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Numerical simulation and experimental investigation of residual
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Abstract: Numerical simulation of the direct thermo-mechanical coupling of temperature field and stress
field during the 7075 aluminium alloy plate’ s quenching process is investigated and the distribution
tendency of residual stress is acquired. Numerical simulation of the elimination effect of varying stretching
rates on the residual stress in the stretching process is carried out based on isotropic hardening Mises yield
criterion and Prandtl-Reuss plastic flow rule with incremental theory. Then blind hole method is adopted to
measure the residual stress. Both results show the optimum stretching rate for 12 mm thick 7075 aluminum
alloy plate is 1%. From the residual stress distribution rules, it is showed that with varying stretching
rates, the elimination effects of surface and internal residual stresses have similar variation tendency.

Key words: quenching;pre-stretching;stretching rate;optimize;experiment

=S B RS PR H R R R A B AR WS LE I AR TE MU A A B B il i R Y
MM R R AR AR S B TR AR AR AR A BRI . S TS BR AR AR BT R e R i

¥ F& B H9:.2011-04-09

E&£TE - BHERIR R 3 E (2009GJF10028)

EE BN P Kou (1978, B H IR K E LR AR L 2N TR A S Aobt 5 4 1 7 1 D8 5%
RABER N ER K 4 S0, (E-maiD 2cc92@163. com,



http://gks.cqu.edu.cn

34 TR K FFER

30 %

HhE R TR AR T2 BV K S b AT — 2 B B
SRR, T AR G b 0 R AR T A AR O Y
BRAXIY 1. B AT 22 45 T ARl 78 X S50 A A i fe
W BR AR I ) B B B [ A0 B CRE A S 4 i e
1.5%~3. 0% Z [8]) , XF FHi M8 J5 A AF P9 5% 4% B 70k
BB W TR . FRAYR T 0 SE IR I A2 43 A
Tk e A Z M B2 R R TS 52 5 D s B
iR iy B b il TR 2 SRS BUSA B A
H Al A R e B B4 R B 2w F ot i A &
KGR DL R SRR 3 R v R AR N g o3 A ) — F ot
A 80 735 - R B AR 24 2 W98 RS, Bk
SRR EFE M 20 28 50 AEAR R IF 4R 58 A I 7 T BR
TR CIE R — BB LT T2 X
T PR RE SR A A AR T KR AR I T B 5T AL T Ak AP
B Bt o K Y SE RS 5 S I A ST A TR AT R

BEHE R 7075 48 G A HURE 1 Y K 3 AR K TR A
b AR T R B 15 FL AT 45 A S8 R A Ak i A %
R LA T B YA KR AR L T R SR A R .l i
XRRER A 20 B0 TR S L AR AR 0 R A A TR A vk
Y BT ) B El G R R T A 7 A R R A R R
JOE 3 45 1 AR B A1 52 ) 2 25 B

1 Foud fe 0H BR 5% R B ST B #L3E

TES A B AR 10 A 7 A v P O b A R D
() —38 T2 0 P K Ab 3RS B R A 4 BRObE R 22
TR AR (9 5% A% L 7 o %8 T MO 45 4 1 40 e R
I H 2R BB T2 BR AR AR N T . BB T
B BR AR IO ) AL« X AR KOS I B8 A A b AE
FLHL BT 1. 0% ~3. 0% [ 8PS , 52 ol S
(AR B AR 114 5k A% L ) R AL B ). TEig
SN IR E R BRI SN EE
J& s AEZ BN B4R L #0084 TE . AN
FLAR T % 8 T IR AR RS . R A SRR
o T AR )2 G R ORI B AT R AR L T
JIt LAE B S0k B A 5 e AN SBT3 i A T
WEE RN EILEEIRTRZE SR, (B d Tk
ik — gk, REEREEHNEZEERENZE.
MOEIBE R R . RIZERIEINSG WE &R 1
Je B 1k AL A A2 FE 1 B g (5 i) 55 3 i A1 B & B
WIEE R 2 25N AR R R R R 2 2Nz
G E I SRR I BIVER)Z 42 8 52 BB 7 A AT 5 IE
L AP B BB R B AF S A B, 4o ik
B o AR SR AR A T 0 I A TR R A I T
TP K BR AR L T 55 R AR AE T I T 5 A 1 P R ) A
HARIH A R 45

