J\ ALTAIR Altair romA| T EREME ISR




romAIBIBEAY

'

B7SHRE

¥4 - ROM - H5ill

loT RT simulator Control
Optimization

(=R =T = I RN - SV S

time

0
0.005
0.01
0.015
0.02
0.025
0.03
0.035
0.04

S P BeE By B

B

C

D E F

Xref_mm  Yref_mm X_mm Y_mm X_dot

o 0o o0 o0 o oo oo

u(t)

0
0
0
0
0
0
0
0
0

0.1478 2.2971% 0.002035
0.14781 2.272156 0.001635
0.147817 2.256972 0.000992
0.14782 2.247762 0.000601
0.147823 2.242176 0.000365
0.147824 2.238788 0.000221
0.147825 2.236733 0.000134
0.147825 2.204182 6.809494
0.21592 7.145639 1891097

G

Y_dot
-5.00691
-4.02188
-2.43939
-1.47957
-0.8974
-0.5443
-3.46057
-9.0794
-2.3765

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

H |
TX_deg  TY_deg

-0.13154 -0.75129
-0.1229 -0.64688
-0.11618 -0.66437
-0.11099  -0.7383
-0.107 -0.83284
-0.10394 -0.92927
-0.10162 -1.01857
-0.09988 -0.74168
-0.98047 -0.34767

f(x(t), u(t), )

g(x(t),u(t), o)

»flow

MTc2

M Tr3

™ current

» T .
L

v

°
/ \
25023.“‘“

--.._.,._—-

romAl

NATIVE

Y

fm

FUNCTIONAL
MOCK-UP
UNIT

current
10+
— 67
z
o=
-6
=10 T T T
10000 20000 30000 40000
time
Volt
36
3.2
= 28
24— alt
20 T T T
10000 20000 30000 40000
time

y(t)

SUPPORTED STD

Y

J\ ALTAIR



romAITZBEMNF

welocity_magnituge
ting <03

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

current
10000 20000 30000 40000
time A B c D | E F G H (| *
1 tme  Xref_mm Yref_mm Xomm Y_mm Xdot Ydot TXdeg TY.deg
Volt 21 00 0 017 229715 Go0atss 50061 03154 Grstm
3 3 0.005 0 0 0.14781 2.272156 0.001635 -4.02188 -0.1229 -0.64688
224 4 001 0 0 0.147817 2.256972 0.000992 -2.43939 -0.11618 -0.66437
Sog 5 oo 0 0 014782 2247762 0.000601 -147957 -0.11099 -0.7383
24 Voit 6 0.02 0 0 0.147823 2.242176 0.000365 -0.8974  -0.107 -0.83284
° 7 oo 0 0 0147824 2.238788 0.000221 05443 -0.10394 -0.92927
2 10000 20000 30000 40000 8 0.03 0 0 0.147825 2.236733 0.000134 -3.46057 -0.10162 -1.01857
time 9 003 0 0 0.147825 2204182 6.809494 -9.0794 -0.09988 -0.74168
0 om o 0 07150 2145030 1RG100) > 7S 0% 0 267
N -~ —— —
1 J-lJ
730 \ I II E.II BXJU
° kals
Temperature [°C] } v flowKg/s] Fx
475 Tome7 o}
0] . Cell Voltage [V] 0s e o
425 25 07 . Y(X) => Ref (RED) Actual (BLUE) =T
4007 06 ! 20000
. o = —
35.0 90 k
225 25 o 00 25 50 75 1
time
a| 20 03
300 ——T_90000139 - ROM 601
o] T_90000139 - OptiS - o Fz
| —_— - NN
25.0 ! ptiStruct , | 01 —_ 30 25000 P
225 T T T 100.00 929475 18489.50 2768425 36879.00 25000 il
125 250 378 500 time [s] %600 0.0375 o‘.ovsa 01728 0.1500 E 20000
time "“J 0 = 15000
o forc N] E = 9000
Temperature [°C] “ prv — o
B Cell Voltage a0{ | ——— 7 [5000
4 o 25 50 75 1
507 60+ time
357N
457 T
30 -90 y
407 1
zes b —
35 -120 1000 ful
20 120 90 60 30 0 30 60 90 T 750
- ——T_23871 - ROM . R [mm] <
mm 250
257 —T_23871 - OptiStruct , m o3
o ! ; ; 8.00000E+02 265673E+04 523345604 7810188404 1.03869E+05 W 250
1% 250 75 500 time [s] abooo 00575 00750 01125 0.1500 %y P =0 75 et
time time

J\ ALTAIR




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

romAl TE{ERRE
AEEki AR M

romAl Director 2021.2

Preprocessor  Builder  Viewer  Time Sim

TrainData Fie: L TRAINNG_MATHiromAIL Browse.

