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Abstract: This article takes the SAl 5183 new model marine aluminum alloy welding wire as the research object, using
TIG/MIG welding technology to conduct vertical upward welding, overhead welding, and flat welding on 5083-H116
aluminum alloy to study the welding performance of this model of welding wire. The research includes tests on the properties
of the deposited metal, chemical composition analysis, mechanical performance testing of the welded joints, and
microstructural analysis. The results indicate that the tensile strength of the deposited metal reaches 291 MPa with an
elongation of 30%, and its chemical composition meets the requirements of CCS material and welding specifications. Tensile
tests on the joints show that the tensile strength of the MIG welded joints is slightly higher than that of the TIG welded joints,
while the mechanical properties of the vertical up, overhead, and flat welded joints under the same welding technique are
similar, with tensile strengths reaching 90% of the base material's tensile strength. Microstructural examination reveals the
presence of white dispersed phase Als(Fe, Mn) compounds in the weld zone under different welding processes. Notably, when
using MIG flat welding and vertical up welding processes, the size of precipitate phase in the welded joints is relatively larger,
resulting in better dispersion strengthening effects. Additionally, the weld zone exhibits the solid solution strengthening effect
of Mg elements, with a more uniform distribution of Mg in the joints produced by MIG vertical up welding, TIG vertical up
welding, and TIG overhead welding, leading to enhanced solid solution strengthening effects. These two strengthening effects
ensure the welded joints possess good tensile strength.
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Table 1 Chemical Compositions of 5083 Aluminum Alloy (by Mass Fraction %)
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Table 3 Welding process parameters of 5083 aluminum alloy
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H—iE 116 18.3 5.65 338.28
9 Fig i
RREE 205220 238240  1094~12.07 3992945214
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MIGREE 6 srmtie
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Fig 1. Schematic diagram of the size and groove of
the test plate for deposited metal
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Fig.2. Specimens of chemical composition of deposited metals
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Table 3 Welding parameters of metal deposition test

WREETT I FR 22 JA% JRIEH IREEIR(A)  REEHIE(V) R (mm/s)
MIG ®1.6 mm 58 220~223 24.3-25.3 6.30~7.39
TIG ©5.0 mm 24 282~283 19.5~20.3 3.57~4.43
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Table 4 Measurement results of welding wire size
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Fig.3. Surface quality of aluminum alloy welding wire (a), MIG
welding wire (b), TIG straight wire welding wire
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Table 5 Results of tensile test of deposited metal

THERE MM E R
ot hERE AERMEME T

{8/MPa E/MPa (%)
MIG 4844
(®1.2mm 291 140 30.0
)
TIG %
(®3.2mm 288 146 29.5
)
2.3 RS

£ 6. 7N MIG 15221 TIG 15 22 146 22 B A3 K il
ZER, ZRAGVEANCE T MR L FER R, BB R R
HHEIBHEEX = TRENENI LRGSR, R
JCE Mg, Mn PLEE TR Ti 55 R0 1™ k42 il
TEds Va2 N, 5B, MIG R4 F1 TIG B
78 22 A 22 1Ry o W 45 R FF & CCS MR 51842
WL EESR, MR TR LA R . 5k R,
A S IRM B GG R, R 5 F B 2L
MBI T A UL L H AL R &=, g s
R A R A Bk s i TR Je R R R e AR A
SALEIRER .



® 6 MIG BLNF RO DIER

Table 6 Chemical composition analysis results of MIG welding wire

TR (%) Si Fe Cu Mn Cr Zn Ti Be Al H(ppm)
B (B 0.010  0.110  0.007 0.57 0.110  0.024 0.071  0.0002  94.15 1.53
1§e2 0.004 0.079 0.003 0.64 0.061  0.006 0.11 0.0001 94.20
BBE R 0.007  0.064 0.060 0.66 0.084  0.008 0.072  0.0001 94.27
RTTIC EFREFRLUFERT FIER
Table 7 Analysis results of chemical composition of TIG straight strip filler filaments
TTE (%) Si Fe Cu Mn Cr Zn Ti Be Al H(ppm)

