IIIIIIIIIIII
IIIIIIIIIII

G227 . .
%{f' A UNIVERSITA
(el | ] s
ﬂ

{75/ DEGLI STUDI

/_'_‘g:
| 4l
o gél‘ J )
O DI PADOVA
o

Universita degli Studi di Padova — Dipartimento di Ingegneria Industriale

Corso di Laurea in Ingegneria Aerospaziale

Relazione per la prova finale
«Parameter identification of the MF-Tyre
model: application to FSAE tyres»

Tutor universitario: Prof. Massaro Matteo
Laureando: Zanchetta Davide

Padova, 23/09/2024



UNIVERSITA
DEGLI STUDI
DI PADOVA

DIPARTIMENTO

o0
J" oincesnens  [NTRODUCTION

The tyre is a system that gives 5 main outputs.

With Pacejka’s Magic Formula it is possible to
model this system using MF-Tool product.
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How can a software understand the physics of a
tyre and simulate its dynamic response?

Magic Formula describes the tyre behaviour with
coefficients contained in a tyre property file.

The objective of this thesis is to create one
property file to run multi-body simulations.

UNIPADOVA
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Hoosier 16x7.5-10 LCO was chosen to reduce weight
and inertia of the un-sprung masses with enough
tread to unload the torque of the motors.

The nominal condition of our tyre is 667 N and 0.69
bar, with a vertical stiffness of 109739.7 N/m.

Vertical Stiffness

Experimental Data
Vertical Stiffness at nominal condition

1.5 —|

Vertical Stiffness [N/m)]
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Pressure [bar] Vertical load [N]

Size O.D. Tread Approx.
Compound
Width P Weight
16.0 x 6.0-10 | 16.3" 6.0" R20, LCO 7 Ibs.
16.0 x 7.5-10 | 16.2" Ty R20, LCO 8 Ibs.
6.0/18.0-10 | 18.0" 6.0" LCOo 8 lbs
18.0 x 6.0-10 | 18.1" 6.2" R20 9 Ibs.
18.0 x7.5-10 | 18.3" 7.5" R20 10 Ibs
205x7.0-13 | 21.0" 7.0" R20 11 Ibs.
20.0x7.5-13 | 20.6" 8.0" R20 12 Ibs.
TIRE SIZE: 16.0 x 7.5 - 10 | (43075)
COMPOUND = LCO R25B
RIM WIDTH = 8"
PRELOAD =0
ACTUAL LOAD STATIC :::,:G RATE
AIR=10PSI 200 Ibs. 652 Ibs.
300 Ibs. 700 Ibs.
400 Ibs. 748 Ibs.
AIR=12PSI 200 Ibs. 724 lbs.
300 Ibs. 774 Ibs.
400 Ibs. 824 Ibs.
AIR =14 PSI 200 Ibs. 755 Ibs.
300 Ibs. 809 Ibs.
400 |bs. 859 Ibs.
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2.9 kg

1.55 kg 1.55 kg
1.35 kg 1.95 kg
10.2 mm 10.2 mm
7.1mm /4.6 mm 8.5 mm
0.0824 kgm?
0.1218 kgm?
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. . . Channel Units Description
FSAE Tire Test Consortium worked With e Toeac ordear [Ambiont room moeraire
Calspan to test and measure the tyres that = sec Elapsed tme for the test
X N orlb Longitudinal Force
universities mostly use. FY Norlb Lateral Force
. . FZ Norlb Normal Load
The Hoosier 16x7.5-10 LCO was tested during 14 deg Inclination Angle
. . MX N-m or Ib-ft Overturning Moment
Round 8 in 2018 in lateral performance. MZ N-m or Ib-ft Aligning Torque
N rpm Wheel rotational speed
NFEX unitless Normalized longitudinal force (FX/FZ)
NFY unitless Normalized lateral force (FY/FZ)
P kPa or psi Tire pressure
RE cm or in Effective Radius
RL cm or in Loaded Radius
RST degC or degF | Road surface temperature
SA deg Slip Angle
Slip Ratio based on RE (such that SL=0 gives
SL unitless FX=0)
SR unitless Slip Ratio based on RL (used for Calspan machine
control, SR=0 does not give FX=0)
TSTC degC or degF | Tire Surface Temperature--Center
TSTI degC or degF | Tire Surface Temperature--Inboard
TSTO degC or degF | Tire Surface Temperature--Outboard
\' kph or mph Road Speed
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Lateral force

2000

1500 —

1000 [~

500 —

-500

-1500

-2000

Lateral and longitudinal test are
done with a sweep of slip angle and
longitudinal slip at different:

Vertical load

- Pressure

- Camber angle

- Speed

Comparison lateral force
T

—16x7.5-10 LCO
——18x7.5-10 R25B

scaled 18x7.5-10 R25BH

To have a complete description of the tyre
it is possible to use the data taken for
Hoosier 18x7.5-10 and scale them.
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disp('Choose your 16" Cornering_ 2 Data')
To perform the simulation the data must pause(2) L
. ] . [filename, pathname] = uvigetfile('*.mat",""',"" );
be organised into the file TYDEX. t = importdata([pathname filename]);
Every TYDEX describes one dynamic names = t.channel.name;
situation of the tyre and has all the data nchans = size(t.channel.name,2);
that are useful to perform the simulation. for n = 1:nchans
nchs = (join(string([names(n) '= t." names(n) ';'1)));
eval(strtrim(nchs));
end
**MODELPARAMETERS
FITLEVEL MF-Tool fit level key word FYPURE:ASW; FYPURE:CFA; FXYCOMB;
MZPURE:CMA; MZPURE:ASW; MXPURE
FZ_NOM Tire nominal vertical load N 667.2330
NOMPRES  Tire nominal infl. pressure Pa 68947 . 600000
RFREE Unloaded radius m 0.2032
TYROTIN Tire rot. inertia about YC kgm2 ©.1218
TYRESTIN Tire steer inertia about ZC  kegm2 0.0824
MBELT Mass belt kg 1.95
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The parameters of the Magic Formula
can be fixed, the lower and upper
boundary can be changed, and all
setup parameters can be checked.

Create Initial Population

v

Score and Scale Population

v

Retain Elite

v

Select Parents

v

Produce Crossover and Mutation Children

MF-Tool

Tire Data Selection Tire Data Fitting ' Tire Data Comparison

(@) Fit template Fit name [MF-TooI Fit51 ]

(O Active section Model MF-Tyre/MF-Swift 6.2

Template | |MF-Tyre 6.2 [Central]

[J Pre-fit preview Change selection View parameters
: Enable Estm Pause Predec Fitlevel Fitsublevel TYDEX Display
1 =2 | |Fx Pure _ - _63,*63 IFx Pure Braking/Driving
2 | a Fy Pure CFA \75/75 |Fy Pure Comering
3| % FyPure  |ASW 75/75 |FyPure Comering
4 %! Mx Pure \75]75 I'Mx Pure Cornering
5 . O -Mz Pure “CMA ?5 ," 75 | Mz Pure Cornerih.g-
<

Parameters TYDEX FitOptions Fit Output

Local minimum possible. Constraints satisfied.

fmincon stopped because the predicted change in the objective function

e bl i, (PR G R SR e S, e S S o S

Start Save as template View all parameters Save TIR file

s
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2700.0 2654: nominal(FYW} 50 lbs Lateral force cornering_2_20
nominal(FyW) 100 lbs Lateral force cornering_2_19%
B T nominal(F¥"W}) 150 lbs Lateral force cornering_2_18
2000.0 nominal(FYW) 200 lbs Lateral force cornering_2_17
2200.0 - nominal(FYW) 250 lbs Lateral force cornering_2_18
1500.0
2000.0
_ 1o 1800.0
=) =
= < o000
iy 500.0 = B 01710 IS . 1 2o e s - <N ST [FRFAPRRPY T PRPTTROMRANS MR . 1 1. -l
@ =%
S o g 14000
E 2
£ ™ 1200.0
3 -s000 1%
= — 1000.0
= -1000.0
800.0
-1500.0 500.0
-2000.0 S . 2?2 aF nominal(FX) 50 lbs Longitudinal force driving_2_20 400.0
7 holl OF nominal(FX} 150 Ibs Lengitudinal force driving_2_18
L ; aF nominal(FX) 200 Ibs Longitudinal force drivi_2_17 | e e b b e et s e S N o
28000 __'_,———’| oF nominal(FX} 250 Ibs Longtudinal force driving_2_16 13f |
¥_0.302 -0.250 -0.200 -0.150 -0.100 -0.050 0.000 0.050 0.100 0.150 0200 0250 0.2887 P-134 -12.0 -11.0 -10.0 -8.0 -3.0 -T.0 5.0 -5.0 -4.0 -3.0 -2.0 40 00
Longitudinal Slip [-] Side slip angle [deg]
2200.0 23 O F = nominal(F¥W) 50 |ks Lateral force combined_2_85
O F = nominal(F¥"W) 150 Ibs Lateral force combined_2_63
2000.0 O F =——— nominal{F¥YW} 200 lbs Lateral force combined_2_82
’ O F =——— nominal{FYW} 250 lbs Lateral force combined_2_&1
1800.0 2200.0
2000.0
1600.0 1900.0
_ 1800.0
Z 000t T IR E o gt g T AR PR BT 17000
E 1600.0
o 1200.0 1500.0
2 =
g = 14000
—_ =
R T S e 2 7uf = s [ i -+ £ 1300.0
B B 12000 e B T T SR T T R T e T
800.0 = 1100.0{ ki LT e T USRI L b b e R i LTt T . ...
\ 2 10000 [ TR v BT L oo b o o Rl
LY ~ ao00
600.0 . T
/ / /——-\ \ \ B00.0 [z
400.0 { 2 2 oF nominal(FYW) 50 bs Lateral force combined_2 65 7000
( aF nominal{FYW) 150 lbs Lateral force combined_2_63 600.0
. OF nominal(Fy W) 200 lbs Lateral force combined_2_62 500.0
100.0 ‘( | OF nominal{FyVW) 250 lbs Lateral force combined_2_81 400.0
-2700.0 -2000.0 -1500.0 -1000.0 -500.0 0.0 500.0 1000.0 1500.0 2000.0 2600.0 2000
. 1 1

