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A Study of Cup forming by double Stretch-Drawing Process

Young-Su Kim*, Tae-Hoon Chung’, Manabu Gotoh™

I Abstract JI

It is clearly demonstrated that deeper cups could be formed by single and double stretch-drawings from smaller
circular blanks due to such wall-thinning action than in the usual deep-drawing of larger blanks. From this fact, it i
emphasized that the deep-drawability of a sheet metal is not evaluated simply by the conventional L.D.R (limiting]
drawing ratio), but the depth of the drawn cup should also be taken into account. Many experimental data about varioug
metals and thicknesses given in this paper offer a valuable information in this process for more general use which
recommends to replace the conventional deep-drawing process by the stretch-drawing process both for single and double
pperations. In the single stretch-drawing, it is also confirmed that a deeper cup can be produced by raising the
blank-holding force at later stage of operation.
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Table 1 Dimension of tools.

©:

First stage | Second stage
Die Diameter Dy 424 32.0
(mm) Profile r; 0.5, 0.7, 1.0, 1.5, 3.0, 8.0
Diameter D, | 400 300
Punch
(mm) Profile 7, 8.0 6.0
Clearance (mm) 12 1.0
Velocity  (mms) 0.941
Lubricant Molybdenum grease

¢D, Blank holding force

| B 11

Blank Punch
holder '

T P T
Die 4, [

Dy :Diameter of die hole ry :Die profile radius

D, :Diameter of punch 7, :Punch profile radius

to :Sheet thickness

Fig.1 THustration of 1st or single stretch-drawing
process
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r, : Radius of punch rs © Blank holder profile radius

rs : Die profile radivs
Fig.2 Illustration of 2nd or double stretch-drawing
process
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Table? Tensile properties of materials tested.

Materjals K n r U.7.8. { T.E
(Thickness) | (MPa) | Value | Val MPa) | (%)
Al-H().0mm) | 164.3 | 0.035 [(1.051)] 136.7 | 0.9
Al-He(1.0mn) { 147.1 | 0.022 ((1.073)} 1311 | 1.584
AL-0(1.0en) | 147.9 | 0.247 | 0.860 | 82.42 | 43.80

Br-1/4H(1.0ua)| 724.3 | 0.320 | 0.988 | 391.4 41.70

Br-0(1.0nm) | 717.2 | 0.370 ! 0.937 | 371.9 | §1.41
SPCE(0.7mn) | 571.6 | 0.185 | 1.149 |{ 347.7 | 36.54
§US304(0.8mn) | 901.4 | 0.445 | 1.050 | 644.5 60.50

SUS304+(0.8mm) | 722.3 | 0.184 | 1,228 | T04.0 | 64.74
sUS304L(1.0nm)| 718.4 | 0.153 | 0.956 | 627.4 | 54.80
K, n : Work hardening property { o=ke® ),

0.1.5.: Ultinate tensile strength, T.E.: Total elongation,
{ ) : Reference value ; All vslues are in-plane averages.
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Maximum gain in cup depth by

stretch-drawing relative to cup depth by usual
deep-drawing, defined by (Hs-Hd)/Hd, for various die
profile radii.
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Maximum gain in blank area by
stretch-drawing relative to blank area required in
usual deep-drawing, defined by (Ad-As)/Ad, for
various die profile radii.
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Fig.5 Distribution of wall thickness along the wall after
single operations. (Al-O ; Imm thick)

-“+1.0

—o— Optimum condition
by blank holding force

- 30 A 15

» 0.7 ® 05

1 ¢
095 |
09
085 O
08
0.75 r
07 F
0651 @
0.6
0.55 : . .

1.7 1.875 2
Drawing ratio

Cup depth / Punch diameter

Fig.6 Relationship between cup-depth and drawing ratio
in single stretch-drawing with a raise in blank-holding-force
at later stage of operation.(Al-O; 1 mm thick)
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Fig.7 A few examples of formed cups by the single
and double stretch-drawings.(a)SPCE, blank dia. 73,
rd = 1.0(for both operations), (b)AH, blank dia, 7
7, rd =30(for both operations). (rd :die-profile
radius(dimensions in mm))

Fig.8 Examples of earless cups formed by double
stretch-drawing operations.(SUS304L) Right: blank dia.
63, rd =0.5 & 3.0(single & double); Center: 63, 0.7 &
3.0; Left: 66, 1.0 & 3.0 (in mm)
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Fig.9 Gain in cup depth by double stretch-drawing
relative to cup depth by usual double deep-drawing.
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Fig.10 Gain in cup depth by double stretch-drawing
relative to cup depth by usual double deep-drawing.
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Fig.11 Distribution of wall thickness along the wall after
double operations. (AI-H ; 1mm thick)
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