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INTRODUCTION

The topography of the grinding wheel active 
surface specified by the shape, size, and distribu-
tion of abrasive grain edges in the working space, 
plays a crucial role in the grinding process. The 
grinding process and the machining outcome de-
pend on its condition. The topography of a grind-
ing wheel’s active surface, prepared for operation, 
is the result of the grinding wheel’s characteristics 
(i.e., size and type of abrasive grains and wheel 
structure) and the dressing operation carried out.

Machine dressing of conventional grinding 
wheels with aluminum oxide or silicon carbide 
abrasives is generally carried out using diamond 
dressers. This group includes, among others, sta-
tionary single and multi-point dressers and roller 
dressers (Fig. 1). Natural or synthetic diamonds in 
the form of mono- or polycrystalline are used in the 

construction of dressers. Arrangement of diamond 
crystals or PVD, CVD, MCD needles on the dress-
er surface can be random or defined [1, 2]. In the 
case of single-point dressers the diamond is in the 
axis of the dresser (Fig. 1a). In the case of station-
ary multi-point dressers, similarly to the needles 
in PVD, CVD, MVD dressers, diamonds are in a 
specific position in relation to each other (Fig. 1b, 
c), and in roller dressers diamonds can be arranged 
both in a defined and random way (Fig. 1d). Dress-
ing parameters, determining the relative motion of 
the dressing tool and grinding wheel, have a sig-
nificant impact on the obtained grinding wheel sur-
face topography. By changing the values of these 
parameters, the cutting properties of the grinding 
wheel can be influenced in a targeted manner, and 
consequently the course and the achieved grinding 
result. For stationary dressers, these parameters are 
the dressing depth ad and the dressing feed fd and 
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for roller dressers, the radial infeed speed vfd and the 
direction and values of the peripheral speeds of the 
grinding wheel vsd and of the dressing tool vd . The 
aforementioned parameters are included in the indi-
cators that characterize the dressing process [1, 3]. 
The basic ratio, which is mainly used in dressing 
processes performed with the use of diamond single-
point dressers, is the overlap ratio Ud – Equation 1. 
Its formula takes into account the dressing feed fd and 
the active width of the diamond tip measured in the 
direction of the dressing feed bd . The result of cal-
culations according to the Equation 1 indicates how 
many revolutions the grinding wheel will make dur-
ing the movement of the dressing tool on a section 
equal to the active width of the diamond.

  𝑈𝑈𝑑𝑑 = 𝑏𝑏𝑑𝑑
𝑓𝑓𝑑𝑑

 or 𝑈𝑈𝑑𝑑 = 𝑏𝑏𝑑𝑑∙𝑛𝑛𝑠𝑠
𝑣𝑣𝑓𝑓𝑑𝑑𝑓𝑓

 (1) 

 
 𝑞𝑞𝑑𝑑 = 𝑣𝑣𝑑𝑑

𝑣𝑣𝑠𝑠𝑑𝑑
 (2) 

 
 𝑖𝑖𝑑𝑑 = 𝐶𝐶𝐾𝐾,𝐷𝐷𝐷𝐷

′ ∙ 𝑙𝑙𝑔𝑔𝑑𝑑 ∙ (𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶 + 𝐷𝐷𝐷𝐷𝐷𝐷) ∙ 𝑈𝑈𝑑𝑑 ∙ |1 − 𝑞𝑞𝑑𝑑| (3) 
 
 
 𝑘𝑘1 = ∑ 𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑 ∙ 𝑙𝑙𝑑𝑑

𝑙𝑙𝑐𝑐
 (4) 

 
 
 𝑘𝑘2 = 𝑓𝑓𝑑𝑑−𝑙𝑙0

𝑓𝑓𝑑𝑑
 (5) 

 
 

 𝑡𝑡𝑡𝑡𝑡𝑡 = 2 𝑣𝑣𝑓𝑓𝑓𝑓
𝑣𝑣𝑠𝑠

√ 𝑎𝑎𝑒𝑒
𝐷𝐷𝑒𝑒𝑒𝑒

  (6) 

 

 (1)

where: bd – active width of the diamond tip [mm], 
fd – dressing feed [mm/rev], ns – rotational 
speed of the grinding wheel [1/s], vfdr – 
dresser feed rate [mm/s].

When using roller dressers to control dressing 
conditions, the ratio qd is applied, which describes 
the relative motion of the wheel and the dresser. 
The ratio qd determines what fraction of the cir-
cumferential speed of the grinding wheel vsd is the 
dressing speed vd – Equation 2. The ratio takes a 
positive value when the rotations of the dresser 
and grinding wheel are synchronous and negative 
when they are asynchronous.
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 (2)

where: vd – circumferential speed of the dresser 
[m/s], vsd – circumferential speed of the 
grinding wheel [m/s].

Another, more complex index id – Equation 
3, determining the number of collisions between 
the dresser diamonds and CBN grains, was used 
to characterize the dressing operation with a 
diamond cup dresser of CBN ceramic grinding 
wheels [4]. This index combines the kinematic 
conditions of the dressing process, defined by the 
Ud , qd indexes, and the characteristic data of the 
dressing tool and the grinding wheel.
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 (3)

where: lgd – geometric contact length [mm], C’K,Dt 
– density of diamond dresser grains [mm-2], 
DCBN – average CBN grain size [mm], DDt 
– average diamond grain size [mm], Ud – 
overlap ratio [–], qd – speed ratio [–].

The values of the listed indicators and the 
parameter specifying the depth of dressing (per 
revolution or per pass) make it possible to super-
vise the dressing process and predict the obtained 
topography of the grinding wheel. As indicated in 
[4–6], the final topography of the grinding wheel 
is significantly influenced by the collisions num-
ber of diamonds with grinding wheel abrasive 
grains. In the case of using stationary dressers, the 
increase in the collisions number is achieved by 
increasing the value of the Ud ratio. The higher the 
number of collisions, the lower the roughness of 
the grinding wheel topography after dressing [6].

