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Introduction
In this experiment abacus software was used to model the ballistic impact of a bullet and a metal plate. This was done by finding a couple of appropriate metals and designing a plate and bullet model and having the bullet impact. This was done at two different speeds for the sake of comparison, 800 and 1000 m/s. The Bullet had a mass of 160g and the plate was 10cm thick.
For the purposes of this experiment, two metals were used EN GJS 400 18 for the plate and ES-1  for the bullet. EN GJS 400 18 is often used for shock resistant parts like components for tractors and is a generally ductile material. Whilst ES-1  is often used for penetrating munitions due to its high toughness and strength for its cost compared to metals of higher performance previously not used due to cost.  [1][2]
For the model we needed to find values for various physical properties of the two, the most directly notable of these are density, as damage to the projectile was not modeled, and the stress and strain the plate was able to withstand. The projectile had a relatively high density of 7.791 g/cm^3, when compared to most steels at around 6.67g/cm^3. The plate on the other hand had Johnson cook damage parameters (d1-d4) of 0.04, 1.519, -6.905 and -0.023 and A (MPa) of 50.103, B (MPa) of 176.091, N of 0.5176, C of 0.1056 and M of 0.5655. [3][4]
The reason that the chosen velocities were 800m/s and 1000m/s were chosen due to their significance in regard to the difference between the world war 1 and early world war 2 anti-tank guns and the later world war 2 variants designed to pierce more modern tanks, this difference was apparent even prior to the outbreak of world war 2 and significant effort was put into developing guns able to more reliable penetrate the newer German tanks such as the panzer 3, with the improvement from the 2 pounder to the 6 pounder being a decisive difference for tanks and anti-tank roles during the north African theatre, with a defining impact on world war 2. [5]

The metals EN GJS 400 18 and ES-1 (also know as Eglin Steel) were chosen to demonstrate how the improvements in metallurgy have allowed for steel now mass produced for general use to counteract even anti-tank rounds from more modern metals when using older technology. This is significant because of how it demonstrates the difficulty that developing countries have in local production of ranged anti-tank capabilities, making them often reliant on older import models or simpler mines and explosives. [6]

Analysis
The impact model results can be split into 3 key segments, the initial impact, the movement through the plate, and the either full penetration of the plate or the failure to penetrate.
Firstly the initial impact. The initial collision rapidly deforms the plate at the point of impact, but a significant amount of energy also becomes an initial shockwave that damages and weakens the material of the plate. 
[image: A screenshot of a computer screen
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As shown here, the initial shockwave produces regions of tensile and compressive forces, shown on the left with regions of grey and black representing the areas where those forces are respectively most extreme. On the right you can see the shear stresses and their direction with red and blue sowing the shear forces towards and away from the plane respectively. This example is from the 800m/s test.

Second, the traveling through the material, here the mix of rapid compressive forces and the tension forces produced by the shockwave allow the projectile to continue. For example element 14303 as circled below was under a large tension force of 1.40e09 j before the already stressed element was hit by the projectile and destroyed. This shows how despite the much slower velocity the shockwave helps weaken the plate even in the absence of major shear forces (-3.06e07, less than 1/50 of the tension force). The element broke within 2.5e-05 seconds of this moment. This example is from the 1000m/s test
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Thirdly, the region at the opposite side of the plate faces large tension forces as the shockwave bounces off it, here the mix of large shear forces and the tension forces produced by the shockwave break elements and cause spalling. For example, element 8701 as circled above was under a large tension force of 9.80e08 j and a major shear force of -3.83e08j. Based on the resulting spalling and the lack of full penetration by the projectile it can be concluded that the element broke due to the large tension and shear forces. The element broke within 2.5e-05 seconds of this moment. This example is from the 1000m/s test.




Comparison
The key comparison to make with the two speeds is how the stress and strain the plate was subjected to changes over time between the two, and the end result.
Firstly the relative performance through the plate:
[image: A screenshot of a computer
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Shown above is the strain and kenetic energy (left and right respectively) of the simulation for the 800 m/s round, you can clearly see the point of impact and how closely the two mirror each other, with the strain notably continuing to increase after 0.4s dispite most of the kenetic energy having been transformed already, this demonstrates how the shockwave continued to weaken the plate for further penetration dispite the much slowed projectile.
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Shown above is the kenetic energy and the strain (top and bottom respectively) of the 1000m/s simulation, in which we see a similar trend, including the continued strain dispite little change in kenetic energy. However It also has a region in which strain was breifly slightly lowered, which could either be because of a limitation of the model or perhaps because of a reflecting shockwave breifly reducing the impact on the opposite face of the plate.
Two other notable things in this graph is firstly the large amount of kenetic energy remaining after the projectile halted, with the remainder consiting of rotational energy still in the projectile and the energy being propergated through the plate as a shockwave. Secondly is the large and clear difference between the kenetic energy of the two, with the 800m/s projectile having only around two thirds of the kenetic energy of the 1000m/s projectile.Thridly dispite this large difference in kenetic energy the amount of strain the plate was ultimately subjected to, and the change in penetration that resulted was quite small, with an increase to strain less than 1/7th the amount for the 800m/s projectile, indicating that the large increase in energy did not lead to a proportional increase in resultant damage and deformation to the plate.

