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1. Introduction

Research Background

% 3D Printing Market Trends
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1. Introduction

Research Background

s What is ME 3D Printer?
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1. Introduction

Research Background

X/

% Main component of ME 3D printer
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*Z X R Zagidullin, T Mitroshkina, “Quality function deployment and design risk analysis for the selection and improvement of FDM 3D Printer”
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1. Introduction

Problem Definition

< Problem

X
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*ZX:Kim, K. E, Park, K, and Lee, C., "A Study on Development of Three-Dimensional Chocolate printer,” J. Korean Soc. Precis. Eng.
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1. Introduction

Problem Definition

% Solution Direction
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Solution Direction : Barrel

Solution Suggestion
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1. Introduction

Solution Suggestion

X/

s Heat Sink
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1. Introduction

Design Goals
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1. Introduction

Process Overview
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Modeling

- Reference Model
- Initial Design
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2. Modeling

Reference Model

X/

%+ Reference Model

Sapphire Pro

T2l 37| 405 x 360 x 480 mm

Z|Ch 12 Y

235%235*235 mm

1.5kg

FIEHA M GREA) -2

(=X
S

260 °C

Two Trees
LdE0=
PLA, ABS

0.4mm
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2. Modeling -

Initial Design

J/

s Extruder

Current Design

) Mempejatetn



2. Modeling

FRl: 20| [mm], 2= [kg/mm3], BHI A 5= [Mpa], @ EA == [1/K], 27| 2% K], @™ EA S [W/mm-K]
A2 2 3. AUTOCAD, INVENTOR

[l

s Parts

. Heat Sink  Barrel

)

e 2 =1 8.73 X 10°® A 2.05 X 105
EtM A 69000 XI2E 293.15 EHE A+ 96500 X2 293.15
L OFSH| 0.33 SEEAH 0.17 T OS] 0.31 A 0.116

*Z&X: 1. Thermal-Structural Coupled Numerical Analysis for Design of High-Temperature Extruder of FDM 3D Printers,
Da-Yeon Shin, Hyun-Joong Lee, Chang-Whan Lee, and Keun Park

2. Grabcad cloud
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2. Modeling

&
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Analysis & Optimization

- Simulation Model

- Boundary Condition
- Analysis

- 1st Optimization
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3. Analysis & Optimization

Simulation Model

& A8 maow

J‘ Simlab Optistruct Solver . HE|ZEA
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« Mesh 7il==: 460271

« Mesh 37]:0.2mm (average element size)

o) M are|aTeta 2\ ALTAIR



3. Analysis & Optimization

Boundary Condition
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Da-Yeon Shin, Hyun-Joong Lee, Chang-Whan Lee, and Keun Park
2 k533K

(SIH &)

olg: 10N (29, L) +a
wﬁs%‘ o
o) METeT ISt =

J\ ALTAIR



22

3. Analysis & Optimization

Analysis
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3. Analysis & Optimization

Analysis

% Heat Transfer Analysis

- MYME EY AN 22T

I Min NodelD: 58497, Yalue: 340,503 K I

(o=
=T

533.00 K
515.50 K

498.00 K

480.50 K

463.00 K
445,50 K

428.00 K
410.50 K
393.00 K

375.50 K
358.00 K

M |

340.50 K

| Max NodelD: 126195, Value: 341,57 K |

| Min NodelD: 797226, Yalue: 531,361 K |

7=t

| Max NodelD: 812770, Value: 533 K |

) Mg arerlatem

| Min NodelD: 858699, Value: 393,131 K |

HY &

| Max NodelD: 855826, Value: 512,655 K |

| Min NodelD: 663331, Yalue: 340,525 K |

| Max NodelD: 663188, Yalue: 503,695 K |
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FE =2 A|A von-Mises

Structure Analysis

Analysis
AL
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3. Analysis & Optimization
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3. Analysis & Optimization

