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Numerical simulation and experimental investigation of rolling
deformation inhomogeneity of 7056 aluminum alloy thick plate
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Abstract: The microstructure, texture, property and deformation law of 7056 aluminum alloy thick plate with a thickness
of 20 mm were investigated by optical microscopy, electron back-scattered diffraction(EBSD) technique, tensile tests and
DEFORM finite element technology. The relationship among rolling deformation, texture and property was revealed. The
results show that the fraction of recrystallization increases from the surface to the center layer, the volume fraction of
rolling textures of the center is the highest, such as Brass{011}(211), S{123}(634) and Copper{112}(111), the volume
fraction of recrystallization textures of the surface is the lowest, such as Cube{001}(100), and the volume fraction of

shear textures of the 1/4 layer is the highest, such as r-Cube{001}(110) and {112}(110). The distribution shape of
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strength is “W” along the thickness direction, and the strength of 1/4 layer is the lowest. The main reason is that the shear

stress of 1/4 layer is higher than that of the surface and center layer during the rolling process, and the strain, strain rate

and metal flow velocity of 1/4 layer have similar changes, which can cause the uneven distribution of rolling of 7056

aluminum alloy thick plate along the thickness direction.

Key words: 7056 aluminum alloy thick plate; inhomogeneity; numerical simulation; shear stress; texture
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Fig.1 Optical micrographs of 7056 aluminum alloy plate

ghdhikL. JEEETT M B % R R H R R IAE 5 oy
Hio RIZFENKENI 5h A LURN hr B 5 /N T 45
ARl 1/4 JZ 45 SRR N, M B R E KR
P4 bl RO BRI R ENE, AR
AR AT 485 it oL 451 B SR 386 . R Imaged 1 F
G & R A E 8, MR E RS E
BN 2.1%, 1/4 ZF4EE S ECN 4.9%, OB
w0 7.2%.
22 HLHEREE S ERF M

7056 £5 -G G FLAR VT B 77 1) 1F) 5 58 2 A G 61 2 i
e B2, BEALRRFRORBIARM R I B . K 2
AL MARMERZ B0 2, PrbimfE 5 e s
SRS EA, £ V4 EWEhibhmE S E

630
620
610
600

590 1

o5 Bf/MPa

5801

5701
560

) 4 6 8
B AR 2 A 2 BS/mm

1— RS AE s 2—PidisimE o

B2 7056 456 3MEE 7T @ L RE &G ) Fikht

Fig.2 Mechanical properties of different layers of

7056 aluminum alloy plate
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Fig. 8 Variation of metal flow velocity in X direction in

different layers on simulation

MEEAL N, RIZ e R ahE L e e gk, it

AN—BECF RS, i, 5 AR ) 2 AR NN
b, REMBBEMKE, T 14 ZH4)8RshEE 3 oSt
PRI LERZ R s BE, AR SRR ahE

FEM R ZE N R, X5 RS TER L H A5
ART TR 45 R —

Al-Zn-Mg-Cu & @M B 77 ) 4% 2 AR

W EEHIAETRA RN, e 3 for, AERERZ 2



1920 oA AR AR

549 3%

O, LIS AR BB EG K, BIU) 4 2
SAEEFERIZES 1/4 )2 . tH DEFORM A R ye o4 af
e TEELHIS AR, BT RSB DN AR N, AT
RSP N ARIRAS , R, SRS A FL ] SR 1A
B K R, FL P LR S B U Al R Z
B0, BIYIN 7 AR 3 R 0 0 A B
(U B S@)~(c)FTan), 1/4 JE BTN 1 7R AE B 5 K,
B2 8PN IR Z R G 2 R . BT ETYIN )
M R R E L IR SR AR 5ol 5 R 4 S Y 3 T
KA EELL 14 B, FEHERES 14
EIRRETUIZ, IHAE 14 EHAAB S EUR K.

