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RESUMEN 

 

Hoy en día, los cascos son diseñados para detener fragmentos provenientes de distintos artículos explosivos. 

Últimamente, están surgiendo nuevos requerimientos para la protección balística debido al cambio en las potenciales 

amenazas. Uno de los mejores ejemplos es la necesidad de protección contra munición de pistola 9 mm x 19 mm, 

requerimiento ya presente en el último casco del Ejército Español, Cobat 01, en servicio desde el año 2017. Si bien es 

posible parar este tipo de amenazas, no hay suficientes estudios sobre las posibles lesiones producidas por un impacto 

con una perforación parcial. Las indicaciones actuales no tienen ninguna conexión con ningún criterio; por lo tanto, es 

necesario mejorar el conocimiento en esta área específica. En esta investigación, se ha usado munición 9 mm x 19 mm 

FMJ contra el casco Schuberth, en servicio en el Ejercito Belga para estudiar la deformación producida y su interacción 

con la cabeza. 

 

PALABRAS CLAVE: casco, deformación, impacto balística  

 

 

ABSTRACT 

 

Currently, ballistic helmets are mostly designed to stop fragments from diverse explosive devices. Lately, new 

requirements have emerged for ballistic protection due to the changes of the threats to defeat. One of the most 

remarkable example is the protection against pistol ammunition 9 mm x 19 mm, like the latest helmet in Spanish Army, 

Cobat 01. It is in service since 2017. Although, it is possible to stop this kind of projectiles, there is a lack of studies 

regarding the possible injuries suffered by the user due to non-perforating impacts. Actual limits have no link with any 

injury criteria; thus, it is important to increase the knowledge in this particular area. In this research, 9 x 19 mm FMJ 

projectiles were fired against a ballistic helmet, Schuberth helmet from Belgian Army, to study the bulge generated. A 

study of the results obtained with a head form was done to better understand the interaction between the helmet and the 

head. 
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INTRODUCTION  

 

Modern ballistic helmets are typically produced with 

composite material, based on aramid or ethylene fibres. 

Most helmets have layers upon layers of aramid binded 

together with an epoxy resin to give shape to the helmet 

as well as resist deformation caused by the projectile. It 

is the resin that gives the ‘hardness’ to the helmet. 

Aramid is really nothing more than a cloth that is tear 

resistant, and its layering design makes it shear resistant 

to stop bullets from pushing its way through the threads. 

The layup were design in patterns of materials based on 

woven aramid material pre-impregnate in order to 

construct a helmet. When shaping the shell, the patterns 

were placed one on another so that the gash of each 

layer was shifted from those of adjacent layers. The 

number of layers of the material was mainly the same in 

each cross section of the helmet shell, beside the 

necessary overlap to maintain the ballistic resistance all 

over the shell. 

Ballistic helmets are designed to stop fragments from 

grenades, artillery shells and other explosives devices. 

This threat is generally simulated during testing using a 

Fragment Simulating Projectile (FSP) or Right Circular 

Cylinder (RCC). FSP’s and RCC’s are defined in a 

NATO standard [1]. They were developed for testing 

personal and vehicle ballistic protection with a good 

repeatability and without the necessity of producing a 

blast. Generally, the 1.1g FSP is used for testing 

personal armour systems, including helmets. It is fired 

against the helmet at a designated velocity, typically 

around 600 m/s for modern helmets.  
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For personal protection, as important as stopping the 

projectile is to limit the injuries to the user. Because, the 

user might suffer damages, potentially lethal injuries, 

due to the propagation of shock waves caused by the 

impact and/or the dynamic deflection of the back face of 

the armour system. These injuries have hence been 

dubbed Behind Armour Blunt Trauma (BABT), or more 

specifically Behind Helmet Blunt Trauma (BHBT) for 

helmets impacts. A study performed with cadaveric 

heads exposed the risk of skull fracture for a user 

wearing a helmet for a non-penetrating 9 mm projectile 

[2]. 

It is quite difficult to evaluate the energy needed for the 

deformation of the helmet, while the fracture of the shell 

is produced, or the force involved in the event. This 

topic has so far not been fully addressed by standards, in 

part because of the lack of knowledge, leading only to 

partial testing solutions and the introduction of 

significant simplifications. For instance, standards use 

as a reference different types of clay material without 

any direct link with the human body ([3], [4]).  

Upon impact on the armour system, it may deform to 

accommodate the load produced by the projectile. This 

deformation - called Back Face Deformation (BFD) – in 

contact with the backing material, being some type of 

clay or plasticine, produces also a depression in the 

latter. This depression in the witness material is called 

the Back Face Signature (BFS). Standards assess the 

BABT using the value of the BFS. The deepest point of 

the cavity is measured orthogonally from the reference 

surface. For the helmet, the plasticine is placed in a head 

form, so the reference is the plane tangent to the head. 

There is no unique limit to this indentation and several 

values are mentioned in the different standards. The aim 

of this research is to shown how the shell stops the 

projectile, how the composite bare the loads during a 

ballistic impact, and study how it interact with a user of 

the helmet. 

