Influence of Disk Dressing Process on Increased
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ABSTRACT

A new mathematical model of the dressing of grinding wheels by diamond disk dresser is developed. It
predicts the components of dressing forces between the diamond grits of a rotating disk dresser and the grits
of an alumina grinding wheel. This model is based on the fracture of grits and the contact forces between
dresser and grits. It considers the kinematical influences and, in particular, speed ratio of the dressing
process. Dressing forces are measured experimentally and are compared with theoretical calculation.
Theoretical results closely match with the experimental findings. The variation of dressing forces versus
speed ratio and dressing feed rate are presented at three depth of dressing. At each case, the grinding forces
were measured experimentally and the effect of changing dressing parameters on the grinding performance

is analyzed.
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1. INTRODUCTION

The final surface topography generated on a grinding
wheel is influenced and determined by the dressing
conditions. Dressing is a process to remove wheel material
mainly by virtue of brittle fracture. The fracture involved
in a dressing process includes the fracture of individual
grains and the localized fracture of the bond material
around the grains. The actual topography arises from the
process of grit fracture and/or bond fracture. The wheel
topography and the conditions under which it is prepared
have a profound influence upon the grinding performance
clearly evidenced by the grinding forces, power
consumption, cutting zone temperatures, and the surface
finish of the workpieces [1]. Improved grinding process
control should be obtainable if a more detailed
understanding of the dresser-wheel interactions is
understood.

Several authors have presented models of the relation
between force produced by the interaction of the grinding
wheel and the dresser and grinding performance. Torrance
and Badger [2] predicted dressing force and number of
active grits per unit area against depth and their statistical
average slop from the dressing conditions and wheel
properties and compared with the measured topography.
Takagi and Meng [3] used the dressing force as a measure

to characterize the dressing process. Huang [4] measured
the dressing intensity, i.e., the average force per grain, as
grinding force, wheel life and surface roughness and
examined the effect of the dressing on the grinding
performance. Pruzak et al. [5] describe the effects and
importance of measured disk dressing factors on grinding
performance. A

In this paper, a new method of modeling of the dressing
forces is described. Then, the effect of changing dressing
parameters on the grinding performance is analyzed.

2. PREDICTIVE MODEL OF GRAIN'S FRACTURE FORCE

During the dressing process, grinding wheel surface is
generated by fracture of the grain at bond, fracture within
the grain. These are referred to, respectively, as bond
fracture and grain fracture. Dressing speed ratio g as
shown in Figure 1(a) is defined as:

v (1)
7=y

s

V. is surface speed of the disk dresser and V, is surface
speed of the grinding wheel.

If the diamond dresser infeed into the wheel is a,, the
direction of cutting speed of both dresser and the wheel at
the contact point A can be shown as in Figure 1(a).

Now it is considered that the dresser is moving across
the wheel. As it can be seen from Figure I(b), it is
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assumed that the dresser tip is tangent to the grit in the
first pass of the rotation of the wheel. Due to the dressing
cross feed s, the dresser tip contacts the grit on the wheel
in the second pass (dashed curve in Figure 1(b)) and
crushes the grit so that the circular intersection area with
radius b is removed. Thus, the compressive fracture forces
Fyand Fy¢ act and the stress on the grit reaches the
maximum fracture stress for the grit.

In brittle materials, the fracture stress is dependent on

the strain rate [6]. If O is the stress of grit at strain
rate € = 1, then the fracture stress 0", at the other strain

rates for alumina grit is as follow [7]:

o,=0,(1+ 0.00781n¢) (2)

£ is given by:

i O !d (3)
t

Sy is maximum deflection at maximum fracture force Fr
for alumina grit, d is average diameter of alumina grit and
t is the duration of impact.

