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in Al Can Deep Drawing Process
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Abstract The technology of multistage deep drawing has been widely applied in the metal forming industry, in order
to reduce both the manufacturing cost and time. A battery can used for mobile phone production is a well-known
example of multistage deep drawing. It is very difficult to manufacture a battery can, however, because of its large
thickness to height aspect ratio. Furthermore, the production of the final parts may result in assembly failure due to
springback after multistage deep drawing. In industry, empirical methods such as over bending, corner setting and
ironing have been used to reduce springback. In this study, a bottoming approach using the finite element method
is proposed as a practical and scientific method of reducing springback. Bottoming induces compression stress in the
deformed blank at the final stroke of the punch and, thus, has the effect of reducing springback. Different cases of
the bottoming process are studied using the finite element program, DYNAFORM, to determine the optimal die
design. The results of the springback simulation after bottoming were found to be in good agreement with the
experimental results. In conclusion, the proposed bottoming method is expected to be widely used as a practical
method of reducing springback in industry.

Keywords : Bottoming, Deep drawing, Multi-stage stamping, Springback

1. A& A 7171 Bk A T o] Al ALkl 3 Sl
ol §¥ 1 Q= TR & UM Vs F sfuelth &
A w5 WA AR ASA, B3, HAE, 8, HEnd 7% A uga A A3 ALdelA &
2 =E2 2015 FFUEta SredT A ALAE AR el o A EHAS
“Corresponding Author : Seokmoo Hong(Kongju Univ.)
Tel: +82-41-521-9291 email: smhong@kongju.ac.kr
Received June 23, 2016 Revised (Ist July 28, 2016, 2nd August 25, 2016)

Accepted September 9, 2016 Published September 30, 2016

302



stamping and (b)

bottoming

%M%Mﬂu%é%ﬂwwbﬂ%
ﬁo7d_ﬂzaoll B OMr oo ® —
. T epraiflenr=e @<y
3 T OB ST N REA T E N gy o
S Ao oy B T e ¥ T 8 ooy E
E L U S Nl e g
Z S wme P g oy o O g
/ 6 T X QMg B UF T R
——— o B % mo Ar —~ T o g Ty N =
g 5 = o Ho oo m = Mo g . ool - =
z o = of E g W W E T M
g ™ ° T b g Sz = T o
S M e S 2w g T 4L
: o USEo*EsFTisevi
T TEETLsEICERuEy
o) | 2 o X° o \I‘O|_o‘_LI
g o9 q%%%%&%%%%ﬂﬁ%%
E g dﬂmMﬂﬁuElMomo_]ﬂquﬁoiaAﬁa op
g IS Zo = =° AT v I = I A S 8=
1%0 et x 0 = ‘m\_ _H ..:1_ ﬁ.._ X o W _.E .m.r
£ 2 FPEILeIT g Ben 2 ES =
& M Tz 2y TR Lo A e 2 z
. lUHH‘l,.:‘_.Q‘LI v =
~ 8 ¥R EiesdTzucer  F
8 <GPS N g s Y os 3 T g
e o Al o AR oy o ' OB G Al AT
wraoi%%ﬁiﬁﬁkg%%\%H%%%%%ﬂ.mamgﬁaaoﬂmmamtm_i%.mréwrmm
‘Jll\_‘\ﬂo\l o ) =) = o |~ g . ) [E )
ettt i EE L PSRt ETn s a0 R AT
= N My T T N Y _wm.no%A K o = ox XK 7%%0@%%%3%
dﬂnﬂLmﬁ_éE%\w)ﬂommﬁld'_d‘_mﬂ(ﬂ@%@odﬂﬂw&kﬂeﬂﬁ %@E%Mﬂu%%ﬂﬂﬂu%
BT E SR T TR R TR D gy 0 o TAT QAT G N g TR
Rl R R S S el - B R N S -
EERPERT TSI n P g AT R SR ANT PENE SR AT £ 0
N woE MW FE g O TN gy, S E T R - =
HEREER 38 B ®®y o il e sl 2R 20T awe ]
= o B g LN o = oW ogr o Bl &) = & Nk W 8§ o &r AL = )|
fowﬂﬂL.o ‘mu..mﬁ.#o:_Z,#\.X_.o‘mﬂ%ﬂ_ug,olﬂﬂ]iqﬂWom]ﬂoWM]HTQMl__/I.m‘Mﬂ_:%EBC
wroﬂwr,nomﬂmﬂmlmoﬂh]iomﬂﬁuao]ao]aﬂ_.oﬁmﬁi_,:moﬂjlum;.ﬁﬂ:o»ﬂ ;ouE_n,.oqu
_@u.WA%i@iﬂﬂ%ﬂ%ﬂM%Eﬂoﬁo%%g@%wﬁﬁ%%]ﬂﬂ%mM%uumﬂm
ﬁﬂ%w_mﬂ&ezﬂmﬁﬂ%% T, T HT L2 P P T sy X
Ty S B R P e Ee BT EE R G TP T T B g
LM o IR ! % o) = = = =0 K i~
T el .m%ﬁHAoMﬁWHME P Y e R E T M g o N TR
T A B IO N - TR e S R TR - JRRG S Sl T R B F O
R T PE B i ™ By  m DF s T EFE® T YP T gTR g
urmww%ﬁ%g@%ﬂq%%%ur%wk)urm%%nmﬂﬂﬂﬂgﬂmﬁv%J%ﬂ%ﬂ%ﬂuﬂ%%%
Px T WE TN T D =G B TR TR B i IR e g
PoRE R T g TP T EF BRI g REE YDy TR AW 5 YT g
N g = T R P e F T oy Mmoo 2F s W B ooy Ao B
T FTARUPTAR VT ERNDNDTRETNIE T RT Y P B om 7T H W