Nowadays, it has become urgent to clarify this 

relationship because armies have to face new challenges 

and threats including pistol and rifle ammunition. It is 

hence necessary to study how these helmets react and 

load the head of the user in case of a non-perforating 

impact. For this research, 9 x 19 mm FMJ projectiles 

were fired against the current ballistic helmet of the 

Belgian Army, manufactured by Schuberth Gmbh. The 

sample studied consisted of used helmets. At the time 

these helmets were purchased, there were no 

requirements regarding this type of threat; however it is 

able to stop the threat at typical velocities. This type 

helmet is still in use by several Europeans armies and 

newer helmets have similar structure and are made of 

similar materials. 

The aim of the present study was to study the impact 

event, considering the impact force loaded to a head 

surrogate and study the fracture pattern of the helmet 

when impacted with pistol ammunition.  

 

 

EXPERIMENTAL  

 

In order to estimate the ballistic performance of the 

considered ballistic helmets, a universal receiver with 

interchangeable barrel was used to fire the projectiles. 

The projectile velocity is measured with a double 

optical basis, DRELLO LS19 mounted on a frame. 

These light screens are suitable for being used in an 

indoor firing tunnel. The target is positioned 5 m ahead 

of the muzzle. The optical bases are positioned in the 

middle of the muzzle and the target, as shown in the 

scheme in Figure 1. The measurement of the speed is 

corrected to take into account the deceleration of the 

projectile form the centre of the bases to the impact 

point [1].  

 

 
Figure 1.- Ballistic test setup. 

 

1.1 Helmet 

 

The helmet is an aramid composite helmet, pictured in 

Figure 2. The inner structure consists of several plastic 

cylinders and a leather strip. It increases the thermal 

comfort and guarantees the stand-off between the head 

and the helmet. It also acts as a shock-absorbing layer 

for blunt impacts on the helmet shell. 

 

 
Figure 2.- Belgian Army helmet used for the tests. 

 

1.2 Ballistic Load Sensing Head form 
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The surrogate used for testing was the Ballistic Load - 

Sensing Head form (BLSH), manufactured by 

Biokinetics. This system consists of a metallic head 

form equipped with different force and acceleration 

sensors to assess the ballistic impact protection 

performance of helmets, featured in Figure 3. The head 

form enables a direct measurement of the dynamic loads 

imparted to the head by the deformation of a ballistic 

helmet caused by non-penetrating projectiles.  

 

 
Figure 3.- Ballistic load sensing head form. 

 

The BLSH is used to evaluate the instantaneous force 

produced during the impact of a projectile on a ballistic 

helmet. For this, it is equipped with an array of 7 load 

sensors in the impact zone. There are two different head 

forms, the first one has one array in the front and 

another in the back, and the second one has one array in 

each side. A skin - simulating pad covers the sensors to 

better simulate the actual head response. The head form 

is mounted on a flexible neck identical to the Hybrid III 

anthropomorphic test device (ATD). This ATD is the 

most widely used one in the world. It accurately 

simulates the human dynamic response during a crash 

event. As explained in [5], the head was designed to 

simulate a real human head. 

It seems that it would be easier to relate the risk on skull 

fracture with a force value than with BFS in the clay. 

The mechanical properties of the skull are known and 

described in literature [6], and could be related to the 

force measurement obtained from the BLSH. However, 

there is no suggested correlation between the BLSH 

force data and brain injury data [7]. This type of injury 

might be more relevant than skull fracture. 

 

1.3  Ammunition  

 

The 9 x 19 mm full metal jacket (FMJ) projectile 

weighs 7.9 g. This pistol round is very popular and is 

specified in several standards as a testing round from 

organisations such as the previously mentioned VPAM 

and NIJ, or the Home Office Scientific Development 

Branch (HOSDB) ([3], [8] and [9]). The majority of 

police forces and armies in Europe use this pistol round. 

The standard projectile is the FMJ consisting of a 

copper or brass jacket and a lead alloy core. For the 

tests, its impact velocity is varied between 300 and 380 

m/s, by modifying the powder charge. 

 

1.4 Test procedure 

 

The target is aligned and placed on the surrogate as 

explained in [10]. 10 helmets have been tested, shooting 

4 times at each helmet on specific locations (front, back, 

left and right), with a total of 38 fair tests, as described 

in Table 1. 

 

Table 1.- Number of tests for each configuration 

 

 Front Back Right Left 

BLSH 8 8 9 9 

 

The shots on each helmet were done in the same order 

as foreseen in the NIJ standard [11]. After every impact, 

the helmet was removed from the head surrogate. The 

set up was prepared for measuring and impacting all 

helmets at one specific position. Then, the system was 

modified to test the next position.  

