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Short Report: Modelling of a Rapid Cratering Shape Charge using Dassault Systems Abaqus CAE Software Package. 

Stephen McAngus
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Shape charges are explosive devices driven by focused energy, designed to concentrate the blast force at a specific point. Charles Munroe discovered the potential of shaping explosive materials in the 1880s, observing that a conical cavity in an explosive could transfer its energy to a target upon detonation. He also found that this conical shape enhanced the explosive's ability to penetrate hardened targets [1]. The development of modern shape charges began during World War II, notably by Axis forces who miniaturized the technology to fit small rocket-powered munitions like the panzerfaust [2] [3]. Due to their effectiveness in penetrating armour, shape charges have been widely adopted by military forces globally. Beyond military use, they find applications in industries such as oil and gas, where they are used to clear paths for pipe-laying tools [4].
All shape charges operate based on the Munroe effect, where the shock wave from an explosion propagates through the explosive material, transferring its energy to a liner material. The liner collapses under pressure towards the centre of the munition, forming a high-density jet propelled at supersonic speeds by surrounding explosive pressure [5] [6]. However, for optimal function, there must be sufficient space for jet formation, known as standoff distance, typically recommended to be 3–4 cone diameters away from the target [7] [8].
Shape charges are typically constructed with a rigid outer casing, often steel, filled with explosive material, sometimes cast or moulded from plastic explosives, and lined with a malleable metal alloy [9]. Although some suggest that the liner's material, especially if electrically conductive like copper, may influence jet direction through electromagnetic fields, this impact is considered minor [10] [11]. The cone angle of a shape charge significantly affects its performance, usually ranging between 30° and 90°, with no standardized angle due to various factors influencing penetrative performance. Explosively formed projectiles (EFPs), another type of munition, have angles greater than 90° but less than 120° and operate differently, relying on mass movement for target deformation rather than jet formation, akin to a sledgehammer compared to a scalpel [12]. 
Engineers often use mathematical modelling techniques to understand shape charge behaviour [13] [14]. The Lagrangian approach, demonstrated in this report, tracks the motion and behaviour of elements through space and time, using equations governing material properties, forces, and shock wave propagation to predict trajectory and velocity. This method is ideal for analysing the explosive performance of shape charges due to its ability to consider individual element motions and interactions, adapting properties over time [15] [16] [17].	
	The Rapid Cratering Kit is a system that was developed with the need to generate cover in a rapid manner. The system works on the principle of two steps, the first step is where a shape charge is used to create a ‘pilot hole’, this clears ground to a specified depth. Once this charge has high ordered the following charge is placed into the newly formed hole. This charge consists of a bag charge that is initiated by a detonator, this bag charge is a does not have a directional bias like the shape charge, subsequently, this removes terrain in larger volumes. 
	The customer has approached the technical team to generate a system that will serve the purpose of excavating terrain in a rapid but safe manner. The customer has stated that there is an operation focus on desert-like climate but could expect worldwide deployment. Furthermore, the customer requires this item to be insensitive, and must meet IM compliant standards. The Customer has also stated that the system must be transportable by both tracked and wheel vehicles, furthermore, must be able be transported by both fixed wing and rotor-wing aircraft. 	







[bookmark: _Toc165580217]Method: 
Using Dassault System's Abaqus program, an axisymmetric cross-sectional depiction of the shape charge warhead was generated, featuring a width of 180mm and a cone angle of approximately 60°. Each component was constructed with reference to the others and saved as sketches, which were then utilized to create a three-dimensional model via Abaqus's revolve extrusion function. Once all parts were sketched, they were assembled in the assembly module and aligned concentrically. Subsequently, in the property module, sections were attributed to parts, and material properties were assigned accordingly to each section. In the Load module, an ecastre boundary condition was applied to the central axis of the axisymmetric model, which was omitted from the three-dimensional model. The sole step applied to this model was a general all with self-explicit interaction.
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Figure 1: illustrates an axisymmetric sketch of the shape charge design, featuring an approximate cone angle of 60° and a total diameter of 173mm, with a desired standoff of 150mm. The detonator well was preserved in the design however added structural reinforcement was added to this section to act as a faux plug, this allowed the simulation to contain the pressure generated by the explosion of the explosive fill. The design configuration was replicated from the munition’s technical specification. 