TEHUBCRL AR 55 A 4 AR B o 72 P, 78 31 VE
BN T N AS 5 RAF AT X Hooke % ft, 3£ T Mises
Jett RV DU 5 2 0% 5 A = (D I R 4 kAR SR AR

E—H(Jd%,) =0, (D

40 7 3 e MR A B S s P DX A v R
WOk, LI B AR A A PR A
dle} = d{e.} +dle, ). (2
F 4 Prandtl-Reuss ¥4 i 23 1 B8 , H3RG8
XN

dle,} = dg, 22, (3
{o}

TEFR A S AROBE A B A v T TS 1) 3 A
(R0 T 38 5 do 3 IO 3 A2 4 P 5 e 5K

+L/2
J dode — 0., )

FIR R o RN Ty s de, S A R AR 1
i H O SRR MR s d{e) (d{e ) d e, MR UON B
SO 78 S | S IO A 4 R R R 0 s do O
A~ 8] (8] fi P V2 B2 77 1) g AR B N S s 2
JEPET5 18] (Z ) s s L i BpA TS

T 5L i 9 Bk AR AR L 3 B LB AT DL AN T
P A A B AL ) AN TR] s BT ) B R ROR A
[e] i LA A AT DAL A 22
2 FR-pBEERBER

BRI BB 7075 B 4 AR RO
FAE (K X 58 X 5 :280 X 26 X 12, 74 mm,
2.1 ARTEEMERIZES

A B K RGO 1 400 A R A T B B T
Ab BRSPS A FAR S L R e K R — AN R
AR BB A B AR AR IR

1) A RHRL g 25 1 [ P8 11 98 41 6 e

2) AN BRI R R AR AR ) A

3) PEKHTRI UG AR R Z LIRS 5

A) T A SRS T AR F (] TR B 3 A
2.2 ARTERMEL

K ABAQUS 1 /9 2 3K 3h 25 70 B 58 3
(Dynamic, Explicit) #47 K i il B2 5 ML ) 5
M E IR A BUERU . TS e or &5 &
RS FR B A AR bE 1/8 S5 M R AT = 4E gt
L BT R 5 S B RS A — B a1 T
Ao BT O SO B0 C o R
T Z W77 1 O ETT 1) b AN Y L

LS CIER S VN BTSN & R AV ANS E S WANTTR S
JE-(LAZ RS A B o0 o R A% o RO I A A I R K T



http://gks.cqu.edu.cn

%94

¥ RAL,E . T0T5 A2k 4 B BAEAE MR 5 350 4K, 35

O BT HR L EE O 473 °C L F 26 C YK R AT P
KRR G A AR 19 A K G R o R e e A
FEWE KA 5 KO B9 R 2R AT 09 BT A D 7k
I B BE R TE RE A . PGS R P R AR S AR i
RS AL SERF B SR S A L R R AR A
b A AR K A T A R 2R K034 D il JEE 1 o R
Ko A SCERES T, 9 B2 AR A 4w i A9 37 42 17
JIRRPEN AR T AR S A o B Gk S AL A
T — 5 P b R b 1 DS 220 9 A LR A BB 7 A Y
mE,

