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1  Introduction

Manatee structural dynamics calculations can rely on internal mechanical models (e.g. analytical equivalent
cylindrical shell, or stator Beam Element Model) or on an external mechanical model, through the modal basis
import feature. Manatee performs the modal expansion to calculate dynamic vibrations under operational
magnetic loads at nodes of interest.

This document aims at describing the procedure to adapt a third-party 3D FEA mechanical model before
calculating the modal basis to be imported in Manatee software.

2 Mechanical FEA model adaptation (independent from FEA software)

2.1 General recommendations
2141 Components

The mechanical model can contain much more than the electrical machine model. It can contain bearings,
housing, gearbox, gear system, surrounding the electrical machine in order to have a realistic prediction of
vibrations and noise due to electromagnetic forces.

2.1.2  Prohibited elements
However, no super-elements should be used inside the mechanical model (for Manatee v2.2.5).
2.1.3  Non-linearities

In case of nonlinear models, modal basis can be extracted by linearization around a given operating point (e.g.
driveline assembly under a specific torque and unbalanced magnetic pull level).

2.2 Mesh recommendations

Fore-NVH purposes, the mesh does not require to be as fine as for magnetic or for mechanical stress calculation.
The mesh should be adapted to capture the most important modes for e-NVH analysis. In particular, tooth and
yoke bending deflections should be captured with enough elements. The higheris the mode order to be captured,
the finer should be the discretization.It is recommended to limit the number of nodes in the mechanical model to
6 million of nodes to reduce time for import and size of files.

2.3 Modal basis normalization

Modes should be normalized by the mass for Manatee calculations. A screenshot from Hypermesh is shown below.

Name Value
Solver Keyword EIGRL
MName: EIGRL
1D: 1
Color: =
Include: Master Model]
Card Image: EIGRL
User Comments: Do Not Export
Vi
V2 8000.0
ND:
MSGLVL:
MAXSET:
SHFSCL:

INORM MASS I

Figure 1: Modal analysis normalization
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2.4 Manatee conventions
2.4.1 Introduction

To ease the import of modal basis in Manatee, the FEA model should be adjusted in a specific way to be aligned
with Manatee conventions. It is strongly recommended to proceed to these adjustments inside your own FEA
mechanical software. If it is not the case, additional adjustments may be carried during the modal basis import
GUI in Manatee as shown in 2.4.4.

2.4.2 Oirientation

The middle of the stator lamination (active part where magnetic forces are applied) is centered in (x=0, y=0, z=0).
The stator is oriented along Z axis (from Drive End to Non Drive End). In case of several stators, the one the
closest to Drive End side should be used.

Figure 2 : r orientation

2.4.3 Angle of first tooth center

Angle between first stator tooth tip center and x-axis is a=0°. So that x-axis is aligned with the middle of one
stator tooth (refer to figure below).

OK NOT OK

Figure 3 : Tooth orientation
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2.4.4 Convention adjustments in Manatee GUI

If the FEA mechanical model does not follow Manatee conventions, it is possible to directly adjust the model in
Manatee by clicking on the button “Adjust FE Model” during the modal basis import (refer to figure below).

D Import Modal Bases - o
Setup  Preview

Machine: Railway_Traction v Plot

Format | Optistruct | Units Ton/mm Open Tutorial
¥ Adjust FE todel (Advanced)
. 5 - Machine Center Coordinates
Angle of first tacth center [] 0 Xpu] 0 i U ZISIllo
Files
Mesh path (fem filek Select File
Mol shapes path Cdisp file): Select File
Sets
Number of szt to import
Setld Label Use Nnodes Neells
Import v

Ce= )= )

Figure 4 : Adjust FE model in manatee

In the example of Figure 5, the yellow coordinate system is the center of the stator and the blue one is the
global coordinate system. The stator is oriented along X. The center of the stator is (5,-2,4) in local units (l.u.).
The first tooth is at 5°.