For calculating the strain rate £, it can be considered
that the duration of impact between the dresser edge and
the alumina grit is given by [8]:
|

‘Wheel

e |

(a)

(b)

Figure 1: Geometry of disk dressing; () Front view of dresser
and wheel; (b) Lateral contact of disk dresser tip and the grit at
points A and B

4
(=240 @
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AV is the relative speed. Therefore:
. AV
£ =

2.94d

Using stress formula around a load point, this will give
a fracture force Fy on a grit as follows [8]:

_ 2 7 27b?
FR"1’Ef +an —a—‘_—z—v‘g—)‘df

Oy is fracture stress for the alumina grit, v, is poisson’s

&)
(6

ratio of alumina grit and b is radius of circular fracture
area in Figure 1(b) and is given by:

2 2 2 g2
szﬁn{ﬁjﬁ£_ﬁLy
4 8L

a is the diameter of the dresser tip, d is the mean diameter
of the grit and L can be stated as:

Q)

= 0.5(a+d)—a, ®)
siné
g is:
— 9
0 = tan"( 0.5(a+d)—a, ) 9

Ja,(a+d)-a’ —s,

s41s the cross feed of dressing in mm/rev and is given by:
_zdy, (10)
V

8

Sy

where v, is cross feed of the dresser in mm/min.
It is assumed that direction of the fracture force Fy is

the same as the direction of relative velocityAV , which is
equal to I./; - Vs . Therefore referring to Figure 2, AV is:
AV = (-, cosp+V, cosl)i +(F, sinp+¥,sind) j (D
and,

AV = Vs\ﬁ+ q* —2qcos(p+A)

A is the wheel contact angle and ¢ is the dresser contact

(12)

angle. Referring to Figure 1(a), these angles can be
calculated as follows:

d N1 4 (13)

sinl =—1———

d +d —2a,

d (14)

ing=-—*ginl

sing 7 S
where,
A=2{[, +d.)/2-a T —~(d,/2} «d./2"}dd) as)

d, is wheel diameter, d, is dresser diameter and g, is depth
of dressing. Referring to Figure 2, angle 6, is given by:
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—gcosg +cos A (16)

\/1 +q° —2gcos(p+ 1)
Therefore, fracture force components on grits can be
considered as follows:

6, =cos™

v, a1 a”n
Ef = ZEf.i = ZFR,i cosf,,
1 1
N+l (18)

Nﬂ
F, :ZFn ,i :ZFR,f sing,
1 1

Ny is total number of grains, which contacts the dresser tip
on arc AB as shown in Figure 1(a). N is integer fraction of
Ng, Fyy s and F,; ; are tangential and normal fracture forces

on grit ith (within arc AB) and Fy; and 91 ; as shown as in

Figure 3 are given by:

276,, N,-N+i-1 {19
Ri T . (—* by’
1-2v, N,
- N . 20
6., =cos™'( V. costhy @) +7, costk, /1)) 0
: AV,
Where
21
AV, =V, fl+ 4" ~2gcos(i (g1 1) (22)
N, —i+] @
k=2t "
! N

g
To calculate N, and N, it is assumed that during the
dressing process, the removal of the wheel occurs due to
the engagement and the collision of the dresser with the
grits and the bonding matrix. Referring back to Figure 1(a)
which shows the disk dressing process, length of contact is
given by:
(24)

lngB-—-M

Moreover, area Ag between the grits and the dresser is as
follows:

4, =10,
b, is the dressing tool width and referring to Figure 4, is
given by:

25)

Figure 2. Relative velocity of contact

Figure 3. Tangential and normal dressing forces on a grit in

angle @,
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Figure 4. Geometry of disk dresser tip and dressing tool width.
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Thus within each dressing stroke the total number of
grits N, is given by:

(26)

— 27
N, = 4,N; @
N is number of grains per unit area within the wheel [9]:
6V, (28)
N s “‘——2—
zd

d is the average grit diameter and V, is the volume
fraction of grits in the wheel and is given by:
Ve=2(32-S) % (29)
where S is the structure number of the wheel.

