Vol.44 No.02 HIERHA
Feb. 2023 FOUNDRY TECHNOLOGY <169+

DOI:10.16410/.issn1000-8365.2023.2357

ETHSHEARNNRE EFETE
I 15t B 2 R 4 gE B Red=
ERE LA WLE BLEEELK BB OB BRI R,

kAR 4, EN ES,E ORIV, ERB M, ESWL
(1.BEI LAY REARABRELERE KRG B4 710072; 2. A T X $ERA6 ¥, F & 401135; 3. &4
A SRR A RG] R B4 710018 4. P B AR A A RS k= BB R, T d %A 471000; 5. & &
T f74 J AR A R A2 3], E R 401135)

R R ERA SR E B A 0] R N TR REHOR C O S B AR R ) 1 A RS S
H P T 1) 2 4 ) SR S B RO |, TRk 8 11 2 rp Al 1 B 1] 41 U0 RE VA1 47 AL B R BR o PG A e ) Ll B ), B T
RN T RE B AR R SR TE e — AL B AR 4 3 78 3 1 T 28 00 1A 2R 3o o 5 i OO e B b ot S s T 20 B
WG B G B 5 AR GT R Y R G RN RR I AT L B TR A OGBS A A A I A T R A A O B R g
T e 7, BV A 7 o A S5 [T S8 e v R S5 OC BE T2 2 ik ) LA | MAAROUL = 483 7% 1 7 i 2% 7 T [
TR AT DX 2L 2R 5 R AR AL A ML 5 e T 2R D SR AT O, ST 9 £ B TS R A 5 IR R AR i A i i
NG Y Dot A S S A SR I | R 7 U ARt B O A 1 B Gl B |/ NG B R A el R < D A
- G-TERE IR P B IR ROR AN RIS A5 AR SC LA R f) A5 4 v Al A B [ A S UM RE IR 4% S WIS O 1), K S A R
T BE A I 1 e VR AR IS () T IR A R R AT TR B US4 2 Tl PR B R R G BEROR S
JOEFF R A PSSR OR T 3 T R AR AR A AR S AR R LS A ) A5 R

REEIA AR B[ B & IR LS LB Ml g

FESES: TG146.2 X HEkFRIRAD A XEHS :1000-8365(2023)02-0169-16

Graphic Learning Enabled Intelligent Optimizations of the Non-equilibrium
Solidified Microstructure and Properties of Welded Titanium Alloy

WANG Xinzhao', DU Kun?, WANG William Yi'%, CHAI Zaixian', ZHANG Jia’, YANG Chao’,
CHEN Liyang’, LIU Xilin*, ZHANG Zhiyuan*, SUN Feng’, TANG Bin'?, KOU Hongchao'?, LI Jinshan'?
(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an 710072, China; 2. Innovation
Center NPU, Chongqing 401135, China; 3. Western Superconducting Technologies Co., Ltd.,, Xi'an 710018, China; 4. Luoyang
Ship Material Research Institute, Luoyang 471000, China; 5. Ti-MAST High Performance Alloy Co., Ltd., Chongqing 401135,

China;)

Abstract: Manufacturing is transitioning into the “intelligent manufacturing” paradigm accelerated by the development of
information technologies. Artificial intelligence has become one kind of key generic technologyfrom shape control to
performance control for a wide variety of manufacturing processes, including precision casting, welding, additive
manufacturing, and so on. Moreover, the controlling mechanisms based on the non-equilibrium solidified microstructure and
properties are the fundamental and scientific problems to be addressed. It is essential to develop the integrated technology
that controls the shape and the performance spontaneously and build a perfect process quality system via advanced artificial
intelligence technology to enhance casting, welding, additive manufacturing, and other manufacturing processes towards a
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more advanced level. Compared with traditional physical metallurgy and solidification, the key concept of controlling the
micro-area metallurgical process reveals that processes, such as additive manufacturing, welding, laser cladding repair, and
single crystal growth, can reveal the microstructure always dominated mechanisms related and morphology evolution laws
of solid-liquid two-phase regions under non-equilibrium conditions. In particular, the segregation behavior of alloy elements,
heat transfer and mass transfer characteristics of the interface, nucleation, growth, columnar to equiaxed transition,
competitive growth of dendrites, etc, are always dominated by mechanisms related to several processing parameters, such as
temperature gradients, solidification rates, and molten pool scales. The integration of calculation and experimental methods
will provide common technical and theoretical support for the composition-process-structure-performance regulation of
advanced metal materials in intelligent manufacturing, additive intelligent manufacturing, and space intelligent
manufacturing. The present paper is concerned with the control of the non-equilibrium solidification structure and the
properties of typical welding. Recent results revealing the advances in welding control technology based on visual detection
are reviewed and discussed. Correspondingly, the state-of-the-art applications and technical challenges of intelligent welding
in complex industrial environments are summarized, highlighting the graphic learning enabled intelligent optimizations of
the non-equilibrium solidified microstructure and properties of welded titanium alloy as a case study of digital twin

workshop.
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Fig.1 Monitoring and control system of arc welding!
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Fig.2 Variety of Al-based technologies used for data processing and analysis to achieve different monitoring objectives!
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Tab.1 Select applications of intelligent control in welding

Controller objective Control parameter(s)

Control method

Welding Type Ref.

