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Abstract 

High speed blanking is a process in which the speed of the punch exceeds a specific material 

threshold to produce localization phenomena in the blanking clearance, leading to thermal 

softening and eventually to a shear band formation. The analysis of the formation of these shear 

bands requires the analysis of the energies for the initiation of shear bands for the mechanical 

and thermal boundary conditions, and the knowledge of the amount of energy for maintaining 

the localized deformation until material separation. This paper presents an approach to 

determine the available process energy for a high-speed blanking process, and the energy 

dissipated for high carbon steel C75 and a AA5083 aluminum alloy. With these energies the 

material-independent efficiency of the tool (28%) and the material-dependent efficiency of the 

blanking process (2.6 - 71.8%) are calculated, leading to a total efficiency between 0.73% to 

20.1%. This approach provides a basis to compare various investigations on high speed 

blanking. Using process forces and strain formulation, an instability criterion identifies 

instability points, approximating energy dissipation pre- and post-instability for blanking. It 

was found, that the energy required for deformation from the instant of instability until material 

separation increases as the tool speed increases. When ASB are formed, the evaluation of these 

energies shows increased energy dissipation per volume by a factor of 20 or more. For all 

blanking experiments a peak acceleration larger than 26,120 g was measured, revealing the 

dynamic nature of this impact process. 
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Adiabatic shear band formation; Process efficiency 

 

 

Table 1: Frequently used quantities for analysis. 

Measured  quantities Determined quantities 

𝑎punch Acceleration of the punch  𝜀̅̇ (Eq. 1) Engineering strain rate  

𝐴 Sheared area 𝑙tool (Eq. 6) Displacement of the punch 

during impact 

𝑐 Total clearance 𝑣tool
0  (Eq. 5) Speed at onset of impact 

𝑐% Relative clearance 𝐸kin
0  (Eq. 4) Initial kinetic punch energy 

𝐹shear  Shear force during impact 𝐸shear (Eq. 7) Shear energy 

𝑚tool Mass of the tool 𝜀max (Eq. 10)  Strain at fracture 

𝑡0 Time at onset of impact 𝜂 (Eq. 8) Efficiency of the blanking 

process 

𝑡1 Time at end of impact    
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1. Introduction 

Blanking is one of the most widely used processes for sheet metal, since every sheet is usually 

blanked once for trimming. The objective of the blanking process is to separate the coin from 

the skeleton. Optimally, the blanked edge is straight, exhibits a small surface roughness, and 

has similar material properties as the base material. Other requirements are the absence of a 

burr and little or no roll-over, i.e. plastic bending at the upper and lower surface of the blanked 

sheet. However, blanked edges are often characterized by three different surface zones: the 

desired straight burnish with low roughness, a fracture zone inclined to the burnish, exhibiting 

higher roughness, and an undesired burr. The geometrical and material properties of the blanked 

edge are determined by the process parameters. While usually a tool speed in the range of 

0.1…1 m/s is used, blanking at higher speeds offers the opportunity to produce lower surface 

roughness and higher straightness of the edges [1]. At lager punch speeds, localized 

deformation may occur, leading to enhanced properties of blanked edges.  

At increased punch speeds, the strain rate in the deformation zone increases to the range of 

104 − 106 𝑠−1 compared to ≈ 103 𝑠−1 for conventional blanking. Materials with positive 

strain rate sensitivity exhibit an increase in plastic heating, due to the increased plastic work. 

Depending on the heat conductivity of a material, the increased plastic work may lead to 

extensive heating and thermal softening. In materials such as steels or titanium with low 

conductivity, the extent of thermal softening exceeds the strain rate depending hardening and 

leads to localization. For simple shear Recht [2] derived a mathematical criterion for the onset 

of such a strain localization. In results of [3] the strain localization leads to the formation of 

shear bands, and eventually to straight edges with low distortion of the coin [1]. Not only the 

speed of the tool, but also the total energy of the active tool is a driving process quantity. Due 

to different concepts for acceleration (electromagnetic [4], explosion [5], combustion [6], gas 

springs [7]) the initial tool speed at impact and the correlated initial kinetic energy is often used 

for comparison. In the analysis [1] of high-speed blanking, Davies and Dhawan used pneumatic 

energy of their air-driven machine and the punch speed upon impact as process parameters 

describing their high-speed blanking experiment. The same quantities, speed and energy, were 

used as characterizing process parameters by Travis and Johnson [8] for their experiments. 

However, since the mass of the tools and the driving mechanism of the machine were different, 

the mentioned energies are not comparable. In particular, the machine and tool concept can 

vary, which reduces the quality of the comparability. Another cause of complicating 

comparisons might be different machine or tool efficiencies. This demonstrates the clear need 

to establish comparable measures of energy and efficiency for high speed blanking. An 

alternative measure is the amount of energy dissipated by the blanked material, which differs 

considerably with the kinetic energy due to different efficiencies.  

In this work, first the fundamentals of blanking (Section 1.1) and the special feature of local 

deformation in high-speed blanking are described. Subsequently, the investigation of blanking 

energies (Section 1.2) focuses on the different methods and findings and contradictions in the 

literature on high speed blanking, a supplementation by new investigations, methods and results 

(Section 1.3) is incorporated.  

 

1.1 Conventional and high speed blanking  

In blanking a shear deformation occurs between the tools, usually by the moving punch and the 

fixed die (Fig. 1). The absolute clearance c describes the gap between the punch and the die and 

is given by  𝑐 =  0.5(𝑑die − 𝑑tool) for a circular part. The clearance is a coarse measure for the 
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size of the sheared zone and has a large effect on the properties of shear-cut edges. In [9] both 

an increase of the clearance or punch diameter increases the resulting burr high. 

In general, larger clearances lead to a more pronounced fracture zone. When comparing results 

of different blanking experiments one uses the relative clearance 𝑐% = 𝑐/𝑠, which normalizes 

the clearance by the sheet thickness 𝑠. The fracture zone is created during the material 

separation process and attributed to tensile stress states, which lead to excessive plastic strain 

beyond the fracture strain. For a relative clearance of 10 % the deformed zone extends beyond 

the area marked by the clearance, see Fig 2. The width of the strain affected zone w depends on 

the clearance, the material properties and the punch speed. In an early report of the positive 

effect of elevated punch speeds on shearing, Zener and Hollomon [11] observed a narrow shear 

band of martensitic layer of 31.7 µm for a punch speed of approximately 𝑣tool
Zener = 3 m/s for an 

upsetting process. 

 

Different measures of strain rate can be introduced to compare different blanking results. 

Assuming ideal, homogeneous simple shear deformation only in the region of the clearance, 

the equivalent engineering strain rate is defined as  

 

Fig. 1: (a) Schematic comparison of conventional and high-speed blanking [10], (b) 

Illustration of adiabatic shear band [11] found in blanking with a blanking speed of 3 m/s 

and strain rates of 2000 1/s.  

 
Fig. 2: (a) Conventional blanking: Effective strain-affected zone 𝑤 is larger than the 

blanking clearance 𝑐 [12], (b) high-speed blanking: Strain is localized in the clearance 𝑐 and 

w is smaller than c [10]. 
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However, the small width of the localized deformation zone 𝑤, observed as white band by 

Zener and Hollomon, indicates that an estimation based on the nominal clearance is misleading. 

