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- Hybrid Electric Vehicle(HEV), Plug-in HEV(PHEV), Electric Vehicle(EV), Fuel Cell Electric Vehicle(FCEV)
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https://www.youtube.com/watch?v=GPESfEXOFeg
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https://www.youtube.com/watch?v=GPESfEXOFeg
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 Hybrid Electric Vehicle (HEV)
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 Plug-in Hybrid Electric Vehicle(PHEV)
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e Electric Vehicle(EV)
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FCEV Lt E 2l (1)

 Fuel Cell Electric Vehicle(FCEV)
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Contents

« Power Source : Engine/Motor

« Power Transfer : Clutch/Transmission
 Power Storage : Battery

* Driving Resistance

 Driver Controller
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Engine

« Generation of the power to drive a vehicle

« QOperating principle
— Force generation by fuel injection and ignition in the cylinder
— Torque generation on a crank shaft from the force through
the mechanical linkage

Specification Gasoline Engine (Otto) Diesel Engine
Ignition Type Spark Ignition Compression Ignition
Compression Ratio Between 8.1 and 121 Between 161 and 2221
Efficiency 25-30% 36-45%
® Maximum Engine Spead TO00-8230 RPM up to 5250 RPM
Exhaust Temperature = o Maloi e ¥ == Calziys
{under full load) 700-1200 Degrees Celsius 300-900 Degree Celsius
RPM —>
. poypne 5- 1: S8
Climbing P [©) P @ ©) 1- 2: ¢ty
. ‘ X 2- 3: =L
Py 3- 4:=E=yn
4 - 1:H{7|HE Ay
- . HY7
% @ 1- 5:Hj7|8#H
@ @
o 4 —Diesel
EII-%'L'I E-l Link —Gas @ vV @ vV
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CAE

 Input : APS (accelerator pedal sensor)

Torgue Map Model

« Output : engine torque

« Calculation of the engine torque from

T, = f (APS,RPM)

the experimental torque map
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(input) (calculated)

[

Engine Torque

Torque Map
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Motor

« Generation of the power to drive a vehicle
« QOperating principle
— Generation of a rotating magnetic field from an electric current
— Mechanical torque generation on a rotating shaft from the magnetic

ZHO &3 3 Ao £33 JM
£3 £3
) RPM RPM
A
SolSRIc ZE &3 ClEplgel Xl =3
4 ! + SIHS0N E30t =2 S&0M E30t =2
A

r 3
A
——
—
—
—
r 3
F 3
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CAE

Torgue Map Model

i
£
* Input : APS (accelerator pedal sensor) ;
e Output : motor torque
« Calculation of the motor torque from
the experimental torque map
o f (APS RPM ) rIjx. Table Editor - [C:/AMESim/v1300/libdrv/data/electric motor/Fuel_Cell_Vehicle/max_torgue_em2.data # - = ﬁ1
! File Edit View Help -
DEd Ahax @
APS RPM T‘ &k Q Q¢+ H|E Display
(lnput) (Calculated) Forrnat: 20 Tahle . Wigw curve
/-\Hb((_t"‘l) xlDS = Interpolation type
l l (=) 1 g gnn ] P M [Linear -]
o b 940 0 900 1 3 Out of range mode
o 3 1Em 0 57 . 0.8
Torque Map 'T 4 0 0 49 ] (Mone z)
o || g om0 e 0 Froperties
6 4000 0 215 )
= L [MNone = |
o 8 6000 0 143 0.4 Variable:
[0 d 9 6100 0 69 ' T T
1L 00 D 30 Complete to the left
0z Freview Apply
Speed 0.0 Format
l [Standard -]
Az 211 EL 27
Torque
(output)
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Clutch

« Torque transfer or cut-off between input and output shaft
« QOperating principle
— Generation of the friction torque on a clutch disk by the clutch
engaging or disengaging
— Synchronization of both shaft speeds

FLYWHEEL

DRIVING A DRIVEN
MEMBER f{ S \.-. MEMBER
[ “y [
= e
N\

CLUTCH ENGAGED
iy 7 DRIVEN

DRIVING ///7 ™~ 72
MEMBEI? / f £ MEMBER
= = iy
_p—r]—.
—.—l'\"'.'."_\"'l
\ e f
WA

CLUTCH DISENGAGED

Engaged
< Single Disk > < Multi Disk >
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Friction Torque Model

