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SOFTWARE SERVICES

From e-machine geometry ... to electric drive level
& control parameters... electromagnetic noise and vibration

A-weighted sound power level spectrogram
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MANATEE IS A PIONEERING COLLABORATIVE SOFTWARE

Manatee is a collaborative CAE environment specialized in the assessment and control of acoustic noise
and vibrations due to Maxwell forces (“e-NVH") in electric machines and drives.
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Predefined simulation workflows from basic to detailed design phases
Fast and accurate calculations adapted to each engineering field
Robust design based on faults and tolerance simulation

Root cause analysis using powerful post-processing

Mitigation techniques with specialized design environments
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INSPIRED BY A WIDE E-NVH CONSULTING EXPERIENCE

Up 40 dB acoustic noise reduction after redesign based on EOMYS consulting activities

e-NVH models successfully applied on more than 170 industrial cases

Wide range of topologies (IPMSM, SCIM, WRSM, DFIG, inner & outer rotor)

Wide range of applications (from W to MW range, from 5 rpm to 150 000 rpm, from 10mm to 10m diameter)
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REDUCING DEVELOPMENT TIME OF ELECTRICAL SYSTEMS

_@ Fast simulation set-up of multiphysic model couplings,
quick calculations including predefined post-processing

Accurate variable-speed vibroacoustic assessment
based on proprietary algorithms specialized on e-NVH

Q-  simultaneous collaboration of different engineering fields
Q.. during whole development cycle
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@ Insightful visualization and troubleshooting tools to quickly
< implement the most relevant noise control actions
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Stator radial + circumferential OFS
at 1 (rom), H8 (Fmax=174.6 N)
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INTEGRATING READY-TO-USE MULTIPHYSIC MODELS

Standalone multiphysic capabilities including flexible import options

Abaqus, Ansys,
Electrical & Control Engineers Optistruct Waveb
(Iterations on e-machine magnetic modal basis modal radiation
circuit & supply) import efficiency

4 2

Simpack, Romax,...
non-magnetic
noise import
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ELECTRICAL ELECTROMAGNETICS STRUCTURAL
CIRCUIT MECHRANICS

ACOUSTICS

Dymola CST Studio Suite/ Opera, Mechanical & NVH Engineers
current import Maxwell, Jmag... (Iterations on e-machine

airgap flux import mechanical integration)
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PROVIDING EXTENSIVE NOISE CONTROL TECHNIQUES

Predefined NVH mitigation techniques for electromagnetic, control, mechanical & NVH engineers
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THROUGH A USER-FRIENDLY GUI DESIGNED FOR ALL ENGINEERS

@ Manatee = a] X
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LICENSING & REQUIREMENTS
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LICENSING

« SIMULIA Manatee licensing offer consists of

* node-locked or floating licenses
+ "batch mode” available for all licenses

* HPC option to run several jobs in parallel

* All leasing solutions come with a technical training:
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« training on e-NVH basics (magnetic forces, structural modes, resonances...)

* Manatee software (applied to Customer case)
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MANATEE TECHNICAL REQUIREMENTS

* Windows 8/10 64-bit architecture (includes parallelization of calculations)

* For cloud-based licenses (node-locked or floating licences): internet connection

* 16 Go RAM & 10 Go disk space recommended

* 3D FEA modal basis import with up to 6 million nodes & 1500 modes under 32 Go RAM

ODS at N=10 rpm f=10 Hz (H60, 12fe)

Fleld
1.798+08 ()

fiftaiy
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CONCLUSION

* Pioneering software specialized in the assessment of magnetic forces, vibrations and acoustic noise
* Only simulation & analysis environment combining e-NVH troubleshooting and mitigation tools

* Designed to reduce electric system development time & costs by improving electrical, mechanical, acoustic, NVH test

engineers collaboration in a modern, user-friendly GUI

* Developed based on a extensive consulting experience of e-NVH (+200 e-machines analyzed) and R&D
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FURTHER DETAILS