Mesh densities were carefully applied to each section, with the finest mesh on the liner section, followed by the explosive fill, ensuring accurate interaction between the two sections, while less consideration was given to the casing material. However, when transitioning to a three-dimensional model, mesh refinement had to be significantly reduced due to computational constraints and software licensing limitations. For the three-dimensional model, attempts were made to locally refine the mesh, but the complex geometry of the liner, particularly where a steep cone angle transitions to a curved feature, resulted in software crashes.
Below are the approximate global seed sizes, which defines the Mesh Quality and Density:
Liner: approximate global seed size = 3D = 0.0005, 2D = 0.00002
Fill: approximate global seed size = 3D = 0.002, 2D = 0.0001
Casing: approximate global seed size = 3D = 0.003, 2D = 0.0009
	
	Detonation Wave Speed M/s
	A (GPa)
	B (GPa)
	Omega
	R1
	R2
	Pre-bulk Modulus
	Density kg/m^3

	Comp B
	7980
	373.8e+9
	3.747e+9
	0.34
	4.2
	1.1
	0
	1717

	SwansEx2024 (60:40 RDX:HMX)
	~8800
	732000e+9
	-5.2654e+9
	0.88
	14.1
	1.41
	0
	1859

	Table 1 presents the Equation of State figures for Composition B and SwasEx2024, derived from literature sources. Values [18] [19] [20]for SwansEx2024 were extrapolated from scientific literature [21] [22]. The detonation point set at the base of the explosive fill, where interaction with the casing and central alignment to the faux detonator well. 

	


	The materials used in the rapid clearing shape charge consisted of an aluminium casing approximately 6mm thick, where as the liner was made of copper approximately 2.5mm thick. The 6061 aluminium sections were assigned isotropic elastic properties, Youngs Modulus of 69 GPa [23], and a Poisson’s ratio of 0.33 [23]. Whereas the copper used in this experiment was attributed a shear modulus of 46mPa (26). A shear modulus was selected as it was expected that liner material would undergo the most amount of translated force during the reaction, subsequently this was the most appropriate means of defining stress. 

	Material 
	D1
	D2
	D3
	D4
	D5
	Melting Temperature
	Transition Temperature
	Reference Strain Rate

	Aluminium
	-0.77
	1.45
	-0.47
	0.0
	1.6
	588
	177
	1.34

	Copper
	0.54
	4.39
	3.03
	0.015
	1.12
	1356
	293
	1

	Table 2 : outlines the Johnson-Cook Damage models for the standard reference copper (22) and aluminium materials [24] [25].



