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LATERAL FORCE VARIATION TIRE TESTING
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Abstract: The paper is a part of study regarding the tire dynamic. In this paper the authors realize a set of
lateral force tire testing. In order to evaluate the relationship between lateral force variation and tire wear,
we have designed several testing programs by using virtually the same type of vehicles, running on in
tandem on the same selected driving course for the same distance and relative speeds.
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1.DSN SYSTEM

One measurable way to evaluate relative
performance of different tire construction is by
using a DSN device [1]. DSN or driving
severity number device is an accelerometer /
speed plotting data installed in each vehicle.

The device is measuring the acceleration
amplitude on the 3 axles (lateral, longitudinal
and vertical) at given time / distance intervals

(Fig. 1).

Fig. 1 DSN System

The underlying concept is that if the tires are
running in virtually identical conditions,
acceleration impact on the vehicle body will
have slightly different values depending on the
tire construction (and vehicle suspension /
mechanical configuration) [10].

By comparing the measurement results from
different vehicles we can draw conclusion
about tire construction, where the vehicles are
identical or about the vehicle suspension /
mechanical configuration, where the vehicles
are not identical [7].

Here below we’re using data from 3
different testing programs. In all 3 programs the
vehicles are run in the same area: regional road
with lots of hills and curves, going around in a
closed course for approximately 10,000Km.

(2], [4], [5].

2.HIGHEST CONCENTRATION OF
MEASURING POINTS

DSN systems used are identical for all
vehicles in the test and they are calibrated
before each program. Typical representation of
lateral and longitudinal acceleration 1is
represented graphically by value density around
a certain level. For instance, in Fig 2 we have
Lateral vs. Longitudinal acceleration values for
one of the vehicles on a logarithmic scale.

We see that the highest concentration of
measuring points (frequency) is around 0G (in
stopping / starting). We also see that the
longitudinal acceleration has larger variation
than the lateral one [6].

In the figures 2 and 3 there are a natural
consequence of the fact that the driving course
was on local road with city-type of driving
(several traffic lights, stop signs, etc.) with
relatively low speeds. It is understandable that
for a racing vehicle going on around shape
track, for instance, this chart would be looking
considerably different than the one in our case.
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Fig. 2 Lateral vs. Longitudinal Acceleration
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Fig. 3. Lateral and Longitudinal Acceleration vs.
Velocity

In figure 3 we have Lateral and Longitudinal
Acceleration vs. velocity, we see that the
highest density of measurement points is
around 50 km/h on lateral acceleration and
around 65 — 70 km/h on longitudinal
acceleration [11], [12].

This result from the fact that parts of the
course contained off-city driving with higher
speeds (max speed around 110 km/h) but
including lots of heels and curves — local roads
only / not highways. We see as well that the
highest acceleration variation levels are at low
speeds. Again, this is normal, considering this
particular selected driving area [8], [9].

Those graphs are also showing that the
acceleration pattern induces a high level of
stress on the tires. So driving in areas like the
selected one here could generally induce tire
wear at a faster ratio than normal for NA urban
driving.

We are also measuring tire effective wear on
a regular basis using a pre-determined
procedure. Each tire wear is measured on a
regular basis (2 — 2.5kKm) in 5 — 6 different
points — depending on tire configuration (see
figure 4).

- = X '
Pl B " ~a ) ‘.\
s 5% 0 A1
L7 | : Toe:

| .'_. ; _]

.I’ . ®; @ [ (] )

- I J “R. L j

L& ' R " . o J
, I ]! - —~— e J

Fig. 4. Measuring Points

2.1. Test#1

There are 3 tire brands, same size
(P185/65R15) on 3 virtually identical vehicles
(same manufacturer, same type, same
fabrication year, same approximate mileage).

The alignment angles on the vehicles have
been altered from initial specifications in order
to induce irregular tire wear.

Alignment has been altered mostly for more
negative Toe and negative Camber on the front
and more positive Toe and less negative
Camber on the rear. The wearing pattern of
altered alignment angles is taken into
consideration for the final evaluation of overall
wear.

