HYPERSTUDY: MULTIDISCIPLINARY DESIGN OPTIMIZATION INITIATION

A ALTAIR ALTAIR MULTIDISCIPLINARY DESIGN OPTIMIZATION PLATFORM
FOR ELECTRIC MOTORS




OUTLINE

Overview of the MDO process and
solver setting in Altair HyperStudy

FluxMotor model and Flux model
import

Solving for magnetic problems and

thermal problem

HyperMesh and OptiStruct models
and scripts import

Mechanical problem solving
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ﬂ Input files %

* FluxMotor / HyperStudy connector:
Connector_FM_Hst.fm2hst

* Flux / HyperStudy connector
Connector_Fx_Hst_BasePoint.F2HST

* Flux / HyperStudy connector:
Connector_Fx_Hst_OperatingPoint.F2HST

* Flux / HyperStudy connector
Connector_Fx_Hst_Thermal.F2HST

* HyperMesh / OptiStruct project and script
« referencel.hm
» Update_motor.tcl

*t Software %

« Altair HyperStudy 2019.1 (or later versions)

ﬂ Output file %

* HyperStudy project
MDO_EMOTOR_STUDY.hstudy
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OVERVIEW OF THE MDO
PROCESS AND THE SOLVER
SETTING IN HYPERSTUDY
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OVERVIEW OF THE E-MOTOR MDO PROCESS IN HYPERSTUDY

« Multidisciplinary design optimization (MDO) process with Altair HyperWorks for electrical machines

\

Step 1: Electrical motor pre-design

1) The MDO process is built and run

with Altair HyperStudy. 7

: : : : 2) All the five phases are represented
Step 3: Magnet analysis - operating point > by “Connector” between software.

Step 2: Magnet analysis - base point

Step 4: Thermal analysis 3) Solvers required for HyperStudy:
- Flux
- FluxMotor

Step 5: Mechanical problem definition - HM Batch (HyperMesh)
- OptiStruct

B i 15| 5|

Step 6: Mechanical stress analysis Yy, A
ALTAIR




SOLVER SETTING IN HYPERSTUDY

* Prepare the MDO E-Motor project with HyperStudy

: T
Step Action bedk % &
o bl L
.

1 Open Altair HyperStudy

Project folder structure
w MDO_EMOTOR_Case?
v Hyperstudy
> 1_FluxMotor
> 2_MagBasePoint
» 3_MagOperatingPoint
> 4 Thermal

5_Structural

@

Study iow
l..-...i'gm., '}ml‘wm.s‘aﬁ
Start Recent Studies
[ tewsuy = MDOgMeter2
Open Sty
e MDO_EMOTOR STUDY 2
~. MDO_EMOTORSTUDY 2
MDO_EMOTOR STUDY
MDO_EMOTOR STUDY
L EA\MDO_EMOTOR STUDY\MDO_EMOTOR_ STUDY. hstudy
L E\-\MDO_EMOTOR_STUDY\MDO_EMOTOR_STUDY hetudy
Quick Start Examples
7/ 1D Hamonic Ocilitor SRS
@ @
7 R
2 S
72
"

72
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Help

© Hhwestsy
- yr—

Tutorals

Emors:0 Wamings: 0 | Prafie: Default
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SOLVER SETTING IN HYPERSTUDY

*  Verify the solver script registration in HyperStudy

Click on [Edit] —
[Register Solver Script]

Verify if the “Flux”, “FluxMotor”
2 and “OptiStruct” solvers are
already correctly loaded

1

File Edit View Tools Applications Help
Undo Ctrl+Z
New O Redo Ctrl+¥ ges
Approach:
?E g = Add
L Remove
Register ...
B3 Salver Script ( 1
] Report
& User Utility
I Optimizer
o External Fit
6 L] External Sampling Fit
] Python Function
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7Z Register Solver Script - Altair HyperStudy™ (28.2120049)

4+ Add Solver Script

T Remove soiver script

Lo

Label Vamname Type Preference Path

1|RADIOSS radioss & RADIOSS HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../hwsolvers/scripts/radioss.bat

2| OptiStruct o5 m OptiStruct HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../hwsolvers/scripts/optistruct.bat

3| MotionSolve ms e MotionSolve HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../hwsolvers/scripts/motionsolve.bat

4|Python By 5] python HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../common/python/python3.5/win64/python.exe

5| Tel tel E Other Application | HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/hw/tcl/tcl8.5.9/winbd/bin/tclsh85.exe

6| Ternplex templex 5] Other Application | HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/hw/bin/win64/templex.exe

7| Hyperitrude hx 5] Other Application | HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../hwsolvers/scripts/hx bat

8| HM Batch hmbatch 5] Other Application | HyperWorks D:/Pragram Files/Altair/2021,1/hwdesktop/hm/bin/win64/hmbatch.exe

9| HM Batchhesher hmbatchmesher 5] Other Application | HyperWorks D:/Pragram Files/Altair/2021.1/hwdesktop/hm/batchmesh/hw_batchmesh.bat -nocmd_win

10| MDL Batch mdl_batch E Other Application | HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/io/translators/bin/win64/mdI_batch.bat

11| HyperStudy Batch hstbatch Other Application | HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/hst/bin/win4/hstbatch.exe

12| HyperWorks hw_exe 5] Other Application | Hyperiorks D:/Program Files/Altair/2021,1/hwdesktop/hw/bin/win64/hw.exe

13| HyperView hv 8 Hyperview HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/hw/bin/win&4/hw.exe -b ~tcl "DA\Progra
14 |HV Trans hvtrans E Other Application | HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/io/result_readers/bin/win4/hvtrans.exe

15| FEKO feko ~p FEKO HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../feko/bin/runfeko.exe

16 |FLUX flux 3 Flux HyperWorks D:/Program Files/Altair/2021.1/hwdesktop/../flux/Flux/Bin/prg/winfd/flux.exe I -executeBatchSpyA
17 |None hst_none None Internal D:/Program Files/Altair/2021.1/hwdesktop/hst/bin/wint4/hstsolver_none.bat

Attention: the solver FluxMotor are NOT preloaded in HyperStudy.

o T o
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SOLVER SETTING IN HYPERSTUDY

» Register solver scripts for the solvers “Flux” and “FluxMotor”

Step

1 Click on [Add Solver Script] to add new solvers

3

Action

7Z Register Solver Script - Altair HyperStudy™ (28.2120949)

=+ Add Solver Seript

move Solver Script

7Z Add - Altair HyperStudy™ (28.2120949)

Label:  [Flux 20219

Varname: [sr_18

Select Type
-
=
-
RADIOSS Optistruct MotionSalve
1 B m S
N
Rythen Other Application FEKO
2 Flux Fluxhotor Knowledge Studio
»
-
¢ il =
S
B PreProcessor Hyperview

A

Flux FluxMotor
B PreProcessor HyperView

Label Varname Tpe Preference Path
1| Rapioss radioss B rapioss HyperWorks | D:/Program Files/Altain/2021.1 Ivers/scriptsfradioss. bat
. « ” 2| Optistruct os 1) optistruct HyperWorks | Dy/Program Files/Altait/2021.1 Jscripts/aptistruct bat
Add the fi rst solver “Flux 3| MotionSolve ms @ MotionSolve | HyperWorks | Di/Program Files/Altair/2021.1 vers/scripts ebat
4/Python Py 5] Python HyperWorks | Di/Program Files/Altsit/2021.1 J.Jcommen/pythen/python3 S/winé4/py
Add the second solver nFquMOtoru 5 Tl tel 5] Other Application| Hyperiorks | D/Program Files/Altain/2021.1 elftel2.5.9/winB4 bin/telshs.exe
6| Termplex templex 5] Other Application| HyperWorks | Di/Program Files/Altsit/2021.1 Pbin/wins4
7| Hypenstrude e 5] Other Application| Hyperiarks | Di/Program Files/Altait/2021.1 Jscripts/hicbat
72 Add - Altai HyperStudy™ (28.212084) 8/HM Batch hmbatch 5] Other Application| HyperWorks | Di/Program Files/Altsir/2021.1 Jbinwin64/hmbatch
et [Famarore 57T 9/HM BatchMesher | hmbatchmesher 5 Other Application | Hyperiarks | Dy/Program Files/Altait/2021.1 fhw_batchmesh.bat
vomane: [7T3 10| MDL Batch mdl_batch 3] Other Application| HyperWorks | Di/Program Files/Altait/2021.1 Jators/bin/wing4/mdl_batch bat
11| HyperStudy Batch | hstbatch 5] Other Application | HyperWarks | Di/Program Files/Altit/2021.1 Jbin/wins4fhsthatch.exe
E=EEREE 12| Hyperworks hw_exe 5] Other Application| HyperWorks | Di/Program Files/Altsir/2021.1 i/ win6s/hw.exe
13| HyperView e K Hyperview HyperWorks | Di/Program Files/Altsit/2021.1 Pbin/wins4/hw.exe
& m * 18] HV Trans hvtrans 5] Other Application| HyperWorks | Di/Program Files/Altsir/2021.1 fio/result_readers/bin/winé4/hvtrans.exe
RADIOSS Optistruct 15| Fexo feko S FEO HyperWorks | Di/Program Files/Altsit/2021.1 /fekobin/ runfek
16| FLUX flux o P HyperWorks | D:/Program Files/Altair/2021.1 fFlux/Biny/prg/win6d/flux exe
E E 17| Nene hst_none None Intemal Di/Program Files/Altsit/2021.1 Jbin/win64/hstsolver_none.bat
Bython Other Application

[

Cancel || Apoly |

o

Solver recommended: Flux 2021.2 and FluxMotor 2021

2\ ALTAIR



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

SOLVER SETTING IN HYPERSTUDY

* Modify the solver settings

. 7Z Register Solver Script - Altair HyperStudy™ (28.2120949) O X
Step Action
+ Add Solver Script ﬂ Remove Solver Script gb(purl
1 Modify the solver settings (Label, Varname, and = ST ot =
1|RADIOSS radioss RADIOSS | Hyp ks | D:/Program Files/Altair/2021.1/hwdesktop/../hwsok pts/radioss bat
113 ” “% e
Path) for the two solvers “Flux” and “FluxMotor 2lopsitos D) optstuc_|ryperors [ouog pr/optanctet
3| MotionSolve ms ‘l MotionSal... | Hyp ks | D:/Program Files/Altair/2021.1/hwelesk hwsok pts/ bat
4|Python Py 571 eython HyperWorks | D:/Program Files/; /2021.1/1 /python/py .5/ win64/python.exe
5|Tel tel ﬁ Other App... | Hyp: ks | D:/Prog) Files/Altair/2021.1/hwdesk hw/tcl/tcl8.5.9/ d/bin/tclsh85.exe
6| Templex templex 571 Other App... |HyperWorks | Di/Program Files/: /2021.1/1 P/ fwinb4/templex.exe
7|HyperXtrude hx ﬁ Other App... | Hyp D:/Prog /. /2021.1/1 fscripts/hx.bat
8|HM Batch hmbatch 571 Other App... |HyperWorks | Di/Program Files/Altair/2021.1/hwdesktop/hm/bi 4/hmbatch.
9|HM BatchMesher | hmbatchmesher 571 Other App... [Hyp D:/Prog 7 /2021.1/1 / /hw_batchmesh.bat
10| MDL Batch md|_batch E Other App... | HyperWorks | D:/Program Files/Altair/2021.1/hwdesktop/i /k 4/mdl_batch.bat
11| HyperStudy Batch | hstbatch 51 other App... [Hyp D:/Prog /2021.1/1 hst/bin/ / h.exe
12| HyperWorks hw_exe 5] Other App... [Hyp ks | D:/Program Files/Altair/2021.1/hwdesktop/hw/t 4/hu.exe
Label Varn e Path 13| HyperView hw ii HyperView |HyperWarks | D:/Program Files/; /2021.1/1 fhw/binfwin4/hw.exe
14|HV Trans hvtrans ﬁ Other App... | Hyp ks | D:/Program Files/Altair/2021.1/hwdesk It_readers/E AfF Lexe
g o o 15| FEKO feko & FEKO HyperWarks | D:/Program Files/: /2021171 p/../feke/bin/runfeko.exe
Flux HstSolver_Flux  <Flux installation directory> T o e " S . T ————
2021.2.1 2021 2 1 /qux/FIux/Bln/prg/wm64/Fqu.exe |17 None hst none None ntemal _| D/Program Files/Altsin/2021 I/hwdesktop/hst/bin/win64/hstsolver_none.bat
18 | Flux 2021.2.1 HstSolver Flux_2021_2 1 + Flux HyperStudy | D:\Program Files\Altair\2021 \ inh\prg'wir Lexe [
F|UXMOt0I' HStSO|Ver FM <FIUXMOt0r |nsta"at|0n dlfeCtOI'y> 19 FluxMotor 2021 HstSolver_FM_2021 * FluxMotor | HyperStudy | D:\Program Files\Altair\2021\AltairF \Scripts\win\F L& ‘
2021 2021 /Scripts/win/FluxMotor.exe
8 g
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OPTIMIZATION INITIALIZATION

