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1. SECTION 01 – ABSTRACT / EXECUTIVE SUMMARY 

The aim of this physics simulation is to analyse the effects of ballistic impact and stress-strain rates, through computational modelling of a projectile, when striking a target.  The projectile is to be of an aerodynamically ballistic shape, in motion, while the target will be flat, and stationary.  Both the projectile and the target will be created as three dimensional objects, with a given mass and material properties.  Both the projectile and the target will be created as models in the Abaqus programme.

Using Abaqus to create a set of models, assign both dimensions and material properties, allows lab-based multi-physics simulation testing of the impact of the projectile as it is propelled at a series of given velocities, towards the target.

The lab-based coursework was carried out between May and July 2023.  The main tasks were to create the models, establish an impact of one on the other, and analyse the stress and strain values demonstrated by the impact.

In order to emulate the damage caused, and stress and strain values, the plate was given to be aluminium, and comparative in size to a standard target plate, and larger in mass and dimensions to the smaller projectile.  
In an attempt to simulate, and be realistically similar to that of an aerodynamic, rifle-fired, Steel-bodied bullet, impacting into the plate, the projectile was therefore modelled on scaled-up, approximated external dimensions, from those of a NATO Standard 7.62mm x 51mm Ball Round [1], due to the requirement to ensure proportions including a rounded tip and boat-tail, giving a more realistically aerodynamic projectile, and also due to the practical experience of having observed fall of shot of this calibre of rifle-fired rounds, into similar target plates.
The given values for material properties are described later in this report.























2. SECTION 02 – INTRODUCTION

Abaqus is an engineering physics modelling programme [7], which amongst other powerful simulation models, allows for the creation of impact strike simulation, with the input of variables, such as material properties, trajectory, velocity and impact of one object, or in this case a projectile, model on another, and the demonstration of stress and strain properties.  In this course-work study, and report, a projectile travelling at a given speed, and the stress / strain demonstrated on a static target object.  Once models and material properties are established and analysed, the speed of the projectile will be varied, to compare both the stress and strain on the target, and on the projectile.  For this report, the only variable will be the speed of the projectile.  The target will remain stationary.  This will allow the level of penetration of the projectile, and deformation of both projectile and target to be analysed.

For this report the focus is on the principles of describing the motion of an object subject to Lagranian mechanics, which describes the state of motion for a particle through kinetic and potential energy [8].  The Lagranian mechanic is also used to describe a path of an object, in this case the projectile, on a defined path through space [8].

The hypothesis of the report is that the aerodynamic nature of the ballistic projectile in flight, should penetrate an aluminium target – as this is the design of the projectile, or indeed a bullet.


FURTHER DEFINITIONS & EQUATIONS USED IN ABAQUS

· Johnson-Cook Plasticity model:  Briefly, a type of Mises model of plasticity, suitable for high strain-rate deformation.  This can be applied to many materials such as metals used in the Report.  Is also applied to the progressive damage and failure rates, such as those modelled in Abaqus [9]. This is considered to be the most accurate model for rates of high-strain scenarios such as a high velocity impact of a projectile upon a target [9].

· Young’s Modulus:  Used to describe how a material will deform and stretch under stress and strain, and where it’s breaking point will be.  In this Report, leading to penetration of a projectile through a static target plate [10]

[image: ]

(E) = property of material, describing how easily the material will stretch and deform,
Defined as the ratio of tensile stress (σ) to tensile strain (ε). 

Where stress is the amount of force applied, per units of area  (σ = F/A)

And strain is extension p/unit (l ), so  ( ε = dl / l ), where dl  = change in length.








	Other stress forces to be considered:  Tensile Force





Compressive Force






Shear Force






									Adhesive


· Poisson’s Ratio:  Describes the transverse strain, normal to the applied load, relative to the axial strain in  the direction of the applied load [11]










Figure 01 [11]
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     Figure 02 [11] – Poisson’s Ratio of metals

· Strain:  Deformation of a material due to stresses induced on it.  Stresses can be various, as shown above.  When taken with Young’s Modulus, also above, this can demonstrate where the “bending” strain will end, and the material will “break”.