ﬁﬁi:mm
Bl SREsRMEMERERTER

BR G A BROME VB SRR L A 2o AR 1 T SRS R A ]
(ERUR S S BN I P § QIR SN R DA SUR S
PEIEAE 3 ASXEAR T LR FH X ARy o, HRR & T4 &
SR R GZ Bl s A 52 VAR kit B bR G A AR
98T s Pt B 3 2% TR KIS S8 AR S A
NN T ROl ok AR R A R R
3 ANXEFRTA b R TR 24 5 [R) B L2 A A A i
Jit JIN RS ALz A A8 A 114 5 ) 5 B8 40 i i fin 1 e 8
H0.5%.,0.8% 1. 0%, 1.2% F 1. 5% f L 2%
A7) s VA BB R ADL 25 A Sy ir A A5 400 1) 00 s 25 1
2.3 HEEREMNER

WL 2 A i 8 P KR AR (X 1) Sy F Y Ji)
So )W AT = B . I T DU H 5500 R 0L i Ak
BRI ) ¥ BN AN R IR oA Herp S 13
7 — 139. 5 ~ 146. 3 MPa 2 [a], S,, [ i [ 7
—142.9~118. 4 MPa [,

3 A AR AR 1.0 26 P 5 5% A b F1 (X )
Su MY 1] So) 1434 = B . AN AT LLE LA
L. 005 RIBRAR I 1 40 A fa T 3957 o Sy, 131 [
16— 14. 22 ~ 19. 14 MPa = [d], S, () 76 [ 7¢
—14.71~17.05 MPa Z[a] . X F 1] 2 ] L& H LA
Jei R AR I 7T BRACR B

SRR AR R L BB A A AR I i S T D) R
— R 43 o T DX B B AR L T T IR AR B T R
BOC A% b i 5% 43 1 1 3 A V| iy A4k iz i S5 1
%%,

$5811

L L b+
ONANWNANO——
Bl

\DUNSH.

SOOI

AN0T NLB=HNINTS
=3

F35000000000 0
3I3+333333333

oo
HBIVIIRIIITR®

+7.483e

| +

—o W

0o
SRSOSBND
B80S0 NI 00 o e
00880008000
XTI II33T
PPJJJIIRIIIIR

|
N
N
!

(b)

B2 HMBWENKRENSHE

S8

+1.914e+07
+1.636e+07
+1.358e+07
+1.080e+07
+8.023e+06
+3.242e+06

85822

+1.703e+07

+1.440e+07
+1.175e+07
+9.108e+06
+6.461e+06
+3.814e+06
ik
~1. -+
-4.126e+06
-6.773e+06

9.42/

% 2

(b)
B3 M 1%ERKREHNDHE

4 R OC A% b e Fi 1 Kk 5% A i 7 BB B
L5 H LB 5 FE 6 4351k OC #§42 Fhifd )G 1) 5%
NS X 16 Sy MY ]S, B E R 45

150

100

W
(= =
T T

BRAN N o/MPa
b
[=}

-100 -
4

-150

0 05 1.0 1.5 20 25 3.0 35 40 45 5.0 55 6.0
B Ed/mm

El4 OCHEELENZAFRMAGEER

e 4 5185 K 6 XA RUA W KSR
AR T ES U R D RLI N A I N A LI i
BETT 1 BB AT I 7 (X 18] Sy ALY 18] S ) 268 X R 35
R LW/ % T e/ LA 3 0.5 00 L BR AR N T 1K
ER €S &= IS E VA= o 9 [ N B2 Gt aP O N A



http://gks.cqu.edu.cn

36 TARKXFFHR

30 %

7 F5e KR A3 1.5 06 1 % 4% I T 90 o A8 2 AN
oo A 10 BH LA 28 Aar it o 1 98 AR B 3 K. AT
A it o0 9 9 P A T AN R R R R o Y 9
AT 45 77 AL AN B NE T B TN e A5 e 44 1Y) SR AR I T T
BRI

DL 1.0 20 1 hr 38 8% 4% 0 T B 0 SR e A
B OC #g42 B X 18R M J1 Su ol — 8. 22 ~
3.11 MPa,y [ 58 4 /7 S, —11. 5~3. 05 MPa;
MHLARRE] OC B2 B X [0 52 0 ) Sl — 117~
146 MPa, y [a] 584X 77 Soo S — 121 ~102 MPa, X
6158 45 I 1 BR ik #] 92. 97 % ~97. 87% .Y [ 5k 4y
T BRIE ] 90.49%~97.01%