 

1.5 Computered tomography (CT)  

 

Micro-Computed Tomography laboratory from the 

Research Nacional Centre of Human Evolution (Centro 

nacional de investigacion de la evolución humana - 

CENIEH) studied some of the impacted helmets with a 

GE Phoenix v/tome/x, pictured in Figure 4. This 

technique provides high resolution and high precision 

images of the internal structure of the sample without 

modifying it. The image processing is done with VG 

studio software. With the data of the CT, 3D models can 

be recreated, obtaining a digital reconstruction of the 

object. These representations show the internal structure 

and allow for virtual evaluations and analyses, such as 

measurements of area, volume, porosity, thickness, 

density or delamination.  

 

 
Figure 4.- Phoenix v/tome/x s (GE Measurement & 

Control) 

 

 

RESULTS AND DISCUSSION 

 

From the BLSH, it is possible to extract a full set of data 

related to the event, in which not only the force, plotted 

in Figure 5, but also the duration and location of the 
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impact or the received impulse received, plotted in 

Figure 6, thanks to the seven sensors. 

 

 

Figure 5.- Peak force versus impact velocity (label: 

helmet sample). 

 

 
Figure 6.- Typical force measurement (projectile 

impacting at 358m/s). 

 

The contact force duration is less than 1 ms, and it takes 

only about 0.2 ms to reach the peak force. The forces 

generated by the deformation of the helmet can be 

related to certain injuries, e.g. skull fracture [12]. 

Modifying the structure of the helmet and improving its 

design might reduce the load transmitted.  

Initially assuming that there were four distinct 

populations, the results for each impact position can be 

characterised by its particular normal distribution. After 

studying if the four populations were related, using an 

F-Test for checking equality of variances, followed by a 

t-test for the average, it was possible to confirm that 

there were only population; the four positions cannot be 

distinguished from each other, plotted in Figure 7. 

 

 
Figure 7.- Peak force vs impact velocity, data with their 

linear regression and confidence interval 95%. 

 

The two most extreme cases were compared, in this case 

helmets “A” and “B”: the impacted projectiles, the size 

of the region of the helmet affected and the liner were 

compared. There do not seem to be any significant 

differences, as seen in Figure 8.  

 

 

 

 

 

 

A 

 

 

 

 

 

 

B 

Figure 8.- Projectiles after the impact (“A” and “B”, 

Back) 

 

As no visible differences have been observed, it seems 

the observed scatter can be attributed to the variability 

of each helmet, due to the manufacturing process and 

the service period, and the inherent scatter of the 

ballistic tests.  

Regarding to the helmet, the BLSH can also be useful to 

study its properties and capacity against a threat. Due to 

the conservation of impulse, the linear movement of the 

projectile is transferred to the helmet. The momentum 

produces locally a bulge and globally the movement of 

the helmet. An ideal helmet would have no deformation 

at all, and it would only move as a rigid solid at very 

low velocities. 

The fraction of momentum corresponding to the bulge 

transferred to the BLSH can be calculated as the integral 

of the force over the time interval of the event. The rest 

of the momentum moves the rest of the helmet and it is 

much less aggressive due to its slower velocity. 

The less fraction of momentum that is transferred 

through to the bulge, the less impulse is transferred 

locally to the head. This reduces the risk of injury of the 

user. In consequence, the impulse can help to analyse 

the level of protection offered by the helmet. For the 

helmet under consideration, the helmet is more efficient 

at lower velocities because it reduces more the 
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momentum that is transferred to the wearer through the 

bulge (Figure 9), with the load to the user increases with 

the impact velocity. 

 

 
Figure 9.- Momentum of the head vs impact velocity. 

 

In order to study the differences attributed to the helmet, 

a CT scanner was performed to the helmets “A” and 

“B”, pictured in Figure 10. 

 

 
Figure 10.- CT scanner, back position, helmet “A”. 

 

Thanks to this technique is it possible to see how the 

composite works to stop the threat and reveal the inner 

structure of the helmet.  

The projectile can get through the first layers; fibbers 

are perforated, cut by projectile. Then, the rest of the 

structure deforms and delaminates, absorbing the kinetic 

energy of the projectile. During this process, the 

projectile is flattened and finally stopped. 

This technique offers an inner view of the structure and 

allows to evaluate the surface of the helmet affected by 

an impact, or the delamination distribution, as seen in 

Figure 11. 

 

 
Figure 11.- CT scanner, right position, helmet “A”. 

CONCLUSIONS 

 

In this study, a population of used in service ballistic 

helmets have been studied against ballistic impacts.  

The impact of the projectile produces a partial 

perforation that affect locally to the whole structure of 

the helmet. Detailed information can be retrieved form 

the CT scanners of the post-mortem samples. The 

different mechanisms involved to stop the projectile are 

revealed. 

The load of the head is not dependent on the position of 

the impact on the helmet. It depends of the impact 

velocity, following a statistical distribution. This means 

that the probability to reach a certain level of force can 

be estimated. Further investigation has to be done in 

order to know the correct level of acceptable BHBT.  

The momentum absorbed by the helmet is reduced with 

an increase of the impact velocity. This means that the 

helmet becomes less effective when protecting against 

faster threats. 
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