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OUTLINE

« Two optimization workflow are available in HyperStudy

o Optimization based on fit functions
o Direct optimization method

Design of experiments (DOE)
analysis

Fit function computation
Optimization process
Optimization verification Direct optimization

Stochastic study and reliability

test
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

« DOE analysis initialization

* Add a new DOE analysis

Right click on the project

1 “MDO_MOTOR_STUDY”,
click on [Add]
5 Select the type as “DOE”, T =
click on [OK] .
£ Ad Hyperst (20.1661028) X Cn:;:erl
= = 1 h
Defiition from: | | Sef |

7MDO_EMOTOR_STUDF Emars:s Wamang: 4 Frofie: Defsut
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

« DOE analysis initialization

 Verify model definitions

_g—
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Add Model h ) Remove Model ¢€“ Model Resources < 1 >
1 C“Ck on [DOE 1] - [Def|n|t|0n] Active Label Varname Type Resource Solver Input File | Solver Execution Script .$0NerlnputArgumems Comment

1 =] OptiStruct m_1 {} Parameterized File D:\...\1_OptiStruc... (~) morphedfem & OptiStruct Sifile} -optskip -nt4 @ .

[TeSt MOdeIs] ‘2 [~ tostep m_2 -‘ Operator = hstinputhstp HM Batch -tcl to_step.tcl (7] P

. . e 3 ] runFMFXFM m -‘ Operator g hstinputhstp Script_16 (7] P

CIICk on [Run Deflnltlon] to 4 ] FluxMotor m_4 O FluxMotor D:\...\Connecto... | hst_inputhstp @ FluxMoter (7] P

2 Vel’lfy the mOdels before the 5 ] Flux base m & Flux D:\...\5_Base Po.. i hst_inputhstp & Flux -batch (7] wee

DOE anaIySIS 6 ] Flux spedific p.. m_6& B Flux D:\...\6_BasePoi.. | hst_inputhstp B Flux -batch [7] .

7 [~ Flux thermal m_ B Flux D:\...\7_Thermal... | hst_inputhstp B Flux -batch (7] ven

— p— — c Stop @ Run Definition - Back Next ‘
5 TestModels [EH Model Data
EE% Show in Study Directory | Show in Explorer " Purge setting’ M|.lI:i-Exm:l.lIim'lvllJv @
[ Active Label Test Type | e ce | Sequence

1 OptiStruct &) write @) Execute @) Extract Al {} Parameterized File D:\...\1_OptiStruc... {m) 1
2 tostep @) write @) Exeaute @) Extract Al » Operator e 2
3 runFMFXFM @) write @) Exeaute ® Extract Al ‘ Operator s 3
4 FluxMotor @) urrite @ Execute @ Extract Al A Fluivotor :\...\Connecto... [ 4
5 Flux base & write & Execute & extract Al B Flux \5_Base Po... | 5
6 6 Flux spedific p @) write @) Exeaute ®) Extract All X Flux D:\...\6_BasePo r 6

7 Flux thermal @) write ®) Execute @ Extract Al A Flux D:\...\7_Thermal... |8 7 A A LTA I R




. Optimization Optimization Reliability

DESIGN OF EXPERIMENTS (DOE) ANALYSIS

« DOE analysis initialization
* Verify output responses

Click on [DOE 1] — [Definition]

. — [Define Output Responses]

2 Verify all the output values

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

G Define Output Responses @ Data Sources w Objectives/Constrants - Goals '}/ Gradients

~ 151 DOE 1
v Q Definition
Q Define Models
Q Define Input Variables
@) Test Models
Q Define Output Responses

@

Add Output Response v @ Remove Output Response L | File Assistant *5 Evaluate from Fit Model
Active Label Varname Expression Value

i — E - T
37 & TColL 37 ds 37100 .,
38| & T_MAG_1A 38 ds 38(0) .,
E] & T_MAG_1A_SYM 30 ds 300 .,
20| & T_MAG_1B 40 ds 400 .,
41| & T_MAG_1B_SYM 4 dsA100) ..
2| & T_MAG_1B_SYM_1 42 ds 420 .,
& o TMAG_IC 43 a0,
|| ) T_MAG_1C_SYM 44 ds 440] |
5 o T_MAG_2A 145 dsasiol .,
I 1~ T_MAG_2A_SYM 146 ds 46(0) |
@ ™ T_MAG_28 a7 dsamo) .,
4| & T_MAG_2B_SYM 48 ds 48(0) .,
)| & T_MAG_2C 149 ds 490 ..
50| & T_MAG_2C_SYM 150 ds 500 .,
s o T_ROTOR_YOKE 31 s .,
2 o T_STATOR_YOKE 152 dss0 .
53| & Max_Stress 153 max(ds 53)

54l | max_temperature_magnet 54 max(fr_38,.. | 46332990

S

Goals Evaluate From

[+]

Expression

Expression

[ I + ]

Expression
Expression
Expression
Expression
Expression
Expression
Expression
Expression
Expression
Expression

Expression

[+]

(+]

o000 O0O

[+]
TR

Expression
Expression

Expression

ooo
SRS

Expression

o
=

Expression

Q Evaluate « Back

Output Type

Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real
Real

Real

4 4 4 4 4 4 44 4 4 4 4 4440400

Next WD
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

« DOE analysis evaluation =

Value
Number of Runs 400

+ Specifv the DOE analysis e B

Use Inclusion Matrix O

@

Click on [DOE 1] -
[Specification]

Ef spechicatons Uncontroled Spechications [
» |+ o MDO_EMOTOR STUDY

Define the “Number of Runs” " %%,

v & Deintion B eatmavx
=

for the DOE analysis 3 — = — JAttention: =
Click on [Apply] e I Modfied Eensibe Laice Sequence Vel Please define "r*=nmber of run greater
2 D-Optimal DOpt Sequence Offset 1
pply T i o T - than or equal ta.this.®kecommended value.
g o 4 o Full Factorial FullFact
OQ Define Owipt Rsporems 5 (o] Plackett Burman PlackBurm
QT 6 Q Taguchi Taguchi
3::;‘,;?"‘“”’ 7 o Iv*] Central Composite Ccd
8 'e*% Box Behnken Box Exceeds maamum of ( 7) vanables
9 o] S Latin HyperCube LatinHyperCube
10 (o] fath Hammersley Hammersley
n Q 8 User Defined User
. ot X 0

