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Effects of welding parameters on formation of overhead position MAG surfacing

Li Chenyang, Xu Yan, Zhou Jianping, Li Jing
(Xinjiang University, Urumgqi 830000, China)

Abstract: ER50-6 carbon steel welding wire was chosen as surfacing welding wire to carry out overhead position MAG surfacing test on
Q235B substrate. Effects of three main welding parameters, wire feeding speed, welding speed and wire extension, on weld width and
reinforcement of single pass overhead weld was studied by single factor method. Causes of hump defects in welds under different welding
parameters were analyzed. Based on this, surfacing strategy for single pass multi-layer overhead position surfacing was proposed, namely
reducing heat input, cooling time and disturbance of molten pool. On this basis, 10 layers of single pass multi-layer continuous overhead
position surfacing were formed, and tensile test was carried out. The results showed that under welding parameters of wire feeding speed
3.5 m/min, welding speed 0.25 m/min and wire extension 6 mm, forming quality was relatively stable and tensile strength reached 518 MPa,
which could meet requirements of some parts with low accuracy requirements. Feasibility of the proposed single pass multi-layer overhead
position surfacing strategy was verified, which provided a reference for the selection of welding parameters of overhead position surfacing

forming parts.
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2023 FEE 3 M 33



W4 15 BHTR Pscarct Popen

2 RBLER5TE

PO PR ) T R ST R R X AN R A i A
FHARFE B, AS R T2 S 500 T8 S 4% h
JE RS 2% T o 2 1) 5 T R[] 5 T B 3 4 I
ReF s R AL, EEAR: R, B
B L SR 22 o B Rl IR K IR A
BE | PR EE | R AP A R i A
A P B A — oA 1 A =, AR i . H S F R A
R R Z A BN LR, AT
AP AR B FL I R R M ORAE A RN S . BRI,
S PR % 22 TP | AR R RV 22 M R R RT3 A
F2 TS H 53 B 5T X R AR 5% B RSE I 2,
AR T2 S H0 U A
2.1 32X B 15 )

R T RS 6 22 B )5, JE R A 0.2 m/min,
K22 A B 10 mm, 173 2234 7F 3.0 ~ 6.0 m/min
Z AR, 32 2 B T R BB R s I i AR T
SRR E | R AIRAE I T8 5 A 1R DU R
BT o B2 45 T OS] 2% 22 3 5 T R 45 s v N

A AEALNE B o AN TR 2% 22 3 FE T BRI AR 48 A ULTE
SN 3 o dEad iR & B, Bl 2% 22 R A B,
KREE NI TE AR S A AR fk . IE 2 nT LU
16 22 TBE T TE R A v R 0 RN 4% i R 2 Bl
k22 R RGN  JDR R 2 k22 R ORG
A, AR O FR K L R AR AN TG R, R
J5 1t 1) R A R ERLASE R[] P A A 7 4 8 o B
ZYEK, 4 R AR R gk VR R Sl R, 18
HE IO I T S M RN 5 E A Tt v H O [ R R, 0 il
LB ZEIER, IR A R ER . (HRsE
R SE R AR B AN S — R L, A ERET
LE B, M3k 22 R R B IG FE R, SRS
IAMNIE A, il 3g B, MK 3 ol LLE H, Y
1% 24 R R /N, R R TR AN, HE L A A A DN,
S5 1t v ) R I,  E  EREL AR, AR VO g o T
IR ARG, BB TE A, AR T IR 8 2 )2 H AR
TG K 22 TR A AT, AR R A, e L I B
PR G, R IE B 2 IR LS8, A e 1 e A
TIRE 2 ZH AR OV 56, 02 3% 22 3 Hid 6.0
m/min B}, FE4E S H I BE I BRG , Wl 3g FTs o

&2 ARENELEE THIRZERE

G5 IRZLHEE v/(mmin’)  KEBEEEE v,/ (m min )

SR KT I/mm S w/mm A H/mm A E/(J-em’)