FRAN /1 o /MPa

-12

0 05 1.0 1.5 20 25 3.0 3.5 40 45 5.0 55 6.0
HEESd/mm

BS OCBRELNMERRENS(HELER

BRAN J1 o IMPa

0 05 1.0 1.5 20 2.5 3.0 3.5 40 45 50 55 6.0
B d/mm

Bl6 OCHRELNMERRENSITEER

3 LI
3.1 TWiIKHFREN-HMHIR

SCEG A RN 7075 FRA A iRob . RO HAS S (K
BE X TE R X JERE) 280 mm X 26 mm X 12 mm,

S R FEE Ay AR A e B PR T A

i VLA RR AR B 3 LA AR . BT D SR A G
B LAl PR A

B7 IBEERKGAZRA

WG AR A IR A IR 473 C Y = R
Ry v, G IEE] 4 80 min, b 5 37 BP
W BRI K It (=B P AT R K i B I ) 42 1
FE 15 s AP S K s BB AR 2 F 30 s,

PO VK SE R S L 7 AGIS-250 Fi X
HEAT R, R AR K R 0. 5% 1. 0% F 1. 5% . 4
Ffr iz 56 359 phy 8 O AR P — A5 B0 07 14T Rz A, B
B REE T (SN
3.2 I

W B A 1 1 i R B AT E Tz I L
SRS B R B R B R A 2 IR
LR AR SRR O ZDL- 11 7 g AL 2% B ik
e LI, A FLIEJE N 2 mm, i T S8 1k
T AN ELR FH 3% 2 Al AL R AT IS O 1) Bk AR I AT 4y
A 1 0 3 o W 3K A5 2 A 3 2 T 1 e S X L kA
S AR 7 Rl R R T BR AR A N ) A O TE X . H
1T LR DR A B ) B U A RE I 3 — A L
AL A 22T B DA BB L B I B 0 N A R
M) 00 5O R B AR B 4 A AT I S I A
BB A e F A7 B L 8. IR e k5 B 1A] B
30 ming #EAT 4l AL I R KR A B T i A g e il
W S VAR R N B W VA e O D B W 53
HHE 5.

280
40 50 25 50 40
of _|FREX i FeFiX.
IS
/|
2 0 1 3
BAAT :mm

8 HMHYXFEREVRAMLE



http://gks.cqu.edu.cn

%94

¥ RAL,E . T0T5 A2k 4 B BAEAE MR 5 350 4K, 37

3.3 XWHER

B4 5 YRS I BB A I 3 B A 1 T 2
fE - ML R 3R 1,

MFE T 52 56 B dE X L R LA L oR T 3 R AL
AR PEAT R G A 80 B 4 1R B A% IV T 29 K i T

B AT X AR Y 1) B AR N T 8 B R
+20 MPalAA 1819 2% I3k 5008 R A 58 A% 17 7 78
B 43 L, o R R 1.0 06 B 3 Bk sk SR i s X
5 BB AU A L A 22400 A 45 3R — B, W0 B (i A A
RS2 6 ) 4 AL B AR AR A A AT B

®1 WAREREHAMNRE

@*Zé%ﬂjjﬂx ﬁﬂon Y lﬁldzz)

HLfi it 05 155 258 35
/%
O11 022 O11 O11 022 o11 022
0 —125.01 —106. 23 —119.52 —115.42 —104.87 —117.03 —118.73 —96.41
0.5 —9.06 —16. 04 —9.57 —15. 66 —10. 81 —15.75 —12.16 —17.13
1.0 —7.58 —12.16 —7.86 —12.38 —9.75 —14.61 —8.63 —15.22
1.5 —8.14 —14. 37 —10.11 —17.27 —11. 36 —19. 82 —15.30 —18.62
T BB 155 4 % A L U 5
”%' o A A TR IS A 5 U A R L bR 0 2
B81.0%

90% 1.5%

85%[

AL

80%[

75%r

AR RN
Vzzzz222222222222222222222222222222222222223

7
g
/
/
/
/
/
/
/
/
/
/
/
/
/
g
2

2.