EMR (8%) 0013 0.080

BH&HETZ 0.007  0.081 0.008  0.64

0.0008  0.67

A& B 0.010  0.051 0.002  0.66

0.087 0.013 0.12  0.0002 94.18 1.443

0.096 0.016 0.12  0.0001 94.32

0.073  0.008 0.12  0.0001 94.34
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Fig.4. Macroscopic morphology of aluminum alloy joints

[ 5 \a & SIRIEEL X SHEEIRGBER(@MIG B (D) TIG 1F%

D

P

50um | @b

Fig.5. X-ray flaw detection results of aluminum alloy welded
joints (a) MIG welding (b) TIG welding
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Fig.6. EDS spot scanning results of white diffuse phase
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Fig.7 Distribution of the second phase in the weld area under different welding processes: (a) MIG flat welding (b) MIG vertical upwards
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Fig.8 Mg element distribution in the weld area under different welding processes: (a) MIG flat welding (b) MIG vertical upwards welding
(c) MIG overhead welding (d) TIG flat welding (e) TIG vertical upwards welding (f) TIG overhead welding

2.6 Bk iEERRE R R AT

TR 8 PR X B SR B Sk IR 1 bz A 56 11 &4
B, MRS HRE, MIG B2 M TIG H2E A %
TERE [) iz AR 56 R P 4 ok B B, L hrom EE{E
PJIE B REFF 5083-H116 FIPTHL5EE ) 90% LA I, FF
H A s 20 BONRE RS, IX R I P R 2217
SR I R A BE 8 T R LA Ry — B R R i )
5, AN, WAL E L TR, X—BRGE
Al-Mg REAEME H. — Bk, Al-Mg R4S
SR, IR R AT 5 BEM ] BE A7 AE
—EER, BOHMAMRMBURX S, Bk R, ff
F MIG J& 22 i hihr om FEBE = T TIG B4R, X
AR T MIG IR et el fevh B i s &
PERERIVE G N, AT A 7 A5 4% 1) o i o vy o

< 8 MRS E AR IR SR

Table 8 Transverse tensile test results of butt weld joints
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Fig. 9 Bending test of aluminum alloy joints(a) MIG welding (b)

TIG welding
3 it

AW IE XA SAL 5183 486 4 15 2 1) 5 b2
PERNER L Sy Re i 7T, A H LT JLgsie:

(1) 1@ MIG F1 TIG PR R 5 U IR 22 14T 14
BORE, 25 R BRI ITE A 1 RS FF A CCS AR
SR RE R, A, HAEESEEyih
PERE DAL LI 2R [ 4T o

(2) @ik MIG. TIG fEEH AR 43 1 2K A 57 [m)_E &
AR AR =7 AT R, HESLES R T,
TS Jeds. SRR, kPR on E AIA
FIREA LRI REE A 90% L E HEHE R E . MIG 155
B2 S LR B SIS U T TIG R8sk, HAR M
TEZ A 180° AT BhF . 4. UM SAL 5183
A SRSk 1A e R R A, S MR R A0
W R RIS TR

3) WL AL ¥, BT L2564 T IREIX
WA H L R U, H2SkBAFLE Al(Fe, Mn)ffT HAHTR
HORLA Mg R Bl R CR, R T Bk R 1
F15ERE

(4) BHm NRHT AT Mg TC A PR A — B i
Wi BNIREN, W MIG R, kT
AT R, FRECGRCRCR LT, (H2&L Mg o m BB
T ERERME. DB LR S 2 AR
Mg e & BT AR, X PR RILR TR &
Wz 3k R o, EASHE— D AR .

i LATIR, SAIL 5183 & 4R 28 J5 ik 1
T RE . BriivERE. ThaE Ay . R SR A S
G TF A IR AR, AR TR T
— P FIE
4.8 3CHR:

[1T LiS S, Yue X, Li QY, et al. Development and applications of
aluminum alloys for aerospace industry[J]. Journal of Materials
Research and Technology, 2023.

[2] S ARE, FHW S S CMT SRR L 7 M EUE BT

[10]

[11]
[12]
(13]

[14]

(15]
(16]

[17]

(18]

[19]

[20]

(21]

T[] 4: )8 N (3N T0),2023,(01):19-25.

