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According to severa! authors the 
dressing operation is directly respon­
sible for the grinding wheel topogra­
phy, which is one of the factors, of 
great importance on the chip forma­
tion during the grinding operation 
[1-3]. In this way, the dressing tool 
and its performance during the 
dressing operation seems to have sig­
nificant influence on the grinding 
final results, in terms of surface fin­
ishing and material remova! rate [4]. 

Grinding wheel life, cycle time and 
quality output are the main factors 
affected by the dressing operation 
[5-6] . Dueto its importance, dressing 
tools and processes have been stud­
ied regarding performance improve­
ment, cost reduction and reability 
[8-11]. As a result, new tool design 
like plane dressers, clusters and 
rotary technologies have been intro­
duced in industrial environment [5]. 

The aim of the present work is to 
investigate the relation between the 
dressing parameters and the grind­
ing wheel sharpness using Acoustic 
Emission (AE) techniques. In addi­
tion, this work evaluates the influ­
ence of the contact area (between 
the dresser and the grinding wheel) 
on the sharpness of the working sur­
face and also on the AE root-mean­
square (AE RMS) levei. Two types of 
dressing tool were used, one single 
point made with a natural stone and 
two others with synthetic diamond 
bars, called . here constant width 
dressing tools (CWDT). 

THE DRESSING 
OPERATION AND 
ITS PARAMETE.RS 
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When using conventional grinding 
wheels, i.e.j those employing con­
ventional abrasives, such as Al203 
and SiC, for instance, the dressing is 
made in order to correct the wheel 
geometry and to renew the working 
surface sharpness. Figure 1 shows 
scquematically some of the main 
parameters used to describe the 
dressing operation. 

and the gr_inding wheel. ,' ·.'•. · 
Combining the parameters ad and bd 
one can obtain a projection of the 
frontal dressing area CAt~, as can be 
observed in the Figure 1. Due to the 

' difficulties in calculating accurately 
the frontal dressing area (At~' it can 
be conveniently approximated by 
the value Sd x ad [5] . This value will 
be more accurate as the area approx-

Frontal Dres:siu: Area: 

imates a paral­
lelogram (see 
detail in Figure 
1). This area can 
grow up to the 
limit where the 
dressing pitch 
equals the value 
of bd,. Values of 
sd bigger than 

Figure 1 - The dressing operation with a single point dressing tool, bd cannot be 
showing the forntal dressing area. used since part 

During the dressing operation, the 
depth of cut (a~, defines an appar­
ent width of dressing (bd) on the 
dressing tool. These two parameters 
defines, in a certain way, the geo­
metric working pro file of the dresser. 
This width varies as the dresser wears 
out, when using a single point dia­
mond stone. If the dresser uses syn­
thetic diamond bars, aligned, the 
width is more kept constant all 
along its usefullife time. 
With the wheel rotating and the 
dresser moving along its surface, a 
thread is created with a pitch (Sd). 
Using the apparent width (bd) and 
pitch (SJ, the overlapping dressing 
ratio Ud is defined by the expression: 

(2.1) 

This parameter is, in fact, an attempt 
to better define the kinematics of the 
interaction between the dresser tip 

of the wheel 
surface is not dressed. In other 
words, the minimum possible value 
for ud is 1.0, in order to guarantee 
that all the working surface is being 
dressed 

Another area can be defined on the 
tip of the dressing tool. It is the top 
dressing area Ard, as shown in Figure 
2. In a single point dresser it can be 
measured using a microscope or a 
profile projector. When using dresser 
with diamond bars it can be calcu­
lated by the cross section area of the 
diamonds, times the number of 
them present on the dresser. 