15t Optimization

% Thermal Structure Coupled Analysis (t = 1.25, 1.4, 1.55, 1.7mm)

- JEEH EEANE 2E 2 X
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463.00 K
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MY¥YSTWL OO oD T2 R8T 22287
Distance [mm]
Temperature profile along the path A-A’
« HIE L= XY OHER 25 HAH(GXEHE 5 )
EACHE FH(mm) 1.25 1.4 1.55 1.7

=25 HE} (K) 116.954  114.684 109499 111.246
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3. Analysis & Optimization

15t Optimization

\/
0’0

Thermal - Structure Coupled Analysis (t = 1.25, 1.4, 1.55, 1.7mm)

514.28 MPa
467.53 MPa
420.77 MPa
374.02 MPa
327.27 MPa
280.52 MPa
233.76 MPa
187.01 MPa
140.26 MPa
93.51 MPa
46.75 MPa
0.00 MPa

: |
-

|

—_
o

HAMEl =2 A von-Mises 83 22 (€8 B3t = oA

F01)

Stree [MPa]

. B ERER o5 g2 1z

450

Kl
e
>
rn
4
4

400
350

300 /

—1.25t
250
200 1.4t
150 —1.55t
100 —_—1.7t
50
0 021 042 063 084 105 126 147 168 189 2.1
Distance [mm]
Stress profile along the path B-B’
- HiE AR 2|5 S v (EXHE
2)
EAEHR FH (mm) 1.25 1.4 1.55 1.7
S5 H3} (MPa) 119.139  104.853 98.59 91.958
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3. Analysis & Optimization

15t Optimization

% Thermal - Structure Coupled Analysis (t = 1.25, 1.4, 1.55, 1.7mm)

C i EXEHR 9% S AT (FXEE T g omm /%
= [mm] 1.25 1.4 1.55 1.7
23 [MPa] 257.584 201.681 148.409 140.721
chel SHY N —~ —
S2 ZtA2F [MPa/mm] 55.903 53.272 7.688
450
— 25t 0.21mm X|H
400
350 1.4t EH [mm] 1.25 1.4 1.55 1.7
£ 300 . 1 S2 [MPa] 313.626 248.889 177.841 109.564
g 250 | - chel S —~ —~ —~
£ 200 ; S g2 [MPa/mm] 67.737 68.048 68.277
150 . | : 1.89mm X| ¥
1(5>g | | | EH [mm] 1.25 1.4 1.55 1.7
0 021 042 063 084 105 126 147 168 189 2.1 S8 [MPa] 432.725 366.752 300.92 259.889
Distance [mm] =X-T=p /[ =0} — — —
S8 Zag [MP 97
Stress profile along the path B-B' MPa/mm} 05973 02832 41.051
2.1mm X|H
o HiY GXICHE Q= 83 H|W (EBXICHE SI4| EH [mm] 1.25 1.4 1.55 1.7
=)
= 23 [MPal 376723 306.534 246989 232706
Che| S ~—~ N~ —
S8 Z-A2F [MPa/mm] 70.189 59.545 14.283
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3. Analysis & Optimization

15t Optimization

< Optimal Barrel Thickness

. I PRER 91% S HlD (FREHE £

-1 O T
ontl I A
EH [mm] 1.25
S8 [MPa] 257.584 201.681
thel EHE
S8 ZAE [MPa/mm] 55.903

0.21mm X|H

M [mm] 1.25
S8 [MPa] 313.626 248.889
cHol S7E ~

83 YA [MPa/mm] 67.737

1.89mm X|H
M [mm] 1.25
S5 [MPa] 432.725 366.752
Tl SHE ~

28 222 [MPa/mm] 65.973

2.1mm X|#
M [mm] 1.25
S5 [MPa] 376.723 306.534
chol Sy ~—

22 242 [MPa/mm] 70.189

R e R L

M

H

dio

. HYZ LjZ A A SICHE @& EA (YACHE S &)

