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= Engine / Motor

= Clutch / Transmission
= Battery

» Driving Resistance / Controller
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Ignition Type Spark Ignition Compression Ignition
Compression Ratio Between 8:1 and 12:1 Between 16:1 and 22:1
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B Mean Value Model

- &= air mass flow rate / &3 : Crank Shaft Torque

Crank Shaft Torque Indicated Combustion Torque

Jea)e = T;nd _lxt ~ Lloss T = Hunlmf m. =
ind — S

J,: engine equivalentinertia [kgm?] @,
, :engineangular velocity [rad/s] H_ : fuel energy constant [J/kg]
T ,:indicated combustion torque [Nm] n. :indicated efficiency
T,,, :external load torque . :fuel mass flow rate into cylinder [kg/s]
T, 'pumping and friction losses rit, :air mass flow rate [kg/s]

Pumping and Friction Torque L, :stoichiometric air/fuel mass ratio
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D.....manifold air pressure [bar]



B Torque Map Model

o
- Y

RPM
(0~6000)

TPS(0~1)

: TPS(Throttle Position Sensor) / ==
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: Engine Torque
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|7 4000 -823 195 8255 1459 183.95 201508652132 2153 200 4 [Mone |
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9 G000 -15015 559 26 92.95 1404 167.7839587.85 1924 100 § Value: (0.0
y 504 [null] 0 Complete to the Ieft
03 3
103 Preview Apply
50 3 P
-100 3 A5 Format
L -100
-150 3 ’j 4 [Standard ~
0 3 \{‘7— T Lm
T‘ {‘“-af u -200




o
14

- A B QI3 53wy
H 22
- WRE SOl 2TXAE g8 ZH2| 3
-—- ‘—H
A
« - [ -
Zt=212| Link

8
‘

0

- =)

QEHO E3AM

X

RPM

=Ha|c 5

SIMS0MAM EIo =S

FA

=0 7IAH E3E 2

Lt

A EJFM

AT

RPM

ClROIEE Xl 3
SS0MM EIN =S

i35

&é'o

$
p

il
?




B DC Motor Model

- &= : Current / &3 : Torque

) Circuit Equation Motor Equation
R i(t)

di _ _
+ Vv=iR+L—+v, V=Ko I=Ki
Va 6’ Armature circuit v, = Ky { V, :back electro motive force [V]
| Motor Motion K, :back-EMF constant [Vs]

K, :torque constant [Nm/A]

T —T,=JO+B6

"

Powet supply DCmator  Rotor Load
) T, :drag torque [Nm] e 8 I e
B:damping coefficient [Nms] & —C
S A A =
i
AC Motor Equivalent Circuit
_ll__ Ry X, _l:. Aerr i JXp
1 lmlT +] 2) | ia — .[m CcOS ".L/"S\T

) i,= I cos(w,t+ 120°)

" ch—ix.u E, | % Ex TRR ib: ﬁn(‘OS(u;_sT— 120c)




B Torque Map Model

- &= TPS(Throttle Position Sensor) / &3 : Engine Torque
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T/M
side

Piston Plates Friction disks Piston Plates Friction disks

AN A

Seals

CLUTCH ENGAGED

Plates shaft Plates shaft

Qil supply Disks shaft

Disks shaft Qil supply

FLYWHEEL

\) Disengaged Engaged

CLUTCH DISENGAGED M | . D . k
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< Single Disk > L



B Friction Model

- &= : Actuator Force / &3 : Torque

F fric

xR, (@, #0)
(a)rel — O)
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2( out zn)
3( out ’/;n)

Foe = Hgg 'y Ry =

— F <4— Force

]
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F =F xtanh[2>< "e’]
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—— PECC_inertia_plates_side - shaft speed [rev/min]
—— PECC_inertia_disks_side - shaft speed [rev/min]
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Transmission
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Transmission

B Spur Gear Model

- olg : Tt 2 2K| Force / 8 : 22 Torque

P

Clutch 2

L = - |I ﬂ : F|naI Gear

Example : 7. =100 Nm, @, =3000 RPM

1) GR =4 (Lst) 2) GR =2 (2nd)
' =100x4 =400 Nm ' =100x2 =200 Nm
o = %OO = 750 RPM o, = —30200 =1500 RPM
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Transmission

B Planetary Gear Model

- 913 : 28{X|/E2{|0|3 Force / & : ZH= Torque

. . . Zs : 47|0] Q==
driven drive fix Zr/(Zs+Zr) Zs+Zr : 72| 0] Atgt 9l
drive driven Fix (Zs+Zr)/Zr
Ex) Zr=80, Zs=40

PLANETARY fix drive  driven  Zs/(Zs+Zr) 21, Helors

SUN GEAR

CARRIER 7|0‘||:||7 §z_‘|\_?7m|_¢_7
SLANETARY fix driven drive (Zs+Zr)/Zs
PINIONS (3) ) ; i
driven fix drive -Zr/Zs

= T I P
s |5|lelze|e
S| 3|&|&|&
Neural
Reverse . .
T 1th Gear @ @
O Brake/Clutch activated 2nd Gear . .
O Brake/Clutch open 3rd Gear . .
4th Gear o e
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Battery

B Circuit Model

-U"E 2 AR M3H /&3 : SOC
- mE 23 HE AAS S HIEIZ] SOC AL A4

—

........... ~AAN . W—

R I, © ; { :