1 3.0 0.2 10 4.12 3.60 2967
2 3.5 0.2 10 4.78 3.86 3423
3 4.0 0.2 10 5.22 4.16 4106
4 45 0.2 10 5.80 4.50 4699
5 5.0 0.2 10 6.30 4.80 5302
6 5.5 0.2 10 7.10 5.18 5907
7 6.0 0.2 10 — — 6720

8 B HY R G 0 BB, g T AAR A b e T 1

7l —— B, 4 BT R R AR A 2 A A

e A OF JE IR R Y- 35 A o = 3i0F - E TN S (e

Y558 W/mm
4218 H/mm
W N

\4-//

3.0 3.5 4.0 4.5 5.0 5.5
K L2 E vi/(m-min")

2 R[liK 22 PR A I TE A AT R AR A

34 2023 £ % 3 #f

T 5K 7, BRI 7 AR5 I, M LA R i B e 1 @
s Tl < e ) VA RRUR Jo it 226 2 A RE £ 8 o o 3
MG I T = T, 2 R AR T kR
Sl e 12 R = I N U RS [ I L o
Wi 1] )= J7 b SR A R AR J LA AR R 1L, B g
1% 8
2.2 MR LS Y RO 85 )

N T WIFTERR R B R, SR 22 T O 3.5 m/min,



Roscarch Poper. BINHT V4 25

(a) 3.0 m/min
c i 10 mm
(b) 3.5 m/min
———
(c) 4.0 m/min
(d) 4.5 m/min

(f) 5.5 m/min

e e e T

(2) 6. mn
3 AREELZHEE T R

FE22 AR A A 10 mm, TAREEE7E 0.10 ~ 0.40 m/min
Z I AR Ak, 32 3 F T AR B R A e Y AR T2
SRR E | R AR G T 5 A s 10 D R X
B AETA o B S 25 T S TR) KR B T K AR e e A
A AR AR Ol o AN TR RE 2 T B AR 4R A LY
AR 6 F 7R o TE a0 K PR, Bl A R A
R L 0 50 R R = BB s A BT A8 Ak . DAL S T LU

HIHS)
HU I 7
_ \
AL BT 3
L)

B4 AR G S A

427 S o M T N A o R TR, R A v 4 B
NG B A B T /0N o D R R AR R A
BF, A0 1 O S T A5 BRL AL R [) D 2F K T 17 4
o 3G O, P AR R, I il 4 A 2T TR T AR
AW e, SO T 5 7 B9FE T, A5 4% B9 9 F4x
o P AR 2 A B A s, 7 B ) P R AR S
14 4 Ja8 Uk /DS, B AL /N, AR SR Y BE S Ay i
LRPEI/N o EARAE I L A S S — LR PR
AN, FEHCE R T LS5 — e i, 0532 B 3k 3 I
B, R4E S R BURBLNE S, WE 6g TR, M
6 Rl UF Y, KRl B /N, FA AR, It
Vo N, AR R T S G NT, AR IR AR MR
T P A AT, AR AU D e b v R T A e, A5 4R
Fm A v H LW, AR T 522 )2 MR RUE K
{HL 24 542 5 B SR 21 0.40 m/min B, K5 4% 25 B Bp g
BRa, anE 6g s o

R 3 TREEZEERZERE

e EEEE v /(mmin) X ZZEEF v/ (m min )

PRI K [/mm JESE W/mm A H/mm A E/(J-em™)

8 0.10 3.5
9 0.15 3.5
10 0.20 3.5
11 0.25 3.5
12 0.30 3.5
13 0.35 3.5
14 0.40 3.5

10 6.40 5.80 6 846
10 5.80 4.16 4 564
10 4.78 3.86 3423
10 4.48 3.10 2738
10 3.92 2.70 2282
10 3.62 2.38 1956
10 — — 1712