Number of collisions when using rotating 
diamond cup dresser for dressing vitrified CBN 
grinding wheels [4, 5] is a function of the overlap 
ratio Ud and the relative dressing speed. According 
to [4], high collision numbers together with high 
effective dressing speeds cause intensified CBN 
grits splintering, while small collision numbers 

Figure 1. Diamond dressers – examples: (a) single-point dresser, (b) needle 
blade dresser, (c) stationary multi-point dresser, (d) roller dresser: I – defined 

distribution of diamond grits, II – random distribution of diamond grits

a) b) c) d)
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and reduced effective dressing speeds result 
mostly in grits flattening. In turn, the authors [5] 
indicate that the use of a high value of the qd ratio 
is recommended for roughing the grinding wheel 
surface, during which a larger number of cutting 
edges is created.

The topography of grinding wheels dressed 
with diamond roller dressers depends mainly on 
the value of the qd ratio and the radial feed vfd [1, 
3, 7]. The influence of the qg ratio (diamond roller 
dresser grit size / grinding wheel grit size) and 
the type of diamonds used in the dresser are also 
considered [8]. A smaller active surface rough-
ness of the grinding wheels is obtained by limit-
ing the infeed speed (then the dressing depth ad 
will be reduced) and increasing the relative speed 
of the dressing wheel and grinding wheel (us-
ing the asynchronous movement of the grinding 
wheel and the dresser) [1, 3, 6, 7, 8]. A typical 
graph of the dependence of the active roughness 
of the grinding wheel on the dressing conditions 
is shown in Figure 2a [1–3]. Depending on the di-
rection of rotation of the dresser and the grinding 
wheel, the shape of contact paths between the dia-
mond grains of the dressing wheel and the grind-
ing wheel changes. During up-dressing, the paths 
are longer, so that the microgeometry produced 
on the grinding wheel is characterized by a lower 
roughness in relation to the roughness after down-
dressing, in which the contact paths are shorter 
and more curved. A special case occurs when the 
grinding wheel and dresser synchronous move at 
the same circumferential speeds (qd = 1). The grind-
ing wheel surface is crushed by diamond grits, as 
a result of which the surface of the grinding wheel 
obtains the highest roughness. Studies of the in-
fluence of dressing conditions with single-point 

dressing tools [1, 3, 4, 9, 10, 11, 12] on the grind-
ing wheel topography indicate that decreasing the 
Ud ratio and/or increasing dressing depth ad results 
in a greater roughness of the grinding wheel (Fig. 
2b) and a smaller number of static cutting edges 
distributed at a greater depth [9, 10, 13], which 
translates into lower values of the forces of the 
grinding process [14]. When the ratio takes values 
below 1, a helical groove is formed on the grind-
ing wheel surface - unacceptable during the fin-
ishing machining of workpieces, but useful when 
the purpose of grinding is a surface with a specific 
microstructure pattern [15].

When using stationary multi-point diamond 
dressers, e.g. diamond sticks, the factor affecting 
the final topography of the wheel is incomplete 
removal of the wheel layer during one dressing 
pass [16]. This leads to the accumulation of the 
thickness of the removed layer in the next dressing 
pass and, consequently, to greater contact loads 
and greater roughness of the grinding wheel. The 
source of this phenomenon is the random nature 
of the diamonds grains distribution in the dress-
ing tool and the irregular shape of these grains.

As the literature review shows, the condition 
of the topography of the grinding wheel active 
surface can be shaped by changing the parameters 
of the dressing method used. A convenient tool to 
help predict the effects of dressing are the dress-
ing indicators discussed above. Their values, cal-
culated on the basis of formulas containing char-
acteristic values of a given dressing process, indi-
cate what active roughness of the grinding wheel 
should be expected after dressing. Unfortunately, 
these indicators are not applicable to dressing 
operations performed with stationary multi-
point dressers - they do not take into account the 

Figure 2. Influence of dressing parameters on the effective grinding wheel roughness: 
(a) roller dresser, (b) single-point dresser (own figure based on [28])

a) b)
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occurs in different angular its position. Depend-
ing on the dressing feed and the number and 
distance of the diamonds, the paths created by 
the diamonds may overlap to varying degrees. 
Figure 3 shows an example of how the traces of 
diamonds movement paths created on the grind-
ing wheel generatrix during one dressing pass 
are superimposed. Five colors indicate the po-
sition of the dresser diamonds in five consecu-
tive revolutions of the grinding wheel for two 
different dressing feed rates fd. When drawing 
the diagrams, it was assumed that the distances l 
between the diamonds of the dresser, measured 
in the direction of feed, are the same.

In both presented on the Figure 3 cases, the 
dressing feed fd , counted per one revolution of 
the grinding wheel, is not a multiple of the dia-
mond distance (fd ≠ n∙l). So we are not dealing 
with a special situation when successive dia-
monds move along the paths of their predeces-
sors. As can be seen, on the grinding wheel gen-
eratrix there are sections with different multiplic-
ity of contact with the diamond tips and sections 
that did not have this contact at all. As a result, 
spiral microbands will be formed on the grind-
ing wheel surface, which, as follows from Fig-
ure 2b, will have different roughness. Whereas 
the areas that did not come into contact with the 
dresser will form a helical ridge on the surface 
of the grinding wheel. Thus, the grinding wheel 
surface formed with the stationary multi-point 
diamond dresser does not have a homogeneous 
structure. Its condition depends on the geometri-
cal characteristics of the diamonds, their mutual 

specificity of shaping the topography of the grind-
ing wheel surface by several diamonds placed on 
the dresser surface. These diamonds, during the 
dressing pass, come into contact with the surface 
of the grinding wheel one by one and move in 
tracks that may overlap to varying degrees de-
pending on the dressing feed. In order to develop 
new formulas of indicators useful for this dress-
ing method, research was undertaken to explain 
how the kinematic parameters of dressing and 
the condition, number and position of diamond 
grains of a stationary multi-point dresser affect 
the method of removing the grinding wheel layer 
and, consequently, the topography of its surface.