Following pilot studies, it became evident that the computer utilized for the simulations lacked the necessary resources to execute the desired simulation setup. Consequently, a decision was made to disable the node deletion function to ensure smoother generation of simulations in the future.
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Figure 2: Energy vs Time Profile for Plastic Strain Results of Explosive Composition B. This figure displays the energy variation over time for the plastic strain results obtained from the explosive Composition B. The energy output of the system is represented along the y-axis, while the time elapsed during the simulation is depicted along the x-axis. Study Type: ALLAE (Allied Load and Energy Analysis) This plot provides insights into the dynamic behaviour of the explosive Composition B, offering valuable information regarding its energy output characteristics over the course of the simulation.
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Figure 3: Energy vs Time Profile for Plastic Dissipation of Composition B. This figure presents the variation in energy over time specifically related to plastic dissipation for the copper liner that was exposed to the detonation of Composition B. The energy output of the system is depicted on the y-axis, while the elapsed time during the simulation is represented on the x-axis. Study Type: ALLPD (Allied Plastic Dissipation) This plot aids in comprehending the dissipation of energy into heat, providing insights into the loss of energy within the material during plastic deformation.
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Figure 4: Energy-Time Profile Illustrating Plastic Strain Results for the explosive SwansEx2024 a 60:40 RDX:HMX mixture. This figure showcases the energy fluctuations over time corresponding to the plastic strain outcomes observed with explosive SwansEx2024. The vertical axis represents the system's energy output, while the horizontal axis denotes the elapsed time during the simulation. Study Type: ALLAE (Allied Load and Energy Analysis) This plot offers insights into the dynamic behaviour of explosive Composition B, providing valuable data on its energy output dynamics throughout the simulation period.
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Figure 5: Energy-Time Profile Illustrating Plastic Dissipation for SwansEx2024.This figure depicts the temporal variation in energy specifically attributed to plastic dissipation for Composition B. The vertical axis represents the system's energy output, while the horizontal axis denotes the time elapsed during the simulation. Study Type: ALLPD (Allied Plastic Dissipation) This visualization aids in understanding how energy is transformed into heat during plastic deformation, offering valuable insights into the energy loss within the copper liner material.
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Figure 6: Displays the Max Stress Principal analysis of the Copper Liner is presented under the detonation scenario involving Composition B Material. To streamline the visualization and prioritize clarity, details regarding the explosive fill and liner material have been redacted from the viewer pane. This focused depiction aims to emphasize the critical stress distribution within the liner material during detonation conditions.
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Figure 7: showcases the Max Stress Principal analysis of the Copper Liner when exposed to the detonation of the SwansEx2024 Material. The explosive fill and liner material details have been obscured from the viewer pane to streamline the presentation and focus solely on the critical stress distribution within the liner material under detonation conditions.
[bookmark: _Toc165580219]Discussion: 

Comparing the plastic strain rates of the copper jets produced by the explosive sample groups depicted in both Figure 2 and Figure 4 reveals a striking contrast: the PBX propelled shaped charge endures five times the stress levels compared to the Composition B filled munition. This indicates that the material surpasses its elastic limits and experiences strain beyond its capacity to revert to its original shape [26] [27]. By juxtaposing this with the material's strain-related properties, it becomes apparent that the system is poised for failure, resulting in an inability to form a proper jet. Predictably, these conditions suggest that the output from this system would likely manifest as directional spalling rather than a clean, well-formed jet, significantly compromising the shaped charge's penetration depth performance [28] [29] [30].
Supporting this assessment, the Maximum Principal Stress data extracted from this study, as illustrated in Figures 6 and 7, reveals that numerous nodal regions within the PBX-based shaped charge's jet surpass the material's ultimate strength threshold, preventing the formation of a homogeneous jet [31]. Moreover, corroborative evidence from the plastic dissipation study, depicted in Figures 3 and 5, highlights substantial energy losses due to thermal conversion through friction. Notably, the jet propelled by SwansEx2024 exhibits significantly higher levels of energy dissipation [32], suggesting the possibility of vaporization rather than the formation of a homogeneous projectile.
To enhance the robustness of this study, several avenues for further research have been identified. One promising approach involves adopting a Multiphysics or coupled simulation methodology. This approach integrates a comprehensive understanding of the macroscopic effects related to chemical interactions and shock wave propagation into a model that also evaluates the penetration performance of the resulting jet. By employing such an approach, a more nuanced comprehension of phenomena like spalling and genuine jet formation can be achieved [33] [34].
Furthermore, alternative techniques such as simulated Truzl tests offer valuable insights into the blast performance of the energetic composition. In this method, the energetic material is encapsulated within a malleable substance and subjected to detonation. The resulting change in void volume, known as delta, provides an indication of the explosive potential. Moreover, this methodology can be adapted to replace the reference material with a target substance, enabling the estimation of the approximate mass of energetic material required to excavate to a specified depth, as per the customer's requirements [35] [36].
However, it's essential to acknowledge the limitations of such approaches. For instance, the current lack of comprehensive understanding regarding the macroscopic effects of blasts on non-homogeneous materials presents a significant challenge, rendering certain aspects of the proposed methodology impractical at present. Further research is warranted to address these limitations and refine the methodologies for more accurate and reliable assessments in the future [37] [38].

