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Initial Blank Optimization Design of Square Can Multistage Drawing
considering Formability and Product Shape
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'Department of Metal Mold Design Engineering, Kongju National University
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Abstract Multistage deep-drawing technology is used widely in the production of mobile phone battery cases to
improve productivity and economy. To ensure adequate capacity and rigidity, such cases are fabricated as a
rectangular cup with a high slender ratio. The multistage deep-drawing of a rectangular cup entails a high slender
ratio, and the heights of the product sides may be non-uniform because of the complicated deformation mechanisms.
This causes problems in product assembly that affects the surface quality of the case. This study examined a blank
shape that minimizes the height variations of the product to resolve the aforementioned problems. Optimization design
and analysis were performed to identify the shape that yields the least variation. The long and short sides of an oval
blank were set as the design variables. The objective function was set to yield the lowest height difference, and the
thickness reduction rate of the product was set to the target range. In addition, the height of the final shape was set
as a constraint. The height difference was minimized successfully using the optimized design. The design process of
the initial blank for all rectangular shapes can be automated in the future.

Keywords : Deep drawing, Die design, Initial blank, Multi-stage stamping, Optimization
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Table 1. Material properties of Al 3005

Material & Thickness Al 3005, 0.55t
Young’s Modulus (GPa) 69.0
Yield Stress (MPa) 41.5
Initial Strain 0.002
Poisson’s Ratio (V) 0.33
Strain Hardening Isotropic hardening
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Fig. 3. Finite element modeling of four operation stages
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Table 2. Design variables, objective function and constraints

Objective function Mininize F(x) = ABS(Ah)

Design variables PX, py

-30% < Thinning < 25%

Constraint 44 < HI

44 < H2

HI

X Y

1
Z

(E1-H2)=Delta(Al)

Fig. 4. The shape of initial blank and blank after OP40

323

(OP 40)
|

No
Delta(Ah) Yes
Finish
Y4 Model

Fig. 6. Process of optimization and automation

42 F™ M Z
g;q;q }\—]7;” Y

At

f°ﬂ ks ELJ’F—
HE o]gste] 7] wER
g} vet o] g v
3D EWolA Hx
WEFR DS 33kl
el 2ol x
#tolrtk. 3D

2
2



A7 £33 =R2 A A8 A3E, 2017

Table 3. Initial vs. optimized design variables

Initial Optimized
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Design variables
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Fig. 7. Result from meta model based optimization

324

Ah =0.429

|

: Ah =3.809 37.21 :

42

Optimized

Initial

Fig. 8. Comparison of Ahfmm] between drew results

from initial and optimized initial blanks

(%)

22.00
18.37
14.75
1112
7.500

3.875 ==

0.250
-3.375 —

-7.000

Initial Optimized

. Comparison of thickness distribution between
initial blank and optimized blank

£

ok xfol& Hol=A] F1ls|
A Fgoz AFE e 3 Fig. 10
B, el Hol upel 2o
Baz Pt AEe] agolr)
REC R ESRe b A o AR -]
AE Ak Ax} AE i o] xjol7) siA
28-S gelskaiy. 1e)al Fig 113} o] A2l 97
O EA thold Ao|A & TS ZAste A A
o} wlwatdek. 1 A3 AF Wit F7= 0.36 mm ©]
a4 A¥te] Hit FAE 0.40 mm=E 0.04 mme] 9
TEe HoErh

T =E

i

L

L

9 tr e oy o

J—J‘)

gl



Ak A =29 ek 3401 AT ABYHS FA TeEe 2] 893 P M4 A

References

[1] T. W. Ku, C. S. Park, B. S. Kang, “A Study on Initial
Blank Design and Modification for Rectangular Case
Forming with Extreme Aspect Ratio”, Trans. Mater.
Process, vol. 13, no. 4, pp. 307-318, 2004.

DOI: https://doi.org/10.5228/KSPP.2004.13.4.307

[2] Y. Kim, J. Kim, B. S. Kang, “Analysis of Multi-Stage
Deep Drawing Process for Rectangular Container Using
Finite Element Method”, Trans. Korean Soc. Mech. Eng.
Spring Conf., pp. 1454-1457, 2005.

[3] S. H. Kim, S. H. Kim, H. 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.,

(2) Experiment  (b) Simulation vol. 26, no. 6, pp. 1077-1084, 2002.

DOI: https://doi.org/10.3795/KSME-A.2002.26.6.1077

[4] S. H. Kim, S. H. Kim, H. Huh, “Analysis of Rectangular
Cup Drawing Processes with Large Aspect Ratio Using

Fig. 10. Verification of simulation result

08 Multi-Stage Finite Element Inverse Analysis”, Trans.
Mater. Process, vol. 10, no. 5, pp. 389-395, 2001.
0.7 -
m Measurment [S] D. H. Park, S. B. Park, S. S. Kang, “An Experimental
0.6 — Study on Improvement of Formability for Elliptical
= = Simulation Deep Drawing Process”, Trans. Mater. Process., vol. 9,
E 0.5 — no. 2, pp. 120-127, 2000.
z 2 . Lee, S. Park, S. Hong, timization of Initial Bla
g 04 6] S. Lee, S. Park, S. Hong, “Optimization of Initial Blank
E 03 Shape of Multi-Stage Deep Drawing for Improvement of
ﬁ - Formability”, J. of the KAIS, vol. 17, no. 10, pp.
= 02 696-701, 2016.
A DOI: http://dx.doi.org/10.5762/KAIS.2016.17.10.696
.O [7] LS-DYNA, User's Manual, 2014.
1 ) 3 4 5 6 7 8 9 [8] LS-OPT User's Manual, 2014.
Fig. 11. Comparison of thickness between measurment
and simulation
th 2 2I(Sangmin Park) (53]

020144 3¥ ~ AAl : FHITT

TgaAE et A

1. #7 ’“ﬁﬂe T3 7] EA AR Eo] & A

15 3 A% A

¥2 3ua 4 9ot
I

A7}y 7Vssitk

3. FF Apst 2RA2R Q8 BE 7 ElSle] =
7] 24 AAZ Asoz ANt 7hed Ao Bt
ok

325



FFAVE &8 =B A8 A3B, 2017

4 & THKim Dong Kyu) (M3
©2000d 29 : A&t

71A1F 4 (BHAD
020159 99Y ~ &A| : AJAEDP ¥
FATFa

<ghlRop>

IR aYAE S

= M B (Seokmoo Hong) [BA131¥)

019999 29 : AMAEaL 7|AE 8t
3+ (b

02001 29 : AMANEL 7|AE 8t
3 (A4h

020071 8¢ : Technical University
of Munich 7] A3t} (WAl

020079 1€ ~ 20159 2¥ : A4
Az, FAATd

B AT} 0s

o5 AE 2 dx solmRE, Fitassiy, HHAA

326




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