O Settings ﬂf Levels x In i

1100 BuoToR sTUDY, 00K 1 (Mo @ |£.\pm | W sk Nex HD
8 J\ ALTAIR
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

* DOE analysis evaluation S —
Mdh-Executlm-le R
a4
* Evaluate DOE tasks Active Task
. ‘ "” . Create Design
T pe— ¥] || Write Input Files
1 CIle on [DOE 1] - [Evaluate] i@ Eebeer g Orscmy B omtne e [l N %] Execute Analysis
= ¢ MDO_EMOTOR_STUDY 2 SrowiSidyorncry [ St W=
0 q 2 - g setup 14 Extract Output Responses _v S
Click on [Multi-Execution] to -‘o;n;;;;m B R e . g . e e Tk
2 increase the number of G- - — ‘ o
: © DainsCuputparae 3 6 O Create Reports 2 4 ‘
parallel computation 5 ® I B ey
- = 4 ¥ Extract Output Responses
3 Click on [Evaluate Tasks] - - B
Note: 0 5
The project is solved in a computation server. o
RAM of the server is 192 Gb. <
With the following information: = e
Number of Runs: 400 -
Number of multi-excution: 10 3 2 O e
) ) ) ; eim -ﬂmwmrm 4 sk v WP
Computation time is 21 hours —

@ Enors: 17 viamingz 30 Prafie: Detautt
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

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

» Evaluate tasks in DOE analysis

Applications

| N AN,

New Open Gave Close | Browsers Messages

Study. View
- -
‘0 Epbrer [ Drectoy (¥ Evaliation Tasks Evaliation Data |\, Evakuaton Plot |6’ Evaluation Scatter
v MDO_EMOTOR_STUDY _
B2 Showin Study Directory | Showin Explerer Mt Exeaton -4 =
v | [ setup o -
+ & Definition Active Wiite | Execute ‘ Extract ‘ Comment o] Active Task Bateh |
5 Define Models 1 Success Success Success 11| Creste Design
9 Define nput Varizbles 2 Success Success Success L2 Wiite Input Files
2 Test Models i =l .
3 Success Success. Success 3 Execute Analys
) Define Output Respenses. - l T
4 Success Success Success tract Output Responses
v 71 DOE1 — L2
5 Success Started 5 Purge ven
~ (2 Definition i H
) Define Models 5 Success Started 8| Creste Reports
) Define Input Variables 7 Success Started
) Test Models 8 Success Started
) Define Output Respenses. 3
) Specifications ol
@ Bvaluate i
() Post-Processing il
&) Report 12
3
14
135
16
17
18
19
2
21
2
23
24
25
= ‘ ‘
z
23 L3 Run Tasks
s
° Stop Evaluate Tasks ‘ i e H)
10 ‘

rors 0 Warmings: 24 Profi: Defaut ! AI TAI R

Estimated computation time
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

* DOE analysis evaluation

11

* View DOE analysis results
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Click on [Evaluation Data] to see all the evaluated combinations of input values and the results

?g Show in Study Directory

| Show in Explorer

4 Verify

(¥ Evaation Tasks I Evaluation Data IQ Evaluation Plot [ Evaluation Scatter

T3C
T38
T3A
Hole
WM1A
WM1B
WM1C
WM2B
WM2C
T2
TMI1A
™18
Holel

Settings:Mechanics:Speed exponent

CTRL_ANGLE
I_RMS

o]

& Nasses...r (kg| B Aasses...s (kg ‘ B tase s... (rpm | B dase s.er (W‘ e tase s..cy (% 3k ORQU...SPEE T_COIL Post Process | Commen ]

1 4.7734552 1.4003700 7252.6156 129064.60 94.500221 27.106209 159.09214 ] 1 ::E“
_Z 4.6800649 14351349 7232.1008 134372.67 94680517 37.622321 156.84660 M 2 :E*
_3 4.7539699 1.3707686 7202.3129 126543.91 94414781 25.677909 161.88661 ] 3 :E“
_4 4.8138793 1.3486256 7128.0910 132530.62 94,665994 34.302503 153.72592 M 4 :I*
75 4.7685334 1.2463635 7055.2962 119874.73 94.145002 25.189149 167.01016 M 5. :I*
75 46752892 1.2781808 7081.2442 125803.80 94379874 39.039294 162.12196 ] 5. :I“
77 4.6718367 1.2921405 T1747762 124692.00 94.344319 27.338696 167.06339 = 7. :EC'
73 4.7494635 1.3738462 7170.9833 134693.99 94,724099 40911462 153.58130 ] 8 ::E_*
79 4.8069119 1.2125358 7052.1742 122003.90 94241268 23.089476 163.35878 ] 9 ::E_i'
? 47503111 1.3209739 7145.6881 128065.03 94497427 32.348243 160.84719 M 10 ::E*
T 4.8521846 1.5124010 7241.8264 135712.52 94723712 33.718580 152.57964 ] n t:E“
7 4.6919799 1.3025690 7086.3486 127055.01 94.419889 32.783858 159.77524 ] 12 ti“
? 4.7651461 1.2535964 7079.8540 124179.13 94314412 27577615 162.80135 ] 13 :E“
7 4.7732883 1.2844821 7120.5381 12175531 94.209360 17.335376 163.99141 %] 14 :E“
7 4.7294801 1.4086514 7194.1866 133506.68 94.680095 42070650 155.33613 ] 1 5. SI“
? 4.7498339 1.3081858 7143.5260 124822711 94356238 29.092020 163.00739 = 1 5. t}"
7 4.7818854 1.3974352 7185.2349 131856.32 94624831 33.2253712 158.56132 (%] [ty
? 4.6961070 1.2857358 7121.8489 126398.65 94392414 29.772937 162.48831 (%)