GRINDING. WH.E.El 
SHARPNESS 
Several methods have been devel­
oped for evaluating the grinding 
wheel sharpness. Some of the first 
approaches attempt to relate topo­
graphic parameters with the wheel 
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Ad . ACOUSTIC EMISSION 
. (AE) 

Constant width dressing tools (CWDT) 

Acoustic Emission (AE) could be 
defined as transient waves of stress 
generated by the sudden liberation 
of the deformation energy, or most 
generally, the friction energy of one 
or severa! sources located in a struc­
ture [12]. The main sources o f AE 
can be divided into four groups: dis­
location movements, phase transfor­
mations, mechanisms o f friction and 
crack formation [14]. Since the use 
of sensors for the measurement of 
the AE energy is a passive and non-

Figure 2 - Top dressing area Atd· 

sharpness. Many of these methods 
involve counting the number of cut­
ting edges on the wheel surface, for 
instance. More recently, however, 
methods have been created in which 
the approach is to assess the influ­
ence of the wheel topography on the 
results o f the operation [7]. Some of 
these methods involved a test using 
standard equipment and cutting 
conditions [8-11]. 

In spite o f the great number of works 
on the wheel sharpness evaluation, 
there are still some difficulty, mainly 
with the repeatability of the results 
obtained with the proposed meth­
ods, either with static or dynamic 
parameters [7]. One of the most 
direct and simple method to evalu­
ate the wheel sharpness is first pro 
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posed by Nakayama and Takagui in 
1980 [8-10]. This method brings 
about the possibility of evaluating 
the wheel sharpness in a very rapid 
and simple way, using a standard 
ground specimen. A linear relation 
can be found, whose slope is propor­
tional to the wheel sharpness K 
(mm3/Ns). In this method the wheel 
topography with ali the cutting 
edges are assessed at once. 
In the first proposal the specimen is 
a ball bearing, made of hardened 
steel. There was, however, some dif­
ficulties to assess the grinding wheel 
sharpness performance on different 
workpiece materiais, since a sphere 
is not a easy geometry to manufac­
ture. Aware of this problem, in 1991, 
a variation of the initial Nakayama 
method is proposed, in which a disk 
replaces the ball bearing (the 
Method of the Ground Disk) [11]. In 
this version, the calculation and also 
the assessment is made by a comput­
er, with the objective of making the 
method more rapid and automated. 
This method is used in this research 
in order to evaluate the sharpness of 
the wheel working surface, measur­
ing a parameter known as K 
(mm3/N.s) [2] [5] [11] . 

Wheel speed 

destructive technique, it can be used 
to . monitor crack propagation and 
failure prediction in loaded struc­
tures. This technology has been 
gaining a variety of applications 
since the beginning of the century 
[12-17]. 

Severa! research works have been 
published showing the applications 
of AE to monitor tool wear on 
machining operations and on sever­
a! other production processes, as 
well. For instance, references [18] 
and [19] demonstrate that the RMS 
(root-mean-square) levei of the AE 
signal during turning operation has 
a strong correlation with the tool 
wear. Additionally, it can be found a 
number of other works showing the 
efficiency of the AE signal to evalu­
ate tool wear in a variety of machin­
ing processes [20-24]. Moreover, AE 
has been also reported to be capable 
of predicting tool failure in process 
[25-31]. 

On the grinding wheel dressing, the 
shocks between the abrasive grains 
and the diamond on the dresser cre­
ates strong stress waves, which trav­
els aJong the dresser and the 
machine parts in a large band of fre­
quencies. The energy of these waves 
can be detected by an AE sensor. 

Some works using 

VS = 22.90 rn/s • 
> 400 ~~_:::::::::0 

the AE RMS levei 
has already shown 
that it is proportion­
al to the main dress­
ing parameters (Sd, 
ad) [32] and [33]. 
The final result pre­
sented by reference 
[35] is in the Figure 
3. 

