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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 maijority 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,ZrSiO;-
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 BaS04-6%,
2 MKV-50A 64 |15 |0 |8 0 3 FeSo04-5,SiC-5,B4C-5
3 SMK-83 54120 |0 |0 0 0 Mn-7,MoS,-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 MoS,-20%,Ti-2-10
2 61-62 |6 0 7-8 | 6 0 0 Mullite-7,Zn-12
3 70 7 8 0 8 0 7 TiO2-10

2.3 Bi-Metallic friction materials:

The earlier Bi-metallic friction material is of grey cast iron type being used in the
aircraft. The cast bi-metallic pads are now replaced with the Powder Metallurgy (P/M)
route as later enables non-stoichiometric combination, better interfacial bonding, near
net shape processing, clean manufacturing environment, increased productivity and

other techno-economic advantages. Hence powder metallurgy route is fast replacing




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/IM/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/cm®
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 7.8 g/ 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 J/M/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 g/em®

Size (-250+300) BS
Melting Temperature 1083°C
Coefficient of Linear Expansion 18*10° /°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.

‘l" )
::&’ 1
Mg O
.,
H,C'—MHC~H,C—O o O—CH, 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 - kg" 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 y (coefficient of friction) value at
elevated temperatures
2. Renew of the disc rotor surfaces.
3. Coefficient of friction (u) 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.
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Disadvantages of the higher abrasives content in the brake pad material are

as follows:

1. They enhance the specific wear rate of friction materials

2. Damage the mating disc(enhance the specific wear rate of the disc) and
transfer debris from the disc to the surface of the friction materials

3. Unstable variation of coefficient of friction during operation

4. Responsible for the noise occurring during the braking due to the formation of
the hard contact patches.

In view of the above mentioned positive and negative effects of abrasives,

optimized volume fraction is to be used in the aircraft brake pad application.

The following are the abrasive materials used in aircraft brake pads.

3.2.1 Silicon Carbide Powder

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

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 (3-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 Wim K
Size (-100+150)BS
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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/lcm®
Size (-60+100)BS mesh
Melting Temperature 1650(x75) °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/lcm®

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
Al,03/SiO, content 60-70/40-30% minimum
Density 2.63 g/lcm®

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

Coefficient of Linear Expansion 4*10° °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 (BaSO4) undergoes complete reduction by carbon of

graphite during sintering according to the following equation

BaSOs +C =BaS +4 COuuorroeoeeeeeeeeeeeee e, (3.1)

This reaction activates the sintering process of the iron base material making it
stronger.

The typical characteristics of the Barium Sulphate powder used in aircraft

brake pad friction material is shown in the table 3.8

Table 3.8: Characteristic of the Barium Sulphate powder used in aircraft brake

Characteristics Value

Thermal Conductivity 18.4 Wim K
Crystal Structure orthorhombic
BaSO, content 98.5% minimum
Density 450 g/cm®
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
CaSO0..

The typical characteristics of the Calcium Sulphate powder used in aircraft

brake pad friction material is shown in the table 3.9

Characteristics Value

CaS0O, 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 J/g/°C
Grade X-ray

Table 3.9: Characteristic of the Calcium Sulphate powder used in aircraft brake
3.3.3 Molybdenum di Sulphide

Molybdenum disulfide is the inorganic compound with the formula 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 Wm K
MoS,content 95% minimum
Density 5.06 g/cm®
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/lcm®

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 Particle

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 (u) of
the resulting material is not simply related to the p 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 (u) 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 brake

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.

24



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 WpL(Kgf)

2. Maximum Brake Application Speed on Design Landing Vigr (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/secz)

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

Peir (kgficm?)

Mhus(Kgf)

To(°C)

Trro(°C)

FTH(cm)

From the basic design specification data given in Table 4.1, a number of

performance characteristics of the brake such as kinetic energy per brake, brake

torque, stopping time, and stopping distance etc. could be derived which in turn

form the acceptance requirements of the brake friction material being developed.

From the basic data of table 4.1 and the derived brake performance

characteristics, a number of physical and mechanical properties of the candidate

friction material, such as coefficient of friction and wear, could be derived which

govern the development of the friction material, table 4.2 presents the derived

performance characteristics of an aircraft brake illustrating the relation between

the basic design specifications and the derived characteristics.
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Table 4.2 Derived Brake Performance Characteristics

Sl. Derived Characteristics Derived from Relationship
I1\l.0. Kinetic energy (Design Landing(, KEpy | Wor, Vier, N KE (pL)=1/2Wp, Vis*/gN
2. Kinetic energy (R.T.O.), KE (r1o) Wrgro, Vb, N KE(RTO)=1/2WRTOVD2/gN
3. Mean Stopping Time(Design Landing), Vig, di toy=- Ve / di
toy
4. Max, Stopping time allowed for RTO Vp, dr1o trT0) = -Vb /dRTO
emergency braking , trro)
5. Mean braking distance (Design Landing) | Vis:, di, toy) S(ou) =Viertoy + di tp/2
S
6. Max. braking distance allowed in RTO, Vb, drro, trTo) | S(rT0)=VotRTO)+dRTOtRTO) /2
SrT0)
7. Mean Dynamic Brake Torque (Design Wp, d, N,R T o) = WoL di R/ gN
Landing), T (ov)
8. Heat Sink Loading , Hw KE@.) , Mus Hwm = KE o)/ Mus
9. Heat Sink Area Loading, Ha KE o), a, b Ha=KE py/ab
10. Heat Sink Loading Rate
A) Mass Loading Rate , Hy Hwm , toy Hm =Hwm / toy
B) Area Loading Rate, Ha Ha, to) Ha =Ha/ tpy

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.

28




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  Coefficient of Tow, Per, D, | =410,/ RD? nbr 0.29
Friction, p n, b,r Pett
2. Mean Specific Heat of KE (pr), Mus, | Sm =KE (py/Mus TDL | 0.59 J/gm/deg.C
Friction Heat Pack, Su ToL
3. Maximum allowable Fru, L W+h = Fra/lnm 0.003 mm
Wear rate per braking
stop, WrH
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 COMPQOSITION

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
(JIM/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,4, CaSO4, 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. BaSO4 is very commonly
used in iron base friction materials. Additions are limited to 12% beyond which

mechanical properties of the friction material decline.

The resultant composition of the iron base friction material for a typical
high energy transport aircraft brake could be tentatively fixed as given in Table-
4.6.

Table 4.6 Typical composition of the iron base friction material

Sl.No. Ingredient Weight Percent
1. BaSO4 8 to 12%

2. Graphite 6 to 8%

3. Silicon carbide 710 10%
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4. High temp. Lubricant 1t02%

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

Ion base metalcermmic
fric tion materal (fric tion, wear
and antiseizure)

Sponge ion-copperlayer
(cushioning and themmal
gradient compensating layer)

Nic kel plating (adhesive

Aloy steelbacking frame (for
shearstrength 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 um), 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 ym).
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 ym 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.
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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 6.2 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

. Sand blasting

. Vapour Degrease

a
b
c. Masking
d. Alkaline Cleaning
e. Acid Pickle
f. Plating
g. Post plating treatment (De embrittlement treatment )

In order to get the defect free plating, the part is checked visually for
smoothness,porosity,nodules and blisters.

The typical lay out of a proces shop for plating of back plate/cup for aircraft brake

pads is shown in fig 6.3.
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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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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.

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.
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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((C18H3502)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

size and the specific gravity of the material largely determine the deposition

powder are health hazard to the working environment. The particle

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

\ 4
Elastic deformation

\ 4
Plastic Deformation

(Brittlm

Fragmentation Strain Hardening

(Ductile powder)

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.



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.
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Compaction Pressure

Fig 8.2 Variation of density vs compaction pressure

At the beginning of a compaction cycle, the powder mix has a density
approximately equal to the apparent density. As pressure applied the rearrangement of
the particle take place, by filling of large pores, giving a higher packing coordination.
Further increasing pressure provides better packing by localized deformation followed
by homogenous deformation and bulk compression, which leads to decreasing porosity

with the formation of new particle contacts.
8.2 Compaction of brake pad material:

Compaction operation of metallo ceramic brake pad material is done in hydraulic
presses. Compacting pressure varies from 15 to 35 tons/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, (9.1)
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.
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9.2.1.2. Second or intermediate stage:

In this stage the particles can no longer be distinguished, the pore channels in
the powder aggregate become cylindrical in shape and gradually get pinched off and
closed. These pores are situated at the intersection of three or four grain boundaries.

This is a stage of a very rapid densification.

9.2.1.3. Third or final stage:

The final stage begins when the pore phase gets eventually pinched off. The
pores shrink continuously and tend to be spherical in shape. The migration of grain
boundaries and grain growth take place. Majority of the pores are closed and isolated.
At this stage, a definite grain structure also develops. The density of the sintered body

reaches its maximum value at this stage.

9.3 Mixed Powder Sintering:

The mixed phase sintering phenomena relies on both physical and chemical
factors. The physical factors involve the green powder structure, particle size, particle
shape, Composition, homogeneity, and green density. Chemical interactions in mixed

powders usually dominate during heating.
Four types of sintered structure are possible from the mixed powder these are

1.  Homogenization when there is intersolubility between the mixed powders.

Ex: stainless steel.

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

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

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

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

4. Composites when both base powder and additives are insoluble. Ex: Fe-
Al203.
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9.4 Types of sintering process:
The fig 9.4 shows the map of key sintering process.

SINTERING PROCESS

Pressure less

Solid state Liquid 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
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B wom adwiten e S mmtef Raege duss, Brdi - seoo1r g M o

aprly e TR & b Sgn” dev b by Sy orp (WD 600-1) WeY S Sy

fir (ateterr om0 TEAY B00-2/ 1) et wlov dw dyw Bw (et oo 1/ T B
800.2/2) Py ap wymyn ¥ gvr sy § A pw SVRTE J07 & 282 90 & g BR

o L e Epcy ) (NI 03 ) ) 0 o e e

T @ Ay siRs M W # g9 el Ry Tw T gw, #ieer @ B

B o @ eaSste w0 W Taere el e e o sgew o (e Ty
# ) ox d¥ety O wer ¢ =gy bord momrw Wt el Revwyder W ::':
armETal = gel = g 8

This {8 1o cartify thof the "Broke Pads theoe fypes” Rotor Brake Pod =

FETIO2AATVERP a00-) ) Stater Brake pads Thin (KT192A-060 FBF D251} &
Srator Brake Pod Thick [KT1924-060-1/FBP 600-2/3)°, devsloped ond

mamufacrured by Ms Nindwwan Avoesuies Limited., F & F Duision, Certral :

Materials and Processes Loboratory, Vimanogura 20,  Bangalore 560 O1F,

iz heraby approved for production as per specification Ff PMES402-0 2837 80

Jor yne i AN-32 Afroragft B hoas been lesled, d8 per guissriiing srrecificotion Vo,
CRE (AF €1 HAL Fe/ 456724, (n co-ordination with RECMATFAF), Barigelare-1.7

fi s met the regurements of specfabion Tests, a5 detalled in e fpe 8

reserrd complionoe statemant enclnsed of Aprasnado-'AC
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. TePage 2 of 2
= o 79 T s o ® vt @ e s B o aeify Rreef BB
R gowits B & | wedafs o s W o i ane aee, Wit 9
i el [l siew 4 wiafafam v @ ored | >

e The Provisional Clearances accorded for this product are hereby :
= superneded consequent to issuance of this Type Approval. The Type Approvel B8
e number gquoted abowe must be reflected in all relevant drowings, contracts & 5

@ relpose notes.

B 2. TE T argEE ofw Tme @ Rm @ igeey W sEea, W '.:'.
by T g Teaen Pebaer owr of Prereft ov amnfia £

- This approuval (s contingent upon the quality control aspects
e of bulk production being cleared by DGAQA, Ministry of Defence, &
§ Gouwt. of India. 3

g8 3. ug @ SiEET A favimre e e dn & v gws miw F geen sdiev BB
b warT B | fEEe @ gm o arpetey oft et owma @ @ de w63
2 ved @ gl =dwm F fy smWueulee v ww), W A B
B TECTE(CE T Uw), e ey, drew - 17 @ s e gem | =

o This Type Approval is valid up to 31" Dec 20010 and will have =
g2 10 be renewed subsequently. The uvendor shall request 88
B RCMA[F&F), C/o M/s HAL (F&F}, Vimanapura P. O, Bangalore-17, for Bg
W8 zubsequent reneiral, three months before the expiry of Typea &
e Approval.
Q4. N g argime W el sem sl § weioe oen @ oo 6
= v ey Wil Twmmen Wi H owind ofirds w8 o dn B
aErgal s yarofrese deg (dffveme), dneie oft of et &0 et B

1 Prior agreement of Centre for Military Ainworthiness & g8
g Certification (CEMILAC), Bangalore, will have to be oblained 25
W if this approval is to be transferred to any other agency or (f 8
. chonges within the Thpe Record Complicnce Stalerrieril e
8 enclosed are effected. )

By HorEnel 2 ofRfmey” Wppendiy® A _,.':n'-"'ﬁ ',' ¢
b, v :':-;"'uh'; ._'- r

B TiNo. 3 TR CEMILACSTTE £ 1 TA T30 O EE K SHARMA)
N TmDue 1 Lo v a1 A

By AT Mo 08025230880, Chied Exeoutive [Arrworthinces
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10.2 AVRO BRAKE PAD

-

kfﬁ& ._- | @' = g RO
[ 5 - A

GOVERNMENT oF [NilA
CIVIL AVIATION DEPARTMENT

TYPE CERTIFICATE

No. 7-12/88-RD

This Certificate, fssued to
FOUNDRY AND FORGE DIVISION,

MIS HINDUSTAN AERONALTICS LTD, BANGALORE
Certifies that the

STATOR BRAKE PAD OF MAIN WHEEL OF HS-748 AIRCRAFT

the technical data and operating limitatlons for whick
are contained in Technical Certificate No.JC-1 BP
N odared . 16TH AUGUST, 1989
.lr n_.r proper de:.-{gn mm!emf specification, constrice
tlan and performance for safe operation and meets
the minitmum standards, rules and regulations pres-
eribed by the Director General of Civil Avlation.

Thiz Certificate is of indefinite mm:;‘nu
uniless cancelled, suspended or revoked~.

{c:wgi_,?
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10.3 BOEING BRAKE PAD

i

i'.f\ Fal @ (

ﬂ _beemy

Gieverpment of India

afe; General of Civil Ave. .
et iy,

TYPE APPROVAL
I, 7120008

. Thiz Approval, issued Lo

IMinadusion Aocronnutics I.:'td.,
 Emuan genlora Comnagelaze d

eertifies chat bche

BRAKE PAD FOR BOEING 737-200 AIRCRAFT
(PL NO. MF 357-202 & HF 357-246)

indicepougly doveloped and manufactured by
Pouncry & Forge Division of " Hindustan
Asrorautics Led. s of proper design,
material, specification, coastruction and
perfermance for safe oparation and heets
prescribed requirewents of FAR 25.735.

Tha Type Approval 1s subject to the terms
and condicions a8 stated din  letter
Ho: 7-12/90-BD dated 15.12.1997,

FH.S KHOLAI

?Hml danuary 20, 1248 % DIREETO GEMEREL OF SIVIL fvIATIDA-

b
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10.4 CHETAH/CHETAK BRAKE PAD

LGROVERNMENT OF TNDLA
HINISTRY OF DEFENCE
wan o wan frern WEA
DEFCHCE RED DRGANISATION

AT s
CEMTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
sraEe weeedl dyee anierm, Boste
LR TRAHALL | COLORNY P.O
BANSALORE - S0 37,

7l S{HiEs 9./ Type Approval No.1000

SEFor em : T8 FEFTM T2 #1550, 224, 2020.30279(Y 1-209524)
[Brake Lining Part No. 15513240.2020.2024
(AY-29524)
e ity Moy omm 8 fir #ud o F.UW Sieg T W WY, e W
o 1rps. #raledr @ fAoTEn oan anien  UHw mmEert T g asetd a4,
Z020 GOOT(TI-20524) T ® 1osdl spedt 20202027 FEg W frm 0 W

ey dwes Eamy dn diken dm F o s @ oW ey 8 My s T R

amn # ¢ ol wToel N TS Tea o), wifts EEm Tan, $RiTT T EEEd 6
=gy

sy soeaTnat 9o e
This is o cemiyy thal the “Bake Linlag® Part  Na,

155P.3040.2020. 202A(A 1. 29524) developed and marfacered by ALy HAL
Fourdry & Forge division, Fust Box No. 1781, Bangalera-17, as per drouing No.

|.II||||. T E  E
gt et Ll gt Ll I - T A ATy
T A A R Al K Rl Pt et

15 T
ol v
|l

.....
L AN
il

i

L
b

vl W T sssT/1aze-FrEenl &t 0 AR G001 A el
s st swwde  Sve Togd WA 213 e yo o sgw o B8
faren o #1 TE wNE & v wifd g e A fsf oo BG

155P 3340 2020 202A lsmue ©, doted 974784, s hemby apgroved for -

production for usa n the Cheak MHeticontar Main Landing Whesels, It has been BS
alification and acceprance Test schedule No-FTE g8

Tocted, OS5 per DOSTTIERG g

21 dr. N referred in Type Reoord
in es.ardination with RCMAFAF], DRDO. Vimangpura 1.0, Bongelore-

s e the reguirements of specifisation oS, ou dle ol
compliancs statement encionsd ot Appendie"A’

No.F# CL/ 8537/ 1429 dated 05/ 1172001,
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gir 7. /TA No.1000
§i/'Page 2 of 2

2 wavfarEs @ agHe den w i e sneee St o Ret

The Type Approval number quoted above must be reflected

82 in all relevant drawsings, contracis & release noles.

3. "e W wuee, o 9ned & e fLufl ey W AEeE W
: mmmﬁmwaﬂﬁm#ﬂwmﬂhtt

FT Y A Y T
A L L L b B L

Tt Rl

i

This approval is contingent upon the gquality control
aspects of bulk production being cleared by DGAQA, Mimistry of g
Deferce, Gout af Freadicr.
i 4. @E W aepies 31 97 2008 oF M8 @ ofw Tl WO 3. ywe
afitem AT B | ke o s oW srpew oft sl w8 &
S 1 TEE uEs B agod] e for smeediga.u(ee geegw) @
s W B |
This Type Approval is valid up to 30 June 2008 and wAill
83 have to be renewed subseguently. The wendor shall requesi
83 ROMA(FA&F) for subsequent renewal, three months before the
3 expiny of Tupe Approval
% 5. amﬁmﬁﬁﬂmmmﬁwﬂawmﬂm %
, =rET Y A wrd oftads wen g @ G Semde ST SEimRe S AL
(Frir=mn), S W gn weEta T Ee

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

o L e
....{u‘.,- :_r:_.:lh‘-":f}

T,
"
o

o
>y
T
=
=)

] :!1 "'El ,::.,:r.

