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> |ntroduction <

® September 2003 ,Go" for a new driveline system calle d ,Modular PTU"

® [February 2004 first roll out of the system on a dem  onstrator vehicle MINI
Cooper S

* June 2004 first vehicle was ready for customer demo (first low and high-p
tuning finished)

® GETRAG built four vehicles, two vehicles-are availa  ble at Cologne /
Germany and two vehicles are available at GEC Detro it/ USA

® This gives the oportunity to investigate objectivel y-the-influence of different
drivelines on vehicle dynamics behaviour
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> |Introduction <

Since October 2004 GETRAG has the ability to demons trate the following
driveline configurations in one and the same vehicl e

FWD (Standard Production)

FWD & Passive Differential Torque Sensing
FWD + TRACKSTER

AWD hang on to rear axle

Vehicle |

el | Bl

AWD & TRACKSTER in front axle

RWD Vehicle Il
RWD hang on to front axle

TWINSTER (AWD hang on to front axle with Active  Yaw System)
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> Differential Types <
Open Differential

Different wheel travel when cornering

Open Differential

 Allows different wheel speeds when cornering

* Provides equal wheel torque in any driving situation
» Torque is limited by the low-u wheel
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> Differential Types <
Limited Slip Differential

Passive Differential Active Differential
Speed Sensing Torque Sensing Individual Controllable
Viscous Coupling Torsen Dependent on Input Signals
TFS TRACKSTER

1+2 Source GKN
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> Active Differential TRACKSTER Front Axle <

Electro Hydraulic Actuator
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> TRACKSTER Control Strategy <

CAN Bus Input Signals

Slip

Control

Longitudinal
Dynamics
Control

* Bicycle Model

D;ﬁ;er;?ls « Calculation of theo. Yaw Speed
Control » Comparison to Vehicle Yaw Speed
» Coupling Activation
T Smart Actuator
TRACKSTER
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> Vehicle Instrumentation <

Torque Measurement

DGPS Sensor Side Shaft Rear Axle

DGPS Base Station

System Accuracy for Position: +/- 0.2 m System Control
Torque Measurement

Side Shaft Front Axle
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> Test Track High-p <

Wet Handling Track, Length: 1.1 km Vehicle Dynamics Area, Diameter: 300 m
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> Vehicle Test Results <

For objective investigation of the influence of differe nt axle differentials on
vehicle dynamics the following tests were carried out:

 Acceleration on split-p
» Quasi staedy state cornering

o Steer step input in throttle off
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> Vehicle Test Results <
Straight Line Acceleration on split-p

1,8
1,6
1,4
1,2

m/s2

0,8-
0,6-
0,4-
0,2-

Average Acceleration

Open
PDT* ASC
PDT*

TRACKSTER

*PDT = Passive Differential Torque Sensing
Measurements at ATP, Other Types at Arctic Falls
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> Acceleration on Split-p <
Passive Torque Sensing Differential

ASC off ASC on

kNm km/h kNm km/h

1.5 — 500 1.5 — 500

1.4 14

1.3 | 450 13 - 450

1.2 12

1.1 - 400 1.1 | 400

1.0 — 1.7 x 130 Nm =220 Nm 10 1.7 X = 442 Nm

0.9 —| 350 — 0.9 —| 350 -

0.8 08 —

S &0 High u Wheel Torque

0.6 06 —

05 - 250 — . 05 - 250

04 | High-p Wheel Torque s /

0.3 - 200 0.3 - 200 -

0.2 02

01 | 150 0.1 — 150 —

00 | 00 Low-p Wheel Torque

01 —{ 100 01 | 100 increased by ASC

02 02

-0.3 - 50 -0.3 | 50

0.4 04

05 = 0 n T T T T T T 05— 0 T T T T T ‘

3 4 5 6 7 8 9 3 4 5 6 7 8
S S

T .