 Input : clutch actuating force
« Output : output shaft torque

1. Output torque equation

a)
! -friction force [N
FfI‘IC eff (a)rel G O) fm [ ] .
. T = R, -effective firction radius [m]
T (a)rel =0) o, -relative speed of shafts [rad/s]

2. Friction equation m

—» <«— actuating _ -
force Fric = Haisc P “

F. =F, tanh (2 j
do N

Wy = W, — @,

(out )

T3 ) |
Ly -Friction coefﬂcient Sl
F,:normal force on disk [N]
:clutch actuating force [N]

CAE aCt Eco-Vehicle Powertrain - 22



Effective Friction Radius

dA =2zrxdr
P : normal pressure
n F
F =P|2zr dr P= :
! F[ ”(rlz - r22)
F ’—r

T =uP|2zr? dr =2un %
: }[ : ﬂ(rlz_rzz) 3
3 .3

T=uFR, . R,=20-h)

3(I’1 _rz)
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ransmission

« Conversion of the torque and speed from input shaft to
the proper torque and speed on output shaft

« QOperating principle
— Selection of a proper gear by operating a clutch
— Increasing or decreasing of the torque and speed from input shaft

1 24, 820R Stk

DT O

0dd Clutch

< Manual Transmission(MT) > < Automatic Transmission(AT) > < Dual Clutch Transmission(DCT) >
1C1 :: i - =l )
= < ] Ideal traction hyperbola
Eﬂ|C|ency T l, T EL I%/ | d o (With powertrain efficiency )
50 =545 uw
. .- ’ﬁw =4 bV s T g
Drivability ! 1 1 2 L g Is
zn—é\aa AHIE 2 2
0———+ - 200 & 8 f3° o
Cost ! - 0 L 2‘1‘;&}( ik § e
REHE AN HSRH> b
CAE
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CAE

Transmission

Tractive Force < oo
Friction limit

Fzia

Ideal traction hyperbola

(N)

7| |Shaded Area= P4,

Internal Combustion Engine
Real Power Area

Xff—'.*—(km/h) Velocity v

THE28 LIS 12(Zh t MIIDE(R)el E3Q% &3 HE Hiu

Tractive Force ol
4 Friction limit
ATle| ES9 FHE HEH|
HAJUE XSXHE SHO0IA = 719

Fzia

Ideal traction hyperbola

WE £22 g2|A dHFE= 719

Velocity v
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120 450 - 160
400 L
260 100 140
350 L 120
80
210 A 00 - 100 x (1)
250
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4 200
160
3 ™A
40 150 ﬂ
1101 100 r 40
20
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60 T . . 0 0 T v r T v 0
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A}2: Geolab, FEIEASHE
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Geartrain

« MT/DCT

[
{@}_} =% Clutch 2

Input (5 bt s b

(Engine or Motor)

\ [ %

1

&

Fmpu. SN
! |j_

1

1

| |-
A

Final Gear

A R NG R s R RN

1st Gear ond Gear Shaft

WL A e W SRR RN

213l =]c =
o o o o o
Neuiral
Reverse . .
o ] 1th Gear [ ] ®
O Brake/Clutch activated Zrd Gear . .
@ Brake/clutch open 3rd Gear . .-
Ath Gear ®®
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CAE

« |Input : input torque/speed
« Output : output torque/speed | marsie”

Parallel Gear Model (MT/DCT)

Gear reduction occurs

teeth than the driven
gear.

1. Gear ratio

_ #of driven gear teeth

S va

0. O

GR = _
# of drive gear teeth
2. Output torque & Speed Overdrive occurs when
the drive gear is larger or
_ has more teeth than the
Tout - Tin xGR driven gear.
Q-
_ n
a)out -
GR

f

© FreeASEStudyGuides.com

X Example : T, =100 Nm, o,, =3000 RPM

1) GR =2 (reduction) 2) GR =0.75 (overdrive)
T, =100x2 =200 Nm T, =100x0.75=75 Nm
O =¥=1500 RPM Oy =?(’)Oﬂ=4000 RPM

Eco-Vehicle Powertrain - 27



Coaxial Gear Model (AT)

