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Abstract: Multilayer structure has been widely used in many engineering 

applications in order to increase durability, performance and safety of its structure. 

Numerical investigations were carried out on 15 mm thick multilayer aluminium Al 

2024 T3 target plates impacted by multiple hemispherical and blunt nose shape of 

projectiles with a diameter of 10 mm. Three-dimensional numerical simulations were 

carried out using IMPACT finite element code. The present studies are concerned 

about the failure process of a deformable multilayer aluminium target plate perforated 

by multiple projectiles of hemispherical and blunt nose shape as a rigid body. The 

failure modes of projectiles with different nose shapes have been compared and 

analysed. The research covered several perforated multilayer aluminium Al 2024 T3 

plate failure mode profiles based on impact velocity levels ranging from 20 m/s to 

100 m/s. During the perforation by multiple blunt nose shape projectiles, no plugging 

formation occurs. The petals formation of blunt nose shape of projectile is almost the 

same as hemispherical nose shape of projectiles at velocities of 20 m/s and 60 m/s. 

The petal formation size grows larger as the impact velocity increases especially for 

hemispherical nose shape projectiles. The obvious petal formation size increase can 

be seen at a velocity of 100 m/s due to an increase in impact velocity. The petal 

formation size, bulge formation and hole enlargement increase as the impact velocity 

increases. 
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1. Introduction 

Multilayer aluminium plate has always been used as a defence material in military 

applications. Researchers have been considering this topic because of its military and non-military 

applications. Military applications such as the design of structures resistant to projectile 

penetration, anti-bullet armours, and missile and rocket design, as well as non-military applications 

such as the manufacturing of machines for transporting dangerous materials and protecting 

spacecraft, are among the most important applications of this subjects. Impact loads resulting from the 
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stroke of external items such as missiles and rockets, as well as internal factors such as raising the 

applied pressure, are critical in the abovementioned applications [1]–[4].  

Multi-layered plate layouts have become popular in recent years because of the fact that steel 

materials are not always fabricated to the requisite thickness, necessitating numerous layers to build 

shields that match design standards [5]–[9]. In addition to experimental and computational research, 

numerous analytical models for estimating the ballistic resistance of multi-layered shields have been 

created to explore the performance of multi-layered targets [10]–[13]. The similarity and inconsistency 

conclusions drawn from previous studies suggest that multi-layered shields' ballistic resistance is still a 

point of contention. 

This research is focus in the investigation on dynamic response of multilayer AL2024 T3 

aluminium target plate when subjected to collision by multiple projectiles impact with different nose 

shape at different velocities. The dynamic properties of AL2024 T3 analysed based on the impact on 

projectile. The dynamic behaviour of aluminium studied based on the thickness of the aluminium, 

resulting in deformation and perforation when subjected to multiple impacts. The dynamic behaviour 

of multilayer aluminium plate is defined by using IMPACT finite element code. The results accurately 

predict the impact failure mode depending on projectile nose shape and impact velocity. 

2. Materials and Methods 

The main objective of this work is to discover the relationship between the multiple collision of 

projectile and the effect on the target by multilayer of Aluminium AL2024 T3 plate as well as to analyse 

on failure mode of multiple Al2024 T3 plate when subjected to normal direction of impact. The impact 

penetration simulations were carried out using the hemispherical and blunt nose shape projectile. 

Multiple projectiles launch at the same time towards the target. The projectiles impacted the targets 

perpendicularly with various velocities every each of simulation which was 20 m/s, 60 m/s and 100 

m/s. The diameter, the length and the mass of the projectile are shown in Table 1. 

Table 1: Parameter of projectile and target plate 

Type Description 

Bullet/Projectile 

Nose Shape: Hemispherical and Blunt 

Diameter :10mm 

Length: 45mm 

Mass: 3.56 gram 

Classification: Rigid Body 

Target Plate 

Dimension: 100mm x 100mm x 5mm 

Types: Al2024 T3 

Tensile Strength: 483 MPa 

Classification: Deformable body 

 

2.1 Aluminium Al2024 T3 Target Plate 

The alloy Al 2024 T3 is a high-strength metal composed of aluminium, copper, and magnesium. It 

is the most prevalent and well-known of the high-strength aluminium alloys [14]. It is commonly used 

in automotive, aerospace and military industry due to high strength-to-weight ratio, corrosion 

resistance, easily repairable and inspectable. 

2.2 Finite Element Method Analysis 

The process of using software to solve problems is divided into three stages. To begin, a model is 

created using a Pre-Processor. Following that, a solution using the IMPACT software, and finally, a 

Post Processor-based display of the results and the solution's output files. The geometry model of both 
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types of nose shape and multilayer Aluminium AL2024 T3 plate were created using finite element pre-

processor GiD with IMPACT interface module. Next, the condition of the plate was created. The plate 

was constrained at all the edges and subjected to multiple impact projectile with two different nose 

shapes at different velocity. Both types of nose shapes projectile have a diameter of 10 mm. Each square 

target plate has a dimension of 100 mm × 100 mm x 5 mm as shown in Figure 1. 