¥ o
Sy,

CEFLER

wEE Ene) 3 SR Apnpeidict A

LR RO
[

Teln, i Tﬁmﬁ-'ﬂ'ﬁ@hﬁcﬂﬂﬂ: 1. W TA- 1000 S L0 "'_';'Jm '.'-r LL :
o Date 2o Tk 2002 '{l.i\‘_ﬁ‘i_'arq’[_.f_l WSHARMA) '-':;
, W WFax No: 0B0-3230856 T ETHTE — o
CRicf Exvettive [Airwerthiness) g
P A AR A S R R 2
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10.5 DORNIER AIRCRAFT ;

Valud wpd 31.12-3

GOVERNMENT OF BNTIA
MINISTRY (F DEFENCE
CENTRE mlﬁﬂ'ﬁ P NS 4
CARY AIRWORTHINESS & CERTIFICATY
MARATHAMAL | COLONY PO, "
SANGALORF - 580 037,

Zipe Approval No: 845
FUR ITEM : Ed-—*ﬂ! "BRAFE DTSct

Ft. Wo: HF 500 2062

ﬂ&uﬁwﬂjﬁmwﬁdﬁgﬂm: "Brake Disc® F00r063
N KiF
mmmﬁhwu h_;.l-lwirﬂd.ﬂ. Fourdry & Forge division, Burgrore 17
o Govarning fest schedule No.RTO (M) REF/ 34 dt 15E1C0E,
.'anm“ p icwja:ﬂﬂmwmwmﬂa it 161288, ool Fhighs
ety “RE Jmmmm.mnwmmm
Mﬁ?‘.ﬁmﬁ:ﬁxmr-mmnlm Fegire e
EpecifEation Mfesi= ao deraded in wmmmﬂzwﬂ‘ o
whe tn Dorir Areeaft in e of imported BF 3007067 a
2 e Atprovel mumber quated ghove reflciond |
Mm%nmﬁum it b in of reldpgnr

4 Mmdﬁmﬁw:wwﬁuﬂqmwm
mmmwmmwﬂm Giowt. of Indin -

4 This Tipe Apwwal i e periog
3157 December MIMleﬁﬁbfmdmfwr:uEﬂqm i

& P!rﬁm- agesmenl  of Cemirg  flr Melftgry airrhmen:
Emhmﬂ:ﬁ-ﬂ&mmm?mmhahw;;;wmﬂﬂz
L iy r i ;

@'ﬁﬂdi 2 athor sgemey or o changes uaitline the Type Kesors encosed

HL ]
W &

shE e o

R e o - 1" ;

T iy Al km“-‘“"""“‘e‘f
o AT R NATARAY
Fax No @ 0802750856 m‘r;ummﬂum
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10.6 DC 8 BRAKEPAD

U Msaartanin Do)

CERTFILAT U AGREMENT 0FUR CENTEF [ CORCERTION T 1§ PHOBUCTION
MERMGN AMD PECIT O A PPROVAL CTATWA T
g ¥ Tt 1 T T LT Y

mlwtﬂﬂrﬂﬂl“”mﬁ“nm
et TiEpmin A8 demiSom ethalen e nedgebBd des advanely sl apee

Wapusiatigay Desssot-wtipun s Congu. Tlimres ap © Eeidae Colls S 1 035t BO=aragus
#u Cotg p amieree gt e et Derts cas gae,

e T I R TS T P e e
ST AR TR A, e JLDLOM, ety ErRATARN  TersEs
PRI A ol et Ty o Dvvesity R o Cunges, 69 Eetinii oy Filsiifinn
Cowin g | B prbeipet Eelroacrituns ok Corge v orin 000 Sl

HIRDUSTAN AFRNORALTICY i
FOUNDEY &ND HIRGE DrvrionN
Poel &g N* 1191
Bargatons - JEI01T

i e e e 0T Hh““hhplmmuj“m
oL@ libdiger e glgurtte e e 6 bl S DO S8 GiaE i e awlena 070 D
T AR grolste saulin el pows e oo e PRRAT Sneg s TAELD AMRADTERST
Buug g Pasgd Miigeert § bobsorreshoury

s g T S 8 Sl G SOV rpanTep A ekt B e o
taFy s ' Cniysie ety Brodemnn | @ nasdain oF BTERIN L A SERROE OV daF A 0K
BTN TS i el b i s ely e Enhif o' Comgsiesr LAND WL AMRASTTY
Jemad n e LSt o eloeewndurg

[T ar—y 08 Duieken 1009 ot IR (07 TX8
e el st e O bt (8" 5300 [
[
[Py TS B Ectatey JE5E ! mpsanrs
[ —— D g ol 13 . 3

N e B TR

. e
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10.7 HPT-32 AIRCRAFT

GOVERKBMENT OF INDIA
MINISTRY OF DEFENCE
firmre wime=

=1 FEFTEIT SN
mwnmwm;mw
e Wi s s, e
MARATHAHALLI COLONY 2.0.
BANGALORE - 660 037.
=t arepiver #.1348 /Type Approval No.1348
w/pon Trem: (ol &30 St shifs b e
:wummhhp-n“hﬂrr-n
B o Roa e b T A R g 0 Y9 L ftan ot 8
B2 jrw aeat foomge 1 oh e - se0 o1y o afRe R afv s
: iy i e dgw wm =t A gone staved o 0N B0
m&nmﬂﬂpwﬁﬂﬁhﬂmwﬂHquﬂm}m
mﬂqmug.aimmﬁmw#%q:wﬂhﬁmwi-iﬁnﬂmq
B o s o # wees § bt W 1) @ veois v 0 2 ST B
a8 £3000NIEO0N $9Y ° o et vl alte eSSt as fwfreRdvINTT 01 SR
iy & Wi 3 -sypaiften vy o 1 g S dw @ oo, T 08 70N 02, RR 02 ot
sty fra a7 WD o5 affee'y & o *mited s detet o S ;o 3
&Y vt sl g 3w g0 4 :
> This i to centfy that the “Modified Orpanie Brake pads™, boaring the Pari
B Nor HAL BSETY-1 & HAL B8NS respoctively designed, devsloped and 3

B mamifactured by M RAL FAF Divicas, Conprul Material & Procestes [abaritory, B2

8 Viruongpung: PO Bawgedore. 580017, is herehy approved for production 23 per 53
8 oy Now FDRS02 lssie ‘C* dt.24/07/2002, for uae on mitin usheol brake 2%
8 of HPT32 airoaft. These tiems hove been testerd s per fost schedile Mo i), TS- &8
B 006 e B i TTS/AN 52200/ PADY 001 lesur ‘A" & evabuated an ot as §3
py e HET T ARAKESYS/ (] fesue-1, T ovvarcinadion with REMA (FAFL The &
B deveiogmant batch PM 02 AU 63, AM 02 AU 858 PM 02 OT G0 have mat the &3
_j' regitiremants of the wﬂ'mﬁ:#wﬂ#u:ddnﬂd in the type record sompiiance
B statemumi enclosad at Appendix ‘A" s
3 yeiPage 01 of 02 K3
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T Al et el el Al el el e

]Iu’hpnﬂﬂ

B 2 e i e A o e b o 1aah 0 29 6 o RS0 W 6 g8
oy alzifun be tga wé o vevamserd alY TTTE/RRETS @ ThareSatoein Tw
BN i 1050 o s ol @ Sy © s B S TR f e B e g e

5 Conmsemoent -faue of (his Tiipe Anpeoeai¥e [348) to the modifed Ovpanic Brake
5 ,Fuh,,Ih%ﬂwﬂhﬂ?h&ﬂtﬂaﬂﬂfﬂ-ﬂ?ﬂﬂﬁfﬁfﬂﬂ#&ﬂﬂm
&8 issued fo Organic brake pods part Mo HAL/ 82874 & HAL/ 88875 for HPT-X] miromtis EX
A sioded to be unthartmy Cmnoelled with immedinte effed &
B 2 e or ot wrie Th  wee e a 000 el Pl il B0 g
5 b ot ol gt v of Wi o e W o A dem 4 G BT G
R T il :
Similarly the Provistanal Cleurances acterded for this modified product are heroby 83
e mupereedod eonsequint to issuance of this Tipe Appreal The Thoe Agpromi number £
R queteed above must be reflected m oll vt dmndngs, satets & eieass poles =
g8 4 o o wpien a0 o 2ona o e by ged e 8 g ol wee A e e &R
Y T8 T T 0 e E Sl e gt sl o o P ke W g
3y e w8 v W e 2 T el fee v g, B o W v e 88
gy T A - 580 017 & aE e g | 5
: This Type Approod & wolid wp 1o 30 Juwe M) and il Aave 1o be nenewad B8
& suhsequenmtly The sendor shall reguest  BCMA (FAF), Cfo HAL F&F Division, 5
&% Bangoiere S60017 for subsequens menesecl three manthe before the iy of Type S8
o Approen! with alf refovant documents inchufing perfarmonse fedback
B8 & e g o o) Tl s o & aeiee we @ W e e Yook 3 ol 8
N ofem by o P o ofiety e @ b d oeedeea of e S (MR,
Iy ol w0 Y ) :
v Priar comeurrenre of Centre for Wililary Aimevrthiness & Cortifemtion, (CEMILAD), @3
by Bangukwe, will howe to Be obtaimed i thia appraeal {o 0 be tronsfred to any other @
5 ogency or changes i any fo Domgnatroted Process & & deciered perfermance
%8 indicated within the Type Revord ensicsed Atk ane efected.
B 4 T TR ST TE I @ AT W A O e o pee
B (i o o Pt (f v 1 gty o st o ooom) grpon o8 S WA ) s

S niswﬁmmmlmmhmmﬂm
ey uROORI [asue 01 respectively as the qualty sontrol aapects of bulk producrios being B8
A clewred by DEAQA, Mindsary of Defence, Ciour. %

Heied 1 TR AppendinA” b, m
No: SRSy £ 1 o )

N i : )] Au 28 W o 8
TF b e OG- 25200656 :
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10.8 HPT-32 LOCATING PAD

GOVERMMENT OF INDILA
MINISTRY OF DEFENCE
DEFENCE R&D CRGANISATION

CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
MARATHAHALLI COLONY PO
BANCALORE - 860 02T

Iype Approval No:864
FOR ITEM : "LOCATING PADT Pt. No: HAL-ZEEZT.

This @ & oorflfy thor the Locstieg Pad Pt No: HAL - 25637
dessipped & Wanufacueed iy MY Hindwstas Aeramauries Linited. Foundry
& Forpe divsion, Sangalors-560 017, is hareby gpproved for produstion
g5 par droguing No FD-2956/5 issie-A di 18 1,94 for uss in HPT 22
Afrrrat, t has Desn tested o Test schedule NoF/ CLA8S37/ 835, o517
@1-160:8, in co-ondination with RO [Luckeewh, CEMIAC, Lucknow -
226 016, R mawts the requeiremenss o specfication /lesis, os detalled in
Tupr reord enchased of Hppemlx =47

4 The Type Apovval number quoted gbove mual e sgfertad on il
maieven? draudrigs, confracts J relanse Aofes.

5: ] Thin aporoval is contingent upon the quality cenmul copects of
bulk prodiction being cleared By DGAQA, Mirdamy of Defence, o
nf.indl'u_

o, This Type Approved iz veld wupio 3™ Dee 1602 and wiil have
i b remEteed subaeguenily,

=1 Pricr agresment of Comirs jfor MWilSory Afruerthiness 5
Cartification (CEMHAQ Sangolore, will howe o be obicined {f this
wmihmhﬂmjhﬂudmwaﬁurmrfﬁmuﬂhn
the Type Revord enclosed cre «ffected.

TN
Encl 1 Appendix “A" W—*"
b CEMIT A5 T T A0 R SHEARMA)
Dae & Ny (i i L‘!d.gﬂ.-‘,mdrr PR Pt PR Rt

Fox S ¢ 08-5ZHE5G
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10.9 ISLANDER AIRCRAFT

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

TAFE APFROVAL NO ; 47

FOR ITEM t “BRAKE PADS OF ISLANDER AIRCRAFT™
Pi. No: HF ISB (06-06200 & HF 1SB (06-06500

This isto cenify that the Indipenous “Brake Puds” of Islander Adreraft Pt No: HF 1SB 006-
(G200 & HF 1SE 006-06500 designed & developed by Mis HAL Foundry & Forge division,
Bangalore-17, has been tested i Governing test schedule Mo FPMS/FRP1I0 Iesne 1, del1-12-
196, and Test Schedule for Adronift Trials. FPME/FBP 1IIVAT lssue | di 02-068- 1997 in co-ordi-
nation with RCMA (Foundry & Farge), CEMILAC, Bangalore - 580 017. It meets the require-
ments of specification Mesis, &s detailed in fvpe recond enclosed s Appendin *A”™ {or use in the
main wheel brakes of Islander Alroraft,

L The Type Approval number quoted sbove must be reflected m ull relevant demwings, con-
irncis & release noies.

1 Thisapproval is contingent upon the quality comtrol aspects of bulk production being cheared
by DOAQA, Mindsary of Defence, Govi. of India.

4 This Type Approval is valid for a period of three years Le., upto 317 December 2001
and will have to be renewed subsequently,

5.  Prior agreement of Centre for Military Alrerorthiness & Cemification (CEMILAC) Banga-
lowe, will have 10 be obiained if this approval is 1o be wansferred 10 any olher agency or i changes
within the Type Record enclosed are ¢ffected.

& Any changes 1o manufacturing process will render the approval oull & vold,

. \ e

W | CEMILAC/SOTWTA-847 (K NATARAD
Date @ 3th Nov [D98 Chief Exceutive (Amrworthiness)
Fax Mo ¢ RO-S52U0RSS Pl Mo (02005 230680
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10.10 JAGUAR INSULATOR PAD

GOVERNMENT OF INDIA
MINISTRY OF DEFENCE
TET e firerE s
DEFENCE RE&ED ORGANISATION
HHT ISaagaar ity gAamheeer &=
CENTRE FOR MILITARY AIRWORTHINESS & CERTIFICATION
wrveese wrEreh dree anfew, dere
MARATHAHALLI COLONY P.O.
BANGALORE - 580 037,

arl asgerea w943 @ e | Renewal of Type Approval No.Bd43

By “yeeter & oif ®.ow ¢ 0F s45387
SINSUEATOR FAD™ PART Mo, HAL &45387

1_ uu&ﬁmﬁmmtﬁswﬂw,mnmatmﬁmm

mmmﬁramm, TA-s80017 wA femEw mwn awrf B
2% "TEeT O U H.OW YW U 84538 o T% wAMAT/S070/TE-g0/ 643 Rt 31 B
98 et 2002 @ o e @ gas ond M e ofiv =8 31 et zoos aw da b

s This is o state that te *Taalaer Pod® Port No.84538 developed and B3
manufaciured by M4 Hindustan Aeromawslcs Limited, Foundry & Forge Drinsian,
R Bangalore 560017, has been issued with Type Approval No. 943 vide letter
e No.CEMILACY 5070/ F-80y TA-843 dated 37 Jan 2002 and is valid up to 31 SN
R Dec 2004
88 2. ae wlE e & fs g o anpie o feen fen omn @ o e S
31 feraw 2000 7 & | e, veooe (T TeR o), dE @ 5 T e St "_
mﬁmmﬁmmﬁm&mﬁmﬂﬂmﬁﬂwmﬂwwm
S8 e, ST 226016, € S T E £
Thiz iz to certifly that the Type Approval s hereby renewed and iz wolid X
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s/ Page 02 of 02 2%
N Ty WTA No. 943 g8
ﬂﬁﬁ?ﬂmmm#mrmﬂmwwm
B8 1 ol syt il e e geverbecr B avan | "

Changes in the approved marafacturing process/ or
= acdverse feedback on the performance, if any, the validity of the Type iquwmi :
wotld be revieued. w} s
: a1 AB g\
38 “/No. & NGE AL ELL TR MU (o2 1 K SHARMA)

B8 ieDate 1 8 %2 A\ 2008 H) LA geeRy

BN ] Tifu b 080-25230856 Chiel Executive (Arwarthiness]

B8 #n & To

L | Ty General Manager,
el qEgyH, e, Ms HAL Lucimow
Eitiicalee il Barabanki Division,
AW - F8 e Lucknow 226 D16
1 | gty g The Regional Director,
TR W TS, WO Cro Mis HAL Lucknow

| W Darabanki Division,
Y - e OYE Liscknow 226016 =
o mEElE o] wee) Chiel Resident luspector (Luckeow),
HEE TOUTH, AETE Cin M HAL Lockeow
ST T Barabanki Division,
S - 326 016 Lockaow 235 D1 é
WET P, Director General,
Al e w e DGAQA, Mimisry of Defence,

e e DTTaE P {ATRY, H Block
‘I. RV T Miew Dl =1 108k |
3§ Tt - 190091
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10.11 JAGUAR BRAKE PAD

WE R, TR W
GOWVERMMENT OF INDis

MINISTRY OF DEFENCE
TE T T s e

DEFENCE R&D ORCAMNISATHON
AT SEAATOAT 3T IHIel=hYoT @i
CENTHRE FOR MILITARY AIRWORTHINESS L CERTIFICATION

WIS AT Ui anfew, S
MARATHAHALLI COLONY P.O
BANGALORE - 560 03T,

a7f M=HES ¥.1341/Type Approval No.1341
TEFor tem = B B Brake Pacd

wE Wiy Svm onen @ e oderd vovew, v ovvw oy wwmy, dveie - 560017
o femim afe Senitm Swfwt oW 151801000143 (T9E - S55597) a) s
fime & gom e o i o sourer f sfrvErsy wiee oeaidt- 700, ¥ - oo fbdw 20

EX ¥ goor o appEn wwee W fg e e oomr & 0 g S wh
8 P ve ) e el Tre wred pe Ee @ s @ e
fafdny dew dages W L51800000-154 GV - o2 Feiw 13 we 1993 ® suwR
R Tld e v ® | g e gftfinetet f gtere witteed segdw wRedem q
famfm fafadm ohern ) wrasrss) o o s gm E

This és to certtfy that the “Brake Pad® Part No. 151801000-113 (HF-

Lt gl

R A e W o o WA
LA LR LB R LS L

8585%9/1) developed and manufoctured by M5 HAL, Foundry & Faorpe

: Divivien, Bangalove - 560 017, s herwby approved for production as per Drg

Mosz: FEP-TQQ Issue-03 dt 23/05/200], for use in Maoin Wheel brake of
Juguar Atrerafi. The preduct has been tested as  per Technical B

Specification/ Test Schedule No. 15 1800000-154 lssue -02 dr. 137077 1993,

duly coordinated by RCMA (F&F), Mfs HAL F&F Division, Bangalors. The 5

pw product has met the requirements of specification/ wesis, as detailed in the

record  complionce  statement  enclosed ot Appendie'A"
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y%/Page 02 0
#m WTA No. 1341

2 g ol agteT o ol @9 @ wEewe ST o) gow sty el v B g8
wreT & | oueRTET o At el on gete wW e avver, ofter mar R K
stew & 3 @ oy |

The Promisional Clearances accorded for this produc! are hereby
suparceded consequent to issuance of this Type Approval. The Type
Approval number quotad above must be reflected in all relevant drawings,
eniifracts & release nobes.

3. %% 9 sgEE ahw gt @ Ay AP O TRl o AR & s
ste Bdlpegy W FIEE WRE TORT FY AW o Gdaw & oegal w
e & |

This approval is contingent upon (o demonstrated process and the
quality control aspects of bulk production being cleared by DGAQA,
Ministry of Defence, Gout. of ndia.

4. oE ol sepEEn Paifes @ T 6 T 30 o 2018 w du @ o gs am A
wwe @ oaen @ | e o gw ol s @ s e Enr & @
e mEd & sl @ R P sl o ol oW g ol s
el & e v e o ofTw vee vw - TS 3 TR), FY UEU0E 0 OO 0 B
THT dEN - 580 017 W IYYE W B

R R e e ey R o i e i s

This val is valid up to 3™ Juse 2013 unless otherwise
ﬁuapmdﬁﬂmm:u:d or r&nﬂ&ﬁg and udll hove to be renewed
subsequently. The vendor shall request RCMA (F&F - FOL), Cro HAL F&F K3
Division, Bangalore 560017 for subsequent renewal, three months befare
the expiry of Type Approval with all relevont documents including
performance feedback.

