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GENERAL PRESENTATION OUTLINE

‘ Part 1: Introduction

‘ Part 2: Motor pre-analysis in FluxMotor

‘ Part 3: Magnetic force export in Flux

‘ Part 4:Vibration analysis in SimLab

‘ Part 5: Conclusion
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INTRODUCTION

 Electric motor vibration analysis at multi-speeds: solution with Altair HyperWorks

INIETA D [ G Tw Step 1: Motor performance pre-analysis
INLGTTR d (1)@ Step 2: Electromagnetic modeling and analysis of the motor

INEEITEI T B Y Step 3: Mechanical modeling of the motor
NI T (TT{a Step 4: Mechanical analysis of the motor

« Two excitation (magnetic forces) format are currently available from Flux to OptiStruct:

* Magnetic force export via an imported mesh

4 * Magnetic force export per tooth 2\ ALTAIR
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INTRODUCTION

+ Tutorial example
* The studied device is an inset permanent magnet synchronous motor (model: IlkerMAQ).

« The comprehensive magnetic and thermal analysis of the motor can be found in the
Flux 2D supervisor example / Application notes / Magnetic and thermal analysis of a PMSM

Mechanical model:
SimLab projects

Electromagnetic model: .
5 Flux 2D project b) With windings /\ ALTAIR
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MOTOR PRE-ANALYSIS IN FLUXMOTOR

* FluxMotor project preparation

 Import the Motor Catalog (“lkerMAQ_Analysis”)

o luxMotor™
(4| Part Library fotor
[ Materials
. 123 scripe factory
1 Click on [Motor Catalog] T @ O o 0
2 Click on the icon .
Click on the icon (® to select the
3 provided Motor Catalog o
“IkerMAQ_Analysis” in the path & rosours O
“~/FluxMotor”, click on [OK] D
4 Click on [V]
Load a catalog Choose your catalog [x]
Catslog folder: *  [EvibroAnalyss Exportroot. ] Lockin: [[] Flaxitor hA B
Name: [IkermMAQ_Analysis |

IkerMAQ_Analysis|

) @
&)

Folder name: I|E:\VibruAnaIysis_ExpurtTuuthFurce\FIuxMutur\IkerMAQ_Analysis 1]

7 Type: |A|Iﬂ|ES h ALTANI R
& -




© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MOTOR PRE-ANALYSIS IN FLUXMOTOR

« Performance mapping test creation

* Open “Motor Factory”

Click on the icon “ to open
“Motor Factory” interface

8 2\ ALTAIR
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MOTOR PRE-ANALYSIS IN FLUXMOTOR

« Performance mapping test

» Access the performance mapping test results .
1 Click on [TEST] to enter the
TEST editing interface

5 Click on the icon ™ to access?
the sinewave test results

(RN

9 1The mapping test results are already available in this motor because it has been resolved. A ALTAIR
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MOTOR PRE-ANALYSIS IN FLUXMOTOR

« Performance mapping test

* Access the performance mapping test results

Double Click on [Efficiency map
2020_0_0] to access! the
performance mapping test

results

@ Motor Factory  kerMAQ_Analysis lkerMAQ_Mulispeedt

DESIGN CHARACTERIZATION WORKING POINT PERFORMANCE MAPPING  MECHANICS
Ban =
= ISONONOROMECRED ) )
OPEN CIRCUIT  MODEL ~ DATASHEET ~ THERMAL SINE WAVE SQUARE WAVE NE WAVE NVH
EXPORT
SECTIONS PERFORMANCE MAPPING - SINE WAVE - MOTOR - EFFICIENCY MAP
Contguraen F
: Machine behavior in the torque-speed area Settings Outputs
— + Thermal + Base speeddata
: Overview of the electromagnetic behavior of the motor + Electronics + Max.speeddata
. + Mechanics * Torquevsspeed

according to its speed - Efficiency map

Inputs.
e + Max.line current- .., o
=5 + Max_Line-Linevoltage-Uny, | (01085 -
. + Max.speed- N,
+ Command mode ;we:factor
- . * Losses

A
i

Tore

2

ue - Speed curves:

NINEIR
X

20

)

SINE WAVE ?

TR covessron

i 9

Thermal  Electronics  Mechanics

INPUTS.
Max, CUFTENE dens., i (AT 4.8
M. Line-Uine woltage, s ) [420.0
command made ey
asimum speed (rpimi 50000

|User warking point(s) analysis | Nore.
mechanical torgue (N.m)

Ispeed (rpm) |

puty cycle description

][] [E]

10 1The mapping test results are already available in this motor because it has been resolved.

J\ ALTAIR
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MOTOR PRE-ANALYSIS IN FLUXMOTOR

« Motor pre-analysis: sine wave

* Mechanical torque results

Fﬂumrmm IkerMAQ_Analysis. lkerMAQ_MultiSpeed BORE

In “SECTIONS”, click on . EOREOROREORETIE NN TR @
1 [Torque] in [Torque - Speed SECTIONS PERFORMANCE MAPPING - SINE WAVE - MOTOR - EFFICIENCY MAP SINE WAVE ?
curves] to plot the torque e G e | T evcearor

Torque - Speed curves Mechanical torque versus speed i

p . : I fadl Vadl - & Display points
C Torque Current 00-
1000-
= Thermal  Electronics Mechanics.
voltage Control angle E o
Z m.
= = =
g
& o
Pawer Power factor =
0. Command mode
/J E Maximum speed (rpm) 3000.0
2.
Losses e User working pointis) analysis  |None:
Mechanical torgque IN.m}
Characteristic curves Wm0 me 40 e em om0 we w0 nm tm mm Speed irpmi
/-f /-f Speed (rpm) Duty cycle description
Torque (1. ¥) Jd-q area Mechanical
v1[5]
S ——
@ @ Current versus speed
. =]]
Efficiency Current —

@n [>]
]
& Display points

)
)

4
g
g
2

J
@:

o E & 3 B

11 J\ ALTAIR



MOTOR PRE-ANALYSIS IN FLUXMOTOR

« Motor pre-analysis: sine wave

* Current results

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

mmhm IkerMAQ_Analysis. IkerMAQ_MultiSpeed =0 @
E MAPPING
In “SECTIONS”, click on - OO @ geEgs = D @
1 [Current] in [Current - Speed secrions uaron e e wave ?
curves] to plot the current - ' il EXTTZNN sevenaron
Torque - Speed curves Current versus speed i  Eff. map
speed curve. I~ . oo -0 0O 0O 5 ==
Torgue | Curren = ‘__ M jd
» Select serval working points i~ c — S, .x .5
. voltage Control angle Z = .
ISP S I ¥ SR -
Power Power factor Max. Line-Line voltage. rms (V) [600.0
Current /A Speed / RPM I~ - im0
Losses R \\‘Hﬁk_ ser working poinis) analysis ~|None
90.0 88.597 I : — S — |
90.0 265.792 [ T e ——
Torque (I, W) Jéda i, rms 1q, rms
90.0 442.986 Torque-Speed maps —
@ - ors _ .
90.0 620.181 Effcieney current - e e ;Vd >
90.0 824.113 8 5 - o aw
voltage ontrol angl i%- - & Display points
90.0 1028.046 -
N = .
90.0 1231.978

12

J\ ALTAIR
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MOTOR PRE-ANALYSIS IN FLUXMOTOR

« Motor pre-analysis: sine wave

« Control angle results

@ Motor Factory  IkerMAQ_analysis.lkerMAQ_ Multispeed

20®
=
In “SECTIONS?, click on - RONRO) g P yw ow D @
[Control angle] in [Control enons APPING SN WAVE MOTOR: war

SINE WAVE 7

angle - Speed curves] to plot - j| ovnien TN EXEENN cocuaror
Torque - Speed curves Control angle versus speed | map
the control angle-speed curve. i

Display points
.

1N
5

<

i = 9

Thermal  Electronics  Mechanics.

= arms O
Select serval working points I~ | o
2 : 1 -

for the analysis

S
=
H

g INPUTS
N o
Power Pawer fact: ™ . :::;;dwemrmsm \i‘urnp:
Control angle / de Speed / RPM |~ » @ oo s 3000
g g p Losses ™ E - E - D - D us«mmmgnnwamms |None
10.64 88.597 charactarist curves L ST —"
(rpm| Duty cycle description
10.64 265.792 I~ i~
i
10.642 442.986 Torque- Speed maps
@ m Power versus speed
10-67 620181 ey o - Feell TS
43.425 824.113 m N = -
voltage Control angle = H Display points
61.758 1028.046 o
R 8 | §=
76.19 1231.978

13 J\ ALTAIR



IIl. MAGNETIC FORCE EXPORT IN
FLUX (MULTI-SPEEDS)
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: initiation

+ Activate [Beta] mode (to access the menu for exporting global force)

Altair Flux™

1 Open Flux supervisor rofct & Oplions

[=-General User made
H . Open project Language
2 Click on [Options] Recent s L=
File types
. Open example .Shortcuts =
3 Click on [User mode] el
- -memory -Beta:
. .Parallel computing This mode gives access to a set of new features without guarantee on the results.
o 2 ... Graphi d Please observe that Beta mode is not fully qualified and the compatibiity of Flux projects opened in Beta mode is not
Select on [Beta], and Batch solve | o =

3 4 Deb - Advanced:
C I IC k on [O K] : — T::snfneede gives access o a set of expert functionalities,

Access paths Please note this made is not quaiified. As a consequence it can lead to strange behaviours and the compatibiity of
User version Flux projects opened in Advanced mode is not guaranteed.
oot Use this mode only with the help of the support team.

Materials

Extensions
- Coupled software
-Flux
- Sketcher / Modeler
- Geometric construction
- Meshing generation
- Solving

Run the selected script Cancel Apply

@ a af, Material _ ey e-Machine ibution ) Server o Command -
BY optons </ Unit Manager | Skin depth - Toolbox Manager Manager line Shell

7 Manager

1631 GBJ63.76.G6 Aocatie memory | 1631 GBIEA 76 GB e spsce LA TEL.E2TE

15 /\ ALTAIR
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: initiation

* Load the physics-defined! Flux 2D project.(driven by python script)

Altair Flux” €9 O ALTAR
1 Open Flux supervisor New project
5 Select the [2D] e
simulation context Optn el
3 Click on [Python scripts] @ ‘
Select the working :
4 path :
“~/ForceExportMultiSpeed
[Flux”
Select the python file ,
5 “ForceExport_MultiSpeed _ ,
Initiation.py”
C“Ck on Run the selected script
e [Run the selected script] @
BT options :“ < UnitManager g Skin depth I T;T;»:::‘P :::191
16 J\ ALTAIR

1The machine in the Flux project is set as generator mode by default.
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: initiation
« Load the physics-defined Flux 2D project (driven by python script)

B LomD o B Lon oy S0 By L) O5 T B G _“';
L

RN LY T TR Y e NPT I sT Ly -
I_m [
et agcEe @@ E[7 2y 3] <Pt m bbb b b g by tm

—
i
.
/ "‘
/ Y
f \
/ \
1~ \
u
/ |
{ i
I 1]
& cemeriooven | FERGE
Output. =i el
|PyFux Command [SJlod
Y

17 J\ ALTAIR
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: physics modification

* Create physics parameters: FREQUENCY

Project  Application  Geometry Mesh  Physics

B2 FE&[ o ™

xtensions  Help

Solving Display View Select Tools

y: Ij0 parameter

Click on e e & Sensor » |2 Edit cul-E
o | General data & spatial quanticy » B, Edt array Crl-F
1 [Parameter/Quantity] — : = 2, Deite S
-(1 Geometry [ Store quantity » ZSJ;I
[I/O parameter] - [NeW] . £3 Ph E’ Import parameter and quantity p | Hm Force delete Maj-Supprimer
ysics

E| (= Parameter [Quantity E" Export quantity » Mew tabulated IfO parameter by importation of a 20 table
H 1'-' Parameter If0 A e — » Modify kabulated IfC parameter by importation of a 20 kable