[bookmark: _Toc165580220]Conclusions: 
In summary, this study reveals that SwansEx2024 delivers an excessive amount of energy to the system, resulting in the failure of jet formation in the shaped charge warhead. Consequently, the current structure utilized by the Mk 2 Rapid Cratering kit is unsuitable for deploying new IM compliant explosives. It is recommended that a redesign be considered, potentially involving alterations to the shape, size, or angle of the liner employed in the shaped charge.
Future research endeavours will include gathering blast performance data through simulated Trutzl tests. This data will enhance our understanding of peak pressure output and the shock load delivered by the explosive to the shaped charge's liner. Additionally, efforts will be made to measure the effect of the bag charges' NEQs, providing insights into the amount of SwansEx2024 needed to clear material from the shaped charge's bore-hole. Ideally, comprehensive studies should be conducted in a full environmental context, utilizing Hydrocode or coupled study approaches. These methodologies will facilitate a holistic understanding of the system, encompassing the macro-effects of the explosive on the warhead and its impact on target materials.
Furthermore, it is imperative that this simulation be supported by robust data. Samples of SwansEx2024 will be provided to the explosive characterization team to accurately incorporate variables into the simulation. Moreover, the data generated by this simulation must be validated through trial firings of each component of the rapid cratering kit developed by our team.
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Communication & Contributions: 
At the project's outset, our team convened for a collaborative session on Monday the 12th February 2024. In this meeting we openly discussed our individual strengths and weaknesses, aiming to strategically allocate responsibilities. It was determined that I would spearhead the simulation-based study, focusing on evaluating the functionality of the design and the impact of integrating a new fill into an existing structure, particularly during the critical design phase of the project. My findings significantly informed the team's efforts, particularly benefiting Max Fisher in refining the shape charge design. 
Additionally, as part of my role within the team, I organized weekly progress meetings via Teams, as indicated in Figure 8. During these sessions, we would review each other's progress and identify areas where mutual support could be provided. Our team adopted the principle of "if it isn't broken, don't fix it" with the aim of utilizing the existing casing and cone for the shape charge. Our collective ambition was to deliver a cost-effective product for the customer. We recognized several advantages to this approach, including the utilization of existing infrastructure and the potential for redeploying assemblies to facilitate the production of an IM-compliant munition. However, I alerted the team to the complexities associated with altering the explosive fill of a shape charge and its potential impact on performance. Subsequently, the team decided that I would investigate this matter using a simulation-based approach. 
Max Fisher assumed a leadership role in the intricate process of designing the munition, meticulously strategizing the manufacturing route and personally overseeing its implementation. Furthermore, Luke Malcolm provided a comprehensive briefing, elucidating the diverse array of sequential and non-sequential testing methodologies integral to the standard NATO testing protocol for munitions. Despite Natalie Coplin's initial lack of experience in evaluating IM compliance, her eagerness to delve into the subject matter and her proactive approach led her to enthusiastically step forward and volunteer for the challenging role, demonstrating her commitment to expanding her expertise in this domain.
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Figure 8: Displays the Meeting invite for a fortnightly meeting that I established by utilising Microsoft Teams
During our virtual meeting on the 18th of March 2024, facilitated through Microsoft Teams, the team engaged in comprehensive discussions regarding the optimal deployment strategy for our design. Max Fisher spearheaded the conversation by presenting potential manufacturing approaches, notably considering the utilization of newer RAM mixing techniques. However, he cautioned about potential challenges associated with implementing this method due to extended lead times for acquiring the necessary systems.
Silas provided the team with a thorough briefing on the various methodologies planned for understanding the behaviours of the original replacement explosive, TaweEx-2022. This prompted a series of inquiries from the team regarding the characteristics and performance of the chosen explosive. Max Fisher voiced concerns about the lack of information hindering the planning of munition production. Similarly, I acknowledged my inability to provide a concrete model with the new fill due to the absence of explosive performance data. To address these gaps, I compiled the team's questions and facilitated communication with Supplier David Holley to obtain the necessary insights, subsequently relaying the responses back to the team for further deliberation.


