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Abstract: In this paper, the fine finishing of metallic and non metallic balls has been explored by proposing
a new method. The experimental set up has been developed and fabricated. The improved method gave
encouraging results as regard to finishing of mild steel balls. Various input process parameters like finishing
time, resisting force of spring, Speed of rotation of spindle, Quantity of abrasive and size of abrasive have
been used and their effect on level of finishing of balls and rate of material removal for a given volume of
balls has been studied. It has been found that for a given volume of balls maximum percentage improvement
in surface finish and material removal rate is 68% and 0.59mg/min respectively of the lapping arrangement.
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1. INTRODUCTION
The balls have wide range of applications in
machines involving motion as in the case of ball
bearings, mechanical linkages, in joints in medical
stream, ornaments etc. The manufacturing
technique involved and material of these balls
may differ according to their application for
example in ball bearings hardened balls with very
high degree of surface finish are required to
overcome friction during motion as compared to
the balls used by jeweler for decorative purposes
which is normally made of plastic, fiber or any
other non-metallic material do not undergo any
wear due to continuous motion but it requires only
high degree of surface finishing so all balls cannot
be manufactured by same processes due to
different property of material i.e. some are made
of brittle material and some are made from ductile
material.

Conventionally the balls of metallic and non
metallic materials are manufactured by using
same set up .This resulted into poor surface quality,
less product life, highly time consuming due low
material removal and laborious job. With the
evolution of new materials which high strength to
weight ratio and brittle nature when the undergo
finishing in conventional concentric lapping

machine cracks appear on its surface due to high
impulse .So flexibility is required in the finishing
arrangement according to the nature of material.
Lots of researches are going on in this direction to
develop single arrangement which can finish all
types of balls at one site. The arrangements
designed till dates are highly focused on finishing
of non metallic materials only.

The bearing ball manufacturing industry at
Ludhiana, Punjab works with the conventional

Figure 1: Actual Steel ball Finishing Machine (at
Bhagwati Udyog Industries, Ludhiana)
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metallic ball finishing set up till date which is very
time consuming, laborious, costly and low quality
.The problem of finishing the bearing balls was
realized on visit to such a ball manufacturing
industry, BHAGWATI UDYOG which is using
similar conventional finishing set up i.e. by lapping.

2. PLAN OF EXPERIMENTATION
There is need for development of such set up that
will mechanize the finishing process and make it
more consistent. The objectives of this research
are:

1. To develop a set up for finishing of
metallic and non metallic balls.

2. To investigate the effect of different input
process parameters on output
characteristics like (Percentage
Improvement in Surface Finish) PISF and
(Material Removal Rate) MRR.

3. To identify the effective range of the
selected process parameters.

3. DESIGN OF EXPERIMENTAL SET UP
The schematic setup for finishing of balls is shown
in Fig. 2 during finishing of balls, there will be a
three point contact of metallic balls at float, ring
and rotor, therefore the materials at these three
points should be such that it must have high wear
resistance, high value of hardness and well
lubricated.

3.1. Float Plate
The float plate is the element which directly comes
in to the contact of rotating balls under finishing.
The new material of the plate is introduced in this
set up for experimentation to check its behavior
and it provided very good results. This new
material is NYLON 6 PLA. It is also known as
cast nylon, this material is known for its high
wear resistant properties and self lubrication and
it is best suitable for working under 200oC.

3.2. Rotor and Spindle
The rotor and spindle are two elements which are
joined together with the help of threading with
each other. After joining rotor and spindle they
work as a single unit. The material of rotor is
same as used for making the float plate i.e.
NYLON 6PLA.So that the balls during finishing
operation should have similar surfaces from two
sides’ i.e. top and bottom should have similar
elastic properties under loading conditions.

3.3. Ring
The inner bush is the second element which comes
directly in contact during the finishing of balls.
For this element also a new material is introduced
i.e. Phenolic fiber filled epoxy laminated material,
as this element does not have to bear load but
the main properties required for this is high wear
resistance, hardness, high surface finishing

Figure 2: Schematic view of experimental set up
Figure 3: The photographic view of the Experimental
Set up
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property and the main advantage of this material
is its property of absorption of vibrations or minor
shocks generated during finishing operation due
to irregular surface geometry,

So this material provides sort of cushioning
effect during the finishing operation to the balls.

3.4. Spring

The spring which is the main element of this
experimental set up and responsible for applying
buoyancy force on balls during finishing operation
is made of AISI 1086 material which has carbon
C- (0.7- 1%) and Manganese Mn- (0.2-0.6%).The
diameter of spring wire is 2 mm, the diameter of
Spring is 50 mm, Free length of spring is 145mm,
Pitch is 15 mm, Number of turns are 8 and its
solid length is 19 mm. It is a closed coiled helical
compression spring with its both ends grounded.
The stiffness of the spring is 0.158Nmm -1 with
modulus of rigidity 79.3  109 Nm-2

4. SELECTION OF INPUT PROCESS
PARAMETERS

On the basis of preliminary investigation and
literature review the input process parameters
and their range have been selected. Table below
show the different input process parameters and
their ranges.

