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TOYOTA Freer Movement Control System

4Wheel independent drive
4wheel independent steering

4wheel independent braking
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TOYOTA Freer Movement Control System

neglects the side slip of tires
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TOYOTA Freer Movement Control System
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TOYOTA Freer Movement Control System for Auto-Parking

L Newidegrees of freedom of mevement”
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TOYOTA Freer Movement Control System for Auto- Parklng
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Autonomous Robot Vehicle

DESIGNDREAM
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Autonomous Robot Vehicle

FINAL RENDERING

DESIGNDREAM
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6WD6WS Vehicle o
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6WD6WS Vehicle
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BLDC Wheel-in-Motor of 6WD6WS Vehicle
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Configuration of 6WD6WS Vehicle

W 5 G

(GPS +INS system) 2. Remote Control Module 1. Main Control System

(Joystick, RF module) (Micro-Autobox)

I
2. Obstacle Detection
24GHz radar sensor

(((((([(uu
¢

CAN (Control Area Network)

Control System
Actuator System
Sensor System

CAN (Control Area Network)

1. Electric Brake 2. Electric Steering 3. In-wheel Driving
Actuator System Motor System Motor System
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Sectional View of BLDC Motor
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Parallel & Circular Turning Remote Control Autonomous Driving

HE HAtel & s.wmy Remote_general_recent.avi Autonomous_path_tracking.avi
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Hybrid and Electrical Vehicles

® Advantages

= Minimized both costs and technical issues [Wh“,] [Whee|]

= Even weight distribution

= Simplest packaging Engine(-| ™M |—(Fo)
» Improved vehicle chassis control

g E

Wheel| |wheell

®Targets

» To maintain or improve on Euro 4 emissions

= To achieve a 30% overall reduction in CO, tail pipe emissions of the baseline
vehicle operating with the same fuel, over the NEDC cycle as per EC/98/69 and
EC/70/220 for vehicles less than 3500kg.

» Equivalent fuel economy > 60mpg=25.4kpl (50% improvement in mpg on
baseline vehicle)
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Hybrid and Electrical Vehicles

Skoda Fabia (Compact SUV)
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Hybrid 4WD Vehicle Configuration
Developed by MIRA (Skoda Fabia) 35 KW / 250 Nm Peak Torque

1400 cc 100 HP ICE

18KW 360V |
\Eunerul:w |
- ' | Battery modules
High-Efficiency ,IL;E&MU Ll imel:ut
Engine B000rpm | I ar Woter
al 2850Mm peak

torgLe

AMT Contreller |

/-"

2 ¥ reduction
belt drive 3:1

12V = 330V DCiDC
pre-charge Canverter 1kW

2xUoM
[ D4 E-400LWE
i e | Inwerter

3:1 reduction belt drive

A total weight of around 150kg: 3 Peak torque = 750 Nm

motors = 2x45Kkg, inverters=2x15kg, structure=30kg
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4 \WD In-wheel Electric VVehicle

Michelin Active Wheel with in-wheel motor, suspension Electric vehicle equipped with Front
and brake system

two in-wheel motors
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4 \WD Electric Vehicle Com

S W emE = o

* Front/rear Two In-line Motors

L

* Four In-wheel Motors
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* Front In-line Motor/Rear In-wheel motors
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Crusher

Crusher Unmanned Ground Vehicle

(esting Hignlights

Crusher highlights.wmv

APD

UNCLASSIFIED: Dist A

Approved for public release

Autonomous Platform Demonstrator

(APD) Overview.wmv
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Basic Elements

e Active Elements: OP Amp etc.
(Has transistors/amplifiers that require active source of power to work)

e Passive Elements: Inductor, Resistor, Capacitor etc.
(Simply respond to an applied voltage or current.)

e Current : the rate of flow of charge

e Charge : (electric charge) the integral of current with respect to time [C]

- d_q [ampere] = [coulomb]
dt [sec]

e Voltage : electromotive force needed to produce a flow of current in a wire [V]
Change in energy as the charge is passed through a component.

[Vl =D/C]
e Power: product of voltage and current

[W] = [J/Sec]
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Basic Elements - Resistance

eResistance : the change in voltage required to make a unit change in current.

Analogous to > Damping Element

n_ Change in voltage [V]
Change in current [A]

=[Ohm(Q)]

e Resistor V.=R-i, R :\i
IR

—VWW—

+ R -
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Basic Elements - Capacitance

eCapacitance: the change in the quantity of electric charge required
to make a unit change in voltage.

Analogous to 2 Spring Element (Stores Potential Energy)

_ [Coulomb]
V]

e Capacitor: two conductor separated by non-conducting medium.

C =[Farad (F)]

i—dg/dt, e -q/C —>i=c% de-Lig
dt C

e () :éji dt + e (0) B
° €. /\Ci i(t)

1(s)=CsV(s), V(s):él(s)
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Basic Elements - Inductance

e Inductance: An electromotive force induced in a circuit, if the circuit lies in a time
—-varying magnetic field.