Our team convened for the second meeting on March 26th, 2024, during which I presented the feedback received from the supplier to the group. Collectively, we recognized the necessity of exploring alternative IM compliant fills. Additionally, we deliberated on the need for more detailed information to advance our design and contemplated the possibility of designing and integrating our own explosive.
On our third meeting, 4th April 2024 I relayed the findings of my report to the team, where I had identified that the IM compliant fill exhibited excessive efficacy in generating pressure due to gas formation from the explosive fill. Consequently, this disturbance significantly hindered jet formation, resulting in limited functionality. Such limitations would inevitably impact the depth of penetration, a concern promptly communicated to the team. As a result, adjustments to Max Fisher's collaborative efforts and modifications to the munition design became imperative.
Our fifth Meeting was held on the 12thth April 2024, My colleague Silas Belvins passed on information by proxy to the rest of the group establishing how his efforts were being made. He made us aware of the techniques that would be employed to characterise the explosive fill used in the IM-compliant device. This discussed employing several EMTAP techniques as well as quantitative approaches such as Fourier Transform Infrared Spectroscopy (FTIR) and the employment of Thin Layer Chromatography (TLC).
On April 15th, our team convened in person to review our overall progress towards conceptualization in anticipation of a design review with the customer. We collectively acknowledged satisfaction with the advancements made in our respective tasks. Furthermore, my colleague Max Fisher approached me to collaborate on developing concept art showcasing the final design of our product, as depicted in Figure 9.Later that day, we engaged in a design review session with the customer, joined by David Holly and Jenni Steen. During the review, we presented our progress and received constructive feedback on our overall trajectory. Subsequently, we outlined actionable steps post-meeting to enhance our respective contributions.


[image: A screenshot of a computer

Description automatically generated]
Figure 9: Concept Drawings of the Team's Shape Charge Design. This figure showcases two concept drawings of the team's shape charge design. On the left is a cutaway section of the original Mk1 Rapid Cratering Kit shape charge, revealing the internal components including the high explosive (HE) fill, casing thickness, and liner material. On the right is a concept illustration of the redeveloped shape charge, also presented as a cutaway to highlight the fill, casing, and liner. Both designs were created using AutoDesk Fusion 360, with the final rendering compiled using AutoDesk RenderCloud.

On the 24th and 25th, our team convened for practice sessions of the presentation, during which we meticulously crafted the execution strategy for the overall presentation. These sessions served as valuable opportunities to identify and resolve any potential issues with the presentation, as well as to orchestrate the seamless flow between our individual contributions.
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Figure 10 - represents a comprehensive roadmap of communication strategies essential for product development. It delineates intricate interactions among team members, stakeholders, and customers throughout the product lifecycle. By illustrating the cyclical nature of feedback loops, decision-making processes, and information dissemination, it highlights the crucial role of effective communication in shaping the final product.
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Figure 11: The displayed overview slide encapsulates the core objectives and aspirations of the project theme, serving as a guiding beacon for both the team and stakeholders. It succinctly outlines the overarching goals, milestones, and desired outcomes, providing a clear direction for the collaborative efforts and ensuring alignment towards shared success.
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Figure 12: Displays the methodology employed within the study, focusing on the characterization of the explosives utilized and the corresponding metrics involved. It elucidates the specific types of explosives employed, their properties, and the relevant figures and data utilized to analyse their efficacy and impact within the study's framework.
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Figure 13:  provides a step-by-step walkthrough of the method utilized in the evaluation study, showcasing the intricacies of the experimental process. Furthermore, it presents a comparative analysis between the original shape charge and the customized design developed by the team, highlighting key modifications, improvements, and their implications within the study's context.
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Figure 14: presents the outcomes derived from the simulation, offering a dynamic portrayal of the shape charge's functionality. Instead of conventional graphs or static images, the authors have opted for animations or videos to vividly illustrate the performance and behaviour of the shape charge. This immersive approach enhances comprehension and enables viewers to grasp intricate details of the simulation process with greater clarity and engagement.
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Figure 15: encapsulates the pivotal discussion points extracted from the study, encapsulating critical insights and potential areas for enhancement to propel the work forward. This slide offers a succinct summary of key findings, highlights significant implications, and outlines actionable recommendations aimed at refining and advancing the research trajectory.
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Figure 16 delineates the Truzl testing methodology potential for evaluating the peak pressure performance of the explosive through void volume differential measurement. The process involves precise assessment techniques to quantify variations in void volumes pre- and post-explosive deployment. Such data offers invaluable insights into the explosive's efficiency and effectiveness in generating peak pressure.


