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» Background of Study

Smart Manufacturing Technology - Digital Twin

Digital Twin
« 22X =Y ALEC VY 2R S T5510] ZUEE, AlZ2E(0|Y, 0|5 242 7SOt 22 M, Cidet M 5
M EE Z2E, ditd g A FEMUS 228 = A=l 7=
MEdd 37 Digital Twin
- SN AHE Y SE0IM 2l Digital Twin 7| &2 &7 Oi70 4= Hot0f [HE HES AT 2 FEOH o =517] 23,
AN 71872 Q0= #AIZECAE MEH0]M 7| S 7+ o= 7|20] 2751 UAS
d R 4 R
Physical Injection Molding Process N Real- time Injection Molding Simulation
I Production Data
* Resin type " -
1> | * Injection-molded [F----% I I l
i product
]
1 2082
M M ™ i
ocoo -{-
Machine Machine Machine * »
t t t <
Injection molding process condition Process optimization
Melt temperature, Mold temperature, | ¢4----J ° Optimal initial Y i v I I I
Injection time, Packing pressure, injection molding [ - o)
s ‘ooline fime ... diti
Packing time, Cooling time Pro€ess concitions 1;rr?;1g:ctt Fill Time | Pressure | Warpage
* IM: Injection Molding
. J/ . J/
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» Background of Study

Injection Molding Process Utilizing Digital Twin
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A A|ZH A E2|0] M 7%t Digital Twin 7| & 2| S|
7 =

|1E & A=dF Al 220|852

o =

Time

Injection molding system

RSt K|S A 7

o] SN Si4 o= ALt H[E0| =0f, ZAIZt HE HEO

m AUTODESK Moldflow

Moldex3D

MOLDING INNOVATION

2
DS SOLIDWORKS
PLASTICS

SIGMASOFT

Commercial injection molding simulation software
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» Current Research Progress
Surrogate Model Using Graph Neural Networks
A
v' Graph Neural Networks (GNNs) 2| 2 =X
_ Relation Nets Spectral Spatial
; antarn ot a 3 phSAGE
((I;A\;)S; eztoe:I.” ‘amilton etal. Efficiency for
Original GNN GG-NN Pro%r"ams as Graphs [NIPS 2017) y H | _—é—_%)&l §-%&||
- Gorieta. = Lietal Neural MP SamaEms o —>| Large Graphs
(2005) (ICLR 2016) 5 NRI
ilmer et al. GAT <ipf et al.
ICML 2017 \ 3
| | gl s [P 2= 9| Laplacian matrix & elEet O X Node®
ICLR 2018 == e -
GCN ( ) Methodology x}_ol_ __'I_Ojl- E_-é-H = XO*E% _T|_E1O+(J1 c)|_:IIH
i i TT8X
f}‘g&‘g’;ﬁ"&’f “DL on graph explosion” = o= NOdegl Jg E% % E” Ol E
Other early work: o -
- Duvenaud et al. (NIPS 2015) Direction B HtskA HiskAM
Spectral - Dai et al. (ICML 2016)
p ChebNet - Niepert et al. (ICML 2016)
| GraphCNN | oo rard et al. - Battaglia et al. (NIPS 2016) Apbplv t
('Iséll‘_"f;éf;-) (NIPS 2016) - Atwood & Towsley (NIPS 2016) pply to a ° .
- Sukhbaatar et al. (NIPS 2016) New Graph O-I E:| 2 7 |'3 oDI-
Mgl = = Structure
GNNo| HHM SEL
History of algorithms of deep learning on graphs
[ I
GNN GG-NN GCN Neural MP GAT - =& Q8 HolEAM
Gori et al. Liet al. Kipf & Welling Gilmer et al. Velickovic et al. L » (Cora, Citeseer, Pubmed)
(2005) (ICLR 2016) (ICLR 2017) (ICLR 2017) (ICLR 2018)
, s |+ ST AEEg HlojE A
(PPI)
Spectral
Gr;"’; &N ChebNet MoNet GraphSAGE NetGAN
Bruﬂa et al Defferrard et al. Monti et al. Hanilton et al. Bofchevski et al. < Airfoil = o 7| oSk 01' =
(CLR 20 15') (NIPS 2016) (CVPR 2017) (NeurIPS 2017) (IMCL2018) TeEo "5 =