Therefore, the number of grains in contact to the
dresser is:
N,=0.5Nd sinlb, (30)
3. DETERMINATION OF THE TOTAL DRESSING FORCE
COMPONENTS IN THE DRESSING ZONE

The total dressing force has a tangential component F,
and a normal component F,. During the dressing process,
there will be variation from the nominal value of the depth
of dressing set on the machine. It is due to the deflection
of the wheel, the individual grit and the dresser. Therefore,
a fraction of the total dressing force is used to absorb the
deflection of the wheel and so forces F, and F, have two
parts. First is the total fracture force due to the grain
fracture. Second is the contact force due to the elastic
wheel deflection. Therefore, it can be written:

F; ::Ef__/‘l};:w
F;z =an+Fnc

€2))
(32)
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where Fyand F,yare the total tangential and normal acted
force and are given theoretically. F,. is the normal contact
force and g is the coefficient of friction and are achieved
experimentally.

A. Determination of the normal contact force (Fy. ) and
coefficient of friction (1)

As mentioned above, a fraction of the total dressing
force used to absorb the deflection of the wheel. Most of
the elastic deformation of the wheel is due to the grits and
deflection of a grain & in the surface of a wheel can be
assumed to follow an equation as [10]:
5§=B-F, (33)
where B is constant, F,, is the normal contact force and »
is between 0.4 to 0.7 for various grain size and hardness of
the wheels. Also Saini [11] has determined a single grit
deflection and found that the grit deflection was a
significant percentage of the actual grit depth of cut.
Therefore, for depth of dressing a, can be written:

5=B, a, (34)

where B, is constant. By combining the two last equations,
the following can be deduced:

F_=B,-a'"

ne

(35)

B, is another constant.
An experiment was conducted to determine constants
B, and n. For normal contact force to be measured the
dresser was fed into the wheel and depth of dressing is a;.
After a few revolutions of the grinding wheel and grain
fracture, the normal contact force due to wheel deflection
was measured. Increasing the depth of dressing would
result in an increase in the normal contact force, as shown
in Figure 5. Therefore, the normal contact force can be
given by:
F, =1526a*°

where g, is in mm and F,, is in Newfons. It can be evident
that parameter # is 1/1.496 which is equal to 0.668. Also,
constant B, is 1526.

After the measurement of normal contact force, the
dresser was kept stationary while the wheel was rotated
slowly. Then, the tangential contact force was measured as
shown in Figure 6. In this case, the friction factor u is
approximated as 0.42. Normal components of grain's
fracture force (Fyo) and contact force (Fy.) are shown in
Figure 7.

(36)
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Figure 5. Relation between Normal contact force and depth of
dressing for determination the constants B, and # (equation 35).
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Figure 6: Relation between normal contact force and tangential
contact force
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Figure 7: Normal contact force (F,) and normal fracture force
(F,) on grinding wheel during the dressing process.

4, EXPERIMENTAL SETUP

A. Dressing system

The dressing system setup is illustrated in Figure 8 and
Figure 9. It consists of a dressing disk rotated with an
electric motor with speed control. The device is placed on
the table of the grinding machine with feed control. The
axis of the dresser spindle is parallel to the grinding wheel
spindle axis. During dressing, the disk is traversed across
the wheel width at a constant feed rate. Specifications of
the dresser and the grinding wheel are given in Table 1.
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For each set of experimental conditions, the dressing
operations were repeated three times. The average value is
used to minimize experimental errors. The dressing forces
were measured by a dynamometer (Kistler 9255 B) and
then downloaded into a data acquisition system. The
details of the experimental setup are shown in Table 1.

Three parameters namely speed ratio, cross-feed rate
and depth of dressing were varied to verify the theoretical
analysis. Eight speed ratios, as listed in Table 1, were
selected. At each speed ratio, four experiments with
different cross-feed rate were conducted. At each set of
speed ratio and cross-feed rate, different depths of
dressing, were investigated. A total of 84 dressing
experiments were carried out.

v

Dresser Data |
_ Acquisition {
System l
Charge
Dynamometer Amplifier

Figure 8. Schematic diagram of the dressing system.

