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1. Introduction  

Despite last decades with no traditional full scale war the world is far from being a peaceful place. 

Regardless of their nature, local conflicts or the new emerging hybrid war, are violent and take lives of 

both military forces and innocent civilians. The following (Fig. 1) is a list of ongoing armed conflicts 

that are taking place around the world and result in violence. 

 

Fig. 1. Ongoing conflicts worldwide in 2019 [1] 
 

During the missions or in tactical field, vehicles are subjected to various threats that may be able to 

come from all directions top, front, back or side and even from the bottom: armour piercing projectiles 

of small and medium caliber, shape charge and EFP ammunitions and missiles (eg. PG7 rounds), mines 

and improvised explosive devices. The need to protect lives is the main stimulating factor that drives 

continuously the research in the vehicle protection area.  

In face of such threats, the monolithic metallic vehicle hull of simple shape is clearly obsolete, 

having no ability to mitigate the blast load and a low capacity to defeat armour piercing ammunition or 

high velocity fragments. In this situation the need to improve protection in all parts of the hull is 

obvious. 

Currently, most of the work on the development of new passive solutions for light combat vehicles, 

beside the protection against blast threat, addresses the small caliber piercing ammunition threat. 
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2. Trends in vehicle ballistic protection improvements 

The kinetic threat was usually address by replacing of traditional materials with new materials with 

superior mechanical properties. Thus new generation of steels (AERMET, ARMOX, FERRIUM, 

MIILUX, BAINITIC) have been made in recent years with yield and fracture limits between 1200 - 

2000 MPa, respectively 1400 - 2300 Mpa [2-4]. Also the new aluminum alloys were introduced in 

protection solutions. Special attention was given to fabrics from performance fibers (eg. Kevlar, Tvaron, 

M5, Dyneema) [5] that have shown the ability to reduce the spalling threat, associated with close blast or 

kinetic impact.  

UHMWPE fibers are some of the most resistant fibers, being 10 times stronger than steel and up to 

40% more resistant than the organic fibers. The strength derives from its polymeric nature, Van der 

Waals weak links summation between molecules. Instead to be woven like other types of fibers in 

ballistic applications, the UHMWPE fibers of 10–20 μm diameter are glued in a thermoplastic polymer 

matrices and form unidirectional sheets containing ~ 85% by volume fibers [6]. The best ballistic results 

are obtained when these tapes are laminated in cross-ply [0°/90°] configuration [7]. These laminates are 

usually attached to the rear of an armor system or molded to form a protective structure (Fig. 3) [8]. The 

UHMWPE ballistic applications were studied at the national level too, namely the capacity of 

UHMWPE bare plate to stop the 7.62×39 mm lead core bullet [9]. 

Armor made with UHMWPE technology imposes a new standard in ballistic protection in a lighter, 

flexible solution that enhances comfort, mobility and efficiency. It can reduce armor weight up to 20% 

without reducing ballistic performance, which translates directly into an improved performance of 

vehicles, comparable to traditional materials [7]. 

Ceramics, like alumina, combined with metallic or composite support plates offer some of the best 

known protection/areal density ratio [10]. 

A specific category of armor with very good results is represented by add-on armour barriers, like 

reactive armour [11] and passive cage armour for shape charges [12] or hard steel perforated plates for 

armor piercing projectiles, which are designed to interact and disrupt the threat before the impact of 

main armour [10,13-14].  

As a first conclusion of the above analysis is that there are many research directions to improve 

survivability of vehicles and of its occupants and is not a single path to an optimal solution, the 

numerous initiatives and innovative proposed approaches being usually orientated to defeat just one type 

of threat. 

 

3. Perforated plates 

As regards the perforated plates, the experimental and numerical studies dedicated to the add-on per-

forated armour plates manufactured from high hard steel have shown a ballistic protection capability 

against armour piercing projectiles similar to ceramic faced armour [15]. For example, Miilux Ltd Com-

pany has developed the perforated ballistic steel, Perforated Miilux Protection 500, used for add-on ar-

mor application to protect the vehicle and its occupants against 7,62 mm armour piercing ammunition. 

Classical perforated steel plates used as add-on armour have a certain potential to defeat ballistic 

threats [16], the main identified mechanisms being [17]:  

- asymmetric forces causing the projectile to deviate from incident trajectory,  

- the projectile core fracture and 

- the projectile core nose erosion. 

Different holes configurations have already been studied: circular holes, triangular holes or other 

types of holes [18-20]. The effect and efficiency of the geometry, mechanical properties, thickness, 

obliquity, size and shape of regularly spaced holes on ballistic resistance of perforated high hardness 

steel plates has also been studied (Fig. 2) [21, 22]. Higher efficiency was observed for plates with hole 

sizes close to the projectile diameter and their presence inhibits shear band formation in the target plates 

[23].  
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Fig. 2. Typical example of perforated steel armor plates developed in scientific community 

[18,24-27] 

 

One major drawback of the current steel perforated add-on armor is the inconsistency of effects 

produced on the projectile [17]. Both core breaking and deviation are highly dependent on the projectile 

point and angle of impact [28]. At a normal impact on the center of a perforation the projectile it is 

affected to the smallest extent and no deviation occurs (Fig.3).  