X R, 26 /1N HE. 7020 45 A 42 MIG 1 J 68 75 41 B2 AL BT 707,
FRITF & 5 B H,2013,28(05):25-28.

S, T A0 S < AP BRI )02 0] b 1 g 2 AR F
[71.4 )8 i L(#4n 10),2025,(03):76-82.

Hwang Y M, Lu C Y, Chen R Y. Influence of Microstructural
Changes on Intergranular Corrosion and Stress Corrosion
Cracking of 5083-H116 Alloys[J]. Transactions of the Indian
Institute of Metals, 2024, 77(3): 667-676.

SRR, 38 57 5 B SO, S T AR S 4 MIG TR HEK O 4H 41
5 Sy 2 RE 10105 8224 917,2024,45(07):74-82.

BT S 45 4 WOk I T 2 % 6 R 90 4 J i L (R m
1.),2020,(09):35-37.

AR R AR PR, H AT NI, %.6082-T65 1 #5441 FHe Sk A4
Je F 128 BRI 08 4,2021,(06): 1-8+61.

- ALV X6 e, S SR 5083 HR A4 MIG IR L2 51
RE B 70 [J]. L J3 R K 22 240 (H 28 B} 2 10),2024,38(04):36-
42,

Wang J, Chen X, Yang L, et al. Sequentially combined thermo-
mechanical and mechanical simulation of double-pulse MIG
welding of 6061-T6 aluminum alloy sheets[J]. Journal of
Manufacturing Processes, 2022, 77: 616-631.

YRR E R, 5 SRS & MIG B EOE-MIG
SR T 20T LU [T 8 225 31,2007,(02):38-42+115.

2R/ JIR AR AT 5, T 08 0T, 2R R ST 5754-HI11 484 &R e
LA AR RE RS [T]. -1 42)% ,2019,41(05):14-18.

ik TR S AR L B R 6061 485G SRR HESL oW 4
LIRS RE RS [T]. AL B ,2024,39(05):27-29+35.

FE B AR AR, R S DO ER A 07 22 v DI ) 3 4 1
() BT T R R 4 28 e ot BT T[] FLFEH1,2024,54(03):36-
42.

B o 5 N 5083 S5 B AR AR RR BE R AR
T2 [T MBI R 5 R ,2017,32(06):40-45.

17 B R i VE S 25 5 N [/ U0 2219 4R A 4 TIG /R4 L A
SRV BR 52 IR []. FELE,2023,53(12):95-100.

Tian N, Zhang Y, He Z, et al. The formation of three phases
containing Fe and Mn in 5182 aluminum alloy[J]. Materials
Characterization, 2024, 207: 113497.

Que Z, Zhou Y, Wang Y, et al. Effects of Mg addition on the Al6
(Fe, Mn) intermetallic compounds and the grain refinement of
a-Al in Al-Fe-Mn alloys[J]. Materials Characterization, 2021,
171: 110758.

Qian X, Parson N, Chen X G. Effects of Mn addition and
related Mn-containing dispersoids on the hot deformation
behavior of 6082 aluminum alloys[J]. Materials Science and
Engineering: A, 2019, 764: 138253.

Huskins E L, Cao B, Ramesh K T. Strengthening mechanisms
in an Al-Mg alloy[J]. Materials Science and Engineering: A,
2010, 527(6): 1292-1298.

Baek M S, Shah A W, Kim Y K, et al. Microstructures, tensile
properties, and strengthening mechanisms of novel Al-Mg
alloys with high Mg content[J]. Journal of Alloys and
Compounds, 2023, 950: 169866.



	1 试验与方法
	1.1 试验材料
	1.2 焊丝尺寸测量及表面质量检测
	1.3 对接焊试件
	1.4 熔敷金属试件
	1.5 化学成分检测
	1.6 焊接缺陷检测
	1.7 力学性能检测
	1.8 扫描电镜观察及能谱分析

	2 试验结果及分析
	2.1 焊丝尺寸及表面质量
	2.2 熔敷金属拉伸试验分析
	2.3 化学成分分析
	2.4 接头宏观形貌与X射线检测
	2.5 微观组织分析
	2.6 接头力学性能结果及分析

	3 结论
	4.参考文献:

