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Abstract: To address the cracking problem in the weld zone of a 5056 aluminum alloy water distributor after electron beam
welding, this study employed Simufact.welding software to systematically analyze the effects of different structural designs
and welding process parameters on the heat-affected zone (HAZ) and post-weld residual stress through welding process
simulation. Five comparative schemes were designed: the original structure (Scheme 1), tangential arc closing (Scheme 2),
adding a boss on the cover plate (Scheme 3), increasing the cover plate thickness (Scheme 4), and reducing the welding
speed (Scheme 5). Simulation results indicated that adding a boss on the cover plate (Scheme 3) significantly reduced the
HAZ width, with decreases of 35.67% on the cover side and 15.67% on the shell side, respectively. Using tangential arc clos-
ing (Scheme 2) reduced the maximum residual stress by 2.56%. While increasing the cover plate thickness (Scheme 4) re-
duced the HAZ width on the cover side by 22.82%, it had a negligible effect on residual stress. Reducing the welding speed
(Scheme 5) increased the HAZ width. Based on the simulation results, an optimized scheme combining "adding a boss on
the cover plate with tangential arc closing" was selected for experimental verification. After pressure testing at 1.5 MPa for
30 minutes and conductive oxidation treatment, no cracks were observed in the weld, and batch production demonstrated
consistent quality. This study, combining simulation and experiment, provides an effective basis for welding process optimi-
zation and crack control in 5056 aluminum alloy water distributors.

Keywords: electron beam welding; 5056 aluminum alloy; heat affected zone; residual stress after welding

KWFEEE: 2024-11-25  {EEIHHA: 2025-04-02
PEHE I ol W(1993—) Wi+, TR, FENFREE T 280 507 L0598 . E-mail : whutlixuehx@163.com,,



5512 3

il B, % 5056 E @K BCAHE T 2055 5k 101

SRR, B FH P4, A5 5056 A A K AT BCEHREE T2 05 1A AT S AL LT ). HRRHL, 2025, 55(12) : 100-106.
Citation:HE Xu, HU Zixiang, YAN Yinfei, et al. Welding Process Simulation Analysis and Optimization of 5056 Aluminum Alloy Water Distributors

[J]. Electric Welding Machine, 2025, 55(12): 100-106.

0 5l

I

FEIAR T ] 3 U, A Ry —Fh e HE R
MEE T2, )M TR MUK S 8s (5%
ZAATIE . B Tl ke 2 AN &2 Ak R
RIL A J ot B 45 By BT e FIPERE SR ) T S K,
SR e g o AR b B T AR i
TEAEPOE T R85 IR IRPERED , TR 42 7 v A 34
S DT = il Tl R SR A 22 E K SRR, T RE
S FEG R R HL K AR S SR AN )
W AT RS SRS TR IR R, w ARz
a8 v BRSE nie DXORIAR IS B 4% 10 7 %) B 9 R4 ) o
TR ES R 2 AR ] S 2

A SCEEXT 5056 556 47K A Bl g B AR S
B FFZ4n] 38, 1) A Simufact. welding 3144 % k54
T A EITEMRA RS IHE R R T 2T
G AR 1 R IR i) X R AR B3 A% TN 7 11405 T R
AL B ESEIHE XERE T AR U
99 2R K 3 e A 1 S5 PR ise - DL SR 42 St B Atk —
Ei=Rs

1 BEMERERTE

P/ TR S T A N N e 1170 25 0
mE R, BT s S e ok AR
IKATBEAA TR 5056 £ 6 4x , AR ST Ry 345 mmx
65 mmx35 mm, #4%KH ZD60-15C CVI8M Kl HL
FAUEAIL, FL TR N FE R 60 KV AR LI N
13 mA R AR 533 mA IR 300 Hz . X40% .
Y40%. AEETOT AR AT RRBRE , BRIhTS IE
15 MR ARR R a R R B e e TAE S b I s
TR SR AR LA T IR | S R A E SR
85 ARBR BRI 6 R WSR2 [T
RIS, AN 2 Fis , 3] BESE XA )
X SRR 5 AR A N 3 R BT 8, BRI, R
IINRSE I DX N B RGPS SR AR 1 T

1 KOFELIE=HETLMHEE

Fig. 1 3D geometric model of water dispenser
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Fig.2 Photo of weld cracking
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Fig.3 Finite element model of water dispenser
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Table1 5056 Aluminum alloy mechanical and thermal properties