« |Input : input torque/speed
« Output : output torque/speed

IR ——

driven drive fixed Z 1(Z,+2Z,)
SUN GEAR
drive driven fixed (Z,+2,)] Z,
BN TAR fixed drive diven  Z [(Z,+Z,)
BLANETARY fixed driven drive (Z,+2,)] Z,
PINIONS (3) . . .
driven fixed drive =/ / L, reverse
1. Motion equation .
Z. : #of ring gear teeth
Z . +7Z _
@, +_fa)r — r @, =0 Z. : # of sun gear teeth
Z, Z, Z,+Z, : # of carrier equivalent teeth

X Example : T, =100 Nm, o, =3000 RPM, Z =80, Z, =40

2. Output torque & speed
ring(fixed), sun(drive)

T ,=T. xGR T, =100x3=300 Nm
7 L, +Z, 40+80
Oy = GR= B =3 _ 3000 _ 1000 RPM
out GR ZS 40 a)OUt - =
Eco-Vehicle Powertrain - 28
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Coaxial Gear Model (AT)

CAE

* Motion equation

Zt 7|10 E HEHAM L 2=
Vs — a)s rs Vr - a)r rr VC - C()Crc

07| A 7li2lofel HEof #X|F2

V. +V r+r
V. = 52 C= =0, ——

c
V,=o,l, o1V, =@r 0|22

ol +or [+

2 ©2
ge|orH

o, +or —o(r,+r)=0

H710 A=+2 LHF=FH

L, L+,
o+ -0, ——=0

S S

Example: Ring(driven), Carrier(drive), Sun(fixed)

O outz inz7 4+7
})s/+a)rz—r—a)C;=O
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Battery
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see Sl oS

.’.‘. @ ‘V\/\/\:/\M oL <;$;§‘>
::: o~~~ L Cs:pcg
000 8ol 2
©.0.0 0/=0 2E5p" 57
000 OlSsi== =) 5

= |
OH7H] g . -
o= ==
AS0|2 AAR HERIQ 8T | YI0IM LR 2IS0122 MU}
7 HYUS 2 L USGIIA YHSIRE SOl MR E
: S22 5= 4

* Providing the current to generate the mechanical torque
from a motor

« QOperating principle
— Conversion of the electric energy in a capacitor to the current by

the battery voltage and resistance

AlAg 2|

A AR 2

100%  50%

o
i

100% -60% 40%

e B

2337 2|50 232 g532| 2|50|232|
Volumetric Energy density Gravimetric Energy density
100Wh/e | 250 Whe 25-40 Whikg | 100-250 Whkg
2| 2% 4| 2
Y Q
o» é 3~74d 15
20°C 0-40°C
GaM 2502z CRia 2SO0l
Actual operating cost Actual replacement
>N g DAY
100% | 30% -+ - = 500cycles | »4000 cycles
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Equivalent Circuit Model

« |Input : motor power (torque and speed)
e Output : state of charge (SOC)

R, 1. Equivalent circuit equation
A — o)
L, _ V. :battery volatage [V
Vbat _VOCV Rln Ibat bat y o ge [Vl
It - - VOCV . open circuit voltage [V]
T. % v _:equivalent internal resistance [Q]
.. : battery current [A]
© 2. SOC calculation
Mechanical Power = Electrical Power
o A _E Tmota)mot bat Ibat (dISCharglng)

| : 77Tmot mot _Vbatlbat (Charglng) . F

: n - motor efficiency
@‘(é) Egj@’*' dsoC _ . 100 SOC, , : initial SOC [%]

| Cdt “C.on C... :rated capacity [As]

. T s0e-50C, - =2 [, dt
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Equivalent Circuit Model

¥ Example : when T_ =100 Nm, o, =955RPM (100rad/s) during 2 min, final SOC?
Vooy =300V, R, =0.1Q, =1 C . =40,000 As, SOC,. =50 %

V

bat

=V,o, =R, I, =300—0.1x |

in " bat bat

Toot@rot = Vol — 0.112, —3001, . +10,000=0

|, =2966 or 33.7 A

bat

|, dt =50-0.084%x120=39.9 %

bat

SOC =SOC, . — 100 |
C

nom
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Driving resistances

* Drag forces during the driving from the various conditions
 Air, rolling, climbing, and acceleration resistance

— 15X g /

600 H
— 37N /

E 400
mr
g_o 300 //

200 /

100 //

0
4] 50 100 150
\ 2 fkm/h]
< Air resistance > < Rolling resistance > < Climbing resistance >

E——

Rolling
Resistance

if—
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Resistance Calculation Model

1. Air resistance

|:air = %Cd Afrpairv .

veh
C, : air drag coefficient
A, : frontal area [m?]
p.. . air density [kg/m®]

V.., : vehicle speed [m/s?]