» Create a new HyperStudy project

Action

Click on the icon [New] . to

. start a new HyperStudy project

Define the project name
2 “MDO_EMotor_Study”,
and select the saving location

3 Click on [OK]

.: View ook Applcations  Help

‘ = -
| o
Study.

ip Explocer | 11 Directory

7€ Add Study - Altair HyperStudy™ (28.2120949) X

Label: |MDO_EMator_Study

2

|| EAMDO_EMOTOR Case2\Hyperstudy | I -

Create s new stugy

)

Sowsers  Messages

View

o st | [ Tutonals ‘ EE

Start
New Study

Open Study

[

Quick Start Examples
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Recent Studies Heip
MDO_BMotor 2 © iy
N BRI © Hperions
Tutorss
MDO_EMGTOR STUDY 2 55}

MDO_EMOTOR STUDY

MDO_EMOTOR STUDY

E  ELAMDO_EMOTOR STUDYIMDO_EMOTOR STUDY.hstudy

£ E\..AMDO_EMOTOR_STUDYIMDO_EMOTOR STUDY.htudy

Emors0 Wamings: 0 | Profie: Detautt
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FLUXMOTOR MODEL AND
FLUX MODEL IMPORT
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ADD FLUXMOTOR AND FLUX MODELS B2 I D

FluxMotor model import

New Open sme Cose | mawsers M

11

* Create a new FluxMotor model

Click on [Add Model] to create
the model “FluxMotor”

i taplorer | iy Doy

1

w ¥Z MDO_EMotor Study

R setup
- @ Delinti on
©) Define Models
2 I h “ FI M ” ©) Define inpunt Vi
elect the type “FluxMotor 3t
) Define Output Responses
7Z Add - Altair HyperStudy™ (28.2120949) X
Labet  [Fiumotor
Varname: [m_1
Select Type
Parameterized File Internal Math HyperMesh Desktol
E =
Spreadsheet ‘Workbench FEKO
Operator SimLab HyperStudy Fit nowledg pi
B i; - o
Lookup B PreProcessor HyperView ‘ 3 ’
[ o ]

| Semence | | =4 condtors | [
T femor 925 Mode Reso o8 Bodk iew
Labd Varmame e Resour e sohe
LiJ
@ 4 sk Y
e —

J\ ALTAIR
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ADD FLUXMOTOR AND FLUX MODELS EEZp DI T
FluxMotor model import

Link the model to the FluxMotor / Hyperstudy connector

Step ACtI on v DeﬁneModels1 § Sequence W =& Conditions
R + adavodet v i removeriosel | 0% mosein o Blodk View
Click on the icon ; todefine |« b Lomne | me == | shemare | sowsesmmsen Sover i Argomarts
1 [ 1] | Fluotor [mat | Fiuemotor | | & fstimputrste [0 Fuuchtor v
the resource connector path

Select the connector
2 “Connector_FM_Hst.fm2hst” in
1 FluxMotor

3 Click on [Open]

12

@

¥Z HyperStudy - Load model resource

e« v

Organize v  New folder

"
23 Dropbox

@ OneDrive - Altair |

I This PC
8 2D Objects
§ AppleiPhone
[ Desktop.
Documents
3 Downloads

v

File name:

Name

Ci

[ co

onnector FM_Hst
nnector_FM_Hstfmzhst

Conne:

<« MDO_EMOTOR Case2 » HyperStudy 5 1_FluxMotor

r 5 Connector FM_Hst »

Date modified

2021-10-22 12:19
2021-10-1515:13

Type
File folder

FM2HST File

2 Search Conn

=~ M @

55KB

ector_FM_Hst

o]

ctor_FM_Hst.fm2hst

A| Flux Motor (~fmz2hst)

E)== [=

lepnﬂ Variables

I
‘ 4 ok

Next HEp

J\ ALTAIR
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ADD FLUXMOTOR AND FLUX MODELS ZEEDFEEDITH D

Flux model import: magnetic analysis at base speed point

13

* Create a new Flux model

Click on [Add Model] to create

1 the model “Flux Base Point”

2 Select the type “Flux”
3 Click on [OK]

a M._Muiels1 8l Sequenzew ‘ =3 Cond

+ AddModel ‘ - ﬂ 1) AAAAAA | 0% Model Resourcs o Blodk View

| hetwe | q] | van [ b [ reoue [ P | sowerb e | put Argumer | comment |
1 |Fluxotor [ma | WA Fotctor Je.ca A\ . B [retinputhstp | P | | |

72 Add - Altair HyperStudy™ (28.2120943) ®
LLLLLL [Fiux Base point
Varname: [m_2
Select Type
Parameterized file  Intemal Math  Hyperhlesh Desktop MotionVi yperMesh
Spreadsheet Workbench FEKO Flux FluxMotor
SimLab o ire Studio

Hyperstudy Fit Knowledge Studio  Inspi

IRl

Loakup B PreProcessor

3

Hyperview

ﬁ\mpunvﬁmes ‘ -k Ne: W)

J\ ALTAIR
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ADD FLUXMOTOR AND FLUX MODELS
Flux model import: magnetic analysis at base speed point

» Link the model to the Flux / Hyperstudy connector

=i

+ adaviogel v i Removeriose | % MaderResourees

=3 Conditions

— o Block view
1 CIiCk on the icon ‘_' to define “ Az:/e Lobel Vamame o Fpe ‘ Resource 'So\vev\r:putﬁ\e QSolverExa:u!\onSmpt Solver Input Arguments Comment
the resource Connector path 2 Flux Base Point miZ o F T T | & h:timpu!h:tp oI R v |-batch
Select the Flux connector
2 “Connector_Fx_Hst BasePoint
.F2HST” in 2_MagBasePoint
3 Click on [Open]
72 HyperStudy - Load model resource X
€« © 4[]« Storage (E) » MDO_EMOTOR Case? » HyperStudy » 2 MagBasePoint » v | ® | O Search2MagBascPoint
Organize v Newfolder = o @

Connector_Fx_Hst_BasePointF2HSTFLU 10-22 12119 File folder
@ OneDrive - Altair |
[ ] Connector_Fx_Hst_BasePoint F2HST 211108 F2HSTFile 21KB
3 This PC
8 30 Objects

i AppleiPhone
B Desktop
Documents
- Downloads
D Music

=] Pictures

@lmpmvﬂmes ‘ ek Nex W)
B Videos

5 System (C)

5 Data (D)

l 4 = Storage () ¥ Q
File name: | Connector_Fx_Hst BasePoint F2HST AIFI-M (~.F2HST) V| A LTA I R
(3)==
D
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R <ciic Foini
ADD FLUXMOTOR AND FLUX MODELS
Flux model import: magnetic analysis at specific operating point

* Create a new Flux model

a ine § ) Sequence 2 Conditions | [BE]
Step Action 4 s | Y] | 5o

Click on [Add Model] to create T hee s e | pe
the model “Flux Operating Point” - - -

1

EN..\Connector_FM_Hst\Connector_FM_Hstfm2hst B |heti

T npuths
o F EA..\2 MagBasePoint\Connector_Fx_Hst BasePoint,F2HST B |retinputhety

2 Select the type “Flux”
3 Click on [OK]

7 Add - Altair HyperStudy™ (28.2120949) x

Labet:  [Flux Operating Point

Varname: [m_3

Select Type

Parameterized File  Intenal Math  Hyperhesh Desktop MotionVi yperhesh
Spreadsheet Workbench FEKO Flux uxotar
SimLab I & Studio

Hyperstudy Fit Knowledge Studio  Inspir

e

IRl

»
B i ‘ @lmpm Variables ‘ -k Ne: W)
Lookup B PreProcessor HyperView ‘ 3 '

) )\ ALTAIR
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ADD FLUXMOTOR AND FLUX MODELS ZEEDITEDITEp D

Flux model import: magnetic analysis at specific operating point

Link the model to the Flux / Hyperstudy connector
[F==Tn==]

=5 Conditions
+ adavioss T Removeriosel | 9% Madel Resourees oL Bock View.
Click on the icon ; to define = - = = T | e s | G
1 1 FiucMotor m1 WA FlucMotor EA\..\Connector,FM_Hst\Connector_FM_istfmzhst B |nstinputhstp WA Fiuitotor -
the resource Connector path B Flux Base Point m2 o P £..\2_MagBasePoint\Connector_Fx_Hst BasePoint FHST hst_input hstp o R - |-batch
3 Flux Operating Point m3 o | o mux v |-baten
Select the Flux connector 1
“ .
5 Connector_Fx_Hst_Operating
g =
Point.F2HST” in
3_MagOperatingPoint
3 Click on [Open]
7& Hyperstudy - Load medel resource X
& 4[]« Storage(E) > MDO_EMOTOR Case2 » HyperStudy » 3MagOperatingPoint > v | o] [ o search3Magoperatingpoint
Organize = New folder B~ M @
2 Dropboc Nam Date modified e size
N Connector_Fx_Hst_OperatingPoint F2HS. 19 Filefolder
@ OneDrive - Altai [] Connector_Fr_Hst_OperatingPoit EHST s F2HST File 208
= misre
30 Objects
B Apple Phone
B Deskiop
Documents
& Downloads
B Msic
] Pictures @lmpmvﬂmes ‘ ek Nex W)
B videos
25 System (Ct)
& Data ()
= Storage (B ¥
16 File name: | Connector_Fx_Hst_OperatingPaint F2HST v [ e ~|
[Copen B |

J\ ALTAIR
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ADD FLUXMOTOR AND FLUX MODELS ZEEDITEDITTH IR

Flux model import: thermal analysis

* Create a new Flux model

1 Click on [Add Model] to create

2
3

the model “Flux Thermal”
Select the type “Flux”
Click on [OK]

e Deﬂ-eModekT 9} sequence

=3 Conditions

N
+ AddMosel | v I ) | o2 MogelResources o Blodk View
Active Varname Solver Execution Seript Solver Input Argurments Comment
FluxMotor m_1 EA\..\Connector_FM_Hst\Connector_FM_Hst.fm2hst [ -
Flux Base Point m2 EA\..\2_ MagBasePoint\Connector_Fx_Hst BasePoint.F2HST (3 w |-batch
Flux Operating Point m3 [ w |-batch

7 Add - Altair HyperStudy™ (28.2120949)

Labet  [FiuxThermal

Varname: [m_4

Select Type

{}

Parameterized File
-

Spreadsheet

Operatar

Loakup

B PrePracessor Hyperview ‘ 3 ’

f0 @ L.

Internal Math  Hyperhlesh Desktop

M

Workbench FEKO FluxMotor
SimLab Hyperstudy Fit Knowledge Studio  Inspire Studio

B X§

17

I T N

@lmpmvﬂmes ‘ -k Ne: W)
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ADD FLUXMOTOR AND FLUX MODELS S IHTED I IR
Flux model import: thermal analysis

Link the model to the Flux / Hyperstudy connector

Step Acti on < DefineModeki 3l sEquemW 3 Conditions
+ saamoser v T enoveriose | 0% woserResoures o Bock View
Click on the icon ; to define | . = S || G T o
1 1 FluxMotor m_1 \' FluxMotor EA\..\Connector_FM_Hst\Connector FM_Hst.fm2hst B |hstinputhstp &r FluxMotor -
the Flux connector path B Foxsse Pt - o 12 MigBaseRai Comector P ot BastPoL 72T 88 [ oputae fx <o
3 Flux Operating Point m3 Flux EA.A3.] ctor_Fx_Hst_Ope hst_ input hstp FLUX w |-batch
4 Flux Thermal m4 Flux | 2 FLUX w |-botch
Select the Flux connector
“*
2 Connector_Fx_Hst Thermal.F

1
2HST” in 4_Thermal
3 Click on [Open]

72 HyperStudy - Load model resource

X
« v > ThisPC > Storage (E) » MDO_EMOTOR Case2 » HyperStudy > 4 Thermal v o £ Search 4_Thermal

Organize = New folder - o @
g Dropbox " Name - Date modified Type Size

Connector_Fx_Hst_Thermal.F2HSTFLU 221219 File folder
@ OneDrive - Altair |
[ Connector_Fx_Hst_Thermal F2HST 9 10:14 F2HST File 45KB
[ This PC
) 3D Objects

0 AppleiPhone
B Desktop
Documents
¥ Downloads
b Music
& Pictures
B videos
A5 System (C:)
= Data (D)

@lmpmvﬂmes ‘ ek Nex W)
= Storace (B) ¥

18 File name: | Cannector_Fx_Hst_Thermal F2HST

P 8
(§
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ADD FLUXMOTOR AND FLUX MODELS ZEEDITEDITTH IR

Update solvers (Flux and FluxMotor)

« Update the solver as defined in page 8

7=={ri==)