Define the parameter

2 « ” ;:' Spatial quantity P
FREQUENCY o & Sensor ".; uhlpom wz: New Physical parameter X
Solver & Patl
. 3 Post i Mame of the Physical parameter *
3 Click on [OK] St g@ [FREQUENCY |
-3 Extensions B o FTTET
|
- Type of Physical parameter
| Parameter defined by a formula -
P t Expression *
arameter FREQUENCY [SPEED/60"1012 [0l
name
Parameter '
Parameter defined by a formula
type
Expression SPEED/60%10/2
18 @) /\ ALTAIR
| oK | | Cancel |H | (i) | |
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: physics modification

* Create physics parameters: OMEGA

Project  Application

Geometry

Mesh  Physics

B E=ER

2 ™|

Data Tree

View Select Tools xtensions  Help

Solving  Display

T
-4 Spatial quantity
-~ dy Sensor

(3 Solver

(3 Post processing
3 Tools

(-3 Extensions

Click on
1 [Parameter/Quantity] —
[I/O parameter] — [New]
5 Define the parameter
“OMEGA”
3 Click on [OK]
Parameter OMEGA
name
Parameter Parameter defined by a formula
type
Expression 2*Pi()*FREQUENCY

19

y: Ij0 parameter ] .'_t'__‘ Mew
& Sensor » |2 Edit cul-E
W, Edit Ctrl-F
¥ Spatial quantity » ‘z' - array "
) E-,' Delete Supprimer
[ Store quantity 3 2.‘;'
w0 F delet Iaj-5
E’ Import parameter and quantity p | S oree delete EFEHARAIT
E" Export quantity » Mew tabulated IfO parameter by importation of a 20 table
:./‘ T . — , Madify kabulated IfO parameter by importation of a 20 table

::.0. TMultipoing
~& Path

s

25 New Physical parameter

Mame of the Physical parameter *
[oMEGA |

Comment

- Type of Physical parameter

| Parameter defined by a formula
Expression *
|2*Pi(}*FREQUENCY

|.10]

/\ ALTAIR
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

Data Tree [
, . o e Slj2 avje | s @ alels
* Flux 2D project: physics modification ey

(=} (5 Parameter/Quantity
= od, Parameter 10

* Modify physics parameters: L_LOAD + R_LOAD J5 —

W2 Edt cwlE
R(F et aray
Ms_cl B& Delete

£

Supprimer
#¥ Force delete Maj-Supprimer
-ty Spatial [
Se I eCt fro m th e Data Tree th e o Sensor Mew tabulated IfO parameter by importation of a 2D table
1] ” i . .
tWO p aram ete rs L_L o AD g g g:s‘f:;rms Modify kabulated 1/0 parameter by importation of a 2D kable

and “ R_LOAD”, rlg ht C|ICk g S‘Erzisnsms &, Display PyFlux command

&8 Find usages
L Macros

and click on [Edit array] R Ui o, L et

i, Python expart

g o, THT export
5 Modify the values of the two e
pal’ameters o Copy to clipboard
3 CIle on [OK] wzo Edit Physical parameter[L_LOAD, R_LOAD] X
Entities Maodify all L_LOAD R_LOAD
@ naveE = L_LOAD R_LOAD
Parameter Value {3 Comment Initial values
name =] @ Sub types Initial values  |Parameter c... |Parameter c...
L_LOAD 1.59E-4 =] G Parameter controlled via a scenario Parameter c... |Parameter c...
G REFERENCE_WALUE = 1.59E-4 1.0E-4
Ao [ s [ e [ @ (&

20 = /\ ALTAIR
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: physics modification

« Create physics parameters: GAMMA

Solving Display View Select Tools xtensions  Help

Project  Application  Geometry Mesh  Physics

l_j ® A = L] g 5] » ||| % | 3, 1j0 parameter » .'_t'__‘ Mew
Click on e e & Sensor » |2 Edft cul-E
8 E" General data ¥ Spatial quantity » i, Editarray Chrl-F
1 [Parameter/Quantity] — 03 Geometry B store quantiy 5 :5. Delete Supprimer
[I/O parameter] — [New] S B Imoort perameter and cuantty b | i "1 e Mar Supprimer
B Parameter[Quantity B Export quanticy » Mew tabulated IfO parameter by importation of a 20 table
D f th t +# Parameter IjO X Modify kabulated IfC parameter by importation of a 20 kable
erine e pal’ame er ] - = -_/' Export nodes of regions »
2 « ” 1o Spatial quantity =, .
GAM MA & Sensor +3% Multipaint support =5 New Physical parameter X
. @ szl:tegrocessing J; Z;th " r‘ Mame of the Physical parameter *
3 Click on [O K] £ 03 Took gri ',GAMI'\-IA |
-3 Extensions E ©Open data Import/Export context=| Comment |
Parameter - Type of Physical parameter————————————————
name GAMMA |F'ararneterdeﬂned by a table of values v|
88.597 10.64 Table of values
Parameter Parameter defined by a Parameter for the abscissa *
type table of values 265.792 10.64 [SPEED B0
Abscissa Ordinate
Parameter Carild Lo 88,597 10,64
620.181 10.67 265.792 10.64
for the SPEED ke oo
abscissa 824.113 43.425 520,151 10.67
824,113 43,425
1028.046 61.758 1028.046 61.758
1231.978 76.19 e S
21 | ' )\ ALTAIR
3) oK. | | Cancel |H | @m | |
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: physics modification

* Create physics parameters: RMS CURRENT

Project  Application  Geometry Mesh  Physics Display View Select Tools

Salving xtensions  Help

J & 2 = L] g 5] » ||| % | 3, 1j0 parameter » .'_t'__‘ Mew
Click on e e & Sensor » |2 Edft cul-E
8 E" General data ¥ Spatial quantity » i, Editarray Chrl-F
1 [Parameter/Quantity] — 03 Geometry B store quantiy 5 :5. Delete Supprimer
[I/O parameter] — [NeW] g :::';cs E’ Impott parameter and quanticy | i Fores e MarSupprimer
B Parameter[Quantity B Export quanticy » Mew tabulated IfO parameter by importation of a 20 table
Deﬂ ne the arameter +# Parameter IjO A X Modify kabulated IfC parameter by importation of a 20 kable
2 p ‘;? Sootial quantity =" Export nodes of regions »L
“ RMS CU RRENT” QS Sensor $2% Multipoink support 5 New Physical parameter X
£ Solver . =5 el ) Mame of the Physical parameter *
3 Click on [OK] & isjspmcessmg B 20 grid JRuUS_CURRENT |
EI Extensions E ©Open data Import/Export cnnte}d 'CUmment ‘
Parameter ~Type of Physical parameter———————————————
name RMS—CURRENT |Parameterdeﬂned by a table of values v|
88.597 90.0 Table ofvalues
Parameter Parameter defined by a Parameter for the abscissa*
type table of values 265.792 90.0 |SPEED -
Absci Ordinate
Parameter 442.986 900 e oo
620.181 90.0 265.792 40.0
for t.he SPEED xr 00
abscissa 824.113 90.0 620,181 20.0
§24.113 90.0
1028.046 90.0 1028.046 50.0
1231.978 90.0 T e
22 | | )\ ALTAIR
3)' oK | | Cancel m | ® | |




* Flux 2D project: physics modification

* Modify the coupling electric circuit

Click on [Physics] - [Circuit] -
[Circuit editor context]

Add three current sources to
the coupling electric circuit

= B

= .

o

23

Project  Applicaion  Geometry  Mesh

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FLUX PROJECT PREPARATION (MULTI-SPEEDS)

Parameter/Quantity Solving Display View Select Tools Extensons Help

pesad =@ 2
Data Tree
| General data
-3 Geometry
Mesh
Physics
Parameter /Quantity
£3 Solver
3 Post processing
(3 Tools
3 Extensions

e Infinice bos
ot Periadicity

sy Srmmetry

& Domain options

b Material
o Pairt region

<. Line region

2B Face region

5 Mechanical set
“f Electrical componerts

“ Assign regions ko geometric entities
¥ Assign coll conductor components ta regions

47 Assign salid conductars companents to regions

3
3
3
3
>
3
3
3
3
3
3
>
3
3

@ Display arrows on magnet

% Delete Arrows

PN

A AR

G Export circuit to a xci fle
@ Export creut to a PyFlux file

X Delets elsctrical cireuit

@ Load and run physics macro ]
% Check physics AR
ZE Checkcircuit T e

s

D%

TANA

/\ ALTAIR



* Flux 2D project: physics modification

* Modify current values

Double click on each
current sources, and

s Edit Current source[l_1] x

Current source name *

Comment

Model \Termina\s\\Appearance | Bvaluated information |,
\Currentsource by formula (A) v\

Value (A)*
[1S_CURRENT* Sar(2)* Sin(OMEGA TIME+GAMMA*Fi()180) | )]

[E o 17w ]|

Cancel M | (@

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FLUX PROJECT PREPARATION (MULTI-SPEEDS)

1 .
modify the current
value
Parameter
Value
name
|1 RMS_CURRENT*Sqrt(2)*Sin(OMEGA*
— TIME+GAMMA*Pi()/180)
| 2 RMS_CURRENT*Sqrt(2)*Sin(OMEGA*
— TIME+GAMMA*Pi()/180-2*Pi()/3)
| 3 RMS_CURRENT*Sqrt(2)*Sin(OMEGA*

TIME+GAMMA*PI()/180-4*Pi()/3)

24

—ee— =1 """ o
=l 9y— o] 2/ '
i M R 1 —
y n@ E DD :Fa'a'al P 'F‘l:l—
T —
DE' | DE

/\ ALTAIR



* Flux 2D project: physics modification

* Modify current values

Double click on each

current sources, and
modify the current

% Edit Current source(l 3] x

Current source name *

Comment

Model \Termma\s\.ﬂ\ppearance ' Evaluated information ',
\Currentsnurce by formula (A) v|

Value (A)*
RENT*Sgri(2)*Sin(OMEGA™TIME+GAMMA™PI(J180-4"Pi()3) H 0 ‘

= Edit Current source[l_2]

Current source name *

Comment

Model ', Terminals ', Appearance |, Evaluated information |,

|Current source by formula (A)

value
Parameter
Value
name

|1 RMS_CURRENT*Sqrt(2)*Sin(OMEGA*
— TIME+GAMMA*Pi()/180)

| 2 RMS_CURRENT*Sqrt(2)*Sin(OMEGA*
— TIME+GAMMA*Pi()/180-2*Pi()/3)

| 3 RMS_CURRENT*Sqrt(2)*Sin(OMEGA*

TIME+GAMMA*PI()/180-4*Pi()/3)

25

Value (A)*

RENT*Sgri(2)"Sin(OMEGA TIME+GAMMA®Pi(M180-27Pi()3) H 0 ‘

=

[ o [ oo

[ o W =1 7N
B
L]

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FLUX PROJECT PREPARATION (MULTI-SPEEDS)

al o o
o
[ - 45—":‘ }—f Y\ Py

E
e

/\ ALTAIR
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: physics modification

* Close the electric circuit editor

Crast View Seect Teck

|
JI_I'U| J%OI*"@G"‘G{#A!"’*I\Q
|:.|M

=i}
{ =lle x A €)@ 4 x| b bi b by RF b0 kY b b b Gy M
H H 4 w 850, BP9, 7H9 ., 5700, 650, 6P, 1559 . . -5PO, . 450, ;49 =35, o309, =250, 200,159, <109, 50, ') 50, 109, 190, . 290 L 390, . 890, 450 J
Click on the icon .. to e .
1 exit the circuit editor it o
context 20
RARESARAR] AR BERAR
H 150
B —"—p
50- 50
o B ol
100- sl
=
200 [200
-
T T R R T A T A R R S A T BT Mo 2 we e o ws |
= eEw |
Components | Potentials |
e = [Name. (= [i [ et it TPotontiot oF terminis |
PHA W Defined ¥ Connected W Vaid v EQUIPOTENTIAL S -
mmmmm
9 ome W Defned W Conneced W vad W EQUIPOTENTIAL 14
¥ oo
B e W Defned W Comrecizd W v W EQUPOTENTIAL
v EQUIPOTENTIAL 7
§  TESTING COL_COMDUCTOR W Defined W Cormected W vad W EQUIPOTENTLAL 4
£l W Dufned W Convas W v vmwvanmi
¥ B s

B

J\ ALTAIR



* Flux 2D project: solving

* Create solving scenario

Click on [Solving] —
[Solving scenario] — [New]

Define the solving scenario
“‘MULTI_SPEED”

Define the first control
parameter “ROTOR”

Click on “List of resulting
values” to verify the values

Project  Appiication  Geometry Mesh  Physics  Parameter/Quantity

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FLUX PROJECT PREPARATION (MULTI-SPEEDS)

Extensions  Help

Display View Select Tools

D2 d a2 pn[th

il 2

Data Tree

7] Check project befare salving pracess

[=-{General data

2y Soke

-3 Geometry

(3 Mesh

3 Physics

-3 Parameter/Quantity
(3 Solver

(3 Post processing
-3 Tools

(3 Extensions

i New Solving Scenario

7\

2l

Majs

[ 2 Delete resuits

B Edt  cwlE

%3 Delete  Supprimer

3y Solve  Maj-s

4] Solving process options

%, Muli physic solving session {new scenario)

%, Mulki physic solving session (existing scenario)

Generate component for Activate coupling

%

Parameter name ROTOR

Name of the solving scenario *||MULTI_SPEED 2

| | comment| |

[] Parametric distribution

Control of transient state \cﬂnnu\ of parameters ', Result storage ', HyperView export ',

Control type oftransient sohing pi
(s Control by time

(® Contral by position of mechanical set @h

Lower fimit.

