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Research on Ultrasonic Vibration Stress Control Technology of SB70 Aluminum Alloy Welds

LI Fagui', LIU Quanshuang', YANG Kai’, ZHANG Bin’, ZHANG Hengyi’, GAO Liguo’,
LAI Xiaoming’, YANG Yinfei'
(1. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Beijing Spacecrafts Manufacturing Co., Ltd., Beijing 100094, China)

[ABSTRACT] Welding residual stress is a critical factor contributing to the deformation of spacecraft cabin bodies
during CNC machining. To mitigate such machining deformation, this paper conducts simulation and experimental studies
on ultrasonic vibration-based stress regulation of electron beam welds in 5B70 aluminum alloy cabin bodies. This reveals
the influence of the law of amplitude and treatment times on weld residual stress. A stress regulation process scheme for 45
mm thick plate butt welds is proposed: An ultrasonic amplitude of 30 um, with two repeated treatments on the front side
of the weld. After stress regulation, the peak values of transverse residual stress o, and longitudinal residual stress o, on the
back surface of the weld are reduced by 33.94% and 67.05%, respectively. And the corresponding homogenization rates
are 22.22% and 22.37%, respectively. Milling tests show that the machining deformation of the stress-regulated specimens
in the Z-direction is reduced by 64.48%, which validating the efficacy of ultrasonic vibration-based regulation of welding
residual stress in reducing cabin body machining deformation.
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Table 1 Chemical composition of 5B70 aluminum alloy
(mass fraction) %

Mg Mn Sc Zr Cu Zn Al

6.17 0.39 0.23 0.13 <0.05 <0.05 NS

4k

7 mm

JRAEAR 1 mm

45 mm

550 mm

[«

1 BFREEAGFERTER

Fig.1 Finite element model of an electron beam welded specimen
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Table2 Thermophysical properties of aluminum alloy for simulation

MEZSEL PERESE
R/ C 20, 100, 200, 500, 587, 630
W A% HLE/GPa 70, 70, 61, 41, 10, 1
LMK Z B a/ (x10° - K') | 0.000093, 1.91, 4.50, 13.3, 15.9, 17.6
ARGy 0.35

#%p/ (kg * m”)
MFFK/(W-m'-K")
FhC/ (7 - kg' - K
Jiti A5 o /M Pa

2750, 2730, 2710, 2640, 2630, 2450
118, 121, 126, 138, 140, 140
898, 951, 1003, 1150, 1195, 1165

130, 100, 54, 10, 5, 5
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Fig.3 Equivalent stress at four moments
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Fig.4 Contour map of residual stress at 5600 s
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Fig.5 Path along the weld depth direction
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Fig.6 Distribution of residual stresses on path ITI-III
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Table 3 Mechanical properties for simulation

R | R/

EGPa | (kg m®) A/MPa = B/MPa C n m

70 | 2750 | 167.0 | 443.7 | 0.022 | 0.44 | 2.3

7 BERIFRTER

Fig.7 Ultrasonic vibration finite element model
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Fig.8 Analysis area of stress contour map
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Fig.9 Effect of impact time on weld stress
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Fig.10 Displacement variation curve of the impact center
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Fig.11 Stress variation curves of the impact center
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Table 4 Simulation parameters of ultrasonic vibration
e

RSN BB HfE
AR fkHz 20
PRIEA/um 20, 30, 40, 50
ALY 1
P B /s 0.02
175
150 F
125}
100 F

—a— R hhp

Y\ 16158 A3 T1/MPa

0f —o— JRIF20 pm
25k —a— JRIIE30 um
—v— PRIFH40 pm
-0r —o— JRIFES0 um
75} e
100}
1 1 1 1 1 1
0 5 10 15 20 25
JREETR S /mm

12 —RpELEFRERZ - Lo, HTL

Fig.12 Variation of o, on path III-III after one impact treatment
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Fig.13 Effect of amplitude on surface stress
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Fig.14 Effect of treatment times on longitudinal residual stress of path III-III
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Fig.16 Comparison of residual stress on the weld backside between untreated state and after one impact treatment
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Fig.17 Comparison of residual stress on the weld backside between untreated state and after two impact treatments
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Table 5 Impact of treatment times on the homogenization rate of
transverse residual stress
SIS

A | AABE | ARHE

Comparison of residual stress on the weld backside between untreated state and after four impact treatments
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Table 6 Impact of treatment times on the homogenization rate of
longitudinal residual stress

AL Hif

¥R | AME | d¥EE

Yow | BOKCP | Bl | AR | wﬁﬁ//
MPa MPa MPa MPa
—-82 27 —81 19 29.63
2 —-82 27 -56 21 22.22
3 —-82 27 -70 56 —-107.4
4 -82 27 -79 32 —18.52

Vo | ROUKY | ok | movkor | s | 000
MPa MPa MPa MPa

1 50 38 45 37 236

2 50 38 -3.5 29.5 22.37

3 50 38 =20 56 —47.37

4 50 38 -29 86 —126.32
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Table 7 Milling processing parameters

F i34 S/ (r/min) BN B i £/ (mm/z) YIKI e a/mm VIMIEE a/mm JJE 4% D/mm JIHIIEL
10000 | 0.15 6 1 10 3
SRR, A PSR (AT BEH T, 035t O 1k
TARNET FiR. BT RS 80 R 280 ol s ) —ia
mm x 190 mm x 26.5 mm, Il B & E Ky 8 mm , J8 # & ' S 5 “
g 8 mm, 799 A A [0 £ 001388 95 26 1 S 249K 3 mm ([ 0.25F S
20 (a)). fERIF LI A WRAERIC R £ | . .
FR G 271 R SO 2 UL 3 S = 1
E(#20 (b)), S ooaspl ]
WEHAMT 1.2 BT, M 21 i, ol| | S
AT LA, B T 2 SR R 1 A I 1
T 1SR 0] B AR, 55 1 200 TR P8 0031
S0 24 34

118.5 mm

190 mm

280 mm

(b) MHsE
E20 Mg
Fig.20 Grid sample
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Fig.21 Comparison of deformation of specimens No.1 and No.2
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