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Evaluating tire grip on the road, an extremely complicated tribological system, is enormously energy and time
consuming but essential for safety. To predict grip on the road, tires with four different tread compounds were
tested on ABS braking distance on a dry test track. Corresponding solid rubber wheels were characterized on the
Laboratory Abrasion Tester (LAT100) on four different electro-corundum discs of various grain sizes. With increasing speed the side force coefficient (SFC) decreases. A lower disc grain size induces a higher SFC. A correlation coefficient of 0.93 between the LAT100 data and road results for the four tread compounds has a high
potential for predicting the car tire ABS braking distance.

1. Introduction
Tires transmit all types of vehicle loads or forces such as vertical,
longitudinal braking, driving, cornering, and camber thrust to the road.
These forces are necessary for directional control of the vehicle. Tire
traction is the result of the generated frictional forces in various driving
states such as cornering, braking, and accelerating. It is a concept that
describes the grip between the tire and the road. A tire with better grip
provides a shorter braking distance wherein the vehicle comes to a full
stop. Proper tire grip provides a good level of handling which is a
prerequisite for proper vehicle's steering, braking, accelerating and
cornering [1].
Tires are built up of a multitude of different elements, mostly rubber
compounds, each contributing to the overall performance profile. To
improve and develop new tires, extensive testing is required which is
time-consuming and costly. Particularly for new rubber tire tread
compounds, it is very attractive to be able to predict their performance
in a laboratory environment before manufacturing a full tire. To
achieve a good impression of the tire grip, it is essential to have a close
look into the forces acting in the two main friction modes: lateral during
cornering and longitudinal while braking or accelerating, both with
their own specific characteristics.
During cornering, when turning the steering wheel, the tread pulls
the rest of the tire and generates forces that pass through the wheel and

∗

the suspension system to turn the vehicle. This force generated by the
tread is termed lateral or side force; both terms can be used interchangeably. It is actually the tire's resistance to deflection that creates
the side force and turns the vehicle [1]. Side force is the force that tires
transmit to the ground during cornering in the perpendicular direction
of the symmetry plane of the tire. The angle between the tire plane of
symmetry and the actual velocity direction of the vehicle in cornering is
termed slip angle.
Fig. 1 shows the general relationship between the side force and the
slip angle which is a specific characteristic of a tire design that includes
carcass, rubbers used in the tire structure and the tire tread. This curve
is unique for each type of tire which typically has two main regions. In
the elastic or linear region at small slip angles, an increase in slip angle
leads to a proportional increase in side force. The slope of this linear
region of the curve is termed the “cornering stiffness” of the tire. The
non-linear region at higher slip angles consists of two different parts.
The transitional region: portions of the tire contact patch slide and there
is less increase in side force with an increase in the slip angle. This is
mainly because of the elastic nature of the rubber. The frictional region:
after the peak of the curve, most of the contact patch slides resulting in
heat generation and wear.
During braking, the forces deform the sidewall of a tire in a way that
the contact patch moves a noticeable distance in the moving direction
generating a longitudinal force [1]. The difference between the
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Fig. 3. Key components of rubber friction or tire traction on a dry surface.

Various textures contribute differently to the friction components,
being adhesion and hysteresis: Eq. (2). The basic mechanism of friction
in dry relative motion attributes to these two main factors, see Fig. 3.
The first is the adhesion force, which occurs in the real contact area.
The second term may be described as a deformation or hysteresis
component, related to the viscoelastic damping properties of the tire
compounds. The results of high frictional forces are wear or abrasion.
This adds a contribution to the total friction force but is commonly
taken along in the hysteretic component. By assuming no interaction
between the two components, the total friction force (F ) may be written
as [10,11]:

Fig. 1. Side (lateral) force vs. slip angle (taken from Ref. [1]).

longitudinal driving speed and the equivalent circumferential velocity
of the wheel is the longitudinal slip [2,3]. According to the Society of
Automotive Engineers (SAE), the longitudinal slip ratio is defined as:

=

Vx

Re
Vx

(1)

where Vx (m/s) is the longitudinal driving speed and R e is the
equivalent circumferential velocity of the wheel, where (rad/s) is the
rotational velocity of the wheel and R e (m) is the effective tire radius.
This is defined as the radius of the tire when rolling with no external
torque applied to the spin axis. Since the tire flattens in the contact
patch, this value lies somewhere between the tire's un-deformed and
the static loaded radii [4].
During hard braking, the tire rotates less than in the condition
without slip. Consequently, the slip ratio is always negative for braking.
Therefore, according to Eq. (1), in “locked” braking tires, the slip ratio
equals a negative −1.0 [3]. Whereas all these phenomena also occur
during accelerating conditions, but adversely, the slip ratio is then always positive. Fig. 2 shows the negative braking slip ratio in a locked
wheel.
In order to evaluate tire grip, it is indispensable to have an insight
into friction phenomena. Since friction is an intricate phenomenon, tire
grip prediction is difficult and remains a contentious subject of research
[4–7]. The texture or roughness of the counter surface is one of the
dominant factors of rubber friction. The relationship between the area
of real contact determined by the applied load and the surface morphology of the counter surface is a question of intensive research [8,9].

F = Fadhesion + Fhysteresis

(2)

The shape and size of the grains in the counter surface influence
directly the friction components. Rubber friction on rough or smooth
surfaces involves different mechanisms. Particularly the fine-scale texture below about 0.5 mm is of fundamental importance for dry roads
and interacts directly with the tire rubber on a molecular scale [12].
Heinrich, Klüppel, and Persson [8,13,14] presented different models for
rubber friction on self-affine fractal surfaces that relate the frictional
force primarily to hysteretic energy losses of the rubber. On the other
side, Grosch [15] indicated that the adhesion still plays a major role in
hysteresis friction, so the assumption of no interaction in Eq. (2) is still
subject of debate.
Grip and wear evaluations of tread compounds suffer from the fact
that not only absolute values but also relative ratings strongly depend
on the experimental conditions under which they are obtained in road
tests [16]. Therefore, a meaningful laboratory evaluation is really
needed. Various types of tribometers and testing machines are available
which are able to measure tribological properties. However, to measure
tire tribological properties a tribometer is required that is able to simulate tire-road conditions for rubber samples in a laboratory environment.
The so-called Laboratory Abrasion Tester (LAT100) was originally
developed by Grosch [16] to measure the side force and the abrasion
loss of a sample in the form of a solid rubber wheel as a function of
various slip angles, loads, speeds and abrasive surfaces. Afterwards, it
was further developed to measure wet traction and rolling resistance. It
has been demonstrated before that the results of measuring wet grip
with the LAT100 give a good correlation with ABS braking on the road
[16,17]. Further, good correlations between tire data and laboratory
test results have been obtained for abrasion and rolling resistance
[16,18–20]. The machine is able to simulate a wide range of test conditions in a laboratory environment. with a wheel shape sample. This
has been mentioned as a high similarity to a vehicle tire which gives a
good correlation with real tire data [21]. Therefore, it has the potential
to be used as an advanced machine for measuring and predicting tire
performance.
In the present manuscript, the rubber friction under dry conditions
is evaluated in detail by using the LAT100 and compared to real tire test
results. For this purpose, various tread compounds were selected and

Fig. 2. Longitudinal force vs. braking slip ratio.
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Table 1
Tire ABS braking distance ratings.
Tire sample No.

Rating (%)

Tread
Tread
Tread
Tread

100.0
102.6
105.3
102.0

1
2
3
4

mounted on a standard tire body. The braking distance of each tire was
measured in real tire tests. By using the LAT100 in the laboratory environment, the side forces of the same tread compounds were measured
at different test conditions. Finally, the results of the laboratory measurements are correlated with the real tire data and the effects of various speeds and LAT100 disc roughness are characterized.

