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Fig. 2 Schematic of pressure generation methods (a) BHF in HDD, (b) sealing at blank rim in HDD, (c) small clearance
between drawing and blanking tools in MHDD.

Bus

Clearance
(1pm)



Blank
holder

Drawing punch

Initial stage

Initial state ~
Blanking process

Blanking die

Drawing die,
Blanking
punch (Fixed)

[ Pressure

Drawing

punch  gjank
Blanking die\ hold
\ | ’I

100mm G

Fig.4 Developed micro-hydromechanical deep-drawing tool set and hydraulic system.
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Fig.6 Tool dimensions for micro deep-drawing (2=2/5, 1).

180 ‘ ; ;
160 | ™\ [ h=240t | ™"
z 10 b of A\ e RS .
Q120 foof N\ Vi o 7" Flangéwrihkling |
@ 100 k-4 i [\ Y W S - |
g 100 140t \_ ‘
S g [f- o N7\ | 110t
5 o L 130t —X\ T i
S ! !
& 40 M 120t —\\ APPF&'@C,‘?gf,‘,j{?‘,"fr]ft{?i
20 ffe R\ e N\
0 ; ; : .
0 0.5 1 15 2 25

Stroke s/mm

Fig. 7 Effect of gap between blank holder and drawing die on punch force-stroke curve (Phosphor bronze, C5191-H).
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Fig.8 Counterpressure- and punch force-stroke curves during MHDD process.
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Fig. 10 Appearance of drawn cups in MDD and MHDD (@) different scale cups around a rice grain, (b) axial cross section
of drawn cup (=1, Dp=2.0mm).
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Fig. 11  Appearance of winkling, success and fracture cups in MDD and MHDD for various materials.
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Fig. 12 Effect of counterpressure on normalized punch force for various materials.
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Fig. 13 Effect of normalized counterpressure on occurrence of wrinkling and fracture in MHDD.
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Fig. 14 Effect of counterpressure on drawn cup profile at the bottom of the cup (Stainless-steel).
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Fig. 15 Comparison of blank deformation at punch bottom in MDD and MHDD.

Table1 Specification of developed MHDD apparatus.

Specification of MHDD apparatus
Main Servo screw press Load capacity kN 50
MHDD machine Motion resolution /nm 400
system Hydraulic system Pump pressure /MPa 20
Forming process 1-stroke forming
Blank holder Constant gap method
Tooling Pressure generation 1um clearance between tools
Flat part/mm +0.001
Tolerance Rediuspart/mm | 001

Table2 Mechanical properties of materials used.

Young's Yield Tensile .

Material modulus |  stress strength Elor(;%}tlon
E/GPa | ¢/MPa | op/MPa °
o | 1o 610 682 06
S(susegsgﬁfl 193 1217 1331 24
e | n7 | eor | so7 14
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