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Structural optimization of aluminum alloy thin-walled disk
for residual stress deformation

AN Xiao",  ZHOUYuke',  QIQ,  ZHAO Chaoqun’,  CAlXiny’,  ZHOU Jinhua’

(1. Xi’an Branch, China Academy of Space Technology, Xi’an 710000, China; 2. School of Mechanical Engineering,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Aluminum alloy thin-walled disk components, as the core structure of a satellite detector
antenna, require extremely high flatness, and the current milling level often fails to meet design
requirements. To address the issue of excessive deformation of 7A04 aluminum alloy thin-walled disk
during milling caused by residual stress coupling effects, a deformation suppression method integrating
structural design and process control was proposed. First, the distribution patterns of initial internal

stresses and milling residual stress gradients in 7A04 aluminum alloy were obtained. Second, using the
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Abaqus finite element platform, a deformation simulation model for the thin-walled disk under the
coupled effects of initial/milling residual stresses was established. Then, a deformation-resistant
optimization design for the 7A04 aluminum alloy thin-walled disk structure was conducted. Finally,
through thin-walled disk machining experiments, the effectiveness of the structural optimization scheme
was verified, and it was found that the flatness of the thin-walled disk reached 0.103 mm. Consequently,
a collaborative control methodology comprising “stress distribution detection-deformation simulation
modelling-deformation-resistant structural design” was formed. This approach effectively suppresses
coupled deformation arising from initial and residual milling stresses, providing an effective technical

solution for the precision manufacturing of aerospace thin-walled components.

Keywords: 7A04 aluminum alloy; thin-walled disk; residual stress; deformation control; finite

element simulation; structural optimization
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Tab.1 7A04 aluminium alloy composition
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Tab.2 7A04 aluminium alloy mechanical properties
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Fig.1 On-site testing of initial residual stress in blank
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Fig.3 Initial residual stress in 7A04 aluminum alloy blank
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Fig.5 Gradient distribution of residual stress in aluminum alloy end milling
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Fig.10 Residual stress deformation contour maps for #1~#5 thin-walled disk structure
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Tab.3 Experimental parameters for end milling of 7A04
aluminum alloy
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Fig.12 Processing site, finished product and three coordinate testing site
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Fig.13 Three coordinate deviation measurement results

B = AR AR R A NX s, iR
DR 45 2 R AL R R, TR 8 S AR
TR B AR 5 B VR 8 1) 6 X g 0 i 3 4 R 6 2% 38
MRES LR . i X 14 BRI SRS
PRERE RS T Z (B A R 25, FR G v A S Brom T
FEU A LATRS BE o NX R0 I 22 0 B 4 SR o
14 Z i b i KA 22 {54 0.103 mm, FE & T
FFELR A 0.1 mm, (H AR S T I 46 % (5 45 K A
BRI AR Y B CL S0 P 0 ok 3 o XSS SRR, it
e LR A R L AT - D S E SR B
MRS T L — S A T B8 1

DL NX A o ) T AE A bR R (WCS) Ry 31,
e R [ 5% R I A ST T A AR R, WEE
x lIE Ty oA R AR e TR ARRR AR T, A

8 Sk A% I AE 2k 4R 5 x il 11 7 1 A1) ST 3 433 1y
45°. 90°, 135°, 180°, 225°, 270°. 315°FI 360°
(RE0°), 7 25 2415 J& A Iy ) o 3 JLfaT
AR, K 6 2530 ) FF 4% il 26 0 A s o [ 8¢
B, o BB B SR A ] i A% L 8 AN H 5 4y A A
(R SEBRARBR ,  FE 5545 DU AR B389 75
Wi 22 o WL Z AT, TR G ARBUR I EA

(e A 1) o7 R S 1) £ BE R B R o0 A ek, B AR
i 2 M 5 R AN P 14 7R

0.14r = R=57.39 mm

R=62.39 mm
0.12+ 4 R=67.39 mm
—v— R=82.39 mm
0.10F —* R=87.39 mm b
g < R=92.39 mm
£008F <
* /
= 006F T R “ :\\‘
H \ L/ e
1E 0.04 + y
% A
0.02f * P
[ . g
ot
0 50 100 150 200 250 300 350 400
FAEEN°)
14 ZTNEE5FHERE

Fig.14 Deviation between the measured point and the plane
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