Fig. 5. Scheme of velocities of the sample wheel and the resultant forces [17].

2. Experimental

Ff friction force, are generated by the slip velocity and the acting
normal force as shown in Fig. 5. All force components acting on the
wheel during the tests are recorded. To determine dry traction, the side
forces are evaluated over a wide range of test conditions on the different surface roughness of the various discs under a given normal load
and calculated slip velocity Vs . Since the aforementioned slip velocity is
generated by varying the slip angle, the side force can be evaluated as
an important value which enables rating of the various compounds.

2.1. Tire data
Four proprietary passenger tread compounds with various grip
properties were selected for the investigation. Full tires were manufactured with the same construction process using the same body
components together with the four different tread compound formulations. The ABS braking distances were measured. Table 1 shows the
relative tire ratings which were provided by Apollo Tyres Global R&D
based on ABS dry braking tests on the dry test track of the existing
proving ground in Europe; the test procedure was comparable to ASTM
F1649 for wet braking traction performance of passenger car tires. The
higher the rating the shorter the braking distance which indicates better
dry traction. The tread named “Tread 1” in Table 1 is considered as the
reference for the rating calculations.

2.3. LAT100 discs
The employed discs were provided by VMI Holland BV- Tire
Industry Equipment. They are composed of electro-corundum white
Al2O3 powder bound in a ceramic binder with a weight ratio of 85/
15%. They are classified according to ISO 525:2013(E) as given in
Table 2, of which the size-fraction of the corundum-particles is the most
important variable in the present context. Each disc code represents the
disc grain size; a higher code number indicates a smaller disc particle
size as indicated in Table 2. The corundum particles in the ceramic
binder are pressed together and the disc surfaces flattened by a grinding
process using fine steel powder. The letter “B” for disc 180B indicates
“Blunt”, which means that the disc 180 was smoothened one step further in the finishing/flattening process using a grinding disc containing
diamond powder. This smoothening process does not influence the
grain size, however it smoothens and flattens the disc surface including
the corundum particles. This disc was exploited in an earlier study for
wet grip measurements with the LAT100 machine and employed first
in the present study for comparison [17]. The surface root mean square
(rms) Sq of the disc roughness was measured on an area of 1414 μm
1080 μm as given Table 2 as well.
Fig. 6 shows microscopic images of the disc surfaces obtained with
confocal laser scanning microscopy VK 970 Keyence; the height numbers are given in μm. It is clear that with increasing disc code: 60–180 –
320, the grain asperities decrease in size. Further, the blunting process
of the disc 180B has resulted in a much smoother, flattened surface, in
which the individual corundum particles can still be discerned to be of
about the same size as in disc 180, but with the asperities reduced to
about half the height and a lower rms comparable to disc 320.

2.2. LAT100 test set-up
The machine consists of a driven disc on which a solid rubber test
wheel is pressed under a normal load FZ (N ) at a slip angle (°) : Fig. 4.
The circumferential velocity of the sample wheel Vc is induced by the
disc traveling velocity, Vt = R
where R is the distance of the disc
center to the center of wheel contact patch and (rad/s) is the rotational velocity of the disc. The traveling speed, slip angle, and load can
be varied over a wide range. The average slip velocity VS in the contact
area is created by combining the traveling velocity and slip angle, as
shown in LAT100 trigonometry: Fig. 5, and given by:

Vs = Vt × sin

(3)

The resultant forces: Fc counter-centrifugal force, Fs side force, and

2.4. Preparation of rubber samples for LAT100
From the same four tire tread compounds, LAT100 rubber sample
wheels with external diameter of 84 mm and thickness of 19 mm were
vulcanized in a Wickert laboratory press WLP 1600 according to their
optimum curing conditions tc,95, as determined with a Moving Die
Rheometer (MDR) at 160 °C according to ISO 6502. Due to the thickness
of the wheels, 13 mins extra time were applied to be fully vulcanized
throughout; therefore, the curing conditions were set at 160 °C and

