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Blanking and piercing, shearing processes, have been widely used to manufacture workpieces for 

industrial, commercial and testing purposes. The punch during the operation is exposed to higher stresses, 

also due to the cycled contact of opposite surfaces, it can be worn significantly. As its surface directly 

affects the quality of sheet products and causes some surface defects, its performance plays a significant 

role. In this study, various tools with different characteristics were investigated for an improved shearing 

process. Firstly, a novel punch with a hemispherical ball at the center of its flat face was tested and 

compared with a conventional one. The process was simulated using ABAQUS/Explicit Finite Element (FE) 

program, where the Johnson-Cook material model with its complementary damage model was used to 

represent the behavior of the sheet material. Based on this, an optimum geometry for the proposed punch 

was determined. Secondly, the wear resistances of TiN, CrN, TiSiN, AlCrN and AlTiN coated punches, 

produced with PVD technique, and of the polycrystalline diamond compact (PDC) cutter were compared 

based on SEM micrographs after 1000 strokes under dry cutting conditions.  

 

Keywords: punch geometry, wear, physical vapour deposition coating, polycrystalline 

diamond compact cutters 

 

Highlights: 

 A novel punch with a hemispherical ball at the center of its flat face was proposed. A better performance 
compared to the conventional punch was achieved.  

 Based on the simulations, 2.4 mm was found to be the optimum radius of the hemispherical part of the 
punch.  

 Wear on the surfaces of TiN, CrN, TiSiN, AlCrN and AlTiN coated punches based on 1000 strokes were 
compared: Last two of them showed the best performances. 

 The wear performance of the PDC cutter showed that it could be an alternative against the coated punches 
in the shearing process.  

 
0 INTRODUCTION 

 

The blanking and piercing processes, where 

a metallic sheet is placed between a die and a 

blankholder followed by the cut with the action of 

a punch moving downward, are the most widely 

used cutting techniques in the production of a 

variety of parts ranging from small size electronics 

in micrometer scale to components made of steels 

in the mm level. Quality of the products depends 

on many factors including design and material 

properties of the punch, cutting conditions and tool 

wear. To avoid wear, it is important to reduce the 

stress on the punch by ensuring that it works for a 

long period without interruption as it is exposed to 

high dynamic loads and contact temperatures 

leading to high friction during the process. In the 

literature different studies were performed related 

to this. For instance, the effects of punch-die 

clearance on punch life and edge quality were 

investigated. Study of Widenmann et al. [1] 

showed that the shear zone increased, while roll 

over and fracture zone decreased with decreasing 

punch-die clearance. Subramonian et al. [2] 

developed a method for the selection of geometry 

dependent optimum or best punch-die clearance 

for a significantly longer tool life. Few studies 

focused on the effects of tool geometry. For 

instance, Singh et al. [3] investigated its effects on 

the blanking force and deformation of the punch in 

terms of the accuracy of the manufactured 

samples. This study showed that the punches with 

balanced convex and concave shear had the 

minimum radial deformations and the former one 

https://en.wikipedia.org/wiki/Shearing_(metalworking)
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showed the best performance in terms of the 

rigidity characteristics as the stress on the tool was 

reduced and thicker or more resistant workpiece 

could be punched. The research in [4] showed that 

both small rounded edge and slight clearance were 

essential for an improved quality of finished 

product. In line with this, Song and Choi [5] 

demonstrated that the maximum blanking force 

could be reduced with a smaller tool edge radius 

and an increased thermal effect. Wang and Masood 

[6] investigated the performance of different punch 

edge profiles such as standard circular, high 

elliptical and flat elliptical shapes. The 

combination of first two was found to be more 

advantageous in minimizing the wear. In another 

study, it was observed that the die edge radius had 

relatively limited effect on the blanking force 

when compared to the case of changing the punch 

edge radius [7]. Engin and Eyercioglu [8] 

compared different cases in the blanking process - 

different ratios of workpiece thickness to die 

diameter under various clearance values - 

experimentally and numerically. Ideal values for 

each of these parameters were identified. In the 

present study, firstly, a novel punch with a special 

geometry, where a hemispherical ball was placed 

at the center of its flat face, was proposed. The 

underlying idea was since its spherical part 

contacted the central region of the workpiece at the 

initial stage, the tensile stresses evolved in the 

region to be cut make the cutting process 

smoother. To analyze it, a 2D axisymmetric finite 

element (FE) model was developed using the 

commercially available ABAQUS/Explicit. Such 

numerical models are in fact beneficial in the 

choice of the process parameters, else a large 

number of expensive tests are required to attain 

them empirically through an iterative procedure 

[9]. Johnson-Cook material model with its 

complementary damage model was used to model 

the behavior of the workpiece material, where the 

crack propagation was simulated using the element 

deletion method. 