Table 1
Parameters For Experimentation

S. No Parameter Unit Range

1 Finishing time Min 15-30
2 Speed RPM 255-805
3 Resisting Force N 5-20
4 Abrasive Quantity % 30-45

In the present experimentation for the
finishing of steel balls, hydrocarbon abrasive gel
is used to get better results as compared to oil
suspended abrasive particles as used in
conventional industry. Abrasive gel is made with
variable quantity of abrasives for different
conditions of finishing.

5. EXPERIMENTAL PROCEDURE
During experimentation, set off 13 balls are made
for one experiment. Total number of balls used
for experimentation are 208 and there are total
16 set of balls are formed. Before starting the

experimentation Weight of each set of steel balls
is taken by using electronic weight machine. The
surface roughness of each ball set is also
measured before starting the experimentation.
The size of balls before experimentation is
measured with the help of outside micrometer.
The weight of the abrasive powder and gel is also
measured by using electronic weight machine.
The different sets of abrasive powder are made
according to weight by measuring on electronic
weighting machine and similarly different sets of
gel is also made according to weight, to get
variable abrasive gel ratio at the time of
experimentation .The experimental set up is
installed on the base of drilling machine and the
rotor with spindle was fitted in the chucks of the
drilling machine. The different speed levels
available on the drilling machine are measured
one by one in rotation per minute (rpm) by using
Tachometer. By adjusting the radial arm of
drilling machine the axis of drilling head, rotor
spindle axis and the axis of outer body cylinder is
made coincide. The Nylon plate was placed on
float, set off 13 balls are arranged on the periphery
of inner bush. The gel is filled in the experimental
set up as per the details and the abrasive powder
as per required amount to be mixed in gel. After
that the vertical height of the spindle is adjusted
according to the pressure required to be applied
on the balls for different set of values. In this set
up, the steel balls are in three point contact with
inner bush, nylon plate and the rotor. Selected
the required parameters according to predesigned
experimentation i.e. after selecting the required
rpm of the spindle and for the given time period,
abrasive quantity and resisting force the
experimentation is done. The time during
experimentation is measured with the help of
stop watch.

After completing the experimentation on each
set of balls, the balls are taken out and after cleaning
these balls weight of each set of balls was measured,
its size is measured with the outside micrometer
up to three decimal points and the surface roughness
of the ball measured. Same procedure is followed
for all the 16 experimentations. On completion of
each experiment the set was cleaned properly and
the surface of nylon plate, inner bush and rotor were
checked so that no groove of any was formed on those
three surfaces during experimentation. The main
objective of this experimentation was to investigate
the effect of variation of input parameters on



108  Deepak Dhand and Sehijpal Singh Khangura

percentage improvement in surface finish and in
material removal rate.

6. Results and Discussions

The output parameters considered at beginning
of experimentation i.e. Percentage improvement
in surface finish and material removal rate is
tabulated and analyzed. These parameters are
used to check the performance of the developed
experimental set up for finishing of steel balls.
The preliminary investigations are made to check
the utility of the set up.

6.1. Effect of process parameters on
material removal and surface
roughness

Table 2 shows the data collected from
experiment where the effect of finishing time
on material removal rate and Percentage
improvement in surface finish has been
recorded by taking all other parameters
constant. The data is also shown in the form of
graphs (Fig. 4 & Fig. 5)

Table 2
Variation of MRR, Change in Size and PISF with

Finishing Time

Finishing Change in MRR PISF
Time(min) Size (mm) (mg/min) (%)

15 0.005 0.425 34.6

20 0.006 0.46 41.2

25 0.009 0.5 48

30 0.014 0.53 56

Constant parameters and their values:
Abrasive Qty (%) = 35, Abrasive size = 120,
Resisting Force = 10N, Speed of Rotation (Rpm)
=596

Fig. 4 shows the effect of variation of finishing
time on Material Removal Rate (MRR) and
change in ball size MRR increases with increase
in time of machining up to the value of 0.53mg/
min in 30 min and with increase in

MRR the size of steel ball also changes i.e. it
decreases in size by 0.014mm. Similarly Fig.5
shows the effect of variation of finishing time on
Percentage Improvement in Surface Finish (PISF)
with the increase in finishing time the PISF also
increases almost proportionally and found
maximum at 30 minutes i.e. 56%

Constant parameters and their values:
Abrasive Qty (%) = 35, Abrasive size =120,
Resisting Force = 10N, Finishing Time = 20min

Fig. 6 shows the effect of variation of Speed of
rotation on Material Removal Rate (MRR) and
change in ball size. MRR increases to 0.51mg/min
with increase in speed of rotation of rotor up to
805 rpm in 20min and with increase in MRR the
size of steel ball also changes i.e. it decrease in
size by 0.009mm.