+ saamoser v T enoveriose | 0% woserResoures (1\ o Bock View

=3 Conditions

Click on the flash =~ | toselect || e = S e S e
1 1 FluxMotor m_1 WA Fluxotor EX\..\Connector_FM_Hst\Connector FM_Hst.fmzhst B |hstinputhstp A Fiuxhotor -
th e so Ive I B Flux Base Point m2 Flux EA..\2_MagBaseP oint\ Connector_Fx_Hst BasePoint F2HST B |hstinputhstp FLUX w |batch
3 Flux Operating Point m3 Flux ENAZS ctor_Fx_Hst_Ope B |hetinputhstp FLUX. w |batch
4 Flux Thermal m4 Flux EA..\d_Thermal\Connector_Fx_Hst_Thermal F2HST B |hstinputhstp FLUX w |batch
2 Select the created solvers
Active Label Varname Type Resource Solver Input File Solver Execution Script \.2
¥ ¥
FluxMotaor m_1 ﬂ” FluxMotor Ed A Connector_FM_Hst\Connector_FM_Hst.fm2hst [ hst_input.hstp ﬂ” FluxMotor 2021 -
2 Flux Mag Base Speed m_2 - Flux E'..M\2_MagBasePeint\Connector_Fx_Hst_BasePoint.F2ZHST g |hstinputhstp b Flux 2021.2.1 -
3 Flux Mag Operating Point | rm_3 =g Flux E\A3_MagOperatingPoint\Connector_Fx_Hst_OperatingPoint.F2ZHST £ |hstinputhstp " Flux 2021.2.1 -
4 Flux Thermal m_d L Flux EdG A Thermal\Connector_Fx_Hst_Thermal F2ZHST [ hst_input.hstp ~ Flux 2021.2.1 -

lepmvﬂmes ‘ -k Ne: W)

19 @ 2\ ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

aaaaaaaa Remove Model 92k Model Resources o2 Block View
Click on the icon

. [Import Variables]

s s

v

\\\\\\

Click on [Define Input
2 Variables] to verify all the
imported variables

& i 1
:E Explorer ?g Directory

v 7Z MDO_EMotor_Study

hd [E Setup

¥ & Definition
@ Define Models
| @ Define Input Variables (’2)
@l Test Models -
@ Define Output Responses

21 J\ ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

» Define parameter links

Fle  Edt View Tools  Applicstions  Help

Eedk % B
R Variable Total - Original Action in
Study view Description
p— p— number number model HyperStudy
I beporer UJ Boands | 1 Modes ‘ i Oiswibutions | g Links | | L Constrints | [EE

e Directory EE]
* 7 MooEvotor sudy & rcavpve ] renee gt o 1-22 22 Meta geometric FluxMotor Modify upper and
~ g sewp parameters lower bounds
w & Definition Active Label Vamame Lawer Bound Maminal Upper Bound Comment
& Defne Modelc 1 Megnet:TM1A (mm) a1 27000000 . 30000000 33000000 . . i
gf"‘:rm 2  MagnetsTMZA (mm) [var2 | 2o, 3w, 3300000, 23.05 3 Linked electrical Flux Mag Link to model
e Mt 3 Magnet:T2A (mm) a3 vasoooo0 [ soco000 100000 . = .
@ Define Output Responses : T — e parameters Base Point output responses
5 Magnet:WM14 (mm) a5 12150000 13500000 | M48S000 .
6 Magnet:WM2A (mm) varb a000000 | 10000000 . TR0 ., Linked geometric Flux Ma . .
: et e Tosmam [ osem 26-47 22 9 9 Link to variable 1-22
: o T R W parameters Base Point
9 Magnet:TMZ8 (mm) |var8 | 2700000, | 30000000, 33000000 . e
L Mot i) o 1, 1, S0, Linked electrical Flux Mag Link to model
1" Magnet:T3B (mm) var_t1 13500000, 15000000, 1ES0000 . 48-49 2 . :
" fr— it L LT parameters Operating Point output responses
13 Magnee:WM2E (mm) [vara | Gavooon | 7ovooom | 700000,
"  Magnet: W8 (mm} [varta | 0asooc00 | BS000000 | B5500000 . . To be deleted 1!
1 Mognet:MIC (mm) [var1s seooooo [ atoooon ,Tadoooo0 50 1 Fixed operating Flux Mag Because the operating
15 Magnet:TH2C (mm) var_16 3000000 40000000 44000000 _ - A H
[ Magnet:T2C (mm) vari7 13500000, TSOOOOD0 ,, 1S . speed (7200 RPM) Operating Point speed is a constant
1 Magnet:TIC (mm) ver_18 13500000 15000000 .. 16500000
19 MagneG:WMIC (mm) var 19 sdocoe0 |, 600O0O00 . 660000 ., . .
» [ Magnecsh2C (rm) [0 |20, 3ocooo0_,,, 3000, Linked geometric Flux Mag . .
2 MagnetsWE (mm) var 21 Gasooc0 | 05000000 | 05300000 51-72 22 parameters Operating Point Link to variable 1-22
2 Magnet=R_hole (mm) var 2 240000 270000 | 2000
3 CTRL_ANGLE vl 23 A0 40906000 | S896600 | PHYS L k d t
. y e i inked geometric . .
= e T Temta T e 73-94 22 para?neters Flux Thermal Link to variable 1-22
2 R oL [vanzs [zasooo0 | Tamooooc0 [ 2smoo |, Teom
El [N [var27 [1asoon | rswoon | sono | ceoM
2 MTE var 28 12500000 | 15000000 . 1ESOO0 . GEOM . _ Linked electrical Link to model
= —— - e < 95-109 15 Flux Thermal
parameters output responses
/ MDO_EMoter_Study / Setup | Mominal Run, | / Definition / Define input Variables Emors: 0 Warnngs: 15 | Profie Detaun

22 Note: all the modification for variable information in HyperStudy can be copied and
pasted from the file “ParameterTablelnHS.xIsx” A ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

« Define parameter variation intervals for geometric parameters from the FluxMotor model

+ A ~ Tl Remove input variable = Block View
1 Click on [Bou nds] s | e || o || Gt || s
1 Magnet:TW1A (mm) var_1 27000000, f3.0000000  J| 33000000 .
. 2 Magnet:Thi2A (mm) var2 27000000, f3.0000000  J| 3300000 | .
Define lower bounds and 3 MagnetsT2A mm) i vascooo .. Jisoooo0 | 1soooc0 ..
4 Magnet: T34 (mm) vard 13500000, fisoooo00  §| 16500000
upper bounds for the meta 5 Magnet:WM1A (mm) var 5 12150000 fr3sooo00 )| 14850000
2 . 6 WMagnet:WM2A (mm) var 0000000, f10.000000  J] 11.000000 .,
motor geometnc parameters 7 Magnet: WA (mm) vor? oasooo0 ___ Josooooo0_ J[ 03500000
. 8 Magnet:TW1B (mm) var 8 27000000, f3.0000000  J| 3300000 | .
(varlable 1_22) 9 Magnet:TMZB (mm) var9 27000000, f3.0000000  J| 3300000 | .
10 Magnet: 28 (mm) var 10 13500000, fisoooo00  §| 16500000
i Magnet:T38 (mm) var 11 13500000 Jfrsoooo0  f| 1es00000
2 Magnet: WM1E (mm) var 12 a4s00000 ., [1os00000  J 11550000 .
13 Magnet:WM28 (mm) var13 63000000 __ [7.0000000 _J 77000000 .
14 Magnet:W8 (mm) var_14 04500000, fosoooo00 | 050000
15) Magnet:TM1C (mm) var15 36000000 f40000000 | 1| 44000000 .
1 Magnet:TM2C (mm) var_16 26000000, Jaooooo00  ¥| 44000000
7 Magnet: T2C (mm) var 17 3500000 Jfisooooo0 | f 16s00000
1 WMagnet:T3C (mm) var 13 13500000 ., frs000000 | J 16500000 .
19 Magnet:WM1C (mm) var19 s4000000 __ [s.oo0000 | 66000000 |
2 Magnet:WM2C (mm) var 20 27000000, f3.0000000  J| 3300000 | .
21 Magnet:WC (mm) var 21 04500000, fosoooo00 | oss00000
2 Magnet:R_hole (mm) var 22 2.4300000 27000000 29700000
3 CTRLANGLE var23 915400 | [40006000 [ 54006600 | [PHYS
] 1.RMS var 24 25200000 .. | 26000000 .. |308.00000 . |PHYS
2 SPEED. var25 64800000 | 72000000 | 79200000 ., |PHYS
2 IM_R HOLE var26 2430000 | 27000000 | 29700000 . |GEOM
7 IM_T24 var 27 13500000 | 15000000 | 16500000 . |GEOM
E] M8 var23 13500000 | 15000000 | 16500000 . |GEOM
wn = e o +aznnon +ennnan +eznnonn cron

. «Back Next *
Note: the bound values can be copied and

pasted from the file “ParameterTablelnHS.xIsx”

23 J\ ALTAIR



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

SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

» Delete the input variable “SPEED” from operating point model

[ \

e n«....k1 l Mvdes\i il D\stnb\mons1 & Lmksw 5 Add Input Variable
o Remove Input Variable
+ Addinp - 2 | 5 { o Bodk View

Select the No.50 variable = = e — s oo Vemame | Lowerfaud | Nowinal | UpperBound | Comment
1 [ ” 2 PED s F Froweefles ’ Bl IM_TM1C var’Bl 3.6000000 4,0000000 ’ ’ GEOM
S P E E D 26 IM_R_HOLE var 26 3 [d - = o .
= MTA ot st Sort down M 82 IM_TM24 var_83 2.7000000 3.0000000 GEOM
= B wezs |81 Sottup of = IM_TM2B. var 84 2.7000000 3.0000000 GEOM
nght CI|Ck and CI|Ck On 29 IM_T2C var_29 i Cotormns 6| 84 IM_TM2C var 85 3.6000000 4.0000000 GEOM
2 . 30 1M_T34 var 30 of a5 IM_WA var_86 0.4500000 0.5000000 0.5500000 GEOM
[Remove Input Variables] n mps g CIE e w0 .| 000w ... oS00 .. [GEOM ...
g M.TC w2 gy Copy ChrleC. AL B IM_WC var_88 04500000 | 05000000 | 05500000 _ _|GEOM
- q a 3 IM.TMTA B e Copy+ Lobels BHLI IMWMTA var 89 12150000 .| 13500000 | 14850000 _,,|GEOM ..
Verify the total input variable - e D WLwwiB v o . 00N | TS0 GEOW
3 35 IMTMIC var3s | Paste Ctriev 5 - & . aea | aea e e
number |S 108 = A s, S o ® IM_WMIC var 91 54000000 | 60000000 | | 66000000  _|GEOM
] IM_TvzE vars? R B IM_WM24 var 92 2.0000000 | 10000000 .| 11000000  _|GEOM
E IM_TM2C T Fiter rio o] 2 IM_WM2B var 93 63000000 | 70000000 _ _|7.7000000 _ _|GEOM
£ IM_WA var 39 Q i Cuier G| 9 IM_WhM2C var_94 27000000, |3.0000000 33000000 _  |GEOM
R0 IM_WE Va4 ’ o = IRON_LOSS_ROTOR var 95 12150000 | 13.500000 | 14850000 __ |PHYS
il MW a2 Replace... Cl+H 94 IRON_LOSS_STATOR var 9 112.89600 125.44000 137.98400 PHYS
= WA w2 Gl EEE & JOULE_LOSS_STATOR var 57 B0 | 2030000 000 |PHYS
43/ IM_WM1B var43 4 - - - e nee
7 i e —— o 9 LOSS_IM_MAGNETIA var 98 0.9000000 11000000 |PHYS
5 IMWh2A vards oectode o = LOSS_IM_MAGNETIA_SYM var 99 0.9000000 11000000, [PHYS
5 IM_WizB vards e o LOSS_IM_MAGNETIE var_100 0.9000000 11000000, |PHYS
a7 IM_Wh2C var 47 o 10 LOSS_IM_MAGNETIB_SYM var_101 0.9000000 11000000 | |PHYS
4 CTRLANGLE vt W Showin vio 10 LOSS_IM_MAGNETIC var_102 0.9000000 11000000, [PHYS
B e 0 Reportto » e P02, LOSS_IM_MAGNETIC_SYM var 103 0.9000000 11000000 PHYS
SPED__ ) i ST LOSS_IM_MAGNET2A ver_104 0.9000000 11000000 PHYS
IM_RHOLE var 51 24300000 | 2.7000000 25700000 5
= e st s a5t o LOSS_IM_MAGNET2A_SYM var_103 0.9000000 11000000 PHYS
- - Fv— . P p— p— - 10 LOSS_IM_MAGNETZB var_106 0.9000000 11000000 PHYS
106 LOSS_IM_MAGNETZB_SYM var_107 0.9000000 11000000 PHYS
LOSS_IM_MAGNET2C var_108 0.9000000 11000000 PHYS
LOSS_IM_MAGNET2C_SYM ar_ 109 0.9000000 11000000 PHYS

24 J\ ALTAIR
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Click on [Links]

Link all the geometric

parameters from Flux models

(26-47,51-72, 73-94) to the
meta geometric parameters

form FluxMotor model (1-22).