This research was divided into two stages. In 
the first one, the results of which were to be used 
to develop new dressing indicators, simulation 
study of the overlapping of diamond grain paths 
along the grinding wheel generatrix were carried 
out. In the second stage, experimental tests were 
carried out in which, using new indicators, a series 
of tests were performed on dressing the grinding 
wheel using a stationary multi-point dresser, and 
then measuring and assessing the topography of 
the grinding wheel dressed in this way.

Characteristics of dressing with stationary 
multi-point diamond dresser

On the working surface of stationary multi-
point dressers (Fig. 1c) there is a specific num-
ber of regularly distributed diamonds grits. The 
distances between the diamonds cause that dur-
ing dressing the contact of subsequent diamonds 
with the surface of a rotating grinding wheel 

Figure 3. The position of the diamond tips of the stationary multi-grain dresser in 
relation to the grinding wheel generatrix in the next five revolutions of the grinding 

wheel: a)  fd > l; b)  fd < l; l – diamond distance, fd – dressing feed [mm/rev]

a) b)
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position on the dresser surface and the param-
eters of the dressing process, and above all, the 
dressing feed fd.

The above was the reason for performing a 
computer simulation in order to examine how 
the mentioned parameters affect the multiplicity 
of contact of the grinding wheel generatrix with 
diamonds. The variables of the simulation were: 
the number, active width and mutual position 
of diamond grits on the dresser surface, and the 
speed of dressing feed and the rotational speed 
of the grinding wheel. In the simulation, it was 
assumed that the diamond grits of the dresser are 
of the same size and their tops have the same ac-
tive width. It was assumed that the cross-section 
of the diamond grits in the plane of the feed direc-
tion has the shape of an isosceles trapezoid with 
arms inclined to the base at an angle of 45o. The 
shorter base of the trapezoid represents the ac-
tive width of the diamond. The simulation results 
were illustrated with graphs showing:
 • distribution of traces of grains in the plane the 

grinding wheel generatrix,
 • cross-sectional profile of the grinding wheel 

active surface,

 • distribution of segments of the grinding wheel 
generatrix, on which the contact of the dress-
er diamonds with the surface of the grinding 
wheel occurred the same number of times.

Examples are shown in Figure 4. These are 
the results for two 6-grit dressers with different 
diamond settings. In the first one, one diamond 
grit is located centrally, and the other five are lo-
cated at the corners of a regular pentagon. In the 
second, all diamonds occupy positions in the cor-
ners of a regular hexagon. In both cases, the outer 
diamonds are located on a circle with a diameter 
of 6 mm. The distribution of diamonds and their 
position in relation to the direction of grinding 
wheel movements are shown in Figures 4a and 
4b. These drawings were supplemented with the 
value of the applied dressing feed fd. In the simu-
lation, it was assumed that the active width of the 
diamond tips is bd = 0.5 mm.

A characteristic feature of the diamond trac-
es distribution (Fig. 4 c, f) along the generatrix 
is the repetition of the same contact sequence 
over sections corresponding to the feed that the 
dresser performs during one wheel rotation. The 

Figure 4. Examples of simulation results of the contact between diamonds grits of multi-point 
stationary dressers and the generatrix of a grinding wheel type 1: (a, b) setting the diamonds grits on 
the dresser surface, (c, f) grits traces distribution over the grinding wheel generatrix, (d, g) the profile 

of the grinding wheel generatrix, (e, h) overlap ratio along the generatrix of the grinding wheel
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successive sections of generatrix are shaped by the 
dresser in the same way. The examples shown in 
Figure 4 illustrate situations in which the dressing 
parameters adopted did not ensure diamond con-
tact along the entire length of the grinding wheel’s 
generatrix during a single dressing pass. As a re-
sult, the generatrix took the shape of a comb with 
varying height and width of the teeth (Fig. 4 d, g). 
On the grinding wheel active surface formed in 
such conditions, there will be bands with multiple 
contact with the diamonds grits, which have been 
dressed with the overlap ratio Ud greater than 1, 
and the helical ridge. The change of the overlap 
ratio Ud along the grinding wheel generatrix dur-
ing one dressing pass is shown in diagrams 4 e, h. 
The horizontal lines in the diagram represent the 
sections of generatrix on which the contact with 
the diamonds has repeated a certain number of 
times and the Ud ratio assumed the same value. 
The cited examples show that the effect that the 
multi-point dresser has on the grinding wheel ac-
tive surface is differentiated along the generatrix 
and depends on the kinematic conditions of the 
process (dressing feed, grinding wheel rotational 
speed) and the characteristics of the dresser (ac-
tive width and the position of diamonds grits rela-
tive to each other).

The indicators of dressing process  
with stationary multi-point dressers

The variable value of the dressing ratio Ud, 
with which the microbands are formed on the 
grinding wheel active surface, limits the possibil-
ity of using this index to characterize the dressing 
process performed with a stationary multi-point 
dresser. Therefore, a different index formula was 
proposed, which would play a similar role as the 
Ud and qd ratios and more adequately represent 
the state of the grinding wheel topography after 
dressing. Since, after the dressing process, there 
are bands of different roughness next to each 
other on the surface of the grinding wheel, it was 
proposed that the dressing procedure should be 
characterized by an index averaging the local (oc-
curring on individual bands) overlap ratios Ud.

The simulation results presented in Figure 
4 show that the sections of grinding wheel gen-
eratrix (and therefore also individual bands), 
on which the overlap ratio Ud has specific val-
ues, have different lengths. Therefore, it was 
assumed that the formula of the new indicator 
would be specified by the weighted mean of the 

local dressing overlap ratios Ud occurring along 
the length of the generatrix. The weights of local 
ratios Ud in the calculated mean are the lengths 
of the sections on which these ratios occur. The 
method of calculating the indicator is described 
in Equation 4.
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where: k1 – mean overlap ratio [–], Udli – local 
dressing overlap ratio of one dressing 
pass [–], li – the section length of the gen-
eratrix dressed with the local dressing 
overlap ratios k1 [mm], lc – length of the 
grinding wheel generatrix [mm].