· Gravity:  A given value of 9.81 m/s2 

· Brittle Material:  Ordinarily a strong material, that will hold it’s integrity, until a breaking point

· Ductile Material:  Ordinarily ductile materials have a greater elastic property, and will bend a greater deal, before breaking







3. SECTION 03 – METHODOLGY

For the purpose of this Report, the material properties were set, and the projectile velocity was varied, to establish the differing penetration effects.

The variety of velocities is to establish differentiations in potential propellant, weapon systems or types of ammunition.

These are described below - Velocities used in simulations, named as “Load” in Abaqus:	
190m/s	- Muzzle velocity of Scorpion Air Rifle [3]

370 m/s	- Muzzle velocity of Small-Bore Rifle (CSBTR L144A1) [3]

800 m/s	- Initial velocity, to demonstrate Penetration from standard rifle muzzle velocity (lower approximation of L81A2 CTR – actual 870ms) [3]

1500 m/s	- Increased velocity to demonstrate higher penetration stresses, similar to lower threshold of hyper-sonic velocity missiles
	
2530 m/s 	- Fragment impact testing for Insensitive Munitions (IM) (UN Series 7 type (l) test prescription fragment impact velocity 2530 ± 90 m/s, in alignment with standard Method 1 from AOP-4496 [2]

Dimensions used in Abaqus models:

Plate	- 0.3m2  x 0.035m  (Aluminium material properties)
See Appendix A, for images of Plate/Target

Represents:  Standard 1x foot square target plate

Projectile:	- 0.052m Length 	
- 0.006m Radius  (Steel material properties)
See Appendix A, for images of Projectile

Note:  Modelled on approx. basic external anatomy of a NATO Standard 7.62mm x 51 Ball Round [1]

The material properties were assigned in Abaqus, as Aluminium for the Plate/Target, and Steel for the projectile.
For the stress-strain model problems and materials in Abaqus, an Explicit Solver was used.
Extremely small time-steps were used, as the velocities selected for testing were increasingly high.  Step time: 40000-05 Increment: 2000
Young’s Modulus and Poisson’s ratio were entered in Abaqus to represent the elastic behaviour of the aluminium plate.
Johnson-Cook Plasticity model parameters were entered into Abaqus to simulate the plastic behaviour.  
Materials chosen for the Target Plate and Projectile: 
Target Plate – Aluminium.  Aluminium was chosen for the Plate, as this is a realistic representation of the types of target plate often used by the British Military, for ballistic testing, such as fall of shot, and explosive and fragmentation testing.  It also a highly ductile metal [12].  Aluminium plate model plasticity and damage were entered into Abaqus values using the dialogue box for constants.
Projectile – Steel.  Steel was selected for the purpose of this Report, as it is typical of a standard NATO bullet.  Steel has a reliable state of tensile strength (see below), and this is the reason it is often used in the manufacture of bullets.  Steel core bullets will often deform upon impact with a target, but will maintain a high level of ductile stability, and often only deform upon impact with a target of much greater tensile strength.  Steel plate model plasticity and damage were entered into Abaqus values using the dialogue box for material constants.
[image: ]
				Figure 03 [13]  Steel core bullet, failure models   
 


The models were created in Abaqus, by entering the dimensions, and allocating the radius through 360 degrees, for the projectile, and by depth of plate, for the target plate.
Both models, or objects, were then allocated the material qualities of Steel and Aluminium, respectively, by entering the values into the values box of each.  Both objects were meshed and nodes allocated for simulation of impact.  Both objects’ material values were given as constants.
The simulation is a two-part simulation, to demonstrate a collision.  The trajectory is a direct path, with the projectile impacting the target from a 90o right-angle.  This is to fully record the impact and stress-strain properties on both projectile and target, rather than an oblique angle, as an oblique angle impact would also subject the projectile to axial and radial forces [1], which would directly affect the results, and may lessen the penetration and damage caused on one, or both objects. 
The variable, for the purpose of this report was the projectile velocity, as mentioned in the Section above.


4. SECTION 04 – RESULTS

The results of the Abaqus simulated impact at each velocity of projectile are shown in the graph below.

Velocity:	190 m/s	
370 m/s
800 m/s
1500 m/s
2530 m/s 
[image: ]
Figure 03 – Graph showing speeds of projectile at moment of impact at end of simulation

NOTES:  While the initial simulation was set to 800m/s, for the purpose of the report, a variety of realistic projectile velocities were introduced, to the load, based on the weapon systems and impact testing listed in Methodology.

