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Abstract

In recent years grinding has gained much significance as a stock removal process, for shaping
and sizing both hard and soft materials in contrast to what had been realized in past as the material
finishing operation and a process to be worked on very hard materials. In many grinding applications
it has become advantageous to use monolayer wheels having grits strongly bonded on a wheel-hub.
The bonding layer usually covers 60%-80% of the grit height for effective anchorage of the grits. The
successful applications of such wheels have already been reported on grinding at a high speed to
achieve high material removal rate. In this study the author has observed that commercially fabricated
cBN electroplated wheels may not be free from defects like overplating or growth of galvanic layer in
the form of nodules in the space between the grits. Such feature hinders free cutting action and
caused wheel loading leading to early termination of wheel life. On the other hand, wheel loading
problem has been greatly minimized in a newly developed grinding wheel in which electroplating
and electroless plating are used as an interlayer to hold the grits at their respective places while
coating with Ni-5Al by using Detonation gun technique. Such type of bond permits to keep the level
of the bonding material low but sufficient to hold grits during grinding thus increasing the chip
accommodation space. The principal objective of the present work was to investigate the
performance of this newly developed wheel with particular reference to its capability to ensure free

cutting action by resisting wheel loading.
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Chapter 1

Introduction

1.1 Grinding

Grinding is an abrasive material removal and surface generation process used to shape
and finish components made of metals and other materials. The precision and surface
finish obtained through grinding can be up to ten times better than with either turning or
milling. Grinding employs an abrasive product, usually a rotating wheel brought into
controlled contact with a work surface. The grinding wheel is composed of abrasive
grains held together in a binder. These abrasive grains act as cutting tools, removing tiny
chips of material from the work. As these abrasive grains wear and become dull, the
added resistance leads to fracture of the grains or weakening of their bond. The dull
pieces break away, revealing sharp new grains that continue cutting. The requirements for
efficient grinding include [1].

* Abrasive components which are harder than the work
» Shock- and heat-resistant abrasive wheels

* Abrasives that are friable. That is, they are capable of controlled fracturing.
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Fig. 1.1 The six basic elements involved in surface grinding [1].

Most abrasives used in industry are synthetic Aluminum oxide is used in three quarters of
all grinding operations, and is primarily used to grind ferrous metals. The next most
common manufactured abrasive is ceramic, which is used for grinding hard brittle metals.
Ceramic abrasive grains are commonly mixed with aluminum oxide in the manufacture
of the wheel to produce better grinding characteristics. Silicon carbide is next, it is used
for grinding softer, non-ferrous metals and high density materials, such as cemented
carbide or ceramics. Super abrasives, namely cubic boron nitride or ‘¢cBN” and diamond,
are used in about five percent of grinding. Hard ferrous materials are ground with ‘cBN’,
while non-ferrous materials and nonmetals are best ground with diamond. The grain size
of abrasive materials is important to the process. Large, coarse grains remove material
faster, while smaller grains produce a finer finish. The binders that hold these abrasive

grains together include:

« Vitrified bonds, a glass-like bond formed of fused clay or feldspar.
« Organic bonds, from synthetic resins, rubber, or shellac.

 Metal bond, using powder metallurgy or single-layer bond systems.

Wheels are graded according their strength and wear resistance. A ‘hard’ wheel is one
that resists the separation of its individual grains. One that is too hard will wear slowly
and present dulled grains to the work and overheat, affecting the final finish. If too soft a

wheel is used, it will deteriorate quickly, requiring frequent replacement.



Another aspect of grinding wheels is their pore structure or density, which refers to the
porosity between individual grains. This pore structure creates spaces between the grains
that provide coolant retention and areas for the chips to form. Dense wheels are best for
harder materials, while more open densities are better for the softer metals.

The three factors of grain size, bond type, and pore structure are closely related, and

together determine how well a wheel will perform [1, 2].

1.2 Grinding wheel

Grinding wheel consists of hard abrasive grains called grits, which perform the material
removal through abrasion, held in the weak bonding matrix. A grinding wheel commonly
identified by the type of the abrasive material used. The conventional wheels include
aluminum oxide and silicon carbide wheels while diamond and cBN (cubic boron nitride)

wheels fall in the category of super abrasive wheel.

New abrasives require new ways of working that reflect in new designs of grinding wheel
assembly, truing, dressing, and conditioning techniques, coolant delivery and coolant
formulation, and finally, new designs of machines capable of high wheel speeds and
capable of delivering higher power to the grinding wheel. A variety of wheel designs
have developed to cope with differing product geometries.

However, two other considerations gave rise to a new approach to wheel design:

* High wheel speeds must be designed for much greater wheel strength.

 Expensive, but hard-wearing, diamond and cubic boron nitride (cBN) super abrasive
only need thin layers of abrasive to achieve a long wheel life.

Modern grinding abrasives mainly fall into one of two groups, namely:-

» Conventional abrasives based either on silicon carbide or aluminum oxide.

* Super abrasives based either on diamond or cubic boron nitride.



The division into two groups is based on a dramatic difference in hardness of the grains
leading to very different wheel wear characteristics and grinding strategies. The division
is also based on cost; wheels made using super abrasives are typically 10 to 100 times

more expensive [2].

1.3 Single-Layer Wheels

Single-layer wheels are generally limited to super abrasives because of the economics of
wheel life. They can be subdivided into electroplated wheels fabricated at essentially
room temperatures, and brazed wheels fabricated at temperatures as high as 1,000 °C.
The following discussion applies in general to plated cubic boron nitrides (cBN) and to
plated diamond wheels, although in practice ¢cBN dominates the precision grinding

market and is the central focus below [1].