7 . P oaacania aaacasas e acaies e cascan PP —

[°] E Channel
o

w

-

g
=

Q Evaluate Tasks

4 Back
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

* DOE analysis evaluation

* View DOE analysis results _ _
lick on [Evaluation Plot] to plot the curves of parameters during the evaluation task

(¥ Evaluation Tasks Evaluation Data | A\ Evaluation Plot |L’£ Evaluation Scatter
10 : : : T - e
TN FT - Lodotod i miveeatn-0, [ =
I i H i, i i
0.8 .i 44414 A1'F : | 5B ¥ i
. : ‘
0.6
S——-— ‘
0.4 wM2C \
———T2
———— T™IA
020 RS R R A LR e R -------- ™IB
————— Hole1
0.0 === Settings::Mechanics::Speed expone:
0.
H | |
| H | ‘
0.4 ‘ i j .
I - g !
1 1 -' I |
il " it = | - —
-0.67 ] I t I ! ! Settings::Mechanics::Speed exponent
i 4 L 1 AL 5 A -ttt DR ReHE NS L 1R 15 UFe CTRLANGLE
I i HEFa | i ! il e |§E ‘u
08 | il i { i i t L i 16 "Fe 1RMs
............. AL A A i ! L o VT e
i | N A L BN a
12 o 50 100 150 coolial 250 300 350 %0 §=§ channel 3 ALTAIR
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

* DOE analysis evaluation

13

* View DOE analysis results
lick on [Evaluation Scatter] to plot the related curve between two evaluated parameters

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

T™M1B

[¥ Evalation Tasks Evaluation Data [/, Evaluation Plot

|#e Evaluation Scatter

0.9
0.8
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0.1
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1 Fe TaC
2 e
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5| Te wmia
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14 T+ Settings:Mechanics:Speed exp..
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DESIGN OF EXPERIMENTS (DOE) ANALYSIS

Click on [Post-Processing] in

« DOE analysis post-processing the [DOE 1] model

Use the HyperStudy function
to analyze the DOE results

a2 J £ *
%2 Bporer TS Directory T mnteorty summery  [CF Paralel Coordinate |l Distrbution 8 30Scatter  \/ Gradent | |l Paretopior | Lneareffects ¢ Interactions HH

A \1 MDO_Motor 0.94250 —
Correlation |, Response D =

» L& Setup

-

0.848257

v €2 DOE 1 =l - %
. 1 e
- Q Defmrtl-on e L
Q Define Models -
& Define Input Variables 3 g( Masses::R...
@) Test Models 30'65975- = 4 m Base spee...
Q Define Output Responses » 5 ﬁ Base spee...
Q Specifications @ 0.56550 - 60
P 2 4
g ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 6 ﬁ Base spee...
7 g( Base spee...

# Report
P L= Fit1

8 m Base spee...
a0 K] % Base spee...

3
Cumulative %

Masses: Rotor
=

E L i
P OPtIMIZAtion T b 10 :ﬂ( Maximu...
E PP 3 - 1 M
» (4} verification 1 0.28275 2 # sximu
= YT o ] e e 12 fx Maximu...
4 Stochastic 1
H 0.188507 - 20 |13 m Maximu...
14 m Maximu...
0.094257 S 10 15 m User work...

16 g( User work...
17 m User work...

0.00000

E Channel
14 /\ ALTAIR
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FIT FUNCTION COMPUTATION

« Initialization for fit function computation

* Add a new fit function analysis

1

2

Right click on the project
“MDO_MOTOR_STUDY”,
click on [Add]

Select the type as “Fit”,
click on [OK]

Defiton from: | L Setup

A Add - Altsir HyperStudy™ (20.1661088) X
Label |
Varname: [fe_1 |

- Creste predictive models
- Explore trade-offs

e e X Vs
R 1 7560784 o o
2 I oese O [a]
ERS 1 21650 o [u]
4 =] [=]
s I o o o
87 | o [a]
7 7 s [] 20007807 =] ]

=T . - 2

gt

- e

MBO_EMGTOR_STUDH Enors 0 Wamings: 3 Profie: Detaut
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FIT FUNCTION COMPUTATION

« Initialization for fit function computation

* Define input matrix

1 Click on [Fit 1] — for — A S
[Select Matrices] g
‘QDOE:&moumem B seecomavces 3]
2 C“Ck on [Add Matl'IX] 'ngdgnz::::;mm -oa.wrm v l:zg..ww.\.: _ . -
e T . T T
3 Select “DOE 1” as the o
Matrix Source R @
4 Click on [Import Matrix]

Fress 10 30 an em of fype Matrs:

17
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FIT FUNCTION COMPUTATION

« Initialization for fit function computation

 Verify model definitions

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

A Define Models

Mndeleseu'ms @

Add Model - m Remove Model
1 Click on [Flt 1] = [Deflnltlon] = T Adwe Tabel Vamame Type Resource TSoiver Input File | Solver Execution Script | Solver Input Arguments | Comment
[Test Models] 1 M OptiStruct m_1 i} Parameterized File E\..\1_OptiStruct\ref_model.tpl {%5 morphed.fem & OptiStruct Sifile} -optskip -nt4 @ A
2 = tostep m_2 ‘ Operator B | hst_input.hstp ~tel to_step.tel (7] .
L1 B
. e 3 ] runEMEXFM m3 B Operator B | hstinputhstp Script_16 7 .
Click on [Run Deflnltlon] to 4 = FluxMotor m.4 A Fluotor E:\...\Connector_FM HstiComector F.. | hstinputhstp (V) FlusMotor (7 .
2 Ver|fy the models before 5 %] Flux base m_5 & Flux E:\...\5_Base_Point\BasePoint HSTDY.F2.. & hstinputhsip A Flux -batch (7] e
. . . 6 %] Flux specific point m_6 o Flux E:\...\6_BasePointHalfTorque \BasePoint. & | hst_inputhstp & Flux -batch (7] e
Compu“ng flt funCtlonS 7 = Flux thermal m_7 A Flux E\.\7_ThermahThermal HSTDY.F2HST | hst_inputhstp R Flux -batch (7] -
T ﬂ Run Definition @« Back Next ‘
ttfslwhsmdyni'ecmw ¢ Showin Explorer |5 Purge settings rluﬁ-Execn.nim-2v =
B A
Active Label Test Type Resource Sequence
1 OptiStruct QWnI! QExecutz | QExiract All {} Parameterized File ref_model.tpl 3 1
|2 tostep @ write @ Exeaute @) Extract Al ? Operator c 2
3 runFMFXFM & write @) Exeaute @) Extract Al & Operstor r
4 FluxMotor @ write @) Execute @) Extract Al Q FluxMotor E\..\Connector_FM_Hst\Connector FM_Hstfm2hst [ 4
5 Flux base @) write @) Execute @) Extract Al & Flux 5_Base_Point\BasePoint_HSTDY.F2HST e :
6 Flux specific p @ write @) Execute @) Extract Al A Flux E:\...\6_BasePointHalfTorque \BasePointHalfTorque_HS s 6
7 Flux thermal & write @) Execute @) Extract Al & Flux EA\..\7_Thermal\Thermal_HSTDY.F2HST e 7
18
" ALTAIR
Stop Run Definition Back Next
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FIT FUNCTION COMPUTATION

« Initialization for fit function computation

 Define fit function setting

Click on [Fit 1] -
[Specifications]

Click on [Apply] to confirm the
fit function setting

v Iz Fit1
O Select Matrices
v Q Definition

@ Define Models
& Define Input Variables
Q Test Models
Q Define Output Responses

() Specifications |
Evaluate

o Post-Processing

€D Revort

19
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Specifications

W e e v W ] -

V9999999999999 99

n

Label
Masses::R

Masses::R

Masses:R..
Base spee..
Base spee..
Base spee.
Base spee..
Base spee.

Base spee..

Maximu...
Maximu.
Maximu.
Maximu...

Maximu.

User work...
User work...

¥ Fiter

~, FAST -
\, FAST -
~, FAST-
~, FAST -
~, FAST -
~, FAST -
., FAST -
~, FAST-
., FAST -
~, FAST-
~, FAST -
., FAST -
~, FAST-
., FAST -
~, FAST-
« FAST-

Fit Type
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training
Fit Automatically Selected by Training

LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF
LSR / MLSM / RBF

Fit Specifics

@

5l Edit Matrix
-

Settings may be edited here
for selected responses

o Settings f() Regression Terms

ﬂ Apply

€ Bk e W)
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« Fit function computation process

« Evaluate tasks

1 Click on [Evaluate]

Click on [Evaluate Tasks] to - -
2 compute flt functions Bporer £ Drectory (¥ evaiation Tasks Evaaton Data |\, Evakation Pt | Evakiation Saatter |81
p
" MDO_Motor te y B Cross Vaidaton - Automatc | MutExecuton -2 B
» Lf Setup ¥
» 62 00E 1 [ Label Type Status Active
- B Fit1 | 1% Masses:iR.« FAST - Fit Automatically Selected by Training Not Processed 1
© Setect Matices ‘ 2 P Masses:R N, FAST - Fit Automatically Selected by Training Not Processed 2
v @ Deinition |3 G Masses:R.. \ FAST - Fit Automatically Selected by Training Not Processed 3
@ Define Models | 4 5 Base spee. N, FAST - Fit Automatically Selected by Training Not Processed 4
@ Define Input Variables 5 G Bmespee « FAST- Fit Automaticaly Selected by Treining Not Processed 5 5] £ £
g Test Models . | 6% Basespee « FAST - Fit Automatically Selected by Training Not Processed 6 (] eate Report
® SP:;:::"" shdieo 7 % Basespee « FAST- Fit Automatically Selected by Training Not Processed
8 5 Base spee. «, FAST - Fit Automatically Selected by Training Not Processed
@ Post-Processing 9 D Basespee  \ FAST - Fit Automatically Selected by Training Not Processed
@ Report 10 B Maximu \ FAST - Fit Automatically Selected by Training Nt Processed
» gy Optimization 1 11 B Maxmu N, FAST - Fit Automatically Selected by Training Not Processed
» [ verification 1 12 B Maximu N FAST - Fit Automatically Selected by Training Not Processed
» gy Stochastic 1 13 G Maxmu N, FAST - Fit Automatically Selected by Training Not Processed
14 P Maxmu. N, FAST - Fit Automatically Selected by Training Not Processed ——
15 G Userwork. 8 FAST - Fit Automatically Selected by Training Not Processed X Run Tasks
16 5 Userwork.. s FAST - Fit Automatically Selected by Trainina.Not Processed L=l
o= - -
— 2

20 J\ ALTAIR
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FIT FUNCTION COMPUTATION

« Fit function computation process

21

« Post-processing

Click on [Fit 1] — [Post-

Processing]

Use the HyperStudy function
to analyze the fit function

computation results

te Drectory

%8 Bxlorer

L 4 4 MDO_Motor
» L Setup
» 2 00E1
v s Fit1
@) Select Matrices
v & Definition
@ Define Models
@) Define Input Variables
@ Test Models
@ Define Output Responses
@ Specifications
& Evaluate

*» gy Optimization 1
» (4] verification 1
» g Stochastic 1
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T integrty [EH Summary Paralel Coordrate |l Dstbuton  |°F Saatter 33 Dagnostics 74 Resduas U0 Tradeoff |[ﬁ
Label Vamame | Category Unique NoValues | BadVolues | Excluded Range

