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INTRO & MOTIVATIONS

TIRE OPERATIVE CONDITIONS CHANGE WHILE RIDING
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INTRO & MOTIVATIONS

DIFFERENT OPERATIVE CONDITIONS MEANS:

l

DIFFERENT TIRE BEHAVIOUR

l

DIFFERENT MOTORCYCLE BEHAVIOUR

°

Stability Longitudinal Handling
Performance

,,,,,,,,,,,,,,,

MOTORCYCLE BEHAVIOUR SHOULD BE VERIFIED FOR ALL THE
PLAUSIBLE TIRE’S OPERATIVE CONDITIONS
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ESy ] wew
TARGET
TO INVESTIGATE THE EFFECTS OF TIRE WEAR

ON BOTH THE LATERAL AND THE LONGITUDINAL
MOTORCYCLE DYNAMIC

|

TO PROPOSE A PACEJKA MF MODIFICATION INCLUDING THE
WEAR DEPENDENCY
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1 INSTRUMENTATION (6UTD6OR TESTS,)

2. LoNGITUDINAL: 6UTDOOR TESTS

3. LoNGITUDINAL: INDO6OR TESTS

4. LONGITUDINAL: MAGIC FORMULAE MoDIFICATIoN

5. LATERAL: 6UTDOOR TESTS

6. LATERAL: SENSITIVITY ANLYSIS THROUGH NMUMERICAL SIMULATIOoN
7. CONCLUSIONS

OUTLINE
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OUTDOOR TESTS

Instrumentation

High performance GPS Strain gauges 2
-> vehicle speed, longitudinal/lateral steerig torque (lateral dynamic)

acceleration

ingegneria
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1 INSTRUMENTATION (6UTDOOR TESTS,)
2. LoMGITUDINAL: 6UTDOOR TESTS

3. LONGITUDINAL: IHDOGR TESTS

¢. LoNGITUDINAL: MAGIC FORMULAE MODIFICATION

5 LATERAL: 6UTDOOR TESTS

6. LATERAL: SENSITIVITY ANLYSIS THROUGH NMUMERICAL SIMULATIOoN
7. CONCLUSIONS

OUTLINE
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LONG. DYN.: OUTDOOR TEST

ingegneria

Test Scenario&manoeuver

ROAD \ MANOEUVER

FULL BRAKING MANOEUVER.
* ABS system status: active
* Vehicle speed before braking: constant@85 km/h
e 15x test repetitions, at least

Straight line road
High grip surface (dry tarmac)
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LONG. DYN.: OUTDOOR TEST

ingegneria

Test Scenario&manoeuver

ROAD \ MANOEUVER

FULL BRAKING MANOEUVER.
* ABS system status: active
* Vehicle speed before braking: constant@85 km/h
e 15x test repetitions, at least

Straight line road
High grip surface (dry tarmac)

100 T T
= 80 —New Tire | |
£ —Worn Tire
=
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Time [s]
In case of worn tire:
O lower time to halt (lower braking distance);
O higher avarage deceleration.

|
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LONG. DYN.: OUTDOOR TEST
— Summary

DIFFERENT TIRES MODELS HAVE BEEN TESTED; THE TREND HAS BEEN CONFIRMED

WORN TIRES PERFORM HIGHER BRAKING
DECELERATION

e Da-

RIDERS PERCEPTIONS CONFIRM EXPERIMENTAL EVIDENCE
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OUTLINE

1 INSTRUMENTATION (6UTDOOR TESTS,)
2. LoMGITUDINAL: 6UTDOOR TESTS

3 LONGITUDINAL: INDGOR TESTS -

4. LoNGITUDINAL: MAGIC FORMULAE MODIFICATIoN

5 LATERAL: 6UTDOOR TESTS

6. LATERAL: SENSITIVITY ANLYSIS THROUGH NMUMERICAL SIMULATIOoN
7. CoNCLUSIoNS
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ionl. / LONG. DYN.: INDOOR TEST

To better understand the effects of tire wear on longitudinal dynamic:

1S,

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

J LONGITUDINAL STIFFNESS O MAXIMUM FRICTION (J RELAXATION LENGTH
o, (Y%owear)

