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Formability for A A5182 sheet
and A A5182/PP/A A5182 sandwich sheet

D.Y.Kim* K.J. Kim**, K. Chung*, K. S. Shin** and D. J. Yoo***

Abstract

For automotive applications, a sandwich sheet which was made of a 5182 aluminum alloy (AA5182)
sheet and a polypropylene (PP) sheet, AA5182/PP/AAS182, has been developed. In order to evaluate its
formability, the forming limit diagrams (FLD) of the 5182 aluminum alloy sheet with 0.2mm thickness
and the sandwich sheet with 1.2mm thickness have been obtained based on the modified Marciniak-
Kuczynski (M-K) theory. To account for the anisotropy of the sheet, Hill's 1948 yield function has been
applied. The FLD of the sandwich sheet was predicted to be better than that of the AA5182 sheet, which
was well confirmed by experiments.

E

A2 AB3E 984 AAS182/Polypropylene/AAS182 FEjo] d2uly 37 ZyzzgIoz 74
g A=A BA7t AdEATh A=A w9 JBEE Fristr] AA 0.2mm FAC] AAS5182 #A) 9k
1.2mm FA2l A=six g AHAEE +38 Marciniak-KuczynskiM-K) o &off ojsir alsit).
Ao} o PAE FHs}y) AsA Hillg) 1948 B2 88 48 AL 2 A M=9X wAe 43
A=t AASIS2EA B} B $FatA BriEem o A8Est 2 dA s

o

LA & Agsi7l pFs AP gl old AFAY F

Z AFRES AR Y AL BdAE &

AT FE5T Az QI AT #AFEA (steel) A Ho2RE ARuF T AR A 3id
dux] ng 2 A EAZE HH 1 F8AE A9 = ko] A&l ston o YR RFAEE F
2ol wet Ay AL Aoz qrlede Folr] Aoz 4fuy ¥F BAL FEHm Aot A2
g3 xgog 2Fae] AuE FIAI|HE wFol F&/ZeAE MR BAE oS3t BAl) Ay
A&En glon, olg s xae dsto g xHEaty &% F3 Al go| A a gtk A=

a

|

P Agdtta A4 Eae st
P Agdttn AeFEE. FEAadTAE
Tt iRt g e 871 A A %3



82 Ag - AT - Far - AFE - /453 BEUSHEHEEE
A BAE o3 @Y L2 EPAEE 2} 2 HS: 2 7Rk FUFE0] 29U 99L& Ao F &Y

atod Az BAZA il TS g ZRAA AL
oo AjAor @ UEE AJ FojE AIAIF L
24 BEEAZL g g & AHsle 728 Ad
ot old @ F2E 3?3‘ 5A4E& 957171 Hstd
o] 53 ARTE o83l o] oz 7 A
29 AL 2t ol &3ttt el V12E Fo
et
HIo ZAFat AL BAZ A gl dF
B/ EG2E/EF0)F A=A BAe 71EY E A
=94 wAjol v|EiA ZA F 1A FFol Uk AR
© BY WA 4FuEd AMsle 7R 24
24 ZW An, Exe 3o AaRA Eg2HE
A}%ﬁ}oq i~°—**°l 71 &9 ZHI% oAy e} vlmste] of
2 dE Ut & F ARV A
HL S ks %—é% °]%§M Al A7e) 93&
Bag £ e shte A2 Az Rolch o|dT}
Zo] $4% 548 2= A=A BAE AEA A
22 A&7 Yeire AgAe Hrot e &
H, 439E &7 A AFEA #F dFfe gL
FAE o8 FAHAY, nEA A8 LT
7 des AT A=Y B3l o Y39 J
A7 g deojrt ntghd B =RdMe M=
il Ao JHIATE ol8H o2 dS3td HA A
Aoz dojal AYPPATS} unuFozn o
73% 12 3ol 98E Fv A8 ARNEY 9T
n#staA}; gt

o]n
r |(‘
OSL
°v4
kﬂ
mﬁ’.
ﬁ‘

2 AFEY 2 0|24 4
21488 ¥ o3 M-K 2
Sﬂrz}]—l AEIA =G xﬂrtu = u; B Wyg
AFA7IAA B9 B frestd sd
"}‘E‘ €3 Sy b2 —r“‘«] F "x-‘ T HYE
Bl e Aot 2% WA 4T F3HY
Az e 7lxrt He E9Ad 989 2EAA
e neigtezd Ay Add AsAgsy 27
3 F49 vady ZAE nejstd JRIARE
d&sle o 7R 2dEo] 1 Bt Ao gl
a ¥ 7M% 249 €8x AL Hillgk Marciniak-
Kuczynski(o]3} M-K)[1]9] 2do]t}.
ARAEE FHFES] F3o A