1.4 Electroplating

Nickel electroplating is a commercially important and versatile surface-finishing process.
Its commercial importance may be judged from the amount of nickel in the form of metal
and salts consumed annually for electroplating, now roughly 100,000 metric tons
worldwide, as well as its versatility from its many current applications .The applications
of nickel electroplating fall into three main categories: decorative ,functional, and

electroforming.

There are many functional applications where decoration is not the issue. Instead, nickel
and nickel alloys with matte or dull finishes are deposited on surfaces to improve
corrosion and wear resistance or modify magnetic and other properties. The properties of
nickel electrodeposits produced under different conditions of operation are of particular
interest in this connection. Electroforming is electroplating applied to the fabrication of
products of various kinds. Nickel is deposited onto a mandrel and then removed from it to

create a part made entirely of nickel. A variation of this is electrofabrication where the



deposit is not separated from the substrate and where fabrication may involve electro
deposition throughmasks rather than the use of traditional mandrels. The many current
applications of nickel electroplating are the result of developments and improvements
that have been made almost since the day the process was discovered. This is evident in
the following retrospective on the development of nickel electroplating solutions as well
as in subsequent sections that deal with basics, decorative electroplating,functional
applications and deposit properties, nickel electroforming ,nickel anode materials, quality
control, and pollution prevention.Nickel electroplating is similar to other
Electrodeposition processes that employ soluble metal anodes; that is, direct current is
made to flow between two electrodes immersed in a conductive, aqueous solution of
nickel salts. The flow of direct current causes one of the electrodes (the anode) to
dissolve and the other electrode (the cathode) to become covered with nickel. The nickel
in solution is present in the form positively charged ions. When current flows, the
positive ions react with two electrons and are converted to metallic nickel at the cathode
surface. The reverse occurs at the anode where metallic nickel is dissolved to form
positively charged ions which enter the solution. The nickel ions discharged at the

cathode are thus replenished by those formed at the anode [3].

1.5 Electroless Plating

Electroless nickel plating is a process for depositing a nickel alloy from aqueous
solutions onto a substrate without the use of electric current. It differs, therefore, from
electroplating which depends on an external source of direct current to reduce nickel ions
in the electrolyte to nickel metal on the substrate. Electroless nickel plating is a chemical
process which reduces nickel ions in solution to nickel metal by chemical reduction. The
most common reducing agent used is sodium hypophosphite. Alternatives are sodium

borohydride and dimethylamineborane but they are used much less frequently.



Unlike conventional electroplating, no electrical current is required for deposition. The
electroless bath provides a deposit that follows all contours of the substrate exactly,
without building up at the edges and corners. A sharp edge receives the same thickness of
deposit as does a blind hole. The base substrate being plated must be catalytic in nature.
A properly prepared workpiece provides a catalyzed surface and, once introduced into the
electroless solution, a uniform deposition begins. Minute amounts of the electroless metal
(i.e., nickel, copper, etc.) itself will catalyze the reaction, so the deposition is
autocatalytic after the original surfaces are coated. Electroless deposition then continues,
provided that the metal ion and reducing agent are replenished. If air or evolved gas,
however, are trapped in a blind hole or downward facing cavity, this will prevent
electroless deposition in these areas. In electroless plating, metal ions are reduced to
metal by the action of chemical reducing agents, which are simply electron donors. The
metal ions are electron acceptors, which react with electron donors. The catalyst is the
workpiece or metallic surface, which accelerates the electroless chemical reaction

allowing oxidation of the reducing agent. [5]

1.6 Electroplated Single-Layer Wheels

Electroplated wheels consist of a single layer of super abrasive grains bonded to a
precision machined steel blank using nickel deposited by an electroplating or
occasionally Electroless plating process. The plating depth is controlled to leave about
50% of the abrasive exposed.

Plating
material )

= U
y ‘\1/ CBN grits
Workpiece > Vi Workpiece » Vu J ’

(a) Electroplated wheel (b) Brazed wheel

Fig. 1.2 Schematics of monolayer electroplated and brazed CBN wheels. [4]



1.7 Thermal Spray Coating

1.7.1 Thermal Spraying

Thermal spray is a generic term for a group of coating processes used to apply metallic or
nonmetallic coatings. These processes are grouped into three major categories: flame
spray, electric arc spray, and plasma arc spray. These energy sources are used to heat the
coating material (in powder, wire or rod form) to a molten or semi-molten state. The
resultant heated particles are accelerated and propelled toward a prepared surface by
either process gases or atomization jets. Upon impact, a bond forms with the surface,
with subsequent particles causing thickness buildup and forming a lamellar structure. The
thin “splats” undergo very high cooling rates, typically in excess of 10° K s for metals.
A major advantage of thermal spray processes is the extremely wide variety of materials
that can be used to produce coatings. Virtually any material that melts without
decomposing can be used. A second major advantage is the ability of most thermal spray
processes to apply coatings to substrates without significant heat input. Thus, materials
with very high melting points, such as tungsten, can be applied to finely machined, fully
heat-treated parts without changing the properties of the part and without excessive
thermal distortion of the part. A third advantage is ability, in most cases, to strip off and
recoat worn or damaged coatings without changing part properties or dimensions. A
disadvantage is the line-of-sight nature of these deposition processes. They can only coat
what the torch or gun can “see.” It is impossible to coat small, deep cavities into which a
torch or gun will not fit. Thermal spraying can provide thick coatings (approx. thickness
range is 20 micrometers to several mm, depending on the process and feedstock), over a
large area at high deposition rate as compared to other coating processes such as
electroplating, CVD and PVD [6].
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Fig. 1.3 Basics mechanism of thermally sprayed coating [6]

Coating materials available for thermal spraying include metals, alloys, ceramics, plastics
and composites. They are fed in powder or wire form, heated to a molten or semi -
molten state and accelerated towards substrates in the form of micrometer-size particles.
Combustion or electrical arc discharge is usually used as the source of energy for thermal
spraying. Resulting coatings are made by the accumulation of numerous sprayed
particles. The surface may not heat up significantly, allowing the coating of flammable

substances [5].

