Predict and reduce gear
/hine noise 5 times faster

2nerate transmission gearbox models automatically
000st vibro-acoustic performance

Unrestricted © Siemens AG 2019 Realize innovation.




Transmission Engineering Challenges SIEMENS
Ihg,ev\uffy-foruft

Guarantee Performance and Durability Reduce Time for Simulation

80% of time for manual model creation

Results
Analysis

Unrestricted © Siemens AG 2019
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Transmission Engineering Process SIEMENS
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Typical process for NVH analysis

Transmission layout
(stages, dimensions)

Transmission Error or
Stiffness, parameters

Pre-processing of loads or
surface vibrations

ey . Multi-body simulation Acoustics, NVH
"gFal = Gear-centric tool _ _ )

] ST s : : « Simulation of forces + Gear whine

e » Analysis of gear pairs _ |

m{i=R ’ and dynamics «  Gear rattle

' Positioning, dimensions... ’

More efficient process in Simcenter 3D

End-to-end integrated process for transmission

e z""g simulation from CAD to Loads to Noise
=i MimeGes Transmission Builder - Motion - Motion-to-Acoustics
3] A > Acoustic Analysis

i = « Automatic creation of multi-body simulation models

Accurate 3D simulation of gear forces
Semi-automatic link of gear forces to vibro-acoustics
Efficient and accurate acoustic simulations

Page 3 2019-05-08 Siemens PLM Software
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Transmission Engineering Process SIEMENS
Iugzw\uffy-fbr&}[a

Typical process for NVH analysis

Transmission layout
(stages, dimensions)

Transmission Error or
Stiffness, parameters

Pre-processing of loads or
surface vibrations

ey . Multi-body simulation Acoustics, NVH
"gFal = Gear-centric tool _ _ !

] ST s : : « Simulation of forces + Gear whine

e » Analysis of gear pairs _ |

m{i=R ’ and dynamics | «  Gear rattle

' Positioning, dimensions... ’

More efficient process in Simcenter 3D

End-to-end integrated process for transmission

>y z""g simulation from CAD to Loads to Noise
=i MimeGes Transmission Builder - Motion - Motion-to-Acoustics
i i e - Acoustic Analysis

= %@E &E; e « Automatic creation of multi-body simulation models
e » Accurate 3D simulation of gear forces

Semi-automatic link of gear forces to vibro-acoustics
Efficient and accurate acoustic simulations

Page 5 2019-05-08 Siemens PLM Software



SIEMENS

Ihg,eb\uffy for ufe

Multi-Body Simulation of Transmissions

Unrestricted © Siemens AG 2019
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Multi-Body Simulation SIEMENS
Scope lngenuity for Uife

Predicting, Analyzing, Improving the positions, velocities, accelerations and loads of a
mechatronic system using an accurate and robust 3D multi-body simulation approach

Unrestricted © Siemens AG 2019
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Simcenter 3D Motion for Transmission Simulation SIEMENS

Critical features lngenuity for life
Mechatronic Systems Flexible Bodies
* Integration with tools for robust design of » Predict mechanical system more accurately wrt
complex non-linear multi-physics systems: displacements and loads
control systems, sensors, electric motors, etc « Gain insight in frequency response of a
Y WO e O R T Y mechanism

» Enable Noise, Vibration & Harshness (NVH) as
well as Durability analyses

___IeNIY
12681

; .
] -og" x,,r g it : £ MAT]_JAB E .
SR = e

Simcenter Amesim

Unrestricted © Siemens AG 2019
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Multi-Body Simulation SIEMENS
Industry Modelling Practices lngenuity for life

Automation / Customization

A manual creation process can consume 80%
of time!