However ultimately whilst both caused significant damage too the plate, the 800 m/s projectile failed to completely penetrate the plate, halting a centemeter away from the plates end. For use in war this is a decisive difference, as failure to penetrate means that the damage would not be sufficient to cause consiquential damage.
[image: ]
Here you can see both the large number of deleted elements and the viable deformation of the final layer of elements, demonstrating the strain the plate is was put under, despite its ultimate success in blocking the projectile.
[image: ]
Here you can see the result of the 1000m/s, spalling that shows the tension forces and likely fragmentation caused by it, leading to damage to key components or crew compartments within an armored vehicles.  [7]





Limitations
Both the simulation used and the software used (Abaqus) have limitations. Firstly Abaqus naturally has limitations for computing power, thus requiring either a large amount of time or resources to complete simulations. Secondly it has limits to what the model can accurately estimate, with one example of this being that wave speed for the shockwave after impact not being able to go over 1000 m/s. It also isn’t very accurate in modelling deformation, instead only deforming elements until their break point, then deleting them rather then continuing to model then as a more unpredictable material, one that still carries a great deal of significance.
There were also two key limitations in regard to the model, firstly the elements themselves, which were meshed as larger segments, thus making the model less precise and secondly that the projectile itself was modeled as an indestructible and as a mass that cannot be deformed.

Another problem that occurred with the simulation was problems related to rotation of the projectiles made the velocity graph inaccurate, as such the values where calculated based on kinetic energy to the baseline at which the projectiles were halted. Analysis was thus instead done based on kinetic energy.







Conclusion
In conclusion the seemingly small increase in velocity seen by the change of velocity had both a relatively minor increase in damage to the plate and a major increase in resulting value, as reaching the decisive point for penetration made such a large difference in resulting damage to the vehicle, its crew and its performance. 
It is important to note that the plate from the 800 m/s test can be fixed to a serviceable standard with relative ease, even if not  while components for vehicle or turret operation are far more difficult to repair or replace, especially in the field, especially when distant from supply lines, like in north Africa, and of course, trained crew are harder yet to replace.
In more modern examples it demonstrates the limitations of regional actors when dealing with modern metals using systems that are easier to make locally.
Overall the simulation, despite difficulties was able to accurately demonstrate the expected effects.





References

[1] Influence of Metallurgical Treatment on Properties of Ductile Cast Iron GJS 400-18 LT Marianna Bartošová1, a*, Alena Pribulová1, b, Jozef Bibko2, c and Peter Futaš1, d 1 Department of Ferrous Metallurgy and Foundry, Faculty of Metallurgy, Technical University in Košice, Letná 9, 042 00 Košice, Slovakia
[2] Effects of Steel Processing on Property Variations in Eglin Steel (ES-1) A. O’Loughlin, E. Martinez, K. Peaslee, and S. Lekakh Department of Materials Science and Engineering, Missouri University of Science and Technology, Rolla, MO
[3] Applicability of Statistical Flaw Distributions of Eglin Steel for Fracture Calculations Michael V. Hopsona*, Christine M. Scotta, David Lambert
[4] Johnson Cook Material and Failure Model Parameters Estimation of AISI-1045 Medium Carbon Steel for Metal Forming Applications Mohanraj Murugesan Dong Won Jung
[5] Australian Government War Memorial Page on the 2 and 6 pounder anti-tank guns.
2 Pounder Anti-Tank Gun | Australian War Memorial
6 Pounder Antitank Gun (Australia/England) | Australian War Memorial
[6] CIA Unclassified Document
IRAQ: MAJOR WEAPON DELIVERIES AND THEIR IMPACT ON FORCE CAPABILITIES | CIA FOIA (foia.cia.gov)
[7] ARMOURED FIGHTING VEHICLE CASUALTIES * Lieutenant-Colonel M. S. OWEN-SMITH, M.S., F.R.C.S. Professor of Surgery, Royal Army Medical College





2

image1.PNG
i

o SEEBEEsornEegR

al SRS oo
salinan s

LT REREE

NW EEEER =
T

BILEUAL] R
RUBUAETH R
WLJE s 5
Hffvlf,lfffl
LT L
HULUNRER
L 4 L
T T
bl
7 |

I
I

—
I
!
[
I
I
L

ar 27 143
|
F

IE
=
==
i
.
=3
ein
=

I

mEmn e B
| ENmER =
A
B//#LT/
L] T
g i~

L
ARG
5289
L 8B TL,
] ]
B ?mf
[Tt

7L
il
I

I
b
Il

/

1

. Job_800m:
]

/
==
9

Increment

/
B
D

i

/,
ODE;
I
7l
tep: St

It

]

/
/
/
SE
/

)
al

1
. Princ

;Jma'lm
T

Deft
us
T

i

eformed

/
/

T

[





image2.PNG
AMVApL )
NNANZANY
DA

=

N

(][] B3] | [Z] Viewport: 2 ODB: C:/temp/Job-6.0db

[3] Viewport: 1 ODB: C:/temp/Job-6.0db





image3.png
e

<





image4.PNG
[Z] Viewport: 1 Plot: XYPlot-1

[x 1.e3]

Energy

150

1.0b

0.5k

0.6

0.8

1.0[x 1.6-3]

0.0
0.0

0.2

0.4

Time

[S] Viewport: 3 Plot: XYPlot-1-3

[x 1.e3]

a0k

Energy

20,1

0.8

1.0[x 1.6-3]

0.0

ALLAE Whole Model

0.2

0.4

Time

0.6

——— ALLKE Whole Model





image5.PNG




image6.PNG




image7.PNG
NPy
ORI

v

ard Time 2025

FEIRL %
&
95NNy S
|

7 VN
NS
OA
ORI AR
) S OVANY X 4'» X

s





image8.PNG