Therefore, the effective strain rate 

is introduced, now assuming ideal simple shear with the localization width w. The results in 

nominal and effective strain rate 𝜀̅̇ are 1875 𝑠−1 and 96774  𝑠−1. In case of high punch speeds, 

the differentiation of the localized deformation zone and the surrounding base material is 

possible because of visible microstructural changes in light optical micrographs (see Fig. 1 and 

Fig. 2). In both micrographs the highly localized shear bands have a lighter color. Zener and 

Hollomon attribute this to martensitic formation due to heating above the austenitisation 

temperature during shearing. The shear strain is estimated as 100 in Fig. 2  [11]. Due to the high 

temperature increase occurring in a small (< 1 ms) time period allowing almost no heat 

conduction, Zener and Hollomon used the term “adiabatic” to refer to their shearing process. In 

the current work the term high-speed blanking is used to refer to the previously mentioned 

process, which focus at localizing strains due to high punch speeds. In contrast, blanking with 

punch speeds < 1 m/s is referred to as conventional blanking.  

In contrast to conventional blanking, Davis and Dhawan [6] observed experimentally a sheared 

surface exhibiting partly a very high strength, while the surrounding area was not affected by 

the shear deformation. This is attributed to the strain localization and leads to sheared surfaces 

which differ in geometry [5] and mechanical properties, like the hardness distribution [13]  

(Fig. 3). However, the effect of quality improvement of the surface saturates at a certain tool 

speed vanishes around 120 m/s  [6]. 

 

1.2 Investigation of blanking energies  

Since, the results of Davies and Dhawan [6] indicate that the variation of punch speed with an 

identical initial energy influences the results of high-speed blanking, a method to determine 

different physical energy quantities for different high-speed blanking set-ups is needed. In 

conventional blanking the punch is usually fixed mechanically to the crank and the ram of a 

𝜀̅̇ =
1

√3
𝑣tool /𝑐. 

(1) 

𝜀̅ėff =
1

√3
𝑣tool /𝑤 

(2) 

 
Fig. 3: Comparison of sheared surfaces of conventional and high speed blanking (a) 

Geometrical properties adapted from [5], (b) Hardness distribution adapted from [13]. 
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servo-press or the piston of a hydraulic press. In this setting, the shear energy 𝐸shear can be 

determined by integrating the punch force 𝐹p over the punch displacement 𝑙punch:  

However, due to the different set-up of machines used for high-speed blanking, the punch force 

𝐹p cannot be measured, therefore a modified method is required. Those set-ups have in common 

that the punch is not fixed permanently to a drive part of the machine. Therefore, these set-ups 

are energy-controlled forming machines and the energy transfer to the sheared sheet is not 

completely determined by the machine kinematics comparable as with hammers. In addition, 

the vibration induced by the impact can overlap the force signal, so that interference-free 

measurements can only be achieved by special setups [14]. The initial kinetic energy 

at the time of the impact t0 of the punch on the sheet with the mass 𝑚 is introduced to analyze 

high-speed blanking with an energy-controlled set-up. Johnson and Travies [8] determined the 

tool speed by the time it takes to rupture two thin lead strips in a defined distance placed in the  

direction of the punch movement. For high-speed blanking Davies and Dhawan  [15] tracked 

the displacement by a copper device, which tracks the change of an electric capacitance by the 

pass of the punch. The underlying assumption was a linear behavior of the correlation between 

displacement and change of capacitance. With his method the current speed during blanking 

could be obtained, but with an overlapping oscillation (Fig. 4). For successful blanking, this 

energy can be used as an approximation for the required energy for blanking. Johnson and Slater 

[16] reported an increase of the required initial kinetic energy 𝐸kin
0  with increasing tool speeds 

in the range of 𝑣0 = 15.24 m/s. Johnson and Travies [8] extended the analysis by investigating 

higher punch speeds between 𝑣0 =  60 - 210 m/s and varied the initial kinetic energy 𝐸kin
0  by 

the mass of the punch. Davies and Dhawan [6] found a saturation effect of the tool speed above 

10-12 m/s on the associated increase of part quality in terms of straightness. In contrast to [8] 

and [16] Davies and Dhawan [6] calculated the energy for shear deformation 𝐸shear , i.e. the 

process energy, by integration of the force displacement, Eq. (3), curve for various materials 

and punch speeds. They found that the peak force 𝐹max for high-speed blanking is always larger 

in comparison to quasi-static blanking, while the required blanking energy 𝐸shear differs in 

relation to quasi-static blanking processes (Fig. 4).  

 
Fig. 4: Comparison of blanking load for high (10 m/s) and low (0.21 mm/s) tool speed for 

mild steel adapted from [6].  

𝐸shear = ∫  𝐹p 𝑑𝑙punch.  
(3) 

 𝐸kin
0 =  

1

2
𝑚𝑣𝑣tool(t=t0) 

2 ,  
(4) 
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Davies and Austin [17] used (Eq. (3) to determine the shear energy for high-speed blanking 

𝐸high and conventional blanking 𝐸conv. Putting these values into relation (𝑅conv
high

=  
𝐸high

𝐸conv
) 

factors between 𝑅conv
high

= 0.56…1.98 could be determined [17]. In particular, for high carbon 

steel Davies and Dhawan  [6] showed for lower relative blanking clearances 𝑐%  in the range of 

2% - 8%, that the energy requirement in terms of 𝐸kin
0  decreases in high-speed blanking. Despite 

the fact that the used high carbon steel has a lower ductility and is prone to cracking, and thus 

has lower energy requirements, these findings were in good correlation with the work of Zener 

and Hollomon. Later, Davies and Dhawan [15] validated these findings and reported that the 

initial kinetic energy required, 𝐸kin
0 , depends on the thickness s of the sheet material. For a 

reduction of constant absolute clearance 𝑐 an increase of the required energy 𝐸shear for quasi-

statically blanked parts was found, while for high-speed processes a drop in the energy 

𝐸shear occurred. 

1.3 Further aspects of high-speed blanking  

While a number of investigations on the localization of strains under compression and impact 

loading exist, only few focus on the occurrence in processes like blanking for the last 50 years. 

Different newly developed setups were used to determine the influence of the process speed, 

but also energy converters [18] were developed to utilize conventional presses for high-speed 

blanking. Due to very high strengths of the workpiece materials, high-speed blanking was 

reconsidered by Högman et al. [19] and investigated further by Neugebauer et al. [20]. For high 

strength materials, a very high straightness of 90°±1° and a surface with a roughness of 

Ra = 1.3 µm were found [19], while in [21] adiabatic shear band formation for initial tool speeds 

of ≥ 7 m/s was reported, regardless of the impact energy for hardened 22MnB5 steel material. 

So far, in-process investigations have been limited to the determination of the shear-affected 

area for blanking [13], numerical analyses of strain localizing effects in high-speed blanking 

[22], and semi-analytical investigations of the effect on the local softening during blanking [23]. 

An investigation of conventional processes regarding the stress state in the blanking clearance 

was carried out by Silva et al. [24]. In their work, the stress states for conventional blanking 

and fine blanking were determined on the basis of an analytical model. For high-speed blanking 

low triaxialities 𝜂∗ ≤ 0  [10] were found, which can also be found in fine blanking [25]. 

Recently, new methods for in-situ measurements are in development and tested at low punch 

speeds [8], which enables the determination of strains and strain rates in blanking. 