5 wmﬁmﬁ:ﬂﬁﬁﬁﬁm&mﬂmm#wmwﬂ
oré & 50 o @ avrew e & o oRady wen g & S SeTOew
sftv i e (W), e @ o wwe o a

Priar concurrence of Centre for Military Ainworthiness & Cerfiftcation,
(CEMILAC), Bangalore, will have fo be obtained if this approval is to be
transferred to any other agency or changes if any Demonstrated
Process/ daciared performance indicated within the Type Record enclosed

harewith are gffected. l“\ h
v TANMILNLAS ll'.

derr el @ WA T Appendin’ A’
4 i e ()
z_a‘;ml.ﬁhmwtmmmnrﬁq ey g & fem'/Oentg St S B8
T Thate & &7 T"']W 003 sy e ) 3
o T Nor OBL-25230856 Chief Exccutive [Airworthinsss|

,..--...;.u.-u.ulu..l.uul-ll- FLF1 o
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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 AERDNAUTICS LTD.,
PONCLITRE, BANGALORE-IT

FOR : INORGANIC BRAKE PADS
(PART NO. HF-890282 FOR KTRAN MK I}

CO-ORDINATED BY . RCMAIAIRCRAFT)

This i to certify that the sbove mentioned fiens designed and developed by M/s Hindustan
Agronautics Limited, Foundry and Forge Division, Bangalore-560 017 have been tested according
1o th type wst schedule F/PAS/102- 146589 dt. 23.04 87 and F/PMS/102-1/566/87 de. 21.11 87
eutlined by the Directorate and referred in the 1ype record and have been found suitabie for airerafl
use subject 1o Tmitatlons detailed in the type record placed at Appendix’ A

2. Theapproval Senal No.quoted above mist be reflected in sll relevant drawings, Contracts and
releass notes

3. This approval ls contingent upon the guality control aspects of bulk production being cleared
by DTD&EP{ Arr), Ministcy of Defience, New Delhi

4. Prior agreement of Directorate of Acronautics will bave to be obtained if ihis approval kst be
transforred to any other ngency of if changes within the Type Record are effected

3 Any changes to manufscturing process will render the approval null and void.

Encl © Appendix'A'
Nao, Ao/ RD-13271063/717 % NIVASA)
Date = 20 Aug 1953 Diractor of Aercosutics(R&D)
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10.13 KMI INSULATOR BRAKE PAD

e, YRS, 0T S
GUNERMMENT OF IkA
WINSTEY O DEFEHCE

L] ﬂ-.ri:m s e sEn
DEFERCE RAD CREANISATION

L e
cRNTRE FOR MAIA AVRPETERE 8 CEmTmcanoN

MARATHAHALLI COLORY F O
BANGALORE - SE0 017

v A T /Type Approval No.OH3

WeTar hew ; §FREY G w ¥.0R.Y yE-a1140
tnsntatnr Pud Parl So, IAL-A314%

by mmﬁnhmlmﬂumm-ﬂ!'lﬂmﬁlm
R apar deaterr g fledhe man mefte “ggeer 0 f Wree e’ 8
B oy o ewa-aurs se rog e Bt Swvies o ayan fovey waL el wopenr 0 o
o ﬂnwdmmfﬂhﬂidmmmwﬂmﬂnrﬂlm e
B i £ o o o fy sl i oy £ 0 9l el ve gt e T
B wibel Mgy tha, Aaesr o ey # tae wapEtter fifaln Sewdiea
B8 msazise-mgenan.l o5 11 s vioumor o e Gl v v ouw X8
S ot ‘vt 8w CwiRml s Bok 4 frafen Rmewodiam sl K
e srmeusaiell w7 TR om0 R |
i This is 1o certifiy that the “inewisier Pad P M HALBI0 developee] 23
5 mmmmumlhiﬂ-.mﬂ:m.inr.
A farguilore 17, an per dmmsng Mo FD-3975/58 haue N, doted 38/ ™, is B
= mwmmﬁrnmmﬂulhw:{m
, mmmmquumnmwgnmm
8 et § fs been fesfed, as per paseming Teal schedule £ Specfinatam
B 1o, F/C1RAHT/ 038 Anvicmire LAL ditesd 7/01/ 2002, tn eo-uredination udth G
R ROMAIFAF), DRDO, Vimanopurs PO, Fongmlore-i7 B lwa ewl the N
e repeirereemis of  aperificntion/lesis, o detaifed 1 the Tipe  eeEel S
B3 | pticner sttt enciossd af Appendis AL s

perpage 1 6/ 2 55
A ._- gt felel Py plily |':

3 SRR

e i gy
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z  ondaies o spires dem el dua eves e e e
g e 4w e o e ;
Y The Type Approval mumbear guofed above  oast  be B
g reflevtesd i all relepanl drowcings, contmets & release mtes.
5 3wl aydeer s Swme & ey B o egn W T ST 2
: W B e e oW o el e ammte E ;
: This approral s confingent  upon the guality control
A aspects of bulk production being clemred by DOACA, Ministry of §8
i Dufenoe, Gout, of India,
R 4 p o) onpie 31 ﬁﬁi?mruﬁhtaﬁrm“im -‘}._'

NY i g ;
2 Thia Type Approval is valid up to JI8 Dec 2007 and unill g8
gy have to be renewed subseguently.  The vendor sholl recuest §8
38 RCMAFAF] for mibsexpuend revansal, three months before the 5
wa ey of Vagpree Apsprrenval

02 5. 4w gn aTTe @ Bl oo aforer 4 smeteer e @ mr g
i ciqy vk A wrd oivEda aww @ ) d genioan @y e S 0
S (), e gf weel a0 A
Prior agresment of Contre for Military Atrorthiness & §
83 Certificntion  (CEMILAC)L Bangalore, will have to te B8
n abtained 1§ this approval is o be transfisved to any other B8
b agency or [ changes within the Type Record are sffected, %

PN owvEad TR appendi A

g3 e : b R - W v ;‘,":.:-"

8 FEDete * LY IZEWRC 200 iR 5'_-*!'11'I.In.-|1=.p:'.11.

T e 0405200850 W ey el i §
Chied Exrruichor iAW inthiness)
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A% 017 B frwfem @ wwniea Prefafim vad mn g SEErETs St @ w
88 oy dNaes00odd #) wi dmitw dwwt ) o owemRAaaorodn §

A :..-: AL
¥ o~

),

I B B N B

e

%

L g I-Z.. . o .-‘...::_.-‘..Z:' L e il
F b el - L

:- sttt fmm o £ | 59 sl gEe(ew gee ow) wa, dase & wem @ §
ol s i fege dowsydvwe/eeddtece g o RBelw 31/12/1006 @

10.14 MIG27 AIRCRAFT

._ ."l ll‘f.‘l"r r'l'I:"Ju L "‘H_‘

-"'E']lh.,
'|-lI -- £
h

ﬁ_‘\‘d"
"J—" &
”"E;_E;#“
HIiT TRy, a0 Wity

GOVERNMENT OF INDIA
MINISTHY OF DEFENCE
TH1 S W ST WS
DEFENCE RAD ORGAMISATION

. B
L5

=T m 31T wamiise a=

CENTRE FOR MILI I'l" A.I 3? QGE:HTFIGATIDN
T TG, T

MAHATH.&.H ALLI COLONY P.O
BANGALORE - 560 0a7.

@ srAiaA ¥./Type Approval No.1208

W/For lem : “WR 7% & W CFH" Rrake Pads -Four Types

R R R R Kot Bt g

i
"

L | Y LA
e

'!I.' . B ‘I R Bl

o g

A

S,

3

.,

L

o ::

w waiftre faen wnn @ By Wl voers, 0w vow oo o, #meE - seo g

8 i) pays-adl-ea- 0l ol i) vaen ddf e Wl off Prer ogom & g
| TG wogr B oofife Tt A wein oy em wem & seEn Sded & e

LLEL L FL A
.'-"'.' __._i P .|- 2

| oan gdiE e ome f ) aw wemd Ry ﬁ#ﬂﬂﬂﬁv‘ﬁmﬁmﬁ

wehe # faafa ffvdy ol w6l st & pl svge

This iz to certify that the following products namely: a) &8
R “Motailoceramic Sectors® Part No: HF KT' 163-09%0CE, bj. “Br-Metallic §8

Sectors * §. Part Nos. HF-KT-163-070CB, ii). HF-KT-163-110CB & ilj). HF- &8

KT-163-120CE developed and Manufoctured by Ma. HAL Foundry & S
8" Forge Division, Bangalore - 560 017, is heraby approved for production as .'.-.i

per Drg Nos: Indicated at Appendix-"A®, for use in Matn Wheel of MiGG J‘-ﬁﬁ-??

Aircraft. It has been testad s per governing Test Schedule No.

8 F/PMS/FBP-800 Issue -1 dr.31/12/1996, duly coordinated by RCMA By

! (FAF) Divigion, Haugni‘w The product haos met the requirements nj"

apaugﬁml‘:mt.fmm. as detafled in the type record compliance statement _+

enclosed at Appendix-'A', g
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o ase O3 ol (2

¥ T SRS W A T W Aeen dure Wt wee s Prasdt
oweis gl & | wwiEfan o arpime dem w ol e anas, i
wan fYeire Siew & wiofifes feo o il |

The Prowsional Clearances pcoorded for this product are 59
hereby superceded consequent to issuance of this Type Approval,
The Type Approval number guoled above must be reflected in all
relevant drawings, contracts & release notes.

3 U @ wpien. O dmed @ fae oy W dEmm wm
TR e Teren fermer wat o Prmwit gv smarfdg €

This approval is contingent upon the quality control aspects ]
of bulk production being cleared by DGAQA, Ministry of Defenca, |
ot of mdia.

4. uE 5% wpiEn 31 R 2010 o 4w & 1l o 5w of e
W AWl W WM w A wd ueet @ sl adeen @ fam
TR LR Q(EE YUR ) W M S g |

This Tupe Approval is valid upto 31" Dec 2010, The vendor
shall reguest RCMA(F&F) for subsegquent renewnal, three months
before the expiry of Ture Approval

5 AR T g W ARl arm s & weeeew wen O W dee
ergy wepr 4w uRadw @ & o 89 Seihe i it e
(Rfrerms), Sereire ot o weata ot B0

Prior agreement aof Centre for Military Atrorthiness &
Certification (CEMILAC), Bangalore, will have to be obiain his
approval is to be transferred 0 any other agency or if
within the Type Record enclosed are effected.

wEmEnel ¢ witE T Appendiva’ (T, 76 ¥ LK SHARMA)
T AT G P )¢

7iNa.s FHETEERILAL/SONE: 3/ Th 1208
5 oy Chiel Executive (Arworthiness) B9

EeDee 10 A, 2008
Fow Bin Wo: 0BH-25T31 0124
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10.15 MIG21 BIMETALLIC SECTOR

-."FI:-’“"!-
I.h‘:‘illi.
BOVER: r'.i-“'liﬁ OF (MDA

MIMSTRY OF DEFENCE
Tl arwET R e e

CEFENGE RALN ORCGANISATION

A= FEFEIE ity wamieyn o
CENTRE FOR MILITARY AIRWORTHINESS & CERTIEICATION
gt wll e wite. deem
MARETHAHALL | COLONY P D
R MEALOHE - B20 037

a1 sewEs W, (Type Approval No. 1216
HE/PYOR ITEM: “Fr-n ¢ by ohe dly 4% s @ T o

Hrake Pams Tur Saln Wheel sod Sods = hpek of Mil-31 %
5 nwﬁmr&rmmulimhﬁiﬂ-&m,mmm
B T SEW TETUR, T UYE ow W, dnE - 880 017 ETm GEniEm i 9

by umet W g Em oefrwewt Tl sfisepaun d@ee. par, Tosaas- B
g 01 M fara myme @ @RS # e N, #0088
g VI ER02-22 W arterr W UHETIE G800, TerEe ddlap-gars
B werrow dlipg-ar gngere Sl vEUELE Sfi0es. it 280 B
g 12 sea1-0n @ wgen Mg agEer & A e sl s ofte 4 e bg B
8 oomifiy Mer omm 81§ ol o ol & weTn & oo e e :
8 TaE W el 000 W ey wlifen Bem oam § | op ool B
SRRy A sters Swlilenl awae stofc A Moo fafdn vhen B
il srmreelt o ol o A B -

This in i eertify that e “Besks pads, bearing the Part Nos KTSS-
GIAE KTEd9-B4M K1S08500 o Min whkeel (KF928 KT-920) and Moyl
Now. KTIC2-51KTI02-52 & KT10202 for Note WheellET-102] for MG-21
i ol ety deveioped by DMRL, Hydembod & marufactured by @

MIEFiFMW?.uMMmmwﬂfpm ;
X i pure drounrig Mo FET MTEG.G] M FSY KTRO- WAL PAF ETE3.53, F5F B
KTI02:81, FAF KTI03-52 & FaF KTI02-32 Jor use om Mo Wheel omd B
B Nome Whee! of M2 [oirorajl. These dems have been estad os por FaF B
g iesl scheclule Noo TS/ VDY #0705 in eo-ardination isith BOMA penll). The B
g provucts hape mef the requirruents of the specfication teety a8 deaied
i the fyne record complianos statement snnlosed af Appendiy A" .
e Page 01 ol B2 B
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e/ Prge 02 of 02
B WTA Ne. 1386 .

i 2§ o e o o e o e e O Fet w e ot ¢
g | EE o g dew o w o ae Sy s St dew £
B W3 Ry a we |

i The provisional deamnees wsued to the pvoduct are superceded &
- mmwm#uﬁ-pw.mrmw

3 mumber quotind abome musl be rflecied in ol relevand draudige, etmets -
A s naies !

o = FE g g & BT A e W v o ey B
g T A of Pl v f or o Tl b o v i o 8
g A e wm 3

. Mﬂﬂmuﬂhmmmhmmmgnﬂ
N produciion being cleared by DEAQA, Ministry of Deferve, Gout. of Indin,
i carul faruszriing the test reparts af il baiches produced. ;
& an ol g 00 O o T i ot g ad g i e s
#Erﬂmﬁwﬁmﬂsﬂmwtﬁnﬂimtm
R e @ Gy amdour (v v ) F oo o oo v qw) e @
o T hR Ty - a0 o7 0 el e A | J

. This Thge Appesval is salid up w0 39* Juse 3011 and il hove to be B
g erewed mbsequently, The el shall request CEMILAC thraugh RCM4 B ;
% FﬂﬂuﬂﬂrﬁlﬂﬂﬁﬁwaFﬂﬂuwhmmr# 3
: subgequent minewal, three months befere the expiry of Type Approcal X

¥V wree WO o afee & soviven wen € @ de gy
g T T wehr 4 el alits wE P M I ownle ot etews B
= (Fe, b @ e :

Mwm’ﬂm_ﬁrmmmnmﬁﬁu&ﬂ
RCEMILACL Hangerere. il have to be abiined f this agproval is fo be &9
B tnsferred 10 any other agency o {f changes within the Type Record B
g8 Complionae Staiement encloped Gre effectad, .- :

: T, L Ty depedine A

'! - II.rl -;,__[ -‘"lii" -

o e Wi i d 2 4 e T N CEnamRAR ASH) B
j Twhe : La des 2o P O AT Erem)
T Sl e 0 e AN I.":'gg. Cin’ B=utive Whinesrdh il

86




10.16 SEAKING AIRCRAFT

HIET T, TE Sl
GOVERNMEMT OF MO
MINETRY OF DEFEMCE

T S fah T i
OEFENCE RED ORGANGATION

T AgAATTar st geroflawor @
CENTHE £OR e A AT jheng  cerrPcATiON

MARATHAHALLN COLONY PO,
BAMNGALORE - fad oY

= 39 ./ Type Approval No.1001
SEWar hiem : ooyl o L asoumRe Tirake Fadd Lusng Pan Mo, 0120892

et s § M S i e, e v ol )

B e Wit - 500 017 OF festhe gw el sl SR i
g Fesaineat wvew wemt owil-sare. wRCYT fows 412 0000 W s

R ST S R g —_— fam il Gim) e 0

| TR T e e, S W 8 e dege o 08

200743 e w001 & SR o faes o £ o ol #
m--mmwmrwhmmn“
IR

2 Thitl o tn cereify that the “Brate PutTiving" bearing che P S0 WAL
N WHIGEEL  dedoped amd momguctuved by MY, Plisdusmon Areodntios
N Pl ey & Fravge Divibiin, Femgalore 560 017, (4 hereby appreosd

8 for procuction an per drasstag Mo FD-5578, waue ‘A’ dased 4 12,2000, 50

Mwh%ﬂmbﬁhmuﬂmmmﬂmnﬂ '
g schadule No. DT 200)00 fesunB* dated August 2007 i CMPL of =

MHAL Fi# Bosion, Rangaiore, i ovordeotion with RCMAFAR), Do,

Prmondpum PO, Aongalew-I? 0 b met e rgifremerls o '_."
Epecifitadinny feals, . s deivied by the g oot ol ainiemen oy

erwinner o AppennicA
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el FAT4 N 1001
e Puge 02 o 0]

i 2 e o aphe vew W) W o s, dfte o it
T&Tﬁ:ﬂﬂmﬂmﬂh&rmﬂhﬁﬁbﬂumk
22 reflecied in all relevant drawings, centrocts & relrase miskes,

& 3 = apie s ST ¥ B &Sy e W
By W e e P on o) e v s & |
ﬂﬂw&mmnmtﬂummﬁmm -
& #m&ﬂmﬁu%m%miﬁﬁwqﬂw o
kg Goet af India
88 4 T Y a0 o 2008 am Ay | fesian &t 59 o sepimmr wht 2
mmﬁmmmm&ﬂwamsm
B I T o) & sl e i 2
x T2E= Thpe Approvdl 35 valid Tigpry 300 fun: 3008 The
= vendor shull repiest RCMAIFGE) for subsequent renewal, three
8 months before tha expiry of Typw Approsal,

E. amu#%ﬂﬁﬂwaﬁmﬂmmmm
b MWMHM{m::ﬁﬁBTiMMaﬂ?
Mmﬁmhﬁhmmli‘mm@mﬁr#ﬂ#ﬁl

Frior agraement af Centre for Military Ainvorthiness &
o Certificalion (CEMILACL Bangalore, will haie fs be
oltamed if this approval is o be transferred t6 any other
B agericy or if changes within the Type Record enclosed are
B eifected.

i Y Avoaadic” A*

N ; ERACMANS L (o “&%‘lﬁﬁ
i PaDee : e 3003 (it TN

= oflg Chief Enpepsios (Adrmpriliisms]
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CHAPTER: 11

STATUS OF TYPE APPROVAL/PROVISIONAL CLEARANCE

TA/PC REFERENCE*

SL. NO | PROJECT
CEMILAC/RCMA*

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

2 DORNIER TA-5-13/90/RD(DGCA)
2A DORNIER TA-845

3 AVRO TA-7-12/88/RD(DGCA)
3A AVRO CRE/067/13/TECH.

4 JAGUAR INSULATOR TA NO-943

5 CHEETAH/CHETAK TANO. 066

6 KIRAN MARK:-II TA NO -717

7 JAGUAR TA NO-1341

8 ISLANDER TA NO - 847

9 MIG-27 TA NO-1208

10 AN-32 TA NO-1206

11 HPT-32 (Locating Pad) TA NO - 864

12 SEA HARRIER DC-CRE(A/C)HAL-BC/245/24
13 ALH-NV PC-RCMA (A)/14/Tech
14 MIG-27/29 PC-RCMA (F&F)/249/145
15 HPT-32 (Modified) TA NO - 1348

16 SARAS DGCA Capability register
17 ARJUN MBT F/PMS/FBP 2600

18 HPT-32 TA NO-587

19 KIRAN INSULATOR TA NO-983
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20 CHETAK/CHETAH TA-1000
21 AVRO Rotor segment PC-RCMA(KNP)/050/25/Tech
23 SEA KING TA - 1001
24 MIG - 21 (BMS) TA NO- 1216
25 MIG-21 TA NO- 1214
26 UT/HJT PC-RCMA (F&F)/247/145
27 KIRAN MARK-I TA NO-1138
*TA : Type Approval
*PC : Provisional Clearance

*CEMILAC: Centre for Military Airworthiness & Certification.

*RCMA : Regional Centre for Military Airworthiness.
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CHAPTER: 12
JOINT SERVICES SPECIFICATIONS FOR AIRCRAFT BRAKEPAD

Numerous metallic and non- metallic materials are widely used in aviation
industry. As Indian aviation industry began with production and overhaul of
aircraft, engine and their associated systems under license agreement with
collaborators, India was completely dependant on procurement of these articles,
spares and systems from collaborators. In order to become a self — reliant, lot of
emphasis has been laid down on indigenization. Now in India ab-initio projects
like LCA, ALH, PTA etc. have also been successfully developed. A large number
of varieties of materials have been indigenized equivalent to foreign specification

through PSUs, DRDO Labs, and private firms all over the country.

In view of the above, CEMILAC has taken up task of the rationalization of various
airborne stores through Aero Stores Standardization Sub Committee (Aero
SSSC) under CCSSC, which in turn comprised eight working groups. Working
Group of Aircraft Brake Pad is one among them. 7 Joint Services Specifications
have been developed by this group over last five years. Table shows the JSS of

different rubber compounds.

S. No. | JSS No. 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 Il
Brake pad
7 JSS: 1630-03: 2009 | Metalloceramic AVRO
brake pad

Table12.1 Joint Services Specifications of Brake Pads
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CHAPTER: 13

TYPES OF BRAKEPADS USED IN VARIOUS AIRCRAFT

13.1  AN-32 BRAKE PAD:

AN-32 ROTOR PAD AN-32 STATOR PAD

Project : AN -32

Type . Iron Based
CEMILAC Type Approval No. : TA-1206
Characteristics

Max. Brake energy = 15 M Joules

Wear life = 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

Wear 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-Il
Type : Copper Based
CEMILAC Approval No. : TA-717

Characteristics
Max. Brake energy = 5.46 M Joules

Wear life = 250 Landings
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13.10 MIG 21 BRAKE PAD:

MIG 21 MAIN BRAKE PAD MIG 21 NOSE BRAKE PAD
Project MiG-21
Type Iron Based
CEMILAC Approval No. : TA-1214
Characteristics

Max. Brake energy = 6 M Joules

Wear life = 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 . Iron 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

Wear life = 150 Landings
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13.15 SU-30 BRAKE PAD:

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

Wear life = 500 Landings
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13.17 ISLANDER BRAKE PAD:

ISLANDER BRAKE PADS

Project . lIslander

Type :  Organic Based
CEMILAC Approval No. . TA- 847
Characteristics:

Max. Brake energy = 0.4 M Joules

Wear life = 150 Landings
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13.18 Arjun Main Battle Tank PAD:

ARJUN MBT BRAKE PADS

Project : ARJUN MBT
Type : Copper Based
CEMILAC Approval No. : F/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
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PREAMBLE AND BACKGROTUND

The metal-ceremic sectar KT-89 51-1M of the main whael brake KT926 of the MiG-21 aircraft
was indigenously developen by Mz DMRL Hyderabad about 35 vesrs back . The manufacturing
of these sectars as per the OMRI. process was taken up by B)'s HAL Hyderabad. Thess ssctors
¢ were qualfied as per the test schadule no TSINGA0/03 dated 25/9/50 and tvpe approved oy
-RE [Hydarabad) wigle AE

ROVRD-1327106/3 dated 06/14/94 and type approval o TA-B54.