1 Je T3c var_1 Variable m m ] 0 0 1.9808000 -.
2| fete a2 Variable m m 0 0 0 1.5923200 Catogory
3| 'Fe 134 var_3 Variable m m 0 0 0 1.4407200 1 Health

| 4 J¢ Hole  vara Variable m m 0 0 0 0.7908756 2| summary

| 5 UFe wmia  vars Variable m m ) 0 0 1.9881535 3| Distribution
6 /Je wmiB  var6 Variable m m 0 0 0 0.5985010 4 Quality
7| fe wmic  vac7 Variable m m 0 0 0 08957133
8 Je wmB  var8 Variable m m 0 0 0 0.7979540
9 /e wmc  vars Variable m m 0 0 0 07991417
0 Je 12 var_10 Varisble m m 0 0 0 13933453
1 Je ™A varn Variable m m 0 0 0 06732687
12 fe B Va2 Variable m m 0 0 0 10398859
13 J¢ Holet  var13 Variable m m 0 0 0 0.5982534
14| Te settngs.. var_14 Variable m m 0 0 0 00997303
15| Fe Masses: 1 Response m m 0 0 0 02799070
16| s Masses:.. 12 Response m m 0 [} 0 05884803
17| Fe Masses: . 13 Response m m 0 (] 0 05185557 -
12 ﬁ Basesp.. rd Response m m 0 0 0 40474993 B Channel
el - - — — - - — e

€= s tex W)

= Messages W =

J\ ALTAIR
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FIT FUNCTION COMPUTATION

« Fit function computation process

« Post-processing

Use the [Diagnostic] function suy View
1 to ana_lyze the fit function Ee oo BE Orecoy 3 teoy surmay  [OJ parteloordnate il Dstbuton |8 Scatter A restos P Tateor [EE
computation quality [ Mo0.Mor =
» L& Setup ¥
» @ DOE 1 ; = Label Fit Type Fit Specifics | . @
I v,. Fit1 | 1/ Masses:Rotor (kg) /N REF linear - Gaussian - 10.000000 J
P — | 2 B Masses:Rotor:Magnets (kg) /N ReF linear - Gaussisn - 10.000000 M
v @ Defnition 3 D Masses:Rotor:Magnetic circuit (kg) /N REF linear - Gaussian - 10.000000 0.9999999
@ Define Models 4 5 Base speed:Mechanical torque (N.m) /N ReF Inear - Multiquadric - 6.6, 09976972
@) Define Input Variables 5 5 Base speed::Speed (rpm) IV ReF constant - Multiquadric - 09188530
& Test Models | 6| % Base speed:Mechanical power (W) N ReE constant - CS21 - 65400202 | 09967632
Py ?P“D;'(':‘m‘:s""“ Paspoeses 7 % Base speed:Machine efficiency (%) /N REE Inear - Mulbquadric - 7.4 09959228
© Evaluate 8 B Base speed:Control angle (deg) /N ReEF inear - CS21 - 7.0088242 | D:9512990
@ Post-Processing 9 5 Base speed:Line current, rms (A) A MM Custom - 4.5898837 -0.0047477
@ Report 10 P Maximum speed:Mechanical torque (N.m) /N ReF constant - CS21 - 10.000000 ' 0.9990706
» \ey Optimization 1 11 G Maximum speed:Mechanical power (W) IV REF constant - CS21 - 10.000000 |0.9990706
» [ verification 1 12 B Maximum speed:Machine efficiency (%) /N REF Inear - Multquadric - 6.7. 09064563
» , Stochastic 1 13 5 Maximum speed=Control angle (deg) /N REF linear - Gaussian - s,szsam'M‘
14 5 Maximum speed:Line current, rms (A) /N REF linear - CS21 - 1.0000000 09983218
15 P User work. pt.:Mechanical power (W) s Custom 0.0533878
16| P User work. pt.:Machine efficiency (%) /N REF finear - Multiquadric - 8.5. 0.9942677
17 5 User work. pt:Control angle (deg) /N REF inear - Mulbquadric - 6.8, 09809177
18 G User work. pt.:Line current, rms (A) /N REF linear - Gaussian - 42758927 | 0.9966828
19 #. FFRICIFNCY RASF MFAN /N RRF linear - Ganeeian - 48946067 "HAOAEARD
el 4

Note: if the value is closer to 1, the more accurate is the Fit function obtained.
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OPTIMIZATION PROCESS

* Optimization initialization

* Add a new optimization application

Right click on the project

1 ‘“MDO_MOTOR_STUDY”, ST
click on [Add]
5 Select the type as
“Optimization”, click on [OK]
f Add - Altair HyperStudy™ (20.1661088) b
Label I o ]
Varname: [opt_t ]
Definiton from: | Setup -
E@ B e
ﬁr Fit =
asmd\asn: E’ e ® e e WP
— et .00 - i
C} Basic. f
“ ﬁ'ﬁ(g) e J\ ALTAIR




Optimization
process

OPTIMIZATION PROCESS

Optimization
verification

Reliability
EQEWSS
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* Optimization initialization S S e