K, (%wear) Wimaxx(Yowear)
DYNAMIC CHARACTERIZATION

IPG Automotive — Apply & Innovate TECH WEEKS 2020 / 13| 02/09/2020




ionl. / LONG. DYN.: INDOOR TEST

Longitudinal stiffness & Maximum friction

To better comprehend the effects of tire wear on longitudinal dynamic:

1S,

NEW TIRE

U NI NN NN NN NN NN NN NN NN NN EEEEEEES® N NN NN NSNS I NN NN NN NN NSNS EEEEEEEEEEN,
-

J LONGITUDINAL STIFFNESS O MAXIMUM FRICTION
K, (%wear) Wimaxx(Yowear)
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foni LONG. DYN.: INDOOR TEST

- Longitudinal stiffness & Maximum friction

QUASI-STATIC CHARACTERIZATION. PROCEDURE.

QO IMPOSED SLIP RATIO SINUSOIDAL PROFILE
WITH A PERIOD OF 5 (0,2 Hz)
S
L MEASURED LONGITUDINAL FORCE .g
e
2
7
0 o5 1 15 2 25 3 35 4 45 5
Time [s]
z
Q
0
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c
o
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0 o5 1 15 2 25 3 35 4 45 5
Time [s]
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LONG. DYN.: INDOOR TEST

Longitudinal stiffness & Maximum friction

QUASI-STATIC CHARACTERIZATION. PROCEDURE.

L IMPOSED SLIP RATIO SINUSOIDAL PROFILE
WITH A PERIOD OF 55 (0,2 Hz)

L MEASURED LONGITUDINAL FORCE
U THE ENGAGED FRICTION COEFFICIENT Mu, IS

COMPUTED AND PLOT VS SLIP RATIO—> A
SCATTER PLOT IS ACHIEVED

Slip Ratio [%]

Long. Force [N]

Mu_ [-]

-15

-5 0 5 10 15
Slip Ratio [%]
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foni LONG. DYN.: INDOOR TEST

- Longitudinal stiffness & Maximum friction

QUASI-STATIC CHARACTERIZATION. PROCEDURE.

L IMPOSED SLIP RATIO SINUSOIDAL PROFILE | ’ ' ]
WITH A PERIOD OF 55 (0,2 Hz) -
g
LI MEASURED LONGITUDINAL FORCE 2
@
14
U THE ENGAGED FRICTION COEFFICIENT Mu, IS 2
COMPUTED AND PLOT VS SLIP RATIO=> A @
SCATTER PLOT IS ACHIEVED
LI DATA FITTING THROUGH PACEJKA MAGIC
FORMULA: THE LONGITUDINAL STIFFNESS (Kx)
AND THE MAXIMM GRIP (Upqx.x) CAN BE 3
IDENTIFIED e
o
[
o
c
o
- L il
-15 -1\0 ; cl) Lls 1|o 15
Slip Ratio [%]
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foni LONG. DYN.: INDOOR TEST

- Longitudinal stiffness & Maximum friction

QUASI-STATIC CHARACTERIZATION. NEW and WORN TYRE BEHAVIOUR.

DATA HAVE BEEN PLOT AS A FUNCTION OF

THREAD WEAR VARIATION, NAMED dTW: @ 15 —
> =
dTW = - (h-h0)/h0 E §
1 ii =
max,x 7
hO: thread height while new tire / —~ £
h: thread height at a generic wearing T 05 K )
ey g X o
condition 3 / —e
.,.g 0 ~— —— 4 - - 0 0.2 0.4 0.6 0.8
k5 dTW
S
(T 05\\ -
\__../ 5
-1 u"—g'.
-15 g
-15  -10 -5 0 5 10 15 0 02 0.4 06 08
Slip Ratio [%] dTw
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foni LONG. DYN.: INDOOR TEST

- Longitudinal stiffness & Maximum friction

QUASI-STATIC CHARACTERIZATION. NEW and WORN TYRE BEHAVIOUR.

