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Table 1 Chemical compositions of the 2A12 aluminum alloy
Cu Mg Mn Fe Zn Ti Ni Al
4.12 1.47 0.65 0.31 0.15 0.03 0.01 Aol
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Fig. 2 Microstructure of the base metal
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Table 2 Factor coding and level table
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Table 3 Design and results of response surface

e BotRPIW PR v(mm's ) BfERE dymm (PSR Q/(L min ) JERH/pm  KEYEB/um
1 2750 8 0 15 1 330.249 3944.42
2 3250 8 0 15 1552.286 4 064. 147
3 2750 12 0 15 1012.336 3049.104
4 3250 12 0 15 1 095.403 3533.258
5 3000 10 -2 10 1216.942 3997.757
6 3000 10 2 10 919.334 2905.551
7 3000 10 -2 20 1 766.443 4095.258
8 3000 10 2 20 893.464 2932.171
9 2750 10 0 10 835.062 2 791.057
10 3250 10 0 10 1377.999 3 846.654
11 2750 10 0 20 1111.183 3670.094
12 3250 10 0 20 1 150.340 3526.237
13 3000 8 -2 15 1572.066 4042.613
14 3000 12 -2 15 1 488.453 4014.622
15 3000 8 2 15 953.094 3568.991
16 3000 12 2 15 865.469 3 065.678
17 2750 10 -2 15 1 365.455 3995.184
18 3250 10 -2 15 1719.999 4021.145
19 2750 10 2 15 958.764 2750.043

20 3250 10 2 15 985.532 2983.055
21 3000 8 0 10 1125.832 3622.271
22 3000 12 0 10 932.438 2 845.015
23 3000 8 0 20 1 300. 346 3799.699
24 3000 12 0 20 819.857 2624.423
25 3000 10 0 15 1251.297 3 866.230
26 3000 10 0 15 1467.777 4007.034
27 3000 10 0 15 1309.242 3960.410
28 3000 10 0 15 1335.353 2970.695
29 3000 10 0 15 1746.134 4034.367
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Fig. 3 Residual distribution of the model. (a) the residuals of Penetration; (b) the residuals of weld width
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Fig. 4 Comparison of actual and predicted values. (a) the comparison of penetration; (b) the comparison of weld width
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Table 4 Penetration value of response surface diagnostic results
Iy 25 FIrRU A RS ¥iJiu KR BEMP
A 1.948 x 10° 14 1.392 x 10° 11.67 <0.000 1
WOt 1.583 x 10° 1 1.583 x 10° 13.28 0.002 7
A 2.187 % 10° 1 2.187 % 10° 18.35 0.000 8
B 1.052 x 10° 1 1.052 x 10° 88.29 <0.000 1
PRI 22917.94 1 22917.94 1.92 0.1872
524 1.669 x 10’ 14 11919. 18
AT 1.483 % 10° 10 14 833.90 3.20 0.136 6
aigs 18 529.50 4 4632.37
R 0.921 1 R pg 0.8422
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Table 5 weld width value of response surface diagnostic results
TrEKW SFIHU FI i BEf HJru KR (EF BEEP
f 6.539 x 10° 14 4.671 %10’ 10.75 <0.000 1
O 2.337 % 10° 1 2.337x 10° 5.38 0.0360
A 1.453 x 10° 1 1.453 x 10° 33.45 <0.000 1
R 3.128 x 10° 1 3.128 x 10° 72.01 <0.000 1
PRAP A R 34 088.33 1 34 088.33 0.78 0.3907
% 6.174 x 10° 14 44 096. 50
o 5.658 x 10° 10 56 584.04 5.34 0.060 4
i 42 412.75 4 10 603.19
R 0.9149 Rag 0.8298
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Metallographic pictures under different defocu-
sing amounts. (a) defocusing amount of +2 mm
near the fusion line; (b) defocusing amount of
-2 mm near the fusion line; (c) defocusing amount
of +2 mm at the center of weld; (d) defocusing
amount of =2 mm at the center of weld
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Fig. 8 Microstructure under different defocusing amounts. (a) defocusing amount of +2 mm near the fusion line;
(b) defocusing amount of =2 mm near the fusion line; (c) defocusing amount of +2 mm at the transition region;
(d) defocusing amount of -2 mm at the transition region; (e) defocusing amount of +2 mm at the center of weld;