Analogous to = Inertia Element (Stores Kinetic Energy)

I \2
= [A/sec] =[Henry (H)]

di
e Inductor: ¢ = Ld—tL V (s) = Lsl(s)

t 1
CO=te asi  'OTEYO)

_

—_— T —
i(t)
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Series & Parallel Resistance

e Series Resistance

e Parallel Resistance

+R; —
+R; - +R, - —
I
<& »l ») - i
D e T e, d I !
< A > +R, —
iy
Q» % e
A AN 11,1
R +R, _ R R R
R —
e =IR, e,=IR
1 =IR, 6 2 —-e+e, =0 = e =6
e=e +e, =i(R; +R e , € 1._¢
R, ., R
Series/Parallel Capacitance?
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Kirchhoff’s laws

1. The algebraic sum of the potential difference around a closed path equals zero.

+

-, -0, +E=0

2. The algebraic sum of the currents entering (or leaving) a nod is equal to zero.

I, node I
> >

o

il—iz—i3=0

Current in = Current out

— L=+l
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Mathematical Modeling of Electrical Systems

The switch S is closed at t=0

E—Lﬂ—Ri:O or Lﬂ—I—Ri:E
dt dt

At the instant that switch S is closed,

the current i(0) =0

Laplace Transformation: L [sl (s)— i(O)] +RI(s) = E

S
E i)
i(0)=0 — (Ls+R)I(s)=— E
S 2 B ——
I(S):L:E E_ 1 0632 & r——f!—f
s(Ls+R) R|s s+(R/L) i
O E .
() = 21— e RIL R
( ) R [ :| 0 L !
R
\LLL’,“‘» Seoul National Univ. Spring 2011
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Examples of Circuit Analysis

ex) R-L-C Circuit
-V, -V, -V, +e(t)=0

di . 1;.
o Vo=Lo Va=iR, vC:Ejudt +V, (t)
Vi dv, 1.

—I
. dt C

i
L +Ri=e®-Ve(t)

I
< 1
Laplace Transform, (LS+R +E)I (s)=E(s)
I(s) _ 1
1 E(s) 1
Vo(s)=—I(s Ls+R+—
o( ) Cs ( ) ( CS)
1
= Cs = 1 Step Response?
Vo(8) = E(s)=——3 E(s) ep Response?
(LS+R+C§S) (LCS +RCS+1)
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Complex Impedance

Z(s)

A
A 4

1(5)= =)

Z(s)

E(s)=Z(s)I(s)

Z(s) : complex impedance
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Complex Impedance

The complex impedance Z(s) of a two-terminal circuit is : the ratio of E(s) to I(s)

— {7 T 7.(8) —o Z<s>=%, E(5) =Z(5)1(s)
B i " | E(8)=Z(5)I(5),  E,(8)=Z,(s)I(s)
e

E(s) = E, (s)+ E, (s)
=Z,()1(5)+Z,(5)1(5)

without writing differential equations first. = (21(3) + Zz(s)) 1(s)

Direct derivation of transfer function,

N Seoul National Univ.
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Complex Impedance

e=Ri, E(s)=RI(s)

Resistance : —
R
Z(s)=R
N\ 5)
de 1,
_ P dt C
Capacitance : -,
o— | °©  SE(5)=11(s) > E(s) =1 (5)
o C Cs
1
S Z(S)=—
(5) Cs
Inductance : — 7, L _ e— Ld_;, E(s)=LsI(s)
O—‘I(UU\—O
s Z(s)=Ls
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Impedance Admittance
Component Yoltage-current Current-voltage Voltage-charge Z(s)=VisWI(s) Y(s)=1(5)/V(s)
! dv(t 1 |
—‘ @ v(r) = % f i(T)dr i(r) = % vi) = &) o Cs
Capacitor 0
AN (1) = Ris) (1) = 2v(0) v(r) = R0 R 1=
. R dr R
Resistor
4 {m 00 \ it J 2 1
v(t) = f—% i(r) = ! f v(t) dr v(1) = deqir} Ls s
Inductor LJo f
Impedence
Component Force-velocity Force-displacement Zp(s)=F(s)/ X (s)
Spring
—‘—v x(1)
Q/mm‘\. 1) f(l) = Kf(; v(r]dr f(f) = Kx(.!‘) K
K
Viscous damper
10 dx(r)
%_II_-. f(;} f(t] = fuv(t) f(!) = fu dt fus
£
Mass
——= x(1) 2
flo) = Md"jTE’) £(6) = Mdaj:g’} Ms?
M — f()
*d Seoul National Univ.
School of Mechanical Spring 2011
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Examples of Complex Impedance

Series Impedances

ex1) ;
D - di de, 1
o "NNA—00 1 O eR:iR’ eL:L_’ —C —j
Er €r €c dt dt C

e:eR +e|_ +eC

E(s) =Egr(s)+ E_(s)+ Ec(9)

= RI(s)+—LsI(s)4——l—I(s)
cS

1
=(R+ LS+&)|(S)

O—— Z(s) —©O

v

E(s)

.'.Z(s)=R+Ls+é:ZR(s)+ZL(s)+ZC(s)

Sk '.3 Seoul National Univ.
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Examples of Co

DaAaralla
Fdldlic

Z(s)

mplex Impedance

| [ N e

1 Hrpedarices

=i +i, +i.

