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Abstract
Coated abrasives (sandpaper) are imperative in various industrial areas, including the automotive and the metal industry. 
An exact outcome is often highly appreciated in abrasion processes, which means that the wear process must be precisely 
controlled. In this paper, a new method for analyzing the grinding process of coated abrasives is proposed. In order to study 
the grinding properties of sandpaper, a tribology cell was connected to a rheometer. The experiments consisted of unlu-
bricated (dry) steel balls-on-disc experiments on coated abrasive with aluminum oxide grains. The friction and wear data 
showed that the rheometer equipped with a tribology cell can be used to measure different tribological parameters, such as 
the friction coefficient and the Gap. The wear process was investigated over a range of abrasive grain sizes (9–40 µm) and a 
variety of different loads (1–10 N). Results from these experiments showed that the abrasive wear increased with increasing 
particle size and normal load. Hence, it is proposed that this method is a reliable approach for investigating the wear process 
of coated abrasives.
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1 Introduction

Grinding materials, including coated abrasives (sandpa-
per), have gained a lot of interest in recent years due to their 
increased utilization in various fields. Generally, the purpose 
of grinding processes is to remove material from a surface or 
to give the surface a unique structure. Hence, coated abra-
sives are of utmost importance in furniture manufacturing 
applications [1], in the automotive industry [2], in glass 
polishing applications [3], and for processing of metal sur-
faces [4, 5]. Because the requirements of the abrasives differ 
between these distinct industrial areas, the abrasives consist 
of different components. Normally, the coated abrasives con-
sist of a backing (e.g. paper, fiber or cloth), a size coat (an 
adhesive bond), an abrasive material (grains), and additional 
components important for enhancing the abrasive function 

of the material (Fig. 1), Mirka Ltd. (2009). Constructions of 
abrasives, unpublished manuscript.

There are several grinding materials that can be utilized 
as abrasives, however, the two most commonly used grain 
types found in sandpaper consist of aluminum oxide  (Al2O3) 
or silicon carbide (SiC) [6–8]. Variations in the material 
morphology and the surface structure will have a large 
impact on the performance and the wear dynamics of the 
abrasive, which has also previously been demonstrated [8, 
9]. Results from these published studies suggest that for 
example the grain size of the abrasives has a large effect on 
the wear rate, with a diminished wear rate below a certain 
particle diameter. To investigate the phenomena in these 
areas, the science of tribology can be used.

Tribology is the science of studying interacting surfaces 
in relative motion (friction, lubrication, and wear) and the 
characterization of system properties, such as the abrasive 
wear process. In tribological studies, the experiments are 
generally performed with tribometers with different types of 
setup devices, for example pin-on-disc, ball-on-disc and the 
ball-cratering (when an aqueous slurry of abrasive particles 
is analyzed) [6, 10–13]. With the help of these conventional 
tools, information about the wear process will be obtained, 
and insights into important parameters, such as the wear 
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coefficient (k), the wear rate (Q), and the friction coefficient 
(μ), will be acquired. The importance of a precise grinding 
mechanism with an accurate and predetermined outcome 
is of utmost importance. Especially in the industrial sec-
tor, it is extremely crucial that the coated abrasives have a 
uniform and excellent quality. Hence, it is essential to have 
appropriate analyzing tools for both the abrasives and the 
workpiece. The grinded surface area can be analyzed with 
different methods, such as scanning electron microscopy 
(SEM), energy dispersive spectrometry, optical microscopy 
and X-ray diffraction [5, 10, 13, 14]. Various traditional 
gravimetric approaches can also be conducted to identify 
the wear mechanism; by weighing materials before and after 
the wear test, the abrasive loss can be calculated and used as 
a means of wear characterization [15]. Precise methods for 
evaluating and defining the grinding tool itself, for example 
the coated abrasive, are also preferred. For this, SEM is reg-
ularly applied [9, 11], but also different surface topography 
studies have been employed, for example using 3D white 
light interferometer [4] or 3D modelling [16]. The surface 
of the grinding material is so complex in structure and in 
appearance that an exact analysis of the abrasion material 
itself is very difficult. In industrial applications, empirical 
studies are occasionally utilized on coated abrasives. This 
means that both visual inspection of the abrasives and previ-
ous experience within the field of grinding, will be of impor-
tance. Even though there already exist several methods for 
studying the wear mechanism, new reliable and inexpensive 
methods are needed.

