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Plastic Strain Ratio and Planar Anisotropy of
AAS5182/Polypropylene/AAS5182 Sandwich Sheets

K. J. Kim and H. T. Jeong

Abstract
The sheet formability of single AA5182 sheets and sandwich sheets comprising of AA5182/polypropylene/AA5182
(AA/PP/AA) was studied. Rolling without lubrication and subsequent recrystallization annealing led to the formation of
favorable {111}//ND fiber textures in AAS5182 sheets, which provided a higher plastic strain ratio of R,=1.5. The R~
value of 1.58 was obtained in the AA/PP/AA sandwich sheet sample. Furthermore, a proper combination of the sample
direction of the upper and lower skin sheet gave rise to an optimization of the sheet formability of the sandwich sheets.
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Fig. 2 Measured {111} pole figures of AA5182 sheets after annealing at 350 C for (a) 0 s, (b) 180 s, (¢) 1,200 s

and (d) 7,200 s
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Fig. 3 Measured width strain (£5,) as a function of
tensile strain (g;;) of AAS5182 sheets for
different tensile orientations
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Fig. 4 Measured R-values as a function of tensile
strain of AA5182 sheets for different tensile
orientations
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Fig. 5 Measured R-values of symmetrically rolled
AAS5182 sheets for different annealing times
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Table 1 Lankford values for some ideal orientations
by P. Lequeu and J. J. Jonas®

Ideal Orientation | R, Rys Rgo R, | |AR]

{001}<110> 0.00 | 1.00 | 0.00 | 0.53 | 0.30

{111}<110> 1.84 1 1.89 [ 1.95 [ 1.91 | 0.04
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{001}<100> 1.00 | 0.00 | 1.00 | 0.53 | 0.30

{110}<112> 0.50 | 2.09 | 1.00 | 1.35 | 0.46

{112}<111> 1.00 { 1.89 { 0.50 | 1.29 | 0.34

{123}<634> 0.72 } 1.81 | 0.83 | 1.27 | 0.35
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Table 2 Properties of AAS182 skin and pelypropylene
core

Properties |K (MPa)| n m Ry | Rys | Rogp
AA5182 621.2 | 0.31 |-0.006/1.02]1.78]1.39
Polypropylene; 29.2 0.12 1 0.050,2.9812.98 1298
Here, K: Strength Coefficient, n: Strain Hardening

Exponent,'m: Strain Rate Sensitivity

Table 20l Yelt vle} o] SRSl ZE| =2
Ao AAEYPY) = EAF T 5182 ¢Ev)E %

5182 M=z fAle] A HY] g1 HAH A

gl 713 A dehte 3y

[] =]

sy =

o3 g0t aHEBEE AR Fe AAREU e

g we olggde Und A gL 2§e
45°/PP/90°2] Z3}olt},

5182 &FulE wd #Ae o ol E

HHoz Aoty YA Fig 87 2L HEEFE
M9z FAE A=A AA/PP/AA A=A
TAE G2y THIA ARAAL BT
A2 FAEH FHZzdd FARAYG HEH
7] wiol FHBA HAewgol & AHg A
=9)x] FAe FHHogAd = Frh
o] g3te] MY BAEZ AxT F
9o AWy EAAY viRtAR
reddrgko] o] R Zro] 27} @, 45° 9 90°E
B2 AWE 7bEste AQAENE A48 A
t}, Fig. 8ol A} Zo] M= #Ae] 24 WY
H 54 AHF JFEFH gdwgre] oFE 7
o] Zkzt 0° 45° % 90°%0 AS HH AR+ 3R
A= ZHzE 45°490°, 0°+45° L 0°+45°E o] Fa )
o 45°9 A% ¥ AR+ EE @A ojF =

Zto] 90°¢} A kit

£ HH ok
o} i o
A oo

wi_&‘iémlor

Loading
ARS8 Polypropyiene AASI82 A ogec (s 45
T . g ”
A, UG
ey .l -
] S |
e ] l .
A a0 / 45 (nuas-)
Loadi

