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MAE

1. Magnetic Field Solution

2. Modal and Vibration

3. Acoustic

el
Type: Sound Pressure Level
Frequency: 1400, Hz
Amplitude

Unit: dB
3/14/2018 5:38 PM

164.56 Max
153.54
142,53
13152

1205

109.49
95,474
a7.46

T76.445
65.431 Min

5000.

o
o
=]
1

o

o

S
I

2000

) Force [I\Illmeter]
=]
o
o
L

-2500
5

Time [ms]

T
ET1e
<

.

Frequency [Hz]

13 =

4550.
4100.
3650.
3200.
2750.
2300.
1850.
=

QL 1400,
[a's

950.

500, [

22,222 16867 33511 50156 6680. B344.5 10009 11673 13338 15002 16667

Frequency [Hz

©2020ANSYS, Inc.

Confidential

4. \VRxperience

(]
@ LIS G AF NG -~ £ HOBTIUN = X| 3|5
. | a2 ® 2
- "
20000Hz
15000Mz
0000Hz
50001
[ P Waterfall_Sound synthesis ==
1Pa Ol A
0Pa
> v
-1Pa 2
o0s Ss 10s [
< > B[R

CADMEN

Taiwan Auto-Design Co.



Project schematic

v v Y4

- A - B - E - b - E

1 1 1 1 .
2 & Geometry T e @]} Geometry " 4 2 Q EngineeringData " MW 2 Q Engineering Data v 4 2 Q Engineering Data v 4
3 Setup v Geometry \l3 @i} Geometry Pty W Geometry v 4 K W Geometry v 4
4 JF solution F 4 @ Model v W4 @ Model v . 4 @ Model v 4
LSSM1_Houging 5 @4 setup v 4 5 @ setup v o4 ’,,,P'E @ setup v 4
b Solution v 4 & Solution v = ] Solution v 4
7 @ Results v 4 7 @ Results v 4 7 @ Results v 4

- Modal LS5M1 H_2D0_E LS5M1_A_2D_E

- F

1
2 & Geometry

3 Setup v

4 ,E? Solution v

LSSM1_M_2D_E

Y C ADMEN

©2020 ANSYS, Inc. / Confidential




ANSYS Motion
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What is Multibody Dynamic (MBD) Analysis?

* |t is a means of analyzing the dynamic behavior of a system of
interconnected bodies consisting of rigid and/or flexible components.
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Introduction

|
- Modal Harmonic Response

Linear Transient
Dynamic

Modal Superposition

Spectrum Harmonic Response

Response Spectrum Random Vibration
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Introduction

Three Multibody Dynamic Analysis types are available:
Rigid Multibody Dynamics

Ansys Motion Rigid 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

Y C A DM EN
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Introduction

Flexible Multibody Dynamics

« Consists of rigid and/or flexible bodies [ Ansys Motion } [ Rigid Dynamics }
« All types of nonlinearities are allowed

« Motion due to joints/contacts and
flexible part deformation

« Goalis determination of Motion,
Forces, Deformations, and Stresses

« Longer solves, but more results data
« CMS available to speed-up solves

CADMEN
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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

©2020 ANSYS, Inc. / Confidential

[ Ansys Motion } [ Rigid Dynamics }

A: ANSYS Motion

Total Deformation 6
Type: Total Deformation
Unit: mm

Time: 10,

425.61 Max
37832
331.03
283.74
236,45
189.16
141.87
94,579
47.29

0 Min
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Transient Stress Analysis of Brake Assembly

Ansys Motion

Main Package Capabilities
« Multibody Dynamics

« Strength/Fatigue

 NVH (Linear & Transient)
« Heat Transfer

 FMI/FMU
Advanced toolkits
LINKS DRIVETRAIN CAR EASYFLEX
== )
Tracks, Chains And Belts Gears, Bearings, Shafts Auto Ride & Handling Meshfree Flexible Solver
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Ansys Motion ACT Application

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

Ansys Motion Standalone POStprocessor

Ansys Motion in Workbench

Q. C G.:'-8. . EEONOOEDOS. LDEEECNNE.

A: ANSYS Motion

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1,

165.17 Max
146.81
| 128.46

Classic postprocessor

6.2835e-10 Min

* Only deformation, velocity and acceleration are
available in Mechanical

* Ansys Motion postprocessor can be opened directly
from Mechanical for others results
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(@) Ansys Maxwell

Compute electromagnetic
force of a rotor and stator

[4 Ansys Motion

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

- Whole system driven by EM force

- Surface velocity calculated and
exported

©2020ANSYS, Inc.

