W4t s EEMEAFEETE Vol.46 No.5
2023F  9H ORDNANCE MATERIAL SCIENCE AND ENGINEERING Sept., 2023

IR M TIG KB i S B 5 1K S BT

E e, S AR, R F 5 LA
CILmeei e T2 B REVR TR e B R IL SO # 48 b TR S0, JESE 102617)

& E N TURFRERIEE A TIC JE B i A IR 7 i35 B3R SO A JBURLZ ST , AR R DA 3l 0 2 B
SET 4 BRI COMSOL A4 TIG J25 7 i SICRIAG 1A JURLE sh B A T 4B 0L . B2 SRR U S 2
PRI SR TL SRR R ARIOR R T R O T SR O LA A MERE TR R T RIS R TIC TR . s R
B« AR 4 - G S R, S BR AL IO A SR 45 S i Bl A R XA B R R T LS, T LUV M A
TR NERH L5 BUE

L4 TIG K ; WK s COMSOL A ; BUE A ; 1M 41

FESES TG434.5 MHERFRERD A XERS 1004-244X(2023)05-0070-06

DOI: 10.14024/j.cnki.1004-244x.20230908.001

Numerical simulation and experimental study on TIG cladding process with coaxial powder feeding

WANG Wanwan, GAO Hui,ZHOU Canfeng, LI Wenlong

(Beijing Institute of Petrochemical Technology , Beijing Engineering Research Centre for Advanced Connection Technology in

Energy Engineering, Beijing 102617, China)

Abstract In order to study the temperature field, flow field, potential distribution and powder particle trajectory of TIG cladding
process with coaxial powder feeding, a two-dimensional simulation model was established according to the theory of magneto
hydrodynamics. The TIG cladding arc and powder particle trajectory were numerically simulated by COMSOL software. The
simulation results show that the arc shape is bell -shaped, the gas flow is stable, and the utilization rate of powder particles is
high. In order to verify the accuracy of the simulation results, a coaxial powder feeding TIG cladding test was carried out. The
test results show that the weld is straight without obvious defects, and the actual arc shape is highly consistent with the

simulation results. The cladding layer was observed by a metallographic microscope. It can be clearly seen that the internal

structure of the cladding layer is uniform and dense.
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Fig.1 Welding torch structure diagram
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Fig.3 Curves of thermal physical parameters of argon

with temperature
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Fig.4 Temperature field distribution of arc
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Fig.5 Numerical simulation results of arc flow field
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Fig.6 Potential distribution of arc
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Fig.7 Numerical simulation results of particle trajectories
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E

temperature field

3.2.2 WA

SREZHLN 130 A GE ML 6 g/mm  SiC ¥R H
1.5% W T2 280N 1648 )2 B v A [ X3 il i 4 41
WME AR, B an] LUE I 0S5 2 N4 211
5], TP B IR S IR E A ZE A R A, TR
THMWT A BB . I 1 AT A R S SRR
SR X 255 A AFAE — 45 DA LI A% 0 11 T i, 4H 2R
DI R EL 23 A5 AS 5 BB i AHSER ok 2, S AR T L
AT 1] A b IS ) A A 2 D A K . ] 1Le AT
ST BB R R ) BB RS B D e R
A 22 A0 /0N (1) B R, 2 LR (%) T AR R 4 40
FHIE

}\il}'*ii' 'l\\ x“\ ')
o ’ l"l ,r ‘f“\

!. ‘1"'.:. :ul..};‘ hk "h‘\ \\

."' t}l A ﬁ.“ #"

---------

—

C~__}) l:ﬁjlj(’ A

BT AR AN ) X R e R

Fig.11 Microstructure in different regions of cladding layer



5553

E WS « RVl TIG ki B i A M E A5 i B T 5 75

1) SRA RS ARSI & T —Fo R TIG
S, TR

2) FENL TR YRR AR 38 o COMSOL 4
XA R IR R i R A A R AR R i
SR VR T T BE AL, S5 A AR R A A
¥ioy, SRR B ELIR SRR E R AR R R

3) BEIRMEAE 316 LANEE AN M E 17 ) 3 A0, 3k
A5 B4 M AR TR S0, FE AR EE LTI R 130 A L5 M i
J 6 g/mm SiCHEE N 1.5% 0 T LS HCF 80 LR
LB S DL 45 2R — 3, AR AR A6 7 2 IR A 4
A8 TC I B

5 5 it

(1] Bezs s, 2R nBR a2 IR, 4 Ja B 0 1 A8 S H R 14 4 Je K i

LI HUBR S L, 2016, 34(9) :27-30.
DUAN Hongyu, LI Ruyan, YUAN Zhaojing. Development and
application of the auto-restoration technology of wear of metals
[J]. Machinery & Electronics, 2016, 34(9) :27-30. (in Chi-
nese)

(2] 8B, ol PRI, 45, Sl O CIe B 2 A B ik A

ZUGTERE T[T ). R AR =2 e CH SRR , 2021,
45(4):139-145.
HAN Bin, MA Guangxing, LIU Zhenhong, et al. Microstruc-
tures and properties of welded joints of bimetal composite pipe
with laser cladding at the end [T]. Journal of China University
of Petroleum (Edition of Natural Science) ,2021,45(4):139-
145. (in Chinese)

[3] ISRAR R,BUHL J, HARTEL S, et al. Reinforcement of tooling
using residual stresses generated by cladding by arc welding
[J]. Metals,2022,12(6) :984.