Deep neural networks and

Power and velocity

Laser welding [28]

reinforcement learning

Weld pool geometry

) Adaptive PID based on Gas tungsten arc welding (GTAW)and Gas
Current and welding speed ) ) ) [29]
reinforcement learning (RL) metal arc welding (GMAW)

Current and welding speed Predictive control algorithm GTAW [30]

Weld geometry ) Self-learning fuzzy neural network
Filler metal rate GTAW [31]

controller
Arc length and energy Adaptive sliding mode controller Shielded metal arc welding (SMAW) [32]
Arc current Adaptive fuzzy sliding mode
Arc current SMAW [33]
controller (AFSMC)

Welding energy Clamping pressure Real-time controller Ultrasonic metal welding [34]
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Fig.6 Penetration detection using the CNN-based method®”
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Fig.7 Online porosity defect detection based on a convolutional neural network: (a) the processing procedures of the keyhole opening

image, (b) keyhole geometrical morphological characteristic signals and the WPD results of the sliding window scan, (c) porosity status
and corresponding signal spectrum graph, (d) the architecture of the CNN model™!

fISZ I RRE T U RST, JF I A G 3 AR RS LA T A1 75
P O I a0 A S Bl e T AR AR R KR SR
ATUATER 4 T A A R Se s i A4 . o 1
F A R DA R 2 RO AR R TUART RS Y 52
ENAMIERE O Lt TiF 225, i asag
WG KA 53 B AL BEASE 7R 0 S B R 22 1 FH g N T
REHEAR . B 24 N TR BEHOAR PR I 75 0 4 i 1 e
HAEE 28 TOUT MRS 0E M 2 258 N 5L Bk .
8 Hr7n & — BB F N T4 B (W O A5 48 T LA
FRAETRIN TV . R 1 PPAR R LA RO AR e 2 4
ZIHBOCHR  Lel PR T — R 45 & 1R S 50 I
I SRR Y 2245 5L Rl 15 i 28 ) 2% ok T A5 5% 1Y J L
farFAE . B 5E, Lei Bt 17— G HOL Y [R) b e D
V-1, DUAR RO W 1 v T AR . AR 3R IR T s Tt Y
JUA B S FRAE 38 3 fd F 3 AR 53 53 #7 (principal
component analysis, PCA) i 2 i3 2L KR AE 9 TU A .
PR HOLTh A PCA BUME R 4 %
TR A A A28 10 245 T A 8 Jo 17 A G T 9 (W W) LR

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

HETT T (BW)ZH USRS 1 WA s el 20T, R 2R
BT, H T80 2 2% 1 42 Ry 48 R RE T, R T 3t % 3k
(genetic algorithm, GA) It AL 1l 28 M £ 1) ) 4 AL(E
Fili 25, S g 25 R R WY i 0 T AR 2 BB AT LA
ROFIAR E Ml PN AR S5 0 JUARTHRAE P 248 X0 A 43 1
1% 2% (mean absolute percentage error, MAPE) /T
1% , ¥ J7 1% 2% (mean square error, MSE)/NF 0.1%
IFELEF ] 23 BT 2R 0T, A5 AR $2 JRORI o 28 1) 248 7 T
MR R Gt BRI /N T 90 ms, AT LA & K A4S
S B JHE A IO AR I FH G B [RD SR T SR S
FIR A JUAn] R A 2 N7 S ) A% 6 0] SE B T 2 S 40
Yoo ani&l 9 Fros, XA A B OGR4 AT 0 S
B 3G O AR i B R — 2B T T
P 2850 A AR B8 B TOW 25 K R 2 g . SR
AL BENL S BT (AR EEAH L, T 2S8R R
TRAETH R T AR R IG P2 1 e teRE . 4R R,
T ASHEA AT $ 5 52 R A 7= R 4 3k 1 o ot 2
AR H A RER

http://www.cnki.net



<178

FOUNDRY TECHNOLOGY

Vol.44 No.02
Feb. 2023

Pl 8 T AR A TLAT B 2 17 Sl ol £ R 45 1)

Fig.8 The structure of the multi-information prediction model for weld geometry™*!!
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Fig.9 Properties of weld seam is improved by using optimized parameters: (a) comparison of experimental and RBFNN-simulated
results, (b) the cross section of the weld seam generated by different parameters, (c) tensile-tested specimens generated by different
parameterst
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Fig.10 Applications of machine learning in metal printing: (a) process parameter optimization, (b) sensing and process control,
(c) control of part geometry, (d) tailoring the microstructure and properties. (¢) reducing defects!®
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Fig.11 Prediction of weld geometry based on the BP neural network
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Fig.12 Graphic learning of weld geometry based on a convolutional neural network
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