\_

*University of Amsterdam
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Previous Studies - Summary
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+ AHE dd X AlE8|0| M8 7h53tof et x| 2 A7 S (1/3)
Date Predicted Geometric  Geometric Process Condition
Journal & Authors Used Model Value Accelerating Dimension | Hlexibility Flexibility
Structural and Multidisciplinary Machine Learning |
2022.10 Optimization (IF: 3.6) [XGboost], (Fill Time) x17 3D 0 X
Uglov. et al. Deep Learning [CNN]
Injector gates features a—
|

Predicted fill time distribution

&

Predicted defiection distribution

g ; % i VSDYOJeC(IOH

Projection of features

to 2d maps
—————————

convolutional encoder

Low-res predtcﬂon

Upscalmg of

2d prediction
map

@ @

Limitations

v [Geometric Flexibility] XHEFE |2 E HET WM Gate RIXIE EHT = U+ Feature vector 2 AFE S Gate E 50|
Cioh utsldt 7hsel

(o) ="
H =,

v’ [Predicted Value]

=0 AHESHA| ES.

59|. 7I-2 A|-’=
v’ [Process condition Flexibility] AFEd & 37

ddZ21=0]| tiet o =0] O|R0{X|X| H&

=2dd 380N Fa =y
ZUHEYE 2, X 25, FY A2 d2 AlZH S)2 Input parametersE S
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> Review of Previous Studies
Previous Studies - Summary
<+ AFE 49 X A2 0|4 715210 Bet 22 A7 S (2/3)
Predicted Geometric  Geometric Process Condition
Date
Journal & Authors Used Model Value Accelerating Dimension | Hlexibility Flexibility
Marshall Plan Report: Scientific 2
Machine Learning for Injection Graph Attention (Shrinkage-
2024 Molding Simulation (Report) etwork Warpage x10 2D 0 X
Pohlmann. et al. (2024) (Ux, Uy))
wy Training set, mean error: (.58
i,l,_, xr ¥ x & =x II__ll||||-||||-|||||||-||
[ | by o : OF ]
I - T T T T s .nw""':;—w.": ’ ”,._l ]l ] [ Il I I] 1
: e ™= E ™= ™ ™ ~ep? P Eo o el -2 ! ]l[
— - = = = : lll ? H 567 x t)luulmul :1!‘1‘12-:1[!31912?
) GMMI_}_f':,:”:ILM_Wm o “H:Ni:m:h.\]MW“_MW : Unseen set. mean error: (.60
double-T shape. the dataset. ' 1.5F 1 ! ! E
: LOF E
Bounds  Npoge L w ws o hy h:  Am u W 05 F L $ ; HE 1 ; 1
e T 1o b oame o omw sam oues bom T e 2w m W
Dataset of Diverse Similar Geometries (b) GAT (b) GAT
[ 4 @
Limitations
v [Geometric Dlmensmn] 2D 240 2] 200~500712| H| ™ K2 =9 NodeZ O|F T MeshE L= REZ AIEE.
v’ [Predicted Value] STA|ZH &3, 229t 242 ArE2dd SHM =2 ddZ0E0| Cist 00| O|FO{X[X| 3.
v [Process condition Flexibility] Af*M d 38 2UEY 25, X 25, FY A, S A2 5)E S| 2z &
15k0] Tltet,
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> Review of Previous Studies

Previous Studies - Summary

<« AE 89 A A2 0] 7h53tof 2ot 22 AT 3 (3/3)