 

1.4 Consequence and approach 

This paper aims to determine the energy efficiencies of the tooling and the process that will be 

used to describe the instability during high-speed blanking. For this purpose, firstly the energy 

flow during high-speed blanking is analyzed by determining the initial available energy, the 

corresponding punch speed and its development during the impact. Based on this information, 

time integration is used to determine the shear work, also incorporating the data from force 

sensors. Setting the determined energies in relation, the efficiencies of the tool and the process 

are found. Conclusions about the instability are drawn based on the rate of energy dissipation 

and homogenized local strains. For the first time, a method is presented to precisely determine 

the initial kinetic energy and speed, the shear energy required for separation, and the efficiencies 

between these quantities. The investigated process speed is in a feasible range to generate strain 

localization and the energy is sufficient to blank parts in one shot.  
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2. Methods 
 

The developed methodologies provide the basis for objective comparisons with existing 

works on high-speed blanking with different setups. 

 

2.1 Setup and measurements 

Blanking tests are carried out on an ADIAClip1000J® machine manufactured by MPM France, 

in which the impact energy is generated by high-speed hydraulics. During the blanking process, 

a component (called part) is separated from the sheet by shear deformation. A schematic 

structure of the machine is shown in Fig. 5. An impact bar is accelerated by the release of the 

pressure of a pressure accumulator (300 bar). The initial machine energy 𝐸machine can be varied 

continuously between 300 J and 1000 J by adjusting the acceleration length 𝑙acc of the 

acceleration bar. The geometry of the bar and the mass are constant, so that the impact energy 

and the speed of the tools cannot be set independently. These energy values are calibrated by 

the manufacturer (shown in Fig. 5) taking into account internal dissipation and energy losses 

due to friction. The machine energy is transferred to the tool cassette via a striker bar. This tool 

cassette contains the punch that transfers the impulse onto the workpiece. The punch can be 

moved freely for a length 𝑙max until the dampers, and finally, the tool frame absorb the 

remaining impulse. All experiments are performed with the identical setup, where the diameter 

of the cylindrical punch was 𝐷punch =  30 mm and the total clearance between the die and 

punch was 𝑐 =  0.125 mm. Tool steel with 61 HRC was used for the punch and die. Three 

energy settings of 𝐸machine = 300 J, 600 J and 900 J were used. 

 
Fig. 5: Schematic structure of the tool cassette setup and the corresponding energies and free 

body diagram of  the sheet. 

 

The free body diagrams of the blanked part and the sheet are shown in Fig. 5. The vertical force 

equilibrium of the system is only valid for punch displacements 𝑙punch smaller than 𝑙max. At 
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this displacement 𝑙max  (1.6 mm) dampers are reached and energy is dissipated via the dampers 

in order to reduce the speed of the tool 𝑣tool. For all experiments material separation occurred 

before the dampers got in contact. The dampers are also required for minimizing the oscillation 

after material separation. Due to the low mass of the ejected part, 𝑚part ≪  𝑚tool,  the 

acceleration forces of the part are neglected. In the process, the sheet is clamped in-between the 

blank holder and the die, and both generate a surface load. Integration of the surface load over 

the corresponding area results in equivalent forces 𝐹tool and 𝐹die. In the process, these forces 

act on the two sides of the blanking clearance, which causes a torque and a slight bending of 

the sheet. In this analysis only ideal shear was considered. For simplification it was assumed, 

that the torques and resulting bending can be neglected, and symmetry for the part can be 

assumed. In the sheet all forces are projected on a single point, so that the counteracting forces 

of the torque are considered. The shear force is given by 𝐹shear =  𝜏𝐴, where 𝜏 is the shear 

stress and 𝐴 the shear surface of the blanked part. The shear surface 𝐴 can be estimated by 

𝐴 =  𝜋 𝐷punch 𝑠 , where 𝐷punch is the diameter of the punch. The measured tool force 𝐹tool 

includes multiple superposed static forces in the same direction, i.e. the blank holder force and 

the weight of the tool. However, this initial static force 𝐹tool is used as an offset value for the 

measurement and evaluation. This shift is applied before the transmission of the impulse for 

each experiment. This leads to a direct measurement of the shear forces 𝐹shear =  𝐹die, which 

are caused by the blanking process.  

The positions of the measuring sensors are also shown in Fig. 5. A shock acceleration sensor 

type PCB Series 350B01 was used, which is capable of measuring up to ±100,000 g. The sensor 

shows an overall low nonlinearity of ≤  2.5% per 10,000 g. The accelerometer was screwed in 

the pressure plate, which has a lose connection to the punch during the blanking operation. The 

measured tool acceleration 𝑎tool is used to determine the current speed 𝑣tool(𝑡∗) (Eq. 5) and 

displacement 𝑙punch(𝑡∗) (Eq. 6) of the punch at arbitrary time 𝑡∗ in the process by means of 

integration over time.  

 

The reaction force 𝐹die of the tools was determined by four Kistler-Typ 9061A force sensors 

with a measuring range up to 200 kN. Pocket holes for the sensors are provided on the machine 

side in the corners underneath the tool. This arrangement would allow to capture an 

asymmetrical load.  

Since the blanking and the occurrence of localization happens in a short duration of time 

(several µs) the frequency of measurement has to be high. All measurements of the four force 

sensors and the shock accelerator are synchronized and used with on the same decoder. The 

maximum sampling rate of 210 kHz was used. A special feature of the process is that the punch 

is in contact with the sheet prior to the applied impact, leading to a directly transferred load 

from the striker bar though the punch to the workpiece.  

From the punch speed 𝑣tool, together with the accelerated mass of the punch 𝑚tool =  7.31 kg, 

the kinetic energy 𝐸kin
0  at the impact is determined, assuming rigid body motion (𝑚tool includes 

the mass of the pressure plate, an attachment for acceleration measurement, and the punch). 

Using the force sensors, the time of the initialization of the impact 𝑡0 and the interval of the 

𝑣tool(𝑡∗) =  ∫ 𝑎tool 𝑑𝑡
𝑡∗

0
, and (5) 

𝑙punch(𝑡∗) = ∫ ∫ 𝑎tool 𝑑𝑡 𝑑𝑡
𝑡∗

𝑡0
∗  

𝑡∗

𝑡0
∗ .  

(6) 
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force impact Δ𝑡 = 𝑡1 − 𝑡0 can be determined (Fig. 6). At this point, 𝑡0, a small initial 

displacement of 𝑙punch
0  has already occurred as stated. Since the sensors have a background 

noise, the beginning of the force impact is identified, when a minimum force of 100 N is 

exceeded. This point in time 𝑡0 is used to determine the actual speed 𝑣tool
0  at the impact, and 

thus, the initial kinetic energy of the tool 𝐸kin
0  (Eq. 4) from the acceleration measurements. The 

impulse is assumed to end at 𝑡1 when the force falls below 20% of the maximum blanking force. 