REPETITION OF PREVIOUS
CHARACTERIZATION FOR SEVERAL WEAR 1.5 oy
LEVEL E@ > 3
1 / é
— 05 % o
g Ze
:.f‘;) 0 0 0.2 0.4 0.6 0.8
S dTW
- g
30% WORN TIRE LI(_] 0.5\ _
~— I
-1 u"—g'.
-15 s
15 -10 -5 0 5 10 15 0 02 0.4 06 08
Slip Ratio [%)] dTw
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foni LONG. DYN.: INDOOR TEST

- Longitudinal stiffness & Maximum friction

QUASI-STATIC CHARACTERIZATION. NEW and WORN TYRE BEHAVIOUR.

REPETITION OF PREVIOUS
CHARACTERIZATION FOR SEVERAL WEAR @ 15

A 4

LEVEL

[y
\
\\)
gitudinal stiffness [N/-]
@

o
4]

Engaged fricitoon [-]
©
(6] o

/

Longi

dTW

(/
A\

-1.5

q@
Maximum friction
o

-15  -10 -5 0 5 10 15 0 02 04 06 08
Slip Ratio [%] dTw
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QUASI-STATIC CHARACTERIZATION. NEW and WORN TYRE BEHAVIOUR.

BOTH THE
LONGITUDINAL
STIFFNESS AND THE
MAXIMUM FRICTION
COEFFICIENT INCREASE
AS THE TIRE WEAR
INCREASES
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dTW

dTW = - (h-h0)/h0

LONG. DYN.: INDOOR TEST

Longitudinal stiffness & Maximum friction

[-]

Maximum friction

dTW
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LONG. DYN.: INDOOR TEST
— Relaxation length

To better comprehend the effects of tire wear on longitudinal dynamic:

(J RELAXATION LENGTH
o, (Y%owear)

DYNAMIC CHARACTERIZATION

IPG Automotive — Apply & Innovate TECH WEEKS 2020 / 22| 02/09/2020




ingegneria

04

LONG. DYN.: INDOOR TEST

Relaxation length

DYNAMIC MTS CHARACTERIZATION

RELAXATION LENGHT
MEASUREMENT

LIMPOSED SLIP RATIO SINUSOIDAL
PROFILE WITH A PERIOD OF 1s (1 Hz)

LJGENERATED LONGITUDINAL FORCE
SAMPLED AT 250 Hz

S /M
[ 05 [
2 / Y
T of N
(14 h\
o Y
= 05} A
)
-1 !
0 0.2 0.4 0.6 0.8 1

Time [s]

Long. Force [N]

Time [s]

IPG Automotive — Apply & Innovate TECH WEEKS 2020

/ 23| 02/09/2020



LONG. DYN.: INDOOR TEST

Relaxation length

ingegneria

04

DYNAMIC MTS CHARACTERIZATION

RELAXATION LENGHT -
MEASUREMENT _ | | | |
X osf f/'/\/\"\
o / 3
LAIMPOSED SLIP RATIO SINUSOIDAL % ol ~ \
PROFILE WITH A PERIOD OF 1s (1 Hz) “fl ,\\\’/ N
ET_) -0.5r 1
(JGENERATED LONGITUDINAL FORCE . 02 04 0 08 1
SAMPLED AT 250 Hz Time [s]

LTIME DELAY BETWEEN SLIP RATIO

(INPUT) AND FORCE (OUTPUT) IS /\
MEASURED \/ y

0 0.2 0. 0.6 0.8 1
Time [s]

Long. Force [N]
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LONG. DYN.: INDOOR TEST

Relaxation length

ingegneria

04

DYNAMIC MTS CHARACTERIZATION

RELAXATION LENGHT

\
MEASUREMENT ! | | | |
= os) ,./M\
o) y, 3
JIMPOSED SLIP RATIO SINUSOIDAL T ol ~ \
PROFILE WITH A PERIOD OF 1s (1 Hz) © ,\\\/ N
= 05) 1
QGENERATED LONGITUDINAL FORCE 1 T o ; -
SAMPLED AT 250 Hz Time [s] h < ol
=
TIME DELAY BETWEEN SLIP RATIO 3 |
(INPUT) AND FORCE (OUTPUT) IS §
MEASURED L OF Vs
5 |
S
0 oiz oj 016 018 1} -1 -ol.5 (I) 015 1
Time [s] Slip Ratio [%]
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LONG. DYN.: INDOOR TEST