Example: for the variable 26:
IM_R_HOLE

- Click on [...]

- Select [Input Variables],

- Select the target variable 22
- Click on [Insert Varname]

- Click on [OK]

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

SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

Define parameter links for geometric parameters between models

Automatic

(5 pate Sources W

i Distibutier |4 constraints 72 Expression Builder: IM_R_HOLE (var_26) - Altair HyperStudy™ (28.2120949)
b TR B Remove input varisbie ) Cu & 3 Update preview
Active Label Varmame ta Typ Expression T Preview
19 Magnet:WM1C (mm) 19 Real - . uaz[23 2
20/ Magnet:WM2C (mm) 20 Real v .
21 Magnet:WC (mm) 21 Real -
2 Magnet:R_hole (mm) 22 Real v
2l CTRL_ANGLE w23 | Rea - . wﬂvﬁﬁihh e Output Responses
2 LRMS 28 P |Rea - e
2 SPEED. w25 7 Rl A L—| + Add Input Variable T Remove nput variable
2 IM_R_HOLE w25 of | Real v v .
27, IM_T2A v 27 & Real v |var3 Varname ‘Comment
2 IM_T28 28 |Raal v |vari0 19| Mag var.19
B IM_T2C 29 P |Rea v |vari7 20| Ma, var20
30 IM_T3A 30 P |Rea v |vors 2 AEn
31 IM_T38 31 00 Real v lvarll 22 Magnet::R_hole (mm) var_ 22
2 IM_T3C 2 P |ren v |varte B CIRLANGLE R AL
3 IMTMIA 3 PR v [vart 24LRMS & |privs
u IMTM1B 34 o |Rea v |vors 25/spEED &P |privs
3 MM 35 |Raal v |verts 26IM_R_HOLE % P etom
36, IM_TM2A %6 |Real v |var2 27 m_2 i P letom
7 IM_TM2B 37 P |Rea v v 28| 1M_T28 % P |etom
38 IM_TM2C 38 | Rea v |varts 20120 2 o |ctom
1 IM_WA w30 | Ren v vt 00T 0 P som
0 M_wB ar 40 & reat v |vari4 31|IM_T38 31 d" GEOM
4 IMWE wdl | Real v |varat 2T % P erom
2 IMWMTA 2 of Rl A 33|IM_TM1A 53 P erom
3 IM_WMTB wd3 | Rea v |vari2 T i P com
a IMWMIC wad P |Rea v |varss 7
r IM_Wh2a awds o Real v |vars
8 IM_WM2B a5 f | Rea v vtz
P ] A a Pl - 20
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

Define parameter links between electrical parameters and output responses

Action
Click on [Links]

Link all the electrical

parameters (23-25, 48-50, 95-

109) to output responses

Example: for the variable 23:
CTRL_ANGLE

- Click on [...]

- Select [Output Responses],
- Select the target response 8
- Click on [Insert Varname]

- Click on [OK]

T+ Bounds ,—"l Mvdes\i il Distiibution:

N constraints

s 72 Expression Builder: CTRLANGLE (var_23 ) - Alair HyperStudy™ (28.2120349) o X
+ aatiptsaaste v [ Removeinputversie > x| | Ousereer H avonsic
Active Label Vamame ata Type Expression ESIEHED Preview
i Magnet:WIC (mm) | var, 19 Reat . = Borirn - PO o 0 B B (P L P R g AT
20/ Magnet:WM2C (mm) var 20 Real v The DDD file does not emist ( E:/MDO_EMOTOR Casel/HyperStudy/approach|
21 Magnet:WC (mm) var 21 Real -
ot = B 1
I E CTRLANGLE var23 ‘,5 Real ) s e | T output Rﬁwmn B vate Souvtﬁiw
24 1LRMS vard o Real v |3 | 1
kel SPEED var.25 00 Real v |3 ~+ Add Output Response @’ Remove Output Response 1 insetvamame
2 IM_R_HOLE vrds o |Real v v
Pl IMT24 w2l P |Rea v [vars Label Vamame | /) Comme:
28] IM_T2B s P |Raal v |vari0 | Mas tor (kg A
B IM_T2c w29 P [Rea v |ver17 2|ma tor:Magnets (kg) 2
0 IM_T3A var_30 do Real v |vara 3| M tor:Magnetic circuit (kg) 3
31 IM_T3E var31 00 Real v |var1t 4|Base speed::Mechanical torque (N.m) r4
) IM_TC v P [ren v |varte 5| Base specd:iSpecd (rpm) s
1 IM_TMIA v B | Rea v vt 6|Base speed:Mechanical pows 6
u IM_TMIB vrds P |Rea v |vars 2|Base specdMachine cificiency (%) 7
35 IM_TMIC var3s o el v |verts 8| Base speed:Control angle (deg) &
36, IM_TM2A ver3s o |Rea v |var2 9| Base speed:Line current, rms (A) X
57 M.V ver sl P |Rea v |vars 10| Maximunm speedsMechanicaltorque (N.m) 10
3 ImM_TvRC vrss ke v |varis 11 Maximunn spesdzMechanical powe o
Y IM_WA s PRl v |var? 12| Maximum speed::Machine efficienc 2
40 IMWB vard) P Real v [verid 13| Maximum speeds Control angle (deg) 13
Rl IMWC wdl P el v |ver2t 14| Maximum speed:Line current, rms (A) 14
%2 IM_WHTA a2 Rl v |vas 15| User work. pt.zMechanical pow 15
S 1MW vards o e v [vei2 16| User work. pt::Machine efficien 16
P IM_WMIC veras oP|Rea v |var19
45 IM_Wh2a vards o |Rea v |vars = cancel
45 IM_WM2B virds o |Ren v |veri3
P ] A —rt Pl - 20

Wk Nex HD

J\ ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model variable import

« Define parameter constraints

“
1 Click on [Constraints] 2

Click on [Add Constraints]

2
3 Add the following 6 constraints
4 Click on the icon nex =)

27

=& sock view
$Add | 6 Constraints Left Expression Comparison | Right Expression Comment
Active Label Varname Left Expression Comparison | Right Expression Comment
Constraint 1 con_]1 var_2+wvar_3 - <= * 175 wes wes
2 Constraint 2 con_2 var_9+var_12 ee <= * |14 vee vee
3 Constraint 3 con_3 var_le+var_19 ee <= * 105 wes wes
4 Constraint 4 con_4 var_3+var_T+var_6 <= - 13
LELL) L L] L L]
5 Constraint 5 con_5 var_10+var_14+var_13 . €= * |95 ees ees
6 Constraint 6 con_Bb var_17+var_21+var_20 ee <= * |55 wes wes
Notes:

1) The geometric constraints should be respected for generating correct motor geometri
2) The constraint definition can be copied and pasted from the file “ParameterTableInHS.xIsx”

Al

J\ ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model solving

* Test model definition

Step Action I

; =
1 Click on [Test Models] e | B o |l oo |
v 7Z MDO_EMotor_Study g Show in Sty e B Show in o Furbe sete M o
5 Click on the icon 0 O - - e o o — ety
; - ek SIS ciots it s T
Click on [Notify] : g e ¥ ' =
Owme || Ot @) e B memanCometo bt B 4 | 0 pesweesnno
L} Showin
L] Repert
=] @rovinton | G s W
mmmmmmmmmmm . —

28 J\ ALTAIR



Model solving

* Test model definition

Test Models lodel Data

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

SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Click on the icon

1

oo | B

B smounsuyomasy [ sowinboionr

[Run Definition]

t
K [ Owme || Ovean | Obana -
: Cwme || Obwan | Obna -
f Cwe || Obwate | Obtna -
4 [ Owte || Obeate | Otana -

29

e

‘B Show instudy Directory [ Show in Explorer
Test Trpe Resource Sequence
V
1 FluxMotor wiite Brecute Bdract Al WA FluMotor E..\Connector,FM_Hst\Connector, FM_Hst.fm... 1
2 Flux Base Point wiite Execute Edract Al Flux E..\2 MagBasePoint\ Connector_Fx_Hst BoseP... f 2
H Flux Operating . wiite Execute Extract Al o Flu EA..\3 MagOperatingPoint\Connector Fi_Hst .. 3
4 Flux Thermal wite Bxecute Extract Al g Flux Ei\.\4_Thermal\Connector_Fx_Hst Thermal.F2.. 4
7Z Altair HyperStudy™
i Porge setings M Essan.2 e

Evaluation complete

Elapsed time ( 41467125 seconds )

% Purge setings Mot Execution -2 o0

.

Qaunneﬁnmun | ok Nex W)

J\ ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Model output responses

« Create a new output response for the magnetic torque ripple value

Step Action ed k| % B

New Open Swe Close | Browsers Messages
Study view

Expression

TORQUE_BASE_SPEED_MAX — - :
TORQUE_BASE_SPEED_MIN @

| /MDo_emotor study 1/ Definion /

TORQUE BASE_SPEED_RIPPLE

CIICk on U xplorer ‘ Fo: Directory s Define Output Responses | (] Data Scurces ‘ R Objectives/Consraints - Gouls: I V Goadients l [E8
[Define Output Response] 12 W0 Sick sy e , e
v LR Setup
v & Oefinttion Actwe Varname < Goals Output Type. Comment
. © Oetne odes = - = —
i 2 2% B ok + |Real v s L |
Click on o e e - ——
© Define Output Responses 2 MAGNET_LOSSES_OPERATING_POINT_ 1B ME-. 1.28 s Resl v |pHYs
[Add Output ReSponse] 3 MAGNET_LOSSES_OPERATING POINT_IB SY... | 1.29 o Resl v s L
» ] MAGNET_LOSSES_ OPERATING_POINT_IC_ME... 130 - + [Real v lws L
. 3 [] MAGNET_LOSSES_OPERATING_POINT_IC_SY—. 131 Lo Real v [pHYS .
Deflne the “Label” and F MAGNET LOSSES, OPERATING PORNT 24 ME. 132 i Resl vles L
1 MAGNET,LOSSES_OPERATING POINT 24 SY.. 133 m Resl vl L
“ g ” u MAGNET_LOSSES_ OPERATING_POINT 28 ME.. 134 o Rest v s L
Expression e —" T e —— e —
* MAGNET LOSSES_OPERATING_POINT_2C_ME... 1,36 E Real - [pHYS .
CI_ k E I t 7 [] MAGNET_LOSSES OPERATING_POINT 2C SY_.. 1,37 oo Resl v PHS
ick on [ valua e] » 1ot o & e D
3 TMAG_1A 39 s Reel v P .
© | TMAGIASYM ) IC XX Real - o ..
) TMAG_1B 41 - i + |Reat - pHYS
2 TT.MAG_1B5vM 2 X + |Re - oS .
a T.MAG_IC 4 B Real v s
m e 2 Do I —
|- TORQUE_BASE_SPEED RIPPLE . Dz FE—[ I7 C— e —
- - - % T.MAG_24 SYM 146 o + [Reat vl L
o T.MAG_28 a7 o ma Real v S
s T.MAG_28_SYM e - Resl v PHYS
. . L . Rl ..
Expression in HS: r_21-r 22 5 P FE—r T e
5 TROTOR_VOKE 5 IC XX Real - [PHYS
52 T_STATOR_YOKE (52 IC XX + Real v PHYS Rz
= EEE] | + ke - 4
chamu sk Nt W)

Errors: 1 Warnings: 19 | Profle: Detault

30 J\ ALTAIR
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SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM
Model output responses
« Create a new output response for the maximum magnet temperature value

Step Action SR % &

New Open Sme Cose | Browsers Messages

. Study View
1 CIICk on 2 olorer | {3 Deectory s Define Output Responses | | [F] Dets Sources ‘ QF Otiectves/Constrines - Gosks [ V Gradient ‘ (G
[Define Output Response] = T2 oo st Sty o S T
v L8 Setp
v @ Defintion — < Gosks
Click on S, T Al -
2 2 HM,;,, 2 = MAGNET_LOSSES_OPERATING POINT_TB_ME... 128 i "
2 = MAGNET_LOSSES OPERATING POINT_IB.SY... |129 n
[Add output Response] T T TN T T
BB Lo ooRTG FONT1C S o1 P
f' . D 2 MAGNET_LOSSES OPERATING_POINT_2A ME... |+.32 C ol
3 MAGNET_LOSSES_OPERATING_POINT_2A_SY... |r.33 Pk
3 De ine the Label and P} AGNET_LOSSES OPERATING POINT 26 ME... ¢34 [
“ H ”» 35 MAGNET_LOSSES_OPERATING POINT_28.SY_.. |r.35 m
Expression : e ¥
37 MAGNET,LOSSES_OPERATING POINT_2C SY... |37 o
. ) [] T.con =3 [ e
4 Click on [Evaluate] DN BT [ZN—C T
F) e o s
o Thac e o Pt
e B twcssm e >
s TMAGIC ) -
“ [] TMAG_ICSM [ras [ s
& ] TMAG 24 [ras C
% T.MAG 24 STM 6 -
Label MAX_MAGNET_TEMPERATURE : phen . v
ape - — “ B TMacmSM I [ogs ms
s @ Twex [ -
% Tt o ) >
s T.ROTOR_YOKE 51
2 T_STATOR_YOKE 52 e ¥
max({r_39, T_40, r_41, I'_42, r_43, 53 [] TORQUE_BASE_SPEED_RPPLE [is 212 3
| 54 MAX_MAGNET_TEMPERATURE x7 max((e 39,40, 41, .2, 140, 44 085 0 4 e 408 )