Fig. 4. Schematic view of the measurement unit of the LAT100 [18].
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Table 2
LAT100 disc characterizations.
Disc designation

60

180

320

180B

Disc code
Average particle size (μm)
Corundum sieve analysis (μm)

EKW 60 SHARP
225
0% > 425
Max. 30% > 300
Min. 40% > 250
Min. 65% > 212
175

EKW 180 SHARP
60
0% > 125
Max. 15% > 90
Min. 40% > 63
Min. 65% > 53
65

EKW 320
32
Max. of 52a

EKW 180 BLUNT
Same as disc 180

Sqb(μm)
a
b

Min. of 19a
48

44

Photosedimentometer analysis (μm).
The height ranges below than 10 μm were excluded from the calculations.

tc.95+13 mins under a pressure of 100 bar. Finally, the samples were
stored for 24 h at room temperature, 23 °C ± 1 °C. Therefore, the initial
temperatures of the samples were equal when starting the LAT100 tests.

conditioning and by means of this, sharp asperities are leveled and the
sharpness of the asperities over the disc becomes uniform. After every
single test for each slip angle, disc cleaning was performed using an air
pressure nozzle which removed the rubber debris and particles from the
disc surface. All the tests were performed at 75 N normal load which is
equal to the average load in a tire contact patch on the road [16,18].
For all test procedures, the experiments were carried out for the
same 4 tread compounds. For every procedure, 5 LAT100-samples were
prepared, of which LAT100-samples 1 and 5 correspond to compound
1. This compound is considered as the reference to cross-check the
experiments in each measuring conditions. To avoid creating uneven
wear or a conical shape on the surface of the LAT100-samples during
the tests, the side force measurements were performed for both sides of
the LAT100-samples. The calculated Side Force Coefficient (SFC) for
each data point is an average SFC over the right and the left sides of the
LAT100-sample. To compare the friction properties, the SFCs were
calculated according to:

2.5. LAT100 tests
A first screening was performed at constant normal load, various
traveling speeds over a wide range of slip angles on disc 180B as shown
in Table 3 row 1. The wide range of slip angles was selected in a way to
cover the potential area of ABS braking for the experiments in Fig. 2.
This range of slip angles was in a form of single experiment points. After
the first screening more detailed experiments were executed on various
disc roughness based on the optimized variables, as shown in Table 3
row 2.
For realistic and repeatable side force evaluations, it is necessary to
remove the shiny outer vulcanization skin from the LAT100-samples
surface before measuring the side force. For this purpose, a sample runin was carried out with 75 N normal load, 25 km/h speed, 13° slip
angle, over 500 m distance, and repeated for the right and the left sides
of the LAT100-samples on disc 60; according to ISO-23233.
Additionally, a disc run-in is also required to be performed before using
a brand-new disc. To prepare a correct friction curve, it is crucial to
collect all the single experimental points at a same level of surface
roughness. Any deviation from the expected surface roughness based on
the disc code interferes with the final results. The disc run-in is a pre-

SFC =

Fs (N )
Fz (N )

(4)

To correlate the LAT100 results with real road data, the SFCs of the
four tread compounds measured by LAT100 were rated as follows:

SFC rating % =

SFC Sample
× 100
SFC Reference

Fig. 6. Roughness surface analyses with confocal laser scanning microscopy of the LAT100 discs employed; height numbers and scales in μm.
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Table 3
Variables employed in dry grip tests.
Speed (km/h)

Corresponding distance (m)

Slip angle range (˚)

Disc code

0.2, 2.1, 20
2.1

2, 17, 120
2, 17, 120

3 to 35
3 to 35

180B
60, 180, 320, 180B

Fig. 7. SFC vs. slip angle at various traveling speeds for the five LAT100-samples on the 180B disc, samples 1 and 5 are the same compound.