The abrasive wear mechanism between two surfaces is 
very complex. Yet, the wear process has been described 
several times and is usually divided into two major groups: 
the two-body abrasive wear and the three-body abrasive 
wear, see, e.g. [17]. In the two-body abrasive wear, abra-
sive particles are attached to one body, while the second 
softer one slides over it. In three-body abrasive wear, par-
ticles from the softer grinded surface or the harder coated 
abrasive, enter the tribo-system and interfere with the 
wear mechanism. However, others suggest that the two-
body and three-body abrasive wear definitions are not the 
most accurate ones, and instead recommend definitions for 
the wear process as sliding abrasion and rolling abrasion 
[17]. Additionally, it was proposed in another study that 

abrasion could be classified based on the severity of the 
wear [18]. Already in the 60´s, abrasive wear under three-
body conditions was studied [19]. It was demonstrated here 
that the wear rate is influenced by the grit size. This was 
later also confirmed by Misra and coworkers who showed 
that this critical particle diameter was 100 μm, in pin-on-
disc-type two-body abrasion experiments on five different 
metal surfaces [20]. Various phenomena within the field 
of tribology, such as wear, friction and lubrication, are 
related to phenomena in rheology, which is the science of 
deformation and material flow of liquids and soft materi-
als. One of the instrument that is used in rheology is called 
a rheometer. However, there are also many other types of 
instruments that can be used for rheological studies, e.g. 
viscometer, TAXT/Instron, CaBER and RVA. The rheom-
eter serves in an extensive range of applications, especially 
in studies where measurements of different flowing materi-
als and characterization of sample properties are required. 
Applications include food industry [21], dental research 
[22] and pharmaceutical industry [23]. There are several 
advantages with a rheometer; the instrument is equipped 
with an accurate speed and force control and several basic 
parameters such as normal force, torque and temperature 
can be controlled. These parameters are also applied in tri-
bology, which allows for complementary rheological and 
tribological studies. In 2009, Heyer and Läuger developed 
a new tribometer device, consisting of a rheometer con-
nected to a tribology cell [24]. The aim of this study was 
to describe the method and propose applications in which 
the new device could be utilized. The results showed that 
the rheo-tribometer can successfully be used when analyz-
ing the tribological behavior of various greases, and it was 
concluded that it could be utilized for other applications, 
that it was not initially designed for. The research regard-
ing the rheo-tribometer has been extended to other fields 
of samples and accessories and results from such studies 
show that the setup can be used on food samples [25], and 
also with different sorts of tribology cells [26]. Nowadays, 
there are commercial tribometers available, which can 
provide detailed information about friction mechanisms. 
However, tribometers tend to be expensive. In practice, 
a laboratory is often equipped with a rheometer, but not 
necessarily a tribometer. Hence, the advantage of using a 

Fig. 1  Schematic picture of different layers in coated abrasives. The 
drawing depicts: 1. the backing (e.g. paper, cloth or fabric) 2. the 
make coat, important for attaching the grains 3. the grains 4. the 

size coat, necessary for fixing and binding the grains to the coating 
5. stearate coating, with antistatic properties 6. the fastening system, 
which is required for attaching the abrasive to a grinding machine
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rheometer equipped with a tribology cell is to reduce cost 
and to enable a broader utilization within several different 
disciplines.

To our knowledge, there has been no detailed investiga-
tion of coated abrasives using a rheo-tribometer. The wear 
process of different abrasives will vary extensively, and new 
tools are necessary to examine such a mechanism. Therefore, 
the aim of the present study was to develop a new analysis 
method for the wear behavior of abrasives, using a rheometer 
in conjunction with a balls-on-disc tribology cell. A great 
advantage of this type of tribology cell is the possibility 
to perform tribological measurements at precisely defined 
conditions to mimic as closely as possible the real condi-
tions, with a much smaller and more manageable sample. 
Parameters, such as the friction coefficient and the Gap, can 
be obtained through this type of measurement.

2  Materials and Methods

2.1  Materials

The tribological behavior of abrasives was investigated by 
analyzing steel balls sliding against different coated abra-
sives. In this study, the coated abrasive was MI231A (Mirka 
Ltd, Jeppo, Finland), which had a semi-open grain distribu-
tion that resisted surface loading and produced consistently 
excellent surface scratch patterns during use. The five dif-
ferent abrasive types utilized were MI231A: P2500, P1200, 
P800, P500 and P360, which differ from each other in grain 
size (9 μm → 40 μm). The grains where composed of alu-
minum oxide  (Al2O3), and the backing was made from a 5 
MIL (125 μm) thick Polyester film. The steel balls, measur-
ing 6 mm in diameter, where manufactured from 100Cr6 
(AISI 52,100) steel and had an average surface roughness 
(Ra) of 0.02 μm (RGP, Italy). The isopropanol used for 

cleaning the steel balls was of 99% purity, and was obtained 
from Absor Oy, Finland.

2.2  Rheometer Setup and Abrasive Wear 
Experiments

The wear tests were carried out using an Anton Paar MCR 
302 rheometer (Austria), equipped with a tribology cell, 
model T-PID/44 (Anton Paar, Austria). Three steel balls 
were attached to the measuring shaft on an adjustable spring 
in the tribology cell (Fig. 2a). The steel balls in the measur-
ing cell were tightened to 8 Nm. The test specimens con-
sisted of three balls and one abrasive disc (Fig. 2b). The disc 
had a diameter of 50 mm and was cut out of a large coated 
abrasive jumbo reel. An experiment consisted of three steel 
balls and one abrasive disc and for each experiment new 
balls and discs were used. The experiments were repeated 
three times for each grain size. Five different coated abra-
sives were tested in this study and the coated abrasives were 
stored in a climatized room (23 °C, 50% RH).

The normal load was set to 1–10 N ± 0.2 N during the 
grinding procedure. The tribological measuring unit rotated 
constantly with 300 rpm. The duration of an experiment was 
724 s, which corresponded to a sliding distance of 500 m. 
All experiments were performed at 22 °C and the tempera-
ture control was provided by a Peltier system (Julabo, Ger-
many). Immediately before the experiments, the balls were 
rinsed with isopropanol to remove dirt and other organic 
substances from the surface. The last preparation was to 
measure and record the total weight of the three balls. This 
was repeated after the test to measure the mass loss (Mettler 
Toledo PB303-S/FACT, USA).

During the analyses, the measuring shaft was lowered 
to establish contact between the balls and the coated abra-
sive disc, as well as to apply the necessary normal force 
at the contact site. The measuring shaft was pressed down 
against the coated abrasive to reach the inserted normal 

Fig. 2  The tribological cell unit. a Schematics of the T-PID/44 tribo-
logical measuring unit with three steel balls on a flexible spring. b 
The balls-on-disc setup, showing the wear process in the experiments. 

c The contact point between the sample ball and the coated sample 
disc, and the forces that occur (M Torque, R radius, Fn tribological 
normal force) [27]
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force 2 min before the experiment started. The balls slid 
against the disc as the measuring shaft was rotating at 
a predetermined speed, mediated by the rheometer. The 
motor was operated using the RheoCompass computer 
software (Anton Paar, Austria), from where the test pro-
tocols and conditions were selected. In this investigation 
the sliding speed, time, moving profile, normal force and 
the test method were selected and modified in cooperation 
with Anton Paar. Post processing of data from RheoCom-
pass was executed in MS Excel.

Wear tests, according to a standardized internal test 
method, were conducted with a special constructed test robot 
(Mirka Ltd, Finland). Steel specimens were grinded with the 
five different abrasive types. The specimens were weighed 
before and after abrasion to determine the total mass loss. 
The procedure was repeated three times.

2.3  Data Analysis

The following measurements and conversions were made. 
The steel balls, which were mounted to the measuring sys-
tem shaft, were pressed onto the disc with a defined normal 
force (Fn) (Fig. 2c). From the normal force the tribological 
normal force (Fn,tribo) was calculated (Eq. 1):

The normal load was the force vertical to the friction surface 
of the disc. To maintain the speed, a specific torque (M) was 
required, which was continuously measured by the rheom-
eter. The frictional force (FR) was calculated according to 
(Eq. 2):

where R is the radius from the center of the measuring shaft 
to the center of the balls.

The Coefficient of Friction (COF), often symbolized by 
the greek letter μ, is calculated according to (Eq. 3):

The sliding distance ( s
S
 ) was determined from the radius (R) 

and displacement angle (ϕ) measured by the rheometer, and 
defined by (Eq. 4):

The total sliding distance (S) was calculated from the revolu-
tion per minute (rpm), time in minutes (t), the diameter from 
center to center of the balls in the measuring shaft (D) and 
Pi (π), using (Eq. 5):

(1)F
n,tribo =

F
n

3

(2)F
R
=

M

3 × R

(3)� =

F
R

F
n,tribo

(4)s
S
= � × R

The Gap, which can be described as a quantitative wear indi-
cation in mm, was examined in this study. The movement of 
the tribology cell head (upward or downward) was precisely 
controlled with an accuracy of 0.65 µm by the stepper motor. 
This movement was responsible for the application of nor-
mal force at the contact interface.