Geometric Geometric Process
Date Journal & Authors Used Model Predicted Value Accelerating . . o ere Condition
Dimension Flexibility oo
Flexibility
Composites Part A: Applied Machin Learning 4
2024.10 Science and Manufacturing [GBRT],, (Fill Time, Cooling Time, x20 (1 Value) D 0 N
0 (1F: 8.1) DeefFIf\%%ﬁmng Volumetric Shrinkage, ~ x200 (Gate)
Greif. et al. Fiber Orientation Tensor)
o S——— / Geometric Information at each node ~N
* Meshed geometry « Fill time
= Injection points » Volumetric shrinkage
= Flow rate at inlets = Cooling time
« Fiber orientation

g

e
V\,

Workflow for the proposed fast approximation

Node encoding
|-
Normalization
|
Trainable regression model
<
Denormalization

0.4
' Wall Distance Dw Flow Distance Df
D,

Relative fio

A

Feature vector N

Input feature 0

0 0.2 04 0.6 0.8
X* — (V’f" , v* ‘/“" , Dl‘ , v“ D;*, Dw-; D;' s V‘ D\*‘ s) Value for iso-volume computation ¢
Relative flow volume V{

Output feature

*

Y = (t?m ) t:m,] y Sm] y A) Shortest Distance from Gate Di
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> Review of Previous Studies
Previous Studies - Summary
<+ AlE dd =X A|E2]0]Md 715 2tof et =2 AR S (3/3)
—e— Moldflow GBRT
—&— Naive —— FNN
) Prediction 0.3s (b) Prediction 0.05s (c) Prediction 1s ) Prediction 2s Aa
( \ 4 . - . \
(e) Simulation 0.3s (f) Simulation 0.05s (g) Simulation 1s (h) Simulation 2s S
Worst four geometries with highest fill time RRMSE Comparison of Actual and Predicted Values Using RRMSE
[ @
Limitations
v’ [Process condition Flexibility] AFE 8 38 ZHEE =2k, X 2%, FTY A2, HZ A2t )2 K| ZHLE &
2dsto] Tllst
v’ [Predicted Value] 22, 22 2f Z2 AFEdd SHOM F2 ddZut=0f ot 00| O|F O X|X| %2,
v [Geometric Flexibility] AFE = & HES2 He| HE7|BHEOIM 2EEHO A2, GaeHA EE| H2)2o 2 Y LHF
Cavityl| F7H7F S439| B2t s e 8% X7 I Edd5t= & 5§78 &0 tiet 2| otA 7t EXjgt.




> Research Objectives

Acceleration of Numerical Simulation for Injection Molding Using Neural Networks
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A7 RE

. AHEAE CAE AIBHI0IM 7H53HE I3 1= M

L HBEU ML P4 3
X

2SS0 AEEE By T

o 7|dh CH2| B A7 W B TN SR E 242 53 AN
28 3D SN H AIZH 01N Th4st 2| R Y Jg

S =
12| SRS Moty d TNo 23 7tsds &2t 4 S2|F 0=

'd . . ..
Geometric features for ensuring generalisation performance

3D Model

Process
Condition
Flexibility

Geometric
Flexibility

Analysis of Geometric Feature Importance




> Research Methods and Theory

Graph Neural Networks
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Graph Neural Networks (GNNs) : 't =(Node)2t A X[(Edge)= O|F Ol i =22 O|O|H E X 2|dt= AEY

* Node 2} EdgeZ O|FO{Zl 2= L& 2} Finite Element Method (FEM)2| M| % (Mesh) &&= 7+ 28 FAFI 2 7HX| 12
oo

N =]

—

2 & S ZEE 7K Ao, M2R2 A E F2ME2 8o HE 7Istt
Untsl 452 =R
( ) (
Node
LV ge
Graph Data Structure Mesh Structure in FEM
. / . J/
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> Research Methods and Theory

