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Overview

• Introduction
• Experimental setup, results and 

discussion
• Conclusion
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Introduction

- Small calibre ammunition
- Fragments
- IED
-...

VIP vehicles

Light armoured vehicles

Logistic vehicles
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Introduction

Armour materials:
-Metals
-Ceramics
-Fibre
-Composites
-...
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Introduction

Armour materials:
-Metals
-Ceramics
-Fibre
-Composites
-...

A B A L

STANAG 4569 Level 1

High hardness steel plates:
-Moderate cost
-Known processing path
-Not weight-inefficient
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5.56 x 45 NATO Ball (M855, SS109,...)
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Thyssen-Krupp Secure 500
(high hardness ballistic armour plate, 480-530 HB)
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Introduction

V50 OK

V50 not OK!!!
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Single armour plate

Armour plate behind car door panel

More material, less 
protection!!!
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Experimental setup, results 
& discussion
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Bodywork effect

Explanation 1:

Steel penetrator loses jacket after 
penetration of first plate.

Steel penetrator penetrates second 
(armour) plate due to increased energy 

density.
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Experimental setup, results 
& discussion

Analytically*:

Case 1: complete projectile

Case 2: steel penetrator and lead slug
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* Based on the technical drawings FN SS109

Experimentally:

High speed photography 
(1mm mild steel plate)

Soft recovery
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+ Nsiampa et al. (23rd ISB) 
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n Experimentally:

High speed photography 
(1mm mild steel plate)

Soft recovery
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Experimental setup, results 
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Bodywork effect

Explanation 1:

Steel penetrator loses jacket after 
penetration of first plate.

Steel penetrator penetrates second 
(armour) plate due to increased energy 

density.
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Experimental setup, results 
& discussion
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Bodywork effect

Explanation 2:

Penetration through first plate changes 
geometry of projectile nose 

(flattening).

Changed geometry changes 
penetration mechanism during impact 

on the second (armour) plate.
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• Adapted projectile geometry:

Truncated nose
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4 different projectile – target combinations:
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Experimental setup, results 
& discussion
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n Test Projectile
Thickness 

bodywork plate 
(mm)

Thickness 
armour plate 

(mm)
V50 (m/s)

1 / 6.5 1002.5

2 1 / 40.2**

3* 1 6.5 963.9

4 / 6.5 910.2

* 10 mm air gap
** Residual velocity measurement
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n Test Projectile
Thickness 

bodywork plate 
(mm)

Thickness 
armour plate 

(mm)
V50 (m/s)

1 / 6.5 1002.5

2 1 / 40.2**

3* 1 6.5 963.9

4 / 6.5 910.2

* 10 mm air gap
** Residual velocity measurement
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±40m/s
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Experimental setup, results 
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n Test Projectile
Thickness 

bodywork plate 
(mm)

Thickness 
armour plate 

(mm)
V50 (m/s)

1 / 6.5 1002.5

2 1 / 40.2**

3* 1 6.5 963.9

4 / 6.5 910.2

* 10 mm air gap
** Residual velocity measurement
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±90m/s
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V50:

963 m/s

40 m/s

910 m/s

≈

+
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Limited ductility even further 
reduced due to shear localization

Plugging

Standard
projectile

Adapted
projectile
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Conclusion

• Bodywork effect caused by 
changed projectile shape, 
which leads to enhanced 
plugging failure.

• Importance of in-situ testing!!!

• Be careful with norms and 
standards!!! Check real value.
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Conclusion

• Numerical simulation
– Dynamic material characterization

• Other projectiles
– 7.62 x 39 M1943 Soviet
– AP (hard core)
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