Study View
% oo Ty o 2 oeeonnermone | @ ascn § oucomm-con Y cades
H 1 1 + f MDO_EMOTOR STUDY .
* Link to fit function results 4% o o B e
+ & bension acoe Label [re— e
& Define Models 1 [=] Masses:Rotor (kg) Al dy1ie] e
© Define o riee: P R T—— 2 a i . |8
@ et Models 3 2 MassessFiotor:Magnetic cirust {kg) 3 30 e [WA
) Define Output Responses 4 - - et R e N
) . . - g 0oE 1 spaad:bAachanical e 1 s T
Click on [Optimization 1] — M TR § & e e "
.. . © Deting npud Vessbles 1 =] Base spesdzMachine eficiency (%) ] a7 s
1 [Deﬁnltlonl — [Deflne output © vt S B seemestscomomo i s s 001 .
& Detine Output Resporses 9 =] Base speedLine curert, s (A1 iz e 90 aen | NA
ResponseS] g:fﬁ‘:““ o 0 ekl tind |0 1000 o
© revctceiy m P P
) _t,'?ﬁ:m & vefine Output Responses @ Data Sources « Objectives/Constraints - Goa '}/ Gradients EE
Click on [Evaluate From] to @ s
& Cefine Madels © AddOutputResponse ¥ ) Remove Output Response || Fie Assistant #% Evaluate from Fit Model
select all the output responses & e : -
st Miockls
& Define Output Respories Active Label Varname Expression Value Goals. Evaluate From Qutput Type ot
. - @ spechications 1 = Masses=Rotor (kg) 1 o N/A M: . Fit1(fit1) Real -
 Eusiuste g 9 . = eee o .. L
CIICk on [Evaluate from Flt g:;%wu 2 Masses:Rotor:Magnets (kg) 2 e Minimize vee PO R1(fiR1) Real -
q 2 "
3 MOdeI] - [Flt 1] to I|nk the ~ ety Optimization 1 3 =] Masses:Rotor:Magnetic circuit (kg) ] ds348 O G Fit1(fit1) Real -
gq q q 3 » O datinsion 4 Base speed:Mechanical torque (N.m) 4 ds4i8 G Fit1 (1) Real -
© Oetine ot - = -
optimization with the fit G D seseseccspreatpm > P 0 BRI R v
functlons g 6 %) Base speed:=Mechanical power (W) 6 e ves NA Multiple vee T Fit1(ft1) Real - .
& e 7 = Base speed:Machine efficiency (%) 7 e, N B T Al (fiL]) Real v
g::’wcﬂmg B =] Base speed:Control angle (deg) 8 Pt ves NVA © G5 Fit1(fit_1) Real - -
"
] Base speed:Line current, rms (A) 9 s O G Fit1(fit1) Real -
B e o= =} Maximum speed::Mechanical torque (Nom) 10 ds3018) © T Fit1(fit_1) Real - vee
1 ] Maximum speed:Mechanical power (W) .11 da i © G Fit1(fit1) Real -
12 = Maximum speed:Machine efficiency (%) 112 e O G Fit1(fit1) Resl -
13 =) Maximum speed::Control angle (deg) 13 4348 ees A -] '; Fit 1(fit_1) Real - -
1" ] Maximum speed:Line current, rms (4) 4 o I O G Fit1(fit1) Real -
15 =] User work. pt.:Mechanical power (W) 15 e O G Fit1(fit1) Real -
16 User work. pt.:Machine efficiency (%) r.16 ds8s A O G Fit1(fit]1) Real -
17/ ] User work. pt.:Control angle (deg) a7 oy, N © o Fit1(fit1) Real -
18 ] User work. pt:Line current, rms (4) 18 g, WA © G Fit1(fit1) Real -
18 = EFFICIENCY_BASE MEAN 19 oty N O G Fit1(fit1) Resl v PHYS
25 @mmate W gk nex WD
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OPTIMIZATION PROCESS

* Optimization initialization

« Define optimization goals and constraints

Click on

[Objectives/Constraints - goals]

Click on the icon o= -

to add

- 3 Goals

- 6 constraints

Add Goal - B ren
3Goal| —
S o ;IRerr Add Goal - Q Rer
2 Minimize
hd
Y ;I
© Add  2Maximize - @ add  2Goak ~
Y
0 Add & Constraints ﬁj 9 Add 2 Minimize ﬁ
0 add 2 Maximize ﬁ © add 2 Maximize ill
2 aAdd & Constraints| ﬁ & Constraints| ﬁ
26
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ﬁ Define Output Responses

W e e wm e W

B Add Goal

&J&J@m@&]m&]mﬂg

@ Data Sources q Objectives/Constraints - Goals v Gradients

v B removeGoal z Standard Constraint Enforcement @

Label Vamname Apply On
MaxPowerBaseSpeed goal_1 ﬁ Base speed::Mechanical power (W) (1_6)
MinRotorMass goal 2 {I( Masses::Rotor (kg) (r_1)
MinMagnetMass goal_3 {x( Masses:Rotor:Magnets (kg) (12 )
T d 4 {1( Base speed::Mechanical torque (N.m) (r_4)
P BassSpeed 5 {3( Base speed::Mechanical power (W) (r_6)
TemperatureWinding constraint_6 ﬁ T_COIL(r37)
T dRippl 7 fc TORQUE_RIPPLE BASE SPEED (r.21)
Temp lax 8 {x( max_temperature_magnet (r_54)
M 9 e Maxstress (153)

ﬁ Maximize
M Minimize
M Minimize
IJ Constraint
IJ Constraint
M Constraint
u Constraint
M Constraint
IJ Constraint

Type

N/A [ N/A
N/A N/A
N/A N/A
180.00000
140000.00
180.00000
29.000000
100.00000
380.00000

v
"
4

A
i
4

A
W
4 4 4

Comment]
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OPTIMIZATION PROCESS

* Optimization initialization

» Define optimization goals and constraints

Modify the goals and MaxPowerBaseSpeed goal_1 Base speed::Mechanical power (W) (r_6) Maximize

1 constraints as shown in the

following table MinRotorMass goal_2 Masses::Rotor (kg) (r_1) Minimize

MinMagnetMass goal 3 Masses::Rotor::Magnets (kg) (r_2) Minimize
TorqueBassSpeed  constraint_3 Base speed::Mechanical torque (N.m) (r_4) Constraint >= 180
PowerBassSpeed constraint_4 Base speed::Mechanical power (W) (r_6) Constraint >= 140000

TemperatureWinding constraint_5 T_COIL (r_38) Constraint <= 180
TorqueBassSpeedRipple constraint. 6 TORQUE_BASE_SPEED_RIPPLE (r_53) Constraint <= 29
TempMagnetMax constraint._ 7 MAX_MAGNET_TEMPERATURE (r_54) Constraint <= 100