Ansys Mechanical

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

- Calculate propagated sound
pressure in near and far field

Confidential

Ansys VRX
Sound

Order analysis
Psychoacoustics
analysis

Mix and comparison
with measurements
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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 Forces EM Forces mapped to the structure Acceleration Waterfall

<€4—EM harmonic

0 4000 8000 12000 16000

RPM
Y C A DM EN
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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

/ |
o

E

/ ]
i b3
_ 5]
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E-Drivetrain NVH Workflow: EM Force Mapping

« 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

(&)

—> Rotor force

Transfer —> Stator force

EM Forces

FE bodies of a rotor and stator Mapped EM forces

CADMEN
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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

Shaft Housing

System
NVH
Analysis

CADMEN

Taiwan Auto-Design Co.

22 ©2020 ANSYS, Inc. / Confidential



E-Drivetrain

NVH Workflow: Multi-Body Dynamics

Shaft Modeling

Beam/FE/EasyFlex shaft

Auto assembly with the components
Component analysis for a deflection
and mode shape

Beam A AT

FE

EasyFlex

Bearing Modeling

. Variable stiffness with the elastic .
deformation .
. Support the simple bearing (with .
stiffness matrix) .

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

Rolling Bearing

- Ball - Roller

Sliding Bearing EHD Bearing

Gear Modeling
" AN

Thin-slice model

Specialized gear contact algorithm
FE tooth stiffness

Micro geometry modification

External Gear Internal Gear

> b

Planetary Gear

Rack and Pinion

Cross Helical ot @

‘ ‘ Housing Modeling

. FE/EasyFlex housing
body
element method

and mode shape

FE

EasyFlex

. Eigenvalue analysis for the modal
. Structural analysis with the finite

. Component analysis for a deflection

\'. Dynamic Analysis

& Post-processing

©2020 ANSYS, Inc.
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Settin

Gear 5et

Creation method

® New (JKISSsoft () Copy
Gear Type Helical
Hand of Helix (®) Right
Number of Gear 2
Specification
Gear Name Gearl
Madule(m) 2402
Pressure Angle(a) 165
Helix Angle(B) 34
Mumber of Teeth(z1, 22) 19
Profile Shift Coeficient(x1, 2} |g23
Face Width(w1, w2) an
Center Distance a0

Color

Name GearSet_01

Show Designer

Y Apply %

gearset

Gear2

43
-0.1949

28

®

Cancel

Set

Reducer.dfdtn’ GearSet_01.dfhgs

General Gears Gear Pairs

Name of Gear Set |Gear8&t_01 |

MNumber of Gear |2 |

1st 2nd
Gear name [Si==Igl Gear2

MNumber of Gear Pair | 1

GearPair1

Geart

Driven |Gear2

Color |

(=7 Show advanced option

+ [PosZ| =
# X

L 4

General | Gears | Gear Pairs | Advanced Option

Basic Involute | Tool | Tolerance | Modification

) Addendum Coefficient 1
(®) Actual Tip Diameter 62.6

) Dedendum Coefficient 123

(®) Actual Whole Depth 6.6

(®) Profile Shift Coefficient | 0.23

() Back Lash 0
Tool Tip Radius 0.2
& Apply

Material

Gearl

Run Qut'Pitch Error | Web | Tooth Stiffness | Summary

Gear2

1282

1.25
6.6

-0.1948

0.2
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Setting rolling

Bore ([ d ) 35
Bearing Cuter diameter ( D ) 62
Diata type User Input v

Width [ B ) 145

Bearing Type

~ 1 [

&  Apply

General Dimensions Internal  Component Analysis

Cuter raceway groove radius [ Ty ]

Inner raceway groove radius { 1} ]
&, /

Inner Color
Quter Colar _

Mame Rolling_Input_01
Show Designer

J Apply A 4 Cancel

<  Apply

General | Dimensions | Internal | Component Analysis

Ball pitch diameter { @ ) 435
Mumber of ball { Ny ) 10
Ball diameter { M) 10
!jni;ﬁqrertzfewa? shoulder (dyylan
E)cl.ljrteer raceway shoulder ( Dy /56
Rounding radius { T ) 05