XoF T PR BT R I, 4 H R R B R T A
P 7 iR R X R B G JE R AN T s AE I
FIAE T B0 vhaly 3, R AR b A e X, KR 22
e A ) A < Je AR IR o O Bl B A S 7

o P 24 ) 5 Rl 4 R [ U Bl 5 7 v 4
BEPET, AR 22 R S iy 5L T b A AT 2, S O Tt o
0 X e B I Bt TR R R, ol T R R e
JE B Bl B I FE ol e R

2023 £ % 3 35



~

= Fi

(=)}
T

—— R

145 %6 W/mm
4 H/mm
i W
T T

[\ (O8]
T T

o —_
T

0.10 0.15 020 025 030 035
JEEHEE v, /(m-min™")

K5 RIRIEEEE T R SR AL Al

- =
P —— T

(a) 0.10 m/min

(b) 0.15 m/min

r———

(c) 0.20 m/min

J———

(d) 0.25 m/min

(e) 0.30 m/min

(f) 0.35 m/min

g)0.40m/min
K6 AR N R
2.3 Rz i X R B 5 R

N TR GERE 22 i R RE B, GR 22 R 3.5

Jei it
L —e | e fal E'Em%lﬁjj

s K471 g

K7 BEREIE AL s

m/min, FEHEEEE N 0.25 m/min, TARZZH A BEAE 2 ~
18 mm Z [H] 7424k, 3% 4 2 1T A0 6 o 0 4 1 40 i AR
2 T2 S 800 B ST 2 12 0 FF- 2 s o
AN TRV 22 A R BE T BB AR A8 S ULIE AR AN 5] 8 T .
2 4 o1 YRR Rl T RN L DN R R A B A e R 4 L R
T N AR R R BOR AR, AR 4 Th AT LUE
FHL VA I A 22 A R R 1% 3 0 T 9sd /) T FEL IR
JUFRFEAAS o T B2 I8 A AR LR 4 K A 42
10 O o I N NS I R A T 1t o T o R R E A S
e 4 RefeE g sy, P R I HR T R 5 AR B R A
4, AT A BE Y R R 5 BE R L, B A T PR AR AR
FE, MRz K BRI, MR 2 RS R, S TR
FRpE B N T, R U AR FLUE B I T Ok
ANo L8 H AT LU MY, Bl 5 45 22 4 o A R A 38,
KRGETE S B T Ak o TR R R R 22 i A R Y 3
Jin, K R RN R 22 X B B TE FE RS, ST
P B Ak D, SRR R R LA B — e H
BF, KR4 O R R R AR AR AR B R, TRk &2, KR4k
ANESE, 755 7 B RG, Qs e s .
2.4 HiAZ)ZWEIERE

R T T T B AT R BT 2 2 M R T SR D
AN U0 LV FTE R] DR INE T B . AR P
XA, 15 22 TN Ty 6 RO, MR BE AN B 1 R
AN MR b SR KR R 56 4 SR, vk Dk 22 K
4.0 m/min. fE4EE F 0.25 m/min. & 228 K EF

R4 AEELHAHKERZRR

s SEZA LIRS IKLL A SEE LYY SR LR SR LR T 598 AR
l/mm vr/(m-minfl) vw/(m~min4) I/A U/v W/mm H/mm

15 2 35 0.25 104 15.9 5.08 3.10

16 6 35 0.25 100 15.8 5.20 3.24

17 10 35 0.25 97 15.8 4.66 3.04

18 14 3.5 0.25 94 15.9 3.70 2.96

19 18 35 0.25 90 15.8 — —

36 2023 £ % 3 #f



Rescarch Poper. THIRF 43 55

(e) 18 mm
B8 ANFIFLLAR T A ARSEIE A

6 mm; 3% 22 3 F 3.5 m/min, %242 0.20 m/min,
SR 22 A K 6 mm; B)3% 223 3.5 m/min, 742 5H#
B 0.25 m/min, %224 K B 6 mm X 3 S EAE )
Ah— B A4 R FE A b AT T AR ERE 2 R AR
R, ESHESE 10 )2, B2 RS AR A .

