Portland State

IIIIIIIIII




2= ofafe| AFES0| =R L L.

- = A\ d

(Portland State University)
(Sh=AY A7 & 1T Q)

(Portland State University)

| (Bt 27| =], Portland State University)

oN © oY Ho rir

nwr N ox rei
o}n Hot o

|OF

« OfX| ZfY2 Of2ljof| A &F2 == QU5 L LY.
https://deepjoining.qgithub.io

« =oAL Bl O|A: deepjoining@gmail.com

0

. RBE STUMI| AT SHEHIE MA S AY
UK O| CHE B & AL


https://deepjoining.github.io/
mailto:deepjoining@gmail.com

50 1 A 1 1
= — Al
e\’ Blue and green beam ——Cu
c 401 40% (cu) -
9
% 30 - IR beam (YAG laser) i
(7))
O
@®©
S 20 1 X
i)
EE 109 7.3% (Al i
4% (Al)
u)
O L] L] L]
450 650 850 1050 1250
Wavelength (nm)
= 7[& UFUNM ArEE|= 20| XM (ND:YAG, CO2)2| 8%
> =085t keyhole 2 > & Z3t

Portland State

UNIVERSITY



=Ml

MHH
<2
=)
ot

Risistance (uQ)

100 - - - - - 600 0.18
98- —=— Risistance . —_
—n— Tensile strength € 0.17 1 -
96 = £
| | — [
94 4 ] 500 = 5 0-164 n -
% S % 0.15 n L
n b o
88' (7] y—
8. 400 @ © 0147 i
. %) "%
841 S 20.13- = .
82 ) —
0.12 T T T T T T T T T T T
80 - - - - - 300 1425 1450 1475 1500 1525 1550 1575
1425 1450 1475 1500 1525 1550 1575
Peak power (W)
Peak power (w)
[Al/cu O] X UM &3 710 HE QAT U M 2 [Al/Cu 0| X EF- A £3 F710]| [[}E penetration depth]

Al/Cu dIOI X &0l A inter metallic phases= I & £ 218

Inter metallic phasesJt ZII6tH, SE L2 JIHE 2t I M= L0 «4H&S 01 &

Inter metallic phases= Al/Cu dI0I X E& 0l M penetration depth 2 Hidl &

BHE 2| & 22| penetration depthe= S& 1t 28 & S8t XY

Portland State 4

UNIVERSITY



0. 20{OF & &H|

- 2%H: Al 1050 (Thickness: 0.4 mm) I
C1100: oxygen free copper (Thickness: 1.0 mm) Weldingdirection >
- BTYY: Ho|X B 8 '"""
.7 50 mm
- AT A HH|

" Trudisk 3002
= WDM(Weld Depth Monitor) system (7000 Hz)
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(38 Laser head with
WDM system

=3 EH|
= High-speed camera

*Fastcam mini UX50

* Recording frame: 10000 fps
"Photodiode

* Recording frequency: 20000 Hz

C%a Portland State [Configuration of experimental system]
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Welding condition
= Beam size: 300 um
= L aser power: 1100 W — 1600 W
= Welding speed: 3 m/min — 7 m/min
= Working distance: 323 mm
DNN GIOIH =&
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2 AAES): 0N &4, 285k
=E 25JH Class
- 9, 10, 16, 21 class 13/ Bt=
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Class Power[W] Welding speed[m/min]
1 1100 3
2 1117 5
3 1123 4
4 1130 6
5 1133 7
6 1150 3
7 1190 4
8 1200 3
9 1200 5
10 1230 6
11 1250 3
12 1250 7
13 1257 4
14 1283 5
15 1300 3
16 1324 4
17 1330 6
18 1366 5
19 1367 7
20 1391 4
21 1430 6
22 1449 5
23 1484 7
24 1530 6
25 1601 7
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moving average method
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Data preprocessing

- Data Frequency sync
= Data labeling= /6t syncE &I
Zoll &l HzO| gt= 2
=& & dataHz

- WDM data: 7000 Hz
* Photodiode: 50000 Hz
 Image: 10000 Hz

= Frequency sync data shape: 100 Hz (22 Y 0.45s, 470 £22A: & 2115 EA)
- Training: 1480 EA, validation: 317 EA, test: 318 EA)
- WDM data; (2115, 1)

* Photodiode: (2115, 100, 1)

« Image: (2115, 232, 768, 1)
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Data preprocessing

- Data Frequency sync

= WDM data H=#

->1x0.45sx47 EAXx 7000 Hz

ata average
(70 EA)

<

LI ]| ] T T T 1] ->1x045sx47 EA x 100 Hz

Total 2115 EA

=7000 Hz 2 =&l 8 20| ds= 7012 HIOIEHE ot 100 HzS| OIOIEl 2 LIEHE
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Data preprocessing

- Data Frequency sync

= Photodiode data
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Data average
(5 EA)
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1 x 045 s x 47 EA x 50000 Hz

1 x 045 s x 47 EA x 10000 Hz

100 x 0.45 s x 47 EA x 100 Hz
Total 2115 EA(1, 100)
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Data preprocessing

- Data Frequency sync

= Image data H##

232 x 768 pixel x 0.45 s x 47 EA x 10000 Hz

232 x 768 pixel x 0.45 s x 47 EA x 100 Hz

Total 2115 EA(232 x 768)




2.CNN & 3 X

Deep neural network structure

Input Max Max
(Image) (gNaN gg) Normalumton || Po0ing (gNaN éf} Nortalomton || Po0INg
(232, 768) o (3,3) S (3,3)
Dense Dense
Flatten I s I o6 I

Input2

(Photo || CNN 1d Batch o CNN 1d Batch oo
diode) (3,32) || Normalization g (3,64) | | Normalization g
00 3) )

=Batch Nomalization: Batch TH2{2| EZFE3IE gradient vanishingZt gradient exploding= % X| 510

=2 5 Es 28 + U= of0, NN itz ntN g EX|

*Max Pooling: H[O|E{0f| Lo M #+H & Lte & 2 #H0M 7t 2 Us ==

=Flatten: G| O|E HE3} 2N
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