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Abstract. Grinding plays a major role in manufacturing of majority of industrial
parts like cutting tool, camshafts, crankshaft, connecting rods etc. Bearing is one
such part where every individual component is ground before final assembly.
Grinding of Inner Ring (IR) track of bearing assembly offers a great challenge
due to high grinding stock, good surface finish requirement and profile accuracy.
What happens at the grinding zone has always been a black art for years due to
lack of scientific understanding. This paper presents an approach to develop Inner
Ring (IR) track grinding wheels by using the output of the grinding diagnostic
tools and relating to the microscopic interactions at grinding zone with right
combination of grains with special focus on grain shape and structure. Here using
the diagnostic tool, signals were collected from grinding interface, data analyzed
and inferences were drawn.
Keywords: Grinding Zone, Microscopic Interaction, GrindTrak, IR Track
Grinding.
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Introduction

There is always a need for a more precise surface generation with every new or
emerging technology. Grinding is basically a surface generation process that involves
an abrasive which acts as a multipoint cutting tool. The main purpose of the grinding
process is to remove material from the work piece to achieve required form,
dimensions, surface finish and other desired quality parameters. “Trial and error”
approach is often used to control various grinding parameters to achieve desired results.
The interference region between the grinding wheel and the work piece is called the
“Grinding zone”. In the grinding zone, grinding wheel interacts with the work piece to
remove material in the form of chips. This is a complex process and can be
characterized into six microscopic interactions [1] as follows.
Interaction 1.1: Cutting happens when the depth of penetration of grain on work piece
is intense and hence the work piece material is removed in the form of chips.
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Interaction 1.2: Plowing takes place when the depth of penetration is small and the work
piece is mainly experiencing plastic deformation instead of material removal.
Interaction 1.3: Sliding takes place when the depth of penetration is extremely shallow
resulting in sliding of abrasive grain against the work piece material at high contact
stress.
Interaction 2 and 3: Finally, the chips that are produced at the grinding zone, are likely
to be trapped between the adjacent grains in the grinding wheel and the work piece
material. Hence they will be forced to slide against the bond material or work material,
causing chip/bond and chip/work interactions.
Interaction 4: If the bond is not recessed, and it remains close to the periphery of the
wheel, it is likely to slide against the work material, leading to bond/work interaction.
Figure 1:-

Reference: “Microscopic interactions in surface generation processes using abrasive
tools” by Dr. K. Subramanian et al. Year of Publication: December 2017
Inner Ring (IR) Track grinding of bearing is always a challenging task. It involves high
stock removal, profile accuracy, fine surface finish and other desired quality
parameters. This study was made to arrive at right combination of grains with particular
emphasis on its shape for this grinding application. This was done through studying
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microscopic interactions [1] at the grinding zone using a diagnostic tool (Grind Trak [2])
on a cylindrical grinding machine (Micromatic Model No- SH40). This study involved
(i) process monitoring and data acquisition, (ii) data analysis and (iii) inferences for
further action.
Figure 2:- Bearing Inner Ring (IR)

The component used was made of SAE52100 steel having hardness range
58 to 62 HRc. The diagnostic tool monitors the power drawn by the spindle motor in a
typical grinding cycle of roughing, semi finishing and finishing. The dresser feed rate
was also varied. Based on this, the power drawn, dressing frequency and surface finish
was studied for two different grain combinations.
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Experiments

Combination of White Aluminium oxide (99% Pure) and Microcrystalline grains of
two different shapes namely ‘blocky’ and ‘needle’ were used as given in Table 1.
A vitrified bond system, fusible in nature was used. The grinding wheels were of
dimensions 450mm outer diameter, 20mm thickness & 127mm inner diameter.
Table 1:
Trial wheel

Wheel details

T1

Needle shaped
Microcrystalline
Abrasives + White
Aluminium Oxide

T2

Blocky shaped
Microcrystalline
Abrasives +White
Aluminium Oxide

Type of Grain

Wheel Photos

Dimension details of components used in lab study is given in Figure 3.
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Figure 3: Component details for lab study