D
TEST
data

I 1 I I [ |
(I I | | . . . I« Time domain I
I Create gear 1. Joint 1 = o 1 Linear Flexible Bodies 1 | * Deformations
i geometry I Dl . . « Statics, dynamic 1
. I . Nonlinearity (geometric & I ’ ’ « Load
| v CAE interf | + Constraints * Motor - : | i | oacs
Intérrace I I materials) by running FE + Mechatronics / control .
: v Import CAD : + Bearings I+ Contacts, Friction [ code I : * Transmission Error
| | I
I 1 I I [ |
| | 1 1 1 1

Unrestricted © Siemens AG 2019
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SIEMENS
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Multi-Body Simulation of Transmissions

B Transmission Builder

Unrestricted © Siemens AG 2019
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New Approach SIEMENS
Transmission Builder Vertical Application lngenuity for ife

Problem: Even experienced 3D-Multi Body Simulation experts can struggle to
1. Model complex parametric transmissions
2. Capture all relevant effects correctly and efficiently
3. Update and validate their models

Solution: Transmission Builder = Up to 5x faster Model creation process

g4

o 102831 o 5 nis =
z - . Moce ceatan somcen
56 RE]EB = . i—— ——
¥ = s6 W || Open  Se | S P sate | e e erpme een o
e Sy covuron ot Corvme | G (a2 et
7 . e o eaeed = A Bustont
s & & 1% — 7o .o [ [
[ g2 | &3 an S | e & b
. Z Gp1 Z Egs oman Ot e | rambn s el [
4a) [r———
7 X | H || = s5 | e Ol [@] | i
g b e m -
L I il )
Z5: %o 4 FrAgFaY; s il o
» S B |t | ctpmt] | oeieram e "
= g1 Zsa ” Pt contt
Gs1 53, il RO s Lo Treay— o ol = o
s1 a1 91 Caurnr St
= 53 (m)] g| 54 e Lo
= L s v
aowsrthe | &3 || | comams
3 a A I VA e i - st
— s sufe
s ey I -
& ke Za % i g -
B2 Rigid connection it ouia o\ v T
by L]
é % O Spline connec tion
7 e@-\ Cylindrical roller bearing P i
. T . X Carbgntan o .
- %// @E ‘]Q lapered roller bearings 112330 P Gt e omnt . R

Gear train specification

based on Industry standards

Simcenter Transmission _ : _
: Multibody simulation model
Builder

Siemens PLM Software
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Demonstration SIEMENS
Model Creation and Updating lngenuity for life

R .
SC ke 4 &~ 54 Transmission Builder | model file : D:\Temp\TB examples (Simcenter/\Model_NREL (with flexible joints with modified profile shift)xml* - o X SIEMENS . & X

Home Tools Develd - LliI~@

. - 2 o » ] gdg;::::nf:m C position Material manager FE Preprocessor
1. Loading of pre-defined e B W [e B EH B Sxmem 7 s = —— SIEMENS
New Open QOpen a Import Si New Open Save Save As Crede:%ﬁ e geans crogeometry manager |
. . Recent Part ~ Input
Transl I I ISSIO n System configuration Shaftl P P1_Canier GearPair: Gear2-Geard N
= Menu- =% NREL GRC Gearbox oo e oty N
o " e-f s1 @ Number of sections: 1 2
e | Lo Shaftt : E . x
» i | L0 Bearing1 Standand system anetary system [ Mo L fmm) 0.D. (L) [mm] 0.D. (R) fmm] 1D. (L) frm] 1.0. (R) fmm]
Older Entries @ P1_Sun © Double pirion
2. Geometry creation & | [ P Carir Conponats o 30
" 5 Past Week {08 P1_Ring
@ Inferred Inferre E'ﬁ s2 {@:3 @ rm—J
| l.db shaft2 el i
i O Bearing2
<h) ﬂ’ o4 s3 Tieeview.conti
\Jl i b Shaft3 "

g db Spline @] Expand al Collapse al Component positions on a sf

3. Creation of rigid bodies for | . ..o s | ctse - - —

Component Position (z) fmm] Mounting type

Ditemp fro Connection list T
gearwheels and shafts ) Gonnection Pt sctnfocomc T goe  oee B
Shaft1-P1_Carrier Fat —‘ P1_Camer 337 ‘E] FIXED RIGID [va