When analyzing the formula (4), it can be 
seen that the dressing indicator k1 will not have 
a special value (e.g. < 1, as in the case of the Ud 
ratio – Equation 1, informing that under the as-
sumed process conditions, a section of the gen-
eratrix will not contact the diamonds at all. As al-
ready mentioned, under such conditions, a helical 
ridge is formed on the grinding wheel surface. Its 
presence is unfavorable for the grinding process. 
Therefore, it was proposed to calculate an addi-
tional indicator according to formula (5), which 
in such a case has a value less than one.

 

 𝑈𝑈𝑑𝑑 = 𝑏𝑏𝑑𝑑
𝑓𝑓𝑑𝑑

 or 𝑈𝑈𝑑𝑑 = 𝑏𝑏𝑑𝑑∙𝑛𝑛𝑠𝑠
𝑣𝑣𝑓𝑓𝑑𝑑𝑓𝑓

 (1) 

 
 𝑞𝑞𝑑𝑑 = 𝑣𝑣𝑑𝑑

𝑣𝑣𝑠𝑠𝑑𝑑
 (2) 

 
 𝑖𝑖𝑑𝑑 = 𝐶𝐶𝐾𝐾,𝐷𝐷𝐷𝐷

′ ∙ 𝑙𝑙𝑔𝑔𝑑𝑑 ∙ (𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶 + 𝐷𝐷𝐷𝐷𝐷𝐷) ∙ 𝑈𝑈𝑑𝑑 ∙ |1 − 𝑞𝑞𝑑𝑑| (3) 
 
 
 𝑘𝑘1 = ∑ 𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑 ∙ 𝑙𝑙𝑑𝑑

𝑙𝑙𝑐𝑐
 (4) 

 
 
 𝑘𝑘2 = 𝑓𝑓𝑑𝑑−𝑙𝑙0

𝑓𝑓𝑑𝑑
 (5) 

 
 

 𝑡𝑡𝑡𝑡𝑡𝑡 = 2 𝑣𝑣𝑓𝑓𝑓𝑓
𝑣𝑣𝑠𝑠

√ 𝑎𝑎𝑒𝑒
𝐷𝐷𝑒𝑒𝑒𝑒

  (6) 

 

 (5)

where: fd – dressing feed [mm rev-1], l0 – the to-
tal length of the grinding wheel genera-
trix that is not in contact with diamonds, 
defined within the distance of the dresser 
displacement during one grinding wheel 
rotation [mm].

The value of the presented indicators depends 
on the values related to the construction and con-
dition of the dresser and the dressing process. 
To determine their value, you need data on the 
number, position and active width of diamonds 
grits and the dressing feed. Characteristic wave-
forms of changes in the indexes values depend-
ing on the mentioned values, developed using a 
computer simulation, are shown in Figures 6 and 
7. The calculations were carried out assuming 
that the distances between the diamonds grits in 
the dresser are: (a) the same – Figure 5a, (b) ir-
regular – Figure 5b and assuming that the active 
width of the diamonds grits is the same. Figure 5b 
demonstrates how irregular diamonds grits spac-
ing is defined. It was assumed that the distance 
between the grits in the feed direction fd is derived 
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from the setting of the dresser, in which the grits 
are located at the vertices of a regular polygon. If 
the dresser is rotated by the angle α, the distances 
between the polygon vertices (and therefore also 
the diamonds grits) measured in the feed direc-
tion fd are not the same. The black quadrilaterals 
in Figure 5b show the grits in the starting posi-
tion. The grit distances in such positioning are l01 
and l02 respectively (it is a case of overlapping grit 
positioning in the direction of the grinding wheel 
speed vs - hence there are only 2 distances). The 
non-blackened quadrilaterals show an example of 
the diamond grits positioning, when the dresser 
was rotated by the angle α in relation to the initial 
position. In this setting, successive grits are dis-
tant from each other by lα1 , lα2 , lα3 and lα4 and each 
of these values is not the same. Calculation for 
the angle α ranging from 0o to 360o/z (where z is 
the number of grits) is sufficient to determine all 
possible values that k1 and k2 will take for the de-
scribed grits configuration on the dresser surface.
Table 1 presents the ranges of variable values that 
were assumed in the calculations of k1, k2 indices.

Based on the performed calculations, graphs 
the values of k1 and k2 indicators as a function of 
grain distance l and dressing feed fd were gener-
ated. Exemplary graphs are presented in Figures 
6 and 7. These graphs, regardless of the adopted 
number of grains, have characteristic courses. 
Figure 6 applies to dressers with equal distances 
between diamonds determined by the value of l, 

while Figure 7 applies to the case when the dis-
tance between the diamonds in the direction of 
dressing feed is different and depends on the 
angle α which determines the angular position of 
the dresser. The analysis of the graph in Figure 6a 
shows that:
 • the same mean overlap ratio values described 

by the k1 indicator can be obtained by using 
dressers with a different diamonds grits spac-
ing scale l , the value of the k1 indicator is de-
termined by the dressing feed fd;

 • the helical ridge on the surface of the grinding 
wheel is created when the dressing feed is a 
multiplicity of the distance between the dia-
monds in the dresser.

The graph in Figure 6b shows that with the 
increase of the feed rate, the mean value of over-
lap ratio (k1) decreases and the density of points 
for which the k2 indicator is less than 1 increases, 
which indicates the presence of areas not sub-
jected to dressing on the surface of the grinding 
wheel. In the case of irregular diamond spacing 
in the dressing feed direction, the ranges of the 
α angle (defining the dresser position), for which 
a part of the grinding wheel will not be dressed, 
appear irregularly and have different widths (Fig. 
7a). As the dressing feed rate increases, the rang-
es are larger and larger. When the lowest feed 
rates are applied, the k1 indicator remains constant 
throughout the full range of the dresser settings.

