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Suspension analysis through “reverse engineering” in the vehicle

development concept phase

The term "reverse engineering" as applied to software means different things to

different people, prompting Chikofsky and Cross to write a paper researching
the various uses and defining a taxonomy.

From their paper:

“Reverse engineering is the process of analyzing a subject system to create
representations of the system at a higher level of abstraction”.[1]

It can also be seen as;:

"going backwards through the development cycle".[2]

[1] Chikofsky, E.J.; J.H. Cross Il (January 1990). "Reverse Engineering and Design Recovery: A Taxonomy in IEEE Software".
IEEE Computer Society: 13-17.

[2] Warden, R. (1992). Software Reuse and Reverse Engineering in Practice. London, England: Chapman & Hall, 283-305.
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The Virtual Development Process
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LMS Virtual.Lab Motion®

Suspension Motion Full Vehicle Motion Dedicated tire model
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A
G

CDTire 20
Rigid ring model
Long wavelength surfaces

CDTire 30
Single flexible ring model
Short wavelength surfaces,
lateral height profile constant

AP T

v5 pEim

T =

CDTire 40
Multiple flexible rings
Suited for
irregular road surfaces
like “Belgian Block” or
cleats with variable height
or arbitrary position

T

T

|8 AP = MRRARE & FENERE [

omiEl &

o a8 dnd woash
L cansg
L]

OE08L 080 3 GEBRE SEESNALO0EE 8 b L

kb tE T

» Scalable modeling for handling,
comfort and durability

e Customization automation
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* Integrated controls simulation
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LMS Imagine.Lab AMESIM®

it _' Fuel Injection, VVT, VVA, Engine
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Transmission

Performance and losses,
Comfort, NVH

Internal Combustion Engine

Engine control, Air Path
Management, Combustion,
Hybrid Vehicle

Vehicle Systems Dynamics

Braking, Steering, Suspension,
Vehicle dynamics

Thermal Management
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Tire forces - Tire frame

* Global vehicle behaviour with usage of conceptual suspensions
* Dedicated library for Vehicle Dynamics able to run Real-Time

* Linear analyses and optimization

* Parametric functions to modify the shape of the kinematics tables
* Suitable for vehicle data management

* Fully open for connections with Simulink
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Unique “1D - 3D” simulation for

scalable mechanical and mechatronic system simulation

Mechatronic System Analysis

LMS Virtual.Lab Motion
- LMS Imagine.Lab AMESIm

Coupled simulation of mechanical,
electrical, pneumatic...systems
including controls

Fusion of 1D — 3D Simulation

Scalable simulation
Support all stages of design

Vehicle dynamics — Ride& Handling,
Comfort, NVH

Powertrain/driveline comfort and NVH

3D Modeling

. 1D Modeling
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Reverse Engineering approach in new developing cycles

‘Frontloading’
reducing need for
Lab and Road Tests !

Requirements
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Physical

Component Design & Sizing
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