Relaxation length

DYNAMIC MTS CHARACTERIZATION

RELAXATION LENGHT
MEASUREMENT

LIMPOSED SLIP RATIO SINUSOIDAL
PROFILE WITH A PERIOD OF 1s (1 Hz)

LJGENERATED LONGITUDINAL FORCE
SAMPLED AT 250 Hz

QTIME DELAY BETWEEN SLIP RATIO
(INPUT) AND FORCE (OUTPUT) IS
MEASURED

LHYSTERETIC BEHAVIOR IS OBSERVED

| f/_/\/\,\\

A
/\H\\/./
-0.5r 1

0 0.2 0.4 0.6 0.8 1
Time [s]

Slip Ratio [%]
\
J

Long. Force [N]

0 0.2 0. 0.6 0.8 1}
Time [s]

-0.5 0 0.5 1
Slip Ratio [%]
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fon/ LONG. DYN.: INDOOR TEST
— Relaxation length

DYNAMIC MTS CHARACTERIZATION

£
2
T
®
o
5

RELAXATION LENGHT vs
WEAR

L REPETITION OF PREVIOUS N
CHARACTERIZATION FOR EACH WEAR et
LEVEL

gth [m]

LTHE SLOPE OF WORN TIRE INCREASES
SINCE THE LONGITUDINAL STIFFNESS
INCREASES AND IT PRESENTS WIDER
HYSTERESIS

Mu, [

Relaxation len

-3 -2 -1 0 1 2 3 0 0.2 04 0.6 0.8
Slip Ratio [%] dTW
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fon/ LONG. DYN.: INDOOR TEST
— Relaxation length

DYNAMIC MTS CHARACTERIZATION

RELAXATION LENGHT vs
WEAR

L REPETITION OF PREVIOUS
CHARACTERIZATION FOR EACH WEAR
LEVEL

gth [m]

QTHE SLOPE OF WORN TIRE INCREASES
SINCE THE LONGITUDINAL STIFFNESS
INCREASES AND IT PRESENTS WIDER '~
HYSTERESIS ST e’

Relaxation len

-3 -2 -1 0 1 2 3 0 0.2 04 0.6 0.8
Slip Ratio [%] dTW
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LONG. DYN.: INDOOR TEST
Relaxation length

DYNAMIC MTS CHARACTERIZATION

RELAXATION LENGHT vs
WEAR

L REPETITION OF PREVIOUS
CHARACTERIZATION FOR EACH WEAR
LEVEL

LTHE SLOPE OF WORN TIRE INCREASES
SINCE THE LONGITUDINAL STIFFNESS
INCREASES AND IT PRESENTS WIDER
HYSTERESIS

b [m Slip Ratid [%]

2 4 o0 1
Slipratio [%]

gth [m]

Relaxation len

0.2

04 0.6 08
dTw
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1on LONG. DYN.: INDOOR TEST
10610 oo

The proposed results state:

THE RELAXATION LENGTH INCREASES AS THE TIRE WEAR INCREASES.

gth [m]

Relaxation len

0 0.2 0.4 0.6 0.8

dTW = - (h-h0)/h0
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LONG. DYN.: OUTDOOR TEST
— Results Explanation

ROAD | MANOEUVER

FULL BRAKING MANOEUVER.
* ABS system status: active

Straight line road

High grip surface (dry tarmac) * Vehicle speed before braking: constant@85 km/h

* At least 15 tests repetition

GPS speed [km/h]
o 8 &5 8 8 3

4 T T T T

o =

s

.; |- 4

N -

8

o i

o ]

Long.acc. [g]

N . 5 o

o 4 & o @
° T T T
oL -
a
2 ]
~ 1
»
wl i
ok 1
"
ol 1
| 1
> -
>
. L |

In case of worn tire:
O lower time to brake;
U higher avarage deceleration.

|

THE HIGHER BRAKING PERFORMANCES OBSERVED DURING
OUTDOOR TESTS ARE DUE TO HIGHER GRIP

(relaxation length and longitudinal stiffness have no perceivable effects instead)
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OUTLINE