There exists also other ways to circumvent 

the tool wear. For instance, different lubricants and 

tool materials are used. While, the former one has 

the disadvantage of having environmentally 

hazardous ingredients and is not preferred due to 

subsequent cleaning requirements, the latter one is 

not always an optimum choice due to high costs. 

Less expensive tools with higher wear resistance 

are therefore desired. In recent decades physical 

vapour deposition (PVD) and chemical vapour 

deposition (CVD) coatings have been increasingly 

used to protect and enhance the lifetime of cutting 

tools. Good adhesion to the base material to 

withstand high loads and shearing forces without 

chipping or peeling, high toughness and low 

friction against workpiece material are required for 

these tools [10-11]. Klocke and Raedt [12] tested 

different PVD coatings for fine blanking process. 

Strong adhesion of the coating to the substrate and 

a high thermal conductivity were identified as 

critical properties to resist the imposed tribological 

loads. The type of coatings was studied in the 

literature extensively. For instance, studies in 

[10,13] demonstrated that the traditional hard 

coatings such as TiN, TiC and CrN could not meet 

always the blanking tool requirements as they 

cannot  withstand high loads and shearing forces 

without peeling or chipping. In other studies [14-

15], it was shown that the wear volume was lower 

for AlCrN coated punch than TiAlN one. The 

study of Bressan et al. [16] revealed that the TiAlN 

coating was superior than the TiCN for electric 

steel sheets. Recently, Yan et al [17] studied the 

performance of AlTiN-coated oblique guillotine 

tools for the shearing of electrical steel sheets. It 

was found that the shear force dropped by 14.7% 

and the quality of fractured surfaces was 

significantly improved when compared to those 

sheared using the uncoated tool.  

Diamond is the hardest material known and 

this property gives it superior properties for cutting 

any other material. Polycrystalline diamond 

compact (PDC) cutters are widely used in oil and 

gas drilling operations [18]. Their superior 

abrasion resistance is the main contributor to their 

excellent drilling efficiency. These cutters are 

composed of a layer of polycrystalline diamond 

bonded in-situ on a tungsten carbide substrate. The 

bonding is applied at a high pressure through a 

high temperature sintering process. To the best of 

the authors’ (MG and MD) knowledge, PDC 

cutters have not been used in the blanking process 

yet. In the second part of this study, for an 

improved shearing process, its performance and 

those of tools with different coatings including 

TiN, CrN, TiSiN, AlCrN and AlTiN were 

compared and contrasted. Especially, the initial 

period of wear was investigated for all the above 

mentioned tools.  

This work is laid out as follows: 

Description of the materials used and details about 

https://www.sciencedirect.com/science/article/pii/S0301679X19304682#bib16
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experimental study are given in Section 2. Section 

3 describes first the developed finite-element 

model, then the theoretical description of the 

material model used in the simulations is given. In 

Section 4, validation of the developed numerical 

model against experimental data is presented 

followed by numerical predictions and wear 

analyses of the tools with different coatings and 

PDC cutter. The paper ends with some concluding 

remarks in Section 5. 

 

1 EXPERIMENTAL 
As the workpiece material, 2 mm thick low 

carbon hot-rolled ASTM A36 steels plates were 

used. This material is relatively ductile and can 

elongate up to 20% of its original length under 

tensile testing. Its physical and mechanical 

properties is given in Section 2 (For more details 

see [19]). The punch used in the blanking 

experiments was made of DIN 1.2379 cold work 

tool steel (X155CrVMo 12-1). Its content is given 

in Table 1. A novel punch with a hemispherical 

ball at the center of its flat face used in the 

experiment is shown in Fig. 1a. It was produced 

using the turning and grinding operations.  