Figure 5 : Stator orientation example

The advanced parameters in Manatee should then be defined as shown below:
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(1) Import Modal Bases - =] X

Setup | Preview

Machine: [Benchmark =
Format Optistruct | Units | Tonimm Open Tutorial

M Adjust FE Model (Advanced)

Rotation axis of the rotor X v Center Coordinates (mid-height along roter axis)
| I
X[lu] |5 V] |-2 Z[lu] |4 I
Angle of first tocth center ['1| 5 lu] | ‘ [lu] | ‘ [Lu] ‘ \
~

Files

Mesh path (fem file):

‘[ Select File ]

Plot Mesh

‘ Select File

Modal shapes path disp or .op2 file)

Sets
Number of setstoimport: |2 2
Setld Label Use Nnodes Neells
Import v

| =)

Figure 6 : Adjust FE model in manatee example
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3 Node selection (independent from FEA software)

3.1 Introduction

Several sets of nodes need to be selected before running the modal analysis and importing the files in Manatee.
They can be used for

- magnetic force application (e.g. stator & rotor nodes at the interface between air & iron)

- acoustic radiation calculation (e.g. enveloped nodes)

- vibration / blocked force calculation (e.g. interface nodes)

- mode visualization (e.g. stator bore radius & yoke to better visualize stator modes)

3.2 Stator nodes for magnetic force application (optional for external rotor)

A specific set should be created selecting the middle nodes of each stator tooth’s tip (in through stator length to
apply forces on stator side.

T ! Y

Y Axis
-0.0400.0300.020®.01047 - 18.0100.0200.0300.0400

|

—i | ——
A A A | T T VI
1 1 T T T T T T

0.0400.0300.0200.0108.47e-18.0100.0200.0300.0400

X Axis

Figure 7 : Stator force nodes

If the mesh is not suited to select “middle nodes”, then the mesh should be refined to create nodes in the
middle of the tooth tip as shown below.

/

Figure 8 : Teeth mesh

The nodes must be evenly distributed along the machine axis.
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3.3 Rotor nodes for magnetic force application (optional for internal rotor)

It is also possible to create a specific set of nodes on rotor component to apply forces on rotor side. Nodes from
rotor lamination (and not magnets) should be selected. At least 2p lines where p is the number of pole pair should
be selected. In case of external rotor machine, 4p lines should be selected.

tJ

| y EQHINS

Y Axis
-0.0300-0.0200-0.010(8.47e-180.0100 0.0200 0.0300
i
T
.

.

7
— 7 T

7 7 %
7 i —
7 s f ¥ ¥ < Y
T T T t i T 1

0.03000.0200 0.01003.47e-180.0100-0.0200-0.0300-0.0400

X Axis

Figure 9 : Rotor force nodes

In case of skewed rotor, straight lines (parallel to rotor axis) are still required.
The nodes must be evenly distributed along the machine axis.

3.4 Sets of nodes for acoustic noise radiation

Specific sets should contain the nodes of the external envelope on which vibration and acoustic radiation is
calculated (this set of nodes need to create elements). Several sets can be defined to perform panel contribution
analysis (split of sound power level radiated by different surfaces).

Isolated nodes should not be selected but nodes should be connected with other nodes inside the vibration set.

OK

TR

NOT OK

O

Figure 10 : Sets of nodes for acoustic radiation
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Remark: Second order elements

If second order elements are used, all the nodes composing the elements should be selected, not only the nodes
on the vertices (see below).
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Figure 11 : Second order nodes elements

3.5 Sets of nodes for vibration calculations

Additional sets of nodes can be created to extract vibration on specific areas (e.g. an accelerometer location, a

fixation point or a subassembly), called “sensor nodes”. The nodes defining at least one element should be
selected.

Figure 12 : Sensor nodes
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NOK
Figure 13 : Isolated nodes

3.6 Sets of nodes for mode visualization (optional)

Additional sets can be created selecting all the surface nodes of the stator (or/and of the rotor) to more precisely

visualize stator modes (or/and rotor modes). Figure 14 shows examples for stator and rotor visualization.
LN

T
8
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4  Mechanical FEA output files
4.1 Introduction

This part presents how to define the sets and which modal basis output files should be used for modal basis import
in Manatee.

4.2 Altair Optistruct / Hypermesh
4.21 Set selection

The node sets are created following §3 as described below:

H Untitled - HyperWorks 20223 - OptiStruct
File Edit View Collectors Geometry Mesh Connectors Materials Properties BCs Setup Tools Morphing Optimization P
fa-le-B-%-%-2- 8w-i8 0O fia eL:GhIAbdERE- i dQ
Session Mask Model x Import

Ao BR®

Search * :
o @ @
W% % - 'ﬁ@'
Name 1D @ |include
+ I Cards (3) - =
« 1@ Companents (9) -
# Shaft 18 o Assembly -
B Rotor 2 ; 0 Beam Section Collector
B Boaring1 3 0 Beamsection m I
# Endshield 2 4@ [] Block Name Value
# Ring_1 sm 0 e o » Solver Keyword SET
# Stator 50 o Component
B oeaing2 100 0 Anmats - Name: 1_Yoke_ext
¥ Endshield_1 11 o Expand All Cross Section D: 1
# Ring_2 120 [ Collapse All Curve. ‘
1&g Groups (6) Damage Include: [Main Model]
+ i Load Collectors (1) _ConfgueBrowser | Foaure
£ Load Step Inputs (1) Field Defined: v
@ Load Steps (1) Group
i Mateials (3) Hourglass I CardImage SET_GRID I
@ Pans(9) Include File - .
Tt o A Set Type non-ordered
- f SetSegments (11) Load Collecior Entities: 14819 Nodes
o Thes () Load Step
Load Step Inputs
Material
Name Value Modal Resuts Output
Multibady
Output Block
Parameter
Plot
Ply
Property
Region
Rigid Bady
Rigid Wall
Sensor
Set

Figure 15 : Nodes set creation

Additionally, another set of nodes should be created to be able to extract the modal displacements of the nodes
from all the sets identified in 3. The set usually named ‘SID’ should contain all the defined sets to extract the
modal displacements.

All the different sets can be viewed below:
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Set

Visualization

Stator Force

Vibration

Rotor force (OPTIONAL)
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Stator Visualization (OPTIONAL)

Rotor Visualization (OPTIONAL)

2 A
: .J;f.l“’ A\
A A '(.
Ly

4.2.2 Result file format

The control card OUTPUT must be added with keyword OP2 to write results in op2 file.

4.2.3 Output displacement

The output file can be very heavy if it contains the displacements of every node in the model. Thus, it is convenient
to output only the nodes contained in the sets previously created. To do so, the control card GLOBAL OUTPUT
REQUEST must be added, checking the box DISPLACEMENT, then the option SID, and specifying the SID set
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previously created.

SID = Set1_Stator_forces U Set2_Rotor_forces U Set3_Vibration (U Set4_Vibration_2 U ...)

(U for union)

The number of nodes contained in SID set should be equal to:
Number of nodes contained in Set1_Stator_forces + Number of nodes contained in Set2_Rotor_forces +
Number of nodes contained in Set3_Vibration (+ Number of nodes contained in Set4_Vibration...)

Name
»[ga, Assemblies (13)
- né Cards (3)

@ PARAM

@ OuTPUT

»-[gp Components (9)

» g Groups (9)

#- [, Load Collectors (2)

e —+ Load Steps (1)

=-fpg Materials (3)

=-{i5 Propeties (3)

Sets (4)

B Stator_forces

G Rotor_forces

G Vibration
g SID

[ [2) Ttles (1)

MName
Include:
Status:
= number_of _outputs =:
= OUTPUT 1
KEYWORD:
FREG:

= OUTPUT 2
KEYWORD:
FREG:
OPTION:
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ID @ |Include

-
o=

28
3
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Value

[Master Model]

w7
1

OPTI
ALL

0oP2
ALL
MODEL

Mame ID @ Include
(g, Assemblies (13)
g Cards (3)
‘@) GLOBAL_OUTPUT_REQUEST 1 ]
@ PARAM 2 0
@ ouTPUT 3 0
i@ Companents (3)
(@ Groups (9)

-3 Load Collectors (2)
~[eh Load Steps (1)
[ Materials (3)
E Properties (3)

[ Sets (4)
B Stator_forces 26
: B Rotor_forces i}
§F Vibration kil
& sD 32
-[[3 Titles (1)

oo oo

Name
CSTRESS
DAMAGE:
[= DISPLACEMENT:
= DISPLACEMENTS_NUM =
= GLOBAL_OUTPUT_REQUEST 1
SORTING:
FORMAT:
FORM: COMPLEX
ROTATIONS
RANDOM
PEAK:
MODAL:
FOURIER
ANALYSIS:
TYPE:
KPI
NLOUT:
STATISTICS:
OPTION: SIo
SID: (32) 51D
DRESPONSE:

E
c
H

“EOEE

Figure 16 : Optistruct output
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4.3 Ansys Workbench

4.3.1

Named selection

As described in 3, the following “named selections” are created as described below :

v | Contour de rectl v

Insertion »

£ Résoudre

Renommer F2
Actualiser les matériaux

Désactiver le filtre

/(%) Solution (C4)
w75} Informations sur la solution

VeRKAERDAPIRWITL DB

Sélection nommée
Importer la géométrie
Transformation de piéce
Géométrie de construction
Sections droites
Symeétrie

Point distant

Rupture

Géométrie condensée
Edition du maillage
Processus AM

Mesures

Détection de Fonctionnalité
Code Python

1 projet*
= (@ Modéle (C2)

S CRCRCRG)

Figure 17 : Named selection creation

Named selection must be a nodal one.

Additionally, another set of nodes should be created to be able to extract the modal displacements of the nodes
from all the sets identified in §3. The set usually named ‘SID’ should contain all the defined sets to extract the

modal displacements.
All the different sets can be viewed below:

Insertion

Sélectionner les éléments du groupe
Ajouter a la sélection actuelle
Supprimer de la sélection actuelle
Créer une sélection nommée nodale
Désactiver les corps dans le groupe
Masquer la(les) face(s)

Masquer les corps dans le groupe
Dupliquer

Copier

Couper

Copier dans |e presse-papier
Supprimer

Renommer

Groupe Ctri=G

Grouper les objets similaires

Créer une sélection nommée nodale

Convertir automatiquement la géomeétrie spécifiée par la
h sélection nommée en noeuds de maillage. Une colonne
=] correspondante "Converti " est ajoutée a |a feuille de calcul.

(@) Appuyer sur F1 pour de I'aide

Set

Stator Force

Visualization
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Vibration

Rotor force (OPTIONAL)

Stator Visualization (OPTIONAL)

16/22
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Rotor Visualization (OPTIONAL)

SID

4.3.2 Output displacement

The output file can be very heavy if it contains the displacements of every node in the model. Thus, it is convenient
to output only the nodes contained in the sets previously created. To do so, an APDL script can be used (refer to

the code below).

T Projet*
= @ Modéle (C2)

/% Géométrie
8 Matériaux

[CRCRCRT

%) Connexions
-+ Mailage

B Importations de géométrie

73K Systémes de coordonnées

B 8 Sélections nommées
/B Stator_force
8 Rotor_force

8 Vibration

/B Stator_Visu

-~ 8 Rotor_Visu

B s
-7l
-0 Pré
JHiRrég g
A Con
B sot B
£ 0

L4
X
I

]
(=]

Insertion

Résoudre

Exporter un fichier Nastran
Dupliquer

Effacer les données générées
Supprimer

Renommer

Grouper tous les enfants similaires

Ouvrir le répertoire de fichiers du solveur

» @ Vitesse de rotation
@ Condition thermique
Support fixe
Déplacement
Déplacement distant
Support sans frottement
Support en compression
Support ¢ylindrique
Support élastique
Equation de contraint:

Zile e R A dale P
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Orientation nod3

# Code Python

Figure 18 : Ansys output

Commandes

it

Sanswn

outpr,erase
outpr, all, none
cutres,erase
outres,all,none
nsel,all

esel, all
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4.3.3 Result file compression

Result file compression should be turned off when running the modal analysis to ensure results in .rst file are
not compressed.

5] Output Controls B

Stress No
'Surface Stress [ No
'Back Stress ‘ No
' Strain | No
'Contact Data ' No
'Nodal Forces ' No
'Volume and Energy | No

Euler Angles ‘ No

Calculate Reactions ‘ No

| General Miscellaneous | No

'Cache Results in Mem...‘ Never

'Combine Distributed ... | Program Controlled

. Result File Compressi... ' Program Controlled)

Figure 19 : Ansys file compression
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4.4 3DS Abaqus

4.4.1 Node selection

Several sets should be created to extract the modal displacements. Those sets are described in section 3.

& Model Database B

= 48 Models ()
S prius deailed teeth

% B Field Output Requests (1)
@ Bp History Output Requests (1)
5 Time Points

1 Loads
& 8Cs
L Predefined Felds

5

W0 Steps (2)

@ B Fied Output Requests (1

@8 History Output Requests (1)
s

5 Time Point

N Annotations

Figure 20 - Sets of nodes created respectively for forces application and vibration calculation.
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4.4.2 Output displacement

The output file can be very heavy if it contains the displacements of every node in the model. Thus, it is convenient
to output only the nodes contained in the sets previously created. To do so, click “Create Display Group” and
select those sets. Click “Replace”. Elements are now hidden.

a
=
=

fle Model Viewpon Yiew Besut Plot Anmate Rgport QOptions Tooks Plugeins Help X7
JESE M & @ Cumentworkdirectory: D\ibaque ws\023.07.20 & (ofe @ W LLETTLE A ) u

0O 2o K- e £ visuatzation defavits - ()~ ket 4 > M

Bpu primary o © Magnitude v &
Model  Results Module [ Visualizstion | Modek [ 0/Abaqus WS/2023. 07 2¢/kcb-1.odb wa b 3BO
Session Date 83 O E
& Output Databases (1) =8 %
5 job-lodd s
#58 History Output (16) b
2 Steps (1) Make s Selection
o8 Instences (1) hem
802 Matesals (1) Select mviewport Name fiter:
o % Sections (1) . 'ALL NODES.
572 Gement Sets (4) Partinstances exemaLve
935 Node Sets (5) D 'NODE_TEST EXT. VB
L, Suface Sess 0
J. Session Coordinate Systems Senfaces STATOR_FORCES
s ODB Coordinate Systems Display groups
pharony Coordinate systems
& Annotations Tes
B xvosts Shell-to-Sohd couphngs
+ 5 Model Database (1) Distributing couplings
# 0 Spectrums () Knematic couplings
@8 xvPlots (1) Rigid Bodies
o xvosts 16)
[ Paths
#%a Display Groups (1) Method
B¢ Free Body Cuts
& sveam: ick frem viewport
I vove tepeey
Images Result value
Allnodes
Internai sets
] Highiight tems in viewport
P, ™ 2 Boclean on the viewport contents and the selection
® | o D || D
81E-06 Freq = 0,0000 (cycles/time)
ROMG:  Add  Remove interied Ether Undo  Redo
Swe s Sove Selection As.. T

# X Use the Create Display Group dislog 25 simuia

Figure 21 - Display group of node sets

Then, in the toolbar, click “Report” > “Field output” and export as .rpt file or as .csv file as indicated below.
& Report Field Output X

4 Report Field Output X
Steps/Frames Steps/Frames
O Specify O Specify
Step: 1, Step-1 Step: 1, Step-1
Frame: 2 of% Frame: 2 o%

@ Al active steps/frames  Active Steps/Frames... @ All active steps/frames |Active Steps/Frames...

Variable | Setup

Variable Setup
Output Variables File
Position: | Unique Nodal ~ Name: | output_file.csy Select.
Click checkboxes or edit the identifiers shown next to Edit below. [4 Append to file
P[4 U: Spatial displacement Output Format
(O Annotated format
® Comma-separated values (CSV) Q-
Sort by: Node Label ™
@® Ascending O Descending
Page width (characters): ® No limit 80
Number of significant digits: | 6%
Number format: | Engineering ™
Edit: U Data
Section point Write: [4] Field output S o
oK Apply Defaults Cancel oK [ Apply Defaults Cancel

Figure 22 - Export of nodal displacements

Now that both *.inp and *.rpt/*.csv files are available, the modal basis can be imported in Manatee. *.inp file is
automatically created in the workspace when a Job is submitted.
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5

Import of modal basis in Manatee format

Click on Import>Modal under the Define tab.

Define

Simulate

tachine Simulation O ffline Tolerances Import: ancel Check
Calculation & Fault
v ' ~ v ~ ~
Project List B Machine  Workfloy A
¥ Untitled Project LAY Eafes
e Voo TG b
WFA_ABN interm_. @ ¥
Current Flux Force Modal
al Ba: - o
Setup Preview
1 I Format  Optistruct VIUmts Tonfmm v I 2
Adjust FE Model (Advanced)
3 Files
Mesh path Cfem filel:  sew Select File
Pl sh
Modal shapes path Cdisp filel  was Select File
4 Sets
Number of setstoimport: _ Mumber of nodesin selected sets: 75411638
Set Id Label Use Nnodes Mcells
1|26 Z|stator_forces Force Application V132 264 Plat
2|23 2 |Rotor_forces Force Application 60 120 Plot
3 2| vibratien Vibration Calculation ~ 7349 42700  Plet
Import
Import as ModalBases 5

Figure 23 : Modal basis import in manatee

In the contextual menu, follow the steps:
Choose the format (Optistruct, Ansys, Abaqus)

1-

Choose the unit system.

Select the files to import (if quad mesh is in second order, they must be set in first order).

Select the sets previously created. Stator and rotor sets are for force application. Obviously, vibration
set is for vibration calculation. At least one force application set, and one vibration calculation set must

be selected.
Import the modal basis to Manatee
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6 Use of Manatee modal basis format during e-NVH simulation

To use an imported modal basis for a simulation, click the “Modal Basis” icon.
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Wi AN ke @

| —r—

Modal Bases setup

Setup Preview

*odal Basis erigin: | Load Modal Basis from library ~
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2 Mesh for stator force application Stator_forces

Mesh for rotor force application Retor_forces

Advanced parameters
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Figure 24 : Use of an imported modal basis in Manatee

In the contextual menu, follow the steps:

1-  Choose “Load Modal Basis from library” and select the modal basis folder previously imported

2-  Match the stator and rotor sets with stator and rotor meshes for force application

The modal basis can be previewed in Manatee.
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