E(s)=2Z(s)I(s)

1(s)=1,(s)+1,5(s)+1.(s)

E(s) E(s) E(s)
- Z (s) Z (s) Z.(s)

:£1+1+1JE(3)
Z,(s) Zg(s) Zc(s)

1
29
o 1 o
n2(8)=—7 1 1 1 1
+ + —+—+Cs
2.6) 2.65) Zo(s) Ls R

by Seoul National Univ.
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Examples of Complex Impedance

Deriving transfer functions of Electrical circuits by the use of complex impedances.

o————— Z4(s) o Ei(s)=2Z,(s)1(s)+Z,(s)I(s),  E,(s)=2,(s)I(s)
(s) [(si
; Ze) | EE(s)  Z,(9)
E(S)  Z,(9)+Z,(9)
(o, O
ex)
L K E.(s)_  Z,(s)
Lo Iy °EG) Z(9+Z,0)
e, —C e 1
Z,(s)=Ls+R, Z,(s) e
- O O i
Eo (S) _ Cs _ 1
E.(s) Ls+R+i LCs®* +RCs +1
Cs

b1k Seoul National Univ.
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Transfer Functions of Cascaded Elements

Consider two RC circuits

eilo i, G eol
E (s 1
01( ) — — Gl(S)
E.(s) RCs+1
R, R
o MW A AAA l )
Ci == Ve
ell I -~ iy & “7 e02

E02 (S) _ 1 _
E,(s) R.C,s+1

E,(s) _,
E,(S) |

Fale% .
4 =] School of Mechanical
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Transfer Functions of Cascaded Elements
Loading Effect

R R-
o MWW AW O
{ o [ :E

e fo
o O

1 1 1 1
E ()= 2L [LO-LEFRLE., [LEO-LOMFRLEFZLE =0 EE)=10)

1 1S 2 2

£ Eo(8) _ 1 ) 1
"E(s) (RCs+1)(R.C,s+1)+RC,s (RCs+D(R,C,s+1)

E,(8) |, Eu(s) Ew(S)
E(s) Eu(s) E,(s) ——> Loadingeffect
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43| School of Mechanical Spring 2011
o and Aerospace Engineering



Transfer Functions of Cascade Elements

Input Impedance, Output Impedance

Xl(S) X 2 (S) X3 (S)
Gl(s) > > G2 (s) —

X,68) X,(8) Xe(6)
PO TG X GO

If the "input Impedance" of the second element is infinite, the output of the first

element is not affected by connecting it to the second element.

Then, G(s)=G,(s)G,(s)

fary Seoul National Univ.
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Transfer Functions of Cascade Elements

Isolating Amplifier
" b
1 Z(s) :CL* —\é‘o((sa))-ci — )
+ ! + |
() ul 1|z | G |z |
_ | — |
l O O l O
Source : : Load
- Amplifier
This amplifier circuit has to
1. Not affect the behavior of the source circuit.
2. Not be affected by the loading circuit.
Z;(s)
Vi (S) - ) Vs (S) zVs (S)
Z,(s)+Z(s)
This isolating amplifier circuit has to have
1. avery high input impedance,
2. very low output impedance Z, (s)
VL(8) = Z,(9)1,(5) = 5 ——GV, (5) = GV, (5)
Z,(s)+Z.(s)
] Sooul National uniy oring 2011

s and Aerospace Engineering



State-Space Mathematical Modeling of Electrical Systems

L R By Kirchhoff's voltage law
o} dILA AN 0
di . dv. 1.
L—+Ri+v, =¢, C =i, e, =V
\ . dt d C
: || Ce= ¢
i *“'.I
Assume, initial condition is O,

Lsi(s)+RI(s)+V.(s)=E,(s), V.(s) :é 1(s)

. E(s) _ 1
" E(s) LCs*’+RCs+1

T.F
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State-Space Mathematical Modeling of Electrical Systems
. . . 1
Differential equation & +—6 +—e, =—¢
LC LC

State variable : X, =€, X,=€
Input and output : Y=6=X
State-space equation :

k] | ° x| %

H= . o1 fu y=[t 0]{
X2 N X2 o~ X2
LC LC
125 e oeing 2011
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