By 2004-2008 order for these sactors decreasad considerably. Curing that time, HalL-
Hyderzbad took a decision fo stop manufacturing activities of thess braks sectors 3s the
! division was concentration on its core area i.e, slectronics. In view af this, in order o mesal the
[AFS confinued & renewed demand, HAL-Lucknow asked HAL FAF to manufacturs thess
SeCtons in their Brakepad shop vide indent no, HAL-A0L/MIG/451/08 dated 94-08- 20908 for ba 'y

i of LEA0D nos {copy enclosed),

This Type test schedule is prepared for testing and qualification of the above mentianad sector
developed and manufactured at Foundry and Fome Divislon, HAL, Tn order fo mainlain
ERNSISENCY In the type testing and gualification paramaters, the current test schedule has been
prepared in line wilh the earlier lest schedule TSAND/40/03.50me  minor changes and
Improsenents ke changing the Mgl powder with Asbestos powder and use of Nicksl
Sulphamate bath for Mickel plating on the back pate instsad of Nickel Spraving  are
incorparatec, Tlhese changes are besad on updated knowiedns and experience gained over the
last 30 years In the development of various Iran based friction materials for 3 number of

aircraft,

Apalicabla Dasumants
1. Testschadule No TS/ IMD/40/03
2. amerdments
8. Amencment o test scheduls no TSINDA03 copy enclosed)
b. Renewal of Typa approval CROHD)Y 7672 dabed: L7/06/19%5 and
HAL/HEY GYCPROZ dated: 05/05/ 2003 comy erdiosad)
Fussian Drawing Mo, kT85-E1-M
HAL-Hyderabad Drawing Mos. BN 303504 B A 303505
I'vpe approval MoTA-8e4{oopy enclosed)
Standard & Specficabions to be followed far varioys bests
&) Back plate staels for Lhe metal-ceramic sectors as per 150 1570 o Parc 113,
1973 Gr. 208 (C20)
B} Chemical composition of fctinn material as per FHK-11
©) Bend test far assessing bond guality for metzl-ceramic sectors as per BS, 1639
15E.
Uy Chermicel analysis of the various raw materizls and that of the friction materlal of

o m W

T |
T.5. Mo, FPMSEPR SRd2 |

—
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FART-I

This part daals with the techinical specification of vadaus raw materals used for making
the metal-ceiamic sectors, The identficatian and marking of the sactors hawve also been
stipulated, The suggested saunces of varaus raw matsrials have slso besn (ndicated.

1.1 TECHNICAL SPECIFICATION OF RAW MATERTALS

1.1.1 Sbend Strip for back plate

The steal materal for e badk plate of the metal ceramic sector shell be in cold
rofied and annealed condition and shall conformn o the specification and technical
requirgments gsen belloe:

a) Specification : IS:1870(Part-11),1979 Gr.20CE{C-20)

b} Chemishry(%a) : Carhon : 0,15-0.250

Manganess @ 0.60-0.90%
c) Condition of Supply : Cold rolled and annealed

d} Hardness 229 BHN, max

e} Dimensions:
Thickness 2.0(£0.1) mm
Width 60[+1) mm
Length 1500 to 3000 Meter

Mobe:
L. Acopy of I5: 1570 (Part-IT), 1545 is ercksad.
<. hoceptance has Lo ke verified for every carsignment recened during the manufactunng

Oracess,
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1.1.2 Iron P

LIsed a5 & hasic ingredient of the friction material for the medal-peramic Sector,
shall conform ba the following technical specification: I

Sracke Sponge ar Electralytic l
Purty Q%% minimum i
Size disliibuban L4 (-1007 BS Mezh
Hygrogen Logs 1% Maximum
Apparent Dernsity 2.3-3.5 gmgfec
1.1.3 Copper Powder:
Usad as an ingredient of the friction malesizl for the metal-ceramic seclon, shall
Confarm o Uwe following technical specification
{zacke : Electrolytic
Prerity H G L rinimum
Hydrogen (H;) Loss 1% masimum
Siza Distribution GO [-350% BE Mesh
Apparent Density 1.3 o 2.4 gmsfoo
{
1.1.4 Barium Sulphate Powder
Used as an ingredient of the friction matarial for the matal ceramic sector, shall
contarm B3 e fallowing technica! spacification.
Purity [BaSly Conbant) &8, 0% minimum
rher inongarsic 2Y% maxirmumm i
Particle Size acdaf-250) BS Mesh !
Apparent Darnsity 0. &Jomsfen
1.1.5 Graphite Powder:
Lisexd as an ingredient of the ricion matenal for the metal caramic sector, shall
corform B2 the fallowing techinical specifcation:
arade 1 Firie rigkural Naky graphite povwdes
Carbon Content 4% minirmum |
Auh Cortkenk 4%, mg=imum
Yalatile matter 2% maximunm
Siza distribution r-100% BS Mesh
1.1.6 Silicas

TEST SCHEDULE AND TECHMICA! SPECIFICATION | Date of Issus: 11-12-2009

Usad as an ingredient of the friction materal for {he metal-ceramic s2coar, shall
cooforn o the fodlowing technilcal specificabon:

TS, Mo, FPMSFFM 5347 |

| Ts=ng: 02
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Awrily &2 52, cantsnt o B0%, miniidm.
Loss on Igniticn ¢ 1% mEximum,
Sze (Heve Analvsis) o (-GO4L00) BS Mesh
1.1.7 Ashestos Powder:

Uszxl w15 an ingredient of the fictan materal fie (he metal-ceremic szctor, shel
coerfemn B0 the tolsowing tecamical specification:

Lerss o drying Co 1 Maximum.
Aod saleble (=% HCLy @ 109% Maximurm,
Sire Diszrioukinn D 041500 B Mash

1.2. SOURCES OF SUPPLY OF RAW MATERIALS FOR METAL-CERAMIC SECTORS
1.21 3teziStrips

L, Mfs Tube Ivestments of (ndis o 2. M Jainex Lo,
Fosk Bow Mg, BITH Soad Avadi, 18952 5.0, Foad
Chennai-&00054 Sangaiare-SR0002

3. M= INDOD ISPAT. 4, M/s Star Wire India Lid
Jio-0, BEnsh Chatienes Sorest, 2144, Mathur Road, |
p. Hansh Park, Bhawani Purs, Ballzbgarh f
Kalkatha- 70025 Harayars-121004 I

L. Mis 5. Erterprises
Mg 29,5™ Cross, Srirampuram,
Eangalore-56l0i1

MOTE:-The cogy of Crigingd Ml cervficataftest cortificabe of the manufactured batch |
has to be supnlizd bo HAL-F&F along wilth cach condanment, :

1.2.2 Iron Powder

1. M5 Hoganas Indiz L.
Gange Carmrmana,
A Morth Main Fioad, h
Koregach Fark, |
FLne-41100L,
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i
; 1.2.3 Copper Powder
| 1. Mys Motal Powds Cioo Lkl 2. M5 Metalloys,
Maravaalolam, Thinimangalan, .3, Martiers Dias Road,
Maravankulem- GESTOE. dzrge, Coa- 2034601,

o MYs Wardai Metal Powder.
F-38L% 352, Roan,
M., yeshwaka ma indosliel Ares,
Jaipur-3020 13,

1.2.4 HNanyrgl Graphibe Powdar

' 1. ¥fs I Tebemational INC. 2. MJ's Sharda Friderwises,
28, ¥olaod Shrest, Py iremracegtion CPIVLE BGLW,
Posk Bew Mo, ledls : Fioh Mo 205-288 HEC-30,
Horalkrba-F OO0, pLmbal -—=000%1.
0 Mfs Cweeco Tachnologizs. 4, Mfs Graphite Indiz,
B&f4, Induslrial Developament Area, Speciality Division, YisVeswsrve,
Liopal, Aydarabac-SE-1057. Trichigtnal Anes, Whibs fie'd “oad,

Fariglara-Salo-s,

1.2.5 Silica Sand Powdar

i
|
! s Quveal hingral bz Univarsal fussd Juats.,
Mg, 2™ hain Road, WER Industrizl Eslak
Romaonarapiran, Gokula Madats,
Rargelere-EE0021. Bargpalcre-Saiids.
3 W5 Kainalaka Minersiss Refacion. 4. Wi's Metal Powoor Lt
ko B85 Industrial Estate, FPadunagar Fzat.
Subiarh, Yestwanihpara, Thirumanga’am,
Eangalarz-5E00EE Madurai-SE000:.
E. Az Sapibagic Tech Mark systom
| 744 151 main. 27 Slock.
3 BajajiMaga-.
: ganga.ore-aHen0ay
L : o _ R
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1.2.6 Barium Sulph wder
1. Wes ACL FKasayar. ' 2. Mis Eskay Forms.
184 5% main read. Jeyadeva Hastar, Mo AS, 2™ man,
F. oMo 9738, CandiMagar, Vidyaramya Magar, Meqadi Road,
Liarigalora-5E0005, Bangalore-530001
2. Ws Randaxy Finge Zhamicals L, 4 M's BD fine CZhamiczls.
Mo A6, 3M0ross new timber yao Layoul, Mo B2, Laxman Rae Road,
fdysone Hoad, BWE venger Road,
SEngalcre-Sa0n2e, Bmngzlor=-REOn0d

S, Mis Ulbralab Prodoects.
Mocss, 14" Croes, Lakkasandra.
Rangalone SEXIGE.

1.2.7  Ashes{os Powder
LooMfs union asbectos & &lled Products. £ e AR suface Tech,

Ao, Strangd Boad, Shop NiolS1, B33, SAitahea, LngarEiEpdran

Krallsata-T00aod, : Pargsiore-SEQGG4. '
3. Mfs Divywa Enbarorises, 4. MFE Suprome Misoerals,

Hia 143, Vivakananda Magar BSKIIL, 1534/7, B.M Raad.

=T Age, Bangalore-Lad085, Channnapatma-57 1501,

5 Ms Bhyam Trgostries
Mo.42, Hongasandia Begur Road
Bargalone-5&3002

13 IDENTIFICATION AND MARKING
& thz metal caeramic sechars shall he suitadly identified at the back of the

‘back Plate with batchy mix aumber and place of manufacture znd felevant
EEit A be
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24 Microstruchre:

PART-II

This part of the test scheduls lays down tha varous physical, metallurgica! and
mechanical tests o be carried out on individual sectars or an sampla guantty :ﬁr‘;l
Jarts per batch. The sampling proceduns for the vanous &eses ds alss stipulated. |
This part also gives the various besting standarts’ specificetions @ be followed
far carrving out the tesis.

2.1 Dimensipns: Dimensions af e finish machined mobal-ceramic sectors are 1o
ke checked with the drawing ro. FPM- GB4A2, HFKTE9-51-1M of HAL {F&F). An
A size drawing of e brake pad s enclosed in annexune L i
|
2.2 Surface condition: The working friction material surface of all the finish- |
machlned metal-caramic sectors shall e inspedad visually for uniform besture

ard absence of crachks, dents and peelings.

2.3 Hardness: Hardness bost shall be carvied out on 3 fully machined working
surface of the metal-ceramic seciors per brteh. Each batch of mstal-ceramic
sechors shall ot excesd 200 nos. Hardness shal! be mesasurad on the friction
malerial working surface on five points per sector distributed over the entirt
surface and on three paints an the back plate using & Brinmal hardness tester
willk 10 Kg load {30 Kg for back plams) and 1 mm dia bell indenter. The
hardness measured shall meet the requirement of minimurmy/maximum values
given below:

Part Mo, Minimum Hardness (BHR] Waximum Hardnass
ol frictian material DEsk plate (BHM
FIEs T EY-81-1M SO 225

MIOTE: * Hardness on friction material shall nat be less than &) BHM &t a minirmum of
- 4 poinks and not less han 70 BHM at 8 maximum of one point. Tha hardness shal! be
measured at f=ast Imm away tmm the edoes of the sector and the rivet bales. The |
distance betwesn two indzrbations shall also be 2 minimuemn of 3 mm.

£, Friction Material; The micrastructire af the metal-ceramic sectors shall be examined
on a cut and palisned longiludinal section of the matal-ceramic sectors b 100K,
Micro edamination shall reveal uniform distibution of constituents such as silica
particas angd graphite in an iron-ich matrix, On etching, the matrix shall reveal
a prEcominsnthy Paearlibic sbrocture.

rE—
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E. Interfacial [hicknass: Balow the fiction lining there shall be evidence of saurd
interfacial Donding Letweaasn te steel hack plate and the friction matenal through
an intarnediate Mickel-plated layar. 8 the Nickel-steel imterface thers shaould not
he any evidence of copper metal fow. Thickness of the Micka-plated layar shall ha
wilkuin .05 to 0,20 mm. by ;

L. Back Plate: The back plate strechsre shall reveal a ferribe and Pearitic stiuclure.

2.5 Chemical Compostion:

The fricaon matarial of the mekal-reramic sectars shall be checked-bydassical analytical
techinigues. The remowval of ficoon material shall be done carefully so as to avoid
contamination from the steed back plate. A reprasentative sample shall be made by
coning ard muartering a thorough mix of friction material taken from 3 brake sechors
randomly selected per batch, Each bateh of metal-ceramic sectars shall not excead 200 |
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2.6 Bend Test:

261 Ore sample per sinlering hatch(Each batch of metal-ceramic seciars shall ot
exread 200 nos) of the dmwn randoméy fram the bothom of the stacks of sechors
shiall be subjected to berl Lest to Aasses Lhe quality of the bond Detween back plats
ard friction linirg. Bend tess far assessing band guality fior metal-ceramic secors as
p=r BR o139 1964

262  The bend Lest Mxlure shown in Hhe Annekure-B shall be used for testng.

253 The speciman shall be placed on Lhe fixed rollers with the cermamic laysr facing
dewin. The pressing punch shall be placed centrally an the test piece. Frassure shali |
be appiied on Lhe pressing roll using & press to bend the sample Lo approwimataly |
120 |

|

364  Ohserve braken ceramic layer. Friction (2yer could broak away but sleed surface shadl |
nat be exposed in U inlerace, Stesd surface shall have 2 continuous |3yer of
ceramic malerial sicking on to the sLesl

245 Exposure of stael surace 5 irdication of poor bending and failure in the beni: lest,

-

2.7 [riction Test:

Two sactars sslected out of every batch of metal-ceramic sectors shall be Lesled in
the friction testing maching at foundry & Forge Division for friction and wear
properties. Two secturs shall be riveted fo the holder of the machime and bheso
samples are to be testad uncer conditons given bedgw. The test shall be dona only 0
fully machined secbars. SO0 braking stops shall be carried out ard considared tor
messurements of friction and wear. The parameters glven below in the table are o
bz rmaintained for the test

- - i e — ]
Kinetic Enargy(Kofm ) ' LEGTO¥

Imertia of Ay Wheel{kgm ™) 315

RPM of flywhasl a4

Brake Forge(kgf) 100 E
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{* The total energy of the KT 92B brake is 6 X 10° Kgfm was used in the brake
dynamomater test in the previous T.5.No. TS/IND/40/03. The brake unit consists |
of 72 metal-ceramic sectors. Therefore the energy absorbed by 2 sactors is

16670 Kgfm)

During the test the fallawing parameters are to be cbserved and recorded
a) Coefficient of fiicdon {maxm, min, and average),

b} Wear by thickness koss and weight loss measurements after 50 slops
) Run-down Limse {Seconds).

o) Fun-down revalutions

) Brake temperaburs rise (deg <)

The values of stop tme, tamparature ris2 enc., shail be in the following range. (These |
values have been fixed based on statistical analysis of tha actual results of 2 |
sets of HAL-Hyderabad sectors vide Batch Nos: PMOBHYDOZ dated30/8/08,
PMOSHYDO0S dated 30/8/08, PMOSHYDOS dated 1/9/08 reports enclosed).

"1 | Awerage Coeffient of friction 0.20-0.35
(2 | Run down Time(Sacond] ] | 13-21 Secamds [Ava)
Minimum | 11 Seconds
i Maximum i 24 Seconds
3 | Average Run-down revolutions 125-140
4 Wiezar by thickness loss aller 50 stops 2mm neiminal
5| Wear by waight loss after 50 stops 30 gme ]
] Brake Temperature(deg C) o 150 Ceg C Max _

MOTE: 1. Maximum brake bemperatura rise may be messured only for development I
Batohes and the first 10 producticn batches, Once the maximum lem peralure
values are stahilized in the ahave batchas, temperature measuresnant an
Further praduction batches may be disconbnuad,

2, The aoceptance critaria may be raviewed after study of the first 100 producton
batches.

2.8 Sampling procedure: The metal-ceramic sectors shall he batch manufacured, A
basch shall consist of nol more than 200 metal-caramic sectors sintered in the same

eyole of pressure sinterng operation. The various tests, on any batch of seclors,
shall b carried aul as per the following samaling plen:
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T.5. No. FfPMS/FPM 5842

|
HAL (BC) i PRy TSI Tesue: 02
el TEST SCHEDULE AND TECHMICAL SPECIRTCATION Date of Issue: 11-12-200%
[ Page 13 0f 13
: : i
3 [ mensions L0 Y | |
I Surface conditicn L0
) Chemical analysls 3 sectors per batgh (Sectors used  for
hand test can be usad for chemical analysis )

o) Hardness 3 sectors per bakeh
& Mlirrostructune 1 sactor per batch :
{fy Beng tast 1 sactors per batch

Ig} Eriction best | 2 sactors per batch

I
2.0 Eurther Lo these qualification the pads will ba supplied to HAL-ADL, for further full sole |
Dynamomater test and Aircraft tnal tast as par the 1est schedule prepared by Desiyn/

Indigenizabion department of HAL-ADL.
HaL F&F will invalve in tha full scale dynamametsr test.

PART-IIIL

|30 PRESERVATION, PACKING AND DELIVERY

3.1 The brake pads shall ke probected from atmespheric corosion Ly apabying 2n
urifarm coating af resin besed cellulose ritrate vamish mixed with a Post office
rerl clye for ficton surface and Aluminum paste as per B5.385:1%64 tor all ok

plate surfacs.

3.2 Ewery batch of pads shall be accompanien by & Lesl certificate furnishing details
af the batch and test rasults on the babch duly cerbfiad by the representative of |
the Quality Centrol Departmant, Foundry and Forge Division, HAL
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HAL (BC) | TEST SCHEDULE AND TECHNICAL SPECIFICATION

tha metal-ceraminybimetallic sactors shall be camled aut 35 p2o classical analylical

Leehniques,

e) The apparent density of the metal powders shall ba determined using a hall fow-
meter apparatus as per ASTHM B212 any ather mutualiy acoeptable standard test

method.

F) Sieve 2nalysis of mezal powders shall be carred out'as per ASTM B 214
@) Hydrogen loss test for coppar and iron powders shall be carried oul as per ASTM E

159-63T,

Y Babch comsistency friction sest is carded cat in a2k scale frictan 25t g on 2 pads

on prorats energy credit reguirements,
11 Full scale dynamamerar tess will b repeatad ar ARDC ground Lest dynamometar

Facility,

FROAVTZIONAL

| T.5. Mo, FYPMS/FRM S84
Iesue: 02

| Date af Issue: 11-12-200% |
Page 3 of 13 |
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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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HAL{ND) T TEST REPORT DATE : 21.12.98

Page 3 of 12
REFAT Mo TRIZSWLDGRZT11 Copy Mo ;

2.0 AUTHORITY FOR CONDUCTING THE AFRCRAFT TAXI TRIALS

Tr Soilrwing ane e dedrscrsds acooitd by T Sinkorthiness surbdsontes sor conducl
of e arocrofl nals on indigenous baks pads -

il RICAA (Accasborias) kb no. RTOILPAT 1M Tech 188 dadad 14™ May 85
BCODrding Caananoe Tor oonductng sircraf® g wals on KT18SA main whesl broks
assamioty of MiZ-27 arcraf ed wih dgereis bake Dped seciors. Ao Gomer o,
RTOMLMET £ Tech dated 57 OotBS8 provicing clarfcationamendmesss of the abows
letier . | Bath letiers platsd &1 appendue — LA §

E Blatcdy claarsrsis of tha prolclypa ndigaenous braks pad saciors by RO [FEF)
1or arcrafit mals vide RCES (F&F) 5 340 M dabed T-7-25 (pletad ot appendic — 15,

3.0 TRIAL AIRCRAFT AND TEST WHEEL BRAKE SFECIMEMS

3.9 The sl aecrah allomed dor tha asd trials by A0 (oide ko massage dated
4 9098 copy ancicasd @l appendix - 10 was @ Hal manuheciuned WBCGE-5T airralt
rea. TS BB Trials om s strcraf® wore cormeesd ouf for SET-1 and SET-2 braks

- e N

3.2 For b el orn Russian bake peds, @ irial eicra® alobed waes TS 52Ty
mutorty rter oncicsed ol appendic S The Ceriificaias of Fligh Sadaly ans
wrrclosed ol appandix 1D

3.2 Thw Foliossmg main whoel braor assombles fifted weith indigenous. and Fussian

=] ] Emed withh SET-2 prakes oesss - -
{ Fully indigenous braka discs ) as

pEr  ARL-2 of bpeml soieschals

TEAMDY LOEEE T

[ ] Fritod wrth fully Buossan ongen mee A0 R4ES -
Draka discs as par Esoe 1 of tost
sichedsle TSIrelyL a2 a1

136

= | Conhiguraton of Sssemibly H. Mo of RH wheal | 51 Wo, of LH wisesl
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4.0 TEST SCHEDILE AND AFPLICABLE DOCUMENTS
4.1 Tedl schedule o TSIHOLDETTO dated 159-5-500 istued by AURDC HAL | Hasik ).