Time scale is simply listed as 00 to 01, representing 0% to 100% of simulation time, or conclusion of simulation.  This was agreed to be the best way to show results, as the lower velocities would have to be shown as a magnitude of x10 shorter than the higher velocities, if shown in actual time, having finished the collision in a much shorter scale of time.
The more important conclusion is the velocity over the duration of the collision.

The data has been simplified to 3x key data points, in the graph, with each point referencing a chosen point on the projectile model, at each velocity.  The results show the start Velocity, the Velocity following impact (point of impact shown by blue line), and final Velocity.

The lower Velocity of 190 m/s shows 4x data points, as this seemed to show an anomalous data point, where the projectile slowed to less than zero m/s, following impact. 

The higher Velocity of 2530 m/s would not complete the Simulation, in Abaqus, in the given time allowed for course-work to be completed.  It has been listed for completeness.


IMAGES (ALSO SHOWN IN MORE DETAIL IN APPENDICES)
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Figure 04:  (Image 01) 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION

[image: ]

Figure 05:  (Image 03) 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION, TOP DOWN SHOWING RIPPLES OF STRESS in PLATE
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Figure 06:  (Image 17) 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING SHEAR STRESS in PLATE AND ROUND


[image: ]

Figure 07:  (Image 18) 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE, RIPPLES OF STRESS in PLATE


The key information to be taken from the stress data demonstrated in the simulations is that the projectile will penetrate the target even at lower velocities.

Where compared the shear stress and deformation of the target plate, around the projectile, as the model penetrates, shown in fig. 07 above, is approx. between 3,000e-07 to 2,500e+06, where this strain is spread over a large area around the projectile impact.  
In fig. 06 above, the tensile stresses are localised, and more concentrated with extremes of approx. 1200e+08, in small areas, as the projectile penetrates the target, and lower concentrated stresses of 4,000e+08 to 8,000e+08.  The tensile stress appears in “clusters”, with a large area surrounding the impact showing little to no change in shear stress.

[image: ]

Figure 08 (Image 15) 20230703  7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING SHEAR STRESS in PLATE

Comparatively, in Fig. 08, above, measuring the variation in shear stress at a projectile velocity of 800m/s, similar clusters of stress appear with extremes of 1,200e+08 to 6,333e+07, in the target plate.
  
[image: ]

Figure 09 (Image 16) 20230703  7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE

When the tensile stresses at the lower velocity of 800m/s are considered, in Fig. 09 above, it shows the stress dissipating in waves away from the impact site.  This is to be expected, flowing outwards in a capillary wave deformation.  It would appear in both cases that the shear stress is dominant to the tensile stress, in concentrated areas, where the tensile stress flows outward and is absorbed by the surrounding material.
The lower and higher velocities appear to have a similar effect on the target plate, and projectile.  This is due to the ductile properties of aluminium in the target, and the more dense, stronger, but brittle projectile.  
This is evident in the ductile failure of the target plate, not brittle failure or fragmenting [1], allowing the projectile to penetrate through, with no deformation of the projectile.  A wider projectile, of a similar material property, would possibly have shown pettling, or spalling in the target plate.  Ductile failure demonstrates that the projectile is successful in it’s intended use.


5. SECTION 05 – CONCLUSION

The objective of this course-work and report was to create and model a simulation of an impact of a projectile on a stationary target.  The data generated on the material stress and strain would then be analysed 
In summary, the results and data produced re-enforce the reasoning and design of modern ballistic projectiles.  In reality, a steel core, or entirely steel material projectile, when fired towards a static aluminium target, will result in deformation of the target, by the projectile, and in sufficient velocities will cause the projectile to entirely penetrate the target.
The results clearly show that the projectile will penetrate the target at even the lowest variable of the velocity used, in 190m/s, and that at greater velocities, up to 1,500m/s as successfully simulated, the target will not stop the projectile.  
The hypothesis that the projectile design, as an aerodynamically efficient, ballistic round, or bullet, is a successful, and proven design for overmatching and penetrating the target, is correct.
EVALUATION

The simulation could be improved with more time spent in increasing the limits of the velocity.  It could be simulated down to the lesser required velocity limit, to prevent penetration of the target.  Increasing the velocity further than the upper limits simulated, 1,500 m/s would prove little, as it could be hypothesised that ductile failure of the target material will most often occur.  More nodes placed in proximity to the impact area could provide a higher amount of detail in the stress-strain figures generated, but this would likely not change the outcome of the simulation.  Some simplification of the materials used could be argued to also simplify the results generated.  For example, the standard NATO 7.62mm round / model simulated, features a steel core and copper outer jacket [1], which may effect material property stress, in that copper is a more ductile material, but it is unlikely that this detail would have affected the overall outcome of the simulation. 

