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Development in Powertrain Technology (Examples)
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Electronic Gasoline Injection

Lambda Sensor for three-way Catalytic Converter
Electronic Diesel Injection
Gasoline Direct Injection

37 Gen. CR with Piezo Injectors

GDI with Piezo Injectors

Start/Stop System
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1967 1976 1986 2003 2006 2007 2008ff ... &

) Hybrid Drives are the latest technology milestone for CO2 reduction
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La principale
caratteristica
degli ibridi e’ la
presenza di un
sistema
reversibile di
storage elettrico
che consenta
I’uso del m.c.1. in
condizioni vicine
al massimo
rendimento
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5.0 Il primo ibrido della storia:
Porsche Semper Vivus
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5.0t [l primo 1brido della storia:
Porsche Semper Vivus

Fondamenti di Motorizzazione Ibrida P.Capaldi



5@ Tipologie di lbridi

__Parallel | Series Combined | Mixed

[ Double drive ) Double energy Electromechanical

L system source connected split

| ( ) Double energy Joint Electromagnetic
\ Double shaft connected split

Single shaft
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2.8, Ibridi Mild e Strong

* In generale e possibile suddividere 1 veicoli ibridi
mediante il rapporto tra le potenze generate dal mci e dal
gruppo motore/batteria. HG = Ep/Tp

 [bridi “mild” hanno un HG < 0.30 ed hanno funzione di
ricarica della batteria a bassa tensione (< 60V) per |
carichi di bordo e I’energia cinetica in frenata) per
fornire assistenza al MCI durante 1 transitori

« Gliibridi “strong” hanno un HG > 0.30, con potenze che
consentono ( a seconda degli schemi) anche la marcia In
elettrico e con il mci funzionante a massimo rendimento
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| primi 1bridi «moderni»

1973

Ford-Escort, DC-Motor
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[’evoluzione della produzione Toyota

‘06 ‘07 ‘08 ‘00

‘00 ‘01 ‘02 ‘03

: 1
a Prius (THS)

05 ‘06 ‘07

THS with good fuel economy

and lowest emissions

World's first massproduced

HV

-

driving in city

Series hybrid developed for small hus
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Prius  (1HS) 199/~2003

Features of System

1. Two electric motors
2. Ni-MH battery
3. Power split device

Power Control Unit

Generator  [hverter -
| |llllq:.llllll:i Battery
Power split devicg ____. N
(0= @1
Engine
) |
Reduction Gear Mechanical
power path
EEEENEEN
Electrical
Transmission for HV power path
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2% Prius  (THSII) 2003~

Features of System

1. Two electric motors
2. Ni-MH battery

3. Power split device
4. High-voltage boost

circuit

High-voltage boost
circuit

Motor

Reduction Gear Mechanical
| power path
REEENEE
= a2 Electrical
Transmission for HV power path
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Generator

Power split de '

Power Control Umt
Inverter

| | SRRRs .-...-.a. Battery device

Engine

Features of System
1. Two electric motors
2. Ni-MH battery
3. Power split device
4
5

High-voltage boost circuit
. Motor speed reduction

Motor speed
reduction device

Reduction Gear | Mechanical
power path
l REEENR
Electrical
Transmission for HV power path
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e GS450h (THSII) 2006~

Features of System

1. Two electric motors

2. Ni-MH battery

3. Power split device

4. High-voltage boost circuit

5. Motor speed reduction
device
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— | 2-stage motor

speed reduction
device

Transmission for HY
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Mechanical Electrical

= power path power path
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M Traction motor
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Schema Funzionale

Functional overview — Power Electronics

power supply

control signals /
vehicle functions

HV-Battery

b control unit communication
lines (CAN, LIN, Flexray)
HW & SW
: : | E-Machine
;. Inverter
300 Aeff 300NmM/34kW
T
PSM
% _DC/DC-Converter
_/_ ¢ ®
Y Ji 12V: 3kW 12V-

—](~200A)

Fondamenti di Motorizzazione Ibrida

P.Capaldi

Battery 12V-Powernet

B g

20



owartiy

2
@ s
o P
"oyos \‘@g ot
% e 1@9

aChp

R

Unit for FWD vehicle

B RX400h
B Camry HV
B Estima HV
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Motor torque

|l motore-generatore

"""" Without motor speed
reduction device

= With motor speed
reduction device

—

Mnto.r speed

Output
Increase
to 250%,
same size
il_l Sy
123kW 'j"_'?.' _I =
—F
333Nm
12400rpm
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“ La Tecnologia del Motore

