15. Aachener Kolloquium Fahrzeug- und Motorentechnik 2006

Two Mode Hybrids — Adaptionsstarkern eines
Intelligenten Systems

Two Mode Hybrids — Adaption Power of an
Intelligent System

Dr. Andreas Truckenbrodt
DaimlerChrysler AG, Troy, USA

Larry Nitz
General Motors

Dr. Wolfgang Epple
BMW Group

Two — Mode - Hybﬁd |

- Adaptation Power of an Intelligent System -

E DAIMLERCHRYSLER ~ BMW Group

Troy Hybrid Development Center
Andreas Truckenbrodt
Martin Engelmann

Pamela Gamache

Fig. 1



2 15. Aachener Kolloguium Fahrzeug- und Motorentechnik 2006

Content_

Two-Mode Hybrid Overview
» Positioning of Two-Mode Hybrids
» Basic design
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» Summary and Qutlook
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Two-Mode Hybrid
Overviews
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Two-Mode Positioning

¥

Criteria

Fuel consumption
Emissions
Performance
Comfort

Cost

Market presence
Innovation

full hybrid
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mild hybri
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Two-mode hybrid

E DoamierCHgysiek BMW Group
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Two -Modeq._ﬂ._duataes;

Two-Mode Hybrid System
® is a superior technalogy
® is a scalable portfolio of products for both FWD and RWD

= Optimizes the balance of electric motors and transmission
content (smaller motors, smooth operation)

4 fixed mechanical gears increase efficiency with

= no compromise to performance

= all the benefits of an automatic transmission
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Two-Mode Topology
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Range of functionality

6 mechanical modes

« Input spiit EVT range (continuously variable, “made 17)

= Compound split EVT {continuously variable, “mode 27)

« First fixed gear ratio with electric boost / braking (2 motors)

= Second fixed gear ratio with electric boost / braking (1 mator)
« Third fixed gear ratio with electric boost / braking (2 motors)
= Fourth fixed gear ratio with electric boost / braking (1 motor)

Specific situations
« E-Drive

« Cold / warm start
« Regen braking

* Boosting
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Visualize planetan/gedars

=i

Pinions

Sun

« A lever represents the
planetary gear

* The tooth counts / gear ratio is
shown by the distance of the
circles to one another

» The position of the circle shows
the speeds of the referring part

= By setting 2 positions / speeds
the position / speed of the
— | . missing part is predefined

DAMLERCHRYSLER  BMW Group

Fig. 14

ICE E-Motor A E-Motor B Output
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Electric Drive

- * Very smooth and quiet aperation
‘ = Driving with equal - zero - emission
DamiLERCHRYSLER - BMW Group

Fig. 16

3. Gear (direct)

=
-D

(—

- = Better fuel - consumption through high mechanical efficiency

- * Very good boost capability through parallel connection EMA /B
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Fig. 17



10 15. Aachener Kolloquium Fahrzeug- und Motorentechnik 2006

Overdrive (SECVAIEZ)

4=

- » Comfortable high - way drive through ECVT
‘ + Better fucl - consumption due to high gear ratios
DamLERCHRYSLER  BMW Group

Fig. 18

Range of operation
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Pioneering
Collaboration
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Joining Forces

Co-Location DCX, BMW
Area

+ Operating in Troy, Mi since 2005
+ Total workforce in excess of 500
E DusiErCHEYSLER.  BMW Group
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Conventional Powertrain

Dirtesr durmang
(et peiad]
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Business Complexity,

Three large, diverse and global organizations
= Geographic challenges

= Different overall business objectives, corporate cultures,
policies and processes

» Competitors...yet, collaborators

= Well-defined and appropriately bounded scope of
cooperation required ->» takes time, up front!
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Cooperation|Benefnits

Hybrid Development Center

[ DaMLERCHRYSLER BMW Group

Technological Opportunitie
= High level functionality - Split of development efforts
= High level risk management * Reduced financial investments

Technologies, Processes, Service, etc.

GM DamLERCHRYSLER  BMW Group
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Individual
requirements
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Hytrld ewelopment Creder
(] T Joint
development

Individual
vehicle
_— integration
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The two-mode hybrid provides an Cooparation

optimal solution for
= Fuel Economy
= Comforl
» Performance

= Adaptation to multiple
powertrain and vehicle
architectures

n Cost

E DAIMLERCHRYSLER

Fig. 28

u Sets standards with
a family of products

® Increases technical expertice

» Shares elements of
costs, risks and benefits

» Gives us volume that leads to economy
of scale

BMW Group

Thank you !
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Fig. 30

Hgbrid_Dglfelent centers

Hybrid Development Center
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