Surrogate Model Using Graph Neural Networks
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v" Graph Neural Networks (GNNs) : Node2} Edge 2 O|FO{ &l 2= =0 G|O|HE XN2|ot= AdH
+ Node 2 EdgeZ O|FO0{ %l 2= F+ZX 2} Finite Element Method (FEM)2| mesh &&= 7+ & FAIEEZ 7HX[1 /U S,
* Node?Zt2| #AHE ot5510] Y ZFHOM 2= 7K 2 AS. MER 2= FRMER 40| B &7Isot
Uust 452 2 QY
e N [ N
Node @) Gv A B C D
Edge ‘Q‘ A 1111 Sl el
v B | 1 ol o xg | ¥ | zp
c 1 0 0
e D 1 0 0
Graph Data Structure Adjacency Matrix A (4 x 4) Feature Matrix X (4 x 3) Weight Matrix W
Featu-‘ector Activation Function x A
m I+1 / 1 1 4 I
oae ® I =g (HOwW®O 4+ BOWO H 5O O + HYW O p0)
Edge ‘ode
/ - - U+ U(AH(J)W(I) +b(”)
EG k—1
=0 w,- ———+ By, - hk™?
I L e
\ Mesh Structure in FEM / \_ J
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> Research Methods and Theory

Surrogate Model Using Graph Neural Networks
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v FEM 7|8te| AFE8d CAE Al 20|18 7}531E flet Q2= MFT 7|He| 2| 2 71 Zof cieh M7 A+ THA|
ASLZLES 0|2 FEMZ|EH ALEdE A EE01E 7h=53t

@ @ M3 O 0JAf O] S5t =&

22 $X|7l SEL cavityljo]| 2ZHHEE
- == avityHl=| S =
A== QIolE{0) HESH AlZO} =2 EFAH ST T =y
22 IO|E{0] HESonNs A EAY S5 M L}E}LH 4 ol = S AL X EFAH Bl X{O|
. EX oA HAMMOF E25|= B AT} OFL]
+  Graph Sample and Aggregate (GraphSAGE) ;_g_xTol- sl 7—|;a?§u|rl}4 a7t ord
*  Graph Convolution Network (GCN) Sso| EXS LIEIY & 9l 2| EMS
. . To=l So= 2 T M 2T o=
* Graph Attention Network (GAT) IOlAIL BIAF &l L1 EFAH
il:lo L OO Cl!E [ B |

ZIZMEEE RES 0|80 = MFY 7Y CiE| 2o HEY =l o 2tist 45 =el
- Cylinder 32| &4 A=0| LetEl HARZIE FHHE| RHS ALESI0], &8 Ar=dF A=
04 21 HIO|HE 8¢ GNN Z|tte| T2 R H dd 3l @X HS.

@

Hyperparameters Tuning SAMEHH dHskr 2A

«

» Optuna »  GNNExplainer (PyTorch Library)
» Grid Search / Random Search » Captum (PyTorch Library)

¥ ¥

Hd=x=#H [Melt, Mold Temp., Injection Time, Cooling Time, Packing Pressure]ﬂf

TS ZHE DHO| s YHIE YES WIHB S Y ALY MY A AS

MZ2 AlE
M2

ok

Mo
N

stat

a3

=T AT
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S. CASE STUDY 1

» Current Research Progress

Rectangular cavity model with a cylindrical insert
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v/ AY MU0l Y= DMLY

o
rir
ok!

7 Rectangular cavity model with a cylindrical insert

~

It 2 4 (Rectangular cavity model with a cylindrical insert)

t t t

| Polymer | | Melt Front | | Air | I

1lpha

\ / Filling time 0,036s 0,038s 0,040s 0,042s
v A MAS0| Q= ALY WE B3 (Rectangular cavity model with a cylindrical insert)
2| 2820 ¥ HUE T S E2 S E =E|(Flow separation), %Hd(Weld line), THH 4 Holol 22 EH 2
ESIH, Ol= =2 S0t 7[5t ™ L xR0|Mel = Ol3fdt= Ol F&%t &S M.
14 —