P1_Carrier-Shaft2

4 P1_Sun-Shat3 e [ ]
% G i 2 < W
4. Positioning and Joint- brm— | '
definition | —
oot . jE—
=N (i ) i
5. Force element creation = B R ’

Create a new file or open an exisling_

Unrestricted © Siemens AG 2019
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SIEMENS
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Multi-Body Simulation of Transmissions

M Transmission Builder
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New Solver Methodologies
Simulating and Validating

Validation cases ensure results
as accurate as non-linear Finite

Elements simulation

T =

DELLA CALABR]A —

Unrestricted © Siemens AG 2019
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thar 15

SIEMENS
Ihg,eb\uf(y-for&}[t

VY YY VY YV VY

Measured Transmission Error|]
Analytical Method
Siemens STS Advanced Method

44 45 46 4T
Siemens PLM Software



Dedicating Tooth Contact SIEMENS
Ihg,eb\uf(y-for&}[t

Exploiting intrinsic geometric properties of gears FE based contact detection

+ Efficient
- Only for gears, not for arbitrary shapes - “Brute force” - Slow
- No deformation included + Any geometry
But, included as part of the Load Calculation + Deformation effects included

Unrestricted © Siemens AG 2019
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Gear Contact SIEMENS
Methodology Highlights lngenuity for life

Modeling — FE Preprocessor

Key Features

= +

Total deformation Global Deformation Local Deformation L I n CI u d eS M i C rog eo m etry M Od ifi Cati 0 nS an d

(numer ical solution) (analytic solution)
Local Deformation — Analytic Solution Misalignments in all DOF

}

- Automatically takes in to account coupling
between slices and between teeth

A
4

Slicing — Gear Force Distribution Along Line of Action

b
\

Hertzian préssure profile

- Accounts for actual gear body geometry with
advanced stiffness formulation

- Evaluates tip contact (approximation)

Unrestricted © Siemens AG 2019
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SIEMENS
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Multi-Body Simulation of Transmissions

M Transmission Builder
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Multi-Body Simulation of Transmissions SIEMENS
Summary lngenuity for life

Gear simulation as
accurate as FE while
extremely fast

Validated
methodology

Automated creation of TN Superior insight in
transmission models » A W transmission vibrations

Frequency [Hz]

Unrestricted © Siemens AG 2019
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Simcenter 3D Motion
Simulate Transmission

* Create CAD + MBD model

& simcenter Transmission Builder | model file : CASimulation\SC2019_T\Gearbox_SC_Motion_new\Model\AutomativeTransmissionxmi

File Model Tools Help
=]

EBEA

181 Shaltl GearPair: Geard-Gear3d
o2 Shaftl Geometry
g Gearl Number of sectians: =
Bearing]

© Boaring? No L fmm] oD 0D. (R) L0 (L) fmm] | LD. (R) mm]

1 Shaft2

0 Gear2

0 Geard

© Bearing3

© Boaringd

aelisa

g Z’:ﬁ Component positians on a shaft

o Bm'"gs Camponent Position (z) Maunting type | Joint typs | Connected to
Bearing1 0 I~ FIXED I RIGID Ground =
Bearing2 416 I~ FIXED I RIGID Ground [=]

- Add flexible modes (Autoflex)
- Setup load cases

Unrestricted © Siemens AG 2019
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Lo pL| (ARTE] Part2 =L | pinion Whee [

Component Positions || Compute Gears || Material Manager | Microgeometry | FE Preprocesso!