The energy for shear deformation 𝐸shear (Eq. 3) is then determined via the displacement curve 

from the acceleration sensors and the force curve during the impulse. It is assumed, that during 

the impact the ejected part and the tool have the same speed. Therefore, the punch force can be 

determined by the equivalent shear force 𝐹𝑝 = 𝜏𝐴 given in Fig. 5, and ultimately leading to an 

equivalent formulation as for displacement controlled machines:  

In Fig. 6 the method for determining the initial kinetic energy 𝐸kin
0  at the beginning of the 

impulse and the determination of the energy for shear deformation 𝐸shear are presented. Since 

the start of the impulse is defined by a minimum force of 100N, the initial kinetic energy 𝐸kin
0  

is lower than the peak value. The initial kinetic energy 𝐸kin
0   is identical to the maximum energy 

available in the process, which can be used for process design. The total dissipated energy 𝐸tool, 

measured by the force integration, continues to increase after blanking 𝑡1. The rest of the 

remaining tool kinetic energy, which was not dissipated by shear deformation during the 

blanking process, is absorbed by the frame and damping elements (Fig. 6b). 

 
Fig. 6: Determination of (a) initial kinetic energy 𝐸kin

0  and (b) energy for shear deformation 

𝐸shear during impact as a part of dissipated energy 𝐸tool. 

 

 

2.3 Efficiencies  

For the present machine concept, the energies can be determined separately via the machine 

energy 𝐸machine, the kinetic energy 𝐸kin
0  at the start of the blanking process and the effective 

energy for the shear deformation 𝐸shear. Efficiencies can be derived from the corresponding 

ratios indicated in Fig 7, where 𝜂machine
tool  is the efficiency of the tool. The efficiency of the 

separation 𝜂  (Eq. 8) can be calculated from the measured shear work 𝐸shear and the initial 

kinetic energy 𝐸kin
0  of the punch.   

𝐸shear =  ∫ 𝜏𝐴 ∫ 𝑎tool 𝑑𝑡
𝑡1

𝑡0

𝑑𝑡
𝑡1

𝑡0

 
(7) 
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𝜂 =
𝐸shear

𝐸kin
0  

(8) 

 

The highest efficiency 𝜂 would theoretically be achieved when the punch has zero remaining 

kinetic energy at the time of sheet separation, including no kinetic energy of the ejected part. In 

general, a high efficiency of the process 𝜂 is preferred. However, the punch speed 𝑣tool during 

the blanking operation decreases, as the efficiency of the process increases. Thus, the local 

strain rate in the clearance is reduced, the process time is increased, and overall counteracting 

the aspect of thermal softening in high speed blanking. In this context, total efficiency 𝜂total can 

only be used to a limited extent, since it combines the other two efficiencies and does not allow 

any conclusions to be drawn about the individual components.  

 
Fig. 7: Determination of (a) energies and (b) corresponding efficiencies. 

 

 

2.4 Materials  

Two different materials, a carbon spring steel C75 and an aluminum alloy AA5083, are 

investigated. The C75 steel with a thickness of 𝑠C75 =  2.1 mm was analyzed in two states with 

a reference state of 330 HV10, and in an annealed and hardened state with a hardness of 

450 HV10 (C75qt). The hardened C75qt material was used for referencing and will only be 

discussed with regards to the energy 𝐸shear. The aluminum alloy AA5083 with a hardness of 

85 HV10 and a thickness of 𝑠AA =  1.9 mm is also investigated. Both materials are blanked 

with the same tool setup with a diameter of the die of 30 mm and a total clearance of 0.125 mm. 

Hence, the resulting relative blanking clearance, 𝑐rel =  𝑐/𝑠, for the two materials differs with 

6.5% and 6% for AA5083 and C75, respectively. For both materials, strips with a width of  

𝑏 =  39 mm are used.  
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3. Results and discussions  

 

Using the methods described, the initial velocities at the impact and the shear energies for the 

blanking process are determined. These energies are used to derive the efficiencies of the 

machine and the process, which can be used for the process design. For the three selected 

machine energies average initial tool velocities of 5.58 m/s, 6.97 m/s and 8.98 m/s are obtained. 

Material separation was determined by a force drop of 90%. A corresponding punch 

displacement between 0.35 mm and 0.95 mm was determined for the different energies and 

materials. This value increased with increasing initial kinetic energy for the three materials. 

 

 

3.1. Energy requirement and efficiency   

 

The process forces and the displacements of the punch are used to calculate the shear energies.  

The evolution of the measured force 𝐹die of the die within the first millisecond of the process 

is shown (Fig. 7a). Afterwards, the system continues to oscillate without another force peak 

(Fig. 7 and Fig. 8 for AA5083 and C75, respectively). In both figures, two force peaks can be 

seen, whereby the first force peak is smaller than the second one. The measured process forces 

are analyzed and compared with those from the conventional blanking process. Estimations for 

the maximum process forces 𝐹blanking
max  in conventional blanking can be calculated from the 

ultimate tensile strength 𝜎max of the material and the sheared surface 𝐴 (Eq. 9 from [26]). 

According to the standard DIN EN ISO 18265 the corresponding ultimate tensile strength 𝜎max 

is 273 MPa for AA5083 and 1088 MPa for the C75 material. This results in maximum process 

forces 𝐹blanking
max  of 36.7 kN and 170.3 kN for the AA5083 and C75, respectively.  

 

𝐹blanking
max ≈ 0.8 𝜎max  𝐴   (9) 

 

The first peak of the die force 𝐹Die, here 20-40 N for AA5083 and 120-180 N for C75, is on a 

similar scale of  the estimation of the maximum forces from conventional blanking 𝐹blanking
max . 

Furthermore, at the time of the force increase (𝑡0), the displacement of the punch is 

𝑙punch
0 =  0.168 mm on average and between 𝑙punch

0 =  0.05 mm and 0.28 mm in the extremes. 

This displacement 𝑙punch
0  can be related to the gap between pressure plate, punch and attachment 

of the accelerator, since these parts are not screwed together. Both measures, displacement and 

force, indicate the first force peak as the force for shearing 𝐹shear. For both materials the 

remaining forces 𝐹die, after the end of the blanking process, are higher in their peak value 𝐹die
max. 

This second force peak results from the damping of the remaining impulse of the tool. The 

second force peak is also higher because at this point the remaining momentum must be 

dissipated within a short distance according to the stiffness of the frame. Consequently, the 

amplitude of the second peak correlates with the remaining amount of the process energy at the 

end of blanking.  
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Fig. 7: (a) Determination of the measured force 𝐹Die and (b) the equal shear force 𝐹shear for 

AA5083. 

 

For the AA5083 aluminum material, for the machine energy 𝐸machine of 300 J and 600 J, the 

maximum shearing force 𝐹shear is at a similar level of 38 kN. For the higher machine energy of 

900 J, there is a reduction in the maximum process force, which has a relatively high scatter, 

lying between 19 kN and 26 kN. The reduction of the force 𝐹shear
max  by 30-50% can be attributed 

to a possible softening of the material in the form of localization and thermal softening. With 

the C75 material, the shearing force 𝐹shear increases with the increase of the set machine energy 

𝐸machine. For 600 J and 900 J, these are at a similar level of 𝐹shear
max =158 kN and  

𝐹shear
max =172 kN with a small scatter of 3 kN and 7 kN, respectively. At the lower energy 

𝐸machine of 300 J, however, the shearing force 𝐹shear is reduced to 127 kN and is associated 

with a significantly wider scatter. The measured force does not drop, but remains at a higher 

level and rises again. This behavior was observed in all 9 repeated tests. Due to the lower speed 

of the punch 𝑣tool at 300 J, the second force peak caused by the absorption of the remaining 

momentum would not be present. From this, the conclusion can be drawn that a large part of 

the impact energy 𝐸kin
0  was dissipated by the blanking already. 

