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Fig. 1 Warp distortion of aircraft frame after machining[23 ]
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Table 1 Heat transfer coefficients used for modeling residual stresses in various thick aluminum plates extracted from some

selected research papers

Heat transfer coefficients/(10° W-m 2"C ")

No. Tempféamre/ 7075144 70751407411 70855051 7075, 70851354 70505556)
20C 40°C 80 °C Room temperature 60-70 C
1 0 - - - 44 - 2.5 -
2 20 1 - - - - - -
3 25 - - - - - 2.7 -
4 30 - - - - 9 - -
5 40 - 1 - - - - -
6 50 - - - - - - 200.1
7 60 - - - - - 3.5 -
8 75 - - - - 13.5 - -
9 80 2 - 1 - - - -
10 100 - - 1 - 14.5 5 4
11 110 - 2 13 - - - -
12 120 - 17 - - - - -
13 125 - - - - - - -
14 135 7 - 18 - - - -
15 150 - - - - 12.5 - 9
16 160 8 - - - - - -
17 175 - - - - - - -
18 180 15 - - - - - -
19 200 - - 13 8.2 11 13.9 13.5
20 250 - - - - - - 17.5
21 290 17 - - - - - -
22 300 - - - - 6.5 10 16
23 350 - 13 - - - - 13
24 360 - 21 - - - - -
25 385 - - 8 - - - -
26 400 - - - 12 3 3 11
27 410 - - 21 - - - -
28 430 - - - 13.5 - - -
29 450 - - - - - - 9
30 480 28 24 24 - - - -
31 500 - - - 12.5 0.3 0.7 7
32 550 - - - - - - 5.8

33 600 - - - 7.8 - - -
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Fig. 3 Residual stress in thick aluminum plate after quenched
in cold and hot water™®: (a) 20 °C; (b) 60 C
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Table 2 Parameters used for modeling residual stresses in thick aluminum plates extracted from some selected papers

Quenching parameter

. Quenching
Model size/ . . .
No. Alloy S temperature/ Temperature of Software Dimensionality Element type Ref.
mm . Medium
C medium/C
1 7075 500X 50X22 475 Water 20 ABAQUS 3D C3D8R [40—41]
Core: 447.1
2 7075 - Water 20 MSC.Marc - - [42]
Surface: 424.3
3 7075 1000X 150X 120 470 Water 20 ABAQUS 3D 8 nodes and hexahedron [43]
4 7075 80X40X8 480 Water 20, 40, 80 ANSYS 2D PLANE77,PLANES2 [44]
5 7075 800X 30X50 473 Water 10 ABAQUS 3D DC3D8,C3D8T [47]
6 7085 194X46X15 472 Water 20 ANSYS 3D SOLID90,SOLID186 [51]
7 7075 400X400X70 467 Water 20, 80 MARC - - [52]
8 7085 Various sizes 470 Water 25,40, 80,100 ANSYS 2D PLANEI13 [53]
9 7075 200X26X 12 473 Water 20 ANSYS 3D - [54]
10 7050 4000 X720 X285 477 Water 60 Simufact 3D 8 nodes and hexahedron [55-56]
11 7050 Various sizes 470 Water 20 MSC.Marc 3D 8 nodes and hexahedron [57]
12 7050 10000 X 4000%50 475 Water 20 MSC.Marc 3D HEX43 [58]
7075 500X 500X70 20
13 467 Water - - - [59]
7175 126 X53X24 65
Water 55
14 2A12  100X90X20-70 etc. 470 ABAQUS 3D - [60]
PAG 20
15 7075 800X220X50 473 Water 25 MSC.Marc 3D 8 nodes and hexahedron [63]
16 7075 800X220X50 470 Water 20 MSC.Marc 3D 8 nodes and hexahedron [64]
20 4 nodes and
17 7075 80X40X11 470 Water DEFORM 2D [65]

80 isoparametric
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Fig. 4 Residual stress redistribution behavior in quenched
thick aluminum plate during pre-stretching process™*': (a)
Quenching stage; (b) Pre-stretching stage; (c) Final stage
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Fig. 5 Effect of different pre-stretched rates on quenching-
[41]

induced residual stresses in thick aluminum plate

ik [l el 2 0V 3 i e S A VR K BR A B T35 1)
7075 FE G & JE AR TP A FR TR, AL T AN Tl
THE(2.0% 2.3% 2.5% 2.8%. 3.0%)%M T H A 5%
R TTH AIRAS R DRFR L o 45 R WA 4 JEAR T hr
HER 3%0, WATRRBIIHEBREZLA 96%, HA
TR 11 JEHR X PR A7 o 3 B 7 3

LIAO 2R3 Mg S5 7% 7075 454 4 JEAR iz if
AT TR, IR TSR RIE MR LG
PR AT T X LU 7S o &5 SRR A 22 5 T4 e
Ab R S AR A TR AR N 1K KR R R, H S T i
BT 2.0%~2.5% 2 |81} BEREA RUTH kB AR P R0 4%
I Hg, SCATRAAR EAR PR B 2% 0 2 1 it A FH 25K

22 HORFEMERZESKEHHEN

B Y S el o PO A BB s 358 I 7 40 AT AT (B3 1)
RO, Xk, G AR T B
T 7075 FEA G AR TRRLA S FE T 0 AR 1 2
AR, 4 BRI O AR P R AR T 1 B R A R
ENARY Sk 2 SE A P Y N 1§ S s BN
FLAE e FLE s H A 2 A R AR R, AR P AR AR R
KRR B

KA FGEOTNE S XS 7075 45 4 BRI
FERRIIE FUR I, B FRAF LR 1A 2 R 2 A8 15
JEARAE TRBLAR 78 B WK BE 7 AT I REIX . i X
A X% 3 AN XK. LUEFE 12 mm ) 7075 454
JER A, Hod XKL 8 mm.