3. Results and discussion

outer surface of the rubber sample [10]. This roll formation decreases
the side and friction forces.
Fig. 8 shows the SFC versus slip angle for each tread compound at
various speeds. The higher disc traveling speeds show mostly a larger
SFC for all the compounds; which is seemingly opposed to the drivers
feeling at high speeds. The trend does not occur for compound 1 at the
severe test conditions, which is mainly because of an elevated temperature and abrasion in the contact area as indicated before.
In order to solve the previous ambiguity, the curves are replotted as
normalized SFC based on the average slip velocity in the contact area
according to Eq. (3) instead of traveling speed. As an example, the SFC
versus the slip velocity for compound 1 is plotted in Fig. 9. Now the
lower slip velocity shows higher friction values. At 0.2 km/h the slip
velocity varies in the range of 0.003–0.11 km/h, corresponding to a slip
angle of 3°–35°, which is also enlarged in Fig. 9. The lower the speed the
smaller the slippage which leads to higher friction. It reflects that with
increasing vehicle speed the friction decreases and the tire traction level
could drop to even an insufficient level, as the LAT100 also demonstrates.
To correlate the LAT100 results with the tire braking distance data,
the averages of the SFC ratings over different ranges of slip angles were
calculated: for the full slip angle range, for the low slip angle range
between 3° and 23°, and for the high slip angle range between 25° and
35°, as indicated in Table 4. The reason for this division was based on
the shape of the friction curves which is termed in this study SFC curve.
In most curves in Figs. 7 and 8 two regions are visible comparable to
Figs. 1 and 2, with a maximum around 20–25° slip angle. Therefore, the
ranges of slip angles in Table 4 were chosen accordingly.
Based on the calculated average values and the tire data, the correlation coefficients R2 and linear slopes were evaluated by linear regression using Matlab R2015b software and are also summarized in
Table 4. All correlation coefficients are on a low level which means that

The first screening was performed at three different traveling speeds
on the disc 180B based on the earlier study on wet grip using the
LAT100 [17]. Fig. 7 shows the SFC versus slip angle curves for the five
LAT100-samples (the four tread compounds) at various traveling
speeds. All the SFC values are normalized by dividing through the
largest SFC value of the reference compound and expressed in percentage. Therefore, the orders of magnitude of the SFCs are comparable.
The expected peak position of the curves varies with different speeds in
this experiment. With increasing speed the peak position shifts to the
left, towards lower slip angle, representing the LAT100-samples to start
sliding at lower slip angles. At the speed of 0.2 km/h, none of the
compounds demonstrates all frictional regions according to Fig. 1. The
moderate speed, 2.1 km/h, shows all aforementioned friction curve
regions. At high speed, only compound 1 shows all the described regions.
Above 20° slip angle at 20 km/h, the severe test condition leads to
an elevated sample temperature and abrasion into rubber particles
[22]. It has been shown that changes in the rubber particle size affect
tribological properties which are closely related to slip-stick phenomena [23]. The steadily increasing curves at speed 20 km/h for
samples 2, 3, and 4 are the result of this high accumulated temperature
on the rubber surface. This higher temperature increases the friction
coefficients and consequently raises the SFCs. The drop in the SFCs
beyond 20 km/h for the reference compound 1 most probably depends
on the type of abrasion pattern. This compound abrades with another
form of abrasion called “roll formation”. This phenomenon occurs due
to continuous tearing of the rubber and accumulation of the separated
shred in the form of a circumferential roll on the surface of the rubber
wheel. It occurs for a relatively high coefficient of friction in the rubber
contact with the counter surface and leads to internal failure of the
195
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Fig. 8. SFC vs. slip angle for each compound at various speeds on the 180B disc.