Table 1. Variable value ranges adopted in the k1 , k2 calculations

Number of diamonds 
grits z

The effective width of a 
single diamond grit

bd [mm]

Diamonds grits distance [mm] Dressing feed fd 
[mm/ rev ]Regular Irregular

5, 6, 7 0.3 0.5 ÷ 2 every 0.1
Results from the α 

angle of the dresser 
position

0.3 ÷ 2 every 0.1

Figure 5. The diamonds arrangement on the dresser surface in relation to the direction of the 
dressing feed fd: (a) distribution at equal intervals, (b) distribution at irregular intervals

a) b)



273

Advances in Science and Technology Research Journal 2024, 18(2), 266–283

In both presented cases, the change in the value 
of the k1 indicator in the feed rate function is not 
linear, but power – Figures 6b, 7b. This function 
proves that there is a decreasing influence of the in-
crease of the dressing feed rate on the average val-
ue of the overlap ratio. The initial increase in the 
feed rate causes a rapid decrease in the indicator 
value, and then the effect weakens. These graphs 
indicate that there is a limit feed rate above which 
areas on the grinding wheel that are not in contact 
with the dresser diamonds cannot be avoided. The 
proposed k1, k2 indicators, which characterize the 
method of dressing with a multi-point diamond 
dresser, describe the obtained dressing effects in a 
similar way to the Ud ratio when applying single-
point dressers. The analysis of the k1 indicator val-
ues for various variants of diamonds distribution 

over the dresser active surface shows that, unlike 
the standard Ud ratio, they are not monotonic in 
the full range of the applied dressing feeds and 
there is no linear relationship between them. The 
k1 indicator represents the average value of the 
overlap degree that was obtained on the grinding 
wheel generatrix during one dressing pass, on the 
basis of which it is possible to conclude about the 
achieved grinding wheel roughness. In turn, the k2 
indicator informs which combinations of dressing 
parameters should be avoided so that there are no 
areas on the grinding wheel surface that did not 
come into contact with the diamond grits of the 
dresser. The proposed indicators can therefore be 
a useful tool for forecasting the state of the topog-
raphy of the grinding wheel active surface after 
dressing with a multi-point stationary dresser.

Figure 6. Stationary multi-point diamond dresser with equal distances between 
diamonds – the dependence of the k1, k2 value on: (a) diamond distances l (for different 

dressing feed fd ), (b) dressing feed fd (for different diamond distances l)

Figure 7. Stationary multi-point diamond dresser with irregular intervals between diamonds – 
the dependence of the k1, k2 value on: (a) the angle of the dresser positioning α (for different 

dressing feed fd ); (b) dressing feed fd (for different angle α of the dresser positioning)

a) b)

a) b)
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Topography of grinding wheel surface dressed 
with multi-point stationary diamond dresser

Since the surface of a grinding wheel 
dressed with a multi-point stationary diamond 
dresser consists of bands with varying mi-
crogeometry and active roughness, it is to be 
expected that the resulting functional proper-
ties of the grinding wheel are a superposition of 
the properties of individual bands. An attempt 
was made to assess the functional properties 
of the active grinding wheel surface based on 
the results of statistical analysis of microgeom-
etry profiles of the wheel subjected to dressing 
operations characterized by different values of 
dressing indices k1 and k2.

Grinding wheel dressing conditions

The subject of the study was the active surface 
of aluminum oxide vitrified grinding wheel, which 
was dressed using various values of dressing indi-
ces k1,2. A 6-grit dresser (WJA, Fig. 8) was used. 
Due to the hardness anisotropy of the diamonds, 
the grits were set in the same direction on the dress-
er’s surface to ensure uniform wear resistance.

The characteristics of the grinding wheel and 
the applied values of the dressing feed fd are pre-
sented in Table 2. The grinding wheel was dressed 
on a SPG 30×80 surface grinder, equipped with a 
dressing feed control system. The dressing was 
performed with the use of coolant, without a 
spark-out passes.The holder with the dresser was 
placed on the electromagnetic table in a fixed po-
sition relative to the dressing feed direction (Fig. 
9a). The adopted setting was maintained through-
out the research period.

Consequently, the angle of diamonds ori-
entation relative to the grinding wheel and the 
distances between diamonds measured in the 
dressing feed direction remained constant. Be-
fore the start of the main tests, the dresser was 
run-in - several dozen dressing passes of the 
grinding wheel, which was used in further tests, 
were made. Quantities necessary to calculate the 
dressing indices k1 and k2 , i.e. the active width 
of the diamond tips and their mutual distances, 
were measured on the dresser set in the working 
position, directly on the grinder. An optical mi-
croscope mounted on the grinding wheel guard 
(Fig. 9a) was used for observing the dresser’s 
surface, the system for measuring the position 
of the grinder headstock was used to read the 
coordinates of the outlines of the diamond tops. 
The measurement consisted in reading the coor-
dinates when the extreme points of the diamond 
tops touched the grid line of the microscope dis-
play screen (Fig. 9b). Due to the high resolution 
of the optoelectronic system for monitoring the 
grinder headstock position (1 μm), the measure-
ment of the distance between the diamonds and 
their active width could be performed very pre-
cisely. Additionally, measuring directly on the 
grinder table avoided errors due to misalignment 
of the measurement direction with the feed direc-
tion, which might occur if measurements were 
taken on an external device. The high precision 
of the measurement was also ensured by the op-
tical system of the microscope, which enabled 
the observation of the diamonds in the path of Figure 8. WJA 6-grit diamond dresser

Table 2. Dressing conditions
Grinding wheel 1 350 x 127 x 40 38A 46K VBE

Dresser 6- grit stationary (1carat)

Dressing parameters

ad = 0.02 mm/2 x dressing pass
(dressing finished without spark-out passes)

fd = (0.35; 0.6; 0.9; 1.2; 1.65) mm/rev
with the use of coolant
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specular reflections. In this way, a high contrast 
was achieved between the top of the diamond 
and its remaining part (Fig. 9b), which allowed 
the precise outline of the top to be distinguished.