[image: A screenshot of a computer

Description automatically generated]
Figure 17 illustrates the Coupled and Hydrocode methods available for evaluating fluid dynamics and hydrodynamic effects on a target material. These methods employ sophisticated computational models to simulate and analyze the interaction between explosive forces and target materials, providing comprehensive insights into fluid behavior, shock propagation, and structural response.


[bookmark: _Toc165580225]Reflection on Feedback from Presentation: 

[bookmark: _Toc165580226]Q: Binder in the PBX (what is it, why the change?) 
We opted for Polyvinyl Butyral (PVB) due to its common application in synthesizing PBX explosives, selecting it to aid in achieving Insensitive Munitions (IM) compliance given its known shock-absorbing properties. Moreover, incorporating PVB into our mixture would enhance its resistance to aging. Nonetheless, notable constraints arise when contemplating PVB's use. Chief among them is its high hydrophilicity, impacting item storage. Additionally, several processing considerations arise, including its viscosity during explosive mixing and the challenges posed by its curing characteristics when casting the explosive in munitions. Lastly, the significant costs associated with PVB as a binder deviate substantially from the original design concept of utilizing scrap materials.

[bookmark: _Toc165580227]Q: Modelling great….how do we transfer from steel / metal / to soil and rock?
Regarding modelling this effect, various approaches can be utilized to produce results. As mentioned in the preceding report, employing methods such as coupled physics can significantly enhance our findings by illustrating the macro effects within the shape charge concerning a reference target material. Our team aims to develop a model that faithfully represents the performance effects of shape charges compared to a sand target material, aligning with customer testing requirements. Additionally, the Trauzl method briefly discussed in the presentation could be extended to evaluate the bag charges' performance in clearing dirt or sand material. However, it's important to acknowledge the considerable challenge in modelling this approach due to the complexity of loose material dynamics, which may not precisely mimic observed trial behaviours.


[bookmark: _Toc165580228]Q: Change in effect, change in binder? What are the changes in performance?
Our Scoping simulation revealed that the newly acquired PBX fill proved too potent for the existing structure, leading to failures in jet formation. Consequently, this may hinder the shape charge's ability to achieve the desired depth of penetration. It is worth noting that altering the binder can have significant repercussions on the performance of a shape charge. Primarily, there may be impacts on the coherence of the substance, potentially affecting the uniform distribution of detonation as the shockwave may struggle to propagate evenly. Moreover, certain binder compositions contribute to the energetic output of an explosive, serving as additional fuel sources. Additionally, changes in binder composition may influence the sensitivity of an explosive mixture, posing risks to both the safety of the system and its functionality. Some binders can render the explosive less sensitive, making the proposed initiation methods inadequate.

[bookmark: _Toc165580229]Q: Trade off with Production?
Several significant trade-offs have been identified in terms of production. Primarily, it was determined that existing structures, such as the liner or casing from the original design, cannot be utilized, as the SwansEx 2024 proved too powerful for these structures. Consequently, this necessitates the development of new tooling, forms, and potentially new automated processes to meet production requirements. There may be potential to retain the existing structure through the introduction of a wave former or adjustment in the binder-to-explosive ratio; however, both approaches would need validation. For instance, simulation of a wave former would be required, and any change to the binder would necessitate revaluation of explosive performance through chemical characterisation.	