Radial internal clearance [ Pg )
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Setting shaft

Final shape of Shaft_Input

! 3
& AS04 =
12

Section_D1 | Section_02 | Section_03 | Section_04 Section_01 | Section_02 | Section_03 | Section_04 Section_01 | Section_02 | Section_03 | Section_04
Mame Section_071 Name Section_02 Name Section_03
Lenath 13.5 Length 1.5 Length 9.4
Eccentricity 0 Eccentricity o Eccentricity 0
Cross Section HOLLOW CIRCULAR v Cross Section HOLLOW TAPERED v Cross Section HOLLOW CIRCULAR v
Cuter Diameter 275 Outer Start Diameter |20 26794 Outer Diameter 31
Inner Dismeler 20 Outer End Diameter |31 Inner Diameter 20
Inner Start Diameter |20
Inner End Diameter |20
&  Apply & Apply <  Apply
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Assemble

Shape in Designer Shape in Subsystem
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E-Drivetrain NVH Workflow: Multi-Body Dynamics
Drivetrain Motor Housing \

\nsys MOTIO

Rotor Stator

nsys MAXWELL
e EM Force

Acceleration .
Housing

Frequency (Hz)

28 ©2020 ANSYS, Inc. / Confidential

Motor Speed (RPM)
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Noise Sources of E-Drivetrain

e Gear Train

Gear whine Gear rattle Gear fault Bearing

Frequency[Hz]

RPM RPM RPM

BRG Clearance/Stiffness, Rigid
housing, etc.

—CADMEN
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Noise Sources of E-Drivetrain: Gear Train

Causes

Characteristics

Sources

;;;;;

e

Result = =

115835

Time-varying mesh stiffness
Manufacturing error
Assemble error

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

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

Contact

|—0ch
| | h P ¥

f JNJ J fk{\ ’\ M \‘]N\UJ \\J
| /

Hz

Acceleration

. l'"M .

Varying driving torque/speed
Large backlash
Load fluctuation

Impulsive noise
Broad-band noise

Impulsive mesh force
Unstable one side contact or two side contact

Contact
Force

* %

Acceleration

. ,.“;;TW}*
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Base
Madified

CADMEN
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Types of NVH problems(gear whine)

-

How can improve

Reduces the excitation force of the gear by improving the tooth characteristics through tooth shape correction

Profile Relief Lead Crown Lead Slope

Profile Slope

Profile Crown
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Types of NVH problems(gear rattle)

* The gear rattle noise happens in transmission system due to the torque fluctuation from the output shaft. Such a
vibratory energy excitation of the gear teeth within the working clearance generates the annoying rattle noise.

How to improve?

. Increase the torque, higher than the minimum required
torque
. reduce the backlash of gear (use anti-backlash gear)

10000

STFT with High Torque(case3)
9000
GMF 1-2
8000

GMF 1-1

GMF 2-2

Frequency(Hz)

Acceleration

GMF 2-1

Backlash
(transverse operation)

GMF 1-2

GMF 1-1

¢~ GMF2-2

Frequency(Hz)

Rattle

GMF 2-1
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Types of NVH problems(gear fault)

e Gear Fault

Without gear fault With gear fault

001 Mn:000000000E-000 = Max:307208595E-001

X 9995045406001 Y 29500429€-001 M 000000000E+000 | Miax: 257372881E-001
DAFUL Postprocessor Chart < ) DAFUL Postprocessor Chart
T —r—
0.298 ¢
0.29 NN
AN N\ =03 v
=0.294 2 =
E — it . k‘_\ E
g0 = — > 50.295
0.29 by A S 0.29
B 0288 & . B -
286 Lo - 0.28
1102 104 106 108 11 112 144 1 102 1.04 106  1.08 1.1 112 1.14
X Time(s)

Y /D =1\

Taiwan Auto-Design Co.
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Types of NVH problems(EM force)

* Additional excitation force coming from electromagnetic force needs to be considered as it can cause system

resonance.

NANSYS

Maxwell

Mapping

How can improve?