 

Table 1. Chemical composition (wt-%) of steel tool 

C Si Mn Cr  Mo V 

1.55 0.30 0.25 12.0 0.70 1.0 

 

Wear occurs on the side of the punch when 

it passes and retracts through a metal. Due to the 

deflection of the sheet occurring during the 

punching, the hole is distorted in the course of 

retraction of the tool. This causes the metal 

surroundings in the hole to scrape against the side 

of the punch leading to abrasion and wear. 

Coatings simultaneously increases the surface 

hardness and decreases the frictional forces 

allowing the punch to operate efficiently, 

ultimately, the lifetime of the tool is extended. In 

this study, five commercial PVD coatings were 

deposited on the substrate tool material using an 

industrial Hauzer Rapid-Coating-System (HCS) 

deposition machine equipped with a bucket plasma 

source [20]. The coatings are titanium nitride 

(TiN), chromium nitride (CrN), titanium silicon 

nitride (TiSiN), aluminum chromium nitride 

(AlCrN) and aluminum titanium nitride (AlTiN) 

(see Fig. 1b). 4 µm thickness coatings were 

deposited at a substrate temperature of 500 °C.  

The shearing tests were carried out using 

the test setup and the MTS Series 810 hydraulic 

tensile machine with a 100 kN load cell as shown 

in Figs. 1b-c. The cross-head velocity of 1.67 

mm/sec was used. Each test was carried out three 

times and result of the one close to the average was 

presented in Section 3. The details of the tooling 

used in this study are shown in Table 2. Scanning 

electron microscope (SEM, Zeiss EVO-40 SEM 

microscope) was used to observe the 

microstructures on the worn surfaces of the punch.  

 

 
 

 

 
a) b) 

 
c) 

 

Fig. 1. a) A punch having a hemispherical ball at the 
center of its flat face, b) Die set-up with coated tools, c) 

Experimental setup for the blanking process 
   
 

Table 2. Tooling dimensions 

Punch diameter 12.6 mm 

Punch corner radius 0.01 mm 

Punch holder clearance 0.04 mm 

Punch die clearance 0.04 mm 
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2 NUMERICAL MODELLING 
In this section the numerical methodology 

used in the simulations is presented. Analyses of 

the tests were performed using ABAQUS/Explicit 

FE program. Fig. 2 shows the dimensions of the 

punch with a hemispherical ball (R0 = 3.39 mm) 

and the developed two-dimensional FE model of 

the process. An axisymmetric model was 

considered to reduce computational 

resource usage. Linear 4-node elements were used 

to discretize the sheet material. An enhanced 

stiffness-based hourglass and distortion control 

were employed to suppress spurious energy 

modes. A mesh convergence study was conducted 

using a refined mesh in the shearing band, the zone 

between the punch corner radius and the die corner 

radius, with element sizes ranging between 0.01 

mm to 0.1 mm (an aspect ratio of around 1). 

Convergence was obtained in terms of the obtained 

force-displacement curve for the various meshes 

being less than 5%. A mesh with an element size 

of 0.03 mm and a coarser mesh in the areas not 

subjected to high stress levels was used. The 

tooling dimensions are identical to those explained 

in Section 2. Temperature rise and heat conduction 

within the sheet material were taken into account. 

The interfaces between sheet material and 

the tools were modelled using the general contact 

algorithm of the ABAQUS/Explicit [21]. This 

algorithm accounts for normal contact, with its 

tangential component simulated by assuming a 

friction coefficient of 0.02. This value was 

selected based on the work presented in [22]. The 

punch, the blank-holder and the die were 

considered as rigid bodies and they were modelled 

as analytical rigid surfaces [8,22], where the punch 

was allowed to move only in the z-direction and 

the others were fixed in all degrees of freedom to 

mimic the experiments.  

The material behavior of the sheet material 

is modelled using the JC constitutive model with 

its complementary damage model. In the next, 

details about each is given.  