S elisisisileln) r_44, 1 45,1 46, 1_47,1_48, r_49,

s i | ey
i wee
“ * weol
7 +
r_50}) Jalate
/800 et tuoy N Erors 1 Wamings: 19 | Profie: Defaut

31 J\ ALTAIR




Step

32

Action
Click on [Define Models]
Click on [Model Resources]

Right click on the model
[Flux Base Speed],
click on [Add Output File]

Select on the output file
[UPDATE_ROTOR.STEP],
click on [Open]

Click on [Close]

Fle BB View ook

s H =

Mew Open Swe Cloie

Appications  Help

Beowsers Messsges

Study view

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

SOLVING FOR MAGNETIC PROBLEMS AND THERMAL PROBLEM

Define the output motor geometry file (.STEP) for structural analysis

] Tree View ‘ %5 Block View

“p Explarer ‘ T Oirectory. o DefineModels | | | Sequence
= 2 MDo_EMotor sty + avamsan v renowe weae = mon w
aae Labl Rescunce Sebver nput File Salves Execution Scipt Solverinput Arguments Comment
7 Fuacerse \Conmector FM_Hir\Connectar FM ittt [ WD oot v
2 P Bace Point 4,12 MagEasePoint\Comnector,Fs_Hat BaseP ink FZHST = o 22 - batch
3 E PuOpersting Point Ex._13, MagQperating coe i et Ops o P 2212 - bacn
© Odtine Ot g = 3
e 4 P Thermal 4 B4, Trermal\Connector Fx_Ht Thermal HST [ 3 Pl 2012 - batch . .
7Z Mode! Resources - Altair HyperStudy™ (28.2120949) o X
+ AdaResource [ Remore Resource o2 Resource Assstant
Resources Run Directory Preview Select File
Name Operation Neme 4[| <« HyperStudy > approaches > setup_1-def > run_00001 > m2 » v & | O serchm2
v 7& MDO_EMotor Study (5.1) v [ run 00001
v, rganize v New folder fun |
w WA FluMotor (m_1) v &l m 5 . (2]
B Connector FM_Hatfmohst B nstinputnsty Dropbox Name Datemodified Type Size
Connector, FM_Hst Conector.FM_Hst & OneDrive- e | st_Connector_Fy_Hst_BasePoint.F2HST. File folder
S M neDrive - Altair
= logxt Text D t 0Ke
B Connector fM_Hstpy [ connector M Hstpy erer-log et Bocumen
O This PC EXPORT REPORT.LOG Text Document 6K8
v & Flux Baze Point (m v [l m2 B 30 Objects ] Flux@Dlog Text Document 797KB
Add Input il J
| Connector Fx | E hst_inputhstp § Apple Phone 7 FluxaD.report REPORT File 800 KB
Connector.Fx| I Deskiop [ FlwD_log.py Python File 1KB
B connector Fx_Hs & Add Input Folder Documents [7] hstinput hstp z:eH:»zz 1421 HSTP File 19KB
B B . " [7] hst_outputhstp 2021-10-22 1424 HSTP File 2k8
R 9 > Add Output Folder - ¥ Downloads [E] task_exe_load_madel.bat 21424 Windows Batch File 4K8
B comectorri bz o B ntipuarsp D Music task_exe_log.tet 21424 Text Document 68
Connector_Fx_Het ] Pictures ask_exe_stdembet 21421 Text Document 1KE
Connector,Fx_Hst OperatingPaint.. s & Videos ask_exe_stdout ot 2021-10-22 1424 Text Document 823 KB
v 3 P Themal (m4) I [} UPDATE ROTOR STEP 2021-10-22 1424 STEP File 191KB
Connector fx_Hst ThermslF2HST 1 E metimputntp
v
[ Connector Fu Het ThermalFHST...  None
B Connector Fu b Mermnalpy o File name: [UPDATE ROTORSTEP | [anies ) v

[om B | cme

Close

4
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HYPERMESH AND OPTISTRUCT
MODELS AND SCRIPTS IMPORT
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ADD HYPERMESH AND OPTISTRUCT MODELS

OptiStruct

Hyper Mesh model import o s i
\ + aasrise f ccnevross | oo nomrs B sk view
Active Label Varname. Type Resource Solver Input File Solver Execution Script Solver Input Arguments. Comment
* Create a new Operator T PR [ X T yrm—r——— B T opais nonmarzt
2 Flux Base Point m2 Flux B2 onnector_Fx_Hst_| B |hstinputhstp Flux 20212 ¥ -batch
3 Flux Operating Point m3 Flux EA.\3_MagO) ctor_Fx_Hst_Op g F2HST B |hstinputhstp Flux 20212 v | -batch ..
Step Acti O n 4 Flux Thermal m4 Flux E\..\_Thermal\Connector_Fx_Hst_Thermal.F2HST B |hstinputhstp Flux 20212 v | -batch . .
v DeﬁneModels1 gl Sequenzew ‘ =& Conditions
1 [ ] + adaviodel v i RemoveModel | 92 ModelResources o Blodk View
the model “H Mesh”
e mode yperivies e b [r— e Resource Sohver nput Fle | Solver Execution Script SohverInput Arguments Comment
1 FluxMotor m_1 ﬂ' FluxMotor EA..\Connector_FM_Hst\Connector_FM_Hst.fm2hst B |hstiinputhstp \' FluxMotor 2021 -
“ ” 2 Flux Base Point m2 Flux EA..\2_MagBasePoint\Connector_Fx_Hst BasePoint.F2HST B |hstinputhstp Flux 2021.2 - |-batch
2 Select the type “Operator : B Sy — e e v e
4 Flux Thermal m4 Flux EA..\_Thermal\Connector_Fx_Hst_Thermal. F2HST B |hstinputhstp Flux 2021.2 v |-batch . .
. 5 Hyperhesh m5 Operator B |rstinputhstp Hone (hst_none ) = .. ..
3 Click on [OK] ;
£ rapioss (radioss) |
4 Select the solver “HM Batch” e
& Motionsoie (ms)
7Z Add - Altair HyperStudy™ (28.2120949) x
577 python (py)
Label:
— 5 maua i
Select Type 577 Templex (templex)
{ } f() - ﬁ S [ ——
Parameterized File  Internal Math  HyperMesh Desktop MotionView HyperMesh 4
E EH] - E 0 571 HmBstent..hmesner)
Spreadshest arkbench FEKO Flux Fluxhator 571 ot ssten (ma_paten) .
Operatw SimLab HyperStudy Fit Knowledge Studio Inspire Studio
-
B ~ @lmpmvanames €| ek Next HED
Lookup BPreProcessor Hyperview 3
I oK I Caneel Apply A L ‘L I ~ I :
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ADD HYPERMESH AND OPTISTRUCT MODELS
HyperMesh model import 7 v | 81 e | [ o8 crer 8|

N
[Foee (1) —
D

OptiStruct

+ adamodel v Tl Remove Model

1 FluxMotor m1 WA Fluxotor EA\..\Connector_FM_Hst\Connector_FM_Hstfm2hst B st inputhstp A Fluxiotor 2021 - e e
2 Flux Base Point m_2 Flux EN\..\2_MagBasePoint\Connector_Fx_Hst BasePoint.FZHST = |hstinputhstp Flux 2021.2 w |-batch
t A t- 3 Flux Operating Point m3 Flux BN ctor_Fx_Hst_Ope B | nstinputhstp Flux 2021.2 w |-batch
e C I O 4 Flux Thermal m4 Flux EA..\4_Thermal\Connector_Fx_Hst_Thermal F2HST I |hstinputhstp Flux 2021.2 w |-batch
5 Hyperesh m.5 B Operator B |hstinputhstp [ 1 HMBateh - e e
2 « h” 72 Model Resources - Alair HyperStudy™ (26.2120049) o x
HyperMes e = —
3 Click on [Add Input File] e —
p [ ovaion [Home -
e " 72 Select File
w & MDO_EMatar Study (5.1) w [ run00001
. N : « 4 (1> THaPC » Storage (E) » MDO_EMOTOR Case? » HyperStudy > S Structural v e Search § Struetursl
Add the two files: T e i
) B comnecor_p_pstimanst [Br witemn E mstimputistp Organize ¥ New felder =
- referencel.nm © Connector P bt [E2) cony | Connector it 2 Drepber Hame e modied e sae
N =
4 B comnector P ity 2 copy B Connector FM_Hstpy P—— flliw:ﬁwmula\mn... wl::
- update_motor.tcl - o e 2) <l o
— - I This PC
. th f I d “ 5 St t I,, §| Connector Fx Hst BasePoint FZHST (57 Wite Iy hst inputhstp 3 0 0secs
in the folder ructura S s
g Connector_Fx_Hst_BasePoint.py Mone B Desktop
3| UPDATE ROTOR.STEP H 5 uppate roTORSTER % Documents
v ] Flux Opersting Paint (m 3) - i m2 $ Downloads
= Musie
= [ S - — = - Ho2
) Pictures
[ Connector_Fx_Hst_OperatingPoint.... MNone B video:
| comnector Fa st Operatingboint..  Mene Systern (€
w % Pl Thermal (m 4) [ ma Data (D)
g Connector Fx Hat Thermal F2HST (B Wite Iy B nstinputhstp — Storace(E] Y
[ Connector_Fx_Het_ Thermal F2HST... Mone File name: | referencel.hm | e )
| Conmector Fa_Ht_Thermatiy Hane Cancel
",
) B et e ()
| Add Output File
& 2dd Input Folder
[EE vree view ‘ o Block Vier ‘Add Output Folder
35 &# Add Link Resource
Close
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ADD HYPERMESH AND OPTISTRUCT MODELS

HyperMesh model import
* Add input files

Modify the Operation of the
two files:

referencel.nm

- update_motor.tcl

as type “Copy”

2 Click on [Close]

36

7 Model Resources - Altair HyperStudy™ (28.2120949)

& Model Resources - Altair HyperStudy™ (28.2120949) O

+ AddResource T Remove Resource ‘ 85k Resource Assistant + AddResource T Remove Resource ‘ 0% Resource Assistant
Resources Run Directory Preview Resources Run Directory Preview
Name ‘Opevalmn ‘ Name ‘ Name ‘ Operation ‘ Name
+ {2 MDO_EMotor_Study (5.1) ~ [ wun_o0001 MDO_EMotor Study (=.1) - [ 00001
» WA FuuxMotor (m_1) y[ma » 0 Fluxbotor (m_1) Y[ ma
v % Flux BasePoint (m 2) v m2 w0 Flux Base Point (m 2) [ m2
Connector Fx_Hst BascPoint... |5/ Write Input hst_input.hstp Connector_Fx_Hst_BasePoint... [ Write Input hst_inputhstp
[ Connector_Fx_Hst BasePoint.. None Connector_Fx_Hst BasePoint.... None
Connector_Fx_Hst BasePointpy  None Connector Fx_Hst BasePointpy  MNone
UPDATE_ROTOR.STER UPDATE_ROTOR.STER UPDATE_ROTOR.STEP UPDATE_ROTOR.STEP
» ] Fluc Operating Point (m_3) » [ ms3 » ] Flux Operating Point (m_3) Y[m3
» o] Fux Thermal (m 4) » [ msa b 0 Flux Themal (m 4) Y[ ma
+ B8 Hypertiesh (m 5) - ~ U@ Hyperttesh (m5) > ms

=/ Write Input
referencel hm None

update_motor.tcl

%) Move

E) Copy..tent

%) Move. tent

7 Wite Input

hst_input.hstp.

2% write input hst_inputhstp

Copy
Copy

referencel.hm referencel.hm

update_motor.tcl update_motor.tcl

Tree View | 59 Block View

Close

Close

J\ ALTAIR




HyperMesh model import
* Add linked file

Right click on the model
1 “HyperMesh (m_5)”, click on
[Add Link Resource]

Select the file
“UPDATE_ROTOR.STEP”
from the “Flux Base Speed”

model, click on [OK]

3 Click on [Close]

37
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ADD HYPERMESH AND OPTISTRUCT MODELS

7% Model Resources - Altair HyperStudy™ (28.212094)

+ AddResource T Remove Resource

Resources
Name Operation
~ {Z MDO_EMotor Study (s_1)
» ‘;ﬂ FluxMotor (m_1)
v 0% Flux Base Point (m_2)
Connector_Fx_Hst_BasePaint.... B} Write Input

onnector_Fx_Hst_BasePoint. MNone

onnector_Fx_Hst BasePointpy  None
UPDATE_ROTOR STE?

