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Abstract:  

This study investigates the effect of liner thickness distribution, expressed as the edge-to-

apex ratio (δ₂/δ₁), on the formation and performance of explosively formed projectiles 

(EFP). Numerical simulations and experimental tests were conducted to assess key pa-

rameters such as velocity, projectile shape, flight stability, and penetration depth. 

Results show that low δ₂/δ₁ ratios lead to blunt, large-diameter projectiles with poor 

aerodynamic properties, while high ratios produce slender shapes that often develop 

hollow tails, reducing stability and penetration. The most effective performance was 

achieved at moderate δ₂/δ₁ values (around 0.4–0.6), where a favorable balance between 

collapse dynamics, shape, and mass distribution resulted in improved flight behavior 

and terminal effectiveness. These insights are useful for optimizing EFP warhead design. 
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1 Introduction  

Explosively formed projectiles (EFP) are precision munitions designed to destroy 

armored targets at stand-off distances by reshaping a metal liner into a high-velocity 

slug upon detonation. The liner’s geometry, particularly the thickness variation from 

top to edge, critically influences the projectile’s velocity, stability, and penetration 

performance. An optimized design ensures uniform velocity, minimizes fragmentation, 

and enhances both flight stability and terminal effectiveness.  

The penetration ability of an EFP against armored targets can range from 0.3 to 

1 time the warhead caliber [1, 2]. By adjusting design parameters such as the liner 

radius, outer radius, and the position of the liner’s center, different liner shapes can be 

created. These changes affect the EFP formation process, allowing the production of 
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both forward and reverse EFPs, which influence the projectile’s penetration perfor-

mance and effective range. Many researchers have investigated how different liner 

designs affect the formation and penetration capability of EFPs against steel targets. 

Wu introduced an early design for the liner used in explosively formed projectile 

(EFP) warhead [3]. Salkičević suggested reducing the liner thickness from 6 to 4 mm 

to increase the speed and penetration ability of the projectile [4]. Cardoso studied 

liners with changing thickness from top to edge and found that they created faster 

projectiles than liners with the same thickness throughout [5]. Yang and colleagues 

examined how the shape of the liner affects the way the EFP forms and how well it 

penetrates targets [6]. Couque and Hussain ran experiments and advised using Ansys 

Autodyn software with the Modified Johnson-Cook (MJC) model, which gives more 

accurate results than the regular Johnson-Cook (JC) model [7-9]. Yuan performed 

simulations and tests on EFPs with polygon-shaped shells to improve projectile design 

by adding fins [10]. 

However, the influence of liner thickness at the edge on EFP formation and its 

penetration into steel targets has not been thoroughly investigated through simulations 

or experiments. This paper aims to investigate the EFP formation process, key parame-

ters, velocity distribution, and interaction with steel targets using liners of different 

heights. Numerical simulations were performed using Ansys Autodyn 2D software. In 

addition, experiments were carried out using the same warhead configurations as in the 

simulations. The experimental results are analyzed and compared with the simulation 

outcomes.  

2 Simulation Model and Material Model 

2.1. Geometric Model and Calculation Method 

This study focuses on a 54 mm EFP warhead, as illustrated in Fig. 1. The warhead 

comprises four primary components: casing, explosive charge, detonator, and liner. 

The liner is hemispherical, made of CU-OFHC copper (Copper – Oxygen-Free High 

Conductivity), and characterized by its height h, diameter d, outer radius r1, inner 

radius r2, top thickness δ1, and edge thickness δ2. The positions of the centers of curva-

ture for r1 and r2 along the axis of symmetry are defined by distances X1 and X2 from 

the warhead base, respectively. The casing is made of polyethylene and has a cylindri-

cal shape with outer diameter D, length L, wall thickness t1, and base thickness t2. The 

explosive charge, composed of C4, is contained within the casing and has the same 

diameter d and height l. 

To determine the structural parameters for the study, in addition to the fixed val-

ues of the charge diameter D and liner diameter d, some initial input parameters must 

be selected. According to references [3, 5], a liner with thickness gradually changing 

from the top to the edge produces higher EFP velocity and deeper penetration com-

pared to a liner with uniform thickness. Currently, there are no studies focusing on the 

effect of liner thickness at the mouth region in shaped charge warheads. Therefore, 

this paper investigates the impact of varying top thickness within the range of 

(0.3÷1) δ1 for further analysis. The parameters of the structural configurations are 

listed in Tab. 1. 