*Injection Moulding Simulation using OpenFOAM
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» Current Research Progress
Rectangular cavity model with a cylindrical insert
v Experiment -1
« 3702 Hat Of 7 H==(h, Center, D)E Z2SH0] “d-dot 27702 BHO| A|Z2{ 0|4 H|O|E & 0| &3t stg T,
Model h Cylinder center point D
o Information Value 1 2 (15, 8) 5
Tetrahedral Element 187511 ~ 189815 s o .
Cylindrical insert Connected nodes 34186 ~ 35785 P 2 [20.10) P
Volume (amd) 1511 an3~ 1537 am3 5 2 (20,10) 7
6 2 (20,10) 9
Conditions Value Unit 7 2 (20, 6) 5
Melt temperature 200~250 °C 8 2 (20.6) 7
o, 9 2 (20, 6) 9
Mold temperature 30~70 C -1 58 .
V/P Switchover 100 of total volume % o (5.8 ’
12 4 (15, 8) 9
Padking pressure 10~30 MPa 13 | a (20, 10) 5
Packing time 3~18 sec 14 4 (20, 10) 5
. . - 15 4 (20, 10) 7
é\' Cooling time 30~60 C 16 a (20, 6) 9
a Injection time 2~10 sec 7 | s {20.6) 5
Gate . 18 4 (20,6) 7
D> ; LOTTE CHEMICAL v | e s 0
| b 2o =2 -
Z z 0 &8 !
4 @ Description 22 [ (20, 10) 9
*—’ X is dosignod o be processed n conventiondl njectin eldig squiprhant U0 shows good 23 | 6 {20,10) 5
:‘n:‘;n::’ :'t::ﬂ‘l-’m :.r:: :::::»:v; ::;:K‘;;‘m and stiffness. It is typically used in production of ” p 20.10) 7
@ Applications 25 [ (20, 6) 9
*Housewares and general supplies . 7 . 20.6) 9
27 Model x 50 Random Process Condition = 1350 case [ | s (20.6) 5
Unit: (mm})

15 —



S. CASE STUDY 1
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» Current Research Progress
Rectangular cavity model with a cylindrical insert
v Experiment -1 (Test)
e - x e |
o S50 AFEEX| 2 MER FY IRt MER AME S U S 4= 22 371 & 0[850 Test L.
(22| A4 07 H==Ql h, Cylinder center point, D2| X|=&= 25 S50 AIEL|X| X2 MER X|+=2 203
[Actual Fill Time (Denorm) Predicted Fill Time (Denorm) Absolute Error (Denorm)
Model h Cylinder center point D
28 3 (18,9) 6
= -
29 5 (17, 7) 8 L—_ L—_ m R
30 7 (22, 9) 10
Unit: (mm MY s il VR LT M LT S o e T e
Unseen Datasets { ) Actual Fill Time (Denorm) Predicted Fill Time (Denorm) Absolute Error (Denorm)
3 Model x 50 Random Process Condition = 150 case
=’.7 J - gf 1 ‘
40 LI delyplfilime , ,, — L) pregafilime g — nm 0152 W O il
35 Actual Fill Time (Denorm) Predicted Fill Time (Denorm) Absolute Error (Denorm)
N 3.0
g 25 g
% 2,0::
’ -~
0.0
SR Sl 1 el VS IR TN Ll ST IR TN S

16 —
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» Current Research Progress

Rectangular cavity model with a cylindrical insert

‘/ .
Experiment -1 (Test)
i tt lot
scatter plo
Fill Time
Predicted vs. Actual Fill Time: ModelZ6_0_Case1_j150
B Predicted vs. Actual Fill Time: Model28_0_Casel_j150 Predicted vs. Actual Fill Time: Model30_0_Casel j150
" 5
H
|
N
o
E u
£ £
Es =
£ 3
& :,
s &
1
. 1
. o 13
T i T i 1 * o 1 2 3 4 o 1 2 3 4 5
o 1 3 4 5 6 Actual Fill Time Actual il Tme
Actual Fill Time:
Temperature (V/P switchover)
Predicted vz, Actual Temperature: Model28_0_Casel j150 Predicted vs. Actual Temperature: Model29 0 Casel j150
— Predicted vs. Actual Temperature: Madel30_0_Casel 150
550 S~
L300 e
500
500 00
@ &
H H 2 aso
) £ H
£ g §
= z &
E i 50
£ £ I
g 400 £ ]
50
350
350
oo 300
300
| | | | | 30 30 40 a0 s 5o =53 e e 7 =
300 350 400 150 500 380 Actual Temperature ; ; Actual T:v'v\ erature .
Actual Temperature parat.
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» Current Research Progress