To access more information on SIMULIA Manatee & e-NVH (including free learning contents) please

join SIMULIA User Community under https://www.3ds.com/products/simulia/user-communities
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E-NVH PREDEFINED WORKFLOWS

Information | 2024
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(1) Simulation Setup

Machine Definition

Load

Workflow Selection

Toyota_Prius

Main Machine Parameters

Narme Value

Machine Type  IPMSM

Stator slot... 48
Polepair.. 4
Topology Inner Rotor

Stator phase .. 2
Stator winding... Single Layer ...
Stator winding... 0.02595 Ohm

Machine total .. 23.38kg

WR_MLUT_carly [ wesenvey | VIF3_MLUT inter mediate

WF4_ABN_intermediate

3

I Plot Machine |

WF5_ABN_advanced WF6_skew_PS

Plot Stator Unit MMF
Quick Campbell

Workflow Description
Description: Calculates AirBorne Noise (ABN) in early design stage along given operating point(s).

Typical use: Quick e-NVH calculation at fixed speed, along torque speed curve or in torque-speed plane when
iterating on electromagnetic design parameters.

Requirements: MLUT containing airgap surface forces automatically calculated with fast analytical models or
pre-calculated with WF1 using FEA.

Key assumptions: Semi-analytic vibro-acoustic model of the outer structure responsible for radiated noise,
excluding Structure-Borne Noise (SBN).
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E-NVH PREDEFINED WORKFLOWS

(1) Manatee - [m] X

[N T e )

Solution  Parameter Optimization  Design

Project Machine Simulation Plot Tools Help

tr & & 8 8 W

Machine  Simulation  Offline Fault Import Save Cancel

Calculation
v v v v v

e

Result Qutput

Plot Root Cause  Compare

Analysis Sweep Explorer
v

B f -
Project List ‘ Machine  Workflow  Plots

Projects Status
v MyProject
v 4 WF2_ABN_early.1 © B

~  Machine

— —_— _QU_ —
Ak ar e iy

Name Voltage Flux Force Vibration Noise
Machine Type @\
Stator slot ...

Pale pair ... MLUT

Topology

Stator phase ... | > | | » —|—|_ »
Stator winding... -——0—0- I I
8

Stator winding...

B Electrical
Machine total ...

< >
[ Output
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E-NVH PREDEFINED GRAPHICAL POST PROCESSING

(@ Manatee

Project Machine Simulation Plot Tools

2

Machine ~ Simulation  Offli

ne

Project List
Projects. Status
v MyProject
v 4 WF2_ABN_early1 @

v Machine

Name
Machine Type
Stator slot ...
Pole pair .
Topology
Stator phase ..
Stator winding
Stator winding...

Machine total ..
<

Output
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E-NVH CALCULATION ALONG MAX TORQUE SPEED CURVE

Id/lq map v & speediigmap

Map of operating points in Id/lq ¢

or current along q-axis as a functio:

“le

Define variable “ \

lq[A]

1.

1q[4]

100

"
- \

—

speed current
control law

1WAl

speedidmap ‘e

tor current along d-axis as a functio

= 50 7~
z (
= 00

5000
Rotation speed [rpm]

(1) WF2_ABN_early_1: Acoustic power spectrogram

2. Run & plot

A€ QB

0

Rotation speed [rpm]

A-weighted sound power level spectrogram

10000

8000
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4000

Rotation speed [rpm]

Spectrogram Order tracking

l

At gon< o2

0 2000 4000 6000

Frequency [He]
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Vibration

Noise

|Acoustic power | |dBA ~

Axes

x| frequency

b ]

y lrotason speed | rpm |
number of orders

[ display orders

Play Noise

8 min
dB max

| @ Wr2_ABN_eary_1: Acoustc power order racking analysis

A €S> PQx B

Order tracking analysis

=
32 180 outer 1301120520

ASWL [dBA re. Te-12 W]

4000

Rotation speed [rpm]

0

8000

10

- o X
Quantity

Acoustic power ¥ |dBA v
Axes

I
x| v lpm

number of orders |1
O sortby amplitude  dB mi

dB max
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E-NVH CALCULATION ON WHOLE TORQUE-SPEED PLANE

1.