More time spent on computer modelling could have also improved the accuracy of results.

If re-creating the simulation, variations in the material properties could be introduced to confirm at what point the target would prevent penetration of the projectile, even at greater velocities.  Variation of the shape of the projectile model could also provide damage and stresses other than ductile failure.  Spalling, or fragmentation could be created if using a more brittle material value for the target, or a more ductile material for the projectile model.




APPENDICES
APPENDIX A1 – ABAQUS IMAGES
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Image 01: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION
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Image 02: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION, SHOWING RIPPLES OF STRESS in PLATE

[image: ]

Image 03: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION, TOP DOWN SHOWING RIPPLES OF STRESS in PLATE
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Image 04: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION
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Image 05: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION, SHOWING RIPPLES OF STRESS in PLATE
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Image 06: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION, SHOWING RIPPLES OF STRESS in PLATE
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Image 07: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms  CROSS SECTION, SHOWING RIPPLES OF STRESS in PLATE, ROUND EXITS PLATE
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Image 08: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE
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Image 09: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE
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Image 10: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE AND ROUND
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Image 11: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE
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Image 12: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE
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Image 13: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE
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Image 14: 20230531 7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING STRESS in PLATE, ROUND EXITS PLATE







APPENDIX A2 – SHEAR STRESS AND TENSILE STRESS IMAGES
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Image 15: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING SHEAR STRESS in PLATE
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Image 16: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  800ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE
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Image 17: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING SHEAR STRESS in PLATE AND ROUND
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Image 18: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE, RIPPLES OF STRESS in PLATE
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Image 19: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE, RIPPLES OF STRESS in PLATE
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Image 20: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE, RIPPLES OF STRESS in PLATE
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Image 21: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE, RIPPLES OF STRESS in PLATE
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Image 22: 20230703  7.62mm representative round (Steel), Plate (Aluminium)  1500ms -  CROSS SECTION, SHOWING TENSILE STRESS in PLATE, AND ROUND




REFERENCES

[1]	Penetration of Metallic Plates by Kinetic Energy Projectiles - Muhammed Çakır - 2014 

[bookmark: _GoBack][2] 	North Atlantic Treaty Organization, Allied Ordnance Publication -4496, Fragment Impact Test Procedures For Munitions, Edition A Vers 01  aop-4496_edn_a_ver01_fragment_impact_test_procedures_for_munitions_-_e.pdf (nato.int)

[3]	Cambell College Combined Cadet Force “Let’s talk about…ammunition” Let’s talk about … ammunition – Campbell College CCF Author: Capt. Nick – Campbell College CCF 

[4]	ieee-style-guide.pdf (bath.ac.uk)

[5]	What Is Aerodynamics? | NASA

[6]	Getting Started With Abaqus | SIMULIA Tutorial - YouTube

[7]	MANE 4240/ CIVL 4240: Introduction to Finite Elements - Professor Suvranu Du 

[8] 	Lagrangian Mechanics For Beginners - Lagrangian Mechanics For Dummies: An Intuitive Introduction – Profound Physics

[9]	Johnson-Cook Plasticity ABAQUS Analysis User's Manual (v6.6) (wustl.edu)

[10]	What does Young’s Modulus tell us about a material? – University of Birmingham (Physics - Young's modulus - University of Birmingham)

[11]	Engineering Toolbox - Poisson's Ratios Metals (engineeringtoolbox.com)

[12]	How String is Aluminium - AKSHITA MAPARI How Strong Is Aluminum (Is Malleable Or Brittle Or Ductile?) - (lambdageeks.com)

[13]	Research Gate: Bullet Material Properties Table 3 - Jovan Jovicic  Bullet Material Properties | Download Table (researchgate.net)

