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CHAPTER 7 .
DISCUSSION OF THE EXPERIMUNTAL WORK AND RESULTS

Tol INTRODUCTION

In this chapter the discussion of the experimental
work 1s undertaken in two parts. The first part covers
the dressing of grinding wheels using single poaint diamond
tools, in which the influence of the dressing variables
on the dressing process and ensulng grinding wheel condition
are discussed. In the second part, the influence of
dressing conditions on the cylindrical grinding process
are discussed for both rough and finmish grinding. General
conclusions drawn from the above discussion are stated
in Chapter 8.

1.2 DISCUSSION OF THE GRINDING WHEEL DRESSING TESTS
AND RESULTS

7.2.1 Tests 1 to 3 inclusive.
This series of tests was designed to investigate the

effect of. drag angle on dressing-tool performance by
observing the dressing action of the diamond tool through
dressing force analysais.

Three components of dressing force were recorded,
these being the radial (Fr), tangential (Ft) and axial (Fa)
components of force being measured relative to the grinding
wheel face and direction of rotation. From the tests
conducted, the radial component of force was seen to be
predominant, with a value of between 2 to 6 times that of
the tangential component, (the highest force recorded being
of the order of 4 Newton ), and the axial component being
of least significance. It was expected that Fa would be
small in comparison with Fr and Ft since the ratio of the
peripheral wheel speed to the cross-feed rate when dressing
was 1in the‘order of 1,900:1 for the extreme conditions used,
l1.e. wheel diameter 305 mm, wheel speed 30 rev/sec and
crogs-feed rate of .5 mm/rev of grainding wheel.




Test 1.

The diamond used for this test 1s shown in fig. 6.2,
and 1ts orientation relative to the grinding wheel is
depicted 1n fig. 2.5. A% this setting it presented a f
cutting edge to the grainding wheel face which had a rake i
angle of -60 degrees for a drag angle of O degrees. As
the drag angle was increased or decreased about this
datum, the rake angle became more or less negetive
respectively. (The rake angle of the diamond 1s taken
as being negative to conform with metal~-cutting tool
nomenclature. )

Fig. 7.1 shows the variation of the radial component
of force with diamond drag angle (and rake angle). The
four force curves are in the order of the test sequence,
working from the bottom of the figure upwards, All the
curves depicted are basically the same shape and show an
1nitial reduction in force as the drag angle decreased
from a maximum value of +15 degrees. In each case, at
some particular value of drag angle the value of Fr
increased sharply. After this point, for further decreases
in drag angle, the dressing process was seen to become
unstable due to diamond vibration. For each elevated
force curve, the turning point occurred at a higher positive
value of drag angle. This wag due to the influence of
wear on the diamond tip, which caused an increase in
diamond area in contact with the wheel face. In fig. 7.1
the drag angle range has been divided into three regions,
namely, a stable region in which the dressing process was
stable and Fr increased for an increase in drag angle;

a critical regron which covers a narrow band of drag

angle values in which the dressing process was stable and

F was a minimum, and an unstable region in which the
dresulng process was unstable and F increased rapidly
for further decreases in drag angle.

In order to analyse the dressang action of the
diamond tool 1% is necessary to show the relationship

between the diamond geometry and the dressing force.
Figs. 7.2 to 7.8 show the resolution of dressing




force for test 1. Although the diaiiond 1s shown ag
peing sharp, a small natural flat was apparent at its

tip. The figures (7.2 to 7.8 inclusive) show the effect
of decreasing the value of drag angle in steps of 5
degrees from a starting point of +15 degrees. Two
components of force have been resolved for each drag angle
value that are normal to, and parallel with, the diamond
cutting edge (rake face). These are termed Fn and P

p
respectively. The second of these force components P

shows the tendency for the diamond tool to be pushed P |
away from, or drawn into the grinding wheel face. At a
drag angle of +15 degrees there 1s a tendency for the |
diamond tool to be pushed away from the wheel face,

thereby maintaining stable conditions, As the drag angle

is reduced, both Fp and Fn are reduced in value until F
becomes zero and Fn takes on a minimum value., At this
point, Fn 15 equal i1n maghitude and direction to F |

res?
which 1s the vector sum of Fr and F,. This condition

corresponds to the critical region geplcted in fig. T.1l.
For a reduction in drag angle beyond this point, the
diamond 1s drawn into the wheel face and the dressing
process becomes unstable. At this critical point for
this particular set of dressing conditions, the drag
angle was between +5 to +10 degrees, and the rake angle
was between ~65 to =70 degrees.

The diamond wear which resulted from test 1. is
shown in the upper half of fig., 7.9. It can be seen that
the greatest amount of wear occurred when the diamond was

subjected to drag angles in the range -5 to =15 degrees..

Test 2.

Tegt 2 was a continuation of test 1 with the cross~
feed reduced from .5 mm/rev to .1l mm/rev, all other
conditions remaining as before. This was done in an
attempt to reduce the rate of diamond wear. The results
of this test are used to show how the drag angle influences
diamond tool wear, and the corresponding effect on
dressing force.

- 147 -



Fig. 7.9 shows the mode of diamond tool wear for
the sane draé angle seguence used in test 1, with each :
dressing cycle repeated fifteen times. Two wear areas
were noticed on the diamond, and are denoted by the
letters A and B. As before, the dressing cycles using
negative values of drag angle gave rise to 1ncreased
diamond wear over and above that experienced when using
positive values. This 1increased wear 13 possibly due
to a combination of shock loading received by the diamond,
and attrition. The greater wear area is denoted by the
letter B. It 1s interesting to note that the angle
subtended by the wear face A and a normal to the wear
face B 1s approximately 69 degrees, and suggests that the
line of contact between the two wear areas A and B
corresponds to the critical point, where there 1s no
sliding component of force acting on the rake face, 1.e.
Fp = 0. (The rake face at this point is the wear face A.)
This condition occurs at a lower value of drag angle
than was the case in test 1. This further suggests that
a sharp diamond which 1s subjected to unstable conditions

may become stable for the same conditions after it has
become partially worn.

Fiz. 7.10 shows the range of values of Fr and F
obtained for the conditions stated above. It can be

t

seen that the tangential component of force Fr’ 1ncreased
as the drag angle was reduced. Unlike the results shown
in fig. 7.1, there is no_turning point for Fr' This 1s
because of the change in diamond condition, 1.e. a
transition from line or point contact to area contact as
the diamond wore. Although there was an increase 1n Fr
for any reduction in drag angle, the dressing process
remained stable until a value of 0 degrees was reached.
For further reductions in drag angle, unstable conditions
again prevailed.

Values of the force ratio Fr/Ft’ are shown in
fig. 7.1l, and vary from 3 to 6 as the drag angle was
reduced from 415 to -15 degrees. 'The range 3 to 4.5
was obtained for stable conditions, whilst greater values
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represent unstable conditions. This suggests that the
higher force ratios are caused by a combination of two
events, namely, an increase in wear area of the diamond
tool, and diamond vibration. For the case of the sharp
diamond (test 1), a force ratio as low as 2.5 was recorded
for conditions in the critical region.

Test 3.

In test 3 a combination of four different grinding
wheels were used in conjunction with two diamonds of
drfferent geometry, to test further the influence of
drag angle (and rake angle) on dressing conditions. The
diamonds used were classified as dodecahedrons and had
included angles of 143 degrees and 95 degrees respectively,
these being measured in the vertical plane. The diamonds
were set so that for a drag angle of O degrees, the
corresponding rake angles presented to the grinding
wheel were -69 degrees and - 45 degrees respectively.
Their orientations were such that the more obtuse angled
diamond made point contact with the grinding wheel face,
due to 1ts well formed sharp point, whilst the other
diamond presented a chisel edge to the grinding wheel,
with the line of contact running in the horizontal plane
across the wheel face. This setting is shown in fig. T.1l6.
The orientations were as depicted in figs., 2.5 and 2.6
respectively.

FPig 7.12 shows the variation of the radial component
of force Fr’ with drag angle (and rake angle) when
dressing the four grinding wheels with the more obtuse
angled diamond tool. The force curves shown are similar
to those plotted in frg.7.1l, except that the critical
region 1s displaced by 5 degrees to the right. The
curves are identified in the order of test sequence
followed, and form a family of curves that increase in
the same order. Since the grinding wheels having different
grit sizes were used in a random order, 1t 1is reasonable.
to assume that the increases in force from curve to curve
are due to diamond wear and not variation in the grinding
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wheels themselves. For each elevated force curve, the
turning point occurred at a hagher positive value of drag
angle, this being a trend similar to that depicted in
fig, 7.1. It was also noticed when dressing, that in-
stabilaty occurred for drag angles less than O degrees,

Fig. 7.13 shows the variation of the radaial
component of force Fr' with drag angle (and rake angle),
when dressing the four grinding wheels with the less
obtuse angled diamond tool. The figure shows a rapid
increase 1in force for each curve when the drag angle
was reduced from the initial condition of +15 degrees, and
the complete range of drag angles are depicted as givang
unstable conditions. It was found in practice that when
using this particular diramond, instability was encountered
for all dressing conditions used.

This phenomenon is shown more clearly in figs.
7.14 and 7.15 1n which the dressing force components
Fr and Ft are resolved. Fig. T7.14 shows that minimum
values of Fr and Ft occur for the more obtuse angled
diamond when the resultant force F =7

res n’'
This occurs for a drag angle of 0 degrees and corresponding

d = Q,
an Fp

rake angle of =69 degrees. For further reductions in
drag angle, the diamond was drawn into the grinding wheel.
This was seen to occur irrespective of the particular
grinding wheel used. Fig. 7.15 shows that for any value
of drag angle in the rangec used, there was a tendency for
the less obtuse angled diamond to be drawn into the
grinding wheel, as depicted by the force component Fp.
Again, this occurredfor all four grinding wheels.

Values of the force ratio recorded for the more obtuse
angled dizamond were between 2.6 and 5.8, whilst those

for the other diamond were between 3.1 and 6.9.- These
values are sinmilar to the range established for the
diamond used in the previous iwo jtests. The results show
that the radial component of force Fr’ 13 influenced

more by changes in drag angle than the tangential

! this beang due to the influence of drag
angle (and rake angle) on diamond wear and instability.

component F
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This 1s i1n keeping with the observations made for test 2.
Diamond wear is depicted in fig. 7.17 for the more
obtuse angled diamond, and figs. 7.1l6 and 7.18 for the
other diamond. Considering fig.'7.1l7 first. This
particular diamond was similar in form to that used in tests
1l and 2, and had the same orientation. In terms of angular
presentation, a larger value of rake angle was apparent for
the same drag angle setting. It can be seen that two wear
flats were formed at its tip (front view), and that they
correspond to those shown in fig. 7.9. This would suggest
that similar dressing conditions prevarled in both cases,
and that the analysis of the dressing action for the diamond
in test 2 holds true for this diamond tool. When looking
at the diamond in plan view, the wear faces were seen to
run parallel to the grinding wheel face, 1.e. parallel to
the cross-feed motion. In fig. 7.18 1t is seen that a single
wear flat was formed at the tip of this diamond tool,
resulting from the unstable dressing conditions encountered.
A better view of this 1s shown in fig. 7.16, where 1%t can
also be seen that diamond flaking or attritious wear was
apparent on the diamond rake face. Like the previous
diamond, the wear face when viewed 1n plan runs parallel
to the cross-feed motion.
One of the most amportant features of any dressing
operation 1s the surface condition produced at the
grinding wheel face, since this affects dairectly the
surface finish of the ground component. PFigs. 7.19 and
7.20 show the surface finish obtained on a plunge ground
specimen, using a grinding wheel that had been dressed
with both diamonds over the full range of drag angles.
Fig. 7.19 shows the surface finish traces obtained for
the more obtuse angled diamond tool. It can be seen that
for the stable conditions encountered, 1.e. +15 degrees
to +5 degrees, a reagonably smooth surface was obtained.
In the critical region, i.e. O degrees (verge of instability),
the specimen surface showed signs of instability with
occasional rifts in the surface. For drag angles of
less than O degrees, instability was present and is
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shown 1in the irregular surfaces produced. ¥Fig. 7.20 shows
the surface finish traces obtained for the less obtuse
angled digmond. It 1s seen that all the traces produced
show i1rregular surface patterns, which have high surface
finmish values. Thls was to be expected since all conditions
produced ingtability an the dressing process.

It was noted when dressing in the unstable region
that the wheel surfaces were penetrated to a depth of at
least 150 um by all the diamonds used. This depth 1s
approximately equal to half the diameter of the grit sizes
used in the grinding wheels. Por these cases, the resulting
surface damage to the granding wheel would impare its
ability to grind efficiently.

The results of these three tests would suggest that
the rake angle presented to the grinding wheel face by
the dressaing diamond, 1s a more important parameter when
considering the dressing action of the diamond tool, than
that of drag angle. This finding will be discussed more
fully in the summary (statement 7.3).

7.2.2 Tests 4 to 7 inclusive.

This seties of tests was designed to investigate
the effects of drag angle, dramond wear, in-feed and cross-—
feed on dressing force and grinding wheel surface roughness,

when dressing four grinding wheels with an initially sharp
diamond.

The tests covered a wide range of dressing conditions,
involving a 5 x 5 matrix of in-feed and cross-feed values,
with three values of drag angle, The dressing diamond’
used throughout this series of tests i1s shown in fig. 6.1,
and was classified as an octahedron diamond. Its
orientation relative to the grinding wheel was as
depicted in fig. 2.5. At this setting 1t presented a
cutting edge to the grinding wheel face which had a
rake angle of -64 degrees for a drag angle of +5 degrees..
This rake angle wag modified ag the diamond wore.

Test 4
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A grainding wheel of the type 32A60-K8VBE, which had
a relatively fine grit and an open structure, was used
for thas test.‘

Fig. 7.22 shows in a three dimensional form, the
variation of the radial component of dressing force Fr
with in~feed and cross-feed for all three values of drag
angle used. It can be seen that increases in both in-feed
and cross-feed brought about an increase in Fr for all
values of drag angle, up to a maximum value of about
4,5 Newtons (1 1bf) for the most severe dressing condition
tested. This force value 1s low compared with those
obtained for the other tests in this series, and 1s
accounted for by the fact that the diamond tool was
initially sharp and presented a smaller area of contact
to the grinding wheel than for the later tests.

Variations in drag angle caused little overall change

in the value of Fr’ and the force trends were the same

for each drag angle setting. This observation is explained
by the fact that any increase in the value of Fr for %he
lower drag angle setting, due to instability in the
dressing process, was balanced by an increase in Fr for

the higher drag angle settings as the diamond wore.

Values of the force ratio Fr/Ft are shown in
Appendix V1, pages265to 267inclusive. These show that
for low values of in-feed, the value of the force ratio
dropped from around 3 to 2.2 as the drag angle was 1ncreased
from +5 to +15 degrees, irrespective of the cross-feed
value. This 1s explained by the fact that at the drag
angle setting of +5 degrees, the diamcad, which was in a
sharp condition, presented a rake angle t¢ the grinding
wheel which gave unstable dressing conditions. Hence
the observed reduction in the force ratio for an increase
in drag angle suggests that more stable dressing
conditions were brought into being. As the in-feed and
cross—-feed were increased at the higher drag angle
settings, the force ratio also increased. This was a
direct result of an increase in diamond wear.

Simplified diagrams showing the variation of



dressing force (I, and F. components) wibh cross-feed and
in-feed are depicted in figs. 7.23 and 7.24 respectively.
Values have been plotted for the +15 degree drag angle
setting. It 1s seen from fig. 7.23 that a linear relation-
ship exhists between the dressing force and cross-feed
rate (in-feed remaining constant), and that there 18 a
family of curves ascending in the order of increasing
in-feed. At the lowest cross-feed rate (.1 mm/rev) the
diamond cut each grit at least twice, since the grat

for the type of grinding wheel used can be congidered

to be approximately spheroidal in shape, and having a
mean diameter of ,25 mm., In the mid range (.3 mm/rev)
each grit was cut once, and at the highest cross-feed
rate (.5 mn/rev), the diamond missed each alternate grit.
If the diamond 1s considered as only cutting the grits, it
could be expected that the rate of increase of force with
increase 1n cross-feed would decrease, or that the force
would remain constant as the cross-feed exceeded the mean
grit diameter. This is disproved as shown by the above
linear relationship between force and cross-feed, and
suggests that the diamond cut through both grat and bond
at the same time. A further conclusion to be drawn 1is
that the abrasive grits and bond considered at any depth
from the wheel face are distributed in a uniform manner
at that level, and that an i1ncrease in cross-feed rate
gauses a proportional increase in diamond-grit/bond
contact . Fig. 7.24 shows that the relationship between
dressing force and in-feed {(cross-feed remaining constant)
1s non-linear, and that a family of "S" shaped curves
ex1st, ascending in the order of aincreasing cross-feed.
The shape of the force curves suggest that at the lower
depths of cut (< 7.5 um) the grit density was less than
that encountered further into the wheel surface, i,e. a
greater void density. This 1s high lighted by the fact
that at the lower values of in-feed, the dressing force
1s seen to vary very little with changes in cross-feed
rate., A further point of note is that for an increase

an depth of cut (cross~feed constant) a point is
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reached where the dressing force tends towards a plateau
value, this being elevated for ecach higher cross-feed
rate. The i1nference here 1s that a depth of cut was
reached for each cross-feed rate at which an optimum
value of dressing force was generated for splintering
through the grit and bond aroﬁnd the dressing tool.

The above conclusion drawn from figs. 7.23 and 7.24
are upheld by the similarity in results obtained for the
other tests 1in this series, as will be shown.

A substantial proportion of this test was devoted
t0 the measurement of the grinding wheel surface condition
after dregsing, saince this direcily affects the grinding
characteristics of the wheel, particularly at the start
of grainding. Figs. 7.25 to T7.39 inclusive, show "Talysurf"
traces of the grinding wheel surface roughness for each
dressing condition covered, as represented by the surface
of a plunge ground test piece. (N.B. It had been noted in
the past™ that a direct analysis of the wheel surface
with stylus type instruments, after dressing, proved to
be meaningless when analysing dressing parameters.)

Pigs. 7.25 to 7.29 inclusive, show surface roughness
traces recorded when dressing with a drag angle of +5
degrees. It can be seen that when using the lower
values of in-feed in conjunction with the first two cross-
feed rates (.1 and .2 mm/rev), the surface finishes
obtained were reasonably smooth and show no discernable
signs of the diamond profile in them. A possible reason
for this 1s that because the diamond was sharp and on
the verge of instability when set at the +5 degree drag
angle, rapid wear took place at the diamond tip for the
initial dressing conditions, resulting in the ensuing
surface profiles being representative of the pre~test
wheel surface roughness. At the higher values of in-
feed for the same cross-—feed rates, the surface finash
traces show much coarser profiles, having higher surface
finish values. This suggests that the dressing action
of the relatively sharp diamond had a splintering effect
on the grit and bond, causing a random profile to be
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generated. For an increase 1n traverse rate 1t 19 seen
that a modified form of the diamond shape 1s discernable
in the surface finish traces, particularly at the higher
depths of cut.

Increasing the drag angle brought greater stability
to the dressing process, and the "modified" diamond shape
18 seen with increasing clarity in the traces at both
hi1gh and low cross-traverse rates, in either triangular
or trapizoidal form (figs. 7.35 and T7.38).

The i1n-~-feed when dressing 1s shown to have a
limited effect on the surface roughness depth (peak to
valley height), as seen clearly at the higher cross-feed
rates (figs. 7.29, 7.34 and 7.39), where an increase 1in
depth of cut from 5 um to 25 um brought about changes in
the surface roughness depth of approximately 5 um. This
was to be expected since initial rapid wear of the diamond
at the +5 degree drag angle setting caused substantial
blunting at 1ts tip, hence increasing the possibility
of diamond overlap for the range of cross-feed values
used, and thereby causing a corresponding reduction in
surface roughness height. Another possible reason for
low peak to valley height values 1s that the nature of
the abrasive is such, that the grits in the wheel surface
remain obtuse after dressing, and present relatively
shallow cutting points with which to grand.

Fig. T7.35 shows the limiting effect on dressed
profile depth when assigning a low value to the cross-
feed (.1 mm/rev), even when the diamond presented a
relatively sharp cutting edge to the grinding wheel
(sharp edge presented by the diamond when set initially
at +15 degree drag angle). It 1s seen that at this
cross-feed rate, increases in depth of cut from 5 pm to
25-um produced- 1little or-no-change in-either-the surface -—— --
roughness depth or the corre;.ponding value of average
arithmetic roughness, Ra. This can again be attributed

to the influence of diamond overlap as mentioned above,
To obtain an overall view of the effects of in-
feed, cross-feed and diamond geometry on wheel surface




roughness when dressing, values of grinding wheel average
arithmetbic roughness hove been pregented in both tabular
and graphical form in figs. T7.40 to 7.43 inclusive. The
experimental results are presented in three tables in
fig. 7.40 according to the drag angle setting, with an
accompanying set of "equivalent" theoretical values. In
figs. 7.41 to 7.43 inclusive, the experimental values are
plotted 1n a three-dimensional arrangement with in-feed
and cross—feed,

Figs. T7.41 to 7.43 show that whilst equations 3.5,
3.7 and 3.9 in chapter 3 give some indication of the
effects of in~-feed, cross-feed and diamond geometry on
grinding wheel surface roughness (specimen values plotted
in figs. 3.17 to 3.21 inclusive), the theoretical values
calculated are far greater than those obtained in
practice under similar dressing conditions. The main
discrepency lies in the fact that one of the four assumptions
made in order to set up the initial equations has since
been proved to be incorrect. This 1s the assumption that
the dressed wheel takes on the same shape as the diamond
tool producing 1t. HFigs. T7.41 to 7.43 do not give a clear
indication of the effects of in-feed, cross-feed and
drag angle on grinding wheel surface roughness for the
particular diamond used, but éhow a range of values of
average arithmetic roughness that could be expected in
practice. Fig 7.40 gives more meaningful information.

The "equivalent" theoretical values of average
arithmetic roughness in fig. 7.40 have been calculated
from parameters taken from actual "Talysurf" traces,
by likening the traces to a series of eguilateral
triangles having a base length equal to the particular
values of cross—feed considered, and a height equal to the
mean peak to valley height of the particular profile. I%
1s shown that by using the above method, values of
average arlthmetic roughness are obtained which are close
to the recorded values. This analysais however, could
not be used for the initial dressing conditions tried
at the +5 degree drag angle setting because of the
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irresular traces being recorded due to dressing instability.

To complete the analysis, valueg of the included
angle (3) for each approximated triangular form seen in
the surface roughness traces, have been calculated from
the above information and entered into, fig. 7.40. These
values of /3 show that the triangular "screw thread" form
generated in the wheel surface for the majority of dressing
conditions, was obtuse, with values in excess of 158
degrees even when the diamond was 1n a relatively sharp
condition (the initial values of the included angle of
the diamond being 94 degrees, measured in the horizontal
plane). The trend, as seen from fig. 7.40, 1s that the
greatest change in /3 occurred for an increase in cross-
feed from .1 to .2 mm/rev, irrespective of the drag angle
setting, and that for further increases in cross-feed up
to .5 mm/rev, the value of /3 was increased up to a maximum
value of 177.5 degrees. Increases in depth of cut from
5 um to 25 um for any cross-feed value caused a small
decrease in the value of /3.

These values of the included angle /3 considered in
conjunction with the "Talysurf" traces (Figs. 7.28 to T7.39
inclusive) suggest that as the diamond tool ploughed
throuzh the wheel surface, the grit and bond on either
gsi1de of the diamond dressing tool were dislodged as well
as that immediately in fronit, even for those dressing
conditions usang high cross-feed rates with low depths of
cut.

The final wear recorded for the dianond dressing
tool at the end of test 4 i1is shown in fig. T.2l. It can
be seen that two wear flats were generated at the diamond
tip, as depicted in the profile view(:). The smaller
wear flat was caused by the conditions operating at the
+5 degree drag angle setting, and the upper wear flat,
adjacent to the original diamond rake face, was caused
by the conditions operating at the +10 and + 15 degree
drag angle settings, which gave the more stable dressing
conditions. The wear faces as seen in plan view(@} run
at a small angle to the cross-feed motion, and show that

-158-




for this particular dramond, most wear was encountered
on the diamond's approach side to the grinding wheel.

Tests 5, 6 and 7

These remaining three tests in this series are
discussed together, since the results from each test were
simllar in nature for each different grainding wheel

employed. The diamond dressing tool was the same one as
used in test 4 except that 1t was in a more worn condition
at the start of test 5 due to intermediate use.

FPigs. T.44 to 7.46 inclusive, show 1in three-
dimensional form, the variation of the radial component
of dressing force Fr with in-feed, cross-feed and drag
angle for the three grinding wheels used.

The general trend depicted 1s that increases in
both in-feed and cross-~feed brought increases in dressing
force Fr,up to a maxaimua value of about 13 Newtons
(approx. 3 1lbf), with an overall difference in force
between any of the grinding wheels used being of the
order of 3.5 Newtons (.7 1bf) for the same maximum Cross-
feed and in-feed values. Since this was the difference
recorded for two similar wheels (46 grit) dressed with
the same diamond under different wear conditions, 1t 1s
reasonable to assume that the difference in force readings
were due more to differences in dressing conditions than
in wheel characteraistics.

Increases in drag angle from +5 to +15 degrees
caused reductions in dressing force Fr to be recorded
for all three grinding wheels, particularly for the
higher values of i1n-feed and cross-feed used. This
trend 1s best explained with reference to fig. T.21,
which shows the diamond wear at the end of each test. It
can be seen from the diamond profile views that as each
dressing test progressed, the wear flat generated at the
lowest drag angle setting of +5 degrees, 1ncreased more
in size relative to that generated for the two higher
settings, This may be due to a combination of the
diamond's natural wear characteristics,and increased
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dregsing stability ags the drag angle was increased. The
greatest change 1in dressing force Fr’ due to chanyes 1in
drag angle, 1s seen in fig. 7.46, where the maximum force
recorded for the fanal test 1n this series at the +5 degree
setting was approxaimately 1.8 times that of either of the
forces recorded at the +10 and +15 degree settings,

these being of almost equal value. This result is
explained by referring to fig. 7.21 again, where 1t is
seen for the final diamond condition in proflle(:),that
the wear flat generated at the 45 degree drag angle
setting covered almost the entire diamond tip, whilst
that for the +10 and +15 degree drag angle setting was
small in comparison. The views of diamond wear 1in plan
show that as the dressing tests progressed, the wear faces
changed from being at a slight angle to the cross-feed
motion (on the diamond's approach side to the grainding
wheel) to being paralliel with it. The overall reduction
1n dressing force F_ in test 7 (frg. 7.46) as compared
with tests 5 and 6 (figs. 7.44 and 7.45 respectively)

may be due in part to the influence of a flaw uncovered
in the main wear face, which increased in size during
test 7. The upper edge of the flaw (which ran diagonally
across the wear face) 1s seen at the bottom side of the
wear face in plan views @,@and @.

Pigs. 7.44 to T7.46 inclusive, show similar trends
to those seen initially in frgs. 7.23 and 7.24, from
which the relationships between in-feed and cross-feed
wrth the dressing force component ¥, were drawn for
test 4. The force component F,, is again seen to have
lncreased linearly with increases in cross-feed (in-feed
constant), and non-linearly with increases in in-feed
(cross-feed constant), this being the same for all tests
conducted. The families of curves produced for increases
in one parameter, the other being held constant, are of
the same form as those shown for test 4, irrespective
of wheel grit size (46 and 60 grit used) or increases
in diamond wear. This suggests that the analysis made.
of dressing force with changes in cross-feed and in-feed
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for test 4 (pagel54) holds true for tests 5, 6 and 7.

Values of the force ratio Fr/Ft’ which are tabulated
in Appendix 1V pages268to276inclusive, for tests 5, 6 and 7,
show that the variation in the force ratio for each test
is smaller for changes in drag angle and cross-feed than
for changes 1n in-feed; with a range of values of between
2.6 t0 3.8 being recorded. In general, increases in
force ratio were due to increased diamond area of contact
through wear (1nfluenced by drag angle), and increased
diamond-grit/bond contact (influenced by in-feed and
cross—~feed). The average force ratios recorded of Fr/Fa
were 1n the range of 18:1 up to 40:1, showing that the
axial component of force Fa was small 1n comparison with
Fr and Ft’ The above range of values were recorded for
gtable dressing conditions.

The influence of in-feed cross~feed and drag angle
on grinding wheel surface roughness when dressing were
again represented by "Talysuri" recordings made of the
plunge ground surface of a test piece (plastic strip) after
wheel dressing. A selection of these traces from tests
5, 6 and 7 are shown in figs. T.47 to 7.57 respectively.

At the lower drag angle setting of +5 degrees a
greater wear area of the diamond dressing tool was
presented to each grinding wheel, with the result that
fairly smooth surface finish traces were obtained at the
lowest cross—-feed rate (.1 mm/rev) for any in-feed value,
particularly in test 5 (fig. 7.47) in which the finer 60
grait wheel was used. Similar conditions for tests 6 and 7
(frgs. 7.50 and 7.53) caused rougher surface finishes
due to the coarser 46 grit wheels being used. At the
same drag angle setting and the highest cross-feed rate
(.5 mm/rev), the d1amond shape was again discernable in
the surface roughness profiles in a modified form
(frg. 7.57). These traces also show that the coarser
46 grit wheels sustained deeper profiles (peak to valley
height) than the finer 60 grit wheel under similar
dregsing conditions.