1 INSTRUMENTATION (6UTDOOR TESTS,)
2. LoNGITUDINAL: 6UTDOOR TESTS
3 LoNGITUDINAL: IWDOOR TESTS

4. LoNGITUDINAL: MAGIC FORMULAE HODIFICATION /A
5 LATERAL: 6UTDOOR TESTS

6. LATERAL: SENSITIVITY ANLYSIS THROUGH NMUMERICAL SIMULATIOoN

7. CONCLUSIONS
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MF MODIFICATION TO INCLUDE WEAR EFFECT

Longitudinal stiffness, relaxation length, maximum friction

TRENDS
Longitudinal stiffness FITTING EQUATIONS
Pacejka 6.1 MF fitting equation:

g KXK = I:z (pkxl + pkxzdfz) exp(pkx3dfz)(1 + ppxldpi + ppxzdpiz)
E . pressure contribute
: !
% ) Modified equation:
3. KXK = Fz (pkxl + pkxzdfz) exp(pkx3dfz)(1 + ppxldpi + ppx2dpi2) (1+ ptxldTW + ptxZ dTW 2)

0 0.2 0.4 0.6 0.8 wear contribute

dTW
dTW = - (h-h0)/h0
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MF MODIFICATION TO INCLUDE WEAR EFFECT

Longitudinal stiffness, relaxation length, maximum friction

TRENDS

Longitudinal stiffness FITTING EQUATIONS

Pacejka 6.1 MF fitting equation:

g KXK = I:z (pkxl + pkxzdfz) exp(pkx3dfz)(1 + ppxldpi + ppxzdpiz)

E . pressure contribute

g 0@ Modified equation:

3.-‘-- KXK = Fz (pkxl + pkxzdfz) exp(pkx3dfz)(1 + ppxldpi + ppx2dpi2) (1+ ptxldTW + Pix2 dTW 2)
0 0.2 0.4 0.6 0.8 wear contribute

dTW

Py and p,,, identified coefficients interpolating the longitudinal stiffness VS dTW curve

dTW = - (h-h0)/h0
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Longitudinal stiffness

MF MODIFICATION TO INCLUDE WEAR EFFECT
Longitudinal stiffness, relaxation length, maximum friction

FITTING EQUATIONS

Relaxation length

Maximum Friction

gitudinal stiffness [N/-]

Lon

3
1
.
.

o

dTW

0.8

E. R?*=0.9723 .
— ~®
=
]
[#14]
c
2
=
2
o @
b4
1 PR
uv®
e
0 0.2 0.4 0.6 0.8
dTW

[-]

Maximum friction

0 0.2 0.4
dTW

" R2=0.9758

.'
o

ast

w

0.6 0.8

Ky = (-:)*(1+ p,dTW + p,,,dTW?)

C, = (o)*(1+ P gdTW + p 4, s dTW?)

W, = (...) (1+ p,3dTW + p, ,dTW?)

IPG Automotive — Apply & Innovate TECH WEEKS 2020

/ 35| 02/09/2020



ON ROAD TIRE CHARACTERIZATION
_— Premise

If no indoor tests are available?

ON-ROAD CHARACTERIZATION METHODOLOGY HAS BEEN DEVELOPED

F JF, ININ]
F/F, IN/N]

Frqnt tife Rear tiﬁe

R 5 s s
1k *-,'..,'-',‘: ..:.;' s
6 4 22 ,00 2 4 6 8 0 Mo 8 6 4 2 o0 2 4 & 8 1
Slip [%] Slip [%]
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OUTLINE

1 INSTRUMENTATION (6UTD6OR TESTS,)

2. LoNGITUDINAL: 6UTDOOR TESTS

3. LoNGITUDINAL: INDO6OR TESTS

4. LONGITUDINAL: MAGIC FORMULAE MoDIFICATIoN

= JATERAL. OLTDOOR TE5TS /A

6. LATERAL: SENSITIVITY ANLYSIS THROUGH NMUMERICAL SIMULATIOoN
7. CONCLUSIONS
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ROAD

Constant radius turn (45m) executed in CCW
High grip surface (dry tarmac)