{Encicaod at appsndo 11 A}
4 7 Amendment 1 1o kst schedule no TSINIVLINGZ 701 vides AML-1 dased 1 1-10-99

{Enciasl af apnandi 11 B

4.3 Armersd el 2 0 sl schedule i TSTNRDSLOHEZTO] vades SR L-2 daged 251055
(Frchmscd at apgpendis B C)

o 4 Taed schuscibe g TSOAMDL DGO issua 1 defed 16 12 49

Miz-2T aircraft. |Enciosed al appendis || E}

E0 BRIEF DESCRIPTION AND COMMENTS ON THE TEST SCHEDULE AND:

52 Thm abowe ipst schedulo was amended just prior b B comemeanoament of e sk

AML-1 dabed 11-10-55,
53 Afer oormpialion of he aets o SET-1 brakn discs, sheort of e bamediimg trial, 0 was

syl Lo alenn | Nl e Teel | on bobh brasces Titked sdth th indegereces.
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| |
R

ﬁmmmmnmmmuwnmmﬁmmmmm
comparaires data o Shoppeng lime and stoppeng diskamoa, Futhar & wak BT at e
landing trial s not necossary as the accolemate - siop kests at 150 Kmph with ful
intama! hsd wekd sodacpaadaly represent braking cond@ons of .0 nomal knding.

Tha g 5 10 o tha orginal g sonpduhs, herce, 'was amended Gased on iho
abave corsdemabons and thres slops, &sch at 150 Emph vwaths full msamal Tual i s
&rcrmf, wan inroduced for brakes Tmed with fully ndigenous pads | SET-2 | ard
Ean for brakes fitled with fully Russan angin Daka pads

Fumnes:, plega Fapesciinn i Dafeian S0P aas emdwid Sl acequain oordider:s
was availabie from esolis of e dynamometer ests almady camed ot an
incigancus and Fussian Bmke pads

Th seocrd amindment b bhe best scheduln w15 o abovs chargss was rdned
SMIL-2 dabed 35-10-59

A% par AML-7 of tha besl sdnodule, T frst taa with fully indigonous brake dscs
were camed oul a8l 130 Emph e with full indema fosl &9d afer [hee Gani siop
thasmal indicaiors ane found mated Cn irmesbga@on, detall delberaton and study of
e KT 16355 mardengcs Manual | § wits astablished thal & iow spood S mal
meant for "bedding-in’ of the rew braks discs 15 0 be camied out prior i 5 fist 150
Kmph tai tial. As sech @ was deckded that one becding-in stop at 50 Kmph spoed
with Bl inbemal fust o beo taa S1opE 150 Emph sgeeed with full imemal heal am
regquired b ba cRmsed o Tor e BEoed rals on fully nussian brake dscs.

The el pthedule with the abtye Srarged was namad ikue 1 daed 15-12-30 .

£.0 RESULTS AND OBSERVATIONS OF THE TRIALS

B1TAX] TRMLES OM SET-1 BRAKE DECE IN ACCORDANCE WITH TEST
SCHEDULE No. TEANGLDEETOT DATED 18-5-80 AND TS AMENDMENT Fa
ANML-1 DATED 11-10-989

Tl BoC@larate-sion tad mals at B0 mmph weth 2000 brss of fuel as per ARIL-1 of
teal schadule wers camied ool on aircral Ted with SET-1 brake discs (mbc of Russian
and indigenous brase discs) This was foliowsd by tes SSmierats —siop tests &l 150
Kmph — i Tirsi oree baing with 2000 Fres of fuel and e seoond one wath tull memal
fussl. Ship examinabon of Bwe brake decs was camed ool @es aach tial & 150 KEmph
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Thes revsaols S ey o B taibbe- 1 iy
TABLE-1 : RESULTS OF TAXI TRIALS O SET.1 BRAKE DESCS _
S | Tes porn & pare of Tnnll-:l.l'inlr.!.p-prn:r. Laom BErakon Hemarks
b | besst soieschuie Siop Tl Tamp,
distarce ool | (A0 )
| | [Pesart] I R .
1 Para 5.54& of AML-1 | 12-90-8% | Nomal Blomal | 194 Basdcimg-m
jFI'I.II:I:I:lﬂIIPlI:EI:I | [~ g} RH | cgsaration
Ermpr, SO0 s fuased brako
2 1 Fara S S0 of 4881 | 12-W2 Micimnal Bdoirmmaad 157
| Eecond tua stop ol o BH | Do
| 50 Hmpn, 2000 Irs braka
| ot
3  Para 56 of | 13-90-92 | Mormmal Nomal | 247
TEMNLLSEZ2T01. (vl RBH
Frgl 1A= siop at braksa
150 Emph, 2000
" Hrs Tl
|

Elage nspeclion © Brakos dsassmmbled and stnp acamined  Physical condisen of
ponds horsd mabainckery withoul ary abrormakbos. Brakes ossombled back on arcalft

a4 | Pam 55 of | 16- M58 | Mommal Momal | 270 on
TSAMDYLDEEZRAT. A brasom =

& Eried ienien fapor of the aboee rals was propamed and the same s appesnded &t
apperrdx 1 . The detaded repen of i sl ol on T alboss Towr Mals s enclossd at
Appsandin W

139



HAL{MND) I DATE - 21.12.99
l 'rEf,s.T EI?FEIHT e

HEF‘ﬂﬂ.Tl'h TRZ28ADGMRT11 Copy Mo.:

B F TaX TRIALE O SET-2 (FULLY THCWSEMNDLUS) BFasE NSES 1M ATORDENTE
WATH AMERMDMENT Mo AML-2 DATED IS-tloa OF TEST SCHEDUWLE No.
TEINDALDGETa -

Thress scoeleraie-she tasa triaks ol 150 Emph wifh Al inlamal fuel g3 per AML-T of tha
pegt achacisla weare camked ool on ool feed weth man wthes Braks assamblees wiih
SET-2 braks disce (ully ndigenoeus brake padsl, The eschls s ghaen n e tabs-2
Lty

TABLE-T : RESLUL TS OF TAX| THlAL S O Eﬁ-ﬂ{mmmnﬁns

IS0 | Test point & pam of | Test date | Approx. | Slop IR s

, Mz | bt Seisediuin E=a | T 'I'-Tqr

| clailarnzh | Saecs] =S

— L] |

.|'1 | Fara B0 ol | 4-11-6% 1450 | 18 b= i b
AML-Z  Firsk  Bacd | on RH

l': siop atf 180 Kmph, : Exraba
Pl ST el

AR . O fussd thenmal indecaber o LH wiesal mpdao.

T | FPawm of AML2 | 25-11-00 | 1900° | 180 216 kH | Bake
Second td stop 81 | 21214 | efectvonasc
150 i, Full f Aand
T i i i o

| . Tepariad

s ] Parn (=] AML-Z. | 28-11-85 | 145 al-a IE‘.L"?FI;I-I TR 2
Third bwd siop al F230 UH | 1eed pelol Sor
150 Lte =g fifl | both the b
irrtermal Aol i sfone, Furthar

| FEmarks
1 graamn badow

8 ;. Conckbon of all thermal iedcaton aced fusible plogs Dourd  satisfeciony
Marral coclireg of hrskes =it comprassed @ir done for 15 minries

Inspechon © Both the L and R brakes disasssmnbeed ard stip axamines Physecal
| ermditecr ol s Found SelsTackong winoi amy STl

Thes deriafiod mport of e inst piicd on e abovs thres als s enclosed &l apoendio Y.
Ered peaeint fepsyl covErg e abova thres B thials snd nspechon findmgs =
andosnd ot apparcis H .
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B3 TAZXl TRIALS OM FULLY RUSSIAN BRARE DISCES W ACCORDEMCE WITH
EESLAE 1 DATED 16-12-88 OF TEST SCHEDULE No. TSAMDLDGEZT 0

Twn acosilermie-shop o abs & 150 Keph with full peemal fosl a8 per s 1 ol e
el BrFelch b WalE DT Ddf O edrcral Titied e main whesl Draks Sssamibdeas. wiith

reeew Fussiaen onigin brake discs. Theos Shops wers predsced Dy 8 Kne speed Lo Slop &
50 Frmiph for "bedding-in” of tha now brake discs.

Thao resulis ane gisan in T tobés-2 belos
TABLE-3 : RESULTS OF TAX] TRIALS ON FULLY RUSSIAN BRAKE DISCS

Sl | Test pont & pars of | Testdate | Approx. | Slop Brake Rk
No | best scihduie Smwop Time Temp
dslanoce | [Sacs) || "0
floet) |
T | Lesw gpéed e stop | 15-12-640 - - 317 RH | Baddrg-in
|-:Eﬂh:.rr||:h..2ﬂﬂﬂl:|1 i 233 LH aparaion
| Timsd
2 Fara 512 of ssue 1 | 1851798 | 1550 P =2 RH |
First tax stop &t 150 - 275 LH
Emph Wl inlemal
Fuped
4 FPara 512 ol issws 1. | 161200 | 1400 | 18 297 RH | Thearmnal
Second e slop at D2 LH | indicons |
150 ®ergn,  full fovund
irrherrest fusd e
Eingo Inspection | Bmkos disassembled and srp axaTERSd Fi'l'q.ll.u.'.:l"_n:rr:ltlm-'_ul'i
pads found aalisfeciony withoud any abnormnalies. |

Thes detaded repsn of the el plol on e abovs Hinss sl B enciosad o sppendic W .
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T.0 DISCUSSIONS AND ANALYSIS OF RESULTS

7.1 TESTS O SET —1 BRAKE INSCS .

Rasuls on lests camesd cul o SET-1 braks dhads (balhy marm wiwssl Bealkss Sed with a
5050 mi of Russlan and indigenous baks dscs) amne fumshed in tabbe-1. The brase
afncieaness doring thess nEle s Eporhed BB e eormal by e sl @lol e, the
affpciveness and brake Sesl wens =miar I an all Russian ks, On compansom of tha
Siopgenyg mas @l diglanoss achenved doring Tl Bions &1 150 Kmph with the sewilar
doata o al Russian ooginal brases | @ble-% ) & = cbesersed thal the same e
comparnbia Tha madmiam braks Sampemaimm ures oo s found o e of tha sama
e, Ll FTCO 20 ST

O abp emaminabon of Both LH &l BH whassl Braks asiamibbias, both the Russaes and
o indigenous brakos discs of SET7.1 showed unform and smilar woear pasen .and
Sutsis appsErance witlold By e of Syaifedaimg The Tiohon meebersl of BEpth the
indigenous and the Hussan bralos pads showed o abnommal dmpeeng or cracking

From thee sbhoees mesufs & coulkd b= demsd Sl e ndigenous braks pads ane
compalibka im nespact of malanal propactes. and parfommanos with hat of e Russian
Eraka pEds amnd ukd of & mix of Fussaan and ndeperois raks pads dunng schesl
serniom shall not afed o alior T pofomancs and sarvioaabdity of e man shea
Evaka

T2 TESTS ON SET-2 BRAKE DISGS

Tosts on SET-2 brake discs {fuily indigencus: brake pads] fted on both RH ard LH main
il Drakes wane Camied O N BoDDMdanos &ith arendersm ne, SANL-2 of Tea criginal
test schedule. This comprised of 5 B siops &t 150 dmph with il miemal fuel o B
gircraf. T mesuls are given in fable-2 Dunng the BGrst glop &1 150 Kmph
lamparahing maasured on B BH beaks was 31550 whesh iS5 &boaul SO0 Faghesy than B
arrpssraturss measunesd doning 8 eEmils slop with SET-1 braks disos and al FuossiEn
brakie discs (tabdo-3). Furdreer, it was delocied on T Todkreirsy Sary &flar tha Com pleiic
ol the gl thal thress hermnal indecatons on B wiseal im mn cass of FRH wheal &l ores
thermal indicaior on the LM whesl fed fused. This nocessEaded an analysis indo tha
i falch o s mechchil e veill B WEking oomeCtive Boon for corBniealion of forhar friaks,

n strip axamiration of e braks units aller T aldve ial, e ooredition of e brake
pads was found satisfachory and mo signs of averheating were found, Subseguenty. on
imeasligation detal deliberation and shody of T KT 1834, marbersr s manual, § Wwas
aetabished thal the probabis causes. of haion of the thermal ndicsions e as folloess -

11 A kewy spead 1ass trial maam for bedding — in of e brake discs | Sel -2 was nal
carmed cut pror 1o the Terst 150 Emph tas bhal.
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2} Emmmmw—mmm_mmumm
us=ng compressed air for a dumtion of 15 minuies minimum B eksential wiach was
prresaalidy meod bodlireyaed

Tha causas for @ higher brake mpsmiure ot AH braos, compared 1o the figums
MMEEFJMFH*H‘JHMMMM&,WM%_“HM:-

mﬂﬂthﬂmﬂlﬂrwmm1ﬂl Kmph with full mbemal hesl, without
ey Dafl Deddivg-an OPEralion Bl B keaaT Spaad &S donss N ha case of SET-
brake discs. This resubted in a orger duraton of Beaks appbcaton thamnby causrdg
A higha? Inmparaian nsa,

me:thT-?m:mmdhfmmml

fumished in fabie-2. The bake sffecveness dunng these nals was mepocied 0 b
nonmal By e Rl pll, e, the ofecivenats and Dmko hesl woane similar 1o an all
Rugsian brake On oornparson of e slopping Bmes and datancas acheyad duning ha
stops. Bl 150 Kmph with the similar data on ail Russian onginal brakes. | table-3 ), it is
abisnesd Hat T sams e Comparahis Tha Mapimum Draks Smpaaiee Hgums alEe
ane foursd ko ba of T same order, Le., Z10-Z30C.

On sirip axamination of both LH and A whesl brake assembhes, the indigenous brake
dhacs of SET-F shovesd unifon waar patiem &0 suifacs appaanmcs iR any Serds
of overhaatng Tha fricion materal of the indigenous braks pads on both LA and RH
Dmakas Shosaid o alninal dhipping o cracking

TITESTS ON FULLY RUSS1AN BRAKE NECS

Foagidla of WRE fRimied oufl on main whesl brakes Smad with fully Russian origin braka
padls are furrrshed o lable-3 Tre brake effectivecwss and feel daring Fede tlaks was
reporied ko ba nomal by the fest pict and comparable o that of the Ndipencus brake
peds O companson o T SIDRRHNG HMEs and Qistantas Schiavsd cunicg ha 51006 Al
150 Kmph with e smiar cata on indigerous biake pads | lable-2 |, it is obsesresd fal
i S &0 ompambie. Tha masimuam brake Semparabers figunes aleo ang fournd %0 Do
of tw smme osder e, 235285 70

Table-d hreafei @ summary of compamntise snakss of parfommance of all the abovn
resuits obtained during the sicceall inals

T4 DISCUSSION WITH RCMAND) DGAGAND), HAL{ND) AND HALILD)
SPECIALISTS ;

A masfing was convened in the offios of AGM [Dasign), HALIND) o discuss T
results of bax nals on 17-12-80 . Tha mindes of meeting & anchksd & i
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TASLE -4

ELUMMARY OF PERFORMANCE COMPARISON BETWEEN RUSSIAN
& INDCRGEMNOUS BRAKE FADS BASED DN TAX] TRIAL DATA

A TYPE OF BRAKE DISCS : SET-1 (MIXTURE OF RUSSAN & MOIGENOUS BRAKE
DISCS)
ALLOCATED AiC NO.  : TS 564

oL | TRIAL I T CONDITION OF
BRAKE EFFECTIVEMESS | BRANKE PADS .| REMARKS
NO | EVENTS RUSSIAN | INDIGENOUS
0Z sops @ 50 - - T i
1. | kevgph. 2000 Baslacinng - | - Bodding-is
s o Pl
I]1ﬂ:|-|:|.H:151;
< :':':'E Satislnd iy Satalacdnny | Belislaciory Cirgaialla
01 seop el 150
. mllul‘hnl .! et e oy E-I'H:I'nl.'-lu-rr E-ml!ﬂ-tu-rr E-l!l'l'pmﬂl!l

(Bl TYPE OF BRAKE DESCS : SET-2 (FULLY INDIGENCUS BRAKE PALIE)
ALLOCATED ARG MO. TS 5Hb04

(C) ) TYPE OF BRAKE DISCS @ FLULLY RUSGSAN BRARE FADS
ALLOCATED WG KO, TSH27

- 02 TAXI ETOPS AT 150 KMPH, =
S TEST DATA AN FLILL INTERNAL FLEL REMARKS |
NO CBSERVATIONS RS SLAN INDIGENDUS -
L. - S R S i

1. | BRAKE EFFECTIVENESS Satstactory Satisimiory Compantie

AVERAGE STOR TIME |

] (SECOMDS) 14.5 155 Compaatie
AVERMNGE STOF DISTANCE . . i

1 |peEm 1475 1428 Cnmparatin
_ o = R R R !

4 | TEWP. RECOADED "G a2 . L Compartie
5 | CONDITION OF BRAKE FADS Salsfactory | Satisisciory Pa—
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B0 COMCLUSIONS

[&] Thes inchgenous brase pods. ans comparabes n respec] of material chanssenalics
[m#n-_"d suface condion of brake pad) and braks poformance such

o= brake affectverssss | 2500 s, 0D distancs & mascrmem Drake Bmp-
ATENLITE BChMEve Wil Tl of e Fussian brake pods.

(] T Russian oigin brake: pads of main whoeael ks assambdy pfn KT 1534
coukd b sunsThebed Dy Indigereours  braees Dok,

[} Ligmod B mix of Russian and dganous ko pads dunng achal ssnmnce shal
rok Effet o alier e parforrecs and sandcaabiity of the main whaal braio

B RECOMMENDA TN

The mdigoenous brafos poede oF moin witessl Drake aaismnbly o KT 1ESA ang
PRPCEITITHE RO RO Sefr o
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Englheering quality, airwarthingss and rellability in friction
material formulations for high-2nérygy elrcraft brake pads

G D tie™ prad = Ao Pt i Mo
ABSTRACT

High-#nemy airgrgit rake pode Compeiss aoagdlaby of cameyly crgmearsd uRcompoesil
melal-Malr comywisa mateaigls cdlled Ticlion rmlei @b Pricllon maleral In alrorpf brskes
aleaiet 1he ki‘t=lic eme gy of mokon, CMwert H b el sl dis=ipaba B2 l2her 10 1he stmeaphars,
The papar daasibae o dedghl the wika Bapacls of indigenEdian anl anvotnss pacadiaas
A e ity g amd dee=loprsam of & ficHon medokal T & gis & roroll bringing owd the
Foak Foww he quakly and cedinmancs of the mafesial |5 snginsersd morl i e desipe
honridletian &F che ficton mededal, The pdpS ko peserls & cesa shedy highlightng Fess 8
parllcular Wi on nabenis compomainn desopsd T 8 Qh'edn Srseat bidke = oregy= e et
aircralt and N3 e Cewi ok B rotlgngAsed kar The brakea of anodher ainaafl

[N TR TION

The lncdla crcmy of landing of & modesn day alraatt ks of tep arder of 2e0er8l RN Jaulid. A
neslimn cepadity owilRn transporl akcral cuck as Boeiny 737200 o iestanoe hes 3 wamel
Fmfing btake snergy g5 hiph 85 20 mdlon [ and i Tighbees Pena dnetoghes Inihe range of 5
1o 0 mBcn [exie THiS encamons quardur OF sreviny. wivsn dbdeebed by e Sraves wilhin a
wary shaorl Imenvel of “0-"2 dsccros ader [andng, |MpOses SOremEel sdvcrs B0 deeiardd
najuieriants an e nction matens o ihe bisdo qade The faon mateg. hence hes 0o ba
deaxmiad bo sl ondy dmpart focton and wi TeclElancs peeEeEt. bal sk to ensgee quebe
anTradiciony proparies such A% Saimure preyvenilon of Oy TJOFGARa B SlEBRRY o the same
Iver 5 wick; mrge of ismgarslura &no barn gradend=. In acdizon, sinelural stabdHy var L

Auliry smperabu= range of operstaon 18 1o b easenlialhy ansansd wikler quie compem SEWE of
EIRaRaE, '

A fridion meieral thies has 0 op deagned 10 mesl divese and demending propafy 2rdd
Tunediotal raquirdmers. Mo mngky enginsseing mealoks: can mest Bhe entita spatitum oF sk
g Ny rispamermnl: amd hanon A ficcr maledal s one Bhat Boa Cnenarioe’ nalensd,
symiasired After pMlCGgs geldddion and cambingdign gt g wBr ety ot Thdkels, mon-medska ard
e serAm ingradients, which ihviduaty s in combinehon sailaly 1he e range o
AmciAf Leubang meguirereTa.