 
Fig. 8: (a) Determination of the measured force 𝐹die and (b) the equal shear force 𝐹shear for  

C75.  

 

The velocity profiles are given in Fig. 9 for a) C75 and b) AA5083. The highest punch speed 

occurs after a short acceleration time (< 0.2 ms). The maximum acceleration of the punch 

determined during blanking for all process parameters was above 26,120 g and reached 

maximum values of 42,560 g. At the time of the highest speed, no increase in force over the 

threshold was determined, so that it can be assumed that deformation had not yet taken place, 

although a punch displacement was determined as stated before.  Note that the movement of 
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the sheet part was not measured. Therefore, it cannot be dismissed that elastic waves and 

vibration are superimposed and can alter the measured force.  

 

Fig. 9: Speed of the punch 𝑣tool over time for (a) C75 and (b) AA5083 material. 

 

From the force-time curves, the duration of the blanking process can be determined. For higher 

machine energies 𝐸machine the average duration of the blanking impulse decreases from 

0.13 ms to 0.1 ms, which can be attributed to the higher speed of the punch 𝑣tool. However, the 

maximum nominal strain 𝜀max  (Eq. 10) for all materials increases with increasing punch speed 

𝑣tool, meaning that material separation occurs after a larger punch-displacement 𝑙punch.  

𝜀max =
1

𝑐

1

√3
 ∫ ∫ 𝑎tool 𝑑𝑡

𝑡1

𝑡0

𝑑𝑡
𝑡1

𝑡0

 
(10) 

For the lowest machine energy 𝐸machine, the punch-displacement 𝑙punch was in the range of 

0.35 mm to 0.52 mm and increased to 0.82 to 1.02 mm at the highest machine energy of 900 J. 

The corresponding maximum nominal strain 𝜀max  is given in Fig. 11. This combination of 

increasing displacement and reduction of process time leads to a higher temperature in the 

clearance, due to less time for heat conduction, which ultimately leads to a higher ductility.  

 

 
Fig. 10: Effect of the machine energy on maximum displacement until material separation. 

 

For identical values of the machine energy 𝐸machine the corresponding kinetic energy 𝐸kin
0  at 

the start of the impact 𝑡0 was independent of the material investigated. The median for the 

measured initial kinetic energy 𝐸̅kin
0  was 114 J, 178 J, and 295 J for a machine energy 

𝐸machine of 300 J, 600 J and 900 J, respectively. These initial kinetic energies 𝐸kin
0  are 
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effectively available for the blanking process. The corresponding average initial tool speed 𝑣̅tool
0  

was 5.58 m/s, 6.97 m/s  and 8.98 m/s, respectively. From Fig. 11 the deviation, i.e. total scatter, 

of the initial kinetic energy 𝐸̅kin
0  for the three machine energies was determined. The total scatter 

was 43 J,  95 J and 94.5 J with a corresponding scatter of initial  tool speed 𝑣tool
0  of 1.02 m/s, 

1.77 m/s and 1.31 m/s for a machine energy 𝐸machine of 300 J, 600 J and 900 J, respectively. 

The energy difference between 𝐸machine and 𝐸kin
0  is lost through the transfer of momentum and 

in kinetic energy of the impact bar through acceleration in the opposite direction. This loss in 

energy cannot be used directly for the process, however, it can interfere at later stages with the 

punch, if restrikes occur between the punch and striker bar. The initial kinetic energy 𝐸kin
0  

relates linearly to the adjusted machine energy 𝐸machine (Fig. 11). Although a trend of 

increasing kinetic energy with machine energy can be determined, for this setup an analysis of 

the machine energy in a strict sense can be misleading. For a constant machine energy, the 

scatter leads to a partial overlapping of kinetic energy, i.e. single experiments with a set machine 

energy of 600 J may result in a kinetic energy higher than a single experiments at 900 J (see 

e.g. 267 J vs 243 J for a lower and higher machine energy, respectively). The efficiency 

𝜂machine
tool  (Eq. 11) of the impact transmitted by the tool can be determined as the slope of the 

gray band in Fig. 11a). As can be seen from Fig. 11b) the efficiency of the tool decreases slightly 

with increasing machine energy.   

𝜂machine
tool =

𝐸kin
0

𝐸machine
≈ 0.28 

(11) 

 
Fig. 11: a) Correlation between set machine energy 𝐸machine and resulting initial kinetic 

energy 𝐸kin
0  of the punch. The efficiency 𝜂machine

tool  is given by a) the derivative and b) for each 

data point. 

 

By evaluation of the data from[21], where a similar hydraulic system but different tool setup 

was used, efficiencies 𝜂machine
tool  between 26.96% and 103% are achieved. With increasing 

machine energy 𝐸machine, a decrease in efficiency 𝜂machine
tool  could also be determined. However, 

the authors do not provide the spread of the velocity data. Determining the kinetic energy 𝐸kin
0   

from the given mass (𝑚tool= 9.95 kg) and the speed of the punch (𝑣tool= 7.2 m/s) and putting 

it in relation to the machine energy 𝐸machine , this would correspond to the unrealistic efficiency 

𝜂machine
tool  of 103%. In order to draw a conclusion for the resulting properties of the sheared 

surface and dissipated energy by shear deformation, the specific tool speed of a single 

experiment should be considered.  
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The energy for shearing 𝐸shear during the impulse is determined for the two workpiece 

materials and the three machine energies 𝐸machine (Fig. 12). In Fig. 12  the specific energy 

𝐸̅shear  required for blanking is shown, by normalizing the shear energy by the shear area 

𝐸̅shear  =  𝐸shear / 𝐴. The appearance of both figures a) and b) is similar, but reflects the 

difference in sheet thickness of the materials. As can be anticipated from the shear force 𝐹shear 

curves, the energy for shear deformation  is significantly lower for the aluminum AA5083 

material than for the carbon steels C75 and its hardened version C75qt. The required shear 

energy 𝐸shear for AA5083 material was between 7.3-13.9 J, 13.8-16.0 J and 8.8-12.8 J for 

initial kinetic energies  of 𝐸kin
0 ≈ 120 J, 240 J and 300 J, respectively. Despite the large relative 

scatter of almost 50% in shear energy 𝐸shear for low machine energies, the total scatter is almost 

constant. With the increase of the machine energy the initial punch speed increases, however 

no direct influence of the punch  speed 𝑣tool on the necessary shear energy 𝐸shear can be found 

for the AA5083 material. For the material C75, a clear tendency in the relation between the 

initial kinetic energy 𝐸kin
0  and the shear energy 𝐸shear can be seen. From this it can be derived 

that the flow stress of the material increases significantly at higher strain rates [27] (despite the 

probably also higher thermal softening), and thus is more sensitive to changes in strain rates. 

This leads to shear energies on average of 𝐸shear =  16.3 J at 𝐸kin
0 ≈  150 J, while at 

𝐸kin
0 ≈ 380 J the shear energy 𝐸shear = 71.1 J is more than four times higher.  

 

Fig. 12: (a) Total 𝐸shear and (b) specific 𝐸̅shear dissipated energy by shearing until material 

separation of the resulting kinetic impact energies 𝐸kin
0  and materials. Lines of constant 

efficiencies 𝜂 have been added for classification. 