~ · --------~fi~CJ-
~300 /ô . • ;:..--------- ~~ 
., / O/-~ I 0.04mm 5> • / ........... -

~--"'= 200 1/~ )'/// / :.> 0.08 mm 
~ • / . / Profile o f dresser 

c. • '' / >/ 
~100 :y'(;' 

i/~' 
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• 0.16 mrnlrev 
Dressing Lead Sd 6 0.08 mrnlrev 

o 0.04 mrnlrev 

0.02 0.03 

Dressing Depth (ad) mm 

Figure 3 - Influence of the Dressing parameters 
on the EA signal [35]. 

Figure 3 shows that 
AE levei is directly 
proportional to ad 
up to the value of 

Continued on pg. 24 
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Figure 4 - Variation on the AE RMS levei 
according to the depth of cut (a~ [35]. 

0.01 mm. Higher values of ad seems 
to cause much less increase on the 
AE levei, leading to an apparently 
limit value. The influence of Sd on 
the AE levei is shown to be less 
intense, but there is still some rela­
tion between them. 
The AE RMS levei can also be used to 
guarantee the uniform dressing 
depth of cut (a,) over ali the wheel 
width. Figure 4 shows the rel~tion 
between the AE levei and the varia­
tion on the dressing depth of cut 
(a,). 

There are also a number of successful 
applications of AE to monitor the 
dressing operation described in refer­
ences [32-37]. 

UPER~MENTAl. ~ . : 
WORK · . 
The experimental work . 
developed can be divid- . · 

. . . .· .. 
.. · ·,. ~igure 5 - General set-up of the experiments. 
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Figure 6 - Gain adjustment of the BM12 -
AE measurement device . 

ed in two parts. In the first one a sin­
gle point dresser made with natural 
diamond was used. Relation between 
dressing parameters and sharpness 
were evaluated, as well as, the AE 
RMS levei. In the second part dress­
ing tools with constant width, made 
with synthetic and geometrically 
regular diamond stones, are used to 
evaluated the same relations. 

The general set-up used is shown 
squematically in Figure 5. It used a 
device for wheel sharpness evalua­
tion (Method of the Ground Disk), a 
dresser fixture with a AE sensor 
attached and also a microcomputer 
set with an analogue/digital convert­
er. 
The wheel sharpness evaluation 
device and the dresser fixture were 
placed on the magnetic table of the 
surface grinding machine, under the 
wheel. The experiments were carried 
out following always the same 
sequence, i.e.: 
The grinding wheel surface was 
made blunt by setting a very mild 
dressing condition, i.e. Ud = 8.0 and 
ad = 0.04mm. The wheel was dressed 
in spark out. 
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The dressing conditions were set to , 
the experiment and the wheel was 
dressed, with the AE signal being 
recorded by the microcomputer, 
The sharpness was measured using 
the wheel sharpness evaluation 
device. 
The whole sequence was repeated 
setting up a new dressing condition. 
The order in which the experiments 
were carried out, followed a random 
table aiming at minimise any possi­
ble bias on the results. 

0,025 

0,02 

0,015 

0,01 

K(mm3/ 

0,00 

• Ud = 1,5 

• Ud=3,0 

.& Ud = 6,0 

0,01 

I 

0,02 

• 
t 

0,03 

ad mm 

: • Ud = 3,0 

... Ud = 6,0 

0,04 0,05 0,06 

5.1- EQUIPMENT 
Machine: surface grinding machine 
TRIPET. 

Figure 7 - Wheel sharpness ·as a function o f the depth of cut ad for different values o f 

Grinding wheel: 80 K V 5 - 250 mm 
diameter and 25 mm width. 
Grinding wheel speed: 33 m/second. 
AE sensor: Sensis piezoelectric, 
response flat up to 200 kHz. 
AE device Sensis BM12, set with a 40 
dB amplifier and a 5 kHz high pass 
filter. 
The gain was adjusted for the exper­
iment in such a way that it could be 
used up to the strongest dressing 
condition without reaching the 
maximum levei of the RMS signal. 
The result of this adjustment is 
shown in Figure 6. 