As the drag angle wasg increased in value, the
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diamond shape was seen nore clearly in the surface
roughness profiles, even at the lowest value of cross-—
feed (fig. 7.54). This was due to the diamond tool
presenting a smaller wear area to the grinding wheel at
this setting. It can be seen from fig. 7.54 that
increases in depth of cut prouuced little effect on the
peak to valley height values of the wheel profiles (and
corresponding values of average arithmetic roughness).
even for the "sharper acting" diamond condition. This
again high laights the liniting effect of low cross-feed
rates on grinding wheel surface roughness, irrespective
of depth of cut. As the tests progressed, the initial
"sharp acting” condition of the diamond at the higher
drag angle settings was cancelled out by the increasing
diamond wear, and the "modirfied diamond shape seen in the
"Talysurf" traces became more obtuse, with increases in
profile apex angle from 165 degrees (fig. 7.54) to 174
degrces (fig. 7.55). (N.B. The apex angles as depicted
in the surface roughness profiles can be misleading, since
the ratio of the vertical to the horizontal magnification
is 40:1).

It can be seen again by reference to the surface
roughness profiles, that throughout the tests, the in-feed
had limited effect on surface roughness, even at the
highest cross—-feed rate of .5 mm/rev. (figs. 7.49, 7.52,
7.56 and 7.57) with a maximum depth of profile of 15 pm
being recorded for a depth of cut of 25 um (fig. 7.52)
when using the A46KV grinding wheel. This was due 1n
part to the obtuse geometry of the diamond tool, caused
by wear; and was probably affected by the way in which
the grait fractured when dressed, this being a natural
characteristic of the grit itself,

In order to see the overall effects of in-~feed, cross—
feed and drag angle on grinding wheel surface roughness
for tests 5, 6 and 7, values of average arithmetic
roughness have been presented in a similar manner to that
in test 4, in both graphical and tabular form in figs.
7.58 to 7.69 inclusive.

.
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In the tables of results (figs. T7.58, 7.62 and 7.66),
cxperimentally obtained valucs of granding wheel average
arithmetic roughness have been pregented in three tables
per ligure according to the drag angle setting, and are
accompanied by sets of "eguivalent" theoretical values.
These were calculated on the basis that the surface
roughness profiles were composed of a series of triangular
forms (modified diamond shape), whose base length was
equal in value to the cross—feed rate considered, and
height equal to the average peak to valley height of the
particular profile. Also tabulated 1s the profile apex
angle /3, which was an approximate theoretical value of
the included angle of each triangular form

From the tables of resuits 1t can be seen that the
theoretical and experimental values of average arithmetic
roughness compare favourably with each other for all
three sets of results, showing that the theoretical
analysis of wheel surface roughness derived from test 4
and applied here 1s a good apyroximation to the real

situation. The trend shown by the changes in the calculated

values of /3 15 similar for each test and compares well
with that seen in test 4 for the stable dressing conditions.
This 1s that increases in cross-feed in the range .1l to
.5 mn/rev (in~Teed constant) caused increases in the
value of /3 in the range 163 degrees to 178 degrees, with
the greatest i1ncrease occuring at the lower values of
cross-feed. This range of values quoted for 3 is a
collective range for tests 5, 6 and 7. The above trend
is seen to a lesser degree for test 5 (60 grit wheel) at
the lower drag angle settings, than for tests 6 and 7

(46 grit wheels). The increase 1n/3, as seen for all
tests, gives credence to the earlier postulation that
increases in eross-feed (in-feed constant) caused greater
sideways grit/bond cleavage by the dressing diamond.
Variations in in-feed had less influence on/3 than cross-
feed, with increases of between 1 to 4 degrees being
recorded in the above mentioned range for reductions in
1n=-feed from 25 pm to 5 um.
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In general a1t can be secn that the sharp condition
of the diamond existed for a relatively short period of
time (test 4), and that the values of /3 evaluated when the
dianond was sharp, and operating under gtable dressing
conditions, varied very little with those evaluated when
the diamond was blunt (tests 5, 6 and 7).

Migs. 7.59 to 7.6, 7.63 to 7.65 and T7.67 to 7.69
show 1n a three dimensional form, the variation of grinding
wheel surface roughness with in-feed, cross-fecd and drag
angle, and supplement the tabulated results. These figures
give a much better indication of the effects of the above
dressing variables on wheel surface roughness than those
plotted for test 4. This 18 most probably due to the
change from semi-gtable conditions encountered in test 4,
for the initially sharp diamond, to the fully stable
conditions of the latter three tests, when the dressing
diamond had become worn.

The above figures show clearly the tendency of the
lower cross-feed rates (.1 and .2 mmn/rev) to limit the
values of wheel surface roughness irrespective of in-feed,
drag angle, diamond condition or wheel type (grit size),
as seen by the low plateaux depicted for each test., A
similar trend is shown to a lesser degree, for changes
in the cross-feed rate at the lowest in-feed value (5 pm),
where again, lower values of surface roughness were
recorded than for other conditions. In general, increasing
the values of in-feed and cross-feed above 5 um and
.2 mm/rev respectively, caused increases in wheel surface
roughness. The exception 1s seen in test 5 (60 grit wheel)
at the lowest drag angle set!ing where increases in cross-
feed and in-feed caused little change in values of surface
roughness.

The effect of chenges i1in drag angle on wheel surface
roughness 1s less evident than that of in-feed and cross-
feed, as shown by the variations in trend from test to
test. As stated previously, changes in drag angle had
little effect on surface roughness at the lower values
of in-feed and cross—-feed, but did appear to have some
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effect at the higher values of these two variables., The
results of test 5 (60 grit wheel) showed an increase in
average arithmetic roughness from 1.70 wu to 2.73 pm

for an i1ncrease i1n drag angle from +5 to +15 degrees,
whilst test 6 (46 grit wheel) showed a decrease from

3.82 pm to 2,18 um when using the same range and sequence
of drag angle values. The conclusion to be drawn is that
once the dressing diamond had become worn, changes in
drag angle influenced the wheel surface roughness in as
much, as greater or lesser worn areas of the diamond

tool were presented to the grinding wheel.

From the values of average arithmetic roughness
recorded for tests 5, 6 and 7 it 1s seen that at the lower
end of the scale, 1.e. .75 pm to 1.1 pm, values varied very
little wathin each test, whilst at the higher end of the
scale, 1.e. 1.70 pm to 3.82 pm, values varied considerably
for similar dressing conditions. Overall, higher values of
average arithmetic roughness were recorded for the coarser
grit wheels (46 grit) than for the finer grit wheel (60 grit).

7.2.3 Test 8.
This test was designed to investigate the effects of

1in-feed and crosg-feed on dressing force and grinding wheel
surface roughness, when dressing the four grinding wheels
with a blunt diamond, at a fixed value of drag angle.. The
test procedufe followed the same pattern as that for fests
4 to 7 inclusive, and the results are presented in a
similar manner.

The diamond dressing tool used, had a large wear
flat at 1ts tip, which covered an init:ial area of approx-
imately l.2 mm2 before the start of the test. This wasg
considered as being the limrt of useful life for a
dressing diamond before 1t was either reset or discarded.
Views of the diamond showing 1ts condition before and
after dressing are depicted in figs. 7.70 and 7.71. The
original worn face was presented parallel to the grinding
wheel Tace for a drag angle setting of +5 degrees, and
was scen to remain in a "polished" condition throughout
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the test, with very little sign of wear occurring on it,.
The majority of wear which did occur, took place on the
dramond rake face and at the trailing edges relative to
the cross—-feed motion., This was seen in the form of
diamond flaking and was probably caused by a combination
of attritious wear and vibration. It was found necessary
to play coolant onto the tip of the dressing tool
throughout the test, since the diamond was seen to glow
"white" hot when dressing without coolant. Thas suggeéts
that the friction generated between the grinding wheel
face and the dressing tool was quite considerable.

The variation of dressing force (Fr and F, components)

with in-feed and crogs-feed for the four grlndigg wheels
used, 1s precsented in a three-dimensional form in figs.
7.72 to 7.75 inclusive. The trends shown for each
grinding wheel are similar and will be discussed collect-
ively.

It 1s seen that variations in the depth of cut had
2 greater influence on the magnitude of the dressing
force generated, than variations in the cross-feed rate,
and was due in part to the obtuse nature of the dressing
diamond. At each depth of cut, the dressing force
increased marginally in value as the cross-feed was
increased from .l to .5 mm/rev. ‘This suggests that a
constant area of contact existed between the grinding
wheel and diamond, producing a constant pressure for
each in-feed 'value which was not affected by changes in
crogss—feed. Increases 1n depth of cut from 5 pm to 25 pm
(cross-feed constant) caused substantial increases 1in
dressing force, with final values of between 17 to 20
Newtons (3.8 to 4.5 1bf) being recorded for the four
grinding wheels used. The maximum diamond width in
contact with each grainding wheel wags of the order of
1.6 mm, which corresponds to an average linear grit
contact of between 4 to 5 for the 60 grit wheels, and
between 3 to 4 for the 46 grit wheels, and explains to.
some extent why little overall variation in force was
noticed from wheel to wheel.
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The curves depicting the increase in drescing force
for increases in depth of cut are similar to thoge first
shown in test 4 (fig. 7.24), where the greatest increase
in force was gseen for changes in depth of cut at the
lower end of the scale used, Similarly, the rate of
increase of force at the higher depths of cut was again
seen to diminish as before. These trends uphold the
earlirer speculation that, firstly the grit density was
greater just inside the wheel surface compared with that
2% the wheel periphery; and secondly that as the depth of
cut was increased, the force required for rupturing the
grit and bond at the wheel face tended towards a plateau
value,.

Values of the force ratio Fr/Ft are tabulated in
Appendix 1V, pages277to280inclusive for the four grinding
wheels used, and show that as the in-feed was increased
from 5 pm to a maximum value of 25 pm, the force ratio
increased in value from 4 to 6. The direction in which
the resultant force acted, as derived from these ratios,
was at an angle of between 76 and 8l degrees to the plane
of dressing, which suggests that the mode of grit/bond
removal was predominately one of crushing as the in-feed
was 1increased. The force ratio derived for each depth of
cut changed little in value as the cross-feed was
increased from .1 mm/rev up to .5 mm/rev, and was to be
expected for the prevailing condition of a constant
contact area between the grinding wheel and dressing
diamond.

The "as-dressed" condition of the four grinding
wheels has been presented in two ways to show the effects
of diamond shape (degree of bluntness), and in-feed and
cross~feed on wheel surface roughness. TFigs. 7.76 to
7.79 inclusive show a selection of "Talysurf" traces
of wheel surface roughness which were obtained in the
same manner as those for the previous tests. All the
traces show that the profiles produced were of a random.
form in which the diamond shape was not discernable, and
was caused by several grits being dressed at once by the
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blunt diamond. Althouph vibration was present throughout
the dressing cycles, the surface roughness was not so
pronounced as that obtained for the sharp diamond in test 4
(figs. 7.26 and 7.27 at the higher in-feed values), and
sugrests that the large wear face of the blunt diamond

was responsible for this.

The variation of average arithmetic roughness for
changes in cross-feed and in-feed are depicted in three-
dirensional form for all four grinding wheels in figs.
7.80 and 7.81. It 1s seen that the in-feed and cross-feed
had limrted effect on surface roughness when dressing with
the blunt diamond, particularly for the A46KV and A60KV
grinding wheels, where values of average arithmetic
roughness varied in the ranges 1.10 pm fto 1,28 pm and
.70 pum to .98 um respectively. At the lower in-feed and
cross—-feed settings there was a tendency for lower surface
roughness values to be recorded for the 38A46-K5VBE and
32A60-K3VBE granding wheels than at the higher settings,
with values ranging from .78 pm to 1.43 pm and .35 pm to
1.25 pn respectively. In general, the 60 grit wheels
displayed lower surface roughness than the 46 grit wheels,
for similar dressing conditions, as would be expected.

7.2.4 Test 9.
This test was designed to investigate the effects

of the contirual dressing of a grinding wheel over a long
period of time on dressing force, diamond wear, volume of
grinding wheel dressed away and wheel surface roughness
when the diamond was initially set to dress in the
critical region at a fixed depth of cut and traverse rate.
The dressing diamond, which was sharp at the start
of the test, was classed as an octahedron diamond and
was presented to the grinding wheel in the manner depicted
in fig. 2.6, such that its rake face was set at a rake
angle.of -69 degrees, this corresponding to a drag angle
of +15 degrees for this particular diamond. Profile and
plan views of the diamond are shown in fig. 7.82. A
46 grit grinding wheel was chosen in preference to a
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60 grit wheel as 1t was felt that the coarser grit would
show variations in wheel surface roughness better than the
finer grit, this being based on the results of the previous
experiments. The cross—-feed was maintained constant at

.1 mm/rev thus ensuring that diamond overlap would occur
during the initial stages when the dismond was sharp. This
was to prevent in-feed build up on successive cuts, which
nmight have led to dressing instability. An average depth
of cut was chosen of 12.5 pm (.0005 in.), which remained
constant for each dressing cycle.

The resolution of dressing force is shown in Pig., 7.83,
where the initial and final force readings are depicted ain
vector form relative to the diamond and the plane of
dressing. This analysis shows that stable dressing
conditions prevailed throughout the test, with the diamond
tending to be pushed away from the wheel face. The
directions of the force components (Fp and Fn) ag depicted
for the final stage of the test 1s rationalized in fig. 7.82,
in which the wear face generated at the diamond tip is
shown to lie at an angle of approximately 3 degrees to the
plane of dressing, giving a radial penetration into the
wheel face equal to the depth of cut. This suggests that |
at thas stage of the test, grit/bond fracture took place
along this face and was totally independent of the original
rake face. The force ratio Fr/Ft (tabulated in Appendix V1 ;
page 281), was seen to increase steadily from a value of
2 for the initial sharp diamond condition to a value of
4.8 after the completion of 300 passes when the diamond
had attained a wear area of .348 mmz, and suggests a
possible change from grit/bond removal by splintering to
that of crushing as diamond wear increased.

The effect of the cross-feed rate on diamond wear
is seen in the plan view of fig. 7.82 in the form of a
step generated in the rightward side of the wear face.

This phenomenon, however, did not occur at the leftward |
side, even though dressing was conducted. in both cross- '
feed directions, and the wear face , considered overali,

was seen to run parallel with the cross—-feed motion. This |
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step did not appear to affect the relationship between the
radinl component of force and the generated wear afea as
seen in fig. 7.84, in which the dressing force is shown as
increasing i1n direct proportion to the diamond wear., The
resulting pressure between the dressing diamond and the
grinding wheel is tabulated in fig. 7.85, and remained
approxmmatély constant throughout the test, with a mean
value of 21.2 pPa (1.35 Tons/inz). This was to be expected
since the grinding wheel had a high grit density (low -
structure number) and was dressed at a low traverse rate
(.1 mm/rev).

The changes in wheel surface roughness for increasing
diamond wear is given in both qualitative and guantative
form 2n figs. 7.86 and 7.87 respectively. In fig., 7.86
the as-dressed surface roughness of the grinding wheel
1s represented for all dressing conditions by the equivalent
surface roughness of a plunge ground test piece. After
the 1st pass of the initially sharp diamond, its shape
was easily detected in the "Talysurf" trace, and gave an
equivalent triangular form having an apex angle of 171
degrees, as compared with the diamond included angle of
110 degrees,.this result comparing favourably with those
obtained for similar conditions in tests 4 to T inclusive.
After the 10th pass, the diamond shape was hardly
discernable in the "Talysurf" trace, and from the 25th
pass onwards, the surface roughness profiles were of
random form, .and were independent of the diamond shape.
(N.B. At the 25th pass, the wear area generated was
approxinately 36% of that at the 300th pass). It is
geen in fig., T7.87 where values of average arithmetic
roughness are plotted against the number of diamond passes,
that the maximum variation in surface roughness was of
the order of .27 mm, with an average value of 1.26 um,

The greatest changes were seen in the initial stages of
the test, e.g. up to the 50th pass, and suggest as stated
earlier, that grit/bond fracture caused by the relatively
sharp diamond was probably brought about by splintering as
opposed to crushing. After the 50th pass when the
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diamond had a substaniial wear face, the values of average
arithmetic roughness were seen to vary very little, which
suggests that grit/bond fracture in this case was the
result of. crushing. See figs. 7.82 and 7.83.

An i1mportant parameter in any dressing operation is
the rate of diamond wear for the particular dressing
conditions, since this directly aflects the amount of
useful wheel dressing that can be accomplished before the
diamond tool becomes unusable. In fig. 7.88 the volume
of diamond wear has been plotted against the number of
diamond passes, along with the ratio of the volume of
wheel dresced away to the volume of diamond worn away in
the same time. It is seen that as the number of diamond
passes increased, the initial rapid rate of diamond wear
decreased as would be expected for reasons stated by
PahlltZSChS, these being related to the diamond's geometry
and physical properties. The more practical dressing ratio
shows that after an initial periocd of rapid increase 1in
value, lasting for the first 25 passes, a linear relation-
ship existed for the remaining 275 passes during which
time the volume of diamond wear reduced relative to the
volume of grinding wheel dressed away. At the end of the

test, the dressing ratio approached a value of 2.8 x lO6

for a diamond wear area of .35 mma, this being equal to a
third of the diamond's estimated useful life (maximun
value of 1 mmz), and highlights the diamond's resistance
to abrasion when set relative to the grinding wheel for
dressing in the stable region. It 1s expected that the
dressing ratio would vary in value according to the

prevailing dressing condition.

T3 SUIMARY OF THE DRESSING TEST RESULTS
The results of the experimental work have shown the
importance of dressing force measurement both as_ a tool

in assessing the variables assoplated with the dressing
process, and as a means of analysing the dressing process
itself. Prior to this research, little evidence could pe
found of any notable work in which dressing force had
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been used to any great extent, and for the limited casés
found, conflicting views were put forward. Pahlitzsch62
cites work conducted independently by Taher and Schwartz
concerning the magnitude of dressing force, in which
Taher stated that the ratio between the radial and
tangential force is between 2 and 4, whilst Schwartz found
much greater ratio values. Pahlitzsch concluded that
further work was necessary to elucidate their differences.
The results of this work have shown that both Taher
and Schwartz were correct, and that the force ratio is
dependent in the first instance on the diamond presentation
to the grinding wheel, and the diamond condition, 1.e. sharp
or blunt,as these factors affect the dressing force through
both increaséd diramond wear and dressing instability.
The following conditions have been proven:-—
1. For a sharp diamond presented to the grinding wheel
such that dressing is conducted in the critical
region, Fr/Ft = 2.

2. For the’ same diamond presented in the stable region,
and depending on diamond wear, Fr/Ft = 4.
3. For the same diamond presented in the unstable

region, and depending on diamond wear and degree of
1nstability, PP, < 7.

4. For a very blunt diamond (approx. wear area of 1 mm
presented in the stable region, Fr/Ft = 6.

2)

In terms of importance, the radial component of
force was predominant with a value of between 2 and 7
times that of the taangential component, and the axial
component of force was least significant with a value of
between .025 and .1 times that of the radial component.

The values of force generated whilst dressaing,
depended very much upon the stability of the process, the
diamond condition, and the cross-feed and in-feed values
(and possibly the wheel properties, e.g. bond hardness etc.,
although no significant difference was noticed between .
the 46 grit and 60 grit wheels), with a maximum individual
value of 20 Newtons (4.5 1lbf) being recorded for a blunt
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diamond having a wear area of 1 mmz. It is thought that

as bthe force ratio increased due to diamond wear, the
dressing action of the diamond tool changed from one of
splintering the grat and bond, to one of crushing.

Due to a lack of information on the subject, the
over#ll force range obtained for this research cannot be
compared directly with similar work, but can be compared
with results obtained from work conducted in the field of
dynamie and static hardness testing of grinding wheels,
Peklenik et al.,63’64 have measured the force regquired to
shear grit and bond material away from the body of a
grainding wheel using a vee-shaped tool which was traversed
over the wheel face at a small depth of cut of approximately
one grit diameter. From their research, they found that
the force regquired to shear the grit from a 46 or 60 grit
wheel of K hardness, was of the order of 18 to 27 Newtons
(4 to 6 1bf) which compares favourably with the above
result for dressing force. Although their form of testing
was done under guasi-static conditions, Colwell e?t al.,65
who conducted similar work, found that crushing force
varied very little with change in wheel peripheral speed
from an initial static condition, hence Justifying the
above comparigon,

Analysis of the forces acting on the diamond during
dressing has shown the need for an unambiguous definition
of the geometry which at the present time is somewhat
inadequately covered by the term "drag angle". Thas is
defined as the angle between the axis of the diamond
holder and a radial line passing through the point of
contact with the wheel face. What is amportant, 1s the
angle between the upper surface of the diamond (rake face)
and a radial line passing through the point of contact with
the wheel face. This 1s defined as "rake angle". Thus it
nay be said that "drag angle" takes no account of the
variable geometry of the dressing diamond, which has been
found to be an i1mportant factor influencing diamond wear
and dressing stability..
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It has been shown that three dressing regions exist
which may be classified according to the angle of
presentation between the diamond and the grinding wheel,
l.e. rake angle, and that this angle 1tself is modified by
the onset of diamond wear. The most efficient dressing was
conducted 1n the critical region with a sharp diamond at a
rake angle of between ~65 to -T0 degrees, this giving
stable conditions. For higher rake angles, 1.e., more
negative values, dressing was conducted in the stable
region but with higher forces; and for lower rake angles,
l.e. less negative values, dressing became unstable with
the diamond digging into the wheel face, It was seen that
in the critical region, the resultant force and the force
normal to the rake face were coincidental with no sliding
component along the rake face, and that a force ratio
(Fr/Ft) of the order of 2 to 2.8 existed. To explain this,
1t 1s necessary to consider the grit shape and 1ts reluctance
to cleavage. It has been suggested by many researchers
3314345 that the grit in the wheel face presents rake
angles of between -30 to -60 degrees or higher, showing
that there 1s a general agreement that the grits have
high negative values of rake angle. If the rake angles
of the grit and dressing diamond were coincidental in the
critical region, then grit cleavage may have occured
instantaneously on contacting the diamond rake face
without sliding taking place. Another possible explanation
can be drawn from work conducted by Graham and Rubenstein66
in which the grainding grit has been likened to a wedge,
the base of which 1s held in the wheel by the bonding
material. Although this work was on grainding, the conditions
were énalogous to the dressing situation. They suggest
that for a low force ratio, it is highly probable that
tensile stress exists on the grit rake face causing
fracture failure o occur at a high rate, even for a
relatively small magnitude of tensile stress. For higher
force ratios there is less likelihood of tensile stress
existing within the grit, and hence a greater reluctance
of the grlt?fracture. This condition may have existed




1in the unstable region where very high force ratios were
evideunt, resulting in grit/bond rupture to a depth 12
times greater than the original depth of cut.

These findings show the importance of correct
bPregentation of the dressing tool to the grinding wheel,
particularly where shaped single point diamonds are to be
used, since rapid wear through unstable conditions will
occur for incorrect settings.

Relationships between in-feed, cross-feed and
dressing force have been established from which inference
has been made concerning their influence on the dressing
process within the confines of the conditions tested.

It has been shown that a linear relationship existed
between the cross-traverse rate and the force generated
when dressing grinding wheels of the same bond hardness
and different grit size; and that the constant of
proportionality was governed by the degree of bluntness
of the diamond, and the volume of grit encountered at
different depths of cut.

The relationship between in-feed and dressing force
established for the above grinding wheels has been shown
to be non-linear, with a decaying increase of force for
increase in depth of cut. Similar trends were observed
for both sharp and blunt diamonds operating over the same
range of cross-feed rates.

The results of the work conducted into assessing
the relative importance of cross-feed and in-~-feed in wheel
dressing have shown that cross-feed has a greater influence

on wheel surface roughness than in-feed, and corroborates
2,3,4,8,19,20.

the earlier findings of other researchers
At low traverse rates (.1 mm/rev) the roughness depth
(peak to valley heisht) was limited by diamond overlap
with only marginal changes occuring as the in-feed was
increased; whilst at high traverse rates (.5 mm/rev) the
roughness depth was limited by the obtuse nature of the
grits after dressing, with maximum measured values equal




to half the in-feed value being recorded. Similar trends
were seen for both sharp and worn diamond conditions.

It has been shown that the action of a grainding wheel
dressed with a sharp or part worn diramond tool produced a
saw-tooth profile on a plunge ground workpiece which
could be likened to a series of triangular forms of base
length equal to the cross-feed rate, and height equal to
the mean peak to valley height of the profile considered.
Values of profile apex angle based on the triangular
Torms, showed that variations in drag angle within the
stable reglbn, and changes in diamond condition, had
limited effect on surface roughness for the same in-feed
and cross-feed settings. '

Information derived from the above analysis coupled
with grinding data, has enabled equations to be formulated
from which the surface roughness of a cylindrically
traverse ground workpiece can be predicted with reasonable
accuracy, this being verified from grinding results.

An overall review of thé factors influencing diamond
wear has revealed that most wear occurred for diamonds
presenting rake angles of less than ~69 degrees to the
grinding wheel, and that wear was reduced as the rake
angle was increased above this value, 1.e. greater negative
values. It was seen that wear at the diamond tip was
rapid even feor stable conditions, and that the wear faces
generated were either parallel to the cross-feed motion
and direction of wheel rotation, or formed at some small
angle to them, 21.e. << 3 degrees, with greater wear a$
the leading edges.

It 18 thought that the nature of the diamond wear
was basically one of attrition for the stable dressing
conditions, and attrition coupled with diamond chipping
for the unstable conditions caused by non-preferred
diamond settings, and large wear areas being presented to
the grinding wheel.
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7.4 DISCUSHIUN O TUE CYLINDRICAL GRINDING TESTS AND
RESULTS

Te4.1 Tests L to 4 inclusive.
This short series of grinding tests was designed to
investigate the effects of cross-feed (traverse rate) in

grinding, on the volume of wheel wear encountered for a

set volume of meftal removed, and hence determine grainding
ratio; and 1ts effects on wheel and workpiece surface
roughness for constant dressing and grainding conditions.
From the results of these four tests, the value of cross-
feed in grainding and test duration (volume of metal removed)
were decided for the programme of "rough-grinding" experi-
ments.

The diamond dressing tool chosen for this series of
tests and for the "rough-grinding" experiments was a
dodecahedron diamond of one carat weight, which was set
relative to the grinding wheel as depicted in fig. 2.6,
at a drag aﬁgle of +15 degrees, giving a rake angle of
approximately -69 degrees. A plan view of the diamond is
shown in the upper half of fig. 7.89 where 1t can be séen
that the diamond had a small nose radius of approximately
10 nm givaing a stabilising effect at the tip, and hence
reducing the tendency for initial rapid wear when dressing.
A dressing cross—feed of .3 mm/rev was chosen, being in
the mid-range of the values used in the dressing tests,
with an in-feed of 25 pm. It was thought that the
severity of this dressing condition would highlight
changes in the measured parameters due to changes in
grinding cross—feed. Itg effect on the workpiece surface
roughness (and wheel surface roughness for little overlap,
1.e. vi/nil = .75) 1s shown 1n the bottom half of fig. 7.89.

The grinding wheel used for tests 1 to 4, and through-
out the grinding programme, was of the type 32A60-KSVBE
and was chosen because of 1ts ability to generate finer
surface finishes when grinding, than the coarser 46 grit
wheels for similar dressing conditions, This was of
extreme importance when considering "fine-grinding"
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(precision grinding), as was the case later in the
programme of tests.

The grinding wheel and workpiece rotational speeds
were maintained constant for tests 1 to 4, and throughout
the grinding programme, at 30 rev/sec (1800 rev/min) and
1.5 rev/sec (90 rev/min) respectively, giving peripheral
speeds of 29 m/sec for the grinding wheel, and a maximum
value of .24 m/sec for the workpiece. This value of
workspeed was considered to be adequate in the absence of
any hard and fast rules for determining this parameter,
and was chosen to give easily maintainable cross-feed rates
in the range selected when grinding.

Cross—feed values were chosen to give a range of values
of the ratlp vt/nw wlthin the band width zero to unity, this
being the parameter governing the amount of grinding wheel
width actively engaged in grinding. The following values
were chosen on the basis of a wheel having a maximum
grinding width available of 18 mm:-

vy mm /sec 20.5 13.5 6.5 2.5
vy/nW 75 .50 .25 .09

These values were used in conjunction with a radial in-feed
when grinding, of 12.5 pm (.0005 in.), which was considered
as being an average depth of cut.

The variation of grinding wheel wear with volume of
metal removed for the various grinding cross-feed rates is
depicted in fig. 7.90, and follows the general pattern as
shown initially in fig. 2.15. 1t can be seen that the
initial breakdown of the grinding wheel followed the same
path irrespective of the value of vy (cross—feed rate),
uatil a point was reached after about 3.5 cm3 of metal had
been reimmoved, corresponding to a value of .3 cm3 of wheel
wear, beyond which the rate of wheel wear differed for
each of the four test conditions. At the change over
point (25th pass), the logss of wheel height was approximately
equal to the dressing depth of cut, 2.e. 25 um, this being
the game value for each test condition, and shows that the
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initial rapad rate of wcar cxtended beyond the measured
profile depth as shown in fig. 7.89. This suggests that
the dressing action of the diamond tool caused damage to
the wheel surface to a depth greater than the initial in-
feed value,

After the initial rapid breakdown of the wheel surface,
conditions stabilized, and further wheel wear was governed
by the particular value of v, employed. For the condition
vt/nw = .75, the uniform wear region existed for a relatively
short period of time before vibrations were observed
between the wheel and workplece, and the grinding process
becaine unstable., This happened around the 40th pass
(posrtion € ain fig. 7.90). After this point wheel wear
increased rapidly. For reducing values of vt/nw, .8
«50, .2% and .09 (all other conditions being the same),
the rate of wheel wear decreased for similar increases in
netal removal, with stable grainding conditions being
observed throughout.

Values of grinding ratio are tabulated in Appendix V1l
pages 286 to0 289 inclusive, and show a range of peak values
from 12,7 to 30,8 over the range of conditions used. TFor
test 1 (v, = 20,5 mn/sec) the grinding ratio was seen to
decline after the 50th pass from a steady state value of
around 12.7, and heralded the onset of catastrophic wheel
wear., Values from the remaining three tests indicated
that the grinding ratio was sti1ll in a state of increase
after 100 passes of the workpiece, and that the effect
of reducing v,, and hence vt/nw, was to delay the point at
which the grainding ratio attained a steady state value.
Similar final values of around 30 were recorded for the
cases where v, = 6.3 mm/sec and 2.5 mm/sec. The overall results
showed that for test 1, the wheel wear had progressed
through all three wear stages (see fig. 2.15), whilst for
test 2 the wheel was part way into the second stage of
wear, and that for tests 3 and 4, the wheel was on the
verge of entering the second stage of wear.