2.
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Define variable
speed current
control law

Run & plot

g
[

510D

(1) WF2_ABN_early_1: map of A-weighted sound power level in Torque/speed plane - o X

. Quantity
Aa€d> pQ¥
A-weighted sound power lev ¥ | dBA
Map of A-weighted sound power level in torque/speed plane aswt (ds)

Axes
- « =
® y Torque ~ ~
-

2000 4000 6000 8000 10000 12000 14000
Rotation speed [rpm]

Reference torque [N.m]
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ELECTROMAGNETIC VIBRATION SYNTHESIS

—> e

Faster than direct vibration calculation at variable speed/torque, with more physical insights

Unit magnitude magnetic load vector harmonics (r=0, +1, +2 ...)
radial + tangential + moments applied to stator + rotor

4

Modal force
projection

STRUCTURAL MODEL UNIT MODAL

FORCE MATRIX
gy

Modal
expansion

—

STRUCTURAL
CHARACTERIZATION

3D external FER software (rotor+stator)
or Manatee stator structural models

VIBRATION FRF

I3

0 2000 4000 6000 8000

MAGNETICMODEL | T2gnetic MAGNETIC FORCE
flux CALCULATION
distribution - —

Contribution of magnetic Load Cases

ower Level contribution 1]

4000 4500 5000 5500 6000
Speed [rpm]

AIR-BORNE NOISE
by @EOMYS .
Z Stator Load Case contribution

Structural mode contribution

ELECTROMAGNETIC
VIBRATION
SYNTHESIS

Noise-induced by stator torque ripple & UMP

2D or 2.5D external FER software
or Manatee magnetic models

CALCULATION OF
OPERATIONAL LOADS

2
2S simuLIA

HARMONICLOA

STRUCTURE-BORNE NOISE

Rotor Load Case contribution
Structural mode contribution
Noise-induced by rotor torque ripple & UMP

D7S DASSAULT

SUSTEMES



© Dassault Systemes | Confidential Information | 2024

ACCELERATED E-NVH CALCULATIONS BASED ON MLUT

Calculation along torque speed curve
A-weighted sound power level spectrogram
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Frequency (Hz)
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* ~ 200 Operating Points
* <2min (depends on machine symmetries and OP)

\_

ASWL [dBA re. Te-12

w]

Calculation on torque speed plane

Map of A-weighted sound power level

Torque (Nm)

* ~ 2000 Operating Points
» <20 min(depends on machine symmetries and OP)

J
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E-NVH ROOT-CAUSE ANALYSIS WITH CAMPBELL DIARGRAMS

{Fr}

Automated offline Campbell diagram based on load state, topology and slot/pole combination:

Example of a 48s8p PMSM (Zs=48, p=4)

Quick Campbell diagram of magnetic forces

Ke=>daw @

10000

Erios

- o
Setup  Advanced
Topolony
PMSM | [Intermal Reter &
[ @ 3 <
s a8
Optior
Marx speed [rpm] 10000 o]
Field 5 it supply’
9 Rot

¥ Stator to Retor (Bs x Br. load)

Stator to Stator (85 x Bs, load)

Converter/Machine Interactions

nverter strateqy | Pulse-Width Modulation PW

Co
Switching frequency 5000 [He]

Force Harmenic Description
~ Force:H24 (60
~ {He4,r=0):Stator [ Rotor

5 Bs{H4r=-20)x Br{H20.r=20}
> Bs{H4r=28) x Br{H28 r=28)
5 Bs{H4r=28) x Br{H20,=28)
» Bs{H4.r=-20) % Br{H28,r=-20)
> Bs{Hdr=-68) x Br{H20.r=68}