The Johnson-Cook (JC) phenomenological 

constitutive model considers the seperated effects 

of strain hardening, strain-rate (viscosity) and 

thermal softening [21]. The following equation 

represents it as: 

𝜎𝑓 = [A + B(𝜀𝑝̅)
n

] ∙ [1 + C ln
𝜀 ̅̇

𝜀 ̅0̇
] 

 

 

(1) 

∙ [1 − (
(𝑇 − 𝑇0)

(𝑇𝑚 − 𝑇0)
)

m

] 

 

 
(a) 

 

 
(b) 

 
Fig. 2. a) Geometric description of the punch with 

hemispherical ball (all dimensions are in mm) b)2D 
axisymmetric FE model of the workpiece material in the 

shearing process 

where 𝜎𝑓 is the equivalent plastic stress, 𝜀𝑝̅ is the 

equivalent plastic strain, 𝜀 ̅̇ is the equivalent plastic 

strain rate, 𝜀̅0̇ is the reference equivalent plastic 

strain rate, 𝑇 is the temperature, 𝑇0 and 𝑇𝑚 are the 

room and melting temperature of the workpiece 

material, respectively. A, B, C, m and n are 

material parameters determined based on the flow 

stress data obtained from mechanical tests. The JC 

constitutive model parameters, the physical and 

mechanical properties of Steel A36 used to 

simulate its mechanical behavior in blanking 

process are specified in Tables 3-4, respectively.   

To model the process more realistically, i.e. 

to simulate the separation in the workpiece during 

cutting, the progressive damage model was used. 

It consists of two parts, damage initiation and its 

evolution. For the former, the JC damage model 

[21] was used. It was adopted in conjunction with 

the JC constitutive model. It is an empirical model 

represented by the following equation: 

 

https://www.sciencedirect.com/topics/engineering/computational-resource
https://www.sciencedirect.com/topics/engineering/computational-resource
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𝜀𝑓̅
𝑝𝑙

= [D1 + D2exp (D3

𝜎𝑚

𝜎𝑒𝑞

)] 

∙ [1 + D4 ln
𝜀 ̅̇

𝜀 ̅0̇
] ∙ [1 + D5 (

(𝑇 − 𝑇0)

(𝑇𝑚 − 𝑇0)
)] 

 

 

(2) 

where 𝜀𝑓̅
𝑝𝑙

 is the failure strain, 𝜎𝑚 𝜎𝑒𝑞⁄  is the stress 

triaxiality (𝜂) as the ratio of mean stress to the von 

Mises effective stress, 𝜀 ̅̇ 𝜀 ̅0̇⁄  is the dimensionless 

ratio of strain rates, 𝑇∗ is the homologous 

temperature and D1 - D5 are material constants. 

 

Table 3. Johnson-Cook constitutive model 
parameters of Steel A36 [23] 

A (MPa) 286 

B  (MPa) 500 

n 0.228 

C   0.017 

m 0.917 

Tm (°C) 1430 

T0 (°C) 25 

𝜀 ̅0̇ (s-1) 1 

 

Table 4. Physical and mechanical properties of Steel 
A36 [23,24] 

Density (kg/m3) 7850 

Youngs modulus (MPa) 200000 

Poisson Ratio  0.26 

Specific Heat Fraction (J/kg°C)  486 

Inelastic Heat Fraction 0.9 

Thermal Conductivity (W/m°C)  52 

Expansion Coefficient (1/°C)    1.2e-5 

 
As the simulations were performed quasi-statically 

[25], the strain-rate and temperature effects were 

not significant, hence the second and third terms in 

the above equation did not influnce 𝜀𝑓̅
𝑝𝑙

 

substantially. Damage initiation occurs if the 

following condition is satisfied. 

∫
𝑑𝜀̅𝑝𝑙

𝜀𝑓̅
𝑝𝑙

(𝜂)
= 1 

 

(3) 

In this equation, 𝜀 ̅𝑝𝑙 is the equivalent plastic strain 

value. The constants of this fracture model used in 

the simulations are presented in Table 5.  

Table 5. Johnson-Cook fracture model parameters of 
Steel A36 [18] 

D1 D2 D3 D4 

0.403 1.107 0.1 0.00961 

D5 𝑇𝑚 (℃) 𝑇0 (℃) 𝜀 ̅0̇ (s-1) 

0 1430 25 1 

The evolution of the damage following its 

initiation describes the progressive damage of the 

material. This is implemented by displacement 

type linear softening law, where the evolution of 

the damage variable (d) is explained through the 

following equation:  

 

𝑑̇ =  
𝐿𝑒.𝜀̇̅𝑝𝑙

𝑢
𝑓
𝑝𝑙 =

𝑢̇𝑝𝑙

𝑢
𝑓
𝑝𝑙   

 

(4) 

where 𝐿𝑒 is the characteristic length of the element, 

𝜀 ̅̇𝑝𝑙 is the equivalent plastic strain rate and 𝑢̅𝑓
𝑝𝑙

 is 

the effective plastic displacement at failure. When 

the effective plastic displacement (𝑢̅𝑝𝑙) reaches 

𝑢̅𝑓
𝑝𝑙

, the material stiffness is fully degraded (𝑑 =

1), i.e. the complete damaged occurs, then the 

element is removed from the mesh. In the 

simulations, 𝑢̅𝑓
𝑝𝑙

 was set to 0.1 mm.  

 
3 RESULTS AND DISCUSSION 

 
In this section, the shearing process was 

investigated extensively for different punch 

characteristics including different geometries of 

the novel punch, coating type and type of the tool 

used. 

 
3.1 Validation of the FE model 
 

In this section, the developed FE model was 

validated with the experiments performed - to 

examine its accuracy - for the regular punch 

(punch A, denoted as “Flat” henceforth) and the 

novel punch with a hemispherical ball at its center 

(punch B, denoted as “R0”). It should be mentioned 

that both tools were uncoated. In the simulations, 

the field parameters such as the reaction force and 

displacement values were written for every 

increment as history data for the reference point of 

the punch. Experimentally and numerically 

obtained force-displacement (P-δ) curves for both 

punches are presented in Fig. 3. A good agreement 

between the curves was achieved; this validated 

the developed model, i.e. the process was 

simulated successfully. For the first punch, it was 

observed that the force increased with the 

indentation of the punch until the crack initiated on 

the sheet material followed by a decrease in the 

force value with the propagation of the crack inside 

the sheet. For the novel punch, the force increased 

with the indentation of the punch initially with a 
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smaller slope compared to that of the punch A due 

to the contact of the hemispherical part of the 

punch with the workpiece material. This was 

followed by a change in the slope of the P-δ curve, 

where a steeper force increase was attained with 

the corners of the punch started contacting the 

workpiece material. In fact the characteristic of the 

P-δ curve in this second stage including its 

decrease - after the peak load was achieved - was 

similar to that explained for the conventional 

punch. 

 

3.2 Effect of the geometry of the novel punch 
The influence of the radius of the 

hemispherical ball at the center of its flat face on 

the blanking force was investigated. For that 

purpose, its various values, namely, R1 = 1.4 mm 

(punch C), R2 = 1.8 mm (punch D), R3 = 2.2 mm 

(punch E), R4 = 2.6 mm (punch F), R5 = 3.0 mm 

(punch G) and R6 = 3.8 mm (punch H), were 

considered in the simulations. They were chosen 

by taking the punch used in the experiment (R0 = 

3.39 mm) as a reference and a constant interval of 

0.4 mm was considered for the radius between two 

neighboring tool geometries. The respective P-δ 

curves are presented in Fig. 3. It was observed that 

with an increase in R, the workpiece material was 

in contact with hemispherical ball of the punch for 

larger displacement values when compared its 

contact with the corners of the punch. 

Consequently, the maximum force in the first stage 

became closer to the overall maximum cutting 

force. However, the change in the peak force 

remained limited for different punch geometries 

studied here. To get realistic insight into the 

problem here, instead of considering only the 

punch load, the amount of energy absorbed (EA) 

as the area under the force-displacement curve 

were also analyzed for all the cases. 

The trapezoidal rule available inside the Microsoft 

Excel program was used to estimate the area under 

the curve as a series of trapezoids. Table 6 presents 

the respective values for the first and second 

(shearing) stages as well as their sum as the overall 

absorbed energy obtained from simulations. 

Obviously, when a hemispherical ball was adapted 

to the punch, with an increase in the radius of the 

ball, the EA in the first stage and total EA 

increased, whereas the EA of the shearing stage 

showed a valley-shaped behavior where it first 

dropped and later increased. In fact the maximum 

blanking force also showed a similar feature where 

the maximum cutting force dropped first from 

36.35 kN to 33.45 kN followed by an increase to 

37.11 kN (Table 6). Since the wear on the tool 

surface during the process mostly occurs at the 

corners, a smaller amount of energy absorbed in 

the shearing stage and a smaller Fmax implied 

longer tool life. Here, the punches E and F with 

radius values of 2.2 mm and 2.6 mm, respectively 

were found to be the optimum tool designs based 

on these two criteria.

