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Introduction

� Applicable existing technologies:
� Minimize body roll
� Decouple effects of body roll on wheel camber 

angles
� Adapt camber angles

� Ideal Requirement:
� To simultaneously meet all above conditions 

during non-symmetric (i.e. independent) wheel 
displacements or load conditions



Introduction

� Patented Techniques
� Adaptable upper strut mounting location to maintain 

camber angle (for McPherson suspension setup)
� Adjustable control arm lengths to maintain camber 

angle (for SLA suspension setup)

� Challenges
� Independent wheel camber angle measurement
� Time and cost associated to research
� Limitations in virtual modelling technologies
� Feasibility and benefit of maintaining independent 

camber angles not fully understood or known



Introduction
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Process Outline

1. Build MBD model of a selected benchmark 
vehicle in MSC.ADAMS/Car

2. Run ADAMS simulations and validate results 
compared to track and rig tests

3. Build and simulate system model of combined 
control and  hydraulics, using MSC.EASY5

4. Conduct optimization study for sizing purposes

5. Run integrated ADAMS and EASY5 analyses



Building And Running MBD Model

� Tyre data acquired  and 
implemented for PAC2002 
tyre model

� Driver control implemented 
using MSC.SmartDriver

� MBD model validated

� Modification imposed on 
front suspension so as no 
steering is induced due to 
an extension in the length 
of the UCA



Building And Running MBD Model

Coupler: Maps translational 
motion of the steering rack into 
a rotation of the knuckle about 
the steering-axis joint

Steering rack

UCA Piston

Dummy Part

Hooke Joint: Allows 
2 rotational DOFs

Translational JointSteering Axis Joint

Knuckle



What is MSC.EASY5?
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� EASY5 is a systems level
� Modeling
� Design
� And analysis tool
� based on a schematic block-

diagram view of an 
engineering system

� Block icons represent 
systems/sub-systems models

� Model linear, nonlinear, 
continuous, discrete (digital) 
systems

� Graphically create 1-, 2-, 3-D 
tables

� Input C, Fortran code, link 
with external CAE Tools

What is MSC.EASY5?



Multi-Domain Simulations
� Native Capability:

� Fluid Systems
� Control Systems
� Electrical Systems
� Auto-code
� Mechanical Systems
� Software Development

� Interface with:
� CAD
� Mechanical System 

Simulation
� Structural Analysis
� Real-time Simulation
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MSC.EASY5 Scope – MSC.Software Tools

� MSC.Software provides a triad of Virtual 
Prototyping Tools

EASY5:Emphasis is on 
system behavior/performance

EASY5

ADAMS
NASTRAN/PATRAN

Physical 

Prototyping

Functional 

Prototyping

Functional 

Performance-based 

Prototyping



Application Breadth & Depth: AutomotiveApplication Breadth & Depth: Automotive

Fuel Injection

Engine Lubrication

Power Steering

Anti-lock Braking System

Cooling/Heating

Climate Control

Powertrain/Transmission

Hybrid Electric Systems

IC Engine

Fuel Cell Systems

Suspension

Control Systems



Advantage: Graphical Modeling

� Schematic view complements 
the geometric view

� Effectively handles complex 
signal flows

� Independent of geometric 
details like layout and topology

� Highly suitable for conceptual 
design and verification phases

Schematic Diagram

Hierarchical Modeling Levels



Interactive Simulation – Pseudo Real-time



SIMULINK
MSC.ADAMS

MSC.EASY5

Interface With Simulink And MSC.Software



MSC.EASY5Simulink

Co-Simulation  Method

(0.01, 2, 6)

S-Function

Y(m)
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SIMULINK

Y(m)
U(n)

EASY5 Model
Cosim

Interface

ez5driver

matlab_easy5

Simulink: Three Interface Methods

1

Real Time Workshop

MSC.EASY5
Extension

Import Simulink RTW Code Into 
MSC.EASY5 Extension

Simulink

2

Simulink

Import C code S-Function Into 
Simulink

MSC.EASY5

3



Motion:  Integrated with MSC.ADAMS

� Co-simulation Mode

� Integration performed by respective solvers

� Function Evaluation Mode 

� ADAMS model appears as a set of explicit ODE’s to EASY5, which 
integrates equations ( & vice-versa)