 

The increase of the energy 𝐸shear between the lowest and highest initial kinetic energy 𝐸kin
0  by 

a factor of 4 may be due to a high strain rate sensitivity of the material. Due to the increased 

punch speed, the strain rate 𝜀̇ increases linearly (Eq. 1) and thus increases the energy required 

to maintain the deformation at the rate specified by the speed of the punch 𝑣tool
0 .  

As stated in the Section 2, the used energy for deformation 𝐸shear of the AA5083 is lower, also 

the efficiency of the separation 𝜂 for the aluminum material is lower compared to the C75 

material. For the design of the process, the energy 𝐸kin
0  could be reduced, since at the end of the 

process a large part of the energy is dissipated by the dampers. The characteristic of the process 

depends on the strain rate in the blanking clearance 𝑐. In order to achieve a higher efficiency at 

the same strain rate the mass of the punch has to be reduced. Alternatively, multiple parts could 

be blanked with the same setup to increase the efficiency 𝜂.  
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3.2. Characteristics of the blanked surface 

 

Since one of the objectives of high-speed blanking is to create sheared edges of high quality, 

the geometrical edge properties and the corresponding light microscope images are evaluated. 

An overview of the values is given in Table 2.  

Table 2: Table of surface properties blanked [28] with various machine energies.  

 

 

 

 

 

 

 

 

 

Although Fig. 11 shows that the machine energy 𝐸machine is not an objective description, it is 

used for general classification. The kinetic energies can have a partial overlap due to the 

scattering. Therefore, these classifications should not be interpreted sharply. For the evaluation 

in this section, single experiments with speeds in the range of the specified mean value were 

used. The blanked surface of the aluminum AA5083 for the three energies 𝐸machine is 

investigated with the objective of a qualitative comparison of the sheared edges (Fig. 13). The 

section cuts are evaluated in terms of rollover and mean straightness. For all machine energies 

the sheared edges show a low rollover (≈  5-6%) and low deviation in straightness (≈  2.7%) 

of the blanked surface. However, a small burr was found for the lowest and largest machine 

energy 𝐸machine with a length of 12 µm and 16 µm. Two crack fronts met in the middle (a) at 

the lowest machine energy 𝐸machine = 300 J and caused a difference in the straightness of the 

surface of 50 µm. The shear-affected zone 𝑤 can be determined from optical images of 

microstructure, where transformed shear bands are white, due to the grain size in the range of 

nanometer, where in deformed shear bands the grains are tilted. The aluminum with the medium 

energy (𝐸machine =   600 J) shows the lowest width of 15 µm, while the width for 300 J and 

900 J are 41 and 37 m, respectively (determined from Fig. 13 in the zoomed version with 

polarizing filter, which is not visible here). For each analyzed specimen the machine energy 

𝐸machine, the kinetic energy, and the impact speed are given in the figure denoted by 𝐸kin
0  and 

𝑣0, respectively. At  𝐸machine = 600 J the energy dissipation by the material  𝐸shear is higher, 

which could indicate a onset of localized deformation throughout the thickness of the sheet, 

resulting in a higher surface quality in contrast to 𝐸machine = 300 J. As a result of thermal 

softening at higher punch speeds the energy decreases further, while keeping a high surface 

quality. 

Material Machine 

energy 

Kinetic 

energy 

Rollover Straightness  Burr size  

AA5083 300 J 101 J 115 µm (6.1%) 50 µm (2.6%) 12 µm 

600 J 214 J 109 µm (5.7%) 46 µm (2.4%) < 5 µm 

900 J 284 J 126 µm (6.6%) 58 µm  (3.1%) 16 µm 

C75 300 J 147 J 143 µm (6.8%) 49 µm (2.3%) < 5 µm 

600 J 178 J 130 µm (6.2%) 75 µm (3.5%) < 5 µm 

900 J 296 J 112 µm (5.3%) 92 µm (4.3%) < 5 µm 

C75qt 300 J 143 J 73 µm (3.5%) 46 µm (2.2%) < 5 µm 

600 J 188 J 74 µm (3.5%) 109 µm (5.2%) < 5 µm 

900 J 378 J 76 µm (3.6%) 52 µm (2.4%) < 5 µm  
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Fig. 13: Sheared edge of AA5083 material for machine energies 𝐸machine of 300 J (a), 600 J 

(b) and 900 J (c) and the corresponding kinetic energies 𝐸kin
0  and velocities 𝑣0. 

 

The sheared edge for the carbon spring steel C75 show similar results in straightness (Fig. 14). 

For all three energies the rollover was in the range of 112 -143 µm. The straightness was 

determined by the maximum deviation in radial direction of the sheared surface, which was 

between 49 µm - 92 µm. Despite the increase of energy dissipation  𝐸shear with tool speed 𝑣0, 

the size of the shear affected zone (39 - 43 µm) is almost constant. Since only the tool speed is 

changed, which affects the homogenized strain rate 𝜀̅ėff, the strain rate sensitivity of the material 

can cause the only increase in flow stress 𝜏. While the strain rate sensitivity for C75 material is 

relatively large 𝑚C75 = 0.0104 [10], AA5083 shows no or in some strain rate regimes negative 

strain rate sensitivity 𝑚AA5083 ≈ 0 [27].  

 
Fig. 14: Sheared edge of C75 material for machine energies 𝐸machine of 300 J (a), 600 J (b) 

and 900 J (c) and the corresponding kinetic energies 𝐸kin
0  and velocities 𝑣0. The effect on 

the resulting sheared edge is given in d), e), and f), respectively. 

 

For the hardened C75qt material (Fig. 15) the lowest machine energy 𝐸machine of 300 J shows 

the highest straightness, while for 𝐸machine  600 J and 900 J an S-shape can be seen. The lower 

the straightness, the higher the resulting width of the transformed shear band, lASB. For the 

lowest machine energy 𝐸machine (300 J), a very short (36 µm) and thin (1.22 µm) ASB can be 

seen in the lower region. This thickness becomes larger at 900 J (3.48 µm) and has the highest 
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width at 600 J of 6.31 µm. At a medium machine energy  𝐸machine  the deflection of the S-shape 

is the highest. These results are in good agreement with the investigations of a high strength 

steel material by Winter et al. [21], despite only kinetic energy was used. The highest 

straightness was reported [21] for low machine energies, while the length and thickness of the 

ASB decreases from 730 µm to 310 µm and 7 µm to 1 µm, respectively.  

Consequently, the initiation of a shear band and the actually sheared volume has a direct 

influence on the blanked surface. The same behavior can be seen in the amount of dissipated 

energy by the material. The shear energy  𝐸shear increases by a factor of 2 between machine 

energies 𝐸machine of 300 J and 600 J. For machine energies 𝐸machine of 600 J and 900 J, the 

shear energy 𝐸shear is at a similar level ( 𝐸shear = 70 – 100 J), while the width of the 

transformed shear band decreases at higher tool speeds 𝑣0. This concentrates the energy  𝐸shear 

in a smaller area and results in a higher shear deformation in the transformed shear band. The 

energy analysis shows that, if a transformed adiabatic shear band (ASB) occurs (white layer), 

the required energy for blanking is higher in comparison to blanking at lower tool speed without 

formation of such a band. This is initially surprising, since the strain localization is expected to 

reduce the flow stress by thermal softening. However, the achieved strains are higher, since the 

formation of transformation shear bands allows a higher strain in a smaller volume to be 

absorbed before failure and with that the shear energy 𝐸shear increases. 