 

Fig. 3. Experimentally and numerically obtained load displacement curves for different hemispherical radius at the 
center of flat face of the punch 

 
In the shearing process, the cutting force 

starts to decrease with the initiation of the crack 

and in the final section the force is dominated by 

the friction between the sheet material and the shell 

surface of the punch. The slope change in the P-δ 

curve (after the maximum force was obtained) in 

Fig. 3 indeed separated these two sections. It was 

observed that the frictional resistance was 
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insignificant for the punches E and F, which 

assured them as good alternatives to the 

conventional punch. 

Surface quality of the products obtained 

with different punches should be also analyzed 

along with the cutting force and energy values [8]. 

Fig. 4 presents the respective deformed shapes 

after the cutting process with the lengths of 

rollover, shear and fracture zones. Firstly, it was 

observed that the rollover zone reached its smallest 

values, 0.125 mm and 0.135 mm, for punches E 

and F, whereas this length was much larger for 

punches B, G and H. On the other hand, the shear 

zone reached its maximum value for the punches E 

and F, where no fracture zone was observed. In the 

shearing process, an improved part edge quality is 

quantified by a decrease in the fracture and 

rollover zone lengths and an increase in the shear 

zone length. Consequently, the novel tool 

presented here with its R value ranging from 2.2 

mm (represented by punch E) to 2.6 mm (punch F) 

requiring minimum shearing energy - as shown 

above - demonstrated also a better cutting 

performance in terms of the surface finish. On the 

other hand, the surface quality obtained using a 

regular punch was compared with those having too 

large radius of hemispherical ball such as punches 

B and H. The former one was observed to be better 

due to shorter rollover and fracture zone lengths. 

In fact these two tools absorbed also more energy 

in the shearing process with values of 18718 J and 

23609 J with respect to that of the conventional 

punch A with a value of 14961 J. On the other 

hand, the punches C and D with relatively smaller 

radius of the hemispherical part did not show 

promising performances when compared to the 

conventional punch as the values of the parameters 

for them (lengths of different zones of the sheared 

surface, amount of energy absorbed) were very 

close to each other.  It was therefore concluded that 

the novel punch could be more effective in the 

cutting process - with respect to a conventional 

punch - for a certain range of the radius of 

hemispherical ball at the center of its end.      

 
Table 6. Numerically obtained maximum shearing force and energy absorption values in the cutting process for 

different hemispherical radius at the center of flat face of the punch 

Radius of 

hemispherical part 

Maximum 

shearing force (N) 

Energy absorption 

(J) - First stage  

Energy absorption 

(J) - Shearing 

Total Energy 

absorption (J) 

Flat (punch A) 36348 - 14961 14961 

R1 (punch C) 33718 2272 13334 15606 

R2 (punch D) 33552 4586 13040 17626 

R3 (punch E) 33508 8056 11657 19713 

R4 (punch F) 33451 12503 11206 23709 

R5 (punch G) 33521 17757 14045 31802 

R0 (punch B) 35029 29052 18718 47777 

R6 (punch H) 37107 41278 23609 64887 

 
Fig. 4. Deformed shapes of the workpiece material including the lengths of rollover, shear and fracture zones when it 

was cut with different punches  
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It is worth mentioning here that as the 

hemispherical part of the punch deforms the 

punched out piece of the sheet material, this part 

may not be used in service. Therefore, using such 

a geometrical configuration for the punch is not 

appropriate in the blanking process, but can be 

used in the punching process, where the punched 

out piece is scrap.

3.3 Effect of coating and punch type  
 

In the last part of the present work, the 

cutting performance of uncoated punch and TiN, 

CrN, TiSiN, AlCrN and AlTiN coated punches 

were investigated.  Since the coating of a punch 

with a hemispherical ball at the center of its flat 

face was not straightforward in terms of coating it 

identically all over the surface, it was not 

considered in this part, instead the regular punch 

was coated. The wear on the tools after 1000 

strokes were compared. All the tests were carried 

out under dry cutting conditions without using any 

lubrication. SEM was used to observe the 

microstructures of cross-sections and worn-out 

surfaces. Fig. 5 presents the respective 

micrographs. The uncoated punch shows 

apparently a significant flank wear, hence its wear 

volume is significantly higher when compared to 

the other punches as expected. The coating layer 

was damaged substantially for TiN and CrN 

coatings, especially there existed also an edge wear 

for the latter one. It might be useful to evaluate the 

performance of the coatings in connection with 

their mechanical and tribological properties. 