Confidential

STFT

Order
Tracking

S Experiment
m— Analysis

~

» Design plan to reduce electromagnetic excitation (Skew condition, etc.)
» System mode change to avoid problem areas

©2020 ANSYS, Inc.
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Types of NVH problems(EM force)

* To improve NVH performance, check the deformation mode at the resonant frequency and find the part that
needs reinforcement,

Acceleratlon FFT
10000.00
600000.00
— B8000.00 3226.98Hz
<. 400000.00 o
£ £ 6000.00
£ 200000.00 E
= [T
2 - 4000.00
® 0.00 2
© S 2000.00
g -200000.00 =
= 0.00 H
-400000.00
-2000.00
-600000.00 | | |
0.00 2000.00 400000 6000.00 8000.00 10000.00
Sensing Point 0. 1.00 1.50 00 2.50 Time[s Frequency[Hz]
- Measure the X-axis acceleration Mode contribution
Howte Improve? —
« Reinforcement of the structural strength
of the housing (mode 91th) is required to -
reduce noise.
91th Mode
3226.98Hz

Mode check affecting resonance frequency(3226.98Hz)

CADMEN
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E-Drivetrain NVH Workflow: Velocity Mapping

| o : T T

 The velocity of the outer surface of the housing is - I - s
mapped to the acoustics domain 0w < —- . .

« Automatic data transfer from Ansys Motion to Ansys o o

Mechanical in Workbench

Ecternal Data

CADMEN
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Setting enclosure

@
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Model (A4, B4)
@ Geometry
%@ endosure Geometry

X @ Solldll 104272001 258 PM
x @ Solid111 L Eoy
x@ Solid11
x @ Solid111
X @ Solid1i11
x @ Solid1

/5 Materials

< Coordinate Systems

/%) Connections

- %0 Mesh

& Named Selections
/2] Harmonic Acoustics (BS)
/T-0 Pre-Stress/Modal (None)
«Eﬂ Analysis Settings
/% Acoustics Region
- 0% Radiation Boundary
B3 Imported Load (C2)
[+ %) Solution (B6)

Details of "Multiple Selection”
S| Graphics Properties

+

+

+

Visible
Glow
Shininess
Transparency
Color
Specularity
Definition
Suppressed
ID (Beta)
Stiffness Behavior
Coordinate System
Reference Temperature
Treatment
Material
Assignment
Nonlinear Effects
Thermal Strain Effects
Bounding Box
Properties
Statistics

Yes

0
1
0

32

1

No

Flexible
Default

Coordinate System

By Environment

None

Air
Yes
Yes
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Named selection on the interface

Inner
(@ Model (A4, B4) 10/27/2021 3:08 PM
/08 Geometry
: . Inner

[+ A5 Materials

- -~ +1< Coordinate Systems

”, ’:’ Connections

QIJ Mesh

= g Named Selections

w0 Inner

= --,,Eﬂ Harmonic Acoustics (B5)
- 4T=0 Pre-Stress/Modal (None)
,,H:ﬂ Analysis Settings
/%@ Acoustics Region
- % Radiation Boundary

‘,":' Imported Load (C2)

+- /& Solution (B6)
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Radiation boundary

(@ Model (A4, B4)

----- T Geometry

----- /(5 Materials

---- 5 Coordinate Systems

v‘ Connections Details of "Radiation Boundary"
..... @ Mesh -|| Scope '
_____ Q@ Named Selections Scoping Method | Geometry Selection
g = :
=-l] Harmonic Acoustics (B5) i i
: ’ -/ Definition
i 720 Pre-Stress/Modal (None) :
. ,J] Analysis Settings B |72
4 Y . 'g Type Radiation Boundary
F ,/-% Acoustics Region Suppressed No

- 4@ Radiation Boundary
»»»»» +5) Imported Load (C2)

©2020ANSYS, Inc.
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B: Harmonic Acoustics
Aroustics Region
Freguency:
1072772021 313 P M

. Acoutics

B: Harmonic Acoustics
Asdiation Boundany
Frequency: 0 Hr
1272021 316 P

B Fadistion Boundary
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Import velocity

Details of "Imported Velocity"

-|| Scope
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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

Ansys
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E-Drivetrain NVH Workflow: Postprocessing of Simulated Noise

Motor order 48:
2" harmonic

« 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:
15t harmonic
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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
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