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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.



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 high-
temperature 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



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)

b)

High and stable coefficient of dynamic friction and its stability over a wide range
of speeds, loads and brake temperatures

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).

High and thermally stable wear rate for long life

Adequate mechanical strength at room and elevated temperature

High refractoriness( melting point)

Good anti-seizure property with mating member material

High specific heat and thermal conductivity

Low coefficient of thermal expansion and tolerance to steep thermal gradients
Compatibility and conformability with mating part to avoid judder

Embedability property to hard ceramic particles or wear debris

Tolerance to high ceramic and non-metallic additions

Good wear properties for long life, without excessive wear or grooving on the
mating disc

m) Low noise, chatter and vibration

n)

0)

Low sensitivity to moisture
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



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.



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 600°C and suffer from poor thermal conductivity and specific heat. These resin
bonded brake pads tends to fade away above 400°C and thus cannot be used in high

speed combat aircraft braking application.



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 Composition in Wt%
no
Phenolic | BaSO, | CaSO, | Bronze | Friction | Asbestos | Brass Other
resin powder | dust fiber Powder | 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-16-
18,ZI'SiO4-
10-
12,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.




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

900°C 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 M/L Composition in Wt%
no Designation : : _
Fe|Cu [Ni|C SiO, | Asbestos | Other additives
1 FMK-11 64|15 |0 |7 3 3 BaS0,4-6%,
2 MKV-50A 64 (15 |0 |8 0 3 FeSo0.-5,SiC-5,B4C-5
3 SMK-83 54120 |0 |O 0 0 Mn-7,Mo0S,-2,BN-

6.5,B4C-9.5,SiC-1




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 Composition in Wt%
no
Cu Sn Pb |[Fe |C Asbestos | Sio, Other additives
1 50-80 |0 10 |20 |5-15 |0 5 Mo0S,-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 TiO»-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




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 1000°C, 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.



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 carbon-
carbon 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.



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/°K

Specific Heat at Room Temp (R.T)

0.59 J/gm/°K

Purity 98% Fe Minimum
Apparent density 2.3-3.5 g/cm®
Flow rate 44s/50 g
Characteristic Shape Sponge or electrolytic
Heat Sink Loading Capacity 450,000 Joules/Kg
Green strength 23.2 MN/m?
Pressability 6.8 g/lcm®

Size (-100+300) BS
Melting Temperature 1539°C
Coefficient of Linear Expansion 14*10° /°K
Tensile Strength 410 MPa
Antiseizure Property Good

Tolerance to Ceramic/non-metallic addition Poor

Density 7.8g/ cm’
Softening Resistance at Elevated Temperature Good

Ease of Manufacture in to Pad Materials Poor

10




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 Jigm/°K
Thermal Conductivity at R.T 346 JIM/Sec/°C
Purity 99.5% Cu Minimum
Apparent density 1.3-2.4g/cm®
Characteristic Shape Electrolytic

Heat Sink Loading Capacity 280,000 Joules/Kg
Green strength 24 MN/m?
Pressability 7.5 glcm®

Size (-250+300) BS
Melting Temperature 1083°C
Coefficient of Linear Expansion 18*107° /°K
Tensile Strength 240 MPa
Antiseizure Property Poor

Density 8.96 g/ cm®
Tolerance to Ceramic/non-metallic addition Good

Softening Resistance at Elevated Temperature Poor

Ease of Manufacture in to Pad Materials Good

11



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.

o
‘l" e
:;’ -
e I!:i:‘_.: o
H, C—HC-H,C—O O O—CHo-CH—CH>

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

12



Table 3.3: Characteristic of the Phenolic Resin used as friction material matrix

in aircraft brake

Characteristics Value
Softening Point 90-105°C
Flow 15-40 m/m
Gelation time 35-80 sec
Size (-250) BS
Melting Range 70-150°C
Coefficient of Linear Expansion 80*10° /°K
Thermal Conductivity 0.16 W/m.K
Yield Strength 133 MPa
Specific Heat at Room Temp 1.19kJ - kgt K*
Antiseizure Property Poor

Density 0.1-0.6 g/ cm®

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 p (coefficient of friction) value at
elevated temperatures
2. Renew of the disc rotor surfaces.
3. Coefficient of friction () increases value with increasing amount of abrasives.
Higher value of u 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.

13



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 (SIiC) is a hard covalently bonded material predominantly
produced by the carbothermal reduction of silica. Silicon carbide is abundantly

available, cheap and stable up to 1800 °C.

Silicon carbide exists in at least 70 crystalline forms and mainly alpha silicon
carbide (a-SiC) with a hexagonal crystal structure and beta modification (8-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

14



SiC content 95% minimum
Density 3.21 g/cm®
Color Green
Melting Temperature >1700°C
Coefficient of Linear Expansion 5.5*10° /°K
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 SiO,. 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 1730°C, 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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SiO, content 90% minimum
Density 2.63 g/cm®
Size (-60+100)BS mesh
Melting Temperature 1650(x£75) °C
Coefficient of Linear Expansion 0.4*10° /°K
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

ZrO, /SiO; content 65%/35% minimum
Density 4.56 g/cm®

Size (-60+100)BS mesh
Melting Temperature 1540 °C

Coefficient of Linear Expansion 0.4*10° /°K
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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
AlL,O3/SiO; content 60-70/40-30% minimum
Density 2.63 g/cm®

Size (-60+100)BS mesh
Melting Temperature 1810- 1880°C

Coefficient of Linear Expansion 4*107° /°K
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

BaSO.. 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 (BaSO,) undergoes complete reduction by carbon of

graphite during sintering according to the following equation

BaSOs +C =BaS+4CO...ccoiieviiiiieiiieiieeiiee e n(3.)

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
BaSO, content 98.5% minimum
Density 450 g/lcm®
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
CaSO,.

The typical characteristics of the Calcium Sulphate powder used in aircraft

brake pad friction material is shown in the table 3.9

Characteristics Value

CaS0, content 98.5% minimum
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Density 2.96 g/cm®
Size (-250)BS mesh
Melting Temperature 1460 °C
Structure Orthorhombic
Color White

Specific Heat 0.732324 Jlg/°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 MoS;. 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. MoS; 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 °C. This lubricant retains its properties not only at high
temperatures, but at low temperatures as well (as low as -70°C).

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
MoS,content 95% minimum
Density 5.06 g/lcm®
Size (-100)BS mesh
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Melting Temperature 1185 °C
Coefficient of Linear Expansion 1-4 *10°° /°K
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, SiO, 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/cm®

Size

(-100+250)BS mesh

Melting Temperature

3527(+20) °C

Coefficient of Linear Expansion

0.1-19.4 *10° °K

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.
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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 810°C it is transformed to forsterite and silica.
3.4.3 Mineral Patrticle

Another major types of filler used is mineral particles. In certain
circumstances the p of such fillers is approximately proportional to their Mohs

hardness.

When mineral particles are added to the matrix the coefficient of friction (p) of
the resulting material is not simply related to the pu 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 () 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 p

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 500°C 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.

Staal brake

Carbon braks

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:-

e Heat Sink Loading (Kinetic energy per unit heat sink mass)
e Area Loading (Kinetic energy absorbed per unit swept area of the rubbing
faces)

e 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

SI.NO. | Basic brake design specification Symbol(Units)

1. Maximum Design Landing Weight of Aircraft at Sea Level WoL(Kgf)

2. Maximum Brake Application Speed on Design Landing Vi gr (M/sec)

3. No. of Landing Brake s per Aircraft N

4, Maximum Take-off Weight of Aircraft Wro(Kgf)

5. Maximum Decision Speed for Reject-Take-Off (R.T.O.) Vp(M/sec)

6. Mean Deceleration reqd. from Brake during Design Landing D1(-3m/sec?)

7. Minimum Deceleration reqd. from Brake during R.T.O. drTO
(1.83m/sec?)

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.

12.

13.

14.

15.

16.

17.

18.

19.

Mean Diameter of Brake Pistons

Pitch Circle Radius of Brake Pistons

Maximum Effective Brake Pistons

Total design heat sink mass of brake

Number of Frictional Rubbing surfaces per brake

Total Frictional Swept Area per rubbing surface

Threshold Brake Temperature Rise on Design Landing

Maximum Allowable Brake Temp. Rise during Emergency

R.T.O.

Nominal Friction Material Thickness per face of brake disc

D(cm)

r (m)

Peit (kgficm?)

Mus(Kgf)

a (cm?)

To(°C)

Trro(°C)

Fru(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. Derived Characteristics Derived from Relationship
T.O. Kinetic energy (Design Landing(, KEpy | Wo, Vier, N KE@puy=1/2Wp, Vi /gN
2. Kinetic energy (R.T.O.), KE (rro) Whkro, Vb, N KE(RTO):1/2WRTOVD2/gN
3. Mean Stopping Time(Design Landing), Vier, d ton=- Ve / d
ton)
4. Max, Stopping time allowed for RTO Vp, drT0 trTo) = -Vb /dRTO
emergency braking , trro)
5. Mean braking distance (Design Landing) | Vigr, di, toy Sou) =Viertey + di toy?/2
Se)
6. Max. braking distance allowed in RTO, Vb, dr1o, trTo) | S(RT0)=VDtRTO)*dRTOlRTO) /2
SrT0)
7. Mean Dynamic Brake Torque (Design Whpi, d;, N, R T oy =WpL di R/ gN
Landing), T (oo
8. Heat Sink Loading , Hw KEpL) » Mus Hwv = KE o/ Mus
9. Heat Sink Area Loading, Ha KE oy, a, b Ha=KE py/ab
10. Heat Sink Loading Rate
A) Mass Loading Rate , Hy Hwm , toy Hvm = Hwm / toy
B) Area Loading Rate, Ha Ha, tou Ha = Ha / tpoy

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. |Mean Coefficientof |Tpy, Per, D, |Hu=4T1py/AD*nbr |0.29
Friction, u n, b,r Peit
2. Mean Specific Heat of KE (o), Mus, Swm =KE (py/Mus TDL | 0.59 J/gm/deg.C
Friction Heat Pack, Su ToL
3. Maximum allowable Fru, Lm Wty = Fra/lm 0.003 mm
Wear rate per braking
StOp, WH
4. | Minimum melting point of | Trro Tw>(Trro+200°C) 1250° C

Friction material , Ty

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 Iron Copper
1. Specific Heat at Room Temp 0.59 0.42

(Joules/gm/°K)

2. Thermal Conductivity at R.T. 59 346
(IIM/sec/°K)

3. Coefficient of Linear Expansion | 14 18
(°k* . 10%

4. Heat Sink Loading Capacity 450,000 280,000
(Joules/Kg)

5. Tensile strength (MPa) 410 240

6 Melting Point (°C) 1539 1083

7. Antiseizure Good Poor

8. Tolerance to ceramic/non- Poor Good

metallic additions
9. Softening Resistance at Good Poor
Elevated Temperature
10. Ease of Manufacture into Poor Good

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 Components/Ingredients
1. 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 MoS;, Special high temp.
Lubricants.
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3. Abrasion/Friction Abrasive component: Silica,

Mullite, Silicon Carbide etc.

4. Friction stability, thermal stability, BaS0O,, CaS0Oq4, Mo, etc.

Softening resistance,

Conformability

5. Wear resistance Spinels, steel wool, pearlite and

Cementite phase in iron matrix.

6. Fillers Carbon, Minerals.

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 °C 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 °C and therefore a secondary high
temperature lubricant is also required when temperatures more than 600 °C 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. BaSO, 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 Table-
4.6.

Table 4.6 Typical composition of the iron base friction material

SI.No. Ingredient Weight Percent
1. BaSO4 810 12%

2. Graphite 6 to 8%

3. Silicon carbide 7 10 10%
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4, High temp. Lubricant 1to 2%
5. Copper 5t0 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

Iron base metal-ceramic
friction material (friction, wear
and anti seizure)

Sponge iron-copper layer
(cushioning and thermal
gradient compensating layer)

Nickel plating (adhesive

Alloy steel backing frame (for
shear strength and fitment)

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 pm), 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 pm).
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 um 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.
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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.
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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
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Fig 6.1 process chart for iron based brake pad
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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
. Vapour Degrease
Masking

b
c
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.
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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
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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.
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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(kgm?) 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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¢) 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

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.5

Bend Test:

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.
The bend test fixture is used for testing.

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 120°

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.

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

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 1/3™ 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
Induction Motor SUITABLE DIMENSIONS

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.
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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
Drive Motor SUITABLE DIMENSIONS

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 Dimension

Container size

Working Capacity

Driving arrangement

Tilting arrangement

Blades SUITABLE DIMENSIONS

Blade speed

Cover

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 °C Boiling or
dissociation point
°c

Zinc Stearate Zn(C1gH3502)2 140 335

Calcium Ca((ClgH3502)2 180 350

Stearate

Stearic acid CH3(CH3)16 COOH | 69.4 360

Molybdenum MoS, 1185 -

disulphide

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

A 4
Elastic deformation

A 4
Plastic Deformation

(Brittle‘m m 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.

BUIK compressio
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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/inch? 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.
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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 = y.dA, (9.2)

Where, y 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.

58



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-
Al,053.
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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 Pressure-assisted

Solid state Ligquid Phase Low stress High stress

Mixed Phase Single Phase Transient Liquid  Persistent Liquid

Composites Reactive Mixed Phase
Activated
Homogenization Solid Solution Super Solidus

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

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE

& sgEuE au e d@ae
DEFENCE R&D ORGANISATION

AT SSAraan AR =
CENTRE FOR MIL!T%Y AIEH\RRTH NE%CERTFIGATION

MARATHAHALLI COLONY P.O,
BANGALORE - 560 037,

77 gHIES 4./ Type Approval No.1206
He/For ltem : T @wE & ¥ 9€H/" Brake Pads -Three Types

: w5 g e wr & s el e WeRea Rfids, te ges ow e Bk
PR doe FEteY Uvs W anied, gy dian, N - 560017 & Awl e =
% Sarfer & avE @ ww duE” Wev 4% 0§ (Fhezv-or0 TEAIY 600-1) TET W dow
e (Fehezy -os0 vEdh 600-2/1) Gt wev dw duw A% (PTHe2y -060-1/ TEET
600-2/2) "UTT 32 TEEE ¥ w1 e & [REdw vw dowre 402 6 282 90 @ ST R
SoeT @ faw spifEa e wmm & 1§96 SRLCAYTE VO v, ITEIT @
85 vy @ wfebdn deilere (U W) Ceeve i/ 486/ 24 @ ST TG @ AT g8
B ¢ | uroRRrey & dav ¢ aEy Yok s Wi ot A Tia Wi B
HTTeTETTs B g &Y ge e | :

This is to certify that the "Brake Pads three types” Rotor Brake Pud @&
(K TI92A-070/FBP 600-1) Stator Brake pads Thin (KT192A-060/FBFP 600-2/1) & §&=
Siator Broke Puad Thick (KT192A-060-1/FBP 600-2/2)', developed and
manufactured by M/s Hindustan Aeronautics Limited., F & F Division, Central
5 Materials and Frocesses Laboratory, Vimanapura P.O, Bangalore 560 017,
is hereby approved for production as per specification F/PMS/402-6/282/90 B
& for use in AN-32 Airergft. It has been tesied, as per governing specification No.
BN CRE (A7 Cl/ HAL BC/456/ 24, in co-ordination with RCMA(F&F), Bangealore-17.

8 [t hos met the requirements of specdfication/tests, as detuiled in the type

record compliance statement enclused at Appendix-"A’,
5—’}]_‘: .
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number quoted above must be reflected in all relevant drawings, contracts & %
release notes. X
2. WE T ygHES, o SwEn @ forg Sofueie wn dEreE, ae -i
AR g Ioraet FrEer s & et ux ananfRa & |

This approval is contingent upon the quality control aspects :\
of bulk production being cleared by DGAQA, Ministry of Defence, g&
Gout. of India. =
3. asaﬁ'aijﬂ‘m? 31 RER 2000 % 497 & ofR 599 wie F sww Adiew Bk
wRar B | A @ 3 3 srgEET @ st we g @ ofl afe g8
TES B gl Adrewm & A aetumg(ew vve uw), gRy a K2
TERTA(TF U U%), fasm=gqer dian, dEn - 17 9§ 3" S 6 | S

This Type Approval is valid up to 31" Dee 2010 and will have &
to be renewed subsequently. The vendor shall request aidy
RCMA(F&F), C/o M/s HAL (F&F), Vimanapura P. O, Bangalore-17, for =%
subsequent renewal, three months before the expiry of Type &%
Approval. ox
4. IR TV NIRRT T N orw sfwwer F wmiwor w8 O B

Her TIgY YHlS SWEg=d Weiw ¥ #rE oRadw e B & 9
e iR yHiERe o (Affers), draw 7 o weafy of enf

Prior agreement of Centre for Military Airworthiness &
Certification (CEMILAC), Bangalore, will have to be obtained =%
if this approval is to be transferred to any other agency or if B
changes within the Type Record Compliance ‘?tatemﬂr.r =3

Y Y (Y Tt
Ulellly
-5.;'.15”-\_..."

enclosed are effected.

- 5 . . iy e

Ho=/Enel @ T T CAppendix® A Voeke S "*-L}_, ! =

A S 36\ G i

O VI . N s

\‘_, M. : -%Cf_—__l,—-—; :Ef."l'._-: E4T0 - -: "-.4.' ':, A& 1], 2h FTH] J_h.:‘)l]‘\n\l Al “_:‘

fBAEDate : o S 5 3008 T AT S g g =4
T W/Fax Moz 080-23230850 Chiel Executive [Airworthiness)

ol g i*.-f..l ] s

5 IDET (1 %
- e 1. ik
-1.*‘:\'!\»1;\.»\.;\ hg\\u\;\;t; -
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10.2 AVRO BRAKE PAD

Lo ]

‘GOVERNMENT OF INDIA

CIVIL AVIATION DEPARTMENT ' ﬂ,

TYPE CERTIFICATE } o
oLy

No. 7-12/88-RD

This Certificate, issued to
FOUNDRY AND FORGE DIVISION,

M|S HINDUSTAN AERONAUTICS LTD., BANGALORE
Certifies that the

STATOR BRAKE PAD OF MAIN WHEEL OF HS-748 AIRCRAFT

the technical data and operating limitations for which
are contained in Technical Certificate No.TC-1 BP
dated | JLTH AUGUST, 1989
is of proper de.ﬂgn materms‘ specgﬁcarmfz construc-
tion and performance for safe operation and meets
the minimum standards, rules and regulations pres-
cribed by the Director General of Civil Aviation.

This Certificate is of indefinite duration
unless cancelled, suspended or revoked: E

PR

et J4TH. AUGUST 11989 foi Dmg Gm c@u Aulation

-y
Bt

T Ay R e e e a et T o f AR e A M Tt a s f T e B L
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10.3 BOEING BRAKE PAD

i P

g

-

% 1B

—

Government of India

cctonate Generall of Clvil Ay,
QFSC: Y

TYPE APPROVAL
ING, 7-12/90-RD)

b This Approval, issued to

Mindusitan Seronautics Lidd.,
{Eangalore Complesc)

certifies that the

BRAKE PAD FOR BOEING 737-200 AIRCRAFT
(PL. NO. HF 357-242 & HF 357-246)

indicenously developed and manufactured by
Founcry & Forge Division eof ' Hindustan
Aerorautics Ltd. is o©of proper desiga,
material, specificarion, construction and
perfcrmance for safe operation and heets
prescribed reguirements of FAR 25.735.

The Type Approval is subject to the terms
and conditions as. stated in letter
No: 7T-12/80-RD dated 15.12.1997. :

(H.5. KHOLA)
.'I.'HtE C: January 20, 1998 = DIRECTOR GEHERAL OF CIVIL AVIATION-

S Ty e AL iy 35 B i 1 24 AR A — -

e — v = ———

Ly
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10.4 CHETAH/CHETAK BRAKE PAD

(:OVERNMENT OF INDIA

MINISTRY OF DEFENCE e

<E ST A Rl fawR W =

DEFENCE R&D ORGANISATION 23

T Gﬁlﬁ'ﬁﬂﬁ'{ 3T e =2
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION B3
HEe] A g aniew, 9 7
MARATHAHALL) COLONY P.O. e

BANGALORE - 560 037, )

» & 5:,’;.-

T HIEA . /Type Approval No.1000 s

TEFor lem - B6 SEFTT W€ 9, 15540132431, 2020.2020(Y 1-29524)
/Brake Lining Part No. 155P.324D.2020.202A
(A1-29524)

s e fosm wrar £ 5 AW CR.UTE GGG T Wis GHRT, TN are =
wirer. duEietr p FEfin qdr wondd, CAw SEE=TT WE WAss.az4d.
2020,2027(T1-29524), SGT # 15501 azadl. 2020.2070, T W [EEE 04404 o
srqwie g Eferereey WA diem wta F @ ST # oW SereT @ fory s@geiae feer
St £ 1 Z@ SWELTH.G(0w gus Ow), wiew, [T Wien, FAR-17? T T G
gy T W qE/Elue/essT/14ze-sger-L SN O TETE 51172007 H SeAlEd &y
Y Y SR Sve YeIW W.UGANW 213 RAie [W # Hgu wiEe ¢
o Ty %1 TE RS vt § e CriReTS wETes wedw” A ety R/
wad sroygmaist @1 I o ©

This 15 to ceriyfy  that  the  “Brake Lining®  Part No.
155P.3240.2020.202A741-29524) developed and manufactured by M HAL
Foundry & Forge division, Fast Box No.1761, Bangalore-17, as per drawing No.
155P 324D 2020 202A Issue C, dated 9/4/94, is hereby appraved for
production for use in the Chetak Helicopter Main Landing Wheels. It has been
gualification and acceptance Test schedule No-FTS

d 05/11/2001, %

it

tecied, a5 per goverming
213 di. Nil referred in Type Record No. FfCL/8537/ 1429 dale
in ecoordination with RCMA(F&F), DRDO, Vimanapura B 0, Bangalore-17.
fos met the reguirements of specification/iesls, ds detailed in the type record
compliancs statement enciosed at Apperndiz-A

e Page I of 2
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(3

PRI S S AR ISR DA TIR,

P P AR PP R
&t ¥. /TA No.1000
ge7Page 2 of 2

2]
3
ST o e W @1 Wil | s, W wer Ref gf
Hiew #§ wiafdfaa fear s @l

The Tupe Approval number quoted above must be reflected
in all relevant drawings, contracts & release noles.

3. TE @ gEEs, e SaEd @ 6y S SOEg T, W A, R
Y@ § o Frdaer gar @ Feni amenfRa 2 |

N

This approval is contingent upon the guabity control
aspects of bulk production being cleared by DGAQA, Mirustry of &
Defence, Goul. of India.
4.  9E @9 IrHEE 31 9F 2008 g% A 2 3w swo 4 H.39d &g
e AT B | fAder @) T @ aEiea @ Eia wand @ B gx
&a wES umd 6 #ga) adea @ feg e TH U(U® TUS.Uw) W T
SR TR AR

This Type Approuval is valid up to 30 June 2008 and will
have to be renewed subseguently. The vendor shall request
RCMA(F&F) for subsequent reneival, three months before the

expiry of Type Approval.
5. R 6 amAleT @1 fe e aifimwer # IwEiRer @ 8 A
=12y Y 1E uRads T S A O SsAaEgET SN SN S
(Hfeme), SR @ uE wEEi 9 B |

Prior agreement af Centre for Military Airworthiness &
Certification (CEMILAC), Bangalore, will have 1o be
obtained if this approval is to be transferred to any other
agency or if changes within the Type Record are effected.

SEE8ES

£ik s

——

; 'S . b

?g‘s WA Enel ) REETT U Appendist Al

52 : ; A
§3 &N, : SRETT/CEMILACOTO/ELRATA- 1000 o\ c{gg“‘:{;\u} =3
gg Frres Date 30 WL 2002 DS TN KSHARMA) B
B3 o wiFax o 080-5230856 ST ST ST 5%
;’5 Chief Execuiive [Alrworihiness; %
3 &
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10.5 DORNIER AIRCRAFT i

C—
i

N

@ Dogwige
Vald uwpb 31.12-2

GOVERNMENT OF INDiA
MINISTRY OF DEFENCE
DEFENCE R&D CRGANISATION
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
MARATHAHALLI COLONY P.O.
BANGALORE - 580 037,

Type Approval No: 545
FOR ITEM : Indigencus “BRAKE pnIscr

EPt. No: EF 500 2062

This.is fo certify that the Indigenous “Brake Dise® Pt No: HF 3002062
designed & developed by M/s HAL Fotindry & Forge division Bangalore-17,
has been tesied io Governing test schedule No,RTO (M)/REF/34 dt13.2. 1088,
Dynamometer Test Sehedule No.F/DGM/ 050/ 6/209/ 88 dt 16-12-88, cnd Flight
Test Schedule No.CRE/76/7/TECH dr24-8-90, in co-ordination with Rom4
Kanpur), CEMILAC, Aahgur - 208 008, It meets the requirements of
specification /tests, s detofied in the tume record enclosed as Appendiz “A* for
usein Domier Afrerafi in e o imported HF 5602062,

¥
2, The Type Approval mumber quoted ghove must be reflected in all relevant
drawings, contracts & refease notes.