Based on the conducted measurements and 
the adopted range of feed rates, a chart of k1, k2 
dressing indices values as a function of feed rate 
was developed (Fig. 10a). Figures 10c÷10g show 
what will be the distribution of local overlap ra-
tios Ud along the grinding wheel generatrix for 
selected feed rate values. The discontinuity in 
the graph line in Figure 10a indicates that with 
a feed rate greater than approximately 1.55 mm/
rev, during a single dressing pass on the grinding 
wheel generatrix, segments without contact with 

the diamond grits will occur. This means the pos-
sibility of a helical ridge forming on the grinding 
wheel surface. Smaller feed rates should ensure a 
mean overlap ratio k1 ranging from 2 to 10.

Measurement method for grinding 
wheel surface topography

In order to determine the condition of abra-
sive grains and the position of their cutting edges 
on the grinding wheel surface, many methods are 
used. These methods, due to their capabilities 
and limitations, find applications in different re-
search areas [17, 18]. Contact methods involving 
recording the changes in the height of the stylus 

Figure 9. Optical microscope for the observation of dresser diamonds 1 – dresser, 2 – microscope lens, 
3 – illuminator, 4 – display screen, 5 – grinding wheel guard, 6 – electromagnetic table, 7 – diamond tip

Figure 10. Dependence of k1 , k2 indicators on dressing feed rate (WJA dresser)

a) b)
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Figure 10. Cont. Dependence of k1 , k2 indicators on dressing feed rate (WJA dresser)

c)

d)

e)

f)
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sliding across the grinding wheel surface can be 
used to measure the 2D profile [9, 12, 13, 17, 19], 
as well as the 3D grinding wheel topography [11, 
2021]. Such measurements are used for profile 
analysis [13, 19], modeling the grinding wheel 
topography [9] development of the new assess-
ment parameters and measurement conditions 
[11, 21] assessment of changes in topography 
during the use of the grinding wheel [20], veri-
fication of the grinding wheel topography model 
after dressing [12]. Non-contact methods mainly 
rely on microscopic examinations where the re-
corded image comes directly from the grinding 
wheel surface or its replica. Optical microscopes 
[7, 15, 22], SEM [14, 23], laser confocal micro-
scopes [24] and interference microscopes [25] are 
used in the research. A limitation of these meth-
ods is the restricted imaging area of the grinding 
wheel surface (typically only a few tens of mm²), 
which makes their application for quantitatively 
assessing the entire grinding wheel topography 
less practical. However, they remain invaluable 
for analyzing the state of abrasive grains. There 
are proposals for measurement strategies that use 
microscopic methods to measure the height of 
grains on a large surface of the grinding wheel. 
These strategies avoid the need for reconstruct-
ing the wheel’s topography from a series of mi-
croscopic images, a process which is time-con-
suming and has limited accuracy [26]. However, 
this method is limited to determining a single 
parameter characterizing the grinding wheel’s to-
pography – the position of the grain apex relative 
to the grinding wheel’s axis. It is applicable only 
to grinding wheels with defined grain positions 
(such as monolayer brazed grinding wheels). Fast 
measurement methods that are used during the 
operation of the grinding wheel on the grinder 

(e.g. laser displacement sensor [27]) have limited 
accuracy of mapping the grinding wheel microge-
ometry and can be useful for assessing significant 
changes in the topography that occur during the 
grinding wheel operation.

In the presented studies, the measurement of the 
grinding wheel topography was made using the con-
tact method on a special stand with a slow-speed, 
aerostatically bearing spindle (Fig. 11). The rota-
tional speed of the spindle ensured the peripheral 
speed of the grinding wheel, which was character-
istic for the methods of contact assessment of sur-
face roughness (i.e. 1 mm/s). The measurement 
unit of the ME10 profilometer was employed on 
the experimental setup. The analog signal from 
the ME10 amplifier was digitized by sampling it 
at a frequency corresponding to a displacement of 
the grinding wheel surface by 5 μm.

The method of evaluating the 
grinding wheel surface profile

The profiles obtained from the measurements 
were used to determine the statistical parameters 
of the distribution of cutting edges on the grind-
ing wheel surface. In order to extract and deter-
mine the position of the active cutting edges, a 
computer simulation was conducted to model the 
penetration of the workpiece material into the 
working space of the grinding wheel surface. Fig-
ure 12 shows a fragment of the measured profile 
of the grinding wheel and the enlarged tip of the 
abrasive grain, with marked lines and the angle 
of material penetration. Since the depth of pen-
etration of the workpiece into the surface of the 
grinding wheel is from a few to several microm-
eters [9, 19], a high level of signal amplification 
was used in the measurements. In this way, high 

Figure 10. Cont. Dependence of k1 , k2 indicators on dressing feed rate (WJA dresser)

g)
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Figure 11. Experimental setup for measurement  the circumferential profile of the grinding wheel 
surface: 1 – headstock, 2 – a computer with the AC card, 3 – TestPoint window, 4 – measuring amplifier 

ME10, 5 – grinding wheel position reader, 6 – measuring head ME10, 7 – grinding wheel

accuracy of mapping the part of the profile that is 
involved in the machining of the workpiece was 
obtained. However, this limited the measurement 
range, which did not cover the full depth of the 
profile. Hence, the lower part of the profile is not 
visible in Figure 12.

In the simulation, it was assumed that the 
grinding wheel surface is non-deformable. The 
angle of material penetration ε into the working 
space of the grinding wheel depends on the grind-
ing parameters, and its average value is deter-
mined from equation (6) [9, 13, 19].

