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“prirmiaty pbjectives of u i ultra-
_high speed watetjet in conjuriction
“with grifid jerations ate to effec-
 tively penetrate the air erivelope sur-
_rounding the wheel and_ overcome
-perf e aoy " the centrifugal force thereby provid-
Laboratory of the University of - . . of the % g proper cleaning, cooling/lubrica-
Henguchy, tor. which pasént o, heel ars hence led o impuope. . tion, rsharpening of the whee and
5,288,186 [1] was granted. cooling/lubrication of the grinding reducing the wheel loading effect.
zone, Pigott [4] developed another  The effectiveness of the developed
- . . apparatus for application of grinding ... fei
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HIGH SPEED continued from pg. 11

varying the speed of the grinding
fluld (0 to 365 m/sec) while keeping
the conventional parameters, name-
ly traverse speed and depth of cut,
constant.  Grinding force compo-
nents, acoustic emlssion signals, and
workplece surface profiles were
monitored at four different instances
during grinding, namely 2.5, 5. 7.5
and 10 minutes, in order to study
the effect of high speed grinding
fluid with progressive wheel wear. A
newly dressed wheel was used for
experiments conducted at each
water jet speed setting and grinding
condition. The surface roughness of
the workplece was quantified in
terms of Ra. The results in this paper
are a part of our previous paper entl-
tled “Effect of High Speed Grinding
Fluld on Surface Grinding
Performance”, SME Paper No. MR95-
213 [10]. The process parameters
for these experiments are given
in Table 1,

TABLE 1. PROCESS
PARAMETERS
Workpiecs material 55304
Wheel material - Al Oxide (WA543-731-556106)
Whee! speed : 30 misec
Wheel width 10 mm
Wheel diameter 300 mm
Cross fead 0.81 mm/pass
Orifice diamele 0.46 mm
Typa of cooling - flood and high-speed water jet
Traverse speed 120 mm/sec
Depth of grinding 0.062 mm
Grinding time 2.5 % 10 min.
Water fet speed 173 - 365 m/sec

The tangential and normal force
components for the different grind-
ing times and water jet speeds are
plotted in Fig. 2. For both flood
cooling and high-speed water jet
cooling, the magnitude of the grind-
ing force components increase with
Increasing grinding time. As grind.
Iing progresses, the wheel surface is
initlally subjected to grain fracture
and bond fracture, followed by grad-
ual attritious wear. The effect of
wheel loading also increases. These
trends affect the cutting capability of
the grinding wheel leading to
increased grinding forces. The mag-
nitude of the grinding force compo-
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HIGH SPEED continued from pg. 18
nents are reduced by almost 50%
with the application of high speed
water  jets. The improved
cooling/lubrication effect at the
grinding zone, effective cleaning
action and reduced wheel loading
effect of the high speed water jet are
responsible for the improvement in
process performance. The water jet
at high speeds also provides a gentle
dressing/resharpening effect on the
wheel by removing a tiny layer of
abrasive gralns and exposing new
grains on the surface of the grinding
wheel. The high flow rate of the
water jet improves the convective
cooling effect and provides complete
evaporation of the fluid film at the
grinding zone. The effectiveness of
the high speed grinding fluid
increases as the jet velocity increases.
As a result, the grinding forces, abra-
stve wheel wear and work-burn are
reduced leading to overall improve-
ment in grinding process.
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Traverse Speed = 120 mm/s, Depth = 0.062 mm, Time = 10 min,
Fig. 3. Frequency Domain AE Signals

A plot of frequency domain acoustic
emission (AE) signals acquired for
flood cooling and high speed water
jet cooling after 10 minutes of grind-
Ing time 15 shown in Fig. 3. Tt can be
noted that the peak frequency for all

grinding conditions is around 150

'KHz. The effect of bond fracture and

grain fracture on these signals can be
eliminated as they are acquired after
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HIGH SPEED continued

from pg. 22
10 minutes of grinding
time. The peak amplitude
is highest for flood cool-
ing conditions Indicating
the presence of high attri-
tion wear of the wheel.
With application of high
speed water jet, the peak
response at 150 KHz drops
down initially to about
40% and then to 25% due
to reduction in wheel
loading and attritious
wear. The decrease In the
area enclosed by the FFT
curve indicates that the
energy of the AE signal
reduces with the applica-
tion of water jet. At high-
er water jet speeds the
amplitude of the frequen-
cy domain AE signal
drops through all the fre-
quency tange which
could be due to the
resharpening of the wheel
by the jet. The above
peak frequency of the AE
signal (150 KHz) can be
considered as a good indi-
cator of the average num-
ber of active grains In con-
tact with the workpiece
per unit time. The aver-
age number of active
grains (N) per unit area is
given by