Lk % o WY R 1P AR i EES Y SR 2
293 H&?%ﬁ( 3 74 ] w ] S i ﬁi LA BEAZE & e i
/(ppm+°C™") /(Wem™-K™") /(kg'm™) /(Tgh k) /GPa /°C /°C /(Tkg™")
0(-110°C) 144(20 °C) 2 660(20 °C) 0.9 0.3 0.91(20 °C) 70(20 °C) 562 633 396 000
30(-40°C) 148(50 °C) 2633(500 °C) — — 0.92(50 °C) 69(100 °C) — — —
31(20°C) 152(100 °C) — — — 0.932(100 °C) 64(200 °C) — — —
31(200 °C) 155(150 °C) — — — 0.944(150 °C) 60(300 °C) — — —
31(400 °C) 157(200 °C) — — — 0.956(200 °C) 53(400 °C) — — —
28(450°C) 160(250 °C) — — — 0.968(250 °C) 47(450 °C) — — —
34(633°C) 162(300 °C) — — — 0.982(300 °C) 42(500 °C) — — —
0(660 °C) 162.5(350 °C) — — — 0.996(350 °C) 40(550 °C) — — —
— 163(400 °C) — — — 1.008(400 °C) — — — —
— 161(450 °C) — — — 1.02(450 °C) — — — —
— 160(500 °C) — — — 1.04(500 °C) — — — —
K2 OWMAR
Table 2 Analysis plans
P TREEHIIE BrEt 1 Brig2 JLRE s/ (mmes™)
1 MRS 2 mm SRR IR 1 e+ 1/4 1 BTN 1/4 8 13
2 MRS 2 mm SRR AR 1 e+ 1/4 1 YILLMGIN 1/4 Rl 13
3 AN G, B AR 2 mm, ™S EAR 15 mm, 5 E 5 mm SRR 1 B+ 1/4 FE BTN 1/4 8 13
4 MR 3 mm SRR IR 1+ 1/4 1 BTN 1/4 8 13
5 MR 2 mm SRR IR 1 B+ 1/4 1 BTN 1/4 8 6
(a)FF1 (b)J5%2
9]
()3 (A TTE4 (e)IES
E4 (FEER
Fig. 4 Simulation model schematic diagram
3 EBRESS5WIT MRS iR . S T, SRR rd, S5 A
M) X5 32 e R 7 %8 1, 4 1.14 mm, e (R FGE
3.1 BETERZMXERSH M) X5 5 e KA %8 5,20 0.744 3 mm, 7 AR A

SFIHTT SE0 BAS B R B I X2 SEARIUEARZ M X FEJE fre/ MR ETT 56 3, 209 0.733
RWME SR, HIRTGEHREMXEERK/N 4 mmF10.562 8 mm. 5xFHRAL (5% DAL, eAs
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Table 3 Process scheme and heat source correspondence table Table 4 Heat source parameter table
A WE A0 TR B RG> IR SR Heatl Heat2 Heat3 Heatd
. g [ B 12 K4 1 1 +1/4 18] Heatl %/ (mm-s™) 13 13 6 6
BB 2. WSO 1/4 Bl Heat2 /W 1000 1000 810 810
5 S BB 1 A5z 1 R+ 1/4 1 Heatl LES ‘ 095 095 095 095
BB 2 VIZR IS 1/4 Heat2 RS )/ — 1 — 25
" BB LR 1 R+ /4 Heat e i - 0 — 0
3 KES B 2. BRI 1/4 Heat2 U MR 4 /mm 0.6 0.6 0.6 0.6
WVES 1o | 1+ 1/4 Heat] HOEAJE T E2/mm 0.3 03 03 03
4 LEL B 2. PG 14 Heatd HETZARIF RS /mm 32 32 32 32
BB 1R 1 B+ 1/4 Heat3 FASH 3 3 3 3
’ TR e e e Heatd WRMRSH 08 08 08 08
I 42 4%/mm 0.6 0.6 0.6 0.6
WK )7 28 (5 %8 2) JLF A 52 PR ] X6 2 5 /E 55 FIEHH  RESEEEOm 01 01 01 0l
SRR 23 3 3 3 3

M ¥ & (5 %6 3) BE 08 i 35 Ik /)N 35 A )
(=35.67%) KSR (=15.67% ) G0 X 5 B, X
T 5 T BB S E R — A R A FA g WA, ek AR
THREAELE TR N B AR AR T L
HE ™ 5 W, DT a0 1 T L X 3 A A 5 1
T g AR (5 58 4) B s/ T 35 A0 (-22.82%)

(d)J5%4
E5 ARMXERTE
Fig. 5 Heat affected zone result diagram
x5 ARMREEERSGIT

Table 5 Heat affected zone width result statistics

(b)Tr%2

TG X TEJE , T PR g JBE B A 8 Rl b 1 i A
PR AR R, O LR B R A AG AR e AR A
VB A SN 3, PRIl N T R I X
TR AR R (O 38 5) 2> (i A (R Ry e
B ASE I, PR 2 3 e PRI (+11.52% ) $E i IX

(e)ITES5

TR SRS R X 5 B /mm AR (5T 1A SEVRMIFAGZ IR X 55 & /mm AR (5T M)
VES 1.14 — 0.667 4 —
VEY) 1.137 -0.26% 0.667 8 +0.06%
E X 0.733 4 -35.67% 0.562 8 -15.67%
EZ 0.8799 -22.82% 0.674 7 +1.09%
ER 1.116 -2.11% 0.744 3 +11.52%
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Table 6 Size of residual stress after welding

GE T W RIRARI JI/MPa AE{RIRIE (5754 1R L)
ES! 24323 —
VEY 237.01 -2.56%
VE ] 259.28 +6.6%
VEL 24525 +0.83%
VES 241.14 -0.86%
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Fig. 6 Distribution of residual stress after welding
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