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MultibodyMultibody Dynamic SystemsDynamic Systems
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Multibody Multibody DynamicsDynamics

Rigid or Flexible Bodies

Kinematic Joints

Force Elements
Spring
Damping
Tire
Actuator

Components of MBS Equation of Motion
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Multibody Multibody Dynamic SoftwareDynamic Software
The multibody dynamics tool is a key technology in virtual engineering 

of integrated vehicle development ;

Automatically generate the equations of motion

Solve the equations of motion

Display the results (plot & animation)

Commercial Software Tools
ADAMS
DADS
SIMPACK
RecurDyn

•
•
•
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Traditional Simulation Process in DesignTraditional Simulation Process in Design

(Vehicle Engineers)
Requirements Analysis

Design Evaluation

Subsystem Selection

System Assembly

Design Refinement

Design Documentation

(Simulation Specialists)

Model Creation

Sim Tests Definition

Sim Tests Execution

Results Interpretation

Results Documentation

Design Group Simulation Group

Vehicle Data Retreival

Product Knowledge     vs. Simulation Knowledge
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An Improved Simulation Process in DesignAn Improved Simulation Process in Design

(Vehicle Engineers)
Requirements Analysis

Design Evaluation

Subsystem Selection

System Assembly

Design Refinement

Design Documentation

(Simulation Specialists)
Design Group Simulation Group

Sim Test Specification              Sim Test Characterization

Sim Part Creation            Subsystem Characterization

Automatic Sim Model Assembly

Sim Test Planning
Sim Test Execution     Sim Model Debug
Sim Results Processing   Sim Results Validation

Sim Methods Improvement

Put simulation in the hands of those with product 
knowledge rather than software knowledge
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What to do ?What to do ?

Decouple solution seeking from modeling efforts

Tool-oriented problem solving

Template-based model building

Simulation experts create subsystem templates and simulation 
scenarios

Design engineers choose parameters and execute the model for 
design evaluation
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ADAMS/Car : ADAMS/Car : TemplateTemplate--based Vehicle Modeling Tool

Parameter Input
Hard points

Component properties
(Spring, Damper, Bushing)

Subsystem properties
(Tire, Power Steering, 
Engine Map, 
Component flexibility) 

Component body properties
(C.G. point, Mass, Inertia)

Full Vehicle

based Vehicle Modeling Tool

Template Suspension
Suspension

Steering

Roll bar

Brake Tire

Engine

Body



Vehicle Dynamics Lab, GSAEKVehicle Dynamics Lab, GSVehicle Dynamics Lab, GSAEAEKK

Front suspension modelFront suspension model

Template  Subsystem  Front Suspension test assembly

MacPherson Strut
Template

Parameter Input

Test Rig
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Steering model (Rack & Pinion)Steering model (Rack & Pinion)

Template  Subsystem  Front test assembly

Front Suspension
Test Rig

Rack & Pinion
Template

Parameter Input



Vehicle Dynamics Lab, GSAEKVehicle Dynamics Lab, GSVehicle Dynamics Lab, GSAEAEKK

Rear suspension modelRear suspension model

Template  Subsystem  Rear Suspension test assembly

Dual Link Template

Parameter Input

Rear Suspension
Test Rig
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Flexible Body ModelingFlexible Body Modeling

Twist BeamTwist Beam

FE VIBRATION ANALYSIS
(OUT FILE)

TOPOLOGY
MODE SHAPES

MODAL MASS MATRICES
MODAL STIFFNESS MATRICES

FINITE ELEMENT 
MODEL DATA

TRANSLATOR
(MNF FILE)

TOPOLOGY
SELECTED MODE SHAPES
MODAL MASS MATRICES

MODAL STIFFNESS MATRICES

DIRECT MATRIX 
ABSTRACTION 

PROGRAM
(DMAP)

KINEMATIC MODEL
(ADAMS FILE)

TOPOLOGY
JOINT
BODY

REFERENCE FRAME

FLEXIBLE BODY

STATIC / DYNAMIC ANALYSIS

SUSPENSION MODEL

MSC/NASTRAN

ADAMS

FULL VEHICLE MODEL

Car BodyCar Body
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Front Suspension Ride AnalysisFront Suspension Ride Analysis
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Rear Suspension Ride AnalysisRear Suspension Ride Analysis
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Front Suspension Roll AnalysisFront Suspension Roll Analysis
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Rear Suspension Roll AnalysisRear Suspension Roll Analysis
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Steer Analysis Steer Analysis 
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Model Validation with K&C Test ResultsModel Validation with K&C Test Results

Kinematics
Ride
Roll
Steer

Compliance
Force
Moment
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Full Vehicle Model & Handling SimulationFull Vehicle Model & Handling Simulation
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ConclusionsConclusions

CAE Tools have changed the best practice in vehicle 
product development.

Multibody dynamic software is a key technology in virtual 
prototyping of vehicle dynamic systems.

The template-based multibody modeling tool is very 
effective for design engineers’ involvement in simulation 
tasks.
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