Rectangular cavity model with a cylindrical insert

v Experiment -2 (Test)
Actual Fill Time (s) Predicted Fill Time (s) Denormalized_MAPE (%)
Plastic bracket_Case 1 Plastic bracket_Case 1 Plastic bracket_Case 1

000 144 B s4m 574 | oo 167 8% s ees | 000 750 WSS 225 300
[ . . - | .
Actual Temperature (K) Predicted Temperature (K) Denormalized_MAPE (%)

Plastic bracket_Case 1 Plastic bracket_Case 1

Plastic bracket_Case 1

PE

273 as BB a0 03| 273 351 9%, 507, se6 | 000 750  1AbT 225 300

| . | | [ - .

Actual Pressure (MPa) Predicted Pressure (MPa) Denormalized_MAPE (%)
Plastic bracket_Case 1

Plastic bracket_Case 1

Plastic bracket_Case 1

Pred
0.00 1.56 3.12 4.68 624 | 0.00 : ;| .
. [ .

18




S. CASE STUDY 2

> Research Methods and Theory

KITECH
Process Condition

Flell orafiet 22 X g & HRl Lo A

FARotsEzAS Y
- FALT STERANM 2 4-& CAE A=Y 0| ZUHE S50 AHE
AHE 378 =72 "
Process conditions Value range Unit
Melt temperature 473 - 523 K
Mold temperature 303 - 343 K
Packing pressure 10 - 40 MPa
Packing time 3-18 S
Injection time 2-8 S
Cooling time 20 - 50 S
V/P switchover point 99 of total volume %

20
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» Experiments

Target Product

- NEHE
& Y42 B GateB AL 3D, M2 CH2 85 BHEE I BRI J1X| = (EH Ol Yi(rod) HENS| RS 7|8t A
OZ #X|7} T2 & Cavity 37t2| SIS SutX O Z LIEtHH

* Data Splitting
= 1e/=Bts U AS 02T 470 I AFR. ZH DB DXt
A

MEE[RA 20, F 2000712 Tejmol xe @

Mo
=
o
rx
|
o
m
N
- 0

awggﬂlmmw4l+:azgw1%&t

‘J Z-X «

(a) (b) ) (@@
Test set

p—

Train & Valid set
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» Experiments

Evaluation
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R

NONN

NSNS

.08 0.10
)

Ground- Tt i Time(s) Predicted Fill e (ssed-ayg) Nomalzed Absolyte Eror (seed.cyg) 031 0. 5ounaTrh Det X (mmy 00 031 Proticted Def_X (pm) (seeckavg) a% aib Nojraiized Absqlyte Eror seecavg) a0
0.00 1.06 2 3.18 424 000 06 212 8 424 0.00 0. 0.0 0.10 " .
) Cl'ﬁjmc Truth Yﬁ-q}p@vuhld%, 516 32 ch()\i;%d T:}mpeuxgéu(i(; tsucddt'x)‘?g‘ 516 G[X] Normy nh%e'x A.)xn [vvcz (seed. uog) 00 207 R ];vound Iru)h Qe Y (mrvHB‘ 178 207 F‘v?ﬂ:ied Def. Y rgﬁm) (seu}cv‘g] 178 000 Nogrégh:sd Ahsréxg; Emor M‘(‘ndcgvj) 010
[ . [ . e | - .
\ \ \ ¢ \ \
0 o GiguncHTruth Prggsure(MPa) o m o o PredsjgdPressue(ypa) Geo "953 o noc Qgmalzed gsghute enor ™ alo i ogSrounaTnghbet Z(mmy on  on Pipgicted Det.g (mm) eed,ong) 0.11 000 Nogmaized Absalute Enor eedava) o
— == ] |
A: Fill time E: Deflection component — x
.
B: Temperature F: Deflection component —y
.
C: Pressure G: Deflection component —z
. .
D: Deflection Magnitude
00 é,\mu Truth \D-;-uu JM("Q 208 001 p'w‘csfs“’ |Def flecficn ! (mm) aedava) 0 o0 Nogogizad Aba oulglno' Gseed avg)