3. This approval is contingent upon the guality control aspects af bulk
predluction being cleared by DGAQA, Ministry of Defence, Gout. of Indin,  ~

4. This Type Approvel is  palid for a peried of three years ie., upto
3157 December 2001 and uill have @ be renswed subsequently,

9. Prior  agreement of Centre for  Military  Aimvorthmess &
Certification, (CEMILAC) Bangaiore, will have to be obiained if this approval is te
be transferred 1o any other ageticy or if changes within the Tupe Rescoré enclosed
are effected, '

6. Any changes o manufacturing process will render the approvel nutl &

roRd.
MF ST ) = |\
Encl - Appendix A" R | S \_ Lﬁ J:lu.l,{f:uf}: BRE
No  : CEMILACS0I0/TA- 845 (K NAGARAD
Date : 45— 0ct 1998 Chief Executive {Aireerthiness)
FaxNo: ﬂﬂﬂ-ﬁm&?ﬁ Fhone No (0B0) 5230480
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10.6 DC 8 BRAKEPAD

== 1‘_-_

YT

Pe Thyectein I.,'.ﬂn.'l:nf

CERTIFICAT D'AGREMENT D'UN CENTRE DE CONCEPTION ET DE PRODUCTION
(EESIGA AND PRODUCTION APPROVAL CERTIEICATE)
N AACIDE D, AIR/MES LI /2000

Confarmdment & Varticte 05 de ['arété N° 409/ CAB/MIN,TC/0075 /2006 du 21/06/2006
portant foation des conditions technigues de navigablfité des adronefs civils spérant en
Republique Démocratique du Congo, I'Autorité de |'Aviation Civile de la République Démocratique
du Congo atteste par le présent Certiicat que,

(Pefauat  to the orrices 05 of rhe Minispry of transpor oo commumicao decree
N a0/ CAB/MIN/TC/O075/ 2006 doted ALMEQO0E  dererminumg  minwerthiness  Techmic)
requiretents of cial arcrafts aperoting in Demadratie Republic of Conge, the Autsrité de P'Aviation
Clvite de la République Démocratique du Congo fereby carfife)

HINDLSTAN AERDINAUTICS LIMITEDR
FOUNDRY AND FORGE DIVISION
Post Bag N* 1791
Bangalore - 560017

A GE diment Inspects du 07 au 08 Ave|| 2008, en ce qui concerna son aptitude & cancevnir
er-@ fabriquer les piaquettes de frein' 3 base de culvee pour usage sur fes avions DC-8, Ces
pagueties seront produites exclusivement pour le compte de PAND congalsis FIELD AIRMOTIVE
Basd & Rand Alrport & lohannosbourg.

(Wos propetly inspacted from 07 to Aprl 057 2009 regording his copabiity ta develop and
manufachice “Capper buded Brokepats ™ port numbers HF 357235 ang MF 357298 for use m 008
oirerafts, These sods will be oroturer axcidively on benalf of Conpofeir AMO “FIFLD ATRMOTTFE
bosed m Rand Arpaft i Jahantesaung.

Date d'agrement initial: 08 Octobre 2009 urshasa,te (19 (07 20089
Lente of Fritinl approval: Dectober 097 J00G Py
1y
Date i enplration : 08 Octobre 2010 amnrﬁggm Kasanza
Expiratian dute Crrober OB 2010
- - - = 1 Tip
a— = beom Pl e ViRe
; + = oy oy
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10.7 HPT-32 AIRCRAFT

P T TG T T DT DN O PN T DN D D DD
AT At 0 A

o -
il._:.'-. Ulc}ﬁ{" i
oo alecld]

i
S

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE
R s o TR W
DEFENCE R&D ORGANISATION
AT SN SR AN G-t
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
et ST i anfbw, dTEN

MARATHAHALLI COLONY P.Q.
BANGALORE - 560 037.

Tt greHra= ¥.1348 /Type Approval No.1348
e/ /poR TTEM: TH 0 #3 deaTEs s i e
“Modified Orzanic Brake pads™ for HPT-32

i e i R T § R e e 06 gre @ g, e R SR
o3 g dieR Rmrga W & R - 560 017 TN WhisTem fwfim st awmiRg ©
| i St A% ew” w0 ¥ TOUET 886741 fY THORE 888751
q—qrd‘ra-n-ﬂwﬁg@wﬁﬁﬁﬁﬁmmﬂmmﬁmﬂwﬂzmﬂ._
'ﬁl’ﬁwm?,mémnzn%awmémm@ﬁammalgﬁmﬁrwq
3w e qw) & wd ¥ b EE W 1) @ e T @ 2) SRINE

g3300/ U001 IFY T B FAR TG 3 o S I P v A e DI RS o
88 o oyeper fmr 4 it o & 7g geqite 7 TI0H 02, 97 03, TUT 02 T 05
afiv diem o2 3 os aRfIT & st i sy Rode” @ R/ T
s arasmst @ © g g

This is to certify that the “Modified Organic Brake puds”, hearing the Part
Nos: HAL 88874-1 & HAL 88875-1 respectively designed, developed and
manfactured by Ms HAL F&F Division, Central Materinl & Processes Labaratory,
Vimanapura P.O Bangalore-360017, is hereby approved for production as per 3g
drawing Nos. FD2502 lssue "C" dr.24/07/2002, for use on main wheel brake 3%
of HPT-32 aircraft. These ifems have been tested as per test schedule No.ij. TS- 0
096 Issue-B” i) TTS/AH 53290/ PAD/ 001 Issue 'A’ & evaluated on aircraft as g
per HPT-32/ TS/ BRAKESYS/ 01 Issue-1, in co-ordination with RCMA (F&F). The &5
development batch PM 02 AU 03, AM 02 AU 05 & PM 02 OT 05 have met the B¢
requirements of the specification/tests as detailed in the type record compliance 4
8% statement enclosed at Appendix ‘A’ £
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o8 ¥/No: AFTTBMLLSITN ST (48
ﬁwfﬂm : ” Aug 2008 T ] m}"’

A AR AR AR AR A

R G [ T e
e E e | et e e T

o ] 5 SR S SH Sl SR S N SH T e T S
Adiadadadid adiutiliaila il

I\ Tn. 0% D% D :'11 .'!ibl; & ij‘\.‘ g}‘ "‘. Y

d 2 v i o te @ e o W 1348 W B @ A Taid-a2 I @
awﬁﬁ-cﬁ wa N W 1 yeye/esed AR TATE/sesTs @1 TH/ARE-132/106/4/1 RrTmi0f
%ﬂﬂfgw$mjmim&ad@h?4ﬂsa?ﬁlmml%rm‘nm%ararm ¥ fir =T 21

Consequent 1ssue of (his [Type ApprovaNo. 1348) to the madified Ovganic Brake
Pads, the Type Approval No, 587 fssued vide AERQ/RD-132/ 106/4/ 1 dt.019 Sept 1990, %3
issued to Organie brake pads part Nos:HAL/ 88874 & HAL/ 88875 for HPT-32 aircrafl s $2

stated to be withdrawn/ Cancelled with immediate effect.

3 AR, 3o i 9 @) G v 9 e S ) 96 SR Pl i 0 o
§ | ol o e v @ Wl A s, i o Rt Aew A Ui G g

ARy |

Simalarly the Provistonal Clearances accorded for this modified product are hereby
superceded consequent to issuance of this Type Approval. The Tiype Auproval number |

quated abeve must be reflected in all relevant drawings, contracts & release notes.
4 T T S 30 S 2013 7% 0 & v g A gwm e geEe E | e @

50 7 s ) s v @ & O ) T B ot e 8 i e e T g4

Al w6 w Wi T g @ o o aee we ve), B e 1w e 0w
T, TR - 560 017 T 3 B 6 '

This Type Approval is valid up to 30 Juwe 2013 and wiil have fo be renewed
subsequently, The vendor shoil request RCMA (F&F), Cfo HAL F&F Division,

Bangalore S60017 for subseguent renewal, three months before the expiry of Tupe

Approval with all relevant documents including performance feedback

5, mwwﬁﬁmﬁmﬁwﬁmmﬁmmmmﬁﬁm'

s ¥ ot P 7 B qR me & A I ssw o e a7 (W),
R B R o e |

Prior concurrence of Centre for Military Atnvorthiness & Certification, (CEMITLAC),
Bangalore, will have to be obtained if this approval is to be transferred to any other
agency o changes if any, to Demonstrated Process & its declared performance
indicated within the Type Record enclosed herewith are effected.

6. ¥ @ gl Ao g @ fov Seuagy w S WG @EDN g
Pt wey @) Rt v wme w1 qufy m aie o 90083 FEp-0r O B9 AFEA W w2

This approval is contingen! upon strict adherence to the demonstrated process
No20083 Issue -01 respectively as the quaiity contro!l nspects of bulk production being
cleared by DGAQA, Ministry of Defence, Govt. of Indi

#e/id ¢ TREMET/ Appendix'A’ m
. (e, I TAM

et Agniaes 4 ‘ga) Oustanding Scentie e

T TFax o 080-25230856 Chief Executive (Airworthiness|
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10.8 HPT-32 LOCATING PAD

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE
CEFENCE R&D ORGANISATION
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
MARATHAHALLI COLONY P.O.
BANCGALCRE - 8680 037,

Tyvpe Approval No:B864
FOR ITEM : “LOCATING PADT Pt. No: HAL-Z25827.

This is to certifyy that the Locating Pad Pt No: HAL — 25627
developed & Manufactured by Mys Hindustan Aeronautics Limited. Foundry
& Forge division, Bangalore-560 017, is hereby approved for production
as per drawing No. FD-29586/5 issue-A €1.18.1.94 for use in HFT 32
Aireraft. It has been tested to Test schedule No.F/CL/ 8537/ 825, dt.i7-
01-1584, in co-ordination with RCMA (Lacinow), CEMILAC, Lucknow —
22€ 016. It meets the requirements of specification /tests, as detailed in
tupe record enclosed at Appendix “A™

2 The Type Apvroval number queted abeve must be reflected in ail
relevant drawings, contracts & release notes.

3. THis approval is contingent upon the quaiily conirol aspects of
bulk production being cleared by DGARA. Minisiry of Defence, Gowt.
ef ndia.

4, This Type Approval is walid upto 31" Dee 2802 and will have
to be renewed subsequerntly,

5 Prior agreement af Centre jfor Military Airvorthiness &
Certification (CEMILAC) Bangalore, will have to be obtained i this
approval is to be trunsferred to any other agency or if changes within
the Type Record enclosed are effected. )

Encl 2 endix “A" |
i t:j\"’_t!";‘ff/
No : CEMALAC/SHTATA-564 (JHEKSHARMA)
Date Nov 1999 otfy Chief Executiva (Airwortkiness)

Fax No : 030-5230856
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10.9 ISLANDER AIRCRAFT

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE
DEFENCE R&D ORGANISATION
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
MARATHAHALLI COLONY P.O.
BANGALORE - 560 037.

TYPE APPROVAL NO ; 847

FOR ITEM : “BRAKE PADS OF ISLANDER AIRCRAFT"
Pt. No: HF ISB 006-06200 & HF ISB 006-06500

This isto cenify that the Indigenous “Brake Pads” of Islander Aircraft Pt No: HF I1SB 006-
06200 & HF ISB 006-063500 designed & developed by M/s HAL Foundry & Forge division,
Bangalore-17, has been tested to Govemning test schedule No.F/PMS/FBP110 Issue 1, dtl11-12-
1996, and Test Schedule for Aircraft Trials. F/PMS/FBP 110/AT Issue 1 dt.02-06-1997 in co-ordi-
nation with RCMA (Foundry & Forge), CEMILAC, Bangalore — 560 017. It meets the require-
ments of specification /tests, as detailed in type record enclosed as Appendix “A" for use in the
mauin wheel brakes of Islander Aircraft.

2. The Type Approval number quoted above must be reflected in all relevant drawings, con-
tracts & release notes.

1.  This approval is contingent upon the quality control aspects of bulk production being cleared
by DGAQA, Ministry of Defence, Govt. of India.

4. This Type Approval is valid for a period of three years i.e., upto 3157 December 2001
and will have to be renewed subsequently,

5. Prior agreement of Centre for Military Airworthiness & Certification (CEMILAC) Banga-
lore, will have to be obtained if this approval is to be transferred to any other agency or if changes
within the Type Record enclosed are effected.

6.  Any changes to manufacturing process will render the approval null & void.

Enel : Appendix “A” W

No : CEMILAC/S5070/TA-847 (K NAGARAI)
Date : 30th Nov 1998 Chief Executive (Airworthiness)
Fax No : 0B0-52308556 Phone No (080) 5230680
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10.10JAGUAR INSULATOR PAD
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IV WVH, W& HAToL/
GOVERNMENT OF INDIA
MINISTRY OF DEFENCE

TR gEuT aw e wnea
DEFENCE R&D ORGANISATION

AT ISAATTAT IR HHIONGHROT B

= CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION

Foald i =
% B o ok 8

Fegtligtinglng]

R A e

HEel B e ied, e

MARATHAHALLI COLONY P.O.
BANGALORE - 560 037.

@ sTgHeA ¥.943 @ fA¥a¥ / Renewal of Type Approval No.943

Awa/sus: “gclev 98" 9i€ W.U9 U U 84538/
“INSULATOR PAD” PART No. HAL 84538}

ol b

el

L
AL H

Foaliits
I-t-. ot
Fd e by

g e e @i & 5w ¢ e, e W % whwd 9 dud g g
fafds, =g 3 © m9W, ER-560017 W fAwfyg @ TR §
“empdrer fe” UTE W.QW U™ W 84538 B UF ¥, H®/5070/T%-90/E0-043 i 31 §
B TIFEY! 2002 B 99 argeTe W.943 S fEW T on iR aw 31 AW 2004 76 o &

This is to stafte that the ““Insulator Pad® Part No. 84538 deuveloped arnd §
: manufacmred by M/s Hindustan Aeronautics Limited, Foundry & Forge Division, g
8 Bangalore 560017, has been issued with Type Approval No. 943 vide letter 8
23 No.CEMILAC/ 5070/ F-90/TA-943 dated 315 Jan 2002 and is valid up to 31t

R Dec 2004.
% 2. TE ST R oI & i TW o SrEIST @ SdewT Rem W & G U
31ﬁwznosam‘ém% | feshar, =g (Y% U8 U%), Wﬁsﬁﬁaﬁmﬂﬁ =
amf%rwrﬁma%mﬂﬁﬂﬁﬁrwtﬁﬁwwa%mm%ﬁwq(m
ﬁﬁwawzzsms ¥ ST AT BN | :
- This is to certify that the Type Approval is hereby renewed and is valid § 3
 up to 31 Dec 2009, The vendor, HAL (F&F), Bangalore shall request RCMA &
(Lacknow), Lucknow-2260186, for subsequent renewals, three months before the §
expiry of Type Approval.

__r‘-. .r..l.... 7 1* EWIEY
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qﬁ:rfl’age 02 of 02 8 ,
1T W/TA No. 943 g

3. aﬁﬁﬂﬁﬂmgﬁmf&m#m#mﬁmﬁwmm
al F HgHEeT @ der BT gAedee ey aya !

e
[

LT

Changes in the approved marnufacturing process/manufa r org
: adverse feedback on the performance, if any, the validity of the Type }Q:meuul N3

2 wﬂufd be reviewed. \ =X
oA AT RS B

Fi/No. * ATAcIE/EMILACS0/ETIA 943/1R (a“.ﬁwa‘rh.fc.smmm
RAi®/Date 1 8 HF& AN 2005 He wrTAS(SETIE)
W Tfa Not OR0-25230856 Chief Executive (Airworthiness)

417 W./TA No.943 £X

gl ¥ #/To
L | 950 weyw 1 | General Manager,
¥adl U=EeUs, EA M/s HAL Lucknow 7
AR T Barabanki Division, 2
T - 226 016 Lucknow 226 016 k=
KR |2 | oakg avs 2 | The Regional Director,
8 X ERT ¥9E TN, dEES, C/o M/s HAL Lucknow
TRFT T Barabanki Division,
i e - 226 016 Lucknow 226 016
g | 3 | g st wee(oEs) 3 | Chief Resident Inspector (Lucknow),
THE TOUTE, TN, Clo Ms HAL Lucknow
*,_ FES W Barabanki Division,
I - 226 016 Lucknow 226 016
o 4 | el T, 4 | Director General,
BN &y E g Ay DGAQA, Ministry of Defence,
| Sédrvedl(vandam), TE @, DTD& P {AIR), H Block

| s nen-qinion New Delhi -110011

B! 3, 3 % %] 5 A w7 P PR T e e
y Ay /'J‘(TL ‘-'J {F Gl »E -.'-" ',': % J_“ }\ e | sl
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10.11 JAGUAR BRAKE PAD

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE
&7 IgHYT TR e dmew
DEFENCE R&D ORGANISATION

[AAT SSTHARIGar 3NY gHAoGYoTr &=
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
ARAETel wiEET Uiee anfed, S
MARATHAHALLI COLONY P.O.

BANGALORE - 5680 037.

arf argHras ¥H.1341/Type Approval No.1341
HE/For Item : “ FeF T8 Brake Pad

T wEIfTE R war & 5 A Uaeee, OF e U% wNhT, $TeN - 560 017 3

g ol sfv wwifea 9% 42 e €. 151801000-113 (T4 - 85859/1) &) FYHE
e & e oy @ s § SuUnT By emvwe W ywand- 700, $vy, - 03 REiw 23
AE 2001 W oigER Swaw & oy anmfRa fw W & 1 sw wame @
AR WUA.YTE e TH) FHd HiEE UU WIS W e & e & aedien
3 Rfdey owe dege W 157800000-15¢ 577 — 02 RA=iw 13 wond 1993 & arur
Thfew fa @ & | g s oRATeT # vem CaiRend edds weic’ § g
TaaRe /a0 Fee smawmwarst @ of s ge & |

This is fo certify that the “Brake Pad” Part No. 151801000-113 {HF-
85859/1) developed and manufactured by M. HAL, Foundry & Forge
Division, Bangalore — 560 017, is hereby approved for production as per Drg
Nos: FBP-700 Issue-03 dt 23/05/2001, for use in Main Wheel brake of
Jaguar Aircraft. The product has been tested as per Technical
Specification/ Test Schedule No. 151800000-154 Issue -02 dt.13/07/ 1993,
duly coordinated by RCMA (F&F), Mys HAL F&F Division, Bangalore, The
product has met the requirements of specification/tests, as detailed in the
type record compliance  statement  enclosed at  Appendix-‘A’

AP A P [ T Al [
¥ hf:J-l?" L LA L B R b

T

g Page 01 of 02 53

\'-n- o P ) el e e it
2 poidna Qe Re2ylandlded e oot e ona iy

= e R S
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] O T D e D D D D ) o IO I D ™ e 0T | 3
B N e T b i LM R e e w tailm Seln el il Salin el Wl e e R Fafl e
% [ S e -\E e e a0 e e e e % | A el 1. ] :'-"-ir"r*i' e !"rli' Bl 'il.“-*‘: o [ e

TS/Page 02 of 02
2T ¥W/TA No. 1341

2. 3w ot ST W OGN BN @ Woiavd 9 & o SR [Fardt 9 @
ot & | FUNeera o agHleT W & Gooldd WAl WG SN, Eider qar Reflo
Trew # faar o aned |

s

.
#a

The Provisional Clearances accorded for this product are hereby ',,_
superceded consequent to issuance of this Type Approval. The Type 22
Approval number quoted above must be reflected in all relevant drawings, o

contracts & release notes.

3. 9% @ agAeE, gie odred @ fav Aftea w @ sl 0F REE # agaer
v SACFLY W A, HRT TR G G qeraw A ® uEgel W
HEMT &

This approval is contingent upon to demonstrated process and the
quality control aspects of bulk production being cleared by DGAQA,
Ministry of Defence, Govt. of India.

4. e T e Prefem @ w A €9 uY 30 O 2013 §& 4 & &% §9G 99 4
Tx7e] TEIER FRaE B | e @1 3 a9 orgeeT @ o[fd wAE ¥ &
w8 TEe @ aadl Adiexn @ fg Freme wiagE ®1 wiEied e gy e W
TERS! @ WY . W.yRLY(TE Uve Uw - T% 3 Oe), FN TENE U% UUE U@
g7, AT - 560 017 W S wewr s |

This Type Approval is valid up to 30" June 2013 unless otherwise
suspended, cancelled or revoked and will have to be renewed
subsequently. The vendor shall request RCMA (F&F - FOL), C/o HAL F&F
Division, Bangalore 560017 for subseguent renewal, three months bejore
the expiry of Type Approval with all relevant documents including
performance feedback.

5. T 59 AT P (AN & iAo B WY Byl § AT W ey
S TP TR @ orgEr AWiET ¥ g wRadT PR gl W e
sitv waTofiEen @ (Afars), drew @t gd weata s el

Prior concurrence of Centre for Military Airworthiness & Certification,
(CEMILAC), Bangalore, will have to be obiained if this approval is to be
transferred to any other agency or changes if any Demonstrated
Process/declared performance indicated within the Type Record enclosed

herewith are effected. \ 55
L N N

da=/Enel : URERETY/Appendix‘A’

a?

: . K TAMILMART) o
W/No. 1 SRR CEMILAC/SOTO &L T/ (4] {ﬁ s i i O %2
O i S Iehtg Agiiep 7§ Jua' Qutianding ddentis Se-H Ry
fetfe/Date &7 mw 2008 B
WwEre H/Fax Noz 080-252308506 Chief Executive [Airworthiness) e

e 2nt e n n n e e g g o2 Uind0e2 O K0 ST KT A AT AR ¥
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10.12 KIRAN MKII AIRCRAFT

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE
RESEARCH AND DEVELOPMENT ORGANISATION
DIRECTORATE OF AERONAUTICS

TYPE APPROVAL NO : 717

ISSUED TO . FOUNDRY AND FORGE DIVISION
M/S HINDUSTAN AERONAUTICS LTD.,
PBNO.1791. BANGALORE-17

FOR : INORGANIC BRAKE PADS
(PART NO. HF-89028/2 FOR KIRAN MK II)

CO-ORDINATED BY RCMA(ATRCRAFT)

This is to certify that the above mentioned items designed and developed by M/s Hindustan
Aeronautics Limited, Foundry and Forge Division, Bangalore-560 D17 have been tested according
to the type test schedule F/PMS/102-1/465/89 dt. 23,04.87 and F/PMS/102-1/566/87 dt. 21 11 87
outlined by the Directorate and referred in the type record and have been found suitable for aireraft
use subject to limitations detailed in the type record placed at Appendix*A’.

2. Theapproval Serial No.quoted above must be reflected in all relevant drawings,Contracts and
release notes.

-

3. This approval is contingent upon the quality control aspects of bulk production being cleared
by DTD&P(Air), Ministry of Defence, New Delhi

4, Prior agreement of Directorate of Aeronautics will have to be obtained if this approval is to be
transferred to any other agency or if changes within the Type Record are effected.

5. Any changes to manufacturing process will render the approval null and void

Encl : Appendix 'A’

No. : Aero/RD-132/106/3/717 (KSRINTVASA)
Date : 20 Aug 1993 Director of Aeronautics(R&D)
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10.13 KMI INSULATOR BRAKE PAD

Wit TIEW, T8 WAt/
GOVERNMENT OF INDIA
WMINISTRY OF DEFENCE

Ten S T e

DEFENCE R&D DRGANISATION

T FsaAEadn 3T wHOTERUl b=

CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION

MARATHAHALLI COLONY PO
BANGALORE - 560 037.

71} FFAIES 4./ Type Approval No.983

e lfem | FEEY U2 U 4 4.7, 06-83140)
insulator Pad Part No, ITAL-83149

g it [ s 2 o ded papye we @ wiv sae o $1ed 82
N 1791, drAIEr7 gw Rl am wwiee g 9% o & pa g gar4e”, S5
82 e o vudrs/ss g fi Rle e/ & SRR Fa wal g & =3
o #ﬁmmmﬁﬁﬁ#ﬂmﬁ?a%mmmwﬂma}wﬁ##m o
% iy # o gared @ Ry agie e w81 @l ST e T, >
S2 wifdd, fEnrgy W, Sy B wrEn @ e Y@t fa W oM g8
B2 psaziose-igerm-l dv 11 ftw viotizoe & SR WA frm T &) e €2
2 R v F daw “aiRwé e Redw” A ke Rewiidden gl
SN asvamar B gt @ § | 3%
o This is to certify that the “Insulator Pad Part” No, HAL-8314% developed ¢
82 and manufastured by Mis HAL Foundry & Forge division, Post Box Ne.1791, 3
68 Bangalore-17, as per drawing No. FD-3975/58 Issue Nl dated 3/8/94, is 5%
Y jiereby approved for production for use o reduce the transfer of heat
3% generated during braking action of the wheels & Brakes system of Kiran Mk &3
Y [ aircraft. X has been tested, as per governing Test schedule / Specification
&8 . p/CL/8537/038-Annexure ] &l dated 7/ 01/2002, in co-ordination with g
RCMA(F&F), DRDO, Vimanapura P.O, Bangaiore-17. E has mel the B2
§3 requirements of specification/tests, as detailed in the twype record
NA compliance statemant enclosed at Appendix-'A’ '

ye/Page 1 of 2
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dir 9. /TA No.983
= Page 2 of 2

mﬁfnﬁ:ﬁﬁammﬂﬁ#

The Type Approval number quoted above must be 8
. reflected in all relevant drawings, contracts & release riotes, g

3 e F1 A, € S o fog S ULy W AaEreE, Wed j
SR N IerETT e wsr @ Pl v snenfRa & | %

:
;gs dieiEd 91 sriHed dEn o W S amvae, Wi we Reiw
sﬁ

This approval is econtingent wupon the quality control <
y aspects of bulke production being cleared by DGAQA, Ministry of §
Defence, Govt. of India. s
L 4. 8 T aEeT 31 N 2007 v #m # ok @ am F zae o
gy @RS Hwarn @m | RAda @ 59 @@ s o ot s EE e B
d wl usd & wgedl Al & fag s ny(te wrsTw) § N
2] SIEr W & | =3
A This Type Approval is palid up ta 31% Dec 2007 and will
ed have io be renewed subsequently. The vendor shall request
§3 RCMA(F&F) for subsequent rencwal, three months before the %%
= expiry of Type Approval 29
05 5 WM gy uTiET & Gl ary afge F wweiewn s @ wn ga
S TEY YrS S uiada e 8 A1 9 Sgauer o mEvie B 59
g (Wres), duaie & gf wwaly a0 & |

o Prior agreemernt of Centre for Military Airworthiness & § -

| Certification (CEMILAC), Bangalore, will have to be '
obtained if this approval is to be transferred to any other
agency or if changes within the Type Record are effected. :

|
HomEnd o ufiEmEtT  Appendi A”

#/No. .H|~ﬂl;{ CEMILAC/STT0/E) /T 583 x|l -'?\:
RalwiDate: © 2\ [2EF=L 2002 i “TT"H}\ SHARMA)
WA ¥iFas Noz 080-5230856 @ ST e

g Chiel Executive {Afrworthiness) :

B R S R O R ORI
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10.14 MIG27 AIRCRAFT

A S I B A R g

T AR, el HAer/
GOVERNMENT OF INDIA
MINISTRY OF DEFENCE

T TR T fAwT e
DEFENCE R&D ORGANISATION

[AT TSTATAAT 31N dHON B0 B

CENTRE FOR MILITARY Al RTHINESS & CERTIFI
Wﬁ‘ﬁ'ﬁ ma‘?‘y %E an#;.!ﬂ ﬂ'ﬂg’ﬁ CATION

MARATHAHALLI COLONY P.O,
BANGALORE - 580 037.