» % Flux Operating Point (m_3)

» {\ Flux Thermal (m_4)

~ 8 Hyperesh (m 5)

Add Input File

eterencel.hm | 2 Add Output File

pdate_motor. Add Input Folder

Add Output Folder

w

Add Link Resource

{55 Tree View | =<5 Block View

925 Resource Assistant

Run Directory Preview

Name

w [ run00ont
»ma
[ Im2

hst_input.hstp

UPDATE_ROTOR STER

Pom3
P ma
~ il ms

hst_input.hstp
eferencel.hm

update_motor.tcl

7Z Select Resource - Altair HyperStudy™ (2..

dd Output Resource

Name
v {2 MDO_EMotor_Study (5.1)
WA FluxMotor (m_1)

- ../.\ usc Base Paint (m 2}

> Add Output Folder

] X

UPDATE_ROTOR.STEP

\i“ Flux Qperating Point (m_3)
1\ Flux Thermal (m_4)

£ Output Model Resources

ok | Cancel

J\ ALTAIR
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ADD HYPERMESH AND OPTISTRUCT MODELS

HyperMesh model import

« Define solver input arguments

7]

=3 Conditions

+ adavodel v i removetiodel | 9% ModelResources o Blodk View
1 In the [Solver Input Arguments], input o e Severptfie | S acaen St s | e
v V
_tcl update motortcl referencel_hm 1 FluxMotor m_1 WA FluxMotor EA..\Connector_FM_Hst\Connector_FM_Hst.fm2hst B |hstiinputhstp B FluxMotor 2021 -
= 2 Flux Base Point m_2 Fluc EA..\2_MagBasePoint\ Connector_Fx_Hst BasePoint F2HST B st inputhstp Flux 2021.2 v |-batch
3 Flux Operating Point m3 g Flux EALA ‘annector_Fx_Hst Operating B |hstinputhstp w0 Flux 20212 v |-batch
4 Flux Thermal me o Fluc E7..\&_ Thermal\Connector_Fx_Hst_Thermal F2HST B | nstinputhstp Flux 2021.2 v |-batch
5 Hyperhesh ms5 ﬁ Operator B st inputhstp 571 HMBatch w | -tcl update_motortcl referencel.hm

@lmpmvanames ‘ €Wk Ned WD
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ADD HYPERMESH AND OPTISTRUCT MODELS

HyperMesh model import
* Pre-processing for the HyperMesh model

- File Edit View Tools. ations. Help
Step Action Bedk % B
i o |

Study View

1 Click on e | 1 (e | e | B2
[Test Models] R nime | im i i
Active Label Test W Sequence
Click successively on [Write] — Sl Tl T %
2 [Execute] — [Extract] for the @:: g = :::l EC
model HyperMesh - @
° 6 mmmmmm 4 Next

/MDO_EMotor_Study / Setup { Nominal Run, |/ Defin

39 J\ ALTAIR



ADD HYPERMESH AND OPTISTRUCT MODELS

HyperMesh model import

40

1

Define output file

Click on
[Define Models]

Click on [Model Resources]

Right click on the model
“HyperMesh (m_5)”, click on
[Add Output File]

Select on the file
“‘update_Rotor.fem” in the
output folder, click on [OK]

Click on [Close]

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

HyperMesh OptiStruct
Fle  Eit  View ool  Applicstons  Help
= [}
e d s 3 -
Hew Open Swe Cose | Bowsen  Messages
Study View
g Eapores ‘ | y— of Detmetotets | § | sequence | | +2 Condaions | [
~ & MDO_EMotor_Stud
Actve Label Vemame Type Besource SolverInput File Sobver Execution Script Sobver Inpust Arguments Comment
1 Flutoter WA FluMoto £\ Conmector_FM_Hat\Connector FM_HetdmZhet WA FrusMotor 2021 - . .
2 Fluae Base Point -~ €112 MagBasePointiConnector Fx_Het_BasePoint F2HST o F 2212 - | batch . .
g M 3| e Operating Point m3 o3 i £1,_13 MagOperstingPaint! ConnectorFr_Ha_OperstingPint F2HST o3 P 20212 - bach . .
ine Ousput Responses
Pt 4 e Thermel md o E4,\4_Thermal\Cannector Fx_Het_ ThemmalF2HST o3 P 20212 - batch
f Fypetdesn T BT HMBA 019 = | tdupdslemotorid eencel iy
72 Model Resources - Atz HyperStudy™ (28.2120949) o x
+ addResowce [ Remore Resouce % Resource assstant
72 SelectFile x
Resources Run Directory Praview
e Cpesation Neme 2 ||« HypesStudy > spproaches > setup_I-def > run_00001 > m_5 vl ol P serchms
= {2 M0 Botor Study (5.1 w (L] run_ o000 Organize »  New folder g m @
» A FluMotor (.1 e =
L (-t o 22 Dropbox A Name Date modified Type Size
v o Flu Base Point (m_2) [ m2 & Dropt
= . p [ commandtcl 2021-10-221529 TCL File 168
ﬂ Connector_Fy Hat BasePoint... (57 Virie Input ﬂ het inputhitp. @ OneDrive - Altair
= = M ct_readermsg 2021-10-221529 Outlook tem 28
| Cannectar,Fx Hst, BasePoint. Mene [ This PC [ het_inputhstp 2021-10-22 15:29 HSTP File 1K8
| connector b bt BasePoimtpy  Nome g M referencel hm 202110-221529 Altair Simulation 1Ke
30 Objects
;} UPDATE_ROTORSTER }=-|| UPDATE_ROTORSTEP B Apple Phone task_exe stderr.bxt 2021-10-22 15:29 Text Document 0kB
b 2% Pl Opeating Pin (m 3) » Bl s W Desiop task_exe_stdout bt 2021-10-221529 Text Document 168
b o Fo T () N . . [] update_matortel 2021-10-22 1529 TCL File 10K8
= 3 e ocuments 7 update_Rotorfem 2021-10-22 1529 FEM File 55315 KB
= ol riebten ™ e M LY & Downloads update_Rotor.log 202110221529 Text Document K8
E‘ §| hst inputhstp: D Music [] UPDATE_ROTOR.STEP 2021-10-22 15:29 STEP File 191 KB
E woencd @ Sl B ieencerm =] Pictures
E update.r B Add Inpust Folder § update_motor el B videos
5 woare § & Add Qutput Folder 5 usoaTe RoTORSTER 5 System (C)
£ Add Link Rasource £ Data ()
= Storage(E) ¥
File name: |update_Rotorfem o] [anFies ¢y V|
Com T
B teeView | = mockviem @ A ALTAIR
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ADD HYPERMESH AND OPTISTRUCT MODELS

f DefmeModel§1 3l sEquemW ‘ =2 Conditions

OptiStruct

OptiStruct model import

Active Vamame Type Resource Solver Input File. Solver Execution Seript Solver Input Arguments Comment
° C reate a n eW O e r at 0 r | 1 FluxMotor m_1 WA Fluxotor EA\..\Connector_FM_Hst\Connector_FM_Hstfm2hst B |rstinputhstp FluxMotor 2021 - .
p 2 Flux Base Point m_2 Flux EN..\2_MagBasePoint\Connector_Fx_Hst_BasePoint.F2HST = hst_input.hstp Flux 2021.2 w |-batch
3 Flux Operating Point m3 Flux EALAZL ctor_Fx_Hst_Op B |rstinputhstp Flux 2021.2 w |-batch
5 4 Flu Thermal m_4 Flux EA..\d_Thermal\Connector_Fx_Hst_Thermal F2HST B |rstinputhstp Flux 2021.2 w |-batch
Step Action 5 Hyperblech s R Cpersior B |t inpathap 5 HMBSch 2010 | tcl update motontelreference b

Click on [Add Model] to create  ~ [ e | [ ¢ o [ 8

1 +osnoss B renmenose | 0% nogeinsoures = sy

the model “OptiStruct”

Active Label Vamame Type Resource Solver Input File Solver Execution Script Solver Input Arguments Comment
1] FluxhMotor m1 WA Fluxotor EX..\Connector_FM_Hst\Connector_FM_Hstfm2hst B st inputhstp Fluxhotor 2021 - .
2 S I t th t “O t ) | 2| Flux Base Point m2 Flux EN\..\2_MagBaseP oint\Connector_Fx_Hst_BasePoint.FZHST B |hstinputhstp Flux 2021.2 w |-batch
elec e ype pera or 3 Flux Operating Point m3 Flux BN ctor Fx_Hst Ops B |rstinputhetp Flux 2021.2 v |-baten
4 Fluse Thermal mt Fluc EA..\_Thermal\ Connector_Fx_Hst_Thermal FZHST B |rstinputhstp Flux 2021.2 v |-batch
I- k 5 Hyperhesh m5 Operator B st inputhstp [ | HMBatch 201 v |-tcl update_motorcl referencel.hm
3 C IC On [O K] K OptiStruct m6 1 Cperator B |hstinputhstp None ( hst_none ) &
a

83 canioss mes

4 Select the solver “OptiStrut” 4

72 Add - Altair HyperStudy™ (28.2120949) X & Motionsalve (ms)

Labet:  [Optistruy 571 mtnon gy

Varname: [m_6

51 e ]

Select Type

57 Templex (templex)

{} 0 o o] SR

Parameterized File  Internal Math  HyperMesh Desktop MotionView Hyperhlesh
57 HmBaten (hmbatcn)
E Y
] Il NG .{ ‘V. 577 v Botenha.hmesner)
Spreadsheet 'orkbench FEKO Flue FluxMotor

[57] Mo Batch ( md_batch)
o

ma(2) A

Operatw SimLab Hyperstudy Fit Knowledge Studio  Inspire Studio

»
B !.~ @lmpmvﬂmes ‘ €™k Nex W)

ap L e e (3) /\ ALTAIR

N\
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ADD HYPERMESH AND OPTISTRUCT MODELS

OptiStruct model import e L R

° A\ d d i n ut fi I e I i n k reSO u rces Active Label Varname Type Resource Solver Input File Solver Execution Script Solver Input Arguments Comment

1 FluxMotor m1 WA Fluvotor E\..\Connector_FM_Hst\Connector_FM_Hstfmzhst B |hstinputhstp A FluxMotor 2021 -
2 Flux Base Point m2 o P EA\..\2 MagBasePoint\Connector Fx_Hst_BasePoint,F2HST B [nstinputhstp o Ptz ~ | batch
2 Flux Operating Point m3 o E\..\3Mag0) onnector_Fx_Hst_Op B |hetinputhstp o P 20212 ~ | batch

Ste p Actl on a Flux Thermal m4 o Fux E\..\4_Thermal\Connector_Fx_Hst_Thermal.F2HST B [nstinputhstp oI w2z ~ | -batch
5 Hyperesh 5 ? Operator B |hetinputhstp 57 HM Batch 2010 ~ | tcl update_motortclreferencelhm
6 Optistruct m§ o Operstor B | et inputhstp 1) Optistruct -

[ ] 7% Model Resources - Altair HyperStudy™ (28.2120049) o X

+ AddResource [ Remove Resource b Resource Assistant

Right click on the model . . i
i o 0 g E Select Resource - Altair HyperStudy™ (2... O x
2 OptiStruct”, click on

Resources Run Directory Preview

Name Operation Name
[Add L|nk Resource] v {Z MDO_EMotor Study (5_1) ~ [ run_ooo01 Add QOutput Resource » Add Output Folder
¥ WA Fluxbotor (m_1) Y ma
q + ] Flux Base Point (m 2) [ m2
Select the flle onector_Fx_Hst BasePoint... |5/ Wiite Input hstinput.hstp Name -
3 “‘update_Rotor.fem” from the e e O Fruxbotor (m_1)
onnector_Fx_Hst_BasePoint py one
HyperMesh model, click on FDATE ROTOR STEP UPDATE FOTOR STEP v 1" Flux Base Point (m_2)
» ] Flux Operating Point (m_3 ) s
[O K] > 'i\ Flux Thermsal (m_4) Y[ Ims UPDATE_ROTOR.STEP
~ 2l Hyperbiesh (m_3) v Ems hi‘ﬂ Flux Operating Point (m_3)
i [ wiite nput hst input.hst
4 Click on [Close] - <1 Flux Thermal (m_4)
ate_motordc B co update_motortc
:;:T;,Rc(rrm;s‘m Eo:z u:n:r;jr;ror: ;TEP hd ! HyperMe;h (m3)

update Rotorfem update_Rotor.fem |

» [ ms

Cancel
Tree View | =4 Block View
: S J\ ALTAIR

pdate_Rotor fem

» 8 optistruct (m_6) =

Add Input File

B Add Output File
%g Qutput Model Resources

Add Input Folder

5 Add Output Folder

Add Link Resource




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

ADD HYPERMESH AND OPTISTRUCT MODELS

OptiStruct model import

« Define input arguments

Step Acti on < DefineModeki 3l sEquemW 3 Conditions
+ nddModel v Tl Remove Model \ 0% Vodel Resources =8 Bock View
In the [Solver Input Arguments], | .
. 1 FluxMotor m_1 WA Fluxotor EA\..\Connector_FM_Hst\Connector_FM_Hstfm2hst B |rstinputhstp AN FuxMotor2021 v

In pUt the COI I I I I Iand 2 Flux Base Point m_2 Flux EN\..\2_MagBasePoint\Connector_Fx_Hst BasePoint.FZHST = |hstinputhstp Flux 2021.2 w | -batch
1 . 3 Flux Operating Point m3 Flux EA.A3.] ctor_Fx_Hst_Ope B |hetinputhstp Flux 20212 w |-batch .. e
update_rotor.fem -nt 4 -optskip . e T 4 T Conneton et T 45T B iy s

I 15000 5 Hyperhesh m5 F Operator B |hstinputhstp [> | HMBatch 2018 = | -tcl update motor.tel referencel.hm ..
-len 6 OptiStruct m.6 & Operator B |hstinputhstp 1) optistruct ~ | update_rotorfem -nt 4 -optskip -len 15000 _ I '

Notes:
1) -nt4 means 4 cores in parallel are used;
2) -len 15000 means 15 Gb of RAM are reserved for the OptiStruct process.