The values of depth of cut were cho­
sen taking into account those nor­
mally used in practical industrial 
applications and also in published 
works [33-35] . 

5.2 EXPERIMENTAL 
PLANNING 
In the first part of the experimental 
work a single point dressing tool 
with natural diamond stone was 
used. Three overlapping ratios (Ud = 
1.5, 3.0 e 6.0) were combined with 
six values of depth of cut (ad = 0.01, 
0.02, 0.03 0.04 _ 0.05 e 0.06 mm) 
resulting in 18 experiments. The 
order of these testes followed a ran­
dom table. The sharpness measure­
ment was made three times along 
the wheel surface and the value 

6,00 

5,00 

4,00 

3,00 

0,00 

.Ud=1,5 

• Ud= 3,0 

.1. Ud = 6,0 

0,01 0,02 

overlapping ratio Ud· .. . · . 

placed on the graph is an average. 
The AE RMS levei was measured just 
once, during the dressing operation. 

In the second part, three values of 
overlapping ratio (Ud = 1.5, 3.0 e 5.0) 
were used in a dressing operation 
with ad = 0.04 mm, for each one of 
the two CWDT. The first one con­
taining two and the second four dia­
monds. This resulted in 6 experi­
ments. Sharpness K and AE RMS 
levei were measured in the same way 
described for the first part. 

RESULTS 
ANO DISCUSSION 
6.1. FIRST PART - Experiments 
with single point diam.ond 
dressing tool. 
Figure 7 presents the wheel sharp­
ness as a function of the depth o f cut 
ad for different values of overlap­
ping ratio U d· 

The lines drawn on all the graphics, 
such as on Figure 7, are only to show 
a tendency and do not come from 
any kind of mathematical regres­
sion. Bearing that in mind, it can be 
observed that on the majority of the 
points shown in Figure 6 there is an 
increase on the wheel sharpness, as 
the dressing depth of cut, ad, goes 
from 0.0 up to 0.06 mm. The values 
obtained when using lower overlap-

0,03 

ad(mm) 

0,04 0,05 

Ud=3,0 

Ud = 6,0 

0,06 

Figure 8- AE RMS levei as a function of the depth of cut ad and the overlapping ratio Ud. 
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ping ratios aiso shows, in general, 
higher values of sharpness. 
Figure 8 shows the results of the AE 
RMS obtained from the same experi­
ment using the single point dia­
mond dresser. 

Comparing the Figure 8 with Figure 
7 it can state that both show a simi­
lar tendency. As the depth of cut 
increases, there is also a rise on the 
frontal dressing area (Afd in Figurei). 
Consequently, the possibility of the 
abrasive grains become sharper 
grows, since the dresser tip is shock­
ing with higher portions of the abra­
sive grains. The result is a working 

Continued on pg. 26 
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ACOUSTIC EMISSION Continued 

surface with higher sharpness. 
Moreover, a high frontal dressing 
area, Ar.v leads to stronger _shocks 
between abrasive grains and the . 
dresser tip. This is believed to be the 
cause for high AE RMS leveis . . The 
behaviour of the sharpness as a fúnc­
tion of the frontal dressing area is 
shown in Figure 9. 

The tines drawn in Figure 9 shows 
the region in which all the values of 
sharpness were found, as well as ~he 
overall trend. Figure 10 shows a Sim­
ilar picture with the values of AE 
RMS levei. 

Figure 11 shows a relation between 
the values of sharpness and AE RMS 
leve! obtained in the experiments 
with a single point diamond dresser .. 

The lines drawn in the Figure 11 
indicates that there is a direct rela­
tion between the sharpness of the 
grinding wheel and the AE RMS Jevel 
measured during the dressing opera­
tion. Although it seems a weak rela­
tion, it can be stated that higher AE 
RMS leve! during the dressing opera­
tion indicates that the result was a 
wheel working surface with high 
sharpness. 
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Figure 9 - Shaq)ness as a function of the frontal dressing area Afd· 
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Figure 12- AE RMS levei and .sharp~ess K 
as a function of the overlappmg ratlo Ud 
and number of diamonds on the dressing 
tool. 