T Glﬂ*ﬁi‘_-l ¥./Type Approval No.1208
HG/For ltem : “BR TE & 3% &E_T‘I"-’ Brake Pads -Four Types

L =g i fom v & fF A6E Ee, U% S U% WA, §TER - 560 I8
X 017 g Tasitr @en Sonnfad Fefafea varel wen v) “Seeirmfes dweedr ¢ ¥ K8
j TIUE-BE-183-0006H1 &) %ad Yol YW’ i) U ¥.UAUs-Sd-63-07090E A
) {i).qU-HEl-163-1108 N i) TAH-BE-163-120 W T Frrer wgE & gwn 5
ufEd A swa 8y wRRne gt A awiy Ty e e @ dgEn Sae @ Y X
BR orpifes frm o & | 3 IRMLEIY(YE e uw) e, SR B W § RS
y FaEe o degd W.ue/dears/uedde0 59 of R 31/12/1996 @ 8%
82 SR wifE Rew T R | W wee R # wae ‘eiRed oy R

g Weie” # e Al /adew el st @ ol o e & | :

This is to certify that the following products namely: a). :
“Metalloceramic Sectors” Part No: HF KT 163-090CB, bj. “Bi-Metallic §
Sectors * i). Part Nos. HF-KT-163-070CB, ii). HF-KT-163-110CB & iii). HF- &2
KT-163-120CB developed and Manufactured by M/, HAL, Foundry & 8¢
»> Forge Division, Bangaiore - 560 017, is hereby approved for production as g%
X per Drg Nos: Indicated at Appendix-“A”", for use in Main Wheel of MiG-27
N Aircraft. It has been tested as per govemfn‘g_ Test Schedule No. %
S8 F/PMS/FBP-800 Issue -1_dt.231/12/1996, duly coordinated by RCMA %
' (F&F) Division, Bangalore. The product has met the requirements of ;.,_
¥ specification/tests, as detailed in the type record compliance statement /

enclosed at Appendix-‘A’.
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e 2 0 1 [
A

" I
T

SRS

]

b
et

Wi u 9] 8 ) 0T rJ P P P 4|l-rqu-ujncJ‘u-'-ﬂ:-'-u'oﬁ:-q k5] &
oA ERE SRR B LR SRR 2202 202 290 222 el e 293l

Ercl )

2. B9 T SFEIET W G BRI & Howawd SAE @ uay s Hrend
HURTE B8l € | eeieied 99 srgees W w1 Wil wid s, dfaern
gen el e & ufofifaa v s a2y |

AR

2

[ ]
it

i
,3

The Prouisional Clearances accorded for this product are
hereby superceded consequent to issuance of this Type Approval.
The Type Approval number quoted above must be reflected in all
relevant drawings, contracts & release notes.

3. T8 9 g, o1 Seaed & faw sfluey, o dEem wRd
WREN BN Turaen i ue7 @ et v amnfa 2 |

RN

£y
>
i

v N
]
This approval is contingent upon the quality control aspects .:%:-5
of bulk production being cleared by DGAQA, Ministry of Defence, | %:r;*
Gout. of India. 1
4. U =9 e 31 REaw 2010 7% 9 € | fadar &) 59 o e B
# el A B B d@W v uRd & ergedi adiewm @ g 89
SR LY. QT U8 UH) ¥ SIRg SN B =X

s

This Tupe Approval is valid upto 31" Dec 2010. The vendor
shall reguest RCMA(F&F) for subsequent renewal, three months
before the expiry of Type Approval.

5. 3R W aHeT @1 falt e arfireeor # wemmoRer @ B oar were

eIsY Y@le # ®is ulRadd @l Bl al 9 SeFdngdar @i yaviese @
(Aftrere), Freie @ od wenfd o B | 2

e

<
v,

BRARE,

3
A

-
£

o

Prior agreement of Centre for Military Airworthiness & §g&
Certification (CEMILAC), Bangalore, will have to be obmfneﬁwm <
approval is to be transferred to any other agency or if changes &S
within the Type Record enclosed are effected. h RM

. i A RS
HeA/enel 2 Qﬁmﬁ’.'q;}.jmendm'z\ fﬁiﬁ.w.fl.K.SHJmlM _}_E:
& FAUAS(SETITT) e

%/No.: AFFATE/CEHIALS0T0/E T/TA- 1208 : e ;
Chiel Executive (Airworthiness) g8

fGid/Date @ |0 Jen = . 2006
e Wifax No: 080-25T21024
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10.15 MIG21 BIMETALLIC SECTOR

il '. { /
ey
GOVERNMENT OF INDI&
MINISTRY OF DEFENCE
T ST e fwTe WA
DEFENCE R&D ORGANISATION
/AT I
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
AAETEl S B e, dTE
MARATHAHALL| COLONY P.O
BANGALORE - 560 037

a*f 3rgHTeT . /Type Approval No.1216
HG/FOR ITEM: "fim-21 % & =ia 4l 4w 2w & B mimmy
Brake Pads for Main Wheel and Nose wheels of MiG-21

e Wi (& s @ % ded & @ anwe, e gro Rofim
TH HEW UYTCH, U UUE U WA, S9N -sscum?mamﬁa“h
bt ud | e dE W S o ddlen-oiun, dil8e- 04vn, Files-g2-

01 3% far mgEm @ e Aa(HE02) F e BEozser, Bdl-102-52
S BEN02-32 BT s F (HUACE HE80-01TH, THIRTS $H80-g4uH,
UETHYE Hl92-82, TRUEYE HeM02-51, [HUANE delioa-8s, 3w 8100
32 8621-01 & FPEN T2t TgEE @ & oE ofte e e § ST i
srgetaT foEa s &1 % sl (i) & e 4 ow ooe o A _
Sree . SAva/aE e /4005 F SR affEa Rem o § | e o §
TRy # wEe wiRed sk St § frafe fafereten /ey @
et anrenaaRll ® YU R T R |

This is fo certify that the “Brake pads, bearing the Part Nos. KT89- B
IIM, KT89-94M, KT92-82-0! for Main wheel (KT-92B, KT-92D) and Puari
Nos. KT102-51,KT102-52 & KT102-32 for Nose WheellKT-102) for MiG-21
aircraft respectively deveioped by DMRL, Hyderabad & manufactured by
M/s HAL F&F Division, Bangalore-S60017, is hereby approved for production 8
as per drawing Nos. FSF KT89-91M,FSF KT89-94MFSF KT02-82, FSF &
KT102-51, FSF KT102-52 & FSF KT102-32 for use on Main Wheel and &
Nose Wheel of MiG-2latrcrafi. These items have been tested as per F&F
test schedule No. TS/IND/40/05 in co-ordination with RCMA (Nasik). The
8 products have met the requirements of the specification/tests as detailed
y irt the type record compliance statement enclosed at Appendir ‘A’

T Page 01 of 02
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v/Page 02 of 02

<Y #TA No. 1216

2. &0 ol g o Ul v # a7 9 @ red e Pewh o o &
| e o apier dan @ wff @ e, ot o Rdle e 4
wictaT. o wre erfEd

The provisional clearances issued to the product are superceded 3
consequent to the issuance of this type approval The Type Approval B
number guoted above must be reflected in all relevant drawings, coniracts &
& release notes. :

3. v 7yl o wwRw @ Ry WALy w AAEE W wva g )
o R ow o Rl o amniy & g v SR de) & ohaw Aol &)
arfie fwr o

This approval is contingent upon the quality control aspects of bulk
production being cleared by DGAQA, Ministry of Defence, Gout, of Indin,
and forwarding the test raports of all batches produced.

4 BT aIgeT 30 T 2011 7% AW R ol g W A gHer THwE T
BT | R w1 gW o i @ st w2 @ Ao e s
TR B Y AR (W T ), T T ¢ OOE(Tw e qw) wm
FamegsT s, FTe - 860 017 # AT A AT |

This Type Approval is valid up to 30" June 2011 and will have 1o be
renewed subsequently. The vendor shall request CEMILAC through RCMA
(F&F), C/o HAL (F&F) Division Vimanapura F.0 Bangalore - 580 017 for
subsequent renewal, three months before the expiry of Type Approval

5 W 3PS F O v afmm § wmime e @ o gae a9
e TEET WOt 4 Y N 5 O 8 9 gevdae sl e
F (FfErs), i @ o w39 o

Prior agreement of Centre for Military Airworthiness & Certification
fCEMILACY, Bangalore, ull have to he obfained if this approval is to be
transferred fo any other agency or if changes within the Type Reecord
Compliance Statement envlosed are effected. =y

A7
s gl ofifEmey A ppendix' A

-

/i 4 Ve
J.l _“_.‘{JI r—— i . -

I F{
| TNo: SRTONASINE YW U TR IS VEDAPRAKASH)

- 1 .:_-_,_.;-: 200

T A = 1 I ST BN
P Wiko Nox DB0-23210855
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10.16 SEAKING AIRCRAFT

VL % VEE gl o Ve o N o By B W T ] et T w00 T Sy
A T T A A A A A A g A

HIT TR, V] AL
GOVERMMENT OF INDIA
T MINISTRY OF DEFENCE

= DEFENGE R&L ORGANISATION
g2 - ii;:i:
CENTRE FOR M'L”ﬁmms%ﬁﬁﬂmnm

MARATHAHALLI COLONY PO,
BANGALORE - 560 037.

&1 37HIe ./ Type Approval No.1001
|
S For Item < 5 te/oug =T T8 F.05215024 " Brake Pad/Liming Pan Mo, 9521592.1

wmﬁmﬁfmﬁﬂméﬁsﬁwﬁqﬁim%ﬁeﬁmnﬁraw
wur, TR - 580 017 BN fAwitE aw sEiET “iE SwiaefaT g
FO5215021 WNEE W vedl-sars, 9T RWiw 4422000 TR _'-:5
it femner ¥ gfe F woue O £ 9w @ faw arpifea fam omar + 8
& | T T uve uw wwn, A o denies 4 ves dagm) H8E
2001-02 BT 9w 2001 & siER wiiEe S am £ | g oifens #
e o wri Rl o e/ odn weEd smrrmsma @ ol
ol # |

This is ta certify that the “Brake PadiTining" bearing the Pari Wel HAL

WAZISVZT, ' developed and manufectured by MA. Hivdusian Aeronguties
, Eimived, Foundrn & Farge Division, Bangolore 560 017, i3 hershy appraved
08 for praduction as per drawing No, FD-5378, issue ‘A7 dated 4.12.2000,

| for use in Seaking helicopter brake unit ¥ has bean tested to Test B
schedule No. DT 2001-02 issue-"B" dated August 2001 at CMPL of &
HAL F&F Division, Bangalore, in co-ordination with RCMA(F&F), DRDO, &8
Vimanopura F.O, Baongalore-17. Rt has met  the reguirements  of § 1
specifination/tests, es detafled in the type record complinnee statement T2
enclased at Appendie-A”

=¥ Pape OF of 02
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&.G.9/TA No.1001
ge/Page 02 of (2

2. WRfehd 31 oA wew @) wl o s 6t e Rell
Frew | FRfEfT e s il

The Type Approval number quoted above must be
reflecied in all relevant drawings, contracts & release notes.
3. I T MEEE, 9% sWRT B B SLely ey, @ FEE, 4R
TN BN TiET P v @ Prend g smefa & |
This approval is contingent upon the gquality control aspects oh
of bulk production being cleared by DGAQA, Ministry of Defence, =
¥ Govt. of India, '
8y 4 TE T AT 30 T 2008 75 B € | feat 1 o9 = e @ 3%
23l wwra w1 @ T W v @ e ew @ By B
HRFLGR(TE 7o yw) § @y awr 2 | =
[

s \Type. ApprovBl 38 T fipto 30 ilini- 008" The
verdor shall request RCMA[FG&F) for subsequent renetval, three
months before the expiry of Type Approval.

5..-Wﬁ3?ﬁﬂﬁﬂﬁﬂﬁmaﬂmwﬁwﬁrﬂmmﬁm
qaT TEE Wi § ald oRads G W T E eI el
VST e (W), AR B 9 el a4 & |

Prior agreement of Centre for Military Airworthiness &
Certification (CEMILAC), Bangalore, will have o be
obtained if this approval is to be transferred to any other
agency or if changes within the Type Record enclosed are
effected.

"okl ‘iﬁlm'lf'a“\ppﬂnﬁix'h'

Rrimibae © 95 0une 2003 (S A1 6 LOKANATIHA)

W Tk bo: 050-5230856 I 8% Faia Sei)|
offg Chief Executive (Airworthiness)

o i
i,  EHAEMASOT0E, Ok (01 Ji;m igh=
2 i
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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
) 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 JT/HIT 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. DESCRIPTION APPLICATIONS
1 JSS : 1630-01:2009 | Metallic brake Dornier and AN-32 Aircraft
pad
2 JSS: 1630-03: 2009 | Metallic brake Cheetah/Chetak and
pad Advanced Light Helicopter
3 JSS: 1630-05: 2009 | Organic brake Seaking Helicopter
pad
4 JSS: 1630-06: 2009 | Organic brake Kiran MK I/IA
pad
5 JSS: 1630-03: 2009 | Organic brake HPT -32
pad
6 JSS: 1630-03: 2009 | Metalloceramic Kiran MK I
Brake pad
7 JSS: 1630-03: 2009 | Metalloceramic AVRO
brake pad

Tablel2.1 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 = 250 Landings
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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 = 250 Landings
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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 = 600 Landings
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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 =150 Landings
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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

Wearr life = 250 Landings
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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 =200 Landings
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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 =100 Landing
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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

Wearr 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 = 200 Landings
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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 = 200 Landings
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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 . lron Based
CEMILAC Approval No. : TA-1208
Characteristics

Max. Brake energy = 12 M Joules

Wear life =250 Landings
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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

Wearr 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:

Project : AVRO
Type . Copper Based
CEMILAC Approval No. : TA- 7-12/88/RD (DGCA)

Characteristics
Max. Brake energy = 9.4 M Joules

Wearr 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

Wearr 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/IPMS/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 =100 Landings
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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

Wear life = 100Landings

111



| T.5. No. FfPMS/FPM 5842

HAL (BO) PROVISIONAL Issue: 02
TEST SCHEDULE AND TECHNICAL SPECIFICATION | Date of Issue: 11-12-2009
Page L of 13

TEST SCHEDULE AND TECHNICAL SPECIFICATION FOR EVALUATION AND
ACCEPTANCE OF INDIGENOUS METAL-CERAMIC SECTOR,PART NUMBER
HFKT89-81-1M,0F MIG-21 AIRCRAFT MAIN WHEEL BRAKE MADE AT FOUNDRY
& FORGE DIVISION,HAL,BANGALORE

Part no is = |
changed from
KT-89-81-1M To |
o2 | HF KT89-81-1M . .
for differentiate &" A =
HAL-F&F pads S\ \,-\M /,»ﬁ"f
from HAL-hyd A l;,,]u f’;]
i pads |
01 Original YAINAPAL | V.M.ANIL KUMAR | Dr. P. RAGOTHAMA RAQ
(ENGINEER) | (CM-BRAKEPADS) | RD-RCMA(F&F)
PREPARED ,
& ISSUED BY APPROVED BY
Issue Raasgr’:agf“e CHECKED BY |
FOUNDRY AND FORGE ——
DIVISION, HAL (BC) |

SUBMITTED TO

RCMA-F&F

CEMILAC

BANGALORE

FOUNDRY AND FORGE DIVISION
HINDUSTAN AERONAUTICS LIMITED
BANGALORE COMPLEX
BANGALORE 560 017 ;
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PREAMBLE AND BACKGROUND

The metal-ceramic sector KT-89-81-1M of the main wheel brake KT928 of the MiG-21 aircraft
was indigenously developed by M/s DMRL Hyderabad about 25 years back .The manufacturing
of these sectors as per the DMRL process was taken up by M/s HAL Hyderabad. These sectors
were qualified as per the test schedule no TS/IND/40/03 dated 25/8/90 and type approved by

CRE (Hyderabad) vide AE
RO/RD-132/106/3 dated 06/04/94 and type approval no TA-664,

By 2004-2008 order for these sectors decreased considerably. During that time, HAL-
Hyderabad took & decision to stop manufaciuring activities of these brake sectors as the
division was concentration on its core area i,e. electronics. In view of this, in order to meet the
IAF's continued & renewed demand, HAL-Lucknow asked HAL F&F to manufacture thesa
sectors in their Brakepad shop vide indent no. HAL-ADL/MIG/451/08 dated 04-06-2008 for gty

of 10000 nos (copy enclosed).

This Type test schedule is prepared for testing and qualification of the above mentioned sector
developed and manufactured at Foundry and Forge Division, HAL. In order to maintain
consistency in the type testing and qualification parameters, the current test schedule has been
prepared in line with the earlier test schedule TS/IND/40/03.Some minor changes and
improvements like changing the MgO powder with Asbestos powder and use of Nickel
Sulphamate bath for Mickel plating on the back plate instead of Nickel spraying are
incorporated. These changes are based on updated knowledge and expetience gained over the
fast 30 years in the development of various iron based friction materials for a number of

aircraft,

Applicable Documents
1. Test Schedule No TS/IND/40/03
2. Amendments
a. Amendment to test schedule no TS/IND/40/3(copy enclosad)
b. Renewal of Type approval CRE(HD)/762 dated:17/06/1995 and
HAL/HD/Q/CPP/03 dated:05/05/2003 (copy enclosed)
3. Russian Drawing No.KT8%-81-M
4. HAL-Hyderabad Drawing Nos. BN 303504 & A 303505
5. Type approval NoTA-664({copy enclosed)
6. Standard & Sperifications to be followed for various tests
a) Back plate steels for the metal-ceramic sectors as per IS: 1570 (Part-11),
1875 Gr. 20C8 (C20)
b) Chemical composition of friction material as per FMK-11
¢) Bend test for assessing bond quality for metal-ceramic sectors as per BS,1639-

1964,
d) Chemical analysis of the various raw materials and that of the friction material of
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PART-I

This part deals with the technical specification of various raw materials used for making
the metal-ceramic sectors. The identification and marking of the sectors have also been
stipulated. The suggested sources of various raw materials have also been indicated.

1.1 TECHNICAL SPECIFICATION OF RAW MATERIALS

1.1.1 Steel Strip for back plate
The steel material for the back plate of the metal-ceramic sector shall be in cold

rolled and annealed condition and shall conform to the specification and technical

raguirements given bellow:-

Note:

a) Specification
b) Chemistry(%o)

: 15:1570(Part-11),1979 Gr.20C8(C-20)
: Carbon : 0.15-0.25%
Manganese :0.60-0.90%

c) Condition of Supply : Cold rolled and annealed

d) Hardness

e) Dimensions:
Thickness
Width
Length

229 BHN, max

2.0(£0.1) mm
60(+1) mm
1500 to 3000 Meter

L. A copy of IS: 1570 (Part-I1), 1979 is enclosed.
2. Acceptance has to be verified for every consignment received during the manufacturing

process,
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1.1.2 Iron Powder:

1.1.3

1.1.4

1.1.5

1.1.6

Used as a basic ingredlent of the friction material for the metal-ceramic sector,
shall conform to the following technlcal specification:

Grade

Purity

Size distribution
Hydrogen Loss
Apparent Density

Copper Powder:

Used as an ingredient of the friction material for the metal-ceramic sector, shall
Conform to the following tex:hnucal specification

Grade

Purity

Hydrogen (H2) Loss
Size Distribution
Apparent Density

Barium Sulphate Powder:

Used as an ingredient of the friction material for the metal-ceramic sector, shall -
conform to the following technical specification:

Purity (BaSO, Content)
Other inorganic
Particle Size

Apparent Density

Graphite Powder:

Used as an ingredient of the friction material for the metal-ceramic sector, shall
conform to the following techmca] specification:

Grade

Carbon Content
Ash Content
Yolatile matter
Size distribution

Silica Sand Powder:

Used as an ingredient of the friction material for the metal-ceramic sectar, shall
ronform to the following technical specification:

Sponge ar Electrolytic
98% minimum

95% (-100) BS Mesh
1% Maximum
2.3-3.5 gms/cc

Electrolytic

99.0% minimum

1% maximum

a0%, (-250) BS Mesh
1.3 to 2.4 gms/cc

98.0% minimum
2% maximum
95%(-250) BS Mesh
0.60gms/cc

Fine natural flaky graphite powder
94% minimum

4% maximum

2% maximum

(-100) BS Mesh
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Purity as Si0; content  :  90% minimum.
Loss on Ignition ;1% maximum.
Size (Sieve Analysis) @ (-60+100) BS Mesh
1.1.7

Used as an ingredient of the friction material for the metal-ceramic sector, shall
conform to the following technical specification:

Loss on drying ¢ 1% Maximum.,
Acid soluble (5% HCL) :  10% Maximum.
Size Distribution : (-40+150) BS Mesh

1.2. SOURCES OF SUPPLY OF RAW MATERIALS FOR METAL-CERAMIC SECTORS
1.2.1 Steel Strips

1. Mfs Tube Investments of India Ltd. 2. M/s Jainex Lid.
Post Box No.4, MTH Road Avadi, 159/2,5.P.Road
Chennai-600054 Bangalore-560002

3. M/s INDO ISPAT. 4. M/s Star Wire India Ltd
76-D, Harish Chatterjes Street, 21{4, Mathur Road,
Opp. Harish Park, Bhawani Pura, Ballabgarh
Kolkatta-700025 Harayana-121004

5. M/s D.S. Enterprises
No 29,5" Cross, Srirampuram,
Bangalore-560021

MNOTE:-The copy of Original Mill cartificate/test certificate of the manufactured batch
has to be supplied to HAL-F&F along with each consignment.

1.2.2 Iron Powder

1. M{s Heganas India Ltd.
Ganga Commerce,
4 North Main Road,
Koregaon Park,
Pune-411001,
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1.2.3 Copper Powder
1. M/s Metal Powder Co. Lid. 2. M/s Metalloys,
Maravankulam, Thirumangalam, No.9, Martiers Dias Road,
Maravankulam- 625706. Margo, Goa- 403601.
3. M/s Kandoi Metal Powder.
F-381& 382, Road,
No.9, Vishwakarma industrial Area,
Jaipur-302013.
1.2.4 Natural Graphite Powder
1. M/s IMM International INC. 2. M{s Sharda Enterprises,
28, Moleod Street, Piyu incorparation “PIYU" BGLW,
Post Box No.16016 Plot No.265-285 R5C-33,
Kolkata-700017. Mumbai-400091.
3. M/s Oxeeco Technologies. 4. M/s Graphite India.
B-6/4, Industrial Development Area, Speciality Division, Visveswarya,
Uppal, Hyderabad-560017. Industrial Area, White field Road,
Bangalore-560048.
1.2.5 Silica Sand Powder

1. Mfs Oswal Mineral.

No.6, 2™ Main Road,
Ramacharapuram,
Bangalore-560021.

3. M/s Karnataka Minerals& Refractor,
MNo.69, Industrial Estate,
Suburb, Yeshwanthpura,
Bangalore-560022,

5 Mis Saﬁthagirf Tech Mark system.

744,12 main, 3" Block,
RajajiNagar,
Bangalore-560037.

2. M/s Universal fused guartz.
MSR Industrial Estate,
Gokula Markets,
Bangalore-560022.

4. M/s Metal Powder Lid.
Pudunagar Post,
Thirumangalam,

Madurai-560002.
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1.2.6  Barium Sulphate powder

1. WV/s ACE Rasayan. 2. Mifs Eskagf Forms.
18/8,5" main road, Jayadeva Hostel, No.46, 2™ main,
P.0O.No.9738, GandiMNagar, Vidyaranya Nagar, Magadi Road,
Bangalore-560009. Bangalore-560001.