 
 

Fig. 3 Unaffected core passing through a hole [17] 

 

4. Conclusions 

Based on previous considerations, the following conclusions can be drawn: 

 The add-on amour barriers made of perforated steel plates posses a ballistic protection 

capability similar to ceramic faced 

 The potential of perforated amours is given by the ability to disrupt the amour piercing 

core 

 One major drawback of the current steel perforated add-on armor is the inconsistency of 

effects produced on the projectile 

 

Acknowledgment 

This work was supported by a grant of the Romanian Ministry of Education and Research, CCCDI - 

UEFISCDI, project number 402PED/2020, within PNCDI III. 

 

 

 



Proceedings of International Scientific Conference ―Defense Technologies‖ DefTech 2021, 

Faculty of Artillery, Air Defense and Communication and Information Systems 
 

 

ISSN 2367-7902   267 

References 

1. https://en.wikipedia.org/wiki/List_of_ongoing_armed_conflicts 

2. http://www.ssab.com/en/Brands/Armox/ 

3. L. Wang et al., Improvement of Toughness of Ultrahigh Strength Steel Aermet 100, J. Mater. Sci. 

Technol., Vol.21 No.5, 2005 

4. http://www.bainitesteel.com/ 

5. L. Wang et al., Recent Trends in Ballistic Protection, Textiles and Light Industrial Science and 

Technology (TLIST) Vol. 3, http://www.tlist-journal.org DOI: 10.14355/tlist.2014.03.007 37, 2014 

6. B. P. Russell, K. Kandan, V. S. Deshpande, N. A. Fleck, The high strain rate response of 

UHMWPE: from fibre to laminate, Department of Engineering, Cambridge University, UK 

7. Lionel R. et al., Examining the Relationship Between Ballistic and Structural Properties of Light-

weight Thermoplastic Unidirectional Composite Laminates, ARL-RP-0329, 2011 

8. M.R. O‘Masta et al., Mechanisms of penetration in polyethylene reinforced cross-ply laminates, 

International Journal of Impact Engineering 86, 249–264, 2015 

9. Luminița Cristina ALIL, Liviu Cristian MATACHE, and Simona Maria SANDU, Numerical 

Simulation of a Ballistic Impact on Tensylon® UHMWPE Laminates Using the Plastic Kinematic Model 

in LS-Dyna® Journal of Military Technology Vol. 1, No. 1, Jun. 2018 

10. Ian Crouch, The Science of Armour Materials, Woodhead Publishing, september 2016 

11. Paul J. Hazzel, Armour: Materials, Theory, and Design, CRC Press, july 2015 

12. Ernest Baker, Douglas Templeton, Ballistics 2011: 26th Intern. Symp., DEStech Publications, 

2011 

13. Ravid Moshe, Hirschberg Yoav, Perforated armor plates, EP 1 705 452 A1, 2006 

14. Sebastian Balos, Leposava Sidjanin, Metallographic study of non-homogenous armour impacted 

by armour-piercing incendiary ammunition, Materials and Design 32, 4022–4029, 2011 

15. http://www.miilux.fi/wp-content/uploads/2013/03/perforated_miilux_protection_500_2015.pdf 

16. Bidyapati Mishraa, B. Ramakrishnaa, P.K. Jena, K. Siva Kumara, V. Madhu, N.K. Gupta, Ex-

perimental studies on the effect of size and shape of holes on damage and microstructure of high hardness 

armour steel plates under ballistic impact, Materials & Design Vol. 43, pp. 17–24, 

http://dx.doi.org/10.1016/j.matdes.2012.06.037, 2013. 

17. Namık Kılıc, Said Bedir, Atıl Erdik, Bulent Ekici, Alper Tasdemirci, Mustafa Guden, Ballistic 

behavior of high hardness perforated armor plates against 7.62 mm armor piercing projectile, Mat. and 

Design, 63, (2014) 427–438 

18. Tarsi Y. Ben –Moshe D. Rosenberg G., An armour assembly for armoured vehicles, European 

Patent EP 0209221 A21, https://www.google.com/patents/EP0209221A1?cl=en, 1987. 

19. Auyer R. A., Buccellato R.J., Gidynski A.J., Ingersol R.M., Sridharan S., Perforated plate ar-

mor, International patent No WO 89/08233, 1989. 

20. Mosche and Hirschberg, Ballistic armor, European patent EP 1574810 A1, 2006. 

21. Balos S., Sidjanin, L., Metallografic study of non-homogenous armour impacted by armour-

piercing incendiary ammunition, Materials and Design 32, pp. 4022-4029, 2011, 

22. Syed Mufeez Ahmed, C. Anil Kumar, Mechanical Characterization and Analysis of Perforated 

Fibre Metal Laminates, International Journal of Engineering Trends and Technology (IJETT) – Volume 

13, No. 1, ISSN: 2231-5381, http://www.ijettjournal.org Page 18, 2014. 

23. Langdon, G. S., Nurick, G.N, Balden, V.H., Timmis, R. B., Perforated plates as passive mitiga-

tion system, Defence Scence Journal 58, pp 238-247, 2008. 

24. http://www.mtladv.com/ 

25. Li H. DMTC Project PT.1.3, Low profile Body Armour, 2013. 

26. http://www.rankarmor.com/html/no_vehicle.php 

27. Ministry of DEfence, 2011 New Armour Steel Showcased at DSEi (Retrived from U.K). 

28. Adam WIŚNIEWSKI, Paweł ŻOCHOWSKI, ADD-ON PASSIVE ARMOUR FOR LIGHT AR-

MOURED VEHICLES PROTECTION, 2013 

file:///E:/EDITOR/КОНФЕРЕНЦИЯ%20DTF/СБОРНИЦИ/Vol.%2043