Figure 11 - Sharpness as a function of the AE RMS levei. 

6.2 SECOND PART 
Experiments using constant 
width diamond dressing tool 
(CWDT). 

The graphs of the Figure12 presents 
the results of AE RMS and sharpness, 
K, as a function of the overlapping 
ratio Ud. In all these experiments, 
the depth of cut, ad was kept con­
stant (ad = 0.04 mm) in order to be 
able to evaluate the effects of the top 
dressing area. 

In Figure 12 it can be observed a neg­
ative slope relating both, the AE RMS 
leve! and sharpness K with the over­
lapping ratio. Regarding the sharp-

• August I September 2001 

ness K, the result confirm previous 
published works [8-11] and, the AE 
RMS leve! behaviour was similar to 
that using single point dressing tool, 
vis-à-vis Figure 8. On the other 
hand, with different number of dia­
monds, there is a slight difference on 
the values AE RMS levei. This indi­
cates that the top dressing area, Atd' 
seems to have little influence on the 
AE RMS signal. Contrasting, the 
sharpness K was significantly affect­
ed by the number of diamonds. 

When the abrasive grains are broken 
by the first diamond on the dresser, 
there is a increase on the AE RMS 
level measured. After this shock, 

1,5 3 5 Ud 

Figure 13 - AE RMS leve! as a function of 
the Sharpness K. 
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some sha!p edges are produced, by 
after that there is another diamond, · -
on the two diamond dresser, or three 
others on the four diamond one. lt 
seems that the shock with the 
remaining diamonds did not pro­
duced a lot of increase on the AE 
RMS signal, but it was enough to 
blunt the sharp edges produced by 

the first diamond. Therefore, the 
addition of _two more diamonds 
onthe dresser, i.e. the increase the 
top dressing area, Ar., was suffident 
to produce a lower sharpness on 
grinding wheel, while the increase in 
AE RMS levei was very slight, or even 
not observed. 

Figure 13 shows the relation found 
between the AE RMS levei and the 
Sharpness K, when suing constant 
width dressing tools, with 2 and 4 
diamonds. 

Although the number of points is 
low , it seems that the AE RMS levei 
is proportional to the sharpness K, 
independently of the size of the top 
dressing area Ard· T 

C-ONCLUSION.S 
From the results found in the pre­
sent work, some conclusions can be 
drawn: 
When using single point diamond 
dressing tool, the grinding wheel 
sharpness K was proportional to the 
increase in both, depth of cut ad and 
overlapping ratio u., so was the AE 
RMS signal. Additionally, a direct 
proportionality between sharpness 
K and AE RMS signal was found. 
When high values of AE RMS levei is 
found, a more sharp grinding wheel 
can be expected. 
For ali the dressing conditions used 
the frontal dressing area Ard was 
found to be directly proportional to 
the sharpness K and also to the AE 
RMS levei. It seems that the frontal 
dressing area is the main responsible 
for the sharpness and also for the 
higher AE RMS leveis. 
When using dressing tools with con­
stant width containing two or four 
diamonds, results similar to those 
for single point tools were found, 
regarding the relation between 
sharpness K and overlapping ratio 
Ud, as well as AE RMS and Ud. 
Contrasting, when the top dressing 
area Atd was modified, i. e. changing 
from two to four diamonds, the 
sharpness K decreased and there no 
significant difference on'AE RMS was 

ABRASIVES MAGAZINE 
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observed. ~ It can_ be supposed that 
incteasing the-top,_ dressing area, the 
grains will "' result more -blunt, but 
only the shocks between them and 
the first diamond on the dresser will 
produce significant AE_ RMS sigrial. 
Finally, independently of the num-

Brazil for supplying the diamonds 
used at the present research. 
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