3. M/s Ranbaxy Fine Chemicals Ltd. 4. M/s SD fine Chemicals.
No.86, 3"Cross new timber yard Layout, No.62, Laxman Rao Road,
Mysore Road, BVK lyenger Road,
Bangalore-560026. Bangalore-560004,

5. M/s UltraLab Products.
No.433, 14" Cross, Lakkasandra,

Bangalore-560068.
1.2.7 Powder

1. M/s Union Asbestos & Allied Products. 2. M/s AMCON surface Tech.
No.40, Strand Road, Shop MNo.51, 83/3, Saitpalya, Lingarajapuram
Kolkata-700001. Bangalore-560084. ;

3. M/s Divya Enterprises, 4, M/s Supreme Minerals.
No.143, Vivekananda MNagar BSKIII, 1584/2, B.M Road.
ST Age, Bangalore-560085. Channapatna-571501.

5. M/s Shyam Industries
No.42, Hongasandra Begur Road
Bangalore-560002

13 IDENTIFICATION AND MARKING
All the metal-ceramic sectors shall be suitably identified at the back of the

back Plate with batch/ mix number and place of manufacture and relevant
part number
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PART-1I

This part of the test schedule lays down the various physical, metallurgical and
mechanical tests to be carried out on Individual sectors or on sample quantity of
parts per batch. The sampling procedure for the various tests is 2/so stipulated.
This part also gives the various testing standards/ specifications to be followed

for carrying out the tests,

2.1 Dimensions: Dimensions of the finish machined metal-ceramic sectors are ©
be checked with the drawing no. FPM- 5842, HFKTBS-81-1M of HAL {FE&F). An
A4 size drawing of the brake pad is enclosed in annexure 1.

2.2 Surface_condition: The working friction material surface of all the finish-
machined metal-ceramic sectors shall be inspected visually for uniform texture
and absence of cracks, dents and peelings.

2.3 Hardness: Hardness test shall be carried out on 3 fully machined working
surface of the metal-ceramic sectors per batch. Each batch of metal-ceramic
sectors shall not exceed 200 nos. Hardness shall be measured on the friction
material working surface on five points per sector distributed over the entire
surface and on three points on the back plate using a Brinnel hardness tester
with 10 Kg load (30 Kg for back plate) and 1 mm dia ball indenter. The
hardness measured shall meet the requirement of minimum/maximum values

given below:
Part No. Minimum Hardness (BHN) Maximum Hardness
of friction material back plate (BHN)
HFKT89-81-1M a0 229

NOTE: * Hardness on friction matarial shall not be less than 90 BHN at a minimum of
4 points and not less than 70 BHN at a maximum of one point. The hardness shall be
measured at least Imm away from the edges of the sector and the rivet holes. The
distance between two indentations shall also be a minimum of 3 mm.

2.4 Microstruchure:

A. Friction Material: The micrestructure of the metal-ceramic sectors shall be examined
on a cut and palishad longitudinal section of the metal-ceramic sectors at 100X,
Micre examination shall revea! uniform distribution of constituents such as silica
particles and graphite in an iron-rich matrix. On etching, the matrix shall reveal

a predominantly Pearlitic structure,
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B. Interfacial Thickness: Below the friction lining there shall be evidence of sound

interfacial bonding between the steel back plate and the friction material through
an intermediate Nickel-plated layer. At the Nickel-steel interface there should not
be any evidence of copper metal flow, Thickness of the Nickel-plated layer shall be
within 0.05 to 0.20 mm. 3

C. Back Plate: The back plate structure shall reveal a ferrite and Peatlitic structure.

2.5 Chemical Compasition;

The friction material of the metal-ceramic sectors shall be checkert by classical analytical
techniques. The removal of friction material shall be done carefully so as to avoid
contamination from the steel back plate. A representative sample shall be made by
coning and quartering a thorough mix of friction material taken from 3 brake sectors
randomly selected per batch, Each batch of metal-ceramic sectors shall not excesd 200
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2.6 Bend Test:
2.6.1

2

2

6.2

6.3

264

265

2.7 Friction Test:

Two sectors selected out of every batch of metal-ceramic sectors shall be tested in
the friction testing machine at Foundry & Forge Division for friction and wear
properties. Two sectors shall be riveted to the holder of the machine and these
samples are to be tested under conditions given below. The test shall be done only on
fully machined sectors. 50 braking stops shall be carried out and considered for
measurements of fricion and wear. The parameters given below in the table are t©
be maintained for the test.

One sample per sintering batch(Each batch of metal-ceramic sectors shall not
exceed 200 nos) 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 B5.1639-1964.

The bend test fixture shown in the Annexure-B shall be used for testing.

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 Dﬂﬂpplied on the pressing roll using a press to bend the sample to approximately
12

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.

Exposure of steel surface s Indication of poor bonding and failure in the bend test.

Kinetic Energy(Kgfm) ~ 16670*
| Inertia of fly Whesl(kgm?) 3.15

RPM of flywhesl 984

Brake Force(kaf) 100 B
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(* The total energy of the KT 92B brake is 6 x 10° l(lgfm was used in the brake
dynamometer test in the previous T.S.No. TS/IND/40/03. The brake unit consists
of 72 metal-ceramic sectors. Therefore the energy absorbed by 2 sectors is

16670 Kgfm)

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
£) Run-down time (Seconds).

d) Run-down revolutions

) Brake temperature rise (deg ¢)

The values of stop time, temperature rise etc., shall be in the following range. {These
values have been fixed based on statistical analysis of the actual results of 2
sets of HAL-Hyderabad sectors vide Batch Nes: PMOSHYDO3 dated30/8/08,
PMOBHYDO04 dated 30/8/08, PM0BHYDOS dated 1/9/0B reports enclosed).

1 Average Coeffient of friction 0.20-0.35
(2| Run down Time{Second) 13-21 Seconds (Ava)
| Minimum ) 11 Seconds |
Maximum ) - | 24 Seconds
3 | Average Run-down revolutions B 125-140 ]
4 | Wear by thickness loss after 50 stops 2mm nominal
|5 | Wear by weight loss after 50 stops 30 gms i
6 | Brake Temperature{deg C) 150 Deg C Max

NOTE: 1. Maximum brake temperature rise may be measured only for development
Batches and the first 10 production batches. Once the maximum temperature
values are stabilized in the above hatches, temperature measurement on

Further production batches may be discontinued.

2. The acceptance criteria may be reviewed after study of the first 100 production
batches.

2.8 Sampling procedure: The metal-ceramic sectors shall be batch manufactured. A
batch shall consist of not more than 200 metal-ceramic sectors sintered in the same
cycle of pressure sintering operation. The various tests, on any batch of sectors,
shall be carried out as per the following sampling plan:
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5) Dimensions [ 100 % o ]
b) Surface condition: 100% |
| [
|
) Chemical analysis 3 sectors per batch (Sectors used for ;
| bend test can be used for chemical analysis )|
d) Hardness | 3 sectors per batch
) Microstructure 1 sector per batch
) Band test 1 sectors per batch ¢
g) Friction test 2 sectors per batch

2.9 Further to these qualification the pads will be supplied to HAL-ADL, for further full-scale
Dynamometer test and Aircraft trial test as per the Test schedule prepared by Design/
Indigenization department of HAL-ADL. '

HaL F&F will involve in the full scale dynamometer test.

PART-III

3.0 PRESERVATION, PACKING AND DELIVERY

3.1  The brake pads shall be protected from atmospheric corrosian by applying an
uniform coating of resin based cellulose nitrate varnish mixed with a Post office

red dye for friction surface and Aluminum paste as per BS.388:1964 for all back
plate surface.

3.2 Every batch of pads shall be accompanied by a test certificate furnishing details
of the batch and test results on the batch duly certified by the representative of
the Quality Control Department, Foundry and Forge Division, HAL
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the metal-ceramic/bimetallic sectors shall be carried out as per classical analytical
techniques.

e) The apparent density of the metal powders shall be determined using a hall flow-
meter apparatus as per ASTM B212 any other mutually acceptable standard test
method.

f) Sieve analysis of metal powders shall be carried out as per ASTM B 214

g) Hydrogen loss test for copper and iron powders shall be carried out as per ASTM E
159-63T,

h) Batch consistency friction test is carried out in lab scale friction test rig on 2 pads
on prorata energy credit raquirements.

i} Full scale dynamometer test will be repeated at ARDC ground test dynamometer

facility.
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ISSUE - A

HAL-ADL

1.0

2.0

INTRODUCTION:

The Metal Ceramic Sector P/no. K1T89-81-1M had earlier been developed by HAL, Avionics
Division, Hyderabad. Now Avionics Division, Hyderabad has stopped the manufacture of the
Powder Metallurgy {PM) based items due to closure of its PM shop. Therefore the supply of the
Metal Ceramic Sector P/no. KT89-81-1M has also been stopped from Avionics Division, Hyderabad.
As the sector is still required for production & ROH task as well for supply to Indian Air Force
against RMSOQ, it has been taken up for development at F&F Division, Bangalore. As there is a
change of manufacturing location, a separate Type Approval is required for the sector developed by
F&F Division for use on Main Wheel Assy. P/No KT92B and KT92D of Mig-21 & Mig-21 Bis aircraft.
The corresponding p/n for HAL(F&F) Ceramic Sector is HF-KT89-81-1M

The Metal Ceramic Sector P/no. KT88-81-1M, are being used on Main Wheel Assy. P/no.
KT-92B and KT-92D of MiG-21 and MiG-21 BIS a/c respectively. Main Wheel Assy. P/no. KT-92B
and KT-92D are similar in design and consist mainly of the same components. However, a slight
structural difference exist in the above two wheels e.g. the number of discs has been increased in
KT-92D (Ref: Overhaul Manual No. M/0B0/OH/2 E). The comparison of leading particutars are -

KT-92B
(Ref : CTY286-15)
2820 kg

8.0 750 kg/em?
600000 kg-m
19.0 *'° kgiem?

Sl. No KT-92D (Ref

. KT-92D-000CTY)
3130 kg

9.5 * 050 kg/cm?
665000 kg-m
19.0*'? kgicm®

Requirements

Static Load
Inftation Pressure
Kinetic Energy

N

Brake operating Pressure

Since kinetic energy absorbed by wheel assembly KT-92D is higher than the kinetic energy
absorbed by wheel assembly KT-92B and the brake operating pressures for both are same.
Therefore, KT-92D wheel assembly which has higher energy absorption than KT-892B wheel

assembly is selected for dynamic energy test.

OBJECTIVE:

This test schedule is drawn for Dynamic Test on Dynamometer Test Rig of the Metal Ceramic
Sector Pino. HF-KT89-81-1M developed by HAL, Foundry & Forge (F&F) Division, Bangalore and

,}\\ \‘)/\M
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HAL-ADL

3.0

4.0

5.0

5.1
5.1.1

the sector developed by HAL, Avionice Division, Hyderabad. Based on the comparative analysis of
the test results obtained, the sector developed by F&F Division will be cleared for use in Main Wheel
Assy. P/no. KT92B and KT-92D of MiG-21 & MIG21 BIS Alc.

To carry out the test, cne certified Main Whee! Assy. P/ino. KT-92D with tyres and one  separate
Brake Assy. P/no. KT92D.020 shall be taken from Mechanical Factory, HAL, Lucknow. Out of these
two assy., one has to be fitted with the sectors developad by Avionics Division, Hyderabad and the
other has to be fitted with the sectors developed by F&F Division, Bangalore and mark letter ‘A’ & ‘B’
respectively on both assemblies for comparison purpose and thereafter clearance / approval of
sectors developed by F&F  Division.

PREPARATION OF UNITS:

One Brake Assy. (Mark letter 'A") will be fitted with the sectors developed by Avionics Division,
Hyderabad and other Brake will be fitted with the sectors developed by F&F Division, {Mark |etter
‘B") as per existing technology in Mechanical Factory, HAL, Lucknow.

identify stator and rotor faces as per para 5.1.1 and take measurement as para 5.1.2 before
Assembly and Acceptance Test.

The Part number, Issue number, Serial number and Identification letter on both assemblies shall be
recorded.

VENUE OF TEST: HAL-ADL

The unit marked “A" & "B" should be subjected to acceplance tests as per Test Sheet attached at
Appendix-l derived from Overhaul Manual of KT 92D (Ref: Overhaul Manual No. M/080/OH/2 E).

DYNAMIC TESTS:
The units fitted with Metal Ceramic Sector of Avionics Division, Hyderabad & Metal Ceramic Sector

of F&F Division, Bangalore should be subjected to Dynamometer test at Dynamometer Test Rigs
situated at ARDC, Bangalore.

Test Method:

Identify stator faces as S/11, S/12, S/21, 8/22, /31, and $/32 from torque plate side. Similarly,
identify rotor faces as R/11, RM2, R/21, R/22, R/31, R/f32, R/41 and R/42 from torque plate side.
o ]

4 o _
cs. K?Si\;il.) M}@\U : s (21-12-2009

”
Sy moply M‘f} Dk Sorgh) 10 B
Compiled by Checked by Concurred by Approved by
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HAL-ADL |

5.1.2 Measure weight and thickness of each disc. Thickness shall be measured at four places and the
average shall be recorded. Thickness and weight of each disc shall be recorded with pad sub-

assembly. Visually examine the conditions of stators and rotors and record the actual condition.
5.1.3 Mount thermo-couples on tenon of pressure stator.

5.1.4 Following dynamic stops are 1o be carried out:

Normal Energy Stop (6.52 MJ) : 50
RTO Energy Stop (7.85 MJ) 01

5.1.5 During the course of 50 energy stops, one change of heat pack is permitted. The remainder of brake
assembly parts must with stand this test sequence.

5.1.6 Itis permitted to replace tyre if its physical condition deteriorates to such an extent that it can not take
further dynamometer stops. Record tyre change at such stage.

5.1.7 Following parameters shall be recorded for each stop:

Ambient Temperature.

Initial temperature of stators (not to exceed 50°C}.

Brake application speed.

Brake application pressure Vs time

Run down revolutions/stop distance

-0 o0 00

Stop time

Torgue Vs time plot, peak & average torgue values

= ©

Average brake drag vaiue
i Kinetic Energy absorbed
j. Co-efficient of friction u (calculated)

5.1.8 Brake must be cooled to 50°C before next brake application. It is allowed to force cool the brake
once the peak temperature has been recorded.

5.1.9 Mount the wheel & brake unit on ¢ 2.53 meter drum of the ARDC dynamometer with help of suitable

fixture.
7.\\5‘;#\&”3! WX.\O;}"*E\DC\ t{W 52085 | 2)-12-2006
Sac- et a\ ” H[r®
108 Snda N DA - i’rjﬁ) fa}:
. Corripiled by Checked by Concurred by Approved by
|_(ndg.Cel) | (indg. Cel) (Design) (Roma) | Approval bate.
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5.2 Bedding In Stops:

5.214 With wheel & brake mounted as at para 5.1.9, carry out 3 bedding-in stops with following

parameters:

Bedding in stop #1
Bedding in stop #2
Bedding in stop #3

Drum RPM Brake pressure
180 03 bars
360 05 bars
540 07 bars

if bedding-in is not satisfactory, few more stops at 540 rpm/07 bars shall be carried out.

5.2.2 Repeat measurements as per para 5.1.2.

5.3 Normal Energy Stops:

5.3.1 Mount Wheel & Brake assy ‘A’ as per para 5.1.9. Carry out 10 energy stops as per following data:

Test ltem

Associated Wheel Part No.
Radial Load On Wheel
Inflation Pressure

Brake Operating Fluid
Drum Diameter (M)
Kinetic Energy

Drum RPM

Brake Application Speed
Brake Pressure (Bars)
Stop Time {Secs)

Stop Distance (M)

Av. Brake Drag (Kg)

Brake Assy. Part No. KT92D.020
KT92D.010
3130 k

9.50"%% Kg/em?®
Air

2.53

6.52 MJ

578

275 Kmph

*8.0 Bars

26.0 sec

995 m

668 kg

*The brake pressure ¢an be trimmed to achieve the stop time. Test data as per para 5.1.7 shall be

recorded for each stop. After completion of 10 stops, repeat measurements as per para 5.1.2.

5.3.2 With Para 5.3.1, carry out 10 energy stops on Wheels & Brakes Assy ‘B’

5.3.3 With para 5.3.1 to 5.3.2 on sequence, carryout total five such sequences.

S-k_-é'gmz(, "*&‘0 P\ ud 1/l 2007 "2' 12-2009
St Mgt Sedy) o e Lnd)To4

Compiled by Checked by Concurred by Approved by

(Indg. Cell) (Indg. Cell) (Design) (RCMA) Approval Date
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54 RTO ENERGY STOP

5.4.1 After completion of fifth block of normal energy stops on both Wheel & Brake assy., carry out 01
energy stop only on Wheel & Brake assy. marked “B" as per following data:

Test item :  Brake Assy. Part No. KT92D.020
Associated Wheel Part No. o KT82D.010
Radial Load On Wheel o 3130k

Inflation Pressure : 9.50"%%° Kgiem?
Brake Operating Fluid o Air

Drum Diameter {M) ;. 2.53

Kinetic Energy - o 7.85MJ

Drum RPM : 635

Brake Application Speed : 302.40 Kmph
Brake Pressure (Bars) © “B.34 Bars
Stop Time (Secs) ;. 34.0 sec

Stop Distance (M) : 1439.0m

Av. Brake Drag (Kg) : 556 kg

*The brake pressure can be trimmed to achieve the stop time.

6.4.2 After completion of the RTO stops, repeat measurements as per para 5.1.2.

6.0 ACCEPTANCE CRITERIA:
Performance of Sectors developed by F&F Division, Bangalore shall be compared with the sectors
developed by Avicnics Division Hyderabad on the basis of following observations and/or wear
pattern or data recorded during testing:
1. Comparative study of sectors wear pattern
2. General brake performance parameters
A detailed report stating comparative statements between sectors developed by F&F Division,
Bangalore and sectors developed by Avionics Division, to be compiled and submitted to RCMA,
Lucknow.
Based on the above report, Metal Ceramic Sector Pno. HF-KT89-81-1M developed by F&F
Division, Bangalore shall be considered for clearance for use in Main Wheel Assy. P/no.KT92B and
KT-92D of MIG-21 & MIG21 BIS AJe.

gm?‘;\‘f”m "&Wi\?ﬁ\v"\ W fysf+o°7 | 24-12-2009

ﬁ -1
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TEST SHEET

Appendix |

—

Name of Unit;

L

Part No. :

S/N:

o &~ W

ldentification Letter:

Test Schedule No.:

sl
No.

Description

Requirement

Actual Reading |

Check brake seals for tightness
by applying pressure of 25
ka/cm? and carry out 20 cycles
by applying & releasing of

pressure.

No leakage is allowed

With no pressure applied, check
the brake clearance between the
pressure disk and disk
assembly.

Not less than 2.0 mm

Check pressure required for
clamping.

Check clearance between the
middle zane of the sectors and
pressure plate by feeler guage.

" Does not exceed 5.0

kg/cm?

" Must not exceed 0.1 mm.

Check brake for air-tightness by
applying pressure of 25kg/cm?

for 10 minutes.

No leakage is allowed

iz

| N

L
[
e
|

: o™ o). .
ooy | et 7, 212200
S M pD-3edg) 1k i |
Complled by Checked by | Concurred by | Approved by Approval
{Indg. Cell) (Indg. Cell) {Design) (RCMA) Date
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| SIRCHRAFT Tax] TRALES CONDLRCTED O AN WSEIEEL
BRAKE ASSEMELY P/ KT 1638 OF MG-Z7 AN, FITTED
WTTH IR O CRE TS DEVELDFED BRLANIE PuaLh
SECTORS [ PFod  HF ETia30r0CE A KT eI HMF
BTHO-IVOLE & FiF KT HE- 00 |
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5
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MALNDY | - DATE - 21.12,99
| TEST REPORT Page 2 of 12

| HEP{:IFI:T I'-Iﬂ TRAZAMLDGZTTT Copy No -

BRAKE .n.umuq;r "B KT163A  OF WiG-27 A, FITTED VATH
WPMEWETW I'FH'I“LE!-

1.0 INTRODUCTION AND BACKGROLUND

Broke pard saciors of fhe man whesl braos pin KT 1638 of W3-27 aircraf] navs boan

indigenousty developed at te Foundry & Foege Divaion, HaL- Bengaiore. The resn
wihoel braka ooenpn s of four diffesent bpes of boks pad seciors, which hava been

indigeendnisly denenlogeed i ¥
Matsloohkhatic Seder - HF KTIE2-ROCHE

Bimataliic Sachor - HF KT1E2-070H
EBimetalic Sechor = AF ET1Ex-11{CE
Bimatalic Sector = HF KT1E3-120C8

Pronotyps batches of all te above brdee g 3aciE wers Qualficaton pasbed for
i ol t and malenal chammcenstos i scoordanca  with  best
schidule a0 teckvpcel spechicabon rd. FIPMESTEPBD dabed 31-12-38  Theds
babcheas wara Ewn cearsd by BCSMA, [FEF) Sor e reod siage of quaification beesting,
vz, simiated paformanoe lesling oy sialic brgus 185l and brasa dyna

tagts. The prototyps pads were ssasmbled o mden whessl braee onits by HAL
(lucknow Divimon) and were then subjeced 0 macdmum siabc orgue Sest ot -
ASERDC. HALLLDY) and Braka dynamomalar bals & ARDC, HaL- Bangaken in

socoordanca with fest soheduies o ﬁE’HTFﬂMﬂl}imhdﬂaiimllnudbﬁr
ASERDC HaL (LD, Trass Byis wena conducked and coomdinaked by ASERTC, HAL
ﬂ.ﬂjﬂﬂhﬂmmmﬂaﬁrﬁmmnﬂcmw:ﬂﬂmm
has been pepamd and ssusd by ASERDC, HAL (LD wida HAL-
L ESEVNERNSG 2 70 el 154-55

D succaastl complalion of T above e5is, RCMA [Acoassonng] accnnded
dearancs o the rchgercus pads 1o udemo Ba reat stegs of qualficaton esing,
by aércraf basi fals vde letber no RTOH (L9114 Tedn 1588 cabed 14-5-38. Tha nsi
wchedie TSANDYLDGE T desed 159-5-59 for corpduct of the ainca® Exi rels was
precaned and isseed oy ALIADIC, HAL (Masik Diviskon) ard approved oy FlMA
[Midii]). Thea $osd Scheduld w mysod B wtasd 1 duning Bud B, The orbssim aincra
ima inals for gualfcabon ol the ndigenous brake pads have been camed ol N
Boooransn Wt e revised Tasl schadiuks
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REPOAT No : TRAZLOHZT1 Copy Ho;

2.0 AUTHORITY FOR COMDUCTING THE AMRCRAFT TAXI TRIALS

The falowing ane the dearirids Soooited by T Alnsworthinoss. sctorses for conducl
of T aroroit tnals o ncligenous Draks pads -

] RICREA (Aocas o) kb g, RTOLIPAT1MTechH 1S3 deled 14" Fay 55
AcOording Cleansnos for oonduclrsg aircrae’ o Tiss on KT183A moen wihesl eoke
assamtly of MiZ-27 arrafl Fied with Sdgersass ake ped secions Al Sofar .
RTOHLMET 1 Tech cated 57 SotBE proyvcdng caifcabonomendmesen of b gl
letier. { Both lewhars placsd &1 spdende — LA §

] Blich clearsrs of tha protolyiss ndighnosus Eenba pad sackns by ROR, [FRF)
for arcrafit nals vide RCASS (F&F) 5 360 M datesd T-7 -2 (pleced ot aooendis — 150

3.0 TRIAL ARRCRAFT AND TEST WHEEL BRAKE SFECIMEMNS

3.9 The irsl arcral allomed dor the e mais by A0 (vido ok massage cabecd
410898 oopy eanciossrd ol appendis) - 1D was & HaL manufgciyrsed MECE-FT armralt
rea. TS BB Trials o s sroraf wenes cormesd oot for SET-1 prd SET-2 bras

cieca

3.2 For e el on Russian Drake pads. 5 trial aicred alcbed wes. TS 527 vk
muortty ieter onoicsed ot appondis S The Ceciffcarias of Flg Sedaty ang
erciosad Bl appendiz 10

3.2 Thw Folossng main wihsal broios assombles fifed with indigenous. amnd Fussian
erEgi Eraks pad eeciors ween uid aE WGl spociimons -

"% | Configurston of Asseridy 5. Mo of RH wheal | 55 Mo, of LH wies
T ok mssombly prn | brake asssmiody pin

T RS, -1 KT1634 -2 =
&l | Fimed wilh S 1-7 Evabe dBes {mis S0EA15 TFOF4ER

[ ] FEmed with fuly Bussan cogin e ACERES -
Draka discE A% par Esaam 1 oF bost
schocuke TSR DG
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4.0 TEST SCHEDULE ARD AFPLICABLE DOCLUMENTS

1 Teal sciechule mo. TSTHOLDERT T dabed 19-5-550 rriued oy &LFTDC HAL | Mamsis
{Encicsod ot appsed 1| &)

4 7 Amendment 110 sl schedule no THSAMINLINZT M1 vades AMI-1 daged | §-10-99
(Enclasal al appandie 1| B)

A5 Arceredmael 2 o el echadule no TSARDYL D270 vides ARE -2 dated 3% 1055
(Enclmod af appandix B 1)

& 4 Tos pchedube no. TSANDALDGRZTOY issus § dated 16 12 99

(Enciosed at appendo: @ O]
4.5 Extract of manbamaeiz: manual o main whenl and braks assaEmtly pin ETI1ELE ol
ME-2T arcref. (Enciosed ol appandix 1| E)

&0 BRIEF DESCRIPTION AND COMMENTS ON THE TEST SCHEDULE AND
ITS AMENDMENTS

51 Tha msl schedula no TENRDLDEEZT0T daled 19 5 99 originally Bisoed, comprised
ol ane bw speedd Bua Sap gl S0 Eagh [ Tor e porpose of Eedchrgor
brames § followed by one high speed tad siop @1 150
Ay her arssPeer S0 off B Sama 150
iaxl stops wors b o followed by a nomal londing
AEAMNERN of tha EBraks peds vwas calbad foe aliEr aach 8o ol 150 Ereph and

52 The abows jost scheduls was amended sl pocr 1o e comemanosmeni of e esis

AML-1 dalad £5-10-55%
53 Aber compiaiion of e eels e SET-1 braep discs, sheorl o tha landing trial | was

sl Tl Confgeaalehen | Tl ndarrsad Teel | on both braiss Titkad wdth thi ndagesece s
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(SET-7] bimka pads and Tan waih Suly Russan beoks pads for obtanng repeatabie

comparaines dabs ory Sloppeng Hime Bl stoppeng diskancs. Foithar & wak 5T et e
inal = not nocossary as the accolerate - stop esis ot 150 Kmph with fubl

inlaimal fusd wisik] achiguiaaly neproient braong condDons of 8 nommal Erasng.