there is no significant correlation between the performed LAT100 tests
and the tire data on the disc 180B. It indicates that the blunt disc 180B
does not properly reflect the road test conditions in the current experiments. The surface of the 180B disc with blunted corundum particles is apparently not providing enough grip in the rubber contact patch
to sufficiently reflect hysteretic tire friction on the real road.
The question may be raised whether there are temperature differences between the four compounds in the aforementioned grip tests.
Dependent on the speeds, the difference between the final surface
temperature of the LAT100-samples at the lowest and highest slip angles, the temperature increments are as little as 2 °C for the low speed of
0.2 km/h, 24 °C for the speed of 2.1 km/h, and maximally 100 °C for the
speed of 20 km/h. In spite of this, the differences among the respective
compounds are comparable; for speed 0.2 km/h it was negligible, for
speed 2.1 km/h maximally 1 °C, and for speed 20 km/h 12 °C for the
largest slip angle. In order to minimize the effect of temperature differences among the samples to make them comparable to one another,
this will be an important argument for the next part study.
Subsequently, to determine which disc predicts the road conditions,
a set of experiments including the three additional surface roughness
discs at a constant moderate speed of 2.1 km/h were performed:
Table 3, row 2. The constant speed of 2.1 km/h was adopted from the
previous measurements, wherefore the SFC curves covered all regions

indicated in Fig. 1 and the differences between the surface temperatures
among all compounds were comparable.
The results for all compounds are shown in Fig. 10; the larger the
disc grain size the lower the SFC. A smaller grain size induces a larger
real contact area because of the higher number of asperities within the
apparent unit area. This is due to the fact that the rubber can follow and
penetrate into the indentations of the counter-surface, as determined by
the hardness/modulus of the compound. Although a single surface irregularity induces a lower hysteretic friction, the cumulative frequential excitation of the rubber over all irregularities of the counter surface
is higher: Fig. 3. The higher the cumulative hysteresis, the higher the
SFC which leads to more energy dissipation of the rubber. This explains
the higher hysteretic friction for disc 320 in the range of surface irregularities according to Table 2. On the other side, the disc 60 induces
the lowest SFCs, because it has the biggest particle size and highest rms
as a surface parameter in Fig. 6.
In spite of the same particle size of discs 180 and 180B, the blunting
has reduced the rms to approximately the same level as disc 320, as
indicated by the height order in the laser microscopic images: Fig. 6.
The disc 320 shows SFC values mostly in the same order as the 180B
disc. Because of the flattening process of the 180B, it may result in a
lower hysteretic component and a higher contribution of an adhesion
component. The contributions of both friction components in dependence of speed and surface micro- and macro-structure remain a point
of debate. Persson in his review article of 2005 [9] implied that there is
almost no adhesion between a rubber ball and a substrate with an rms
larger than 1 μm. The order of magnitude of all employed discs rms is
much higher for all. Grosch and others state that the adhesion
Table 4
Correlation coefficients and linear regression slopes for the first screening with
the 180B disc.

2

R

Slope

Fig. 9. SFC vs. slip velocity for compound 1 on the 180B disc; insert zoomed in
at the lower slip velocity range.
196

Slip angle range

0.2 km/h

2.1 km/h

20 km/h

Full
25°–35°
3°–23°
Full
25°–35°
3°–23°

0.30
0.61
0.18
−0.82
0.50
−1.41

0.66
0.39
0.50
−0.53
0.16
−0.84

0.51
0.61
0.09
−2.88
−6.56
−1.25
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Fig. 10. SFC vs. slip angle curves, effect of the disc surface roughness for the four compounds, at a speed of 2.1 km/h.

component still plays a role and has an important contribution at low
speeds and dry conditions [15] [24–27] which was extensively discussed based on the area of real contact for dry rubber friction [27].
Wagner even suggested an adhesive part for wet surfaces [25]. The
results of the present study indicate that the lower disc rms and particle
size are both involved in higher friction. Anyhow, the argument here is
not to identify which friction component is responsible for these phenomena. For this purpose, more experiments would be needed in order
to identify the friction components [14,25,28,29]. The current results
are showing that the lateral friction force decreases with increasing the
measured rms, and the LAT100 clearly distinguish this.
Similar to the previous series of tests, the correlation coefficients
and the linear slopes between the tire data and the average SFC ratings
over the different slip angle ranges for the various discs are summarized
in Table 5. Disc 180 in the slip range of 25°–35° shows the best correlation between the LAT100 results and the tire data with a positive
regression slope. The negative slopes in Table 5 are to be taken as
outliers without physical meanings. Fig. 11 (A) demonstrates the normalized SFC versus slip angle curves for the five LAT100-samples on
disc 180. Fig. 11 (B) shows the correlation between the tire data and the
average SFC ratings over the 25°–35° slip angle range with the corresponding standard deviations.
It does indicate that the disc surface roughness has a significant
influence on the collected SFCs with the LAT100 as discussed. Disc 180
simulates the tire condition on the road the best and accordingly gives a
promising correlation between the lab results and the current ABS

