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v INTRODUCTION

. Collection of components which allows to follow the desired course.

. In a car: ensure that wheels are pointing in the desired direction of motion.
. Convert rotary motion of the steering to the angular turn of the wheel.

« Mechanical advantage is used in this case.

. The joints and the links should be adjusted with precision.

. Smallest error can be dangerous

. Mechanism should not transfer the shocks in the road to the driver's hands.

« It should minimize the wear on the tyres.
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e RACK AND PINION STEERING SYSTEM

The pinion moves the rack converting circular motion into linear motion along a different axis
Rack and pinion gives a good feedback there by imparts a feel to the driving
Most commonly used system in automobiles now.

Disadvantage of developing wear and there by backlash.
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RECIRCULATING BALL

Used in Older automobiles

LA LU

Recirculating Ball Bearings
i Worm Gear \
.The steering wheel rotates the shaft which turns the worm gear. 3
Ball Nut Rack - 3
3
«Worm gear is fixed to the block and this moves the wheels. e 3
NI
WIIDII
: A 333333
«More mechanical advantage. 333333
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«More strength and durable
Pitman Arm
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POWER STEERING

. Too much physical exertion was needed for vehicles
. External power is only used to assist the steering effort.

. Power steering gives a feedback of forces acting on the front wheel to give a sense of how wheels

are interacting with the road.
« Hydraulic and electric systems were developed.
« Also hybrid hydraulic-electric systems were developed.

. Even if the power fails, driver can steer only it becomes more heavier.



power steering return.
not tu rned to reservior

pressure pressure
from pump from pump
return
to reservior agcoauto.com
power steering return. power steering return
left turn toieesenviog right turn to reservior
pressure . pressure return
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pressure pressure pressure pressure
from pump from pump from pump from pump
pressure _return return pressure
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return return
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COMPONENTS

\How Car Steering Works

Pulley
s

Steering
gear
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o ELECTRIC POWER STEERING

. Uses an electric motor to assist the driving
. Sensors detect the position of the steering column.
« An electronic module controls the effort to be applied depending on the conditions.

« The module can be customised to apply varying amounts of assistance depending on driving

conditions.

. The assistance can also be tuned depending on vehicle type, driver preferences
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o HYDRAULIC VS ELECTRIC

. Electric eliminates the problems of dealing with leakage and disposal of the hydraulic fluid.

« Another issue is that if the hydraulic system fails, the driver will have to spent more effort since he

has to turn the power assistance system as well as the vehicle using manual effort.

« Hydraulic pump must be run constantly where as electric power is used accordingly and is more

energy efficient.
« Hyrdraulic is more heavy, complicated, less durable and needs more maintenance.

. Hydraulic takes the power directly from the engine so less mileage.



SPEED SENSITIVE STEERING

There is more assistance at lower speeds and less at higher speeds.
Diravi is the first commercially available variable power steering system introduced by citroen.

A centrifugal regulator driven by the secondary shaft of the gearbox gives a proportional

hydraulic pressure to the speed of the car
This pressure acts on a cam directly revolving according to the steering wheel.
This gives an artificial steering pressure by trying to turn back the steering to the central position

Newer systems control the assistance directly



. Comes in three variants coupe, sport and spyder.
. Audi r8 is hailed as one of the best road handling cars.

« Audi r8 beat the porsche 997- considered to be one of the best sports cars ever made in top

gear's test.


Audi Exterior.FLV
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STEERING CAD MODEL



steering-mechanism-1.snapshot.2/Steering.IGS

DYNAMIC ANALYSIS

lateral

y
local velocity 'V
0
rear tire front tire
tanBr = tanp + hrr/ U cospP
tanBr = tanf + hrr/ U cosf
o =71 - By a=1t-B-htr/U

ar = Br, o \/ ar :;E'l' hrl’/ U hf



mU (r + ;‘3) = Z Lateral Force = ZF,
Jir = Z Yaw Moment = ZN,

HE:U(B+F).

a, = a, + g = U(B+r) + L

: , heCr
Y]‘ — C,‘f-jff: Y]‘ — Cz]“f — Cfﬁ —

= G h,C.
Yr Crc'fr }"r — _(:'rﬁ +

I.

r,
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“ FINAL EQUATIONS

S’

. i i I_ i i i
mU (r + ) = Z F=F+F=—(C+C)p+ E(hr(;} — heCe)r + Crt.