The effect of grinding cross-traverse rate on wheel

and workpiece surface roughness are shown in figs. 7.9l
* 4
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and 7.92 lLor ?csts 1 and 4 respectively. The "Talysurf"
traces show the deterioration of the as-dressed surface
roughness of the grinding wheel as the number of work
passes i1ncreased, and bLhe corresponding effect on workpiece
surface roughness., In fig. T7.91 only traces of the work-
Prcce surloce are shown, gince these were indicative of
both wheel and workpiece surface roughness due to the
limited effect of grinding overlap for the case vt/nﬂ = +75.
After the first pass of the workpiece, the effect of the
diamond cross—feed was clearly seen in the work surface
trace, which had a maximum peak to valley height of 17.5 pm.
This suggests that the initial depth of cut on the first
grinding pass was greater than the set depth of 12.5 um.
The traces show that as the number of passes increased,

the peaks on the wheel surface were broken down and became
more obtuse, whilst st1ll retaining the dressing cross-feed
effect. At the 20th pass, the peak to valley height of the
work surface trace had been reduced to 6 pm, and was
approaching the change over point from a rapid to a
uniform wheel wear rate. By the 50th pass, the surface
roughness had become more random in form, whilst retaining
the same value of average arithmetic roupghness as that
recorded &t the 20th pass, and at the 100th pass had
attained a completely random form relative to that of the
original condation. In fig., T7.92, traces are shown for
both the wheel and workplece surfaces since grinding
overlap caused by the condition vt/nw = ,09, modified

the workpiece surface roughness relative to that of the
grinding wheel. The trend shown for the grinding wheel
breakdown up to the 20th pass, 1.e. approaching the change
over point, was similar to that shown for test 1, with
slightly lower values of average arithmetic roughness
being recorded. After the 20th pass, the value of average
arithmetic roughness for the grinding wheel surface
remained fairly coastant up to the end of the test, at
which point the effect of the dressing cross-feed rate .
was still visible within the surface trace. The effect

of the grinding wheel overlap due to the low value of
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vy 18 shown clearly in the traces of the workprcce surface,

where valueg of average arithmetic roughness ranged from

% to % of the value of the wheel producing the particular

condition. This shows that for the fairly coarse dressing

condrtion used, the reduction in workpiece surface rouéhness
relative to that of the grinding wheel, for a degree of
grinding wheel overlap of 9,(i.e. %ﬂ -1 = 9), was at the

best only 50%. k
An overall view of the variation of workpiece surface

roughness with the volume of metal removed at the various

grinding cross-feed rates, 1s shown in fig. 7.93. It can
be seen that there was an ainitial rapid decrease in work-

pirece surface roughness for all cross-feed rates untal 3

to 4 cm3 of metal had been removed, this point corresponding

to the change over from rapid to uniform wheel wear, after
which the values of workpiece surface roughness remained
constant for further increases in metal removal. The four
plots show that the final steady state values of workpiece
surface roughness decreased in the order of decreasing
cross—-feed rate, as would be expected, and suggest that

the steady state conditions were governed by the grinding

process, and were independent of the original dressing
operation.

The results of tests 1 to 4 suggest that great care
nust be taken when selecting values for grinding cross-—
feed since this parameter has been shown to be a powerful
variable which influences both the rate of grinding wheel
wear (and grinding stabilaity), and the workpiece surface
roughness, particularly after the initial periocd of
rapid wheel wear has ended. When selecting an optimum
value of Ve to give the best conditions under which to
test the influence of dressing variables on the grinding
process, the following three criteria needed to be
satisfied.

1. The rate of wheel wear must be neither too rapid,
causing grinding instability to occur prematurely,
nor too slow, thereby rendering the grinding
process insensible to changes 1n dressing condition.
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2. The workpiece surface roughness should, if posgible,
be represcntative of the wheel surface, with minimum
grinding overlap occurring.

3. The grinding wheel should wear uniformly acroses its
face width.

Considering the results of tests 1 to 4, the value
of grinding cross-feed rate which fulfilled the three .
criteria adequately was 13.5 mm/sec, giving a value of
vt/nw = .5 for a grinding wheel width of 18 mm, and was
therefore used throughout the "rough-grinding'" experiments.

The test duration was increased by four times,
givaing a final volune of metal removed for each test of
approximately 60 cm3, in an attempt to determine at which
point the dressing conditions ceased to influence the

grinding process.

T.4.2 Tests 5 to 16 inclusive.
This series of ftests was designed to observe the

effects of dressing in-feed and cross-feed on the cylindrical
traverse grinding process, through the measurement of
grinding ratio, grainding force and workpiece surface
roughness for constant grinding conditions. In all, twelve
separate tests were performed in which a combaination of
three cross-feed rates and four in-feed values were used
to cover a wide range of dressing conditions. The diamond
tool and granding conditions employed were as described
previously. )

The experimental results were grouped initially to
show the influence of the dressing in-feed for each of
the three dressing cross-feed rates in the order .3, .l and
.5 ma/rev. The values of wheel wear were then regrouped
to show the influence of the cross-feed rate with the in-
feed constant, and finally all the recorded parameters
were plotted simultaneously to show the overall trends
for each set of dressing conditions.

One of the main criteria in any "rough-grinding"
operation is the volume of metal which can be removed
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Trom btue workpiece before the process becomes unstable,
since the final size and geometric form of the workpiece
depend very much upon the condition of the grinding wheel.
Figs. 7.94 to 7,100inclusive, show the variation of
grinding wheel wear with volume of metal removed for the
various wheel dressing conditions. In fig. 7.94 values
have been plotted for the mid-range cross-feed rate of

.3 mn/rev, and show a Tamily of curves similar in form to
that described ainitially in fig. 2.15. It is seen that

the curves 1increased in order of increasing in-feed, showing
that for this particular cross-feed rate, the greater the
depth of cut, the greater was the influence on thé initial
stage of wheel wear. The explanation for this order 1s
found by observing the as-dressed condition of the grinding
wheel face, which 1s shown in figs. 7.10land 7.102 for

the maximunm and minimum in-feed values respectively. For
the maximum depth of cut, the combination of dressing
variables were sufficient to generate a screw thread effect
in the grainding wheel face with minimum overlap occurring,
thereby producing relatively sharp cutting points with
which to grind. The initial rapid wear which ensued was
linited to 2 wheel depth approximately egual to the dressing
depth of cut, and was completed after about 130 grinding
passes, l.e. 15 cm3 of metal removed. After this point,
the dressing conditions were no longer visible in the
workpiece surface. Tor the minimum depth of cut condition,
the dressing cross-feed was agalin seen in the as-dressed
wheel face, but in this‘case, not all the wheel surface

was effectively dressed, resulting in relatively blunt
cutting points being formed, It 1s thought that the cutting
edges of the grits were partly formed from the original
pre-dressed wheel surface, and were stronger, due to the
lighter dressing conditions. The initial wheel wear was
mich less than that encountered at the highest in-feed
value for the same volume of metal removed, and the change
over point from the primary to the secondary stage of wear
was less definable. The effect of the dresging eross-feed
was 8till discernable in the workpiece surface at the
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end of the test, and suggests that under certain conditions,
the dressing process can influence the wheel wear after
the primary wear stage has finished. The other two dressing
conditions caused wheel wear rates which lie in between
those obtained for the upper and lower in-feed values. At
some point during the secondary wear stage for each of the
four wheel conditions, the wear rate was seen to increase,
but not sufficiently to be termed catastrophic wear, At
this point vibrations were noted in the grinding process,
which started in the earliest cise (a = 25 pm) after about
Fig. 7.95 shows similar wheel wear trends for the
lower dressing cross-feed rate of .l mn/rev with the same

280 grinding passes, i.e. 30 cm”’ of metal removed.

range of dressing in-feed values, except +that the curves
plotted show a bunching together of values, which lie in
the mid-range of those plotted for the above mentioned
tests. For an explanation, it 1s necessary to look agaim
at the as-dressed condition of the grinding wheel, which
was reflected in the ground workpiece surface, and is
shown for the maximum and minimum in-feed values 1in figs,
7.103 and 7.104 respectively. The limiting effect of the
low cross—-feed rate 1s seen in both figures, which show
similar as-dressed wheel surfaces for both the high and
low depths of cut, suggesting a high degree of diamond
overlap. In both cases, the effect of the dressing cross-
feed disappeared from the workpiece surface after about

30 grainding passes (approximately 3.5 ems
removed), although the ﬁrlmary wear stages continued until
at least 6 cm3 of metal had been ground away. The wheel

of metal

wear rates again increased for all conditions at some

point in the secondary stage of wear (fig. 7.95), and were
heralded by the onset of vibrations between the grinding
wheel and workpiece. This was particularly pronounced

for the cases of maxaimun and minimum dressing depth of

cut, but for dirfferent reasons. For the condition: a = 25um,
vibrations were encountered after a relatively short

period of secondary wheel wear, when about 18 cm3 of

metal had been removed, and was probably due to damage
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caused to the grinding wheel well inside its surface, by
the dressing action of the diamond at that depth of cut.
For the condation: a = 5 um, the initial whcel wear wasg

low compared with the other three conditions, and vibrations
were not encountered in the grinding process until the
srinding wheed was restaorted after stalling, when
approximately 30 cm3 of metal had been removed. This
sequence of events suggests that litile damage was caused
to the grinding wheel by the dressing action of the diamond
for this dressing condition, resulting in insufficient grit
breakdown for efficient grinding to take place. It is
highly probable that the grinding wheel became unbalanced
on stalling, thereby causing adverse grinding conditions

to become operable when re-started, leading to the greatly
increased wear rate.

Pi1g. 7.96 depicts the variation of grinding wheel
wear for the coarsest dressing cross-feed rate of .5 mm/rev
used in conjunction wibth the same range of in-feed values
mentioned previously. It is seen that catastrophic wheel
wear (tertiary wear stage) was encountered for all
conditions early on in the grinding tests (8 to 20 cm3 of
netal removed), and was again heralded by vibrations
between the grinding wheel and workpiece. The significant
difference between the wheel wear characteristics for these
dressing coaditrons and those discussed earlier, is that
the primary and secondary wear stages occurred as one, and
were of relatively short duration, terminating in extremely
rapid wheel wear. An interesting point noted from the
Tour curves is that at some point after the start of the
tertiary stage of wear, the wheel wear rate decayed, and
suggests a recovery of the wheel surface. A possible
' explanation is that the initial damage caused to the
active wheel surface by the adverse grinding conditions,
extended to a depth equal o one or two grit dirameters
before sound grit and bond material were uncovered.

The behaviour of the grinding wheel can best be
explained with reference to figs. 7.105 and 7.106, which
show traces of the workpiece surface after grinding, for the
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highest and lowest values of dressing in-feed respectively.
Both these figures show that the wheel dressing conditions
were insufliclent to cause the whole wheel face to be
dressed adequately with the sharp diamond, resulting in
part of the surface remaining in the pre-dressed condition.
The cutting edges so generated were few, and rendered the
grinding wheel ineffective as an efficient cutting tool.
The reluctance of the as-dresscd wheel face to breakdown,
1s denmongtrated by the minimal change 1n the measured

peak to valley height of the surface profiles (and average
arithmetic roughness values), until at least the 10th
grinding pass had been accomplished., This implies that
the coarse dressing traverse rate (.5 mn/rev) caused
limited local damage to the wheel face, even for the
highest depth of cut (25 um), as shown by the subsequent
tenacity of the grit when granding. The workpiece surface
roughness traces show that once the grinding wheel had
entered the tertiary stage of wear, the ensuing wheel
surface bore no resemblance to the original as-dressed
surface condition, and was of random form.

In figs. 7.97 to 7.100respectively, the variation of
grinding wheel wear with volume of metal removed has been
re-plotted to show to better advantage the influence of
the dressing cross-feed rate for each of the dressing
depths of cut, in reducing order. The wheel wear curves
in fig. 7.97 show clearly that for these particular dressing
conditions, the higher the initial wear rate in the
primary wear stage, the longer the secondary wear stage
became in which useful work was done, resulting in a
lower wear rabe on entry to the tertiary wear stage. The
nost efficient dressing conditions occurred for the mid-
range cross-~feed rate of .3 mm/rev, in which the dressing
parameters were just sufficient to effectively dress the
whole wheel face (fig. 7.101); whilst the lower cross—-feed
rate created conditions that were too severe, and the
higher cross-feed rate created conditions which were not
gsevere enough. Figs. 7.98 to 7100 inclusive, highlight
the inability of the highest dressing cross-feed rate to



create cfficient conditions for grinding, whatever the in- i

feed value, and show that overall, the best conditions 1

(lLowest wheel wear) were created by the mid-range cross- 3

feed rate of .3 mm/rev. |
The ainfluence of the dressing conditions on workpiece |

¢circularity when grainding, are depicted in figs. 7.107 to

7.110 inclusave, for the highest and lowest cross-feed

rates, combined with the highest and lowest in-feed values. }

The as-dressed screw thread effect on the grinding wheel

was visible around the circumference of the workpiece

for both in-feed values at the coarsest cross—feed rate

(figs. 7.107 and 7.108), and persisted to about the

140th grinding pass for the case of the lower in-feed

value. At the higher in-feed value (fig. 107) the screw

thread effect was short lived, due to vibrations occuring

between the grinding wheel and workpiece, with their

influence on the workpiece circularity being seen clearly

at the 60th grinding pass. By the 180th pass, this effect

had diminished, indicating a recovery on the part of the

grinding wheel. The traces of workpiece circularity

depicted in figs. 7.109 and 7.110, show that at the

lower cross-feed rate, no screw thread effect was wvisible

around the workpirece circunference at either depth of cut.

These figures do show, however, the coarsening effect of

the grainding wheel breakdown on workpiece circularity up

to the tertiary wear stage of the grainding wheel. At

this point, the effect of the grinding vibration was seen '

clearly in the workpiece surface. Allowing for discrepencies

in the wheel and worlkpiece rotational speeds, the final

traces in figs. 7.107 to 7.110, show the formation of

18 lobes around the workpiece circumference, which can

be attributed to the out-of-balance of the grainding wheel.
Another important parameter in grinding, 1s the

resulting surface finish of the workpiece, since this may

influence its useful 1life in service. PFigs. 7.11ll to T.11l3 ‘

inclusive, show the variation of workpiece surface

roughness, with the volume of metal removed for the

various wheel dressing conditinns. The trend depicted
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for all dressing conditions was the same, and shows that
irrespective of the initial as-dressed condition of the
sriading wheel, bhe workpiece surface tended towards the

some finnl steady state value of average arithmetic roughness

after the grinding wheel had entered its secondary stage
of wear, with this value being governed by the grinding
conditions. This finding verifies that stated earlier
for granding tests 1 to 4. Although it was seen that the
final value of workpiece average arithmetic roughness
fell within the lamits of 1 to 1.5 um (40 to 60 m in.),

which could be classed as a reasonable rough-ground surface,

the workpiece circularity traces have shown that for
certain dressing conditions, the final workpiece roundness
was not acceptable, due to excessive lobeing.

The force generated when grinding has been used as
a means of comparing the efficiency of the grinding wheel
after dressing under different conditions, through a macro
analysis of the cylindrical traverse grainding process, and
was subseguently found to be useful i1n determining the
points 1n the grinding tests at which the wheel entered
the various wear stages. The general range of force
values recorded were from a maximum value of 79 Newtons,
1.e. 17.8 Lbf for Fpy t0 a minimum value of 11 Newtons,
l1.e. 2.5 1bf for Fe; with force ratios of the order of
1.7 to 2.3.

The variation of the radial and tangential components

of grinding force with the volume of metal removed, have
been shown in figs. 7.114 to 7.116 inclusive, for each
dressing cross-feed rate over the range of dressing depths
of cut. Several trends were apparent from all three
figures, which were in agreement. Firstly, the general
pattern of force variation was as follows:—

An initial increase in force whilst the grinding
wheel passed through its primary wear stage, terminating
1n a peak value; followed by a dwell perrod during the
whecl's secondary wear stage; with a final decrease in
force as the tertiary wear stage was entered. It was
noted that in all cases, the final grinding force tended
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towards the same valuwe. If it 1s taken that the dwell

pcriod represenbed the most efficient removal of metal,
then it 1s seen clearly that for the coarsest dressing

cross-feed (fig. 7.116), little useful work was done by
the grinding wheel.

A second trend to emerge from the force analysis
was that by increasing the dressing depth of cut at any
cross-feed rate, the resulting force, when grinding, was
decreased. This supports the argument that the greater
dressing depths of cut caused more damage to the wheel
surface than the finer ones, and produced sharper cutting
edges, thereby requiring less force to grind and to
remove dulled grits. Another effect of increasing the
dressing depth of cut, which was less obvious, was the
increase in the initial grinding period before the peak
Torce value was reached. This is shown c¢learly in fig.
7.116.

An overall view of the :grairmding force analysis
shows that the grinding wheel dressed at the mid-range
cross-feed rate of .3 mm/rev, and the higher in-feed
values (12.5 to 25 um), needed less force to grind than
when dressed at either the higher or lower cross-feed
rate for similar depths of cut, and therefore gave the
nost efficient wheel conditions from a grinding force
point of view.

The usefulness of the two parameters, grinding ratio,
and force ratio (Fy/Fy), in determining the boundaries
of each wheel wear stage for the different dressing
conditions are shown in figures 7.117 to 7.140 inclusive,
and have been plotted against volume of metal removed
along with grinding force, wheel wear and workpiece
surface roughness, to show the influence of the dressing
process on these grinding parameters collectively.

It was noted that at the end of the more clearly
defined primary wheel wear stages, obtained for certain
of the dressing conditions, the force ratio value increased
from one level to another, due to a falling off of the
tangential component of grinding force relative to the
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radial component. Thic change in Torce ratio, however,
was not instantancous, and shows that a relatively short
transition period cxisted between the primary and secondary
wear stages. A good example i1s shown in fig. 7.117

for the mid-range dressing cross-feed rate of .3 mm/rev

at the highest dressing in-feed value of 25 um. For
conditions giving less definable change over points on the
wheel wear curves, e.g. fig., 7.123, the force ratio was
used to advantage. It was also noted that in certain
cases, a second 1ncrease in the force ratio was apparent,
e.g. figs. 7.123, 7.129 and 7.13l, which corresponded to
the end poaint of the secondary wear stage. This trend,
however, was not encountered for all wheel conditions, and
called for another method of determining this point in the
grinding wheel life cycle, This was established through
the parameter, grinding ratio.

Normally, the grinding ratio is determined for the
secondary wheel wear stage only (assuming that this stage
has been previously defined), where a constant value 1s
obtained, giving a wheel performance rating against which
other grinding conditions cén be compared. From the -
results of this programme of research, the grinding ratio
has been plotted for all three wear stages, giving a
continual wheel rating which has proved to be useful
when comparing the influence of the various dressing
conditions on the grinding process. By superimposing
fig., 7.123 onto f1g. 7.124,fig.7.129 onto fig. 7.130

and fig. 7.131 onto fig. 7.132, 1t was seen that the
second increase in force ratio corresponded to the
maximum turning point value of the grinding ratio. It
was found that this second parameter could be used to
determine the end point of the secondary stage of wheel
wear for those conditions giving less definable change
over points on the wheel wear curves, or in the absence
of a second force ratiro-change, e.g. figs. 7.126 and
T.128.

Using the two above mentioned grinding parameters
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several observations were made. In the cagses where the
hi liest dressiar cross~Teed rate of .5 mn/rev was used,
1L was nobed that Tor all dressing deptho of cut, an
initial decrease in graindaing ratio oceurred (figs. 7.134,
Te136. 7,138 ond 7.140), which ocurgests, as stated
nreviously, Yhat for these conditions, the initial rapid
wheecl wear was nuch reduced or non-existent, leading to
a relatirvely short secondary wear stage before the onset
of tertiary weér. In general, a reduction in grinding
ratio heralded the start of adverse grinding conditions.
The variation of force ratio with volume of metal renoved,
showed that the duration of the primary stage of wheel
viear was influenced by the dressing conditions, with a
longer period being observed for the wheel dresced at the
nid-range cross-feed rate, as compared with that for the
combinations of in-feed with the lower cross-feed rate.
Overall, the best roﬁgh—grindlng conditions were
obtained for the wheel dressed at the mid-range cross-—
feed rate of .3 mm/rev, with grinding ratios of between
49 and 157 being recorded in the order of decreasing
1n-feed. The second best conditions were obtained for
the wheel dressed at the lower cross-feed rate of
.1 mn/rev for the same in-feed values, giving grindiag
ratios of between 49 and 90; and the worst conditions
were obtained for the wheel dressed at the highest cross-
feed rate of .5 mm/rev, with grinding ratios as low
as 11 being recorded after only 20 cm3 of metal had been
removed.

7.4.3 Tests 17 and 18 (with a comparison of tests 7 and 11)
To ascertain the effect of varying the grinding

depth of cut (traverse rate constant) on wheel wear,
srinding ratio and workpiece surface roughness, for
selected dressing conditions, two further rough-grinding
tests were conducted in which the grainding in-feed (radial)
was reduced to 5 pm. The measured parameters were then
compared with those obtained from similar previous tests
in which a grinding in-feed of 12.5 um had been used.
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The dressing conditions chosen had previously
reculted in relatively stable wheel breakdown occurring
during the érludlng period, and werce congidered %o be
ideal gtandards against which to test other grinding
conditions. These were dressing cross-{eed rates of
.3 and .1 mm/rev, used 1n conjunction with a dressing
in~feed value of 12.5 pm. The diamond dressing tool
used wos the same one as degcribed previously.

In f1g. 7.141 the influence of the combined dressing
and grinding conditions on grinding wheel wear has been
shown when removing a volume of between 50 to 60 cm3 of
metal from each workpiece, '

It was seen from this figure that the initial
grinding wheel breakdown in the primary‘stage of wheel
wear was dependent in all cases upon the dressing conditions,
with the same initial rates of wheel wear beaing observed
for similar dressed wheels, irrespective of the grinding
depth of cuty but varying according to the dressing crogs—
feed rate. It was noted, however, that as wheel wear
progressed, the rate of wear was reduced for those
conditions involving the lower granding depth of cut,
particularly for the wheel dressed at the finer cross-
feed rate. This influenced the point at which the
primary wear stage ended, and the depth to which the
wheel had worn during this period of time.

These effects can best be explained with reference
to flgs. T.142 and T7.143, where traces of the ground
workpicce surface roughness have been presented for
surface conditions resulting from coarse and fine dressed
wheels respectively, used at both grinding depths of
cut. The traces have been paired for similar amounts
of metal removed, and reflect the surface condition of
the grinding whecel throughout the tests.

The ground proTile resulting from the as-dressed
wheel surlace for the coarse dressing condition (lst pass,
fag. 7.142) had a measured peak to valley height equal
to the dressing depth of cut (12.5 um), showing that
the dressing variables selected, gave efficient conditions
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wibhout diamond overlap occurring. This noad been chown
previously to.produce a strongly cohesive wheel surface.
In the cage of the finely dressed wheel, an as-dressed
ground profile was produced, whose peak to valley height
wag lecs than half the dressing depth of cut (lst pass,
fig. 7.143). This ghowed a high degree of diamond over—
lap, which suégested that greater surface damaoge had
been caused to the grinding wheel, as coumpared with the
previous condition. By reducing the value of the grinding
in-feed, the wheel surface was subjected to less stress
when grinding metal, resulting in a substantial reduction
in primary wheel wear for the finely dressed wheel, and
a marginal reduction for the coarsely dressed wheel.
This less-stressed condition was seen when comparing
traces produced for similar volumes of metal removed at
both grinding depths of cut, by the more uniform, and
less rugged surface contours generated at the lower in-
feed value.

When using the coarsely dressed grinding wheel,
the dressing cross-feed was seen in the workpiece profile
up to the end of the primary wear stage for both grinding
depths of cut, at which point, the loss of wheel height
was approximately equal to the original as-dressed
profile depth. This occurred‘after the removal of about
16 cm3 of metal, and showed the limited effect of change
of grinding in-feed for this dressing condition, i.e.
360 passes for a, = 5 pm, and 120 passes for a, = 12.5 pnm.
In the case of the finely dressed wheel, the dressing
cross=-Teed disappeared from the profile contour towards
the end of the initial wear periods; and a total loss
of wheel height of between 2% to 3 times the original
ags~dressed profile depth was recorded at the end of
the pramary wear stage, for the lower and higher grinding
in-feed conditions respectively. (End point = 100 passes
for Q= 12.5 pm, and 350 passes for a, = 5 mm). This

highlights the severity of the dressing condition for the
finely dressed wheel, and shows that whilst a reduction
in granding in-feed of 250% caused a substantial




reduction in wheel wear, the final primary wear depth was
5till greater than the originel as-dressed profile depth.

The graindainsg ratio calculated for each set of
conditions 1n the secondary wear stage (fig. 7.141) gave
similar values of around 190, showing that once the
primary stage of whecel wear had ended, the following rate
ol wvheel breakdown was a function of the grainding conditions
coupled with the natural characteristics of the grinding
wheel, and was independent of the original dressing
conditions. The reduction in grainding depth of cut
caused a longer period of secondary wheel wear for both
wheel conditions, with the wheel remaining in the secondary
stage of wear until 75 cm3 of metal had been removed for
the {inely dressed wheel; and to the end of the test for
the coarsely dressed wheel, after the removal of 53 cm3
of metal.

The effect of the dressing and grinding conditions
on workpiece circularity are shown in figs. 7.l44 and
7.145 for the coarse and finely dressed wheel conditions
respectively. In all cases the as-dressed wheel condition
was seen around the workpiece circumferences in the early
stages of the tests, but disappeared during the primary
stage of wheel wear. The subsequent circular profiles
portrayed random surfaces, until the onset of grinding
vibrations, when the lobing effect became pronounced.

This occurred for all cases except the coarser dressed
wheel , subjected to the lower grinding depth of cut.

In fig., 7.146, the variation of workpiece surface
roughness with voluwaie of metal removed is depicted for
the combination ol dressing and grinding conditions.

At the beginmning of each test, the influence of the
dresging conditrons on wofkpiece surface roughness were
seen clearly, with the coarser dressing cross-feed
giving rise o higher initial values of average arithmetic
roughness. As the praimary stage of wheel wear progressed,
the surface fimishes created by the coarsely dressed
grinding whecl were reduced, and tended fowards a steady
value after the wheel had entered the secondary stage of
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wear. [b wag scen bthat the gteady state value was
dafferent for cach grinding depth of cut, and was lower
for the reduccd in-feed value. In the case of the finely
dressed grindaing wheel, the low initial values of workpiece
surface roughness varied marginally as the wheel progressed
through 1ts primary wear stage, with the value of average
arithmetic roughness increasing slightly for the higher
grinding depth of cut, and reducing for the lower depth
of cut. Aga2in, as the wheel entered 1ts secondary stage
of wear, the surlace finish values tended towards a steady
state value which was {the same as that reached previously
for the same grainding depth of cut.

‘These events showed that the dressing conditions
only influenced the worlkpiece surface roughnéss during
the primary stage of wheel wear, and that the final
surface finish value was dependent on the grinding
conditions, -

T.4.4 Tests 19 to 30 inclusive.
This last series of tests was designed to observe

the effects of the dressing in-feed and cross-feed rate,
coupled with the grinding cross-feed rate, on the cylindr-
1cal traverse grinding process when fine grainding. The
paraneters measured were the workpiece surface finish
and clrcuiarlty, and the grinding force. The results
of these experiments have been used to test the reliability
of equation 3.44 (and the preceding theoretical work),
which predicts the final ground surface roughness (Ra) for
known dressing and grinding conditions.

Dressing was conducted with a blunt diamond tool
whicn had a wear flat of approximately 1.09 mm width,
and 1s shown in fig., 7.147. This diamond was used 1n
conjunction with the fine-grained grinding wheel mentioned
in the previous grindaing experiments, to give conditions
suitable for fine (precision) granding. In all, 60
different situations were covered through a combination
of 12 dressing, and 5 grinding conditions, with the
grinding in-feed remaining constant at 5 um/pass (radial}).




As seen in {ig. 7.14%7, the as-dressed surface
roushness of the grinding wheel was reflected in the
traces taken from the ground surlface of the workpieces.

In each of the three cases shown, the dressing cross-feed
was clearly visible in the traces, which highlighted its
influence on surface roughness when using a blunt diamond.
Also, 1ts limitaing effect on profile depth was noted for
reductions in value from .5 to .1 mm/rev when compared
wlith the initial dressing in-feed, which was 25 pum in

each case. The profiles portrayed, were for the case of
no grinding o%erlap, and showed that in the first instance,
the surface roughness could be represented as a series of
triangular forms having a base length equal to the dressing
cross—feed rate. This was the premise upon which equation
3.44 was based.

Ia Chapter 3, 1t has been shown through analysis of
the cylindracal traverse grinding process from a theoretical
point of view, that the surface pattern produced by the
grinding process 1s dependent in the first instance upon
the dressing conditions, and secondly, upon the grinding
traverse rate. Ii1g. 7.1l48 shows as a precursor to tests
19 to 30, the effect of these parameters on a typical
cylindrical traverse ground workpiece, The "Talysurf®
traces depict the influence of both dressing and grinding
conditions on surface roughness, whilst the photograph
shows clearly the influence of the grinding traverse
rate for condations producing grinding overlap, 1.e.
nW/vt >1, and b= O.