 
Fig. 15: Sheared edge of C75qt material for machine energies 𝐸machine of 300 J (a), 600 J (b) 

and 900 J (c) and the effect on the resulting microstructure (d), (e) and (f), respectively.  

 

3.3. Localization analysis   

For the formation of adiabatic shear bands, a high strain localization is necessary; the point in 

time at which this localization occurs can be estimated using the instability analysis. In Recht’s 

[2] criterion, the instability is reached when the shear stress no longer increases with increasing 

deformation (𝑑𝜏\𝑑𝜀 < 0). For blanking, such a shear stress 𝜏 can be calculated via the process 

force  𝐹shear  and the sheared area 𝐴. In the following, engineering strains 𝜀 can be determined 
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by the known clearance 𝑐 and punch displacement 𝑙punch (see time integration of Eq. 6). 

Accordingly, the instability criterion for blanking reads: 

A homogeneous deformation until the onset of localization can be assumed, such that the 

engineering shear stress 𝜏̅ =   𝐹shear/𝐴 can be determined by the measured force 𝐹shear and 

the sheared area 𝐴 shear, directly. For a homogeneous shear deformation within the blanking 

clearance 𝑐, the plastic strains 𝜀 can be determined via the displacement 𝑙punch of the punch by 

integration over time of Eq. 6). The strains in the blanking clearance 𝑐 =  0.125 mm are not 

constant but change in radial direction. Since the size of the clearance is small in relation to the 

tool diameter 𝐷punch, the error in strain for the used setup can be determined by 

𝜀error =  𝐷punch/ (𝐷punch +  2𝑐) < 1 %. In the high-speed blanking process the shear-affected 

zone can be smaller due to shear localization (Fig. 2) and results in a different strain distribution. 

For the energy analysis in the following it is assumed that the deformation occurs in a 

homogeneous manner in the corresponding volume in the clearance and no shearing-off occurs 

during the process. This assumption leads to engineering quantities instead of true values (Fig. 

16). This engineering approach helps for a qualitative comparison of different effects of tool 

speeds on material properties, since localization effects (Fig. 2) can vary with the material and 

the process speed. For the analysis of local effects, this approach underestimates the local 

energy dissipation and thermal softening effect. In addition, geometrical and material-based 

instabilities cannot be separated. 

 

Fig. 16: Comparison of engineering and true local quantities of deformation referring to shear 

band width and strain rate distribution (blue sketch) and evolution (graphs) for a constant tool 

speed.    

The total energy up to complete separation was determined in the previous section. The strains 

in high-speed blanking can be localized within the clearance and lead to a softening of the 

material, which is reflected in the shear energy curve. By the dissipated shear energy the 

required amount of energy until localization, and the energy dissipation between localization 

and material separation is determined. In order to find the point in time of separation, and the 

onset of localization, the instability criterion of Recht applied to the blanking kinematic was 

evaluated (Eq. 12). With the measured quantities, the derivative of the engineering shear 

stress ∇𝜀𝜏̅ is equivalent to the instability formulation by Recht [2]. The point of the onset of 

localization can be evaluated, when  the engineering shear stress 𝜏̅ reaches a maximum value, 

meaning  

𝑑𝜏

𝑑𝜀 
=

𝑑(𝐹shear/𝐴)

𝑑(𝑙punch/𝑐)1/√3 
≤ 0. 

(12) 

∇𝜀𝜏̅ = 0. (13) 
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As an alternative, the dissipated energy can also be used as a measure for the instability criterion 

directly, since both approaches can be transferred assuming a homogeneous deformation. Since 

the shear energy is expressed by 𝐸shear = ∫ 𝜏 𝐴 𝑑𝑙 and the strains can be transformed by 

𝑑𝜀 =  𝑑𝑙 / (𝑐 √3) the energy-based instability criterion reads ∇𝐸 =  𝑑𝐸shear/ 𝑑𝜀 and can be 

interpreted as a flow stress 𝜎𝑦 over the volume V in the clearance. This is not unique for 

blanking and can also be found by the general form of energy relation 𝑑𝐸shear =  𝑉 𝜎𝑦 𝑑𝜀 and 

enables the instability analysis regardless of the way of energy determination. In addition, the 

energy for shear deformation 𝐸shear increases monotonically during the impulse, so by the 

derivative ∇𝐸shear = 𝑑𝐸shear / 𝑑𝜀  the pivot point of hardening and local softening can be 

captured directly.  

The distribution of the engineering shear stress 𝜏̅ over the strains 𝜀 is shown in Fig. 17, were 

the individual curves are omitted for a better overview and only the envelope curves are shown. 

The maximum strain 𝜀max  (Eq. 10) for all materials increases with increasing machine energy 

𝐸machine, and punch speed 𝑣tool, accordingly. For the aluminum material strain values of 

𝜀max ≈ 4 and for C75 between 3.5 ≤  𝜀max ≤  3.9 were reached. 

 

Fig. 17: The engineering shear stress 𝜏̅ with respect to the plastic strain 𝜀 for (a) aluminum, 

(b) C75 and C75qt material. The peak shear stress 𝜏𝑚̅𝑎𝑥 denotes the point of instability. It is 

important, that engineering quantities (Fig. 2) were used and homogeneous pure shear 

deformation in the clearance is assumed (Eq. 5).  

The derivative of shear stress ∇𝜏̅ (Eq. 12) of the C75 and C75qt material where significantly 

higher by a factor of 6 than for the aluminum material, which results in a higher energy 

dissipation for the same deformation. In light of the conversion of plastic power into heat, in 

terms of β is the Taylor-Quinney coefficient [29], the flow stress 𝜎, the density 𝜌, the heat 

capacity 𝑐𝑝 and the rate of temperature 𝑇̇   

∇𝜏̅ also gives a measure of the thermal energy generated. From the force curves it could already 

be seen that there was no direct drop like in conventional blanking, but rather slowly decreases. 

After reaching the maximum engineering shear stress 𝜏m̅ax, about 60% of the equivalent strain 

𝜀 is reached and the strength of the material decreases.  

Comparing the two C75 materials, ∇𝜏̅ for the C75qt material is larger for medium and high 

machine energies (600 J and 900 J). After reaching the point of instability (Eq. 13) ∇𝜏̅ is also 

higher, indicating a higher strain localization or softening of the material. Besides a larger ∇𝜏̅-

β σε̇ = 𝑇̇𝜌𝑐𝑝. (14) 
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value for a higher tool speed 𝑣tool, the time period of the impulse is also shorter. This results in 

a higher induced thermal energy rate and lower heat conduction. Both observations accelerate 

the effect of thermal softening in the material, leading to a smaller shear affected zone 𝑤 as 

shown in Fig. 15 e) and f). On a macroscopic level the separation of the C75qt material at a 

machine energy of 900 J is reached after a larger punch displacement, indicating a higher 

ductility 𝜀max. But the local strain distribution across the thickness of the sheet is varying, as 

can be seen by the area with and without shear bands (Fig. 15). Therefore, it is not possible to 

determine the effective local strains, but qualitatively the shear-affected zone 𝑤 is smaller than 

the blanking clearance 𝑐 (like Fig. 2). However, this information is not available a priori, so the 

blanking clearance suits as a first approximation. It can be concluded, that the energy introduced 

into the shear-affected volume is underestimated and the effective derivative of shear stress 

keeps, on a local level, further increasing rather than decreasing. This would favor a further 

increase of specific thermal energy and an increase in strain localization. The exact interaction 

of the strain localization and the point in time when the localization occurs cannot be determined 

on the basis of the measured curves and remains unknown.  