- - 1 3 b -
Ji =Y N=heFt — heFy = (heCr — heCp)f — (B G+ I Cor

Uy = {—(Cf + Cr)/f'ﬂ + fg(!”trcr — thf)/J}ﬁ + {(hI.C,‘I. — hf(_-,‘f)/HIU
— I(hiCe + h2Cy) JJU Yr + [Cr /m + L(heCr ) J)] 7.
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“ STATE SPACE EQUATIONS
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The matrices of the state

space equations are given

The elements of these
matrices change due to

variation in C and load

The new matrices are
calculated

J
J
J

sys=ss(A,B,C,D)

The transfer functions are

then given by,
tf()sys

e
N

air pressure, 200 (kPa)

e
L]

ot
=

S
W

cornering stiffness (KN/deg)
<
=

<

0 2 4 6 8
vertical load (kN)

A(1,1)=-(Cr+Cf)/(m*U);
A(2,1)=(hr*Cr-hf*Cf)/J;
A(1,2)=-1+((hr*Cr-hf*Cf) /(m*(U*2)));
A(2,2)=-((hr*2)*Cr+(hf 2)*Cf) /(J*U);

B(1,1)=Cf/(m*U);
B(2,1)=hf*Cf/J;

C(1,1)=-((Cf+Cr)/m)+(Is*(hr*Cr-hf*Cf) /J);
C(1,2)=((hr*Cr-hf*Cf) /(m*U))-Is*(((hr*2)*Cr+(hf 2)*Cf) /(J*U));
C(2:3,1:2)=eye(2,2);

D(1,1)=(Cf/m)+Is*(hf*Cf /J);

sys=ss(A,B,C,D);
tf(sys)




STABLE AND UNSTABLE REGIONS
VARYING CORNERING STIFFNESS

« 10° Stability plot
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3000 kg
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3404 MDA
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" RESULTS

Vehicle
mass

1000

2000

3000

Cornering
Stiffness
(kN/deg)
B
0.35 Yaw rate
Lateral acc.
B
0.65 Yaw rate
Lateral acc.
B
0.92 Yaw rate
Lateral acc.

Settling Time

(sec)

5.8

3.4
10

4.4
4.3
7.19
3.5
4.7
6.2

1.02

1.04

No
overshoot

1.04
1.05
1.11
1.04
1.05
1.09
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RESULTS

Cornering

V .
SHIEIE Stiffness
mass (sec)

(kN/deg)

Settling Time

B 3.9 1.05

4000 1.15 Yaw rate 5.2 1.05
Lateral acc. 6.2 1.11

B 4.2 1.06

5000 1.22 Yaw rate 57 1.06
Lateral acc. 6.8 1.13

B 4.3 1.06

6000 1.25 Yaw rate 5.9 1.05
Lateral acc. 6.9 1.13
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Settling time of Slip angle Vs. Cornering Stiffness

Settling time
=N

(3]

I I

05 1
Cornering Stiffness{kN/deq)
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Settling time of Yaw rate Vs. Carnering Stiffness

Settling time
=N

(3]

I I

05 1
Cornering Stiffness{kN/deq)
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Settling time

"

10

Settling time of Lateral acceleration 's. Cornering Stiffness

[

0.5

Cornering Stiffness{kN/deq)

¥ &
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LATERAL CONTROL SYSTEM

'
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Control strategy: look-down reference system
* Sensor at the front bumper to measure the lateral displacement

* GPS to measure the heading orientation

Firstly, the road curvature estimator is designed based on the steering angle, which has
steering angle and its derivative as two state variables for which an estimation algorithm is

employed whose input comes from the sensor and the GPS data
The closed loop controller is used as a compensator to control the lateral dynamics

Precise and real-time estimation of the lateral displacements w. R. T the road are

accomplished using the proposed control system
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- SINGLE TRACK DYNAMICS it