Figur 9.Disk dressing installation.

B. Grinding system

To examine the effect of the dressing conditions on
grinding performance, grinding experiments were
conducted using a precision surface grinder (Hauni-Blohm
HFS204). The dressing-grinding system is illustrated in
Figure 10. The vitrified aluminum oxide grinding wheel
was dressed using the diamond disk dresser. The grinding
conditions are as listed in Table 1. Grinding forces were
measured by a dynamometer (Kistler 9255 B) at tangential
and normal direction of the wheel.

The workpiece material was SPK 1.2080 with hardness
56 Rockwell C. Workpiece specimens were 100 mm long,
40 mm wide and 7 mm high.

|

Dimension
Dressing ratio (g)

Cross-feed rate (v,)
Depth of dressing (a,)
Motor

Max speed
Cross-feed driver

Data ]
Dresser Acquisition I
Workpiece System ’
N - N Charge L]
“ Dynamometer Amplifier
Figure 10. Schematic diagram of the grinding system.
TABLE 1
SUMMARY OF SETUP PARAMETERS FOR DRESSING ANS GRINDING
Machine
Model Hauni-Blohm HFS204
Spindle speed 1720 rpm
Spindle power 10 kW
Grinding system _
Wheel speed (V) 18 m/sec
Bond Vitreous
Type A46K6V
Size 200 mm diameter,
20 mm width
Type of abrasive Aluminum oxide
Grinding depth of cut 0.03 mm
Table speed 3 m/min
Dressing system
Dresser Winter

130 mm diameter

0.5 mm tip radius

0.3, 0.5, 0.6, 0.7, 0.8, 0.85,
0.9, 0.95

48, 96,144, 192 mn/min
0.03, 0.04, 0.05 mm

220V, 14 amps

11000 rpm, both direction
Stepper motor Skg.cm

5. RESULTS, DISCUSSION AND COMPARISON BTWEEN
PREDICTED AND EXPERIMENTAL RESULTS

Figures 11 and 12 show the comparison of the
theoretical and experimental results. The experiments
were repeated for three different depth of dressing. It can
be clearly seen that the normal dressing force of the
proposed model closely match with those experimentally
obtained. But, the agreement for tangential dressing force
is not so close.

There are two possible reasons for the deviation
between the theoretical and measured tangential dressing
force. Firstly, the dressing model assumes that only single
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grits are broken from the surface, whereas there is always
the possibility that two or more grits might be broken out.
Secondly, the dressing model assumes that only the grit
fracture occurred and bond fracture did not occur, whereas
there is the probability that bond fractures might be
occurred. The effects of various parameters are discussed
as follows.

A. Effect of speed ratio on tangential dressing force

Figure 11(a) shows the variation of tangential dressing
force against speed ratio for various dressing depths. The
tangential dressing force decreases with increasing speed
ratio. This behavior is independent of dressing depths. In
fact, this tendency is constant for various depths of
dressing.

9
FA . .
g
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w54 e LR R W X N at=0.04mm (Th)
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(®)
Figure 11: Predicted (Th) and measured (Ex) forces of dressing
versus speed ratio.

It can be argued that with increasing speed ratio, the
tangential component of the relative speed AV becomes
smaller. Due to this effect and referring to Figure 4 the
angle 6,; is increased. As a result, the tangential dressing
force follows a decreasing trend. In low speed ratio,
collisions takes place at the tangential direction to alumina

grits and shearing forces act on the wheel grits. Then, high
attritious wear and small crushing is produced on the grits.

B. Effect of speed ratio on normal dressing force

Figure 11(b) shows the variation of normal dressing
force versus speed ratio for three dressing depths. Unlike

the previous case, the normal dressing force increases with
increasing speed ratio. This trend has a slow pattern up to
the speed ratio +0.8. But the dressing forces suddenly start
to rise above this speed ratio. The same argument as for
the tangential force can also be applied here.