Vel

2. Rolling resistance

|:roll = /ur mb g
4. rolling friction coefficient
m, : body mass[kg]

3. Climbing resistance

F.=m,gsin@

grad
0, - gradient [rad]

« Input : vehicle speed, gradient
« Output : drag force

4. Acceleration resistance
J a

. __ Yeqwhl

F.=ma=——

a

ire
J., : vehicle equivalent inertia at wheel [kgm?]

a,, - wheel rotational acceleration [rad/s’]
R, : effective tire radius [m]

Gradient

Inertia
Force

I Rolling I
Friction
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Equivalent Inertia

« (Calculation of an equivalent inertia from each inertias

Gear E +E, =E, (energyconservation)
b
Pe(’ ’ 1 1 1
J E Jla)lz + E \]26022 = E Jeq,la)f
a 21 0 w2+ J.R2m2 = 2 - R
0 I, R = ‘Jeq,la)l (0, =Ra,)
R— J

a
J., o b Jop =31+ ,R* = J, :R—12+J2
Equivalent inertia at wheel w.r.t vehicle mass
E,=E,
& =) D PVE =30y Vo =R
Y e ‘Jeq = mbRt?re
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CAE

Driver Controller

« Torque control to match a target vehicle speed from the
driver request

« QOperating principle
— Reducing an error between the target speed and the real speed

Target e Req. Real
Speed PID Tq. Speed

Controller Vehicle

l

T = Koe(®)+K, [et)dt+ K,

(e(t) :Vtarget _Vreal )
K, : proportional gain

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

K. : integral gain

K, : derivative gain
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PID control

|
+
M, “rer M o overshoot
/\ """ o= - 'l' -

. peak time

(
\

t :rising time

. settling time
0.1 tS J

T

: 4

N

B /

- H[2{[(Proportional) : BX &ENOA 2] @K} Zfe] A 7|0 H|got &8, @Kt A
« M & (Integral) : H&t & Elff(steady-state) LA E A
(=

o
- 0|2 (Derivative) : &3 712 24t H3IE K| 0f, 2HH H(stability)S 4
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Gain &

Kp(H| &)
Ki(=2)
Kd(O| =)

1.4

PID control

T T T T T
12} frode
Q I~ \ :
o i"_*."*‘@— :
(A~ \f s @ T
Vi @ — e\, - A —
OB jlu .I‘A_ »-@".-‘, Lo
1|| \
Il % il
0_8_"..I‘.||‘“.v TGl i A O AT DRt Bt DS i B & S R A e i .
/| . S N SR
|/ — : ]
04 I D Ke=1. K=0. Kp=0
|
{ @ Kp=5. K1=0, Kp=0
02§/ ‘II o/ @ Kp=5, K=0, Kp=1 -
I.‘p' / @ Kp_ D, K1—0 K: =4
a " ‘ H @K;v— 5, Kj=1, Kp=4
0 i 2 3 4 5 ®Kp=5 Ki=5 Kp=4 3 10
@ Kp=5, K1=5, Kp=":

Zt
O

T

Zt
O

7|-A 7|-A

X =
X X

X I-
S7t a2 (X A)
A g X
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Assignment

BATTERY Vehicle Parameters

| Jeng =0.2kgm?*, J_ ., =0.05kgm’
GR,, =2, GR; =4

M. —1500kg, R,. = 0.3
- MOTOR/
| —

GENERATOR _ _
Tony =80NmM, T, =50 Nm
REDUCTION GEAR

E DRIVE POWER D ELECTRIC POWER

tire

-

(T OO T
=

]*%’JZELS Resistance Parameters
A=2m? C, =0.3, p=1.2kg/m* V =15 m/s
t =0.01, g =9.81m/s?

Problems

1. Equivalent inertia at wheel Eq. Inertia : 148.6 [kan"2]
2. Driving torque at wheel Driving Torque : 840 [Hn]
3. Drag torque at wheel (air, rolling) Drag Torque - B8.44 [Hn]

4. Vehicle acceleration speed Vehicle Acc, 1,558 [m/s"2]

(Driving torque — Drag torque = Eqg. Inertia X Acceleration rotational speed)
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