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ANALYSIS OF VIBRATION WHEN APPLICATION OF
PROGRESSIVE GRINDING WHEELS

This investigation was undertaken to compare the performance of grinding wheels containing newly developed “seeded gel” aluminum
oxide abrasive with the wheels containing conventional monocrystalline aluminum oxide. The experiments were carried out on the surface
grinder BPH 20 over a wide range of removal rates with two grinding wheels on hardened bearing-steel specimens. It was found that the wheels
containing “seeded gel” abrasive required less grinding power and gave higher grinding stability than monocrystalline abrasive wheels of the
same grade with better surfuce waviness. The potential improvement in productivity using the ‘seeded gel” abrasive wheels was estimated.
Optimal removal rates with the SG wheel are higher than the one for conventional monocrystalline aluminum oxide.

1. Introduction

Grinding is a widely used machining process in applications
requiring high production rates and very good dimensional accu-
racy and surface finish. It is also one of the more complex metal-
working processes and one of the less understood. Consequently,
successful use of grinding in practice is highly dependent on the
level of expertise of the machinist and engineer. Grinding is also
viewed as an unpredictable process because of the large number
of variables involved and inadequate understanding of the relation-
ships between those variables and the grinding process performance.
That is particularly true of vibration in grinding operations, com-
monly referred to as grinding chatter [1].

Grinding chatter poses many of the same problems that chatter
in other machining operations presents. Chatter results in undu-
lations or roughness on the grinding wheel or workpiece surfaces
and is highly undesirable. One form of grinding chatter, referred
to as self-excited chatter, is usually eliminated or reduced by lower-
ing metal removal rates. Also, grinding wheel surface unevenness
resulting from chatter necessitates frequent wheel redressing. Thus,
chatter results in a worsening of surface quality and lowers machin-
ing productivity. Those limitations are particularly severe, since
grinding operations are used in applications involving high pro-
duction quantities and stringent dimensional accuracy and surface
finish requirements [1, 2]. Improved productivity and workpiece
surface finish would, therefore, result from better understanding
of grinding chatter [1, 3].

Except application conventional monocrystalline aluminum
oxide recent developments have lead to the use of chemical ceramic
“sol gel” technology to produce a new class of alumina abrasives
[4]. This process involves converting a colloidal dispersion or
hydrosol containing goethite in a mixture with solutions or other
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sol precursors to a semi-solid gel to restrain the mobility of the
components, drying to a glassy state, crushing to the required
grain size, and firing at about 1300 °C. Subsequent developments
resulted in a modification to the process whereby the gel is “seeded”
with submicron alpha alumina particles before drying [3, 4]. The
produced “seeded gel” (SG) abrasive grit consists of sub-micron
size crystalline particles which can separate from the abrasive grit
by wear during grinding. It was reasoned that this type of micro-
crystalline fracture wear would keep the abrasive sharper than
conventional abrasives which become dull by the formation of wear
flats on their tips, thereby reducing bulk wheel wear rates, improv-
ing grinding ratios, enhancing the ability of the wheel to hold form
and finish, and providing higher removal rates with lower power
[3, 4]. This investigation was undertaken to compare the perfor-
mance of grinding wheels containing newly developed “seeded gel”
aluminum oxide abrasive with wheels containing conventional
monocrystalline aluminum oxide. This investigation is based on
analyze of vibration and its influence on quality of ground surface.

2. Conditions of experiment

Grinding tests were performed under surface grinding condi-
tions using the grinding machine BPH 20. The work pieces, used
in the experiments were made of 100Cr6 bearing steel hardened
to 62 HRC (100 X 10 X 60mm). The grinding performances of
two types of wheels of the same hardness grade were compared:
a monocrystalline alumina wheel (A99 01 250 X 20 X 76 38A 60
JVS) such as commonly used for grinding of bearing steels,
a “seeded gel” wheel (5SG 01 250 X 20 X 76 60 JVX - contain-
ing 50% of SG grain in the wheel).

Cutting conditions:

cutting depth - a, = 0.01 mm to 0.04 mm,
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feed
cutting speed
cutting fluid

-v=38 (m.min~ 1),
-y, =2839ms™ ",
- EMULZIN H (2% concentration).

