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Fig.1 Schematic diagram of deposition stability issues

induced by deposition height deviation

FRUE A 8071, AR B A TR TE BRI TR & )
%o Shi Tuo SF8IF & T — AL FHMHE G 48 4F (CCD) iy 1%
JRERGE, S W IEOGAH DED Hh g TR s B, i ad i
VO RS B R KA S UTBUZ M R e . AR,
T WO e A M ) A A2 SR [ 52 7E T
TRk XTI, 3 R 6 B8 A S 5 LA 2 2 T LA 25 44 1)
SR Z A AR A RT3, S B0 DED 24009 H H
FEAR . AHEEZTT , S5O o )t e 24 A o A% Sl mT LA
Go TR ) B, (5545 A 50 A% I LR B S5 23 3 0500 DED
LU H W . Heralic 557 F A1l CCD ARSI I 3
JH5 22 DED Wb e B, I IF & T — A~ PLES il 8% S A 1y
BWOET RSB DIRZ (0 58 EERR e M . Tang Zijun 551 R
FATRI CCD AL W OB 1A B DED 2 A2 Hh 9 475 1t 151
1 BFE T AR 204500 T I it 1 T U] RO AR AIE B 3
e HR, [RIRLE AL AR 3O% DED H 3222 H 44t
RS B R BER A W], kg T 25 A A B s R R B3R
SR, A Tth 1 18T P15 rh B 492 AR BRI e o AR AT A G Fry B
FERA WARGE . E 1550 R AL Sk LA [R]
b AR P BB IORR oo B AR A . DRI, BR R — R L[]
b e Yt PR 1 SO 45 22 DED WU AR E A Wy ok & ¢
I,

VB SR — A 4 B A 1) S0 3K 2 ik, TR B 2 )
BN R SR AR U B TR 2 R S A 80 T Bz —1
Hodp R M4 (CNN) B] L E 3 R IR o2k 2] 51
ARV IE S, 78 RS ACFR 7 TR 2 B0 H B2 A f 1),
FIHIT, CNN 872 1 FH T34 b i 3 R AR e R i RS 1R
% B2 Zhang Bin ZE0MBE G R4 5 A CNN
BB B 422 TN DED 2o R rh AL 0 & A=, Tl o
W335 3 91.2%., Wang Mengjie 25073 FH 2225 75 170 A Sk
TET 1) 5 A LR B AN ) 1 20 25 1R R 80 445 24 DED 44 it
PG . SRG  ARAS B ) i PSR TR R I 25 CNINBERRY -5
F LR CNN AR TR R e e PR R4 T 0 25 DL By A
T 2250, Jamnikar S5 1T T —A> CNN BRI HEST 15

MR S HOE 22 DED 122802 (8] (et , FFAEiiad
PP A BT Sz 1 CNN AU FN T2 2 H0R s
ARIC L F A CON UK R IE MO LM 22 DED i
T2 IPTD {H, LASEBUEE T RIS A4 IR i TR R e 1k
W Ry T BRI 5 A A R S PR T AT S5
T ANTA] CNN A R BT T ot P61 42 v S HRCTPTD A1k 1Y i
J1, FFAR AN [R] CNIN RS f) 7320 B2 A 4 7 e (L A TPTD
IR RGN o FETIIZRA IR IPTD 73 288 R Bk e i
T IPTD [0 A6 , I3l o S e g0 P EREUEA T 10T

1 iXIEIRE

B2 iR MObIE 22 DED 240N B R . ZRFGFEA
ffi— & ABB-IRB4600 HL#% A . — & i K 4y 1080nm i) IPG
YLS-4000 #Ot# . — A WF-007A 35 22 HL ,— >S50tk [H
I ke 1) CCD AHBLAN — B AL . 4 )8 223k R X Hip
22 )@ v N EERFR IR IE A R 350, WOL A S Hepk 3R
(R ffoh 82°, R TESLA R 1 A6 BE ELAZ A 1.0mm.,
) PR AP AR SR, B 15L/min.. CCD AHMILI R AT
A% A 258ps , FAHE (4 DA J b 1B 45 15 R RUSE R 1920 x
1024, R 1 2 w4 b UG A A B8 s T B, SR T Pt e K
650nm [ 7= G X b R R TUE Y

ot
000
P 4

IPG YLS-400

]

K2 Botkez AR R TTR R GUR B

Fig.2 Schematic diagram of wire-laser DED system
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Fig.3 Schematic diagram of experimental setup for linear
variation of IPTD
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under IPTD linear variation
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Monitoring of Deposition Process Stability in Wire-Laser Direct Energy
Deposition Based on Coaxial Visual Sensing

Cai Yuhua', Cheng Xinyu', Chen Yong?, Xiong Jun', Chen Hui’
1. Southwest Jiaotong University, Chengdu 610031, China

2. AVIC Chengdu Aircraft Industrial (Group) Co., Ltd., Chengdu 610092, China

Abstract: The wire-laser directed energy deposition (DED) technique can balance forming accuracy and deposition
efficiency, and has shown broad application prospects in the rapid manufacturing of complex components in the
aerospace and defense fields. However, the immaturity of monitoring methods for the deposition process stability and
the difficulty in real-time control of forming qualities in wire-laser DED seriously limit the manufacturing process's
automation level and component reliability. This paper proposes a monitoring method based on coaxial visual sensing
and deep learning to characterize the intersection point of the laser beam and the wire to the top layer distance (IPTD)
in wire-laser DED for achieving real-time detection of the deposition process stability. The abilities of three different
convolutional neural network models to extract IPTD features from molten pool images are studied by performing
classification tasks. An IPTD regression model is designed based on the optimal CNN model determined by
classification experiments. The fitting performance of the IPTD regression model is studied and discussed. Compared
with other models, the ResNet18 model has the highest training convergence speed and an optimal classification
accuracy of 0.996. The prediction results' average absolute error of the IPTD regression model on the testing dataset
is less than 0.318mm. The prediction time of the IPTD regression model for a molten pool image is within 4ms. The
research results indicate that the proposed detection method of deposition process stability in wire-laser DED has
high detection accuracy, providing a theoretical and technical basis for the height stability control in wire-laser DED of
complex metal components.
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