braking distance data, provided the LAT100 data are taken in the slip
angle range between 25°–35°. The original, non-blunted asperities from
the corundum-particles in the present disc 180 do provide a substantial
contribution of hysteretic friction contact relative to the blunted variant. By comparison of Figs. 1 and 2 with Fig. 11(A) it is clear that the
transitional region observed within this slip angle range does correspond with the transitional region of the longitudinal tire friction force,
ref. Eq. (1), there where ABS-braking is indeed active.
The applied normal load of 75 N on the LAT100-samples corresponds to around 0.34 MPa contact pressure in the LAT100-sample
apparent contact area, which is approximately 2.2 cm2 for a rubber
sample with a medium hardness of 65 Shore-A. This contact pressure is
in a similar range like for an average size passenger car tire. The
maximum coefficient of friction for a car tire is expected for a slip rate
between 5 and 15% [30]. For example, based on Eq. (1) the slip velocity
of a car tire traveling at 90 km/h at 10% slip ratio is 2.5 m/s. The
correlation presented in Fig. 11(B) was made for a traveling speed of
2.1 km/h and in the range of 25°–35° slip angle. Therefore, it is possible
to estimate the average slip velocity in the contact area of the LAT100samples according to Eq. (3) which is calculated to be 0.29 m/s for the 5
experimental points for each LAT100-sample in the range of 25°–35°
slip angle in Fig. 11(A). This value of 0.29 m/s is around 8 times smaller
than the tire slip velocity which is comparable to the ratio of tire circumference to the LAT100 wheel circumference. This is still an interesting point to be studied further by modeling and investigating the
difference between the friction mechanisms: the longitudinal friction
for ABS braking and the lateral type friction for the LAT100 wheel.
The question is why the disc 180 offered the best correlation. By
comparing the surface roughness parameter before and after the test
procedures: Table 6, it is observed that except for disc 60, there are no
large changes of rms. This shows that the discs except for 60, remain
stable during the test procedure. A possible reason for the strong correlation for disc 180 is similarity of the frequential excitations of the
tread compounds in their respective counter-surface contact areas: between the LAT100-samples and the disc, the tires on the road. As soon
as a LAT100-sample starts slipping on disc 180, the macro- and microroughness of the counter surface causes a frequential excitation of the
rubber. This has to be in a similar range as the penetration of tire rubber
into the indentations of the road surface. This excitation frequency is

Table 5
Correlation coefficients and linear regression slopes between the tire ratings
and the average SFC ratings over different slip angle ranges for various discs, at
a speed of 2.1 km/h.

R

2

Slope

Slip angle ranges

Disc 60

Disc 180

Disc 320

Disc 180B

Full
25°–35°
3°–23°
Full
25°–35°
3°–23°

0.26
0.81
0.49
0.17
−0.49
0.54

0.87
0.93
0.49
0.60
0.93
0.42

0.35
0.41
0.02
0.56
1.40
0.04

0.08
0.02
0.29
−0.20
−0.20
−0.20
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Fig. 11. (A) SFC vs. slip angle curves for the five LAT100-samples on disc 180, (B) correlation between tire data and average SFCs over 25°–35° slip angle at a speed of
2.1 km/h.
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Surface roughness parameter before and after the test.
Disc designation
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