Holden Hybrid Technology Seminar
Tim Newman

Powertrain

ENGINEERING OBJECTIVES/REQUIREMENTS

The key objective for the Powertrain department was to supply and implement a
combustion engine suitable for use in Holden'’s hybrid vehicle. The Holden
powertrain components needed to interface with the electric units supplied by
the CSIRO. The complete hybrid powertrain then had to be packaged into the
selected vehicle. This involved some significant changes to Holden'’s
conventional powertrain configurations including clutches, cooling system,

lubrication and throttie control.

One of the key challenges for our group was to meet these objectives with
limited budget and development time. This was achieved by using as many
currently designed and validated comporients as possible. Before any new
component was designed we looked to our current product range and local
suppliers for individual components or systems.

Today | will review the changes we made to the combustion engine and
powertrain components to ensure the Holden engine and transmission worked

in the hybrid vehicle.

SOLUTIONS/OPPORTUNITIES

Engine Conditions

There is a considerable difference in the way the combustion engine in this
hybrid car operates compared to a normal car. The main difference is that the
combustion engine is frequently turned off and back on again. The engine may
run for only 20 to 60 seconds before it is turned off for possibly several minutes,
depending on vehicle operation. This poses several problems for combustion
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engine, including excessive engine wear, high engine friction due to low engine
temperature and no inlet manifold vacuum for the brake booster. As well as this
cycling mode the engine must be able to run at full load and engine speed when
maximum power is requested by the driver. This means that any changes
made to solve these issues due to cycling must also work for normal engine

operating conditions.

Powertrain Selection

A computer vehicle model developed by the CSIRO was used extensively to
select the combustion engine power necessary to meet the performance
requirements of the project. This model used the Australian ADR drive cycle
and included some extreme events that the vehicle would endure. Engine
characteristics such as power, torque and brake specific fuel consumption
were fed into the model for a number of potential engines. From the results of
this modelling the 2 litre engine was chosen as most closely matching the

CSIRO requirement.

Packaging

Although the deletion of accessories assisted in the packaging of the
powertrain, the major challenge was to keep the total extended length of the
powertrain to 210 mm so as to fit within the hybrid's body. A considerable
amount of this space was consumed by the CSIRO electric motors, and we
still needed to accommodate a second clutch in the system to decouple the
engine from the electric motor. This left approximately 30 mm to fit the
additional clutch slave cylinder and flywheel. This constraint required the
development of a special flywheel and a compact clutch package that fitted

within the electric motor.

Clutches

The hybrid powertrain required two clutches — one to disengage the wheels
from the complete powertrain to allow for gear changes of the transmission,
and the other to disengage the combustion engine from the electric motor.
The standard Vectra clutch was adopted for the interface between the electric
motor and transmission, while the second clutch needed to be operated by the
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CSIRO energy management computer. This computer control was achieved
by developing an electronic clutch.

To make the clutching of the combustion engine and the electric motor as
smooth as possible, the combustion engine has to be brought up to the same
speed as the electric motor before engaging. The speed of both the electric
engine and the combustion engine is measured and fed back into the CSIRO

management system.

Base Engine Changes

To aid with the reduction of vehicle mass an aluminium block was made
specifically for the engine. This block is very similar to a conventional family
two block. It incorporates spun cast iron alloy liners and allows for a
significant mass reduction. The overall fuel consumption of the engine was
also improved by using floating piston pins for reduced friction, electric water
pump and the deletion of accessory loads such as air conditioning

compressor and alternator.

Engine Calibration

In order to optimise engine operation within the project timing, and to avoid
extensive development effort we decided to use the calibration on the existing
Vectra as a foundation, thus minimising base engine mapping. This was
achieved by adopting complete systems from the Vectra with minimal
modifications for this application. The induction and exhaust systems from the
Vectra were used with only slight modifications being made for packaging

purposes.

Electronic Throttle Control

The speed and load of the engine needed to be controlled by the energy
management computer instead of the accelerator pedal. To achieve control of
the engine the throttle body needed to be replaced or modified. To add a new
throttle body to the engine would have required months of calibration
development work. The solution was to take the existing throttle body and
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drive the normal linkages with a small electric motor, thus not changing the

throttle body’s geometry or idle air control.

Engine Communications

The method of communication used by the Vectra is significantly different to
the method used by the Commodore. To allow the combustion engine to
communicate with the Commodore vehicle systems the CSIRO energy

management computer was used as a translator.

Water Pump

The water pump used on the engine does not need to operate when the
engine is cold. The mechanical water pump was deleted from the engine and
replaced with an electric pump. This reduces parasitic losses because the
pump is only turned on when needed. The electric pump is controlled directly

by the energy management computer and runs relative to engine temperature.

Oil Pump

A significant amount of engine wear occurs during the start-up phase of the
engine, due to the lack of oil in the bearings and cylinder bores. This problem
was overcome by the inclusion of a secondary electronically driven oil pump.
The electric pump pressurises the engine lubrication system before the engine
starts. This aiso provides the benefit of reducing the engine’s start-up friction.