Thaa pesorp- 5 HEF & Lha original e soheeduls harcD, 'was omandad Saned on fha
above cormdembons and thies stope, esch at 150 Emiph with Tull mSameal Tusl in e
O, Wars rrodunsd for brakes fmed with fully ndigemous pads § SET-2 | ores
I'mhrl:l‘ﬂ-ll-l-fﬂﬂdl'i'mflﬂjl Flusgian arigin Diaka pads

Funas, glage wiiesciion @ Difena S0FE Wik Mfmdvid Srdd acequain orfiiers
wias availatie from esolis of Fe dyramometer Wes almacdy rmed our an
inigenci:s and Fussian Brake pads

Tha safcrsd mmendment b the tesl echadule w18 Ba above charsgss was ramed
AML-2 dabed 25-10-55

A5 par AML-7 of tha besl scnedule, e fvs? tad with fully indigonous brake discs
were camed oul a8t 150 Kmpgh g with full inderndd osl &nd afer the Sani slop
thasmal incicaions ane found meted COn mmsige@on, detdl delberation and shudy of
e KT 1654 marssnancs manual | & with astablished that ll'll:l'-'lll:ll'l'l:llll:dh'ﬂ
maant for "bedding-in’ of the rew braks disce s 5 be camied oul prior i e fing 150
Kmph tai tial As sech @ was deckded hat one becding-in siop ol 50 Kmoh spooed
wath: Bl imisrma bust and beo tam Slops 1 V50 Keph epeied witly full imamal haal s
reedjuiireed b B cRrmeed onil for B teod resls on fully nussian brakoe discs

The tesl Bshedule with the SBeye SFarges was named Bsue 1 damed 16-12-13, .

&0 RESLILTS AND OBSERVATIONS OF THE TRIALS

£1TAM TRIALS ONM SET-1 BRAKE DISCE 1N ACCORDANCE WITH TEET
SCHEDULE ho. TSANGLDEETOT DATED 15-5-80 AND TS AMENDMENT Ma
AML-1 DATED 11-10-98

Tyl BOCRbErato- oD e mals af B0 Feph with 2000 bdres of fuel as per AM-T ol
taal schadula ware camied oo on aincral Ted with SET-1 brake discs (mic of
and indigenous. brase discs) This was oliowsd by tes Stmergls —siop folE &
Krph: — i Tirst orss baing with 2000 Tires of el and e seoond ore wath fuld miema
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Engineering quality, Vairworthiness and reliability in friction
material formulations for high-energy aircraft brake pads

D.Dutta* and P.Raghothama Rao**
ABSTRACT

High-energy aircraft brake pads comprise essentially of carefully engineered multicomponent
metal-matrix composite materials called friction materials. Friction materials in aircraft brakes
absorb the kinetic energy of motion, convert it to heat and dissipate the latter to the atmosphere.
The paper describes in detail the vital aspects of indigenisation and airworthiness procedures
adopted during design and development of a friction material for a given aircraft bringing out the
fact how the quality and performance of the material is engineered right into the design and
formulation of the friction material. The paper also presents a case study highlighting how a
particular friction material composition developed for a given aircraft brake is unique to that
aircraft and its use cannot be rationalised for the brakes of another aircraft.

INTRODUCTION

The kinetic energy of landing of a modern day aircratt is of the order of several million joules. A
medium capacity civilian transport aircraft such as Boeing 737-200 for instance has a normal
landing brake energy as high as 30 million joules and jet fighters have energies in the range of 5
to 20 million joules. This enormous quantum of energy, when absorbed by the brakes within a
very short interval of 10-12 seconds after landing, imposes extremely severe and demanding
requirements on the friction material of the brake pads. The friction material, hence has to be
designed to not only impart friction and wear resistance properties, but also to ensure quite
contradictory properties such as seizure prevention or dry lubrication and stability of the same
over a wide range of temperature and thermal gradients. in addition, structural stability over the
entire temperature range of operation is to be essentially ensured under quite complex states of
stresses. ' ' -

A friction material thus has to be designed to meet diverse and demanding property and
functional requirements. No single engineering material can meet the entire spectrum of aircraft
braking requirements and hence a friction material is one that is a ‘man-made’ material,
synthesized after judicious selection and combination of a variety of metals, non-metals and
exotic ceramic ingredients, which individually and in combination satisfy the entire range of
aircraft braking requirements.

The rate of absorption of kinetic energy by the brake, the maximum temperature rise, the brake
heat sink mass available and several other requirements vary from one aircraft to the other.
Friction material compositions are designed to satisfy these requirements, are unique for each
aircraft brake and cannot be rationalised. In other words a friction material for a particular aircraft
is ‘tailor-made’. The methodology- of development of the unique friction 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 friction 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 friction material. The area energy loading, loading rate and brake
torque requirements determine the coefficient of friction, thermal conductivity and stability
properties of the material. :

The friction material, so designed, is a complex multi component composite in which each

ingredient has its unique role to play. Copper as a matrix, for instance, ensures basic strength
and conductivity properties while also ensuring embeddability for hard ceramic ingredients.
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Graphite offers solid lubrication and resistance to seizure. Mullite particles are added to offer a
stable friction coefficient and wear resistance. The proportion of each ingredient selected and
added depends on the level of each property required.

Once developed, the friction material needs to undergo rigorous and repeated testing to prove
reliability and reproducibility of its performance in actual service. For this, the friction material
brake pads 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 actual taxy trials on aircraft to assess pilot’s feel of the newly
developed brake friction material. -

ANATOMY AND FUNCTION OF A TYPICAL AIRCRAFT DISC BRAKE

Figure 1 presents 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, thrust plate and
disc stack comprising of a series of alternate stator and rotor discs assembled with brake pads
and steel rotor segments, respectively. ,

The disc stack is also called the “heat sink” and is the most important part of the brake unit. 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.

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 absorbed 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 ) :
DERIVATION OF FRICTION MATERIAL PROPERTIES FROM THE BRAKE
SPECIFICATION ,
All the above performance characteristics of the brake and the brake heat sink are determined
from and governed by the brake design specification. The first phase of the development of an
appropriate friction material 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-1 presents the typical brake design specification parameters
that are required for the derivation of properties and development of an appropriate friction
material.

TABLE - 1 TYPICAL AIRCRAFT BRAKE DESIGN SPECIFICATION PARAMETERS

S| No. Basic brake design specification Symbol ( Units)
1. Maximum Design Landing Weight of Aircraft at Sea Level Wop. ( Kgf)
2. Maximum Brake Application Speed on Design Landing Vigr ( M/sec)
3. No. of Landing Brakes per Aircraft N
4, Maximum Take-off Weight of Aircraft - Wro(Kgf)
5. Maximum Decision Speed for Reject-Take-Off ( RT.0) Vp (M/sec)
6. Mean Deceleration reqd. from Brake during Design Landing d (-3m/sec2)
7. Minimum Deceleration reqd. from Brake during R.T.O. drro (-1.83m/sec? )
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8. Mean Service Life of Brake Linings in Number of Landings L

9. Tyre Rolling Radius of Braking Wheel R(m)

10. Number of Brake Pistons n

11. Mean Diameter of Brake Pistons D(cm)

12. Pitch Circle Radius of Brake Pistons - r(m)

13. Maximum Effective Brake Pressure Per ( kgficm?)
14. Total design heat sink mass of brake Mus ( Kgf)

15. Number of Frictional Rubbing Surfaces per brake b

18. Total Frictional Swept Area per rubbing surface a(cm?)

17. Threshold Brake Temperature Rise on Design Landing ToL(Deg.C)

18. Maximum Allowable Brake Temp. Rise during Emergency R.T.O. Tgro (Deg C)
19. Nominal Friction Material Thickness per face of brake disc Frq (cm)

From the basic design specification data given in Table-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-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-2 presents the derived performance characteristics of
an aircraft brake illustrating the relation between the basic design specifications and the derived
characteristics.

TABLE -2 DERIVED BRAKE PERFORMANCE CHARACTERISTICS

Sl

No Derived Characteristics Derived from Relationship
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10.

Kinetic energy ( Design Landing), KEp,,
Kinetic energy (R.T.O.), KErro,

Mean Stopping Time( Design Landing),
toy

Max. Stopping time allowed for RTO
emergency braking, trro

Mean braking distance (Design Landing),
Sew

Max. braking distance allowed in RTO,
Srr0)

Mean Dynamic Brake Torque (Design
Landing), t (o

Heat Sink Loading, Hy,
Heat Sink Area Loading, Ha
Heat Sink Loading Rate

A) Mass Loading Rate, I:iM

B) Area Loading Rate, Ha

WoL, Vig, N
Wrro, Vp, N

VLBI' 1 d|

Vb, drro
Vien di, toy
Vb , drro ,
trT0)

WDL1 dlr Ny R
KEpty, Mus

KE(DL), a,b

Hwu, toy

Ha. toy

KE oy =1/2 Wp, Vis? /gN
KE(RTO) =1/2WRTOVD2 /gN

toy =-Vie/d

trTo)= - Vb/ dr1o

Sy =Viatoy + di t(DL)2/2
Swr10= Vb triop+ drro trTo) /2
T oy = WpL diR/ gN
Hw=KEpv) / Mus

Ha= KE(DL)/ ab

HM= HM/ t(DL)

HA= HA/ t(DL)

The basic physical and mechanical properties of the candidate friction material are derived from
and analysis of the brake specification ( table-1) and the derived performance characteristics
(table-2 ). Table-3 presents some of the physical properties of the candidate friction material for a
typical aircraft brake, the basic specification parameters from which the properties are derived,
the relationship between the brake specification/characteristics and the friction material
properties. :

TABLE - 3 : PROPERTIES OF THE CANDIDATE FRICTION MATERIAL DERIVED FROM THE
BRAKE SPECIFICATION
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Value of

Sk . . . property derived
No. Property Derived from Relationship for a typical

transport aircraft

1. | Mean ~ Coefiicient  of | t ), Pes, D, n, | W =4tpp/n D?nbrPeg | 0.29

Friction, b, r

2. Mean Specific Heat of KE(DL), Mus, ToL | Sy = KE(DL)/ Mus Tor | 0.59 J/gm/deg.C
Friction Heat Pack, Sy

3. | Maximum allowable Wear | Fry, Ln Win= Frn/ L 0.003 mm
rate per braking stop, Wy

4. Minimum Meiting point of | Trro Tu = (Trro+ 200°C) 1250°C
Friction material, Ty

In a similar manner the other basic physical, mechanical and metallurgical properties of the
candidate friction material such as thermal conductivity, specific gravily, shear strength,
compressive strength, etc., could be easily derived from the brake specification.

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
accounts for 60 to 75% of the weight of the friction material. In case of metalloceramic friction
materials, the choice 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.

The relative characteristics of iron and copper based matrix materials are given below in Table -4

TABLE-4  SELECTION OF COPPER OR IRON AS MATRIX
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Et. Characteristics Iron Copper
1. | Specific Heat at Room Temp. (Joules/gm/°K) 0.59 0.42
2. | Thermal Conductivity at R.T. ( J/M/Sec/°K ) 59 346
3. | Coefficient of Linear Expansion ( °K" .10°%) 14 18
4. | Heat Sink Loading Capacity ( Joules/Kg ) 450,000 280,000
5. | Tensile Strength (MPa) 410 240
6. | Melting Point ( °C) 1539 1083
7. | Antiseizure Good Poor
8. | Tolerance to ceramic/non-metallic additions Poor Good
9. | softening Resistance at Elevated Temperature Good Poor
10. | Ease of Manufacture into Friction Materials Poor Good

From an analysis of Table — 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 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., are observed to be closely met by iron. 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
sin’(erability‘1> and promotes strength and hardness of the resuitant material due to precipitation
hardening.?

The next step in the design of composition is the selection of the other secondary ingredient§
such as friction additives, dispersed solid lubricants, stabilisers, etc. Table — 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 materidl.

TABLE-5 FRICTION MATERIAL INGREDIENTS
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Sl

No Functional Characteristics Components / Ingredients

1. Friction, strength, thermal | Matrix : Copper or lron ( with or without alloying
conductivity and specific heat. elements, e.g., Sn, Zn, Ni, Cr, Mn etc.)

2. Lubrication, seizure prevention, | Dispersed Lubricants : Graphite, Lead, MoS,,
stability Spegcial high temp. lubricants.

3. | Abrasion / Friction Abrasive Component : Silica, Mullite, Silicon

Carbide, Alumina, Silicon Nitride, Boron Carbide, eic.
4. Friction stability, thermal stability, | BaSO,, CaSQ,4, MnSO,, FesP, B, Mo, W, etc.

Softening resistance,
Conformability.

5. Wear resistance Cast iron grits, spinels, steel wool, pearlite, and
cementite phase in iron matrix

6. Fillers Carbon, Minerais

The abrasive component is the most important ingredient after the matrix as this gives rise to
friction and also helps prevent local welding and metal transfer of the metallic matrix material on
to the mating part rubbing surface during braklng . Out of the various abrasive ingredients, the
oxides of silicon and aluminum are known to be suntable for low and medium energy friction
materials whereas the carbides and nitrides of silicon are most desirable for high energy
possessing high heat sink loading values™. For the transport aircraft brake, the heat sink
loading and kinetic energy values are high ( heat sink loading of more than 600,000 Joules/kg)
and therefore the choice was between SiC and SisN, . Since SiC is more abundantly available in
our country, is cheap and is stable till a temperature of 1800 °C, SiC could therefore be selected
as the friction ingredient.

To avoid gross seizure between the friction element and mating part dispersed dry lubricants are
added. These lubricants ( 5 to 25% ) 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 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 |mproves strength,
friction coefficient, stability and wear resistance in iron base friction materials®. Graphite,
however, ceases to be a good lubricant at brake bulk temperatures above 600°C and therefore a
secondary high temperature lubricant is also required when temperatures more than 600°C are
encountered. In the present example of the transport aircraft, graphite could be chosen as the
primary lubricant and a secondary high temperature lubricant is also required to be added.

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
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not deteriorate appreciably with increasing rubbing speeds and brake temperatures. The
expected deterioration of friction and wear progerties in iron base friction materials is known to be
effectively compensated by Barium Sulphate‘ ), BaSQ, underg?oes complete reduction by carbon
of graphite during sintering according to the following equation®.

BaSO,; + C = BaS + 4CO

This reaction activates the sintering process of the iron base material making it stronger. The
resistance to high temperature wear also increases with increase in BaSO, content®. However,
BaSO, being a non-metallic ingredient is required to be limited within 12% as higher contents
lead to rapid decline in mechanical properties, such as compressive and shear strength of the
friction material®. In the present example of the transport aircraft brake, therefore, BaSO, upto
12% could be selected as the friction stabiliser.

The resultant composition of the iron base friction material for a typical high energy transport
aircraft brake could be tentatively fixed as given in Table — 6.

TABLE -6 COMPOSITION OF IRON BASE FRICTION MATERIAL TENTATIVELY SELECTED
FOR A TYPICAL TRANSPORT AIRCRAFT BRAKE

ﬁl(;. - Ingredient Weight Percent
1. BaSO, 810 12%

2. Graphite 6 to 8%

3. Silicon Carbide 7t010 %

4, High temp. Lubricant 1t0 2%

5. Copper .5 to 7%

6. Iron Balance

It is thus observed that the fric6tion material composition for any aircraft brake could be
designed, formulated and derived from the basic brake specification data and such a composition
derived would naturally satisfy all the properties and performance parameters dictated by the
brake specification. Thus such a friction material, when tested and qualified to meet the brake
design requirements could be called an engineered material.

DEVELOPMENT AND ESTABLISHMENT OF POWDER METALLURGY(P/i)
PROCESS FOR FABRICATION OF PROTOTYPE BRAKE PADS
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After design and formulation of the friction material composition, the next activity in the
development of prototype brake pads for an aircraft brake is development of an appropriate P/M
process for fabrication of the friction material into brake pads / elements by controlled
experimentation, The various steps involved in development of the optimum process are as
follows:

A. Selection of Raw materials based on Composition

A number of designed experiments are carried out to optimise the characteristics and the
specification of the raw material corresponding to each friction material ingredient. Prototype
brake pad samples made from a few alternative raw materials of each ingredient are tested for
basic properties such as friction, wear and specific heat. From the results of these experiments
each raw material type and specification is fixed and optimised. Table — 7 presents the type and
specifications of the various raw materials selected for the iron base friction material composition
chosen for a typical transport aircraft brake as given in table — 6.

TABLE — 7 RAW MATERIAL SPECIFICATIONS SELECTED FOR IRON BASE FRICTION

MATERIAL

Sk . . N

No. Ingredient Raw Material Specification

1. Iron Sponge iron powder of size 200 BS mesh, apparent density of
2.65 gms/cc and minimum purity of 98%.

2. Copper Electrolytic copper powder of size 250 BS mesh, apparent
density of 2.4 gms/cc and purity of 99% minimum.

3. Graphite Natural flaky graphite of fixed carbon of 98% minimum and size
100 BS mesh. '

4, BaSO, 98% pure, X-ray grade of size 400 BS mesh.

5. High temperature 97.5% pure, sintered and hot pressed, hexagonal crysta‘I o

Lubricant structure, size 100 BS mesh. o st
6. Silicon Carbide Green fused SiC grains of size 80 BS mesh, ‘polishing grade.

B. Powder Mixing

Powder mixing experiments are carried out by varying sequence and method of mixing, mixing
time and mixing medium. The aim of the experiments is to establish an optimum mixing
procedure which would result in a friction material mix with the best bulk density and flow rate
characteristics. .

For the transport aircraft friction material formulation the following mixing procedure, established
through experiments, would yield the best result:-
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Mixing Sequence:

I : i
Ceramic Mix ( SiC + BaS04 ) Metallic Mix ( Iron + Copper )
[Mix-B] [Mix-A]
Mixing time: 2hrs Mixing time : 10 hrs
Mixing medium: alcohol

Drying of Mix B
110 deg C, 1 hr

MixA+MixB +Graphite+H.T.Lubricant
[ Mix C ]
Mixing time: 2hrs

C. Powder Compaction

Compaction pressure for compacting the friction material into the desired shapes required in the
final brake pad is chosen and optimised based on experiments which yield the most optimum
green density value of the resultant compact. Higher pressures lead to marginal increase in the
green density but may cause cracking of the compact due to high residual stresses. The
compaction pressure for iron base friction materials is about 500 to 540 Mpa and for copper base
friction materials it is in the range of 380 to 420 Mpa.

D. Processing of Back Plate Frame

A friction material is a composite with about 40% by volume of non-metallic ingredients and
therefore possesses quite low strength, fatigue and impact properties compared to a bulk metal.
In order to augment its strength properties to withstand the severe stress and temperature
environment during operation and also to make it suitable for assembly into the brake rotor and
stator plates by cold heading operations such as riveting, the friction material is either housed in a
backing steel container or is diffusion bonded under pressure and temperature, during the
sintering operation, on to a steel back plate frame of the same shape and contour as the friction
material element. The selection of a suitable steel for use as a back plate material depends on
the stresses, brake torque limit and the maximum temperature rise expected to be encountered
during high energy aircraft braking.

For low and medium energy aircraft brakes in which maximum temperatures are within 600 deg.
C, plain low carbon steel is considered a suitable back plate material. For high energy brakes, in
which braking torque and stresses are high, expected temperature rise is beyond 750 deg. C , the
choice of a back plate material is restricted to stabilised high strength low alloy steels of high
hardenability and possessing good thermal fatigue properties. Steels normally used are
AlSI-4340, BS-S155, M-300 etc.
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In the case of the iron base friction material chosen for the transport aircraft, since the brake
energy and temperature rise figures are high, the back plate that is chosen is AlS|-4340. After
selecting and procuring the steel material in sheet or strip form, back plate segments are then
fabricated by shearing operations using specially designed press tools.

The steel backing segments are then given a nickel or a copper plating, for iron base and copper
base friction materials respectively, from cyanide/alkaline bath for aiding the subsequent diffusion
bonding process with the composite friction material during the pressure sintering operation. After
plating the plated back plates are given a diffusion anneal treatment to ensure proper bonding of
the plated layer to the underlying steel plate. ’

E. PRESSURE SINTERING OF BRAKE PADS

Since the friction material brake pads are designed as a bimetallic, i.e., the friction material
compact is diffusion bonded on to a steel back plate, in actual manufacturing practice, the
bonding of the friction material compact to the steel back plate has to be achieved simultaneously
during sintering by application of external pressure on the back plate-friction material compact
assembly. This is achieved by carrying out pressure sintering of the friction material.

The next and final step in fabrication of the prototype brake pads is therefore pressure sintering.
To carry out pressure sintering a special type of sintering equipment, viz., a pressure sintering
bell type furnace with a hydraulic charge pulling arrangement is used. The sintering charge, ie.,
the friction material compact-plated back plate assemblies are stacked vertically, one above the
other, to form a vertical stack comprising 115 to 20 such assemblies. Three such vertical stacks
of pads are placed on the charge base of the bell furnace circumferentially and spaced at 120°
from each other. The pressure application during sintering is achieved by placing a pressure plate
on top of the three stacks and hydraulically pulling the pressure plate with the central “pull rod”
coupled to a hydraulic jack located below the charge base. The hydraulic load can be varied and
controlled externally. Figure 2 shows a pressure sintering arrangement.

Pressure
plate

Pull rod

Charge
Stack

To optimise the pressure sintering parameters for prototype brake pads sintering experiments to
establish the temperature- pressure-time cycle are carried out. The objective of these
experiments is to produce prototype pads with the desired final mechanical, metallurgical and
physical properties as derived from the brake specification. Experiments carried out for the iron
base friction material brake pad of the transport aircraft brake, for instance, resulted in the
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following optimum pressure sintering parameters that could yield prototype brake pads which met
all the property requirements:-

Sintering temperature :- 1025 °C
Sintering pressure - 150Mpa
Sintering time - 2 hours
Sintering atmosphere :- Dry Hydrogen

Figure — 3 shows the micro structure of a cut and polished cross section of the brake pad sintered
Under the above optimum conditions. The microstructure shows a predominantly fine pearlitic
structure of the matrix iron phase in which SiC particles and graphite are observed to be uniformly
dispersed. The irregular shaped light/ white areas are copper. Besides the ideal structure of the
friction material, a sound interfacial diffusion bonding is also observed between the steel back
plate and the friction material through an intermediate electrodeposited nickel layer of thickness

of about 150 microns.
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Back plate Friction material

_,E___);gure - 3 Microstructure of a pressure sintered iron based brake pad

After eﬁjﬁpljshm;pt of the optimum manufacturing process by controlled experimentation as
déscribd‘q'apqya @g'@gcn stage, i.e., raw material characterisation, mixing, compaction, back plate

158



selection and preparation and finally pressure sintering, sufficient number of prototype brake pads
are processed for undergoing airworthiness qualification tests.

QUALIFICATION AND AIRWORTHINESS TESTING OF PROTOTYPE BRAKE PADS

Although, as discussed in the previous sections that the quality and properties of the brake pads
developed are established at the various stages of development right from the study of brake
design specification requirements to the derivation of composition and optimum process, the
prototype pads developed still need to undergo further qualification testing to prove their final
airworthiness. This is essential since the friction material of the pads are complex multiphase
composite materials, are required to withstand severe operating conditions and consistently
guarantee a high level of reliable performance in service. The qualification testing stage during
the development cycle of a brake pad therefore assumes utmost importance.

The airworthiness requirement for brake materials meant for civil aircraft application are covered
by FAR, part23 for normal utility and aerobatic aircraft; part 25 for transport aircraft; part 27 for
normal rotorcraft and part 29 for transport rotorcraft. Airworthiness for all types of military aircraft
is governed by MIL-W-5013 and Technical Standard Order-26 issued by Federal Aviation
Administration, USA. "

In accordance with the airworthiness requirements, highly elaborate test procedures are
prescribed for friction brake pads for certifying them. for normal use on aircraft brake. The entire
testing procedure can be divided into three stages :

Laboratory Qualification tests
Brake Dynamometer tests
Aircraft trials

a) Laboratory Qualification Testing

in this stage in-depth analysis and evaluation of the prototype brake pads is carried out
repeatedly. The following tests to assess the metallurgical, physical and mechanical properties of
the prototype pads are carried out in accordance with a laid down test schedule/specification and
acceptance standard approved by the airworthiness authorities.