Similarly Fig. 7 shows the effect of variation
of Speed of rotation on Percentage Improvement
in Surface Finish (PISF) size by keeping the
Quantity of abrasive, Size of abrasive, Resisting
Force of spring and finishing time constant. With
the increase in Speed of rotation of the rotor the

Figure 4: Variation of MRR with Finishing Time

Figure 5: Variation of PISF with Finishing Time

Table 3
Variation of MRR, Change in Size
and PISF with Speed of Rotation

Speed of Change MRR PISF
Rotation  in size (mg/min) (%)

(rpm) (mm)

255 0.002 0.32 31.5

385 0.003 0.37 36.6

596 0.006 0.45 47

805 0.009 0.51 68
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PISF also increases and found maximum at
805rpm i.e. 68%

Constant parameters and their values:
Abrasive Qty (%) = 35, Abrasive size =120,
Finishing Time = 20 min, Speed of Rotation (Rpm)
= 596

Fig. 8 shows the effect of variation of Resisting
Force on Material Removal Rate (MRR) and
change in ball size.MRR increases to 0.59mg/min
which is the maximum with increase in resisting
force up to 20N in 20 min and with increase in
material removal rate the size of steel ball also
changes i.e. it decrease in size by 0.016 mm.
Similarly Fig. 9 shows the effect of variation of
Resisting Force on Percentage Improvement in
Surface Finish (PISF) size by keeping the
Quantity of abrasive, Size of abrasive, speed of
rotation and finishing time constant. With the

increase in Resisting Force the PISF also
increases and found maximum at 20 minutes i.e.
48 %. This is the maximum value of MRR is
achieved during the experimentation.

Constant parameters and their values:
Finishing Time = 20min, Abrasive size = 120,
Resisting Force = 10N, Speed of Rotation (Rpm)
= 596

Fig. 10 shows the effect of variation of
abrasive quantity on Material Removal Rate
(MRR) and change in ball size.MRR increases to
0.57mg/min with increase in quantity of abrasives
up to 45% in 20 min and also reduces the size of
ball by 0.015 mm with increase in material
removal rate. Similarly Fig. 11 shows the effect
of variation of abrasive quantity on Percentage

Figure 6: Variation of MRR with Speed of rotation

Figure 7: Variation of PISF with Speed of rotation

Table 4
Variation of MRR, Change in Size

and PISF with Resisting Force.

Resisting Change in MRR PISF
Force(N) size(mm) (mg/min) (%)

5 0.001 0.355 23

10 0.006 0.43 35.7

15 0.011 0.5 43.7

20 0.016 0.59 48

Figure 8: Variation of MRR with Resisting Force

Figure 9: Variation of PISF with Resisting Force

TABLE 5
Variation of MRR, Change in Size and PISF with

Abrasive Quantity

Abrasive Change in MRR PISF
Quantity (%) size(mm) (mg/min) (%)

30 0.005 0.387 30.7

35 0.007 0.47 39.1

40 0.01 0.53 46.5

45 0.015 0.57 51
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Improvement in Surface Finish (PISF) size by
keeping the Resisting force, Size of abrasive,
speed of rotation and finishing time constant.
With the increase in abrasive quantity the PISF
also increases and found maximum at 20 minutes
i.e. 51%.

7. CONCLUSION

1. The developed set up is able to fine finish
metallic as well as non-metallic balls .The
demonstration of finishing has been
shown by fine finishing of steel balls.

2. The process parameters of the developed
setup have been identified as Finishing
Time, Speed of rotation, Resisting force
of spring, Quantity of abrasives.

3. The range of process parameters has been
developed.

4. The best surface finish of 68% and material
removal rate of 0.59 mg/min has been
achieved on a given volume of steel balls.

5. The maximum improvement in surface
finish of 68% is achieved with 120 mesh
size of abrasive powder, 35 % quantity of
abrasive powder at 805 rpm of rotor
speed, at 10N Resisting force of spring in
20 minutes of machining time.

6. Maximum material removal rate of 0.59
mg/min 596 rpm speed of rotor, 120 mesh
size of abrasive powder, 35 % quantity of
abrasive powder, 20 N Resisting force of
spring and 20 minutes machining time.
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Figure 10: Variation of MRR with Abrasive quantity

Figure 11: Variation of PISF with Abrasive quantity