Analysis of the test results 1s made easier by
Tirst observing the table of calculated parameters for
tests 19 to 30 inclusive in fig. 7.149. The inset at
the top of the figure is a common table, in whaich the
degree of wheel overlap is predicted for the particular
values of grinding traverse rate and rotational workspeed,
L.e. the number of values of interference E to be expected.
This number 1s dependent upon the ratio nW/vt, and is
given by the terms (A + b), where A is an integer, and
b is a fraction. (Sce Chapter 3, poge 75 ). Row
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gives the nuwber of values of interference I at the
trailing edge of the feed band, and Row (:) gives the
nwaber of values at the leading edge, assuming b # O.

This common table shows that for the grinding
conditions chosen, each ground workpilece should have
two final surface conditions per feed width, i.e. b # O
for any case, and that for grinding traverse rates greater
than 10 mm/sec., 1.e. nW/v, = 2.70, the surface roughness
at the trailing edge of the feed band should be equal to
the as—dresséd condition of the grinding wheel.

The three tubles below the common table show the |
values of interference E to be expected for each dressing
cross—-feed rate h, and profile depth < (average peak to
valley height for tne as—-dressed surface roughness); and
the corresponding values of average arithnetic roughness..
These tables all show that the greatest reductions in
average arithmetic roughness Ra are dependent primarily
on reductions 1in the dressing cross-feed rate h, and
should occur for values of v, <10 mm/sec, l.€. vt/nw<:o4-
No great improvement can be expected for values of vt:>
10 mm/sec, 1.e. v_t/nW>.4.

The test results will now be discussed in the light.
of this analysis. PFigs. 7.150 to 7.152 inclusive, show .
in trace form, the variation of the workpiece surface I

roughness with the grinding traverse rate for dressing
conditions taken in the order of h = .5, .3 and .l mm/rev,
when combined with values of @, of 25 and 5 ym respectively.
The first two points to be noted were, that as h
was reduced, the as-dressed surface roughness depth
changed to a lesser degree for changes in a; and that
the grainding depth of cut of 5 pm did not 1limit the
roughness height (7.5 to 10 mm) for h max., as would have
been expected. The first effect was due to the obtuse
nature of the dressing diamond, which had a greater
influence when coupled with reduced values of h, and will
be demonstrated later; and the second effect was due to
the passage of several grinding passes with in-feed ‘
being applied, before recordings of the workpiece surface

~197-




roughness were taken. This caused higher values of Ra
than would be expected.

Values of the parameter E/h, which were deduced
from the tables in fig. 7.149 for the occurence of single
values of I, 1.e. for V=10 mi/sec, ore verified in figs.
7.150 and 7.151, by the grinding overlap present. This
1s emphasized when comparing these traces with the ag-
dressed condition for each case in fig. T.1l47. For the
cases where single values of E existed, i.e. limited
overlap, the greatest reductions in surface roughness
should have occurred for values of E/h of around « 5,
resulting in values of Ra of approximately CL/8 units.
The experimental results showed that values of Ra of
between cf/S and cf/6 units were prevalent, with liftle
difference being noted over the range cf values of E/h
between .22 and .88. The discrepency between the experi-
mental and theoretical values was in the triangular
approximation approach. For values of'wt<:10 mn/sec,
the reduction in workpiece surface roughness was clearly
visible in the traces, particularly in figs. 7.150 and
T.151 at the higher dressing cross-feed rates, and was
due to the 1increased grinding overlap, as depicted by
the increase in the number of values of E.

The overall effect of the dressing and grinding
conditions on the workpiece surface roughness for fine
grinding are shown in a three-dimensional form in fags.
7.153 to T.155 inclusaive, for the three dressing cross-
feed rates in reducing order. The lower values of
average arithmetic roughness obtained for each set of
experimental and theoretical conditions have been plotted
together. The discrepencies between these values are
due to several factors, 1.e. the inabilaty of equation
3.44 to take account of the degree of randomness generated
in the wheel face when dressing, and differences between
the actual and stated values of the dressing and grinding
parameters.

The inset table at the top of each diégram
emphasizes the limiting effect on the workpiece roughnesgs
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depth q&, 0f the diamond geomelry combined with the crosg-
feed rate L. These tables show that when the grinding

wheel was dressed {or fine grainding, the ensuing os-

dressed surface roughness was primarily a function of

the parameters B and h, and was indevendent of the depth

of cut a, except at the highest cross-feed rate of .5 mm/rev.
This trend was reflected in the starting values of Ra.

The general btrends depio%ed bore out the previously
stated predictions of equation 3.44, with the greatest
reductions in surface roughness being recorded when
vt<:10 mu/sec, for the conditions involving the higher
values of h. Tor conditions at the lowest value of h
(f15. 7.155), little change was noted, with predicted
values of Ra being 50% lower than the actual values by the
time Vi had reached 5 mm/sec. This suggests that a point
nay have been reached after which the natural characteristics
of the wheel influenced the workpiece surface roughness,
e.g. the grait size and spacing.

Comparing the experimentally obtained values of
workpirece surface roughness with those considered as
being acceptable for fine grinding59, eege 25 to .64 pm (A.A),
showed that a high degree of grinding overlap was necessary
for thbse conditions incorporating the higher values of h,
before favourable resulis were obtained. This demonstrates
the importance of using low values of dressing cross-
feed rate when dressing for- fine grainding.

Traces showing the influence of the dressing and
grinding conditions on workpiece circularity have been
presented in figs. 7.156 to 7.158 inclusive. The severity
of the coorse dressing conditions for both the high and
low dressing depths of cut were seen clearly in the
cireular traces of fig. 7.156, with the cross-feéd rate
being discernable in Lhe workpiece circumference until
the grainding traverse rate had been reduced to 7.5 mm/sec.
From this point onwards, the circularity of the workpiece
improved, due to increased grinding overlap. The same
effect was observed for the mid-range dressing conditions,
t0 a lesscer degree, but diasappeared completely for the
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fine dressing conditions , wilh no aoticable change
occurring in workpiece circularity over the ranze of

grinding traverse rate used. These observations strengthen

the previous finding that fine dressing cross~feed rates
are necded to obtain the best overall conditions for good
surface finish, and circularity.

To compare the efficiency of the different dressing
conditions when fine grinding over the range of traverse
rates specificd, the grinding force was measured in the
form of 1{s radial and ftangential components. The
variation of grinding force is portrayed in figs. 7.159
to 7.161 inclusive, in the order of reducing dressing
severity. The main trend depicted in each figure is the
same, and shows that a linear relationship existed
between the grinding force and traverse rate (Vf) for
each dressing condition used. This trend implies that.
as v, was reduced, only part of the wheel width was
engaged in grainding, 1.e. an amount vt/n mm or greater,
with the trailing edge having a smoothing effect on the
workpirece surface, whilst removing little metal.

Bxtrapolating the mean lines representing the force
varzation, gives implied conditions of zero force at
some value of Vs whach is improbable. A possible
explanation i1s that the measured force values were low,
due to a sideways deflection of the wheel tending to
1lift the trailing edge away from the workpiece, although
this cannot be substantiated.

The force trends showed that the influence of the
dressing in-feed on granding efficiency was linmited, and
depended upon the particular dressing cross—feed rate
chosen. TFor the cases when h = .5 mn/rev (fig. 7.159),
dramond overlap did not occur, which resulted in sharper
wheel profiles being formed at the greater depths of cut.
The improved efficiency of the wheel for these conditions
was reflected in the subsequent reduction in the grinding
force. The lowest overall values of force were generated
when using the wheel dressed at the mid-range cross-feed
rate of .3 mm/rev, with a relatively narrow band of
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values of FT being recorded (fig. 7.160). This emphasized
the limrted effect of the dressing in-feed when diamond
overlap was encountered, and ghowed that an improvement
in grinding efficiency was brought about by the reduction
in h. An exception was noted for conditions embracing

the lowest dressing in-feed, where a substantially

higher value of force was recorded. It was possible

that relatively blunt cutting edges were formed at this
dressing condition, thereby impairing the grinding

action of the wheel., Similar trends were noted when
using the wheel dressed at the lowest cross—-feed rate (fig.
7.161), except that the overall force values were higher,
showing a reduction in granding efficiency.

The inecrease in the tangential component of force
relative to the radial component for fine grinding, is
seen when comparing values of the force ratio obtained
from the rough grinding tests, 1.e. 1.5 to 2.0 and 1.7 to
2.3 respectively. This shows the reduction in grinding
efficiency caused by the. dressing action of the relatively
blunt diamond tool.

T.5 SULIARY OF TiE GRINDING TEST RESULTS
The results of this work have shown the importance

of the correct selection of dressing variables when
preparing the grinding wheel for both rough and finish
cylindrical traverse grinding operations, since they
influenced both the useful working life of the wheel
when rough grinding, and the resulting workpiece surface
finish when fine grainding.

The dressing variable havaing the greatest influence
on both rough and finish grainding conditions was the
cross—feed rate, with the depth of cut being of secondary
importance. This finding was i1n accordance with that of

243,4,8,19,20,45. whose work

many previous researchers,
was mainly conducted in the field of surface grinding.
The 1deal dressing conditions for rough grinding were
found to be those giving minimum diamond overlap, which

highlighted the importance of the diamond geometry,
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through the angle /A3, when coupled with the cross—-feed
rate. Conditions resulting in excessive, diamond
overlap, caused reductions in grinding efficiency by
impairing the grinding action of the wheel. Similar
trends were observed when fine grinding, after dressing
with the relatively blunt diamond, These obgervations
are in agreement with those made by others,50 after
conducting work in the field of internal grinding.

The grinding parameters Force Rat10,42’57 and
Grinding Rat10,34’45 have been shown in this work to be
useful in assessing the influence of the dressing
variables on the granding process, through their ability
to pin-point the various stages of wheel wear.

For those dressing conditions giving optimum, or
near optimum wheel performance, it has been shown that
their influence was restriced to the initial period of
rapid wheel wear, and that the following period of
uniform wear, in which useful work was done, was
governed solely by the prevailing grainding conditions.
This trend follows a generally accepted pattern. It
was seen that in the cases of inefficient wheel dressing
caused by too great a traverse rate, the useful working
life of the wheel was severely affected by the onset of
grinding vibrations after a relatively short period of
primary wear. This highlighted the adverse conditions
possible when using cross-feed rates greater than the
mean grit diameter .

The grinding force has been shown to be a more
appropriate parameter than force ratio when assessing
the severity of dressaing on wheel performance at the
start of grinding. It was noted that the grinding force
resulting from increased dressing depths of cut was
reduced, and suggests that sharper cutfing edges were
produced for these conditions. The ensuing primary wheel
wear was seen to extend to depths greater than the mean
peak to valley height of the as-dressed surface roughness,
and supports the argument that the greater depths of cut

A
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ceused more damage to the wheel face than the finer
ones.,

The anfluence of the dressing variables on the
workpiece surface roughness has been shown'to depend
upon the type of grinding being considered.

In the case of rough-grinding, where a relatively
high grinding traverse rate was employed, the trend
depicted for all dressing conditions was the same, with
their influence on workpiece surface roughness being
limited to the period of primary wheel wear only. It
was seen that irrespective of the as-dressed condition
of the srinding wheel, the workpiece surface roughness
tended towsrds the same final stesady state value after
the wheel had entered its secondary stage of wear, with
this value being governed by the grinding conditions.

In the case of fine-grinding, the dressing cross—
feed rate has been shown to have a highly significant
effect on workpiece surface roughness. TFor those
conditions employing high values of this variable, a high
desree of grinding wheel overlap was required to reduce
the surface roughness to an acceptable level. The
resulis of the fine grinding experiments corroborate
the predictions made from the theoretical analysis of
this process, and have shown the usefulness of such
an approach.
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Fig. 7.19 "Talysurf" traces showing the influence of diamond drag angle
{&rake angle) on grinding wheel surface roughness Rd ,when dressing.




TestN° 3 : Wheel type:- A60KY :Diamond N° 74784/2(sharp)
Vertlcalmctg 1scclle div.=1.25pym Horiz. mag.:1scale div.=50um
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cross -feed h,constant at .immirev :: in-feed a, constant at 12.5um

B =Drag angle (degrees) :: occ=Rake angle (degrees)

Fig. 7.20" Talysurf " traces showing the influence of diamond drag angle
(& rake angle) on grinding wheel surface roughness Ra,when dressing




Test N2s 410 7inc. Diamond profile views x25mag.
Diamond N° 63794/2

N

TN

1.12| 7
mm (

o

\\

Diamond plan views x25mag.

cross-feed
direction

% final wear drea between -Qmm2 to 1.2 mm:2

Diam_opd comment Axial weariDifference
condition Hm Hm

o New diamond - no wear 0 200
(2) |Wear at the end of Test Ne4! 200

(3) 5| 340 149
o M wonow N onou ; - 95

T T T I R [ | 60
e W o ouoouw w7 4385

Fig. 7.21  Profile and plan views of a diamond showing the
extent of diamond wear after dressing four grinding wheels
. at various values of in-feed, cross~-feed and drag angle.




Test N2 4
Diamond N° 63794/2 [(sharp )
Wheel type:- 32 A60- K8 VBE

U Key:-
Symbol Drag angle
S,
12r ———= 10
. 15°

Fig. 7.22 Variation of dressing force (radial
component ) with dressing depth of cut
and traverse rate for arange of values
of drag angle.




Key:-
[, {— Symbol In-feed /
1 represents 5 ym /
2 10 pm
3 15 pm Fr3
4 20 pm
_ 5 25 um / //
Z3 : g 7
- Wheel type ;-
@ 32 A60-K8 VBE
8 | / /
O
b o]
8’2 // 74
g /Fr2
5 / -~ A
4 — - __+F
7 T
B S s
—_—T —— ===~ K
ok
0 N 2 .3 A .5
Traverse rate in dressing, mm/rev
Fig. 7.23 Variation of the radial & tangential

I
Test N2 4

Drag angle 15°
Diamond N2 63794/2 (sharp)

I

/

/ Fr5
/ Fod

components of dressing force, namely

- & F respectively, with traverse

rate in dressing. for different

depths of cut.




5
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Test N2 4 Brag angle 15 .
Diamond N2 63794/2 (Sharp) / Fi5
Key:-
A Symbol Cross-feed /
1 represents -1 mm/rev
2 " 2 mm/rev " Frb
3 . 3 mm/rev
4 - 4 mmirev
5 - -5 mm/rev ) /
Z3— Wheel type:- -
S 32 A60 - K8 VBE / Fr3
: / /
O
>
2 /
e /
C
G —
0
Q
| —
Q —
1
0
0 30

Depth of cut in dressing, um

Fig. 7.24 Variation of the radial & tangential
components of dressing force,namely
Fr & Ft respectively, with depth of
cut in dressing for different
traverse rates.




Test N2 4: Wheel type:-32 A60-K8VBE: Diamond N263794/2 {sharp)

Vertical mag.:1scale div.=1.25um Horiz.mag.: 1scale div.=50 ym

. - e e . . . - ' h 3!
a=5um Ra= .50um
h constant at 1 mm/rev
B constant at 5°

Fig. 7.25 "Talysurf” traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle 8 , constant cross-feed h and variable in-feed a.




TestMo4 : Wheel type:-32A60-K8VBE ; Dicmond N° 63794/2 {sharp)
Vertical mag.: 1scale div.=1.25um Horiz.mag.: 1scate div.= 50 ym

H
— - — - - -
e —r ——— —=3 - - [ -- R - - - - == [ - - -
| . . ' -
——— e e Y . e e A - A% . o ammas e R V—

a =15 um Ra=1.05 um

————— - — T ——

S S _'"'___J:_."__'"_"__i“_'“:i “—wheel .. ooy TT

i — | T Gl
e e —
i | I 1 i | i L - - ; - Hmr — —
a =5 pum Ra= .70 ym

h constant at .2 mm/rev
8 constantat 5

Fig. 7.26 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle 8, constant cross-feed h and variable in-feeda.




TestN° 4: Wheel type:~32 A60-K8VBE :Diamond N° 63794/2 (sharp!
Vertical mag. : 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 ym

a=5um Ra=1.00 ym
h constant at -3 mm/rev
8 constantat 5

Fig. 7.27 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8, constant cross-feed h and variable in-feeda.




TestN© 4 : Wheeltype:-32A60-K8VBE : Diamond N° 63794/2 {sharp}
Vertical mag.: {scale div.=1.25pum Horiz.mag.: 1scale div.= 50 pm

e e n e e . e [ .
5 f U NN SOV SO UIUS RN RS | S
. ; ! [ I8 — ———

a=15um Ra=1.63um

a=5ym - Ra=1.30 ym
h constant at .4 mmlrev
8 constantat 5°

Fig. 7.28 “Talysurf"”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8 , constant cross-feed h and variable in-feeda.




TestN® 4 : Wheeltype:-32 A 60~K8VBE: Diamond N° 63794/2 (sharp)
Vertical mag. : tscale div.=1.25um Horiz.mag.: {scale div.=50 um

h constant at .5 mm/rev
8 constantat 5°

Fig. 7.29" Talysurf”traces of grinding wheel surface
roughness Rda when dressing with a fizxed diamond drag
angle 8, constant cross-feed h and variagble in-feed a.




TestN°® 4 : Wheeltype:~32 A60-K8VBE : Diamond N° 63794/2 (sharp)
Vertical mag.: Iscale div.=1.25um Horiz.mag.; 1scale div.= 50 um

b (W
3
{

[
I

R B, —_— . - - l.

Ra =1.70 um

L R I R

- oo -~ wheel

|
. -
[N

1.

a=5um Ra=1.00 um
-h constant at .1 mmirev

0 constant at 10°

Fig. 7.30 “Talysurf"”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8 , constant cross-ieed h and variable in-feeda.




TestN° 4 : Wheel type:-32A60-K8VBE: Diamond N° 63794/2 (sharp)
Vertical mag. : 1scale div.=1.25um Horiz.mcg.: 1scale div.= 50 pim

SO O S .._._-________l .

e e g e mmm e b l

B T

— —_— —_— —

U U

h constant at .2 mm/rev
8 constant at 40°

Fig. 7.31 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8, consiant cross-feed h and variable in-feeda.




TestN° 4 : Wheellype:-32A60-K8VBE :Diamond N° 63794/2 {sharp)
Vertical mag.: 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 pm
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a=5um Ra=1.55 ym
h constant at .3 mmirev
0 constant at 10°

Fig. 7.32 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8, constant cross-feed h and variable in-feeda.




TestN° 4 : Wheel type:-32A60-K8VBE :Diamond N° 63794/2 (sharp)
Vertical mag.: 1scale div.=1.25um Horiz.mag.: {scale div.= 50 ym

I U

Rda=1.50 ym

h constant at .4 mmfrev
8 constant at 10°

Fig. 7.33 “Talysurf“traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle 8, constant cross-feed h and variable in-feed a.




TestN® 4 : Wheeltype:~32A60-K8VBE : Diamond N° 63794/2 {sharp)
Vertical mag. : 1scale dIV 1.25pm HOI‘I" mag.: 1scale div. = 50 um

:_H_.T_":.__"__ r—_—_.‘i“ff' h™ I T

h constant at .5 mm/rev
8 constant at 10°

Fig. 7.34"Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8, constunt cross-feed h and variable in-feeda.




TestN®4 : Wheeltype:-32A60-K8VBE :Diamond N° 63794/2 (sharp)
Vertical mag. : 1scale div.=1.25um Horiz.mag.: iscale div.= 50 pm

7L :—J__'_",_.__F:l.__"f:'::_f'___‘_"i ﬁ'j__i..r;f "l.;"" .

N N R A -

- wheel~ - - -

NS D EAVAR VA,
. - Qe g —
8 Tl S s S DO R R sl Bt
a=5um Ra=1.63 pm

h constant at.{ mmirev
0 constant at 15°

Fig. 7.35 “Talysurf“traces of grinding wheel surface
. roughness Ra when dressing with a fixed diamond drag
angle 8 , consiant cross-feed h and variable in-feed a.




TestN° 4 : Wheel type:-32A60-K8VBE : Diamond N° 63794/2 {sharp)
Vertical mag. : 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 um

S th [

E;Ett ‘_“;;j_‘_zf‘::‘_‘;;i;‘___‘;:_z:f‘*“ SOt S i My ;2__7:‘1:- -
a =10 um =1.83 um

h constant at .2 mm/rev
9 constant at 15°

Fig. 7.36 "Talysurf”traces of grinding wheel surfdce
roughness Ra when dressing with a fixed diamond drag
angle 8, constant cross-feed h and variable in-feeda.




TestN° 4 : Wheeltype:-32A60-K8VBE: Dicmond N° 63794/2 {sharp)
Vertical mag. : 1scale div.=1.25m  Horiz.mag.: tscale div.= 50 pm

[

— |.__ RO
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Ra=1.45 pm

h constant at -3 mm/rev
8 constant at 15°

Fig. 7.37 " Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle 8 , constant cress-feed h and variable in-feeda.




TostN° 4 : Wheel type:-32 A60-K8VBE : Diamond N° 63794/2 {sharp)
Vertical mag.: 1scale div.=1.25um Horiz.mag.: iscale div.= 50 ym
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a=20um Ra=2.88 um

Ra=1.88 um
h constant at. 4 mm/rey
8 constant at 15°

Fig. 7.38 “Talysurf”traces of grinding whee! surface
roughness Ra when dressing with a fized diamond drag
angle 8 , constant cross-feed h and variable in-feed a.




S

TestN° 4 : Wheetlype:-32A60~K8VBE :Diamond N® 63794/2 {sharp)
Vertical mag. : {scale div.=1.25um Horiz.mag.: 1scale div.= 50 ym

[N S S AU R S S > — —— = . e

a =20um Ra=1.88 um

S S

h constant at .5 mm/rev
@ constant at 15°

Fig. 7.39" Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8, constant cross-feed h and variable in-feeda.
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surface roughness Ra for different dressing conditions.

Fig. 7.40 Table of actual and theoretical values of agrinding wheet




Wheel type:- 32 A60-K8VBE
Drag angle =5

Figs. 7.41t0 7.43 inc. Variation of grinding wheel
surface roughness with depth of cut and traverse rate
when dressing with a sharp diamond set at different
values of drag angle.




Test N25

Diamond N° 6379472 { worn )
Wheel type:- A 60 KV

. Key:-
Symbol Drag angle

50
————— 10°
— = 15

Fig. 7.44 Variation of dressing force {radial

component ) with dressing depth of cut

and traverse rate for arange of values

of drag angle.




Test N2 6
Diamond N° 63794/2 {worn )

Wheel type:~- A 46 KV
Key:-

Symbol Drag angle

L]

5

—_———— 10

—.— 15

14
12

10

Fig. 7.45 Variation of dressing force {radial
component) with dressing depth of cut
and traverse rate for arange of values
of drag angle.




Test Ne 7
Diamond N° 63794/2(worn )
Wheel type:- 38 A46-K5 VBE

Key:-
Symbol Drag angle

Fig.7.46 Variation of dressing force (radial
component) with dressing depth of cut
and traverse rate for a range of values
of drag angle.




TestN° 5 : Wheeltype:- AB0KV :Diamond N° 63794/2 (worn }
Vertical mag.: 1scale div.=1.25um Horiz.magq.: 1scale div.= 50 um

- ﬁ,_t_;‘,,___r‘__.:_l.._____' ..._i'_

= A O i ;Z;l;:._.-:k. T

]
—mpm e = WY
i
3

h constant at -1 mmilrev
8 constantat 5°

Fig. 7.47 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle 8, constant cross~feed h and variable in-feed a.




IestN® 5 ; Wheel type:~ ABOKY : Diamond N° 637942 {worn))
Vertical mag. : 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 pm

s e e e Rebee [ T

h constant at .3 mmirev
8 constant at 10°

Fig. 7.48 “Talysurf“traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle-8 , constant cross-feed h and variable in-feeda.




TestN° 5 : Wheel type:- A60 KV

:Diamond N° 63734/2 (worn )
Vertical mag. : 1scale div.=1.25um Horiz.mag.: iscate div.= 50 um

— - -wheel - -

N T R

] 5

B Ll
el ’_____ -

=== e vy [ S o
Ra=1-30um

a=5pm
h constant at -5 mm/rev
8 constant at 15°

Fig. 7.49 “Talysurf”traces of grinding wheel surface

roughness Ra when dressing with a fixed diamond drag
angle 8 , constant cross-feed h and variable in-feed a.




TestN® 6 : Wheeltype:- A 46KV :Diamond N° 6379412 (worn )
Vertical mag. : 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 pm

- . R - - -
L ! ! i ¥ | 1L '

A i
Ra= 1.13 um

B e Ll sl e et el B T SO

s e e B e 1.—--—-—-.-—--15-‘

h constant at-1 mm/rev
8 constant at 5°

Fig. 7.50 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8 , constant cross~-feed h and variable in-feeda.




TestN° 6 : Wheeltype:- A 46KV : Diamond N° 63794/2 (worn )
Vertical mag. : 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 um

puey ,__ el ————

._F—T_.._I — ...._.L.____ J S _: _; | i o p

a =15 Jum Ra=1.70 um

= e '
e s e e ) e g s = f—_*:*}jT—r el Sl S e
a=5pum Ra=-95 um

h constant at .3 mmirev
8 constant at 10°

Fig. 751 "Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8 , constant cross-feed h and variable in-feed a.




TestN® 6 : Wheellype:- A 46 KV : Diamond N° 63794/2 (worn )
Vertical mag.: 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 um

e e e e e e}y = e e 1 o e = e = a e = 4w e v
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T o T B i T e T P
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a=5um Ra= 1.00 um
h constant at .5 mm/rev
6.constant at 15°

Fig. 7.52 “Talysurf“traces of grinding wheel surface
roughness Ra when dressing vith a fixed diamond drag
angle 8, constant cross-feed h and variable in-feeda.




TestN° 7: Wheel type:- 38 A4L6-KBVBE : Diamond N° 63794/2 {worn )
Vertical mag.: tscale div.=1.25um Horiz.mcg.: 1scale div.=50 pm

e 2 e e = e
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HE 4.
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a=10um Ra=1.30 ym

D it il e T PSR —— et e = W e e g e

!

e e e an _H_-*__.J_ RV SRSV GNP A SISO o

F;____'_':f-_‘_"_;“ w .__ @‘: wh cel __‘ [ ":_3;,_".?__‘:?:,"_1'__ S

a=5um Ra=1.15 pm
h constant at .1 mmirev
8 constant at 5°

Fig. 7.53 “Talysuri”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8 , constant cross-iced h and variable in-feeda.




Test N°7 : Wheel type:-38 A 46-K5VBE : Diamond N°63794/2 (worn)
Vertical mag.: 1scale div.=1.25um Horiz.mag. 1scale div.=50 ym

a=5yum Ra=1.53 ym
X h constant at.1 mm/rev
8 constant at 10°

Fig. 7.54 “Talysurf” traces of grinding wheel surface

roughness Ra when dressing with a fixed diamond drag
angle 8, constant cross-feed h and variable in-feed a




TestN® 7: Wheel type:~-38A46-K5VBE : Diamond N° 637934/2 {worh )

Vertical mag.: iscale div.=1.25um Horiz.mag.: iscale div.= 50 um
o | h _f\l '

'
:
I
!
t
!

a =15 um Ra=1.95 ym

—_ e — 4
V

R

a=5pm Ra=1-08 ym
h constant at.3 mmirev
8 constant at 10°

Fig. 7.55 “Talysurf”traces of grinding wheel surface
roughness Rd when dressing with a fixed diamond drag
angle B8, constant cross-feed h and variable in-feeda.




TestN° 7 : Wheel type:-38A46 - KSVBE : Diamond N° 6379472 {worn )

Vertical mag.: 1scale div.=1.25um  Horiz.mag.: 1scale div.= 50 pm
| h | h A

s
- . !- — . e e it
| |
- i

a =20um Ra=2.08 um

a=5um Ra=1.05 um
h constant at .5 mm/rev
8 constant at 15

Fig. 7.56 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle 8, constant cross-feed h und variable in-feeda.




Test Nes 5,6 and 7 Diamond N° 63794/2(worn)
Vertical mag.:1scale div.=1.25um Horiz.mag.: 1 scale div.=50 ym

!

R — e = o — |70 SN S S —

. D L= —_= U SR Y S S —
Test N°7  Wheel type:-38 A 46 -K5VBE Ra=2.73 uym

TestN°6  Wheel type:- A 46 KV Rd =3.75 pm

8 constant at 5°
a 3 w 25 um
h " u 5 mmirev

Fig. 7.57 “Talysurf traces of three grinding wheels dressed
under the same conditions of in-feed, cross-feed
and drag angle.
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Testh2 5 gey:; Ra actual {m)
. o ow?l. Ra actua Hm
Diamond Ne 63794/2 {worn] Row2. Ra theoretical {ym
Wheeltype AB0KY Row3. /3 theorelical {degrees)
Drag angle 5° Cross-feed hmm/rev
o 2 .3 A, .5
1| .75 1.00 1.30 1.55 1.00
5| 2 77 .09 30 1.48] .09
31173 1751 "% 7 1] 176 | 178 1
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25| 2 .88 .09 47 3 3
31172 | 175]1 175.5|1 7713 e Y
Drog angle 10° Cross~-feed h mmirev
rov/ A .2 .3 A .5
5 12 88 ag 1-00 1.09 1-30 1.30 1-33 1.48 155 1.46
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g, 10121'20120 133 3 1128 gy U000 oM o
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!Drag angle 15° Cross-feed h mmlrev
row | -2 .3 WA .5
1 1113 1.15 1.00 1.00 1.30
5| 2 1.09 1.09 98 | .88 | 1.46
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E 1ol o8 g 25 4 aq 63 , o T150 150
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Fig. 7.58 Table of octual and theoretical values of grinding wheel
surface roughness Ra for different dressing conditions.