(4] R, T2 T, B, 4. 8GOt —a ol 5 17 1l
TR OE T 20T ], FmHAR ,2016,45(9) :220-227.
REN Zhiqgiang, WANG Zhigian, WANG Xiaoming, et al. Pro-
cess optimization of depositing formation remanufacturing of la-
ser-tig hybrid welding on magnesium alloy [J]. Surface Tech-
nology,2016,45(9) :220-227. (in Chinese)

[5] MA H,LIANG Y, FU H. Effect of B4C addition on microstruc-
ture and wear resistance of laser cladding nicrbsi coatings (1.
JOM,2023,75(2):515-525.

(6] 55t 77 , B iy , T, 45 FAVKE B X w85 OO LI B B O 1
wIRASERE AL [T]. & )8 kb 3, 2023, 48 (2) -
276-283.

WENG Yiqing, XUE Ruilei, MAN Jiao, et al. Effect of heat

treatment on microstructure and properties of stainless steel

coating by high - speed laser cladding [J]. Heat Treatment of
Metals,2023,48(2) :276-283. (in Chinese)

(7] Whiz  ALGe 2R, FENS AR , 45, 55 B TR B BOR I BUIR K2 i
B[], FKifHA,2019,48(12) :23-33.

LUCK, DU Xiaodong, ZHUANG Pengcheng, et al. Research
and development trend of plasma cladding technology[J]. Sur-
face Technology,2019,48(12):23-33. (in Chinese)

(8] SIEAE REIY, Wi s 5. B PN & R G 2R)2

TS 8 P P RE AU DT ST RE SR [ ). AR PR B4R, 2022, 43(3)
11-20.
CHAI Tingxi, XU Hongtong, YAN Liqin, et al. Advances in
corrosion resistance of high - entropy alloys coatings prepared
by plasma cladding [J]. Transactions of Materials and Heat
Treatment,2022,43(3):11-20. (in Chinese)

(9] Ble, 2= 5 e, PRl T, 55 . Q235HIML AR IFI TIG 1 A 72 51 2

Sk By ALBUM Ty S PERE LT L2 MRS i, 2014, 34 (1)
62-68.
YU Yexiao, LI Yulong, XU Jianning, et al. Microstructure and
mechanical properties of welding joint of cladding CuSi, on
235 steel substrate using TIG method[J ]. Journal of Aeronau-
tical Materials,2014,34(1) :62-68. (in Chinese)

[10] Bk =0, 2= ik, R, 5. 7075508 & A M 7 22 O 0k e e 4
ITAFFEL ). AR R, 2023,42(2) : 174-180.
ZHANG Yunlong, LI Ruolin,ZHU Bin, et al. Friction stir pro-
cessing on fusion welding area of 7075 aluminum alloy [J].
Materials China,2023,42(2):174-180. (in Chinese)

(1] Zfe WAl Ae, B4R 55, TIGHIUMER A m iR & 2 B2

O AN R Bt e 1R REAIE T (D). IR0 T T2 22, 2016, 45
(8):1-6.
LI Ainong, HU Jianhua, WANG Huajun, et al. Research on
microstructure and high temperature resistance of iron-based
superalloy coatings by TIG overlaying[J]. Hot Working Tech-
nology,2016,45(8) : 1-6. (in Chinese)

L12] TEMS, R, B0 H, 5. KBS 548 A Shm ke T 20t

FELJ]. BRI ,2020,49(12) : 54-56.
WANG Bin, WANG Kuo, CHENG Jinyi, et al. Research on
automatic argon arc welding process for large wall thickness
composite pipes[J]. Welding Technology,2020,49(12) : 54—
56. (in Chinese)

[13] KAVITHA K R,KUMAR G S, SRINIVAS G L, et al. Evalua-
tion study of mechanical properties of dissimilar materials
through TIG welding process [J]. Materials Today: Proceed-
ings,2021,44:3894-3897.

[14] Mg, BT, E 10, 4. B4R A & B BOG-TIGKH G4k
VRIS AT [T ). B HE 241, 2005(8 ) : 40-43.

LIU Xujing, LIU Liming, WANG Heng, et al. Weldability
analysis of magnesium aluminum dissimilar metal laser TIG
composite heat source welding [J]. Transactions of the China

Welding Institution,2005(8) : 40-43. (in Chinese)



