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engine 5 6
2 Clutch OSCH
3 Electricmotor oo
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Apxn A&sitoupyiag

Avtikelpeva:

1. Owovoula kKavoipwy

2. MEIWUEVEG EKTOUTEG PUTWV
3. Auvinuévn oyvg Kol ponn

MT1TopoUV va KIvnBouv aTTOKAEIOTIKA JE NAEKTPIKA pEoA?

Coweesi D
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Apxn A&sitoupyiag
Hriw 8ka
YnoBoﬁ‘xm’) H/K
H/K: EtritTAéov 10XU, H/K: Auvardétnra
avakKTNon 10XU0¢ TTEdNONG QTTOKAEIOTIKA KivoNng

Neiroupyia Ekkivnong/Teppartiopou (Trepiypagry, 0TOX0G, EQAPHOYEQ)
2UOOWPEUTNG NAEKTPIKAG EVEPYEIQG
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O@EAN

Pom—»

Resulting hybrid

Standard engine, 1.6 / displacement
— = = Engine, downsized, 1.2 / displacement
Electric motor, 15 kW

Taxvutnta Neplotpodng —»
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Tutrol Agitoupyiag

* YPBpIdIkn odrynon,

* HAekTpIK) 00r)ynon,

« Aeitoupyia emdoéocewyv (boosting),

« A&giIToupyia eopTIONG,

« A&IToupyia avayevvnTikng Tednong.
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Tutrol Agitoupyiag

*  YBp1dikn odnynon,

* HAekTpIK) 00r)ynon,

« Aeitoupyia emdoéocewyv (boosting),

« A&giIToupyia eopTIONG,

« A&IToupyia avayevvnTikng Tednong.
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Tutrol Agitoupyiag

*  YBpIdikn odrynon,

 HAeKkTpIK 00ARYNON,

« Aeitoupyia emdoéocewyv (boosting),

« A&giIToupyia eopTIONG,

« A&IToupyia avayevvnTikng Tednong.
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Tutrol Agitoupyiag

*  YBpIdikn odrynon,

* HAekTpIK) 00r)ynon,

« Asgitoupyia emddéoewyv (boosting),
« A&giIToupyia eopTIONG,

« A&IToupyia avayevvnTikng Tednong.
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Tutrol Agitoupyiag

*  YBpIdikn odrynon,

* HAekTpIK) 00r)ynon,

« Aeitoupyia emdoéocewyv (boosting),

« Asgitoupyia @opTIONG,

« A&IToupyia avayevvnTikng Tednong.
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Tutrol Agitoupyiag

* YPBpIdIkn odrynon,
* HAekTpIK) 00r)ynon,
« Aeitoupyia emdoéocewyv (boosting),
« A&giIToupyia eopTIONG,
« AgiToupyia avayevvnTtikng Tédnong
(Regenerative braking i recuperative braking rj recuperation).
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Agitoupyia Ekkivhong/Teppatiopou

Zxeon EYUEVT
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Agitoupyia Ekkivhong/Teppatiopyov - ESapripara

* Evioxuuévog ekkivntic (1)
» [lpocapuoouévn ECU (4)
« Alaocuvdéoeig aioconTipwy (5)
« OBD oupparétnra
« EI1BIKoU TUTTOU PTTaTapia (3)
(avOEKTIK) 0€ KUKAOUG QOPTIONG -
EKQPOPTIONG)
* AlOONTAPAG ETTAPKEIAC TNG EVEPYEIA
TNG YIa TNV €K VEOU €KKivnon (2)
* [1poBAewn yia BondNTIKA
ouoThuata (A/C) — nAekTpoKivnon
N GAAN Auon
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Agitoupyia Ekkivhong/TeppatiopouU — Oikovopia Kaucoipou

% - 4.5%
Cycle)

Owovoul
(New
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BaBuoi YBpi1dotroinong

1. Conventional Vehicle
(ICE only)

2. Micro Hybrids
(start/stop)

3. Mild Hybrids

(start/stop + Kinetic energy recovery)

4. Full Hybrids

(mild hybrid + electric launch + engine assist)

Size of Internal
Combustion Engine

5. Plug-in Hybrids
(full hybrid + electric range)

6. Electric vehicles
(battery or fuel cell)
o

Size of Electric Motor
and Battery
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BaBuoi YRpi1dotroinong - Hiriwg YRpIdiko