LAT. DYN.: OUTDOOR TEST

MANOEUVER

QUASI STEADY STATE MANOEUVER
Slow speed increasing; lat. jerk < 0,1 (m/s?)/s

Test scenario

80
<
g 601
=
©
® 40t
Q
0
g 20
3 m— New tire
O 1 1 1 1
0 10 20 30 40 50 60 70 80 90
1
N'_|
Y
g 05
o
o
<
w 0
-l
m— New tire
_05 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90

Time [s]
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LAT. DYN.: OUTDOOR TEST

ingegneria
i Results
Maneuver and convention Results: steering torque VS lateral acceleration
St [ [ [ [ [ [ [ P =
STEERI NG PAD R22m -Rider01 - RIDER OFF / Nominal pressure /INEW TYRE i N
L CONSTANT RADIUS: /\ o
— m
R=45m 0
. @)
0 MOTORCYCLE SPEED: Nominal = 2,5 [bar] c
FROMOTOV,, ., T —y
> ~ w
L QUASI STATIC CONDITION: °_3’_ = V o
lat. jerk < 0,1 m/s"2/s E N i
£
3 m 10 Nm
" 10 AEEEEE EEENI
-15
0 1 2 3 4 5 6 7 8

Lateral acceleration [m/sz]
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LAT. DYN.: OUTDOOR TEST

mgegnerlo
o Results
Maneuver and convention Results: steering torque VS lateral acceleration
STEERING PAD ° j | L L L L L =
R22m -Rider0l - RIDER OFF / Nominal pressure /INEW TYRE -
R22m -Rider01 - RIDER OFF / Nominal pressure /WORN TYRE || — 4
L1 CONSTANT RADIUS: \ /\ w)
— m
R=45m 0
_ o
O MOTORCYCLE SPEED: Nominal = 2,5 [bar] -
FROMOTOV, z M“ Y
Z X
L QUASI STATIC CONDITION: % 5 o
lat. jerk < 0,1 m/s*2/s E / ik z m
: M ‘ '
] L/_ -
% _10& /i EEEE ?Y; F'- . A‘ J—I—I—I—I—l.l]l-gle
{f
| \..
AL -15 Nm
STEERING TORQUE -157 ‘ '.,.‘ tmmn anmm
+CCW
0 1 2 3 4 5 6 7 8
Lateral acceleration [m/sz]
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LAT. DYN.: OUTDOOR TEST

mgegnerlo
= Results
Maneuver and convention Results: steering torque VS lateral acceleration
St r [ [ [ [ [ [ r =
STEERI NG PAD ﬂ R22m -Rider01 - RIDER OFF / Nominal pressure /NEW TYRE i
‘ R22m -Rider01 - RIDER OFF / Nominal pressure /WORN TYRE || — N
O CONSTANT RADIUS: ) R22m -Rider01 - RIDER OFF / Low pressure /NEW TYRE o
— m
R=45m 0 0l
| | o
0 MOTORCYCLE SPEED: Nominal = 2,5 [bar] c
FROM O TO V,,,, = \ ‘ \ Low = 2,0 [bar] N =y
3 Il M” s
L QUASI STATIC CONDITION: %’_ = i \‘ /“ o
lat. jerk < 0,1 m/s”*2/s S | \\ m
= q ,, a
(@)
= -
() L/. -
% -10 (. ?@M '_,‘ ‘ wl]l.glllvm
\ X Tkl q\ k
AN | \ e 15 N
! o g . ' J -
-15 g '&&3 Wil e ey | m
N
| -15 Nm
0 1 2 3 4 5 6 7 8
Lateral acceleration [m/sz]
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LAT. DYN.: OUTDOOR TEST
— Summary

Different tires models have been tested.