'97 Prius | ‘03 Prius | ’05RX400h | '06 GS450h | °’07 LS600h

D

=N WD

Output density ratio

Permanent magnet motor

Technology
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2 stage motor speed reduction device

e

Fondamenti di Motorizzazione Ibrida 22
P.Capaldi



POWER CONTROL UNIT

GS450h(155kW motor) vs Weight reduction -43%
RX400h(

123kW motor): Volume reduction -63%

RX 400h

(S 450h
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@ Le Batterie

‘98 ‘99 ‘01 ‘02 ‘03 ‘04 ‘05
97 Prius 00 Prius 03 Prius

/ leindrical e P’rismatilc /New pL'rismatic.resin-

prlsmatlc metal
’0|5 RX40
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/" New
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Tecnologie per le batterie

Applications

Low voltage (36 Vi)

High Voltage (100+300 Vpc)

BATTERY TECHNOLOGY Pb MNi-MeH Li Pb Ni-MeH Li
SPECIFIC ENERGY [Wh/kQ] 30 - 35 35 - 50 60 - 105 19 - 30 3547 &4 - 80
ENERGY DENSITY [WhiI] 65 - 80 32 -132 80 - 230 33 - 80 34 -180 40 - 175
SPECIFIC POWER [W/kg] 280 - 560 430 - 550 540 - 1480 300 - 550 650 - 1000 | 1350 - 1800
POWER DENSITY [W/I] 520 -1100 | 530 -1100 |1170 - 1960 700 870 - 3600 | 1370 - 3000
LIFE CYCLE [CYCLES]
600 1500 - 1800 | 600 - 800 600 1500 - 1800 600 - 800
(0+-80% DOD)
CosT FORECAST [E/kWh] 100-150 | 300 -400 | 150 - 400 100 - 150 300 - 400 150 - 400
(100 000 wnit'vear)
INFORMATION SOURCES Hoppecke Orwvonic SAFT Dptima Famnasonic SAFT
Exide Varta Crelphii Hawker Creomic Shin Kibe
Delphi Johnson Contral | Varta
Sanyo
SAFT
The higher cost of Ni-MeH and Li-ion batteries is compensated in hybrid
applications by a longer life and less critical demand in term of electric balancing.
Even if further cost reduction is required (lower than 100 y/kWh6) the life cost of
Ni-MeH may already be competitive with the Lead batteries.
Fondamenti di Motorizzazione lbrida 25
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Qutput density (W/kg)

EVOLUZIONE DELLE BATTERIE

1600 |
Lighter ‘03 Prius
1400 A (Prismatic resin case) RX400h
1 (Prismatic metal pase)
1200[ 35%up / ———¢
1000f ' 30%up [
]
8001 ‘00 Prius
(Prismatic|resin casg)
6001 ‘ n
‘97 Prius
400 (Cylindrical)
200 S|
OD 500 1000 15:00 2000 2500 3000 3500
Output density (W/L)
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Specific Energy (kW*h/kg)
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IL FUTURO DELLE BATTERIE

Lithium-polymer i
Lithium — inorganic solid electrolyte .«
(Early stage of development),

SOA
Li-ion e
. |.L|qu||d <\ >
ectrolyte) (Ein
Liquid
i 10-15000¢cycles  Electrolyte
(In Development)
. 50 000 cycles
0 100 200 300 400 500

Energy Density (KW*h/m3)
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Li-ion batteries with nano-Si
wire electrodes offer
potential for 10X increase in
storage capacity
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é*@t Gli azionamenti di potenza (inverter)
Koy ed i sistemi di innalzamento della tensione

>

Compact size (10L volume)| _ _1{~ "
W GS450h 8 g ~ Q54505
B Camry/Estima 5%: RX4.00h>A\ ~ = Gigolant flow

>
Straight fin <—> Wavy fin

Wavy fin heat sink

T

Inverter

Turbulence of coolant
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MPI-5Si{Gasoling)
D15 |
DICI{Diesel)

CNG
Hybrid - Prius {Gasoling)
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1 Hydrogen FoHY
Onboard Reform FCHY
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Mainly EV in city
driving

120 { 240 VAL single phase

0 Gli ibridi Plug-In

Mainly HV in long distance and
high speed driving

Household
electrical

Recharged mainly at night energy

Plug-in hybrids : A new style of electricity utilization

Fondamenti di Motorizzazione Ibrida
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8, Ibridi Plug-In

Plug-in Hybrid Vehicle Issues

";b.frr'- e o Ll

Twice the battery
capacity of current Prius

!