Dataset size: 30001

. Deiishes Inputs:2 X Oupuis:2 X States4 X
time F1 s1 sl
B r2 2 "
vi 82
2
v2
F1
F2
state var derivative
Physical constaints i o
21
352 w2
i
Input Qutput State
romAl Model Folder: Browse.
romAIName

®

Net Archtecture:
Madel Type:
linear non linear

Training Parameters:

B ouput Normaiization Early Stopping
Tip:>5
Epochs 0 Regularization Coeficient 0
TestspltRato: 02 Cross-validation Spit Ratio: 025 I
Save Session. Load Session Resel Train

—— training
—=—- validation

0.4

Mechanics

TX_ deg M 03

o
X_dot ."'>-'.'._"<=>b<.
4Y_dot

A
error

TY_deg f« 02

romAl 01

0.0

2

rO m A I ° * ‘:;:jeratior?cs] % e




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

HEHEYERFRIECIRE (MEREMZ)

comp_Forc_1 o) x
X ACC_at
o
2
21
-4
E
a_re K 1
= l 00 25 50 78 100
time
c=c ACC_a2
d=d 0.1
0.06
0024
-0.02
-0.06-
0 25 50 75 10.0
time
rel_Disp

F; = ma, d’x cdx K ‘/\AN\/\/\/\N\M"/\/\/\“

[ _l_ _ —l— —x = a -0.00067s 75 = 75 100
dtz m dt m 1 F2

Fy = Kx + ¢ i?w%mAWvakﬁﬁwwwwﬂﬂw%
= X C — -0.021
2 dt :DDE i |

1
Il

rel Vel
d2x d*x 2
= —_— ., — a1 — Ay =
A=At 5 dt? 3

IBiehRER

0 J\ ALTAIR



EFromAIREEER ARG SINE

romAl Director 2022

Preprocessor = Builder Viewer  Instance Eval

TrainData File: SiFangromAlProj\SiFang_Phase3\10PhysicsBasicStudy\DataExport_sd.cs

Transfer Learning

romAl Model Folder:

romAl Name: rom1

Data Labels: Inputs:2 X Outputs:1

time: ACCN1

Forc
ACCN1 ACCN2

D:\03_Project_WD\SiFangromAlProj\SiFang_Phase3\1DPhysicsBasicStudy

Browse...

X

0 x
? Quit

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

Dataset size: 108352

Browse...

States - X

ACCN2
DiffDisp
Forc
Flox

Input Output State

Net Architecture:
Model Type:

linear non linear

Training Parameters:

Check Points

Epochs: 10
Test Split Ratio: 0.2

Tio:>5

Save Session... Load Session...

INER(EABAN, DHHEES

Output Normalization Early Stopping
Regularization Coefficient:

Leaming Rate: 1e-3
Cross-validation Split Ratio: 25

Reset Train

romA ISR

-0.08

—>__<.>__<~ Fore
eo—

3

BB MR BL0SE N

J\ ALTAIR



HFromAIBRMIBEMIREBLERL S M

bode b-F = 8.246306E+01
bode 7 -F = 1.098576E+02
Mode 8-F =1.434572E+02
bode 9-F = 1.640329E+02
bMode 10-F = 2 3874948E+02
bMode 11 -F = 2.567569E+02
bode 12-F = 2.804139E+02
bMode 13-F = 3.074962E+02
bMode 14-F = 3.235824E+02
bode 15 -F = 3.6486495E+02

Element Stresses (2D & 3D) (2D)

0.12502]

0.02717{

-0.07067{

0.16852

176

29.42068

HTFOptiStructlzsi

29.46960

Time

2951853

2056745

5

2961637

e dot
30007
2000

1000

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

IEENEHES

100

20 ) 40 50 60 70 80 a0

M16303673_ACCY

700 800 900 1000

SingWonMStress_16307810

20 30 40 50 60 70 20 o

SingWonMStress_16307810

200 300 400 500 600 700 800 @00 1000

J\ ALTAIR



EHFromAIBIR/IBEMTRBY ARk

romAl Director 2022 :::

Preprocessor - Builder © Viewer  Instance Eval

romAl folder: D:\06_Activate. WD\romAl_StructLF_Study‘\romTest\totalrom_F220 _linear

Training Parameters  Net Architecture
N16303673_ACCY Filtered  SingVonMStress_16307810

Model Type:  [linear N16308653_ACCY_Filtered | SingVonMStress_16309255
Activation Functic N16308661_ACCY_Filtered
Hidden Layers: -
Neurons x Laye - * 2
Accuracy Check v
Dataset: D:\06_Activate_ WDVWromAIl_StructLF_Study\OS_Model\F220_SL1.csv

State index/Output:

Inputs: Outputs: States:

Browse...