Simulate

RPM(rpm)

RPM(rpm)

1500
1011.26

5030.9

4500
4000
3500
3000
2500
2000

SIEMENS

Ihg,ehuf(y for uft

Mic1 [424501], Scalar, DATA SOURCE 1
T ;

g
@
2
c
2
@

1500

1011.26

RO e R R A

I ! — =

[ T — ; |

-
@
=]

100 120 140
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Transmission Engineering Process SIEMENS
Iugzw\uffy-fbr&}[a

Typical process for NVH analysis

Transmission layout
(stages, dimensions)

Transmission Error or
Stiffness, parameters

Pre-processing of loads or
surface vibrations

ey . Multi-body simulation Acoustics, NVH
"gFal = Gear-centric tool _ _ !

] ST s : : « Simulation of forces + Gear whine

e » Analysis of gear pairs _ |

m{i=R ’ and dynamics | «  Gear rattle

' Positioning, dimensions... ’

More efficient process in Simcenter 3D

End-to-end integrated process for transmission

e E“% simulation from CAD to Loads to Noise
2 e e E&;&‘ Transmission Builder = Motion - Motion-to-Acoustics
el e —> Acoustic Analysis

= %%g &E; s + Automatic creation of multi-body simulation models
i) Qg °

Accurate 3D simulation of gear forces
Semi-automatic link of gear forces to vibro-acoustics
Efficient and accurate acoustic simulations

Page 21 2019-05-08 Siemens PLM Software



SIEMENS
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Acoustic Simulation of Transmissions
‘% Acoustic Simulation

a2 Post-Processing
J

Unrestricted © Si AG 2019
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Acoustic Process Overview SIEMENS
Ihg,eb\uf(y-for&}[t

-5 AcoRadiation
7}Load Recipe1

[] - Temperatures

+ - [[] 4 Simulation Objects

+ [ !i Constraints

- @ RPM=2000 - Data Source 1
+-[-* Loads

4" RPM=1500 - Data Source 1
s .* Loads

& RPM=2500 - Data Source 1
+- % Loads

(G Results

Setinns
F&

Online Processing | print sereen | &
Fa F&

F3
Wanges | TiMo  Acaifo | Projeet  Measure

...........

+

Load Recipe
Time series
Frequency spectra n
Waterfalls A
— 100

o P Orders 100 sg?equengyczm) 2500
Measured data Noise Prediction

RPM(rpm)
w
o
o
o

Data processing and mapping

Unrestricted © Siemens AG 2019
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Acoustic Process Overview

Benefits

From Motion to Acoustics - Automatic data mapping

 Pre-processing time reduction

Input Loads

Time Data to Waterfall

FFT

Quick switch between Motion and Acoustics solutions
« Efficient data processing (fast pre-solver)

SIEMENS
Ihg,ev\uffy-ﬁor&k

Post-Processing

* Multi-body simulation
results

« Data selection (forces,
vibrations)

« Automatic mapping

£} Model and Load Pre-processi.. 3 X

Operation Mame

Input File1
Select File

motion_results.mres |":"'|'>

Options v

Data A

Refresh
Selected Quantity Location

¥ Displacement MotionElerments
b 4 Velocity MotionElerments

b 4 Acceleration  MotionElements
v 4 Force MotionElements
€| m | r

Cancel

Unrestricted © Siemens AG 2019
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of Time Data

Multiple RPM
RPM function

Frame size definition

£} Time Signal Processing

Operation Name
Time Signal Processing 1
Input Range Selection
Time Segmentation
Enable Time Segmentation
Block Size

Overlap (%)

Fourier Transform

Enable
Window Type Hanning
Correction Mode Amplitude

[] Lower Limit 0
[[] Upper Limit 500

Average Spectra after Segmentation

512
20.00

A

-

-

Fourier Transform Output Postprocessi.. A

D

Cancel

Time range selection
Time segmentation
Fourier transform

(windowing, frequency
range, averaging)

