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Fig. 1  Design concept of new MHDD apparatus. 
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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. 
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Fig. 3  Schematic of MHDD processes and movement of tool. 
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Fig. 4  Developed micro-hydromechanical deep-drawing tool set and hydraulic system. 
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Fig. 5  Newly developed MHDD system with servo screw press apparatus. 
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Fig. 6  Tool dimensions for micro deep-drawing (λ=2/5, 1). 
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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. 9  Drawn cups under different scale factors and punch shoulder radii in MDD and MHDD (λ: scale factor). 
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Fig. 10  Appearance of drawn cups in MDD and MHDD (a) different scale cups around a rice grain, (b) axial cross section 
of drawn cup (λ=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. 
 

 

 

Phosphor 
bronze 

Stainless- 
steel 

Pure 
titanium 

Wrinkling 
zone 

 
: Success  
: Wrinkling 
: Fracture 

Fracture 
zone 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.5 1.5 2.5 3.5

N
or

m
al

iz
ed

 c
ou

nt
er

pr
es

su
re

p/
E

 
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. 
 
 
Table 1  Specification of developed MHDD apparatus. 
 
 
 
 
 
 
 
 
 
 
 
Table 2  Mechanical properties of materials used. 
 
 
 
 
 
 
 
 
 

Specification of MHDD apparatus 

Main 
MHDD 
system 

Servo screw press 
machine 

Load capacity /kN 50 
Motion resolution /nm 400 

Hydraulic system Pump pressure /MPa 20 

Tooling 

Forming process 1-stroke forming 
Blank holder Constant gap method 

Pressure generation 1μm clearance between tools 

Tolerance 
Flat part /mm ±0.001 

Radius part /mm ±0.01 

 

Material 
Young's 
modulus      
E /GPa  

Yield 
stress     
σy /MPa 

Tensile 
strength     
σB /MPa 

Elongation  
δ /% 

Phosphor bronze  
(C5191-H) 110 610 682 0.6 

Stainless-steel  
(SUS304-H) 193 1217 1331 2.4 

Pure titanium  
(TR270C-H) 117 601 807 1.4 

 