Browse...

output: SingVonMStress 16307810 Filterec

0.4

output:SingVonMStress_162
output:SingVonMStress_1682 0.2

0.2
0.1

0.0

predictions

0.1
0.2

.......................... c 0.3
Plot i Delete Plot

04

B I R P 00 01
targets

R squared: 0.9828

EFromAIRYFERTTRE)|

Zx

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

Stress Elem16309255 ::::iiriiiiiiiiiiiiiiiiiiiiiiiiiiiiiin

0.29387

0.19787- n

0.10187- “ “

0.00587-

— ROMAI

Simulated

-0.09013 U u "
-0.18613 ' ' v

-0.28213

2214936 2224536 . 22.34136
time

PR MTREUAS R IRIE

2243736

J\ ALTAIR



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

42 =
rOIIIA LN \“ ¢ I \“ Stress Elem16309255 ::iirrrciirrrriiinrrriinnn i
125
Simulated
pE—— o | 1007 ROMAI
S I T |
R R o
= 0.50
T | 0.25
JR—— - T 0.00
e -0.257
[EE— -0.50
-0.757
Bt 4
-1.007
6000
N16203673_ACCY 195 ! !
4000 g.ooo0o0 26.66667 53.33333 80.00000
2000
0
Stress Elem16309255 Jicccororriririoonnrninrnornnnrorrororrnienininiininnnnnnnnnnnnnnnnnii
-2000 1.25
Simulated
-4000 1.00 ROMAI
-6000 T 0.757
10 20 30 40 50 80 70 8
0.50q . n
FFT '. .
. o.251 . A 2
N16303673_ACCY .‘
0.001
50 {
-0.25-
40 V
-0.50 4 "
a0 ' y J
-0.757
20
-1.00-
10 1
~Zass 24760 24762 2464 2466 2468 24770 24772 24774 2476
Uﬂ 100 200 300 400 500 600 700 800 900 1000 tme

romAIfEMNIEE BT HINEE ST A N HZEER K 50ptiStruc RS EXT LY
9 J\ ALTAIR



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

HFromAIRIR IFEM IR -
FEE SN EIREINEXxyz= A RsSinEE, &t ]
romAl SHEE SR BEMITBMI,, MANEE
Tl S T B R AN A S e
BT LGRS R RS

RiEERTTHIITTS
ROMER

PN ARES Z )
IEE

PO RS XY Z
EYINEIE

a 2\ ALTAIR



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

Ea=FIS5CAERISMA: EFromAIREHZEEENNI ﬂl:ﬂStQt‘I‘

DIGITAL TWIN FOR DESIGN
OPTIMIZATION OF
BULK HANDLING PROCESSES

o ROM Generation Optimal design

PO PRGNS DR e W Al ST 0a kg

Data Generation
through a DoE
Mass
o] °
/ j |

H‘gh ﬁde"ty . Fast 1.0 model (<1 &)

Modelling

J\ ALTAIR



NeaFISCAERISMA: EFromAIRFMZEIRILERCIZIT

EtaECAEIREY

e EDEMIRTY 07
> 1HERYE: 1K 05

0 20 40 60 80 100 120
Time (s)

fREEEL (s1) @ ERSIHSE

onfidential. All rights reserved.

Optimal design

e amon 10 B sparmat par merer 2ot

J\ ALTAIR



served.

NBEFIESCAERIENA: BEFromAIIEMEEILERMLZIT
BT DOEA A EUE

{553 x 3 Taguchi DoE—{X 5 £ FHFiR1TAI33%

Training runs - Taguchi DoE (3x3)

Run m (1) w (rpm) ¢ (deg)
1 1.6 8 0
2 1.6 12 225
3 1.6 16 45
4 2 8 0
5 2 12 225
6 2 16 45 w
7 24 8 0 =
8 24 12 225
9 24 16 45
Testing run — Random values
- G EE Run m (t) w (rpm) ¢ (deg)
10 224 14.7 344
b - 1HEESD
w — JEREIEE $=225|m=2t

.\ ALTAIR



confidential. All rights reserved.

tNEFISCAEMSNA: BFromAIREMEBRIIERMZIT
PR

romAl 158 i

State
variables

S 1 %13

C)

Characteristic 07
parameters

4 20 40 60 80 100
Time (s)

Testing run — Random values
m (kg) w (rpm)
147

Run
10 2240

¢ (deg)
344

= romAl
dataset

No DoE training data |

>

| Extrapolation to final state |

N\

———

F3 ) 75 100 125 ko 175 250 28 2%
Time

120

Altalr Actrvate Business Edibon 200
Fie Edt View Took Spice Imget romAl

Save Sessicn. Load Session.

T 12
? O
Browse.
X Suten X
Browse.
Neurons x (Hdden) Layer
2020
Reset Tan




onfidential. All rights reserved.

z2FI5CAERISRNA: EFromAIREMEEILERMGET
BB TR AT

FETURR (EELIUANE) THE505 TR FROSE SIS

Optimal design

g s 9 s o e s

..e;q \F \au |<¢a U' I o b=

16+
Event time(s)
tf
g_ -
1.24
0 No DokE training data ‘
1.0+ »
Optimizat To Base | Extrapolation to final state |
k w

= 0.8
cost_optp /
0.¢

T T T T T T T T T
25 50 % 100 125 150 175 200 25 250
Time

ETEMERRI SR IIE

@ Q

J\ ALTAIR



THANK YOU

altair.com

@Yy 0B O

J\ ALTAIR