2.4  Microscopic Analysis

After the initial COF experiment, the morphology of the 
worn abrasive disc (MI231A) was examined using a stere-
omicroscope (Nikon SMZ18, Japan) and a scanning electron 
microscope (Hitachi TM4000Plus, Japan).

3  Results and Discussion

3.1  Coefficient of Friction

Experiments, with a tribology cell connected to a rheometer, 
have successfully been conducted in several research areas. 
Goh and coworkers [28] have analyzed the food texture and 
the lubrication properties of emulsion systems using a tribol-
ogy cell and they conclude that it can function as an appro-
priate investigating tool. Furthermore, dairy products in the 
form of semisolid or liquid [29], as well as various greases 
[30] can likewise be analyzed with success using the tribo-
rheometer system. However, tribological measurements with 
a rheometer on coated abrasives have until now not been 
tested. The results from the measured COF experiments 
performed with the rheo-tribometer, are depicted in Fig. 3.

(5)S = rpm × t × D × �

Fig. 3  Coefficient of friction experiments using the normal load 5 N 
and the speed 300 rpm on the abrasive MI231A P800 (20 μm). The 
calculated average is presented as a bold line and the seven independ-
ent experiments as dotted lines
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The initial experiments were performed to investigate the 
validity of the measurement technique. Because tribologi-
cal systems can be very complex, it is demanding to obtain 
credible results from such experiments. Steel balls were 
grinded on MI231A coated abrasive material and the COF 
was continuously measured and plotted versus the sliding 
distance. Seven separate tests with coated abrasive discs and 
new steel balls were performed. The friction coefficient was 
calculated and recorded every two seconds using the Anton 
Paar RheoCompass software. At the start of the test all fric-
tion curves presented similar friction behavior and the COF 
increased up to a sliding distance of about 70 m (Fig. 3). 
This behavior is typical in similar friction measurements 
and has been attributed to a “Run-in” phase [31]. During this 
phase the highest contact areas break loose and the surface 
topography changes. After the Run-in phase, the COF gener-
ally stabilized into a “Steady state” phase. In these experi-
ments, the steady state lasted between a sliding distance of 
roughly 70 and 220 m, and afterwards transcended into a 
so-called “Failure” phase. The Failure phase was recognized 
by increasing COF, as well as more significant variations in 
the COF of the different samples after a sliding distance of 
220 m, as shown in Fig. 3. The presence of wear debris in 
the contact area between the coated abrasive and the steel 
balls will most likely make the tribological characteristics 
unstable, which has also previously been demonstrated [31]. 
An average COF was calculated from the different measure-
ments, which is shown as the bold line in the graph. The 
average standard deviations were 1.0% during the Run-in 
phase, 1.5% during the Steady state phase, and 3.5% during 
the Failure phase.

Results from previously published studies show that 
wear tests can vary greatly depending on different param-
eters in the tribological system [32, 33]. The COF factor of 
any wear test method is generally used to rank the grinding 
material composition, and therefore it is very important to 
validate the repeatability of the wear performance, deter-
mined through different test setups. According to [31] the 
interpretation of the COF values can be challenging. The 

COF is very dependent of system parameters, therefore the 
interpretation of the results should always be done with 
caution. With these initial COF measurements, it was 
observed that the grinding procedure consisted of three 
distinct phases: Run-in, Steady state and Failure. The cal-
culated standard deviations of the three different phases 
also show the increased uncertainty of COF measurements 
performed during the Failure phase. After the Failure 
phase, the friction coefficient might reach another steady 
state plateau before the coated abrasive is completely worn 
out according to literature [31]. Consequently, due to the 
high uncertainties within the Failure phase, the focus 
should not be on this phase, but rather on the Steady state 
phase when comparing the COF factor of different abra-
sive materials.