Property comparison of Needle shaped and blocky shaped microcrystalline grains are
given in Table 2.
Table 2:- Property comparison of Needle Vs Blocky shaped grains
Needle shaped
Microcrystalline

Parameters
Loose Packed
Density (g/cc)
Aspect Ratio
Knoop Hardness
(Gpa)
True Density (g/cc)
Crystal Size (micron)

Blocky shaped
Microcrystalline

1.76

1.82

1:7

1:1.5

2100

2100

3.92

3.90

0.26-0.30

0.26 – 0.30

Grinding cycle parameters for the test are given in Table 3 as below:
Table 3: Grinding cycle & dresser feed rate:
Cycle

Stock
(mm)

Feed rate
(mm/min)

Time
(sec)

Rough

0.1

6

1

Semi finish

0.075

4.5

1

Finish

0.025

1.5

1

Total

0.2

Dresser Feed
Rate (mm/min)

200
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The first set of trials were taken with above grinding cycle for both wheels T1 & T2.
During grinding process, grinding wheel is subjected to attritious wear, abrasive grain
fracture, bond fracture and loading of chips on to the grain, bond and pores.
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2.1

Diagnostic Tool:

The diagnostic tool (Grind Trak of Micromatic Make) has an arrangement of a power
cell to monitor the power drawn by spindle motor and a LVDT to measure the in-feed
of wheel head during grinding of work pieces. Power drawn and LVDT with respect to
the feed were measured for grinding every work piece. Figure 4 shows a typical signal
captured during grinding cycle. This depicts the signature of grinding process.
Figure 4 – Grinding Signal from Diagnostic Tool

2.2 Derivatives of power and material removal:
The diagnostic tool provides the power and in-feed of the wheel in real time. Grinding
power is an indication of the energy consumed (Pc) for a given material removal rate
(MRR) Qw. Qw is calculated by using process parameters such as work velocity (vw),
depth of cut (ae) and grinding width (bw).
Qw= ae.vw.bw
The variation of MRR along with power can be used to derive the specific cutting
energy (SCE) Uc during grinding of the work piece.
Uc= [(Pc)/ Qw]
The same is shown in Figure 5.
Figure 5 – Specific cutting energy

(Reference:-Performance Analysis of Cylindrical Grinding Process with a Portable
Diagnostic Tool- Dr. R. Vairamuthu et al December, 2014)
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Assuming power associated with chip making process is Pc, any change in it over time
Pc(t) can be attributed to frictional effects of chip (Microscopic Interactions 2 and 3)
with varying time. This is denoted as Pf (t).
The power after time “t” at a given MRR consists of four components. The initial
threshold power Pth (0), change in threshold power with time Pth (t), the power for
cutting or chip making Pc and the change in the cutting power caused by the chip
friction effects Pf (t). The connection between these parameters and their corresponding
microscopic interactions are illustrated in figure 6.
Figure 6:-Components of power and microscopic interactions

(Reference: - Tribology as an enabler for innovation in surface generation process –
Dr.K.Subramanian et al November, 2015)
Specific cutting energy (SCE) obtained for individual components ground for both test
wheels T1 & T2 are shown in figures 7 and 8.

Figure 7: SCE for T1 wheel

Figure 8: SCE for T2 wheel

Surface finish (Ra) on each of the ground components was measured using a roughness
measuring equipment (Mitutoyo surf test SJ210). Values obtained for both wheels are
shown in figure 9 and 10:

7

Figure 9: Surface finish for T1 wheel

Figure 10: Surface finish for T2 wheel

The next set of experiments were done by maintaining the same grinding cycle as
mentioned in Table3 and varying the dresser feed rate as mentioned in Table4. Here the
dressing depth was maintained the same.
Table 4: Dresser feed rate
Sl. No
1

Feed rate
(mm/min)
50

2

100

3

200

4

250

Figure 11 shows the specific cutting energy values obtained for grinding each
component at different dresser feed rate for test wheel 1. It also shows the number of
components ground at each dresser feed rate before next dressing was warranted.
Figure 12 shows corresponding data for test wheel 2.