2
2 PS SIMULIA

Feature tutorial video

wavenumber
r=0

wavenumber
r=+/-8

D7S DASSAULT

SUSTEMES


https://www.youtube.com/watch?v=Nmbn4ZFKW14

ORDER TRACKING BASED ON AUTOMATED IDENTIFICATION

OF MAIN FORCE WAVENUMBERS

Sound Power Level order tracking analysis

T
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100 4 — HIDi=26) —_—
— H2D [F=4f) _.—-""'—-— HAD (F=BF, 1516 T H:
—  H4O(F=EL) —___...f"——- HO = 2275 [rpm]

- ASWL = BO5 [dBA]
S — H50 (F=108,) main loadcase: r= 3, stator, circ.
o~
s BO 1 — ms0F12f) \
é — HED (f=16£ /
2 g HPD (=145}
N C A A
g & B0 — s s of -
S z — W00 (F=206,) \
- & _ / A
2 = =
: 2 =\
=1 i 20 it P S|
; 7 —— S
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o
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4

/i /

0 ’ /Z//
o
o 500 oo 1500 2000 2500 3000
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E-NVH ROOT-CAUSE ANALYSIS WITH ADVANCED PLOTS

Automated Load Case contribution at fixed operating point

| WF4_ABN_intermediate_2: Acoustic power plot

- O x
~
Res d0B O -
Sound Power Level per load case e
OF: N0=7500 [rpm], Id=-16.92 [Arms], 1q=29.03 [Arms] | E |
Acaustic pawer WEWL] (48 re. 1212 W] Operating Point (OP)
. |IDD.ND:7500 [rpmi]. 1d=-16.92 [Arms], 19=29.03 [Arms] V|
r=6, stator, circ.
Axes Selection
@
X A
r=8, stator, radial
Axis time ~ load cases ~

£ Action FFT ~ MNane

r=0, stator, circ.
' ' Mechanical order

Unit.

Filter
r=0, stator, radis| » » |
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Z Range

r=-8, stator, circ.

unit EA
min

r=-B, stator, radial » o max 1 234

Load cases
]
il | I
< <[ £

reference value e-12

Mechanical arder | Auto Refresh
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E-NVH ROOT-CAUSE ANALYSIS WITH ADVANCED PLOTS

Automated Load Case contribution at variable operating point

K« > dae @

WF4_ABN_intermediate_2 Acaustic power plat

NO = 5171 [rpimi], ASWL = 69.9 [BA]

Contribution of magnetic Load Cases

— 100% Gaveren AS WL
=0, sttor, radisl
£=8, stat;
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Sound power Level contribution [%]
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4000
Rotation speed [rpm]

Cuantity

Sound Power Level load cases contribution v

AxesSelection

X

Axis Rotation speed ~
one ~
Action Hene
rpm ~
Unit
Axes Operations
order sum over order ~
load cases overlay ~
¥ Range
unit
min
Auto Refresh

Stator

Rotor

Radial

=

Circumferential

. Sound Power Levelload cases contrbution splited

Peco OB O

- o x

766e003y-6.9

A
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E-NVH MITIGATION WITH ROTOR SKEW

Manatee includes built-in design environment of skewing technique

Possibility to define any rotor skew shape

Automated parameter sweep of NVH & torque ripple function of skew angle

o Ao oo asle o gplin 1 belln ot 2@ @

|
=l
ew

|

uuuuuuuuuuuu
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@ Import Flux

Setup  Preview

Field
Formmst [ Fu dectary:
File name Shape Component  Speed (rpm) Id I ~

1 _rad_NO=1571.41(256,252,1) radial v |1571.4286 -134.0328 105.9904
2 _rad_NO=1877.5/(256,252,1) radial v |1877.551 -102.8787 88.7478
3 _rad_NO=2182.6(256,252,1) radial v |2182.6725 -81.8196 78.2161
4 [ rad NO=3408.1256,252,1) radial v |3408.1633 -44.3484 521693
5 _rad_NO=4938.1(256,252,1) radial v 49387755 |-27.0548 201553
6 _rad_NO=50_1d=(256,252,1) radial vso -124.0228 105.9904
< >
Axes