MechanicalStress constraint. 8 MECHANICAL_STRESS _MAX (r_56) Constraint <= 380

Active Label Vamame Apply On Type 1 -2
1 %] MarPowerBaseSpeed gool_1 e Base speed:Mechanical power (W) (1.6) 1R Masimize
2 MinRotorMass goal 2 e Masses:Rotor (kg) (1.1) 1 Minimize
3 ] MinMagnetMass goal 3 & Masses:Rotor:Magnets (kg) (1.2) |4/ Minimize VA
4 %] TorqueBassSpeed constraint 4 fx Base speec-Mechanical torque (N.m) ( 1.4) | A Constraint v 18000000
s @ PowerBassSpeed constraint 5 fs Base speed:Mechanical power (W) (1.6 ) | ¥ Constraint v 14000000
27 6 TemperatureWinding constraint 6 fx T.COIL(1.37) A constraint v 12000000 A A LT AI R
7/ = TorqueBassSpeedRipple constraint 7 fx TORQUE RIPPLE_BASE_SPEED (1.21) A Constraint v 29000000
s TempMagnetMax constraint 8 Zffe max_tempersture_magnet (1_54) | constraint v 10000000
9 (%] MechanicalStress constraint 3 Max Stress (153) |4 constraint v 38000000




; Optimization Optimization Reliability

OPTIMIZATION PROCESS

* Optimization initialization

 Verify model definition

o Altair HyperStudy™

o

skipped.

28
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v gy Optimization 1
w (/) Definition
@ Define Models

&P Test Models

O Define Input Variables

@ Define Output Responses

———S-Specifications

€ tvaluate
— e Post-Processing
i 1mi 1 Test Models Model Data B8 °
Click on [Optimization 1] — st todes |55 Mode o
Rofnd Report
[Definition] — [Test Models] Te Sownsuyorecy [ Shown Exore e
v
: e Active Label Test T R Se
Click on [Run Definition] to - — = —= T B i
X 1 OptiStruct O write O Exeaute O Extract Al {} Parameterized File E\..\1_OptiStruct\ref_model.tpl = 1
verify the models before 2 Owe || Oeware || Oewwaa a2 o . 2
. B——R g 3 runFMFXFM Write Execute Extract Al Operatog 3
running optimization process : . 3 . ol I
4 FluxMotor O write O Exeate O Extract Al A Fluxiviol E:\..\Connector_FM_Hst\Connector_FM_Hstfm2hst [ 4
. ] Flux base O write O Exeaute O Extract Al & Flux E\..\5_Base_Point\BasePoint HSTDY.F2HST E 5
CIICk on [OK] 6 Flux spedific p O write O Execute O Extract Al 2 Flux E:\...\6_BasePointHalfTorque \BasePointHalfTorque_HS g 6
7 Flux thermal O write O Exeaute O Extract Al & Flux EN\..\7_Thermal\Thermal_HSTDY.F2HST 'S 7
s
All Responses based on solvers are inactive, Tasks "Write' and 'Execute’ will be &
@ Run Definition « Back Next ‘
3
Eﬁ Show in Study Directory § Show in Explorer | 3¢ Purge settings MultiExecution -N/A_ = @
3 o
Active Label Test Type Resource Sequence
1 OptiStruct & write @ exearte & exvract Al {} Parameterized File E\..\1_OptiStruct\ref_model.tpl = 1
[2 tostep & write & Exeate @ Extract Al Operator c 2
‘3 runFMEXFM @) write @) Execute @) Extract Al | ‘ Operator s
‘4 FluxMotor & write @ Exeaste @) Extract Al A FluxMotor E\..\Connector_FM_Hst\Connector_FM_Hstfm2hst [ 4
Is Flux base @ virite @ Execute @ Extract Al & Flux E Point\BasePoint_HSTDY.F2HST r 5 A ALTAI R
6 Fiux spedific p. & write & Exearte @) Extract Al X Flux £:\ PointHalfTorque \BasePointHalfTorque_HS . 6
7 Flux thermal &) write @) exearte @) Extract Al X Flux EA\..\7_Thermal\Thermal_HSTDY.F2HST C 7
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OPTIMIZATION PROCESS

* Optimization initialization

« Define optimization setting

=

Click on [Specifications]
Select “MOGA” algorithm e
v 4 MDO_Motor @ Eﬂm“m

Define the “Maximum > 6@ seuwp v

» @ DOE 1 Mode Label Vamame Details Value

|terati0n" number 100 < B Fit1 \J Adaptive Response Surface Method ARSM Only single-objective [ asimm fterations 50
5 (¢} A/ Global Response Search Method GRSM Minimum kerations 25
o o e \(/ Sequential Quadratic Prograny sap Only single-objective Population Size 158
4 Click on [Apply] s @ s ke

1
2
3
) Define Models 4 Y Method On Failed Evaluation  Ignore failed evaluations ¥
@ Define Input Variables 5 \AJ Genetic Al
6
7
8
9

N

@) Select Matrices

@ Test Models ® Multi - Objective Genetic Algorithm MOGA
@ Define Output Responses

@ Specifications
@ Evaluate
@ Post-Processing
@ Report 10 O
v iy Optimization 1 Showless .
v @ Definition L} setngs L3 More...