WXITHE EM(mm) 125 1.4 1.55 1.7
= HXE (K) 116.954 114.684 109499  111.246
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3. Analysis & Optimization

15t Optimization

% Heat Transfer Analysis & Heat Sink Optimization
C Y PO e e e e e e e D 2SS L2 T b BRI G e S B e A B A
X Axis: X Axis:
Data type ID v Data type ID v

* Cxlél| * Dx|x|:-|| X data : X data Node IC

CEE =R e (SIESE AMET SU M4 Fu L5H &= Xitle NodeID Xt [NodelD
—L':E) E) Data Data

533.00K X-DATA Y - DATA X - DATA Y - DATA

515.65 K] 1 854529 361.697 K 1 854338 490.923K

498.29K 2 854527 362.017K 2 854335 490.884 K

480.94K— 3 859926 362.12K 3 859651 490.676 K

463.58 K — 4 857699 362.627 K 4 857396 490.595 K

446.23 K: 5 R55Q20 22 Q2R K 5 255A43 49N RAR2 K

428.87K . HH ||XH 25 H|qn

H1.52K— o =T = - BLS

394.16 K

376.81 K S|E A3 £0| (H) [mm] 48 46 44

359.46 K -

i CAIE B 2= (11) [K] 362.390 365.041 369.055

DAIE Bt 2= (T2) [K] 490.720 491.149 492.145
Clo| =O|C iTE:
o7l 20l =5 B 2.67 2.74 2.80
H: 48mm H: 46mm H: 44mm (T2-T1) /H [k/mm]

HiE SAEEO] FH 1.4mm X

TRl =0lY 2= HAL 7t 2 4mmE S|EY AL 0|2 M7
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3. Analysis & Optimization

15t Optimization

o

@ Mgare)|

A
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% Optimization Result - Extruder

Heat Transfer Analysis

off 45 7|Hte = MFet ¢ts HESHH A2 A e

2&z ax

o

533.00 K
516.43 K
499.86 K

483.30 K ——
466.73 K ——
450.16 K ——
433.59 K E
4117.02K ——
400.46 K

383.89 K m

367.32 K
350.75 K

E_I-I:I  —
T T

—

H: 1.4mm,

S|EAA =0l 44mm)

AYATAY,

A%

avi
%

Hl Jjo 2 ux

N PR e e e
X Axis:
Data type ID
X data b
Xttle | NodelD
Data
X - DATA Y - DATA
5 772892 360.606 K
6 773574 360.505 K 24 x| A}C
: 7 773577 360.206 K HH = "'l o Ll-
2 8 775473 368735 K
RERH Q 775477 2RR R K
>0
Hi S Z| & RE WS 25 <368K
>0 17 =
o FE HE 25 > 368K 0|EE SHE
Aol SHA )k?ij;l;%(% A |
AT 0| SA BUREXE Q) T T
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Al-driven Design

- Al-driven Design
- Al-driven Design Verification

- 2" Optimization

31
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4. Al-driven Design

Al-driven Design

% What is Al-driven Design?

Al AAZ FStshe 53S EHSSICH Al AR &S 2F 2ot
17z OIM A= QI=EX|S AL, XFsStAI 24 A|IAEO[E?

M4 BA 85

=, B ZA 0 AIME.. "IN E AT S 6A[ZHTH|
AZSHE IR © 23 2021.06.1014:26 @ 73 2021.06.3012.01 BEH20 O E0iR0 ‘=
=2
®Alinsight A7t = EH=H| &, AV AT FAM
212 2021.06.10 17:13 | 78 2021.06.11 01:29 | X/ A14

fu

Hl 23 BIC %
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What is Al-driven Design?