Thee vizhe O ab0rplen o hnedic erespy by the bieke, e madmoen ieogsrsiure ige, e hiade
nent xink meEs mElEbHe and Several ccher eecomemars vay o pa almeak B oihe cifar
Fricticn motedal aompcgticns Bre deakined 4o eedlefy Inese mquinkmeints, am o pe for geh
AniaN Lriske gind wuncd be mdonabsad In @taranedp & wicion malsda for 4 panicud A sk
= Rlar-meade’, TEE meiheBolody- o deenblipriedt of the unigue mglipm mehedal Tor s plven
&rtrad brake. thereforc, Sak wWilh @ In-dapih oy uf Hie brebe desgn specficain:. & stap hy
Hew dppauaade iy len felkrasd for dartesiion of ®e plesioal and sneladuegical aroperiss af b
candilale MHadan mesadal from the brale speccetion. Thits e braka deakin cokameders e
&5 AN braks cmaiyy and Ue alkmobie had aink mags halp one o cedoe on the danaly, spssific
Pt Al ating Qo of 1he fret cet matanial. Tha areg cnemgy pding, soRding rabe and beaia
mmue requiromeris delsrming the cosdlcent of Ridice, thenrad conduchelby And depdiy
pupades of the sistadal. )

ThE HiclH nabsEl s designed, 15 3 compée moid compesant aomposihs 0 which ach

ingranbwm has Hn upgue mle 4 pAY, Coppsr & & matnis, ior emstance, onpucs ez Tenglh
and conduetivly propctics ‘while ae BNEUrdd ambeddabdly ke haed catambe |ngradinnes
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Caphte offors soiid lubHzaton And fechalme b satzare, Mulibe parides s eddee 0 affar &
dlabks fricfion cooficiern and waer resbtarss. The popodticn of auch mgradiant saketesd A
POded depencs gn bha lessd of tech propenly reduied.

Onee dewaloped, e inclkon malertd ket b uncengo Jporius and mpsted todling o pre
“iabily ard repccesibdily nf ts parfoancs in adusl serdcs. Far s, Ihe melon madsdal
Jrake putds am mounlsd pn pohed scral boke and e wiijpled 0 mal dme ke
dynamamel=r tesls SMulaing tha slugl ke ereqras o AR braking wredpr vl
andiliang of opsralion Aueh A% dormet g, Srafpence [gmeding, el cice-ci e THe
WEamOmabsf eats o IaRwed BC1UA taoy iAls On Sl oo evsesa A0 el 2 Hhe rawdy
thrvelapc Crake (rkdon rabans],

ANATONY AND FUNCTION OF A TYPICAL ARRCRAFT D% BRAKE

Figuia 1 prasams & view of & 1ypipel oFAC oA arcml Biche orll The unit i ARFignad &t A
FIRHFS crae adezmbly eonc@bing of a arase sl asmre padn, Knque Wwhe, st g md
disc Flack Lomperticg of & Eefies of afemate SEbOr 59 rorior decs gapambkd wilh bidke -1}
ard wimad Fodor sy ey, puspacive b

T digw srhack 15 Aks0 called e hept #nd” 57 2 1he rost Enporans paf of the bake uph, The
Ermka funclions by ariue of tha comosstian of the Kaedic enmgy of tha modng sl o heag
#edGy And the qhzomdlan ad subscouem dissipdaln of The ssme Ey 1he heot sink. Hear
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Ftigh lknergy Aircrafi Prictions Muaterials
- vei another man-made sromder

ABSTRACT
Sevveral applications ;moaercepace depuand exiceinss of
pertarnance that conveutionsd maenialz coubl bardly meer.
Engzinzers have developesl "man made’ ot eppinccred
wakaeials that couhd be miloed o mead Biverse 2nd criticad
Tunctionil requirements 1o demanding simatioes. Oue such
applicatun rn 1he area of high eocrgy ciccradt braking,
whereln complzx ‘man-rnade’ friction magesial compasites
arz ennesed 10 el exlreme tunctional requitenents of
high Fuwoehie crcegy dissipalion,
by lecture will briefly tonein upeo the develapmenr,
qualificarion and charactarization of these wand 2
Cemposyes ilnstraling real-life applications o aivezatt
brakes, The aclueveiments. of the Hindustan Acropancics
P o apprlicd B&LY amnl mdigencus developrmene of these
cRotic makrials are deccrvhed  liggontant seecess storigs
of the HAL, o iz ar=a, are highliglited.

INTTAODLCTION
Airerall Friviion Maferlals albsorh Milljows of Juolex

The landing kinctic enecgy of modem day aivcdadl is ssveml million
Janfes, A medinn civilian sirecaft Boeing 737-200 has a landing
goergy ol 3 rbwn jooles and Coneonls 60 million joules. Jel
Niphiers hiave eocrgies i the cungse of 5 to 25 millien joolzs; This
ENOroous cocffy, when ahyorbed by the beakes wichin 1012
seconds after lemcling, imposes severe thenmal gradieats of
thowsands: of degrees contigrade per cm peross e Ticien «fmcnts
arel brake: bulk fonperatunes of WNOC or o, The consemiagees
of “tade” due to loss of fhction at such eemperatures conld be
anparons aod heence the foecion oruerial most rR>tadn s propertios
fodl 1O wer rrwire.
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such s sedenre presentior or Aoy lebrication and stability of ihe
wamni: qiver A wide mangs of temperatre, I addition. stouctesal
crabilicy over th entne e mngs ol ocacranen 33 e .
eygennalby ewsucd ondes cpaee comples staces ol theonal stresse:
and prradients. Bhe mateceal showebd alae hoes s e over
g wide lapecatale and load [/ speed agae to ewswe long s
Bile iry auwelien of landogs, Lo addision e b o oateda wpst alao
et Lee [olloveune cretecal factional ragpaeenmars ofF aircaatt brakang:

- Bictlwess of cogdgeeeet, Lo, bow ocldel, silbearion god norse

- Mo hrale siusal

- Compatibidity with mating pact (lovwe sear of mating path

Characlerisiics Dezired In an Alrcraft Brake Liriction
Material

To zatisty the demanding and divers: {functicnal requiremernts of
aircrafl braking, the ftiction sonatertal most possess 1he falloving

P TieS |
» High and giable coeloient ol dvnarme Fricio and e stalahicy
over o wide ruoge el speeds, ouls and brabe lemperabines

» High and thenwally seablo ascar rare for long life

s Adequate wechanice] soeopth at oo and el2vated saooperatimes

# Hiph mfracteriness {mellmp poindy

+ Ciood anti-soizuic property with mating membor material

o gk speciic Beat aed thermal condecrvey

- » Low coctficiom ol thermal eapansion and dpferunce Lo steep
therimal pradiants

. Crniapatihility and conlommalahis woily mating part Ly avond judder

+ Bmbedability property to bard cecamic particles or wear debrs

o Toleronce Lo high cevamic ard won metallic additions

& e of mnmofichous
1t



. . - T

Diverse Braking Properties Bemand Lngincered Materisis

I is thny observed dial there is 6 greal diversicy In the tunehens:
propectiss b be Maltilked o mest aircratt boabing reguitements. Mo
single comventonal engIneeting mateeeal o materal desipn cau et
il cntite spectonm ol aircrafi brakomg requirements. A triclios
musterial iy heson “enuinnered” and desiged alle judicicns selection

 and combination of a vaciety of metals, pon=inclals and 2xoho

cevamic ingredients, whicl indivwdwally and i combination saustfy e
aptire range of adrcrafl Liaking tequimerments,

The Engineered Uriction Malvelals

The choice of matedals whick conld qualify w meet giuch cliverse
roquirements Ealls inlo & few vman-mmade” colapnsite materials,
v.1.Z., :

- organic Tesin bonded compositos

_ siplersd metal-ceramic composiies

_ warhon-carbon [Ghie composiies

The crpalle resia £ prlymer camposiler ate wied 50T | CoETIY,
jorw. spoed aircraft and are belsg phased oul duc to ashoslos NEage
1emlalions.

Thea carben carhon composites are the bigh apd materials, tecently
doveloped e mest the highest encrgy dissipation and thermal
FECUITETOes, il 418 very expensive. Usage is hence limited.

Tha sintered metal-ceramic composilas synilesized by Pawder
Metalhaggy (FfM) are the most abundandy used in aircrafl braking
and aceount for more than G0 % of the aireralt Erictivn nalerial
mapket volome. Ont successhil B&T2 and indigenizulicn effans in
thix: conntry at HAL have been primarly n the awea of sinfered
metad — veramic friction matecials by Privd.

SINTERTD METAL-CERAMIC MUTT1-COMPONENT
COMPOSITLS

The Challenges in Deyclopment .

The sitered metal-ceramic friction cuupostes consist of 2 varkety

of puwderad metallic, non-metallic and ecramic ingrediends (it 21
combincd Lo foom a hiction marcem| by a specially deselaped P

1R



provess. Each ingredienl s chogen 0 mest a specific brakimg
CUOpty-

Thie ftictioo matenal comprsition for each aleciaft brake o onkque
and 53 is the B/ process eehnobegy developed wsynhesize the

malerial. Theze iy e publisbed litzvabie and thece are only a few
manufacturers world-over, There are gnly a Bandiol of OEMs.

Since the marzrial 5 2 complex, malli-componedt imetal malns
COMPISlE Proie o Beterogeneity, teorony sling in acrordancs with
sleifigent international airwontliness standards, vi.z., FAE P
MIL-W-5003, s requiced.

These ace the (actors thal make these materials exotic aml the
technelopy 0 dear and proteoied.

Turther, tly sintered mebad-ceramie fitction wmaterial developed does
ot by iself fuffil alk the roguitements of strerall tuaking. There aie
other vilal izsues such as shsamplion of noise and vibrations
gonemted duriag high speed aircraft braking, the sieep thennal
pradiemts W be neutialised, the pooper fastening of the friclion
mEterial to the carrier assepbly cte. To mect all the above
requirenient, the modion eleieul 18 desigosd as oot only o mulli-
componeht friction matenial, bl alsa a male-lavered composite.

This 15 iflstroded in Figuee-2 concepiually and in Figure-3 wirch the
help of a schemaulie bruke foiction element. Fignre-3 shows e
retallorgical microstmctore of an acnal won- based aircrafl brake

pad in which the echrolopical Javers are clearly obgerveal.

Multi-layer Technolery in Airersll Brafe 'ods
Ench layer is enginesrsd tor p specilie funclion,

BRI o st Jayer

R 4 e bl Byes

B+ Thermol predien, coripensAing kyes
Allxseive luyer |
bl becking Eue

Fignere 2r Corcepfuct mufd=-fayers v @ hrake fricdon elemens
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Engineered Fenctional Lagers in Acinal Friction Element

Tren-hased metal-cematic friction
macenal [fricson, weal and anh-
SELLLI §

Jponge  won-gnpper  layod
{cushioning and thermal pradienr
compensating luyer)

i plating {adbesive layer)

Alloy steel backng Frumw
(lor 2heur strempeth 1wl fEmOeai}

Filgure & ¢ Secfival microsirbeers of @ Iyp:{mi’ fron-Dased breke pol
shawing e renions Lecknofogical fayers.

METHODOLOCY OF DEVELOPMENT OF BRAEE
FRICTION ELEMENTS

The mic of ahsorpion of kioelic enerpy, the axinusm tomperaine
Hse, the hear sink musy svailuble and s=eeal other equircments
vary from one aircraft o the other. Frichon malerial compastion
desfpned to satisfy these peruirements, is therefore unique o cach
Alrcrafl and 1s taddor-made”,

The metbudalopy of developmen: of the fricinn material for a givon

- aircraft brmke, therefore, stans wit an in-depth smdy of the brake

design specification. A step by step approach ig then followed [or
derivation of the physical aod metallurgical properties of ihe
candidute friclicy macerial from the bmake specification, fommlation
desien, conralled ez peripents ta develop the rechnology sud
qualification by claborals type il airworloeess tests,

The complele ssquepce of acfivities wvolved i the development of

q friction elereend 15 ilustrate] in Figmue-3.

a9



Engincered Functional Layers in Actual Feiction Tlement

mitlerial [{ricieaon, wear smd unli-
malELlie)

apcnge’  irGd copper  layer
{cushioning and thermal pradient
copensiang luyer)

M1 plng iedbezive layerd

Adlur siee] backiog frome
(Foe shear sirangrly powd-fetonent)

Fepure 4 ; Necfirenl micrpstraciere of o frpienf ron-hased brake pod
clawinT the various techmnlosical Jayeres,

METHODOLHY OF DEVELOPRENT OF BEREAKE
FRICTION ELEMENTS

The rate of alesocpiood of Kinele eaenzy, e rnagimom lerngersioe
rrges, e Leal sk uass available stul several other requimements
vary foom o aieraft o the her. Froctinon matenial cramgosition
designed W satisfy (hese reguircmenes, s thereters unkqoe for crch
arrcraft and rs “taloc-made’.

The mathedology of developroent of the friction material for a given
atecrafl brake, therofore, stants with an in-depeh stedy of e brake
design specification. A sep by siep approwch iz then feliowesd Tar
decivation of he phyzical and mesflurgical propeoies of the
ciwlidae (pcton malery] from the braka specification, tomurlamon
deqipn, contoolied expeciments to develop the techmology aed
qealifwearion by claborate rype and airworthiness tests. '

The carnpiese sequence af aefivities myolved in the development of
a Mmeton slemend 16 lustraicd i Fipourc-3.
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Fipurmail - Prpical dise type airersft brake anit

Bl p-1:Derivation of Brake Performance Farameters from
Erake Design Spectfication

Design af a Typical Lise Type Aircraff Brake

Figure-H presents a view of a fypicad Jisc wype wirerale hrake unil-
Tlee umt is desggmed as 5 ombtipls dice wssenibly comsixtng of a
brake housing, pressae plate, teoqus mbe, theust plate and disc
stiwl compnsing of g scries of allernate stalor and enor discs
aziemlled with fmcuon matcrial brake pads and mating sieel
SEEInEn Ly, resperively,

The dixc stack 15 alzo called the Pheal sink™ and ix the mosr
impartunt part of the brake unit, The brake functtons by vicee of
e cunversum of Ihe kinetic eneszy of the movipe aircraft m heat

©eherpy Amal The whsorniion aod subzequert dissipgion of the same

by the heat sink.

Aa wirera(l brake heat sink is desipned veing the following design
perlormancs parametevs derived (oo ths basic brake dasign
specrficAtions: -



o MHegl Sink Loading (Kineic eneTEy abgenbed per wmi Eat
sink Tass}
s Arpeas Boadiug (Tnctic snecgy ahsotbed per amit ares of iz
rubhing faces}

L=

Area Boading Fule (Ama Loading per wut braking ©al

The abuve peformanes characterisics of e broke heat sink e
determined frar the basic brake design specification, The b

phase of e devalomuent ol an
therefore, stacts with u dermled a
spocicadon

{rom at.

Tablo-t prasents the typical b
\Lat are requited Tor i Jed

appropriule fTiction miateTinl
nalysis of the brake deign
and deduction of hrake pecformsnes charaetersticy

cake design specificarion pacarn=ters
netion of the brake performmeance

chamclecistice. Table-2 Furnishes the typical brake: porforEnEnce
characieristivs, fram which basic brake Jesign parameren; e
Jertved and how they are telated.

T4 BLd] TYPAL AIRCEART BRAKE DESICEN

SPECIFICATION PARAMETERS

"

31 Ne. Dwie brake deslgn speclfication Eyunbal its}
I -I!-1:u;_i|11um Dexign [Jiﬂiug Theight o Aiccrall sl Bea Lavel L (Kt T
3 | Mavimm Brke Applicinen Speed on Desigu Looding ¥ insee]

3, | Mo, nf Landing Brekes per At N
4. Mg gimmuio Take-lT Weigh ol Airmlt W AEd)
5 Mazimioe [ecisiva Speed fur Beject-Take-LE {RT02 ¥, (miuec]
i hafean Deoclegatimn eeqd. [rom Brake during 1%xige Landing | d i-Jme e
r | penimum Decetomtioe reqd. o Bimke during .70 £, (L i
4 Mean Service Life of Brake Linings io Nawles ot landings § L,
a9, | Tyre Rolling Radive of Bosking Wheed " RAm}
Q. Himber of Rraice Plskons §
il. Miean Diceeter of Brake Mstoms IH (e,
1)

Plech Toride Radid of Benke Peslons




Sl B, - _II_aﬂ.-: brake desigw ﬁﬁ-:?l;j.miq.ﬂn Symobed (Bnits;
11 Maximum: El'ective Hrike Pregsiors I (Kyldm’h

14, Taval desspn bear zizk mass of brake M_{kal)

1i.  FHumber of Frictionai Rubline Surfaces per boke L]

[@ | Twal Friciional SIII-.'.pt Ares por nabbiag s face g lcm's

I Torzzhidd Broke Temperslure Bise an [sipe Landivg T, %

X, Mexioom Allvwatie Ecake Temp. g danng Emergeny BLT.0] T, (0

% Homieal Frictiva Malettal Thickosss per facs of Lrake dise F_cm)

TABLE -2 DERIVED GRAEE PERFORMANCE |

CHARACTERISTICY

El.| Dertved Chavacterigics Degived | Relatinushis
Mn, from
1. [Kineic concgy(DesignLansingh KE,,| %, 5 | KD, =8, ¥, g
o Kineticenengv{FY0HLEE Wy, YoM | KR =KW, ¥
3. |deanstopping Time (Dresige Lendingd, [ V.4 = ~ Vil

|II I
d. I]l.-'[a::c.ﬂnqqijgrjm:alhm-n]h[[m} 1"||]m i tnlr-n:"'?n'l:'iu

ey beaking by

15, |Meanbakang distmee L
{Dezapy Linvkeg 5,
b e, braking bsbmcr alowed i KO, | W 2
7. Mo Tiprcunic sk Trepe: W, N,F
mimfandiq{],fm
B JEou Sk T oeding. 1T, C | kM,
0. {HearSwdAeealoding, 71, KE,,a b
10 |Hesi Sink T coding R
AJMmf,mﬁuRate.?[,, Holoes

B Aset Lt Feue, 8, H, 1,

| s

- HJ.=KF1,II..II|-“'I }

EETN

Feus ™ Vil * il 1
CFPL I, L
Enuy™ Wy o Rl

H, k¥, M,
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Hlitp-2iDerivalion of Fhysical, Thermal and Metallorpical
Fropertics of the Candidate Freiction Material Frein
Performance Paramcters and  Brake Dexign
Specifloation,

Drem an analivsis af The basic brake desien data of Table-i 200d the
depwed hrabs pedfomance chatactedstics of Table-2, a nomber ol
plyrsical and mechanical propecties of Ehe canfrdats friciion matemal,
stich s coefficiedtt of tHcbon, wear, spocific hept, melting tomperatre
etc., could he denved, which govem the development of the triction
mubzrial

Table-3 presents somne of (he phvsical prmperties of the candidite
friction matecial for a typical 1mnspnmt aircrafr brake, the basic
specii-aton paramerers v which the propertics arc derised, the
relationship belween (he bruke s.p:cificat:i-:rm-:hai'ac:tm'iﬁics and e
Iriction rtleriel properlies.
TAERLE-3 PROPERTIES (3F THE CANLATE FRICTTON
MAPLRIAL DRRIVED FROM THE BRAKE SPECIFICATION

S | Freperty Devived from Kelutianship Vulue of
Hw, peiyhety detived
e Forabmicsd
anspord sireralt
I | MoanCocficimeaf TaePoDun, | Bt AR, | 029 '
[wadivm, g b.c '

[t [WembpeciBelean | Kiy M T, | S8, M T, | 0390em e
fncboallea Bxk5,

1. | Movimundonad:Wer [ L, L | w_ =Fp. (LW
irdltpnl:ﬁk_ing.ﬂupﬂr'm

4. | Minimam Melbngpotof | 1, T, 2 (T_+HFCI| 125
Frictice ratecial, T,

The typical impspont wirerait frcrion material, properties for which
arz darivad abowe will be taken as the candidate roaterial in resr of
fle discussions as a0 examygple.
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Step-3: Bestzn & Selecdon of a Fricfion Materral Cranposition

‘Pl conposition af the prototype friction material 15 then d=sighed
* hazed on the propertics derived. The firsl step in this process 15 the
selection of the metailic matrix material which imparts the bastc
physical, mechanical and thermal propertics and aceounts lor 60 &
T3% of the wetghl.

The choics of matnx is restrcted 1o either o copper base ¢f an iron
hase we a judicions combination of the twe. Minar additians of other
meetals such as Zinc, Tin, Mickel, Chrominm, eec,, a5 alloymp elemeirs,
ara done to enhanes the mechanical properties.

The refative chatacteristics of iron and copper based matnx meatecials
arc given bolow in Tahled.