N = (Peak
Frequency)/(Peripheral
Speed of the Wheel x
Cross Feed)

The value of “N” as per
the above equation was
calculated to be approxl-
mately 6/mm? This was
found to be in good agree-
ment with the actual
number of grains per mm?*
as per wheel specifica-
tions. The high ampli-
tude for the peak frequen-
¢y of 150 KHz in flood
cooling Indicates the pres-
ence of excessive rubbing
action of the grains
caused by the blunt cut-
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ting edges. However, the
resharpening effect of the
ultra-high speed water jet
produces randomly ori-
ented and randomly dis-
tributed cutting edges
which causes relatively
flat response on the FFT

Seardar hand material be used for

941T219691

curve. Thus the trend
exhibited by the frequen-
cy domain AE signal sup-
ports the previous obser-
vations made about the
role played by high speed
grinding fluid in improv-
ing the process perfor-
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mance.

Surface roughness indicat-
ed by Ra is plotted against
grinding time for flood
cooling and high speed
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HIGH SPEED continued from pg. 2/

water et cooling in Fig. 4. With pro-
gressive grinding time, the surface
finish for both the cooling condi-
tions deteriorates which ‘could be
attributed to increased wheel wear
and wheel loading. It can be noted
that for all conditions of grinding
time, the surface finish improves
with Increase In water jet speed. Ra
reduces by more than 50%. A com-
bination of factors during high
speed water jet grinding such as the
improved cooling/lubrication effect
of the grinding zone, reduced abra-
sive wheel wear and its loading,
improved dressing/resharpening
effect, absence of wheel/wortkplece
particles at the grinding zone caused
by improved washing action, etc. are
tesponsible for the improvement in
surface quality.

The heat flux into the workplece
during the grinding operations estl-
mated using the experimentally
determined temperature histories
through an lnverse heat transfer
method [11] is plotted in Fig. 5.
Grinding fluid in the form of high
pressure water Jet reduces the heat
input by up to 75% of that of flood
cooling.

In the classical grinding operation
the hardness of the bond material is
determined by the strength of the
workplece material. In order to pro-
vide the so-called self-sharpening
effect, namely removal of the worn-
out or fractured abrasive grains by
dislodging them from the bond
materlal, it Is recommended that
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and softer bond material be selected
for grinding harder workpiece mate-
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grinding fluid for dressing and Coot-
ing/lubrication, 2 hard bond materi-
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INTERNAL continued from pg. 24

taper Is measured on diameter, the
taper error would be .000218 in/in
and in a hole 2 Inches long .000436
in.
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HIGH SPEED continued from pg.31

al could be used for grinding any
type of workplece material. Namely,
the self-sharpening effect for the case
of applying high speed grinding
fluid Is no longer a matter of concern
since the grinding wheel Is continu-
ously resharpened by the fluid jet.
Evidently, the rate of abrasive grain
removal from the wheel surface and
_Its topography will depend on the
speed of the grinding fluid. The
optimization of the grinding fluid
speed should be done for the select-
ed type of grinding wheel, its dimen-
sions and given workpiece material.

'CONCLUSIONS

A new way of providing grinding
fluid to the grinding zone was devel-
oped. This approach is based on
injecting high pressure water jet tan-
gentially at the abrasive wheel about
50 mm from the entrance into the
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grinding zone. In order to penetrate
the alr layer formed around the
rotating grinding wheel and also to
suppress its centrifugal force, the
grinding fluld must travel with a
speed at least equal to that of the sur-
face speed of the grinding wheel.
Through extensive experimentation
It was found that the pressurized
water Jet breaks the air layer, ovet-
comes the high centrifugal force and
finally penetrates effectively into the
grinding zone, Due to the improved
cooling/lubrication, cleaning, and
washing actions of the high speed
water Jet coolant/lubricant, the over-
all grinding process performance is
significantly improved,
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