13km electric drive range
in Japanese 10-15 mode

Prius battery Added ba

On-board nhargerl

Need more electric range

Battery innovation = Key for plug-in hybrid concept
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Electric generation in each country

Thermal —_ Water — Nuclear
10024

80%
60%
40%

0%
Japan France

3.9, Ibridi Plug-In

Well-to-wheel CO2 emissions

£ 10 US(-4%)
@ Japan(-13%)
Ew
o b,
Q & France(-45%)
— 05
:
o
g L - r
Prius Plug-in hybrid vehicle

25km drive range(13kmEY range) Toyota estimation

Environmental benefit: CO2 reduction in well-to-wheel
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Plug-in technology can further enhance the environmental
performance of hybrids both in CO2 & pollutant emissions
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| RANGE EXTENDER

Fondamenti di Motorizzazione Ibrida P.Capaldi



0\9a r tl@

o5 W
i3 e '“3

sz\)a CNQ

©:§ IL RISPARMIO ENERGETICO EFFETTIVO

Hybrid technology Hybrid System Overview

Fuel Economy Improvement

Relatve to Conventional Gasoling Vehicle

City Traffic (congested) City Traffic (flowing) Urban / Motorway
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TAPPE DI DIFFUSIONE DELL’IBRIDO
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Hybrid System Roadmap

- S Protatype Early commercialization / demo Technolegy mature / mag: production
Global vehicle production: (1=x<100] (100<x<10000] (1 0000}
H i
Mild hybrid - Gasoline :
Mild hybrid T mmwxe - '
Y i BMW X3 ;H'_‘I'l' Enlf and Audi A3 i
l Full hybrid - Gasoline ]
I rar=
c i Audi QT Peugeot 308
Full hybrid | udi @ _ Peugeot30s |

S ruimeiatee

" PSAEfficient C concept | | Mercedes EClass | |
i i i i
i i GM Volt i i

| —r |
Plug-in Hybrid | |~ Plug-in hybrid - Gasoline > 2
i J i i
1
Pure electric
vehicle E E Electtrica Honda GCX Clarity E
i — T i
s !
Fuel cell vehicle| | > Fuel cell vehicle -

1 i 1

1 1

Pl
=
Pl
=

Sauroe: Rioarda A dysls 2000 2005 2010 2015

w
~
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USA is significantly the largest market for hybrid vehicles; recent
growth in the USA and Western Europe has been faster than in

Japan
I i S by Mork

Western Europe Japan USA
Unit sales Unit sales Unit sales
60,000 - 49,198 100,000 - 89,880 EE - 347,102
- 1 7 H
50,000 - 0.3% penetration #0.000 2% penetration 230,000 - 2.3% penetration
£0.000 1 300,000 -
m‘m i mm b ITU.HDD -
0,000 - 240,000 -
210,000 -
30,000 - 50,000 180,000 -
40,000 150,000 -
20,000 - 10,000 120,000 -
90,000 -
10,000 - 20.0007 50,000 -
10,000 - 30,000 -
0 0 0 -
2 5 88 32 2 &5 & 88 3 25 =2z a8 328 2&65B
" R E R A A BESA # R B A 8 8 AR ER &R AR

Key: [l Toyota Group

. Licensed Toyota Group Technology

‘——v——‘

Other {includes Honda)

Toyota is the global market leader in hybrid vehicles, selling a total of
402,158 worldwide in 2007, of which 79,429 were sold in their home market
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Market development alternative drives world-wide
14.000
12.000 W Electro vehicle,
12.000 Plug-in hybrid
b
L 10.000 H LIE]UE-‘flE"d gas
ﬁ (Liquefied Petroleum
E: gas, LPG)
§ 8.000 11 Natural gas
= (Compressed Natural
9 6.000 Gas, CNG)
= a by
2 40004 Hybrid
-
5 000 - B Flex-Fuel
_D —

2008 2015
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Il Mercato

Cumulative sales (worldwide)

150

1m

illion

All HVs including other
company’'s HVs (Total)
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« Motore monocilindrico
(derivaz. Piaggio) da
276 cm3 e 11 kWm
@5700 rpm.

e Potenza elettrica 10 kW

« (Generatore a magneti
permanenti
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GENERAZIONE DISTRIBUITA = ELETTRICO SUBITO
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MICROCOGENERATORI DA 10 E 20 kWe
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