Analysis of vibration was carried out through measurement of
grinding forces (Fig. 1). Grinding forces were measured by piezo-
electric dynamometer KISTLER type 9257A. A personal computer
collects information from the dynamometer in the predetermined
points of the grinding cycle. Analysis of the collected information
were carried out in the software DasyLab 3.5. Surface topography
was analyzed through its waviness (applied device MP125).

grinding
wheel

work piece

dynamometer

Fig. 1 Grinding forces F, and F,

3. Results of experiment

Grinding forces were analyzed in two frequency zones. The
static components represent grinding force up to frequency 10Hz,
the dynamic forces above the frequency 10Hz. Records of grind-
ing forces are illustrated in Figs.2 and 3. These records represent
the stage of a worn grinding wheel. There is a visible difference in
the amplitude of vibration between the conventional and SG wheel.
The negative values in Fig.2 are caused by persistence of grinding
system.
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Fig. 2 Record of grinding forces F, and F, for

V, = 1500 mm’, 499, a, = 0.03 mm
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Fig. 3 Record of grinding forces F, and F, for
V, = 1500 mm’, 58G, a, = 0.03 mm

The dynamic components of grinding forces were analyzed
though the RMS values (the RMS value is the most relevant measure
of amplitude because it both takes the time history of the wave
into account and gives an amplitude value which is directly related
to the energy content, and therefore the destructive abilities of the
vibration). From the results in Fig.4 it can be seen that the RMS
values progressively increase the same way with the continued
grinding for both wheels. Next, there is visible only a slow rise of
the RMS values after the dressing (approximately up to V, =
= 500 mm?). This interval represents the stable area of the grind-
ing process. On the other hand, there is following intensive increase
of RMS values. This stage represents the worn grinding grains.
The grinding wheel should be redressed. Fig. 4 illustrates that there
is no significant difference in the RMS values between the con-
ventional and SG grinding wheels under the low cutting depth. On
the other hand, there is a significant difference under the higher
cutting depth. When compared with the conventional wheel (Fig.
5) there is no visible intensive increase of the RMS values for the
5SG wheel. This difference is related to self-sharpening effect of
SG grain under the higher cutting forces generated by higher
cutting depths (higher material removal rates). When working
with lower cutting forces (lower cutting depths), it is necessary to
produce the microchipage of the grains by implementing a dress-
ing process.
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Fig.4 Influence of grinding grain wear on the RMS value of cutting
Jorce, a, = 0.01 mm
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Analysis of self-excited vibration is illustrated by frequency
specters in Figs. 6 and 7. There is formation of waviness on the
grinding wheel surface. This waviness can be identified through
the frequency of approximately 400 Hz. This frequency is given by
a number of revolutions of the grinding wheel per one second (40
times) and the number of waves on the grinding wheel surface (in
this case 10 waves). Figs. 6 and 7 illustrate that this dominant fre-
quency is higher for a conventional wheel than for a 5SG wheel.
Then, the number of waves on the 5SG grinding wheel surface is
higher because the dominant frequency is higher. This aspect is
suitable considering the formation of waviness on the ground
surface (the higher number of waves is obviously related to the
lower amplitudes of waves). The lower amplitude and the higher
frequency for the 5SG wheel lead to the lower surface waviness.
This comparison is illustrated in Figs.8 and 9. Amplitudes of
waves of the ground surface after grinding with the conventional
wheel are significantly higher than the ones generated by the 5SG
wheel.

100, ——A99
N - 58G
80
T 60 /
40
= P meanlll
= 20 J T
0 - - - - n
0 300 600 900 1200 mm
Vo _— >

Fig.5 Influence of grinding grain wear on the RMS value
of cutting force, a, = 0.03 mm
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Fig.6 Frequency - amplitude spectrum for V, = 1500 mm’,
a, = 0.03mm A99 grinding wheel
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Fig. 7 Frequency - amplitude spectrum for V, = 1500 mm’,
a, = 0.03 mm 5SG grinding wheel
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Fig. 8 Waviness of ground surface generated by conventional Al,0;
wheel, a, = 0.03 mm, V, = 1170 mm’
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Fig. 9 Waviness of ground surface generated by 5SG wheel,
a, = 0.03 mm, V, = 1170 mm’

4. Conclusion

The objective of this investigation was to compare the perfor-
mance of grinding wheels containing newly developed “seeded
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gel” abrasive with the wheels containing conventional monocrys-
talline alumina. It was found that 5SG abrasives lowered the
intensity of vibration and surface waviness compared with the
monocrystalline abrasive wheels of the same grade. The optimal
removal rates for the “seeded gel” abrasive wheels were higher
than for monocrystalline wheels. Similar results can be achieved
by application of modified technology known as Targa gel wheel
(TG wheels). Moreover, there are other aspects of SG and TG
wheels application. First of all, it is higher G ratios for SG and TG
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wheels in comparison with the conventional wheel, the lower tem-
peratures in the contact of grinding wheel and workpiece, more
suitable state of residual stresses and longer interval between
dressings.
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