A VvV V ~ 1 ZJI I i i
2

ocv C) =& |i ®H© % Egj@_,
I Bnems T"L

1 —

X HiE 2| 2 E 2 A ¥ SOC A At
I/bat = VOCV R ]bat Tmothot bat bat (dISCharglng)
V.. :output volatage [V] M o Wonor = Vbatlbar (charging)
VOCV : open circuit voltage [V] A P A by L B
_ : . _ _ ,
- equivalent internal resistance [Ohm] dSOC 100 SOC : state of chgrge [%0]
1, : battery current [A] =1, o—— C,, :rated capacity [As]
dt C.
100
SOC = SOC, - j 1, dt
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Driving Resistances
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Driving Resistances

B Resistance Model

LR VLR
D &7 4) 7tE5 Mg
1
_ 2 — —
Rd _ E Cd A frontp air I/car Ra =md = Jeq i Rtire
Jeq CRrE ST 2
C,: 284
o DB ST [ &, 2 2A™IEE [rad/s?]
vont " — = O - "1
Py BIIUE [kg/m?] R, : Erol0f fEElE
V.. Xt [m/s]
2) 22Xt Gradient
R, =, xw
u, . T+E OHEA = O
w: AE FA [N] e
Inertia
3) FLHY A&t Force o
R — Wsin l Resistance
g grad I Rolling
Friction
6 - BAHZ [rad]

8r

Wheel
bt & i
Resistance 'y’ Resistance |

:
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Driving Resistances

B Equivalent Inertia

E+FE,= Eeq
b
1 1 1
Jla)f +§J2a)22 = Jeq,la)l2
a Jo @, 2 2 2 2
; Jor +J,R0, =J 0,
R=—
J., o, b J g1 =S (14 R?)
Xtgk S7F 2 ALt
EV = EW
1 1
Jveh Jveh - mRt?re
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Driving Controller

- XY T A, RERIL 2FoHe T AILIZ|2((H2)0) 2= TS 2(AT or ZE) K|

2
- X @7 K& AR KPS THO| 022 ZAA|F| =2 F|0{(ex : PID control)

fo =] e 24

N PID E3 . Xt

el Vehicle
Controller

v

A 4

T, =Ke(t)+K, j e(t)di +K,

req
(e(t) = I/req. ¥ real )
K, : proportional gain

de(t) (e(r)>0: accelation
dt e(t) <0 : braking

K. :integral gain
K, : differential gain
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Driving Controller

M Proportional Control

C(s)

Y

Ts+1

Plant

Y

Y

Cis)

Ts+1

G(s) = E(s) _R(s)-C(s) _, Cls) 1 RG) p
Ts+1  R(s) R(s) R(s) 1+G(s) e
roportiona
controller
1 1 i
E(s)= R(s)=————R(s) R(s)== (unit-step func.)
1+ G(s) 1+ K S
Ts+1
E)=—D* 1, = lim e(r) = lim sE(s) =lim Il 1
Ts+1+K s =0 Ts+1+ K K+1
M Integral Control
C(s) _ K E(S):R(S)—C(S): s(Ts+1) R(s) E) [ K
R(s) s(Ts+)+K  R(s) R(s) s(Ts+1)+ K ®f :
s(Ts+1) 1 1 .
E(s) = ~  R(s)== -step func.
(s) STs1D 1K s (s) ; (unit-step func.)

=0

2
= 1im e(r) =lim sE(s) = lim > (Is+D) 1
s—0 Tis? +S+KS

S
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HEV Model

Power Split Hybrid Vehicle (Prius type)
AMESim / Simulink cosimulation

FULL SIMULINK ECU
AMESinVSimulink interface

“»3 soc THRice

3 Voktage iceStarted

= :ﬁmpeg«wm overheat Calculate the torgue request at the wheel in function

3 bav:ue iver idaics ol the acceleration and the vekocly profies

-3 brake

Tem pheottie

-3 Wwheel 0 b, bk,

- whca Tge o e O 2 [V
-3 we :hlake - o ENO P wheelsorn 00
P Wem ice e ) 2 =

e Arort brake dtrot

Driving Controller

= 4
Simulation statistics 124,32

F
n Nl A
Engine mounts V amen, W s, ¥ . s 30
- . 3 planat: 23t00th

fing: 78locth

Transmission & Clutch
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Assignment

BATTERY

GASOLINE INVERTER

ENGINE

e
MOTOR/
? Q@ @]: J“" GENERATOR
P4 1 ]
TRANSMISSION
DRIVE
WHEELS
rd
REDUCTION GEAR

El DRIVE POWER D ELECTRIC POWER

(T T MOCTCAITIT I

—

Problem

1. Equivalent inertia at wheel
2. Driving torque at wheel

Vehicle Parameters

2 2
J e =0.2kgm*, J, . =0.05kgm
GR,, =2, GR, =4
M,, =1500kg, R,, =0.3

T,,=80Nm,T,  =30Nm

Drag Parameter
A=2m*, C, =03, p=1.2kg/m*, V =15 m/s
u., =0.01, g =9.81m/s*

Eq. Inertia : 148.6 [kam"2]
Driving Torque : 840 [Nm)

3. Drag torque at wheel (air, rolling) Drag Torque : 68.44 [Nu]

4. Vehicle acceleration speed

Vehicle Acc. @ 1.558 [m/s"2]
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