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Figure 1: Dimensions of the projectiles given in mm [1]. 
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Figure 2: True stress–strain curves under quasi-static condition and room temperature for steels (left) and ballistic limit velocities versus target strength for different nose shapes (right) [2]. 
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Fig. 5. Sketch of compressed gas gun used in the tests [26].
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Fig. 6. Geometry and dimensions of the projectiles given in mm; blunt (left), conical (middle) and ogival (CRH=3)
(right).
1.5m from the muzzle. The projectile then travelled freely through the initial velocity
measurement station before it finally impacted the target after about 2m of free flight.
The projectiles were manufactured from Arne tool steel with a nominal mass and diameter
of 197¢g and 20 mm, respectively. In order to keep a constant mass, the length of the projectile
varied slightly depending on the nose shape. The dimensions of the projectiles are given in Fig. 6.
After machining, they were oil-hardened to a nominal Rockwell C value of about 51-53. The
projectiles were finally measured and equipped with fiducial marks for high-speed camera
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1 right) and plotted as a function of the target strength. The high-speed camera footage revealed that the conical
and ogival projectiles perforated the steel plates by a combination of ductile hole growth and petalling, while the
blunt projectiles perforated the steel plates by plugging. Ductile hole growth is a perforation mechanism where
pointed nose projectiles open a tiny hole in the target plate. The hole is enlarged by plastic deformation along the
projectile path, i.e., the process is controlled by plastic flow. As the resistance against plastic flow increases with
target hardness, it was as expected found that the ballistic limit increased with target strength. Plugging caused by
blunt projectiles is on the other hand a perforation mechanism governed by ASB. For this nose shape, the ballistic
limit decreased with target strength, which was a somewhat surprising result.
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Figure 1: True stress-strain curves from quasi-static uniaxial tension tests for the steels (left) and ballistic limit
velocities versus target strength for the different projectile nose shapes (right) [1].
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Fig. 1. Engineering stress—strain curve under quasi-static condition and room temperature for Weldox 460 E, Weldox
700 E and Weldox 900 E.
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Table 1

Chemical composition (weight %) of Weldox 460 E, Weldox 700 E and Weldox 900 E

Material C Si Mn P N B Nb Cr V Cu Ti Al Mo Ni N
W460 0.16 05 1.7 0.025 0015 0.05 0.10 0.02  0.015 0.05 0.1 0.015

W700 020 06 1.6 0020 0.010 0.005 004 07 009 03 004 0.015 070 2.0 0.015
W900 020 05 1.6 0020 0.010 0.005 004 07 006 03 004 0.018 070 2.0 0.015

900 E consist of tempered martensite. The pearlite in Weldox 460 E makes the material highly
ductile, while giving a reduction in strength. The dark pearlite lies in layers between whole grains
of ferrite, which can be seen in Fig. 2. The martensite in Weldox 700 E and Weldox 900 E
indicates high strength, but also high brittleness. In order to make the alloys more ductile, the
martensite has been exposed to tempering. This is a microstructure that consists of small ball-

shaned narticlece of iran carhide which have heen nrecinitated hetween the martencite needlec M
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