIG 21 NOSE BRAKE PAD

Project

:

MiG-21

Type

:

Iron Based

CEMILAC Approval No.

:

TA-1214

Characteristics

:
Max. Brake energy = 6 M Joules
Wear life
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= 200 Landings

13.11

MIG-21BIMETALLIC BRAKE PAD:

VARIOUS MIG 21BIMETALLIC BRAKE PADS
Project

: MiG-21

Type

: Bi-Metallic sectors

CEMILAC Approval No.

: TA-1216

Characteristics:
Max. Brake energy = 6 M Joules
Wear life

102

= 200 Landings

13.12

MIG 29 BRAKE PAD:

MIG 29 BRAKE PADS

Project

: MiG-29

Type

: Iron Based

CEMILAC Approval No.

: PC-RCMA (F&F)/249/145

Characteristics
Max. Brake energy = 9 M Joules
Wear life

= 250 Landing
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13.13

MIG-27 BRAKE PAD:

VARIOUS MIG 27 BRAKE PADS

Project

: MiG-27

Type

: Iron Based

CEMILAC Approval No.

: TA -1208

Characteristics
Max. Brake energy = 12 M Joules
Wear life
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= 250 Landings

13.14

SARAS BRAKE PAD:

SARAS BRAKE PADS

Project

: Saras

Type

: Copper Based

CEMILAC Approval No.

: DGCA Capability register

Characteristics:
Max. Brake energy = 6M Joules
Wear life

= 150 Landings
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13.15

SU-30 BRAKE PAD:

SU-30 MKI BRAKE PADS

Project

: Sukhoi-30 MKI

Type

: Iron Based

CEMILAC Approval No.

: TA- 1001

Characteristics

:

Max. Brake energy = 15 M Joules
Wear life

= 250 Landings
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13.16

AVRO BRAKE PAD:

AVRO BRAKE PADS

Project

: AVRO

Type

: Copper Based

CEMILAC Approval No.

: TA- 7-12/88/RD (DGCA)
:

Characteristics

Max. Brake energy = 9.4 M Joules
Wear life

= 500 Landings
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13.17

ISLANDER BRAKE PAD:

ISLANDER BRAKE PADS
Project

: Islander

Type

: Organic Based

CEMILAC Approval No.

: TA- 847

Characteristics:
Max. Brake energy = 0.4 M Joules
Wear life

= 150 Landings
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13.18

Arjun Main Battle Tank PAD:

ARJUN MBT BRAKE PADS
Project

: ARJUN MBT

Type

: Copper Based

CEMILAC Approval No.

: F/PMS/FBP 2600
:

Characteristics

Max. Brake energy = 6.5 M Joules
Wear life

= 10,000 Kms
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13.19 KIRAN MKI BRAKE PAD:

KIRAN MKI ORGANIC BRAKE PADS

Project

: KIRAN MKI

Type

: Organic Based

CEMILAC Approval No.

:

TA-1138

Characteristics
Max. Brake energy = 1.1 M Joules
Wear life
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= 100 Landings

13.20

ALH-NV BRAKE PAD:

ALH NV BRAKE PADS

Project

: ALH-NV

Type

: Copper Based

CEMILAC Approval No.

: PC-RCMA (A)/14/Tech

Characteristics
Max. Brake energy = 13 M Joules
= 100Landings

Wear life
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