WORN TIRE IMPLIES HIGHER OUTSIDE STEERING
TORQUE.

e Da>

RIDERS PERCEPTION CONFIRM EXPERIMENTAL EVIDENCE
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OUTLINE

1 INSTRUMENTATION (6UTDOOR TESTS,)

2. LoNGITUDINAL: 6UTDOOR TESTS

3. LONGITUDINAL: IHDOGR TESTS

4. LONGITUDINAL: MAGIC FORMULAE MoDIFICATIoN
5 LATERAL: 6UTDOOR TESTS

o, LATERAL: sevstmivty anLvess Tikouas wonericaL stLaTion/ 4R
7. CONCLUSIONS
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LAT. DYN.: NUMERICAL ANALYSIS

Assumptions

New . New E [ L
= ¢ e T - wewe . g New
E «  T0% worn =z 70% worn =] 30% wom
£ b £ 70% wor
? & g
] = 5 .
s = E‘
= £ =
°
3 . z . §
2 2 £
S o
. 2 !
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Wear [%] Wear [%] Wear [%]
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LAT. DYN.: NUMERICAL ANALYSIS

Assumptions

E
0% wor - 30% wom e New

E T0% v Z TO% wom 'E 30% wom

= a £ 70% wom
2 3
B £ S
2 s
§ £
g E
s g
g 2 £
]
=

40 60 80 20 40 60 20 40
Wear [%] Wear [%] Wear [%]

I
IT’S REASONABLE TO ASSUME THAT SOMETHING SIMILAR OCCURS ALSO

FOR LATERAL DYNAMIC
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LAT. DYN.: NUMERICAL ANALYSIS
— Assumptions

Lat. Relaxation Length K%

STEADY-STATE LATERAL DYNAMICS

l (steering pad)
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LAT. DYN.: NUMERICAL ANALYSIS
— Assumptions

STEADY-STATE LATERAL DYNAMICS
(steering pad)

Hypothesis: CORNERING STIFFNESS and ROLLING STIFFNESS
variation could affect the increasing of the outside the curve steering torque

- -
-
g IPG Automotive — Apply & Innovate TECH WEEKS 2020 / 48 | 02/09/2020



LAT. DYN.: NUMERICAL ANALYSIS
_— Tools

IPG MotorcycleMaker

NUMERICAL ANALYSIS:
ROLLING AND THE TIRE CORNERING STIFFNESS SENSITIVITY
ANALYSIS HAS BEEN PERFORMED
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LAT. DYN.: NUMERICAL ANALYSIS
_— Results
o, .

5 T T T T T T T T T

SENSITIVITY ANALYSIS ON £ o T Comenng Sifiness. +20%|
CORNERING STIFFNESS. g °f S i

* Nominal value (blue) |§ :: :

*  +20% (magenta) o

«  -20% (black) = 200

% =25 -

THE CORNERING STIFFNESS 30 . 1' , X p 5 5 n . o
COEFFICIENT SEEMS NOT TO CAUSE Lat.Acc. [m/s?]
RELEVANT CHANGES IN STEERING
TORQUE

STEERING TORQUE
+CCW
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LAT. DYN.: NUMERICAL ANALYSIS
_— Results
o, .

5 | T T T T T T T T
SENSITIVITY ANALYSIS ON = °f S
ROLLING STIFFNESS. % 1—2: Comering Stiffness--20% | -
« Nominal value (blue) |§ )
* +20% (magenta) g-15 i
e -20% (black) = 200
o 25F
»
THE ROLLING STIFFNESS COEFFICIENT 0 | : : | | : : || ;

AFFECTS THE STEERING TORQUE:

THE HIGHER THE ROLLING STIFFNESS,
THE HIGHER THE OUTSIDE THE CURVE
STEERING TORQUE

20 F _4‘__/
V) STEERING TORQUE 20 | | | | | | | : é
+CCW -1 0 1 2 3 4 5 6 7 8 9
:

Lat.Acc. [m/s?]
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LAT.DYN: Numerical Simulation

From the numerical sensitivity analysis

AS THE ROLLING STIFFNESS INCREASES, THE OUTSIDE STEERING
TORQUE INCREASES

FROM LONGITUDINAL DYNAMIC CONSIDERATIONS, IF THE WEAR INCREASES ()
1

The Hypotesiys
done seems to be
correct

IT’S REASONABLE TO ASSUME THAT SOMETHING SIMILAR OCCURS ALSO
FOR LATERAL DYNAMIC
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From the numerical sensitivity analysis