FLAR ) IR B 5 UM RO AL 43 50 —Ji
FAZRENR T M RAE LR 0F et A P PR 5 o AN R 2
BRI ER T M AF, MK, RIZLRH F
T4 IR LT Al-Zn-Mg-Cu & 4&AF N2 bkl
75 93 P A5 JE I SR ] HUTCHINSON ) H 74 B 7 43
Y, e BT 40K (r-Cube, {1123(110))H M K 2.6,
P45 2K (Cube) ) M N 2.45, L2 Brass, S il
Copper ] M 7354 2.94, 2.97 1 3.441%3, 7] I 5717)
UK (r-Cube, {1123(110))F1 45 5 2R (Cube) ) M ¥
&L 234 (Brass, S A1 Coppern) Ik, Kk, S%LH]
SUMILL, B D) SRR 45 o S AR T i IR 58 5 1)
Bi. IAh, Al-Zn-Mg-Cu & 410 ik 30 th i &
S o AL PRSI FLAROUS T S AR R A
FERRAG,  ANTTAEAROR SE538 70 A RO R 56 2 AR T, [
TSR 2 R LGS 1 P B A AR S
FREE T BN, W SRR AR F S Al SR A
KRBEAG, MM BRARJERR 3R P> RO R D 1) I
WM 25 Z BTN (AR A2 SR K o0 A, RS 4
Mrab Bk, Hb 1/4 2T R0 BT D) U AR AR 2 B oK
FEE AU E AL 14 ZREGH, SEAT 1/4
JE I IR B R B P B o RO RS I P 5 A A R S PR
SEmENEERKR, RENHS BREERK@WE 1 fr
IR)s X FEARM R Z 5 L, Rk, R
7] AR 5 W B AN A ) 43 A

BEF S M AR L PR T ST S R R, SO
L EERE & LU R FLAR S LA 1 B
P 2% A S 0 A8 LA T 1) B IR B U B R AR AR
1, NBEARELHIAR AN 511 DA S iR AR A S AROM R
P& P REAN S S PRGN T A R A

4 Z5ig

1) 7056 5G4 FLARAE JEFE J7 1n) 221, 23k St

e A S A, WREEIROE RS BFEERR,
V4 2B G RAR 73 B K, JEEFE 7 1) R B W™
RO, A 1/4 JZ5R B R iR ™

2) LA A S FLIE R T I E 1/4 Z 18
VIR HLIm AR %L v AR T8 R 5 % 1) 4 s At 3 T
FELRZER, FhaFLsn LRSS,

3) FLHFEETT M) 14 2R8I U) N AR A 1% 2 BY
VIG A%, XRFEER 1/4 YRR £
BREA .

EEPEE

[1]  WILLIAMS J C, STRAKE E A. Progress in structural materials
for aerospace systems[J]. Acta Materialia, 2003, 51(19):
5775-5799.

[2] ERE. A380 SEM TR E]. H s L, 2014, 43(5):
5-9.

WANG Zhutang. Development roadmap of aluminum alloys for
A380 airplane[J]. Nonferrous Metals Processing, 2014, 43(5):
5-9.

[3] DIXIT M, MISHRA R, SANKARAN K K. Structure-property
correlations in Al 7050 and 7055 high-strength aluminum
alloys[J]. Materials Science and Engineering A, 2008, 478(1/2):
163—-172.

[4] HENK F, DE J. Thickness direction inhomogeneity of
mechanical properties and fracture toughness as observed in
aluminum 7075-T651 plate material[J]. Engineering Fracture
Mechanics, 1980, 13(1): 175-192.

[S] CHENJ Z, ZHEN L, ZHANG B Y, et al. Through-thickness
microstructure, texture and strength gradients in AA 7055 rolled
plate[J]. Materials Science Forum, 2007, 546/547/548/549:
957-960.

[6] MISHIN OV, BAY B, WINTHER G, et al. The effect of roll gap
geometry on microstructure in cold-rolled aluminum[J]. Acta
Materialia, 2004, 52(20): 5761-5770.

[77 SCHOENFELD S E, ASARO R J. Through thickness texture
gradients in rolled polycrystalline alloys[J]. International Journal
of Mechanical Sciences, 1996, 38(6): 661—683.

[8] Mamw, BNl HYe, . 7150-T7751 A& 4 FmRIER ALY
SIPE[T]. APRMIFFUAAIR, 2013, 27(2): 145-148.

CONG Fuguan, ZHAO Gang, TIAN Ni, et al. Inhomogeneity of
properties of 7150-T7751 aluminum alloy thick plate[J]. Chinese
Journal of Materials Research, 2013, 27(2): 145—148.

[91 TKHTH, EHEHE, XM, 55 7050 A6 BEREUA . it
fie ST R M AN S (D). B e R AR, 2010, 20(2):
203-208.

ZHANG Xinming, HAN Nianmei, LIU Shengdan, et al.
Inhomogeneity of texture,tensile property and fracture toughness

of 7050 aluminum alloy thick plate[J]. The Chinese Journal of



Ll EVIAR, &5: 7056 §5 6 SR LTI AR AN ST 1L B SR 0 -5 B A

1921

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Nonferrous Metals, 2010, 20(2): 203—208.

KRR, LR, XBUR. TB04 54 AN R T A B A
U GU R FIEVEREBTTE )], T R BB 2 AR, 2011, 10(4):
323-326.
ZHANG Zhihui, ZUO Yuting, LIU Shufeng. Study on
microstructure, texture and tensile property of 7B04 aluminum
alloy plate along thickness direction[J]. Journal of Chinese
Electron Microscopy Society, 2011, 10(4): 323—-326.