(f) defocusing amount of -2 mm at the center of weld
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Table 6 The result of dot scanning
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Fig.9 The content of Mg element and Cu/Mg in joint under different defocusing amounts. (a) the content of Mg

element; (b) Cu/Mg
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Preparation of sample for air tightness test. (a) the edge sealing weld with defocusing amount of +2 mm;

(b) the slotted sample with defocusing amount of +2 mm; (c) the edge sealing weld with defocusing amount of
-2 mm; (d) the slotted sample with defocusing amount of =2 mm
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Fig. 12 Process and results of air tightness testing. (a) the process of testing with defocusing amount of +2 mm;
(b) the result of testing with defocusing amount of +2 mm; (c) the process of testing with defocusing amount of
-2 mm; (d) the result of testing with defocusing amount of =2 mm

3 Hib

(1) 2A12 FR & A Ot i 42 o e JL AT R A
F18) 2B I R AR Oy B R | R R RO
R, ARG R R B .

(2) FERE A 2 B0 LIt P8 DX 3 A 2 bR AR A 7y
L, SRACAHIT b S50 5 AERREE O XU 55
22, SR AE 32 2 IUBURCIR 70 A6 T AL,
AT RIS, 5 IE B AR L, A,
A I SR R AR

(3) 1E . T B fE h i, AR 4 B 3 29K T Bk 61

SRR R, SR AR R AR, R R
A Mg LR BB AR TR A SR AL A S 1Y
FriE. BAERON 42 mm A-2 mm B, BOEE R
U U SISy O

S5 3k

[1] He S, Liu L Y, Zhao Y Q, er al. Comparative investigation
between fiber laser and disk laser: Microstructure feature of 2219
aluminum alloy welded joint using different laser power and
welding speed[J]. Optics & Laser Technology, 2021, 141:
107121.

[2] HoulJ C,LiRF, Xu C, et al. A comparative study on microstruc-



10

B &

2

i % 43 %

ture and properties of pulsed laser welding and continuous laser
welding of Al-25Si-4Cu-Mg high silicon aluminum alloy[J].
Journal of Manufacturing Processes, 2021, 68: 657 — 667.

Zhang R Z, Buchanan C, Matilainen V, et al. Mechanical proper-
ties and microstructure of additively manufactured stainless steel
with laser welded joints[J]. Materials & Design, 2021, 208:
109921.

Rinne J, Seffer O, Nothdurft S, et al. Investigations on the weld
metal composition and associated weld metal cracking in laser
beam welded steel copper dissimilar joints[J]. Journal of Materi-
als Processing Technology, 2021, 296: 117178.

LiuY Q, Fan J Z, Hao X X, et al. Advanced hermetic electronic
packaging based on lightweight silicon/aluminum composite pro-
duced by powder metallurgy technique[J]. Rare Metals, 2016(6):
1-7.

JEIBAEY, FR BN, 22 DK, @ RER S R e MO BT IR B R AL
AT (3], F T LT AR, 2013, 6(6): 58 — 60,68.

Zhou Mingzhi, Lei Danggang, Li Zheng. Analysis on defects and
mechanism of laser sealing welding of high silicon aluminum al-
loy shell[J]. Electro-Mechanical Engineering, 2013, 6(6): 58 —
60,68.

FI, INT-IE, PR OB ARG B O BN LSS HO A
PRI [J]. LT 24K, 2016, 37(6): 342 — 344,

Wang Cheng, Sun Huhao, Chen Cheng. Effect of laser sealing
welding parameters on air tightness of aluminum alloy shell[J].
Electronic Process Technology, 2016, 37(6): 342 — 344.