AgiToupyieg
» A&IToupyia ekKivnong/TepUATIONOU
* Avayévvnon evépyelag TTEdnNong
* YtroBonOnrtikn potr) atmoé H/K
« 2uoowpeuan evépyelag (~20kW)
* EkKivnon
« EmTayxuvon o€ XaunAEC oTPOPEC
Meplopiopyoi
e Movipa ouleuypévn MEK—> 1TEpIOpIOUOG OTNV NAEKTPIKN Kivnon =
ATtrevepyoTtroinon KUAivOpwy
2X£d1001U6G
« Ev mapaAAiAw (KoIvog aTpo@aAo@Opog)
« EMmTTAEOV CUOOWPEUTNG
Oikovouia Kaugipou
« ~15% (NEDC)
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AgiToupyviec eritTAéov Tou HImriwe YBP161koU
* HAekTpIKr) 00YyNON yIia JEyaAUTEPQ DIOOTAMATO

2Xe0100u6¢
 H MEK d¢v gival yovipa ouleuypuévn
« Ev mapaAAiAw | o€ o€lpd

Oikovouia Kauoipou
« ~30% (NEDC)
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BaBuoi YRpi1dotroinong - YRPIOIKO CWTEPIKAC POPTIONG

MARPWc YBPIOIKO e eEWTEPIKNA @OPTION

21
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AlappuBpioeig Odnywv

* YBp1dikoi 2&lpiakoi Odnyoi (S-HEV & SP-HEV)
* YBpidikoi NMapaAAnAol odnyoi (P-HEV)

* Me éva oupttAéktn (P1-HEV)

* Me duo oupTTAékTeG (P2-HEV)

« XwpioTtou aéova (AS-HEV)

* Mg dI1mTAG oupTTtAékTn (DCT-HEV)
* YBp1dikoi 0dnyoi dilakAadwaong

* 20vOeTEC DIATALEIC

22
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AlappuBpioeig Odnywyv - YBpidikoi Zeipiakoi Odnyoi
*  MnXavéC ouvOEDENEVEG NAEKTPIKA OE OEIpA

* MEK kal duo nAekTpoKIVNTAPEGS (YEVVATPIA KAl KIVATAPAG)
 MEK atreptrAeypévn atrd KIVNUATIKO INXAVIOPO

23
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AlappuBpioeig Odnywyv - YBpidikoi Zeipiakoi Odnyoi

Series hybrid drive (S-HEV)

Fig. 11
1 Internal-combustion

engine
Tank
Generator

Electric motor

Inverter

o Ok W N

Battery

SAF0092-1Y
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yoi

AlappuBpioeig Odnywyv - YBpidikoi 2eipiakoi Odn

MAgovekTAuaTa
» EAeU0B¢gpn emAoyn onueiou Asitoupyiac MEK
* [IApwON eVEPYEIAKWYV ATTAITACEWY TTPAYMOTIKOU XPOVOU
» Acitoupyia oTo TTAEOV ATTOOOTIKO ONUEIO KAl TTAPOXN TTEPICOEING OTOV
OUCOWPEUTH,.
* [1IAqpnG avakTnon evépyelag TEdNoNGg

MeiovekTRpara

» H/K gmmapkou¢ peyEBouc yia atroppdPnon Kal TTapaywyr] TTARPoUS 1I0XU0G¢
* [ToANEC pETATPOTTEC evEPYEIAC =2 aTTWAEIEC aTTodooNS (W Kal 30%)

« KooTog, uéyebog, Bapog

Epappoyég
AZTIKA Tpaiva, Asw@opeia

25
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— — — e

AlappuBpioeig Odnywyv - YBpidikoi NapdAAnAor Zeipiakoi Odnyoi

Series-parallel hybrid drive (SP-HEV)

‘ |
:
/ﬁ 3 4 5 6
. S
ig. 12 ' | Lf Do N S
1 Internal-combustion OOUUﬂ j

engine ﬁiﬁ
Tank

Transmission
Inverter

2

3 Generator

4 Clutch 1 $ > 1
5 Electric motor ‘ ‘
6 8 7
E

8

STH0022Y

Battery
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— ,_:_F_',/.v_,_ _"_'