The instability criterion (Eq. 13) can be used to separate the amount of energy dissipated in the 

material 𝐸shear until the instability 𝐸shear
𝑥  (i.e. the area under the force-displacement curve until 

the maximum) and after 𝐸shear
⋄  (i.e. the area under the force-displacement curve from the 

maximum on). This split provides an insight of how much energy is necessary to cause the 

instability 𝐸shear
𝑥  (cross in Fig. 18) and, on the other hand, the amount of energy the material 

can dissipate from the instability until material separation 𝐸shear
⋄  (diamond in Fig. 18). For the 

machine energy of 300 and 600 J, the energy levels of the two split energies are on a comparable 

level (excluding aluminum at 300 J, where two cracks occurred from opposite sites). With 

increasing machine energy 𝐸machine, the amount of energy dissipated until the point of 

instability (diamond) is increased. Additionally, with increasing tool speed, the amount of 

energy required from the point of instability until material separation increases as well. 

Furthermore, for the machine energy of 900 J, the ratio of the energy dissipation until the 

instability and afterwards 𝑅shear =  𝐸shear
⋄ /𝐸shear

𝑥  is significantly larger, 𝑅shear
𝐴𝐴  =1.6 

(aluminum), and 𝑅shear
C75qt

  =  2.4 (C75qt) in comparison to the other investigated energies 

(𝑅shear
∗ ≈  1 ±  0.2). In particular, for the C75qt material this indicates, that to maintain the 

strain localization with a thin high-energy adiabatic shear band (ASB) formation, a significant 

amount of energy is required. 

 

Fig. 18: Energy required for deformation 𝐸shear until the instability (cross) and between 

instability and material separation (diamond) for (a) aluminum, (b) C75 and C75qt material. 
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With his analysis three different approximation of the dissipated energy per volume can be 

established. While the thickness and the radial position of the sheared volume is fixed, the 

sheared volume can be estimated by the open parameter of the clearance c, the shear-affected 

zone 𝑤 or a mixture of both. While for the first two approaches the shear energy  𝐸shear is 

divided by the respective volume, leading to an lower bound 𝐸̃𝑐 and an upper bound 𝐸̃𝑤, the 

mixed method uses both.  By normalizing the energy until the instability 𝐸shear
𝑥  to the volume 

in the clearance c, and the amount after instability 𝐸shear
⋄   to the volume corresponding to the 

shear-affected zone 𝑤. The respective energy per volume is denoted as and 𝐸̃mix and suits as 

an optimized enhanced estimation. This analysis can be used to estimate the temperature or 

volume based energy dissipation for establishing of ASB in high-speed blanking. Table 3 

presents a comparison of the various approaches. The shear energy per blanked surface 

𝐸̂ =  𝐸shear/𝐴 on the other hand can be used as a technological parameter for process design 

and is included for reference.  

Table 3: Table of the three approximation to describe local energy dissipation normalized by 

volume.  
 

 

Ultimately, for AA5083 and C75 the difference between the lower and upper limit is separated 

by a factor of 4 and the refined normalized energy is in-between the upper and lower limit, 

whereby this tends towards the upper limit. In contrast, for C75qt material the upper and lower 

limit is separated by a factor of 20 up to 100. This indicates that the localized deformation 

causes the dissipation of excessive local energy. Furthermore, there is a strong agreement 

between the upper bound approach and the improved energy computation. 

 

4. Conclusion 

A new tool concept was used to determine the dissipated energy during high-speed blanking, 

while the initial kinetic energy was also determined. For the first time blanking forces, shear 

energy, and initial kinetic energy were investigated simultaneously, allowing the assessment of 

actual efficiencies. For the three investigated materials the amount of dissipated shear energy 

𝐸shear was determined for various initial kinetic energies. Based on this, the following 

conclusions can be drawn: 

1) The use of the machine energy 𝐸machine is inappropriate to derive the effective available 

kinetic forming energy 𝐸kin
0 , since it is dependent on the efficiency of the tool.  

2) While high total efficiencies are generally favored, is should be noted that this leads to a 

reduction in tool speed. This increases the amount of conducted heat and may negate the 

 Machine 

energy 

Kinetic 

energy 
𝑬̂  

in 𝑱/𝒎𝒎𝟐 

𝑬̃𝒄  

in 𝑱/𝒎𝒎𝟑 

𝑬̃𝐦𝐢𝐱 

in 𝑱/𝒎𝒎𝟑 

𝑬̃𝒘 

in 𝑱/𝒎𝒎𝟑 

AA5083 300 J 101 J 0.07 1.1 2.3 3.4 

600 J 214 J 0.07 1.9 3.6 7.5 

900 J 284 J 0.04 1.2 2.5 4.1 

C75 300 J 147 J 0.09 1.8 3.9 5.8 

600 J 178 J 0.22 1.7 4.0 5.3 

900 J 296 J 0.32 5.8 14.2 17.0 

C75qt 300 J 143 J 0.23 5.8 373.2 596.4 

600 J 188 J 0.49 5.5 51.6 108.6 

900 J 378 J 0.51 9.2 225.5 335.7 
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effect of thermal softening. However, a high remaining energy makes the process more 

reliable, but the energy has to be dissipated by the tool frame after material separation and 

it increases the impact load of the punch, which is not desirable for its lifetime.  

3) The energy split of the shear energy 𝐸shear by the instability criterion reveals - across all 

investigated materials – that more energy is dissipated after the instability. In addition, the 

materials show an increasing maximum nominal strain 𝜀max prior separation, with the 

increase of punch speed 𝑣tool. This could be attributed to temperature and localization 

effects of the material. The energy required 𝐸shear increases by a factor of 2 - 2.5 for the 

case of a formation of an adiabatic shear band in comparison to no shear band formation.   

However, the findings on the formability 𝜀max  are based on the strict assumption of a 

homogeneous distribution of strains in the clearance. A validation or falsification by in-situ 

methods of strain determination, e.g. as described in [30], could improve the knowledge 

and would connect the energy dissipation with the local distribution.   

4) An estimated normalized energy dissipation was determined using the volumes affected by 

shear and the experimentally obtained shear energies. When the sheet thickness varies, this 

value can be utilized to calculate real energy requirements. Furthermore, it can be utilized 

to estimate local temperature development in the shear zone. 

5) The energy required for shear deformation 𝐸shear for blanking of aluminum was not 

dependent on the punch speed (impact speeds of 𝑣tool
0 = 5.2 – 10.9 m/s investigated), which 

is not the case for C75. This is in agreement with a higher strain rate sensitivity of the steel 

materials (ref. [27] and [10]).  

6) The surface quality among all investigated parts shows only small deviations in rollover, 

burr size, and straightness with respect to the initial kinetic energy. 

7) At least with this tool setup, a severe variation of initial tool speed for an identical machine 

setup was investigated, such that for specific samples there are overlaps. In review, these 

variations can also be found in other papers but are not explicitly stated. For a proper 

comparison in high speed blanking, it seems useful to determine process quantities, like 

energies, for each individual process. 
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