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Objective:
*  Max power
« Min torque ripple

Flux magnetic

Flux thermal

OptiStruct
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MULTIPHYSIC OPTIMIZATION OF AN E-MOTOR WORKFLOW

FluxMotor

Results
speed, current and control angle
from 3 working points :
Base point, Max speed, Max
speed 100kW

Results
base speed : torque ripple,
power, mean torque
Max speed: losses, torque
ripples, mean torque
Demagnetization
Max speed 100kW : losses

Temperature after 2 hours at
max speed (100 kW)

Max constraints around
magnets
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MOTIVATION FOR AUTOMATING THE WORKFLOW

« Multiple Altair Hyperwork softwares involved
*  FluxMotor, Flux, Hypermesh, OptiStruct
+ HyperStudy

« Connected to other processes
+ Cost estimates
Ex : Magnet weight and cost
* Manufacturing constraints

$6$ !

» Possible modifications of the process
* Improvement (add inverter, NVH, cooling ...)
« Adaptation to another project
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MODEL CENTER

* Developped by Phoenix Integration
(member of APA)

=)  Available through APA

* User friendly workflow builder
* Automatic variable links
e Tests
* Loops

* Activation / deactivation

» Software connexion with wrappers

* CAD modellers (design variables)
- 0D, 1D, 3D solvers
» Other softwares

» Scripts:
Python / Java / VB ... Military vessel effectiveness model
(cost / effectiveness / risk)
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CREATE A WORKFLOW WITH MODELCENTER

* Define tasks
« Call a software

Base_speed

+u S0
"JSD
+u TwS

» Define for each tasks : - T
* Input variables / files S0_param
» Output variables / files

e d

~+ SD_param
= TWS_param
= TGD_param
= TGD2Z_param

) Link Editor - o x
& B x&E A

Wite View  TableWiew QuerpVien

Link: |

- R2 ~ @ R8 ~
= R3 @ RS

o+ R4 % _PF_STATOR

o RS % P_AIMANT_1

« Connect tasks 4 e
* Links between different tasks variables R / 3

% TEMP_MAGNET 2

%o MAG_LOSS_1_MAX_S_KW_MEAN % TEMP_MAGNET_3
- MAG_LOSS_2_ MAX_S_KIW_MEAN % TEMP_WINDING
e MAG_LOSS_3_MAX_S_KW_MEAN % TEMP_TEETH_TOP
%» TOTAL_JOULE_LOSSES_KW % TEMP_STATOR_YOKE
%o EFFICIENCY_MAX_KW_MEAN % TEMP_ROTOR
& _ v % TEMP_TOOTH_BOTTOM

v
Wiew Precedents View Dependents \



DEFINE TASKS

Quick Start...

g Add one or more input Bkﬂuumm im-mu
flles... flles... fun...

General [ Execute

RunCa

set HV_EXE="D:\Program Files Altair\20 18w \bin\win64#tw.exe”
HV_EXE% b -f _wrapper/1440.1

mvw” -td

Windows Tip : Put "CALL" before invoking any batch (.bat) file.

FARunin [Ex\alai c_hst =
Run Sharing
Hande parallel runs by: |Runin a local folder, queue paraliel execution requests v]
Bes Add...
Ouse To: <E:\altair hst>)
Advanced
[Oignore Run Errors 1] Backup Output Files Before Each Run
] Add Console Variables huto Delete: [Fase 0|
N

1 Wrapper View |54 Seript View

hw.exe -b session.mvw - tcl script.tcl
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TASK INPUT / OUPUT DEFINITION

2 QuickWrap 130 [EAaltair \mc2\MOTCR_B_2\ _1\mc\Base_speed.scriptWrapper] - o X
e ( File View Wrapper Help
SPEED 12378 DZRER P
BASE_ . 574561
PSLDEG 445617 7
i . . Wm Quick Start... %)
s IM_WML
»a_IM_H1_ Add one or more ‘Add one or more Specify a Test Run.
s _IM_W1_ input files... output files... program to run...
»=_IM_VL
= _IM_TM2_
:::m:‘:z'fz- General W Bxecute 4] Base_speed.py
w::-m-g— Template File: E:\altair \p )TOR_B_2\app \nom_1\mc\Base_speed.py.template ! Iz‘
-o-:m:vz: File to E:\altair \p: 2\MOTOR_B_2\app _1\mc\Base_speed.py \ E
+s_IM_W3_ Encoding: UTF-8 v
—+a_IM T3
s M_V3_ £ File View [ Table View (3 Data View
s ¢l SRR ostes e |
—>m_M_R3_ 1#! FluxzD 18.1 A
> v _SPEED_ 2loadProject ('E:/altair/multiXteam/porsche/mc2/MOTOR_B_2/approaches/nom 1/mc/corner_point_4 HSTY.F2G.FL
. ::—:’-SalﬂfE‘G 32! Wed Sep 05 22:03:45 CEST 2018 loadProject('D:/tmp/PorscheFluxMotor/2018_08_24_motor_B_2/2018_07_26 ]
Flux scripts based on Python et — -
-a _R10_ €deleteMesh ()
. T - B Tovsammearcacn BT 1 avprassion=rs.s"
+ Automatic identification of variables e p—
e R B ;
H . 1 ) i) 0.45"
+ Same forjava, VB ... — ,. -
Description: 12ParameterGeoml " '] .expression="4.275"
s v '] .ewpression='20.7
Default: ‘ 1 | B 18.0"
. . . Lower Bound: : :: :::;'
Or file parsers for generic ASCII files aloa m— 2 e
Enum Values: [ 1 " 11.25
Enum Aliases: i 2 540
< I — 3~

