simulating reaLTY™ MSC

A Feasibility Study on

Adaptive Vehicle Suspension

Control Arms Alfred Boulos
10t May 2006




Introduction

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

ldeal Requirement:
To simultaneously meet all above conditions
during non-symmetric (i.e. independent) wheel
displacements or load conditions
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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
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Introduction

Current Characteristic

L = Vertical wheel travel
Camber angle

T = Track change
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Introduction

Current Characteristic Proposed Methodology

Maintains
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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
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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
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Building And Running MBD Model
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UCA Piston ﬁ
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Dummy Part /

Hooke Joint: Allows

/ 2 rotational DOFs

Knuckle

—

Steering rack

Steering Axis Joint

Translational Joint

Coupler: Maps translational
motion of the steering rack into
a rotation of the knuckle about
the steering-axis joint
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What is MSC.EASY5?

i virtual system

prototyping,
simulation, and
control.
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What is MSC.EASY5?

EASY5 is a systems level
Modeling
Design
And analysis tool
based on a schematic block- - e ge o ome
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Toggle Switch

Block icons represent =]
systems/sub-systems models o ]

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

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

Input C, Fortran code, link
with external CAE Tools
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Multi-Domain Simulations

Native Capability: ooy fhonror

. q\‘ \Q )'F{ P_,. ...\«L Vr
Fluid Systems - \_’ E“ S PN
T ‘ KX |
Control Systems G \\\w\? §@?\ N\
Electrical Systems L

to/from actuator/motor

Auto-code
Mechanical Systems

Software Development
Interface with:
CAD
Mechanical System
Simulation
Structural Analysis =
Real-time Simulation - | ;
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MSC.EASYS5 Scope — MSC.Software Tools

MSC.Software provides a triad of Virtual
Prototyping Tools

Physical
Prototyping

Functional
Prototyping

NASTRAN/PATRAN

Functional
y Performance-based
Prototyping

TGATEar ook

EASY5:Emphasis is on
system behavior/performance

o
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Application Breadth & Depth: Automotive

Multiphase Electric Valve
Fluid Dirive Design

Powertrain Hydra
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Advantage: Graphical Modeling

“Submodels” expand

to lower-level models

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
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Interactive Simulation — Pseudo Real-time

* Interactive widgets allows user
to interact with model during simulation
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Interface With Simulink And MSC.Software
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Simulink: Three Interface Methods

Co-Simulation Method

2 Import Simulink RTW Code Into

Simulink

Simulink
SIMULINK
S-Function
U(n) S
> Imatlab_easy5 v
D_?D_ 0.01,2,6 [— ™
f

ez5driver
A

EASY5 Model ¢

MSC.EASY5

MSC.EASY5 Extension

3 Import C code S-Function Into

Simulink
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Motion: Integrated with MSC.ADAMS

‘ 4 ADAMS/LGT 10.0.0
‘E\Ie Edt  Yiew Adust S;njulala. ﬂwiaw S'Et.linm TJoolz  Help
I

J{DAM S\Controls}

éj Select

Co-simulation Mode

Integration performed by respective solvers

Function Evaluation Mode

ADAMS model appears as a set of explicit ODE’s to EASYS5, which
Integrates equations ( & vice-versa)

Control System Export of EASYS5 into MSC.ADAMS

EASY5 model is exported as a dll and
embedded into ADAMS for a single solver solution
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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)
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Interface Example: MSC.ADAMS & MSC.EASY5
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EASYS5 Advantage — Library Developer Toolkit

EASYS5 provides tools
to develop

OnLine Documentation

components and HTML or PDF
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EASYS5 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
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EASYS5 Advantage — Ports & Connections

] Actuator1 Actuator2
Ports: Physical Boundary Port\T =
1 72.

Port Connections /%(i |

M U Itl 'd a.ta. Return Sui;ply

Port Port

Bi-directional
Advantage: Quickly and
accurately make >
connections @ — tomg Revmice-
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EASY5 Advantage — Nonlinear Systems Simulation

Switch States — unigue 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. Two Bodies

Single Gear Single Gear with Friction
nonlinear and

GR BRI Fz  Coulemk
* Backlash ‘ \ _Wieccus
discontinuous system

Two Masses components
Clutch with Heat Transfer w Hard Limits

CH A7 LBL

Examples of EASYS
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MSC.EASY5 System Model Representation

> Chamber Actuator ADAMS_CAR_BOULOS_MOD

noer, 2 Chamber Actuator
w position input

w position input
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Global Fluid
PH. Properties

Pump_Shaft_Vel
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MSC.EASY5 System Model Representation

Valve Laminar Flow Equations
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MSC.EASY5 System Model Representation

Valve Turbulent Flow Equations

supp lr return
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MSC.EASY5 System Model Representation

Valve External Flow Equations

Wy =W+, + ( (!0 ‘P — 1 U) - |£| _Ig%del
PT 'W.Q Fi lW.Q

to/from actuatormotor
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MSC.EASY5 System Model Representation

Actuator Flow Equations

Extend Refract
e | (To ADAMS)
SW, =W, -W,. —p,A,, X he 43 |
=W g 3 leak — P g<ipg <\ piston 3 X, et Xy ton
Q.. { (From ADAMS)
EHTR = 4 Ieak IOR PR }Lrpszorz Port:| I_ |_Pnrt-1
S § N A w

Volumetric Equations

r r p r
VY =V + App X
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r r p -
Vo =V + App X

piston
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MSC.EASY5 System Model Representation

Actuator Pressure Equations

E‘.:-:r.endﬁ meer ﬂuFﬂ?MS}
S, p P . @ s
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Results — Step Steer

Steering Wheel Angle vs. Time
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Results — Step Steer

Front Tyre Lateral Force vs. Time - Roll Angle vs. Time
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15.0

Camber Angle (deg)
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Results — Swept Steer

Camber Angle vs. Time
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Lateral Acceleration (g)

Lateral Acceleration vs. Time
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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 pistonareaofl O
cm? 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

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

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