Fig. 8 Fabrication method to improve the planar
anisotropy of the sandwich sheet

Fig. 99} Fig. 82 Wi o =z A3 AA/PP/AA A
=92 #Ae] AddEyPniet FH AR+ 8 @
A AFEH gAdwo] olFE Zho] 040°%
wAe HFFE ol & wFL AT W=
wAe} AUV E A eI EH R
o] st atae] weks del 23ste (45°4+90°)
Az M=z BAS FEH(0°+00) 0.2 A Z
T A=EHA A WY e vud 2
B aAHPERE vz oy, FHoiAdS
T ¥R AR A=9X B o 324 s
HAuth 4983 224E& 2 24y PHoiwd
HuA FA Vs, obdd e EAE A

s ALsH dA sA FHAspARE
g AjZro] Fheke] wel By AYHEFHE

Ol J—l Ol'ﬂ ﬂm« =
Om

g N ore
b e

Bt NI EE X /M 137 M4F, 2004W/ 371



)
N,
ol

HHE e WP A5
dole BAE oL F
@A AHI AR
g oled A4
MEAA BAS

Foled slodate
B AAAEEHE

Qck agrz A=A
FAY wgAdS AHAE
Hyu) o A FAVT FEH

Az & = ek

28

R-Value

0.5 P —e— Upper Skin : Lower Skin= 0°: 0° (AR = -0.53)

—m— Upper Skin : Lower Skin = 45° : 90° (AR = 0.17)

0.0 VI 1 1 L
0 30 60 90
Angle to R.D.

Fig. 9 Measured R-values of AA/PP/AA sandwich
sheets for different tensile orientation

a4& F astgs AA
g 5 AR, o = HFE

2 y-fiber ND/<111> Z  {001}<110> <917}

*3%01%15}.

(2) AAS182/P01ypropylene/AA5182 A= X FA)
2AAWYN(1.58) 54 ZE7 5182 ¢Fvlw £
FA(1.50)ETH MG AFHFEE Y 3
ol & -0.5302 H£3d e UEUL

o2 A= B9 Jﬂtﬂo} 0* < 5182 &1

¥ E?i?}iﬂﬂl AA 9&

[=TR

A A S R V- )

ml

o
op
_orf‘
I3
>

z3 J;H_E__?,]x] Ao FHolAdL 0.172 o]
B EZdoAe 5182 ¢Fuly ©d B A
atod oF 320 AAMH A

#nEH

372 [Er= I3 BB x| /A 137 M4, 20044

- A

(1) E. W. Veenstra., 1993, "Aluminum-Plastic-Alumimm
Sandwich Sheet for Maximum Weight Reduction in
Body Panels", SAE Paper, 930706, pp. 1~10.

(2) K. S. Shin, K. J. Kim, S. W Choi and M. H. Rhee.,
1999, of Aluminum/
Polypropylene/ Aluminum Sandwich Sheets",
Metals and Mater., Vol. 5, No. 6, pp. 613~618.

(3) M. H. Rhee, Y. M. Ryu, K. J. Kim, K. S. Shin, J. H.
Kim and K. N. Lee, 2000, "Development of
Application Technique of Aluminum Sandwich
Sheets for Automotive Hood", FISITA 2000, Seoul,
Korea, June 12-15.

(4) K. J. Kim, D. Kim, S. H. Choi, K. Chung, K. S. Shin,
F. Barlat, K. H. Oh and J. R. Youn., 2003,
"Formability of AAS5182/Polypropylene/AAS5182
Sandwich Sheets”, J. of Mater. Proc. Tech., Vol. 139,
No 1-3, pp. 1~7.

(5) D. N. Lee and K. H. Oh., 1985, "Calculation of
Plastic Strain Ratio from the Texture of Cubic Metal
Sheet", J. of Mater. Sci., Vol. 20, pp. 3111~3118.

(6) P. Lequeu and J. J. Jonas., 1988, "Modeling of the
Plastic Anisotropy of Textured Sheet", Metall. Trans.,
Vol. 19A, pp. 105~120.

(7) W. B. Hutchinson., 1989, "Recrystallization Textures
in Iron Resulting from Nucleation at Grain

Acta Mater., Vol. 37, No. 4, pp.

"Mechanical Properties

Boundaries",
1047~1056.

(8) T. Kamijo, H. Adachihara and H. Fukutomi., 1993,
"Formation fo a (001)[100] Deformation Structure in
Aluminum Single Crystals of an S-Orientation",
Acta Mater., Vol. 41, No. 3, pp. 975~985.

(9) J. Hu, K. Tkeda and T. Murakami, 1996, "Effect of
Single Roller Driving Cold-Rolling on Texture and
Formability of Pure Aluminum Sheet", J. Japan Inst.
Metals, Vol. 60, No. 11, pp. 1130~1135.

(10) K. Hasegawa, T. Fujita, K. Araki, S. Mitao, K.
Osawa, M. Niikura and K. Ohori., 1998, "Effect of
Intermediate Annealing on the R-Value of Al-Mg
Alloy Sheet", Mater. Sci. and Eng., Vol. A257, pp.
204~214.