{3 Time to Waterfall of Time 0 X

RPM Step Definition A
Start | 0 rev/min~ v
End | 1500 rev/min~ v
Step | 25 rev/min~ -
Frame Size Definition A
Type Time A
Time | 0125 s -
Select the RPM Function A
Filter
Elernent Name Variable Name
Geard-Gear3_GearContact  omegal
5e001 value
Se02 value
Bearingl_Shaftl-Casing angled_torsional
Bearing2_Shaftl-Casing angled_torsional
Bearing3_Shaft2-Casing angled_torsional
Bearingd_Shaft2-Casing angled_torsional M
Bearing5_Shaft3-Casing angled_torsiona 1 -
< | (1l | F
-
Cancel

Waterfalls
Functions
Order-cut analysis

Force(N)

Siemens PLM Software



Benefits

. : « Efficient model set-up

ACOUSFIC F_’roce§s Overview « Efficient, accurate solutions SI EM ENS

Acoustic Simulation * Quick solution update lngenuity for ife
Deep insight into results

Geometry Meshing and Structural/Acoustic Solver Post-Processing
Preparation Assembly Pre-Processing

» Holes closing Mesh mating » Loading from « Simcenter Nastran <« Structural results
* Blends removal * Bolt pre-stress multi-body analysis Vibro-Acoustics « Acoustic results
« Parts assembly « Structural meshing < Fluid-Structure (FEM AML, « Contribution
» Acoustic meshing Interface FEMAO, ATV) analysis (modes,
» Output requests panels, grids)

What-If, Optimization, Feedback to Designer

Unrestricted © Siemens AG 2019
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SIEMENS
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Acoustic Simulation of Transmissions

\
—

Acoustic Simulation

Post-Processing

Summary

Unrestricted © Si AG 2019
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Benefits

- : . « Easy, fast, efficient model set-up
Acoustic Slmu_l ation *  Quick switch between CAD and FEM environments SI EM ENS
Model Preparation — Meshes Quick update with associativity of meshes to CAD lngenuity for Life
* Flexible modelling through assembly

From multi-body analysis

- CAD geometry

-+ Structural mesh of body
- Used to compute structural modes included in Motion model
when accounting for flexibility of body

Specific to acoustic analysis

ﬁday

* Acoustic mesh around body for exterior noise radiation
- Geometry cleaning (ribs removal, holes filling)
—> Surface and convex meshing
- 3D elements filling

* Microphone mesh for acoustic response

Assembly of structural and acoustic meshes

Unrestricted © Siemens AG 2019
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Acoustic Simulation SIEMENS
Model Preparation — Loads and Boundary Conditions lngenuity for life

Structural constraints and loads

avtl I ‘L. HErrrErer, AilTH
- Fixed constraint S AT AR A1 B
. I\/:)ljleti-bccg);ys fz)a:lt?ez applied at center of bearings M 'tw lw WW ﬂ‘ YW" lm ”‘ ‘

120 [
—> Automatic mapping
—> Data processing (time to waterfall of time data, FFT) ‘ Tooe " ;

Acoustic boundary conditions

- AML (Automatically Matched Layer)

Time data
- Non-reflecting boundary condition to absorb outgoing To
acoustic waves Waterfall of

Force(N)

Frequency data

Fluid-structure interface

Benefits
« Weak or strong Coupling « Easy, fast, efficient model set-up
* Quick switch between FEM and SIM environments
Unrestricted © Siemens AG 2019 *  Quick solution _u_pdate with associativity of loads and
Page 28 2019-05-08 boundary conditions to CAD
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Acoustic Simulation
Solver Technologies — FEM AML

AML (Automatically Matched Layer)

Automatic creation of PML (Perfectly Matched Layer) at

solver level

—> Full absorption of outwards-traveling waves
First, accurate results in “physical” (red) FEM domain
Then, accurate results outside the FEM domain
(green), through post-processing

PML layer very close to radiator

SIEMENS
Ihg,eb\uf(y-for&}[t

Benefits

 No manual creation of extra absorbing layer
Optimal absorption

Lean FEM model

Fast computation

QPML
- x)n(x
AT V-XEQPMLZJC%x:x_FM
g"‘“ ]k
SRS
KRR
SRS
TSR
NSNS 3 3G (x.
plx)= [Glx.) ‘gfqy)w(y) (gn o,
§ Size  ~ 190k nodes ~ 14k nodes
e T PML clementsfayer around a bounded spherical FEN modd Time x slfreq. x/20 sffreq.