1.7.2 Substrate Preparation

The adhesion of the coating to the substrate predominantly consists of mechanical
bonding, careful cleaning and pretreatment of the surface to be coated is extremely
important. After the removal of surface impurities by chemical or mechanical methods,
the surface is usually roughened using a blasting procedure. The liquid or molten coating
particles impact the surface at high speed. Heat from the hot particles is transferred to the
cooler base material. As the particles shrink and solidify, they bond to the roughened base

material. Adhesion of the coating is therefore based on mechanical “locking”.



The amount of metallurgical bond caused by diffusion between the coating particles and
the base material is small and can be neglected for discussions about bonding
mechanisms. Surface roughening usually takes place via grit blasting with dry corundum.
In addition, other media, such as chilled iron, steel grit or SiC are used for some
applications. Besides the type of grit, other important factors include particle size,

particle shape, blast angle, pressure and purity of the grit media [7].

1.7.3 Coating Material

In principle, any material that does not decompose as it is melted can be used as a thermal
spray coating material. Depending on the thermal spray process, the coating material can
be in wire or powder form. Choosing a coating material that is suitable for a specific
application requires special knowledge about the service environment as well as
knowledge about the materials. Apart from the physical characteristics, such as
coefficient of expansion, density, heat conductivity and melting point, additional factors,
such as particle shape, particle size distribution and manufacturing process of powder
material (i.e. sintered, composited) will influence coating performance [7].

1.7.4 Detonation-Gun Spraying (D-Gun)

The D-gun, shown schematically in Figure 1.4, includes a long, water-cooled barrel with

an ID of about 25mm.



1 i 3‘\,
\\
1 7 7//1'1'Z/1/1%31u1£1u i 75150472505774474
-~ £ . » ”
REATTR LY e ¢ "¢
s N 27724 (LN A | YWrirzrrsrr27r A
[ Fj’/ W70/
6o 1 ) -4
S : / /d

Fig.1.4 Schematic of the D-gun process: (1) powder injection; (2) spark plug; (3) gun
barrel; (4) oxygen input; (5) nitrogen input. [8]

A mixture of oxygen (4) and acetylene (5) is fed into the barrel, together with a charge of
powder (1). The gas is ignited, explodes and its detonation wave accelerates the powder.
In order to avoid ‘backfiring’, i.e. explosion of the fuel gas supply, an inert gas, such as
nitrogen, is used between the portions of exploding mixture. Nitrogen also purges the

barrel. The detonation process therefore has the following cycles:

* Injection of oxygen and fuel into the combustion chamber;

* Injection of powder and nitrogen to prevent ‘backfiring’;

* [gnition of mixture and acceleration of powder;

* Purging of barrel by nitrogen.

There are 1-15 detonations per second with purges of nitrogen between

them [8].

1.7.5 Coating Adhesion

Adhesion is the tendency of dissimilar particles or surfaces to hold tightly to one another.
It is viewed as the strength of the bonds between the coating material and the substrate.

Coating adhesion is the "condition in which two surfaces are held together by either

10



valence forces or by mechanical anchoring or by both together. The coating should well
adhere to the substrate so that it can function properly without spall off and tolerate the

mechanical and thermal stresses.

Mechanical, chemical and metallurgical factors may contribute to the adhesion of the
coating to the substrate. The adhesion strength of hard ceramic coating on a steel

substrate also simultaneously depends on
1. The substrate surface texture.
2. The value of surface average roughness (Ra).

The two surfaces may have the same value of average roughness but a non-identical
surface texture which may show a different behavior for adhesion strength of coating on a
substrate. The deposition of thermally sprayed hard ceramic coating on the steel substrate
is always problematic due to the difference in the thermal expansion coefficient and
contraction of the steel substrate and hard ceramic coating may cause the shearing of the
coating at the interface. The possible solutions to overcome are

1. To have proper metallurgical compatibility an intermediate layer between the
substrate and the coating (called as Bond Coat) can be applied. The thermal property
of bond coat is in between the top layer and the substrate.

2. By improving the mechanical interlocking between the substrate and the coating

11



Chapter 2
Literature Review

2.1 Monolayer Grinding Wheels

Chattopadhyay et al. studied that the surface of a cup shaped galvanically bonded CBN
grinding wheel showed undesirable growth of the bonding layer in the form of nodules in
the space between the grits. This was true for both blocky type and microcrystalline type
CBN grits. With such a working surface, the advantage of a galvanically bonded wheel
was drastically offset. Nodule formation not only reduced the chip accommodation space
but also led to intensified bond-chip, bond-work interaction thus increasing grinding
force, spindle power and temperature. Galvanically bonded monolayer CBN wheels even
with coarse grit (B 251) failed to work efficiently with a depth of cut of 30 microns while
grinding unhardened 100 Cr6 steel under the wet condition because of the loading
problem. Further investigation is necessary to analyze the causes of nodule formation on
the surface of a cup shaped galvanically bonded monolayer CBN wheel. It is particularly
important because of the fact that none of the wheels fabricated by several manufacturers
was absolutely free from such imperfection [9].