Higher limit 144.0

Variation method

Step value

| 77 generate component For HyperStudy counlina (For HyoerStudy 2019,1 and later)

Parameter control \List of resulting values ', 3 )
~Interval definition — ~Intervals
0.0 Lower iimit | Higher limit Method Values
Step value -
;
% New Solving Scenaric X
Nerme o - [MLTLspeeD =

Control of transient state ', Control of parameters | Resut storage | Hyperview export |

] Paremetric distribution

Control type oftransient solving pr

Lower limit 0.0

(B o [ v |[ e ][ @

Higher limit 144.0

Variation method Step value

27

Step value 2.0

(2 Control by time
® Control by position of [r v
e o Ut s 4 )
Number of required computations : 73 N i
L] 060
Validity domain : J-Infinity, +Infinity[ X}
Variation direction : ascending o
g.0
0
‘ 0.0
20
5.0
5.0
8.0
0
0
4.0
0
0
0
20
bao =
B o [ woy |[ canel [ ® ]
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* Flux 2D project: solving

* Create solving scenario

Click on
[Control of parameters]

Select the physic parameter
“SPEED”, and click on [>>]

N

Define the second control
3 parameter “SPEED” , and
click on [>>]

Click on “List of resulting
values” to verify the values

5 Click on [OK]

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FLUX PROJECT PREPARATION (MULTI-SPEEDS)

¢ Mew Solving Scenario

Mame of the solving scenario * |MULT[_SPEED

| Comment |

[] Parametric distribution

Control of transient state | Control of parameters h Result storage \Hyper\(lew export \

Controllable parameters 1

Controlled parameters

Parameter name

Physic |
Parameter name | Reference value
@ F 0.29
@ L_LOAD 1.58E-4
@ N_COIL 2.0
@ R_LOAD 1.0E-4
ED 080.0

- Parameter control : SPEED (Reference value : 1080.0)

Control type |Mu|ti4values

Parameter control \List of resulting values |
~Interval definiion 3
Lower limit 88.597]

Intervals table

Lower limit Higher limit Method
Higher limit [1231.978 |
Variation method |L|st of steps
List of steps 265,792 ->> |
442,986 - New Soring X
a0 151 £ New Sohing Scenario
224,113 Name of « [ _see ] conment [ ]
1028.046 [] Parametric distributic
Control of transient state ' Control of parameters | Result storage ', Hyperview export
5 I Conirollable p: [ Controlled p:
V4 Physic | ‘ eter nam Synthess
Parameter name Reference value | > : alues : [88.597,1231.978]
[G] o |1 ey [[ e [[[ @ || = 5 Lz
& L_LoaD 15064
& N_con %0
& ri0m0 10E4

Parameter name SPEED List of steps
265.792
Lower limit 88.597 442,936
28 Higher limit 1231.978 620.181
824.113
Variation method List of steps 1028.046

Parameter control : SPEED 10800

Control type | Multi-yalues

Y 4
Parameter mwl‘ Uit of resulting values | l )

ons : 7

Janfinity, +nfinity[

n : ascending
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: solving

« Save the project

- Application  Geometry Mesh  Physics Parameter/Quantity Solving Display View Select Tools Extensions Help

B vew Chrl-H “ ’jﬂ EI|.>€3° % 4;3” L2 ey .4;_2” * 4:,“ Y .42'|Lf_. L Lflu & @’/)H
(= hi

B Open project ... Chrl-O

Click on [Project] — -
[Save] - Recent projecks ]

IﬂSaveas... ;1

< Command File
~  Macro

‘Tj:l COrverlay

1 Import

ld' Export
5 Print

Lo

|2 s BB @@ e[/ «yala

v v v | v v v
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© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

FLUX PROJECT PREPARATION (MULTI-SPEEDS)

Project  Application Geometry Mesh Physics Parameter/Quantity Display View Select Tools Extensions Help
 Flux 2D project: solving B2 W S 2 B[ b k|l B sz >
Data Tree ‘:j Check project before solving process

E|| General data

+ Solve the project 9 Cs Geonery

(3 Mesh |2 Delste results N

-3 Physics

=l ter/Quantity ﬁj Solving process options »
-3 ParameterjQuan
3 Solver ., Multi physic solving session (new scenario)
g :_DST processing “ Multi physic solving session (existing scenario)
5 -£3 Tools
1 CIICk on B3 Extensions Generate component: for Activate coupling
[SO IVI n g] [So Ive] 7 Generate component for Hyperstudy coupling {For HyperStudy 2019.1 and later)

u Generate component For Portunus coupling

di Generate component For Matlab Simulink coupling

SeleCt the SOlVlng Scenario I:I Generate component For Amesim coupling ]
“ M U LTI S P E E D” Generate component For Alair Flux e-Machine Toolbox coupling

x| [ esuts- wam soezo *

Save the solved project as @1 ) euoR0 RoToR
a new project E xroRa RoroR -
“IKERMAQ_MULTISPEED_PHYSICS = -
_SOLVED” = n
4 Click on [OK] . p
i Solve H —— s mooR A — — | R . srecuENcY ~ oasm
Solving Scenario * g : :' . :l
2 JwuLn_speep = 2 I L I S I — —
(@) New project - sl i T S ol Bl
3 | IKERMAQ_MULTISPEED_PHYSICS_SOLVED ||m ] - q .
ol o ]| ® ] R | -

0 4 Computation time: 40 min J\ ALTAIR
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FLUX PROJECT PREPARATION (MULTI-SPEEDS)

* Flux 2D project: solving

* Solve the project

Projct Agpiatn  Soving Dataexchange Supcl Graphk  Cuve  Compulatin  Advenced Duplsy Vew el |
B W R =2 s emnGsp s B rREEAY SS9 HAVRE
Data Tree L=

= LT Lo Y DR EREY A A T

nformstion on e curent campsstion step

wEm: W mien ]

ANGPOS_ROTOR : W 1340 | ] ]

Sateof o cumentcompiaren g b eomeryricrven |G

o Comectly sved [=2m-r|
Selct e stap | = m-F|

2] &
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MAGNETIC FORCE EXPORT
(NODAL FORCES AND GLOBAL FORCES)
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

« Save the project

Applicaton  Solving Dataexchange Support Graphic Curve Computation Advanced Display View Help

Qe an o M=an B Soen s e sy KEEd
1 Click on [Project] — 'zgpe” e — | |Graphic
[Save as] Recent projects ] = @ @‘ EELH L B #H ﬁ
, |
Deflne the name as Ilg Gl v 1 % Choose the new name of the project X
2 “IKERMAQ_MULTISPEED
POSTPROCESSING.FLU™ @ ’ e 1E
< Macro » s IKERMAQ_MULTISPEED_GEOM_MESH.FLU
3 Click on [Save] B Overly g 2 A WATEPEED PV SOV L
lﬁ Export »
5@ Print »
TR Exit Elt-Fa

7\

File Name: [|IKERMAQ_MULTISPEED_PDSTFRDCESSING.FLU| { )]
« 4 y i -

Files of Type: |FluxZ] Project directories

’ @ A

ALTAIR
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

* Open data import / export context

Project Application  Solving Support  Graphic Curve Computation Advanced Display View Help
& 2 g % | |k Export FMU block A o T I |
CIle on [Data Data Tree ||: Create File For transient startup
al data " Expart node of regions 4 Ea . Y 2
exchange] — [Open |G # | & & G
(-2 Geometry } }
1 data Import / Export -2 Mesh Bk Smel ety ’
Context] + (Z3 Physics [E Mew (constant) tabulated spatial quantity by storage of values
f:‘ Parameter /Quantity E’ Import parameter and quankity »
(23 Solver
Select the [Context ﬁ Post processing E" Export spatial quantity and Formula
2 dedicated to 5 0 s L T
Xtensions
meChan ICa,I cou p I | n g] Open data Import/Export conkesxt
3 Click on [OK] -
=z1 Open data Import/Export context *
Context subtype *
@ Context dedicated to mechanical couplin b’
5 oK Cancel | i)
V "\

34 J\ ALTAIR
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

* Open data import / export context

Project  Dataspport  Data colection  Data visualzer  Data export  Display  View
w

v
it df* e vt s e PG BB AE
Data Tree [ =]

e a B S @R % [ 0ROt E G B[ 7 b b b by b b b b b b

-

H\J

[ —
.
XY TPy
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* Flux 2D project: post-processing

36

* Create data support

Click on [Data support]
— [New]

Define the support
name
“DataSupport_Tooth”

Select the support type
as “Support defined by
importing a mesh”

Select the nodal mesh
file of motor teeth
“Mesh_forExportTooth
Force.fem”

Click on [OK]

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

=2 New Data support *
Support name *
Data collection  Data visualizer  Data export  Display | Datasupport_Tooth 2 ) |
Comment
5| 2 - o]
1) i & il |
Edit Cl-E ”’
@ - Definition |, Appearance ',
E Delete Supptirner ~Data support
o Support defined by importing a mesh v|
Set visible |
o -Tmported file
Set invisible ~Type of file to import
e | Optistruct fem file -
' Export a data support ] File name *
' o LOLa AU
503 Adjunct entities [Mesh_forExporToothForce fém |2
Coordinate system
[xr1 ~|[»]

Associated mechanical set

L] Open

% [ETATOR

LookIn: | Flux

ERCHRIET

[ IKERMAQ_MULTISPEED_GECM_MESH,FLU

(2 IKERMAQ_MULTISPEED_PHYSICS_CHECKED.FLU
(9 IKERMAQ_MULTISPEED_PHYSICS_SOLVED.FLU

m IKERMAQ MULTISP! STPROCESSING.FLU

File Name: | Mesh_forExpor tToothForce. fem

Files of Type: |Dpﬁ5truct file (*.fem)

[E]

| OK | | Cancel m |

@
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

* Create data support

T T

T e

I RVAVARAVAVATAYARAVAVAVAVAVA)

R IViviy;

T iy

AWAVAWAWAVS

Yy

i)

1LY

37
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* Flux 2D project: post-processing

38

Create force data collection

Click on [Data
collection] — [Forces
data collection] — [New]

Define the force data
collection name
“DataCollection_Tooth
Force”

Define the data
support and the
computation radius as
139 mm

Click on [OK]

Click on [Cancel]

Project  Data support
= I

Data Tree

[ Derived dat

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

Data visualizer —Data export Displa ew  Help

1)s sl e

a colleckion b E Edit Ctrl-E

[=}-| General data

EI Collect data

E Delete  Supprirmer % @‘ EE;H ‘.é; %’

