? Goddard QuarterCar ? FSAE
Traction Control ??

? Goddard QuarterCar ? FSAE
Traction Control ??

00 :00 /00 /5~90 M TTROM
[

e [] Phil Goddard [J Slip Control of a Quarter Car Model [TTI111T] FSAE
(T TCIIIO Goddard QuarterCar [TTTTTITIII
Academia.edu - [TT]

e [] Simulink [T]

o [II1  QuarterCar plant [TTT1T]
o [ PI[IINO AT

1.1 FSAE 7?7?77

e IT1 $m_{total} = 300 \text{kg}$

e [TITIIIIT] 45%[]] 55%
o [TII1ITI $$F {z\text{rear,single}} \approx \frac{m_{total} g \cdot 0.55}{2}
\approx 809 \text{N}$$
o [ITITTTTTIITIITTITIITIT] $i =4.02%

e [[IIIIT] $T_{motor,max} = 220,\text{Nm}$
o [TTTITITY $$T _{wheel,total} = T_{motor} \cdot i \approx 220 \times 4.02 \approx
884.4 \text{Nm}$$


http://www.goddardconsulting.ca/simulink-quarter-car-model.html
https://www.academia.edu/42663444/Car_Wheel_slip_Modelling_Simulation_And_Control_Using_Quarter_Car_Model

o [TI111] - 11111 QuarterCar 111111 $$T_{wheel,single} \approx
\frac{884.4} {2} \approx 442.2 \text{Nm}$$

[] Simulink [TT] QuarterCar [I111]

T driver = 442.2; % Nm, 00000000

2. ?7?770707°77°

2.1 ?77?°77°?7°7

e [TT1 Goodyear D2773[] FSAE [T] 20x7-13 slick[]

e [T1111 13 [TTIIIIII1I $$R_{wheel} \approx \frac{13} {2} \text{in} \times
0.0254 \approx 0.165 \text{m}$$

[T111] QuarterCarParams.m [] tc params.h []]
R REAR = 0.165; % m
R FRONT = 0.165; % m

3. 7 ABS ??77?? TC ?7

Goddard [IT1T] ABS[ITIIIIIT - [TIII0 ToI AQ 0.2 [0
(1] TCOIITT - [IT11 $T_{driver}$[1] A T
3.1 Slip 7?7?77

ABS [IITITIT

$$\lambda_{ABS} = \frac{v - R\omega}{v}$$

TC [T

$$\lambda_{TC} = \frac{R \omega - v}{v}$$

1 Goddard [1T] Slip Calculation block [T1T] / 111

lambda = (R * angVel - vel) / max(vel, 0.1);



HENNRARNNNRRANEEN Abs [TTT] TC
IENNRNARERNNNNE / T

ABS - [I1] TC - [ITIIIT]

e 1111

o ABS[TIT] $) \dot{\omega} =-T b-RF x$

o TCIIIN $$) \dot{\omega} = T _{driver} - RF_x$$
e [IT1T]

o ABS[TIT] $m\dot{v} = -F x$

o TCIIIT] $$m\dot{v} = F x$$%

[1 QuarterCar [IITIIIT]

e [1T] Sum - [1] 1/J3 [IIIIII +T driver [] - R*Fx[]
e [I1 Sum =[] 1/m [IIIIIID +Fx [I1] -Fx 1
(IITIITTI (IIT10 M O i

4., ???7?7? Goodyear D2773 ??

Goddard [1T] Pacejka [1T]
$$\mu_x = c \cdot \sin\bigl(b \cdot \arctan(a \lambda)\bigr)$$
QuarterCarParams.m [ITTIT]

roadCoeffs = [1.28 23.99 0.52]; % [a, b, c], 00 u_peak = 0.52

(111 Fx (III1 A=0.05 [IT]

[LITIITIT D277 3[I111T]

roadCoeffs = [1.28, 23.99, 0.52];
lambda base = 0.05; S J000d



e A_peak[] 0.05
e [[] DesiredSlip [] Final value [T]] 0.05[] 0.08 1]

4.2 ?? FSAE Goodyear????
[0 FSAEOD W O $\mu_{peak} \approx 0.55%
% FSAE Goodyear 00O

roadCoeffs = [1.67, 22.0, 0.55]; % [a, b, mu_peak]
lambda _base = 0.05; % 000

4« (TTTITTTTITTI ax(II11T] logTI  Fx-A 1T
Curve Fitting Tool [T] Pacejka [IT]

D. P2007?7?070707°7077

5.1 ?7??7?7?7°
(T 442.2 Nm[]

T driver = 440; % QuarterCar [JO0O00OO

(1110 Constant block[T] Step block 0-450 Nm [TTITTITJ

5.2 ?? km/h ??