» Hardness test on friction material and back plate
» Density determination
» Chemical analysis
- by classical wet analysis and/or
- by special instrumental methods such as X-RD, EDAX, Spectroscopy,. etc.

» Microstructural characterisation

- Optical microexamination for identification and distribution of major constituents in friction
material and structure of back plate.

- Bimetallic Bonding

- Microhardness survey on selected constituents and phases

Spegcific heat and thermal conductivity by calorimetry

Coefficient of expansion by dilatometry

Friction and wear test using a laboratory test rig

Phase identification studies by Scanning Electron Probe Micro Analysis (SEPMA) for
identification, characterisation and chemistry distribution of various constituents and phases.

VVVYVY
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The iron base friction material brake pads developed for a transport aircraft when subjected to all
the above tests gave the following results given in table 8 below

TABLE - 8 RESULTS OF LABORATORY QUALIFICATION TESTS ON PROTOTYPE BRAKE
PADS DEVELOPED FOR A TYPICAL TRANSPORT AIRCRAFT

Sl. Tests/Analysis .
No. Conducted Results Obtained
1. Hardness (Average)
a) Friction material 135 BHN
b) Steel back plate 446 VPN
2. Density of  friction | 6.11
material (gms/cc)
3. Chemical composition of | SiC: 9%, C: 7.8%, BasS: 9.3%, Cu: 4.6%, HTL: 1.3%, Fe: Bal
friction material
4. Microstructure( Fig-3) '
i) Optical a) SiC particle size : 100 to180 microns
b) Graphite : Flaky, 250 to 400 microns
¢) Matrix : Fine Pearlite, Ferrite content:- 3 to 5%
d) Copper : uniformly distributed in matrix
i) Bimetallic Sound interfacial bonding between steel back plate and friction
Bonding material through Ni. plated layer. Nickel layer thickness :- ~ 150
microns.
iiii) Back Plate Fine lower bainite
iv) Microhardness | a) Matrix : 315 to 335 VPN
b) SiC: 1300 to 1540 VPN
5. | Specific heat at R.T. of | 0.598 Joules/gm/°K
brake pad '
6. Friction Test ( 50 normal
energy braking stops )
on 2 prototype
specimens
i) Avg. stopping time | 9.2 seconds
i) Avg. coefficient of | 0.292
friction(dynamic)
iii) Wearin 50 stops

a) by weight loss

b) by thickness

2.5 gms (0.05 gms/stop)

0.14 mm (0.0028mm /stop)

By comparing the above results with the laid down property specifications, some of which are
given in table-3, it is observed that the iron base friction material developed meets the
requirement of the properties and the transport aircraft brake specification quite well. On this
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basis, the composition of the friction material selected, the raw material specifications, the back
plate steel and the P/M process parameters are tentatively fixed and documented.

b} Brake Dynamometer Tests

The laboratory qualification tests on individual prototype samples of the newly developed brake
pads are, however, not adequate to fully qualify the material for fitment on the transport aircraft
brake directly for actual use in service. To qualify the pads for airworthiness, actual field
performance is required to be tested thoroughly. This is fulfilled by conducting the brake
dynamometer tests wherein the aircraft brake unit, assembled with the newly developed brake
pads, is subjected to repeated cycles of real time brake performance tests on a brake
dynamometer simulating the actual aircraft “design (normal) landing” and “rejected take-off” brake
energy conditions.

The conditions simulated for the brake dynamometer tests of the iron based friction material
brake pads of the transport aircraft were derived from the brake specification. These are given in
table - 9 below :

TABLE -9 CONDITIONS SIMULATED FOR BRAKE DYNAMOMETER TESTS FOR IRON
BASE BRAKE PADS OF THE TRANSPORT AIRCRAFT

Sl Conditions Simulated for test under
No. Test parameters Design landing RTO
1. Brake Energy,
(102/2) | 9.346 x 10° Kgfm 1.66 x 10° Kgfm

2. Gyrating mass Inertia,

0) 152 Kgfmsec? 164 Kgfmsec®
3. Gyrating mass RPM,

(N) | 1060 v 1360
4. Angular  Velocity of | 111 per second 142 .4 per second

gyrating mass,
(o = 2nN / 60)

5. Brake pressure 100 kgf/sgq.cm 100 kgfisg.cm
6. | No. of stops -1 50 1

For brake energy calculations, determination of dynamometer test conditions and acceptance of
the friction material brake pad, standard international specifications for testing of aircraft wheels
and brakes are generally followed in addition to the brake specification. In the present case, since
the transport aircraft is a military aircraft, MIL-W-5013K was followed for determination of
dynamometer test conditions. Table —10 presents a typical result of the brake dynamometer tests
conducted on the brake unit of the transport aircraft, comprising the iron base brake pads of the
present example, for a design landing enerqx test.

TABLE — 10 OBSERVATIONS OF THE 10" DESIGN LANDING TEST CARRIED OUT ON

IRON BASE BRAKE PADS OF THE TRANSPORT AIRCRAFT BRAKE

(sl | Parameter Evaluated/Recorded | Observations/Results i
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I:I\l.o. Brake Energy absorbed 929890 Kgfm
2. Stopping Time 17 seconds
3. Peak Brake torque 1120 Kgfm

4, Mean Brake torque 872 Kgfm
5. No. of revolutibns to stop ( stopping distance ) 163

6. Mean coefficient of friction 0.288

7. | Maximum temperature rise on braking 502 deg. C

Figure 4 shows a brake disc of the transport aircraft, assembled with the iron base brake pads,
after completion of 40% of the dynamometer tests.
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High Energy Aircraft Friction Materials
- yet another man-made wonder

ABSTRACT

Several applications in aerospace demand extremes of
performance that conventional materials could hardly meet.
Engineers have developed ‘man made’ or ‘engineered”
materials that could be tailored to meet diverse and critical
functional requirements in demanding situations. One such
application is in the area of high energy aircraft braking,
wherein complex ‘man-made’ friction material composites
are engineered to meet extreme functional requirements of
high knetic energy dissipation.

My lecture will briefly touch upon the development,
qualification and characterization of these wonder
composites illustrating real-life applications in aircraft
brakes. The achievements of the Hindustan Aeronautics
Ltd. in applied R&D and indigenous development of these
exotic materials are described. Important success stories
of the HAL, in this area, are highlighted.

INTRODUCTION
Aircraft Friction Materials Absorb Millions of Joules

The landing kinetic energy of modern day aircraft is several million
joules. A medium civilian aircraft Boeing 737-200 has a landing
energy of 30 million joules and Concorde 60 million joules. Jet
fighters have energies in the range of 5 to 25 million joules; This
enormous energy, when absorbed by the brakes within 10-12
seconds after landing, imposes severe thermal gradients of
thousands of degrees centigrade per cm across the friction elements
and brake bulk temperatures of 1000°C or more. The consequences
of “fade” due to loss of friction at such temperatures could be
dangerous and hence the friction material must retain its properties

till 1000°C or more.
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such as seizure prevention or dry lubrication and stability of the
same over a wide range of temperature. In addition, structural
stability over the entire temperature range of operation is to be .
essentially ensured under quite complex states of thermal stresses
and gradients. The material should also have minimum wear over
a wide temperature and load / speed range to ensure long service
life in number of landings. In addition the friction material must also
meet the following critical functional requirements of aircraft braking:

- Smoothness of engagement, 1.e., low judder, vibration and noise

- No brake squeal

- Compatibility with mating part (low wear of mating part)

Characteristics Desired in an Aircraft Brake Friction
Material

To satisfy the demanding and diverse functional requirements of
aircraft braking, the friction material must possess the following

properties :

¢ High and stable coefficient of dynamic friction and its stability
over a wide range of speeds, loads and brake temperatures

e High and thermally stable wear rate for long life

e Adequate mechanical strength at room and elevated temperature

e High refractoriness (melting point)

| e Good anti-seizure propérty with mating member material

e High specifi(_:_'_l_leat and thermal conductivity

- e Low 'coéfﬁcient of thermal expansion and tolerance to steep
thermal gradients

o Cornpatibility and conformability with mating part to avoid judder

e Embedability property to hard ceramic particles or wear debris

e Tolerance to high ceramic and non-metallic additions

e [Fase of manufacture
165



Diverse Braking Properties Demand Engineered Materiais

It is thus observed that there is a great diversity in the functiona:
properties to be fulfilled to meet aircraft braking requirements. No
single conventional engineering material or material design can meet
the entire spectrum of aircraft braking requirements. A friction
material is hence “engineered” and designed after judicious selection
and combination of a variety of metals, non-metals and exotic
ceramic ingredients, which individually and in combination satisfy the
entire range of aircraft braking requirements.

The Engineered Friction Materials

The choice of materials which could qualify to meet such diverse
requirements falls into a few “man-made”’ composite materials,
viz.,

- organic resin bonded composites

- sintered metal-ceramic composites
_ carbon-carbon fibre composites

The organic resin / polymer composites are used for low energy,
low speed aircraft and are being phased out due to asbestos usage

regulations.

The carbon-carbon composites are the high end materials, recently
developed to meet the highest energy dissipation and thermal
requirements, but are very expensive. Usage is hence limited.

The sintered metal-ceramic composites synthesized by Powder
Metallurgy (P/M) are the most abundantly used in aircraft braking
and account for more than 60 % of the aircraft friction material
market volume. Our successful R&D and indigenisation efforts in
this country at HAL have been primarily in the area of sintered
metal — ceramic friction materials by P/M.

'SINTERED METAL-CERAMIC MULTI-COMPONENT
COMPOSITES

The Challenges in Development

The sintered metal-ceramic friction composites consist of a variety
of powdered metallic, non-metallic and ceramic ingredients that are
combined to form a friction material by a specially developed P/M
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process. Each ingredient is chosen to meet a spécific braking
property.

The friction material composition for each aircraft brake is unique
and so is the P/M process technology developed to synthesize the

material. There is no published literature and there are only a few
manufacturers world-over. There are only a handful of OEMs.

Since the material is a complex, multi-component metal matrix
composite prone to heterogeneity, rigorous testing in accordance with
stringent international airworthiness standards, v.i.z., FAR 25.735 /
MIL-W-5013, is required. '

These are the factors that make these materials exotic and the
technology so dear and protected. '

Further, the sintered metal-ceramic friction material developed does
not by itself fulfil 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 neutralised, 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.

This is illustrated in Figure-2 conceptually and in Figure-3 with the
help of a schematic brake friction element. Figure-4 shows the
metallurgical microstructure of an actual iron-based aircraft brake

pad in which the technological layers are clearly observed.

Multi-léyer Technology in Aircraft Brake Pads
Each layer is engineered for a specific function.

- Friction material layer

Vibration/noise absorbing layer

Figure 2: Conceptual multi-layers in a brake friction element
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Engineered Functional Layers in Actual Friction Element

Iron-based metal-ceramic friction
material (friction, wear and ani-
seizure)

Sponge iron-copper layer
(cushioning and thermal gradient
compensating layer)

Ni plating (adhesive layer)

Alloy steel backing frame
(for shear strength and fitment})

Figure 4 : Sectional microstructure of a typical iron-based brake pad
showing the various technological layers.

METHODOLOGY OF DEVELOPMENT OF BRAKE
FRICTION ELEMENTS

The rate of absorption of kinetic energy, the maximum temperature
rise, the heat sink mass available and several other»requirements
vary from one aircraft to the other. Friction material composition
designed to satisfy these requirements, is therefore unique for each
aircraft and is ‘tailor-made’.

- The methodology of developfnent of the friction 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 friction material from the brake specification, formulation
design, controlled experiments to develop the technology and
qualification by elaborate type and airworthiness tests. |

The complete sequence of activities involved in the development of
a friction element is illustrated in Figure-5. ’
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Engineered Functional Layers in Actual Friction Element

Iron-based metal-ceramic friction
material (friction, wear and anti-
seizure)

Sponge  iron-copper layer
(cushioning and thermal gradient
compensating layer)

Ni plating (adhesive layer)

Alloy steel backing frame
(for shear strength and fitment)

Figure 4 : Sectional microstructure of a typical iron-based brake pad
showing the various technological layers.

METHODOLOGY OF DEVELOPMENT OF BRAKE
FRICTION ELEMENTS

The rate of absorption of kinetic energy, the maximum temperature
rise, the heat sink mass available and several other'requirements_
vary from one aircraft to the other. Friction material composition
designed to satisfy these requirements, is therefore unique for each
aircraft and is ‘tailor-made’.

The methodology of development of the friction 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 friction material from the brake specification, formulation
design, controlled experiments to develop the technology and
qualification by elaborate type and airworthiness tests. |

The complete sequence of activities involved in the development of
a friction element is illustrated in Figure-5.
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Brake pads

( Stator Disc)
= Disc Stack
e ( Heat Sink )
5 Steel segments
L e . | (Rotor Disc)
& Pressure plate
: = : Torque fube

| Brake Housing

Figure-6 : Typical disc type aircraft brake unit

Step-1:Derivation of Brake Performance Parameters from
Brake Design Specification -

Design of a Typical Disc Type Aircraft Brake

Figure-6 presents a view of a typical disc type aircraft brake unit.
The unit 1s designed as a multiple disc assembly consisting of a
brake housing, pressure plate, torque tube, thrust plate and disc
stack comprising of a series of alternate stator and rotor discs
assembled with friction material brake pads and mating steel

segments, respectively.
The disc stack is also called the "heat sink™ and is the most
important part of the brake unit. 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.

An aircraft brake heat sink is designed using the following design
performance parameters derived from the basic brake design

specifications: -
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@ Heat Sink Loading (Kinetic energy absorbed per unit heat
- sink mass)
@ Area Loading (Kinetic energy absorbed per unit area of the
rubbing faces)
@ Area Loading Rate (Area Loading per unit braking time)

The above performance characteristics of the brake heat sink are
determined from the basic brake design specification. The first
phase of the development of an appropriate friction material
therefore, starts with a detailed analysis of the brake design
specification and deduction of brake performance characteristics

from 1t.

Table-1 presents the typical brake design specification paramefers
that are required for the deduction of the brake performance
characteristics. Table-2 furnishes the typical brake performance
characteristics, from which basic brake design parameters are
derived and how they are related.

TABLE-1 TYPICAL AIRCRAFT BRAKE DESIGN
SPECIFICATION PARAMETERS

Sl No. Basic brake design specification Symbol (Units)
1. Maximum Design Lahding Weight of Aircraft at Sea Level W, (Kgfy
2 Maximum Brake Application Speed on Design Landing V., (m/sec)
3 No. of Landing Brakes per Aircraft N
4, Maximum Take-off Weight of Aircraft - W, (Keh)
5. Maximum Decision Speed for Reject-Take-Off (R.T.0.) v, (mfsec)
6 Mean Deceleration reqd. from Brake during Design Landing dl(-3mlsccz)
7 Minimum Deceleration reqd. from Brake during R.T.O. | _dlro(-i.gﬁmseﬁz}
8 Mean Service Life of Brake Linings in Number of Landings L
9 Tyre Rolling Radius of Braking Wheel | R (m)
10. Number of Brake Pistons 1o
1. Mean Diameter of Brake Pistons _ D'(cm)
12. Pitch Tircle Radius of Brake Pistons ' 1 (m)
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Sl No. Basic brake design specification Symbel (Uniis)
13. Maximum Effective Brake Pressure P (Kgflcm?)
- 14. Total design heat sink mass of brake M_(Kgf)
15. | Number of Frictional Rubbing Surfaces per brake b
16. Total Frictional SWept Area per rubbing surface a(cm?)
17. Threshold Brake Temperature Rise on Design Landing T, (°O
18. Maximum Allowable Brake Temp. Rise during Emergency R.T.0.{ T, (C)
19. Nominal Friction Material Thickness per face of brake disc F_(cm)
TABLE - 2 DERIVED BRAKE PERFORMANCE
CHARACTERISTICS
Sl. Derived Characteristics Derived Relationship
No. from '
I [Kinetic energy (Design Landing), KE 1 W, .V, ,N| KE_ = %WV gN
2. |Kineticenergy (RTO), KE(m) Wero Ve N KE(RTO): W, V,7eN
3. |Mean stopping Time (Design Landing), Vi d, toy= - Vis/d,
fou
4. [Max. Stopping time allowed for RTO v, deo — A
emergency braking,t ..
5. Mea{l braking fiistance Ve o ton | Sou=Via topy t 4, oy, 2
(Design Landing), S
6. |Max. braking distance allowed in RTO, V,d oy Ser0y= Vo berort Geroliroy 72
S(KIO) (rt0)
7. M@ Dynam?cBrakeTorque W, d,N,E Tou= Wy d RigN
(DesignLanding),7 .,
8. |Heat Sink Loading, H,, KE(.DL), M, | H, KE (DL)/ M,
9. |HeatSink AreaLoading, H, KB, ab | H,=KE, (ab
10. {Heat Sink Loading Rate
a O
A) Mass Loading Rate, H | H,t,, H=H A,
B) AreaLoadingRate, H, Hot,, |H=Hh,
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Step-2:Derivation of Physical, Thermal and Metallurgical
Properties of the Candidate Friction Material from
Performance Parameters and Brake Design

Specification.

From an analysis of the basic brake design data of Table-1 and the
derived brake performance characteristics of Table-2, a number of
physical and mechanical properties of the candidate friction material,
such as coefficient of friction, wear, specific heat, melting temperature
etc., could be dertved, which govern the development of the friction
material.

* Table-3 presents some of the physical properties of the candidate
- friction material for a typical transport aircraft brake, the basic
specification parameters from which the properties are derived, the
relationship between the brake specification/characteristics and the
friction material properties. |

TABLE-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. | Mean Coefficient of Towy P, Dn, ﬁ:4t("‘J/nD2nbr P. |02
Friction, ft’ b,r :

2. | Mean Specific Heat of ' KE(DL),MQS,TDL, S,= (DL)/Mm T, 0.59 J/gm/°C
Friction Heat Pack, S‘M ‘

3. | Maximum allowable Wear F.L W =F/L 0.003 mm
rate per braking stop, W, _
4. | Minimum Melting pointof | T T, 2 (T_ +200°C)| 1250°C

Friction material, T,

The typical transport aircraft friction material, properties for which
are derived above will be taken as the candidate material in rest of
the discussions as an example.
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Step-3: Design & Selection of a Friction Material Composition

The composition of the prototype friction material is then designed
- based on the properties derived. The first step in this process is the
selection of the metallic matrix material which imparts the basic
physical, mechanical and thermal properties and accounts for 60 to

75% of the weight.

The choice of matrix is restricted to either a copper base or an iron
base or a judicious combination of the two. Minor additions of other
- metals such as Zinc, Tin, Nickel, Chromium, etc., as alloying elements,
are done to enhance the mechanical properties. -

The relative characteristics of iron and copper based matrix materials
-are given below in Table-4. |

TABLE-4 SELECTION OF IRON OR COPPER AS MATRIX

Characteristics Iron |Copper
Specific Heat at Room Temp. (Joules/gm/ °K) 0.59 042
Thermal Conductivity at R.T. (J/M/Sec/°K ) 0 346
Coefficient of Linear Expansion ( °K™'.10°) 14 18
Heat Sink Loading Capacity (Joules/Kg ) 450,000 280,000
Tensile Strength (MPa) ' | 410 240
‘Melting Point (°C) 1539 1083
Antiseizure Good Poor
Tolerance to ceramic/non-metallic additions Poor Good
Softening Resistance at Elevated Temperature Good Poor
Ease of Manufacture into Friction Materials Poor Good

From an analysis of the properties of iron and copper and those desired
in the candidate friction material, the matrix material could be easily
selected. For the transport aircraft brake, taken as an example, iron
could be selected as the most suitable matrix material as the properties

176



desired such as specific heat, heat sink loading, meltmg point, etc.,
are observed to be closely met by iron.

The next steprin the design of composition is the selection of the other
secondary ingredients such as friction additives, dispersed solid
lubricants, stabilisers, etc. |

Table-5 illustrates the various ingredients commonly used in formulation
of metal-ceramic friction materials to fulfil 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-5 FRICTION MATERIAL INGREDIENTS

Functional Characteristics Components/ Ingredients
Friction, strength, thermal Matrix: Copper or iron (with or
conductivity and specific heat without alloying elements, e.g.,

Sn, Zn, N1, Cr, Mn etc.).
Lubrication, seizure prevention, Dispersed Lubricants: Graphite,
stability Lead, MoS,, Special high temp.

lubricants. '
Abrasion / Friction _ | Abrasive Component: Silica,

| Mullite, Silicon Carbide, Alumina,
Silicon Nitride, Boron Carbide, etc.

Friction stability, thermal stability, BaSO,,CaSO »MnSO,,Fe P, B,
Softening resistance, Conformability | Mo, W, etc.

Wear resistance Cast iron grits, spinels, steel wool,
pearlite and cementite phase in
1ron matrix.

Fillers’ | Carbon, Minerals.

Selection of the Abrasive/Friction Ingredient

The abrasive component is the next most important ingredient as this
gives rise to friction and also helps prevent local welding and metal
transfer of the matrix material onto the mating part during braking.
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Silica and mullite are suitable for low and medium energy friction
materials whereas the carbides and nitrides of silicon are most
desirable for high energy brakes of high heat sink loading.

For the transport aircraft brake, the heat sink loading and kinetic
energy values are high (heat sink loading of more than 600,000 Joules/
kg) and therefore the choice was between SiC and SLN, . SiC was
selected since it is more abundantly available, is cheap and 1s stable

till a temperature of 1800°C.

Selection of the Dry Lubricant/Anti-seizure Additive

To avoid gross seizure between the friction element and mating part
dispersed dry lubricants are added. These lubricants (5 to 25%)
provide smoothness of engagement during braking by forming a self -

- regulating smooth film on the friction surface.

High graphite contents (15 to 20%) are suitable for low brake
temperatures and high thermal conductance, but in conditions of poor
heat transfer, as in the present example, the addition of graphite
should not exceed 6 to 8%. Graphite is not a good lubricant at
temperatures above 600°C. Hence, a second high temperature
lubricant is also required for high energy brakes. In the example of
the transport aircraft, graphite could be chosen as the primary lubricant
and a secondary lubricant is also required. Secondary 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.

Selection of Friction and Wear Stabilisers/Modifiers

A critical requirement that a high energy friction material must fulfil,
is thermal stability, i.e., the basic strength, friction and wear rate of
the material should not deteriorate appreciably with increasing speed
and brake temperature.

Sulphates of Barium, Calcium, Manganese or Iron are effectlve
stabilisers. Boron, Molybdenum and Tungsten also are used.

BaSOQ, is very commonly used in iron base materials. Additions are
limited to 12% beyond which mechanical properties of the friction
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material decline. In the present example of the transport aircraft
brake, BaSO, upto 10 % could be selected as the friction stabiliser.

The resultant cornposition of the iron base friction material for a
typical high energy transport aircraft brake could be tentatively fixed

as given in Table—6.

" TABLE-6 FRICTION MATERIAL FORM ULATION FOR THE
TRANSPORT AIRCRAFT BRAKE

Ingredient Weight Percent
BaSO, - 8 to 12%
Graphité 6 to 8%
Silicon Carbide | 7 t010%

High temp. Lubricant | 1 to 2%
Copper. 5to 7%

Iron . | - Balance

Design and Selection of Other F unctional Layers

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 1is incorporated as a special feature by
making a multi-layer compact. The sponge iron layer 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.

In copper base friction materials, a cup type design and presence of
metallic grid inserted by spot welding between the cup and the friction
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material ensures judder reduction, bonding and integrity of the material
against thermal gradients.

High energy braking could lead to a situation where the contacting
surface of the friction material may be at a instantaneous temperature
of 1000°C whereas the back plate may be closer to ambient
temperature. This causes instantaneous thermal expansion on the
friction material. At the same time the back plate resists this expansion
resulting in the interfacial layers to be subjected to large shear
stresses which could lead to catastrophic bond failure during service.
The sponge iron layer due to a large volume of porosity neutralises
the expansion gradient to a large extent due to the pores acting as
“stress sinks”. '

The nickel coated layer of the back plate also contributes to

neutralising 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. |

Step 4: Development of P/M Process for Fabrication of Brake
Pads

The next step is development of an appropriate P/M process for

fabrication of the friction material into brake pads / elements by

controlled experimentation. The various steps involved in

“development of the optimum process are as follows:

Selection of raw materials based on composition

Powder mixing

Powder compaction

Processing of back plate frame

Pressure simtering of brake pads

A) Selection and Optimisation of Raw Materials Based on
Composition

Designed experiments are carried out to optimise the specification
of the raw material corresponding to each friction material ingredient.
Prototype brake pad samples made from a few alternative raw
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materials-of each ingredient are tested for basic properties such as
friction and wear. From the results of these experiments each raw
material type and specification is fixed and optimised.