Chattopadhyay et al. studied that in the newly developed grinding wheel bonding of
chemical nature permitted use of low thickness of the bonding layer to hold the grits on a
steel disc while having sufficient adhesion between the grit and bonding material. The
wheel with coarser grits offered very stable grinding action while grinding both GG40
cast iron and unhardened 100Cr6 steel without any noticeable increase in normal force
and spindle power. No wheel loading was observed when ductile steel was ground even
at high infeed under dry condition. During grinding with wheel having finer grit size

(B126), brittle material like cast iron did not cause any chip storage problem at any infeed

12



value. The situation was entirely different when 100Cr6 steel was ground with wheel

having finer grits. Within a short time loading started at relatively low infeed value [10].

Chattopadhyay and Hintermann studied that high crystal exposure which happens to
be the essence of the brazed bonded diamond tools, could not always be maintained in the
commercially manufactured tools because of accumulation of bonding material in the
space between the grits. Thus, in some discrete places on the wheel face the effective grit
protrusion was much reduced. Irregular grit distribution as well as non-uniform layer
thickness of the braze alloy were found to throw strong influence on the formation of an
uneven brazed bond on the monolayer abrasive tool surface after brazing. The uniformity
of grit protrusion could be improved by regular grit distribution and maintaining uniform
layer thickness of the braze alloy. The improvement in crystal exposure did not make any
noticeable difference in the performance of two types of wheels when grinding oxide
ceramic. The grinding behavior of both wheels changed markedly because of rapid grit
wear. The selection of appropriate type of diamond which can provide high wear

resistance is of immense importance in such applications [11].

Chattopadhyay and Hintermann studied that In comparison to a galvanically bonded
single layer cBN tool, brazed bonded counterparts have strong grit-bond adhesion.
Performance of a brazed cBN wheel could be remarkably improved by placing the grains

in a regular manner [12].

Palet al. studied that when compared to the galvanically bonded wheel, the brazed-type
wheel showed better performance in grinding of the bearing steel. The brazed-type wheel
could grind the bearing steel more effectively and economically with lesser grinding
forces and without wheel loading over wide ranges of the grinding parameters. The main
characteristics of the brazed-type wheel behind its better performance mainly are higher

bond strength, larger grit protrusion and more control on uniformity of grits’ spacing on
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the wheel surface. The relative benefits of using the brazed-type wheel over the
galvanically bonded wheel increased with the increase in MRR and volume of material

removal [13].

Bhaduri and Chattopadhyaystudied that TiN coated wheel could not perform better
than the uncoated wheel during grinding of low carbon steel due to high wheel loading.
However, the uncoated wheel was found to undergo fracture wear, which was remarkably
absent in the coated wheel. The situation was totally different during grinding of
hardened bearing steel, where benefit of TiN coating within a particular range of
substrate bias was clearly revealed. The uncoated wheel was found to undergo many
fracture wear with some pull-out of grits. On the other hand, almost no pull-out and much
less fractured grits were observed in the wheels coated at bias voltages like—60 V and
—90 V. However, neither a very low (like 0 V) nor a too high bias (like =120 V and —150

V) was found to arrest the grit fracture at bond level [14].

2.2 Detonation Gun

Wang et al. studied that thermal barrier coating are extensively in hot section
components in gas turbine, engines for jet aircraft and power generator. Two types of
thermal shock testing were adopted. Firstly, the specimens were exposed to air at 1050
°C for 10 minutes and forced air cooling to room temperature. Second, thermal cycling
consisted of directly inserting samples to 1100 °C holding for 10 minutes and then water
guenching. Results show that the D gun coating with lamellar structure had a low thermal
conductivity as compared to plasma sprayed YSZ coating and much lower than EB- PVD
due to microstructure difference. TBC obtained by D gun spraying with a few micro
cracks in ceramic coat and a rough bond coat surface exhibited excellent resistance to

thermal shock up to 400 cycles for 1%t shock test and 200 cycles for 2" shock test [15].
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Wang and Liu studied that the residual stresses has significant effect on the coating
performance, such as adhesive strength, resistance to thermal shock, erosion resistance.
To investigate the effect of residual stress on adhesive behavior, the adhesion of WC-Co
coatings with different thickness against corresponding residual stress is plotted. It is seen
that the adhesion of compressively stressed coatings was better than that of the coatings
with tensile stress. So the results show that the larger compressive residual stress can

result in a stronger adhesion between the coating and substrate [16].

Sumith studied that the hardness of alumina+40% Ti is increased more when compared
to uncoated Aluminium and alumina oxide. SEM images show increased abrasion
resistance in alumina+40% Ti as compared to uncoated aluminum and alumina oxide.

Corrosion resistance is highest in alumina+40% Ti [17].
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Chapter 3

Experimental

3.1 Wheel-hub fabrication

Steel substrates are used for this experiment; AISI 1020 steel substrates are considered
for fabrication of the wheelhub. The substrates are grit blasted inside a suction type grit
blasting cabinet using alumina grits of 24 mesh size, pressure of 100 psi and with a
standoff distance of 100 mm. The grit blasted samples are cleaned ultrasonically. The
wheel-hubs are fabricated on lathe. Figure 3.1 shows the design of the wheel-hubs. Fig.

3.2 shows the wheelhub after fabrication.

13.00 !