The formation of the explosively formed projectile and its interaction with steel 

targets were simulated using Ansys Autodyn software. The projectile parameters ob-

tained from the formation stage were used as input conditions for the penetration 
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analysis. To take advantage of axial symmetry and to reduce computational time, 

a two-dimensional symmetric model was employed. The casing, liner, explosive, and 

surrounding air were all modeled using a Eulerian mesh with a uniform cell size of 

0.25 × 0.25 mm. Flow out boundary conditions were applied on all outer boundaries of 

the computational domain, except along the axis of symmetry. The overall simulation 

setup, including geometry definition, mesh refinement, material selection, and place-

ment of diagnostic gauges, was carried out within the Autodyn two-dimensional 

environment based on procedures described in prior research [6, 9-12]. 

 
 

Fig. 1 EFP warhead model and simulation model in Autodyn 

Tab. 1 Parameters of EFPW with varying edge liner thickness  

 

 

 

 

Size Unit Type 

1 2 3 4 5 6 7 8 

D mm 54.00 

d mm 45.20 

L mm 59.24 

l mm 54.24 

t1 mm   2.50 

t2 mm   4.40 

h mm   9.04 

δ1 mm   2.00 

X1 mm 90.26 

r1 mm 39.80 

δ2 mm 0.6 0.8 1 1.2 1.4 1.6 1.8 2 

X2 mm 82.94 83.57 84.24 84.95 85.71 86.51 87.35 88.26 

r2 mm 34.48 35.11 35.78 36.49 37.25 38.05 38.89 39.8 

δ2/δ1  0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 
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2.2. Material Model and Parameters 

The plastic explosive C4 is modeled as an ideal elastoplastic material that obeys the 

von Mises yield criterion. Upon detonation, C4 transforms into a high-pressure gas, 

and its behavior is described by the Jones Wilkins Lee equation of state. In this model, 

the pressure of the detonation products p is expressed as a function of the relative 

volume V and the specific internal energy E, capturing the rapid expansion and high-

energy release characteristics of the explosive. 

 1 2

1 2

1 e 1 e
R V R V E

p A B
R V R V V

ω ω ω− −   
= − + − +   

   
 (1) 

where ω, A, B, R1, R2 are the experimental constants, with values in Tab. 2 [6-8]. 

Tab. 2 Values of the parameters in the JWL equation for the state of C4 explosive 

Parameters Unit Value 

ρ kg/m3 1601 

A kPa 6.0977 × 108 

B kPa 1.2950 × 107 

R1 — 4.5 

R2 — 1.4 

ω — 0.25 

D m/s 8 193 

E kJ/m3 9.000001 × 106 
 

The warhead casing is constructed from polyethylene plastic. When subjected to 

explosive loading, the material experiences substantial volumetric expansion and 

shape deformation. To accurately represent this behavior, the shock equation of state is 

applied. The model parameters are determined from experimental data, with specific 

values listed in Tab. 3. 

Tab. 3 Values of the parameters in the Shock equation for the polyethylene plastic 

Parameters Unit Value 

ρ kg/m3 915 

Γ — 1.64 

C1 m/s 2 901 

S1 — 1.481 

C2  m/s 0 

S2 — 0 
 

The liner is typically made of Cu-OFHC copper and is modeled using the modi-

fied Johnson Cook elastic plastic constitutive model. This model captures strain 

hardening, strain rate sensitivity, and thermal softening effects, making it suitable for 

simulating high strain rate deformation during EFP formation [6-8]. 
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in which: σ – the dynamic yield stress; A, B, C, D n, m and k are the constants of the 

material determined experimentally; pε – the plastic strain; *ε – the plastic strain 

rate; *ε• – the reference value for plastic strain rate; *
lε – the reference strain rate charac-

terizing the transition between thermally activated and viscous regime; T – the 

instantaneous temperature; Tref – the initial temperature; Tmelt – the melting temperature 

of the material. In this simulation, the liner is composed of CU-OFHC copper and 

modelled using a Modified Johnson-Cook (MJC) model. To ensure numerical stability 

during high strain rate deformation in the range of 103 to 106 per second, the hardening 

constant of the copper liner increased by 10 %, from 29.2 GPa to 32.1 GPa. This ad-

justment helps prevent premature plastic instability during the intense loading phase of 

EFP formation. The steel target, made from Steel 1006, is modeled using the standard 

Johnson Cook constitutive model, which effectively captures strain hardening, strain 

rate sensitivity, and thermal softening. The corresponding material parameters for both 

the liner and the target are provided in Tab. 4. 