Wheel type:- A 60KV
Drag angle = 5°

Figs. 7.53 to 7.61 inc. Variation of grinding wheel
surface roughness with depth of cut and traverse rate

when dressing with d worn diamond set at different

values of drag angle.
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TestN® 7 Rowi. Ra cctudl  (um)

. o cwt. Ra dactua Hm
Diamond N2 63754/2{worn] Row2. Ra thcoretical { pm)
Wheeltype 38A 46-K5VBE Row3. /3 theoretical {degrees)
Drag angle 5° Cross-feed hmm/rey
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T 115 1.05 1.20 1.45 1.98
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Fig. 7.66 Table of actual and theoretical values of arinding wheel
surface roughness Ra for different dressing conditions,







Test N° 8

Pre - test front view of the
blunt dressing diamond

Diamond wear after dressing
wheel type 38 A 46 -K5VBE

Diamond wear after dressing
wheel type 32 A 60 - K8 VBE

Diamond wear after dressing
wheel type A 46 KV

Fig. 7. 70 Views of progressive wear of a blunt
diamond used for dressing different grinding
wheels.




Test N°8
PROFILE VIEWS

AN

T

ISOMA
Projections

x 25 mag.

b

1.64mm

TITTT

PLAN VIEWS

Diamond wear after dressing wheel type A 60 KV
(End of test)

Fig. 771 Views of a diamond after the limit of
useful life for wheel dressing hadbeen reached




TestN° 8 Wheeltype :- 38 A 46-K5VBE
Diamond :- blunt- origin unknown Drag angle 5°

Key:-
—— represents F;

— —_ N
o N ()] ()

Dressing force { Newtons)

~

Fig. 7.72 Variation of dressing force [ F- & F}

components) with dressing depth of cut

and traverse rate when dressing with
a blunt diamond at a fixed drag angle




Test N°8  Wheel type:- 32A60-K8VRBE o
Diamond :- blunt-origin unknown Drag angle 5

Key:-

— represents F

——- " R

N
(-

Newtons)
o

—
N

o

Dressing force |

I~

Fig. 7.73 Variation of dressing force (Fr & Fi
components) with dressing depth of cut
andtraverse rate when dressing with
a blunt diamond at a fixed drag angle




Test N°8  Wheel type:- A4LGKYV .
Diamond:~ blunt-originunknown  Drag angle 5

Key:-

-—— represents F

- N
N -

(Newtons)

—_
)

o

Dressing force

=

Fig. 7.74 Variation of dressing force (Fr & Ft
components) with dressing depth of cut
and traverse rate when dressing with
a blunt diamond at a fixed drag angle




TestN° 3 Wheel type ;- AGOKY
Diamond:- blunt - origin unknown Drag angle 5°

Key:-
— represents F,

N
o
A Y
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x 7’ \“h-..
-~ P 1 ~ o
4 S // >

o

Dressing force |

5

4 ~
] T~~~
' P
O / -7 7
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~—_ .3 e 4 O
hmm/f'ev 2\15/ e
T—

Fig. 7.75 Variation of dressing force ( F & Fy
components) with dressing depth of cut
and traverse rate when dressing with

a blunt diamond at a fixed drag angle




TestNe 8 ; Whee! type :- 38A46-K5VBE : Diamond blunt {origin unknown)
Vertical mag.: 1scale div.=1.25pm Horiz.mag.: 1scale div.= 50 ym
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a =20um h=.4mm/rev Ra=1.30 um
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a =10 um h=.2mm/rev Ra=1.15 um
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R VA At A
= air 1 o
U ) | By
Bl g O i e e st B I :
a=5um h=.1mmirev Ra= .78 um

o constant at 5°

Fig. 7.76 “Talysurf“traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle oz ,variable cross-feed h and variable in-feed a.




TestNe 8 : Wheeltype:- 32A60-K8VBE: Diamond blunt {origin unknown}
Vertical mag.: 1scale div.=1.25um Horiz.mag.: 1scale div.= 50 jm
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a=5ym h=.1mm/rev Ra=-35 um
oc constant at 5°

Fig. 7.77 “Talysurf“traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag
angle oc ,variable cross~-feed h and variable in-feed a.




TestN® 8 : Wheeltype:~- A46KV : Diamond blunt {origin unknown)
Veriical mag.: 1scale div.=1.25pm Horiz.mag.: {scale div.= 50 um
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a=5um h=.1mm/rev Ra=1-18 um
cc constant at 5°

Fig. 7.78 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond draq
angle cc ,variable cross-feed h and variable in-feeda.




TestNe 8 : Wheoltype:- ABOKV : Diamond btunt {origin unknown)
Vertical mag.: 1scale div.=1.25um Horiz.mag.: 1scate div.= 50 pm
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a=5um h=.1mm/rev Ra= .80 ym

o constant at 5°

Fig. 7.79 “Talysurf”traces of grinding wheel surface
roughness Ra when dressing with a fixed diamond drag

angle cc ,variable cross-feed h and variable in-feed a.




Wheel type:-32A60-K8VBE

Fig. 7.80 Variation of wheel abrasive surface
roughness Ra, with changes in dressing
depth of cut a, & traverse rate h,when
dressing various grinding wheels with
a blunt diamond.




Test N2 8

Wheel type :- A 60 KV

14
Ra
H 25
0?
.5 .
mmyp 75 7
ev .
Wheel type:- A 46 KV
.',I. |
14. | ‘.‘ . I
Ra ~' 7|\
um
74\\ ~25
&> | [
. v | 15@/ ’
-3 10 v
— h m .2 Z /0-

Fig. 7.81 Variation of wheel abrasive surface
roughness Ra, with changes in dressing
depth of cut a,& traverse rate h,when
dressing various grinding wheels with

a blunt diamond.




Test N2 G
Diamond N2 7178414

~q° PROFILE VIEWS
11-7)J|_i
-22mm‘ 300th pass ist pass
x50 Mag.
PLAN VIEWS
.091mm
..]_L
.Smm T 300th pass ist pass

Fig.7.82 Profile and plan vieWs of a diamond
tool showing the degree of wear on
completion of a dressing test.
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.Test N2 9
Diamond N2 71784174

B = +15°
oc = -69°
a= 12.5um

o.I‘
1st PASS ¥

0}
v

Diamond
sharp

0
Scale: 20mm=1N M\ Diamond
' blunt
F - ug Fr= 709N Uy
Fe = %% Fp= 147 N "’/
' a

DIAMOND REACTION - FORCE SYSTEM

Fig. 7.83 Resolution of Dressing Force
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Test N2 9
Table of pressure on the diamond tip for progressive diamond wear.
We;;n%m .033 | .066 | 109| 47 | 277]302] 323 | 340 | 348
For'\cl:e fr 75 | 1.45 1239373 | 5.73!6.2616.59 {7.03 |7.09
Pﬁf;’f 22.7 { 22.0 | 21.8] 21.4 | 207 | 20.7120.4 | 20.7 | 20-4
Fig. 7.85
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Fig.7.84 Variation of diamond wear(area) and radial component

of dressing force with number of diamond passes.




Test N° 9: Wheel type :- 38A46-K5VBE : Diamond N° 71784/4(sharp) T
Vertical mag. :1scale div.=1.25 ym Horiz.mag.:1scale div.=50 pm ‘
|

SN VY W
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©300 Ra=1.13pm

o k[ i e iy i s~y |
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13 I 1

Pass N

SN P | 15-*—_,115‘ TRV S NN N N TN T N L T l‘rﬁl-ﬁd:_k_l:___;j

Pass N° 1 Ra=1.18ym
constant in-feed,a=12.5um : constant cross-feed, h=.1mm/rev
constant drag angle, @ =15°
Fig. 7.86 "Talysurf”traces showing the variation of grinding wheel

surface roughness Ra with number of diamond passes when dressing.




Test N2 G

.028 B N 2.8
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Number of Diamond Passes

Fig.7.88 Variation of diamond wear and dressing I"Qtl'O{WWIDW)%
with number of diamond passes.
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Fig.7.87 Variation of grinding wheel surface roughness with number
of diamond passes

% Ww/Dw = Volume of wheel dressed away < é?n o

Volume of diamond worn away  time




Pre-test form of diamond N°© 71784/2
used for Grinding Tests 1 to18 inclusive

3 actual=95"

cross
feed
r_notion

PLAN VIEW
x50mag.

Fig. 789 Plan view of the dressing diamond
used for tests 1 to18 inclusive,with a Talysurf

trace of a ground surface from test 1showing
the influence of a,h and 3.
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TEST N231,2,3 &4

mE aq =254m; h = .3 mm/rev
O A-A-A=205mmlsec
.1-0 e _ XXX 2135 mm/sec
%x qg =125 pm; vi: +~ +=4+= D5 MM/sec /
> o= =2 25 mMm/sec
o
%
= /
°
c 6
=
)]
c —_
= + e
-CU: L e |8 "
g
(w))
5 nyg’ &
o | 2057 - -
5 .
= )
S |4
- F®
0 ’ 1 I

0

Volume of metal

Fig. 7.90

removed, cm

15
3

Variation of grinding

wheel wear with volume of metal

removed for various traverse rates

in grinding.




TEST Ne 1 x =1.25 ym y = 50um

{15'1 Pass p | [T a1
H

|
|
|
i
1
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Fig.7.91 " Talysurf”traces showing the variation
of workpiece and grinding wheel surface
roughness for the condition vt/nW=.75
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C. L.A. Index of ground specimen,

TEST N9s 1,2,3 &4
ag=25um; h=.3mm/rev
3 A- A-A=205mm/sec
_x-x-x=135mm/sec
’\'\\ ag=125um: Vt=, _,_, - 65mm/sec
2\ \1\5& o« —o-e¢ = 25mm/sec -
\+ AAff-_A"A—A """"A"""---—....__ A_...---—"‘""A
A \setoe e T e s x
\+
\ + ——t
.\.___../ \ — .
0
0 5 10 15
Volume of metal removed cm3
Fig. 7.93 Variation of workpiece

surface roughness with volume of

metal removed for various traverse

rates in grinding.




o~

l | I | I

TEST Nos 5,6,7 &8
— ag=12.5 ym; vt=13.5mmisec

x-x-x =25 um
ag- e-s-o =18 um h=3mm/rev
o ems=e =125um

+-4=4 = 5 um

X X =
X o

x.-x-x—-——x'x
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Volume of grinding wheel worn away, cm’
- N

Volume of metal removed, cm

Fig. 7.94 Variation of grinding
wheel wear with volume of
metal removed for various
wheel dressing conditions.
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TESTNEs 9,10,11 &12

— dg=12.5um; v; =13.5mm/sec

x=x=x = 25 um
Q4- e-e-0=18 um h=Imm/rev

e=o~e = 126um
+=+-+= § Hm

Volume of grinding wheel worn away, cm3
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Volume of metal removed, cm3

Fig. 7.95 Variation of grinding
wheel wear with volume of

metal removed for various
wheel dressing conditions.
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Volume of grinding wheel worn away, cm’
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TEST Nos 13,1415 & 16 X
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Volume of metal removed, cm3

Fig. 7.96 Variation of grinding
wheel wear with volume of

metal removed for various
wheel dressing conditions.
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O TEST NCS 5,9 &13

= ag=12.5um; vt =13.5mm/rev |
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Fig. 7.97 Variation of grinding
wheel wear with volume of
metal removed for various
wheel dressing conditions.
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© TEST NOS 6,10 & 14
. ag =12.5um; vt =13.5 mm/sec
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Fig. 7.98 Variation of grinding
wheel wear with volume of
metal removed for various
wheel dressing conditions.,
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VYolume of grinding wheel worn away, cm’
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TESTNQS 7,11 &15
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Fig. 7.99 Variation of grinding
wheel wear with volume of
metal removed for various
wheel dressing conditions.
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© TEST NOS 8,12 &16
= ag=12.5um; vt=13.5 mm/sec
g A-A-A= Smmirey
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Fig. 7.100 Variation of grinding

wheel wear with volume of

metal

removed for various

wheel dressing conditions.




TESTN® S
Dressing conditions i~ ay s25um; h =.3 mm/rev 1x=1.25pm

-Grinding conditlons :» ag =12.5 ym; v; =13.5 mm/sec :y= 50 yum

T TAT T T [

.Fig. 7.101 " Talysurf” traces showing the variation of workpiece |
surface roughness for particular dressing and grinding conditions \




TESTN°8

Dressing conditions :- aq =5 pm; h =.3 mm/rev
Grinding conditions = ag =12.5 ym; v =13.5 mm/sec :y= 50 pm
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Pass N° 590

.Fig.7102 " Talysurf" traces showing the variation of workpiece
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Fig. 7117 Variation of grinding force and

wheel wear with volume of metal removed

for a particular wheel dressing condition.
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Fig. 7.156  Variation of workpiece circularity with
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CIIAPTER 8

GENERAL CONCLUSIONS

The following conclusions have been drawn, with

reference to the materials aend test conditions used in
the investigation:—

1.

2e

3.

4e

De

WHEEL DRESSING

Dressing force has been shown to be an exitremely
useful. paraneter for assessing the relative
importance of the variables associated with dressing,
and as a means of analysing the dressing process
itself, Ref: Chapter 7, test 4 pp 152 to 156,

See figs. T7.22 to T.24 inc.

The radial component of force was predominant,

with a value of between 2 and 7 times that of the
tangential. component, and the axial component of
force was least significant with a value of between
.025 and .1 times that of the radial. component.
Ref: Chapter 7, statement 7.3 pp 171 to 173.

The rake angle of the diamond tool had greater
influence on the dressing process than the drag
angle, and affected both dressing force and rate of
wear of the diamond tool. Ref: Chapter T, tests

L to 3 ine., pp 145 to 152. See figs. T.l to T.1l8.
A small range of values of rake angle existed in
whicﬂ diamond wear and dressing force were a
minimm for initially sharp diamonds of different
geometry, i.e. -69° to =74 . Ref: Chapter 7,
testes 1 to 3 inc., pp 145 to 152, Bee figs.T.l,
Tel2 and T.1l3.

A relationship existed between the radial component
of dressing force during dressing, and the amount
of wear on the dressing diamond. Ref: Chapter T,
test 9 pp 169 to 170. See figs. 7.84 and T.85.

{
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WIZEL DRESSING coni.,

A linear relationship existed between the crosa-
feed and dressing force, whilst a non-linear
relationship existed between the in-feed and
dressing force, the exact laws depending upon the
prevailing dressing conditions. Ref: Chapter T,
tests 4 to 7 inc., pp 153 to 155. See figs. T7.22,
Te23, Te24, Tedd, Ted5 and T.46.

The cross=-feed in dressing had greater influence
on grinding wheel surface roughness than the in-
feed,. Ref: Chapter 7, tests 4 to 7 inc., pp 155
to 158 and 161 to 163. See figs. T.35 and Te.54.

ROUGH GRINDING

Grinding wheel performance was influenced to a
greater extent by the dressing cross-—feed rate
than by the dressing depth of cut, with optimum
conditions occurring for values of h equal to the
mean grit diameter, i.e. «3 mm, Ref: Chapter T,
tests 5 to 16 inc., pp 186 to 187 and p 19l.

The initial rate of wheel breakdown when grinding

was directly influenced by the dressing conditions.

Ref: Chapter 7, tests 5 to 16 inc., pp 182 to 187.
See figs. T.94 to 7.100.

Adverse dressing conditions caused initial wheel
breakdown to a depth greater than the as-—-dressed
depth of cut. Ref: Chapter 7, tests 17 and 18,
pp 193 to 194.

The workpiece surface finish was influenced by the
dressing conditions during the primary stage of
wheel wear only, with the final value being solely
dependent on the variables associated with the
grinding process. Ref: Chapter 7, tests 1 to 18
inc., p 181, pp 187 to 188 and 194 to 195.

~205-




De

1.

2

3.

ROUGH GRINDING cont,.

As wheel wear progressed, the grinding forces
tended towards the same values, irrespective of
the wheel dressing conditions. This trend was
similar to that observed in the case of the
workpiece surface finish, Ref: Chapter 7, tests
5 to 16 inc,, see figs. T.1ll4 to 7.139 inc.

PINE GRINDING

In the absence of spark-out, the workpiece surface
finish has been shown to be a function of the
dressing cross-feed rate, diamond shape and
grinding wheel overlap. Ref: Chapter 7, tests

19 to 30 inc., pp 195 to 199. See figs. 7.148

to 7.150 inc.

The above relationship can be represented by
equations which predict the workpiece surface
roughness for known dressing and grinding conditions
with a fair degree of accuracy. Ref: Chapter 3,

pp 60 to 88. See figs. 3.22 to 3.24 inc. Chapter 7,
See figs. T.l49 and T7.153 to T.1l55 inc.

Inproved surface finisa was obtained at the expense
of higher grinding forces. Ref: Chapter T, tests
13 to 30 ince, pp 200 to 201. See figs. T7.1l59 to
T.161 inc.
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CHAPTER 9

SUGGESTIONS FOR FURTHER WORK

several further possible avenues of research,

resulting from the findings of this work, are sugpested:-

1l.

3

‘fo investigate further, the influence of the diamond
ralte angle on diamond wear and dressing stability,
when using shaped diamonds as opposed to those in
their natural state. This parameter may seriously
affect the efficiency of those processes using
shaped diamonds, where the dressed form of the
wheel is cratical, particularly when using wheels
having large face widths.

To investigate the above parameter when using a
wide range of grinding wheels having different
combinations of grit size and bond hardness, since
they may modify the already established influence

on the dressing process.

To establish more precisely the relationship between
the dressing-diamond shape (angle /3), the dressing
in-feed and cross-feed, and the grinding variables,
for a wider range of conditions.
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APPENDIYX I

SURPACE FINISH TIDRUINOLOGY >8

surface Texture.

This describes the overall condition of the surface
and can be broken down as followg:-

"Primary Texture" -

Primary texture or roughness is that part of surface
texture which can best be defined as the marks left by the
action of the production process used, e.g., grinding. The

primary texture can be measured by various constants, see
fig. Al.

Ra. (CLA,AA). Average arithmetic roughness. Also
known as Centre Line Average (British) and Arithmetic
Average (American). CLA and AA are usually quoted in
micro-inches, and Ra in micro-metres. Ra 1s a mean value
of the roughness.

Rp. Smoothing depth {distance between the highest
point and the mean line.) Rp generally results from the
condition of the cutting tool, i.e., a grinding wheel.

Rt. Maximum roughness within the tracing stroxe
(highest point to lowest point). An example of the
cause of Rt and its magmitude would be the grit and its
sl1ze as used in a grinding wheel.

RNMS. Root-Mean-Square. This i1s an average geometric
roughness and was an American standard. RES, which gives
a numerical value approzximately 11% higher than that of
Ra, became obsolete in 1955.
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"Secondary Texture"

Secondary texture is that part of the surface
texture which underlies the roughness. All types of
machine vibrations, e.g., spindle deflection and imbalance
can be the cause. It is generally described as waviness
and designated W,

llLayll

The production process used will form patterns on
the surface. The predominant pattern direction is known
as the "lay" and this 1s the direction in which most
surface roughness measurements are taken.

Before a value of Arithmetical Average, Ra, can
be calculated for a particular profile, it 1s necessary
to c¢alculate the value of the centre-line, Rp, which
passes through the dressed profile. Consider fig. Al.
It can be seen that the centre-line is that line whach
divides the enveloped profile such that the sum of the
areas above the cenftre line is equal to the sum of the
areas below the centre line.

By definition:~

L v
1 Yty N
Rp= —[lyjlax = -
0
L ih+lh |+ 1h,
Ra = llehildx = 1 hz - N
L 0 N

Aq+Ayse Ay
L ,

u
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APPENDIX IT

DERIVATION OF Ra FOR WHEEL ABRASIVE SURFACE

ROUGHNESS UNDER DIFFERENT DRESSING CONDITIONS

Assumptions made:-

1.

2.

The zrinding wheel is considered as a homogenous
structure.

The diamond dressing t00l is considered to have
a geometrically uniform profile.

The dressed wheel takes on the same shape as

the diamond tool producing it.

There 1s negligable waviness in the dressed
profile.

Dressing paranmeters:-

h =

X Do

dressing lead of the diamond mm/rev
diamond depth of cut rm
included angle of the diamond degrees
width of the diamond wear flat mm
diamond width at a depth of cut "a» mm

Dependency of the parameters.

Parameters selected by the operator daandh

Natural parameters B andw
Dependent parameter X (fn of a,8
and w)

Calculation of Ra.

Case 1. (hypothetical) (w=0;:h=x)

1 Wwheel

air

I h:x __] | h“..)
i
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Consider fig. 3.1
Calculation of Rp.

2 B
= Rp tan =
Area A1 p tan >
Area A_= (G-Rplztan—[g-
Now A1= AZ
R[% tqn% = (a—Rp)zth%
R% = 02—2qu+R;23
§ 2aRp = ¢
2
Rp= = = 2 .. 3.)
P 24 2
Calculation of Ra
A A
Ra = 1:_ 2 {where L=h)
1 2 A
Rda= —( 2Rp tan =)
- 2p 2
_ 29 B
= h2( . tan > )
. a A
.o = — tan = ... 03
Ra 5h an 5 (32)_
'S:melifylng Ra in terms of a.
Now h= 2a tan %
Substituting for h in equation (3.2).
. a
qs — ....(3.3)
.. R .
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Bguation (3.3) gives the basic form of Ra in terms
of d. This 1s a hypothetical case, where the diamond
dressing tool is considered to be "sharp"{w= 0), and the
dressing lead h, 1s equal to the diamond width, x , at a
depth of cut, a.

The following cases can be checked against equation
(3.3) for their truth.

Case 2. (x <.h)

et K

/J Al AIA g centre o)

1 AT B a1
&% N

ai

.:\\\

Fig.3.2

Consider fig. 3.2
Caleculation of Rp

2

Area A, ,=Rp tan 2. B2 = Rotgn B

1 2 2 2 2
Area A2= w Rp

2

= A, = RPtan 2
Area A3 /-\1 > tan > ,

- la- A l(a-Rp) _ (a-Rp) B
Area Al. (a-Rp) tan ) 5 tan >

Area A =la-Rp)(h-[2 Rp’ran%— +w+2(a-Rp) tan %])
{a-R )2 e
Area A6= A 9P tan Y

Now A, +A_+A_= A +A_+A
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+ WRp = (a-Rp)ztan%

+ {a-Rp)(h-[2Rptan -@2- +w+2{ a-Rp) tan%]l

. 2 A
.o Rp tCln—z—

Lonsidering the right-hand side of the equation

R.H.S = (a2—2 aRp+Rp2)tc1n-§— +(a-Rp)(h-w-2atan%—)
= c12tc1n-/i —ZoRptan—@- +Rp2tan£ + ah-aw
2 2 2
—2c12tun—/2§— -hRp +wRp +20Rptan-/_g-
= Rgtan%— aztan-%- + ah - aw-hRp + wRp

Fquating the R.H.S to the L.H.S
R|32't<:1nA + WRp = sztan-@- - aztan-@— + ah- aw
2 2 2
-hRp + wRp

aztan-/g— + aw-ah = -hRp

hRp = alh-w- atan%)

Rp = -—E—[h-w-atan—%— ....(3.4)

Calculation of Ra.

Aq +A2+A3+AL+A5+A6

Ra = 1 (where L=h}
. Ra = -%—( Rp tan—— + wRp)
-i—({i(h w-atan = )} tcm —_

a W - B
+{T(h-w r:1tc1n2 )w})
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2
Ra = 29 -G—tan-/—a—(h-w-»atun—/—s—)
h h 2 2

+ w(h-w-atan-B—)) .e..(3.5)

2

CHECK. whenw=0 and h = 2 atan3-

2
2
Ra = l.azta:zg’-( ZGth%
x { 2a tan%— - atan%)z tan% « 0 )
z a3tan3—/§’—
Ac12tc1n3-/2i
. Ra = -—E—
Case 3. {x=h)

_—_w

///'/Az i éntré

Ad—=- A <~ — —_—
L ' /Y |a Xl /R B
J Rp 7 7 2

__
! x=hiL) !
Fig. 3.3

Consider fig. 3.3
Calculation of Rp

2
(a - Rp)tan?

Area A 1=

Area A2= w(a- Rp)
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2

_ 5 . (a-Rpl B
Area A3- A1- > tan >
2
Area Al.= Rp tan%—
Now A"*f/l\z*wl\3 = Al.

3 3

. (G-Rp)thn—z— + W(G-RP) = sztanT

Considering the left-hand eide of the equation

LHS = tan 2 - 2c1Rptan-/—a— + sztang’—-
2 2 2
+ wa - wRp
Equating the L.H.S to the R.H.S3
aztan—fg’- +wa = Rplw+ Zutan—fzé—l
atan 3 + wa
.. Rp =
W+ 2a’tc1n—8—
2
€alculation of Ra
Ra = A +AyrAqgeA, {where L=h)
L
2 2 A
Ra = -={ Rp” tan—
h P 2 )
2
2tanB- + wa
Ra = -Ez- tan%
W+ Zatan-@-
2
Now h = w4+ 2c1tc1n~/§3—
Ra= %(szn_@_ +wa)2t£1n-—/—3-'- ... 13.7)
h 2 2
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CHECK. when w=0; h=2 atan-@‘—-

2
y - 2 bian2 B. B
.o Ra 803tcn3——/§-(a an 5 ) tan >
a
Ra = —
4
Case 4. (x> h)

da = apparent depth of cut
a’= actual depth of cut
Consider fig. 3.4
Calculation of Rp

’ 2
_{a’-Rp) A
Area A1 = > tan >

Area A, = w(a’-Rp)

. 2
Area A3 = A1 = (G-—ZRE) tan%

Area Al. = sztqn-%_

Now A1+A2+A3 =AL

o (G'—Rp)ztan fg +wla® Rp) = sztqn.—%_

Considering the left-hand side of the eguation
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L.H.S = (d)?tan 2= - ZG'Rptun@— + sztan-@-—-
2 2 2
+ wa’ - wRp
Equating the L.H.S to the R.H.S
(a")tan /; +wa = Rpl{w +2d’tan -/;’—)
(a')ztan% +wa
. Rp= A .(3.8)
w + 2dtan=
2
Calculation of Ra
Ra= A, +Ay+Aq+A, ( where L =h)
L
: . 2 (Rp2tan B
.. Ra H (Rp“tan 3 )
2
(@)tan-B= + wa’
. 2 2 53
Ra= 2 tan <=2-
h w+ 2 dtan— 2
2
.. tan B oW o B
Nowh-w+2c1h1n2 and a'= > r:ot2
: (h-w ., }m
s = n-—=-
h3 {
2
(h-w) . B A
+ W > cot tan >
2
2 2 2
. 2 (ot BJH _hw WD hw _w
.+ Ra= 3 (cot > {I. > Tt 2})tan



2 2 \2
Ra = l. co{'._@. L - _ﬁ_
h3 2 A A
.o Ra = —cot (hl' 2h2w2+wl’) ....(3.9)

8K

CHECK when w=0

1 h A
Ra = —— cot = (h ) = —cot 2
8h3 2 8 2
Now h=2 a’tan% (when w=0) ;
2 , & B a’
Ra= —=— t=1t% = = =
a 5 a’co > an > Z

DERIVATION OF Ra FOR WORKPIECE SURFACE \
ROUGHNESS WHEN GROUND UNDER CYLINDRICAL ‘
TRAVERSE GRINDING CONDITIONS. ‘

[

Fig. 3.16 depicts a portion of the ground workpiece \
surface profile, with interference occuring. Let the term |
“value of interference’ be denoted by the symbol E, and ‘
the peak to valley height of each triangular form be
denoted by the symbol A.

\
|
l
Consider fig. 3.16 :-
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Fig. 3.16

From equn.(3.42}

E1a

h

(E2-E1)a
h

(E3-Ejla
h

(E;-E3la
h

{h -Ezla
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Calcutation of Areas

_y yh y'h
Area A1 = T 5 T
Area A, = (A )(-——-—A1 ylh ______h(b1-y)2
2 1 " 2a B 2a
2
Y h
Areu A3— 2A1 = —a-
(A9 -y)h hiA ylz
2° - 2-
Area AL‘(AZ' ) 5 = —
(Ar-ylh  hiAs-y P
Ared A, =[(A_-y) 23— ¥'0 _ Nio3-y!
6 3 2a 2a
2
‘v h
Area A7= 2A1 = )-’2—-0-‘
Area A, = (A, - lml’-y)h = ——h(AL—y)z
g = oY o ¢ 24
2
_ _Yh
Area Ag- 2A1 = -z—a'
(Ag -yl h h{A -y)2
Area Agg=(ag-ylB5 Xl hlAs-y)
2
Area A“: A1 = %

Calculation of Medn Line

The mean line is positioned such that : -

Aj+Ag+Ag+Ag +Ag +Ay

= Az +Al. +A6 +A8 +A10
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un
n
Nlj

{(A1 y) +(A2 yl +(A3 y)

2 2
+lA4 -yl +(A5—y) }

2

Expanding the R.H.S

h

R.H.S >

A21 -2A1y+y2+ A22 -2A2y +Yy

2 2 2 2
A3-2A3y+y + AL -ZALy ry
+A2-2A5y+y2}

+A1 Az“' A3+ A[. "'AS }
Substituting for A in terms of E

. _h 2 E1a (E2-Efla [(E3-Ej)a
.. RHS = — Sy~ -
: 20{ y Zy( h " h  h

"

. (E,;Eglq . {h- E[JCI )

h h
2
2 2 2
+ E—z(El + (Ez—-E1 ) +(E3-E2)

+(E4-E3)2+(h-E4)2) }
. _h 2 2ya
.. RHS = EE{ S5y - (E1+E2 E1 +E3 -E2+E4-E3 E4+h)

oy e

h

22 2 2 2
v Etal 2k Rt s ) 2 4-3

EZ 2 2 2 2
E+E_ -2E_E, +E, +E 2E E+ +E ~-2E,E+E+h- 2hE+4
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h

2
BB +BE,vE Ej) - hE + —

2
. _h 2 2d 2 2 2 2
.- RHS = E{SY-ZQY'P —2 ((E1 +E2+E3 +EL)

A

Equating the R.H.S to the L.H.S

2 2
. 5y°'h _ Sy°h a|, 2 2 2 2
. 2a = 2a -Yh*'T (E1+E2+E3+EL)

2
h
-{E E1+E3E2+ELE3) hE1.+ —é-}

ny = LE AR E)- (EE+EE +E[E ) -hE,+ i
“y‘? 1PE R, {*EJE*EESI-hES S

~

Calculation of Ra

Now Ra = Total area above and below meanliine

h

Ra= 2 x Area above meanline

h (by definition)
2 2
= 2 ,53%h _ 5y ... (343)
h 2d a

Substituting fory in equn.(3.43)

h

. 2
2
5a 2

. Ra-=
hl'

From the above equation a generai form of Ra can be
written:-
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Let there be M values of interference E.
{ where M = number of hon-repeated values)

Hence ?
j:M j:M 2
_ M+)d” 2 h
Ra = =7 DU IENT > (EjE ) -hEy s T
j=1 j=2
¢ » 0 . (3.‘4’

If d.h and values of E are in mm.then Ra will be in mm.