FOHAAEQHSE T Mg L& 9 s,
X2ASETHREEIMIELIEIE 10 2B . S
QUSHT, WINHEAT T %L 10 EHERIRK, 4557
& 10 Firs o Bk 1 4 Hh A0 SR s 1 T ATk

(b) M

(a) IETHT

K10 HEOUSEIE ZJZHEARIE

oY DN 2 JR AR AR AT R B, ) BT

Z JAWERE T AR OF- T 1 AT T Pl g, iR 4
bR GB/T 228—2002(4: J& #4 %} 2 P56 7 vk )
R Bk F FH R U0 B DB, Anl&l 11a froR, Of a0 4Rt
(TR AN T DA TN o 2o VA (R o N T o N 4~ S
PR, AR H %0 2 mm/min, FHRAE & AR T B B0
s, s 116 fros o RAF R BThiiR A 518 MPa, 41

12 F7s o FEIE 22 BT Hi 58 B 500 MPa % i, BE 75

FE— PO JRE R AN 1o 1 AR A (25K

QEEHS]

B e R P R i 4

YUhi#E R, /MPa
W
(=3
(=)

0 5 10 15 20 25
Wi R 4 (%)

Bl 12 s R

(1) 5 B PR B R0 T 326 220 B | 50 B A
K22 A 3 AR T8 S 800 0 8 B T AR
BN TE A B S, s A7 B E ) | R TSR ) AR LR
B VE FH I8 A 215 i bR 285 02 A5 4% 1 90 5 04 45 Bk B 1Y
JR A

(2) 48 HR A AR PR3 22 23 AR 1) SRS - DB/ NIRRT
/D Wt Ve ZN B R, N AR B . FEIR 22 E 3.5
m/min, ¥ 423 B 0.25 m/min, %2 22 {f 1K B 6 mm (1)

2023 %38 37



W4 15 BHTR Pscarct Popen

SRR SCL T i S HERE 10 2 80E , M B o B ik
F] 518 MPa, H:iIE T FT $2 H 5 W& 19 v 471 .

(1]

[2]

[3]

(4]

[5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

2% ik

WRE R, A SO, TR, 2. OGR4 Hi] 2R AR
TORHERHIERAL 570 BT (1] JR3E244R, 2022, 43(8): 68 —
72.

TAE, T—W, B0, 45, TCASK A 4 I i F UG 22150
BUZHLUGYERE [T]. AR50, 2020, 41(10): 54 — 59.
Sun Qingjie, Sang Haibo, Liu Yibo, et al. Cross section scan
trace planning based on arc additive manufacturing[J].
China Welding, 2019, 28(4): 16 — 21.

Yin Yan, Zhang Yuan, Dong Kaiji, et al. The development
of 3D printing technology and the current situation of
controlling defects in SLM technology[J]. China Welding,
2020,29(3):9 — 19.

Bt A, Z57R, BN, 5. —FTi-6AL-4VIRER B PR S
BT S A PERE LI]. S5, 2019, 40(7): 156 —
160.

W, BRi, sk, OGP TC21E & & i H 2 5 1
ELI]. 4 JmIAALFE, 2015, 40(3): 48 — 52.

BRI DR, W04, SRR, 45, ] PN A1 e 7 SR 22 U R A
EHAR K EBAR [I]. 542241, 2018, 39(8): 123 - 128.
I, ZRTE, 0, 5. 428 R0 A 231940
GaHS SR m [T]. BIEAEIR, 2022, 43(7): 49 -
56.

M=, Hah, e, 55, W22 LU b il £ Al-Mg-Zn-
Cu-Sciir & T Z5HLAWERE V], FHE5R, 2022, 43(11):
36 —42.

BT, 25, BB RE, 45, Ao i B AR TE A R &
T RIS IR KBk (7], K4, 2018(8): 14 — 20.

P, SRR DR, 530, 45, GHA1695 4 i3 b4 thl v i
PR T R SRR (0] R4, 2021(3): 13 - 21.