Page | 2 

image4.PNG




image5.PNG




image6.PNG




image7.PNG
+3.693e+03
+2.788e+03
+1.883e+03
+9.779%e+02
+7.294e+01
-8.320e+02
-1.737e+03
-2.642e+03
-3.547e+03
-4.452e+03
=5.357e+03
-6.262e+03
-7.167e+03





image8.PNG
+8.198e+08
+7.515e+08
+6.831e+08
+6.148e+08
+5.465e+08
+4.782e+08
+4.099e+08
+3.416e+08
+2.733e+08
+2.049e+08
+1.366e+08
+6.831e+07
+0.000e+00





image9.PNG
Stephen Mcangus (2113123) ¥ 0 & &« | m
To: Silas Blevins (2114158); Max Fisher (2113637); Natalie Coplin 2113351); Luke Malcolm (2030773) Mon 3/11/2024 153 PM

& Group Project Fortnightly meeting
Mon 3/18/2024 4:00 PM - 5:00 PM No conflicts
Microsoft Teams Meeting
Hi Al
Sorry for the delay in getting this out to all of you! Hoping that we can use this time to mush brains together and
get some traction on the group project. Note it's not mandatory to attend these meetings, and these aren'ta
formal affair either!

If this time doesn't work for everyone, let me know and I'll look into changing the occurance.

Cheers
Steve

Microsoft Teams meeting




image10.png
File

Home

LS Group Project- Rapid Cratering Kit

paste B
Clipboard
Page5of 11 667 words
L Search

Insert

< Format Painter

153

Draw

Aptos (Body)

@

Text Predictions: On

Design

Saving. Stephen McAgn
Layout References Mailings Review View Help | & comments | | Editing ~ | | & Share ~|
11 v A A Aav A 2l @ LOFind ~ ool
qn - av A 2 AaBoeD| Aaboced AaBb! AaBbC ABB Aasbec | L [Sia
3
B I Uva x, X Av £~ - s« 1Normal | TNo Spac.. Heading1 Heading 2 Title Subtitle [w § select Dictate | Editor | Add-ins
Font ~ paragraph ~ Styles [ Editing Voice Editor | Add-ins ~
Iwas asked to generate a 3D Model of our chape charge to present a concept to (4]
customer:
Figure 2: Displays the concept drawing of the teams Shape Charge design, | produced a cutaway section
on the left of the Teams concept to take forward to customer, this shows the different sections of the
shape charge, Casing, Fill, and Liner. On the right displays a model that would be used to showcase the
design to customers. This was modelled in Fusion 360, and rendered using the AutoDesk render cloud.
X Acces: : Investigate

H€ ~ m 2 e © 9 06 olialdls ¢

X O

Tirows
@ 9eC Cloudy A

o Em 7z ) 1321





image11.PNG
Simulations & Explosive
perfromance Modelling
Stephen McAngus

Product Design Team
Max Fisher

IM Compliance Testing
Team
Natalie Coplin

Energetic
Characterisation Team
Silas Blevins

Test & Evaluation
Team
Luke Malcolm





image12.png
®c| € M6 st NoceXwm

€ 5 C @ 2 uowtsd-mysharepoint.com/:p:/r/personal/21141 dent t C_t /15/Do cedoc « 3 -6 64 ) 240319 0... Y¢ [ n} )
% Bookmarks Stargate Network (B} Halo 3: ODST Origin...  » Guitar Lesson: Leam... 53 ThinkGeek I see th.. 53 ThinkGeek : Non-Fl.. T3 ThinkGeek : Airspee... 53 ThinkGeek zKeepo.. '@ ThinkGeek x| Am W... » [ AllBookmarks.
@ 20240319 OME_L5_Group_Project Presentation V0.1 @& ~ £ Search (Alt + Q) & @
File' Home Insert Draw Design Transitions Animations  Slide Show Review View Help @ [J Comments  AeCatchup T Present v | 7 Editing v
@

OVERVIEW

* Aim and Objectives:

S~ The aims is to evaluate if the
s _ existing structure can be used
with an IM compliant Fill.