CHECK for Ra 4y put M andE=0

2
»* 2
foRa=1090 g 0 ho. D
X 2
4
L J
Ra = —ql..—.—h-_
h 4
£ 2
F\’c1=i
,

Equation 3.44 will under certain circumstances give
over estimated values of workpiece surface roughness Ra,
Such values are caused by an incorrect positioning of the mean
line when the ratio E/h<<25, with maximum errors occurring
when M =1, For increased values of M, the error is reduced.

In such cases allowances can be made for the
over estimated vales of Ra, since the error is constant
irrespective of the value of a™

An error table is shown overleaf.
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ERROR TABLE FOR EQN.3.44 BASED ON VALUES OF o =1({ARBITRARY UNITS), AND M =1 .

&/ .05|.10 |15 |.20|.25 | .30 | .35 | .40| .45 | .50| .55 | -60|.65]| 70 |.75|.80|.85|.90] .95
Ra
{arbitrary units)
True value |2.48|2.40|2.23]2143]1.93(1.68{1.48]1.35]|1.28 {1.25/1.28|1.35| 1.48{1.681.83| 213 {2.23]2.40|2.48
Eqgn.3.44 value|4.09|336|2.77]2.31 | 1.85{1.68]1.481.35|1.28 |1.25]|1.28 |1.35{1.48/1.68 | 1.95{2.31 2.77|3.36 |4.0S
Excess value [1.6 .96 |54 |48 |.02| 0| o]o | o|o}ojo|o| of.02]18].54}96|16
Yoageerror |65 40124 | 9|1 00|00 OO0l O0O]|]O|O}O|1]|9 |24]40]65
in excess
%sage reduction ‘ﬁ 1% | % | ®|F (2
inRa dueto 114 {1115 | 23|33 | 41|46 49 [50|49]46[ 41|33 | 23|15 111} 4 |1
grinding overlap

% NB. The conditions giving the greatest over estimates of
workpiece surface roughness also give the least
actual reductions in Ra, and are therefore non-preferred.
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Programme executed on a HEWLETT-PACKARD $810A Calculator.

ROUGHNESS Ra, EMBRACING EQUATIONS 3.5, 3.7AND 3.8.

COMPUTATION OF VALUES OF GRINDING WHEEL SURFACE
IN CHAPTER 3.
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Specimen calculations of Ralwheel} for 3 = 90°
NB. Values of alA),h(H) and w{W) arein mm, andRa in um,
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B. Values of alA), h(H) and w{W) are inmm, and

Specimen calculations of Ra (wheel) for 8 =150°

Ra inum.
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APPENDIX T

COMPUTATION OF VALUES OF SURFACE INTERFE RENCE
AND WORKPIECE SURFACE ROUGHNESS Ra, EMBRACING
EQUATIONS 313 TO 3.44 INC.IN CHAPTER 3.

Programme executed on a HEWLETT-PACKARD S810A Calculator.
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Specimen calculations of interference E, showing the repetition
of values of E for each band of width vt /n,

{where Mzn,V=v, H=h,W=w and L=l }
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e lee . 3323 3, 3053
e 2sng
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Specimen calculations of interference E, showing how the
workpiece cdn have two values of surface roughness Ra
for each band of width vt /n.

HREN HUHGER
FHPUT DETHAH 1. 0000
HOR. S g, 2549
R T TSI I ErHD HUNEEF
OIS SN N R
o0
1. 2000+ ) g, 2por
SRHD HIMEER
L AT LT CINSISIEES
S TSR
B 2R
4 OHH PEY [FHD HUMEBEF
8. gjﬁi_rj"- 4IL:1L:1_1L
W 5 B AR I
Y SIS TR BTN B -
ool PH -1
L Hr REHI HUMEER
M BLEE L. adhg
FRTER 1 OFOE M o4 2,202
X | W I g
SHIE SEHIZ OF 2 o Mo S
T FIHT HuMeee
FOR 1Y OFPOSITE EFIHT Tanis i
STHWE ;,ﬁUHf—‘I
2, 000GE- e -
AL B.2a9z
- g, %50y
el s il { - - "
H HEFL  SRHTS EERT UNEES
L N DTS -
= 1
Fo BEGE T
~ S I = R
ot " - B b R
” ] ] B, 5.0
3.T143 EAHD HUMEEP
. e 4. G000
CHIE 2
R R = B, Iewz
i -y M ii:]-_; 0, %
NB. Equation (3.46) may produce incorrect values of

workpiece surface roughness Ra, under the following
circunmstances :-

I. When repeated values of interference are used
more than once.

2. When very small values of interference E, or
values of E close together are used, causing an incorrect
value of M to be entered into the equation.
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Specimen cdlculations of workpiece surface roughness Ra.
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Specimen calculations of workpiece surface roughness Ra.
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Specimen calculations of workpiece surface roughness Ra. ht
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Specimen calculations of workpiece surface roughness Ra,
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APPENDIX XL

DETERLINATION OF SYSTEN PARAMETERS FOR THE
THREE COMPONENT DRESSING FORCE DYNAMOMETER .

1. CALCULATION OF THE FORCE-SENSING RING DIMENSIONS.

These calculations are based on the followaing value
of stiffness k:~-

F,. AXIS (initially)
F, AXIS - k = 880 N/mm

Ft AXIS

For a thin ring subjected to diameteral loading, the
deflection measured in the direction of the applied load is
given by

3
§ - (JASPR mm
E I
where
6 = deflection of the ring along the mm
line of action of the applied load
P = applied load N
R = mean radius of the ring
(radius to the neutral axis) o
E = Young's Modulus of Elasticity
2 N/mm®
(210,000 N/mn“ for steel)
I = Second Moment of Area of the ring mm?
also
Dy +D
R = 42 mm
. 4
b(Dy - D, I° L
= —— mm
96
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where

D1= outside diameter of the ring mm
Dz= inside diameter of the ring mm
b = width of the ring mm

Substituting in the deflection equation above for
P, R and I in terms of D1, DZ and b.

s . 2235P [D1+02]3
~ Eb D - D5

Re-arranging the above equation to give an expression
for stiffness Kk,

oo

3
D4 -D
k = 4.4742 Eb| -2 N/mm
D1+D2

The strain~ring dimensions were calculated using the
above expression.

F_ axis
r
One ring of stiffness 880 N/mm (see fig. 5.7)

D1 30.5 mm D, 28.2 mm b 10 mm

2

Fa and Ft axes

Two rings per axis of stiffness 440 N/mm (see fig. 5.8)

D1 20.3 mm Dy 18.8mm b 8.9mm

-2-50 -




where

2. CALCULATION OF THE SYSTEM NATURAL FREQUENCIES

= s [ Hz
2| M
f = Natural frequency Hz
k = system stiffness N/m
M = system mass kg
Fr axis
k = 3.336 MN/m (actual) stiffness increased
from 880 XkIf/m
f = 364 Hz )
Fa axis
M = .638 kg
k = 853.1 klN/m (actual)
f = 184 Hz
Ft axis
M= .638 kg
k =1.079 MN/m  (actual)
f = 207 Hz
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3. CALCULATION OI' THE STRAIN DEVELOPED IN
THE FORCE MEASURING SYSTEL, AND THE
CORRESPONDING ELECTRICAL SIGNAL.

Specimen calculations for the Fr Axis.

Considering a force of 1 Newton applied to the

i

systen.

strain ring diaphragm

kid 3kl4
k=kl/4+3kl4

Hence the force acting on the strain ring = .25 N.

For a thin ring subjected to diameteral loading,
the bending stress acting at the inner and outer fibres

is given bysa
6M
s = 20 N/mm?
b t
where
t = wall thickness of the ring mm

M = bending moment considered at any point
around the ring

At the strain gauge fixing points ( see fig. 5.12 ),

the bending moment is given by

M = +.1817 PR N.mm

Hence the strain at the inner and outer fibres of

the ring where the strain gauges are mounted is given
by

1.09 PR

btzE

-252 -
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10V

GAIN
5000

For the above Wheatistone Bridge Circuit the voltage
across d-b is given by

de = elUG Volts

where
U= bridge voltage (constant at IO V.)

and G = gauge factor (2.095 for the gauges used.)

Hence the voltage across d-b is |

1.08 PRUG

Vi =
db bt E

Volts

Por a force of 1 Newton applied to the systen, de is

1.09 x .25 x14.68 x 10 x2.085
10 x1-15 x 115 x 210,000

Volts

With a gain of 5,000:

de = 150 mV
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Hence the current through the galvonometer circuit

is
150 x 1073
=~~~ A . = 145 npA
1035
and the voltage drop across the galvonometer
is

5}

150 x 103~ {145 x10°x103) V =5 my

For the galvonometer used,the sensitivity is
1.75mV/mm , giving a trace width of

S - 2.
75 mm 2.-85 mm

Hence the theoretical trace sensitivity of the
Fr axis is

2.-85 mm/N

From the calibration chart (see fig. 5.I7) the actual
trace sensitivity is

2-5 mm/N

Similar calculations for the Fa and Ft axes were
calculated.
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APPENDIX V1

DRESSING TEST RESULTS

(TABULATED FORM)
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=

Y/ /7

A

Volume of wheel worn away

= IMDW(hy-h, ) cubic units

Calculation of the volume of grinding wheel
dressed away or worn away by grinding
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~N 5N

= = |

i

+15°
25 um
5 mmirev

7.8 N
2.8 N

bty

+15
5 um
-5 mmirev

5N
2N

Specimen dressing force readings

— T T
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DIAMOND N2 :-63794/1 1.00K wt,

TEST N2:- 1

IN-FEED:-  12.5ym {.0005in.)
CROSS-FEED:- .5 mm/rev { .020 in/rev)
WHEEL TYPE:- A 46KV
¢ 305 mm DRESSING PASS Ne :-
SPEED:- 1800rev/min 1 2 3 4
F 1.45 1.52 1.59 1.59
"g . 15° R .55 .55 .63 .66
E R/ 263 2.76 2.52 2-40
= F. 1.04 | 1.18 | 1.32 | 1.45
2 + 10° Fy 41 .48 55 .62
z FIF | 253 | 2.45 | 240 | 2.33
= R 90 | 1.32 | 1.45 1.94
i + 5° Fy .34 41 .48 .62
% F.IF; 2.64 | 3.21 3.02 3.12
o F 2.22 2.16 2.57 2.91
% 0° R .69 .69 .76 .77
Q RIR 3.21 3.13 3.38 3.77
= Fr 3.12 2.86 3.47 2-98
= -5 Fi .76 .83 90 83
g F.IR 410 3.44 3 .85 3.59
a Fr 2.98 3.47 3.82 312
E - 10° Fi .69 90 94 .83
% F- IFt 431 3.85 4 .06 3.75
© Fr 3.19 2.98 3.82 3.83
£ -5 { 1.04 63 83 83
FIf | 3-06 4.31 460 | 4.6
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DIAMOND N2 :- 63794/1 1.00K wt.
12.5 ym (.0005 in.)

IN-FEED :-

CROSS-FEED :-

4 mm/rev {.004 infrev)
WHEEL TYPE:-A 46 KV

TEST NQ:- 2

¢:- 305 mm DRESSING PASS N2 :-
SPEED:-1800rev/min 1 2 3 1A
Fr 1.1 1.56 1.56 | 1.14
2+ R 133 4 4 .36
'% FIR | 3.33 | 3.50 | 3.53 | 3.5
= | 143 | 181 | 157 | 1.45
2 | o« 10° Fy 41 b -4k 41
z FIF | 3.48 | 3.61 | 3.53 | 3.50
= F. 1.47 | 1.45 | 1.61 1.45
Lt: + 5° Fy .39 .39 41 .39
& FIF, | 3.80 | 3.70 | 3.91 3.65
s R 1.81 1.83 1.78 | 2.00
% 0° R 42 ‘43 42 .46
i IR 4.33 | 4.30 | 4.25 | 4.3
= Fr 1.88 2.11 2.22 2.22
= - g R .37 41 42 A
o FIf | 490 | 5.0 | 5.33 | 5.00
& Fr 2.43 | 2.53 | 2.39 | 2.43
w | -100 R 44 48 .45 Al
% F- /Rt 5.46 | 5.30 | 5.33 5.46
© Fr 2.64 | 2.71 | 2.67 | 2.59
;;: o5 ; .50 50 49 .46
R IR 5.27 | 5.41 5.40 | 5-63
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TEST N2:- 2 cont,
DIAMOND N2 :-63794/1 1.00K wt.
IN-FEED :- 12.5 ym {.0005 in.)
CROSS-FEED:- .1 mm/rev (.004 in/rev])
WHEEL TYPE:- A 46 KV
¢:- 305 mm DRESSING PASS N2 :-
SPEED:-1800rav/min 5 6 7 8
Fr 1.11 1.58 1.58 1.57
gl +® R | .38 .46 46 47
E; /Ry 3.07 | 3.40 3.41 3.35
z F. 1.49 1.46 1.50 1.46
£ +10° g 43 4 41 41
2 F/F | 3.50 | 3.55 | 3.69 | 3.55
b Fo| 1.456 | 1.70 1.81 | 1.53
E . 5° F .39 4k .45 .39
§ RIFp | 3.70 | 3.81 4.00 | 3.92
I Fr 1.89 1.95 1.95 [ 1.74
% o F bk 45 45 .39
ﬁ R 4-32 | 4.35 4 .33 4-45
e Fr 2.36 2.22 2-09 2.71
o Fy .45 Al 41 .52
¢ FIR | 5.21 | 5.00 | 5.40 | 5.21
o Fr 2.56 2.57 2.78 3.34
w | -10° Fy 46 .46 49 58
% F-IF¢ 5.57 5.53 5.62 5.70
o Fr 2.39 2.31 3.22 3.34
§ - 15 Ry .42 A4 .56 57
IR | 5.73 | 5-24 5.76 | 5.83
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DIAMOND N2 :-63794/1 1-00K wt.

IN-FEED :-
CROSS-FEED:-

WHEEL TYPE:-A 46KV

12-5 ym {-0005 in.}
-1 mm/rev (.004 in/rev)

TEST N@:- 2 cont.

¢:- 305mm DRESSING PASS N2 :-
SPEED:-1800rev/min 9 10 11 12
Fr 1.61 1.56 1.60 1.47
Z e R | 48 47 47 44
E F/Fy _m.as 3.33 3.39 3.31
Z F, 1.56 1.58 1.56 1.64
g . 10° Fy A4 A L4 47
2 FIF | 3.49 | 359 | 3.50 | 3.49
= F. 1.7 | 170 | 1.67 | 1.81
z + 5 Fy YAA 43 A 48
& R IFy 3.95 | 3.89 3.75 | 3.77
L Fr 211 2.06 209 2.04
% & ; 48 47 48 47
i IR 4.39 | 4.35 4-34 | 4.31
e Fr 2.72 | 2.64 2.72 2.50
= -5 R .51 .49 .50 47
g FIf | 5.30 | 5.32 | 540 | 5.29
S Fr 3.39 | 3.00 3.06 | 3.06
w | -1 R .59 54 54 .53
% F-IFt 5.70 | 5.59 5.64 | 5.70
o Fr 3.81 3.73 3.61 | 3.68
| -1 R 64 .63 . 62 . 62
R IR 5.95 5.94 5.78 | 5.90
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TEST N2:- 2 cont.
DIAMOND N2 :- 63794/1 1.00K wt.
IN-FEED:- 2.5 pm {.0005in.)
CROSS-FEED:- .1 mm/rev (.004 in/rev)
WHEEL TYPE:-A 46KV
¢:- 305 mm DRESSING PASS N2 :-
SPEED:-180Crev/min 13 14 15
2| +15 R 44, .44 .45
E F-/Fy 3.19 | 3.25 3.36
QO
= R 1.64 | 1.58 | 1.70
W)
= + 10° Fy .47 .46 .47
Ll
Z R/ Fy 3.51 3. 41 3.62
= F 1.72 | 1.88 2-00
O + 5° Fy 43 49 -52
LLI o
% F. IFy 3.98 | 3.85 3-86
i Fr 2.02 | 2.1 2.10
o
= 0° Ry .48 .49 .49
% — T ——T— 1A
L /R 4 .15 h-34 4-25
a Fr 2.22 | 2.29 2.78
.. o
E -5 Ft YA 45 .52
g F- /R 5.00 | 5.06 5.30
a Fr 2.99 | 3.06 3.61
w | -1 R 53 | .54 .62
% F-IF¢ 5.60 | 5.60 5.80
Q Fr 3.68 | 3.61 3.48
o
x| -15 R .61 .61 .58
R 1R 65-00 | 5.88 5.95
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TEST N2 3

CROSS-FEED:~- A1mm/rev (-004in/rev)

DIAMOND NQ:- 7178412 :

IN-FEED:- 12.5um (.0005 in)

WHEEL® 305 mm GRINDING WHEEL TYPE :-

SPEED 1800revimin | ABOKV | A4BKV |[38ALBKSV-[32A50K8V-
0 ) Fr 70 .90 .50 .50
S + 15 R .22 30 15 15
é FIFt | 348 3.00 3.33 3.33
g Fr 1.39 1.93 1.61 1.58
L + 10° Fi .27 A .33 .33
C FUFt | 514 | 470 | 4.87 | 4.78
3 Fr 2-08 225 1.76 1.75
§ + 5° Fi .38 .51 .34 .30
S FIFe | 5-47 | 4-41 5.17 5.83
o Fr 2.34 2.52 2-18 1.83
7 0° Fy .48 .55 .37 .31
& FIFy | 4-87 | 4.58 5.78 5 90
.D. Fr 2-36 | 2.78 2.25 1.97
F - 5° Ry 41 .54 .38 32
5 EIFp | 5.75 5. 14 5.80 6.00
S Fr 2.44 2.79 2.25 1.97
= S R 40 .32 27 ||
Z RIFy | 610 6.97 7.00 7.10
o Fr 2.48 2.25 1.83 1.62
o - 15° Fi .38 .33 .28 .23

FIFy | 6-52 6 .81 6-51 6-88
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TEST N2 3 cont.
DIAMOND N2 :- 70795/2
IN-FEED:-  12.5um {0005 in)
CROSS-FEED:- Imm/rev (-004in/rev)
WHEEL® 305 mm GRINDING WHEEL TYPE :-
SPEED 1800revimin | AGOKV | A4BKV . |33ALEKSV-|32A60K3V-
o o | . 1.54 | 1.68 1.11 95
g + 15 R .39 42 .35 .31
K Fr/F 3.96 | 4.00 3.20 3.09
g Fr 1.33 | 1.36 1.04 .82
L + 10° Ft .37 .37 .35 .29
c F/Fp | 3.56 | 3.68 3.00 | 2.81
o Fr 1.25 | 1.22 96 .68
§ + 5 Fy .38 .35 33 .26
S FrlFy 3.33 | 3.49 2.88 2.58
© Fr 1.25 | 1.37 .88 .67
% 0° Ft . 36 36 31 .25
%J F-/Fy 3.50 | 3.80 2.86 2.67
- Fr 1.47 | 1.7 1.22 1.33
‘% - 5° R .37 A .32 .38
5 RIFp | 3.93 | 4.22 3.83 3.56
e Fr 1.68 2.52 1.33 2.04
a | -1 R .38 L5 32 | .39
Z R/ Ft 4L .48 5.56 L7 5.25
© Fr 1.97 | 2.52 1.63 1.77
o - 15° Fi .39 43 .33 -33
F/Fy | 5-00 5.8, | 4.88 5.29
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TESTN2:- 4
DIAMOND N2:- 63794/2
WHEEL TYPE:-32A60-  ¢:-305mm SPEED 1800 rev/min
DRAG ANGLE:- 5° .
CROSS-FEED (mm/rev & in/rev)
. g nfrev] 004 | .008 .012 .016 .020
£ 3 mmirev| 4 2 3 b -9
Fa
Fr 18 | 19 24 26 28
~ |Sln] Rt .06 | -06 .08 .08 10
E |2 [F/Ft | 3.25 | 3.8 2.83 3.12 2-86
— Ra .50 .70 1.00 1.30 1.65
< Fa
- Fr .68 .82 | 1-16 1.47 | 1.67
~r
5 |8lel Rt .22 . 25 .35 .46 . 50
@ (e |FRIFp | 3.06 | 3.28 | 3.33 3.22 | 3.33
Rq .75 .75 | 1.05 1.38 | 2.10
< Ry 06 | .06 | .06 07 |07
o Fe 1.28 | 1.71 | 2.00 2.54 | 2.86
28|w| F .38 .50 .59 .75 .83
alS| R IR 3.38 | 3.40 | 3.37 3.39 | 3.43
Lﬂé Ra .90 | 1.05 | 1.25 1.63 | 2.70
il Fy 10 11 .08 10 11
= F 1.33 | 1.85 | 2.45 2.8, | 3.34
—~ 13|g| R 40 .61 .72 .89 | 1.00
c |o| [F/Fy | 3.31 | 3.02 | 3.38 3.19 | 3.30
E: Ra 1.45 | 1.80 | 2.30 2.40 | 2.88
£ Py 11 A4 11 14 4
g o Fr 1.47 | 2.11 2.59 3.22 | 3.67
u |5 | F 47 .63 .76 97 | 1.14
wo | *| |FelFfy 312 | 3.38 [ 3.38 3. 31 3.22
Ra 2.38 | 2.42 | 2.50 2.70 | 2.98

- 265~




TESTNQ:- 4 cont,
DIAMOND NQ:- 6379412

WHEEL TYPE:-32A60-  ¢:-305mm  SPEED 1800 rev/min
DRAG ANGLE:-10° .
CROSS-FEED {mm/rev & in/rev)
. £ infrev| .004 .008 -012 -016 -020
£ 3 mmlrev A 2 3 4 5
Fqa | ——
Fr 149 | .24 .35 .53 .53
~ 18lw| R 08 | .10 [ .13 .21 .20
E |® |F/Ft | 233 | 2.43 | 2.78 | 2.53 | 2.68
— Ra 1.00 | 1.25 | 1.55 1.50 1.50
< Fa
3 Fr .72 1.06 | 1.25 1.53 1.86
~3
5 |8le| Fi .25 .37 42 .61 .64
T 1| |R IR 2.89 | 2.83 | 2.96 2.80 | 2.50
_ Ra 1.33 | 1.55 | 2.00 1.70 1.88
£ Ry -04 .05 .04 .04 .06 |
o F 1.08 | 1-.56 | 2.03 2.56 | 3.00
3S|wl F .35 .61 .61 .75 .89
alSl R iF 3.10 | 3.14 [ 3.3 3. 41 3.39
§ Raq 1.25 | 1.75 | 2.13 2.05 | 1.93
) Fq 10 10 A3 11 11
= F. 1.31 | 2.00 | 2.50 | 3.14 3.66
~ |3le| R 40 .64 .75 .95 | 1.08
) o™
S (o |FiFy | 325 | 343 | 3.32 | 3.30 | 3.40
E Raq 1.63 1.75 2.38 | 1.98 | 2.08
z Ry -15 4 14 15 14
Ty Fr 1.54 | 2.28 2.86 3.56 4 .04
o o o)
L |S|&] R -49 .75 84 | 1.06 | 1.18
o |%| |FFr [ 317 | 3.04 | 341 | 335 | 3.42
Rq 1.70 | 1.80 2.63 | 1.98 2.70
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TESTNQ:- 4 cont.
DIAMOND N2 :- 6379472
WHEEL TYPE:- 32A60- 9:-305mm  SPEED 1800 rev/min
DRAG ANGLE:-15° BE
CROSS-FEED {mmirev & in/rev) i
. g infrev| -004 | .008 .012 016 020 ?
= mmirev| 4 2 3 -4 -5 ‘
Fa
Fr b 15 .22 .28 42
~ 18|w| Ft .06 .07 | 10 43 | 19
E |2 [FeiFt | 2.0 | 2.20 | 2.22 2.22 | 2.15
- Ra 1.63 | 1.00 | 1.45 1.88 | 1.30
< Fa
3 Fr .64 .83 | 1.08 1.36 | 1.68
~
S |8le| Fi .25 -33 41 49 .53
T 1| |F IR 2.56 | 2.50 | 2.65 2.80 | 3.16
Ra 1.30 | 1.83 | 1.75 2.13 | 2.13
= Ry .08 .07 .08 .06 .07
pi I8 F. .81 | 1.21 | 1.95 | 2.54 | 3.1
A3lw| F .26 .38 .59 .76 .84
P e N 2 3.06 | 3-15 | 3.26 3.35 | 3.30
E Ra 1.63 1.55 | 2.88 2.25 1.70
i) Fy .08 10 10 -10 10 ;
a F 89 | 1.77 | 246 3.38 | 4-31 ‘
~ |ole|l R .30 .55 .78 .99 | 1.27
£ 13| |rir | 3.00 | 3.22 | 317 | 3.43 | 3.39
E: Ra 225 | 1.75 | 3.13 2-88 | 1.88 1
£ Fa -15 -14 14 A4 17 ;
L™ Fr 97 | 1.96 | 2.97 | 3.78 | 4.63 1
1214l F 31| .61 88 | 1.08 | 1.29 ||
TE =] Rl B! ‘
Lo o] R IR 3.15 | 3.21 | 3.19 3.51 | 3.58 i
Ra 1.63 [ 1.88 | 2.13 3.00 | 2-13 ;
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DIAMCND NQ:- 63794/2
WHEEL TYPE:~ A60 KV
DRAG ANGLE:- 5°

¢:-305mm

TESTN2:- 5

SPEED 1800 rev/min

CROSS-FEED {mm/rev & infrev)
. g Infrev] 004 | .008 012 .016 020
= 3 mmirev A 2 3 4 5
Fa
Fr 1.25 | 1.70 2.14 2.64 | 3.34
~ |3lw| F 42 | .53 71 .88 | 1.04
E 2| |Fr/Ft | 3.00 | 3.21 | 3.02 | 3.02 | 3.20
— Ra .75 | 1.00 | 1.30 1.55 | 1.00
< Fa
3 . Fr 2.64 | 2.85 | 3.75 411 4.66
s [8lel R .78 .86 | 1.18 1.22 | 1.45
T el IR IR 3.41 | 3.33 | 3.19 3.38 3.22
Ra .88 | 1.13 | 1.35 1.70 | 1.20
< F, 25 1 .28 | .28 33 33
I F 5.03 | 5.70 | 6.46 7.23 | 8.34
AS|w| F 1.48 | 1.69 | 1.90 2.16 | 2.46
ol |F/Fy | 3-39 | 3.37 | 3.4 3.35 | 3.39
L Ra | 1.13 | 1.20 | 1.20 | 1.63 | 1.55
;-_L, Fy .39 47 .53 .53 . 56
= R 6.45 | 7.23 | 8.19 9.37 | 10.43
~ lola| ® 1.87 | 2.08 | 2.35 | 2.66 | 3.01
S |9 [FtFt | 346 | 3.47 | 3.49 | 3.52 | 3.47
E Ra .88 | 1.13 | 1.25 | 1.55 | 1.30
z R .56 .61 .61 .70 .70
i P Fr 7.23 | 8.52 | 9.79 | 11.12 | 12.70
Lt éﬂ Fy 2.02 | 2.42 | 2.78 | 2.95 | 3.34
Lo FRIFp | 3.57 | 3.52 | 3.52 | 3.77 | 3.81
Ra .88 .95 | 1.50 | 1.38 | 1-38
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DIAMOND N2:- 63794/2

WHEEL TYPE:- A 60KV

DRAG ANGLE :- 10’

¢:-305mm

TESTNQ:- 5 cont.