~ 15.00

. ©10.00,

Fig. 3.1 Design of the wheel-hubs
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Fig. 3.2 Image of the wheel-hub after fabrication

3.2 Fabrication of an adapter to join Wheel-hub with Surface Grinder

AISI 1020 steel has been considered for fabrication of the adapter. The flange coupling
adapter is fabricated on lathe. The design of the setup is done on solidworks. Figure 3.3-

figure 3.7 show the design of flange coupling and the final arrangement of the setup.

6

$10

Fig. 3.3 Design of flange coupling
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Fig. 3.4 Image of the flange coupling after fabrication

60

Fig. 3.5 Design of the flange made on solidworks
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Fig. 3.6 Image of the flange after fabrication

FIaIge coupling flange

Fig. 3.7 Image of the final arrangement of the setup after the fabrication

Grinder spindle

Wheelhub

1
[T
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3.3 Wheel-hub preparation

3.3.1 Surface preparation

Surface preparation is an essential first stage treatment of a substrate before the
application of any type of coating. Purposes of surface preparation prior to the coating
are:-

1. Removal of scale, oil, grease, and paint.

2. Improvement of adhesion of coating with substrate through mechanical interlocking.

3.3.2 Grit blasting

In grit blasting technique, dry abrasive particles are propelled towards the substrate at
relatively high speed. Alumina grits are used for roughness generation.

The grit blasting conditions are as follows (Table 3.1)

Table 3.1: The grit blasting conditions

Substrate | Number of | Grit type | Blasting | Standoff | Blasting Blasting
substrate | & size pressure | distance angle time
analyzed (bar) (mm) (degree) (sec.)

Carbon 9 Alumina, 4 100 90 60
steel (AISI 16 grits
1020)

3.3.3 Grit selection

Al>Osgrit is known for its hardness and strength. It is widely used as an abrasive material
for grit blasting. In addition to this, it is much less expensive substitute for industrial
diamond/cBN. Al;Oz grits of 16 mesh(1190um), 24 mesh (700um), and 36 mesh
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(500um) are used in this study. Figure 3.8 — figure 3.10 show the SEM images of the
Al>03 grits. All the grits are crushed type with sharp edges.

200 pm EHT = 5.00 kV Signal A = SE2 Date :16 Oct 2017
WD = 53mm Mag= 79X Time :10:57:18

Fig. 3.8 FE-SEM image of 16 mesh (1190um) size Al>Os3 grits.

WD = 6.0 mm Mag= 79X Time :10:59:11

200 pm EHT = 5.00kV Signal A = SE2 Date :16 Oct 2017 w

Fig. 3.9 FE-SEM image of 24 mesh (700um) size Al>Os grits.
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200 pm EHT = 5.00 kV
WD = 5.7 mm

Signal A = SE2
Mag= 79X

Date :16 Oct 2017

Fig. 3.10 FE-SEM image of Al>O3 Grits of 36 (500um) mesh size

3.3.4 Attachment of grits to wheel-hub

Grits are attached to the wheel-hub using epoxy resin (araldite). The grit spacing is
decided as per the literature for standard monolayer wheels. Figure 3.8 shows the image

of the wheel-hubs after the attachment of grits:-

S 4
e ]

= s 3
—

Grits size — 1190pm

Grits size — 700um

Grits size — 500um

Fig. 3.11 Images of the wheel-hubs after the attachment of grits

22




3.4 Electroplating

The wheels are Ni electroplated using Electrodeposition technique. Figure 3.9 shows the
setup used for Electrodeposition and table 3.2 shows the composition of the bath used for
Electrodeposition. By controlling the process parameters a Ni base coating with a

thickness of around 100um is deposited on grit attached wheel-hub.

thermometer
anode
cathode
Oil bath electrolyte

Magneticstirrer

Fig. 3.12 Image of the setup used for Electro-deposition

Table 3.2: Composition of the bath

Nickel sulfate (NiSOa) 180 g/L
Ammonium chloride(NH4Cl) 25g/L
Boric acid(HzBO3) 30 g/L
pH 5.6-5.9
Temperature 43 - 60°C
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3.5 Electroless Plating

The prepared wheel-hubs are electroless plated with nickel (Ni). Figure 3.10 shows the
setup used for electroless deposition and table 3.3 shows the bath composition for
electroless deposition. By controlling the process parameters Ni is deposited on the grit
attached wheel-hubs with a thickness of around 50um.

sample

Oil bath

Magneticstirrer

Fig. 3.13 Image of the setup used for electroless deposition
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Table 3.3: Bath composition for electroless plating

Nickel sulfate (NiSOa) 33g/L
Sodium citrate(NasCsHsO7) 84 g/L
Ammonium chloride(NH4Cl) 50 g/L
Sodium hypophosphite(NaPO2H2) 17 g/L
pH 8-9

Temperature 85°C

3.6 D-Gun Coating

Ni-5Al powder is successively deposited over the electroplated and electroless plated
substrates by detonation gun process(D-Gun) [SVX private Itd.,, Awaaz Detonation
gun].Table 3.4 shows the used process parameter for D-Gun coating technique. A Ni-5Al
coating with a thickness of 60 um is deposited on the electroplated and electroless plated

wheel-hubs.

Table 3.4: Used parameters of D-gun sprayed
Parameters Value
Firing rate (Hz) 1-10
Number of shot per second 5
Coating thickness per shot (um) 5-25
Relative humidity of ambient air (%) 50
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3.6.1 D-Gun coating analysis

Figure 4.14 shows the schematic diagram of the coating thickness of the
electroless/electroplatedcoating and the detonation gun coating on the wheel-hub surface

and the grit coverage.