[14] 	A Comparative Study on Johnson–Cook, Modified Johnson–Cook , Modified Zerilli–Armstrong and Arrhenius-Type Constitutive Models - De Gruyter July 29, 2019








BIBLIOGRAPHY

1. The scaling law can be applied to predict the performance of targets perforated in ductile hole formation with a high level of confidence, an example of which is provided for the 12.7 mm APM2 projectile against a range of aluminium alloys. - Consensus

2. law of conservation of energy – khlel (jwf.org) 

3. Terminal Ballistics, Britannica -  

4. Finite Element Analysis Software | Autodesk 

5. 2019-STORM-SHADOW-datasheet.pdf

6. What Is Aerodynamics? | NASA

7. NASA - Dynamics of flight Dynamics of Flight (nasa.gov)

8. Passive Voice - Tim Corson and Rebecca Smollett, University College Writing Centre, University of Toronto. Passive Voice: When to Use It and When to Avoid It | Writing Advice (utoronto.ca)

9. The Lagrangian Method – 2007, by David Morin, (morin@physics.harvard.edu) cmchap6.pdf (harvard.edu)

10. Principle of Least Action (Euler-Lagrange equation) 11.2: Principle of Least Action - Engineering LibreTexts

11. Young’s Modulus A-Level Research (https://youtu.be/08uPwPtyK8w)

12. NASA Technical Note: NASA TN D-4259  80668297.pdf (core.ac.uk)

21

image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




image2.png
19

_F/A
Tan




image3.png
Aluminum 033
Aluminum Bronze 0.30

Berylium 0.024-0.03
Blackheart Cast Iron 026
Bronze 034
Copper 036
Gold 042

Lead 040-045
Magnesium 035
Mild Steel 03
Molybdenum 032
Naval Brass 034
Nickel 031
Phosphor Bronze 033
Platinum 039

Plutonium 0.15-021
Silver 037
Stainless Steel 304L 03
Tantalum 035
Thorium 027
Tin 033
Titanium 03
Tungsten 028
Uranium 021
Wrought Iron 03
Zinc 025





image4.png
Johnson - Cook Plasticity Material Model

LX)
[

Bullet Component A[MPa] | B[MPa] n m C
7.62x39mm MSC-core 2344 413.8 0.25 1.03 0.00333
7.62x39mm MSC-jacket 4482 303.4 0.15 1.03 0.00333
Lead-filler 103 41.3 0.21 1.03 0.00333
Johnson - Cook Dynamic Failure Model
Bullet component dy dy dy dy ds
Steel core 5625 03 7.2 -0.0123 0
7.62x39mm MSC-jacket 225 0.0005 -3.6 -0.0123 0
Lead filler 0.25 0 0 0 0





image5.png
\

Impact yih target
1500)

“h





image6.jpeg
i P tdp X
> 1L E AR =ETY 1 ionsios 1| -
rergroer ohods 3] IR

Baic | ColoriSe

Mot s

Dz | Cance

ODE! NEWLIOB.Od ) 7 oacus/Expict 2022 Wed May 3 39 GijSylghe Time 2025

o Time = 4.00006-05
Principal
Deformation Scale Factor; +1.000e+

2 simutia

AT e B




image7.jpeg
S Abaqus/CAE 2022 - Model Database: C:\Users\s2214836\Documents\2214836\01_Physics\AlL Parts._Proj03.cae [Viewport: 1]

- o
Bl Modd Viewon Yew Bk Pot Mnmste Repor Optons ook Plagies Hdp N1

DEEES &[0 s Ovradl > wea bmld e < L1 E AR Ua miesi @06 0w 0K =] B[vmorstonsenns U :
Mot Rt Vot Evitzion ] Wocet [ cempines oot 5]

»ka b @O
Saionia B: i o o e .
Cup Do @
[ty
B spectrums ()
5 s
5 xvous
I pathe
124 Display Groups (1)
T Free Body Cuts
F T
v
& images
14:27139 GT Dayight Time 2
& sinuiin
[ 355 headon: Amscue kil joit Packaser ceaplorel siccessraily

I I WEERLC il RAT
The %0351 Hatapsoe. hes boon saved to "C:\sers

145

Joouon:\2214855\01_Phyoios\ALl_Parta_Fros_03 cao’