SPEED 1800 rev/min

CROSS-FEED (mm/rev & infrev)

. g infrev| .004 [ -008 012 015 .020
£ 3 mmfrev| 4 2 3 b S

Fa
N Fr .79 .83 1.18 1.39 | 1.86
— 19| F .25 -26 -36 - 40 - 56
E 12| |F/Ft | 3.20 | 3.16 | 3.27 | 3.48 | 3.35
~ Ra .88 | 1.00 1.30 | 1.33 | 1.55

< Fa
= Fr 2.59 | 3.27 3.50 417 | 4.73
S |8le| Fi 75 | .94 99 | 1.19 [ 1.32
T 2l |RIF 3.44 | 3.47 | 3.55 | 3.50 | 3.57
_ Ra 1.20 | 1.33 1.38 1.50 | 1.75
£ R 19 .22 .22 24 .25
“lw Fr L.56 | 5.37 6- 12 7.23 | 8.12
3|8l R 1.34 | 1.55 1.70 2.02 | 2.42
alSl [R/F | 3.40 | 3.45 3.60 3.59 | 3.51
Lh’é Ra | 1-05 [1.25 | 1.60 | 2.13 | 2.30
) F .36 | -39 .39 44 - 46
- F. 6.26 | 7-12 | 8.16 | 9.04 1| 10.06
-~ 13la| R 1.74 | 2.00 | 2.25 | 2.44 | 2.73
& |©| (RiFf | 3.60 | 3.55 | 3.62 | 3.71 | 3.69
% Ra 1.00 | 1.20 1.75 2.20 2.25
=z Ry .56 . 61 .61 .64 .65
el F 7.23 | 8-28 | 9.31 | 10.29 | 11.40
w |3 I 2.04 | 2.36 [ 2.60 | 2.76 | 2.99
Lo F.IFy 3.55 | 3.51 | 3.58 3.73 | 3.81
Ra 1.20 | 1.38 | 1.95 213 | 1.75
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TEST N@:- 5 cont.
DIAMOND N2:~ 63794/2
WHEEL TYPE:- A 60KV  9:-305mm  SPEED 1800 rev/min
DRAG ANGLE ;- 15°

CROSS-FEED (mm/rev & in/rev)
. g nfrev| 004 | .008 012 .016 .020
£ 3 mmirev| 4 2 3 b 9
Fa
Fr .72 .78 .89 90 | 1.22
~ 18]w| F .23 24 .28 28 | .39
E |2| |Fr/Ft 3.47 | 3.20 | 3.19 3.22 | 3.15
— Ra 143 | 1.15 | 1.00 1.00 | 1.30
< Fa
:,! . Fr 2.34 | 2.39 | 2.68 2.84 | 3.23
5 |Sle| Fi 71 .71 .79 .84, .96
« 19t [fR/Fy | 3.31 | 3.37 | 3.41 | 3.39 | 3.38
Ra 1.38 | 1.25 1.63 1.50 | 1.50
= Ry 19 21 .26 .25 | .28
| F 3.24 | 3.53 | 4.17 4L.42 | 5.12
ElS|nl &/ 94 | 1.01 | 1.18 | 1.25 | 1.45
olSl |F/F | 3:45 | 3.51 3.55 3.54 | 3.52
m Ra 1.40 | 1.63 2.08 2.18 | 2.38
T 3 36 | .36 | .38 W2 | 42
"l R 5.00 | 5.52 6.14 6.71 | 7.28
~ lole| R 1.45 | 1.57 1.68 1.86 | 2.03
0 o™
S 9| |F IF 3.46 | 3.52 | 3.65 3.61 | 3.58
E Ra 1.55 | 1.50 | 2.13 2.20 | 2.25
=z Ry .58 .50 49 .53 .53
g‘ 5 F 6-12 | 6.84 | 7.62 8.20 | 9.04
P PSS 1.70 | 1.%0 | 1.99 2.27 | 2.54
o |°| |F/F | 3.60| 3.59 | 3-83 | 3.62 | 3.56
Rq 1.55{ 1.63 [ 2.00 2-13 | 2.63
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DIAMOND N@:- 63794/2
WHEEL TYPE:- A4BKV

DRAG ANGLE:- 5°

$:~-305mm

TESTN2:- 6

SPEED 1800 revimin

CROSS-FEED {mm/rev&in/rev)

. g infrev| .004 | .008 012 016 020
£ 3 mmirev 1 2 3 gA 5

Fa
Fr 1.25 | 1.60 1.81 2.10 | 2.31
~ 8w Rt 43 | .54 .67 72 .78
E |®| |F/Ft | 290 | 2.95 | 2.7 2.90 | 2.96
— Ra 1.25 | 1.03 1.45 1.45 | 1.00
< Fa 15 18 14 b 15
= . Fr 2.22 | 3.09 3.89 4L.60 | 5.21
S |12le| R .77 .98 | 1.26 1.53 | 1.64
< |2|"|FrFy | 290 | 3.5 | 3.10 | 3.00 | 3.17
_ Ra 1.38 | 1.05 | 1.68 1.88 | 1.90
£ Fy A7 | 4 19 A4 15
i Fr 2.59 | 417 | 5.64 | 6.76 | 8.24
3A8lw| / .83 | 1.30 [ 1.73 | 2.14 | 2.74
ol |F IR 3.10 | 3.20 | 3.27 3.15 | 3.01
f Ra 1.08 | 1.55 | 1.65 | 2.38 | 3.20
] Ry .19 21 19 .22 19
= R 3.06 | 5.09 | 6.78 9-12 | 10.99
~ |3la| ® .94 | 1.54 | 2.05 | 2.80 | 3.28
S |e| |/R/Ft | 3-25| 3.30 | 3.31 3.26 | 3.35
E: Ra 1.13 | 1.45 | 1.55 2.00 | 2.95
=z Fq .22 .25 .21 .22 .23
el | 3.22 | 5.34 | 7.90 | 9.90 | 12.51
L ol Fy .91 | 1.56 | 2.28 | 2.91 | 3.67
wo | |R/Fy | 3.53 | 3.42 | 3.46 | 3.40 | 3.41
Rq 1.30 | 1.33 | 1.65 | 2.10 | 3.75
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TEST NQ:- 6 cont.
DIAMOND NO:- 63794172

WHEEL TYPE:- A46KY  ¢:-305mm SPEED 1800 rev/min
DRAG ANGLE:-10°

CROSS-FEED {mm/rev & in/rev)
. g infrev| 004 ] .008 T -012 016 020
= 3 mmirev] 4 2 3 4 >

Fa
Fr . 67 .75 [ 1.26 | 1.47 | 1.65
~ |8lw| F .26 | .28 | .48 .54 | .60
E (2 |F/Ft | 2.53 | 2.70 | 2.65 | 2.70 | 2.77
— Ra | 1.05 | 1.15 .95 | 1.00 | 1.20
< Fq .10 11 11 -13 11
= . Fr 1.53 | 2.28 2.42 3.27 | 3.56
5 |8la| R . 56 .80 .86 | 111 | 1.24
@ |2 |/ | 2-71 | 285 | 2.80 2.93 | 2.87
_ Ra | 1.05 | 1.40 | 1.65 1.78 | 1.83
£ Fy 17 19 18 19 .21
o Fr 2.65 | 3.67 | 4.39 §.50 | 6.03
ESle| R 88 | 116 | 1.47 | 1.72 | 2.02
ol |F/Fy | 3.01 | 3.15 | 3.00 3.20 | 2.99
n Ra 1.00 | 1.45 | 1.70 | 2.38 | 2.25
) Fy 24 .24, . 25 .25 .26
= Fr 3.60 | 4-74 | 6.14 7-51 | 8.70
- 13la] R 1.15 | 1.50 | 1.98 | 2.33 | 2.69
c (o {riFy | 312 ] 3.15 | 3.10 | 3.22 | 3.23
E Ra 1.20 | 1.58 | 1.80 | 2.78 | 2.73
z F, .26 .28 .27 .31 .33
Loy F. 4.11 | 5.75 | 7-17 | 9.-04 | 10.61
Lo |S|N) R 1.29 | 1.87 | 2.31 2.87 | 3.31
wo |Z) | R IR 3.18 | 3.07 | 3.10 | 3.15 | 3.20
Ra 1.50 [ 1.75 | 1.88 | 2.50 | 2.78
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TEST NQ:- 6 cont,
DIAMOND NQ:- 63794/2
WHEEL TYPE:- A46KY  ¢:-305mm  SPEED 1800 rev/min
DRAG ANGLE:- 15°

CROSS-FEED {mm/rev&in/rev)

. g infrev| .004 | .008 .012 016 .020
£ 3 mmirev h 2 3 A 5

Fa
Fr 1.04 | 1.25 1.61 1.75 | 1.97
~ |Qlw| F .39 | .46 .51 .56 | .64
E |2 |FrlF 2.65 | 2.73 3.14 3.15 | 3.09
- Ra 1.25 | 1.00 1.38 1.25 | 1.00
< Fa .04 -06 .07 .08 . 08
g . Fr 2.32 | 3.17 3.84 4.34 L.93
5 |8le| Fi .79 | 1.10 1.32 1.45 | 1.56
< 12l |RIF 2.95 | 2.87 | 2.91 | 2.98 | 3.16
_ Ra 1.30 | 1.30 1.60 1.90 | 2.10
£ Ry .09 .08 .10 11 .12
og@ Fr 2.86 | 3.84 4.45 5.49 | 6.07
AS|w| R .89 | 1.18 1.48 1.66 | 1.98
all & 1R 3.22 | 3.25 3.01 | 3.31 | 3.07
§ Rg 1.20 | 1.38 1.83 | 2.13 | 2.13
1 Ky 45 A7 17 .18 19
— o 3.85 | 4.99 6.13 | 7.51 8.48
—~ ||| ® 1.21 | 1.53 | 1.86 | 2.29 | 2.60
S 9| [F IF 3.18 | 3.26 3.30 | 3.28 3.26
E Ra 1.45 | 1.45 1.75 | 2.05 [ 2.15
=z Ry .22 .22 .25 .26 . 28
g‘ - F. 461 6.12 7-42 | 8.63 9.80
u |5 ~|  F 1.42 | 1.87 | 2.22 | 2.62 | 2.96
4O F. IFy 3.26 | 3.28 3.35 | 3.29 | 3.31
Ra 1.45 | 1.35 1.53 | 2.00 | 2.20
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TESTNQ:-7
DIAMOND N2:- 6379472

WHEEL TYPE:- 38 A 46~ ¢:-305mm  SPEED 1800 rev/min

o K5YBE
DRAG ANGLE:- 5
CROSS-FEED (mm/rev & in/rev)
. g inirey] .004 | .008 012 .016 020
£ 3 mmirev| A 2 3 -4 -
Fa
Fr .57 .83 | 1.29 | 1.58 [ 1.78
~ 13lw| F 19 | .28 42 .51 | .57
E |2} |F/Ft | 3.00 | 2.95 3.05 3.10 | 3.10
- Ra 1.15 | 1.05 | 1.20 | 1.45 | 1.98
< Fq
% . Fp 1.47 | 2.25 | 2.79 3.73 | 4.39
S |8le| F .48 .71 .87 | 1.25 | 1.42
@ {e| |FR/Fp | 3.10 | 3.15 ] 3.20 | 2.98 [ 3.10
Ra 1.30 | 1.25 | 1.25 | 1.50 | 2.25
c Fy A4 | 11 11 0| 1
o Fr 2.18 | 3.20 | 4.17 | 4.98 | 6.51
ESle| R 65 .97 | t.24 | 1.5¢ | 1.94
all | F IRy 3.37 | 3.29 | 3.37 | 3.30 | 3.35
! Ra 1.25 | 1.45 | 1.95 | 2.08 | 2.58
;_1: 3 22 |24 |21 22 | 24
= Fr 3.00 | 4.23 | 5.64 | 6.89 | 7.94
~ |13lg| w .88 | 1.28 | 1.66 | 2.06 | 2.32
c 19| |R IR 3.40 | 3.31 | 3.40 | 3.35 | 3.42
E: Ra 1.25 | 1.50 | 2.05 | 2.23 | 2.63
z F, .26 .26 .28 .28 .29
g‘ o F 3.42 | 5.21 6.23 7.98 | 9.24
PR PN .87 | 1.51 1.81 2.37 | 2.68
o |5 R R 3.51 | 3.46 | 3.44 | 3.37 | 3.45
Rq 1.25 | 1.60 | 2.10 2.33 | 2.73
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TEST NC:- 7 cont,
DIAMOND Ne:- 63794/2

WHEEL TYPE:- 38A 46~ ¢:-305mm  SPEED 1800 rev/min
DRAG ANGLE:-10° =
CROSS-FEED (mm/rev & in/rev)
, g inirev| 004 [ 008 [ .012 016 1020
= 3 mmfrev| 4 2 3 -4 -3
FCl
Fr 22 .33 42 .65 71
~ |3lw| Ft .08 | .12 15 .23 | .25
E |2 |F/Ft | 280 | 2.89 | 2.75 | 2.91 | 2.88
— Ra | 1.53 [ 1.25 1.08 | 1.10 | 1.20
< Fq
3 . Fr 1.11 1.25 1.53 1.83 1.95
S 18le| F 36 43 .50 .62 .62
C 12| |RIF 3.08 { 2.90 | 3.06 | 2.97 | 3.12
Ra 1.68 | 1.48 | 1.53 [ 1.68 | 1.58
£ R 13 13 15 14 15
| F. 1.63 | 2.04 | 2.40 | 2.72 | 2.99
S 51 | .65 | .73 | .85 | .93
oSl (R | 321 ] 346 | 3.28 | 3.22 | 3.20
§ Ra 1.73 | 1.55 | 1.95 | 1.95 | 2.13
2 Ry 18 18 19 18 .21
= F. 2.07 | 2.64 | 3.06 | 3.36 | 3.91
~ |3la| R .62 | .81 92 | 1.03 | 1.19
c |o| [rir | 3.32| 3.26 [ 3.31 | 3.27 | 3.29
E; Rg 1.73 | 1.83 | 3.08 | 2.38 | 2.83
= FQ 24 .25 .25 .26 . 26
w | F. 2.32 | 3.07 | 3.59 | 4.38 | 4.93
o158 R .68 | .95 | 1.06 | 1.28 | 147
Lo | |FiF 3.41 | 3.23 | 3.38 | 3.41 | 3.35
Rq 1.88 | 2.08 | 2.88 | 3.38 | 3.70
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TEST N@:- 7cont,
DIAMOND N2 :- 63794 /2
WHEEL TYPE:-38A46- ¢:-305mm  SPEED 1800 rev/min
DRAG ANGLE:-15 E

CROSS-FEED (mm/rev & infrev)
, g Infrev| .004 | -008 .012 .016 020
£ 3 mmlrev 1 2 -3 b =
Fa

Fr 47 | .56 79 | 1.24 ]1-39

o™~
~ (ol F .06 | 19 .26 40 .46

o
E |®| {FiFt | 2.98 | 295 | 3.00 | 3.07 | 3.05
- Ra 1.40 | 1.33 1.00 | 1.25 | 1.05

< Fq

% Fr 1.47 | 1.67 2.20 2.46 | 2.75

3
S [Sle| R L7 .55 .68 .79 .89
T 1l |/ /R 3.3 | 3.01 | 3.24 | 3.11 | 3.08
Ra 1.20 | 1.35 [ 1.48 | 1.65 | 1.38
£ Fy .08 .07 .08 .10 10
sl F 1.95 | 2.45 | 3.06 | 3.63 | 3.98
ESlel R 59 | .74 .94 | 1.08 | 1.20
al Sl | FIF 3.29 | 3.31 | 3.26 | 3.35 | 3.31
ﬁ Ra 1.53 | 1.70 | 1.78 1.93 | 1.95
) Fy 11 11 11 13 11
- F,. 2.34 | 2.96 | 3.61 | 4.00 | 4.61
~ |3|g| ® .68 | .86 | 1.08 | 1.17 | 1-36
c (S |RtFy | 3-41] 3.42 | 3.35 | 3.41 [ 3.39
E Ra 1.25 | 1.55 1.85 | 2.08 | 2.08
Z Fy A5 [ 17 15 14 .15
el F. 2.59 | 3.11 3.93 L.45 | 5.14
o 1518 A 74 | 90 | 112 | 1.25 | 1.53
o || |F/FR | 351 [ 3.47 | 3.50 | 3.55 | 3.35
Ra 1.30 | 1.58 2.05 | 2.65 | 2.65
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TESTNQ:- 8
DIAMOND N2:-~ (Origin unknown) blunt; single-point
VHEEL TYPE .-38A46.K5VBE ¢:~292mm SPEED 1800 revimin
DRAG ANGLE:-~ +5°

CROSS-FEED (mm/rev & in/rev)
. g Infrev] -004 | .008 012 016 020
£ 3 mmirev A 2 3 4 5
FCl
Fr 3.22 | 3.53 | 3.75 3.75 3.89
~ |Slw| F .72 .78 .76 .87 .89
E 19 IF/Ft | 4.50 | 4.50 | 4.92 | 4.31 4.35
~ Ra .78 .75 .90 1.08 1.28
< Fa
;! . Fr 10.43 | 10.84 | 11.20 11.40 | 11.51
5 |8le] Ft 217 2.27 | 2.33 2.46 | 2.44
T 1ol IR IR £.80 | 4.76 | 4.81 4.63 | 4.72
_ Ra 95 1.15 1.23 1.28 1.38
£ Fa
o F. 13.54 | 13.90 | 1448 | 14.54 | 14.60
2A8w| R 271 | 2.62 2.84 2.91 3.01
P It B 5.00 | 5.31 4.98 5.00 | 4-75
LEU Ra 143 | 130 [ 1.30 | 1.33 | 1.43
2 Fa
= Fr 17.51 | 17.79 | 18.01 | 18.07 [ 18.54
~ 13|g| & 347 | 326 | 3.15 | 3.36 | 3.45
C || |RIF | 5.52 | 5.46 5.71 5.38 5.37
E: Ra 1.30 | 1-30 1.30 1.30 | 1.30
z R
g F- | 19-46 | 19.74 | 20.07 | 20.29 | 20.43
|3 | F 3.27 | 3.32 | 3.18 | 3.39 | 3.35
wo || | FelFy 5.96 | 5.94 6.31 5.98 610
Rq 1.30 | 1-33 1.28 1.25 | 1.30
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TEST NQ:- 8 cont.
DIAMOND N2:- (Origin unknown) blunt; single-point
WHEEL TYPE:-32A60-K8VEE ¢:-287 mm SPEED 1800 rev/min
DRAG ANGLE:- +5°

CROSS-FEED {mmi/rev&in/rev)

. g infrev] .004 | .008 012 .016 -020
= 3 mmirev| 4 2 3 4 5
Fq
Fr 2.59 | 2.61 | 2.92 | 2.92 | 3.06
~ 1Slw| Fi .58 .60 .68 .63 71
E || [F/Ft | 4-50 | 4.36 | 4-32 | 4.61 | 4.29
— Ra .35 -45 .63 -80 - 88
< Mg
3 . Fr 8.62 | 8.81 9.15 9.50 | 9.67
5 |8le| Fi 1.79 | 1.8t 1.93 2.00 | 2.10
T I |RiFft | 481 | 4.87 | 4.75 4.75 | 4. 61
_ Ra 48 .55 .68 .83 93
£ Fa
| o F | 12.23 | 12.51 | 12.84 | 13.07 | 13.01
2| 8lwl R 2.40 | 2.36 | 2.58 2.66 | 2.74
al<| {F/F | 5.09 | 5.30 | 4.98 4-91 4.75
LU_Lt,’ Ra 48 .63 .90 1.00 1.00
> M
= F | 14.32 | 14.76 | 15.01 | 15.07 | 15.29
~ |3le| R 267 | 264 | 2.88 | 2.76 | 2.90
] o|N
S |°o| |RIFp | 535 559 | 5.2 5.47 5.28
E: Ra .58 -85 1.03 | 1.20 1.25
z Ry
g‘ 5 F. 16.40 | 17.10 | 16.96 | 17.51 | 18.07
L S]] F 2.78 | 2.84 2.77 | 3.03 | 3.06
wol|Z| |F/F | 589 | 6.02 | 613 | 5.78 | 5.90
Ra .70 .80 1.00 | 1.13 1.25

-278 -




WHEEL TYPE:- A 46 KV

DRAG ANGLE:- +5°
CROSS-FEED (mm/rev & infrev)

$:- 278 mm

TEST NQ:- 8 cont.
DIAMOND N2:-(Origin unknown) blunt;single-point

SPEED 1800 rev/min

. g infrev| .004 [ .008 .012 .016 020
= 3 mmirev] 4 2 3 b =
Fa
Fr 2.78 | 3.00 3-34 3.42 | 3.60
~ |Sln| R .65 .68 .80 .81 .84
E |2 |FiFt | 430 | 4.42 415 4.20 4.28
— Ra 1.18 1.23 118 1.23 1.18
< Fa
o . Fr 9.17 9.73 | 10.04 | 10.28 | 1017
s |8lel Fi 2.00 | 2.11 2-21 2:34 2.30
& |2 FRIF 4 .60 4 .61 4 .55 4.40 4.43
_ Ra 1.25 1.13 1.15 1,23 1.08
£ Fa
4 Fo | 1279 {12.79 | 13.07 |13.34 |13.37
Slw| F 2-46 | 2.50 2.51 2.54 2.63
al<l |//F | 5.20 | 5.12 5.21 5.25 5.08
§ Ra 1.13 1.03 1.20 1.10 1.10
= Fa
= o[ 13:34 [13.93 | 14.04 |14.21 14.79
~ |Slet ® | 247 [ 257 | 2.66 | 2.54 | 273
c o |F/F | 5.39 [ 5.41 5.28 | 5.59 5.41
E Ra 1.20 | 1.25 1.20 1.28 1.25
z Ry
g F. | 1585 |16.40 |16.85 |[16.96 |16.96
Lo |5|S] F 2.70 | 2.69 2.84 2.84 2.77
o |Z| |Fi/Fy | 587 | 6.09 | 5.9 5.97 | 6.12
Rq 1.28 1.20 1.15 1.25 1.13
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DRAG ANGLE :- +5°

TEST N2~ 8 cont.
DIAMOND N2:- (Origin unknqwn) blunt; single-point

WHEEL TYPE:- A B0 KV é:-205mm  SPEED 1800 rev/min

CROSS-FEED (mmi/rev & infrev}

. g Infrev] 004 ] 008 012 016 .020
£ 3 mmirev 1 2 3 A 5
Fa
Fr 3:48 | 3.34 3.71 3.84 | 3.84
~ |Slw| F .81 | .83 87 .93 .95
E IQ| |F/Ft | 4.30 | 4.02 4 .26 4.13 L.04
— Ra .80 .88 . 85 .85 .83
< Fa
¥ . Fr 9.73 | 10.43 | 10.56 | 10.45 11.06
S |Slo| Fi 2.03 | 2.05 | 2.30 2.27 2.30
& | |FiFt | 480 | 510 | 4.60 | 4.60 | 4.80
Ra 70 .80 .75 73 .75
£ 3
I F 13.90 | 1418 | 13.96 | 14.26 | 14.60
A8l R 2.44 | 244 | 2.4 2.50 | 2.61
al Sl | /R 5.70 | 5.80 | 5.80 | 5.70 | 5.60
Lté’ Ra .70 .75 .88 .83 .85
> Fa
. r | 1642 | 16.65 |16.74 | 16.96 | 17.10
~ |Sigl & 278 | 2.78 | 2.79 | 2.95 | 3.05
S IS |RIFy | 580 6.00 | 6.00 575 | 5.60
E Ra .80 .83 .88 .95 .98
z 3
u F | 18.68 | 19.18 [19.52 | 19.46 [ 19.74
i;_ Sl R 3.00 | 3.20 | 3.20 3.30 | 3.30
o |7 |FiFy | 6-25 | 6.00 | 6-10 5.90 | 6.00
Rq .78 .83 -85 .90 93
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-18Z-

DIAMOND N:-71784/4 0K wt| WHEEL TYPE :--38AL6-KSVBE i wiqip 2o mm | TEST Ne:- 9
GRINDING WHEEL WEAR | DIAMOND TOOL WEAR DRESSING WHEEL
PASS [depth]_— Tvorume Ww |depth]area [depth|votume Dw | JFORCE [FP/F\WWBwie 7y
NQ |worn, dccumi = s worn fworn [xdreal ——— —— 1 (Newtons) |RATIO|RATIO| [, 1y
inx1074inx1074| in®  Immi0]ind0 4in 10 inx10 " linx10™"lmmxT| Fr |, Ft <108 | ¥

1 2 | 15| 23| 23 47| .08 | 2.0 118
5| of o .03] 44| 8 | 52 [ 416 | 439] 72| .75| .27 |2.8 | -62] 123
10 | 20| 29| -os| 1.43] & |103 | 618 | 1057] 1.73[1.45] .56 | 2.8 | .82{ 1.25
15 | 22| 51| .15| 252 4 |138 | 552 | 1609 2.64 [1.95| .61 [3.2 | -95] 1.40
20| 23] 74| .22 366 3 | 170 | 510 | 2119] 3.47] 2.39] .80 | 3.0 [1.05 [ 1-30
25| 19| 93| 28| 4.59| 2 [ 190 | 380 | 2499 410 2.50] .78 [ 3.2 [1.11 | 1.26
30| 22| 115 .35] 5.68] 3 | 203 | 609 | 3108]5.00[2.78| .79 [3.5 [1.41 [1.25
35| 23| 138| 42| 6.82] 2 | 226 | 452 | 3560| 5.83|3.00| w88 | 3.5 |1.16 | 1.23
50| 23] 181 | 49| 7.95] 2 | 242 | 484 | 4044] 6.63[3.34] 93 [3.6 | 1.15 | 1.23
45| 25| 186| 56| 919 3 | 252 | 756 | 4800| 7.87(3.53| .93 [ 3.8 |1.16 |1.00
50| 21| 207| -62[10.23] 1 | 270 | 270 | 5070 8.31]3.73| .98 | 3.8 | 1.23]1.13
70| 97| 304] o2(15.02] & | 3301320 6390[10.47 450113 [ 4.0 [1.43[1.13
100 | 145 449] 135 [2218] 5 | 430 | 2150 | 8540|1399 5.73[1.27 | 4.5 | 1.58 | 1-15
150| 254| 703| 242 |3473] 7 | 469 | 3283 |11823 (1937 | 6.26 |1-42 | 4-4 |1.79 [ 1.13
200| 256 959] 289 [47.38] 3 | s01| 1503 |13326| 2184 | 6.59[1.37 | 4.8 [ 216 | 1.13
250| 244| 1203| 3.63 | 59.44] 3 | 528 | 1584 | 14910 | 24.43] 7.03 | 1.50 | 4.7 | 243 | 143
300| 259| 1462| 441 |7223] 3 | 540 | 1620 |16530] 27.09] 7.09 [ 1.47 | 4.8 | 2.66 | 1.13




APPENDIX ¥II

GRINDING TEST RESULTS

(TABULATED FORM)
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Variation of grinding force with
changes in workpiece diameter

80
¢ mm| 50.6)41-3|30.5[26.0]
Fr N}65.0}58.0}45.0}40.0
F1_|37.5]29.0}20.0]20.0 /
60 At
cﬁ“%@
=z GO‘QQ
Cﬁ&“ﬁxf,/”””
S N
2
@) ‘3
(ﬁ—”,ﬁd”
J= n’i’\“\/w/@/
5 @
20 y‘@ .