Wz

A RN
Wz

N
n 2-0yp 3-0y 3-0y

7 =\

?
Ay
?
q
N
-
|
Ry
—
|
q
S

2-0
X HI
B9 ERMAEBRBESL

8 2o 5 56 I K 4JE P A 3, — M o PN R A
R38R B SR A T L SR o (E X T A5 Y Al
B B Hhy T S A A BRI P9 R AR AR L D B AT
ARUAE I 2 3 3o A0 2 AT 1 B v 0y I 3 ) A T DL 3K
FILAC PR A H . BT S MK 6 Al DIFE . bl
A LA A0 AR Al 2 T B AR L PN R B AR I T
ARG A 25 R ) 01 e Ak e o {1 Ti) st 38 K 82 T e O
ZIND o AH R SRR A 5% 6 0 4 A0 A L A U0 K 4 Y
JEBLT X — e Fht e 2 R AR A N T BR R
B d A 9 R AR N B B TR P T R

45

BEXE R T R AR AL T AR Bk A IO I A
[ 7 fef Rl B L 5 ARORE P Bk v 0 IR 2 T
T T A 1 R X 7075 $85 B AR T St AR L

TH R 5% A L7 (9 4L A A AT 1 01k SRR AU 5
B A R 5 AR 2T 458

1) FUE {8 32 2 1 B 1 K Bk A L 0 1) A 28 B
PR BHLAGL H 3 5% A DI BRAICR AT 3k 90040 1A
b AT SR B AR AU a3 S e A 1 T B R S
A T B3 4 K BR AR L D 8 Fee s A R AT 4K

2) LA S 96 0 5 2 A7 B 0 AR 09 1 A i B IR T 4
AR AR 2 TR B AR 1L ) B P AR AR N g 4 T gk
FIPLACRLAR AR A H A . 1 ELRCE L5 75 2 i A
LRI A LT B

3 52 58 ) 1 R0 5 {ELARE UL s R T A S v )R
12 mm 5 A SR - BRAE LA 1,004

Y

L1] E&E RS, 3% % ETREEEENB G
R AR AR gk AR N LT A O R R
2007,17(9) : 1404-1409.
TANG ZHI-TAO, LIU ZHAN-QIANG, Al XING,
et al. Measuring residual stresses depth profile in pre-
stretched aluminum alloy plate using crack compliance
method[ ] ]. The Chinese Journal of nonferrous Metals,
2007,17(9) :1404-14009.

[ 2] tmmmm . 5 LUAR. BT 5L B 7 40 45 19 58 & 4 B AR K
N BLLT T b 5 A 28 A K K 4% 2 4, 2006, 32.(1)
88-91.

ZHAO LI-LI, ZHANG YI-DU. FEM simulation for
residual stress in quenched aeronautics aluminum alloy
rolled

distribution[J]. Journal of

thick-plate  based on residual  stresses

Beijing University of



http://gks.cqu.edu.cn

38 TARKXFFHR

%34 %

Aeronautics and Astronautics,2006, 32(1):88-91.

[ 3] MUAMMER K, JOHN C, TAYLAN A. Prediction of
residual stresses in quenched aluminum blocks and their
reduction through cold working processes[ J . Journal of
materials Processing Technology,2006,174:342-354.

[ 4 ] ROBINSON J S, HOSSAIN S, TRUMAN C E,et al.
Residual stress in 7449 aluminium alloy forgings[ ] ].
Materials Science and Engineering, 2010,527 (10/11):
2603-2612.