Test 1

Test Vehicle

Compact Sedan; 3x vehicles
Total Mileage 10,000km x 3units
Measurement Interval approximately every 2,500km
Fixed (NO Tire Rotation)

Fixed (NO Vehicle - Vehicle Rotation)

Tire Rotation
Change Vehicle
Tire Information
Vehicle#l Vehicle#2
175/65R15 84S

175/65R15 84S

Vehicle#3
P175/65R14 84S
P175/65R14 845

Front P185/60R15 84T
Rear P185/60R15 84T
Tire Pressure Condition
Vehicle#tl

Vehiclei2 Vehicle#3

Front ~ 220kPa 230kPa 220kPa
Rear 220kPa 230kPa 220kPa
Load Condition
Vehicle#l Vehicle#2 Vehicle#3
Front  7.34kN 7.50kN 7.34kN
Rear 6.60kN 6.34kN 6.60kN
Number of Passenger 0

Alignment Condition see below

Fig. 5. Test 1 program card
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Fig. 6. Test 1 Alignment Data

In figure 7 we see tread wear on each tire for
each measuring mileage. Initially all the tires
have started with very comparable tread depth
pattern. We can see the influence of alignment
angles alteration on wear difference at different
points on each tire.
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It is noticeable that the tires on the front
have a more accelerated and more pronounced
uneven wear; especially on V2 and V3. We can
also see that the tread depth pattern radially on
tire is very different at the last measuring
mileage. This is caused both, by alignment
alteration and tire construction. Since there was
the same driver on the same vehicle for the
whole duration of the program, it is highly
possible that the driving manner had a certain
impact on the overall wear (Fig. 8).

In spite of the fact that there are three
different tire brands, overall average tire wear
is very comparable from car to car (see Table ).
Tire wear however, is very different from tire to
tire (see figure 8).

Tire wear over time by each tire
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Fig. 7 Test #1 Tire wear on the 3 vehicles

Table 1. Average Tread Remaining Depth on each vehicle

0Km 7.06 7.06 7.06 7.06 6.33 6.33 6.33 5.33 6.83 5.84 6.84 6.83
ol 611 575 | 637 = 648 @ 514 | 504 | 562 | 568 575 | 5.68 | 616  6.18
ol el 534 | 467 | 614 @ 607 | 439 | 410 @ 519 @ 539 ' 491 @ 477 | 565  5.89
10,000 km EE] 3.06 416 a70 ' 256 | 242 ' 415 | apo | 327 | 272 | 449 ' as2
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Fig. 10. Tire wear by each measuring point V2




It’s interesting to note that average tire wear
on the same tire seems to have steeper trend at
the beginning of the tire life.

When we analyze wear by each measuring
point, we see that #1 and #5 (shoulders) have
started at a lower lever but #1 has a much more
consistent level during the program. Here too
we see that tires on the front are wearing up
faster than the tires on the rear.

On vehicle V2 shoulder points are #1 and
#6. Again we see that #1 has a more consistent
value. The wear on tires 2F and 4B are more
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severe than on the other tire on the same axle.
V2 has the most consistent wear trend of center
area compared to V1 and V3. Tire 3B has
considerably more wear than the other ones.

On V3 the wear is more consistent
comparable to V1 and V2. Here too, tire 3B has
considerably more wear than the other ones.

DSN measurements show Vertical DSN
much higher than the lateral and longitudinal
ones (see Table ), as a confirmation of the fact
that the testing area was in a hilly region.
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Fig. 11. Tire wear by each measuring point V3

Table 2. Test #1 — DSN vs. Tire Wear

DSN

Total Lateral Vertical

Average Wear (mm/1000Km)

Long

Speed 2,500Km 5,000Km 10,000km Average

Vi 1.09 0.59 0.50 1.83 100Km/h 0.31 0.22 0.329 0.31
V2 0.64 0.42 0.22 0.96 88Km/h 0.34 0.21 0.37 0.29
V3 0.89 0.49 0.40 1.26 97km/h 0.31 0.22 0.39 0.30

V1 DSN is the highest, while the average
speed was also the highest one. Since we didn’t
rotate drivers, the speed and DSN reflect
driving manner for each driver. We see a direct
proportional relationship between vehicle
speed, DSN number, and tire wear.

2.2. Test#2

There are three large sedans, virtually
identical vehicles, there different tire brands,

same size of tires (P215/55R17). Alignment
angles have been altered to higher negative
camber (front and back) and higher negative
Toe on the front. The drivers have changed
vehicles every 2,700km (Fig. 12).

In figure 13 we see tread wear on each tire
for each measuring mileage. Initially all the
tires have started with very comparable tread
depth pattern. We can see the influence of
alignment angles alteration on wear difference
at different points on each tire especially on the
rear axle of the 3 vehicles. Also wear pattern on
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transversal view is not very consistent along the
time.

Test 2

Test Vehicle

Large Sedan x 3 vechicles
Total Mileage 10,000km each

Measurement Interval 1,800km

Tire Rotation Fixed

‘Change Vehicle 2,700km

Tire Information

Vehicle 1
P215/55R17 93H
P215/55R17 93H

Vehicle 1 Vehicle 1
P215/55R17 93H

P215/55R1793H

Front P215/55R17 93V
Rear P215/55R17 93V
Tire Pressure Condition

Front 230kPa
Rear 230kPa
Load Condition

Front 9.8kN
Rear 7.4kN

Number of Passenger o

Condition see below
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— Al _
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R— [
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Fig.12. Test 2 Program Card

It is noticeable that the tires on the rear have
a more accelerated and more pronounced
uneven wear; especially on V1 and V3.