Unrestricted © Siemens AG 2019
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Acoustic Simulation
Solver Technologies — ATV

ATV (Acoustic Transfer Vector)
+ Single computation of acoustic transfer vector between
vibrating surface and microphones
{p(w)} = [ATV(w)] X {vy(w)}
* Independence of ATV from load conditions (RPM, order)
+ For exterior radiation, smooth ATV functions in frequency

Unrestricted © Siemens AG 2019
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SIEMENS
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Benefits

 Large frequency steps for ATV computation,
and interpolation for acoustic response
« Fast multi-RPM analysis

FEM ATV Response
Frequency 100-1700 Hz 100-1700 Hz
Time 22 min 3 min
__100
o) — N0 ATV
T 90
T g9 ATV
e
o 70
7 60
3
E 50
2 40
5
8 30
100 300 500 700 900 1100 1300 1500 1700

f (Hz)
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Acoustic Simulation SIEMENS

Solver Technologies — FEMAO lngenuity for ife
FEMAO (FEM Adaptive Order) Benefits

« High-order FEM with adaptive order refinement  Lean single coarse acoustic mesh

» Hierarchical high-order Shape functions ° Opt|ma| model size at each frequency

+ Auto-adapting fluid element order at each frequency
(dependent on f, local ¢y, local k), to maintain accuracy

h ‘b’ » & ‘“ "o.

« Huge gains vs standard FEM

Faster at lower frequencies

More efficient at higher frequencies
2 to 10 x faster

A
Edge Shape Functions Face Shape Functions
Standard FEM - 1 single model for all frequencies
FEMAO Les_s DOF
required for
FEMAO
[ Standard FEM - several models
\—/
%0 for different frequency ranges
Optimal DOF
<4+— sjze over all
frequencies
FEMAO - 1 single model for all frequencies

lo
Unrestricted © Siemens AG 2019 g(f)
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SIEMENS
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Acoustic Simulation of Transmissions

\
—

Acoustic Simulation

Post-Processing

Summary

Unrestricted © Si AG 2019
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Benefits

. » Deeper insight on input forces
Bear! ng Forces * Quick solution update for comparative studies SI EM ENS
Frequency Domain involving design/modelling changes

Ib\g,el/\uffy for Uft

Rigid body vs Flexible body Plain gears vs Lightweight gears (flexible body)

NN
LN

N

4
@ N =~
S NN

Force(N)
Force(N)
Force(N)

-
.8}

e
s

’D
-

+ No significant difference at low frequencies « Low harmonic at 200 Hz (6000 RPM), due to gear
« Above 1400 Hz, more frequency content due to stiffness variation with holes in lightweight gear
structural modes of flexible housing structure - Side band due to tooth stiffness variation

(amplitude effect due to coupling with holes)
Unrestricted © Siemens AG 2019
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Radiated Acoustic Power
Functions

50/

40

Benefits

Efficient post-processing for results analysis

* Quick solution update for comparative studies
involving design/modelling changes

Rigid body vs Flexible body

(R

Power(dB,RMS)

w
(=}
e

A
"

\

Ve

0_

%

w300 RPM — Rigid body
s 300 RPM — Flexible body
= 1500 RPM - Rigid body

===1500 RPM — Flgxible body

100

- Low frequencies

Reduced impact of flexibility
* High frequencies

Larger impact of flexibility

Unrestricted © Siemens AG 2019
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1200 1600 2000 2500