_°‘
mgl‘_’.
o2 2

F 99L

%3 43 ?—‘rE% ol 7 =1, o] Zt=& Hille] o
Bl o5t FHWMES o] WY R AxE
o] R Hr}. ¥ Eo] U FPoAH FHAFS
ol #& Wake] 7] Wil o|gdt Hill) o]&e] A
HalA] gdof, M-Kxndo] F43r}. o] e
5 U7 @48 Al gEiM 2] EeAE e
=Ystgion, #¢Yd<9(homogenous region)s} A
99 (imperfection region) Alo]e] 3ol HFFzAT
WHE Rz o2 HE AYMAEE 33t 2
AP E I dQeAMRt HEHH o] M-KEdo]
%o Barata da Rocha 5o ¢jsled 2uiggo] &9l
Fh7tA 2 &gl FdE # de 39 MK 59
| EEEHANH2].

=29 M-K E@" Fig. 124 /jgd oz Hug
F Aok o] BdoMs £ 7] Bk 9gE g 7R
Agrt 494 493 éﬁ Aol FHd deje] 72
olF1; FAse] vtn s ETh 7)o Agd gl

[o

(T.DY % E

®)

Fig. 1. Schematic view of the modified M-K model (a : homoge-
neous region, b : imperfection region)
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Table 1. Chemical composition of AA5182 (wt. %)

Mg{Mnj Fe [ Si | Cu| Cr| Ti | Al
4.5110.34]0.18( 0.08( 0.05] 0.02{ 0.02 | bal.

400

AAS5182 Skin Q5

N_AA5182 Skin 45°
300

)
o
= \_AA5128 Skin 90°
@ 200}
2 Sandwich 0°  Sandwich 45°
® )
»
S 100
2
L Sandwich 90°
0 L s n L
0.00 0.05 0.10 0.15 0.20 0.25

True Strain

Fig. 3. True stress-strain curves of the AA5182 and sandwich
sheets at room temperature for different tensile orienta-
tions

Table 2. Mechanical properties of the polypropylene cores,
AA5182 skins and sandwich sheets at room tempera-
ture for different tensile orientations

) Angleto | Y.S.(MPa)
Specimens RDC) (0.2 ofse K(MPa) n m
Poly- 0 12.4 458 0.29 0.050
propylene| 45 12.2 47.6 0.31 -
Cores 90 12.5 482 0.32 -
0 1332 647.7 032 | —0.006
Ag\lj:lfz 45 1323 615.0 0.31 -
90 1287 6072 | 031 -
Sandwich 0 50.3 201.7 0.26 0.007
Sheels 45 47.0 189.9 0.27 -
90 46.1 188.0 0.26 -
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Fig. 4. Measured instantaneous plastic strain ratios{R-values)
with respect to the tensile strain for different tensite ori-
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Table 3. Instantaneous plastic stain ratios for different tensile

orientations
. .. |Instantaneous Plastic
Specimens Angle toR.D.(°) Strain Ratios (R)

0 1.11

AA5182 Skins 45 1.38
90 1.03

0 1.01

Sandwich Sheets 45 1.33
90 1.16
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Fig. 5. Determination of initial defect parameter (a) Measured
surface roughness of AA5182 (b) Determination of initial
defect parameter for surface roughness

Table 4. Initial defect parameter of the AA5182 and sandwich

sheets
Frmax t D,
AASI82(020 | 15x107mm | 02mm 0.9850
AASI82(1.0 | 1.5x107mm |{ 1.0mm 0.9970
Sandwich (1.2t) | 1.5x107”mm | 1.2mm 09975
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Fig. 9. Predicted FLDs of the 1.0t AA5182 and 1.2t sandwich
sheets
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