To describe the equation of state of air in mathematical simulation, we use the 

gamma form of equation of state: 

 ( )1p Eρ γ= −  (3) 

where γ = 1.4, ρ  = 1.225 kg/m3, E =2.5 × 105 J/kg [13]. 

During the penetration phase, a Lagrangian mesh is applied to both the EFP and 

the target to accurately capture material deformation and failure. The EFP parameters 

used in this stage are obtained from the earlier formation simulation based on the Eu-

lerian method. The target is modeled as a Steel 1 006 plate with a width of 

200 millimeters and a thickness of 30 millimeters. Its behavior under high strain and 

impact is defined by the shock equation of state for pressure response, and by the 

Johnson-Cook model for strength and failure characteristics with D1, D2, D3, D4, D5 as 

failure parameters given in Tab. 5 [14]. 

Tab. 4 Parameter values in the elastic-plastic model 

Parameters Unit 
Value 

CU-OFHC Steel 1006 

Equation of state — Linear Shock 

Density  kg/m3 8 960 7 830 

Melting temperature  K 1 356 1 811 

Strength model — JC JC 

Yield stress A GPa 0.09 0.35 

Hardening constant B GPa 0.3212 0.275 

Strain rate constant C — 0.025 0.022 

Hardening exponent n — 0.31 0.36 

Thermal softening exponent m — 1.09 1 
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Tab. 5 Values of Johnson-Cook failure model parameters 

D1 D2 D3 D4 D5 

0.05 4.22 −2.73 0.0018 0.55 
 

The simulation model of the impact interaction between the EFP and the steel 

target is illustrated in Fig. 2. Both the projectile and the target are discretized using 

uniform rectangular elements with a mesh size of 0.2 millimeters, ensuring sufficient 

resolution to capture detailed deformation and failure during penetration. 

 

Fig. 2 Simulation of EFP impact on steel plate 

3 Experimental Setup and Validation 

The numerical simulation results of the formation and penetration process of EFP were 

confirmed by experimental methods. The simulation and experimental results, includ-

ing the velocity and structural shape of EFP, were compared. For the penetration 

process of EFP, the hole diameter and penetration depth after impacting on a 20 mm 

thick steel target were compared. 

3.1 Explosively Formed Projectiles and Experimental Target 

The liner configuration with Type 3 and Type 8 was selected for experimental valida-

tion, with its geometry and dimensions presented in Tab. 1. The forming liner is made 

from Cu-OFHC copper, while the casing is composed of polyethylene plastic. The 

explosive charge is C4 plastic explosive, initiated by a No. 8 electric detonator. The 

target is made of 45# steel, with a plate size of 20 mm in thickness, and 500 mm in 

both width and length, as illustrated in Fig. 3. 

Fig. 3 EFP Warhead and steel target 
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3.2 Experimental Setup 

The experimental setup for measuring the velocity and penetration performance of the 

EFP is illustrated in Fig. 4. The tested EFP warhead is mounted in a horizontal orienta-

tion, and a 45# steel target plate with a thickness of 20 mm is positioned at a standoff 

distance of 3 meters. To capture the projectile velocity, an electronic timer (UTC-8 

model) is placed 2 meters from the EFP warhead along its flight path. After impact, 

the diameter and depth of the penetration cavity on the steel plate are measured to 

evaluate the terminal performance of the projectile.   

 

Fig. 4 Experimental measurement of EFP velocity and penetration depth 

3.3 Experimental Results 

After the static blasting of the test symbols, the dimensions of the through hole on the 

steel plate were measured to determine its diameter and depth, as shown in Fig. 5. 

