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Motor-CAD to optiSLang link including NVH parameters

* Motor-CAD has an automated link with Ansys optiSLang
- In 2024 R1, this has been enabled for NVH calculations

ﬁ Ansys Motor-CAD v2024.1.3 {e11_User.mot)* - O X
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Motor-CAD to optiSLang link including NVH parameters

* Set NVH metric as a requirement or objective

- Maximum total sound power level (over speed sweep)

ﬁ Ansys optiSLang Export — ] pd

Input Parameters] Requirements Objectives | Sumaryl Test Ruﬂ]

Add Objective Delete Selected Objectives Clear All Objectives
Goal Type Vanable Operating Point Operating Format
Minimise NVH v | Maximum total | Max value |« El
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Motor-CAD to optiSLang link including NVH parameters

* If ‘Update from envelope’ is chosen for ‘Update load points’, then operating points will

be re-calculated from maximum torque curve, using lab model build for each
candidate model

* Uses Minimum Speed, Maximum Speed and Step size to set speed points. Duplicated E-magnetic
points are removed

# Ansys Motor-CAD v2024.1.3 (e11_Usermot)* — O pd

File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
® Geometry lijﬂlnput Data  {|}f Calculation l—ﬂ Stress IEE_ Output Data l{}E-NVH ]ECSensitl\rity lOSmpting l

=¥ Rotor Stress {} E-NVH and Forces l

Load Points: Torque Speed Envelope:

Pffinition: Requested Torque | Calculated Torque Speed Peak Line Current Phase Advance Minimum Speed: D
(® Torque
(O Cument and Phase Nm | Nm pm ‘ Amps EDeg | Maximum Speed: |1Ed |
Load Paint: 40 40.7548 250 81.5575 19.438 Step Size: |500
Add Point 40 412353 6000 824239 19.6924 Update load points:
40 41.3016 8000 106.39 54.5096 () Do not update from envelope

Clear Points 40 41,5062 10000 148.885 69.0192 @® Update from envelope

ool Calculate Torque Envelope
Validation:

Calculation:
Validate Torque Points

Generate E-NVH and Forces
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Motor-CAD to optiSLang link including NVH parameters

* Troubleshooting: Always worth running small optimization study first (for example
sensitivity calculation with one or two points):

- If no NVH results are generated (Sound power level results all 0), try moving
optiSLang project to a shorter path

- Both Motor-CAD and optiSLang use nested folder structure, can end up with very
long paths, causing calculations to fail

* Example:

- Original file at

* C:\Workspace\Scratch\Optimisation\optiSlang NVH Demo ell 30Points\NVH osl Demo\ell user.mot

- Working file generated by sensitivity study at

* C:\Workspace\Scratch\Optimisation\optiSlang NVH Demo ell 30Points\NVH osl Demo\ell User\optiSLan
gExport\ExportedProj.opd\Sensitivity\Design0001\Design0001.mot
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Solver options for speed

* Techniques available to enhance NVH solution speed

Magnetic Solver:

(O Transient (default)

(@) Multi-static No Losses

() Mutti-static With Losses (Beta)

* Consider using reduced multi-static solver

Solution Cycle:
* (E-Magnetic context, Input Data->Settings->Calculation) O Ful
(® Reduced
. . . . . Force Calculation Threading:
* Consider using Force Calculation Multi-Threading @ fiiiivesded

.................................

* (Mechanical context, Input Data->Settings->Calculation) O Single threaded

* Enough points per cycle to capture required harmonics, but not excessive

- 90 points per cycle is often enough (Harmonics up to 45t electrical)
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Structural model tuning

* As a new feature in Motor-CAD 2024 R1, users can adjust the analytical structural
model, for one or more mode shapes

- Natural frequency
- Stiffness
- Damping ratio

* For example, if natural frequency is known from modal testing or structural FEA modal
analysis, the natural frequency can be tuned

- Recommended to tune stiffness and natural frequency together.