GONG %M 5 1 4 1k JETRAS T JEAR Y 5%
RN PIRAS F R X Ak, A B &1 13 EIk
. dRERY, MPMERDEAE 3 FIEH R,
SN XK 2SI AL B 2 IR DR e,
SO DX I R 40N SR RO R B AL 3 R
LR JEIT, R X 4k B 5 55/

23 EEABAZFHENTSIMETERERNA

S

T8 G 4 JEAR BV VR K G W SR B 7 ) 1 5P g
BAHWEHAYSM, ZHANG SUVHRE T —MIET
GHZIE 7075 HRA S JEAR TR R AR A N 137 T
MHCERAL, R OGRS & RN £ 2 JEAR S &
MIZEREER, BT R P AR B 7 I HES ()
AR T B AR FRIAEIRAS, DR T (e i 72
FRAH A TEEAR E T L % A ] R 947 Kk o e 2
B, DA RE AN T JREAR AR I B T AL A
W LE BB, T MR E B VA 3 o B R
AN FPIRAS i B IRAS B ARGR B A, Rk, 78



968 hEA O RYR

2020 £ 5 H

THRL A Hp SO R A B 26 2 i AR B R i A
HRAEIBPEAR , G 8RR = A 5 SR T,
TR P R T I AR K BT P2 AR ) B s B 7853 5 3R T
Z MR ZE .

LIN 72078 ZHANG 4R H 4 p 0 S i
RPN, BT ARG A A B )
X 7075 FaA SO PR AR AR BE S BROM R AR R
JIKP R . Qi 6 BT 45 SR B[R] I 2% 8 i it
B PR R R B D) AR R AR 45 S SR 4
(W) & REERT . ZHANG 2570 LIN ZEU2 B Hi i
B P A 35 G STAE JEAR VA VA KIS U PRES, %
J& T B A B RRORA T A A B ) 52

20r o Improved, computed
— Fit, improved
o Unimproved, computed

SERT . Fit, unimproved o /,/ ...

E a  Measured g "o

= ——— Fit, measured

s

2 of

<

=]

=

5]

X 10}

—20 I 1 1 I
5 10 15 20 25
Thickness/mm

Bl 6 fHa & EMCELHITT R N IR A BT o3 A (R R Y
2.2%)"3

Fig. 6 Residual stress distribution in thick aluminum plate

after pre-stretched (2.2% stretching ratio)’”
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Table 3 Parameters used for modeling pre-stretched process in thick aluminum plates extracted from some selected papers

No. Alloy Moiilniize/ Software Stretchﬂi/zlg rate/ Stri:rcl}:::f 1r)ate/ reASrilgf:llzgzrslS;Z Ref
1 7075 500X 50X22 ABAQUS 1,2,3 - =86 [41]
2 7075 800220 X 50 MSC.Marc 1.8,2.3,2.5 0.5 - [46]
3 7075 960X220X50 MSC.Marc 2.0,2.3,2.5,2.8,3.0 0.3,0.5 =96 [63]
4 7075 1200X220X50 MSC.Marc 1.8,2.2,2.5 - =100 [67]
5 7075 800X220X50 MSC.Marc 1,2,3,4 - =100 [68]
6 7075 280X26X12 ABAQUS 0.5,1,1.5,2 - =90 [69-70]
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Numerical simulation on residual stresses of aluminum alloy thick
plates for aircraft applications: A review

ZHU Kai"*?, XIONG Bai-qing"®, YAN Hong-wei"*?, ZHANG Yong-an"*?, LI Zhi-hui"?, LI Xi-wu"*?,
WEN Kai" >3, LIU Hong-wei" >, YAN Li-zhen"*?

(1. State Key Laboratory of Nonferrous Metals and Processes, GRINM Group Co., LTD., Beijing 100088, China;
2. GRIMAT Engineering Institute Co., Ltd., Beijing 101407, China;
3. General Research Institute for Nonferrous Metals, Beijing 100088, China

Abstract: In order to obtain desired mechanical properties, rolling, solution, quenching, pre-stretching and age-hardening
treatments were applied to produce aluminum alloy thick plates. Among the aforementioned processes, the temperature in
the whole thick plate will be severely changed during the quenching process. Simultaneously, high residual stress also can
be formed in the plate. In recent years, numerical simulation has been treated as an effectively method to study and
predict the development, distribution and evolvement behavior of residual stress in the thick plate during quenching and
pre-stretching processes. The research situation on the evolvement of residual stress in the thick aluminum plate during
quenching and pre-stretching processes based on the FEM simulation method was reviewed. The usage of relative skills
and parameters for the models were also concluded. Moreover, the key research content and develop orientations in this
filed were prospected at the summary chapter of this article.
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