TB = —dh —> Thign= TB X T, — Delta Torque is dependent on Low-p1 Wheel Torque!
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> Acceleration on Split-p <
TRACKSTER

kNm km/h

1.4  —
13 | 450 _ High-p Wheel Torque
12 — /
1.1 | 400 :
1.0 —
09 | 350 —
0.8
0.7 | 300
0.6 —
05 —| 250 High Locking Torque Capacity
0.4
03 | 200 —
0.2 —
01 | 150 — /
0.0

01 | 100 4 Low-p Wheel Torque

02—

03 | B0 —

04—

-05 0 : | | | |
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> Unavoidable Torque Steering in Straight Line Acce  leration <
e.g. on Split-pu with PDT*
KNm kmh °
1.1 — 50
10| 240 .
097 220 B 40
a — 35
Z:i | 200 ] Delta Torque Generates = 30
0.6 180 B >
0.5 - 2°
0.4 1697 Yaw Speed P
= 10
0.3 140 | 5
0.2 = 0
01| 120
: = -5
0.0 -{ 100 — 10
-0.1 — / — -15
0o | 80 —{ Steering Angle for B -0
e Yaw Moment
0371 60 Compensation -
-0.4 —| B -30
os-| 7] - 3°
-0.6 -{ 20 0
— -45
-0.7
0 -50

10

*PDT = Passive Differential Torque Sensing
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> Test Procedure Quasi Steady State Cornering <

» Test procedure (closed loop test)
» Surface: dry asphalt, 80 m circle radius
* DSC switched off

* The vehicle is accelerated with full throttle in 4t gear from very
low speed to max cornering speed

» The drivers target is to hold the corner radius con stant by
adjusting the steering wheel angle

 Throttle position is not changed
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> Steady State Cornering Self Steering Characterist  ic <

25
120 —
115 | Open

110 —] PDT*
105 —

100 ]
95 ]
90 —]
85 —]
80 —]
75 —]
70 —]
65 —]
60 —]
55 —]
50 —]
45 —]
40 —]
35 —]
30 —]
25 —]
20 —]
15 —]
10 —]

Steering Angle °

\
0 | | | | | | | | | | | | | | |

25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

Vehicle Speed km/h o _ _
*PDT = Passive Differential Torque Sensing
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> Influence on Self Steering Behaviour by Torque Di  stribution <
Open Differential

KNm Nm m/s2
1.5 — 500 11
1.4 — - 10
1.3 450 — = o)
1.2 — 8
1.1 — 400 — — 7
1.0 — Lateral Accelerationl [ 6
0.9 | 350 G B 5
— 4
0.8 —

— 3

0.7 - 300 —
— 2
0.6 — B .
0.5 250 Torque inner Wheel B 5
0.4 — \ | 4
0.3 200 - / B 5
0.2 — B 3
01 1 150 Torque outer Wheel B »
0.0 4 Delta Speed - -5
-0.1 —{ 100 Front Wheels — -6
-0.2 - -7
-0.3 50 — — -8
-0.4 — [ -9
[ T T T -10

10 15 20 25
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> Unsteady Self Steering Behaviour <
Passive Torque Sensing Differential

KNm % m/s?2

1.5 — 500 11
1.4 — — 10
1.3 450 — - 9
1.2 — — 8
1.1 400 — B /
1.0 [ 6
0.9 { 350 Lateral Accelerationl [ S
[ 4
0.8 — \ .

0.7 - 300
® | -

0.6 —

. - 1
0.5 250 Torque mri\Nheel 0
0.4 — B
0.3 200 P
0.2 - | _3
0.1 150 @ = 4
0.0 Torque outer Wheel Delta Speed B -5
-0.1 - 100 front Wheels — -6
-0.2 — -7
-0.3 50 — [ -8
-0.4 — [ -9
T T T T T -10
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> Active Yaw Support for Improved Self Steering Beh  aviour <
TRACKSTER Differential

kNm % m/s2
1.5+ 500 H
1.4 -
1.3 450 B 7
1.2 B °
1.1 400 B !
1.0 B :
_ — 5
0.9 { 350 ] Lateral Accelerationl | a
0.8 —
@ i :
0.7 -{ 300 —
— 2
0.6 — i
Torque inner Wheel 1
0.5 250
0
0.4 — -1
0.3 200 / 2
0.2 — 3
Torque outer Wheel
0.1 -{ 150 -4
0.0 — TRACKSTER -5
-0.1-{ 100 Activity B 6
o2 Delta Speed - -7
Front Wheels | 8
-0.3 50 )
-0.4 \ B -
{ { { -10

10 15 20
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> Wheel Forces at Acceleration during Cornering <

Open Differential PDT Differential PDT Differential TRACKSTER Differential
at Low Lateral Acceleration at High Lateral Acceleration at High Lateral Acceleration