- If stiffness factor isn’t known, remember that natural frequency is proportional to
square root of stiffness.
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Structural model tuning

% Ansys Motor-CAD v2024.1.2 (SRM_NVH_Example_v2024R1_50A_0th_6th_Mode_Modified.mot)* =2 EoR 5

File Edit Model MotorType Options Defaults Editors View Results Tools Licence Print  Help M od e S h a e
oGeometry “]ﬂ Input Data ] NH Calculation 1 =H Stress I =] Output Data Q E-NVH Ec Sensitivity |°Scn|:mng ]
_&’_ Modal I Torque 1 |||" Currents I @ Forces I == Structural 1 JJ Acoustic 1 ) Settings 1

§ Modal €Y Adiust Modal Resuts ]
Add mode numbers that we need to tune.

Mode shape Calculated stiffness Required stiffness Calculated natural Required natural Default damping ratio | Required damping ratio
frequency frequency °
E E Reqwred natural frequency
0 186278 19706.2 4580.96 a7 0.05 o
. S R 229273 426612 3266.89 44563 0.05 o

k f f Input the natural frequencies calculated from Modal

I(cal req cal req . .
analysis corresponding to each mode.

Required stiffness

To tune the Motor-CAD NVH model, we can use a simple
relation as follows:

Kk .
f= \/% f : natural frequency, Kk : stiffness, m : mass

From the equation above, ki, can be calculated as follows:

f 2
kreq = kcal X ( —
fcal

& March 2024 WV W.ansys.com
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Square wave current drive and delta connected circulating currents

* For many motors, the current is largely sinusoidal

Currents

- Non-sinusoidal current can have a significant effect on
motor noise

- Square wave drive (‘Brushless DC motor’) will add 5 O L P 1
significant additional harmonics due to switching t x |
transients o I O -

- Delta connection of windings can introduce significant
harmonics at 3" electrical order and higher multiples
in phase currents, even if line currents are sinusoidal

* Both can be considered in Motor-CAD NVH analysis
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Square-wave current
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Spectrogram effects of square-wave drive current

2,500 3,000 3,500
Sound Frequency [Hz]

Sinusoidal current Square wave drive current:
Additional orders and higher amplitude
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Delta circulating current

ﬁ Ansys Motor-CAD v2024.1.3 (e9_eMobility_IPM.mtt)* - a x
. . . . File Edit Model Motor Type Options Defaults Editors View Results Tools Licence Print Help
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Delta circulating current

Stator (Radial) Space Time Harmonics - Force Density [dB Ref. 1.0E+00 N/m?2]
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Additional material
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What do 2d FFT components mean?



Force analysis

* The magnetic force can
be visualized as the sum | | |
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Example of 2D FFT components

* Some components directly from rotating field from rotor

* Other components from stator teeth and windings

° Interactions between these
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Acoustic aspects



Sound power and sound pressure

19

* Motor-CAD produces results in Sound Power
- dB results referred to 1pW. Often referred to as L,

* Microphones measure Sound Pressure

- dB results referred to 20 pPa. Often referred to as L, or
SPL

* Sound power is the total sound power from the machine,
sound pressure depends on the distance and surroundings

* If we know the distance, and environment, we can convert
between the two dB values:

- L, = LW+1Olog10( ¢ )

ATTT2

- Example for Q = 1 (full sphere noise radiation), r=1m:
* L, = Ly —10.99

©2024 ANSYS, Inc.

Q=1
Full spherical radiation
(free space)

Q=2
Hemispherical radiation
(above reflecting plane)

Q=4 for % sphere, e.g. motor at edge
of room with two reflecting surfaces

Q=8 for 1/8 sphere, e.g. motor at corner
of room with three reflecting surfaces

Powering Innovation That Drives Human Advancement \nsys



Acoustic options

* Acoustic model
- ERP

- Infinite cylinder acoustic
model

* Acoustic weighting
- Z (no weighting)
- A weighting

20 ©2024 ANSYS, Inc.