0.400mm
0.050mm # —— ,Ax i I 0.500mm
I
)
"5.mm<<

[

10mm
15mm

Figure 3.14 Schematic diagram of the coating thickness and the grit coverage

3.7 X-ray Diffraction Analysis

The phases of the coatings are identified by using X-ray diffraction method. X-ray
diffraction (XRD) analyses of the coated surfaces are done by using an X-ray
diffractometer (Rigaku Smart Lab 3 kW) with nickel-filtered Cu Ka radiation (A=0.15406
nm) operating at 30 kV and 40 mA. X ray is generated using a copper target, operated at
30 kV and 40 mA. The data is collected from 20° angle t0100° angle with a step size of

0.01° and a counting time of 1s per step.
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3.8 Microscopy

The coating cross-section is polished with standard polishing technique. The polished

samples are observed under optical microscope (Leica, DFC 295) and scanning electron

microscope (FESEM, Zeiss Supra-55) to study the coating microstructure.

3.9 Vicker’s Microhardness Test

The hardness of the coatings is measured by using a UHL-002 microhardness tester with
a load of 25gf and dwell time of 15s. An average of minimum 10 readings for each

sample is considered.

3.10 Assessment of substrate surface profile

The roughness of the substrates and the as deposited coatings are assessed by contact type
stylus profilometer (Taylor-Hobson, Surtronic 25). The average surface roughness (Ra)
and the 2D profile of the rough surface is obtained.

3.11 Machining by fabricated monolayer grinding wheel

Using the fabricated grinding wheels the steel (AISI 1020) plates (20 mmx10mmx10mm)
are grinded in surface grinder (BJ-9140T). The MRR (material removal rate, mm3/min)
for each wheel is estimated by calculating material removal and the duration of

machining. The number of grits damaged by different modes is also calculated. Further,
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the MRR of fabricated wheels are compared with the same of standard Al.Oz wheel used

for surface finish.
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Chapter 4

Result and Discussion

4.1 XRD study

4.1.1 XRD of Al>O3 grits:-

X-ray diffraction pattern of Al,Oz grits is shown in figure 4.1. These grits are produced
by crushing and grinding to have a chunky morphology. The irregular shapes of the grits
are shown in figure 3.8- figure 3.10. All different alumina grits reveal the peaks of a-
Al203 phase only. Being hardest in nature these a-Al>O3 phase has higher disintegration

property compared to the other phases of Al2Os,

10000 |- Cu-K_ scan =- (@ Al,0,)

8000

6000

4000

Intensity(a.u.)

2000 T
- -J = - m =
N L1 j e
1 1 1 1 1
50 60 70 80 90

Degree(20)

100

Fig. 4.1 X-ray diffraction pattern of alumina grits
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4.1.2 XRD of Electroless Ni Coating

In figure 4.2 the XRD pattern of electroless Ni coating show the presence of Ni (OH): in
the coating. As electroless coating is slow and a self-catalytic coating process, the
incoming Ni ions towards the anode substrate forms Ni(OH)2 by combining with (OH)
ions and deposit over the wheel-hub. This coating has good coverage of the surface and
anchors the grits strongly with the cylindrical surface of the wheel-hub. However, as the
Ni++ ions form compound on the substrate, the adhesion of the coating material might

not be as strong as the pure Ni deposits.

600 |- Cu-K_ scan

500 -

Ni(OH),

400 |

300

200 -

T
100 g’
MNWA/WJJ )

0 WWMWMMW

20 40 60 80 100

20 (degree)

Fig. 4.2 X-ray diffraction pattern of electroless plated nickel
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4.1.3 XRD of Ni Electroplated Coating

In figure 4.3 the XRD pattern of electroplated Ni coating shows the major presence of Ni
in the coating. Along with Ni peaks few peaks of Ni(OH) are also observed. The coating

coverage is good and provides a good amount of adhesion to the Al>O3 grits.

1500
< Cu-K, scan
=)
1200 | =
3
=
2 00|
@
c
a
4
Z &0}
Y
=2
]
1]
T 300 |
E —
= —
=
0 MMNM
1 1 1 1 1 1 1
20 30 40 50 60 T a0
20 (degree)

Fig. 4.3 X-ray diffraction pattern of electroplated nickel

4.1.4 XRD of D-Gun coated Ni-5Al

In figure 4.4 the XRD pattern of D-gun coated nickel reveals the presence of Ni-Al alloy,
Ni and Al2Oz in the coating. The presence of Al,Os is due to the grits attached to the

wheel-hub.
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Fig. 4.4 X-ray diffraction pattern of D-gun coated Ni-5Al

4.2 Coating Microstructure Study

4.2.1 Electroless coating

Four samples are nickel plated using electroless deposition technique. The nickel coating
is expected to hold the grits at their respective positions during the detonation gun coating
process. Thickness of the coating is kept between 40-50 microns. In figure 4.5, the image
of coating microstructure captured by optical microscope is shown. The porosity seems to

be less and the adhesion of the coating with the substrate seems to be satisfactory.
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Ni(OH), Coating

47.475 UM 47 450 um

N AN

Steel Substrate

Fig. 4.5 Optical microscopy of electroless coated nickel on steel substrate

4.2.2 Electro-deposition study

Five samples are nickel plated by using Electroplating technique. The nickel coating is
expected to hold the grits at their respective positions during the detonation gun coating
process. The thickness of the coating is kept between 110-130 microns. In figure 4.6, the
coating microstructure is shown. The porosity of the coating seems to be very less with

strong adhesion with the steel substrate.
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129.420 ym