Actuator Dynamics

X = AX + BU
| [eEE 0 ORISR0 — 0 A(s) = 80000
X = d U= 2, PN R B el s o S b, -v* (5+62.8)(s+12.56+28.77 |)(s+12.56 - 28.77 |)
) dsr : § Pret e 0 0 0 1 Frapls 0 g4V
d.sr L2 G Ay Ay b, -v . |

Feedback Controller Dynamics

Structure = [Cf (S)nE (s)J

9, ¢ 9, S g,—1.,9, +Isf (149, - 93) __91+|sfgz +Isf (149, +95)

a 3 ’ o ’ = 2

R Mg, g, 7 Mg, 1,14, C,(s)= ool S L

L s | N ’ S
= gz +Isrgl’a42:gl Isrg2+|sr(|srg1 gs)’a44:_gl+sfg2_ sr(sfgl+g3) i—l—l 52+2DS +1
Mg4 I\{/g4 |\/|V94 Il{JVg4 MVg4 I\PVg4 0)2 a)l a)l
] 1 Il
b21=,qu[M+ If\: }bzuzﬂcf(m_ I:] C (S)= KDDrSz_l_KDrS-I_KPr
r

2} 2}
-

2 2 S s? 2Ds \/
glzlu(crltr_cfltf)’gz :/J(Cf +Cr)’g3:ﬂ(crltr+cf|tf)’g4:Isf +Isr 7+1 72+7+1
Y N7 0, |

N



\/ CONTROL SYSTEM I
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L) |2 Lateral Position Estimation System
Actuator | %~ . Car X A A A
Dynamics dynamics X =AX+BU + L(d_sr_ H X)

s e
Sensor GPS d
d* L i N '
o + Ve d
First First dA
Controller Order Order sr
Hold Hold :
. d
d —_ l - [y 7|
[;f } l §f 'de - 2 O
=7 ILateral Position [* Extended Jf =" &
Estimator — Observer Poret
prgf B ~/
1
Fig. 2. Implementation of the lateral control system. 1
X — | X \/
Implementation of Control System i J |
Nt 1 /
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- RESULTS o

Lateral Displacement Yaw Rate
05 0.2
= )
€ 0 3 0
s ‘ , 2 ‘ _ * The lateral displacement result has no
- # o = ° “ “ B2 overshoot and is well damped.
« 107 Reference Curvature « 10 Estimated Curvature i
1 * The steering angle and road curvature
E f T estimations are within accuracy
RN 3 specifications.
0 20 40 B0 0 20 40 60 ¢  The estimation error of the steering angle
Steering Angle Estimated Steering Angle is qpproxima’rely 8% and the curvature
1 1 oW .
s - estimation error is around 10%.
g 0 g 0 /0 ~’
S, S,
-1 1

0 20 40 60 0 20 40 &0 J
Time [sec] Time [sec]

Simulation result for a speed 80mi/h on dry road (road adhesion factor of \l ) 4 &, /
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. ELECTRIC POWER ASSISTED STEERING

Steering Column
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~-EQUATIONS

Nt

Steering column, Driver torque
Jsbs + Bsbs + T, = T,
T = (86 — 05)(Kp + Ki = + Kg5)
Tc = Ks (Hs _ :;_:

Road conditions and friction

F, = Jy%, + Bk, + Ky,




Ped g Motor
Assist Motor Model

)(mgm + Bmgm =Tm—Tq

Tm = Kﬂiﬂ
Ty = GKp(Byy — G-
I =i, +K,0,

Rack and Pinion Displacement

xr

Pack s e JFiions Ve nng

Tap Vies

*xFRs

rackand pinion

A o
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. CONTROL DIAGRAM

"\

Gain

Scoped

Sine Wawve 1HRs1
{““":"LEJ—-
PIDys) I Td theta
T
PID Controller Ll 3er/Rs T M= xr
Steering column P Fir
Radk and pinicn
\ Scoped
2.0 Tiu} PIDys) 1z 1A v
P ui ) > . R cad condtions
PID Controller1 | xR =
45 L2 a
Assist motor —
Constant 2D Lookup
Takle1
Scopel
1Rs
“-:‘H“‘.:"'Lf‘r
—
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o Speed 40kmph (without controller)

Assist Current (A)

rrrrrrr

Time
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o Speed 40kmph (with controller)

CCCCCCC

Assist Current (A)

Time



" RESULTS

Vehicle Speed Assist Current Assist Current
- (without PID) (with PID)

o 00 A W N

50
60
70
80
90

0.16
0.24
0.28
0.33
0.38
0.62

0.14
0.19
0.24
0.29
0.34
0.55

»'

™ (:_\
\ \

©



(‘\




N,

- GA QUICK OVERVIEW

—

* Developed: USA in the 1970’s
* Early names: J. Holland, K. Dejong, D. Goldberg

Typically applied to:

* Discrete optimization

Attributed features:

* Not too fast

* Good heuristic for combinatorial problems

* Special features:

* Traditionally emphasizes combining information from good parents
(crossover)

* Many variants, e.g., Reproduction models, operators

A
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"_ SIMPLE GENETIC ALGORITHM

—

produce an initial population of individuals

evaluate the fitness of all individuals

while termination condition not met do
select fitter individuals for reproduction
recombine between individuals
mutate individuals
evaluate the fitness of the modified individuals
generate a new population

End while
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. 1-POINT CROSSOVER

parents

children

Choose a random point on the two parents

Split parents at this crossover point

Create children by exchanging tails -

P.typically in range (0.6, 0.9) /

u\-/ C,

" \ /



. MUTATION

* Alter each gene independently with a probability p_

* P_is called the mutation rate

* Typically between 1/pop_size and 1/ chromosome_length

parent o i o o i

child 0(1|0(0(1|0
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. STABILITY ANALYSIS ~ THEE-

The vehicle model used in the analysis is a simple three degree of freedom |
yaw plane representation with differential braking

mU, = E,, + FyrcosA — F,rsind + mrU,,

mU,, = E,, + Fyrsind + F,rcosA — mrU,

: . d
I,7 = aFyrsind + aF, rcoso — bk, + 7 (AE + AF,fcosA)



VEHICLE MODEL

Figure 1: Vehicle Model

Fxf = Fxrf +Fxlf
Eg = Eerr + Fyr
AFxf o Fxrf _Fxlf
AFy = For — Exiy
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“) EQUATIONS INVOLVED

e Assuming small angles and equal slip angles on the left and right wheels,

af?‘ = Us )
U, —1b
0 = 4
Uy
* Using a linear tire model, the lateral forces are given as
Fyp = —Crar
Fyr = —Cra,
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2 EQUATIONS INVOLVED

 Where Cf and Cr are the front and rear cornering stiffness's, respectively. Substituting the
expressions or the lateral forces into equations 1 through 3 and making small angle
approximations yields,

(Uy +ra)

)

« mU, =mrUy, + F + Fyp + (G5

: (Uy—7Db) (Uy+ra)
o mUy — _CT yUx oy Cf y == mar + Cf5 + Fxf5
o L7 = aFy8 — aC; (Uy”“) +bC, L2 4 aCr6 + 2 (AF,y + AFyy)
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O, EQUATIONS INVOLVED

* The linearization of a vehicle about a constant longitudinal velocity gives,

i O0X = A0 X
where X = {58565(//5(,0}
0 1 0 0 1
o —(Cf+Cr) (Cf+Cr) (-aCf +bCr)
A mS m mS
=@ 0 0 1
o (-aCf +bCr) (aCf —bCr) (a*Cf +b*Cr)
i 1,S 1, 1,S ]
v
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o STABILITY ANALYSIS

* Taking the determinant of (/1I — A) yields the characteristic equation of the system
2|12
22 + 23, +a,)=0

(C; +Cn)l, +(a’C; +b*C,)m
A |,mS
_ C;Cr(a+b)?+(bC, —aC¢)ms?

|,mS?

d

a,



STABLE AND UNSTABLE REGIONS
VARYING CORNERING STIFFNESS W

i « 10% Linearization without virtual force

9 =

8

7L

B

5

4}

3

2

T M Stable oversteer region

Y1 2 3 4 5 8 7 8 8 10 M Stable understeer region
“ x 10° ~

=
),



LINEARIZATION WITHOUT VIRTUAL FORCE

* In an oversteering case (aCf > bCr), the coefficient a2 will be negative when the

speed

C;C,(a+b)*
(aC; —bC,)m

* The critical speed obtained S >\/