[E¥ Data support

[& Data visualizer
Data export
[#-C3 Adjunct entities

[&f Forces data collection
[ Derived data collection

".;B Mew Forces data collection

@

Mame of the data collection *

DataCollection_ToothForce

Comment

Data collection

|F0rces data collection

~Forces data collection

|F0rces collection dedicated to rotating machine

Definifion ', Advanced |,
Collection support*

| DATASUPPORT_TOOTH

\l Computation radius in airgap *
[13g

N

Radius length unit*

MILLIMETER

- Collection interval

|Co|le|:1f0r all steps ofthe scenario

L@ (5

| oK. | | Cancel |H | m |

/\ ALTAIR
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

Project

Data support

Data visuglizer Dataexport Display View Help
[&f Forces data collection 4 L

A I [

* Flux 2D project: post-processing

Data Tree i :
[E}-| General data [ Collect data EE e @ (@ E&:H G 5
H H @ Data support Delete  Supprimer
» Create derived data collection for each speed ! Forces data colecton
[ Derived data collection
& Data visualizer
; Data export
B3 Adjunct entities
Click on [Data collection] —
1 [DeriVEd data CO”ection] = =5 Mew Derived data collection e
[New] Mame ofthe data collection *
( 2 | DataCollection_ToothFerce_FFT_1 |
Define the support name |Commem |
2 “‘DataCollection_ToothForce :
e — -Data collection
FFT_1 | Derived data collection |
i i  Derived data collection
3 Define the data collection [FFT of a time collection -
‘ 3 Data collection to transform *
4 Select the speed value and ||| [DATACOLLECTION_TOOTHFORCE -
the ANGLE interval [72, 144] r Time interval for the FFT
X choice Parameter name Current value Limit mir Limit max ]
Click on the “Automatic O e v .57 _ _ 4)
5 duplication of forces for e 720 |V 1440
: . ” - Automatic duplication of forces for rotating machines
rOtatmg machines C5 [Sutomatic duplication of forces for rotating machinesl!
6 Click on [OK]
- [ ok | | Cancel |H| @ | | Picture |

® ‘A ALTAIR



MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS

* Flux 2D project: post-processing

* Create derived data collection for each speed

% Mew Derived data collection x % Mew Derived data collection x % Mew Derived data collection x
Name of the data collection * Name of the data collection * Name of the data collection *
| DATACOLLECTION_TOOTHFORCE_FFT_2 | | DATACOLLECTION_TOOTHFORCE_FFT_3 | | DATACOLLECTION_TOOTHFORCE_FFT_4 |
Comment Comment Comment
rData collection rData collection rData collection
| Derived data collection - | Derived data collection - | Derived data collection -
r Derived data collection r Derived data collection r Derived data collection
|FFI' of atime collection v‘ |FFI' of atime collection v‘ |FFI' of atime collection v‘
Data collection to transform * Data collection to transform * Data collection to transform *
| DATACOLLECTION_TOOTHFORCE - | DATACOLLECTION_TOOTHFORCE - | DATACOLLECTION_TOOTHFORCE -
Time interval for the FFT Time interval for the FFT Time interval for the FFT
X choice Parameter name Current value Limit min Limit max: X choice Parameter name Current value Limit min Limit max: X choice Parameter name Current value Limit min Limit max:
] |seED v 265.792 ] |seED W 442.986 ] |seED v 620.151
\ANGPOS_ROTOR v 720 v 1440 \ANGPOS_ROTOR v 720 v 1440 \ANGPOS_ROTOR v 720 v 1440
Automatic duplication of forces for rotating duplication of forces for rotating machines Automatic duplication of forces for rotating machines
[ mtumaﬁc of forces for rotating mamines\ ‘ Lﬁummaﬁc i of forces for rotating machil [ Lﬁummaﬁc of forces for rotating machines,
[=IT 1T 0T IT = 1 [=IT 1T 0T IT I 1 [=IT 1T 0T IT I 1
~% Mew Derived data collection by ~% Mew Derived data collection by ~% Mew Derived data collection by
Name of the data collection ™ Name of the data collection ™ Name of the data collection ™
DATACOLLECTION_TOOTHFORCE_FFT_5 | DATACOLLECTION_TOOTHFORCE_FFT_B | DATACOLLECTION_TOOTHFORCE_FFT_7 |
Comment Comment Comment
[ Data collection [ Data collection [ Data collection
‘Dsnvsd data collection v‘ ‘Dsnvsd data collection v‘ ‘Dsnvsd data collection v‘
 Derived data collection  Derived data collection  Derived data collection
|FFF of atime collection v‘ |FFF of atime collection v‘ |FFF of atime collection v‘
Data collection to transform = Data collection to transform = Data collection to transform =
DATACOLLECTION_TOOTHFORCE vl DATACOLLECTION_TOOTHFORCE vl DATACOLLECTION_TOOTHFORCE vl
Time interval for the FFT Time interval for the FFT Time interval for the FFT
X choice Parameter name Current value Limit min Limit max: X choice Parameter name Current value Limit min Limit max: X choice Parameter name Current value Limit min Limit max:
L] |speeD v 5824113 L] |speeD V' 1028.0% L] |speeD v 1231.978
ANGPOS_ROTOR v 720 v 1440 ANGPOS_ROTOR v 720 v 1440 ANGPOS_ROTOR v 720 v 1440
Automatic duplication of forces for rotating duplication of forces for rotating machines Automatic duplication of forces for rotating machines
[ [Automatic duplication of forces for rofating machines ‘ [Automatic duplication of forces for rofating machines [ [Automatic duplication of forces for rofating machines A A LTA I R
o [ cnd I @ [ pere | | o [ cnad I @ [ pare | | o [ cnad I @ [ pare | |
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

e Collect data

Project  Data support _ Data visualizer —Data export Display View Help

Al QE Forces data collection r Tl ﬁ Ei g f d% 9‘@ &
Click on [Data Dal:!l'l'r\ee [ Derived data collsction— » H = - H — GI'.]H i
. pr.:
1 collection] — [Collect = General data
Data]

[ [} Data support
[ [&f Forces data collection
([l Derived data collection
----- [& Data visualizer

----- Data export

B3 Adjunct entities

L=
D) ol o '

Execution time: 10 min
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* Flux 2D project: post-processing

» Create data visualizer for each speed

42 6

Nodal forces

Click on [Data visualizer] —
[Forces harmonics visualizer]
— [New]

Define the visualizer name

“DataVisualizer_ToothForce

Nodes FFT X’

Select the objective speed
and the component as
“Resulting”

Select the type as
“Forces at nodes”

Select the rank as 0
Click on [OK]

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

Project Datasupport Data collection _ Data export Display  View Help

[& Forces visualizer

I Forces harmonics visualizer

R I *ﬁ

Data Tree

E|| General data | m  PResults and curves on one point
1

B Edt  ci

@ Data support
E||:II Forces data collection

- DATACOLLECTION_TOOTH
Derived data collection

& Data visualizer
: Data export
-3 Adjunct entities

% Mew Display harmonic forces x

Mame *
C2 )Data\-’isuaIizer_Taotthru:e_N0des_FI—‘I’_‘I|
¢’
Comment

- Data visualizer

Display harmonic forces -

for collections dedicated to rotating machines -

Forces data collection *

| DATACOLLECTION_TOOTHFORCE_FFT_1 |

3 Componentto display *
|Resu|ting v|

Type of force to display
|Forces at nodes v|

5 Harmaonic rank (0 for the continuous component) *

IU/é\ |

NZ

| CK | ‘ Cancel |H ‘ ® |

E’ Delete  Supprirner
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* Flux 2D project: post-processing

» Create data visualizer for each speed

* Nodal forces

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

"'.;B Mew Display harmenic forces *

. . .
= Mew Display harmonic forces

*

Name *

Mame *

| DATAVISUALIZER_TOOTHFORCE_NODES_FFT_3 |

| DATAVISUALIZER_TOOTHFORCE_NODES_FFT_4 |

Comment

Comment
|

- Data visualizer
Display harmonic forces -
for collections dedicated to rotating machines -
Forces data collection ®

|[DATACOLLECTION_TOOTHFORCE_FFT_3 |

- Datavisualizer

Display harmonic forces

for collections dedicated to rotating machines -

Forces data collection *

|[DATACOLLECTION_TOOTHFORCE_FFT 4 |

Component to display *

|Resu\ting

Type of force to display *

|F0rces atnodes

Harmaonic rank (0 for the continuous o

| DATAVISUALIZER_TOOTHFORCE_NODES_FFT_5 |

| DATAVISUALIZER_TOOTHFORCE_NODES_FFT_G |

Comment

Comment

- Datavisualizer
Display harmonic forces -
for collections dedicated to rotating machines -

o || cocd ||

Forces data collection *
|[DATACOLLECTION_TOOTHFORCE FFT 5 |

43

Componentto display *

|Resu|ting v|
Type of force to display *
|F0rces at nodes v|

Harmonic rank (0 for the continuous component) *
[0

- Data visualizer
Display harmonic forces -
for collections dedicated to rotating machines -
Forces data collection ®

"'.;B Mew Display harmenic forces *
5 - Component to display * Componentto display *
[ DATAVISUALIZER TOOTHFORGE NODES FFT 2 | | Rasuliaq A | Eesuing A
B : — — — Type of force to display * Type of force to display *
uul-o | |Forces atnodes v| |F0rces at nodes v|
N Harmonic rank (0 for the continuous component) * Harmonic rank (0 for the continuous component) *
- Data visualizer |0 | |0
Display harmonic forces v|
for collections dedicated to rotating machines | = o T conemt 1 ) J =l oK [T canca [ ® J
Forces data collection ® % Mew Display harmonic forces * % New Display harmonic forces X | = Mew Display harmonic forces L
|[DATACOLLECTION_TOOTHFORCE,
Mame * Name * Mame *

| DATAVISUALIZER_TOOTHFORCE_NODES_FFT_7 |

Comment

- Datavisualizer

Display harmonic forces

for collections dedicated to rotating machines

Forces data collection *

|[DATACOLLECTION_TODTHFORCE FFT 6 |

|[DATACOLLECTION_TOOTHFORCE_FFT_7

Component to display *

|Resu\ting v|
Type of force to display *
|Forces atnodes v|

Harmonic rank (0 for the continuous component) *
[o

Componentto display *

|Resu|ting

Type of force to display *

|F0rces at nodes

i |

Harmonic rank (0 for the continuous component) *

J\ ALTAIR
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

44

» Create data visualizer for each speed

Nodal forces
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* Flux 2D project: post-processing

45

» Create data visualizer for each speed

* Global forces

Click on [Data visualizer] —

1 [Forces harmonics visualizer]
— [New]
Define the visualizer name
2 “DataVisualizer_ToothForce
Global_FFT_X"

Select the objective speed
3 and the component as
“Resulting”

Select the type as

© “Global forces”
5 Select the rank as 0
6 Click on [OK]
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

Project Datasupport Data collection _ Data export Display  View Help

[& Forces visualizer

Data Tree

I Forces harmonics visualizer

R I *ﬁ

E|| General data

| m  PResults and curves on one point

»

B Edt  ci

@ Data support

E||:II Forces data collection

i -DATACOLLECTION_TOOTH
Derived data collection
-DATACOLLECTION_TOOTH_FFT
&y Data visualizer

: Data export

-3 Adjunct entities

=% Mew Display harmonic forces >

@

MName *
)Datavisualizer_ToothForce_Glabal_FFT_1 |
4

Comment

r Data visualizer

Display harmonic forces hd
for collections dedicated to rotating machines
Forces data collection *

3 Componentto display *

4
(5)o /= |

| DATACOLLECTION_TOOTHFORCE_FFT_1 |

|Resu|ting v|

Type of force to display *
[Global forces -

Harmaonic rank (0 for the continuous component) *

|
\

yA
| CK | ‘ Cancel |H ‘ B |

E’ Delete  Supprirner
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* Flux 2D project: post-processing