  

   

Symbol 0.1  Symbol 0.2 Symbol 3.2 

Fig. 5 Experimental results 



58 DOI 10.3849/aimt.02002

The results of EFP velocity (V), hole width (Wh) and hole depth (Dh) when tested 

for each type of EFP with different edge thickness are shown in Tab. 6, 

Tab. 6 EFP velocity and penetration results on steel target 

 Type 3 Type 8 

Symbol 0.1 0.2 0.3 3.1 3.2 3.3 

V [m/s] 2 278 2 150 1 859 1 865 1 696 1 788 

VAg [m/s] 2 096 1 783 

Wh [mm] 36 37 40 28 25 26 

Wh.Ag [mm] 37.7 26.3 

Dh [mm] 20 20 18 17 14 16 

 

In which type 3 has symbols 0.1, 0.2, 0.3 and type 8 has symbols 3.1, 3.2, 3.3 and 

are tested in order of numbering from smallest to largest. 

4 Results and Discussion 

Tab. 7 presents the results of the analysis on how the edge thickness liner affects the 

formation of explosively formed projectiles at t = 0.7 m/s. The evaluation was con-

ducted across all warhead configurations listed in Tab. 1, providing a comparative 

basis for understanding the influence of liner geometry on projectile shape, velocity, 

and kinetic energy during the early formation stage. 

4.1. Shape of EFP 

The shape and aerodynamic behavior of EFP are strongly influenced by the collapse 

and deformation of the liner, which is in turn governed by the edge thickness as shown 

in the simulation results in Tab. 7. The findings of this study are consistent with the 

published literature on EFP [3, 6]: 

Type 1 produces a solid, blunt, wide-diameter EFP with poor aerodynamic char-

acteristics. This configuration results in a significant loss of velocity during flight due 

to high drag. 

Types 2–4 produce EFP with a solid shape and good aerodynamic configuration. 

These EFPs exhibit stable flight and slow down over distance, indicating efficient 

aerodynamic behavior. However, Type 4 begins to exhibit a small hollow tail, which 

may adversely affect flight stability and penetration performance. 

Types 5–8 continue to produce aerodynamically shaped EFP, but with increasing-

ly large and pronounced hollow tails. These hollow regions reduce flight stability and 

significantly reduce the EFP's penetration ability. 

Therefore, the projectile shapes formed from Types 2 to 4 offer the best combina-

tion of penetration performance and flight stability. These designs produce projectiles 

that are not only effective upon impact but also maintain their intended trajectory. 
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Tab. 7 Shape and dynamic parameters of EFP 

Time [ms]  0.1 0.3 0.5 0.7 

Type 1 

VEFP = 2040 

m/s 

Ekin= 37.94 kJ 
 

    

Displacement 

[mm] 
252 668 1 081 1 490 

Type 2 

VEFP = 2010 

m/s 

Ekin= 38.63 kJ 

 
    

Displacement 

[mm] 
249 658 1 064 1 468 

Type 3 

VEFP = 1982 

m/s 

Ekin= 39.03 kJ 
 

    

Displacement 

[mm] 
246 649 1 050 1 448 

Type 4 

VEFP = 1956 

m/s 

Ekin= 39.45 kJ 

 

    

Displacement 

[mm] 
243 639 1 033 1 426 

Type 5 

VEFP = 1929 

m/s 

Ekin= 39.26 kJ 

 
 

   

Displacement 

[mm] 
241 631 1 019 1 406 
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Type 6 

VEFP = 1912 

m/s 

Ekin= 38.76 kJ 

 
 

  

Displacement 

[mm] 
239 624 1 008 1 391 

Type 7 

VEFP = 1889 

m/s 

Ekin= 38.45 kJ 

 
    

Displacement 

[mm] 
238 618 1 001 1 376 

Type 8 

VEFP = 1840 

m/s 

Ekin=38.12 kJ 

 
 

  

Displacement 

[mm] 
236 612 986 1 359 

4.2. Velocity of EFP 

The velocity of the EFP is a crucial factor in determining its ability to reach and pene-

trate the target effectively. In this study, projectile velocity clearly depends on the 

thickness ratio between the edge and the apex of the liner. When the edge of the liner 

is relatively thin, as observed in the Type 1 configuration, the liner collapses more 

rapidly and uniformly. This results in the highest projectile speed, approximately 

2 040 m/s. 

As the thickness at the liner’s edge increases, moving progressively through 

Types 2, 3, and 4, the velocity decreases in a gradual and predictable manner. For 

example, the projectile velocity in Type 4 drops to around 1 956 m/s, which represents 

a reduction of more than 4 % compared to the initial configuration. The thicker edge 

adds resistance to the collapse process, slowing down the convergence of the liner 

material toward the projectile tip. 