4

Al-driven Design

X/

D)

4. Al-driven Design
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Al-driven Design
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4. Al-driven Design
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4. Al-driven Design

Al-driven Design
% RL environments

EHEA A A SEE €9 " 5+ As AIE U7 fl6l SHEA =M E delsiF

rr
Y

Ex) 2ot 2spsts
5
o8 WE
= A | =
AlE 2| 0] 255t et
EI¥E
- Y =2E 58 |5 47
- Al=g0]d =t : Bt CAE (Altair Simlab)
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4. Al-driven Design

Al-driven Design Verification

X/

% Al-driven Design Mechanism

ﬁ L2tetE episode
iteration

Optimization = Reinforcement
Condition Learning

A

Optimal Structure

I
I
I
[
I
HIOJE 7|8t =& 4y CAE I
I
[
I
I
I

=
o 49 220 24 R0
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4. Al-driven Design

Al-driven Design Verification

X/

% Example Structure

-Al 27| & AS0H7| R0t H 2 HAES TIlgt
= 2A g A SH

24 g9 @ BIC| (40mm x 40mm x 10mm)
2 == 23
SEEL QHEA| % 5 0|4
Material  Steel (D.® H H}C|), AL(@'H HILC]) -
N -S> AlC| eHE Zk 7 oloz
Load 10,000N (-z &, ZHELS}E) ALl g% 2  200MPa0|
Load face @ | HiC| ™ Z|CH e M-S 2 ga0mPa O| S E 2HE 6| OF &
Support  Fixed (® 2 HFC| OF2H )
Mesh Hexa (1x1x1mm)

Contact Tie

O
X
o

0.432kg

Simulation Linear Static Stress Analysis

W) Mare|atietn {\ ALTAIR



4. Al-driven Design

Al-driven Design Verification

X/

% Example Structure

| Al 24

1. XA ES= >40Mpa > -Reward

2. 1HE2 OH=ESH=E XA 510 ”ZES X| A3} - + Reward

oY
TECES 100 ~ 200 200 ~ 300
2% F71: 0.189Kg * 27l:0.108kg
© Z|C &3 :32.542Mpa .« Af 83 :36.542MPa

o A =M 1mm o 5 5smm o H Z7H smm
24K | - 2 :0.059kg « 27 :0.138kg « 27 :0107kg
|0 €3 :54.163MPa « Z|C§ 83 :27.483MPa « ZX|C{ S :34.644MPa

o) M are|aTeta 2\ ALTAIR



4. Al-driven Design

Al-driven Design Verification

X/

% Example Structure

Zﬁf;;::]‘ . Z|CH 2. 34.644MPa

e . 27 :0.107kg

25,200 MPa

22,052 MPa
18.904 MPa

15.756 MPa :.
12,608 MPa

9.460 MPa L] OI_I'XI_-I 7:"# . 5.77
] o
i :

3.164 MPa

0.016 MPa

> SimLab Topology optimization”/| 2t | & A 2 &

> MA XA 22 Inspire polynurbsE A3 M X7t 7t
W E[ M| ZUHE HOotFEH O £2 ZHO| L2 5= ULt

) MEateladm

| Al 24

o ZX|CH S=:36.542MPa
« 27 :0.108kg

> Al 7|8 A BE

> 7|1E Y=g 2

FQi

ZNEEE

rt

> Bt 0[]0 = 0]2 {4 7|H XXt HE 7t

olr

J\ ALTAIR
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4. Al-driven Design
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4. Al-driven Design

2nd Optimization

X/

% Boundary Condition

2
[
R
fas
1

SN EEEl t=1.4mm, H=44mm REO| A XZHS XM E
5

ot
IT
- SUE 2AUS Y0 M GHEO| YWE|= SR APHO| Astt 22 24 20

b GO 20 e bt b ok b ot oo i
533.00K
515,65 K e
198.29K omne |10 i
480.94 K — X data i
:izzg E_ X title Node ID Xl— Od [H 'IEI'
gy Dato (AT F el B E of
: X - DATA Y - DATA ™)