QuarterCar [I1] vel [IT1] m/s[TT11T] Gain 3.6 [T] km/h[]
vel (m/s) — Gain(3.6) —> v_kmh

[I1 Scope[] Display[IIIl] 0-50/ 0-100 km/h [11]

5.3 Plant ??????7?7?7

1. T driver = 440 Nm Constant[] DesiredSlip [IIT] Final=0[T]
2. Scope [11T1 v (km/h) [] omega[] lambda [] Fx[]
3. IO

lsqcurvefit []



e v [IITITIT]
e R*omega > v — A [IIIITIIT]
o AT 0.050 O.1[JTIIIITIT] Fx I

6. Pl Traction Control ??

6.1 7?77?77
0 Goddard [ITIITIIIII TC [11]

DesiredSlip (Step, 0 - lambda base)

TorqueLimit = min( PI out, T demand )
|
v

MotorActuator / QuarterCar (T driver = TorqueLimit)

DesiredSlip [] Step block[] Initial=0[] Final= lambda base [IT] 0.05[]] Sample
time=0.005[]
PI(s) 10 PI0 Sample time=0.005 s[]
T demand [TTTTTITIT] Step 0-450 Nm([]
TorqueLimit [] MinMax block[] Mode=min[IT] [PI out, T demand] []
o[ $T {driver} =\min(T_{demand}, T {PI})$
HERRRRNNNRRRRNNNNRRRNNN

6.2 Pl 77?777

[0 QuarterCar [I1] FSAE TITTIIIIIIID

Kp = 800;
Ki = 8000;
lambda base = 0.05; % [J Goodyear {000



Ts = 0.005; % 5 ms 000

(ITIT]
o A [IIIIIIIO 0.15[] 0.050 - Kp [l [J800 - 500[T]
e AT >1s[]] 0.050 - Kp[I] [ 800 - 1200-1500[1]
o A [ITITITIO 0.070 - Ki[I] [ 8000 - 20000[T]
o A 1111 - Ki[I] [ 8000 - 2000-4000(T]

IOl dddddddddds

(11110 CAN-logger [TT1T1T] Simulink [TT111] /1 1 roadCoeffs
(T FSAE [T]

HINRRRNNNNRRRNNNNREDND

e [IT1T] $\omega_{FL}$ , $\omega_{FR}$, $\omega_{RL}$, $\omega_{RR}$
e IMUIIIT $a_x$[I1T111] $a_y$[111 $r$

o (1110 $\omega_m$[IIII1T /M $T_{motor}$
o [T
(1111 CAN logger [TTTITITITT CSV / MDF[T]
(.2 27?77?77
1. I
o [T
o [IIIITD TC IO 50-60 km/h[]
e [TIIIT] u 0 $\lambda-a_x$ [ITIIITIT]
2. MM
e [ run(@] 20%[] 40%[] 60% [I111]
o [JTITTTIT] A<O.05[TTTITTIIIIIII Pacejka 1 a[l b 111
3. 0 w10 / (IT]
o (TITITTTTTITITITIT]
e [ITITITI $\lambda-a_x$ [TTIT11] M I

I MATLAB[T]



1. T

v_est = 0.5 * (omega fl + omega fr) * R _FRONT; % m/s

2. [0 Al

lambda rl = (omega rl * R REAR - v _est) ./ max(v_est, 0.1);
lambda rr = (omega rr * R REAR - v _est) ./ max(v_est, 0.1);

lambda avg = 0.5 * (lambda rl + lambda rr);

3. 0 IMU [ITTITITITIT]

Fx total = m total * ax_ imu; % N
Fx single = Fx total / 2; % O000000OOO
(LTITITIT] $(\lambda_{avg}, F_{x,single})s$[]
7.4 ?? Pacejka ??
(IO Isqcurvefit[T[] roadCoeffs = [a, b, cl[]

lambda data = lambda avg(:);
Fx data = Fx_single(:);

Fz single

m total * 9.81 * 0.55 / 2;

pacejka fx = @(p, lam) Fz single .* (p(3) .* sin(p(2) .* atan(p(l) .* lam)));
po = [1.3, 24, 0.55]; % QOO0 [a, b, mu_peak]

opts = optimoptions('lsqcurvefit', 'Display', 'iter');

[p_fit, ~] = lsqcurvefit(pacejka fx, p0O, lambda data, Fx data, [], [], opts);

a fit
b fit = p fit(2);

p_fit(1l);

mu_fit = p fit(3);

roadCoeffs new = [a fit, b fit, mu fit];

[] roadCoeffs new [T] Simulink [TTTIT] QuarterCar [I]] Comparing[]

e [T1 vVvsI[II] lambda(t) [] v(t) [J ax(t) [1I]
o (I a/bdIl  cd0 WD



7.5 27272772 Kp / Ki

(LITITTITTT]

1. 0 Simulink [TTITTTITIT] / 1

2. [0

o [ A [ITTITIITTTTIITITTIT

e [ITIT11
3. 1M A 111

STM32 Firmware[]

8. ??7??7???FSAE 77?7

m
$m_{total}$
[
0 $F_z$

a1 $T_{motor}$
oo sis

(110 $T_{wheel}$
00 $Rs

roadCoeffs ([J )

roadCoeffs (FSAE [T] )

- Kp/Ki [(ITIT1T]
benchmark[I] Pl T

- Kp/Ki [IT1]

m

300 kg

45:55

=~ 809 N

220 Nm

4.02

= 440 Nm
0.165m

[1.28, 23.99, 0.52]

[1.67, 22.0, 0.55]

A_target 0.05

Ts 0.005 s

Kp 800

Ki 8000

(ITITIT] Simulink [T

e 1111 QuarterCar + PI/TC [T11]
o [TTTTITITITITITI roadCoeffs
e 1111 PI/TC 1100 STM32 [T
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T _demand, lambda_base [T1T]

Kp/Ki [T

FSAE 1171

0 :01md
300-9.81:0.55/2
80 kW 1]
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13 1111
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Pl