 

Figure 1: Finite element model of projectiles and multilayer plate (a) Hemispherical nose shape (b) Blunt 

nope shape 

 

3. Results and Discussion 

The main focus and outcome of this study is the dynamic responses of multilayer Al2024 T3 plates 

when impacted in the normal direction by multiple projectiles. The projectile motion simulation occurs 

at different velocity. The parameters involve including impact velocity, failure mode contour, nose 

shape of projectile and properties of target plate.   

3.1 Analysis of Petalling Process 

The back surface of the target plates bulges close by the impact zone. The combination of the bulge 

formation of each impacted area by all three projectiles creates a larger bulging at the back surface of 

the multilayer aluminium plate. The bulged area is categorised into petal zone and the cracks zone. High 

circumferential tensile strains in the bulge induce petals to develop [15].  

 

Figure 2: Simulation result of multiple projectiles (a) Hemispherical nose shape (b) Blunt nose shape 

perforated the multilayer of Al 2024 T3 target plate at velocity, v = 100 m/s. 
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The petal formation generates around each plate has almost the same pattern for the first, second 

and third layers of the plate as the constant velocity are used in this study. The petal generated in the 

form of a triangular shape. The second layer plate shows the largest crack propagation followed by the 

first plate and third plate when hemispherical projectiles are used. Perforation on multilayer plates using 

a blunt nose shape create a petal formation around it and no plugging occurs as shown in Figure 2. It is 

due to the critical impact energy of a projectile being determined by the projectile's nose radius and 

when the energy reached its peak, the failure mode changed from shear plugging to tensile stretching 

[16].  

3.2 The Effect of Impact Velocity  

Figure 3 show the failure mode of multiple hemispherical and blunt projectiles nose shape hit the 

multilayer target plate at impact velocities of 20 m/s, 60 m/s and 100 m/s respectively. A larger size of 

bulging occurs for the impact velocity of 60 m/s and 100 m/s respectively for both nose shapes. A 

visible deformation and failure mode may be recognized during the third stage of perforation when the 

projectiles exit, especially for hemispherical nose shape projectile. It is due to the higher impact 

engagement that creates a larger opening of petals. 

 

Figure 3: Different velocity impacts of the multiple projectiles (a) Hemispherical nose shape (b) Blunt 

nose shape 

3.3 Hole Enlargement  

The velocity of impact increases, the expansion of the hole continues to expand. The hole created 

during perforation on the aluminium multilayer plate has the same size for each target plate and 

increases in size when the velocity increase. The size of the holes grows larger at a velocity of 100 m/s 

especially for hemispherical nose shape projectiles as shown in Figure 4. Several cracks perforation 

occur, and the size of the petals get larger.  
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Figure 4: Hole enlargement during impact at a different velocity (a) Hemispherical nose shape (b) Blunt 

nose shape 

 

3.4 Strain Rate Analysis  

The different tones of strain-level occur at the perforated target area. Figure 5 show the colour tone 

indicated the strain level, as the strain increases the colour tone will increase. The maximum strain is 

labelled with red colour. The back surface of the multilayer target bulge when the multiple projectiles 

start to penetrate and petals formation occur after the initial crack propagation take place. Thus, the 

deformation occurs when the initial crack propagation takes place and plastic deformation occurs at the 

highest strain. The maximum level of local strain for hemispherical projectiles is 0.4992 while the 

maximum local strain reach for blunt projectiles is 0.4996. 

 

Figure 5: Failure mode profile for multilayer aluminium Al 2023 T3 subjected to impact towards multiple 

collusion of projectiles (a) Hemispherical nose shape (b) Blunt nose shape 

 

4. Conclusion 

The failure mode of multilayer aluminium target plate impacted by multiple collusion of 

hemispherical and blunt nose shape projectiles was the petals and bulging formation size around the 

area of perforated surface. The failure profile of multilayer target has almost the same petals formation 
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between the first, second and third layer when subjected to both nose shape projectile. The formation 

of the petals that occur during perforation for each of the multiple projectiles is different. There is no 

plugging formation occur during the perforation by multiple blunt nose shape projectiles. The petals 

formation of blunt nose shape projectiles is almost the same as hemispherical nose shape projectiles at 

velocity of 20 m/s and 60 m/s. The petal formation size, bulge formation and hole enlargement increase 

as the impact velocity increases. 

 

Acknowledgement 

This research has been carried out under Fundamental Research Grant Scheme 

(FRGS/1/2019/TK03/UTHM/02/12) provided by Ministry of Higher Education (MOHE). The authors 

wish to thank to the Crashworthiness and Collision Research Group (Colored), Faculty of Mechanical 

and Manufacturing Engineering, Universiti Tun Hussein Onn Malaysia that has supported on the 

accomplishment of research activity. 