Figure 11: SCE at different dresser feed-T1

Figure 12: SCE at different dresser feed-T2

Figure 13 and 14 show surface finish (Ra) values obtained on the components for test
wheels T1 and T2 respectively at different dresser feed rate.
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Figure 13: Ra at different dresser feed-T1

Figure 14: Ra at different dresser feed-T2

Figure 15: SEM analysis of grinding wheels

T1 Wheel

T2 Wheel

Table 5: Wheel Porosity comparison between Needle & Blocky shaped grains
Type of Grain

Porosity
(%)

Needle shaped Microcrystalline

37.21

Blocky shaped Microcrystalline

32.76

4.45% porosity increase in needle shaped microcrystalline grain
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Results and Discussion

3.1 Needle shaped vs. Blocky shaped grains:
In general, microcrystalline grains have high fracture resistance. The grain does not
fracture at lower loads. Even at higher loads, the fracture would be at a micro level.
Here interactions 1.1 (cutting) is maintained for a longer duration due to its high
fracture resistance along with interactions 1.2 (plowing) and 1.3 (sliding). Also micro
fracturing help grains retain the sharpness leading to lower SCE over a sustained period.
Surface finish (Ra) also gets maintained during this period.
Between needle shaped grain and regular blocky grain, the needle shaped grain has
higher aspect ratio as per Table2. This leads to lower loose packed density (LPD) that
naturally introduces a larger porosity and grain spacing in the grinding wheel as per
Table5. This spacing between grains can accommodate more chips, which dramatically
influences and lowers chip related tribological interactions 2 (chip/bond) and
3 (chip/work). This means that interactions 1.1 (cutting), 1.2 (plowing) and 1.3 (sliding)
are sustained over a longer period when compared to blocky grains. This is reflected in
lower SCE and more no of components ground between dressings with needle shaped
grains.
In the case of blocky grains, the porosity level is comparatively low. Even though this
grain also fractures at micro crystal level, the ability to accommodate chips is reduced
due to closer packing. So interactions 2 and 3 sets in early leading to increase in SCE
and lesser no of components ground before next dressing.
Scanning Electron Microscope (SEM) pictures of these grinding wheels indicate more
porosity for needle grains (T1 wheel) as shown in figure 15.
Surface finish (Ra) values of both experimental wheel T1 and T2 are fairly stable till
the end point where it shoots up drastically. This was coupled with heavy grinding
noise. This could be attributed to interactions 2 (chip/bond) and 4 (bond/work). As the
grinding continues, more material removal also leads to more chips getting deposited
on the wheel surface over time. This leads to more of interaction 2 (chip/bond) though
interaction 3 (chip/work) also comes into play. Meanwhile over a period of time, the
protrusion of grain comes down due to its wear and slowly the bond gets in contact with
the work piece leading to interaction 4 (bond/work). Vitrified bond is glassy and brittle
in nature. At higher grinding force, it starts fracturing at a rapid rate. This leads to
vibration and noise while grinding. Surface finish deteriorates as shown in figure 10 at
a comparatively lesser number of components ground.
It may be noted that the major difference between these two grains is that the needle
shaped grains can accommodate more chips due to its porous structure so that the onset
of bond fracture is delayed. This leads to lower specific cutting energy and more
number of components ground between dressing cycles.
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Chemical Analysis of grinding wheel surface before and after dressing for these two
wheels reveals presence of more iron in wheel with needle shaped grain (Table6). This
shows accommodation of more chips in the pores. These chips do not interfere with
grinding process for a considerable period of time.
Table 6:- Fe content comparison before and after dressing
Wheel