Fig. 2. Comparison between (a)

531

[e]
DELE

© 2 Bottoming

W

S o3 CaseZ

=
[}

7}

303



ol
Ot
Hl

>
2
2
N
)y
2

3=8x A174 A9E, 2016

-

At w3l e ~8s FATHS 2181331, Case 25
2 2AE ASEA Aud BAE e Sl
A 2Ez ] wpeh JA VIeh ez A QP
Alo]2E HEIt) Case 37 Case 4= =93 34 F
2xW FJ8 7FAAT]7] $138) Case 12 Case 2 2+
7 30 F7HH 0w S5 895 7}el= Bottoming
THS HESAT FAMOE AU, Case 3
Al ~Elsy o] 5 Bottoming, 12|31l Case 4+ 71
=& ¥dlsle] Fad 28 37 vpx] 9ol Bottoming
oz ~mYulg Aol Fgolr)
(a) Case 1 (b) Case 2
LL pumch _Holder l’ pinen _Holder
Dle—l l_ Dle—| ~ ,_
Stamping
(c) Case 3 (d) Case 4
F F
+= i’E += L’E
Bottoming
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Table 2. Process condition )
Fo® Aol
P t OP10 OP20 - - _
- A2 A el AEe EAAT} e gaelne
Punch Velocity(m/ 5 5 . _ —
nch Velocity(m/s) Numisheet' 93 Benchmarkell 4] 7 2] gt 2~ 5]ul] Q1%
Bottoming Stroke (mm) - 0.08 TL}-O] (_5_]_% %61—:]! 7_1} el"e‘ Casedl 2 %‘ 6]‘_5_]_04 —}_\‘:—_—_%EH
Punch Stroke (mm) 30.0 39.0 -} 7(3 %L;_g' oz H] E_g}_g}q'
Element Size (mm) 0.2 0.2
Coefficient of Friction (1) 0.125 0.125

(a) Shell mesh blank

(b) T-Shell mesh blank

(¢) Solid mesh blank

Fig. 5. Element selection for bottoming analysis
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Case 1

