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ANSYS Motion



What is Multibody Dynamic (MBD) Analysis?

• It is a means of analyzing the dynamic behavior of a system of 
interconnected bodies consisting of rigid and/or flexible components.

Parts are 
modeled as 
rigid and/or 
flexible

Parts are connected 
at Joints which allow 
some relative motion Slot Joint Load drives 

the base of the plate 
up and down



Introduction

Ansys Dynamics
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Dynamics
Modal Harmonic Response

Modal Superposition

Linear Transient 

Dynamic
Spectrum Harmonic Response

Response Spectrum Random Vibration

Rigid Dynamics Flexible DynamicsAnsys Motion
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Introduction

Three Multibody Dynamic Analysis types are available:

Rigid Multibody Dynamics

‐ Consists mainly of rigid bodies

‐ May include condensed parts (CMS super elements)

‐ Motion due only to joints/contacts

‐ Goal is determination of Motion and Forces

‐ Few degrees of freedom, fast solves

‐ Best suited for short duration large deformation analysis

‐ Large deformation and large rotations capabilities

‐ Based on energy conservation

Nonlinear Transient 

Dynamics

Rigid Dynamics Flexible DynamicsAnsys Motion
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Introduction

Flexible Multibody Dynamics

• Consists of rigid and/or flexible bodies

• All types of nonlinearities are allowed

• Motion due to joints/contacts and 

flexible part deformation

• Goal is determination of Motion, 

Forces, Deformations,  and Stresses

• Longer solves, but more results data

• CMS available to speed-up solves

Nonlinear Transient 

Dynamics

Rigid Dynamics Flexible DynamicsAnsys Motion
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Introduction

Ansys Motion

• Consists of rigid bodies, modal bodies and/or 

nodal bodies

• All types of nonlinearities are allowed

• Motion due to joints/contacts and flexible part 

deformation

• Goal is determination of Motion, Forces, 

Deformations,  and Stresses

• Recommended for high-speed large rotation 

systems

• Robust for 3D contacts systems

• Can be performed by “Motion” analysis 

system

• Specific toolkits available

Nonlinear Transient 

Dynamics

Rigid Dynamics Flexible DynamicsAnsys Motion
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Ansys Motion

Main Package Capabilities

• Multibody Dynamics

• Strength/Fatigue

• NVH (Linear & Transient)

• Heat Transfer

• FMI/FMU

Advanced toolkits

Auto Ride & HandlingTracks, Chains And Belts Gears, Bearings, Shafts Meshfree Flexible Solver

LINKS DRIVETRAIN CAR EASYFLEX

Transient Stress Analysis of Brake Assembly

14



Ansys Motion ACT Application

Ansys Motion Standalone Ansys Motion in Workbench

Provides the power of the Ansys Workbench and 
Mechanical Environments to facilitate the preprocessing 
of Ansys Motion models.

Preprocessor
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Ansys Motion ACT Application

Ansys Motion Standalone
Ansys Motion in Workbench

• Only deformation, velocity and acceleration are 
available in Mechanical
• Ansys Motion postprocessor can be opened directly 
from Mechanical for others results

Postprocessor
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- Compute electromagnetic 
force of a rotor and stator

- MBD simulation of a complete 
assembly of E-powertrain system

- Whole system driven by EM force
- Surface velocity calculated and 

exported

- High-fidelity acoustic simulation 
based on surface velocity 
calculated by Motion

- Calculate propagated sound 
pressure in near and far field

- Order analysis
- Psychoacoustics 

analysis
- Mix and comparison 

with measurements

Ansys Maxwell Ansys Motion Ansys Mechanical
Ansys VRX 

Sound
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Noise Sources of E-Drivetrain

• Electromagnetic (EM) Force of a E-Motor
‐ EM force on a rotor and stator excites a structure

‐ The vibration of the rotor and stator transmitted to a housing which generates noise

‐ Generally induces high-frequency vibration and noise

EM excitation

EM harmonic

EM Forces EM Forces mapped to the structure Acceleration Waterfall 
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E-Drivetrain NVH Workflow: Electromagnetics

• Ansys Maxwell: Flagship Low-Frequency Electromagnetic Solver
‐ Calculation of electromagnetic (EM) forces on both a rotor and stator in time domain

‐ 2D/3D and Periodic/Full model of a motor can be simulated.

‐ The effect of skew, eccentricity, switching frequency can be considered.