411.52K — 2 601461 496.329K
394.16 Kj 3 602178 495647 K
37601 Ko 4 602677 495.27K
346K 5 594258 495344 K
210K

6 775895 492302K

M 25 49542K 2. 495.42K

(Heat Block & &

o) M are|aTeta 2\ ALTAIR



4. Al-driven Design

2nd Optimization

/

% Optimization Condition

1. of A B 7 : Steady State Heat Transfer

2. Design Area
- 7t2:12mm MEZ:32mm G Y
C SiAAIZHEHS S QI8f % CfA EHEo @ M (L= 0.2mm)
- UnitCell: 2HZ 0| F= 7| 2EHE
» W:2mm H:4mm L:0.2mm
> CIXQl S 2 L& Off Z|Ch 487 48 7ts

3. Response

HelHE R AR0| 2 Barrel & T Tube2| Bt 2

4. Constraint

- ROl M= BlS

5. Objective

w
_ N ¥
- Tubel| Hi 2k XA}

J\ ALTAIR



4. Al-driven Design

2nd Optimization

% Heat Sink Optimization

Iteration
|_ ______________________________ 1
I |
Optimization I > . Optimal
Condition I CAD CAE | Design
: HIO|Ef 7|et 2 MY o A !
I |
1 Reinforcement 1
I G Learning B I
: Reward &% :
= Unit Cell
I« Vew Sohtons Tuh Gesmety Mesh Asioe Fesus Opirasion Afanced bupes Seiteg
1. Ao 2lsf dd =5 23 QLW @ ‘;w Qiiw‘g«@;
- StEE HOIHEE 7|82 2 Zt unitcell 2| B 2tES 278 e
- HHE = EZ 7|8 2 SimLab AtE 2 AT T E O A UnitCell 2 44
2. 4d =Mz
- DataBase Import : 7| =0 Z+=0] &2 SimLab Databasell} ¥ = = 2| 2L}
- Boolean : UnitCellAFO| 2| LI & ™2 K|St StLES| 2D Mesh Body = et 87071773 (L

- 3D Mesh: i

M2 IS Tet meshZ2 HZF (average size = 0.2mm)

- Assign Material : Heat Sink2| X 2 21 AA6061 2 X| ™

o) M are|aTeta

Seswcan s By
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4. Al-driven Design

2nd Optimization

% Heat Sink Optimization

Iteration

Optimization
Condition

G Reinforcement <
Learning

Reward 8™

-+ | e e e e e e e e e e e e e e e e e e e e e e e e e e o = -
- 2E A
1. 2oy A

- HEE Mesh2EZ Input2 2
Optistruct Steady State Heat Transfer SolverS Import
2. 3A=H 7J
- Ao s E 2SS f%gé Cheslot 22 Y
- Temperature : Heat Block & & £ 495.42K
- 250 oo MHE|l= 20|22 ConvectionO| A4 7| &= face Group H2| 28
- Face Group : Python Z =& 0| 23| CHA HIF =™ X| 2| St Outer Surface M EH

- Convection : 2| £ & 295K 2| XtHLHF, Film Coefficient : 5E-06 W/(mm2*K)

3. CAE Data Output

- Response = : H2tHEF UL 0| LTS Barrel & T Tube2| B 2%

o) M are|aTeta

Optimal
Design

[Fo vow okt e Geomeny Mo Aewin e Ontren Abacnd Vgt

Mows Py | Comtran.  bad  lmh Coman M Gt Cotd T

L;IRRISDS
Onsteser ¥

" BB En
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4. Al-driven Design

2nd Optimization

/

% Heat Sink Optimization

Optimization

Condition CAD CAE

—

HIOJE 7|¢Eh 23 4y g oY

G Reinforcement <

Learning
Reward A7

. Sl H

1%
rl>

1. =& ResponseE HI'ZH2Z Reward & 27

- provided an adequate reward function, our agent generated optimal shapes without any priori
knowledge of aerodynamic concepts

- Constraints can be weakly enforced (in a non-mathematical sense) by adding penalties to the
reward function that eventually prohibits undesired behaviors from the network.