Case 3

Case 4

Fig. 6. Results from springback analysis after OP20

Fig. 89] 12 o]+
eI, 1l azel] 1
= 8ol d=E WA

305



S2Akely| 48k =71 Al17d A9E, 2016

Zw ko] 1 22 Ao = FRleX %11l Bottoming #]
E Addle =2 g &g sj=E WA ~59S
) 4¢] tho] apet w3l

Stamping | Bottoming
90.95 with Pad

Casel
90.91 Case2

90.9 - Case3
90.87 | Case4

O|x|0O|x
O|O| X |x

90.85 -
90.83

el (Degree)

90.8
90.77

90.75

90.7 T -
Casel Case2 Case3 Case4

Fig. 8. Comparison of springback for each case

4
—
=)
o
=
rlo
oX
ot
oX

@ -
Ho
%
fo
B~
Sy
lo el
o i-:]
Jo Y
H B~
N >
<« ol
f&otomlmir
&y gy
Mooy g o
o (o ol
f\FLE% S x
% o 8% o Jo B
o x (2 oo fu fp
Ay o ozt ot s w0 'OSTT"H
' [ r—rf>«—z:l°r-9{-4-|—f
N &oglo

oxl of

[» ot x2 [o ot 24

[
)
£
o,
=
[
<
>
o
w2
il
ie]
oo
p‘L
£
B

I TH12]. ATOSE 8mega pixel triple scanner®
A ZA4sto] CAD thH] W] 2to]E contour
A Fig. 99 2 &5 e TdAd v

o,
tio
(98]
Wi

o

[zt R ot mo o
™
N

T2 2374(0P20)S " 3 AlE A4 Blalste
Zpol & g o= Tt = 9lth Fig. 9ol 7t
woll A e] siA ) AA AEe] Eo] AfolE HolFal gl
T} Fig. 994 Hoj= AAH, S4¥ 349 54 4%
oF f3k 94 A Aite] wo] FxE ZF XA H)

306

o L

-
o% fo
o,
ol
)
o2
ol
10,

2L ofd ok
éo}i
o = i

2,
2
ol

1}

= HO

oy oy @
(o3

[ b
o

ot o
)

% oo N M1 o g
1o

o

TN o I

oL

Bottoming &

50 -
45 -

Z displacement [mm]

AlstH,  A-G7HA] ZH 9]

e
A} 572 wolFa qlek S 7 25

> H
>
il
R

roll A AR 33 2 S 248

fk= Fig. 100 =A8kGITE 1ol A Hojx]=

1o
ofN
N

i)

40 -
35| q
30 -
254
20
15t
10

0 lo fdt 1 o
fo
)
rlr
A
i
m
lo

o of
o
ook
e
1p
2
lo
2
o
pus

o
o,
4,
g
=<
g
=
aQ
ol
oE
o
2
oo
ot
2
i
i)