We can also see that the tread depth pattern
transversally on tire is very different at the last
measuring mileage. This is caused both, by
alignment alteration and tire construction. Since
there was a driver change on regular basis, the
driving manner should have no impact on the
overall wear. Tire wear is very different from
tire to tire (see figure 14), especially the tires
3B (on the back).

When we analyze wear by each measuring
point, we see that #1 and #6 (shoulders) have
started at a lower lever but #1 has a much more
consistent level during the program. Here too
we see that tires on the rear are wearing up
faster than the tires on the front (Fig. 15).
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Fig. 13. Test #2 Tire Wear on the 3 Vehicles

On vehicle V2 shoulder points are #1 and #5
(Fig. 16). Again we see that #1 has a more
consistent value but has a rather high level of
fluctuation, however. #2 and #4 have the
minimum amount of wear. The wear on tire 3B
i1s much more severe than on the other tires. We
also see a somehow accelerated center wear; #3

has a rather steeper trend line. Tire 1F seems to
have the least amount of wear followed by 2F.

Large sedan vehicles tend to have a higher
body mass and steering and suspension systems
are designed for a more comfortable drive.
Therefore, it is very possible that the stress
level on the rear tires is higher than on the front
tires (Fig. 14).
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Tire wear by each measuring point V3
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Fig. 17. Tire wear by each measuring point V3

Table 3. Test #2 - Average Remaining Tread Depth

RTD

(mm)

0 Km 7.00 7.00 7.00 7.00 7.30 7.30 7.30 7.30 7.00 7.00 7.00 7.00
1,800 Km 6.58 6.54 6.17 6.50 6.74 6.65 6.39 6.78 6.60 6.43 6.27 6.64
3,600 Km 6.01 5.89 3.25 3.78 6.24 5.54 5.42 6.0 6.32 3.85 5.32 6.04
5,400 Km 5.63 5.45 4,66 5.37 5.82 5.58 4,72 5.62 3.74 5.49 4.45 5.45
7,200 Km 5.29 5.10 4,08 4.54 5.45 5.06 3.85 5.00 5.45 5.10 3.82 5.06
9,000 Km 4,92 4.67 3.39 4.38 5.22 4,72 3.20 4,54 5.15 4,75 3.17 4.68
10,300 K% 4.30 2.73 3.82 5.00 4,43 2.66 4,18 4.92 441 2.52 4,22

Table 4. Test #2 - DSN vs. Tire Wear
DSN Average Wear (mm/1000Km)
Total Lateral Long Vertical Speed 1,800Km 3,600 Km 5,400 Km 7,200 Km 9,000 Km 10,800 Km Average
Vi 1.32 0.98 1.18 1.76 86.0Kkm/h 0.31 0.40 0.25 0.24 0.29 0.26 0.29
V2 1.62 0.72 1.0 1.0 85.7Km/h 0.37 0.40 0.27 0.33 0.24 0.15 0.30
V3 1.17 1.00 1.17 1.24 86.0km/h 0.29 0.32 0.35 0.24 0.23 0.23 0.28

On V3 the wear is very comparable to V1
and V2. Here too, tire 3B has considerably
more wear than the other ones. Since we
changed the drivers on the vehicles, the average
speed for the three vehicles is very comparable
(see Table ). However, we can see small
differences between DSN values and Tire Wear
(see Table 4. Test #2 - DSN vs. Tire Wear).

Those differences can be caused by slight
differences in vehicle suspensions but mostly
by differences in tire constructions. As in the
previous program, we see a direct relationship
between DSN and average tire wear.

2,3, Test#3

We have the old and the new model of the same
compact sedan hybrid vehicle. No tire rotation,

no driver rotation. Camber was changed toward
more positive values. Tire size: 195/65R15
89S.

Test 3

Test Vehicle

Compact Sedan Hybrid (Old and current model); 2 vehicles
Total Mileage 10,125km
Measurement Interval 2,250km
Tire Rotation No tire rotation
Change Vehicle No vehicle change
Tire Information

Vehicle 1 Vehicle 2

Front  P195/55R1686V P195/65R15 895

Rear P195/55R16 26V P195/65R15 895

Tire Pressure Condition

Both Vehicles
240kPa
230kPa

Front
Rear

Load Condition The Load condition is different on each vehicle.