Frequency(Hz)

Plain g

SIEMENS
Ihgu\uffy-ﬁor&k

ears vs Lightweight gears (flexible body)

70

60

50

N
T e T

e 300 RPM — Plain gears
== 300 RPM — Lightweight gear
| == 5900 RPM - Plain gears

5900 RPM — Lightweight gears / \ /f\\
f\

]

AA/\A )4

Power(dB,RMS)

N w
o o
L
S|
/

j‘\‘i\/"‘"\/“ YA

‘.
b

/] %
P\ '

—
e T e T

100 400 ‘ 800

1200 1600 ‘ 2000 ‘ 2500
Frequency(Hz)

* Low RPM

+ Significant impact of lightweight gears
* High RPM

« Extra frequency content at low frequencies

Siemens PLM Software



Order-Cut Analysis

Rigid Body vs Flexible Body

Benefits

« Efficient post-
processing for
results analysis

 Global overview on
correspondence
between source
(dynamic forces)
and receiver
(acoustic power)

Unrestricted © Siemens AG 2019
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sSC - B - | &> | switeh Window [ Window ~ = Simcenter 30 - Pre/Post SIEMENS _ & X
Home Results View Analysis Application A e
G, ¥ O B ® [E teyoutsettings [ Resize Viewport g i @ - b - 0 T oaa ol E@ m P e
[@ g oy [ [B B8 & Lock/niock Plane [ save State % i& o é) 6'%’/ . L% b R @ ‘*‘ -t *l ’ii s @ “\ n -
s BB & & vevsmanenze Eayionrie # VS @ - Rl DO L s o Az e
Context - Layout - Post View - Display - Result Tools * | Application P... ™ Animation * | Manipulation ¥ X¥ Graph - -
= Menu- | | [within wark Part ar ~] 9 - .
O | Simulation Navigator ]
Name A Q Force
?7 Eﬂgearbox_assyfam_s\mls\m A % N
® | A3 gesrbox assyfem.afm P 2.5
?, 7 gearbox_structure_fem.fem ‘ . 1
i [E5] ATV Set 1 (gearbox_acoustic_fem) % 0.1
¥i Fields 0.01
Yo | oo U 0.001
+-[/JF Selection Recipes
& + 5 Groups il Woverflow
& 4T el 52 Wlunderflow
g“aﬁ Modleling Objects @\ 800 1200 1600 2000 2500 1200 1600 2000
+ [ Regions Frequency(Hz) Frequency(Hz)
& +-[Z]47 Simulation Object Container 6’,)
O (D et
4 Losd Container "B-RS"(‘)'S "B'F;';‘S
] ]
o I Solver Sets =10 — =40
g SOL 111 - Rigid - ATV ag E o
+-¥g SOL 111 - Flexible - ATV 20 £ 20
+-g SOL 111 - Flexible - ATV - 6000rpm =10 E =10
+-% SOL 111 - Flexible - ATV - 6000rpm - Lightweigh = & =
+¥g SOL 111 - Flexible - Lightweight - Contribut [
@ « b el el il - Wunderflow Munderfiow
.~ || Simulation File View A e Unknown E__ - Unknown
A 800 1200 1600 2000 400 1200 1600 2000 2500
Rl sxfiez Frequency(Hz) Frequency(Hz)
Session
Rl |- (18 gearbox_assyfem _sim1 Displayed & Wor
-8 gearbox_assyfem Order cut Order cut
5 gearbox_structure_fem 55 mgn“—ude ! il AN f'\\ 1 55 M nitude ! i ! .
@ asf b - N\ w4 AN
‘344_ — v_\v i E" a4l ’/\vh AV/_\/ 4 \'/ -
£ 4oL TNV 12 40k NS \/\‘ 1
& sl I\ pavd - S N AN v .
36 V ] 361 ]
30 1 I 30 1 1
0 200 400 600 800 1000 1200 1500 0 200 400 600 800 1000 1200 1500
RPM(rpm} RPM(rpm)