L SR/NK, EAR, A5 R IR A S e ROt ENE T
SR IR B TR WA ST (7). F ik S XL, 2018, 38(4):
34 -37.

Nie Yaoyao, Kuang Xiaole, Wang Yasong, ef al. Study on the ef-
fect of laser sealing welding parameters on weld quality of mi-

crowave module aluminum alloy shell[J]. Radar and Counter-

9]

[10]

[11]

[12]

[13]

[14]

measures, 2018, 38(4): 34 — 37.

Jiang J, Zhang Y, Wang Y, et al. Microstructure and mechanical
properties of thixoforged complex box-type component of 2A12
aluminum alloy[J]. Materials & Design, 2020, 193: 108859.
FrmT7, ik 4, SRS, 2A12-TA/TA09-T6 FRA & i EE IS
PSR AT [J]. FEE24R, 2020, 41(1): 92 — 96,107-108.
Fang Yuanfang, Zhang Hua, Dou Chengliang, et al. Performance
analysis of lap joints of 2A12-T4/7A09-T6 aluminum alloy by
friction stir welding[J]. Transactions of the China Welding Institu-
tion, 2020, 41(1): 92 — 96,107-108.

Yan J, Zeng X Y, Gao M, et al. Effect of welding wires on micro-
structure and mechanical properties of 2A12 aluminum alloy in
CO, laser-MIG hybrid welding[J]. Applied Surface Science, 2009,
255(16): 7307 — 7313.

ARULH. 2412 585 4 WU AR X Hee K AT B R 247
95T [D]. 22 22 JHEET R, 2011,

Yu Jiangrui. Large deformation and failure mechanical behavior
of fusion welding butt joint of 2A12 aluminum alloy sheet[D].
Lanzhou: Lanzhou University of Technology, 2011.

RO, &JmArRS: (M]. L5t A2 Tl Attt 2018.

Dai Qixun. Metal material science[M]. Beijing: Chemical In-
dustry Press, 2018.

B A 2412 JEARAR & 4 LT AU S LGB T T (D).
IR WA /RIE Tl R 22, 2017,

Gu Hua. Study on microstructure and process of 2A12 thick alu-
minum alloy electron beam welding joint[D]. Harbin: Harbin In-

stitute of Technology, 2017.

E—EF A, ML A FERIS T O
E-mail: 13933851375@163.com.

BEEE T, WL, B, MLy ERI; E-mail:
gn2lc@126.com.

(%w%E: KEMED


http://dx.doi.org/10.19659/j.issn.1008-5300.2013.06.013
http://dx.doi.org/10.14176/j.issn.1001-3474.2016.06.010
http://dx.doi.org/10.19341/j.cnki.issn.1009-0401.2018.04.008
http://dx.doi.org/10.19659/j.issn.1008-5300.2013.06.013
http://dx.doi.org/10.14176/j.issn.1001-3474.2016.06.010
http://dx.doi.org/10.19341/j.cnki.issn.1009-0401.2018.04.008
http://dx.doi.org/10.19659/j.issn.1008-5300.2013.06.013
http://dx.doi.org/10.14176/j.issn.1001-3474.2016.06.010
http://dx.doi.org/10.19341/j.cnki.issn.1009-0401.2018.04.008
http://dx.doi.org/10.19659/j.issn.1008-5300.2013.06.013
http://dx.doi.org/10.14176/j.issn.1001-3474.2016.06.010
http://dx.doi.org/10.19341/j.cnki.issn.1009-0401.2018.04.008

	0 序言
	1 试验方法
	2 试验结果及分析
	2.1 焊缝几何特征
	2.2 接头显微组织分析
	2.3 元素烧损和强化相含量分析
	2.4 接头显微硬度分析
	2.5 气密性测试

	3 结论
	参考文献