» Create data visualizer for each speed
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

*

. . .
“zc Mew Display harmonic forces

» . -
“zo Mew Display harmonic forces

X

Name *

MName *

[JATAVISUALIZER_TOOTHFORCE_GLOBAL_FFT_3|

| DATAVISUALIZER_TOOTHFORCE_GLOBAL_FFT_4 |

Comment

Comment
|

- Data visualizer
Display harmonic forces
for collections dedicated to rotating machines

- Data visualizer

Display harmonic forces

for collections dedicated to rotating machines

* Global forces
Forces data collection ® Forces data collection *
% New Display harmonic forces X | DATACOLLECTION_TOOTHFORCE_FFT_3 | | DATACOLLECTION_TOOTHFORCE_FFT_4 |
N T Component to display * Component to display *
LI |Resulting -| [Resulting -|
|3ATAVISUALIZER7TOOTH FORCE_GLOBAL_FFT_2 | -
c " Type of force to display * Type of force to display *
| ommer | Global forces - Global forces -
N Harmonic rank (0 for the continuous component) * Harmonic rank (0 for the continuous component) *
- Data visualizer |0 |0
Display harmonic forces v|
for collections dedicated to rotating machines | =l = T cancet I @ J [El] ok || cancel ]| @ u
Forces data collection "'.;B MNew Display harmonic forces * "'.;B Mew Display harmenic forces = -—;; Mew Display harmonic forces w
| DATACOLLECTION_TOOTHFORCE
Component to display * ZEMES ZEMES Name *
| Resulting |]ATA\IISUALIZER_TDDTH FORCE_GLOBAL_FFT_5 | |]ATA\IISUALIZER_TDDTH FORCE_GLOBAL_FFT_§ | |3ATA\|’ISUALIZER7TDOTH FORCE_GLOBAL FFT_7 |
Type of force to display * |Comment | |Comment | |Comment |
Global forces
Harmonic rank (0 for the continuous ¢ Dot Yisualizer [EEZuEE - Data visualizer
|0 Display harmonic forces - Display harmonicforces - Display harmonicforces -
for collections dedicated to rotating machines for collections dedicated to rotating machines - for collections dedicated to rotating machines
oK | | Cancel |H Forces data collection * Forces data collection * Forces data collection *
| DATACOLLECTION_TOOTHFORCE_FFT_5 v| | DATACOLLECTION_TOOTHFORCE_FFT_6 v| | DATACOLLECTION_TOOTHFORCE_FFT_7 v|
Component to display * Component to display * Component to display *
|Resu\ting v| |Resu\ting v| |Rgsumng v|
Type of force to display * Type of force to display * Type of force to display *
Clobal forces - Clobal forces -| Global forces -
Harmaonic rank (0 for the continuous component) * Harmaonic rank (0 for the continuous component) * Harmanic rank (0 for the continuous component) *
0 [o [0 |
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing
» Create data visualizer for each speed

* Global forces

H
=)
o]
o
%]

4

m—— |||

1. 01883
954. 909
952. 079
919.248
886. 418
853. 588
820.757
787. 927
755. 097
722. 267
689. 436
G56. ED6

: 623.776

 590.945

1)

T

.0 A O O T W

¢ 558.115
f 525,285
i 492,454
i 458.624

L P XY F 1

iy

NN EEEI

VYNV YNV UV Y Y VY7 1111177
T

IRVATIVAVATAVAVATAVAVAVATATAY NI

1

i aze.794
393. 964

1

|

361. 133
328.303
295. 473
262. 642
229.812
196. 982

164. 151
131.321
98. 491

47 65. 661

3Z2.830
0.000
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

Display

Project Datasupport Data collection  Data visualizer

Y IEEREEIE

View Help

Export to OpkiStruct

»
* Flux 2D project: post-processing — '\ Export to Hyperview b do Edt i
E| General data Expart to Mastran b | % Delete Supprimar
+ Create data export for each speed | &g oste s Bort o atebuted detafle b L
% l;::rc.es data collecﬁo_n Export a data support » ALIZER TOOTH FFT
- erived data collection g 56
* Nodal forces 1[5 Data visuslizer I es
@5l Data export | <} New Export data to OptiStruct x|~
-3 Adjunct entiti I = 373
ame
é‘DataExport_ToothForce_N0des_FFI'_1 |
/,
1 Click on [Data export] — o |
1 _ - Data collection export
[Export to OptiStruct] — [New] oot data o Ovtoee =
Define the data export name Sonoral\Abanced
2 “DataExport_ToothForce_Nod |||[Forces drequency-evolution) v
” Collection to export*
es FFT X C3‘ | DATACOLLECTION_TOGTHFORCE_FFT_1 =
Harmonics to export
3 Define the data type and the I |
collection
4 Select the type as
“Forces at nodes”
5 Define the export file name Forses ainodss =
“IkerMAQ_ToothForce_Node_X" File name *
[ IkerMAG_ToothForce_Node_1 =
6 C"Ck on [OK] ’—Expumhe mesh ofthe support ‘
[] Exportthe mesh ofthe support
48 J\ ALTAIR
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

» Create data export for each speed

* Nodal forces

w7 New Export data to OptiStruct

x

Name *

DATAEXPORT_TOOTHFORCE_NODES_FFT_2

Comment

~Data collection export

| Export data to OptiStruct

% New Export data to OptiStruct

X

% New Export data to OptiStruct

Name *

Name *

DATAEXPORT_TOOTHFORCE_NODES_FFT_3

| DATAEXPORT_TOOTHFORCE_NODES_FFT_4

Comment

Comment

rData collection export

-Data collection expi

| Export data to Optistruct

-| [Export data to Optistruct

General | Advanced |,

General | Advanced ',

Dala type to export

rData type to export

|Furces (frequency-evolution)

v| \ches (frequency-evolution)

Collection to export*

Collection to export *

DATACOLLECTION_TOOTHFORCE_FFT 3

- DATACOLLECTION_TOOTHFORCE_FFT_4

Harmonics to export

F ics to export

(A1

~| (A1

% Mew Export data to OptiStruct

General | Advanced |, % Mew Export data to OptiStruct x w7 New Export dsta to OptiStruct
Forces (frequency-evolution Ame] Allie] = hame
| s m_;n :) M;: = ) DATAEXPORT_TOOTHFORCE_NODES_FFT_5 | DATAEXPORT_TOOTHFORCE_NODES_FFT_G | DATAEXPORT_TOOTHFORCE_NODES_FFT_7 |
| DATACOLLECTION_TOOTHFORCE_FFT_2 “30'“'“9’“ ‘ lm'“"‘e"t || comment B2
t to it i
‘AJ\ = i Data collection export ~Data collection export i Data collection export
|Export data to Optistruct - | Export data ta OptisStruct |Export data to Optistruct -
General |, Advanced |, General | Advanced ', General |, Advanced |,
Data type to export - Data type to export = Data type to export
| Forces (frequency-gvolution) - | Forces (frequency-svolution) - | Forces (frequency-gvolution) -
Collection to export * Collection to export* Collection to export *
| DATACOLLECTION_TOOTHFORCE_FFT_5 V‘ ‘ DATACOLLECTION_TOOTHFORCE_FFT_6 V‘ | DATACOLLECTION_TOOTHFORCE_FFT_7 V‘
Harmonics to export ; 1o export Harmonics to export
Type of forces definition * Al - a1l - Al -
Forces at nodes
File name *
IkerMAQ_ToothForce_Node_2
Exportthe mesh of the support
’VD Export the mesh of the support
o« [ e [ @ | Type of forces definition * Type of forces definition * Type of forces definition *
Forces atnodes - [Forces atnodes - Forces atnodes -
File name * File name * File name *
IkerMAQ_ToothForce_Mode_5| H k3 IkerMAQ_ToothForce_Node_6| IkerMAQ_ToothForce_MNode 7
Exportthe mesh of the support Exportthe mesh of the support Exportthe mesh of the support
49 [D Export the mesh of the support ‘ ’VD Exportthe mesh of the support ‘ [D Export the mesh of the support ‘
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* Flux 2D project: post-processing
» Create data export for each speed

* Global forces

Click on [Data export] —

! [Export to OptiStruct] — [New]
Define the data export name
2 “DataExport_ToothForce_Global
_FFT_ X’
3 Define the data type and the
collection
4 Select the type as
“Global forces (RBE3)”
5 Define the export file name
“IkerMAQ_ToothForce_Global_X”
6 Click on [OK]

50
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

Project Datasupport Data collection  Data visualizer

Y IEEREEIE

Data Tree

E}| General data
@ Data support

Export to OpkiStruct
25 Expart to Hyperview
Expart to Mastran
Expart to a tabulated data file

View

Help

de Edt cwlE
% Delete Supprimar

K]

* v v BJ

E Forces data collection

Export a data support

y ALIZER TOOTH FFT

e[ Derived data collection
Ig’ Data visualizer

—TT.uo8

@5l Data export | <} New Export data to OptiStruct

Ze4d
873

B3 Adjunct en TEes
2 Y DataExpart_ToothForce_Global_FFT_1

'Comment

r Data collection export

| Export data to Optigtruct

General | Advanced |

~Data type to export

| Forces (frequency-evolution)

A Collection to export*
| DATACOLLECTION_TOOTHFORCE_FFT_1

~Harmonics to export

[an

Type of forces definition *

| clobal forces (RBE3)

File name *

[IkervAQ_ToothForce_Global_1|

2

Export the mesh of the support
’VEI Exportthe mesh ofthe support
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* Flux 2D project: post-processing

» Create data export for each speed

* Global forces

w7 New Export data to OptiStruct

x

Name *

DATAEXPORT_TOOTHFORCE_GLOBAL_FFT_2

Comment

~Data collection export

| Export data to OptiStruct

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

% New Export data to OptiStruct X % New Export data to OptiStruct b
Name * Name *
| DATAEXPORT_TOOTHFORCE_GLOBAL_FFT_3 | | DATAEXPORT_TOOTHFORCE_GLOBAL_FFT_4 |
‘Comment ‘ Comment
~Data collection expi rData collection export:
| Export data to OptiStruct | | Export data to Optistruct |
General | Advanced ', General |, Advanced ',
rData type to export Dala type to export
|Furces (frequency-evolution) v| \ches (frequency-evolution) v|
Collection to export* Collection to export *
[DATACOLLECTION_TOOTHFORCE_FFT 3 ~| DATACOLLECTION_TOOTHFORCE_FFT_4 -
F ics to export Harmonics to export
[a -] [a -]

% Mew Export data to OptiStruct

General | Advanced |, % Mew Export data to OptiStruct x w7 New Export dsta to OptiStruct
[ Data type lo export |
Name * Name * Name * et
Forces (frequency-evolution =
|CD\|Ed‘i;ﬂ :) e}(pilyﬂ . J DATAEXPORT_TOOTHFORCE_GLOBAL_FFT_5 DATAEXPORT_TOOTHFORCE_GLOBAL_FFT_6 DATAEXPORT_TOOTHFORCE_GLOBAL_FFT_T7
|DATACOLLECTION_TOOTHFORCE FFT 2 | Comment ‘ lm'“"‘e"t ‘ L] “30'“'“9’“ ‘ B2
t to it i
‘AJ\ = i Data collection export ~Data collection export i Data collection export
|Export data to Optistruct - | Export data ta OptisStruct |Export data to Optistruct -
General |, Advanced |, General | Advanced ', General |, Advanced |,
Data type to export - Data type to export = Data type to export
| Forces (frequency-gvolution) - | Forces (frequency-svolution) - | Forces (frequency-gvolution) -
Collection to export * Collection to export* Collection to export *
| DATACOLLECTION_TOOTHFORCE_FFT_5 V‘ ‘ DATACOLLECTION_TOOTHFORCE_FFT_6 V‘ | DATACOLLECTION_TOOTHFORCE_FFT_7 V‘
Harmonics to export ; 1o export Harmonics to export
Type of forces definition * Al - a1l - Al -
Global forces (RBE3)
File name *
IkerMAQ_TaothForce_Global_2
Export the mesh of the support
’VD Export the mesh of the support
o« [ e [ ® Type of forces definition * Type of forces definition * Type of forces definition *
Global forces (RBE3) ~| Global farces (RBE2) ~| Global forces (RBE3) ~|
File name * File name * File name *
IkerMAQ_ToothForce_Global_5 H k3 IkerMAQ_ToothForce_Global_6 IkerMAQ_ToothForce_Global_7
Exportthe mesh of the support Exportthe mesh of the support Exportthe mesh of the support
51 [D Export the mesh of the support ’VD Exportthe mesh of the support [D Export the mesh of the support ‘
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

* Close the I/0O context

- Data support  Data collection  Data visualizer Data export  Display  View  Help

18 wlisg 4 & 8|8 &

Click on [Project] — B Closs — 1 [eraphic

1 [Close the Input/Output g save . e o @ I
data context] g} save as... —_—
DATAVISTALTE]

Zommand file ] Tal2hlg

£.444

Print b £.041

& P 2 5.639

2 Exit Alt-Fa =  5.238

P A 837

52 /\ ALTAIR



© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

* Close the project

- Application  Solving Data exchange Support Graphic Curve Computaton Advanced Display  View  Help
_ _ B e RN RS R
1 Click on [Project] — [Save] | & cenmait o o [ — ] [Graphic

B Cose - f s ¥ G
2 Click on [Project] — [Exit] Recent projects ’ R I -

i} Save as...