2. Reinforcement Learning?| HE3 st&

- Reward &0l Al LS %l Reward 2t 2 2 Deep Neural NetworkS SHEA|7|H,
%= Reward”} Z|CHSE| = HHSFO 2 Neural Network2| 7} K| =

3. 48 =5 28

- Deep Neural Network2| Output2 Z UnitCell ‘§’d &EO| W1t EFHKAIE At

) Mg arerlatem

Iteration

Optimal
Design
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4. Al-driven Design

2nd Optimization

/

o) M arer|

A
=

o

% Heat Sink Optimization

Optimization

Condition

=

i
AOC_ppt_data )

Edit Vi

oy © =

v I AOC_ppt data C

Run: % 1episode

Iteration

Code Refactor Run Tools

CAD — CAE

GOJEf 7/ =& 4 g oY

G Reinforcement <
Learning

Reward 8™

Gt Windo

ute (Exportandsolve)

€ Microsoft Windows [Version 10.6.19642.11160]
(c) Microsoft Corporation. ALl rights reserved.

C:\Users\break>"C:\Program Files\Altair\2621\SimLab2621\bin\win64\SimLab.bat" -auto C:\Users\break\Downloads\AOC_ppt_dat
a\Thermal_script.py|

:\Users\break\anaconda3\envs\RLoptistruct\python.exe C:/Users/break/Downloads/

Process finished with exit code 8

HGt b Run

000

© Problems

B Terminal

thon packages @ Python

{0 Python 3.8 has been configured as a project interpreter // Configure a Python interpreter.._(today 2 4:00)

Optimal
Design
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4. Al-driven Design

2nd Optimization

/

< Result

495,42 K
483.18 K
470,94 K

458.70 K

446.46 K

434,22 K

421,98 K
409.74 K
397.50 K

385.26 K

AFEO OFF XM =X BUASH =
ANAEHRE AN B2HYO| 2|7 &= &2

373.02 K

360.78 K
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Conclusion

- Extruder
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5. Conclusion

Extruder

Analysis of Initial design

5633.00K
515.66 K
498.29 K

480.94K —— HH 24
463.58 K

446.23K
428.87K
411.52K
394.16 K
376.81 K
359.46 K
342.10K

OH
B
ik
00
0x
-

M2 |E D

533.00 K
516.43 K
499.86 K

483.30 K——
466.73 K
450.16 K
433.59 K
417.02K
400.46 K
383.89 K
367.32K
350.75 K

1st Optimization
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Extruder

15t Optimization 2nd Optimization

ZELIIS 533,00 K
516.43 K

499.86 K SLYEUS K
483.30 K —— 49511 K
466.73K 476.16 K
SN 457.21 K
433.59 K

417.02K R0 2Rk
400.46 K 41932 K
383.89 K

367.32 K

350.75 K

400.37 K
381.43 K

362,48 K

HIE A& T REO X 2% e M A|ACHEHO| | X 2%

369.06K > 368K 2 355.96K < 368K Z
SE SEX SESFO0

(ABSS| 72| 0| it 2L : 368K)




5. Conclusion 51

Extruder

Analysis of Initial design 2nd Optimization

si5.5 K 5$33.00 K
515.66 K s
498.29K

480.94 K —— I:IH EE'l OE=|X|-EI_|-_|?_2| ::2:;:
e I— 5
igﬁ%‘ 7|-3)‘g O 457.21 K
438.27 K
419,32 K
400.37 K
381.43 K
362.48 K
343,53 K
= >
HE X MCHEEOIE 2 s24.50 K
= 360.85K

463.58 K
446.23 K
428.87 K
411.52 K
394.16 K
376.81 K
359.46 K
342.10K
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