Longitudinal force (Fx) [N]

-0.2

I
-0.1

Longitudinal Slip [-]

I
-0.1 -0.1  -80.0e-3 -60.0e-3 -40.0e-3 -20.0e-3 0.0  20.0e-3 40.0e-3 60.0e-3 80.0e3 01 0.1

0.1
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N -
424 80
35.0
30.0 10.0 +
250
50
200
E 15.0 E. 0.0 T
w 100 = Z 50
ST X £
T S0 e o
5 uu._____—“---____-._____‘ h"“‘--._ E_mu
g T [ e E
g —]
o 50 T .§—15.ﬂ
5-100 2
= g 200
-15.0 =]
-20.0 -25.0
-25.0
-30.0
-30.0 o . N - -
242 E E nnmma:EE%i g, camt;er i:!gn!ng mme"; 53:;3:!9”!”9—3—32 250 OF nominal(MXW) 4° camber Overturning moment cornering_2_28
" nomina camber Aligning mement selfaligning_2._: -35. - N - -
-40.2 oF nominal(MZWW} 4° camber Aligning mement selfaligning_2_18 " orf nomal(MXW) 27 camber Overturning moment comnering_2_23
d | = _40.0 | | aF nominal(kxWW) 0° camber Owerturning mement cornering_2_18
F200 -16.0 -140 -120 -100 -850 50 40 -20 0.0 2.0 4.0 5.0 2.0 100 120 140 180 1997 210 175 -150 -125 -10.0 J5 50 25 0.0 25 50 75 10.0 125 15.0 175 1.0
Side slip angle [deg] Side =lip angle [deg]
0.2010) OF — DSTGRWHC Dist. ground WHEEL-center radius_2_1 210
0.1990| aF nominallDSTGRWHC) Dist. ground WHEEL-center radius_2 1
= 0.1980 15.0
E p.g70
E DAGBO b SR D
OGSO o, I 100
= 0.1840
£ p.1930 ;
2 01920 E 50
2 0.1910) ~ =
i =
~ 01900 - = +
0.1880 T = on
0.1870 e E
100.0 3000 4000 5000 6000 7000 8000 9000 10000 1100.0 12000 13000 14000 1500.0 16000 1700.0 19000 E =0
Vertical force (Fz) [N] E
£ *
02230 : JoF —— kroLrap Kinematic rollng radius radius_2_1 E-10.0
— oF nominal(KROLRAD) Kinematic rolling radius radius_2_1 E
E p21s0 =
= : S 150
T g2100
g .
§ 02050 200
=
ﬁ 02000 2?2 OF neminal(MxW) & psi  Owverturning moment cornering_2_53
< 01950 -25.0 OF nominal(MXW) 10 psi Overturning moment cornering_2_18
% 0.1800] ) - OF nominal{MXW} 12 psi Owverturning moment cornering_2_3
E ’ . 310 ! OF neminal{MxW) 14 psi Overturning moment cornering_2_33
0.1850 '
aagoof . -21.0 -175 -150 -125 -100 -75 5.0 -25 0.0 25 50 75 10.0 125 15.0 175 21.0
100.0 300.0 400.0 500.0 600.0 700.0 200.0 900.0 1000.0 1100.0 1200.0 1300.0 1400.0 1500.0 1600.0 1700.0 1800.0  2000.0 Side slip angle [deg]

Vertical force (Fz) [N]
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With these analysis a complete tyre property file
is built and the kinematic of the new electric
vehicle of Race UP Team can be optimised to have
a better performance.

The deductions and simplifications done in this
thesis work will be used by other students to
describe tyres and solve their specific problems.
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Thanks for the attention!

Davide Zanchetta
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