o] pol7}F Hh 7% A

2y

Bottoming & §Alell A-&3tom, A3} AlF

Kl

o lx& rir
4

ABCDEGFG

@ Simulation

B Measurement

A B C D E B

G

Fig. 9. Comparison of height after drawing between 3D

measurement and result from simulation

. o ' -

As

Is To Be

Fig. 10. Springback comparison of original product and

improved product after bottoming



orenly 2 HERolA BottomingS o] ¢ ~Tul 423}
7‘__341 % [10] DYNAFORM-PC User's Manual, 2014.
[11] C. Gomes, O. Onipede, M. Lovell, “Investigation of
- Springback in High Strength Anisotropic Steels”, J.
= = o3l 710 O O X o))
& ATE FEA vt 22 AEs e Al Mater. Process. Technol., vol. 159, no. 1, pp. 91-98, 2005.
1. tek %Eioo]oﬂ}\i 71&e] Axgul 7k Ho DOI: http://dx.doi.org/10.1016/j.jmatprotec.2004.04.423
ol N2 "ol Bottoming 2o A4 71s [12] GOM ATOS User Manual, 2014.
@ 2e Az
2. AA| AL AF0] 2 eu WA 6, 3ko] 91.4200] - . as9)
_ o Sangmin Par] «
A Bottoming & M50} 120 29 S Selakgy, 0 © oongmin Parg o=l
3. Z%]:E;f_ Bottoming %1‘:59’] @I%gi .{\_}—_L_%]@] 2'11017]- 20144 3°J _ —E?—:]_ZH — %L‘ZI‘EH
addoz vehd oz gt FRAAEE A 5S
References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Min Ho Park, Sang Jin Kim, Dae Gyo Seo, “The blank
design and the formability for the multi-stage deep
drawing process”, Proc. Kor. Soc. For Tech. of Plast.,
Autumn Conf., pp. 111~118, 1995.

T. W. Ku, J. W. Park, S. C. Heo, B. S. Kang,
“Experimental Study on Non-Axisymmetric Rectangular
Cup using Multi-Stage Deep Drawing Process”, Trans.
Mater. Process., vol. 19, no. 4, pp. 253-262, 2010.
DOLI: http://dx.doi.org/10.5228/KSPP.2010.19.4.253

Joon-Ki Chung, Woong-Shick Cho, Taek-Sung Lee,
“Combined Process of Ironing and Redrawing in
Progressive Drawing”, Trans. Korean Soc. Mech. Eng.
A., vol.28, no. 5, pp. 654-661, 2004.

DOIL: http://dx.doi.org/10.3795/KSME-A.2004.28.5.654

Se-Ho Kim, Seung-Ho Kim, Hoon Huh, “Optimum Tool
Design in a Multi-stage Rectangular Cup Drawing and
Ironing Process with the Large Aspect Ratio by the
Finite Element Analysis”, Trans. Korean Soc. Mech.
Eng. A., vol. 26, no. 6, pp. 1077-1084, 2002.

DOI: http://dx.doi.org/10.3795/KSME-A.2002.26.6.1077

S. H. Sim, M. C. Lee, W. J. Chung, M. S. Joun, “Finite
element analysis of square-cup deep drawing process
using tetrahedral MINI-elements”, Kor. Soc. For Tech.
of Plast., Spring Conf., pp. 374-378, 2011.

S. Hong, J. Hwang, “Bead Optimization to Reduce
Springback of Sheet Metal Forming using High Strength
Steel”, J. KSMTE., vol. 23, no. 4, pp. 350-354, 2014.
DOLI: http://dx.doi.org/10.7735/ksmte.2014.23.4.350

J. Kim. S. Hong, “Process and Die Design of Square
Cup Drawing for Wall Thickening”, J. KAIS, vol. 16,
no. 9, pp. 5789-5794, 2015.

Y. Kim, J. Cho, V. Do, D. Shin, “Evaluation of
mechanical properties and springback for embossed
aluminum sheet - part 17, J. KAIS, vol. 16, no. 2, pp.
921-926, 2015.

DOLI: http://dx.doi.org/10.5762/KAIS.2015.16.2.921

T. Ogawa, A. Hirahara, F. Yoshida, ‘“Reduction of
Springback of Sheet Metals by Bottoming”, AIP Conf.
Proc. 1252, pp. 918-926, 2010.

DOI: http://dx.doi.org/10.1063/1.3457655

o] A} @ (Sarang Lee) [43]¢]
020141 3Y ~ A : FHTFH
w3 A sty AjskE
<BAH o>
& FAE 2 g2y sy
& 4] F-Seokmoo Hong) [FA13]
© 1999 29 : A7digtal 7| AEE
7} (3t
20019 2¥ : AAYstw 71453

7} (A1Ah
©2007*d 849 : Technical University
of Munich 71A]&8t7} (AR
©2007d 99 ~ 2015 2¢¥ : A4

[ AR AT
20154 39 ~ @A) FF FRAATEY 0
<gh]Fop>
T4 AP W AR Se|EREY, FELNY, AHUA

307