#  Command File
“  Macro

o B overlay

I.f Expart
o Print

30 Exit 2lt-F4 2)

* v | v v -
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MAGNETIC FORCE EXPORT IN FLUX (MULTI-SPEEDS)

* Flux 2D project: post-processing

* Export the force per tooth

Copy the force data files to
the SimLab folder

= | Flux < | ForceData - o X

Share  View ~ @

u o Cut x Eﬁ T New item ~ “Jopen - HHselectall o4 cut x J: T3 New item Open - [ setectall
£ i Copy path * 47 Easy access * Edit Select none sl Copy path - £ Easy access - Edit Select none
Pinto Quick Copy Paste _ Mave Copy Delete Rename Hew Properties Paste Move Copy Delete Rename New Properties
[] Paste shorteut  yg v S S folder S o History B Invert select] [7] Paste shortcut = - folder - @History 7 Invert selection
Clipboard Organize New Open Select Clipboard Organize New Open Select
« “ 4 |1 s ThisPC » Storage(E) > ForceExportMuttiSpeed > Flux v & | P searchFun e v 4 [ > ThisPC > Storage(E) » ForceExportMultiSpeed > Simlab > ForceData v & | O SearchForceDsta
A Name Date modified Tpe Size 2 A Name - Date modified Type Size
[ This PC e [ This PC i
B 30 Objects 71| IkerMAQ_ToothForce_Global_1fem 2020-12-21 16157 FEM File 564 KB § 1D Objects ) IkerMAQ_ToothForce,Globsl_1 fem FEM File
B Deskiop 77| IkerMAQ_ToothForce_Global_2fem 2020-12-21 16:59 FEM File 664 KB B Desttop 7 keiMAQ_ToothForce_Global_2.fem FEM File
77| IkerMAQ_ToothForce_Global_3fem 2020-12-21 17403 FEM File 664 KB 7 keiMAQ ToothForce_Globsl_3.fem 2000-12-2 FEM File
Decuments s Documents e - -
S, 7] IkerMAQ_ToothForce_Global_4fem 2020-12-21 1703 FEM File 664KB ) lerMAQ_ToothForce Global 4 fem FEM File
¥ Dounloads 7} IkerMAQ_ToothForce_Global_5 fem 2020-12-21 17:03 FEM File 664 KB & Downloads 1 lkerMAQ_TosthForce.Global_5.fem FEM File
B Music | IkerMAQ_ToothForce_Global 6 fem 2020-12-21 17:04 FEM File 564KE b Music kerMAQ ToathForce Global 6fem FEM File
=] Pictures | IkerMAQ_ToothForce_Global 7.fem 2020-12-21 17:05 FEM File 564KE =] Pictures kerMAQ_ToothForce_Global 7.fem 2000-12-211 FEM File
B Videos 1] IkerMAQ_ToothForce_Node_1.fem 2020-12-21 16:50 FEM File 53,800 KB B videos 7 lkerMAQ_ToothForce_Node. 1fem 2020-12-211 FEMFile
system () 1| IkerMAQ_ToothForce_Node_2.fem 2020-12-21 16:51 FEM File 53,800 KB system (€3 ) IkerMAQ_TosthForce_Node_2 fem 2020-12-211 FEM File
PYE l IherMAQ_ToothForce_Node_3ferm 2020-12-21 16:52 FEM File 53,800 KB 5 Data 29 7 eiMAQ ToothForce_ Node 3 fem 2000-12-2 FEM File
— 7] IkerMAQ_ToothForce_Node_4fem 2020-12-21 16:52 FEM File 53,800 KB . . ) ketMAQ_ToothForce Node 4 fem FEM File
— Storage (E: = o 5 4 - Nede -
2 7| IkerMAQ_ToothForce_Node 5.fem 2020-12-21 16:53 FEM File 53,800 KB EIEE(E) ) IketMAQ ToothForce_Node 5fem FEM File
& Network 7] IkerMAQ_ToothForce_Node_6.fem 2020-12-21 16:54 FEM File 53,800 KB & Network kerMAQ_ToothForce. Node_65em FEM File
| IkerMAQ_ToothForce_Node 7.fem 2020-12-21 16:54 FEM File 53,800 KB 7 lkerMAQ.ToothForce. Nade_7fem FEM File
v [5] IMPORT_REPORTLOG 2020-12-21 1430 Text Document 7KE v M
Mitems  14items selected 372 MB [E= 14items
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab modeling process

Import geometry
Create mesh
Define materials and properties
Define loads (magnetic forces form the Flux project)
Define constraints and contacts

Create node sets

Run a modal frequency response analysis with OptiStruct

56
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: initiation

* Windows view configuration

o

< P ¥ b sa g &y By o 1)

1 Open the software | - B B — -

SimLab o =
Click on [View], select
> “Model Browser”, @
“Selection List” and
“Output Window”

& &|F 9 7 g F

L.
LIRREADS

Datases

s AP EeD

Madel Hame Enty D

Selecton s : Body
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: initiation

* Import motor geometry (.STEP file)

SN View Mesh Geometry Assembly Features FEM  Analysis  Optimizatio

Import STEP  ::::i:iiiiiiil & x
) ew gt
. : Method:
—_ Database
1 Click on [T(”;A]\D] [Import] e Database o
Open Recert . gmﬁms. Facet Geom... [:] Extemal Reader
SeIeCt the flle Import... > = [:J SimLab Reader
“ | Parasolid, STEP, CATIA, Creo, JT, NX,
SI|EE;RI\[\/jIgQ\7VS|LAD-:-[\?§_S|:||'g|LDJ" Export ¥ | SOLIDWORKS, Inventor, ACIS, AutoCAD @ Options:
= = . CAD: Through Translati ) n
2 in the folder e Farasol STEP CATIA Crea X Body Na
“~/ForceExportMultiSpeed . e Ot ot Nastran, Permas. e
/SimLab/GeomH, click on @l Camera Results [] Sketch and WireFrame
[Open] Floae H3d, Nastran, Abaqus, Permas... Groups
PR =TT O — (] Imprint solid bodies
3 Verify the import setting, o - _ -ae [ Facets
and CIle on [O K] ! IKERMAG STATOR_MOUSING_NO_WINDI...  2020-02-13 1 STEP File 211 D .AESE-'ITIbh' structure
it [] Save geometry in database
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: initiation

* Import motor geometry (.STEP file)

Y
&[&/ Q|92 0/[Q] > . .-

Ouipest Window
E: Vorcelpor ddiSpeed S sb fieom 2
\KERMAQ_STATOR_HOUSING_NO_WINDING. STEP muccesshily
resd,

LElRIIDE

ey L

Ml Neme ety D
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© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: initiation

* Motor geometry modification

Delete Entities  :oioioiioiiiiiiiiiniiiriiiniiiiiniin X
nght CIiCk on the Do you want to delete the selected entities?
1 component “1”, and click
on [Delete]

2 Click on [Yes] Yes No

["]: Do nat post this message in the fyr=—

Name
= & Assembly
3- * ikkermaq_stator_housing_no_winding_paratrx_t
EH
Rename
Find and Replace Text o
User Defined Names
Move Down Cirl+Down

Delete 1

FHRRIIDS
60 J\ ALTAIR
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: meshing

* Create Mesh Control for stator

In the [Mesh] ribbon,

Model Browser
Hame

1 click on [Mesh Control]
icon
> Define the mesh control
parameters
3 Select the body stator
4 Click on [OK]
Name Body_Stator
Type Body
Element type Tet 10 straight edge
Body mesh Average element size: 10
size
61

Y

&J/’ s

Meah cortolname B Stor
Bemert Troe
O Tk
O Teti0straigt edge
Tet10 quadeatc
Wedget,
O Het
Body Mesn Sze
O Aveage clement sze
Mamum demert 522
Neweum et sze
Geometry Appromation
Mommm ange pe cesert
Corvature i ebment sz

Suuface Mesh Quakty

Mesh gadeg

FUERRIIDS

" Databaser

P EEHmen

Model Name Entry D
ermaq_stator h Body 7"

Selection fter Bogy Court 1
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: meshing

e Create Mesh Control for tooth fc

In the [Mesh] ribbon,

1 click on [Mesh Control] o
icon
> Define the mesh control
parameters
3 Select all the 45 tooth
faces
4 Click on [OK]
Name IsoLine_Tooth %
Type IsoLine \/" P I
‘3) & @V ¥ ¥ : @
Element size 10 omewren x LERRIIDE
Number of X mﬁf P's....(; =
elements 2 %53:" EE‘@
along circle crmemmemmR o C St e
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: meshing - o

« Create volume mesh RANIGEESIERSRRY RPN A dho5 G

WCwe + Yoy + Modfy + 0 Cwte +

In the [Mesh] ribbon, click

1 on [Volume Mesh] icon

5 Verify the volume mesh
parameters

8 Click on [OK]
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: meshing

64

Create volume mesh

S & Q9 L % Q
Outoet Vi
Meshing takes 0.216667 mnutes.

ermaq_stator _housing_no_wndng_parat_temp. b
Output e : Cisers Fisan Aps0ats L ocaTenp Simi b
\miab, 2029 emo/ter_7/
esmaa_sator_housing_n_viexdig_perst_nesh,ods
MestSpac _: C:sers fuang opeta' oca Temp Smiab
Vomiab_202017emp/emp_7jmesh,_mec el

Volume Meshing Completed.

FiRQRIIPE

DataBase1
¥ 4R
Model Name: Entty ID

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Selection fter Bogy
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: meshing

* Save the Data Base

Click on [File] —

! [Save as]
Enter a name of the
5 Data Base, for example,

“lkerMAQ_1_Meshed”,
click on [Save]

65

File

D New
ﬁ Open...

Open Recent

Import...

Export

Licensing

>

Assembly Features FEM  Analysis

Recent Fles

163 1=l 1o en e e IR |—

DataBaselslbh.5
DataBaselslb 4
DataBase1slb.3
DataBaselslb.2
DataBase1slb.1

EM_NM_MOTORx_t

Mator_Flux_Forced_Mew_Finish slb

Mech_Model_Mesh_Setting.slb
ech_Model_Mesh_Setting.slb

otor_Flux_Forced_Old_Finish sl
Motor_Flux_Forced_Mew_Finish slb.1

Mator_Flux_Forced_Mew slb
Mator_Flux_Forced slb
Mator_Flux_Forced_Old slb

MeshedMator slb

Preferences ...