Type

Fe content before
dressing (%)

Fe content after
dressing (%)

T1

Needle shaped
Microcrystalline

6.3%-7.0%

1.0%-1.3%

T2

Blocky shaped
Microcrystalline

4.4%-4.7%

1.0%-1.3%

3.2 Varying the dresser feed rate:A comparison of dress frequency at different dresser feed rate for both T1 and T2
wheels are shown in Table7.
Table 7:- Dresser Feed Rate Vs Dressing Frequency
Dresser Feed Rate
(mm/min)
50

Dress Frequency
(No of components)
for T1 wheels
105

Dress Frequency
(No of components)
for T2 wheels
105

100

110

107

200

139

110

250

135

108

For T1 Wheels:The maximum number of components ground was achieved at a dresser feed rate of
200 mm/min closely followed by 250 mm/min. whereas at a lower dresser feed rate,
the number of components ground before next dressing is comparatively lesser. It was
evident from previous experiment that the needle shaped grain had a lot of naturally
introduced porosity due to its specific shape and it can accommodate more chips.
While dressing, it has to be ensured that the chips loaded deep in the pores had to be
fully cleared off. At a higher dresser feed rate, the dressing force is more, leading to
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more grain fracture and clearance of chips. This results in sharper edges on wheel
periphery with pores without any metal loading.
When grinding starts with such surface texture, interactions 1.1 (cutting) will be
predominant, followed by interactions 1.2 (plowing) and 1.3 (sliding). Since the porous
structure is reinstated on the surface due to clearing of chip, onset of interactions 2 and
3 is delayed. All these factors lead to more number of components being ground before
next dressing cycle sets in.
At lower dresser feed rate of 50 mm/min & 100 mm/min, this phenomenon of chip
clearance from deep inside the pores is not effective. This leads to earlier onset of
interactions 2 (chip/bond), 3 (chip/work) and 4 (bond/work). This has resulted in lesser
number of components being ground before next dressing.
For T2 wheels:As can be seen from Table 7, there is no appreciable difference in no of components
between the different dresser feed rates for blocky microcrystalline grains. As these
grains are more blocky in shape, the loose pack density (LPD) is high. The structure is
more closed contrary to the porous structure of needle shaped grains. The extent to
which it can accommodate chips is limited.
Initially interactions 1.1, 1.2 and 1.3 are good due to micro crystalline fracture. As the
chips start loading the wheel, interactions 2, 3 and 4 comes into picture earlier than for
needle shaped grains. The penetration of chips onto the grinding wheel surface are also
shallow due to lack of porous structure. Owing to this, dressing force required to
dislodge the chip is also less. Hence even at a lower dresser feed rate of 50 mm/min,
the wheel surface is clean. Fair amount of grain fractures along with recessing of bond
leading to sharper surface which will enhance cutting action. At higher dresser feed
rates, the micro fracture of grains is more, leading to sharper surfaces. However, the
overall number of components ground between dressing intervals is comparatively
lesser than needle shaped grains.
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Conclusions

This paper attempts to arrive at the right combination of grains for Inner Ring (IR)
Track grinding wheel for bearing. Both needle and blocky shaped micro-crystalline
grains were tried. The dresser feed rate was varied. Using a diagnostic tool, the process
signals were captured for all the experiments. The specific cutting energy (SCE),
surface finish (Ra) were compared along with dressing frequency obtained for each
experiment. Inferences were made from the above data through analysis of microscopic
interactions at the grinding zone. This study concludes that the needle shaped
microcrystalline grains give much better grinding efficiency and quality parameters
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than a blocky shaped microcrystalline grain for this particular grinding application.
These learnings can further lead to solving process related issues or development of
new products for bearing industry. This methodology and understanding the importance
of grinding zone will lead to a more “cause and effect” scientific approach in surface
generation techniques than treating them as a “black art”.
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