e —
e — TS
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LINKS BETWEEN TASKS

Task organisation
* Parallel

 Serie

@ Link Editor

- o x
[ ] LH @ La s 0w
" Wite View  Table View  GuerView
Link: |
LerR2 ~ N o+ A8 ~
fes R o+ R
N Low R4 % _PF_STATOR
asK aepenaancies o =
[ > P_AIMANT 2
o AT e P_AIMANT 3
Gy % PF_ROTOR

Lo+ R %~ PJ_STATOR

H H H ¥ TORQUE_MAX_SPEED_KW_MEAN - MAX_TEMP_MAGNET_ALL

o a rl a e ra n S e r e I n I Io n | % IRON_LOSSES_STATOR_MAX_S_KW_MEAN % TEMP_MAGNET_1

(B o 1055ES_ROTOR MAXCS KW HEAN] % TEMP MAGNET 2

% MAG_LOSS_1_MAX_S_KW_MEAN % TEMP_MAGNET_3
% TEMP_WINDING

%~ TEMP_TEETH_TOP
*-¥% TOTAL_JOULE_LOSSES_KW

e TEMP_STATOR_YOKE
“- % EFFICIENCY_MAX_KW_MEAN - TEMP_ROTOR
®_

v - TEMP_TOOTH_BOTTOM

| View Precedents
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MULTIPHYSIC DESIGN OF AN E-MOTOR

FluxMotor

Rotor
parameters

HyperStudy [
N\

Obijective:
* Max power

Flux magnetic

+ Min torque ripple Flux thermal

OptiStruct
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Results
speed, current and control angle
from 3 working points :
Base point, Max speed, Max
speed 100kW

Results
base speed : torque ripple,
power, mean torque
Max speed: losses, torque
ripples, mean torque
Demagnetization
Max speed 100kW : losses

Temperature after 2 hours at
max speed (100 kW)

Max constraints around
magnets
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EMOTOR OPTIMIZATION WORKFLOW

Rotor
parameters

HyperStudy [ #

4
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IMPROVED WORKFLOW

Cost analysis tool : [

==

CAD Tools

Dashboard = " ’

)
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MODEL CENTER < HYPERSTUDY COUPLING IMPLEMENTATION

» Beta version of the coupling between ModelCenter and Hyperstudy
« Automated design variables and response definition in HSt from ModelCenter process
* Some customization is possible (written in python)

* Clean useless variables

Active | Label Varname | Model Type Resource ‘ Solver Input File | Solver Execution Script

—

Model 1 m_1 .‘ Operator EAL\Hst\Emotorproject. pxcz & hstinputhstp @ Python (py )
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MODEL CENTER <& HYPERSTUDY RESULTS

e Gotobrectory | BrowseFies MiiBeaton 2 =
Adtive Wiite Brccute Extract Comment Adive Tosk Batch
1 Success Success Success 1 Creste Design
2 Success Success Success 2 Write Input Files
3 Success Success Success 3 Execute Analysis
4 Success Success Success 4 Edract Output Responses
s Success Success Success s Purge .
5 Success Success Suceess 5 Creste Reports
7 Success Success Success
9 Success Success Success
10 Success Success Suceess
1 Success Success Success
12 Success Success Success
13 Success Success Success
u Success Success Suceess
15 Success Success Success
16 Success Success Success
” Success Success Success
18 Success Success Suceess | |
19 Success Success Success |
2 Success Success Success =l
L3 Run Tasks
3 Intearty pantelcooramate [l Dstiouon  JoF sooter | |l paeropor  * Lnesrefects 3 meractons
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CONCLUSION

Workflow automation of the E-Motor optimization process
with ModelCenter allows :

» Improved visualisation and understanding of the process

* Improved connexion with other « non CAE » processes

» Easier maintenance of the process
» Modifications / improvements
» Adaptation to different products
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THANK YOU!

WWW.ALTAIRHYPERWORKS.COM/FLUX
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