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Abstract: Wire and arc additive manufacturing (WAAM) using high-nitrogen steel is suitable for the integrated forming of large
and complex structural components. In order to improve the deposition rate of high-nitrogen steel wire while ensuring the
performance of additively manufactured components, it is necessary to study the plasma arc additive manufacturing characteristics
of different diameters of high-nitrogen steel wire. The melting characteristics and spatter process of HNS6-N5 high-nitrogen steel
wire in plasma arc additive manufacturing were analyzed. The study investigated the spatter behavior and N element content in
weld metal during the additive manufacturing of high-nitrogen steel by designing different wire feed heights and feed speeds. The
results show that the wire feed speed and height determine the transitional mode of high-nitrogen steel droplets and also affect the
weld bead formation and process stability. Under the same heat input, decreasing the wire feed speed results in more intense spatter
behavior of the molten droplets, while the N element content in the weld bead decreases. Increasing the wire feed speed gradually
increases the N element content in the weld bead. By comprehensively adjusting the wire diameter, feed speed, and feed height, a

stable process with low spatter, high nitrogen content in the weld bead, and high deposition efficiency can be achieved.
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Highlights: (1) The impact of high nitrogen steel wire diameter on plasma melting droplet transition was elucidated by combining

high-speed cameras.

(2) Revealed the influence of diameter and wire feeding height of high nitrogen steel wire on spatter formation and

characteristics.

(3) The law of the effect of process parameters on nitrogen content and deposition efficiency of welds in high-nitrogen

steel plasma additive manufacturing process has been obtained.

Key words: High-nitrogen steel; droplet transition; nitrogen loss; melting efficiency
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Table 1 Chemical compositions of the substrate and wire
R C Mn Cr Si Ni Mo N P S
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= A & ¥ & § 45 %
TR
AL Ay W
(eCee |

CNC gantry system

1

00

%

|3

@ Hkin
Q¥ kih
e o Enp @UEFUE
. @ (Ui
KA .

CMOS = AL
e

1 EEFIETRGETEE

Fig. 1

K, WAAM 58K FH 45 B 7 IR R 5ol TIG &2
HIR— AL IEHL (Fronius Magicwave 3000) ., 55 B 1
PobIbE | 2B TR (PWM300) FIR 7K HL (CPWL-
010ADR) 4 1, HH TIG 28 T i — A Ak A w145 il
R H I A S L I R, B AR IR 22 4L (SB-11-
P) SHldr AP TR, 0 5 HHE Y 10 S H 45
k22 2%, R A5 S HLA Phantom” VEO
410 AL, ZAHHLR H T 28018 % x 800 15 K 119
CMOS & B E SRIE Tt AN 8 2205401 T, i skt
5000 /s, BESGHFE A 3 ps.

VR EAZ N 1.2, 1.6, 2.0 mm (1) 3 FAR[E R
HRE RN L. B, WA RS 4HE,
JERZHLTE 200 A BEM R 3.5 mm/s, 3 P ELAR 2244
A3 WL 1.58,.1.32, 1.05 kg/h 3441 505K #E47T900
T, X2 E R E N 0~ 3.0 mm, BRI 0.5
mm, A5 3% 22 8 B R AR 4 0 5 i 1R ). 3%
22 EIE 2 BN, k22 B IERE h2e S A
MR A HE 2558 LR b, X TR RO 2288, h DA 0.0
HEmE) 3.0 mm, FXKIE N 0.5 mm, RS
WEI & JE L o AT I Rk B2 . b, 3 B L RN
150 ~ 250 A, FRIRIE N 50 A, ZEBADHITKFE, &
I ING% 22 L, ST s R SO A B AR 22 A hE
BRI B E, MITTAS B 76— B K
FEXF YT 5 .

R FHZR I B 77 353 B 5 B, eI
B4 B B AR 4 mm, JEEE 1 mm 59 %07 i
F, R Inductar NHO JU3a0{% (I 45 B 4 0. 15 x
10°°) 2SI BT BOHE A 19 0 I FD .

Schematic diagram of plasma arc additive system
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Fig. 2 Droplet transitions of the ¢ 1.2 mm wire under
different wire feed speeds. (a) 3.1 m/min; (b) 2.5
m/min
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Table 2 Welding process paraments
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Fig. 3 Deposition process of the ¢ 1.2 mm wire under
different wire feed heights and speeds. (a) 2.0
m/min; (b) 2.5 m/min; (c) 3.0 m/min
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Fig. 4 Deposition process of the ¢ 1.6mm wire under
different wire feed heights and speeds. (a) 1:1
m/min; (b) 1.4 m/min; (c) 1.7 m/min
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Fig. 5 Plasma arc welding passes under different wire
feed speeds with the ¢1.6 mm wire. (a) 1.1
m/min; (b) 1.4 m/min; (c) 1.7 m/min
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Fig. 6 Deposition process of the $2.0 mm wire under
different wire feed heights and speeds. (a) 0.7
m/min; (b) 0.9 m/min; (c) 1.1 m/min
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Fig. 7 Plasma arc welding passes under different wire

feed speeds with the ¢$2.0 mm wire. (a) 0.7

m/min; (b) 0.9 m/min; (c) 1.1 m/min
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Fig. 8 Droplet blasting and sputtering during the depo-
sition process
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Fig. 10 Effects of the wire feeding position and speed
on the nitrogen content with the ¢$2.0 mm wire.
(a) WFS = 0.9 m/min; (b) different wire feeding
speeds
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Fig. 11 Deposition processes under different wire feed

speeds. (a) 2.0 m/min; (b) 2.2 m/min
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Fig. 12 Effects of the wire diameter and welding current
on the maximum wire feed speed
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Fig. 13 Effects of wire diameter and welding current on
the deposition rate
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