P Type here to search





image8.jpeg
e I
wa w3 B0

ORICRRES
et sieke

Qe

[ Ty




image9.jpeg
 C:\Users\s2214806\OneDrive - University of Wales Trinity Saint David\03_Physics\20230703 Al Parts_Proj_05.cae [View
on Wew Beut Dot Bamste Rep s ook Pugins Hop N

LEE®8 8+ «LIUEA RN O el =) o desune < (0 - b 1ee 4 w1 By s [ ban prnet &
Modd Remte Mo Fvaumicton ] : S il il ie e

SeionData

F 6 Ovput Db @ s, max. Frincioat

05 Mo Drose ) (Ava: 7506)
&8 Speanms () Heve08
o 500k 08
Zahe+o8

“3.0370 4%

ODB: rept2.0db  Abaqus/Explicit 2022 Hon Jul 03 14:43:10 GHT Daylight Time 2023

Step: Step-1
Increment 336 Step Time = 4.5081E-05

Primary Var: S, Max. Principal

Deformed Var: U Deformation Scale Factor: +1.000e+00
Status Var: STATUS

Z simuiin




image10.jpeg
S Abaqus/CAE 2022 - Model Database: C:\Users\s2214886\0neDrive - University of Wales Tinity Saint David\03_Physics\2(

703_Al_Parts_Proj_05,cae [Viewport: 1]
) Bl Modd Viewpor Yiew Beut Bt fnimate Repon Qptons Toos

o x
Pugies Hp W AIFIE
LEESS [+ <XEN[EARM He G Ona 9659 O ®®O K R B [vrvaicmionseous L -|: e @ 1wt M= HS
Modsl Fess Modute [ Vstzton ] Mo [5G/ 2211858/ OneDrve -Univrty o Wals Ty S D03 Phsicsrepod
Sesionts 12

s i
& ovosvsatme )
(0 Hoga Do () L
@8 e )

0 oo

B 0

L par

% DilyGroups 1)
B ey Cute
& svoms
& v

ODB: rept2.odb  Abaqus/Explicit 2022 Hon Jul 03 14:43:10 GHT Daylight Time 2023
Step: Step-1

Increment — 336: Step Time = 4.5081E-05

Primary Var: S, 523

Job 7opt2: Aboqua/Eaplicit corgler
33 ep2 complsied Tuccsssiully
3135320 has boon Saved to °C \Tsors\s2214886\oneDrive

University of Vales Trinity S 5512023070921 1ZParta_Pro:

£ o





image11.jpeg




image12.jpeg
Bt rimate R s Took Pugins by X
Vi P PHea DG E £ Y don et | @9
e[S Vushaton gl > A b
=8 ouputDaaoss <, Max. Princial
o (Avg

Detas

Abaqus/Explict 2022 Wed May 31 1422480 GNIBEYNGhETIme 205!
o Time = 4.0000E-05

0.
Max_Principal
Deformation Scale Factor

2 simutia

G 1636
B ATy ean B




image13.jpeg
o Pzt N
>wea pwib e CLEINIEHA

Rl= D@8 @000 ) o o K

T &
»wa b B BO
5,523
Chug: 75%)
45250008

FE oms

i

Mot s

Atocor 7e-19) (I Show locaton
Specty 5600
st

& simuLin

NG 1535
B ATy sean B




image14.jpeg
o Pzt N
>wea pwib e CLEINIEHA

Rl= D@8 @000 ) o o K

Tl &
»wa b s BO
5,523
(g 75%
£ xous

i

Mot s

15756109
Atocor 27e-09) O] show ocaton

Specty 5600

st

& simuLin

G 15
B ATy sean B




image15.jpeg
o Pzt N
>wea pwib e CLEINIEHA

el

“ : ) > o K]

Tl &
»wa o] B BO
5,523
Chug: 75%)
Y6.105e+08
£ xous

i

Mot s

3576409
Atocor 27e-09) O] show ocaton

Specty 5600

st

& simuLin

G 1510
B ATy ean B




image16.jpeg
o Pzt N
>wea pwib e CLEINIEHA

Rl= D@8 @000 ) o o K

T
peraioen oo e
s, <23
Chug: 75%)

Y1 tgse00
£ xous

i

Mot s

Atocor 7e-19) (I Show locaton
Specty 5600
st

& simuLin

G 152
B ATy ean B




image17.jpeg
Ba_imse R < Took Poginc s N
Vo oo ) > e o

<, Max. Princial
(Avg: 7!