When the edge becomes significantly thicker, as in Type 5 through Type 8, the 

loss in velocity becomes more pronounced. In the configuration with the thickest liner 

edge, Type 8, the projectile speed reduces to 1 840 m/s. This marks a decline of nearly 

10% from the maximum value achieved in Type 1. These findings show that although 

thicker liners contribute additional mass, they also hinder the collapse dynamics, re-

sulting in reduced projectile velocity, as seen in the results in Fig. 6. The most 
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effective performance in terms of velocity is found in configurations with moderate 

edge thickness, particularly from Type 2 to Type 4. 

4.3. Kinetic Energy of EFP 

Kinetic energy reflects the combination of both projectile mass and velocity. A fast-

moving projectile with low mass may carry less energy than a slower, heavier one. In 

the case of Type 1, although the projectile reaches the highest speed, its relatively light 

mass limits the kinetic energy to around 37.94 kJ. 

As the edge of the liner becomes slightly thicker in Types 2, 3, and 4, the projec-

tile mass increases, and the kinetic energy rises accordingly. Among these, Type 4 

achieves the highest energy level at approximately 39.45 kJ, which is about 4 % higher 

than that of Type 1. This suggests that there is a favorable balance between mass gain 

and acceptable velocity reduction in the mid-range configurations. 

However, once the edge thickness continues to increase beyond this point, the 

decreasing velocity begins to outweigh the benefit of added mass. From Type 5 on-

ward, the kinetic energy begins to decline gradually. By the time it reaches Type 8, the 

kinetic energy falls to approximately 38.12 kJ, which is about 3.4 % below the peak 

value observed in Type 4. These results indicate that while increasing edge thickness 

can initially improve energy transfer, excessive thickening leads to a loss in overall 

efficiency. 

Thus, the most optimal kinetic performance is found in the mid-range configura-

tions, especially those between Type 2 and Type 4, where mass and speed are best 

balanced, as shown in Fig. 6. 

4.4. Penetration Process 

After formation, the explosively formed projectile impacts the 45# steel target plate, 

which has a thickness of 30 millimeters. As shown in Fig. 7, the target material under-

goes deformation primarily through compressive and shear stresses, which represent 

the dominant failure mechanisms during the interaction. A combined tensile and com-

pressive stress zone is observed at both the front and rear surfaces of the target plate. 

As the penetration depth increases, the tensile stress zone becomes more prominent, 

particularly at the edge of the shear-affected region, due to substantial material elonga-

tion. The reflection of transverse stress waves from the rear surface, together with the 

continuous advancement of the projectile, further contributes to the propagation of 

target damage. In general, two distinct zones are identified during the penetration 

process: a compressive zone located near the front surface where the material is pri-

marily compressed, and a tensile zone near the rear surface where the material 

experiences tensile failure. As penetration progresses, resistance to the projectile in-

creases, leading to an expansion of the damage zone. 

The simulation results when EFP penetrates the steel plate for hole diameters b 

and penetration depths p with different the edge thickness liners are shown in Fig. 8. 

Penetration depth is one of the most direct indicators of an EFP’s effectiveness 

against a target. The results show that penetration depth is strongly influenced by the 

geometry of the liner. Among the eight designs, Type 2 produces the deepest penetra-

tion. This suggests that a moderately thin edge combined with high projectile velocity 

allows for efficient forward momentum and concentrated impact. 

 



62 DOI 10.3849/aimt.02002

 

Fig. 6 Effect of the edge thickness liner on EFP velocity and kinetic energy obtained 

by simulation and experiments  

Both Type 1 and Type 3 also achieve comparable penetration depth, with only 

small differences. These configurations maintain a good shape during collapse and 

ensure focused delivery of energy into the target. However, when the liner edge be-

comes thicker, starting from Type 4, a gradual reduction in penetration depth is 

observed. 
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Fig. 7 Steel plate subjected to EFP loading 

In Type 7 and especially Type 8, where the edge thickness is highest, the projec-

tile becomes shorter and less streamlined. This results in a significant decrease in 

penetration capability. Compared to Type 2, the reduction in penetration depth exceeds 

30 %, highlighting the negative impact of excessive liner edge thickness on target 

perforation. 