T, FRETE, XUMERR, 5. 7ASS R G4 RN 4 LR
REANIISIPE[T]. PR K2 A (A R B AR), 2015, 46(8):
2825-2830.
FENG Di, ZHANG Xinming, LIU Shengdan, et al.
Inhomogeneity of microstructure and properties of 7A55
aluminum alloy thick plate[J]. Journal of Central South
University (Science and Technology), 2015, 46(8): 2825—2830.
KRR, d b, SREME, 5. 7056 FAE G i F R 4 i AR
JIAT R[] MR EE R, 2009, 38(24): 27-29.

LIU Shian, MENG Xianna, JIN Nengping, et al. Flow stress
behavior of 7056 aluminum alloy during hot compression
deformation at elevated temperature[J]. Material & Heat
Treatment, 2009, 38(24): 27-29.

MIRZA M S, SELLARS C M, KARHAUSEN K. Multipass
rolling of aluminium alloys: finite element simulations and
microstructural evolution win-roll strip casting of iron-base
amorphous alloys[J]. Materials Science and Technology, 2001,
17(7): 874—-879.

BAGHERIPOOR M, BISADI H. Effects of rolling parameters
on temperature distribution in the hot rolling of aluminum
strips[J].  Applied Thermal 2011, 31(10):
1556—1565.

DUAN X, SHEPPARD T. Prediction of temperature evolution by

Engineering,

FEM during multi-pass hot flat rolling of aluminium alloys[J].
Modelling and Simulation in Materials Science and Engineering,
2001, 9(6): 525-538.

FEHE, Bt BESERAE RS R FHM]. K
TR L, 2015: 73-76.

WANG Zhutang, DAI Shenglong. Handbook of aluminum plate
production and application[M]. Changsha: Central South
University Press, 2015: 73—76.

BLRR. SEMEHN S E I 5 % 0 M. st Bl

iR, 2002: 47-53.

[18]

[20]

(21]

[22]

(23]

[24]

MAO Weimin. Metal materials of crystallographic texture and
anisotropy[M]. Beijing: Science Press, 2002: 47—53.

CHEN M B, LI J, ZHAO Y M, et al. Comparison of texture
evolution between different thickness layers in cold rolled
Al-Mg alloy[J]. 2011, 62(12):
1188-1195.

CHOI C, KON J, OH K H, et al. Analysis of deformation texture

Materials Characterization,

inhomogeneity and stability condition of shear components in
FCC metals[J]. Acta Materialia, 1997, 45(12): 5119—5128.
RN, TR, BT, & RIS X AAT055 e
SRR AN F) B L) i RS L ISR ). W R AR S TR,
2008, 37(11): 1967-1969.

CHEN Junzhou, ZHEN Liang, DAI Shenglong, et al. Effects of
grain shape and texture on the through-thickness yield strength
of AA7055 aluminum alloy plate[J]. Rare Matel Materials and
Engineering, 2008, 37(11): 1967—1969.

HUTCHINSON J W. Elastic-plastic behaviour of polycrystalline
metals and composites[J]. Proceedings of the Royal Society of
London, 1970, 1537(319): 247-272.

STARINK M J, WANG S C. A model for the yield strength of
overaged Al-Zn-Mg-Cu alloys[J]. Acta Materialia, 2003, 51(17):
5131-5150.

WEME. AP Al-Zn-Mg-Cu FE 3R & G443
TEREIIRZIR[D]. Kvb: H R RSB ARG SR T, 2011: 4-6.
PENG Guosheng. The effect of deformation and heat treatment
on microstructure and properties of the super-strength
Al-Zn-Mg-Cu aluminium alloy[D]. Changsha: Central South
University. Powder Metallurgy Research Institute, 2011: 4—6.
FR, DR FLHITT X 7050 464 R ) 2 M Re
HISZIRLT]. 428 2440, 2008, 44(1): 49-54.

WANG Dong, MA Zongyi. Effects of rolling process on
microstructure and mechanical property of 7050 aluminum
alloy[J]. Acta Metallurgica Sinica, 2008, 44(1): 49—54.

MRik X, BRBEE, M, . SRR AR AEXT 7085
A SHAMMER M), R EA AR, 2012, 22(4):
1034-1038.

CHEN Songyi, CHEN Kanghua, PENG Guosheng, et al. Effect
of hot deformation temperature and quench rate on
microstructure and property of 7085 aluminum alloy[J]. The
Chinese Journal of Nonferrous Metals, 2012, 22(4): 1034—-1038.

(wiE  BRALGE)



