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Influence of cold pressing with corrugated surface on residual stress for
7050 aluminum alloy thick plate with ribs
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(1. First Aircraft Design and Research Institute, Aviation Industry Corporation of China, Xi’an 710089, China;
2. College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: Through quenching test, cold pressing test and finite element simulation, the influence law of corrugated surface structure on
residual stress reduction after quenching and cold pressing of 7050 aluminum alloy thick plate with ribs was studied, and the influences of
deformation amount, corrugation direction and corrugation shape on the residual stress reduction effect after the cold pressing were ana-
lyzed. The results show that the corrugated surface structure has no obvious effect on the distribution of quenching residual stress, but the
residual stress is greatly reduced after cold pressing. With the increasing of the deformation amount, the area and stress value of the com-
pressive stress zone at the rib and edge positions on both sides of sample decrease, and the stress value at the trough position increases
gradually. Significantly, due to the influence of the ribs on the metal flow, the corrugation in width direction is more conducive to the re-
duction of residual stress after cold pressing than the length direction. Finally, the residual stress reduction effect of corrugated corrugation
is better than that of symmetrical corrugation, and the overall distribution is more uniform. Thus, when the cold pressing deformation a-
mount is 3% and the corrugated corrugation structure is used in the width direction, a better residual stress reduction effect can be ob-
tained of 7050 aluminum alloy thick plate with ribs.
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Schematic diagram of specimen and corrugation shape

Fig. 1
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Fig. 2 Schematic diagram of cold pressing deformation
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Fig. 3 Schematic diagram of residual stress test points
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Table 1 Thermophysical parameters of 7050 aluminum alloy at different temperatures

REE/C 20 50 100 150 200 250 300 350 400 450
W/ (kg - m™) 2732 2729 2721 2711 2700 2687 2687 2661 2650 2640
PER/(W - (m-C)™) 120 123 128 132 137 171 146 150 155 159
IRk 2% (x107° ) 0. 00 2.01 2.42 2.56 2. 60 2.62 2.69 2.82 2.89 2.95
A/ () - kg - C7h) 871 821 830 841 855 871 890 911 935 961
WM ZRE/ (x10° W - (m* - K)™1) 4.0 9.0 13.5 17.5 16.0 13.0 11.0 9.0 7.0 5.5
F2 7050 REEFEIRETHNIFERESH
Table 2 Mechanical property parameters of 7050 aluminum alloy at different temperatures

HEE/C 20 50 100 150 200 250 300 350 400 450
HMEAE/GPa 72 69 67 64 61 59 55 52 47 29
bEE/NEA 0.348 0. 355 0. 363 0. 365 0. 369 0.378 0.385 0. 389 0. 396 0. 448
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Fig. 4 Schematic diagram of selection for different paths
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Fig. 5 Simulation results of residual stress distribution for quenched specimens
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Fig. 6 Simulation results of residual stress distributiosn for cold-pressed specimens
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Table 3 Test results of quenching residual stress ( MPa)

VRS Al A2 A3 B1 B2 B3 C1 2 c3
MWkE -196 -236 -165 -130 -104 -107 -158 -175 -205

T o -1 -192 ~184 -109 -101 -96 -186 -190 -168
MWILE  -192 -184 -149 -152 -196 -172 -159 -142 -167

> HUME 158 -172 -162 -114 -158 -137 -149 -168 -151

Fd4 REERREAMKLER (MPa)
Table 4 Test results of cold pressing residual stress (MPa)

HINEY=Y Al A2 A3 Bl B2 B3 Cl c2 C3
Wik 155 -153 -137 57 45 39 -101 -88 -105

- BE  -130 -122 -124 31 37 38 -66 -63 -56
miE =79 -69 -59 81 -85 87 -64 -44 -46

& BifME  -50 -44 -47 34 -49 37 -84 -95 -99
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Fig. 7 Simulation results of residual stress o, distributions of specimens under different cold pressing deformation amounts
(c¢) Deformation amount of 4%  (d) Deformation amount of 5%

(a) Deformation amount of 2%  (b) Deformation amount of 3%
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Fig. 8 Stress distribution laws on paths 1 and 2 under different cold pressing deformation amounts
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Fig. 9  Schematic diagram of curved specimens with corrugations

propagating along length direction
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Fig. 10 Distributions of residual stress in different states of specimens with corrugation along length direction

(a) Quenched, o,

250
200
150
o 100
R
& sor
&
' or
A"‘A T e u“"
-50f "‘-A--iiikés WA e
i - TR WA 7
-100 - KA, i&ﬁ(?ﬁ%)ﬁ?ﬂ'ﬂ]
| v RIS, WA KET \
-150 0 50 100 150 200
FE B /mm

B ARSI o, BRAN ISR 5 m

Fig. 11  Influences of different corrugation directions on reduction effect

residual stress o,

[ S A 1) 08 S5 R AR 1 T BT R
(4)  FUAR I S04SR B8R A% N7 7 1 3 DA A
PETRIFRDPEEL, FRAN S BRI AT T2
%%iﬁﬁ!
(1] E¥, Mgl 2=, 5. 7050 474 &5k H18 25 B 1
W2 [T]. BEFOR, 2021, (1): 1-7.

(b) Cold pressed, o,

Wang H, Xiao N M, Li H Q, et al. Simulation research on cold
deformation reduction process for residual stress of 7050 aluminum
alloy [J]. Mould Technology, 2021, (1). 1-7.

[2] SR8, R, IR, 7050 564K MR 28 Bk
BRARLIEI T W5 [1]. BT, 2021, (4): 27-30.
Wu X W, Wu D X, Xu K C. Research on quenching residual
stress reduction process for 7050 aluminum alloy long-axis rib plate
forgings [J]. Aluminum Processing, 2021, (4). 27-30.

[3] kte%, B, =R, % 7050 5BG SV KFRAR 1 MY
WLZWEE (1], $UNLIZ, 2018, 47 (24): 177-180.
Zhang F Q, Yang Z, Yuan W H, et al. Research on quenching re-
sidual stress and reduction process of 7050 aluminum alloy [J].
Hot Working Technology, 2018, 47 (24). 177-180.

[4] Liu HW, Zheng ] X, Guo Y L, et al. Residual stresses in high-
speed two-dimensional ultrasonic rolling 7050 aluminum alloy with
thermal-mechanical coupling [ J]. International Journal of Mechan-
ical Sciences, 2020, 186. 105824.

[5] Zhang Z, Yang Y F, Li L, et al. Assessment of residual stress of
7050-T7452 aluminum alloy forging using the contour method
[J]. Materials Science and Engineering; A, 2015, 644; 61-68.

[6]  fhiers, i, XURRIR, 45 0 TEXS 7050 fid 4 TIRMAF
FRANLIIENR (1], $UNLITZ, 2022, 51 (1): 65-69.
Sun Y J, Gong H, Liu Y Q, et al. The effect of step cold pressing



I BEve AR AR L 1 A2 MU R SE (7],
48 (3): 140-144.
Niu G M, Li W, Wang J Q, et al. Study on the evolution law of

POMT T, 2019,

residual stress in 7085 aluminum alloy free forging thick plate

5 4 1) 4 JRAE . WU HEXT 7050 £ 4 AT IREAR R A N T 1 5 R 125
BRARNS1/MPa BRARBL S /MPa
200 200
100 100
100 100
50 50
0 0
-50 50
100, 1100 g
-200 -200
-200 -200
(@) (b)
12 FCREE S AR TR AR AR ) 43 A1
(a) o, (b) o,
Fig. 12 Cold-pressing residual stress distributions of corrugated-corrugation surface specimens
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