@lmpmvﬂmes ‘ €™k Nex W)
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MECHANICAL PROBLEM SOLVING

OptiStruct model solving

5 File Edit View Tooks Applicatons Help
Step Action Be Uk | % B
o o o |
. =

1 Click on i e | 5 ey [ B vt thons | i s ‘
[Test Models] 72 400 PMotor Sty Ny Wi
"o e :
Click successively on [Write] — 9 verema - §
2 [Execute] — [Extract] for the e - 3
6 a |3l opers

model HyperMesh

| /MDO_EMotor.Study / Setup Homnai Run, ) Oefntion / Test Madels

45

| Purge settings Mt Execution -2

o top ‘mnndmmon ok nex WD

Errors: 1 Warnings: 19 | Profie: Default

J\ ALTAIR



MECHANICAL PROBLEM SOLVING

OptiStruct model post-processing

* Visualize the mechanical analysis result

Click on

1 [Show in Explorer]

Open the file
“‘update_rotor.mvw” in the
2 project output folder
~\HyperStudy\approaches\setup__
1-def\run__00001\m_6

B sims

B[] *= i @ X =f Tyhewsem= [

s Copy path Pleawsassss

Test Models

Model Data

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

g—
- ])

"

H open = B selectan

Eait

PoioGu Copy pute ) CUTL L Mew Cony Dt Rename  fiow PRy
chphosd Organize Hew Open
« « 4 [] = MDOEMOTOR Case2 » Hypesstudy > approaches > setup -def » mn_00001 > m.6

& Dragbor -

@ OneDrive - Altair Enginesring, Inc

B ThisPC

2 30 Objects hstinputhtp  hwsolvers

1 Apple iPhone

I Deskiop
update_sotormy

e siderrt
xt

4] Documents
& Downloads
b Music

& Pictures
B videos

5 Symtem (C)
& Data (%)

46 = Storage €)

@ Network [ -
v out enim

update_rotos.mo update_rotor.out
ritor

iems 1 item selected 165 KB

task_exe sidout
bt

update roterstat

Select nane

it setection

Select

v & Search m 6

updste Rotorfe  update setorhid

M

update_rotor_ene  update_rotor_ld
Ty manitor

Active Label Type Resource Sequence
1 FluxMotor @ wiite @ execute @ exract Al WA FluxMotor :\..\Connector_FM_Hst\Connector FM_Hst.fm... | 1

2 Flux Base Point & wiite & Bxeate & Bdract All Flux ..12_MagBasePoint\ Connector_Fx_Hst_BaseP... | 2

3 Flux Operating ... | @ Write @ Execute @ Extract All Flux }_MagOperatingPoint\Connector_Fx_Hst_.. 3

4 Flux Thermal & write @ Execute @ Bdract All Y Flux \..\d_Thermal\Connector_Fx_Hst_ThermalF2.. 4

5. HyperMesh & wiite @ exete @ exract Al ﬁ Operator i | sidp- e outp.
6 OptiStruct & wiite @ Execute @ Exract Al .‘ Operator ¥ | skip-no outp

- o x
e

i Purge settings Multi-Ececution -2 *+*

S-o

@ rn Defintion ‘ W ek ned W)
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MECHANICAL PROBLEM SOLVING

OptiStruct model post-processing

47

Visualize the mechanical analysis result

File Edit View Model Results Annotations

Tools Preferences  Apphcations Help

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

e h-%- 2| D idl0- o la- ROLGEALAER T - gt T § 3 iPH D09 EE
Bemsion  Pens x = Analysis Results
THRHWEGR W
iy < e
=
2] Subcase 1 fotaticn) “lf =
12] Stalic Anasis | i
I:‘.—:.p Q- o
TS ehape|
Etes 0 e a I
o Aasemibly Hierarchy j‘.
© Conponents ()
] Load Cases !
@ Netes (1)
95 Plotstyles (3) g.
1 Reskn
@ Sl ®-
oL Sptems (1) L4
B Vews (1) -
L
-
T
-
L3
-
L]
[
Name Value
Q8 PP BOF N INSPLIUFTO LI LS LEEF G- 000002
Loer mad andrenit
W Load model E ‘EJHDDJMI]IUH_IL!H?/HWE\SWW\EBEN#BIWJ del/i__00001/m_BAspdate_fotor hid ™ Overlay
W Losdieabs - [EMDO_EMOTOR Caset/HyperSlu/appiochs/seiup_| del/un_O0001/n_ EApdte_tolor hi2d L]
ResubMath terpise:  [Standard =] Reaternpions | bp |
Roady
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MECHANICAL PROBLEM SOLVING

OptiStruct model post-processing

* Visualize the mechanical analysis result
DN RS S p M e M TP SRR 1y AT SR PP PPy
T CLITLI L] | m _ ———
1 Click on the icon 1/, = B ‘
&:", g ° )o;" o
5 Select [Element Stress e-;imwu : i .
(2D&3D)] E"-_;: H'
3 Select [SignedVonMises] E;’:M.. f’
i &
4 Click on [Apply] :{
5 Click on the icon {"x toadjust .. . .

the view

G- @ Oben ' F-@-HO@R (ISR LEGLFYT LRV LSLAALF Q0000
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MECHANICAL PROBLEM SOLVING
HyperMesh and OptiStruct model post-processing

» Define output response (HyperMesh model)

Step Action b HE %S B

B H
New  Opan  Swr Clow | Bowses  MEsIgH

. ey S
1 Click on 5 s | 2 ot i oot tpmes | | 9 s | R St o | s | 53
[Defme Output Response] = 1 100 Boro Sty P B
~ L Seup
» @ Defition T e - T R 03 Gost Cupatpe | Commet
Click Et i 2 o Fosoni poer s e e2n = che v s
ICK On & vt = i I i soen 51 v - v [
2 ® Define Ouiput Respomes 0 MAGNET LOSSES OPERATING PORT IC ME... |¢ 30 o + Ren - s
[Add output Response] i WAGHET LS OPERATAG FOMIC 51 |1 Fnn Ve vl
) MAGNET LOSSES OPERATING PORNT 24 ME... |r32 - Real e
0 E MAGNET LOSSES, OPERATING PONT A SY... ¢33 g + Real - v
o 3 MAGNET LOSSES, OPERATING POINT 28 ME- |1 34 EX + Real - s
Define the new output ; oo e [ I T
3 MAGHTLOSSE,OPERATNG PONTIC MG, 136 = Ve v e
3 response label as = bt oo g pom v X R
m 1.C01L 3 oo s Real e
“‘“OUTPUT_HYPERMESH_ MODEL” » @ usen £ & et v
— — b g 185 - P +hal - s
r TMAG 1B 4 - Real e
e w2 = TMAG 185 a2 s + Real - s
4 Click on[...] z Thate C—" T e
a“ T MAG_1C_SYM a4 oo s Real e
45 T.MAG 28 a5 oo + Feal - S
F e . - Ve v mms
& TMAG_28 a7 EX Real ey
I TMAG 28 5T ] o + Redt - s
® Taass 2 o - Ve v mms
50 T.MAG_2C_SYM 150 EX Feal - S
B T ROTOR_YOKE 51 o + Redt - s
52 T.STATOR_YOKE 52 o + Real - v
E TORQUE_BASE SPEED RPPLE 3 ez + Rl -
3 e e T . s AL (L TR R TR, O
55 OUTPUT_HYPERMESH_MODEL [x + Real -

lem A ek nea W

Ewors: | Wasmngs: 18 | Profile: Detautt

£MDD_EMotar Sty nY @
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MECHANICAL PROBLEM SOLVING
HyperMesh and OptiStruct model post-processing

» Define output response (HyperMesh model)

. 7 Expression Builder: OUTPUT_HYPERMESH_MODEL ( r_55 ) - Altair HyperStudy™ (28.2120849) o X
Step Action

x) i E €73 Update Preview Automatic

i Click on [Data Sources] — e

2 Click on [Add Data Source]

Deflne the new data source [ Functions | [F+ \nputVariah\E§1 e Output Responses @ Data Sources l : '
3

|ab6| as @ + addDstasource | [] Remove Data Source 1 Insert Varame -
“OUTPUT_HYPERMESH_TCL”

Active Label Varname File

Please create a Templex expression,
o . 912 pi*r QP Enteran expression and the result will appear here

Tool

3 1 |OUTRUT_HYPERMESH_TCL X ] 5 5= Fite source |
Select the type as
“ASCII Extract”

Read Simulation
2 Clickon [...]

{I» Modal Assu...e Criteria

R s
n Spreadsheet

=€)

{3} remplen

Pythan

Hstp Reader
ok Cancel
50
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MECHANICAL PROBLEM SOLVING
HyperMesh and OptiStruct model post-processing

» Define output response (HyperMesh model)

H 7Z Data Source Builder: OUTPUT_HYPERMESH_TCL ( ds_1) - Altair HyperStudy™ (28.2120943) ] =
Step Action

Cllck on the |C0n r to Iocate File: IE:\MDD_EMOTDR_CaseZ\HyperStudy\approaches\setup_1-def\run_OOOm\m_S\update_motor.tc\ £ 1
1 the flle “Update_motortd" In File Reference: run-file:///m_5/update_motor.tcl
“ ” Mo reader found.
the folder “run_00001/m_5 Toat 2501 Barat -

5 Define the Offset as 13,

1  set-wversion-wZ.00
and Length as 1 2 set-versionDate-"14 Now -2013"
3
4 z
3 CI|Ck on [OK] 5 g o Start -Tser - Input -—————————————o—m
13
7  set-simmlationModel - {referencel.hm}
72 OpenFile X 8 set-cadFile - {UPDATE_ROTOR.STEP}
« « A ||« Hyperstudy > approaches > setup_l-def > run_00001 > m_5 v o O Searchm s 5  set-resultlame -"fe_updated Rotor.fem”
Organize ¥ Newfolder B~ M @ f?
22 Dropbox " . Date modified Type Size.
@ OneDrive - AltairE oLl e
f— o m’twmi ::::::Em ?Es Keyward: ICase-sEnsltlve keyword anchor 4 3
30 Objects M referencelhm Altair Simulation 11Ke
1 Appieihone 5] task_exe_stderrxt Text Document ok Find
Mo T I— ottt ’—lﬁ
Documents 7 update_Rotorfem FEMFile 55,315 K8 2 —
& Downloads B updctetoriog B e 4 IFmd in text Ignore Case »
D Music [] UPDATE_ROTORSTEP STEP File 191 KB Length: 1
=] Pictures.
B Videos
£ System (C)

e @ Conce
o
= Storace (E) v

File name: | update_motor.tel

V| [anFies ¢ v

51 Cancel
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MECHANICAL PROBLEM SOLVING PROBLEM SOLVING
HyperMesh and OptiStruct model post-processing

» Define output response (HyperMesh model)

p L) Cu € Update preview Automatic

1 Click on [Insert Varname] e @ o

mascas_1)|

5 Verify if the expression is

13 ”
n |aX(dS_1 ) fr Fund\on51 F¢ Input Variables 1 Fe outputResponses | [ DahSolln:csW
3 Click on [O K] + addDatssource ¥ ] Remove Dsta Source
Active Label Tool
1 |ouTPuT_HvPERMESH TEL td . || ascibaa w [offsei=13/ Lengih=1
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MECHANICAL PROBLEM SOLVING

