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Microstructure and Temperature Field Analysis of
MAG Multi-layer Welding of P355NL1 Steel for Metro Bogies
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Abstract: To further enhance the metal active gas (MAG) multi-layer welding quality of P355NL1 steel used
in metro bogies, this paper conducts the MAG multi-layer welding tests of the butt joint of P355NL1 steel
metro bogies, analyses the macro and micro morphologies of the butt joint structure, focuses on the study of
the weld and the organisation of the heat-affected zone of each layer, establishes a MAG multi-layer welding
model of the butt joint and performs calibration, and studies the distribution law of the temperature field of the
MAG multi-layer welding. The results indicate that in the MAG multi-layer welding experiment, the heat
input from the subsequent weld passes two phase transformations and recrystallization, which disrupts the
columnar grain structure in the previous weld pass. This process leads to the refinement of the grain structure,
forming fine ferrite grains and a small amount of pearlite. The double ellipsoid heat source model effectively
simulates the welding process of P355NL1 steel in MAG multi-layer welding. The maximum temperature
significantly increases during the welding of the upper layers. Therefore, controlling the welding temperature
of the filler layers is crucial for grain refinement in multi-layer welding processes.
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Table 2 Butt joint MAG multi-layer welding test

parameters
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Fig.1 Schematic of butt joint MAG multi-layer welding test

2 P3SSNL1sNXEEZELFENHE
gl

BT b AT 1) 42 FH P355NL T4 Xt 422 42 3k 44 k)
FEE DL e P3S5SNLL AN MAG 22 J2 08 6 #4322 00
TE S, K FA BRIT O FLEE AR, £ 7 Ml 2k e ) 2 e 75
XS MAG 2 R MR8 IR R R
Ay AR X LR AL MAG Z 2 EA1IESE X
2.1 HEERIEST

R A S R X6 422 42 S R 4 1 RS, e T B A R
sF 24100 mm X 100 mm X 14 mm B = 4 #5511
£ RE A 607, SR JH 30 1Ay i o0, o 4 DX R A R



68 M AU AR R 4R (A 2R B 27 B

557 %

sF47 1.00 mm X< 1.00 mm X 1.11 mm , [% 4% £ 7 14 2.
TG AVECR 41 750,77 55 RO 44 729, I 2 TR .

(b) Transition mesh area

(a) Overall structure
[l 2 b 4 5 Ay JLART A5 250 1% I A% 1) 43

Fig.2 Mesh division of the butt joint geometric model

(c) Weld seam area

2.2 P355NL1N# B MIB GRS

W R 43 4 19 3D WA 5 A BR JT 0 B AR 1
Marc J& 75 € A RHE P . T HORHAY S RS
B R AR 2 AR Ak, I AR A DX 3 R A
P I 75 5 A A A B R 2 BN AR TR B T
ANV R B e B b R R A2 .
T HO AR AT A 00 B, B DL A P355NLL 4
(9 b A B A R B, L2 BB A TR R Y A Ak
K 3R .

10
9
- gl
2
=
w
N
-
4 . . . .
0 500 1 000 1500
MRE /°C
(a) Specific heat capacity
40
g 35F
g
& 30 L
B 500 1000 1500
R/ °C
(b) Thermal conductivity

Pl 3 P355NL1 Y HEME AE S 4L
Fig.3 Physical property parameters of P355NL1 steel
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gz, y,2)= (2)

double ellipsoid heat source model

YEY) S L/

J=E KW e (omemin) b ¢ ¢
1 3.23 0.9 3 3 4 3 5
2 8.40 0.5 5 3 4 5 7
3 8.40 0.5 3.3 5 5 5 7
4 8.40 0.6 3.3 7 7 5 10

»
I

Mg U KA R EHEST

AR SOV TE WG A F R = R 20 °C L LA Ik
F L AEAT BRI A g A S )y PR TT TN
INEAE 5 MMM R L. B MAG £
JE A TR R AR MR A A5 N B — A R R B
F YRR B AR o AR BR TT R b R B AR A
B B A PR AT LG B OR B L S AR AR
LALESpIIE=

3 REERSHHN

3.1 MAGSERIBEHAFER
Kb 2 1 3k 0 22 T S Gn TR 5 BT s |, 4 T8 R 4% ik



%1

Ju LA RS P35SNLL MAG £ 28 ROW A1 80RO % 53 B 69

AIEIE I RN TR, 4 T 74 1) SRR M, A
P A0 AL ORI A S BRI IR AR T R

10 mm

P50 e 3k 2 T 3
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Fig.7 SEM images of the weld zone in the welded joint
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Fig.8 Comparison of weld and simulated melt pool
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Fig.10 Time-temperature distribution curves in the weld zone
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(b) Temperature and microstructure of the fourth layer

(c) Schematic diagram of the effect of interlayer
heat input on microstructural transformation
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Fig.11 Interlayer microstructural transformation
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