Tallild SELECTION OF (80N OR COPPER AS MATRIX

_ Characteristics " Iron | Copper
Specific Heat at Rocmn Temp. | hles/pmf *K) 053 042 !
Thermal Corductivity ot BT, | LTEeasK b i Mo

| Confficient of Linear Bxpansion { "K' 4 5|

| Heat Sink Loading Capieity [ Jounkes¥g ) aSO000 | 2E0)000]
Tensile Srength [ b ) 410 240
Mealing Pointd "C | 53 153
Anlseiens Coxd o
Tolerumse W0 celamacimoa-rnetallic additions Fuovar Froad
Soliening Besistancs at Blevatsd Eemperalurs: LEERY Piowor
Base af Flanefacture into Locticn batzmols Pour Chisond

Feoan an analysis of the propertics of ivon and copper and those degimed
1 the candidate friction materisl, the matris matecial could be castly
selected. For the tranzport arrcraft brake, inken uy un example, ivon
conbd he seleclel as dthe soost suitalde matcix matial as the preperties



desired such o5 specific heat, hear sink loading, melting poind, s,
are obsetved to be closcly mér by ivon.

The texl stoprin the desipn of wompositdon is the seleclion of the cther
secondary inpredients such pg ﬂ[rumn addiives, dispersed solid

lubricants, stadnlisers, o,

Tatble-5 tiustrates the varions isgradicnts comincnly vsed in frremlation
af metal-ceranuc frictien malerals o flfil the diverse fupctional

chamcteristics required. The dype and propotion of the secoudary
mgradients selecterl are bazed on the leve] of fanctional propecties
requared in the reavliant Bfetion material,

TARBLE-S FRI’ETHL"FM.‘.TERI—!.L INGREIMIAN TS

Fanciionad E]:mractcnshcs Cqmpumuta!lllgrﬁd}eﬂsm
Friction, sirzngth, Hetirst Matrix: Copper veitun (adth or
corHlubivily and spocific ez without ellaying elstienls, e.p.,

21, £, Mi. Cr, Win e,
Luhrization, seizurs pre-nticon, Dispersed Lubricants: Ciraphin,
slubility Lead. hinf., Epecial tugh bemp.
lubmicants.
Abrasion ¢ Foction Abtagive Commonant: Silics,
5 Mullite, Silicon Carbide, Alwnina,

Stlicom Miride, Bouon Caohids, 1.

Frictivn snbihty, thormal stabilicy, | BaS0,, CaS0, M0S0L, Fe PR,
¢ S0lleningz resis laoce, Conformabdliv | o, W.oetc.

| Wear resisiates Caat jron 2rits, tpaoels, stzel waoni,
pearite and cementjie plinss Lo

Fillee Carhon, KTincrals,

Sefection of e AbracivelFrichon mgredient

Thre alwasive cotponeént 15 the next most important ingrzdicnr a3 this
pives wise W frictivo angd glso helps prevent local wekding and mets)
Lznsler ol the mairia material onto the mating part durdng traking,
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Silica and mullits arc seitable for e and mediom energy fiction
maretials whereas the carbides and nitrides of silicen are most
desirable [or high enerzy brakes of high hear sink loading.

For the transpont aitcraft brade, the hest sink loadine and kinchic
cnergy valtes are high (hear sink lualding of myae Qian 600,000 Joules!
kg) and theeefore (e chobce was Fatwes 5i07 aid 34N, | SiC was
selecred since it is mors dbundontty availabte, is cheap and is stable
tell a teoperature of LE00PC.

Selection of the Dy Lubricant/Antiteizure Additive
T avoid gross seizive between the frictian sloment and mating part
dispersed dry lnbricants are addad, These lubricants (5 to 25%)

provide smoothness of engagement during braking by fouming a sl -
- regulaing snooth il on the friction surface,

High graphite contents (15 w 20%) are suilgble for low brke
tempesatures and high thermal condratance, bul in conditions of poer
heat trancfer, a= in the present example, the addition of Lraplele
sionld il eavesd § 1o 8%, Graphite is not o gond [ubricant at
temperamres above H°C, Haonee, a second high tomperature
lubricant is afso required for high energy brakes. In e sxampls of
Lhe: Lranypart aireeaft, graphite coubd be ehosen as the primary [ubricant
arel u seoondary lubricant ig alse required, Sacondary lubricant
addrtions aze nomeally Lept very low, ic., about | 1o 2%, a3 hagher
amines added lew] bo excessive wear of the fiction material.

Swleerlon of Friction and Wear SeabiliversiModifiers

A orilical requirement that i high eneigy {riction 1rateriad most Alfil,
1= themmal stability, ie., the basic strangth, Friction and wear e of
the material should it dteriotate appraciably with mereaziug speed
and buake lempersture,

Sulphates of Banom, Calcivm, Manganese or Iron are cffective
stabilizors. Boron, Molyhdenum ael Tungsten alao are wsed,

Hal, is very corpmiondy used it iron base matenals, Addiians are
linnited 1 1 2% beyond whicl mechanical propertiss of the friction
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rmuleried docline. 1n the present example of the tansporl srotalt
brake, BaSO, ape 10 % could e seleered o the Gicion stabiliser,

The 1esuliant composkisn of O irom hase {riction material Ffor 2
terpicel high CTICTEY rranspoct airctaft braks cauld be teatatively [oed
a5 givar m Table-5.

TABLE-f FRICTION MATEREA Y. 1 ORASITLATION Fik TRE
TFHSFERTMRCMFTHR&KE

Ingredient | Weight Pervent |
[FERIED ; & e 12%
Gruphite & Lo 8%
Silicon Carhide . T wl%
ﬁigh tem. Lubncant 1 to 2%
Coppr - 5 b 15
Tren _ | Ealance

Design and Sefeciion af fiher Funetiogal Fayers

Fe iom Dy friction elemeits @ pors Spange jron pevwder layer of
hickness 0.5 to 2.0 i betwesn (he Frictioo materiat and the nizke!
plated stool backing [Lame is incorporated &5 & spacial featre by
mmiaking 3 rulti-larer conEct The spungs woT [ayer 2:s 3% p nshion
[ager A2 (g iks ypONEINGSS. This characteristic silows the etfmeiive

damping of wibratinos/indder durmg brakmg.

Thiz layer 315 dCls A& & edinng sa Fnler snsnres oond bunding
babween the fmction _quateriai and the stoed park plata \brcnagh the
iregrmediate nickel bayer, A poation of lower mnelling ceppecti, which
are the imgradicnis of Ehe frtcrion raaterial, lso percolats L9 thas
spouge ifon layer during pressure siplering by capiflary actiom and
arc Believed to mduece the ebfact of tharmal fradients,

In copper base friclion wmaterials, 2 SUp LES design ansd precence of
prerallic snd nserted by spot welding herwarn (e cup and the foctaon
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material enmares jwdder recuction, banding and inteprivy of the material
apainsl thermal gradienrs,

High roeryy brakimp conld [&ad 1o oa sio@non where the cnmtaching
suetace of the fniction material may be at a instaninsons temperatie
anf [0 whereas Lhe hack plate may be closer B amhient
temporaturs. This causes instanlenacus themmal cxpansiom oo the
friction matarial, Atthe same ume the back plake resists this expansion
resulting in tha interfacial layers to be subjeeted o lzrge shear
stresaes which conld bead to carastrophic bond failure dutng service.
The sponge mon layver diee b 4 large voliems of porosiny nenmalrses
the cxpanacn gradiznt i & laree extent duc to the prrey sching as

“sirgas sinks".

The mickel ¢oated layer of the back plate also contribuies o
nzutralisiog the thermal pradient due o a compositional geadient that
exists acposs its tluckness, The compesitional gradisnt arses due to
its mllaying with o of Lhe foction naatenial ingredicnts on onc side
amd with the hack plat2 on the other side.

Step 4 Hevelopmoent of POAd Process Bir Fabrication of Tirake
Fads

The nexl glep & devedopment ol oo approprale BM process for

fabrication of the fricion matcrial infoe brake pads £ eleriants by

controlicd expeomentation, The varicus steps invalvad n

developmaenl. of Lhe optimwm process arz 4z follows:

& Belection of raw materials bagsed on compogition

a  Powder miaing

@  Powder compacticn

» Drovessing of back plate frame

# Pressure sintering of brake pads

A) Selection and Oprimisation of Row Matenaly Basad on
Cimpirsilfome

Diesigned cxpooments ame camicod oot to optimise the specification
of the raw moatenial correspomdiing toeach fricticon roaterial ineredient,
Frotofype brake pad samples made from o few allemative raw
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male ials-of @ach ingrodient ate testesl Tor basic propeltics soch 25
Frciion and wear. From the cesules of these experiments each raw
material ype and specificativn i foced and optioisoed,

A similar prosedire wag adopted for selecting and pptimisiog the
(aw matedals sad their propertics/specifications Tur the ansport
qircraft brake fricrion materil in the present example.

B} Powdze Mixing

Experiments arn cirried put by varying sequence and method of
wixing, mixing dme and mising medmm to establieh an CrpLiTaum
mixing procedure which would resull in the hest belk density -and
Ao Tate characteristice. For the mulitary transport aiceralt frictiom
material fornlaton the toilowing mixing procedare, established
{hwouph expetiments, yielded the best result;

, ﬂﬁ'arm: Hh{[sﬂ;ﬁaﬂt}#} | bAskalEs M | [fon + Copper)
] [ Mi-E] {Milx-a
: WL times: 2hrs Modng lme o 140 s
Mixdng mediom: alcohot
Dirying ¢f Mix B
5.11Eld&uﬂ. 1hr
| MEzs MbB +GraphiterH T Lopricart
o[
Mg me: 2hes

&1




) Fowder Compaciion

Pressura for compaching the Melion matecial it the desired shapes
required m the fial brake pad sz chosen und optinised ‘Based op
axperimenis which yield the mmostoptinmm gesen Jensity value of the
resnltant compact. Higher prescures lead to marginal increase in the
green densily bul may canse cracking of the compact due to Tagh
residnal sbregnes, ' :

Usnally double or imudti-layer compaction is carried ont o which the
first Jayer iy the friction mislensd lvyver and e athars SPOnge pawder
luyeds.

The compaction pressere for iron-hesed Fricticn. materials is about
SN} b3 340 Mpa and for copper bays frictict malerals i is in e
range of 380 to 4N Mpa. ' .
i) Processing of Back Flete Frame

A single or wnlti-layer Friction malenal sanmpacl is 2 composite with
abou( 40% by volume of non-metallic ingmdients and possesses quite
low siezregfll, I ouder 1o withstand the severe sarvice envirommsnl
aud also for assombly inte the ke rolur und staeor plares by mvcting,
the friction meterial is edther housed [n a backing steal container ur iy
diffusion ombed, ciring fressiens sinbering operation, boio a sles] hack
nlate frale o the same shape and contoor

For medium energy aitcraft brakes with maximom temparatoces of
G, Jow carbon steel is considerced a suiable hack plate niaterial.
Fou high swergy brakes, in which temparators e is bevond 75690
thechobes of & hack plal2 inaletiyl is restricted to stabilised high smoneth
lowe allory stecls of high hardenability and possessing pood thzmal
fanpuc properties. '

Srels normally need are AISTA340 BS-81 55 #4-300 ete, In =
crarple for the ron-deised brake friclicn maleeial of the militacy
irarspart aircratt, the hack plats chosen is ATS1-4340,

Alter salectio g am! procuring the steel matetizl in shoot or stripy G,
bark plate segments are then [whricated by shearing operations nsieg
press tanls.
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The steel Dacking Segrowents ave theil Fiven nickzl or & copper plating,
far iton-based and copper-based frction materials respechvely, from
cvanide/alkaling bath for aiding the subsequet diffusion bonding
process wilh thie cofaposite fction maerial deing 1be pressuce
e Ty opeTatiom, '

After plating the back plaes are given a diffusion anmew toealragnt W
cpzure praper wemllurgical iomding of the plared layer to the underlying
steel plate,

E) Pressare Sintering uf Brake Pads

For pressun: sintermig special type of sinleriug equiptent, viZ., d
pressere sintering hell type furace with a hydeagbic charge puiling
wrruigement is uyed.

'lio optimise the pressure smterig pamametars [r peotatype brake
pads, sinbening expenmsnts ko cxtablish the enuperaLune-pressare-time
cycle ate carried ot The objeciie is to prodice pravokypes with tie
degiped sncchanical, etal lnrgicl and physical prapermes as derives
terim the brake specificaticn,

Bapreriments camicd auk for the iron-based fricten mmatzrial of tha
mulitary aircratt brake eesulted i rhe following opimunn preyslne
simtering parurnetars Lhat cowid yield pralotype hrake nacds which mer
al| the proparty requirenents:-

Sintedog temperstare + {025°C
SImberin g Pressie - 152 Mpa
Cintesing time w2 hours

Sintcoing atmesphere - Dry Hydrogen

The Kesulwnt Prototype Friciien Tlement

Figure- 7 shows the micro simlciurs erass szgljon of the brake pad
sintered under (he abaove opimum cobditions. The micacstrciue shovrs
a predominantly fne pearlitic sbrucrare ol the mattix fron phase 1
which Sit! particles and graphie ae abservodd o be unitormly
Adizpersed. The irmegutar shaped light/ white areds are CCRpeT- Besides
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& - 532
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Bach, plys Spcorgs R Frizhon mnbrers
Fignre - 7 Microstructure of the presvere stmtered ron-bered brake
pured af the nriliveey e gt airoraff

the deal stmecnore of the friction miaenal, 8 sound interfacial diffirsion
honding 15 alsa nbserved betweeen the steel back plate and the friction
matetind thramgh an incrmediate electro-deposited nickal layar of
thicknoss of about 150 microns,

Step § 1 Qualification and Alrworthinezs Teatmg of Irototype
Brake 1*ads

After estsblishment of the opliumn manofaswring process by
contrelled cxpenmentation as described above, sufficient nwuher of
prowvtyps brake pads are pracessed for nodereoing sowortlioess

qualification te51s.

The sirwonhiness nequirersent for brake marerials meanot for 2l oopes
of military aivcrafi is povernsd. by MIL-W-5013 and Technical
Standard Qvderc-26 ssued by Federal Aviation Admintstration, USA
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111 necordange with she airworthiness rquitements, highly elaboalc
test procedures acc prescribed for Mictien brake pads for certfying
then far nongal nsc on aiveraft brke. [he entice tesbing proco:durs
can be Jivided Do e sTages

+  Lahoratory Qraliticslion losts

r  EBrake Lyynamomeier jeits

#  Miporaftmals

Loboratory Qualiffcation Testi

iy s slage ip-dopth analysis and svalaation af the probedy pe brake
pads is cadied ont (o 438052 the metalureical vl physieal profeltics
of the prototype pads i accordanee with giverorihncss schedalzs’
spesification, The following are the tests: S

#  Hardnoss test oa frielion material and huck plate -

= Density determinaton

a Chermed! anafysis
- by classicnl or instramental methods suh a5 XRD,
GOAK, spoclioscopy, .

= Microsdmmemral chamcterisalion:

. Optical microexaminatien for i-!j-ﬂ'l'll'_'i.ﬁEH.l:Il:lﬂ an!
dizrgbotion of major capstituents in frction material
ard structare ul back plats.

_ . Bimetallic Bondig

- Wicrohardiess sorvey on selected oonstinzents and

- phases '

5

Speeific heat and themal qc-nduc:i?ii:.r. !:ui.r calorimetey
o Tricrian and wear fest nsing & lboratory test Fid

% Phage destificaion siudies by Scannimg Elecon Frobe
Micre Andlvsis (STERMA] for idenlitication, and
chemistry distribation nf varigus constiments and phasey.
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lable- harnishes. the resndes of Eaburalens qualificution 128t Coaliedl
cut on the iron-hasea friction ioaterial prototypes developed for (ke
military transpart aimezaft brake.

TARLE=8 RLSE PN OF FARORATORY TESTS ON PROTOTYES
BRARE FADS DEVELOPED FOR A F'YPHAL TRANEPORT

AFRCRASY
Tepls!Analyain Conducted | Results Onelsied
Hurdmess { Avergr)
a) FescHom dflarial 11% BHM
| b1 Siez] back placs dda WPN
Croisety of Jricdion material demei) | 6.0 -
Chemicel compaaitnn af ficion - SIC: 9%, [ T.8%, Bal: 0 3%,
mascs=] ' Ty ALS% KT 1.3%, Fe: Bal
Mi:nmenicture. (Cig-1) _ | &) 540 partide size. 190 0l KO -microqs
1] Optezal be-Cmphite: Blaky, 250 10 40 micrens
o> Maniz: Fire Peaclitz, Pamie conient;-
1 AGh
d} Gojqer; ugifoomly digtribuied 7
d1iokeid p,
i1 Bimetzlllc- Bording Soumd inczrfazlal brdulme betoosn sbel

beck place and Eriction Joacesial Mhnuyeh
M plated Lawecy, Mickel Zavar
thiciikcass — 151 mizmne.

iii} Heck Plsle Fine Jower bainic:

i) b icrohsrdnese a: Mairia: 315 ra 355 VPN
I S5 13080 i 1549 WP

Spexific hest at BT 0398 Joues'gmE

| Friviion Tesr (50 tirtinid enerey
besking smps o 2 Tredype

EpTLLELT
1} Avg, slopping tinas 0.2 qecaonds
1] A somdfriens of fHelor 0292
{dyoarny J
it ¥enr [n 50 ztaps
al by weightloss | 27 zmz (s gmaitdop)
b} by thickness - T 14 o COMAXIZE o Pl
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By comparing the above resulis with the [apd doan proporey
specifications, some of whick are given io 'Tablz-3, it was obseoved
G the iron-based Mriclion matenal developed et the requivenent
¢f the propeniics and the transport aireraf brake specification

gt wrell.

{hn thas basis, the compeesatng of the friction malera] selested, tha
raw matzial specifications, the back plats stezl and the P process
parzmeters ave tencatively fixed and docurnented,

Bredke Dyvaumemmeder Tosty

The lahormtary qualification tests on individual prototypes are aot
wlesyuate w fully qualify the friction matectal for airvecthiness. Actoal
Fiz[d petformance is rzquired o be tested thoraughly. This is fulfilled
by conducting the brafe Demsomieter tesly whersin Lhe aioecaft
brake nit, asszmbled with the pewly developed bruke pads, is

subjected to repearcd cyeles of real ome brake performance tests
sirnulating the aircrll “design (rermal) laading” and “rejected

toke-off " brake ensrpy conditions.

For degarmnination of dynarnomeer best condinons and brake enerey,
stindard international specificatnns for fesoine of nirernft wheels and
biratoes ara fallowed it uddition o the hrales specificaticn. In the present
cise of the ransporl sl MIL-W-5013K was followed and the
corkditioms suonduted wre given in Table -3

Table-10 preseats a iypical resull of tie brube dynamomeler el
comdiied ca Lhe brake unit of (he tanspont aircrafe, for 2 desiym
landing enerpry el

Aircraft Triels

Ficld / serviee trials are carried outon the protarype brake pads after
suceessful completion of dynamometer gests using the aiccraft a5 a

lest bed,

“Aocelene — stop”, “landing™ and “técving snd twming” tests are
cacried out under critizal combrnations of aiveraft weight and spesd
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TARLE — & THE CONDITIONS SIMUTATED S8 BEARE
DYAAMOMET I TEETS FOR IRON-BASED BERARE PALS OF
' TRANSPORT AIRCRAFT

Tesl paraniedors - Conditlons Sirmwlated Fiot test under
. Deslpn landing C RTO

Ercke Erergy, ¢ 1654 2) BME s 1P Rgf | LAk 10 Egim
Grrating rrass Ioermia, 11) |52 Kglmsect 16 Kpfinaec”
Cryraning meass REM, (1)  Loan L 3o
Anmaloc Yedocuty of ByTREDE Mse, L1] per seiod (42 4 per 2ec00d
[ = 2t & B
Ermke prasuce (LR XT B 1IN0 Kgflag.ca
Pode. 0F 54005 K i

TABRLE-10 OBSERVATIONS OF THE fDESIGN LANDING TEST
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of purtcrmanze and relisbd 11 In gecvire.
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de-irlg e Cedent wud rate of Frigiinpel wook o kR ConE T 4 Trigtnn wataricl
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4. CrAdsaky 0F TERMS RELATED T ATRCRAET BRAKT FADS
Friclion Maberlal Gkoezaary

A,

Abrasian = machanicel woar during secing ol two surfaces aguingl each athar,

Additive — substancs added o soall amaunts to impidve properties and
perfarmance of proeusl.,

Adhesive = substance, appisd as an Inteemsdiale. & <apable of kolding
male s tonather by suare attachmani. | i inteiposed betvmen Frision
rrraberiad and s s hack-plata)

Aggaing realaEnca—rosistiily aJainst agang which kit acour des b orlidathon,
oeerhazting and piecence of canain metsls lve Coppsr, Lewd, Sdver e, Thea
rosELaae b ageing ar b inprogved by cartain adilives (anlinddants)

Aircraft Braks Pads —Sperial ypes of heavy-duty Tecton maearials, wi4ch arg
rrade up of et poabpner ¢ rae n based nposle or metallacerarne COMpCsiles
in @irergfl hrake aszarably and by abeorh ketc crcigy of mesion. sopyert d t
Heral & Jiazgpate tes lakter o the stmosghore,

Analsay of Friction Materlal {haevy—cduly] - rmetalocadamic rempoates with
free major comstiyenia caniribuliyg ndhidealy o ovesal rerfarmards of brake
syshorna (b matrs ce keae {uy fricton agers (1) Antkesizur agent (i) haat sink
and () stavili-ess of modifiars.