AlappuBpioeig Odnywyv - YBpidikoi NapdAAnAor Zeipiakoi Odnyoi

2UMTTAEKTNG METASU H/K
* Avuvarornra eprAoknc MEK oT1o Kivuatiké pnxaviopo

NMAgovEKTNUA
* Meiwon peyéBoug H/K

MeiovéKTnpa
« KooTtog, uéyebog, fapocg

27
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AlappuBpioeig Odnywyv - YBpidikoi NapdaAAnAol odnyoi

‘Evav H/K (yevvrTpia kai KivATHPAG)

o 2upttAeypévn MEK - Meiwaon evepyeiakwy JETATPOTTWY, AugnuéEvn attodoan

« ABpoioua poTrig

« 2T100¢gpn] oxéon peTAdOONC = Aduvapia KaBopIoPOU CUYKEKPIUEVOU OnuEioU
Aeitoupyiag MEK

* [lpoo@IAAG AUCN YIQ TOV KATAVOAWTA

* Baoikég TapaAdayeg P-HEV:

* Me éva oupttAékTn (P1-HEV)

* Me duo oupTTAékTeG (P2-HEV)

« XwploTou acova (AS-HEV)

* Mg dImTAG oupTttAékTn (DCT-HEV)

28
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AlappuBpioeig Odnywyv - YBpidikoi NapdaAAnAol odnyoi - Me Eva cUUTTAEKTN

Parallel hybrid with one clutch (P1-HEV)

1 Internal-combustion

Fig. 13 [ ) (]

engine
Tank
Electric motor (IMG) = =

2

3

4 Clutch >
5

6

7

Transmission | |
Inverter 7 6
Battery

STHO0023Y
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AlappuBpioeig Odnywv - YBpidikoi I'Iapa)\)\r])\m 06r]y0| Ma OUO OUMTTAEKTEC

Parallel hybrid with two clutches (P2-HEV)

Fig. 14
1 Internal-combustion

engine
2 Tank
3 Electric motor/ 1 =

generator <:>
4 Clutch I I
Inverter 6 5
6 Battery

o

SAF0093-1Y
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AlappuBpioeig Odnywyv - YBpidikoi NapdaAAnAol odnyoi - Xwpiotou d¢ova

Axle-split parallel hybrid (AS-HEV)

—h

L

}QT
Fig. 15 &:L ~ ~ I

1 Internal-combustion

engine 1 =D
2 Tank | |
3 Electric motor 5 4 %
4 Inverter %
5 Battery E
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AlappuBpioeig Odnywyv - YBpidikoi odnyoi diakAGdwong

Fig. 18 Power-branching hybrid drive
1 Internal gear:
drives the vehicle’s Planetary-gear set (load distributor)

powered axle
2 Planetary gears: |
drive the internal J
gear
3 Sun gear: drives the
generator

Fig. 17
1 Internal-combustion

engine

Tank
Planetary-gear set
Electric motor

Inverter

Battery
Generator

~N & O A W N

SAF0094-2Y
STHOO031Y
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Fig. 19
1 Internal-combustion y

engine — L/ 7 N\
2 o 0000~ |
3 Planetary-gear set ‘ /
4 Electric motor
(SMG) 6— —3
5 Electric motor ﬂ
(SMG) - @ -
6 Inverter ||

Battery

AL

B |

I
|
STH0026Y
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AlappuBpioeig Odnywyv - YBpidikoi Zeipiakoi Odnyoi

ANAKEDPAANAIQZH
* YBp1dikoi 2&lpiakoi Odnyoi (S-HEV & SP-HEV)
* YBp1dikoi MapaAAnAol odnyoi (P-HEV)

* Me éva oupttAéktn (P1-HEV)

* Me duo ouptrAékTeg (P2-HEV)

« XwplioTou aéova (AS-HEV)

* Me dimTAS oupTtTtAékTn (DCT-HEV)

* YBp1dikoi 0dnyoi dilakAadwaong

* 20vOeTEC DIATALEIC
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ZTPATNYLKES AetTOUPYLAG

35
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Agitoupyia YBp1dikwv OXnuAaTWV

Enidooelg

Owovopla
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YBpI0IKOC €EAeyx0oC

Networking of control systems in the drivetrain

Hybrid control

Battery Engine Electric drive Transmission Brake system
management management management management management
incl. electr. including
motor, clutch recuperative
and output braking
electronics
Bus — & $ $ 1

37
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2TpaTNYIKES AEITOUPYIOG

Mel

Mel
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2Ttpatnyikn Aeitoupyiag yia Meiwpéveg Ektroptrég CO, HC & NO, (NTiCeA)

Fig. 21
M A a Range of operating
max —\ points in the driving
/ cycle

(b b Boost:

- . .