Source Axis name Size Unit Periodicity ~
1 |first column ™ time 256 s antiperiodic 2 lantip
2|firstrow v langle 252 rad antiperiodic - 2 lantip
2lchaat 1 - N ~ v
<

Preview

IMPORT OF FLUX DENSITY DISTRIBUTION

Import of third-party flux density distribution (fixed speed, variable speed, multi-slice) in Excel format

(1) Import Flux

Setup  Preview

1.NO = 50, Id = -134.0328, Iq = 105.9904 -

|Radial airgap flux density vs time and angle (2C v | &

[Radial airgap flux density vs angle

V‘@

Jlot of airgap radial flux density over time andsgle for

- |‘
o
4

Airgap radial flux density over angle for time=0 [s], z=
T

h

Br[T]
°

v

.00 025 050 075 1.00 60 20 180 240 300 360
Time [5] Angle [']
Radial airgap flux density vs time «| @ [Radial airgap flux density vs waverumper v O

Airgap radial flux density over time for angle=0 [rad], z
-

o M
= L O A A
W W

04 06 08 10 12
Time [5]

of airgap radial flux density over wavenumber for time=

100
= o7
@ o0s0
025
0.00
SRR 18! = 82
Wavenumber []

D7S DASSAULT

SUSTEMES



IMPORT OF MODAL BASIS

« Import of third party modal basis on a structural mesh in different formats: .unv(o), .disp + .fem
(Optistruct), .txt + .mesh (Ansys), .OP3 etc.

(20 Import Modal Basis
Setwp  Preview

Machine EV_MotorP
File selection

Format  Abaqus

v Units Ton/mm v

) Modal Bases setup

Setup Preview

Mode No 1 at 105 Hz

Open Tutorial

Mesh path (inp file) C:/Users/LPN1

_3D5/run08_final/job-1.inp Select File

P —

Rotation axis of the rotor  Z

csv or rpt file)

_3DS/run08_final/Job-1.inpop2 ( Select File

¥ Manually adjust coordinate system (Advanced)

Stator Center Coordinates (mid-height along stator axis)
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gk of trsttmocereer Plilo Ximl o Yim o Z{m) 0.06
Set selection
Number of sets toimport 9 <
Label Use Nnodes Norphans =
1|ROTOR_FORCE | Force Application v 328 Plot
2[ROTOR_VISURLIZATION v Rotor Visualization v 22070 0 Plot
3[SensOR_1 ' Nodal Vibration Calculation 3 Plot
a4 seNsoR_2 | Nodal Vibration Calculation /1 Plot
5[ sensOR_3 | Nodal Vibration Calculation 1 Plot v

Import as Manatee format

Modal basis name |Modal_basis|

Import Modal Basis

2
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Import Modal Basis

( preview

Sets

¥ VIBRATION
STATOR_VISUALIZATION
ROTOR_VISUALIZATION
STATOR_FORCE
ROTOR_FORCE

Mode

Mode No 13t 105 Hz

Display
deflection factor mmm—t
display mesh

Setview  custom ~

parallel projection

o=
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DISCOVER MORE
ON 3DS.COM
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https://fr.linkedin.com/company/dassaultsystemes
https://www.youtube.com/dassaultsystemes
http://facebook.com/DassaultSystemes/
https://www.instagram.com/dassaultsystemes
https://www.tiktok.com/@dassaultsystemes
http://www.3ds.com/
https://twitter.com/dassault3ds
https://twitter.com/dassault3ds
https://fr.linkedin.com/company/dassaultsystemes
https://www.youtube.com/dassaultsystemes
http://facebook.com/DassaultSystemes/
https://www.instagram.com/dassaultsystemes
https://www.tiktok.com/@dassaultsystemes
http://www.3ds.com/
https://twitter.com/dassault3ds
https://twitter.com/dassault3ds
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