HyperMesh and OptiStruct model post-processing

« Define output response (OptiStruct model)
% Mmm..,mm.,mw ‘ E—D\”\i (3 ammvemmm,soa\;1 v Gmd.mﬁ

Click on

. [Add output Response]

Define the new output

2 response label as
“MECHANICAL_STRESS_MAX’

4 Click on [...]

53

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

=+ Add Output Response

File Assistant

oS0k view |

e

Active Varname Expression Value © Goals. Output Type Comment
2 MAGNET_LOSSES_OPERATING_POINT_1B_SY... |r29 m_3.MAGNET_LOSSES_OPERATING_POINT_1B_SYM_ME... | Not Extracted + | Real v |pHvS
30, MAGNET_LOSSES_OPERATING_POINT_1C_ME... 130 m_3.MAGNET LOSSES_OPERATING POINT_IC MEAN | Not Extracted + | Real v pHvS
31 MAGNET_LOSSES_OPERATING_POINT_ICSY... |r31 m_3.MAGNET_LOSSES_OPERATING_POINT_1C_SYM_ME...| Not Extracted + | Real v |pHYS
32 MAGNET_LOSSES_GPERATING_POINT_2A ME.. | 132 m_3.MAGNET LOSSES_OPERATING POINT 2A MEAN | Not Extracted + | Real v |pHYS
33 MAGNET_LOSSES_OPERATING POINT_2A SY... |r33 m_3.MAGNET_LOSSES_OPERATING_POINT_2A_SYM_ME...|Not Extracted + | Real - [pHvs
u, MAGNET_LOSSES_OPERATING_POINT_28_ME... |r34 m_3.MAGNET_LOSSES_OPERATING POINT 28 MEAN | Not Extracted + | Real v |pHYS
35 MAGNET_LOSSES_OPERATING POINT 28 SY... 135 m_3.MAGNET_LOSSES_OPERATING_POINT_28_SYM_ME...| Not Extracted + | Real v |PHYS
36, MAGNET_LOSSES_OPERATING_POINT_2C_ME... | 136 m_3.MAGNET_LOSSES_OPERATING POINT.2C MEAN | Not Extracted + | Real v |pHYS
37 MAGNET_LOSSES_OPERATING POINT 2C SY... |r37 m_3MAGNET LOSSES_OPERATING_POINT 2C_SYM_ME.. | Not Extracted + | Real - [PHYS
38 T.COIL 38 m_4.T_COIL Not Extracted + |Real v PHYS ..
39 TMAG 1A 39 m_ATMAG_1A Not Extracted + | Real v pHvS
r) T.MAG_1A_SYM 40 m_4T MAG_1A SYM Not Extracted + | Real v |pHYS
a1 TMAG_1B 41 m_4T MAG_1B Not Extracted + | Real v |pHYS
42 T_MAG_1B_SYM 42 m_4.T_MAG_1B_SYM Not Extracted + |Real v PHYS .
a3 TMAG.IC 43 m_ATMAG_1C Not Extracted + | Real v pHvS
u“ T.MAG_1C_SYM 4 m_AT MAG_1C_SYM Not Extracted + | Real v |PHYS
45 TMAG 24 45 m_4TMAG 24 Not Extracted + | Real v |pHYS
% T.MAG 24 SYM 46 Not Extracted + | Real - [PHYS
47 T.MAG_28 47 Not Extracted + |Real v PHYS
18] T_MAG_2B_SYM 48 Not Extracted + |Real v [ PHYS
9 T_MAG_2C 49 Not Extracted + | Real v [ PHYS
50 T.MAG_2C_SYM 50 Not Extracted + |Real v [PHYS
51 T_ROTOR_YOKE 51 Not Extracted + |Real v PHYS .
52 T_STATOR YOKE 52 m_4.T_STATOR_YOKE Not Extracted + | Real v pHvS
53 TORQUE_BASE_SPEED RIPPLE 53 r2l-r22 s | Not Extracted + | Real -
54 MAX_ MAGNET_TEMPERATURE 54 max({r_39, 1 40, 1 41,742,143, 144, 145,146,147, (4. ___|NotExtracted + | Real -
55 OUTPUT HYPERMESH_MODEL 55 max(ds_1) Not Extracted + | Real -
56 MECHANICAL STRESS MAX | 56 s |0t Extracted + | Real -

@E\/a\uate ‘ «Back

Ned EEp
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MECHANICAL PROBLEM SOLVING
HyperMesh and OptiStruct model post-processing

« Define output response (OptiStruct model)

Step Action N
'®) Cul = Automatic

1 Click on [Data Sources] pvesien e
. i R
2 Click on [Add Data Source]

7% Expression Builder: MECHANICAL_STRESS_MAX (1_56) - Altair HyperStudy™ (28.2120949) o X

€2+ Update Preview

@) Enteran expression and the result will appear here

@

Define the new data source

fr Functmn51 VEe \nput‘danables\‘ s Output Responses

3 label as
“MECHANICAL_STRESS_MAX’

Active Label Tool
1 ‘ OUTPUT_HYPERMESH_TCL ‘ ds_ = ASCIl Extract w | Offset=13/ Length=1
2 MECHANICAL_STRESS_MAX ds_ File Source v\ //
1 Select the type as 3 | |

“Read Simulation”

5 Click on [...]

54

+ addpstasource ¥ | [ Remove Data Source

@ Modal Ass. Criterie
[~ e

B spresdshest

ASCH Extract

{} Templex

Python

Hstp Reader

oK Cancel
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MECHANICAL PROBLEM SOLVING

HyperMesh and OptiStruct model post-processing

Define output response (OptiStruct model)

Click on the icon |

to locate

1 the file “update_rotor.h3d” in
the folder “run_00001/m_6"

5 Select the type as
“Element Stresses”

3 Change the component to
“SignedVonMises (Mid)”

4 Click on [OK]

7 OpenFie

« © 4 [« HypeStudy » approaches » setup_l-def » n

Organize »  Mewfolder
& Dropbox e
@ Onebiive - Asich
W This PC

B 0 Objects

§ Apple iPhone
B Deskiop

8 Documents

¥ Downloade

D Music

& Pictures

& sytem (€
-

| update sctoraut
] update sctorstat
H update_rotor enesgy m

un_0000 + m_§

Date medified

7Z Data Source Builder MECHANICAL_STRESS_MAX ( ds_2 ) - Altair HyperStudy™ (28.2120948)

File:

File Reference: run-file:///m_&/update_rotor.h3d

Tool: Read Simulation j

I EAMDO_EMOTOR_Case2'\HyperStudy\approaches\setup_1-def\run__00001\m_g\update_rotor.h3d (1 '

HyperWorks® reader available [ Hyper3D Reader ].

Start: I First Request

Request
End: | Last Request

x| [Fitter

Comp!

SignedVonMises [Z1] X Click to Select

Time: Jan |
Preview:

2007

00

0.0E+00

5.0E+04 1.0EHIS

|, Plot (ooe) Fet

[E]

200 nmmmﬁ e T

L E-H]S

x| [Fitter

Select v

2.5E+05

3.5E+05

2 05-\‘-05 3.0E+05

4.0E+05
ex

Showing 1 of 1 Transpose matrix (X

1@

Al Files (1)

=

J\ ALTAIR



MECHANICAL PROBLEM SOLVING

HyperMesh and OptiStruct model post-processing

« Define output response (OptiStruct model)

1 Click on [Insert Varname]

Verify if the expression is
“‘max(ds_2)"

3 Click on [OK]

2

56

7Z Expression Builder: MECHANICAL_STRESS_MAX (r_56) - Altair HyperStudy™ (28.2120949) [m) X
) C @ Update Preview Automatic
Expressian Preview
max(ds_2) Working
frx Funmons\1 Fe \nput\fanab\es1 e Output Responses
+ AddDataSource ¥ m Remove Data Source
Active Label Tool
1 |0uTPuT,HVPERMEsHJ(L ‘mn—h\e:///m, pdate_motortcl || S= ASCI Extract - |Oﬂzzt=13r’LEngth=T
2 |ME(HAN\(AL§TRESELMAX ‘ds,z ‘mn—h\e:///m,ﬁ/update,mmr.had e Read Simulation ¥ |E\Emznt Stresses (2D & 3D) (2D) / fi

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

HyperMesh and OptiStruct model post-processing

 Evaluate new responses

1 Click on [Evaluate]

Mechanical power at base
point / W

Rotor mass / kg

Mechanical torque at base
point / N*m

Mechanical torque ripple
at base point / N*m

Winding temperature / °C
Magnet temperature / °C

Mechanical stress / MPa
57

Original

valuel

137076.74

4.96

183.15

43.16

151.04
46.89
431.22

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

& Deﬁmompmkswrsesw ‘ & o Sour:51 Q' Objectives/Constrsints - Goale \1 V Gradients

& siock View

+ nddouputResporse ¥ ] Remore OutputResponse [E2]Copyto ather spproacnes | ] File Assistant
Active Label Varmame Expression Value Goals Output Type Comment
2 MAGNET LOSSES_OPERATING POINT 1B.SY... | 129 m_3.MAGNET_LOSSES_OPERATING POINT_1B_SYM_ME.. | 0.2931794 + Real v [PHYS
) MAGNET_LOSSES_OPERATING POINT_IC_ME... |30 m_3MAGNET_LOSSES OPERATING POINT_1C_MEAN | 0113576 + Real v [PHYS
31 MAGNET_LOSSES_OPERATING_POINT_IC_SV... |r.31 m_3MAGNET_LOSSES_OPERATING_ POINT_1C_SYM_ME...| 0.0765157 + Real v PHYS
2 MAGNET_LOSSES_OPERATING POINT 24 ME... |32 m_3.MAGNET_LOSSES OPERATING POINT 2A MEAN | 0.134764 + Real v [PHYS
3 MAGNET LOSSES_ OPERATING POINT 24 SY... | 133 m_3.MAGNET_LOSSES_OPERATING POINT_2A SYM_ME...| 0.2093189 + Real v | PHYS
M MAGNET_LOSSES_OPERATING POINT 26 ME... |34 m_3.MAGNET_LOSSES OPERATING POINT 28 MEAN | 0.0375729 + Real v [pHYS
] MAGNET_LOSSES_OPERATING POINT_28_SV... |r.35 3 3. MAGNET_LOSSES_OPERATING_POINT_28_SYM_ME... | 04703015 + Real v PHYS
3% MAGNET_LOSSES_OPERATING POINT 2C ME.. |36 m_3.MAGNET_LOSSES OPERATING POINT 2C MEAN | 0.0551524 + Real v [PHYS
37 MAGNET LOSSES_OPERATING POINT 2C_SYa. | 137 m_3.MAGNET_LOSSES_OPERATING POINT2C_SYM_ME.. | 0.0753843 + Real v PHYS
38 T.col 38 m_4T.colL 650.25072 + |Real v [PHYS
9 T.MAG_1A 39 m_4T_MAG_1A 85.317991 + Real v PHVS .
40 T_MAG_1A_SYM 40 m_4T_MAG_1A_SYM 85.334434 + Real v PHVS .
a T.MAG_1B 4l m 4T MAG 1B 86.755749 + Real v PHYS
2 T.MAG_1B_SYM raz m 4T MAG_IB_SYM 86.792418 + Real v [pHYS
43 T.MAG_1C a2 m_4T_MAG_IC 88.995025 + Real v PHVS
4 T_MAG_1C_SYM a4 m_4.T_MAG_1C_SYM 89.081314 + Real v PHVS
45 T_MAG_2A 45 m_4T.MAG_2A 87589319 + |Real v |PHYS
I T_MAG_24_SYM 46 m 4T MAG_2A SYM 87.628357 + |Real v [PHYS
4 T_MAG_28 a7 m_4T_MAG_2B 83.152213 + |Real v |PHYS
48 T_MAG_28_SYM rag m_4.T_MAG_2B_SYM 88.220820 + Real v PHVS
) TMAG_2C ] m AT MAG 2 £5.314733 + Real v PHYS
50 T.MAG_2C_SYM 50 m_4.T MAG_2C_SYM 89.397699 + Real v [pHYS
51 T.ROTOR_YOKE 151 m_4.T ROTOR_YOKE 82.356123 + Real v PHYS
52 T_STATOR_VOKE 52 m_4.T_STATOR_YOKE 180.38080 + Real v PHVS
53 TORQUE BASE_SPEED_RIPPLE 53 2122 10155945 + Real -
54 MAX_MAGNET_TEMPERATURE 54 max((r_39, 140, 1 41, 142, r 43,1 44, 1 45, 1 46, 147, 1 4. 89.397699 + Real -
55 OUTPUT HYPERMESH_MODEL 55 max (ds_53) 20000000 + Real -
56 MECHANICAL_STRESS MAX 56 max (ds 54) .| 43121600 + Real -

IDifferent software versions may cause slight changes in result values.
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