A similar procedure was adopted for selecting and optimising the
raw materials and their properties/specifications for the transport
aircraft brake friction material in the present example. |

B) Powder Mixing

Experiments are carried out by varying sequence and method of
mixing, mixing time and mixing medium to establish an optimum
mixing procedure which would result in the best bulk density -and
flow rate characteristics. For the military tranéport aircraft friction
material formulation the following mixing procedure, established
through experiments, yielded the best result:

y ]
Ceramic Mix ( SiC + BaS04) Metallic Mix { Iron + Copper )
[Mix-B] | [Mix-A]
Mixing time: 2hrs Mixing time : 10 hrs
Mixing medium: alcohol |

Drying of MixB
110degC, 1 tr

MixA+MixB +Grap!ite+H.T.LLpﬁcam

 [MXC]
Mixing time: 2hrs
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C) Powder Compaction

Pressure for compacting the friction material into the desired shapes
required in the final brake pad is chosen and optimised ‘based on
experiments which yield the most optimum green density value of the
resultant compact. Higher pressures lead to marginal increase in the
green density but may cause cracklng of the compact due to high
residual stresses.

Usually double or multi-layer compaction is carried out in which the
first layer is the friction material layer and the others sponge powder
layers.

The compaction pressure for iron-based friction materials is about
500 to 540 Mpa and for copper base friction materials it is in the‘
range of 380 to 420 Mpa. '

D) Processing of Back Plate Frame

A single or multi-layer friction material compact is a composite with
about 40% by volume of non-metallic ingredients and possesses quite
low strength. In order to withstand the severe service environment
and also for assembly into the brake rotor and stator plates by riveting,
the friction material is either housed in a backing steel container or is
diffusion bonded, during pressure sintering operation, onto a steel back
plate frame of the same shape and contour.

For medium energy aircraft brakes with maximum temperatures of
600°C, low carbon steel is considered a suitable baek plate material.
For high energy brakes, in which temperature rise is beyond 750°C, -
the choice of a back plate material is restricted to stabilised high strength
low alloy steels of high hardenablhty and possessing good thermal

fatigue properties.

Steels normally used are AISI-4340, BS-S155, M-300 etc. In present
example for the iron-based brake friction material of the mulitary
transport aircraft, the back plate chosen is AISI-4340.

After selecting and procuring the steel material in sheet or strip form,
back plate segments are then fabricated by shearing operations using
press tools.
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The steel backing segments are then givena nickel or a copper plating,
for iron-based and copper-based friction materials respectively, from
cyanide/alkaline bath for aiding the subsequent diffusion bonding
process with the composite friction material during the pressure
sintering operation. '

After plating the back plates are given a diffusion anneal treatment to
ensure proper metallurgical bonding of the plated layer to the underlying
steel plate. -

E) Pressure Sintering of Brake Pads

For pressure sintering a special type of sintering equipment, Viz., &
pressure sintering bell type furnace with a hydraulic charge pulling
arrangement is used.

To optimise the pressure sintering parameters for prototypé brake
pads, sintering expertments to establish the temperature-pressure-time
cycle are carried out. The objective is to produce prototypes with the
desired mechanical, metallurgical and physical properties as derived
from the brake specification. | | |

Experiments carried out for the iron-based friction material of the
military aircraft brake resulted in the following optimum pressure
sintering parameters that coutd yield prototype brake pads which met
all the property requirements:-

Sintering temperature - 1025°C
Sintering pressuré - - 150Mpa
Sintering time - 2hours
Sintering atmosphere - ~ Dry Hydrogen

The Resultant Prototype Friction Element

Figure—7 shows the micro structure Cross section of the brake pad
sintered under the above optimum conditions. The microstructure shows
a predominantly fine pearlitic structure of the matrix iron phase in
which SiC particles and graphite are observed to be uniformly
dispersed. The irregular shaped light/ white areas are COppEr. Besides
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Figure - 7 : Microstructure of the pressure sintered iron-based brake
pad of the military transport aircraft

the 1deal structure of the friction material, a sound interfacial diffusion
bonding is also observed between the steel back plate and the friction
material through an intermediate electro-deposited nickel layer of
thickness of about 150 microns. | |

Step 5 : Qualification and Airworthiness Testing of Prototype
Brake Pads :

After establishment of the optimum manufacturing process by
controlled experimentation as described above, sufficient number of
prototype brake pads are processed for undergoing airworthiness

qualification tests.

The airworthiness requirement for brake materials meant for all types
of military aircraft is governed by MIL-W-5013 and Technical
Standard Order-26 issued by Federal Aviation Administration, USA.
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In accordance with the airworthiness requirements, highly elaborate
test procedures are prescribed for friction brake pads for certifying
them for normal use on aircraft brake. The entire testing procedure

can be divided into three stages:
*+  Laboratory Qualification tests
*  Brake Dynamometer tests

*  Aircraft trials

Laboratory Qualification Tests

In this stage in-depth analysis and evaluation of the prototype brake
pads is carried out to assess the metallurgical and physical properties
of the prototype pads in accordance with airworthiness sphed_ules/

specification. The following are the tests:

&  Hardness test on friction material and back plate -
@  Density determination

&  Chemica! analysis

- by classical or instrumental methods such as XRD,
EDAX, spectroscopy, €tc. |

&  Microstructural characterisation:

. Optical microexamination for identification and
distribution of major constituents in friction material
and structure of back plate.

- Bimetallic Bonding

- Microhardness survey on selected constituents and

‘phases '

@  Specific heatand thermal c;onductiyity by calorimetry

Friction and wear test using a laboratory test rig

q

@ Phaseidentification studies by Scanning Electron Probe
Micro Analysis. (SEPMA) for identification, and
chemistry distribution of various constituents and phases.
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Table-8 furnishes the results of Laboratory qualification tests carried
out on the iron-based friction material prototypes developed for the

muilitary transport aircraft brake.

TABLE-8 RESULTS OF LABORATORY TESTS ON PROTOTYPE
BRAKE PADS DEVELOPED FOR A TYPICAL TRANSPORT
AIRCRAFT

Tests/Analysis Conducted

Resulis Obtained

Hardness (Average)

a) Friction material
b) Steel back plate

Density of friction material (gms/cc)

Chemical composition of friction
material

Microstructure (Fig-7)
1) Optical

ii) Bimetallic Bonding

ii1) Back Plate

iv) Microhardness

Specific heat at R.T.

Friction Test (50 normal energy
- braking stops) on 2 prototype
specimen

1)  Avg. stopping time
1)  Avg. coefficient of friction
(dynamic) '
1)) Wear in 50 stops
a) by weight loss

b) by thickness

135 BHN
446 VPN

6.11 v

SiC: 9%, C: 7.8%, BaS: 9.3%,
Cu: 4.6%,HTL : 1.3%, Fe : Bal

a) SiC partide size: 100 to]80 microns
b) Graphite: Flaky, 250 to 400 microns
¢) Matrix: Fine Pearlite, Ferrite content:4
3t0 5%

d) Gopper: uniformly distributed in
matrix

Sound interfacial bonding between steel
back plate and friction material through
Ni plated layer. Nickel layer

thickness: ~ 150 microns.

Fine lower bainite

a) Matrix: 315 to 335 VPN
b) SiC: 1300 to 1540 VPN

0.598 Joules/gm/°K

9.2 seconds
0.292

2.5 gms (0.05 gms/stop)
0.14 mm (0.0028mrm /stop)
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By comparing the above results with the laid down property
specifications, some of which are given in Table-3, it was observed
that the iron-based friction material developed met the requirement
of the properties and the transport aircraft brake specification

quite well.

On this basis, the composition of the friction material selected, the
raw material specifications, the back plate steel and the P/M process
parameters are tentatively fixed and documented.

Brake Dynamometer Tests

The laboratory qualification tests on individual prototypes are not
adequate to fully qualify the friction material for airworthiness. Actual
field performance is required to be tested thoroughly. This is fulfilled
by conducting the brake dynamometer tests wherein the aircraft
brake unit, assembled with the newly developed brake pads, is
subjected to repeated cycles of real time brake performance tests
simulating the aircraft “design (normal) landing” and “rejected
take-off’ brake energy conditions.

For determination of dynamometer test conditions and brake energy,
standard international specifications for testing of aircraft wheels and
brakes are followed in addition to the brake specification. In the present
case of the transport aircraft, MIL-W-5013K was followed and the
. conditions simulated are given in Table - 9

Table-10 presents a typical result of the brake dynamometer tests
conducted on the brake unit of the transport aircraft, for a design

landing energy test.

Aircraft Trials

Field / service trials are carried out on the prototype brake pads after
successful completion of dynamometer tests using the aircraft as a

test bed.

“Accelerate — stop”, “landing” and “tzxying and turning” tests are
carried out under critical combinations of aircraft weight and speed
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TABLE -9 THE CONDITIONS SIM ULATED FOR BRAKE
DYNAMOMETER TESTS FOR IRON-BASED BRAKE PADS OF
' TRANSPORT AIRCRAFT

Test parameters

Conditions Simulated for test under

Design landing R.T.O
Brake Energy, ( 10* 2) 9.346 x 1(0° Kgfm 1.66 x 10° Kgfm
Gyrating mass Inertia, () 152 Kgfmsec? 164 Kgfmsec?
Gyrating mass RPM, (N ) 1060 1360
Angular Velocity of gyrating mass, | 111 per second 142.4 per second
(w =272N/60)
Brake pressure 100 Kgf/sq.cm. 100 Kgf/sq.cm
No. of stops 50 1

TABLE-10 OBSERVATIONS OF THE 10*DESIGN LANDING TEST
CARRIED OUT ON IRON-BASED BRAKEPADS OF THE
TRANSPORT AIRCRAFT BRAKE

" Parameter Evaluated/Recorded Observations/Results
Brake Energy Absorbed 929890 Kgfm
Stopping Time 17 seconds
Peak Brake torque 1120Kgfm
Mean Brake torque 872 Kgfm
No. of revolutions to stop (stopping distance) 163
Mean coefficient of friction 0.288
Maximum temperature rise on braking 502°C
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INDIGENOUS DEVELOPMENT OF SINTERED FRICTION MATERIALS
: FOR AIRCRAFT BRAKES

D. Dutta, G. Mohan, B. Chattérji and Dr.C.G.Krishnadas Nair
Hindustan Aeronautics Limited, Bangalore.

INTRODUCTION

Friction materials used as Dbrake pads' and discs in high energy aircraft
brakes are carefully engineered man-made composite materials. These materials
are designed and developed to withstand extremely severe and diverse operat-

ing conditions and are rigorously tested and certified to guarantee a high level

of performance and reliability in service.

There are basically three categories of’ man-made composite materials
used as friction materials . of whi_@h the sintered metalloceramic composites
are the most common and are abundantly used in aircraft brakes. These cqmpo-

sites are fabricated by the modern technology of powder metallurgy (P/M).

Development of a sintered friction material for a _given' aircraft brake
involves design and formulation of an appropriate friction material ‘composition,
development of a special technology for fabrication of the material into the
required brake element shape and finally provmg the properties, performance
and I‘elldblllty of the friction material against stringent airworthiness specifica-
tions through elaborate -and repeated tests. The above R§D exercise is a well
planned, step- by-step, scientific approach and involves usage of sophisticated

analytical and researrh tools and techniques and also calls for a high degree

of technical skill and perseverance.

In the last twenty years, significant work has Dbeen done in the Country
in the field of sintered friction materials. Pioneering work in this field has
been done by the Defence Metallurgical Research Laboratory (DMRL), Hyderabad,
in the early 70's which led to the successful development of the iron-base
MiG.21 aircraft. brake pads which are now under routine production at the
Hindustan Aeronautics Limited (HAL). Following this pioneering effort of DMRL,
responsibility for further R&D in friction materials and development of brake
pads for various other aircraft was taken up by HAL. HAL has over the last
five years successfully developed and tested sintered friction materials for
various -aircraft. HAL has now developed a full-fledged infrastructure and

expertise for applied R&D and production of aircraft brake friction materials.
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Indigenous development and production of friction material in our Country"

has resulted in considerable savings in foreign exchange.
PROPERTIES, DESIRED CHARACTERISTICS AND TYPES OF FRICTION MATERIALS

The primary function of a prake friction material in any vehicle, in

motion, is to absorb the kinetic energy of motion and convert it to heat energy

by doing frictional work.
level and the allowable stopping distance are the most vital factors which

decide the extent and rate of frictional work to be done by a friction material

during braking. Thus the frictipn material should be suitably engineered and

designed to meet the specific needs of a particular vehicle.

The prime requisite of a good friction material is a suitably high dyna-

mic co-efficient of friction and stability of this property over a wide range

of temperatures and brake application speeds. 1In addition to this, the friction

material should possess a host of other stable

mechanical properties to guarantee reliable long-t
s encountered during the service

and consistent physical and

erm performance under the

extremely severe and complex operating condition
life of a brake. The kinetic energy, which the friction material of a modern

day heavy transport or high speed jet airgraftmust absorb.v for instance, could

pbe of the order of several millions of joules. This enormous quantum of energy

when absorbed by the friction. material over a sh

after fanding, imposes extremely severe ‘thermal conditions on the {riction

material. The thermal gradient in a modern disc type aircraft brake, for

instance, can reach several hundred degrees centigrade per centimetre ‘and

the surface temperature on the friction material  element can reach well over

s of friction at such high tempe-

ratures, and drastic reduction of mechanical properties would be highly danger-
tion to providing the frictional

1000°C. The consequences of "fade" due to los

~ ous. The friction material therefore in addi
work of decelerating and stopping the aircraft,

must also retain its physical
and mechanical properties upta 1000°C o more. '

All the above severe operating conditions impose extremely demanding

and diverse requirements on the brake friction material. No conventional engi-
neering material

the diverse requirements and therefore the choice of a suitable friction material

fa restrinted to a few types of carefully engineered man-made composite materi-

[ AR SLE
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als which can meet the following property requirements in addition to a stable
co—efficient of friction:- |

- high specific heat and thermal conductivity.

- high melting point.

- low co-efficient of thermal expansion.

- elevated temperature strength and structural stability.

- good thermal shock and thermal fatigue resistance.

- good anti-seizure property.

- compatibility of friction material with mating part (steel or cast
iron) to provide smoothness of engagement.

- low wear rate and stability of wear rate with rise in brake tempe-
rature and rubbing speed.

Most of the above properties are achieved in a tailor-made friction

material composite by judicious selection and combination of wvarious types

of metal/non-metal, organic, ceramic and certain exotic synthetic material ingre-

diants each of which can satisfy either individually or in combination almost

the entire spectrum of braking requirements.

Dependmg on the level of knietic energy to be absorbed and the limit

of temperature generated on the friction material surface, modern friction mate-

rials can be categorised into the following three classes:-

- Resin, Asbsstos or Rubber based Organic
composites with organic fillers;

- Metal-base inorganic smtered metalloceramic
comp051tes.

- Carbon-carbon fibre composites.

Organic resin based composites were the earliest friction materials deve-
loped and used extensively in the 1920's and 1930's. Used under various
trade names as "Ferodo", "Retinax", "Ray best", etc., these composites are
still used for light to moderéte duty braking applications where kinetic energy
absorption requirements and brake temperatures and speeds are on the lowser
side of the spectrum. They find extensive application in braking mechanisms

of motor cars, buses, two wheelers, moving machinary parts and light weight-

low speed aircraft. These composites possess a working surface limit temperature

of about 600°C and suffer from poor thermal conductivity and specific heat.
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Metal base metalloceramic friction materials are much stronger and more.
heat resistant and were developed in response to energy inputs and temperturss
which exceeded the capabilities of organic composites. World War II, with
its demands for large quantities of heavy duty ‘friction materials in military
vehicles and aircraft, contributed much to the growth of metalloceramic friction
material industry. Today sintered metalloceramic composites are the most abun-
dantly used friction materials. and account for about 30 percent of the total
friction materials industry and almost 75 percent of the aircraft brakes are

made out of these materials.

Carbon-Cafbon composites are the latest entry into the field of friction
materials and have been developed mainly to cater to the severest operating
conditions encountered in modern day supersonlc jet fighters and very largse
and heavy commercial jet liners. The working limit temperature of steel-based
metalloceramic friction matefials is 1100° C whereas Carbon composites, which
have a density approximately a quarter of that of steel and a specific heat
double that of steel, can comfortably operate at brake temperatures of over

1400°C while effecting a substantial reduction in aircraft brake weight.
P/M METALLOCERAMIC FRICTION MATERIALS

Of the various types of braking applications, the most severe operating
conditions - are encountered by the friction material elements used on- aircraft
brakes as the highest braking speeds and the hottest, environment are encounter-.
ed by aircraft brakes. Since a majority of the aircraft brakes are made out
of metalloceramc friction mater1als, from the industry's stand point this class
of materials assumes utmost significance. This class of {friction materials are
made by the modern route of Powder Metallurgy (P/M) and can be further classi-
fied into two categofies depending on the metallic matrix used i.e., these

materials are either Copper-based or Iron-based ‘compositions.

Iron-based compositions are generally preferred in moderate- -to-severe.
duty aircraft brake applications and can withstand peak brake temperature
in excess of 1100°C. The Copper-based compositions are preferred for light
to moderate duty brake applications, pOSsess good thermal conductivity for
efficient heaf dissipation and can withstand peak tempe;atures upto 800°cC.

Typical processing techniques for P/M friction materials include powder.
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compaction, pressure sintering in protective atmosphere fufnaces at high tempera-
tures for long times, sometimes followed by re-pressing. Fine and reactive
metal powders and other non-metallic additions are preferred. The friction
elements are usually brazed, welded, rivetted or are most often directly diffu-

sion bonded to the supporting steel members.

» The P/M friction materials are multiphase composites and contain typically
_betwéen 4 to 8 ingredients, which leads to innumerable combinations and effects
- that can satisfy the diverse functional requiréments of aircraft braking. Design
and selection of P/M friction material compositions is based on four or five

functional characteristics which are summarised below in Table-1.

TABLE-1 - FRICTION MATERIAL INGREDIENTS

Functional Characteristics Components

Matrix/binder: Copper or Iron base(with

1) Friction,strength and thermal
without alloying additions such as

conductivity or
' Sn, Zn, Ni, Cr, Mnm, etc)

2) Lubrication (seizure prevention, Dispersed  lubricants: graphite, lead
stability) molybdenum disulphide, Boron nitride,
» etc.

3) Abrasion/friction Abrasive (frictional) components: Silica,
mullite, alumina, silicon carbide, silicon

nitride, boron carbide, etc.

4) Wear Resistance Cementite, cast iron grits, spinels,
steel wool,setc.

5). Friction stability, thermal BaS, CaS, MnS, FejP, B, Mo, W.
stability, softening resistance,
conformability ‘

6) Fillers » - Carbon, Minerals.

The matrix which is usually an Iron-base or Copper-base material accounts
for 50 to 80% of the total weight (more than 40% of volume). About 5 to 15%

consists of a low melting point metal such as tin or zinc which alloys with

the matrix through liquid phase sintering. This provides strength, friction

and thermal conductance.
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To avoid gross seizure between the friction element and the mating part,'
certain dry lubricants are added. While these lubricants(5 to 25%) prevent
gross seizure, they do not prevent local welding and metal transfer. To mini-
mise this, upto 20% of an abrasive (often called the frictional component)} is
added. Since these abrasive additions also produce wear, the amount added

depends on how much wear can be tolerated in a specific application.

An important requirement is thermal stability, which means that the
basic strength, friction and wear rate should not appreciably deteriorate with
increasing brake temperature upto the limit temperature. Special additions
such as Sulphides of Barium and Calcium are introduced into the. composition
to promote stability of friction and wear at elevated tempera’tures. Refractory
metals such as Tungsten and Molybdenum are added to promote elevated tempera-

ture strength.

The wear resistance compoh’ents account for upto 10%, essentially for
dry applicatiohs. Some of these components such as spinels and mixed metal

oxide solutions may be formed during sintering.
Finally fillers are added, in amounts upto 15%, to decrease cost.

The co-efficient of friction is dependent not only on speed, brake pres-
sure and temperature, but also on composition and the characteristics of the -
powder ingredients used. In view of this -complexity, optimum cqmpositions

are still derived empirically to suit given requirements.

The P/M friction material clements are designed in a wide variety of
sizes, shapes and configurations depending on design of the brake system.
Thus the element may be produced in the shape of individual sectoral segments
or coins which are subsequently rivetted to the brake disc assembly (Fig.1)
or they may be in the form of a monolithic friction material layer directly

diffusion bonded on to a steel brake disc (Fig.2).

The configuration of each individual friction element in case of segmental
shapes can also vary. In one type, the friction material segment made separate-
ly is. diffusion bonded on to a steel frame or back plate segment of the same
size and shape. This configuration is usually preferred for the stronger iron-

hasad  matprials and  relatively  less friction material thickness. In another
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configuration, the friction material is totally encasedin cup shaped steel contain-
er which provides strength and lateral support to the friction material element.
This configuration -is preferred for relatively weaker copper-based materials

and higher friction material thicknesses. Fig.3 illustrates the two types of

configurations.

Fig.1(a) Segment shaped brake pads Fig.1(b) Coin shaped brake pads

Fig.2 Friction material brake disc
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g.3(a) Segmental friction material Fig.3(b) Segmental friction material housed.
bonded to flat steel ' in steel cup-shaped container

back plate.

BRAKE HEAT SINK DESIGN

Fig.4 shows a typical aircraft showing the position of its 1anding gear
and wheel. The brake unit is housed inside the wheel hub as shown in Fig.4(b].
An aircraft brake is a multiple disc assembly consisting of a brake housing,
pressure plate, torque tube, disc stack and backing or thrust plate as shown

in the schematic cross-sectional wview of an aircraft brake in Fig.o5.

The disc stack is the most vital part of the ‘brake unit and is called
the heat sink. The heat sink absorbs the kinetic energy of motion converts
it to heat, stores. and then dissipates the heat 1o the atmosphere. The heat
sink consists of a series of alternate rotating discs and stationary discs.
Friction material elements such as brake pads or segments are mounted either
on rotor or stator by rivetting or bonding. The mating disc is of a low alloy

steel or a steel disc rivetted with cast-iron segments.

On landing, the rotor discs which are coupled with the wheel hub through
suitably designed drive blocks and tenons, rotate along with the wheel. On
application of brake pressure, the stator discs are displaced axially and get
pressed against the rotor discs. This creates friction between the rotor and

rator discs, a high brake torgue 1is developed and the wheel and aircraft

o
DRl
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Fig.5 - Schematic cross-section of a disc type aircraft brake
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The efficiency of ‘the brake depends on a proper design of' the heat
sink. A heat sink is designed using the following three parameters:

a) Heat Sink Loading is the Kkinetic venergy absorbed per unit heat sink
weight and is expressed in Joules/kg. or kgfm/kg. This parameter gives an

indication of the bulk brake temperature to be expected for a given brake

energy input.

" For an iron-based friction material brake, typical heat sink loading
is 30000 kgfm per kg. for a normal landing and 90000 kgfm per kg.for a Rejected

Take-off stop. For a carbon-carbon composite brake, these values could be

three times more.

b) Area Loading is the kinetic energy absorbed per unit swept area.

This parameter together with heat sink loading and area loading rate would

indicate the surface temperature of the rubbing faces.

c) Area Loading Rate is the kinetic energy absorbed per unit swept
area per unit time. The value of thermal conduct1v1ty of the friction material
decides whether the material can absorb- the energy at the- partlcular rate.

A high loading rate applied to a. poor conductivity . materlal will  give rise

to high surface ‘temperature and cold core temperature on the frlctlon material

element ' thus resultmg in  thermal stresses which in turn affect the physical

1ntegr1ty of the frlctlon materlal and braklng performance also could fall through

out the stop..

The area loading and loading rate together with the 'physical constraints
of the wheel and the axle dictate the design of the brake, the number of rotor

and stators discs and number and arrangement of friction material elements.
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METHODOLOGY OF DEVELOPMENT OF SINTERED FRICTION MATERIALS FOR AIRCRAFT
BRAKES.

RGD activity involved in development of an aircraft brake pad starts
with an in-depth analysis of the aircraft brake design specification to derive
the physical and metallurgical properties desired in the candidate friction

material. This is illustrated below:

Physical /Metallurgical , ‘
Properties of candi-~ : Brake Design Specification

date friction material

1. Mean Co-efficient D - Mean brake torque or brake energy.
of friction ' - Brakes ON speed and stopping time
E or distance
R
2. Wear Rate ! - Specified number of landings. -
v ~ Maximum allowable tempserature rise.
- = Area loading rate
E
D
3. Specific heat and o - Brake kinetic energy. : ,
thermal conductivity : - Heat sink mass, area loading and
E loading rate.
R - Maximum allowable temperature rise.
0
4, Shear strength, Com- M - Mean and peak brake torque.
pressive strength and ‘ - Maximum brake pressure.
hardness at room and - Area loading rate.
elevated temperatures. - Maximum temperature rise

A step by step approach is then adopted in designing an appropriate
friction material composition, selecting and characterising raw material ingredi-
ents, controlled experimentation for optimising the P/M process for fabricating
the friction material element and finally subjecting the material, so developed,
to elaborate laboratory evaluation and simulated performance tests to qualify

the material for airworthiness and réliability. This step-by-step methodology

is 1illustrated in Fig.6.

The minimum friction material properties derived from the brake specifi-

cation form the basis of design and selection 'of an appropriate friction material

composition.