Antl-geizurg agenE - conieled Lbdsante o prendal n-afy friciion welling of
t-e angiedng aurizca under Icad and hest (and s perfarms A wnction totally
oipczsite 1o Ehat of {he Inction agents). Molybdenum disulphide oz, Graphite
and Boron Hilvide 202 uzed 85 common ant-agizup aoent. Becalss ot exfoliaing
ngture, Whese epread ol 2% thin non-mackng filn cELGEg Gagsy senaraticn Jf
wear debrda. They 2o mct =8 a heal glnk and a%o provide high darcping
attrioutes wmder gyzlic stress.

Andl-aqueal shimi -~ Eirgls or imuliple matal peses Icoated bebwesn tha brak=
pad am: waliper to raduce brake equeal.

ares Loading - Kinetic energy absorbed par wiit sweept area of 1he rubbing Faces
ibrako pads on te rotor dlses), :

f.ras Loading Fats — arew lnsidlng parunit brahing dme.
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Asbesoa — a gray, non-bunming, pon-cendycive and cherpical realatanl material

CLEARG in kg fiberg or fibreons maseas, sometimes ysod Be Thier for
rewfarceman

Ashesled materials - tor a long tird, e mosl propular kind f matenia uessd was
winEston fibens, bnd that s been phased ot of the market in fecsn? WEETE dle
0 rezaffy coreerns ssscciabed with asbesies. idue b connactions b lung
diseasn)  Ashastcs wws bamned an uzege by the gowsrnment, fosdng
manufeciues 0 discoer new forms of materak ag subebiul=, AFhougk
aebedos metedak: wm legal in soine coundies, thay ere fading from tha i ke
85 Neny Matenals ans freling thar way in the forewand of the ardustry. Glees
Hiser coBted with phonoliz serin 12 wsad £ alkanabiva 1o azbestas !

A, ganenc: Name of 2 group of minenals sed i brake filkclion materals and mads
e Ol irwinviduad T,

A3TH - Amenican Sociaby far Teﬂjng of hateraks.

Atdomatic adjisisrs — brake adpsaters Ihat wse RO miovement or harking
brake applcation b continually rees! Lt lining 1o drym cearance.

Back pratsure or resldual pressure — a cunstant pressirs habc i the brake
Iydasaulic cimoit when brakes are nik applisd,

Bride of Frictioy Material — see Matrix for Bare) of Friction Mabarial,

Saking — A prckss of healicey He Brake Pad in an owen i & dazirad
lErmnperabarg.

Bedding-in or Break-in — pratasa of wearng i ficlion surface =o that (he
contadt Letwasan the fredlan matarial and the ks or drum besomes soable.

Binder — the conllhucus phace which hoida together the minorosmenl i g
resifurcad product £.5. themmo-hardaning ph2nalic realn.

Bi-metallc Saotor — 8 composite brake pod. The metal gsed s maat on ar
sle.

Beading —meihod of purging tha sir dfrom the brake Bygten's iydraulic lines and
cyfnciers, Air iz compreeedils aed contaminates Drake fiuid. Alr s sekasud (blad)
+iB & ‘Header valva® on ssch whae| cylinder

Chr
m=iheod Ly which awarhested or spoled brake I and &l ke am remaved
Fronm thee brake sysdem

20



Bonded linlng — brake lindyg (fnchian material) sitihed b be brako shoe with
adhasivs,

Boaosted Brake = 3 fern of brahe source using 3 master cidnder in which iha

hydraulic: pregzure from the airsraft aydragks posey syskern B owsed o alg 1he
(il w3 appying foree W hs masiar Sylmdar.

Brake Chattering — haavy vibreticn in the brakes produces by e crake Thotion
Varyt~q a the dacs rotates,

Brake dist (ar retorfBrake Drum — te basks of & dsc brake system.” A mund
matal dsc rotaree with the road wheal ard inarder ko generate braking pawsr, a

calipmr Peakdingg deea-Triclean Roing deadsh clonngpes ihe disc.

Brakeé ¢ust — the dust creaksd when brake (hclion maknsle wear Juring oraks
appheakee.

Brake e - a3 redJdchcay or k35 in Draking Rarcs: okt 16 bass ol Redlon bedvissn
tha dizc ped and tha rotor. Feds ia casesd by heat budd-up through repeated oF
projonge beakee applkcaticn,

Erahe foma = [exibile canhier ion symllieling hese esed [ gan he Dnilean s bralke
Campon&nta.

Eraka ling = networs of slesl tubing end rubber hoses wsed ko trarsmit brake
nydrauksc preasura.

Brake Linkng - friciion malsrisk thet peesas sgainst the diecddrum bo comate
orakmg {orcs and recard the redskpne movamsdtl bedvessay o sufacos. Heat
grawucesd duning Ihis proces |2 disasaled tharough Reat wnk maae.

Brake Pad - made of frlcton malerale and bonded to metal patea. Breke peds
nead 13 be replaced scca3ionally dus 1o ey wear S 3urfecs sbrommaliby,

Grafung diafance = The dizwanoe tavehad by Siuradl wika il e in eimg irled b
slip.

=

Carbon hrakek -~ the lateat devalopment n the feld of aircraft brakes whee Doth
rodeting and stxthonary discs e made o carla. They are wsed for high-enargy
gisslpatlan. )

walper - asseatilly shal noyses te brake padisd and spplisa thean on w ol

Thiz alsc houzes s hydraadecaly cpsrabed (isans e s liw: pacs &re
Eondad.

210



Commic fricten materials - These am very populer becauza of thalr high
enendy abeominy capacty and ey clminge squoal and aodible vie-alions.
They are s |esE abraeiva to rotore and thar orake sacle tead 19 haes 3 [ongey
|l sz thiar fhese of Sthr matasials.

Cluteh —variok: condrapbona Lesd 1o 2ngage anc disengage 2w moWirg pans
celrium g prarl ik dossen pac ol & shal or ek and drivieg meshansm, Clubchas
rranemit erergy of tha powar source (deiving pad) o enothar macianin (divan
parth, which 18 Brsudht o Ihe Spasd < b boritsr, WHen changicg gsars, e
clutch peda: @ preeasd; dizanpeging the chutch and alewing the gear changes;
when rolcascd. the clutch cmaages and fransfers e rotaling mcdion throughkeed
“he erdire grive enafl.

Chich Fatings = el 10 wkgiakaion b (ovelficizada of bedion, ehio paiclde
smoih end elable chtch engagement / disenpgegemant. They melp reduca clukch

chatar, am avallabla o maldsd and wevan -:nrnpnglﬁms ared =2 B Foored wih
Asheztes of Asbegtos-frea matediala.

Coeflckerd Gaf Frlelod —fahs of I0Tte Medsssany ta moye an obed compared o
1he wsight of the cbje tsalf. Thie | an index of shearing forca of the ozt
parts, which, i lumn, debermines the degres of perfcamases of Ihe fcten
maleal. =egured level of the cosfficiant of ficticn ie depandent on the oparaleg
conditicn and end ues of the producl

Cogfcignt of Factdon [Dynamis) — coafickant of friction banwssa bwo mating
gifacas with ralativa speed greater than mero (Paemnil . LSl deome < s e

Goofficlert of Fricton [8tatic) - toaffciand of Irlelicn between bao maling
Alfaces wit paro relatve spesd (doepme). Usually v ™ amame

Curlkyg - 1he haat treatmant process amoloyss manly on organle pads for
conwerting ihc groon covpact & 10 o0 end product similar to sintsring of a
metallks pad.

o

Dinc Brake — consisls of braks pads, callper and rofor. Thiz ie the pait ol lhe
brakic Syshbeny that actualy stope the vahicle.

Dregging brakas = brakes thet hawva nat fully reledsed and which ralntain aome
Nivdirsn & tha wheal rolls. Dragging brakes case serlous overneatng.

OTV - Dige | hicknaas Vanalion; fha varigtion i {huckness hemwsen twa ooints on
the Iriction surfaca of a rodar, I ks uswaly gaused by poor abgament of the oo f
eslipar or the rubhing ol the fretion matersl agaimst the mlor whes e Brakes
e ot

Dynamic Friction — a2 Slding Frictiou.
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Dynamometar — o ta:l g in & Bboratony uzed o sk broka Ey&te parfomancs
||_r-ca Coeftignt af fri::'_rmn, wear rate of e friction material, slop ditares shap
frre oto; by smlabing the aclhual kinetic enspgles of brakng under varioua
requirest condeiors

:Emargr Fapar — Papol with deterent gt size used f0 sconch 10 o ey
ayesr,

F

Fadlmg tor Fade) = temparary reducad braking powas. Fadlng g Fude) razults
from overheating of 1he frictian malkorial,

Fll:n-a-gl:uu_ materials — a composite mater|al Whescin a Bhar ks reisforessd with
glaea ImEbis. Thess Bre fevw 1o the market and ane cutroolly baing tesed bar
Aurabulity, presardatin of iliaa and droms 8 noise kel

Friclion —rasiatance 1o refathee molian that oppedesses tha dirsction ¢° treee of an
bbject. rmalnly cacsad by eurface roughnese. Il i fiealed by cortact of oobd
brediss with ane anotier,

Friction agent —hand ateasive partistes (e.q. sika, silicon nimda, sileon carbie,
Aluring and mallibe] embeddsd o wainix t0 gemerats requincd fricion foda by
acorng dhe realing sweface

Frictlon Couple = combination of ficllon e and mating dise \ bldlon oople
I = brakm or clutch azeemiply, thc snergy B3 absarhed o fensmitted by
genarstae conmrolled chion within it. Hubblng Eislion disc enansl & maing A,
i boan, nommally gererates (he controfed frictior. Lepending sn the applizaticns,
hiwensar, i friclicn craupla may \hke dfferen: confguratons.

Frictlon Diec —a disc in & fiwchon pouple bonded matabegicsl (difusion-bonced)
to B nction malerlal, rukbbing cn whizh & conbalked Ticdicn e genersted. The
dozign of friction disc can b2 varied (g.g. sagroantsd or noanli i aepending on
b D paGEbion fequine meenta.

Friction, Lawa af — zeg Laws of friction

Friclion Matarial - components af 4 mechaniem that canverts mechansal
eneiyy ino et upon sliding contect The coneersion product, heel, i= absosmad
or diesipabed] by e Triclion metedal. Fricion maledals am sssenbially used (o
induce ficlion in applcions when dew or decrsasing movemenl i desired,
Such 25 0 braked ad clutchees.

In ceze of braking. the fickian Matera's prass againzt Iba drum er digu in oegles
tre;icn T byoneducks of ficthon are debns and haad. | is imporant tal fricbon
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.-r!at-arinla -riril in brakes have (i} good energy absarstion eapacity [In wiew of Ihe
“ih bemosraiuees ha reeatt from braking) and G by wear race LErzuNipeg less
de2ris atd mona eanace i)

Brahs systems wse Melon meteviali 1 stop wheeks fram rotating. Whea 3 Brake
B presed, i Botivat=s 3 §ysbem that plac-y |he mataerials aganst a disc or drum
lhal zlows the vehicks down. Clulthes slee nerd ficion materals Iy oodsr ko
wr4ginpa Bfter gear changes. \Withoue thirr, §he dutch zlipes and cannat fransfes
S

Friction Materlal, Dasimed propertes « dosired properies ot ary good fricty
maAtrial g (abulated here -

i Lavel
Froperies Reacons
Friction coeffigkent (pu Merderate | Repid ey dissipeton [shor brake
. | | soglication tims _
Hmangth  (shear & High houkd rect fail or Aew wivder ebbing

CORPEs 5]

Conducts 1he heal generated by fcto -
Thermal sonductaning I ligh rapicthy, avoid thermsl aoftenmg of maérix
and kcal=zad imelles

Manimiza indplenl rreline & |ocatized

Ant-sazure character  High welding  of asparifes, eldppege  of
_ - rubbirey Eurfaces, torus luciuations.
Whzar ke | Lo Ensume kg if o
_ ' | Erzure slapdy and reisbhhe potaimanca:
Skility High | mbninze  “fadking” undar  repasted
.- . thremmal cycing. _
Damarje of opposing | Lew i Long life of brake pssembly, o dobria
| sifacs I oeneraFiig
[

Glazing o plazed lining — process whadeby a brake Jring or cizc romoe
bacomess smooth and ghossy diem o excess hest resullng in mduced beaking
enlcianty. This is also caded as “Reilly layer”.

Graphitic materdals - inalerlals having graphlts crgsbal slructore, Thess ars
lsed o applestions thet have & il Bmperetume becauas of i greod e gy
abearplion, T matorials help hold in keal bar & 1oty pericd of e,

Gropwa Patterne — qrocees on fectlon mestcrial hele diapal haet. get rid of dabils
and elwmizle e

GAL = MAzh Sl2e o dafary paper,
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Heat Dmsipation — processd wihersoy braking companedls fid tem of heat
causad by fidien. klost haet i3 diseipatesd inke the sumounding air or Through
Malmy metal components sacd as the whael Warioys foams of vantilation can
Accekerale dlgsipation.

Heat finks — an importart par, v lha brake unit, which facllilale il heal
Bmovai ¢ disslpatien e heat genesation sourcs, Moomally, copper B waad
cianonly g3 beat enk begayss of high tharmal corducivy.

Haa sink loading — kevele: srmgy sbsorbad per anit heat sk roes

Heat spots — shiny aark areas on a rofor caussed by @t iemes hml

High-epeed [Udkder - vibradion during higa apeed hraking mt redated to OTV. fti=
caused by hot 2pots oF Fareign mesizw on the rotor,

Howl = raa ganaraled in 016 ranyge of 500 to 1000 He cauzed by sfick $lip.
Hygroscopic — an affininy ar alliaclion for watar.
Hydraulie Pads = pads oparated by hydrawic armangy.

Hardnase of Breke Pad - resleance ju seatch or indentation on Brake Feds.
*

Kevlar flber = Proprisiary of Deposit uzed in variety of organic maicrial of
application including Srganle bake compositon

L

Lawe al fleton = alasxin; [aws of fidion have been resrrarded by Aamonborms &
follows—

Frzl Caw: fricton force between twg sliding swfaces opposae thedr ralakive
T ion

el Low: Iriction force ie mdependent of area of conet of e given suratss
when B ol ssacdion is constani .

Al Law” Tha limilng fricional forss B propotlonal 1o e oozl resedl o,

(Shabic frietan). The IAGicnal ks & peoportional 1o the nornal readlon &nd s
ndcpendeni of the relative valooily of the audacan (MvaahiG fiiddion).
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Laws of frletlas {Classic) ~ thes classig Bywrs of Fiction ere—

el Lawe: The: Niiudion fores that reakies shiding ie propartsanal 1o 196 marmal oad.

1121 tha foroe thel squerases the sudece Sogetber). This propetionalty gonslan is
uBuady relearesl 1o ea the coafflent of fiction ().

Secoid Law: The amound of frkllon & independant of the area of comtact for 3
wide range at areas).

Thind Leer: [ he *ficilon foreo = indapendent o slidieg speed fonca Hw aliding
FIET I

Lubrlcamt — pubatancs, wheeh enpanl kbrication property

Lubrlcation - phararianon of seduning sl aml awolling fictions between
Irczion chimonl and the mating pet ard 1o prevent veear and Kiclicn e,

Maxs Loading e — heataink lcading gar unit Braking time.

Mastar Cylindar — eylinder 16| czedaing hydraulie fluid. IE ra coinested HRrsclly bo
tre brgkm padal and tranzmile praesuie 1 e baakes opemiling eyatem.

Maternial, Fricton — aea Frictien Mabersal,

Mating Diec - in B Drake or chtch asscmbly, the fristion dize i ruboed agamn:l
ancdher dhs: i gder o sbsorb or franemil ey By conorating contiolled
friciion within it. The labler & galles) pating dies. Nommally, the mating dlss i
rala of nan-Mickyon matariala. which ane harder Hen ths corresponding friciion
metariad rubbing Aaaingl il, Thig ensures lees wear of The mailng surkace anrl
mare scrace ke Depending on ta applicatkns, Rosagsr, e matng disc maw
laks dwfersm Combgurlons.

.

{rganic Brake Pads — Brake pada with phenolls resln as matri malzrial wits
dalhes acldibivess - guriesaly wasd in fow anengy aircaft.

F

Platen — i tha moving part of he ake callper. Lpan meceivia g ing ezl
proessung Fromm 1he brake: Thad, e pislon i= forced outweards and againad the teck
of 2 brake pad, wheeh 12 fodeed agaknst the dise.
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Realn - Blrur uesd for esinforcernant of pade.

Rotin «coning — groscves on the triktion surface of the brake akr, waually
Gausad oy the hclian matedal.

Running-i — suface aspannes of nesw xlidmg aeefaess am modified g the
rurnaing — in pedicsd.

5

Beorch — Process of rougheniog of the rufacs with the wse of heat ueually In
1esin oased pads, Sert of bad-in procsss.

Storching Temparatums — Termperatuwe 21 which scarching achon takes placs
nOrTaty 440-060 deg .

Scorimg marke = bend-shepad maks in melal, cyused Iy maghinitg or by
acufiing.

Seulfng — damege 12 matesial sufacs tratugh inadeduale supphy of lubwkssnt, or
&5 & result v rvarioading when the lubicatos Nim is brokai.

Semd-metallic {fricllon nisterialy) — Fesin based Fiction material sompozed of
0% to S0% stesd f mistallic materal rilwr, Thess are ysed for high parfeenanss
Bnd deswingd ko prevssnt fedr and Squasl. They lundle heat balkrs than many
atleer crganic pade.

Sinlered metal - Pasominanty metallke powder whih tuitable addilives Thirs
cnpacted wnd sinlared rmatel is of vaioue shapos

SUdrg Fricton (alen bormed as keede Ticlion or dynoymie Triclion} — frichon
produced whan thjacts, el (o meowa) over each ot

alip rtio - deferance itwisan tha wehicle's Lody speed and the speed of the
whael measuied 3s a pencantega,

Squeal = high-piched noise made whan braking. Squcal indlcates hal hrkes
should be wepectked Doy waar.

Smbillzars {or modifiers) - @a med o proyenl ‘fading”, Le. to ensaws
Lnlbommily of rclicn co-efficiont (p) durltg paricd of Appdecation and rallify tha
scdversa aflscl of heat genersbod. Thay elen ensum prodonged rellabiiy daspite
uss (@nd Bhise] Ry protectng e ficion agants rom thamral cracking by
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aming & enwalope. Maynssium axide {301 and Badum auylits (Bazl, am
used commonly Far chie peijuse.

Static frictlon — frictan Aeaded o sk a bl at reed imto roal.on, Static Tlelonal
Forces faam the imeslocking of the nwgularties of o sufacer increass o
mevend Bhy miative rmodion on wnll 9o limit whirs modionr ecours, | s that
threshokd of ndion witch |5 cherastatingd by Lhe coeffeicnl of elati= frct on.

Tha coaflasnt of etallc faction 1 Lypically [arger Hean e cosfficent of knedic
Fzdlon, powie & Pymnane

Stpplig Gme = abio o Maainum Bease Applicaion Sparil o the oessberation
reauired Frarm Esake

Suriace Roughnees — The mughness (Ray of eme:ricd matald: surfece. Syrfaca
Rowghness & meaauras o Padhonsber.

T

Tarque — Tedzcting manwsnt.

Tlghtenltg torgue - wiective lewsrage IWmed into falaling mowe| zant ro tightan
A SCrges cHnackion.

Tranafer laver - Ienrfer of frichen wasmnal T the brake drurmm o obor. The
thickees: inereases witc termparature ard the aumbee of briking cyrkes:
thickness b5 also divecty (clabed 1o e amount shck-slip,

Tribology = science, wich deals wilh the refalion batwen friction, wear ard
Uk r artios.

Temperature Controller (Themwcoupdes)- A kempemture messunng davic:
Bt for baking the b pada.

W

Warping — 2 corditian experienced by Fes diec when it beccries et of raund.
ehon caized whon tha brahes am wed excesaivaly then tha vehicle i shoppad
and heat {rom the padsicaliper dissipales Ureaenly, Ehroygh e motor. Rokars.
which are warped or aut-sf4re, hame excess MINGt, meansnd ted: sufess vares
or wothles & it motates angund & Mosd point.

Weaiar = causad by lticlion and coniact between Panng suwfacas aflar bresk
througa of |l lbricatirg film.

Wear Pl — lMechanizm i braks unfts for maternal MONFOnng of wear rab,

ARE
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