27
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» Experiments

Acceleration Performance

. JIRSI M=
I._I I- ee |334 [ ] Moldflow
preprocessing
(a) 44.01 Bl runtime
1.45
- .|| By IR EE e TE
] _Lestset Y |22]0l42] % 22%
1.83
| - MER2 S8 =0l gt o=
363
© A ZE2 2F 0.41%(2F 243HH)
‘ 1.51
B3
(d) 68.18
1.38
0 100 200 300 400 500
Time (s)
. . . Surrogate model
Task Moldflow simulation Extract geometric features .
run time
Toothbrush (a) 334s 44.01 s 1.45s
.« ¥ Toothbrush (b) 461 s 139.96 s 1.83s
(a (b) (d) Toothbrush (c) 363 s 81.34s 1.51's
.
Toothbrush (d) 355s 68.18 s 1.38s
Mean 378.25s 83.37s 1.54s

28 —
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> Experiments

F7rddol e dd
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- AR HEZ

Ulhuod) 7|t & EEE i A& YYM T2 SAYadia) R RES R
oo =7t ey S T
* Data Splitting
o] AFRE|RICH, Ol Ze/f=sts Y AHS

ol O

55740 12 2Yo| F7t Ay
_|
AN —

QISHA M =l 50702 &%

) — =
x| ZSHO| A 2 OfLh A| 22| 0| M [|O|E{ 7} AFR &
Soj| CHet =71 Ao AHE =

|
M

ot
0x
ro

2

ot
0

2|30 270 BIo| AHE. 2t 2 E2 BE
= 400700 A=t AR @

. i "DI <

®

Train & Valid set

Test set
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» Experiments

579
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A

Ground-Truth Temperalyze(k)
328 375, a7 a8 516,
-— o

328,

Predicted
375,

Temperatuset)
L A

516

nomalized ghsohute eror
b

000 005 010 618 020
L —

gmakegd cbiotule gror

& 020

Groy

pTruth

2

Gyound-Trth Det_X (e
150 oFoun B Lol pm
-—

153

SREPXER 15 000 "YEEOY R BT X0 20
R

h Det_Y (rom)
LAk)

027

namolized gbslute eto: Def_Y
YRR B5' e 30"

029 08BV ED o 000 020

ngolaed geolute eporDef 2

000

A: Fill time
B: Temperature
C: Pressure

E: Deflection component — x
F: Deflection component —y
G: Deflection component —z

D: Deflection Magnitude
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> Conclusion

Z2E

v" Conclusion

=13
=

« MCtE GAT 7[EH 2|22 S HET W M22 S0t S0 Cis HEHHo 2 ogH el of L

A%

ML=
o oS

jo
o

. MER SHIUO| ChS 05 AlZHR 71 A2 014 ThY| O 0.41% $F(f 243822, AAIZH AIBF 0| M 7| O 20|
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Rank Geometric Feature (’i' ) Feature Importance (i'%) Geometric Feature (1) Feature Importance as
1 Filling ratio (Ry) 41.29 % Filling ratio (Ry) 55.01 %
2 Shortest distance (Dy) 37.70 % Shortest distance (D) 18.79 %
3 Resistance thickness (T;) 11.35% Resistance thickness (7;) 13.86 %
4 Flow area (Af) 8.32% Wall distance (D,,) 5.56 %
5 Wall distance (D,,) 1.18% Flow area (Ay) 4.67 %
6 Mean curvature (Cy,) 0.13 % Mean curvature (C,) 1.72 %
7 Flow area change rate (A;") 0.05 % Flow area change rate (A7) 0.38 %
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