(11) 3. J. Park., 1999, "Predictions of Texture and Plastic
Anisotropy Developed by Mechanical Deformation
in Aluminum Sheet", J. of Mater. Proc. Tech., Vol.
87, pp. 146~153.



A2u|E5182/ 22 Y A/YRu]E5182 M= X FAe) A4 ¥an 2 Poa

(12) Y. Saito, H. Utsunomiya, H. Suzuki and T. Sakai.,
2000, "Improvement in the R-Value of Aluminum
Strip by a Continuous Shear Deformation Process”,
Scripta Mater., Vol. 42, pp. 1139~1144.

(13) C. Pithan, T. Hashimoto, M. Kawazoe, J. Nagahora
and K. Higashi., 2000, "Microstructure and Texture
Evolution in ECAE Processed A5056", Mater. Sci.
Eng., Vol. A280, pp. 62~68.

(14) H. O. Asbeck and H. Mecking., 1978, "Influence of
Friction and Geometry of Deformation on Texture
Inhomogeneities during Rolling of Cu Single
Crystals as an Example", Mater. Sci. Eng., Vol. 34,
pp. 111~119.

(15) W. Truszkowski, J. Krol and B. Major., 1982, "On
Penetration of Shear Texture into the Rolled
Aluminum and Copper"”, Metall. Trans. A, Vol
13A, pp. 665~669.

(16) B. Major., 1992, "Texture, Microstructure and Stored
Energy Inhomogeneity in Cold Rolled Commercial
Purity Aluminum and Copper”, Mater. Sci. Tech.,
Vol. 8, pp. 510~515.

(17) M. Holscher, D. Raabe and K. Lucke., 1994,
"Relationship between Rolling Textures and Shear

Textures in F.C.C. and B.C.C. Metals", Acta Metall.

Mater., Vol. 42, No. 3, pp. 879~886.

(18) C. H. Choi, J. W. Kwon, K. H. Oh and D. N. Lee.,
1997, "Analysis of Deformation Texture Inhomoge
-neity and Stability Condition of Shear
Components in f.c.c. Metals", Acta. Metall., Vol.
45, No. 12, pp. 5119~5128.

(19) T. Kamijo and H. Fukutomi., 1995, "Improvement
of Lankford Value in Al-Mg Alloys by the
Formation of (111) Recrystallization Texture", Proc.

of the 16th Risg Inter. Symp. of Mater. Sci.,
Denmark, pp. 377~382.

(20) K. H. Kim., 1999, “Textures and Plastic Strain
Ratios of Asymmetrically Rolled Aluminum Alloy
Sheets”, pH. D. Thesis of Seoul National Univ., pp.
136~150.

(21) C. S. Lee, R. E. Smallman and B. J. Duggan., 1994,
"Effect of Rolling Geometry and Surface Friction
on Cube Texture Formation", Mater. Sci. and Tech.,
Vol. 10, pp. 149~154.

(22) H. T. Jeong, K. K. Um, D. N. Lee and J. A.
Szpunar., 2000, “Variation of Shear Texture with
Shear to Effective Strain Ratio in Rolled FCC
Metal Sheet”, THERMEC 2000, Symp. on
Textures in Mater.-Int. Conf. on Proc. and Manuf.
of Adv. Ma., Las Vegas, NV, USA, Nov., pp. 4~8.

(23) K. J. Kim and K. S. Shin., 2004, "Texture Evolution
of AA5182 Aluminum Alloy Rolled Sheets after

Annealing", Metals and Mater., to be published.

(24) C. N. Reid., 1975, “Deformation Geometry for
Materials Scientists”, Pergamon Press, pp. 111~178.

(25) T. Sakai, Y. Saito, M. Matsuo and K. Kawasaki.,
1991, "Inhomogeneous Texture Formation in High

Speed Hot Rolling of Ferritic Stainless Steel”, IS1J
International, Vol. 31, pp. 86~94.

(26) S. M. Baeck, H. K. Seok, J. C. Lee and K. H. Oh,,
2001, "Texture Analysis of Aluminum Plate
Produced by ECAP", 2nd LIMAT, Vol. 1I, pp.
621~626.

(27) T. Sakai, S. Hamada and Y. Saito., 2001,
"Improvement of the R-value in 5052 Aluminum
Alloy Sheets Having Through-Thickness Shear
Texture by 2-Pass Single-Roll Drive Unidirectional
Shear Rolling", Scripta Mater. Vol. 44, pp.
2569~2573.

Mt S 8 X /A 138 HM4E, 20049/ 373