O joint operation of

| — . -
[®) engine and electric
= miotor

Rotational speed nNmax

39

b Parallel hybrid

A

M max

.
L

Rotational speed nNmax
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Mmax / _E"'--..___-‘
@
—
=
2
Rotational speed nNmax
Fig. 22

a Range of operating
points in the driving
cycle

Rotational speed nmax

b Avoidance of
lower engine loads
through purely
electric driving
with subsequent
charging

40

¥ >
Rotational speed nNmax

eCVT effect:
movement of
operating points to
the optimum energy
range of the
drivetrain
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BeATioToTroinon tou Znueiou Acitoupyiag

—p Electric driving

Driver request > :
_ Recuperation
Charge level of | State machine (trailing throttle, braking)
the battery (SOC) (automatic state machine)
—p Boost (Mg = max.)
Speed p ; o
P ,, Hybrid driving

(optimized torque distribution)

41
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BeATioToTroinon tou Znueiou Acitoupyiag

Equivalent value
of electrical energy

Target torque

Driver request torque > —p internal-combustion
engine

Control strategy

Charge level of the battery (SOC) = (hybrid control)

Target torque
electric motor

Speed >

42
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BeATioToTroinon ToU Znueiou Agitoupyiag

KaBoplioudg Tn¢ ‘looduvauiag’ kauaoiudou

Horizon of different equivalence values

Driving cycle: NEDC Optimization horizon
km/h :
- Total distance (a priori) E/‘ | .
105|" ——>
) Distance covered (a posteriori) /_/ ||
- !
T 2L Current / |
time
© ?5 (r=6255) — r_f
@ | |
2 60 [l
- [ ]
= [ B N N ;
£ 45 A R lli "'. A ."'
a) N | 5 N S5
30 Ill [ | I| | || [ |!I | | | I!I [ ||'
[ o 1] B
15l | | |I Il | ) |_ II | | | !I |! I| |
|| | | I|I I| ||—|| || I| I|I I| ||'—I| || || I|I || ||—I| || || III || IIII
OJH | | h:tf 5! lfﬁ L1 HJHJ | [ |
0 200 400 600 800 1,000

STHOO30E
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BeATioToTroinon ToU Znueiou Agitoupyiag

KaBoplioudg Tn¢ ‘looduvauiag’ kauaoiudou

Cumulative fuel consumption with different operating strategies

km/h
105
T 90
75 E
. 3 E
Fig. 26 2 60 ®
w e
N i (@)] =
Conventional g 4 g
vehicle = =
. 30 -
— HEV: a priori e
strategy 15
Ll
— HEV: a posterior 0 ' | . &
0 200 400 600 800 1000 s 3
strategy Time r , T
w
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BeATioToTroinon tou Znueiou Acitoupyiag

2TPATNYIKN TTAPAYWYNS NAEKTPIKAG EVEPYEIAG

Shifting of the operating point

Driver command b

+ suppl. load '11 ;f

e,min

Torque —

/ Speed —»
Driver command

45
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Fig. 27

be, min: Minimum
effective fuel
consumption
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2Xe0100M0G Mnxavnc Eocwrtepikng Kauong

- =

: >
Rotational speed nNmax
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2Xe0100M0G Mnxavnc Eocwrtepikng Kauong

Cylinder pressure

Process with high expansion ratio

Conventional process

Expansion

Comparison of
exhaust losses
Compres-
sion stroke

Throtiling losses in the
conventional process

Cylinder volume

kmpression
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2Xe0100M0G Mnxavnc Eocwrtepikng Kauong
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2Xe0100M0G Mnxavnc Eocwrtepikng Kauong
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2Xe0100M0G Mnxavnc Eocwrtepikng Kauong