With increasing speed ratio, the normal component of
relative speed Ay becomes larger. This causes a rise in
normal dressing force. In high speed ratio, the collision
between dresser tip and the alumina grits takes place at the
radial direction of grits. Then, compressive forces act on
grits and low attritious wear and large crushing are
produced on grits. When speed ratio is 1, full crushing
takes place which causes grain cutting edge to become
dull. This argument is also in line with the finding of
previous researchers conducted by a diamond roll dresser

[11].
C. Effect of dressing cross feed rate on dressing forces

Figure 12(a,b) shows the variation of dressing forces
against cross feed for various dressing depths of cut. The
dressing forces rise with an increase in dresser cross feed.
This increase is independent of dressing depths. With an
increase in the dresser cross feed, the fractured sectional
force of the grits become larger. It leads to an increase in
the fracture force Fx.

D. Effect of speed ratio on grinding forces

The tangential and normal grinding forces versus speed
ratio are shown in Figure 13(a). The grinding forces
decrease with increasing speed ratio. As can be seen
above, speed ratio +0.8, sharpness of grinding wheel
becomes sufficient and the rate of decrease the grinding
forces is low. It can, therefore, be argued that speed ratio
of +0.8 is optimum. Above this speed ratio, the normal
dressing force suddenly rises. This can be determinate the
dresser.

E. Effect of dressing cross feed rate on grinding Jorces

As can be seen in Figure 13(b), tangential and normal
grinding forces drop with an increase in dresser cross feed.
This means that with faster dresser cross feed rate, sharper
grinding wheel can be obtained. If the dresser cross feed is
too high, the diamond tool misses some portion of the
wheel surface to be dressed.

—
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Figure 12: Predicted (Th) and measured (Ex) forces of dressing
versus cross feed rate.
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Figure 13: (a) measured grinding forces versus speed ratio; (b)
measured grinding forces versus dressing cross feed rate.

As a result an inconsistency on the wheel surface is
produced. To achieve the smooth and consistent wheel
surface, the cross feed should be calculated so that all
parts of the wheel surface is dressed.

6. CONCLUSIONS

A new model for the prediction of dressing forces has
been developed. It is based on the interaction of the grits
of the grinding wheel with the disk dresser. The theoretical
results show a good comparison with those obtained
experimentally. The model closely demonstrates the
relation of the dressing forces against speed ratio, cross
feed rate and depth of dressing.

Above speed ratio of +0.8, the normal dressing force
suddenly starts to rise. This is also in line with the
experimental finding of previous researchers conducted by
a diamond roll dresser. Also, the grinding force decreases
when speed ratio and dresser cross feed rate are increased.

7. NOMENCLATURE

a dresser tip diameter

a,  dressing depth

constant

contact area between dresser and wheel
radius of the grit circular fracture area
b;  dressing tool width

d mean diameter of the wheel grains

d, dresser diameter

d, wheel diameter

£, resultant fracture force on grit

F, normal dressing force

F,  tangential dressing force

F,.  normal contact dressing force

F,r  normal fracture dressing force

Fy  tangential fracture dressing force

k counter of the grits in contact angle

I contact length between dresser and wheel
N integer number of contact grains
N,  number of contact grains

Ny number of grains per unit area of the wheel

q dressing speed ratio

Sq cross-feed per revolution

S structure number of the wheel

Va cross-feed speed

v, surface speed of the dresser

V, surface speed of the wheel

relative speed between dresser and the wheel

Ve  fraction of grits in the wheel volume

@ contact angle of the dresser

4, angle between relative speed and horizontal axis
A contact angle of the wheel

M coefficient of friction between dresser and wheel
v,  Poisson’s ratio of the grain

or  mean fracture stress of the grain
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