Magnetic Field Magnetic Forces Force on Stator Teeth
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E-Drivetrain NVH Workflow: EM Force Mapping

Ansys Maxwell Ansys Motion

FE bodies of a rotor and stator Mapped EM forces

Rotor force

Stator force

EM force calculation

Transfer
EM Forces

• EM force mapped from an electromagnetics model to a FE structural model

• The entire E-drivetrain system driven and excited by the mapped EM forces

• Object-based (lumped force) and mesh-based (distributed force) mapping 
available
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E-Drivetrain NVH Workflow: Multi-Body Dynamics

• Ansys Motion: The 3rd Generation Multi-Body Dynamics (MBD) Solver
‐ General-purpose MBD solver

‐ Provides the advanced toolkits: Links, Drivetrain, Car and EasyFlex

Gear Bearing Shaft Housing

System
NVH

Analysis
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E-Drivetrain NVH Workflow: Multi-Body Dynamics

Shaft Modeling Bearing Modeling Gear Modeling Housing Modeling

• Thin-slice model
• Specialized gear contact algorithm
• FE tooth stiffness
• Micro geometry modification

• Beam/FE/EasyFlex shaft
• Auto assembly with the components
• Component analysis for a deflection 

and mode shape

• Variable stiffness with the elastic 
deformation

• Support the simple bearing (with 
stiffness matrix)

• Library from major bearing 
manufacturers (SKF, FAG, NSK, KOYO)

• FE/EasyFlex housing
• Eigenvalue analysis for the modal 

body
• Structural analysis with the finite 

element method
• Component analysis for a deflection 

and mode shape

Beam

FE

EasyFlex

‐ Ball ‐ Roller

Sliding Bearing

External Gear

Rolling Bearing

Internal Gear

Planetary Gear Rack and Pinion

Cross Helical

Dynamic Analysis
& Post-processing

FE

EasyFlex

EHD Bearing



Setting gearset



Setting rolling



Setting shaft



Assemble
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E-Drivetrain NVH Workflow: Multi-Body Dynamics

GearBearing

Shaft

Drivetrain

Drivetrain

EasyFlex

Drivetrain

Drivetrain 
System

Motor Housing

Rotor Stator

EasyFlex EasyFlex

EasyFlex

EM Force

Drivetrain

HousingAcceleration
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Noise Sources of E-Drivetrain

• Gear Train

Fr
eq
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BRG Clearance/Stiffness, Rigid 
housing, etc.

Gear whine Gear rattle Gear fault

RPM

RPM RPM

Bearing

RPM RPM RPM
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Noise Sources of E-Drivetrain: Gear Train

Whine noise Rattle noise

Causes

▪ Time-varying mesh stiffness
▪ Manufacturing error
▪ Assemble error

▪ Varying driving torque/speed
▪ Large backlash
▪ Load fluctuation

Characteristics

▪ High frequency noise.
▪ Related to the rotational speed.
▪ Harmonic components.

▪ Impulsive noise
▪ Broad-band noise

Sources

▪ Periodic excitation force due to No. of tooth
▪ Peak to Peak transmission error
▪ One side contact

▪ Impulsive mesh force
▪ Unstable one side contact or two side contact

Result

RPM

Hz

RPM

Hz

Acceleration Acceleration

Contact 
Force

Contact 
Force



Types of NVH problems(gear whine)



Types of NVH problems(gear rattle)
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Types of NVH problems(gear fault)

• Gear Fault

Without gear fault With gear fault

STFT STFT

Rattle

… 



Types of NVH problems(EM force)



Types of NVH problems(EM force)
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E-Drivetrain NVH Workflow: Velocity Mapping

• The velocity of the outer surface of the housing is 
mapped to the acoustics domain

• Automatic data transfer from Ansys Motion to Ansys 
Mechanical in Workbench



Setting enclosure 



Named selection on the interface



Radiation boundary



Import velocity
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E-Drivetrain NVH Workflow: Harmonic Acoustics Analysis

• Ansys Mechanical provides high-fidelity acoustics solver in frequency domain

• Estimation of the noise radiated from the vibrating housing of the E-drivetrain

• SPL, SWL and directivity patterns can be calculated

Acoustic Mesh

Radiation BC

SPL 

Directivity

SPL vs Frequency & RPM
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E-Drivetrain NVH Workflow: Postprocessing of Simulated Noise

• Ansys VRX Sound enables further 
analysis of the simulated noise from 
Ansys Mechanical
‐ Listen to the simulated noise
‐ Order analysis
‐ Psychoacoustics analysis
‐ Noise isolation

Motor order 24:
1st harmonic

Motor order 48:
2nd harmonic

Gear whine isolatedMotor noise isolated

Loudness Sharpness

GMF2

GMF1
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Summary

• The integrated, Multiphysics workflow for the E-Drivetrain NVH analysis
‐ Electromagnetic simulation to calculate the EM forces of a motor
‐ Multi-body dynamics simulation to calculate structural response considering the motor and 

gear excitation
‐ Acoustics simulation to predict the noise 
‐ Listen to the simulated noise
‐ Psychoacoustic analysis to quantify human perception of noise

• Orders related to gear mesh and motor captured accurately in vibration and 
noise generated from the E-Drivetrain

• Such a workflow demonstrated enables engineers;
‐ To reflect motor design, gear design, selection of bearings and housing design
‐ To evaluate the NVH performance of E-powertrain in early design stage
‐ To expedite design iterations to reduce noise