)

? X

File_Ider 2020-12-21
File_Ider 2020-12-21

AL Save Az
Loolk in: | E:\ForceExport MultiSpeed*SimLab ﬂ 0 (2] 0 @ @ E]
_. My Computer Mame: |S\ze |Type |Data Modfic
a lhuang ForceData
Geom
'l
File name:

Fies of type: [Simlab Database(" sb®)
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: material update

» Update predefined material properties

Click on the [Property]
1 tab of the Model
Browser

Double click on the
2 material “Steel”, update
the material properties.

Mode! Browser

Name
2 B Materials
3 B Sold
B3 Auminium
¥ Cast lon
¥ Polymer
= B Fud
T A
@ Water
¥ nanofluidX
&2 Properties
E5 Tables

66 . {
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| F 5 R B R d a a0 aaa8860 606086006000 06000668a80066860600600660
Create
Name Steel
Material ID |3
Category | Solid
Class Metal
Model Isotropic
Name Value Table
=l Mechanical Properties
2 )
Density 7.85e-09 none -
Youngs_modulus 225000 none v
Poissons_ratio 0.25 none -
Shear_modulus
Themal_Expansion 1.13E05 none v
Reference_Temperature
Damping_coefficient
Stress_Tension
Stress_Compression
Stress_Shear
£
Description:

2

Cancel
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VIBROACOUSTIC ANALYSIS IN SIMLAB

 STATOR

Fies Measure Move Material Propety Coordnate...  Intial Condiion  Loads. Constraints.. Mass  Comnectors..  Contact Thema...

Loads and Constraints Tools

1 In the [Analysis] ribbon,
click on [Property] icon

T,

Analysis Property - ax 4""‘%"%"{?“&%¥
Create the Property T [ e Stor 7] e it ey
Entity Salid -
“Stator”, select the @,‘,E Z
2 material as “Steel”, and [ m— :l
assign to the “STATOR” = 0 o
. Calculate using ~ |Al Points nﬂ'ﬁb\ =
Co - g
region. Co st “%4’““:7 %
Name Value sﬁ‘““"ﬁ ga
1 e Material K1
3 Click on [OK] . B =
iStruct_Explict_Element_Type | None v <
s e e : {43
Integration_type Defaut v 12
Y
L

o
FiaReens S
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VIBROACOUSTIC ANALYSIS IN SIMLAB

. Choose Flux Bulk Data File X
« L 5> ThisPC > Storage (E) » ForceExportMultiSpeed 5 Simlab 5 ForceData v B O Search ForceData
H H . H L Organize ¥ New folder = @
+ SimLab project: magnetic force definition e -

| IkerMAQ ToothForce Global 1.fem

-2116:57 FEM File
@ OneDrive - Altair f

. 7 IkerMAQ_ToothForce_Global_2fem FEM File
[ ) I m po rt m ag n etl C fo rce d ata [ This PC " IkerMAQ_ToothForce_Global 3.fem FEM File
§ 30 Oljects 7 kerMAQ_ToothForce_Global_4fem FEM File
I Desiiop 7 IkerMAQ_ToothForce_Global_5.fem FEM File
ot Ty t & o ] IeerMAQ_ToothForce_Global_6.fem FEM File
L ——— 7 &l Documents 7] leerMAQ_ToothForce_Global_7.fem FEM File
¥ SRS Tet Data ¥ Donnloads ) IkerMAQ_ToothForce_Node_1.fem FEM File
Sets o -
. . Import Contacts & Music ] IkerMAQ_TeothForce_Node_2.fem FEM File
In [Model Browser], click CPUMEAN e e B Dt = peres S keAC Tt Nde 35
Atomation Obje B videos 7] IeerMAQ_ToothForce_Node 4.fem FEM File
1 on the [Loads and 48 System (C) 7] leerMAQ_ToothForce_Node_5.fem FEM File
. 5 Data (D) 7] lkerMAQ_ToothForce_Node_6.fem FEM File
COnStraJ ntS] tab S 7 IkerMAQ_ToothForce_Node_7.fem FEM File

v

H H a File name: |‘kElMAQTDD(HFDI(EﬁGlDbEL‘ fem Flux Force Data (*.FEM *BULK) ~
Right click on the [Loads
e

2 and Constraints] and click -
on [Import FIUX BU”( Data] = Loads and Constraints

=) \\' Solver Settings[1./1]

Select 0 n e Of th e fo rCe =) \‘\.! OptiStruct - Modal Frequency Response

3‘\.' Solution Parameters

data files in the folder : . 3 Lokt
8 ~\ForceExportMultiSpeed\ &/ &/2/ 9 v/e/E 9 Loadcsse Paremeters
SlmLab\FOFCGData, o = §# Global dynamic load case

WL Loadcase Parameters
and click on [Open] % Ouou Reauest

=) w First component dynamic load case
‘J‘;! Loadcase Parameters
% Output Requests

=] ﬂ Second component dynamic load case
3\.' Loadcase Parameters
@ COutput Requests

Sets
Optimization
68 Automation Object
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: magnetic force definition

* Delete other load cases

Select the following two
load cases™:
- First component

1 .
dynamic load case
- Second component
dynamic load case
5 Right click and click on

[Delete]

1if the force file is generated by Flux 2020,
there will be a third component, which is
also to be deleted.

69

MName
=

Loads and Constraints

= L Solver Settings[1/1)

=1- ¥ OptiStruct - Modal Frequency Response
L Solution Parameters

= @ LoadCasef4/4)

&

= fi## SL_MormalMode_LC
WL Loadcase Parameters
= i Global dynamic load case
WL Loadcase Parameters
% Output Requests
- §# First compone Text Data
$L Loadcase | gadcase Parameters
S Output Re Output Request
= w Second comp

$L | oadcase Move Up Ctr+Up
% Output Re Select Ertities

Sets Hide Entities

Optimization Delete

Automation Object

YA 2N 2R
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« SimLab project: magnetic force definition

* Modify load setting: SL_NormalMode LC

Name

Double click on the
load case “Loadcase
Parameters” for the first
LoadCase

Modify the setting in the
“Normal Mode
2 Extraction Parameters
(EIGRL/EIGRA)”, and
click on OK

70

=

Loads and Constraints
= $L Solver Settings[1/1]
= $1 OptiStruct - Modal Frequency Response
L Solution Parameters
- il LoadCase[2/2]
= @ 5L_NomalMode_LC
|- 9% Loadcase Parameters [ 1 ’
=] ﬁ Global dynamic load case
L Loadcase Parameters
% Output Requests
Sets
Optimization
Automation Object

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Lnadcase Pammetears  ©20000 0SS Si R SRR SRR

Solver

Analysis

% Case Control Data Options
¥ Export options

2 MNomal Mode Extraction Parameters (EIGRL/EIGRA)

Extraction Method EIGRL/EIG. |AMSES v
Number of Modes ND B2

Min frequency Vi

Max frequenc; V2 3000

Nomalization Method ~ NORM Mass v
Number of Vectors ~ MAXSET ~ []2

Frequency of first flexi_.  SHFSCL 100

Amplfication Factor  AMPFFACT  [15.0

Diagnostic level MSGLVL Solver Default v

¥ Include Files

¥ Save Momal Mode Analysis Results

¥ Momal Mode Extraction Parameters(Fluid)

Description:

2)
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: magnetic force definition

Double click on the
load case “Loadcase
Parameters” for the
second LoadCase

Modify the setting in the
“Normal Mode

H 1 . 1 Loadcase Parameters  Z:iiiiiiiiiiiiiiiiiiiniiiiiiiiiniiin X
* Modify load setting: Global dynamic load case
Solver O t
e Analysis Re e
= Loads and Constraints
2 “i' Solver Settings[1/1] ¥ Case Cortrol Data Options
=) %L OptiStruct - Modal Frequency Response
‘\‘_i_ Solution Parameters 2 Eigen value Extraction Options(EIGRL/EIGRA)
-l LoadCase[2/7] Extraction Method  EIGRL/EIG. |AMSES -
e lg 5L_NomalMode_LC Min frequency W1 0.0
v
\\.‘- Loadcase Parameters Max frequency V2 3000
- Number of Modes ND H20
= §f Giobal dynamicload case =\ | Normalization Method  NORH Defauk v
9% Loadcase Parameters Nomberof Vectors  MAXSET [ ]
% Output Requests Frequency of first flexi_  SHFSCL [J100
Sets Ampification Factor ~ AMPFFACT  []5.0
— Include Eigen Value fr_  SUBCASE SL_NomalMode _L{| +
Optimization
Diagnostic level MSGLYL Solver Default v

2 Extraction Parameters
(EIGRL/EIGRA)”, and
click on OK

71

Automation Object

¥ Frequency Range Options(FREQ 1}
¥ Hgen value Extraction Options(Fuid)
¥ Puid Volume Parameters{MFLLUID)
¥ Include Files

% Case control IDs

¥ Retrieve Momal Mode Analysis Results

Description
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: node set

* Define node set

Fles Measure Move. Material Property Coordnate... Intial Condtion  Loads. Constraints. Mass  Comnector. Contact Themal Mapping  Resuitant Load Replace Bodies u Model Checker | Load Case. Soltion  Output Requests  Export and
rameters Salve

In the [Analysis] ribbon,
click on icon [Sets]

5 Select all the outer @
Create S ] T |
faces of the Stator body. oo
Shell Bement
Solid Bement Face Input Entity:
n Solid Blement O Node
Define the name of the o
3 X Membrane Layer o
De of Freedom (ASET) —
sets and click on [OK] Fochuilpmguill s pos
Create Set Pairs O Face
Transfer Sets ) Body
Body name
Include mid nodes
e )
DR, AARAAAAORAAT
& AN AN L AR
R
it e AR
Y
|
- z
fua S S 4 only

Al BB
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« SimLab project: solver setting

73

* Define solver settings

In the [Loads and
Constraints] tab, double
click on the [Solution
Parameters]

Select “No” for the
option “Check Element
Quality” in the “Solution
Control Parameters” tab

Verify the force
information (Bulk Data)
in the “Include Files” tab

Click on [OK]

Name
=) Loads and Constraints
= BL Solver Settings[1/1]
= B¢ OptiStruct - Modal Frequency R

Solution Parameters

=X

W on Parameters
= i LoadCase[2/2]
=) §# SL_NormalMode_LC
YL Loadcase Parameters
= w Global dynamic load case
\‘\! Lozdcase Parameters
% QOutput Requests
D o Sets
= @® Node Set[1/1]
@ Sets_lkerMAQ
Optimization
Automation Object

Solver OptiStruct
Analysis

Modal Frequency Response

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

¥ Eigen value Extraction Options(EIGRL\EIGRA)

¥ Freguency Range Options(FREQ1)
% Huid Volume Parameters
¥ Eigen value Extraction Options(Fluid)
¥ Huid-Structure Interface Parameters (ACMODL)
2 Solution Control Parameters(PARAM)
Automatically Constra__ AUTOSPC Solver Default
Check Element Quality] CHECKEL | No
Mass Matrix Approach COUPMASS | Solver Default
Effective Mass Output  EFFMASS Salver Default v
Activate Fast Contact FASTCONT | Solver Default v
Faster modal solution  FASTFR Salver Default -
Use Hashtable Asse.  HASHASSM | Solver Default v
Use 84-bit solver 16451V Solver Default v
Inertia Relief Calculati. INREL Solver Default v
Control mode tracking MODTRAK | Solver Default -
Output Model Data QOGEOM Solver Default v
Print AUTOSPC Infor_  PRGPST Salver Default v
< »
Description
oK Cancel

Solution Parameters

N

Solver  |OptiStuct
Analysis

WO K KK

«

LA Include Fies}

Input Output Section File
Bulk Deta Section File

ASSIGN Extemal Files

Modal Frequency Response -

Eigen value Extraction Options(EIGRL\EIGRA)
Frequency Range Options(FREQ)

Fluid Volume Parameters

Eigen value Extraction Options(Fluid)
Fluid-Structure Interface Parameters (ACMODL)
Solution Cortrol ParametersiPARAM)

| ToothForce_Global_1 fem { 3 '