3.2  Microscopic Analysis

After the experiments shown in Fig. 3, the morphology of 
the worn abrasive (MI231A) was examined using a stereomi-
croscope and a scanning electron microscope. The objec-
tive was to investigate more closely the wear of the coated 
abrasive and to examine in detail why these three phases, 
and especially the Failure phase, occur during grinding. In 
this process, there are two phenomena that are of interest. 
Firstly, the appearance of wear debris in the system, and 
secondly the wear of the coated abrasive. An unused coated 
abrasive surface can be seen in Fig. 4a and is compared to 
Fig. 4b which depicts the coated abrasives after the experi-
ment. In Fig. 4b, the abrasive particles and the sandpaper 
are completely worn out. Figure 4c shows the wear path 
made by the tribology cell, which clearly is full of debris. 
These two phenomena explain why the coefficient of friction 
enters a Failure phase in the final step of the wear process. 
However, it must be pointed out that this grinding behavior 
with steel balls against abrasive material causes major forces 
upon the abrasive material, which does not happen in real-
life applications.

Fig. 4  a SEM picture in × 150 magnification of unworn MI231A 
P800. b SEM picture of the same substrate as in Fig. 4a after the first 
experiment with a rheometer (normal force 5 N, speed 300 rpm, slid-
ing distance 500  m). The arrow in the image shows the wear track 

from steel balls. c The same substrate as in (b) in × 3 magnification 
using light microscopy. The wear track was gently brushed to visual-
ize the amount of debris (black arrow)
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3.3  Effect of Normal Load on the Wear Mechanism

To investigate whether different loads of pressure have an 
impact on the wear process in our experimental system, 
loads between 1 and 10 N were applied by the rheometer 
upon the abrasive material MI231A P800 (20 μm). Fig-
ure 5 shows how different loads affected the mass loss of 
the steel balls and the Gap. The mass loss was calculated 
by weighing the balls before and after the wear test. The 
results clearly showed that the mass loss increased with 
increasing normal load, which indicated an enhanced wear. 
When analyzing the behavior of tribo-rheometer systems, 
the Gap is often noted as an important parameter in the 
analysis [34]. The Gap can be obtained directly from the 
RheoCompass computer software and could presumably 
be an indicator of abrasion. During the test when the tri-
bology cell head is in contact with the interface, the head 
moves up and down to regulate the normal force to the set 
value. The Gap depends on the surface as well. On a hard 
(non-deflecting) surface, the Gap is roughly equivalent to 
wear depth, while on a soft surface, the Gap includes both 
wear and deflection.

The corresponding change in the Gap serves as an indi-
cator of the transition and consequently, the wear perfor-
mance. As more pressure is applied in the system, the Gap 
is enhanced, which corresponds well with its proposed role 
as an indicator of wear (Fig. 5). These results suggested that 

this test methodology is appropriate for testing the tribologi-
cal characteristics of MI231A wear on steel.

The COF factor was examined at steady state, since this 
phase seemed to be the most reliable for comparing different 
coated abrasives (Fig. 3). The results show a slight increase 
in COF with increasing normal load.

Different factors are believed to contribute to the dispar-
ity of the wear mechanism. These include the shape, the 
size, and the chemical composition of the grains, but also 
the applied load in the grinding system is of great impor-
tance. Misra and Finnie showed that the wear of a specimen 
increased with increasing normal load during the abrasion 
process [35]. Furthermore, in a study examining the wear 
mechanism in two-body abrasion using a pin-on-disc test 
rig on silicon carbide paper, the wear rate was examined 
using three different sizes of grains; 5 μm, 15.2 μm and 
82 μm [6]. The results showed that the wear rate on steel-
pins is increased with all the grain sizes at a normal load 
from about 2 N up to 25 N. In addition, normal load studies 
on other materials, for example on various aluminum alloys 
[33] or experiments performed at higher applied normal 
loads (10–40 N) [14, 33], show that the wear increases with 
increasing normal load during the abrasive process.

3.4  Effect of Grain Size

Wear tests on different abrasives with various grit sizes were 
performed to determine whether the rheo-tribometer could 
be utilized to study this well-known size effect phenomenon. 
The results in Fig. 3 suggest that the Failure phase might 
not be the most optimal phase for analyzing the COF factor 
when comparing different coated abrasives with each other. 
However, to get a measurable mass loss from the steel balls 
in the rheo-tribometer, the tests proceeded to 500 m.

It has previously been demonstrated that the size of the 
abrasive grains has an effect on the abrasion wear mecha-
nism [20, 35–37]. Consequently, for small particle sizes 
an increase in the wear rate is observed as the particle 
size increases. However, after a critical grain size at about 
100 μm, there is no further significant change in the wear 
rate [20]. Figure 6a shows experiments performed on coated 
abrasives with grain sizes between 9 and 40 μm.