[ 5] TANNER D A, ROBINSON J S. Residual stress

related quenched

magnitudes and properties in

aluminium alloys [ J ]. Materials Science and
Technology,2006,22(1) :77-85.

[ 6] JUJERM P, ALTENBERGER I, SCHOLTES B.
Fatigue and residual stress relaxation of deep rolled
differently aged aluminium alloy AA6110[]J]. Materials
Science and Engineering,2006,426(1/2) ;4-10.

[ 7] JUJERM P, ALTENBERGER 1, SCHOLTES B.
Influence of. 382ageing on cyclic deformation behavior
and residual stress relaxation of deep rolled as-quenched
aluminium alloy AA6110 [ ]J]. International Journal of
Fatigue,2007,29(7) . 1374-1382. .

[ 8] TANNER D A, ROBINSON J S. Reducing residual
stress in 2014 aluminium alloy die forgings [ J ].
Materials and Design,2008,29(7) :1489-1496.

L9 M T #B/INHE 1, 55 4R 4 JEE AR AR AR 4k I T 11

WFEHE S [T ). BHRHTIR . 2008.22(6) : 70-74.
LIN GAO-YONG, ZHENG XIAO-YAN, FENG DI,
et al. Research development of quenching-induced
residual stress of aluminum thick plates[]J]. Materials
Review,2008, 22(6) :70-74.

[10] 281, %Iz, B, B XF 7075 48 4 4 5 AR 5% 4 B
3o Ai B9 5 e LD ], bk 34 A 3 S 4R, 2009, 30 (6)
201-205.

GONG HAI, WU YUN-XIN, LIAO KAL Influence of
re-stretching on residual stress distribution in 7075
aluminum alloy thick-plate [ J ]. Transactions of

Materials and Heat Treatment,2009,30(6):201-205.
[11] RA . BRI, R E L FRAN IFEENEE

AV KR AR L ) B AR AU S 3 F 5 LT . ML T AR 2

4, 2010,46(22) :41-46.

ZHU CAI-CHAO, LUO JIA-YUAN, LI DA-FENG,

et al. Numerical  simulation and  experimental
investigation of the aluminium alloy quenching-induced
residual stress by considering the flow Stress
characteristic[ J ]. Journal of Mechanical Engineering,
2010,46(22) :41-46.

[12] O A2, 3104 884 i A N 47 /] R K

AR A SRBF2F R, 2007,30(1) : 70-72.
HUANG GUANG-JIE, CHENG HU. Flow stress
behavior of 3034 aluminum alloy [ J]. Journal of
Chongqing University: Natural Science Edition, 2007,
30(1):70-72.

[13] KESSLER O,REICH M. Similarities and differences in
heat treatment simulation of aluminium alloys and
steels [J].
Technology,2009, 40(5/6) :473-478.

[14] PRESTON R V,SHERCLIFF H R.WITHERS P J,

Materials ~ Science and  Engineering

et al.  Physically-based constitutive modelling of
residual stress development in welding of aluminium
alloy 2024 [ J]. Acta Materialia, 2004, 52 (17):
4973-4983.

(157 3880 . B 4R A 4 JEARRL 2ol 2 88 1] 5% 4k I ) 3 ok

ST #R TR, 2009(10) 1 45-48.
WU YUN-XIN, LIAO KAI Research of transverse
stress reduction in prestretching of aluminum alloy
thick plate[ J]. Journal of Materials Engineering, 2009
(10) :45-48.

[16] B, 5208 H7 . 2B . W JCHR & 4 JREAR TUHRL 1 A8 TE X 35,
Did 5 0 B LT 1. 4 kE # b B 2% 4i2, 2009, 30 (2):
198-202.

LIAO KAI, WU YUN-XIN,GONG HAI. Simulation of
deformed area for pre-stretching aluminum alloy thick

plates [ J ]. Transactions of Materials and Heat
Treatment, 2009,30(2):198-202.

(% k F)