@ Define Models

@ Define Input Variables -
@ Test Models ‘Awly s e W)

@ Define Output Re

mo Eoakiste (:) iS| Messages % @ =
B r——
© Post-Processing § @ 72 Message: Finished Model ( m € ), Import Variables ( pid = 20380 )

°R=pcn | BT 74 Message: Started Model ( m 7 ), Import Variables ( pid = 13452 )

n and Refiability Assessment SORA

i

Note: The Multi Objective Generic Algorithm is a suitable method
for the optimization problem based on fit functions.
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OPTIMIZATION PROCESS

» Optimization evaluation

30

« Evaluate tasks for the optimization problem

Click on [Evaluate]

Click on [Evaluate Tasks]

%5 Bl 5 Drector

- 4 MDO_Motor
» LR Setup
» i1 ooe
v e Fit1
@) Select Matrices
» @ Definition
&) Define Models
@) Define Input Variables
& Test Models
&) Define Output Responses
& Specifications
& Evaluate
@) Post-Processing
& Report
v befy Optimization 1
w @ Definition
&) Define Models
&) Define input Variables
&) Test Models
& Define Output Responses
& Specifications

Post-Processing
& Report

i show n Study Drectory

Active Write

@

¥ Show nExplorer

Execute

(¥ Evaluation Tasks Evaluation Data [\, Evaluation Plot

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

B Eaaton Tme

Comment

EF] tertonmstoy [™ RemtonPiot Lf¢ Meraton Scatter

Active Tosk g

1 c o

2

3

4

5 %]

6 ]

@ X Run Tasks

Mult Executon - B

J\ ALTAIR
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OPTIMIZATION PROCESS

» Optimization evaluation

31

1

 Verify iteration convergence during the optimization process

Click on [Iteration Plot]

%2 EBobrer  £5 Drectory

> { MDO_Motor
» LR Setup

» gz 0oE 1
v L Fit1
@ Select Matrices
w & Definition
@ Define Models
@ Define input Varisbles
@ Test Models
@ Define Output Responses
& Specifications
@ Evaluste
& Post-Processing
@ Report
¥ Iejg Optimization 1
v & Definition
@ Define Models
@ Define Input Variables
@ Test Models
@ Define Output Responses
& Specifications

& Post-Processing

& Report

(A evauaton Tasks  [EH BabatonData |\, EvabatonPot X Evakiation Tme

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

Rteration Hstory [ Iteration Piot

| rention scatter  [EE]

| ——@— Masses: Rotor::Magnets (kg)

0 35 « 45

P

s

@ Evaluate Tasks

34 /T« PF_STATOR
35 J+ psTaToR
36 B Masses

38 Zr Masses
39 G Base speed:Mechanical torque (N.m)

20 Zx Bose speed:Speed (pm)

a1 Jx Base speed:Mechanical power (W)

&2 s Base speed=Machine efficiency (%)

43 Jfx Base speed:Control angle (deg)

44 B Base speed:Line current, ms ()

45 4% Maximum speed:Mechanical torque (N.m

or::Magnetic circuit (kg)

B Channel

4 s tea W)

J\ ALTAIR
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OPTIMIZATION PROCESS

« Optimization post-processing

* Plot optimal curvev

1 Click on [Post-Processing] @
Click on [Optimal]to seeall | ™ - ' o__,
2 the optimization results for the %0 Bober FE Drectoy - T weegy B sy PO pacleicooaiate  [f Dsvbuton |86 Satter 8 wsatter o Odnaton [ DataSources V/ Gadent R
electric motor » g ook | vesas : ; el oo e e B
» i1 D0E2 e —e ') ”
Select the Goal v it e S T ; =
3 o o '0 T BLaE40s : R L 35 T pLSTATOR
MinRotorMass O e g ‘0 e 0.."0 Y tmetanig ]
S | t th G I @) Define Models 1: H H & e 37 % Masses:Rotor:Magnets (ka)
elec e Goal ) Define Input Varizbles L1 1405 :
4 ““ ” E
MaxPowerBaseSpeed O tmmonenne [ - O
gmm gwsms : 4 Label
Q Post-Processing ngws 39 Yy Base speed:Mechanical torque (N.m)
© Repor
v W Optimization 1 LIEHS ‘*o
» & Definition
gmm @ I a7 m - ! |“;).'sz B 4% @ B comel & Bubbe
@ Report @ e W)
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OPTIMIZATION VERIFICATION

« Verification initialization

* Add a new verification

Right click on the project

o o 57 oo ks

1 ‘“MDO_MOTOR_STUDY”, o
click on [Add]
5 Select the type as
“Verification”, click on [OK] :
o Add - Altair HyperStudy™ (20.1661088) x
Label: ]
Varname: [verify_t J
Defrition from: | Setup. -
) Ry
T i ==
asmmasn: - e mp
C‘F Note: The results of optimization problem based on fit functions will need to be
""* e ‘ check with real model.
J\ ALTAIR
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OPTIMIZATION VERIFICATION

« Verification specification

 Define verification mode and original value

| N ! B
Click on [Verification 1] — e B e

1 e . [ peine input Vasiables =

[Specification] I - ‘ e,

o T — @
5 Select the verification mode
as “Verify Optimal”
Verify if the value is from the

3 “ L »

Optimization 1 St
4 Click on [Apply]

X settrgs

Bow| Ewa e
9. {458 Warings: 1849 Frose: Desaut
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OPTIMIZATION VERIFICATION

* Verification evaluation

» Evaluate the verification tasks

Click on [Verification 1] = & e & o B i @ e o B b B (2)
778 vefine input Vasisbles .| +
[Evaluate] - e e
- 1 poe Wiite Execute Estract Comment. "
. . . . = @ Defintion !
Click on [Multi-Execution] to define & bt
& Test Models

the multi-execution number G pancOupareprs :

<
m

& Specticaions
© Eusune

oooooof 5

© postProcessinn

3 Click on [Evaluate Tasks] e ;

© seetMatices o
= & Defintion
) Define Madels
& Define inpun sisbles
& Test Models ik
& Define Gutput Regores "
© Spectications 5
© Eususee
& Port-processmg
© Repor
+ [ Optimization 1
* © Deition
© Dutine el
€ Define inpus sisbles

FIFIE

QEEIEEEISIEIEEIEEIHEIHEIHSIESIEEIEEI@KIEEIE?

<]
g
g
F
a8 YN RN

0 e
eswn ﬂm\mrm 4 sk v WP

e
Evahuste Tasks @ Ers 455 Warmings: 1543 Fofée: Detaunt
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CONCLUSION

Both direction optimization method and fit function
based optimization have been used and tested in
the MDO platform

Both the optimum found by the two method

fulfilling all criteria

The fit function based optimization can save
more time in the optimization part

38
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