AS THE ROLLING STIFFNESS INCREASES, THE OUTSIDE STEERING
TORQUE INCREASES

P why

%
i :\‘?
QI —
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LAT. DYN.: NUMERICAL ANALYSIS
Wear effect on rolling stiffness

1®

NEW TIRE

Same turn, same speed, same lateral acceleration

Nominal tyre rolling stiffness

Higher tyre rolling stiffness
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LAT. DYN.: NUMERICAL ANALYSIS
— Wear effect on rolling stiffness

Same turn, same speed, same lateral acceleration

Nominal tyre rolling stiffness Higher tyre rolling stiffness

; '
) , 5 ;
, _ :
. i \ P
B ! _ P
N i \ H
\ i \ ;
\ i \ !
\ H \ :
\ \

[

NEW TIRE

-_— / ,— 1 -_— / ,— | ]
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LAT. DYN.: NUMERICAL ANALYSIS
— Wear effect on rolling stiffness

Same turn, same speed, same lateral acceleration

Nominal tyre rolling stiffness Higher tyre rolling stiffness

[

NEW TIRE Y

y
Total YTotal

Ysideslip

1 -_— / | ]
,— /-
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LAT. DYN.: NUMERICAL ANALYSIS
— Wear effect on rolling stiffness

Same turn, same speed, same lateral acceleration

Nominal tyre rolling stiffness Higher tyre rolling stiffness

[

NEW TIRE NV

YTotal

Ysideslip
Ysideslip

Moment Mz acts
OUSTSIDE of the curve

Moment Mz acts
INSIDE of the curve

1 - / ]
/- /-
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_— Summary

Maneuver and convention Results: steering torque VS lateral acceleration

5 s | — | I | | | | | 1=

STEERING PAD { | ——— R22m -Rider01 - RIDER OFF / Nominal pressure /NEW TYRE z
R22m -Rider01 - RIDER OFF / Nominal pressure /WORN TYRE 2 *

JCONSTANT RADIUS: o

et ‘ | o

O MOTORCYCLE SPEED: 5 5 . Nominal =2,5 [bar] i c
FROMOTOV,,, = = = ; | | ’,gr |

W

L QUASI STATIC CONDITION: O w]

lat. jerk < 0,1 m/s"2/s m

Steering Torque [Nm]
[&)]
=

VT -15 Nm
_15 H -,-r.r.—-'-i'.—.'-'-'.—.E'-'-'.'.'-'-'i.'.'- - '.'T' - - j - '-'-?. '-'-'.'.'i-'-'.'.'-'-' -------

0 1 2 3 4 5 6 7 8

Lateral acceleration [m/sz]

WEAR -> HIGHER TIRE ROLLING STIFNESS -
HIGHER OUTSIDE THE CURVE STEERING TORQUE DEMAND NEEDED TO MAINTAIN TRAJECTORY
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LAT. DYN.: OUTDOOR TEST

Test scenario

ingegneria
e
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OUTLINE

1 INSTRUMENTATION (6UTD6OR TESTS,)

2. LoNGITUDINAL: 6UTDOOR TESTS

3. LoNGITUDINAL: INDO6OR TESTS

4. LONGITUDINAL: MAGIC FORMULAE MoDIFICATIoN

5. LATERAL: 6UTDOOR TESTS

6. LATERAL: SENSITIVITY ANLYSIS THROUGH NMUMERICAL SIMULATIOoN

o /A
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CONCLUSIONS

GENERAL TARGET:
TO INVESTIGATE THE EFFECTS OF TIRE WEAR ON BOTH THE LATERAL AND THE LONGITUDINAL

DYNAMIC; TO PROPOSE A PACEJKA MF MODIFICATION, INCLUDING THE WEAR DEPENDENCY

CONCLUSIONS:

* Increase of wear 2 increase of tire stiffness, maximum grip, relaxation length
 MF modification has been proposed for longitudinal tire behavior

 OQutdoor tests procedure can be used to overcome the lack of the indoor tests and proceed

with tire parameter identification, for longitudinal dynamic only

* It has been demonstrated how, both experimentally and numerically, the steering torque is
strongly affected by tire rolling stiffness (the higher the stiffness, the more the outside-the-
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curve steering torque)
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