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Abstract: The weathering steel Q450NQR1 was welded separately by using the deep penetration GMAW
and pulse MAG. The welding current, voltage and the corresponding arc image during the welding was
collected. The relationship between the dynamic behavior of the welding arc and the weld formation was
analyzed by processing arc image. At the same time, the influence of the different welding current and
welding speed under the deep penetration GMAW on the arc behavior and the weld formation was re-
searched. The results showed that compared with pulsed MAG, deep penetration GMAW has more con-
centrated arc energy, lower heat source position, increased weld penetration, and good weld geometric
symmetry; during deep penetration welding, as the welding current increases and the welding speed de-
creases, the arc area decreases, the arc edge perimeter becomes shorter, the arc centroid position drops,
and the penetration depth of the weld increases; When the welding current is 315 A and welding speed is
650 mm/min, the welding arc is the most stable, and the weld seam forming quality is also the best. The
single-side welding and double-side forming of Q450NQRI1 steel sheet with 12 mm thickness is completed
by the optimized welding process, the weld is well formed, and there is no softening and embrittlement in

each area of the joints.
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Fig.1 Schematic diagram of experimental device
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Tab. 1 Chemical composition of Q450NQRI1 steel and TH550-

NQ-1 welding wire wt. %
MR C Si Mn P S
Q450NQR1 0.053 0.22  1.08 0.018 0.006
TH550-NQ- [ #£22 0. 06 0. 40 1. 25 0.013 0. 007
ok Cu Cr Ni Fe
Q450NQR1 0.215 0.52 0.143  Bal

THS550-NQ- 1l ##£2 0. 242 0. 47 0. 314 Bal.
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Tab. 2 Mechanical properties of base metal and wire cladding

metal
- JEMCEREE BURRE fR ekl
o6 /MPa o,/MPa /% A, (—40 C)/]
Q450NQR1 =450 =550 =20 =60
JRLLIE B4R 520 625 26 80
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Tab.3 Welding parameters used in different welding modes

Kty ik FER T RHRE REORIEBORIE gy RDURRE
FEE I,/A B T,/A U/V  o/(mme+min ') f/Hz q./(L*min ")
Fkih MAG 320 320 34 500 290 80% Ar+20%CO, 20
s GMAW 320 320 33 500 400 80% Ar+20%CO, 20
Wl GMAW (10 290 365 32 650 400 80% Ar+20%CO, 20
F4 RIBGMAW EHITEENERTIZSH

Tab. 4 Welding parameters used in the deep penetration GMAW controlled variable method
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SR (BUE D /A

YR EE /(mm + min 1)

285.295.,305,315,325,335 (2253 JiF 500 mm/min)
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Fig. 2 Flow chart of the image algorithm to extract welding arc area

2 gRE R e
2.1 AEEZRANBIMESRIFEERE
TEAHIRI AR T 2R - Ak v MAG FITRKE
GMAW A7 25 B 9O 25 R S e T
PIEANIE 3 B,
M 3 ATLLF s Bk if MAG 728 32 L 30 0
B+ FL IR 1 P 5T A L U B AE T B L
IR RAL B Be s SO S AR L B GMAW

LSO S TR A A ol e v 52 R 7 A BE K o
MAG PR I B R 7= A B L. Wi 3a
Iz - ki MAG A5 2 e b i O L s T 2 0 s AR,
SE »— Bk FRIZ S 3 500 s I EE(E BT Be 20
400 gos» RFERIPAL T UL L L S AL B B AR Y
HL IO A R e B 5 2 1 s s DR 2 TR
A 3b A L H L B GMAW A5 B3 I 5 ik
i MAG A BRZEM . — DK b 200 2 500 pis.
R3S T Ak 4545 v U B o B » HL R B B
HRIRBONTRE O A i T ™ A



#1H

K BARSE T Q4SONQRI T GMAW HLIIAT « 15 -

D

(6) (10)
500 — PR HLGHE 1170
450 ‘ 12 10 150
400 1130

i 350 {110 Z

44\5 300 D

@ 250 190 g

ﬁ 200 170 &

= 150 50 3
100 4 7 i P
sol | N 63“ \ -'-,,.«"'M g 30

10
0 2000 4000 6000 8000 10000 12000
ikl / us
(@) BkIPMAG

(6)

<
™~
~
S
=2
S
by

B3
Fig. 3

UL

(10)

400 7
380
360
340 t
320 t
300 f ¥

I y
280 J A u".'."‘ L “' I N\”“\ i IHH l“ ,W.U\\U,'.'y'v'nu “{\U‘H‘l‘.’l'{.',”‘/i' 30

260 ! ! 10
0 2000 4000 6000 8000 10000 12000

Az / ps
(b) FEIHEGMAW

A B 1R e X Y R SIS 765 T Xof B 48 43 PRIk PR IR SR T
Arc shape and corresponding welding current and

welding voltage waveforms of different welding modes

HIRHIEU/V

P 4 g AN TR AR e ) A R e 2 B
M 4 ATLLE L kb MAG S48 HBE T s 1S
L. TRIE GMAW JRAE 5 5 LT 1 SR 4 LA X B
JCW] BRI  [F]I R GMAW AR A8 I8 TR T Bk o
MAG. Jf48 4 /N T ikt MAG.

(b) FIEGMAW
B4 FRABZREXWEENBERSHNE

Fig. 4 Welding forming and parameter measurement

of different welding modes

A5 HL I D AR R ) BRI L i T
VERIAERET B RPGR g, &l 5 7R AR 2 17
S i Sa IR R 22 v R A R A2 ) A
WEE T Py ibam AE G RmK I Fo
RIS F o i S e R i s Fo BIFETR
7R TR LT I g T R e R
BT E, MVE ) G X i i 8 e AR L 3R

e’
=
=

ey
. N io
a .
/./' P80
i
F, GO 49\*
() A TRE I RERY (b) FerH Bt 195
Bs5 BEzhrEHE

Fig. 5 Schematic diagram of droplet force
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Fig. 6 Arc shape under the different welding currents
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