To determine if the wear process in our tests could dis-
tinguish the known size effect, the abrasive mass loss was 
calculated by weighing the steel balls before and after the 
wear test. The mass loss of the steel balls, grinded by the 
different abrasives, is shown as grey bars in Fig. 6a. The 
results showed that the wear on steel is enhanced with 
increasing grain sizes, which was in agreement with previ-
ously reported findings [20, 36, 37]. The solid line in Fig. 6a, 
depicts the change in the Gap, measured by the RheoCom-
pass software. The Gap increased with increasing grain size, 
which corresponds well with the proposed size effect when 
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Fig. 5  Effect of normal load on the wear process. The mass loss (bars 
and scale to the left) and the Gap and (scale to the right) as a func-
tion of normal load using the abrasive MI231A P800 (20 μm) on steel 
(speed 300  rpm, sliding distance 500 m). The values are average of 
three independent experiments. The reported COF values were deter-
mined at steady state, an average from 70 to 220 m sliding distance 
(scale to the right)
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using small grain sizes [20]. The COF factor measured at 
steady state also increases with increasing particle diameter. 
Hence, based on these results and the results in Fig. 5, it is 
concluded that the Gap can be used as a reliable indicator of 
the wear performance.

A separate validation experiment was performed to verify 
the behavior of the tested abrasive materials. To do this, 
a special constructed test robot, which is normally used at 
Mirka for internal wear tests, was utilized. According to an 
internal standard test method, the abrasion process of the 
abrasives on steel was analyzed. Before and after the wear 
tests the specimens were weighed and the mass loss was 
calculated. Figure 6b depicts the sample loss as a function 
of grain size. Although the wear process is more effective in 

this test (more sample loss) in comparison to the tribology 
cell test method, the trend showed similar behavior, i.e. the 
wear increased with increasing grain size. These results fur-
ther confirmed that the method for testing abrasives utilized 
in this study is working as proposed.

The accuracy of a test method is crucial. The standard 
deviation usually gives a good indication of the stability of 
the experimental setup. The results presented in Figs. 5 and 
6 are based on three individual tests, and consequently show 
different accuracies. As can be seen in Fig. 5, the standard 
deviations between the triplicate samples within the gap 
experiment exhibit relatively small standard deviation val-
ues. One possible reason for this could be that the Gap was 
directly obtained from the software, and extra steps were 
therefore avoided. The standard deviations in the experiment 
with the mass loss of steel balls (Figs. 5 and 6) are relatively 
large between the triplicate samples. This might be due to 
the complexity of gravimetric analysis. Although weighing 
samples is an appropriate method in many cases, the number 
of steps and other insecurities in such experimental proce-
dures can be of importance. The magnitude of the standard 
deviations could also be due to the placement of the abrasive 
specimens in the jumbo reel, which is a phenomenon that 
has also previously been observed [38].

4  Conclusions

In the present study, a tribology measurement system suit-
able for testing coated abrasives using a rheometer has been 
developed. Based on the tribological results it is concluded 
that:

(a) The rheo-tribometer setup works well and the grinding 
process correlates with internal testing methods. The 
results also show that the wear is increased with larger 
grain size, which is similar to the observations made in 
real-life applications.

(b) The fact that the grinding is divided into three distinct 
phases (Run-in, Steady state and Failure phase) cor-
related with previously published studies. These three 
distinct phases make it possible to compare different 
abrasive materials.

(c) The rheometer Gap can serve as an indicator of material 
wear and could replace weighing of sample balls.

(d) The wear performance depends strongly upon the 
degree of the normal force. The higher normal force 
between the mating surfaces, the greater is the wear, 
which is registered by the Gap.

(e) The effect of load, speed, distance, liquid, tempera-
ture, and the type of movement can easily be studied 
using the rheometer, and the measurements can be done 
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Fig. 6  Effect of grit size on the wear on steel. a The mass loss (bars, 
left) and the Gap (scale to the right) as a function of different grit 
sizes using the tribology cell together with a rheometer (normal force 
5 N, speed 300 rpm, sliding distance 500 m). The reported COF val-
ues were determined at steady state, an average from 70 to 220  m 
sliding distance (scale to the right). b The mass loss as a function of 
different grit sizes using a Mirka internal test robot. Results are aver-
age of three independent experiments
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under very controlled conditions compared to previ-
ously used equipment.

(f) Further investigations will be required to evaluate and 
optimize the testing parameters of this system for the 
purpose of measuring coated abrasive samples with dif-
ferent types of adhesives and grains.
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