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Introduction _'7’

Obijective:

Analyzing of gear shifting in MTs or AMTs and
Its interaction with vehicle dynamics

Requirements:
Specialized modeling and simulation approaches
Multi-domain simulation (MBS, Control Systems, ...)

Results:
Satisfactory and holistic solutions

Improvement in vehicle dynamics
as well as comfortable gear shifting processes
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Vehicle Model _'7’

Combination of various subsystems within one model:
Multi-Body systems (local and global coordinates)
1D Mechanics (only local coordinates)
Control / actuation systems
Hydraulic, pneumatic, electric, thermal effects can be considered

Example: Vehicle model including:

Independent, detailed wheel suspensions, springs and shock
absorbers,

Shiftable gearbox (automated manual transmission (AMT)),
Engine, clutch, rear differential,

Engine model (based on engine map), and

Control systems for engine, gear shifting, clutch, and steering
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Vehicle Model il

Front Wheels

Independent, detailed wheel suspension
Space Arms suspension kinematics
Connection of the steering mechanism

3D View Diagram View
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. SIMULATION
Vehicle Model il

Steering kinematics and control (driver)

linkage mechanism
of the steering system

3D View Diagram View
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Vehicle Model il

Rear Axle
Independent, detailed wheel suspension
Double wishbone linkage

3D View Diagram View

shock absorber

suspension kinematics

v L
reviuelin?? | ofindrls  revauekin?l
=" ="

cylinger 16 cylinder 13
tireAll H t revauakin
whedFL rirAL exretrant {2 cflinger1d €W
| |
o +&- 8

tire ground contact

Copyright ITI GmbH 2008 www.SimulationX.com Page 7



Vehicle Model _,7’

Shiftable 6 Speed Automated Manual Transmission
3D View

input shaft
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Vehicle Model

Rear Axle Transmission and Differential

3D View

rear axle
transmission
and
differential

gearbox input shaft

drive shaft (cardan shaft)
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Vehicle Model

Engine, Clutch and Vehicle Control

Engine model

eng_t
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Vehicle Model

Efficient sub-modeling (Example: Gearbox)

Diagram View 60
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Summarize sub-structures
into compounds,

e.g. as assemblies corres-
ponding to real components
such as the gearbox

Better handling / overview
of the complete model

Efficient parameterization
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Results

current_gear - gearboxC ontroll

pm
5000

20

40

60

80

100

om - gearbox_in

wo] 1 /117

2000 H/ -
1/

1000 JI,
0

100071711

20 40

60

80

100

om - gearbox_out

600
500

400

300
200 J/'““‘/
100

1007 T

Copyright ITI GmbH 2008

20 40

60

80

www.SimulationX.com

100

o SIMULATION

" SOFTWARE
ENGINEERING

current gear

gearbox
input

and

output
shatft
speeds

Page 12



Results Y |
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Summary _'7’

Efficient modeling in several phyiscal domains

Multi-domain model of a vehicle and transmission
Incl. MBS, 1D driveline model and control structures

Efficient sub-modeling by creating compounds of
assemblies as in the real vehicle (e.g. gearbox)

Generation of holistic results using several methods

All-in-one: The Driving Force in

System Simulation SimulationX’
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