< >

Order 80, MICROPHONE MESH, Scalar, DATA SOURCE 1 - 1|Order-Cut Analysis (1)

Order 80, MICROPHONE MESH, Scalar, DATA SOURCE 1 - 1|Order-Cut Analysis (1)

Preview v
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Order-Cut Analysis
Plain Gears vs Lightweight Gears

Benefits

SC B - P - © [Fswitch Window ] Window ~ =

. -
Fomes U B B B @ view synchronize [ Apply from File o | PSP
Context - Layaut - Post View - Display
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Contribution Analysis SIEMENS
Examples lngenuity for lfe

Multiple results types: structural displacements and modes, equivalent radiated power, acoustic pressure and
power, panel contributions to pressure and power, grid contributions, etc

5900 , DATASOURCE 1-1,, 1191.41Hz 5900 , DATASOURCE 1 -1, , 1191.41Hz Absolute Modal, 5900 , DATA SOURCE 1 - 1, 765897, , 1191.41Hz
Displacement - Nodal, Magnitude Pressure - Nodal, Scalar Pressure - Nodal, Scalar
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. i 5.76E-05 2 61.65 ] 2.05E-05
results anal YSIS 4.32E-05 59.82 g e
2.88E-05 57.98 1.02E-05 ’
1.44E-05 56.15 I 5.12E-06
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e Dee p [mm] [dB] [Pa]
. Structural displacements Acoustic pressure Grid contributions
understanding of P P
. 70 Panitide ! T . . J
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SIEMENS

Ihg,eb\uffy for ufe

Acoustic Simulation of Transmissions

\
—

Acoustic Simulation

Post-Processing

Summary
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Acoustic Simulation of Transmissions
Summary

More efficient link of gear
forces from Motion to
Acoustics

Fast and accurate
solver technologies

Unrestricted © Siemens AG 2019
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Efficient model set-up with
CAD associativity for quick
solution update

Superior insight in
vibro-acoustic
response

SIEMENS
Ihg,eb\uffy-for&}[t
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Simcenter 3D Acoustics
Simulate Transmission

150

Force(N)

Force(N)

1.2
Time(s)

- Map bearing forces onto vibro-acoustic model

5900 , DATASOURCE 1-1,, 1191.41Hz
Displacement - Nodal, Magnitude
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Simulate

SIEMENS
Ihg,eb\uf(y-for&}[t

Set-up vibro-acoustic model
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Predict and Reduce Gear Whine Noise 5 Times Faster SIEMENS
Generate transmission gearbox models automatically and boost lngenuity for life
vibro-acoustic performance

Acoustic
Simulation

Automation removes 80% of workload New gear solver increases efficiency Automatic motion-to-acoustics link Fast acoustic solver gives superior
for transmission model generation and accuracy simplifies pre-processing insight to response
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Hyundai Motor Company SIEMENS

Gear Whine Analysis of Drivetrains Using Simcenter Simulation & Services Ingemaity for Ufe
‘il Easy workflow from design specifications NVH gear whine analysis
HYUNDAI :

Accurate Multi-disciplinary
FE-based gear CAD-FEM
elements Multibody- Acoustic

Automatic
CAD and multibody creation

* Predictive simulation for system « Simcenter 3D Motion and Transmission Builder for system level NVH in multibody
level NVH and gear whine « Simcenter Engineering and Consulting for solving complex engineering issues

* Bring 3D simulation to the next level

of usability, towards an holistic

. h for drivetrai “Simcenter Engineering and Consulting services helped us use the right analysis
generative approach for drivetrain tools to cover the entire gear transmission analysis [...] The Simcenter 3D

design and NVH Transmission Builder software tool is well suited for our engineering purposes”
Mr. Horim Yang, Senior Research Engineer

https://youtu.be/bBM5TPP6iBg
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