# Ansys Motor-CAD v2024.1.2 (No File)*
File Edit Medel Motor Type Options
GGeome*try | []ﬁ Input Data I HHCaIcuIation

Defaults  Editers  View Results
| =M Stress I E Output Data

_(f'_ Modal | Torgue I @ Forces I == Structural | JJ Acoustic o Settings I
Analysis Options: Temporal Analysis Range:
Data Input: Cycle Definition:
() Force (@) Automatic (default)
(®) Force Density (0 Manual
On Load:
Maximum Hamenic Orders:
Maximum Order Detection: e: |1
® Automatic (default) =1
() Manual
On Load: Open Circuit:
Time Order - [15 e |1
a0 e |1
e Order (R 20
Frequency Domain 2D:
0 Circuit: Display Range:
pen Lireutt- (® Al Space and Time
Time Order : |15 (O Posttive Space only
B v (O Posttive Time only
R 20 Minimum Plotted Amplitude:

Force:
Force Density:

Tools Licence Print  Help

Z Senstivty | € Scripting |

Force Animations:
Caption Display:
(® Caption (defautt)
() No Caption

Auto Repeat:
(® Repeat
() No Repeat
MNomalisation:

(® Individual hamanic

(O Overall maximum

Force and NVH Plot scales
Magnitude Scale Type:

(@ Levels (default)
() Standard

Time Order Type:
(®) Electrical

() Mechanical

Modal Analysis:
O Include Winding Mass

[ include Housing

Damping Ratio:

Acoustic Model:

(®) Equivalent Radiated Power (ERF)
(O Infinite cylinder acoustic model
Acoustic Weighting

(® Z {no weighting)

(O A weighting

E-NVH Model Interpolation:

MNumber Paints: E

E-MVH Plot Visualization:
Maximum Orders:
(® Automatic (default)
() Manual

On Load:

Frequency Axis Type:
(®) Frequency
(O Time Crders

Maximum Sound Frequency:

Frequency:

8 March 2024
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Acoustic model

* ERP vs Infinite cylinder acoustic model
- ERP means equivalent radiated power, and is calculated directly from the surface velocity:
« ERP= %pcsz,
* pisthe air density, cis the speed of sound in air, v is the surface velocity amplitude, and S is the surface area.
- This is simple to calculate, and a useful value for comparison.

* ERP does not consider the shape of the radiating surface, or the
wavelength of the sound

- This means that it substantially overestimates the sound radiated at
low frequencies, particularly for small motors, and high vibration space
orders.

sl Mode 0 T
Made 1 T
10 Made 2 ~
A5} Made 3 |~

Maode 4
207 Mode 5
25 Mode &
| Mode 7
i Mode &

- To improve this estimate, we can use the ‘Infinite cylinder acoustic
model’, which adds a radiation efficiency term to the equation. Thisis £7°[
1 at high frequency, but drops substantially at low frequencies. ? st

50

- The higher the space order of the vibration, the more the efficiency 1o o PR 10
drops at low frequency AR

ound radiation efficiency (dB)
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Acoustic weighting

* The human ear does not respond equally to
different frequencies

- It is hard to hear sounds at very low
frequencies, or at very high frequencies

* The ‘A weighting’ curve is one standard curve
used to adjust sound measurements to take
this into account

* ‘7 weighting’ just means no adjustment of
the sound results

10

-0t

=20 r

Weighting [dB]

-To T

w0 /

Z weighting (flat)

80
101

102

10°
Frequency [Hz]

104
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Updates for NVH analysis by release version

* Overview:
- 2022 R1 (15.1.2/15.1.3):

* First release with NVH features.
* 15.1.3 included link to Ansys sound, and acoustic model in addition to simple ‘ERP’ output

- 2022 R2 (15.1.7):

* A range of performance and speed improvements
* More modal model options

- 2023 R1 (2023.1.1/2023.1.2):

NVH analysis for induction machines

Option to include housing in modal model

Multi-slice skew averaging for forces

Force export to Ansys Mechanical

Scripting improvements

2023.1.2 includes support for square wave drive BPM NVH calculations
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Updates for NVH analysis in previous releases

- Motor-CAD 2023 R2:

 Save and reload NVH results

* Change modal, structural and acoustic options rapidly

* Synchronous (wound field) machines supported for NVH analysis
* Speed enhancement when using ‘Reduced Multi-static solver’

- Motor-CAD 2024 R1:

* Integration of NVH with optiSLang automated optimisation link

* Allow users to tune modal and structural results for correlation with FEA or test data

* Improved display of harmonic force animations

* Option to re-calculate operating points along torque envelope

* Display of torque for each NVH operating point (and current if non-sinusoidal)

* Improved mechanical order display for induction motors

* This version also includes adaptive template functionality, which is likely to be very useful for
improving NVH design