¥ Retrigve Nomal Mode Analysis Results

Desciiption

4)
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: solver setting

+ Define output requests 0

In the [Analysis] ribbon, i B e e ey i
1 click on the icon = — T h -
[Output Requests] Qutput Requests  Tiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin o I 4
Solver OptiStruct -
In the [Output Analysis | Modal Frequency Response v

Parameters] tab, modify

2 . . % Output File Options
the setting for different
2 Output Parameters
parameters
Equivalert Radiated _ |ERP GRID A 2
. Displacement DISPLACME_ ALL -
3 CIICk on [OK] Velocity VELOCITY | Solver Default -
Acceleration ACCELERA_ | Solver Default v @
Constraint Force SPCFORCE | Solver Default v

Frequency Analysis o HGFREQ [] Falze

% Bemental Output Request

¥ Model Qutput

Description:
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VIBROACOUSTIC ANALYSIS IN SIMLAB

« SimLab project: export and solve

* Save the Data Base

? x

looco@dEE

|Size ‘Type | Date Modific

View G i Assembly Features FEM  Anal
D New Recent Files
1 1 1 DataBaselsb.5 =
—_ Open... -
1 C“Ck on [Flle] ﬁ 2 2 DataBaselsh.4
[Save aS] Open Recent » |3 DataBaselshb.3 = . Save As
4 DataBaselslb.2 =
Impot... * 5 DataBaselshb 1 = Look in ‘ E:\ForceExportMultiSpeed\SimLab
Enter a name of the : .- e s
e > 6 EM_NM_MOTORx_t al R— Name
2 Data Base, for example, 7 Mator_Flus_Forced_New_Finish sl = My Computer
. . . - lhuang ForceData
“IkerMAQ_2_Physics_Defined”, H Save 8 Mech_Model_Mesh_Setting slb 2 o
- — ech_Model_Mesh_Setting slb = . kerMAQ_1_Meshed.shb

click on [Save]

otor_Flux_Forced_Old_Finish.slb
Motor_Flux_Forced_Mew_Finish slb 1 =
Mator_Flux_Forced_New slb =
Close Motor_Flux_Forced slb
Mator_Flux_Forced_Old sb =

Help > MeshedMotor slb =

Licensing

Preferences ...

g

al

File_lder 2020-12-21
File_lder 2020-12-21
15.0MB sb Fle 20201221

2

File name: ‘\kerMAQ,Z,Physicstaﬁnedl

Save

Files of type: [Simlab Database(" slb*)

j Cancel

75
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« SimLab project: export and solve

76

In the [Analysis] ribbon, click on
the icon [Export and Solve]

In the tab [Advanced Options] —
[Export Options], select
“Set_lkerMAQ” for the [Panel
Definition]

In the tab [Advanced Options] —
[Spawn Solver Options], verify
the setting for solving the
problem

Click on [Solve] for solving the
project or click on [Solve] for
solving the OptiStruct project

Define the name of the
OptiStruct project as
“Motor_Vibration_Analysis_Spe
ed_X_Golbal_Forces”, click on
[Save]

« Export the OptiStruct project

Fies Measure Hove Materal Propety
Home. Property
BExportand Selve  [iiiiiiiiiiiiiiiiiiiiiiiinn
Solver OptiStruct
Analysis Modal Frequency Response

Load case | AllLoadCases
‘Write option | Default

2 Advanced Options:

% Fluid Volume Parameters(MFLUID)

Project

Coordnate...  Inital Condtion Loads.
Loads and Constraints
BE060005000 b2) et Exportand Selve [liIiiiiiiiiiiiiiiiiiiiny
v Solver OptiStruct
v Analysis Modal Frequency Response
v Load case | AllloadCases
» Write option | Default
2 Advanced Options:

”

% Fuid Volume Parameters(MFLLID)

¥ Export Options
Description Frequency Response Analysis ¥ Material
Format Small Field -
Numbering Ascending Order ¥ EREN T
Write Linear Blements [] False

Write Contact Slave Surface _ [ | False

© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

@

Wite Enforced Displacement . True Number of Processors 4
[Panel Defirtion Seta_kerMAQ RAM Alocztion 0
Additional _Arguments
Description: Description
"] Renumber "] Renumber
Remove omphan nodes Remove orphan nodgy
Data Check Solve Export Cancel Data Check Export

Cancel

Model Checker

Load Case Soltion  Output Req Export and
arameters e

Solve @
Property is not defined for one or maore

i
bodies.
Do you want to create default property?

B s

MNo

+ THARC ¢ S E) ¢ FerabapenbbuSped 1+ Gmlah + Cpainuct

—

Fil e Moo Wrton s Spemd | Gl Jorces
Swestge FompesCRon

- e Foers
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File Edt View Model Results Annotations Tooks

Proferences MVH  Appiicat
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IN SIMLAB

° R It H | t o f-%-%-2- w8 0O ) ioplla- RELPLIALAERT - iAQ+ O ¢ O inmE P HPSPEE L1
esult visualization St T
Ferw=hae
B gl =
3] Subicame 1 [5L_Mowmshiode_LC) |
{21 Mode 1-F - 6 25307203 |
enhagel
inew -
¥
=
Open the S
1 . b
generated .mvw file 5
e
Harme Vaue
| = | OptiStruct
Home  Share  View
& cut x Eﬁ I New item ~ M open - [ setect al
% W=l Copy path * 7] Easy access * Lt Edit 17 select none.
Pinto Quick Copy Paste (5] ste shorteut Move Copy Delete Rename  Mew Properties B et el
aste shortcu T e . - istory nvert selection
s tor e folder - . RIS RLLFEC LY APLIERF OG- 00000
Clipboard Organize Hew Open Select
<« “ 4 > ThisPC > Storage(E) » ForceExportMultiSpeed » Simlsb » OptiStruct v & | 2 SearchOptiStuct g g e ey P
N P kM olo_Viealio fevtyes_Spod_1_Gobol_Fonces 13 L
i pC A Neme Date modified Tpe Size " =
a 30 Objects [ hwsalver.mesg 2020-12-21 21:34 MESG File 1K8B
[ ] IkerMAQ_ToathForce_Global_Test.fem 2020-12-14 20:33 FEM File 664 KB ReskMaihiemioe.  [sanind T |
eskto
" ] Moter_Vibration_Analysis_Speed_1_Golbal_Forces fem 2020-12-2121:28 FEM File 20,1708
Documents B Motor_Vibration_Analysis_Speed_1_Golbal_Forces.h3d 2020-12-2121:34 Altair HyperView 665,832 KB
& Downloads Motor_Vibration_Analysis Speed_1_Golbal_Forces.html 2020-12-2121:34 Firefox HTML Doc... 28KB
b Music 1 Motor Vibration_Analysis_Spesd_1_Golbal_Forces.mvw 2020-12-2121:34 Altair HyperWorks... 2k8
=] Pictures [7] Motor_Vibration_Analysis_Speed_1_Golbal_Forces.out 2020-12-21 21:34 OUTFile 19K8
B Videos [ 7] Motor Vibration_Anslysis Speed_1_Golbal_Forces.stat 2000-12-21 21:34 STATFile B
5 System (C) Moter_Vibration_Analysis_Speed_1_Golbal_Forcesitxt 2020-12-21 21:34 Text Document 1K8
2 Dorn (03 [7] Motor_Vibration_Analysis_Speed_1_Golbal_Forces_001.out 2020-12-21 21:28 OUTFile 4K8
Z Dsta (D:
= [ ] Motor Vibration_Anslysis Speed_1_Golbal_Forces 001 stat 2000-12-21 21:28 STATFile 1K8
= Storege (E) ] Motor_Vibration_Analysis_Speed_1_Golbal_Forces 002.0ut 2020-12-2121:29 OUTFile 6K8
77 = Network [7] Motor_Vibration_Analysis_Speed_1_Golbal_Forces 002 stat 2020-12-21 21:29 STATFile HE A LT A I R
[ Motor Vibration_Analysis Speed_1_Golbal_Forces frameshtml  2020-12-2121:34 Firefox HTML Doc.. 1K8
«  [B Motor_Vibration_Analysis Speed_1_Golbal_Forces menuhtml  2020-12-2121:34 Firefox HTML Doc.. 13K8

153items  1item selected 1.58 KB




VIBROACOUSTIC ANALYSIS IN SIMLAB
* Result visualization

+ Eigen modes

Fde Edt View Model Resuhs Annotations Tools Preferences

T ey T TP~ T T P TSR " WA SOy PP ey ey
Analysis Results
Select the [Subcase 1], :
1 and select the mode to
be visualized
2 Click on the icon ®¥
3 Click on [Apply]

lo@L b2 LR LS L485:10-00000

| Seocton Averaging mehad Vabae fer Ditay | Lol
Eigen Mode (v] k3 d T'WT]- =3 ) [hew  +] T~ Oveday resd deglsy
g 7] Reshedin I Vaiwion < [ 10 1 OO,
Loy -] foa B 2, sspng Ophon

0 ates sected
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79

A W

Result visualization

+ ERP (equivalent radiated power) curve

Click on [NVH] —
[Radiated Sound]

Click on the iconﬁ
to open the result file,
and click on [Load]

Select [Subcase 2]

Click on [Load Response]

File Edit View Model Results Annotations Tools

G . " 4 ’

e %R 2| e

Session  Results %

P Ty

=1 o

=

% Subcase 1 (5L_MarmalMade_LC) ~

% Mode 7 - F = 2.554569E+02 v

Search Qv
CERES *- k2%

Erties @ |0 |@ @

v [g& Assembly Hierarchy
+ I Components (2)

Vmnd Fomnn

Preferences

HEI0

FeE R al:

NVH  Applications  Help
Integrated Diagnostics
tadal/Fanel Participation
Grid Participation

Ernergy Distribution
Transfer Path Analysiz
Design Sensitivity Analysis
Order Analysiz

odal FRF

Model Correlation
Fiadiated Sound o
Global Modes

fount O ptimization
tultiple Sample Analysiz
Optimization

3
»

Load] Dizplay ] Study ]

File: zelection {
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Result: I ibration_Analysis Speed_1_Go

Fesult zelection

Subcase: ISuhcase 2 [Global dynamic: Ioacj
Result type: | Equivalent B adiated Povser - |
Fiesult zet: | j

Receiving Panelz: |

Result component: I Setz_|ke

¥ Mode selection

Field Mesh selection

& FulSphere € Half Sphers

Spherical Fadivs:. [1000.0

¥ Advanced selections

Switch to madel | Dizplay Options. .. | Load Rezponse |

H Open x
Look in: [ || OptiStruct =l = B
* Name - Date modified Fype
Altair_dab_10 2021-01-05 1919 File fo
Quick access
b Motor_Vibration_Analysis_Speed_1_Golbal_F... 2021-01-05 14:54 Altair
- » Motor_Vibration_Analysis_Speed_1_Nodal_F.. 2021-01-05 19.00 Altair
Deskiop
"
Libraries
This PC
Newok € >
File name: [Motor_Vibration_anaysis_Speed_1_Golbal_For = | Open
Files of type: [H3D.PCH File ("h3d," peh) ] Cancel

Explore
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VIBROACOUSTIC ANALYSIS IN SIMLAB

* Result visualization

+ ERP (equivalent radiated power) curve

Subcase 2 (Global dynamic load case) - Radiated Sound
Equivalent Radiated Power
MAG | Panel

E/ForceExportMultiSpeed/SimLab/OptiStruct/Motor_VYibration_Analysis_Speed_1_Golbal_Forces.h3d
160

Equivalent Radiated Power @ Sets_lke

1404

1e-12)

120

dB10(A) Ref

100+

@
=]

Equivalent Radiated Power (Scale
o
=]

80 ! 10 20 30 40 50 ) 70 80 %0 100 A A LTA I R

Frequency
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CONCLUSION

 Altair HyperWorks provide a convenient analysis process for the vibration problem of electric
motors.

* Flux is used as the solver for electromagnetic problems.
« Magnetic forces at multispeed point are computed in the mechanical I/O context in Flux.
« OptiStruct is used as the solver for mechanical problems.

« SimLab is used for modeling the device.
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