Pan Jiajing, He Xixin, Zhao Pengcheng, et al. Numerical
analysis of typical droplets transfer mode in wire and arc
additive manufacture process[J]. China Welding, 2020,
29(3):44 - 53.

JEIGF, AR, X K R OB B B4 4 Jre IR B S8
0], P2 i R A oA A (A A BEA R, 2018, 33(2):
106 — 112.

A5 AEK:
25 R B, VFRE, JE T, S5 AR T 2SO0 M5 MAG HEAR SUE (4 52 R [7]. K782, 2023(3): 32 - 38.

Li Chenyang, Xu Yan, Zhou Jianping, et al. Effects of welding parameters on formation of overhead position MAG surfacing[J]. Welding &
Joining, 2023(3): 32 - 38.

38

2023 £ 3 #A

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Jiang J C, Xu X, Stringer J. Support structures for additive
manufacturing: a review [J]. Journal of Manufacturing and
Materials Processing, 2018, 2(4): 64 — 87.

Kazanas P, Deherkar P, Almeida P M S, et al. Fabrication of
geometrical features using wire and arc additive manu-
facture[J]. Proceedings of the Institution of Mechanical
Engineers, Part B: Journal of Engineering Manufacture,
2012,226(6): 1042 — 1051.

Radel S, Diourte A, Soulié F, et al. Skeleton arc additive
manufacturing with closed loop control[J]. Additive Manu-
facturing, 2019, 26: 106 — 116.

WRibtik, bhrp iz, B @R, 55 REBEJC SR S5O LA 22
BEOPF ) i ) BT RUPLEE (7], B ISR, 2021, 51(12): 23 —
27.

TR . i I A8 - B T2 & 0.
J1%5%%, 2021, 38(7): 81 — 86.

XI5, SRR G, M. TA2BK G 445 I (M AL B PAWR
SERUBHTSE (T]. #UNT 12, 2019, 48(5): 63 — 67.
XUELH, Bise, RN i B R 2R ik o v S A i
{0 P M DR B e ST AR O (0] o [ LB TR, 2020,
31(17): 2137 — 2141.

AET, HEG, R, SRR EEX = 22
KA E PEANREE I AR )] J79%741, 2022, 43(3):
31-36.

B IR, OSBRI A 1 T 2SS (D] i
IR W IR Tl KA A0 2268 5L, 2020.

Yuan Lei, Pan Zengxi, Ding Donghong, et al. Fabrication of
metallic parts with overhanging structures using the robotic
wire arc additive manufacturing[J]. Journal of Manufac-
turing Processes, 2021, 6: 24 — 34.

VEHE, XBLLHY, oy, A5, HEAR DU OE 8 BRI 4
SHAMAC ], AN T TZ, 2017, 46(15): 194 - 198.

F—1EE:

BIEEE:

M, Mt; TEAFEIRGH A& T L
% 5 747458685@qq.com.,

W, RE, BT ASF 2 RANFL SN
M e 5 mIG AR AT A5 1370973166@qq.com,

(#wiE: T )


https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.7512/j.issn.1001-2303.2021.12.05
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-132X.2020.17.017
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20210926001
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.14158/j.cnki.1001-3814.2017.15.051
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.7512/j.issn.1001-2303.2021.12.05
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-132X.2020.17.017
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20210926001
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.14158/j.cnki.1001-3814.2017.15.051
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.7512/j.issn.1001-2303.2021.12.05
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-132X.2020.17.017
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20210926001
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.14158/j.cnki.1001-3814.2017.15.051
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3390/jmmp2040064
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1177/0954405412437126
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.1016/j.addma.2019.01.003
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.7512/j.issn.1001-2303.2021.12.05
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1001-4837.2021.07.012
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.3969/j.issn.1004-132X.2020.17.017
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.12073/j.hjxb.20210926001
https://hffyb7789d7bbe5f747dbskwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/10.14158/j.cnki.1001-3814.2017.15.051

	hj-2023-3_online_merge.pdf
	焊接工艺参数对仰焊MAG堆焊成形的影响