Tim Newman - Powertrain : Page 5



HYBRID ENGINE
OPERATIONS

SC State of charge [kJ]

8- hy A

15} : e N

Time

== Supercapacitor state of charge " Engine on

POWERTRAIN PACKAGING

o - Combustion Engine

Electric




PACKAGING ELECTRIC
MOTOR

J § Standard Vectra
ICEngine “*} Electric Motor [~ Clutch&
‘ i Transmission

Cooling Jacket

Statar
Rator
Timing Disc

Actuator®™ Actuator

Clutch Assy / Clutch Assy

Fiywheel ~
Fiywheel




Bupyelg aanesouabay

‘sauaneq pue siojdededsadns ayy ul y Buliols pue samod
Ju123)e 01Ul ABraua diauny ay) buiaauod Aq sojesaushb

© SE 5128 JOJOW DNII33 3Y) ‘S31RISASP JBD BY) Sy "IN I3le|
1oy 11 Buuols pue A1DLIBIR 01 Y BulleAU0D Ag ABssus diaury
sy} Jo asn axew o] buiyeiq sanessusbal pa(|ed walsAs e sasn
ABojouydsy pughy uspjoH 150] SI ABIsus syl pue Jeay o)
ABJaua ay) SLBAUDD UOIDLY aXeig ‘saxelq ay) Aq pajedissip
5] (ABsaua dpauy) uonow oy enp ABiaua ay) Jed [ewou
edosorispiou] Buiyesg anllesauabay

HE

Buisiniy

Mo7 sausneg

o
'

pabiey) saiia11eg

N\

uogesafERY

apouws BulAlIp 3y} uo paseq ale pue DN

ay3 Aq apew aJe 43y3abo) Jo AjenpiAIpu; 1010w D113
8y} pue sulbua [BUOIUBAUOD BY} BSN 0} UBYM Jnoge
SUOISIIA( “SlI} B 3B 2UO SO A|SNOBUBYNUNS JBYLID - IPIYIA
a3 Buiaup jo ajqeded yjoq ale Jojow 31133 pue aurbua
uonsnqwod jeusajul ayy AGojouyda) puqAy [ofjered Yyum

SYION PLGAH D1123|3 |9]|eied ¥ MOH

“siseq aAiada) e uo AB1aud Jo sunds Joys Bupeduw) pue
Bunos ‘Bupdadde Jo s|qeded ale yiym ‘sioypededsadns
ayy Aq panddns s| uonessjende pides oy pasnbas

sI ey} Jamod D113 JO ISINg (BN BYL "duewtopad
Y6y aptrcid 0} BUIBUS [BUORUSAUOD 3Y) YIMm SUIO[ 1030w
31328}2 YL

uopesaEdR BUNG UO13€ID|BIDY

sapapeg

Jandwod
wawabeuep Abroug

sioypededssdng <

A01BIBUBD[I0JON
ez

_»\.\v\ subug uonsNQLIO) feusaiu]

sjuauodwo) U:mt:._ |I9]|eled

SUOISSIWLA U0QIed0JpAY pue uondwnsuod

|12n} ul suonPNpal dnewesp BulAsIyde By awes

3y3 18 ‘2I0POWWIOD) JUBLIND 3Y1 JO 3soy) 0} 3|qeledwod
2Je 1By §|9A8| dduewioyad ulelle o) wapuel

UJ 3JOM 5324N0s Jamod 353U ] 'S|9aYM JUOLy 3YL BALIP

0} J0J0W J1IX3(3 UE pue 3ulbus JapuljA>-inoy |jews

e Buisn ‘ap21yaA pugAy j9jjeied e si pughy uspjoH ayL

“Jed 3} SAIIP 03 JOJOUI D1I1D3[e d)eJedas e pue 'salianeq
ayy abueyd 01 Joresausb e BulaLp aulbus |euoiuaAuOd
{|BWS B SBY LDIYM Jed D112 Ue S| pLigAy s9143s
“A|snoauelNWIS 3PIYaA ay) Jamod 0] JoJow J113[

ue pue suIbUd [PUOIIUBAUOD B $S3sn pLIgAY [ajesed ¥

"321Y3A PLIGAY D11153]3 SO SWLIOY OM) 31B IdYL

‘AWOU03 [N} SIWIXBUI PUB SUOISSIWS SNBYXD

23npal 0} - 10JoW dLPB[2 Ue pue aulbua uoNsSNqWod
|EUJSIUI |EUOIIUIAUOD B - S3DINOS JIMOd OM) SBUIqUIOD
18D pugAy S1123|9 Ue Jo wayshs anup sy} ‘paless Aldwis

£PHQAH d11I3|T UV S| 1eym

QYISO
‘aininy anpowolne
ay3 ojul asdwib Ev
e si9yjo pue ‘saibojouydan
aininj bunenjeas N3GAOH
10} paq 1s9) e sapinoid &
‘Ayinuabul ueljensny W

S9SEIMOYS Jeyl SPPIYaA
adAjoroud pugAy >392
anbiun e a>npoid 01 ‘OYISD
‘fousbe ydieasas d1413uIds
1sabJe| s.ejjesisny Yyum
s92104 paulol sey usp|oH



e

LY

|’f‘| [

ko o S T = R » J e B R

a1 84 8 A H

7, SRR > N i [ > G FE | [ [ A

a | d4 8 A H

e % |
et "~
= ar ___
i
_—
i {il
\ \
9
L _._r/
1 Uy
b
£
_. . -
J | !
h |
| .__. 0 '
-. \A - .._
) J v gl
VA
\ 4 \..\.
g o
¥ 3 —
il
fi
e




The Holden hybrid powertrain features a four cylinder engine
and manual transmission modified to incorporate a CSIRO electric motor March 2000

HOLDEN
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Controlled by the Energy Management Computer, Holden's parallel hybrid
@ powertrain uses an internal combustion engine, electric motor,

HOLDEN batteries and supercapacitors to power the car. March 2000