124.509 pm 104.753 pm

Nickel coating ———

carbon steel (AIS11020)
substrate

Fig. 4.6 Optical microscopy of electroplated nickel on steel substrate

4.2.3 D-gun coating

Figure 4.7 and figure 4.8 show the micrographs of D-gun coated Ni-Al deposited on the
electroless plated sample. The D-Gun coating is porous in nature and like a typical
thermally sprayed coating. In some locations the adhesion of D-gun coating (Ni-5Al)
seems to be good with no gap at the interface. However, the overall mismatch of Ni-5Al
coating with electroless Ni(OH). with high gap is observed. This is due to the formation
of H20 vapour during the application of D-gun coating at high temperature which causes
dissociation of Ni(OH)2 into Ni and H2O. This H>O vapour causes separation between the

two coatings. So the adhesion seems to be weak.
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Ni-5Al coating

Ni(OH)Z) coating

Fig. 4.7 Optical microscopy of D-Gun coated Ni-Al on electroless coated wheel-hub

r--ADetBhatio_n\gﬁm-‘.‘ =
~ Coating (Ni-Al)

s iy

)
3

“Electroless :
Coatigg, (Ni(y

100pm EHT =20.00 kv Signal A = SE2 Date 2 Jul 2018 o 20 um EHT =20,00 kv Signal A= SE2 Date 2 Jul 2018 z
— WD = 98mm Mag= 300X Time :16:58:31 = WD = 88mm Mag= 500X Time :17:00:27

Fig. 4.8 FESEM image of D-Gun coated Ni-5Al on electroless coated wheel hub
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4.3 Coating Hardness Study

The Vickers hardness test result shown in figure 4.9 suggests that the hardness of
electroplated Ni coating is much lower than the same of electroless Ni coating. This is
due the presence of internal stress of electroplated coating which reduces the hardness of
a material. On the other hand due to low internal stress of coating material the hardness

of electroless Ni coating is more.

7r Load - 25¢g
Dwell time - 15 s

Hardness (GPa)

Fig. 4.9 Micro hardness values of steel substrate, electroplated nickel and electroless

coated nickel

4.4 Roughness study of coatings

In figure 4.10 the average Ra values of the different as-deposited coatings are shown.
Due to the ionic deposition in case of electroplated and electroless coatings the Ra values

are very less. Whereas due to the splat deposition, the Ra value of the D-gun coating is
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remarkably high. Apparently, the roughness of electroplated/electroless coated Ni helps
the D-gun coated material to achieve proper adhesion through mechanical interlocking.
Figure 4.11 — figure 4.13 show the roughness profiles of the coatings from electroplating,
electroless plating and detonation gun respectively.

| /

Ra (um)

| o [

Electroplating Electroless coating D-gun coating

Fig 4.10 The average Ra values of the different as-deposited coatings.

|

AL AA u}F\ ijl

MM 2
”'szww SN ¥ AT

LI I I S I I U U I Bt I I I I i R R I i I R i R
0.0 050 10 15 20 25 30 3.5mm

Fig 4.11 Roughness of the electroplated nickel coating

T
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Fig 4.12 Roughness of the electroless plated nickel coating
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Fig 4.13 Roughness of the D-gun coated Ni-5Al coating

4.5 Performance Study of Fabricated Wheels

In figure 4.14 the machined surface of steel workpiece by wheel of 16-mesh is shown. It
shows severe damage of the surface. The width of the crater created by the grits is large.
Severe burr formation is also noticed on the surface. These burrs are still attached to the
ductile surface. Longer chips are also observed during machining. Figure 4.15 shows the
image of a chip removed while machining the steel workpiece by using wheel with grits

of 16-mesh size.

20 ym EHT = 5.00 kV Signal A = SE2 Date :18 Jun 2018

WD = 6.8mm Mag= 500X Time :18:07:06

Fig. 4.14 FESEM image of work piece grinded by the wheel of 16 mesh sized grits
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100 pm

Fig 4.15 Image of a chip removed while machining steel workpiece by the wheel of 16-

mesh sized wheel.

In figure 4.16 the machined surface of steel by the wheel of 24-mesh sized grit is shown.
It shows the damaged surface with small burrs attached to it. The width of the lay is
relatively smaller than the same produced by 16-mesh sized wheel. During machining,
both small and large chips are observed. Figure 4.17 shows the image of chips after

grinding the workpiece with 24-mesh sized wheel.
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20 pm EHT = 5.00 kv Signal A = SE2 Date :18 Jun 2018 ZEISS
}—{ WD= 7.7 mm Mag= 500X Time :17:22:14

Fig. 4.16 FESEM image of workpiece grinded by Grits of 24 mesh size

100 pm

Fig. 4.17 Image of chips removed while machining of steel workpiece by 24-mesh sized
wheel

In figure 4.18 the machined surface of the steel workpiece by the wheel of 36-mesh sized
grits is shown. The lay produced by the machining process have much lower depth in it.
The width of the lay is very small and smaller chips are formed. Few small chips or burrs
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are found to be attached to the surface. Figure 4.19 shows the chips after grinding the
workpiece with 36-mesh sized wheels.

20 um EHT = 5.00 kV Signal A= SE2 Date :18 Jun 2018 —
(| WD = 7.6mm Mag= 500X Time :17:5348

Fig. 4.18 FESEM image of sample grinded by Grits of 36 mesh size

100 pm

Fig 4.19 Image of chips removed while machining of steel workpiece by 36-mesh sized

wheel
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4.5.1 Roughness of machined surfaces

Table 4.1 depicts the average roughness (Ra) values of machined surfaces after grinding
by using wheels of different grit sizes. Larger grits produce rougher surfaces than the
smaller grits. Figure 4.20 illustrates the comparison of surfaces in terms of roughness
values. This suggests that for good surface finish, wheel of smaller grits can be used and

for high material removal wheel with larger grits can be used.