The cavity width reflects the size of the hole left on the surface of the target after 

impact and provides insight into the projectile’s lateral damage capability. Among the 

eight configurations, Types 3 and 4 create the widest impact cavities. These designs 

produce projectiles with broader heads and stable geometry, leading to better distribu-

tion of kinetic energy across a wider surface area. 

In contrast, Type 1, which forms a narrow and sharp projectile, results in a small-

er cavity despite its high speed. As the liner edge becomes thicker in the later 

configurations, the projectile shape becomes more compact and blunter. Although the 

mass increases, the shape limits lateral expansion and reduces the overall cavity width. 

In Types 7 and 8, the projectile forms are less aerodynamic and slower, leading to 

the narrowest cavity widths among all the tested cases. This shows that a heavier pro-

jectile does not necessarily cause more damage if its shape and speed are 

compromised. 

4.5 Experimental Validation 

To evaluate the accuracy of the simulation results, experimental tests were conducted 

for two representative liner configurations: Types 3 and 8, as illustrated in Fig. 8. 

These two cases represent a high-performance mid-range geometry and an extreme 

case with maximum liner thickness, respectively. 

The average projectile velocity recorded from three samples in Type 3 was ap-

proximately 2 096 m/s, while the velocity for Type 8 was measured at 1 783 m/s. 

These results confirm the trend predicted in simulation: the projectile formed from 

a moderately thick liner (Type 3) achieves a significantly higher speed than that from 
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a thicker liner (Type 8). The experimental velocities showed deviations of 6.6 % for 

Type 3 and 3.1 % for Type 8 compared to their respective simulation values, both 

within the acceptable error range of engineering applications. 

 

Type 1 

b = 32 mm p = 23 mm 

 

Type 2 

b= 34 mm p = 24 mm 

 

Type 3 

b = 36 mm p = 23 mm 

  

Type 4 

b = 36 mm p = 21 mm 

 

Type 5  

b = 34 mm p = 20 mm 

 

Type 6 

b = 33 mm p = 20 mm 

 

Type 7  

b  = 30 mm p = 18 mm 

 

Type 8  

b = 30 mm p = 16 mm 

Fig. 8 EFP penetration process for different liner height 

In terms of penetration performance, Type 3 demonstrated a wider and deeper 

penetration cavity. The average cavity width (Wh.Ag) was 37.7 mm, and the depth (Dh) 

ranged from 18 mm to 20 mm. In contrast, Type 8 produced a narrower and shallower 

cavity, with an average width of 26.3 mm and penetration depths between 14 mm and 

17 mm. These differences underscore the importance of liner geometry: thinner-edged 

liners generate projectiles with better shape stability, higher energy delivery, and more 

effective target interaction. 

Overall, the experimental results provide strong support for the simulation find-

ings and further confirm that liner configurations with moderate thickness ratios, such 

as the one with a δ₂ to δ₁ ratio around 0.4, offer the most favorable balance between 

projectile velocity, flight stability, and terminal performance, as illustrated in Fig. 9. 

5 Conclusions 

This study investigated the effect of liner thickness distribution on EFP performance 

through simulations and experiments. Results showed that the edge-to-top thickness 

ratio (δ₂/δ₁) significantly affects projectile velocity, kinetic energy, shape stability, 

penetration depth, and cavity width. 

Liners with low δ₂/δ₁ ratios tend to generate blunt, large-diameter EFPs with poor 

aerodynamic performance, leading to significant velocity loss during flight and limited 

penetration capability due to insufficient mass concentration. On the other hand, high 

δ₂/δ₁ ratios produce projectiles with slender, aerodynamically favorable shapes, but 

these designs often develop pronounced hollow tails that reduce flight stability and 

significantly reduce the EFP's penetration ability. The optimal performance is ob-
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served at moderate δ₂/δ₁ ratios (approximately 0.4–0.6), where a balanced interaction 

between liner collapse dynamics, projectile geometry, and mass distribution results in 

superior velocity retention, stable flight, and enhanced penetration efficiency. 

These findings highlight the importance of optimizing δ₂/δ₁ to enhance EFP effi-

ciency. A well-balanced liner profile improves projectile stability, energy transfer, and 

target penetration, offering valuable guidance for warhead design. 

  

Fig. 9 Diameter and depth of EFP obtained by simulation and experiments  
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