25 ©2024 ANSYS, Inc. Powering Innovation That Drives Human Advancement
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Motor-CAD 2024 R1: NVH optimization link with optiSLang

— O X

Tools Licence Print Help

=w Results

Data | &Y ENVH | 3 Senstivity | € Scripting |

Maximum_Total_Sound_Power_Level Maxvakie
99 %

B AMOP_Advanced.omdb - C: DEMO\NVH_O; AMOP_(1) -
File Edit View Windows MOP Help
-y o0
mEE Ow O T -G ¢! 98 &-
Common settings & x E'
2 1 dinansion sdecion D06 Infiste Miturs Gausian Process (D14-GP) agprasimatin o
1st:  Notch_Centre_Angle
v 4

2nd: Notch_Depth

3rd: - Maximum_Total_Sound_Power_Level_Ma>

Hide plot settings

Show settings for: - Currently actve piot

Inpust Parameters | Requirements | Objectives | Summary | Test Aun

Input Parameters: Recommended Setiings
Variable Min Vaiue e o Option
Motch Centre Angle 2 il Buid Lab saturation model Yes
Lab saturation mode! type Full cycle
Lab saturation mode! resolution Coarse (15 pairts)
Buid Lab loss model No
Torque-Speed curve max speed 10000
Torque-Speed curve speed interval 500
Torque-Speed curve min speed 0
Requirements
Peakk Shaf Toraue > 195 Nm ot masimum point on speed cuve
Geometry Parametersation Settings option
@ Use recommended settings (defauit)
) Use file setiings
Length (59.93.77.46) mm | 21 Februan Optimisation Seftings:
[] Save geometry and winding screenshats for each design
Objectives: Scale housing diameter with stator lamination diameter

Minimise Mazimum Tetal Sound Power Level at maximum point on speed curve

Temperatures

Peak Peformance Machine Temperature:

Duty Cycle Machine Temperature

Continuous Perfomance Max Winding Temperature
Continuous Performance Max Magnet Temperature

optiSLang Exe Location: |

|| Change

Optimisation Export Folder:C:\Users\packer\OneDrive - ANSYS, Inc\NVH investigation*Optmisation optiSlang_NVH_Demo_e11_20Poits\NVH_osl_Demo\e11_User| | Change |

Setup Optimisation in Ansys optiSLang

26 ©2024 ANSYS, Inc.

14 e
aee. o
o

B
@

)
o

£

T
=

&
AN[RAXRI TAD] SOM" ' PUNOS |10~ WNUIXEI

®
@

| Residual plot

=Te

OUTPUT : Maximum_Total_Sound_Power_Level_MaxValue

| Coefficient of Prognosis

Coefficients of Prognosis (using MOP;
full moderﬁgCoP =(99 22 :
T T

[EE=]

5 T T T
g INPUT : Notch_Sweep

E"‘ 5%

3 INPUT : Notch_Depth

e 10 %

2

g

Zn

e

0 20 40 60 80 100
CoP [%] of OUTPUT : Maximum_Total_Sound_Power_Level_MaxValue

s
e
ol
"
g
2ol
5
g
23t ]
&
En
%
g
R
2 #  Fitting (CoD)
/ Prediction (CoP)
-] e = L 0 L L
88 90 92 94 96 98
Data values
~ Show Statistcal data
| CoP matrix
Total effects

peak_Shaft ...e MaxValue

Models

Maximum_To...|_MaxValue

Notch‘Sweep'.

Parameter

£
a

]
g
2

Preferences L]
Show properties for: Currently active plot

Property Value

v Application
Select layou.. Classic layout
Render mode Auto-detect
Preserve pa.. ) False
Minimum d... 10
Askbefore .. [] False

. @ True

. O raise

Linear correlation

8 True

@ True

8 True

& True

8 Tre

Actualushia

Glohal crita.

Visuals L4
earch for
v P Approximation
& Approximation designtable (Bet...
& Approximation model informati...
& Approximation history
| Residual plot
|& Coefficient of Prognosis
| CoP matrix
|+ Response surface 2D plot
|# Response surface 3 plot
& Response surface topview plot
v P Data mining
7 Designtable
[+ 2D Anthill plot
[# 3D Cloud plot

i Paraliel plot

* Using Adaptive template alongside
automated optiSLang link
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