N
N

30 35 40 45 50 55
Workpiece diameter mm '

A series of grinding tests were conducted to observe
the effect of the change in workpiece diameter on grinding
force. The results are shown above., Due to the observed
reduction in force reading for a reduction in workpiece
diameter, several of the main tests were repeated,using
workpieces having a starting diameter of 50 mm, The
variations in force readings were noted for similar volumes
of metal removed,and were found to follow the same trend.
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Depth of cut ag =12.5um
Cross-feed vt =13.5mmlisec

Paper trace rate = 7.5 mm/sec

Workpiece length = 75.5 mm
Grinding wheel width = 25 mm

.. Active trace length = %% x(75.5+25) mm

== 56 mm
From the trace FR = 57
FT = 40 N

Specimen grinding force readings
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Volume of metal removed

T (D1 +DZ)X(D1 -Dz)

= < _ x|
2 2
o 104D, (D, -D |
A
2 2
(D, -D. )
= 77l ———2_ cubic units

Calculation of the volume of metal removed
by grinding
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TESTNQ:- 1
DIAMOND NQ:- 71784/2
DRESSING CONDITION:- IN-FEED 25um CRQSS-FEED -3 mm/rev
GRINDING CONDITION:- IN-FEED 125 um CROSS FEED205mm/sec
WHEEL TYPE:~ 32A60-K8VBE ©:-272 mm SPEED.- 1800 rev/min
WORKPIECE MAT.L EN31 ¢:-50.8 mm length:-77.3 mm

PASS METAL cm3| WHEEL cm3| GRINDING WORKPIECE
Ne. REMOVED WEAR RATIO Ra pum
5 .39 .08 4-8 2.50
10 117 16 7.3 2.03
15 1.85 -21 9.3 1.70
20 2.73 -26 10-5 1.63
25 3.43 .28 11.8 1.70
30 3-97 34 11.7 1.63
35 L .67 .39 12.0 1.65
40 5.52 A 12.5 1.65
45 6-44 -51 12.6 1.63
50 7-36 -58 12.7 1.83
60 8.73 71 12.3 1.65
80 11.24 118 g5 1.58
100 14 .09 1.65 8.5 1.65
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TESTNO:- 2

DIAMOND NQ:- 7178412

DRESSING CONDITION:- IN-FEED 25um CROSS-FEED -3 mm/rev
GRINDING CONDITION:~ IN-FEED 12.5 ym CROSS FEED13.5mm/sec
WHEEL TYPE:- 32A00-K8VBE ¢.-272 mm SPEED.- 1800 rev/imin
WORKPIECE MAT.L EN31 ¢:~48.4mm length:-77.3 mm

PASS METAL cm3| WHEEL cm3] GRINDING | WORKPIECE
NO. REMOVED WEAR RATIO | Ra um
1 33 .08 44 2.50
5 74 12 6-2 2.13
10 1.49 .19 7.8 1.75
15 2.08 .23 9.1 1.50
20 2 .82 28 101 1-50
25 3.56 .30 11.9 1.55
30 L. 45 .33 135 1.63
35 5.03 36 14.0 1.45
40 5.77 39 148 1.55
45 6-42 Al 15.7 1.50
50 7.15 46 15.6 1.50
60 8-61 52 16.6 1.53
80 11.34 .66 17.2 1.50
100 14 .12 77 183 1.50
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TESTNQ:=- 3

DIAMOND NQ:- 71784/2

DRESSING CONDITION:- IN-FEED 25um CROSS-FEED -3 mm/rev
GRINDING COMNDITION:- IN-FEED 125 pm CROSS FEED 6.5mmi/sec
WHEEL TYPE:- 32A60-K8VBE ©:-272 mm SPEED:- 1800 rev/min
WORKPIECE MAT.L EN31 ¢:-45.9mm length:-77.3 mm

PASS METAL cm3| WHEEL cm3| GRINDING WORKPIECE
NO. REMOVED WEAR RATIO - Ra um
1 .07 .03 2-3 2-25
5 .78 -10 7-8 2.08
10 1.48 -16 9.3 1.63
15 2.18 - 21 10.4 1.38
20 2.88 - - 25 11.5 1.25
30 4-28 - 32 13-4 1.03
40 5.74 - 36 15.9 1.00
50 7.12 - 39 18.3 1.00
60 8-49 A 207 1.03
80 11.21 A 255 .85
100 13.84 45 30.8 -85
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DIAMOND N2:-71784/2
DRESSING CONDITION:- IN-FEED 25um CROSS-FEED -3 mm/rav
GRINDING CONDITION:- IN-FEED 12.5 um CROSS FEED 2.5 mm/sec
WHEEL TYPE:- 32A60-K8VBE @:-272 mm SPEED.- 1800 rev/min

TESTNCO:- 4

WORKPIECE MAT.L EN31 ¢:-43.3 mm length:-77.3 mm
PASS METAL cm3| WHEEL cm3| GRINDING WORKPIzCE
NO. REMOVED WEAR RATIO -4 Ra pm

1 13 .03 4.5 2-13

5 -60 .10 6.0 1.83

10 1.26 16 7.9 1.58
15 1.93 - 21 8.2 1.23
20 2-46 - 25 9.8 -98
25 3-12 . 28 11-1 -85
30 3.77 .30 12.6 -75
40 5.08 .33 15.4 -75
60 7-68 .39 19-7 -88
80 10.25 40 25.6 -78
100 12.78 -43 29.7 75
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ROUGH GRINDING TESTN2:- 5
DIAMOND NQ:- 7178412
DRESSING CONDITION=IN-FEED 25 um CROSS-FEED .3 mmfrev
GRINDING CONDITION:-IN FEED 125 ym CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A60-K8VBE  6:-305 mm nom, SPEED:-1800 revimin
WORKPIECE MAT.L EN31 ¢:- 39.5 mm length:-77.3 mm

PASS |METALcm® [WHEELem?| GR.D  |WK.PCE. | Fg Fr
NO.  |REMOVED |WEAR RATIO |Ra um (N) (N)
L | — 04 3.50
10 | -60 15 4-0 2-20 £1-2 21.5
20| 1.76 .23 7.4 2:20 449 24.0
40| 4-16 .34 12 .4 1.58 43.0 2641
60 | 6-41 . 43 14. 8 1.25 | 52.8 275
80 | 8.87 .47 18.7 130 | 53.3 28.0
100 | 11.12 .51 21.4, 1.25 | 55.6 28.5
120 | 13.40 .56 23.8 1.20 | 575 29.4
140 | 15.64 .56 27.8 1.20 | 58.8 30.4
160 | 17.27 .60 28.5 1.13 57.8 28.5
200 | 22.04 . 62 35.1 143 55.9 26.0
220 | 24.21 64 | 37.3 1.13 54.5 25.8
260 | 28-26 .67 4L2.2 1.13 533 246
300 | 32.29 .71 452 1.05 | 535 235
340 | 3649 .77 465 1.20 | 524 235
360 | 38.00 .82 | 463 143 | 52.0 235
380 | 39.82 .82 8.5 1.13 51.8 23.5
400 | 41.53 .86 48.0 1.20 | 518 235
L40 | 4526 90 49.9 143 51.5 238
480 | 48.73 99 48.0 123 | 51.3 23.7
520 | 5208 | 1.06 4941 1.05 | 512 235
540 | 5370 | 1.08 49.7 113 | 512 23.4
560 | 5522 | 1.12 494 1.25 | 51.2 23.4
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ROUGH GRINDING TESTN2:- 6
DIAMOND N@:- 7178412
DRESSING CONDITION=-IN-FEED 18 jum CROSS-FEED -3 mm/rev
GRINDING CONDITION-IN FEED 125 um CROSS-FEED 135 mm/sec
WHEEL TYPE:- 32A00-K8VBE  ¢:-305 mm nom. SPEED:~1800 rev/min
WORKPIECE MATL EN31 ¢:-50-8 mm length:- 76.6 mm

PASS |METALcm® IWHEELcm?| GR.D  |WK.PCE. Fr Fr
NO. |REMOVED |WEAR RATIO |Ra um {N) {N)
4 .38 .01 29.0 3.00 48.0 24.0
10 | 1.31 .04 | 30.7 2.75 48.4 25.5
20 | 2.86 . 08 32-9 2.28 49.7 26.5
L0 | 584 .16 36.4 2.20 51.9 27.8
60 | 8.80 . 21 0.7 1.65 54.5 28.3
80 |11-80 . 25 45.6 1.60 58.0 295
100 | 14.70 . 29 50.7 1.30 60.0 30.4
140 | 20.47 . 32 63.1 1.43 61-0 28.4
180 | 2613 . 36 712 1.23 60.4 28.4 .
220 | 31-67 VAS 69.8 1.25 59.0 27-1
260 | 3715 . 56 661 1.23 58.5 26.0
300 | 4231 . 69 612 1.38 58.0 25.8
340 | 47.48 .82 57-8 1.30 57.0 255
380 | 52:40 95 55.0 1.35 57.0 25.3
420 | 57-40 1.08 53.1 1.25 56.8 24.7
460 | 6211 1-20 51-4 1.33 56.6 24.6
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DIAMOND NQ:- 7178412

ROUGH GRINDING

TESTNQ:- 7

DRESSING CONDITION:=-IN-FEED 125 um CROSS-FEED -3 mm/rev
GRINDING CONDITION:-IN FEED 125 pm CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A60-K8VBE  ¢:-305 mm nom. SPEED:-1800 rev/imin

WORKPIECE MAT.L EN31 - 48.5mm length:-75.5mm
PASS |METALcm® IWHEELcem®| GR.D  |WK.PCE. | Fp Fr
NO. IREMOVED [WEAR RATIO |Ra pgm (N) (N)

A A4 2.85 45.0 24.-0

10 | 1.02 -02° 479 2.00 51.4 26.0

20 | 2.47 . 04 58.0 1.98 51.5 27-0

40 | 5-36 - 08 61.7 1.85 53.2 28.3

60 | 8-21 .15 54.5 1.75 56 .5 290

80 | 11-03 17 635 1.70 60.0 30.8

100 | 13-83 . 21 63-9 1.70 61-0 31-4

120 | 16-51 . 23 695 138 63.2 31.6

160 | 21.88 . 25 84.5 1.25 64-0 32.0

200 | 27.06 . 28 96-0 1.23 64-0 311

240 | 32.25 .32 99-4 1.25 625 30.2

280 | 37.25 .34 107.7 1.23 61-0 27.8

320 | 42-21 . 39 108-2 1.28 60.0 27.0

360 | 4692 - 43 108.5 1.38 59.0 265

400 | 51.62 - 49 1036 1.25 59.0 262

LLO| 95.43 . 54 104.4 1.20 59.0 26-0

480 | 60-94 . 58 1045 1.23 58-9 258

520 | 6522 - 64 1005 1.20 58-9 25.8

560 { 6938 - 69 100-3 1.20 | 59.0 25.8
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ROUGH GRINDING

DIAMOND NOQ:- 7178412
DRESSING CONDITION=IN-FEED 5 um CROSS-FEED 3 mmlrev
GRINDING CONDITION:-IN FEED 125 ym CROSS-FEED 135 mmisec
WHEEL TYPE:- 32A60-K8VBE  ¢:-305 mm nom. SPEED:-1800 rev/min

TESTN2:- 8

WORKPIECE MAT.L EN31 @:- 34.4mm length:-755 mm
PASS |METALcm? [WHEELcm?| GR.D  |WK.PCE. | Fg Fy
No.  |REMOVED |WEAR RATIO [Ra um (N) (N}

4 26 95 62.0 31.0

10 88 .01 119.6 .75 6525 31.2

30 | 3.08 .02 144.6 .80 645 31.9

50 | 5.09 .04 119.5 .83 66-0 34.3

70 | 7.12 .06 108.6 .88 66-5 36.0

90 | 9.07 .08 110.7 93 66.4 36.0

110 | 10.99 10 110.0 95 68.0 37.0

150 | 14-74 12 119.9 1.13 71.0 36.9

190 | 18.32 .15 121.5 1.00 70.5 37.0

230 | 21.83 .16 136.4 1.18 69.5 36.8

270 | 25.21 17 145 1 1.20 66.9 34.9

310 | 28.48 .19 149.8 1.25 65.3 328

350 | 31.61 . 20 151.9 1.20 639 30.0

390 | 3449 .22 1536 1.13 62.8 28.0

430 | 37.45 . 23 157.6 1.10 62.0 26.9

470 | 40-15 . 26 149.4 1.10 61.3 26.4

510 | 42.81 . 28 151.9 1.10 60 8 26.2

550 | 45.31 .30 149.5 1.05 60.-6 262

590{ 47.84 .32 147.4 1.10 60.2 262




DRESSING CONDITION=-IN-FEED 25 um CROSS-FEED
GRINDING CONDITION:-IN FEED 125 pm CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A60-K8VBE  ¢:-305 mm nom. SPEED:1800 rev/min
WORKPIECE MAT.L. EN31 ¢:- 50.4 mm

ROUGH GRINDING
DIAMOND NQ:- 7178412

length:-75.5 mm

TESTN2:- 9

A mmfrev

PASS |METALcm? IWHEELem?| GR.D  |WK.PCE. | Fp Fy
No. [REMOVED |WEAR RATIO |Ra um (N) (N}
4 .30 .03 7.6 1.38

10 | 1.21 10 11.2 1.05 37.5 20.3
20 | 2.72 16 16.1 1.13 L5.6 24.2
40 | 5.62 .22 25.0 1.10 50.6 27.8
60 | 8.59 .27 31-6 1.13 54.3 284
80 | 11.45 .30 37.8 1.15 56.5 285
100 | 14-36 .33 43.2 1.15 57.3 28.7
140 | 19.79 41 481 1.13 59.0 28.0
180 | 25.33 .51 49.2 1.38 57.0 265
220 | 3067 . 65 L6.7 1.40 54.7 25.9
260 | 35.90 . 81 43.9 1.50 53.2 25.9
300 | 4089 1-01 402 1.55 51.5 253
340 | 46.02 1.18 38.7 1-45 50.0 24.8
380 | 50.78 1.36 37.3 1.40 492 242
420 | 55.67 1.54 361 1.40 482 23.8
L60| 60-43 1.73 34.9 1-35 478 235
500{ 64.90 1.91 33.9 1.50 47.3 233
540} 69.32 2.07 33.4 1.38 47.0 23.2

=294 -




ROUGH GRINDING TEST N2:- 10

DIAMOND NQ:~ 7178412

DRESSING CONDITION=IN-FEED 18 mum CROSS-FEED .1 mmlrev
GRINDING CONDITION=IN FEED 125 yum CROSS-FEED 135 mmisec
WHEEL TYPE -~ 32A60-K8VRE  ¢:;-305 mm nom. SPEED:-18C0 rev/min
WORKPIECE MAT.L EN31 ¢:- 36-4mm length:~-75.7 mm

PASS [METALcm® WHEELem®] GR.D  |WK.PCE. | Fp Fr
NO. |REMOVED |WEAR RATIO |Ra um (N) (N
4 .43 .04 9.0 1.13 L2-3 242
10 | 1.04 .09’ 11.5 90 46.0 25-0
20 | 2-13 13 15-9 .83 48-8 26.6
40| 4-23 -18 23.3 -80 52.5 28.7
601 6.36 .22 28.7 95 56-0 30.4
80 | 8-40 .24 35.0 -85 58. 4 304
100 | 10.47 .25 40-4 -85 60-5 30-6
140 | 14.41 .28 50.5 1.00 61.9 31.2
180 | 18.33 - 31 58.0 1.00 62.0 31.0
220§ 22.13 .33 656 1.03 621 30-8
260 | 25.76 . 37 693 1.03 625 309
300} 29.31 - 39 73-6 1.03 617 31.0
340 | 32.78 - 43 75-8 1.05 60-9 31.0
380 | 36.09 .46 77-3 1.03 59.0 301
420 | 39.16 - 50 781 1.03 57.4 29.5
LBO | 4226 . 54 77-4 1.05 57.0 292
500 | 45.48 - 58 78.4 113 563 28-8
540 | 47-98 - 61 78.7 1.08 56.0 28.8
580 | 50.65 .65 777 1.13 55.9 29.0
620| 53.22 -69 76-4 1.13 553 29.0
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ROUGH GRINDING TESTN2:~ 11
DIAMOND NQ:~ 7178412
DRESSING CONDITION:-IN-FEED 125 um CROSS-FEED .1 mmirev
GRINDING CONDITION:-IN FEED 125 ym CROSS-FEED 135 mmisec
WHEEL TYPE - 32A60-K8VRBE  ¢:-205 mm nom. SPEED:-18C0 rev/min
WORKPIECE MAT.L EN31 ¢~ 37 mm length:- 75.5mm

PASS |METALcm® WHEELem?| GR.D  |WK.PCE. | Fg Fr
NQ. [REMOVED |WEAR RATIO {Ra um (N) (N
L | .22 .02 103 1.08

10 | -88 .06 134 98 48.0 27.0
20 | 1.94 11 16.7 1.00 51.0 30.0
40 | 4.07 17 23-4 35 55.2 31.5
60 | 6-35 .20 30.5 95 58.2 33.5
80 | 8-36 .23 357 95 62-0 33.0
100 | 10-40 . 25 415 .95 638 34-0
140 | 14.46 . 28 51.3 1.00 65-0 33.9
180 | 18-44 - 30 60-8 .95 65-0 33.7
220 | 22-30 .32 68.7 95 65-0 33-6
260 | 26.04 .34 75.3 1.03 65-0 33.0
300 | 29-66 .36 81.5 1.05 63.8 334
340 | 33-16 -39 85.0 | 1.03 623 33.2
380 | 36.53 - 41 88 -8 1-03 60.0 322
420 | 39.78 4L 90-2 1.05 59-2 305
460 | 42.91 .48 89-4 1.03 585’ 295
500 | 45.91 - 51 88-4 | 1.03 57.8 290
540 | 48-80 .55 88.-1 1.03 57.3 288
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DIAMOND NQ:- 7178412
DRESSING CONDITION=-IN-FEED 5 mum CROSS-FEED .1 mm/rev
GRINDING CONDITION:-IN FEED 125 pm CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A60-K8VRE  ¢:-305 mm nom. SPEED:-1800 revimin
WORKPIECE MAT.L EN3%1 ¢:=- 50.8mm length:-75-7 mm

ROUGH GRINDING TEST N2:- 12

PASS [METALcm® WHEELcm®| GR.D  {WK.PCE. | Fg Fr
NQ. |REMOVED |[WEAR RATIO [Ra um (N) (N)
L| .38 .02 17.8 1.15
10| 1.29 .05 | 246 1.00 | 61.6 33.8
20 [ 2.80 .08 32:2 1.00 | 616 33.7
40 | 5.80 .12 44.8 95 62-0 338
60 | 8-70 17 50.1 .90 65.3 35-0
80 | 11-64 . 20 55.9 95 66.6 35.1
100 | 14.55 .23 61.2 .98 67.0 35.0
140 | 20.28 . 29 69-1 1.05 67.4 34-9
180 | 25.75 . 34 745 1.05 670 345
220{ 31.16 . 39 78-3 1.15 63.5 324
260 | 36-40 47 76-6 1.25 60.2 3041
300 41.51 . 60 68.5 1.30 58.0 29.0
340| 46-64 - 74 627 1.28 56.9 278
380| 51.52 .92 55-4 1.30 55.8 275
420| 56.28 | 1.12 50-1 1.30 550 27-4
460| 60.93 | 1.34 45-2 1.30 545 271
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ROUGH GRINDING
DIAMOND N@:- 71784172

DRESSING CONDITION-IN-FEED 25 pm CROSS-FEED

TESTN2:- 13

.5 mmfrev

GRINDING COMDITION=-IN FEED 125 um CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A60-K8VRE  ¢:-205 mm nom. SPEED:-18C0 rev/min

WORKPIECE MAT.L EN31 ©¢:-50.9 mm

length:-76.2 mm

PASS |METALcm® [WHEELcn?| GR.D  [WK.PCE. | Fg Fr
No.  IREMOVED |WEAR RATIO |Ra’ pm (N) (N
Ly 31 3.00
10| 12 .02 58.2 270 | 350 | 110
20 277 | -10 27.7 220 | 43.0 | 225
Lo 575 | .20 274 2.00 | 498 | 25.0
60| 870 | .35 2, 1.75 | 545 | 28.5
80 | 1154 .62 | 183 1.50 | 565 | 30.0
100 | 1421 .97 | 16 1.52 | 573 | 30.0
140 | 1947 | 1.78 10-9 1.55 | 60.0 | 295
180 | 2506 | 2.05 12.2 1.52 | 60.6 | 282
220 3045 | 2.37 12.8 1.47 | 590 | 280
260| 3567 | 2.72 13.1 1.42 | 570 | 275
300| 4084 | 3.12 131 1.50 | 548 | 269
3,0 | 4589 | 3.23 | 142 1.62 | 538 [ 265
380 | 5084 | 3.44 | 14.8 1.45 | 526 | 260
420| 5561 | 3.84 14.5 1.50 | 520 | 258
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ROUGH GRINDING TESTNC:- 14

DIAMCND N@:~ 7178412

DRESSING CONDITION:~IN-FEED 18 um CROSS-FEED .5 mmirev
GRINDING CONDITION:-IN FEED 125 um CROSS-FEED 135 mm/sec
WHEEL TYPE:~ 32A60-K8VRE ©:~305 mm nom. SPEED:-1800 revimin
WORKPIECE MAT.LL. EN31 ¢:-50.7 mm length:-76-3 mm

PASS |METALcm® [WHEELem?| GR.D  |WK.PCE. Fr Fr
NO. |REMOVED |WEAR RATIO |[Ra um {N) (N)
4 .38 E— 3.00 46.0 20.0
10 1-38 .04 34.5 2.65 484 238
20 | 2-99 .08 35-8 2.37 51.5 278
40 5.88 -16 35.2 217 55.0 309
60f 8.97 | . .25 35.5 2-15 57-0 31.2
80 | 11-88 . 29 40.5 2.12 61.0 31.2
100 | 14.71 .39 369 1.70 61.0 31.0
140 | 20.35 . 67 303 1.70 60.5 30.0
180 | 25.76 1.27 2041 1-70 59.4 28.0
220 | 31.13 1.59 195 1-62 56.8 27.8
260 | 36.38 1.80 2041 1.55 55.3 27.2
300 | 41-56 1.91 21.8 1.52 541 26.0
340 | 46.81 2.01 232. | 1.50 53-3 25.4
380 | 51.83 2.09 247 1.50 | 525 25.4
420 | 56.68 2-18 25.9 1.50 515 25.0
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ROUGH GRINDING TESTNC:-15
DIAMOND N@:- 7178412

DRESSING CONDITION=-IN-FEED 125 um CROSS-FEED .5 mm/irev
GRINDING CONDITION:-IN FEED 125 um CROSS-FEED 135 mm/sec
WHEEL TYPE :- 32A60-K8VBE  ¢:-305 mm nom. SPEED:-1800 revimin
WORKPIECE MAT.L EN31 ¢:-~50.9 mm length:~ 762 mm

PASS IMETALcm® WHEELcm?l GR.D  [WK.PCE. | Fg Fr
NO.  |REMOVED |WEAR RATIO |Ra  pm (N) (N)
A 30 | — | —— | 240 | 576 | 31.0
10| 438 | —— | —— | 2.37 | 630 [325
20 | 292 .02 146-0 | 2.30 | 665 | 34.0
40| 6.12 .05 122.5 | 2.07 | 675 |33.0
60 | 895 10 895 | 1.82 | 670 | 31.9
80 | 1191 21 56-7 | 1-70 | 630 | 29.0
100 | 1471 41 35.9 | 1.50 | 59.0 | 27.2
140 | 2004 | 1.15 17.4 | 1.45 | 580 | 267
180 | 2547 | 1.49 174 | 1.45 | 562 | 257
220 | 3093 | 1-86 6.6 | 147 | 536 | 245
260 | 36.07 | 2.33 155 | 1.42 | 524 | 240
300 | 4130 | 2.66 155 | 1.35 | 518 | 236
30| 4675 | 3.10 4.9 | 1.45 | 510 | 23.0
380 | 51.09 | 3.42 149 | 1.47 | 508 | 23.0
420 5579 | 3.84 145 | 1.52 | 500 | 23.0
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ROUGH GRINDING TEST NG:- 16
DIAMOND N2:-71784/2
DRESSING CONDITION-IN-FEED 5 pm CROSS-FEED .5 mml/rev
GRINDING CONDITION=-IN FEED 125 um CROSS-FEED 135 mmi/sec
WHEEL TYPE :- 32A60-K8VBE  ¢:-305 mm nom. SPEED:-1800 revimin
WORKPIECE MAT.L EN31 ¢:-40.7 mm length:-76-2 mm
PASS |METALcm® VWHEELem?| GR.D  |WK.PCE. Fr Fr
NO. IREMOVED |WEAR RATIO |Ra um {N) (M)
4 .43 .80 78.8 40.9
10 1-13 -02 56-5 1.25 86-5 43.6
20| 2.386 -02 118-0 1.25 92.6 45.0
LO | 4.77 -04 119-3 1.25 88.6 42-0
60§ 7-17 -08 89.6 1.22 86.0 41.2
80 | 9.54 -08 119.3 1.25 82.8 40.0
100 | 11.82 14 84.4 1.17 82.3 40.0
140 | 16.35 .19 861 1.32 76.8 37.0
180 | 20.80 . 25 83.2 1.47 73.7 34.2
2201 25.05- < 41 611 1.52 714 33.0
2601 29.15 - 68 429 1.52 69.9 32.0
300 | 33.27 - 77 4L3.2 1.40 £7.2 306
340 | 3715 -82 4L0.4 1.50 64.9 303
380 | 40.91 1.08 378 1.-47 62.5 30.0
420 44.60 1.21 369 1.40 60.5 28.9
L60| 48.12 1.30 370 1- 45 58.5 28.4
500( 51-52 1.46 353 1.55 573 28.0
5401 54.86 1.62 339 1.50 548 27.5
580 | 58.09 1.72 33.8 1.45 529 275
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DIAMOND NQ:- 7178412

ROUGH GRINDING

TEST NQ:- 17

DRESSING CONDITION=-IN-FEED 125 um CROSS-FEED .3 mmirev
GRINDING CONDITION-INFEED 5 pm CROSS-FEED 135 mmisec
WHEEL TYPE - 32A60-K8VYBE  ¢:-305 mm nom. SPEED:~1800 revimin

WORKPIECE MAT.L EN31 ¢:- 39.3 mm

length:- 76.6 mm

PASS IMETALcm®|WHEELem®| GR.D  |WK.PCE. Fr Fr
NS. |REMOVED |WEAR RATIO |Ra um (N) (N}

10 36 — 2-65

26 | 114 - 01 114.0 2.28

501 2.9 -02 110.5 2.00

100 | 4.57 .06 76.2 195

150 | 6-90 -10 69.0 1.53

200 914 - 13 70-3 1.58

2501 11.41 - 15 74.0 1.28

350] 15.85 - 21 755 1.13

450 20.17 - 23 877 -88

5501 2437 - 26 g93.7 .85

650| 28.44 - 28 101-6 .78

7501 3236 - 30 107.9 63

850] 36.14 - 32 112.9 -70

g50| 39 81 .33 120.6 -63
10501 4338 .35 123.9 -60
1150| 46.83 .37 1266 .60
1250| 50.24 -38 1322 -63
1350| 53.40 40 1335 -63
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ROUGH GRINDING TEST N2:- 18
DIAMOND N2:- 7178472
DRESSING CONDITION:=-IN-FEED 12.5um CROSS-FEED -1 mmirev
GRINDING CONDITION=-INFEED 5 um CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A60-K8YBE  :-305 mm nom. SPEED:-18C0 rev/min
WORKPIECE MAT.L EN31 ¢:-50.7 mm length:-76.2 mm
PASS IMETALcm® [WHEELem®] GR.D  [WK.PCE. FR Fr
NO. |REMOVED |WEAR RATIO |[Ra um (N) (N)
10 46 .03 153 1.05 |
26 1.46 .06 24.3 .85
50 2.92 12 243 75 i
100 5.86 .15 391 .75 \
150 8.81 .18 48.9 .75
2000 11.7 -19 616 .70
250 14.66 .20 733 .70
350( 20.32 . 21 96.7 .68
450 25.94 - 24 1081 . 70
550| 31.36 . 27 1164 .70
650 36-81 - 30 1227 .73
750 £213 -3 135.9 .63
850) 47.32 . 35 1352 .63
950| 5232 - 36 1453 .63
1050{ 5722 - 39 1467 -63
1150 62.05 - 42 147.7 -68
1250| 66-64 - 45 1481 .70
1350y 71.22 -48 148.4 -68
1450 7564 51 1483 .65
15501 79.89 54 1479 -80
16501 84.08 .58 145.0 .73
1750 88.17 .62 142.2 .75
1850 92.14 67 137.5 .78
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ROUGH GRINDING TEST N2 :-18cont.

DIAMOND N9:- 7178412

DRESSING CONDITION:-IN-FEED12.-5 ym CROSS-FEED .1 mmirev
GRINDING CO'DITION=-INFEED 5 pm CROSS-FEED 135 mm/sec
WHEEL TYPE - 32A680-K8YBE  ¢:-205 rm»m nom. SPEED:-1800 rev/min
WORKPIECE MAT.L EN31 ¢:- 507 mm length:-76.2 mm

PASS [METALcm® WWHEELcm®| GR.D  |WK.PCE. FR Fr
No. |REMOVED |WEAR RATIO |Ra um (N) (N}
1950 § 95.90 73 131-4 .70

2050 | 8962 77 128.4 .70

2150 | 103.22 82 125.9 75

2250 | 106.78 86 124.2 -83

2350 108 97 -S4 117.0 73

2450 113-16 1.00 113.2 .70
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FINE GRINDING

TEST N@S 19t0 22

DIAMOND NQ:- 63794/2 inclusive
WHEEL TYPE:- 32A60-K8VBE  ©:-305mm nom. SPEED:-
GRINDING IN-FEED:- 5pumi{radial) 1800 rev/min
DRESSING WORK CROSS WORK E £
¢CONDITION PICCE FEED PIECE R T
mm |{ mm/sec | Ra um (N} (N}
" 12 215 10.0 5.5
In-feed :-
25}_“'“ i 10 2‘00 6'0 3'8
Cross-feed:- " 7.5 1-38 59 3-5
-5 mmi/rev " 5 1-03 3.6 20
TEST NO:-20 50.6 14 2-05 17.8 9.1
" 12 1-88 15.0 7-8
In-feed:-
.50 . .
17.5 um " 10 1 10.0 5.8
Cross-feed:- " 7.5 1.00 7-6 5.0
5 mmirev ; 5 .75 4.5 3.0
TEST No:-21 50-4 14 1.75 21-0 11.8
N 12 1.75 19.0 11.0
In-feed:~
0 150 55 8.2
12.5um . ! !
Cross-feed:- " 7-5 88 11-0 6.5
Smm/rev . 5 .68 6.3 ..8
TEST NQ:-22 50.2 14 1-20 232 12-0
" 12 118 19.8 9.8
I”'feesd}jr'n ] 10 70 18.6 9.6
Cross~-feed:~ " 7.5 -65 12-5 6-5
-5 mm/rev ) 5 .55 7.8 3.9
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FINE GRINDING

TEST NOS 2310 26

DIAMOND N2:- 63794/2 inclusive
WHEEL TYPE:- 32A80-K8VBE  ¢:-305mm nom. SPEED:-
GRINDING IN-FEED:- 5 um{radial) 1800 rev/min
DRESSING WORK CROSS WORK E
\I(CONDITION IECE FEED | PIECE T
mm | mm/sec | Ra um {N} (N}
TEST NO - 23 50.0 14 1113 12.4 6.8
. 12 a5 11.5 6.8
In-feed:- . 10 .98 10.5 6.3
25um
Cross-feed:- i 7-5 75 7.2 5.2
3 mm/rev " 5 .53 3.0 2.0
TEST No:-24 | 498 14 1.00 13-0 8.0
. 12 1.00 9.2 5.5
In-feed:-
175 4m ] 10 90 8.5 5.2
Cross-feed:- " 7-5 .73 5.8 3.6
.3 mm/rev | 5 .58 3.2 1.8
) 12 .80 13-8 8.0
In-feed:- 10 73 9.8 5.5
12.5um =
Cross-feed:- y 7.5 .68 6.8 4.0
.3 mmirev , 5 50 35 2.0
TEST NO-_o6| 494 14 .75 340 | 172
\ 12 78 244 | 130
In-fe%djjr-n ) 10 .78 21.7 118
Cross-feed:- " 7-5 -63 163 98
.3 mm/rev 3 5 .53 7.8 43
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DIAMOND NQ:-863794/2

WHEEL TYPE:- 32A60-K8VBE

FINE GRINDING

TEST N&s 27t030

inclusive

¢:-305mm nom, SPEED:~

GRINDING IN-FEED:- 5umiradial) 1800 rev/min
DRESSING WORK CROSS WORK £ =
\!/CONDITION PIECE FEED PIECE R T

mm | mm/sec | Ra um (N) (N}

TESTNO 27 | 492 | 14 38 21:2 11.8
. 12 38 185 10.2

I“'fezéd}j;n ; 10 .35 12.8 7-1
Cross-feed:- " 7.5 .33 10.0 5.2
A mm/rev " 5 .30 5.3 3.2
TEST NO-- 28 490 14 38 228 12-8
. 12 33 17.6 9.2

In—qf;%d};;] ] 10 33 12.0 6.5
Cross~feed:- " 7.5 30 10-0 5.5
-1 mm/rev . 5 30 5.2 3.2
TEST N :-29 48.8 14 33 22.0 11.8
. 12 33 19.0 11.4
In-1f§e‘5<:l}j-r-n ) 10 .33 12 .4 6.5
Cross-feed:- it 7-5 -30 101 5-5
Immjrev | 5 .28 6.0 3.5
TEST No:.30l_ 486 | 14 |30 34-0 17.2
, 12 30 28-2 14.8

In‘fe%d}jr; , 10 25 21.0 10.8
Cross-feed:- I 7-5 23 15.0 8.0
-1 mm/rev . 5 20 6.3 35
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