 

 𝑈𝑈𝑑𝑑 = 𝑏𝑏𝑑𝑑
𝑓𝑓𝑑𝑑

 or 𝑈𝑈𝑑𝑑 = 𝑏𝑏𝑑𝑑∙𝑛𝑛𝑠𝑠
𝑣𝑣𝑓𝑓𝑑𝑑𝑓𝑓

 (1) 

 
 𝑞𝑞𝑑𝑑 = 𝑣𝑣𝑑𝑑

𝑣𝑣𝑠𝑠𝑑𝑑
 (2) 

 
 𝑖𝑖𝑑𝑑 = 𝐶𝐶𝐾𝐾,𝐷𝐷𝐷𝐷

′ ∙ 𝑙𝑙𝑔𝑔𝑑𝑑 ∙ (𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶 + 𝐷𝐷𝐷𝐷𝐷𝐷) ∙ 𝑈𝑈𝑑𝑑 ∙ |1 − 𝑞𝑞𝑑𝑑| (3) 
 
 
 𝑘𝑘1 = ∑ 𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑 ∙ 𝑙𝑙𝑑𝑑

𝑙𝑙𝑐𝑐
 (4) 

 
 
 𝑘𝑘2 = 𝑓𝑓𝑑𝑑−𝑙𝑙0

𝑓𝑓𝑑𝑑
 (5) 

 
 

 𝑡𝑡𝑡𝑡𝑡𝑡 = 2 𝑣𝑣𝑓𝑓𝑓𝑓
𝑣𝑣𝑠𝑠

√ 𝑎𝑎𝑒𝑒
𝐷𝐷𝑒𝑒𝑒𝑒

  (6) 

 

 (6)

where: vft – workpiece speed [m/s], vs – grind-
ing wheel speed [m/s], ae – grinding feed 
[mm], Deq – equivalent diameter of the 
grinding wheel [mm].

By employing the described simulation, the 
number and distribution of active cutting edges, 
as well as the undeformed chips thickness were 
determined.

Statistical assessment of the grinding 
wheel topography after dressing

After each dressing operation, three circum-
ferential profiles of the grinding wheel surface 
were recorded. The measurements were taken in 
randomly selected areas along an arc of length 
328 mm. The simulation of the penetration of the 
workpiece material into the working space of the 
grinding wheel was carried out assuming that the 
angle of penetration ε would correspond to condi-
tions of medium-precise grinding, for which the 
value specified by equation (6) is 0.0002.

Figure 12. Simulation of the penetration of the workpiece material into the working 
space of the grinding wheel ε – average angle penetration, t – undeformed chip thickness, 

h – depth of active cutting edges, l – distance between active cutting edges
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The graphs in Figures 13÷16 show the statis-
tical elaboration of the simulation results. The no-
tations used in the graphs consist of a component 
representing the applied dressing feed rate and 
another component indicating the measurement 
number of the grinding wheel topography.

The two-sample Kolmogorov-Smirnov test 
was employed to check whether two samples of 
undeformed chip thickness or depths of active cut-
ting edges, derived from measurements conducted 
after dressing the grinding wheel with a specified 
dressing feed rate, came from the same distribu-
tion. A negative test result could indicate that the 
grinding wheel topography measured along differ-
ent arcs of the grinding wheel circumference is not 
the same. Conducting the test involved verifying 
whether the cumulative distribution functions de-
termined within the results obtained for a specific 
dressing feed rate fd differed from one another. 
Calculations were performed for each pair from 
the three determined functions. The profiles of the 
cumulative distribution functions, which are char-
acteristic for almost all conducted simulations, are 
shown in Figure 13. The graphs of the cumulative 

distribution function for chip thickness have (Fig. 
13a) similar profiles, while in the case of the active 
cutting edge depth function (Fig. 13b), one of the 
graphs significantly deviates from the others.

Table 3 presents the results of calculations of 
the λ-statistic of the Kolmogorov-Smirnov test. 
It is generally considered that two distributions 
differ from each other if, for the adopted level of 
significance, the statistic λ exceeds the critical 
value. In the conducted research, it was assumed 
that the significance level is 0.05, which corre-
sponds to the value of the λkr = 1.36 statistics. 
Table cells with results exceeding the indicated 
value are marked with a colored background. 
The calculations confirmed earlier observations – 
only in the case of dressing feed of 1.2 mm/rev 
the test showed that all measurements represent 
the same distribution. In the other cases of the 
applied dressing feeds, one of the measurements 
significantly differs from the others - the value 
of the statistics significantly exceeds the critical 
value, which indicates that the microgeometry of 
this arc differs from the others - the probability of 
cutting edges at a different depth increases.

Figure 13. Cumulative distribution functions of the undeformed chip thickness (a) and depth of cutting edges (b)

a)

b)
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For the case presented in Figure 13, in the 
area of the grinding wheel where measurement 
06_3 was made, the probability of the occur-
rence of edges at smaller depths is higher. This 
might result from the dresser’s operation meth-
od in this area of the grinding wheel – there 
was an intense overlapping of the dresser’s 
diamonds work paths, leading to dressing 
with a high overlap ratio as a consequence.  
The similarity of the undeformed chips thick-
ness distributions may be the result of extract-
ing many cutting edges on individual abrasive 
grains during the simulation. The white alumi-
num oxide used in the construction of the grind-
ing wheel has a tendency to micro-fracturing, 
which causes the grain tips to be jagged, and 
the resulting cutting edges are able to cut chips 
of small thickness. Their large number ex-
tracted during the simulation homogenizes the 
course of all the cumulative distribution func-
tions. A collective summary depicting the loca-
tion, shape, and distribution of the sets of the 
depth of cutting edges and undeformed chips is 
presented in the box plots shown in Figures 14 
and 15. These are median/quartile/minimum, 
maximum type plots, which are characterized 
by the following values:

 • Me – median (middle value of the data set),
 • Q1 – first quartile (25% of all results),
 • Q3 – third quartile (75% of all results),
 • IQR – interquartile range,
 • IQR = (Q3 - Q1) – box length,
 • Q1 – 1.5 ∙ IQR ≥ outliers ≥ Q3 + 1.5 ∙ IQR
 • Q1 – 3 ∙ IQR ≥ extreme values ≥ Q3 + 3 ∙ IQR

Displayed in Figure 16, the last of the statisti-
cal description plots of circumferential grinding 
wheel surface profiles, illustrates the change in 
the total count of active cutting edges as a func-
tion of the applied dressing feed rate.

