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Abstract 

In the micro dimensional range, the influence of punch velocity on the deep drawing 

process could, due to the size effects, be different from macro range, for example on 

the spring back behaviour and thus on the shape accuracy. In this article the influence 

of punch velocity on the shape accuracy in micro deep drawing is investigated using 

strip drawing tests with punch velocities ranged from 1 mm/s to 200 mm/s. It can be 

seen that the application of a counter punch leads to higher shape accuracy with 

higher punch velocity in comparison to application of a counter punch with lower 

punch velocity.  

 

1 Introduction 

In macro forming it is already known that the punch velocity has an influence on the 

forming processes. In deep drawing this influence is considerably induced by the 

velocity dependent friction behavior between sample and tool. In electromagnetic 

sheet metal forming it can be shown that when pressure is dropped down, the forming 

still increases due to inertia forces, but with decreasing velocity [1]. With increasing 

miniaturization, so-called scaling effects occur, which inhibit further miniaturization 

[2]. According to spring back behavior in the micro range, Li et al. showed in micro 

bending experiments that spring back angle increases with decreasing foil thickness, 

especially for foils thinner than 100 µm [3]. In this article the influence of punch 

velocity on shape accuracy in micro deep drawing is investigated. 

 

2 Experimental setup 

2.1  Micro strip drawing 

Strip drawing experiments with two different punch widths were carried out on a 

double-axis micro forming press, which was developed at BIAS. Details about the 
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press can be found in [4]. The setup of the strip drawing test is displayed in Fig. 1. 

The geometrical parameters are shown in Table 1. The punch is driven with velocities 

between 1 and 200 mm/s. The geometrical parameters of the drawn strips were 

measured by a Keyence 3D Laser Scanning Microscope VK-9710.  

Table1: Geometrical parameters for the deep drawing 

Punch width wP [mm] 1 2 
Punch radius rP [mm] 0.1 0.1 0.1 
Die width wD [mm] 1.2 1.2 2.2 
Die radius rD [mm] 0.1 0.5 0.5 
Drawn clearance [mm] 0.1 0.1 0.1 
Blank geometry [mm] 3x4 3x4 6x4 
Material Al99.5, thickness 0.05 mm 
Lubricant: HBO, Constant blank holder pressure: 3 N/mm² 
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Figure 1. a) Principle of the experimental setup for strip drawing and definition of 

geometrical parameters, b) Geometrical parameters of drawn strips 

 

3 Results 

The shapes of drawn strips produced with different punch velocities were analyzed 

(see Fig. 2). It is visible that with increasing punch velocity the shape changes 

considerably. Especially the bottom shows a stronger bulging with increasing punch 

velocity. By means of a counter punch bulging can be prevented almost completely. 

In order to obtain comparable data, different geometrical parameters are defined at 

the drawn strips, see Fig. 1b. Fig. 3 displays the results of the measurement of the 

geometrical parameters for different punch velocities and with counter punch. The 

evaluation of the spring back angle α in Fig. 3a shows, that there is no significant 

change for different punch velocities, while the punch - cup wall gap a in Fig. 1b and 

the specimen bottom – tool gap b in Fig. 1b show an increase with increasing 

velocity, (see in Fig. 3b and c). Using a counter punch spring back angle stays 

a)  b) 
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constant, while gap b is prevented almost completely and gap a decreases with 

increasing punch velocity. 
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Figure 2. Resulting strip shapes with different punch velocities v with and without 

counter punch (material: Al99.5, s0 = 50 µm) 
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Figure 3. Influence of punch velocity and counterpunch on: a) Spring back angle α, 

b) Gap specimen bottom - tool b, c) Gap punch – cup wall a; standard deviation for 

5 specimens 

 

4 Discussion 

The strip drawing experiments show an increase of bulging at the specimen bottom 

with increasing punch velocity, Fig. 2. As reasons the mass inertia effects by the high 

velocities and the velocity dependent friction could be determined [5]. 

The spring back angle at the cup wall stays more or less the same trend with all punch 

velocities and the counter punch, Fig. 3a, while the gap between punch and cup wall 

is increasing with increasing punch velocity. At small spring back angles an increase 

in parallelity between cup wall and die radius of the punch is visible with larger gap 

a. This means that with high punch velocities the shape of cup wall corresponds 

better to the shape of the punch. Furthermore, at high punch velocities, the cup wall 

springs back parallel to the punch wall after the forming process, rather than only 

enlarging the opening of the cup. This can be determined by the observation of the 

gap a. For example, in case of the punch width of 1 mm and a drawing radius of 0.5 

a) b) c) 
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mm gap a between cup wall and punch is larger than the sum of material thickness 

and the width of the drawn clearance. The reason for that is the increasing bulging of 

the bottom with increasing punch velocity, which results in further spring back. The 

results in this work show that all spring back angles are similar with all velocities. 

This introduces a possibility to increase shape accuracy by high punch velocities, 

since bulging of the bottom can be decreased by the application of a counter punch, 

as shown in Fig. 2 and Fig. 3. 

 

5 Conclusion 

From the reported work it can be concluded that the application of a counter punch 

leads to higher shape accuracy with higher punch velocity in comparison to 

application of a counter punch with lower punch velocity and to lower bulging in 

comparison to drawing without a counter punch. 
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