High
; Yaw Support

Gl Understeering
! Amplified
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>Test Procedure Steer Step Input in Throttle off <

e Test procedure (open loop test)
» Surface: dry asphalt
* DSC switched off

» The vehicle is accelerated up to 110 km/h straight line
steady state speed in 3 " gear

» The driver proceeds a throttle off with a steerste  p
manoeuvre from 0°to 80°steering angle

» The steering wheel and throttle position is not cha nged
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> Steer Step Input in Throttle off <

DSC (ESP) switched off

Position y m

-10
-20
-30
-40
-50
-60
-70
-80
-90

-100
-110
-120
-130
-140
-150
-160
-170
-180

Centre of Gravity Position Plot

Open Differential

TRACKSTER

Open and PDT Differential
* instable / oversteering

TRACKSTER
e stable turnin

-150

| |
-100 -50

Position x m

50

*PDT = Passive Differential Torque Sensing
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> Steer Step Input in Throttle Off <
TRACKSTER Differential

Nm

5 — 750 —1 100
95 Slip Angle
85 —

S 7 s00 | s —
75

-10 .
70 —| Sideshaft Torque Steering Angle
_— Left & Right

-5

250 — 60 —

20 — 5 17

50 —
0 | 40 - \‘

30 35 A\VM J 2. Delta Torque
30

-35
25

a0 - 0 2T 1. Coupling Activation Generate
15 /

45— 10

-50 — 500 0 | |

0.5 2.5 5.5 8.5
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> Steer Step Input in Throttle Off <
TRACKSTER Differential

Nm
5 — 750 — 100
9 TRACKSTER Differential ~
0 7 90
85
© 7 s0 | 80 —
10 ]
70 — Slip Angle Reduction
15 65
250 60
20 — 55
50
-25 45 . .
PDT* & Open Differential
0 40
30
35
25
a0 o 250 20
15
45 — 10
50 — -500 — 0 ! T
-0.5 2.5 5.5 8.5

s
*PDT = Passive Differential Torque Sensing
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> \Wheel Forces in Throttle off During Cornering <

Open Differential TRACKSTER Differential

2. Generates
Yaw Moment
Reduction

1. Delta Force on
Front Wheels
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> How much Improvement does each System deliver compared t o FWD? <

100

90-
B TRACKSTER
80 B PDT*

70

60

50

40+

Improvement %

30

20

10

Accel p-high
Accel y-med
Accel p-low
Accel p-split
SSC p-high

SSC p-low

Thro off p-low/high
SSC Accel p-high
SSC Accel p-low

*PDT = Passive Differential Torque Sensing




> Average Improvement Compared to Open Differential <

25

20-
X
=
Qo
=

o 15
<)
o
£

> 10|
<
()]
>
<

5,

0,

TRACKSTER PDT*

*PDT = Passive Differential Torque Sensing




> Summary <

Passive Torque Sensing Differential compared to ope  n Differential
® Traction on split-u

The improvement is dependent on TB and low-u wheel torque level

In combination with traction control by brake intervention a higher locking torque level
can be achieved

According to the Torque Bias the PDT exploits the traction potential of the wheels

® Under acceleration on inhomogeneous surfaces or at different wheel load this
function can result in undesirable torque steering effects

® Selfsteering behaviour during cornering

When accelerating the behaviour is dependent on lateral acceleration level
® At low lateral acceleration understeering is amplified
® At high lateral acceleration understeering is reduced

Yaw damping potential in throttle off is very low

® Others

Fits into housing of the open differential

Low cost

No external control

ABS compatible

ESP compatibility restricted by input torque level
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> Summary <

Compared to open differential TRACKSTER provides al | advantages of passive locking
differentials by avoiding their disadvantages

® TRACKSTER improves traction on
® split-p
® when cornering
®* inhomogeneous road surfaces
® External control provides
®* max. locking torque with minimum effect on steering behaviour
® no understeering amplification when cornering
® Active Yaw Support for increased cornering speed and more fun to drive
® Yaw Damping Support in throttle off
® a “smart actuator” for interconnection with other vehicle dynamics control systems
® OQOthers
® Torgue steering can be avoided by system control
®* More complex, external control
® Higher costs
Fully ABS&ESP compatible
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> Qutlook <

Integration of TRACKSTER in Automated Gear Box
® Package nearly as open differential
® Cost Reduction
® no external housing

®* Potential synergy effect
®* Power
® Hydraulic Pressure
* ECU
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