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Prediction and measurement of quenching-prestretching stress in
aluminum alloy thick plate
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Abstract: The stress prediction model was set up using the software of MSC. Marc, and combining quenching and
prestretching experiments. This model was confirmed by X-ray diffractometry and layer removal methods. The
experimental results are compared with predicted results. The prediction results of stresses match with experimental
results, and the average difference of quenching stress is less than 10%. The effective experimental methods can improve

and validate the FEM of stress prediction. The hypotheses in FEM make the results to deviate with the experiment data,

but the prediction trend can effectively reveal the evolvement law of stress in thick plate.

Key words: stress simulation; quenching; prestretching; stress measurement

10 TR RN I R v, N ) A R S E
JERRAE LR IR B DR =04, R HAT SEH]
A AR AR . TS e S BE LR ik, RS )
FEH 800 T REVE AN BP e 2%, A BT BR G
IIAT A AT ST 0 Fe A J L4 T3 R R T K1)
WA AT R BT AT . M ARk
— IR G ST R AL, R AR
Puh F R 0 B SRR 42 N ) P14 SIMSIR Al
GURPLL J2 DENG F1 MURAKAWAYF|H 3-D JE4:
H B ITT(FEA)Y Mk A, 5 T4 B8 A S A B

2 I R A N ) TGRS, R A AR S -4
=R E U7 BB AL, 70 52 b N H v 8 R AR 4F
MURUGAN F NARAYANANUHZ ] FEA gy 1
- TJUERE GO SO, I 8 B 4 SISy VA I UF A
HAER. KOC 2N LR ) — e AR 1 I 1 7 10 ik
TOUE TOTE TN, IFH vh - A S 560 ) 2 SR 56
UE T TS S, BRI ) 353 A i 2 W& FEA TR
B, BTN Z2 45 IAE 15% AN o BN S E AR 4
FRCHEL R L A N g () T R 0 T 3R TS g () T
TV T A SIS, (O] TSR ARV K — TR sl 2%

EEWME: [HKE MR E R % )55 H (2010CB731703, 2005CB623708)

Ig¥s BHE: 2009-05-25; #&ITHHEA: 2010-05-22

BIEEE: RiEh, #9%, 1t fif: 0731-88877840; E-mail: wuyunxin@mail.csu.edu.cn



1902 hEA SR R

2010 4 10 H

HH AR T PRI I UL o AN SCA R R T BLAT S 0 45
SR FEA BRAE, ST AR K — T A 7 AR AR
TS, s 35T, Bk B AR
IERYE, AN AR ZE N 10%.

1 FMRE

1.1 Ak

JEARRY: 3 FROIIARE 2 0, 55 R IR BE A A L R K A
N F IR DL R PR A A . e SRR 13
SEHERE A OCR, VEKNY ) 2 TR AR N ) 35 ) U 4%
k.

TEKIE— N e 22 Y B R 22 4 N AR AR IR i
2, Blnddg. M4, g RILE %, BEEER
RN T IR s FH TV R BE o FE IR A7 A, A3 AR AT
O ZEA L ATHEM R A S, BT
WEISNREEAIS), SBOCEARNESM LR R . &
T 80 BRI A JEL R A7 B AE R LI — N OB A 4%
PF, W H R 43 878 vk R A A R A AR I A T
FROTOL e G K Sy, AR AT 7 10 S SR R T 45
AR AR R ALY S HOE A S AL
WA, VERNRIER A . SN IRV KI5
i, ARG R, SAFVE KI5 A

U E AP S AL ) € P N NAAT L E6 TR P
(BB T o SRR, A SRR P s P R4S LR T
THFENRE, PHRATRN 1o SN RN S5 45
B WL FR AP, 7E AN AR S SRR ZE 1
JRAEI R, THESRAF IR AT Y ) 73 AR, AN IR K
SRR JEE AT AN [ e 0] Yy AW ) 3 FR) i 24 T ol S
YERT.