� Control System Export of EASY5 into MSC.ADAMS

� EASY5 model is exported as a dll and 
embedded into ADAMS for a single solver solution

ADAMS\Controls



Advantages of CSE vs. Co-Simulation

� Faster Solution, no communication delays

� Well suited for wide range of systems (continuous, 
discrete, single/multi-rate, asynchronous, triggere d 
etc…)

� Easier to conduct DOEs and optimization studies

� Equations for both the MBD and System models are 
solved using the one robust solver (i.e. MSC.ADAMS)



Interface Example: MSC.ADAMS & MSC.EASY5



Code Editor

OnLine Documentation
HTML or PDF

Data Editor
Name
Value
Units
Description

EASY5 Library

EASY5 provides tools 
to develop
components and 
libraries

dPdt= Vol/b*(Area…
Derivative Press=dPdt
Force= Area/Press

EASY5 Advantage – Library Developer ToolkitEASY5 Advantage – Library Developer Toolkit



EASY5 Advantage – Code GeneratorEASY5 Advantage – Code Generator

� Graphical model converted to Fortran 
or C Source Code
� Compiled and optimized executable

� Why code generation?
� Fast simulations
� User code: input Fortran or C code into 

model

� Real-time support (HIL, SIL)
� Debug environment



EASY5 Advantage – Ports &  ConnectionsEASY5 Advantage – Ports &  Connections

� Ports: Physical Boundary

� Port Connections

� Multi-data

� Bi-directional

� Advantage: Quickly and 
accurately make 
connections



� Switch States – unique EASY5 feature
� Used to integrate across non-linear and discontinuous 

events
� Switch State advantage – SPEED and ACCURACY :

� Accurately model non-linear/discontinuous events , and 
“memory” and short duration time events 

� Simulation run times are reduced by an order of magnitude 
or more.

EASY5 Advantage – Nonlinear Systems SimulationEASY5 Advantage – Nonlinear Systems Simulation



MSC.EASY5 System Model Representation
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MSC.EASY5 System Model Representation

Valve Laminar Flow Equations



MSC.EASY5 System Model Representation

Valve Turbulent Flow Equations



MSC.EASY5 System Model Representation

Valve External Flow Equations



MSC.EASY5 System Model Representation

Actuator Flow Equations

Volumetric Equations



MSC.EASY5 System Model Representation

Actuator Pressure Equations

Piston Force Equation



Results – Step Steer



Results – Step Steer



Results – Swept Steer



Results – Swept Steer



Results – ISO-Lane Change



Results – ISO-Lane Change



Hydraulic Piston Sizing

� The value of the regulated pressure is dependant on  a 
the size specified for the hydraulic piston area.

� To half the regulated pressure, the piston area sho uld 
be doubled

� For a 50 Bar regulated pressure, a piston area of 1 0 
cm 2 is adequate 

� For vigorous steering manoeuvres (e.g. swept-sine 
steer) maintaining the desired set camber angle may  
not be fully achieved due to the response of the 
hydraulic system. To overcome this, the pressure to  
piston area ratio should be modified



Summary and Conclusions

� Maintaining camber angle by adapting UCA length on 
it own has a benefit to vehicle handling

� However, this benefit comes at a cost of more 
research 

� Further research is required in:
� Method to measure independent wheel camber angle
� Method to control steering effect due to UCA extension (e.g. 

independent dynamic steering control)

� MSC.EASY5 and MSC.ADAMS together are capable of 
modelling complex system and MBD equations as a 
single combined solution



Other Areas of Research

� Apply same technique to adapt LCA length for 
controlling track change

Adaptive UCA Adaptive UCA 
and LCA



Other Areas of Research

� Incorporate adaptable control arms with active 
body roll-control



ADAMS/Car Mechatronics

The effect of control systems on the 
mechanical system is easily simulated

� Includes the components you need
� Transducers, Actuators, Control Systems

� Provides the Signal Manager to couple 
control systems only ONCE

� The model can easily be used by those 
who are not familiar with control 
systems

80% of all innovation80% of all innovation
come from electronicscome from electronics
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