- Abaqus/Explict 2022  Wed May 31 14:27:30 GMT Daylght Time 2023

2 simutia

D e B




image18.jpeg
Pugins
> wea b e
e obods e b E B

<, Max. Princial tc

bs
17.5002307
150008
+2:500

Abagus/Explict 2022  Wed May 31 14:27:30 GMT Daylght Time 2023

2 simutia

o 861641

ATy s B




image19.jpeg
Pugins
>Hea bid e

Wed May 31 14:27:30 GMT Daylght Time 2023

2 simutia

e ke
w s W)

P =]




image20.jpeg
Pugins
>Hea bid e

<, Max. Princial
(Avg

42.4792408
15000108

s ok Abaqus/EXpIGt 2022 Wed May 31 14:27:30 GMIT Daylght Time 2023

2 simutia

o B 162

ATy s B




image21.jpeg
Pugins
>Hea bid e

<, Max. Princial
(avg

426760409
150002108

5005107
150008
1250

S ooge.

i adse+09

Abagus/Explict 2022  Wed May 31 14:27:30 GMT Daylght Time 2023

2 simutia

Ao e B





image22.jpeg
Pugins
>Hea bid e
P o > bow | s BE

<, Max. Princial

bs
17.5002307

150008
+2:500
e

2 simutia

o B 166

AT Y s B




image23.jpeg
Pugins
>Hea bid e

<, Max. Princial
(Avg

426180409
1500008

Abagus/Explict 2022  Wed May 31 14:27:30 GMT Dayight Time 2023

2 simutia

o B 1665

ATy s B




image24.jpeg
/CAE 2022 - Model Database: C/\Users\s2214836\OneDrive - Universiy of Wales Tinity Saint David\03_Physics\20230703_Al_Parts_Proj_05.cae [Viewport 1]

Bl Modd Viewon Yew Beuk Pot umate Repon Opsors ook Plgins Hop N
LEEASS S+ «LENLEAHIRM s @ Oa@ 2999 [ RCTOEY . (e}

s D3 Physcsep o

v e &

Pea p B ED

ston et

< b e b By

aB8OneDre- Urvesty of Wales T

Mode Resss

jon Dats

& oup w0 s, ax. Frincipat
8 ModeDazbse (1) (Ava: 7506)

3 s00ek0n =

525001k

-8.000e 407 e ¥
61100 18

ODB: rept2.0db  Abaqus/Explicit 2022 Mon Jul 03 14:43:10 GMT Daylight Time 2023

Step: Step-1
Increment ~ 336: Step Time = 4.5081E-05
Primary Var: S, Max. Principal

d Vari U Deformation Scale Factor: +1.0008+00

s siauwin

53 Tob Fope




image25.jpeg
Pugins
£ 58 vousarion st 1 @ -|: > 1ea 41 1> o] B o M P

» e v e @O

s, Max. [rincipal

(Avg: 755)
+2o1eE00
+25008 08
#

0e 7
1018048

ODB: rept2.0db  Abaqus/Explicit 2022 Mon Jul 03 14:43:10 GMT Daylight Time 2023

& simmutin





image26.jpeg
Pugins
oo EE) 5 viwsimionseous ) ()< b tee 4 1o oot B oy M P

REEIEY 51 e

s, Max. [frincipal

(Avg: 7556)
+3d0Tern0
+2/5008 08
£l

0e 7
1426048

ODB: rept2.0db  Abaqus/Explicit 2022 Mon Jul 03 14:43:10 GMT Daylight Time 2023

& simmutin





image27.jpeg
Pugin: o N

S, Max. Principal
= (Avg: 75%)
o +7.40de+09

13000 109

ODB: Rept_1500ms_Step02.odb

Step: Step-1
ncrement
Primary Var
Deformed Var
Status Ve

153: Step Time =
s, Max. Principal

STATUS.

U Deformation Scale Factor

Biwea v Il et &

W rom B0

—r—

Det:

Abaqus/Explicit 2022

Hon Jul 03 15:32:47 GMT Daylight Time 2023

2.0100E-05

1.000e.

& simutin