PEK TR P Y B MSC.Mare R4t
BAET AP, DASK A — G R RRAS AR 4y 7
PR BRI KGR BE Y, VR KIREE 3 NN 1 vt
SURERY, N ) AR 3R 5 T 57 VR R A
TR AL T NV K AN G5 )5, AT Pl
R AL 0 BT, A A
SRR T FAATIE o N ) T I i 2k 1 ]
1 7R

1.2 R AFmEE

D7 BRI APRIE ] 7075 SRR, RSPk
1 200 mmx220 mmx32 mm, HAEE R4 160
mmx160 mmx32 mm. AL TZ0h: [HE 480 C,
2h+10 CIKE. FRER 2% 2.3%. 2.5%, Hiffl
HEE/NTF 0.5 mm/s.

[ Temperature @q'l‘hermal ﬁeld}i]\il Mechanical field|
+FEM
[Stretch strain——{Prestretching mechanical field|

X-ray diffraction of | Validation| FEM of stress predictions
surface layer for quenching and
removal method pre-stretching

Prediction

[Stres distribution characteristics|

| AR a s

Fig.1 Flow chart of stress prediction model
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quenching and prestretching stress in thick plate
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Fig.3 Prediction stresses distribution by FEM in
3D-dimension: (a) Depth direction; (b) Length direction; (c)
Width direction

I3 I TR FE 2R (Z-1ocus) 3 K JE BT (Y-locus)
Wi LN (Z-1ocus), JEAR = 4R ) 43 A il 26 n PALL AL
IERY: RSO N TINDARA L DO = Al o TE Rt
H, Z NI LT, RIS ) 43 A v #0h
HAG SN T3 5340, JFERETT 8] (RN ) 5600 0] L 20886 o
DRI, A6 R R A A v S8 ey, a0 g 23 A A
SPIBAE o L IR R [ N ) (R B 5 Ay A AT, HLAE
BR8] DX 45 43 A1 44040, =218 MPa F 130 1 110 MPa,
TN A ARG “HN N BL” o AER N S IX, B i (R )
FHANTHELI Y, X5 ERAKTE L KA OG, IR
Ji 1 L s BE T ) ST RE AR R RE . HJE, R TKIELL
BN ERRCRAR), PRI Nz B3 . JE AR
G5 N IR, A, 20 MPa £ 120
MPa, BT, W)L, X KL
SRR MV KRN, 250 0 IR BNy 58 B T BBt
o SCHR13 ] T8 I G A Fofrids 35808 R A i R0 o

2.2 TR S5

AR TEAE h T 08 EARN S (R U 75, Ree
SR SBARERR KN 37K o B N 7 S A A A JEAR AN
HIIEAE Sy o AMRHESN I E TR R AR TR,
DIk REAA SRR, SR N ) AT R .
BIAK R TTE, #EG, MR RIERIS, A
T FAR SRR U . g 7K DRI SR AR T S e Ak Y )
TR A= LA

Bl 4 Jrom s 23 0o 2% 2.3%H1 2.5% 0
U7 TS5 R 7 T 7 o ) L o) ARV 1) 12 g 43 A
2. WG, JEBON R AKFAE£15 MPa AN, T
Bt PR 95%, 181 4(a) I 7 IR AL o) I ) e /M HE 3R
FERE BRI 1/6 JEREAL, 5V KGRI )y e N oy A A
], PRIME Fl HILL!"WA kX 55 LA HT H % 5 43
MZESAHK, HHIH T ARREE b RRE B 2 A e
Pt o AHASCAER A I A0 KN ) “ A 4z
AT, R E RN bR TE A 5 5
FEE R B A0) TR IR ) B ) AR A 2, TR
WG N )0 AT IR SRR, B R 2% 5 2.3%F1
2.5%MIANI o A BB A TEARE s 0 HT, M EARAE Y
PR —E e, WY R R R B AR E A I,
R ERCR T a8 s, XA RN 2%~2.3%, ik
T DA T Ay AR AT X 1]

3 KWERSHA

3.1 Xeray RERMN MK



1904 FP A (<R AR

2010 4 10 H

Residual stress/MPa

*—2.0%
°—2.3%
4—2.5%

Residual stress/MPa

0 5 10 15 20 25 30
Thickness/mm

4 TR AR TR T 555 1A AR L g 23 A T

Fig.4 Predicted residual stress distribution of prestretching

plate along depth in middle plane: (a) Rolling stress; (b)

Transverse stress
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