Vehicle 1 Vehicle 1

Front 8.92kN 9.48kN

Rear 7.70kN 8.22kN

Number of Passenger 1]

Fig. 18. Test #3 Program Card
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Average tire wear is slightly different from
tire to tire (see figure 19). We see that tire on
V1 left front has the most severe wear.

Tire wear pattern is somehow different from
tire to tire though (see figure 21). There are two

505

tires with a faster wear. Tires on V1 left front
has a very severe wear as well as the tire on V2
right rear. We can also see that the tread depth
pattern radially on tire is very different at the
last measuring mileage. This is caused both, by
alignment alteration and tire construction. Since
there was the same driver on the same vehicle
for the whole duration of the program, it is
highly possible that the driving manner had a
certain impact on the overall wear.

RTD by mileage
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Tire wear by each measuring point V1
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Table 5. Test #3 Average Remaining Tread Depth

RTD
(mm)

0Km 6.90 6.95 6.91 6.94 7.08 7.09 7.07 7.09
Pl 611 | 630 | 624 | 624 | 640 @ 639 | 619 | 652
rla 522 @ 584 | 557 | 589 | 572 | 588 | 547 @ 6.04
woleg 421 0 500 | 471 499 | 485 | 498 | 433 | 530
el 205 457 400 @ 444 413 469 | 379 | 492

Table 6. Test #3 DSN vs. Tire Wear

DSN Average Wear (mm/1000Km)
Lateral Long Vertical Speed 2,250Km 4,500km 6,750km 9,000km Average
Vi 0.54 0.34 0.20 0.25 83.70 0.30 0.25 0.30 0.29 0.29

V2 0.57 0.35 0.19 0.22 83.70 0.30 0.26 0.30 0.20 0.26




When we analyze wear by each measuring
point, on V1 we see that #1 and #6 (shoulders)
have started at a lower lever but #6 has a much
more consistent level during the program. Here
too we see that tire on the left front is worn-out
much faster than the other ones. Wear pattern is
going transversally from most worn-out on the
outside to less worn on the inside. This is
consistent with a Feather Edge type of wear,
very probably caused by Toe misalignment.

On vehicle V2 shoulder points are #1 and
#6. Again we see that #6 has a more consistent
value. The wear on tires 3B is more severe than
on the other tires. V2 has the most consistent
wear trend of center area compared to V1.

Remaining tread depth at the end of the
program was very comparable (see Table ). We
had very few tires with a faster wear.

DSN number was very low for the two
vehicles while the speed was identical (see

Table 6. Test #3 DSN vs. Tire Wear).

It’s very interesting to notice that the vehicle
with higher DSN number had actually lower
tire wear. This can be explained by better
vehicle suspension and better tire construction.

3.GENERAL CONSIDERATIONS ON
LATERAL FORCE VARIATION AND
TIRE WEAR

Some of the most important factors that
influence Tire Wear are the Tire Force Profile,
Pavement abrasiveness and Tire Running
Temperature. Out of the three, the most
important is the Tire Force, specifically Tire
Lateral Force. It is possible for us to measure
the lateral g-forces acting on the tire while
driving and process the values under a single —
valued number called Driving Severity Number
(DSN).

DSN is expressing the relationship between
tire lateral forces variation and tire wear. We
have tested different tires on same track, same
tire running temperature, very comparable
speeds and comparable driving manner. We
altered steering direction alignment
specifications on the vehicles to induce
irregular wear for additional study.

Generally we see a direct relationship
between vehicle speed, DSN and tire average
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wear even when the tires didn’t actually wear
up in the same pattern.

However, on very similar driving conditions
we did notice some differences in DSN and tire
wear and we think this can be explained mainly
by differences in tire construction. Therefore
we can conclude that we can use DSN to
identify differences in tire construction as well.

We can conclude that DSN will not relate
wear to individual tire forces due to load
transfer or  vehicle roll,  suspension
characteristics or alignment alterations. But if
we consider the tires and vehicle as a system
and we assume that there are no alterations to
the alignment angles and all other
characteristics are equal, we can use DSN to
predict tire wear as a correlation between the
accelerations in the three dimensions.
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Variatia fortei laterale in testarea pneului

Rezumat: Aceastd lucrare este parte component a studiului dinamicii pneului. In aceastd lucrare autorii
realizeazd un set de experimente “in situ” pentru testarea fortei laterale a pneului. In scopul de a evalua
relatia dintre variatia fortei laterale si suprafata acoperitoare a pneului, autorii au priectat si realizat
cdteva programe de testare a unor tipuri de vehicule, care ruleazd in tandem in aceleasi conditii de
conducere, pe aceeaysi diatntd u aceeasi vitezd.
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