 

References 

[1] M. Moradi and A. Tavana, “Penetration of Hemispherical Projectile Into the Three Layer 

Targets with Different Materials and Layouts Penetration of Hemispherical Projectile 

Into the Three Layer Targets with Different Materials and Layouts,” 2018, doi: 

10.1088/1757-899X/398/1/012031. 

[2] P. Dergisi, “A numerical investigation on oblique projectile impact behavior of AA5083-

H116 plates AA5083- H116 levhaların açılı mermi çarpma davranışı üzerine sayısal bir 

araştırma A Numerical Investigation on Oblique Projectile Impact Behavior of AA5083-

H116 Plates ,” vol. 0900, no. 2, pp. 293–301, 2019, doi: 10.2339/politeknik.403994. 

[3] X. Teng and S. Dey, “Protection Performance of Double-layered Metal Shields Against 

Projectile Impact,” Mech. Mater. Struct., no. September, 2007. 

[4] Z. Huda, N. I. Taib, and T. Zaharinie, “Characterization of 2024-T3: An aerospace 

aluminum alloy,” Mater. Chem. Phys., vol. 113, no. 2–3, pp. 515–517, 2009, doi: 

10.1016/j.matchemphys.2008.09.050. 

[5] E. A. Flores-Johnson, M. Saleh, and L. Edwards, “Ballistic performance of multi-layered 

metallic plates impacted by a 7.62-mm APM2 projectile,” Int. J. Impact Eng., vol. 38, 

no. 12, pp. 1022–1032, 2011, doi: 10.1016/j.ijimpeng.2011.08.005. 

[6] A. Alavi Nia and G. R. Hoseini, “Experimental study of perforation of multi-layered 

targets by hemispherical-nosed projectiles,” Mater. Des., vol. 32, no. 2, pp. 1057–1065, 

2011, doi: 10.1016/j.matdes.2010.07.001. 

[7] J. Radin and W. Goldsmith, “Normal projectile penetration and perforation of layered 

targets,” Int. J. Impact Eng., vol. 7, no. 2, pp. 229–259, 1988, doi: 

https://doi.org/10.1016/0734-743X(88)90028-0. 

[8] I. Marom and S. R. Bodner, “Projectile perforation of multi-layered beams,” Int. J. Mech. 

Sci., vol. 21, no. 8, pp. 489–504, 1979, doi: https://doi.org/10.1016/0020-

7403(79)90011-0. 



Yassin M. H. M. et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 3 No. 1 (2022) p. 848-854 

854 
 

[9] N. K. Gupta, M. A. Iqbal, and G. S. Sekhon, “Effect of projectile nose shape, impact 

velocity and target thickness on the deformation behavior of layered plates,” Int. J. 

Impact Eng., vol. 35, no. 1, pp. 37–60, 2008, doi: 

https://doi.org/10.1016/j.ijimpeng.2006.11.004. 

[10] P. Elek, S. Jaramaz, and D. Micković, “Modeling of perforation of plates and multi-

layered metallic targets,” Int. J. Solids Struct., vol. 42, no. 3, pp. 1209–1224, 2005, doi: 

https://doi.org/10.1016/j.ijsolstr.2004.06.053. 

[11] G. Ben-Dor, A. Dubinsky, and T. Elperin, “Effect of air gap and order of plates on 

ballistic resistance of two layered armor,” Theor. Appl. Fract. Mech., vol. 31, no. 3, pp. 

233–241, 1999, doi: https://doi.org/10.1016/S0167-8442(99)00017-8. 

[12] G. Ben-Dor, A. Dubinsky, and T. Elperin, “On the order of plates providing the 

maximum ballistic limit velocity of a layered armor,” Int. J. Impact Eng., vol. 22, no. 8, 

pp. 741–755, 1999, doi: https://doi.org/10.1016/S0734-743X(99)00024-X. 

[13] J. Ma, L. Yan, and M. Xu, “Penetration resistance of concrete reinforced by hybrid fibre 

subjected to multiple projectile impacts Penetration resistance of concrete reinforced by 

hybrid fibre subjected to multiple projectile impacts,” 2020, doi: 10.1088/1757-

899X/758/1/012004. 

[14] Rishikumar Patel, “Investigating The Mechanical Behavior of Conventionally Processed 

High Strength Aluminium Alloy 2024,” no. May, p. 105, 2018. 

[15] T. Borvik, M. Langseth, O. S. Hopperstad, and K. A. Malo, “Perforation of 12mm thick 

steel plates by 20mm diameter projectiles with flat, hemispherical and conical noses - 

Part I: Experimental study,” Int. J. Impact Eng., vol. 27, no. 1, pp. 19–35, 2001, doi: 

10.1016/S0734-743X(01)00034-3. 

[16] R. S. J. Corran, P. J. Shadbolt, and C. Ruiz, “Impact loading of plates — An experimental 

investigation,” Int. J. Impact Eng., vol. 1, no. 1, pp. 3–22, 1983, doi: 

https://doi.org/10.1016/0734-743X(83)90010-6. 

 