Based on the results of statistical analysis, 
shaping of the grinding wheel topography with 
the multi-point diamond dresser using a specific 
dressing feed can be described as follows:
 • fd = 0.35 mm/rev – in relation to other cases, 

the effect of using the smallest dressing feed 
is to obtain the largest number of active edg-
es (Fig. 16), which are concentrated at the 
smallest depth of the CPS profile (Fig. 14). 
The chips generated during grinding with a 
grinding wheel dressed in this way will be 
very fine (Fig. 15).

 • fd = 0.6 mm/rev – the result of the action of 
the dressing tool moving at a slightly higher 

Table 3. The value of the statistic λ of two-sample Kolmogorov-Smirnov test

Compared distributions
f035 f035 f035 f06 f06 f06 f09 f09 f09 f12 f12 f12 f16 f16 f16

1-2 1-3 2-3 1-2 1-3 2-3 1-2 1-3 2-3 1-2 1-3 2-3 1-2 1-3 2-3
Undeformed chip 
thickness 0.38 0.79 0.77 0.47 0.39 0.62 1.18 0.40 1.15 0.80 0.59 0.59 0.42 0.47 0.46

Depth of cutting edges 1.29 3.74 3.66 0.86 3.75 3.36 1.72 1.73 1.10 0.89 1.14 1.00 3.79 3.27 0.69

Figure 14. Boxplot of the depth of cutting edges
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Figure 15. Boxplot of undeformed chip thickness

Figure 16. The count of active cutting edges on the grinding wheel surface 
after dressing with the WJA dresser at different dressing feed rates

feed rate is the formation of a smaller number 
of active cutting edges with greater disper-
sion at the depth of the grinding wheel surface 
profile. The distribution of cutting edges en-
sures a similar, apart from three extreme val-
ues, thickness of the cut layer in all analyzed 
measurement areas. The edges are similarly 
loaded, because the thickness of the cut layer 
changes in a small range.

 • fd = 0.9 mm/rev – increasing the dressing 
feed rate to 0.9 mm/rev resulted in a fur-
ther reduction in the number of active cut-
ting edges compared to previous cases, but 
to a slight extent, it affected the increase 
in their dispersion at different depths of 

the grinding wheel surface. However, it in-
creased the thickness of undeformed chips 
formed during grinding.

 • fd = 1.2 mm/rev – depending on the place of 
measurement of the grinding wheel surface, 
there was a significant difference in the number 
of active cutting edges. When their number in 
the sample reached the highest values (Fig. 16: 
f12_1 and f12_3), the undeformed chip thick-
ness is small, and the edges occur at a smaller 
depth of the profile. The smaller number of 
edges determined in the f12_2 measurement is 
distributed over a greater depth of the profile, 
due to which the thickness of the undeformed 
chips reaches extreme values (Fig. 15).
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 • fd = 1.6 mm/rev – dressing with the highest 
applied feed rate results in the smallest num-
ber of cutting edges distributed at the greatest 
depth of the profile in relation to the other cas-
es (Fig. 14). The undeformed chip thickness 
is similar in the three analyzed measurements.

The provided descriptions average the ob-
tained results, indicating the overall trend of 
changes in the grinding wheel’s topography due 
to the application of different dressing feed rates. 
However, the general conclusion arising from the 
Kolmogorov-Smirnov test and the boxplots, es-
pecially regarding the distribution of active cut-
ting edges, is the creation of diverse topography 
on the grinding wheel surface when using specific 
dressing feed rate. The reasons for the formation 
of such topography should be sought in the forma-
tion of helix bands on the surface of the grinding 
wheel (with a pitch equal to the feed of the dresser 
per one revolution of the grinding wheel), where 
the Ud ratio assumed different values – as shown 
in Figure 10. The profilometer stylus intersecting 
these bands (Fig. 17, blue color) recorded pro-
files characteristic of local overlap ratios. Since 
the selection of measurement areas was random 
and the length of the measurement arc constituted 
about 0.3 of the grinding wheel circumference, 
the measurement result depended on the width 
of individual bands and their contribution to the 
profile reproduced by the profilometer stylus. The 
change in topography when using high feed rates 
also results from the change in dressing depth that 
occurs when removing the spiral ridge left over 
from the previous dressing pass. 

CONCLUSIONS

The results of the conducted research allow 
for the presentation of the following conclu-
sions: k1 and k2 indices are useful for monitoring 
the dressing of grinding wheels with the use of 

stationary multi-point dressers. The k1 index rep-
resents the average value of the overlap ratio that 
was obtained on the grinding wheel generatrix 
during one dressing pass, on the basis of which it 
is possible to conclude about the achieved grind-
ing wheel roughness. The k2 index informs which 
combinations of dressing parameters should be 
avoided so that there are no areas on the grinding 
wheel surface that did not come into contact with 
the diamond grits of the dresser.

The surface of the grinding wheel dressed with 
a stationary multi-point dresser, without spark-out 
passes, shows zone-differentiated microgeom-
etry. Hence, dressing using multi-point stationary 
diamond dressers can be recommended only for 
rough machining operations. In order to achieve a 
consistent microgeometry across the entire grind-
ing wheel surface, dressing with a stationary multi-
point diamond dresser should be conducted using 
small dressing feeds or performing spark-out pass-
es. In both cases, the resulting active surface rough-
ness of the grinding wheel will be low, rendering it 
unsuitable for efficient grinding operations.

During the initial usage of newly acquired 
dressers with sharp diamond tips, characterized 
by a small active width, there is an increased risk 
of forming a spiral ridge on the grinding wheel 
surface. To prevent this undesired outcome of 
dressing, it is important to appropriately select the 
dressing feed using the k2 indicator.
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