The first step in the above process is the selection of either a Copper
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I
l

BRAKE SPECIFICATION

SPECIFICATION OF PROPERTIES OF THE
CANDIDATE FRICTION MATERIAL

DESIGN AND SELECTION OF FRICTION
MATERIAL COMPOSITION

— —_— —— ——— — — — ]

SELECTION, SPECIFICATION, PROCUREMENT,
TESTING AND CHARACTERISATION OF RAW
MATERIALS

DEVELOPMENT OF P/M TECHNOLOGY FOR
FABRICATION OF THE FRICTION MATERIAL

BY CONTROLLED EXPERIMENTS AND PREPARATION
OF FIRST-OFF SAMPLES

QUALIFICAaTION TESTING AND LABORATORY
EVALUATION '

—  — ——— ——m —— —— —

SIMULATED BRAKING PERFORMANCE EVALUA-
TION ON BRAKE DYNAMOMETER

" FIELD EVALUATION AND LIFING TESTS
ON AIRCRAFT

TYPE CLEARANCE AND CERTIFICATION
FOR AIR WORTHINESS

REGULAR MANUFACTURE AND, SUPPLY OF
FRICTION' BRAKE PAD :
Fig.6 - Methodology of Development of aircraft

brake friction material
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property requirements such as energy absorption capacities, specific heat,
thermal conductivity, melting point, wear and strength properties. The relative

characteristics of iron and copper matrix materials are given in Table-2.

TABLE-Z - SELECTION OF MATRIX FOR FRICTION
MATERIAL (IRON OR COPPER)

Characteristics - Iron Copper

1. Specific heat (Joules/gm/Ok) 0.59 0.42
2. Tensile Strength (MPa) 410 240
3. Thermal conductivity(J/M/Sec/ok) 59 346
4. Coeff.of Linear Expansion (O}:1 x 107 ) 14 18
5. Kinetic Energy loading 450,000 280,000

capacity (Joul_es/kg)l
6. Anti-seizure Good Poor
7. Tolerance tu ceramic and non- Poor Good

metallic additives .
8. Elevated temperature softening Good Poor

resistance ' '
9. Ease of manufacture into Poor Good

friction materials

The next step is to select the dther ingredients such as friction additives,
dispersed solid lubricants, stabilisers, etc. Examples of various ingredients

used to fulfil the varlous functional characterlstlcs have been illustrated in
Table-1 earlier. These secondary ingredients are selescted based on the level

of functlonal characteristics desired.

The preliminary design and selection of a friction material composition could
be done from fi;‘st principles, i.e., starting from the brake specifica_tion.
Dy Jjudiciously selecting the matrix and other additives, but is more often
‘done based on past experience on similar friction materials or from recommended/
patented comp051t10ns published which are proven to meet similar brake design

requirements such as kinetic energy and heat sink loadmg characteristics.

After selection of the composition, the next step is to select and specify
the characteristics desired of the various powder ingredients. This is normally
done based on data available in published literature and hand books on friction
materials, The selected raw materials are then procured from reputed and

o
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Typical characterisation studies involve the following:

i) Apparent density and flow measurement.
ii) Sieve arialysis.
iii) Chemical analysis
iv) Green strength and compressibility test on matrix ‘powders.

v) Measurement of moisture, ash and volatile matter contents
of non-metallic powders.

vi) Crystél structure and phase identification studieson
ceramic and solid lubricant additives by X-ray Diffraction.
The quality of the various powders and their sources of supply are tentatively

established and approved based on the above studies.

. The tentative P/M technology is then developed based 'on a systematic
series  of controlled experiments. Data on -possible process variables such
as mixing sequence of powders, sintering temperatures, etc. are available in
various hand books, publications and ether literature on friction materials
which serve as valuable guides for determination of the right combination of
processing parameters to be employed for the experiments. Past experience
on development of similar friction materials also serves as a guiding factor.

Based on the above data, various experiments.are designed to' establish the

optimum P/M process.

"First-off" samples are prepared .following the various experimental -
P/M routes. Tﬂ_ese samples are then éubjected to rigor.ous laboratory qualifica-
tion tests to assess their quality characteristics and performance against laid
down property requirements. The sample which meets the fequirements satis-
factorily is then standardised i.e., the raw materials and the. P/M process
used for making the sample are optimised and frozen. If on the other hand
none of the samples meet the requirements then further review and modification
of the raw material specification and the P/M procéss is done and the entire

cycle repeated till a satisfactory sample 1is obtained.

Since the friction material developed is a complex fnultiphase composite
and, if qualified, has to withstand severe service conditions repeatedly and
reliably, the qua,lifi(_ﬁation testing stage to assess and certify the basic physical
and metallurgical pr_oper'ties assumes critical importance. In this stage, indepth

analysis and evaluation of the friction material "first-offs" is carried out repéat—
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Standards Parts 23, 25, 27 and 20. In addition to FAR STandards, Technical
standard Orders such as TSO-C-26, issued by the FAA are also followed for

calculation of brake energies and acceptance criteria for dynamometer tests.

The Dynanometer test results, on the newly developed friction material
brakes are then compared with the brake design specification and acceptance
standards given in' the above specifications. If the test results meet the above

requirements satisfactorily, the friction material elements qualify for fitment

and use on aircraft.

The Dynamometer tests are followed by further field evaluation/service
trials on a test aircraft fitted with the newly developed friction material.
In this stage, tests such as Maccelerate-stop", "landing and braking", "taxying
and turning" and other aircraft compatibility tests are carried out. The final
certification for airworthiness is then granted to the newly developed friction

material elements by the airworthiness authorities.

Fig.6(a) to (h) present the results of EPMA phase identification studies

on a copper-based friction material developed for a civilian transport  aircraft

brake.
Fig.6(a) X 400 Fig.6(b) X 400
EPMA Micrograph (Electron Image) " X-ray Image of Copper
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. Figs.7 and 8 present optical microstructures of a copper-base friction

material brake disc and of an iron-based brake pad respectively which have

boen devecloped recently by HAL.

Fig.7 : X 100  Fig.8 X 100
Microstructure of a Copper-based ' Microstructure of an iron-based
friction material showing Silica friction material showing Silicon
grains (grey) and graphite flakes Carbide grains (grey) and graphite
(black) and Copper rich matrix (white). flakes (black) in a pearlitic '

steel matrix.

Table-4 presents the results of some qualification‘ tests and .brake dynamo-
meter tests carried out on the copper-based friction material brake disc aﬁd

the iron-based brake pad successfully developed Dby HAL,
STATUS OF INDIGENOUS DEVELOPMENT OF SINTERED BRAKE PADS

In the last two decades significant strides have been made in the Country
for indigenous development of P/M metalloceramic friction materials for various
" military and civil aircraft. pioneering RGD efforts in this field was made
by DMRL which led to the successful indigeniation of the iron-base brake pads
for the MiG 21 aircraft in the early 70s. Subsequently, R&D and manufacturing
activity on friction materials was taken up by HAL on a large scale. HAL
has since developed a full fledged infrastructure ,a.nd technical expertise for
applied R&D and production of aircraftv pbrake friction materials which includes

the P/M metalloceramic materials as well as organic resin based friction materi-

als.
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TABLE-4 -~

RESULTS OF LABORATORY QUALIFICATION
TESTS AND DYNAMOMETER TESTS

Parameter Evaluated

RESULTS OBTAINED

Copper~based

Iron-based

brake disc brake pad
Chemical Composition Fe - 18% Cu - 9%
cC - 8% C - 7%
Pb - 4% BaS - 3%
BN - 1% SiC - 5%
SiOZ -~ 10% Al 203 - 1%
Cu - Remainder Cr - 0.3%
BN - 1%

Hardness (BHN)

Microhardness (VPN)

Sintered Density (gms/cc) '

Dynamometer Test Results

(R.T.O. Test)

a)
b)
c)
d)
e)
f)
g)
h)
i)

RPM of fly wheel

Brake Pressure (kg/sqg.cm.)
Run down revolution
(seconds)
Brake energy (kgfm)
Maximum brake torque (kgfm)
Mean Brake torque (kgfm)
Mean Co-efficient of friction

Stopping time

Brake temperature rise ( OC)

48
Matrix - 50

SiO2 - 1280

Fe - 100

5.8

870
26
352
44
263980
180
155
0.29
645

Fe - Remainder
125

Matrix - 325
SicC - 1300

5.8 to 6.0

1240
95
272
26
1270200
1040
799
0.28
776
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TABLE-5 - STATUS OF INDIGENISATION OF SINTERED
ATRCRAFT BRAKE PADS AT HAL

Boeing 737/747 Main
Wheel Stator brake
pads

lification tests
completed at
HAL.

s1 "~ Status of Year of Minimum
No' Description Indigeni- Indigeni- F.E.savings Remarks
) sation sation (Rs.Lakhs)
IRON BASE

1. MiG.21 Main and 'Indigenised by 1878 300
Nose Wheel brake DMRL. Under
pads regular pro-

duction at HAL.

2. MiG 23 Main Wheel ~do- 1982 25
brake pads _

3. AN.32 Main Wheel Indigenised by 1991 300
Rotor and Stator HAL. Produc-
brake pads tion to commence

: in 1992. ‘

4. . Jaguar Main Wheel Development - 110 Expected to be

Stator brake pads completed at productionised i
HAL. Under in 1992,
type testing.

5. MiG 27 Main Wheel Development - 200 Expected to be
Rotor and Stator ~work under indigenised -
brake pads progress at HAL. in 1992.
COPPER BASE

-~ 6. Avro 748 Main Indigenised by 1983 72
: Wheel Stator brake: DMRL. Under
pads regular pro-
_ duction at HAL. }

7. Kiran Mk,.II Main Indigenised by 1988 150
Wheel Stator brake HAL. Under
pads regular produc-

tion at HAL.

8. Dornier 228-200 ~do~ 1991 10
Rotor brake disc

9. Air Bus A-300 and -~ Laboratory qua- - 100 Expected to be

indigenised in
1992-93
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4. GLOSSARY OF TERMS RELATED TO AIRCRAFT BRAKE PADS

Friction Material Glossary

A

Abrasion — mechanical wear during sliding of two surfaces against each other.

Additive — substance added in small amounts to improve properties and
performance of product.

Adhesive — substance, applied as an intermediate, is capable of holding
materials together by surface attachment. It is interposed between Friction
material and support (back-plate)

Ageing resistance—resistivity against ageing which might occur due to oxidation,
overheating and presence of certain metals like Copper, Lead, Silver etc. The
resistance to ageing can be improved by certain additives (antioxidants).

Aircraft Brake Pads —Special types of heavy-duty friction materials, which are
made up of either polymer / resin based composite or metalloceramic composite
in aircraft brake assembly and they absorb kinetic energy of motion, convert it to
heat & dissipate the latter to the atmosphere.

Anatomy of Friction Material (heavy-duty) - metalloceramic composites with
five major constituents contributing individually to overall performance of brake
systems- (i) matrix or base (ii) friction agents (iii) anti-seizure agent (iv) heat sink
and (v) stabilizers or modifiers.

Anti-seizure agents - controlled lubricants to prevent in-situ friction welding of
the engaging surface under load and heat (and thus performs a function totally
opposite to that of the friction agents). Molybdenum disulphide (MoS;), Graphite
and Boron Nitride are used as common anti-seizure agent. Because of exfoliating
nature, these spread out as thin non-reacting film causing easy separation of
wear debris. They also act as a heat sink and also provide high damping
attributes under cyclic stress.

Anti-squeal shims - single or multiple metal plates located between the brake
pad and caliper to reduce brake squeal.

Area Loading - kinetic energy absorbed per unit swept area of the rubbing faces
(brake pads on the rotor discs). ' :

Area Loading Rate — area loading per unit braking time.
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Asbestos - a gray, non-burning, non-conductive and chemical resistant material

occurring in long fibers or fibrous masses, sometimes used as filler for
reinforcement.

Asbestos materials - for a long time, the most popular kind of material used was
asbestos fibers, but that has been phased out of the market in recent years due
to health concerns associated with asbestos. (due to connections to lung
disease). Asbestos was banned on usage by the government, forcing
manufacturers to discover new forms of materials as substitute. Although
asbestos materials are legal in some countries, they are fading from the market
as new materials are finding their way into the forefront of the industry. Glass
fiber coated with phenolic resin is used as alternative to asbestos.

A generic name of a group of minerals used in brake friction materials and made
up of individual fibers.

ASTM — American Society for Testing of Materials.

Automatic adjusters — brake adjusters that use shoe movement or parking
brake application to continually reset the lining to drum clearance.

B

Back pressure or residual pressure — a constant pressure held in the brake
hydraulic circuit when brakes are not applied.

Base of Friction Material — see Matrix (or Base) of Friction Material.

Baking — A process of heating the Brake Pad in an oven in a desired
temperature.

Bedding-in or Break-in — process of wearing in friction surface so that the
contact between the friction material and the rotor or drum becomes stable.

Binder ~ the continuous phase which holds together the reinforcement in a
reinforced product e.g. thermo-hardening phenolic resin. '

Bi-metallic Sector — a composite brake pad. The metal used is cast iron or
steel. : _

Bleeding —method of purging the air from the brake system'’s hydrau]ic lines and
cylinders. Air is compressible and contaminates brake fluid. Air is released (bled)
via a “bleeder valve” on each wheel cylinder '

Or
method by which overheated or spoiled brake fluid and air bubbles are removed
from the brake system
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Bonded lining — brake lining (friction material) attached to the brake shoe with
adhesive.

Boosted Brake — a form of brake source using a master cylinder in which the
hydraulic pressure from the aircraft hydraulic power system is used to aid the
pilot in applying force to the master cylinder.

Brake Chattering — heavy vibration in the brakes produced by the brake friction
varying as the discs rotates.

Brake disc (or rotor)/Brake Drum - the basis of a disc brake system. A round
metal disc rotates with the road wheel and in order to generate braking power, a
caliper holding two-friction lining (pads) clamps the disc.

Brake dust — the dust created when brake friction materiais wear during brake
application.

Brake fade — a reduction or loss in braking force due to loss of friction between
the disc pad and the rotor. Fade is caused by heat build-up through repeated or
prolonged brake application.

Brake hose — flexible rubber (or synthetic) hose used to join the hydraulic brake
components.

Brake line — network of steel tubing and rubber hoses used to transmit brake
hydraulic pressure.

Brake Lining - friction materials that presses against the disc/drum to create
braking force and retard the relative movement between two surfaces. Heat
produced during this process is dissipated through heat sink mass.

Brake Pad - made of friction materials and bonded to metal plates. Brake pads
need to be replaced occasionally due to heavy wear / surface abnormality.

Braking distance — The distance traveled by Aircraft while it is in being tried to
stop.

C

Carbon brakes — the latest development in the field of aircraft brakes where both
rotating and stationary discs are made of carbon. They are used for high-energy
dissipation.

Caliper - assembly that houses the brake pad(s) and applies them on to rotor.

This also houses the hydraulically operated pistons to which the pads are
bonded. '
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Ceramic friction materials - These are very popular because of their high
energy absorbing capacity and they eliminate squeal and audible vibrations.
They are also less abrasive to rotors and their brake pads tend to have a longer
life span than those of other materials.

Clutch —various contraptions used to engage and disengage two moving parts
(driving part and driven part) of a shaft or shaft and driving mechanism. Clutches
transmit energy of the power source (driving part) to another mechanism (driven
part), which is brought to the speed of the former. When changing gears, the
clutch pedal is pressed; disengaging the clutch and allowing the gear change;
when released, the clutch engages and transfers the rotating motion throughout
the entire drive shaft.

Clutch Facings — used to maintain lower coefficients of friction, which provide
smooth and stable clutch engagement / disengagement. They help reduce clutch
chatter, are available in molded and woven compositions and can be found with
asbestos or asbestos-free materials.

Coefficient of Friction — ratio of force necessary to move an object compared to
the weight of the object itself. This is an index of shearing force of the contacting
parts, which, in turn, determines the degree of performance of the friction
material. Required level of the coefficient of friction is dependent on the operating
condition and end use of the product.

Coefficient of Friction (Dynamic) — coefficient of friction between two mating
surfaces with relative speed greater than zero ({aynamic). Usually taynamic < Hstatic-

Coefficient of Friction (Static) — coefficient of friction between two mating
surfaces with zero relative speed (pstatic). Usually pstatic > pdynamic

Curing - The heat treatment process employed mainly on organic pads for
converting the green compact in to an end product similar to sintering of a
metallic pad.

D

Disc Brake — consists of brake pads, caliper and rotor. This is the part of the
brake system that actually stops the vehicle.

Dragging brakes — brakes that have not fully released and which maintain some
friction as the wheel rolls. Dragging brakes cause serious overheating.

DTV - Disc Thickness Variation; the variation in thickness between two points on
the friction surface of a rotor. It is usually caused by poor alignment of the rotor /
caliper or the rubbing of the friction material against the rotor when the brakes
are off.

Dynamic Friction — see Sliding Friction.
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l_)ynamometer —atestrig in a laboratory used to test brake system performahce
like coefficient of friction, wear rate of the friction material, stop distance, stop

time etc; by simulating the actual kinetic energies of braking under various
required conditions.

E

Emery Paper — Paper with different grit size used to scorch to remove glassy
layer.

F

Fading (or Fade) — temporary réduced braking power. Fading (or Fade) results
from overheating of the friction material.

Fiberglass materials — a composite material wherein a fiber is reinforced with
glass matrix. These are new to the market, and are currently being tested for
durability, preservation of rotors and drums and noise level.

Friction —resistance to relative motion that opposes the direction of travel of an

object, mainly caused by surface roughness. It is created by contact of solid
bodies with one another.

Friction agent —hard abrasive particles (e.g. silica, silicon nitride, silicon carbide,
alumina and mullite) embedded in matrix to generate required friction force by
scoring the mating surface

Friction Couple — combination of friction disc and mating disc is friction couple.
In a brake or clutch assembly, the energy is absorbed or transmitted by
generating controlled friction within it. Rubbing friction disc against a mating disc,
in turn, normally generates the controlled friction. Depending on the applications,
however, the friction couple may take different configurations.

Friction Disc — a disc in a friction couple bonded metallurgical (diffusion-bonded)
to a friction material;, rubbing on which a controlled friction is generated. The
design of friction disc can be varied (e.g. segmented or monolithic) depending on
the application requirements.

Friction, Laws of — see Laws of friction

Friction Material — components of a mechanism that converts mechanical
energy into heat upon sliding contact. The conversion product, heat, is absorbed
or dissipated by the friction material. Friction materials are essentially used to
induce friction in applications when slow or decreasing movement is desired,
such as in brakes and clutches.

In case of braking, the friction materials press against the drum or disc to create
friction. The byproducts of friction are debris and heat. It is important that friction
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materials used in brakes have (i) good energy ébsorption capacity (in view of the

high temperatures that result from braking) and (ii) low wear rate (ensuring less
debris and more service life)

Brake systems use friction materials to stop wheels from rotating. When a brake
is pressed, it activates a system that places the materials against a disc or drum
that slows the vehicle down. Clutches also need friction materials in order to

engage after gear changes. Without them, the clutch slips and cannot transfer
power. ’

Friction Material, Desired properties — desired properties of any good friction
material is tabulated here —

Level
Properties Reasons
Friction coefficient (u) Moderate | Rapid energy dissipation (short brake
application time)
Strength (shear & | High Should not fail or flow under rubbing

compressive)

Conducts the heat generated by friction
Thermal conductivity High rapidly, avoid thermal softening of matrix
and localized melting.

Minimize incipient melting & localized

Anti-seizure character High welding of asperities, slippage of
rubbing surfaces, torque fluctuations.

Wear rate Low Ensure long life

, Ensure steady and reliable performance;

Stability High minimize “fading” under repeated
thermal cycling.

Damage of opposing | Low Long life of brake assembly, low debris

surface generation

G

Glazing or glazed lining — pfocess whereby. a brake lining or disc rotor
becomes smooth and glossy due to excess heat resulting in reduced braking
efficiency. This is also called as “Beilby layer”.

Graphitic materials — materials having graphite crystal structure. These are
used in applications that have a higher temperature because of their good energy
absorption. These materials help hold in heat for a long period of time.

Groove Patterns — grooves on friction material help disbel heat, get rid of debris
and eliminate noise.

Grit — Mesh size of emery paper.
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Heat Dissipation — process whereby braking components rid them of heat
caused by friction. Most heat is dissipated into the surrounding air or through
mating metal components such as the wheel. Various forms of ventilation can
accelerate dissipation.

Heat sinks — an important part in the brake unit, which facilitate rapid heat
removal / dissipation from heat generation source. Normally, copper is used
commonly as heat sink because of high thermal conductivity.

Heat sink loading — kinetic energy absorbed per unit heat sink mass

Heat spots — shiny dark areas on a rotor caused by extreme heat.

High-speed judder - vibration during high speed braking not related to DTV. It is
caused by hot spots or foreign material on the rotor.

Howi - noise generated in the range of 500 to 1000 Hz caused by stick — slip.
Hygroscopic - an affinity or attraction for water.

Hydraulic Pads — pads operated by hydraulic energy.
Hardness of Brake Pad — resistance to scratch or indentation on Brake Pads.

K

Kevlar fiber — Proprietary of Deposit used in variety of organic material of
application including organic brake composition.

L

Laws of friction — classic laws of friction have been re-worded by Amontons as
follows—

First Law: friction force between two sliding surfaces opposes their relative
motion

Second Law: friction force is independent of area of contact of the given surfaces
when the normal reaction is constant

Third Law: The limiting frictional force is proportional to the normal reaction.

(Static friction). The frictional force is proportional to the normal reaction and is
independent of the relative velocity of the surfaces (Dynamic friction).
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Laws of friction (Classic) — three classic laws of friction are—

First Law: The friction force that resists sliding is proportional to the normal load.
(Or the force that squeezes the surface together). This proportionality constant is
usually referred to as the coefficient of friction (u).

Second Law: The amount of friction is independent of the area of contact (for a
wide range of areas).

Third Law: The friction force is independent of sliding speed (once the sliding
starts).

Lubricant — substance, which impart lubrication property

Lubrication — phenomenon of reducing sliding and rolling frictions between
friction element and the mating part and to prevent wear and friction welding.

Mass Loading rate — heat sink loading per unit braking time.

Master Cylinder — cylinder that contains hydraulic fluid. It is connected directly to
the brake pedal and transmits pressure to the brake operating system.

Material, Friction — see Friction Material.

Mating Disc — in a brake or clutch assembly, the friction disc is rubbed against
another disc in order to absorb or transmit energy by generating controlled
friction within it. The latter is called mating disc. Normally, the mating disc is
made of non-friction materials, which are harder than the corresponding friction
material rubbing against it. This ensures less wear of the mating surface and
more service life. Depending on the applications, however, the mating disc may
take different configurations.

O

Organic Brake Pads — Brake pads with phenolic resin as matrix ‘material with
other additives, generally used in low energy aircraft.

P

Piston - is the moving part of the brake caliper. Upon receiving increased
pressure from the brake fluid, the piston is forced outwards and against the back
of the brake pad, which is forced against the disc.
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Resin — Binder used for reinforcement of pads.

Rotor scoring — grooves on the friction surface of the brake rotor, usually
caused by the friction material. :

Running-in - surface asperities of new sliding surfaces are modified during the
running — in period.

S

Scorch - Process of roughening of the surface with the use of heat usually in
resin based pads. Sort of bed-in process.

Scorching Temperature — Temperature at which scorching action takes place
normally 440-560 deg C.

Scoring marks — tend-shaped marks in metal, caused by machining or by
scuffing.

Scuffing — damage to material surface through inadequate supply of lubricant, or
as a result of overloading when the lubrication film is broken.

Semi-metallic (friction materials) — Resin based friction material composed of
30% to 60% steel / metallic material fiber. These are used for high performance
and designed to prevent fade and squeal. They handle heat better than many
other organic pads.

Sintered metal — Predominantly metallic powder with suitable additives. The
compacted and sintered material is of various shapes

Sliding Friction (also termed as kinetic friction or dynamic friction) — friction
produced when objects, slide (or move) over each other.

Slip ratio - difference between the vehicle’s body speed and the speed of the
wheel measured as a percentage.

Squeal - high-pitched noise made when braking. Squeal indicates that brakes
should be inspected for wear. '

Stabilizers (or modifiers) — are used to prevent ‘fading”, i.e. to ensure

uniformity of friction co-efficient (1) during period of application and nullify the
adverse effect of heat generated. They also ensure prolonged reliability despite
use (and abuse!) by protecting the friction agents from thermal cracking by
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forming a envelope. Magnesium oxide (MgO) and Barium sulphate (BaSOy) are
used commonly for this purpose. '

Static friction — friction needed to start a body at rest into motion. Static frictional
forces from the interlocking of the irregularities of two surfaces increase to
prevent any relative motion up until some limit where motion occurs. It is that
threshold of motion which is characterized by the coefficient of static friction.

The coefficient of static friction -is typically larger than the coefficient of kinetic
friction, pstatic > Hdynamic :

Stopping time — ratio of Maximum Brake Application Speed to the deceleration
required from brake

Surface Roughness — The roughness (R,) of emeried metallic surface. Surface
Roughness is measured in Perthometer.

T

Torque ~ Twisting moment.

Tightening torque — effective leverage turned into rotating movement to tighten
a screw connection.

Transfer layer - transfer of friction material to the brake drum or rotor. The
thickness increases with temperature and the number of braking cycles;
thickness is also directly related to the amount of stick-slip.

Tribology — science, which deals with the relation between friction, wear and
lubrication.

Temperature Controller (Thermbcouples)— A temperature measuring device
set for baking the brake pads.

W

Warping — a condition experienced by the disc when it becomes out of round.
often caused when the brakes are used excessively then the vehicle is stopped
and heat from the pads/caliper dissipates unevenly, through the rotor. Rotors,
which are warped or out-of-true, have excess runout, meaning the surface varies
or wobbles as it rotates around a fixed point.

Wear - caused by friction and contact between bearing surfaces after break-
- through of the lubricating film.

Wear Pin — Mechanism in brake units for external monitoring of wear rate.

XXX
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