Table 4.1 Average roughness values of the samples

Wheel (mesh size) Sample no. Ra value Average Ra
16 mesh Sample 1 6.08
16 mesh Sample 2 6.22 6.13333
16 mesh Sample 3 6.10
24 mesh Sample 4 5.23
24 mesh Sample 5 5.18 5.21667
24 mesh Sample 6 5.24
36 mesh Sample 7 5.01
36 mesh Sample 8 4.94 5.01333
36 mesh Sample 9 5.09

Conventional wheel Sample 10 4.23 -
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Fig 4.20 Comparison graph of Roughness values of surfaces machined using different

mesh sized wheels.

4.6 Material removal rate (MRR) study

The calculated material removal rates of different tools for different technologies and grit
sizes are shown in table 4.2. The corresponding data is shown in figure 4.21 by a bar
chart. In figure 4.20, it is noticed that with an increase in mesh size (decreasing particle
size) the MRR value decreases. The MRR values obtained from wheels of 16-mesh and
24-mesh sized grits are higher than the same of conventional wheel. The MRR obtained
from electroplated wheel is very close to MRR value obtained by conventional wheel in
case of 36-mesh sized grits. It is also observed that for any grit size, the MRR of
electroplated wheel is always more than the same of electroless coated wheel. This is due
to the presence of Ni(OH)2 in electroless coating. This Ni(OH)2 probably forms water

vapour at high temperature applications such as D-Gun coating and grinding. At such

43



high temperatures the tool becomes weaker by forming H>O vapour at the interface of

electroless coating and D-Gun coating.

Table 4.2 MRR of different grinding wheels

Wheel type Sample no. MRR (mm3/min.) Coating type
16 mesh Sample 1 61.8 Electroplating
16 mesh Sample 2 58.44 Electroplating
16 mesh Sample 3 47.64 Electroless
24 mesh Sample 4 37.14 Electroplating
24 mesh Sample 5 324 Electroless
24 mesh Sample 6 31.14 Electroless
36 mesh Sample 7 24.12 Electroplating
36 mesh Sample 8 15.10 Electroplating
36 mesh Sample 9 12.86 Electroless

Conventional Sample 10 23.76 -

wheel
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Fig. 4.21 Material removal rates of different grinding wheels

4.7 Failure of Grits

In figure 4.22 the percentage failure of grits during machining are shown for different
wheels. Failure of grits is more in case of electroless coated wheels compared to the same
of electroplated wheels. This is due to the weak adhesion of the grits in case of electroless
coated wheels. The change in percentage of grit damage is not significant in case of
electroplated wheels with changing mesh size. However, for electroless coated wheels
significant change in grit failure with changing mesh size is observed. The maximum grit

failure is observed for wheels with 24-mesh sized grits.
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Fig. 4.22 Comparison of wheels in terms of overall grit failure during machining

In figure 4.23 the grit pull-out and grit breakage percentages for electroless coated wheels

are shown graphically. It shows for any grit size, the pull-out numbers are significantly

higher than the grit breakage numbers. It suggests the weak adhesion of grits with the

wheel-hub. Grit pull out is maximum in case of wheel of 24 mesh sized grits.
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Fig. 4.23 Percentages of grit pull out and grit breakage for the electroless plated wheels

In figure 4.24 the percentages of grit breakage and grit pull-out for electroplated wheels
are shown graphically. It shows the grit pull-out numbers are less compared to the grit
breakage number for 16-mesh and 24-mesh sized grits. With an increase in mesh size the
breakage number decreases. This is due to the change in uncoated portion of grits which
experiences the tangential force and the individual grit acts like a cantilever. More is the
length of the uncoated portion; more is the chance of breakage. On the other hand, with
an increase in mesh size the grit pull-out number increases. However, these values are not

as high as the values obtained in the case of electroless coated wheels.
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Fig. 4.24 Percentages of grit pull out and grit breakage for the electroplated wheels
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.CHAPTER 5
Conclusions and Future Scope

5.1 Conclusions

In this study an approach is made to fabricate monolayer grinding wheel by using D-Gun
coating technique. Also, the feasibility of using alumina grits to prepare the wheel is
studied. By using electroplating, electroless plating and D-Gun coating techniques the
monolayer grinding wheel is successfully fabricated. In addition, the performance of the

wheel is tested and based on the performance the following conclusions are drawn:-

« Material removal rate (MRR) of the monolayer grinding wheel fabricated by
using D-gun coating process is more as compared to the same of conventional

wheel. However the life of the monolayer grinding wheel is not long.
« With an increase in grit size the MRR of the wheels increases.

* Number of grits that pulled out of the wheel is less compared to the number of

broken grits in case of wheels with Electroplated Ni.

» In case of electroless deposited wheels the grit pullout is more than grit breakage

due to the low coating adhesion.

» To increase the life of the wheel in place of Al2Osz grits super abrasive grits such
as diamond or cBN may be chosen. These monolayer wheels can be used for
stock removal of substantial amount of material from the work piece and then the

conventional wheel may be used to finish the surface.
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5.2 Future scope

+ Coating thickness can be increased to achieve better adhesion between the grits
and the wheel-hub.

« Different types of grits such as super-abrasives can be used to increase the life and

performance of the wheel.
» Different cutting velocities can be tried to find individual lives of the wheels.

» Effect of depth of cut on wheel lives can also be studied in future.
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