Hardness values of coated tools and their friction 

coefficient values are given in Table 7. As shown, 

TiN and CrN coatings have the lowest hardness 

values with values of 27.4 GPa and 22.5 GPa, 

respectively, when compared to others. Significant 

wearing for TiN and CrN coatings may be 

attributed to their lower hardness. On the other 

hand, although TiSiN coated punch has one of the 

highest hardness and lowest friction coefficient 

(see Table 7), peelings of the coating material, 

chipping and flank wear were observed on 

different regions of the surface of the punch. 

Hence it is not superior than the AlTiN and AlCrN 

coated tools. That can be explained by the fact that 

these two coated tools may have a larger adhesion 

strength and better thermal and chemical stability 

[11]. While the flank wear and wear debris were 

observed on the edge and surface of the AlTiN 

coated punch, no severe wear was caught on that 

of the AlCrN coated punch. That showed the better 

performance of the latter coating. Parallel 

observations were made in the literature. The wear 

volume was lower and increased more steadily for 

AlCrN coated punch when compared to that of 

TiAlN coated one [14]. Erdogan and Altas [26] 

studied the micro abrasion behaviors of TiN, 

TiAlN, TiAlN/TiSiN and AlCrN coatings using 

F800 and F1200 SiC particles under three loads 

(0.5 N, 1 N and 2 N) for two cycles (140 and 420). 

Similar to our finding, the AlCrN and TiN coatings 

had the highest and lowest micro abrasion 

resistance among the four coatings, respectively. 

In another study, it was reported that the tool life 

of AlCrN coating was 2.5 and 5 times longer than 

those of TiN-coated and uncoated punches, 

respectively [15]. Fig. 6 presents the SEM 

micrograph of the top-edge of the PDC cutter after 

1000 strokes. It is observed that the flank wear is 

negligibly small, and hence, it may be a good 

alternative for the shearing process. An important 

advantage of a PDC cutter is when the wear 

develops on the tool, its life can be extended using 

a grinding process. This is not the case for a coated 

punch. 

 

Table 7. Properties of the hard coatings studied [20] 

  Micro 

hardness HV 

0.05 (GPa) 

Friction 

Coefficient 

C
o

at
in

g
 

m
at

er
ia

l 

TiN 27.4 0.50 

CrN 22.5 0.55 

TiSiN 34.3 0.40 

AlCrN 29.4 0.55 

AlTiN 34.3 0.60 

 

4 CONCLUSION 
This study focused on the investigation of 

the effect of tool geometry, tool type and coating 

type on tool wear in the shearing process. To 

achieve this, combined experimental and 2D FE 

simulation studies were performed. Johnson Cook 

constitutive model and its complementary damage 

model were used to simulate the behavior of the 

sheet material. 

From the study, the following observations 

and conclusions were made: 

 The novel punch with a hemispherical 

ball on its flat surface with a radius of 2.2 mm to 

2.6 mm was found to be the optimum tool 
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geometry with absorbing less amount of energy, 

requiring smaller cutting force and better surface 

quality. Such punches could be used especially in 

the punching process, where the punched out piece 

is scrap rather than in the blanking process. 

However, the punch with a too large radius of its 

hemispherical part demonstrated a worse 

performance when compared to a conventional 

punch. 

 The wear volume at the punch edge is 

significantly larger for the uncoated one. AlTiN 

and AlCrN coated punches showed less flank wear 

when compared to the TiN and CrN coatings. 

Peelings of the coating material were observed for 

the TiSiN coated punch, even though it has one of 

the highest hardness and lowest friction 

coefficient. It was observed that there were no 

significant wear on the surface of the PDC cutter.

 

  
Fig. 5. SEM micrograph of the cross-section of the cutting edge of (A) TiSiN, (B) AlCrN, (C) AlTiN, (D) TiN, (E) CrN 

coated punches and (F) uncoated punch after 1000 strokes 
 

 

 

 
Fig. 6. SEM micrograph of the top-edge of the PDC 

cutter after 1000 strokes 
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