MODELLING

With the objectives of
evaluating explosive
performance and evaluating
the compatibility of the new
explosive with existing
structure.

Slide 7 0f 65 English (UK) = Notes Give Feedback to Microsoft [E] 88 = - 4+ + 76% &
W O search Q@gccoudy ~GE®™zZD 300 B N





image13.png
o] fdst | Na | eim " mu @st @o T@w

€ 5 C @ 2 uowtsd-my.sharepoint.com/:p:/r/personal/211415: d ol ce 2FDCCAD-ABO6-4 3 ... Y [ n} )

% Bookmarks Stargate Network (B} Halo 3: ODST Origir > Guitar Lesson: Leam... 53 ThinkGeek : | see th... =3 ThinkGeek z Non-Fl.. 3 ThinkGeek : Airspee... 3 ThinkGeek :: Keep. +© ThinkGeek : | Am W... » [ AllBookmarks.

@ 20240319 OME L5 Group_Project Presentation V. 0.1 @ - 0 (Alt + Q) & @
File Home Inset Draw Design Transions Animations SlideShow Review View Help () Dcommens | Aecaciup | Fpresent v Eiing v
®

MATERIAL PROPERTIES

PBX StandIn Original Fill
(RDX/HMX Material, Comp B
50:50) RDX/TNT 60:40)

* No Material Data is present for

the TaweEx2022 Explosive. Density (@em?)
secten - APBX (60:40 RDX/HMX) named e0s
B SwansEx2024 will be procured Wave Speed (m/s) 8800

MODELLING

instead, subsequently used in A(Gpa) 732.561
this model. B(Gpa) 85.2654

- r 141
* Standard representatives were

replicated the material
properties for both the casing
and the cone. * Material properties are based on the assumption that

no localised work hardening has occurred throughout
manufacturing process.

2 1.4
Epsilom 0.8867

Slide 8 of 65  English (UK) = Notes  Give Feedback to Microsoft [ B8 = — 4'7 + 76% @
5® O Search GBP/AUD ~oE®m ez 30 B T





image14.png
v » 0 DT st No | eIM @0 AXxX WM U Bst @o W »v ®&N EEA ©Qv ¥Wwp WD WD U SA@®N EEA+ = X
€ 5> C @ % uowisd-mysharepointcom/:p;/i/personal/2114158 student uwtsd_ac uk/ layouts/15/Doc.aspx?sourcedoc=%7BD2FDCCAD-AB06-47AA-891F-6E972653B6AA%7D&ile=20240319 0... v @ &3 (%

% Bookmarks Stargate Network Halo 3: ODST Origin... ~ » Guitar Lesson: Lean... o3 ThinkGeek : | see th.. o3 ThinkGeek z Non-Fl.. 3 ThinkGeek : Airspee... 13 ThinkGeek = Keep ... ThinkGeek : | Am W... » [ Al Bookmarks

@ 20240319 OME_L5_Group_Project_Presentation V_0.1 () s ch (Alt +

Transitions  Animatior Slide Show ~ Review  View Help ents Catch up resent | ¢ Editing v

X

A BASICMETHOD

* Model parameters:
Width of shape charge:
~170mm
Cone Angle: 60 degrees

* Model settings:
- node deletion was switched
off.

* Model parameters we designed
to closely match the existing
structures of the clearing charge
design.

ft B B8 =
© goC Cloudy ~ G E® 7 s B O





image15.png
NG IM @O0 2AXx wW'Nm @ st

@

Ow -

v ®N

< > ¢ @ uowtsd-my.sharepoint.com/:p:/r/personal/2114158_student uwtsd_ac_uk/ layouts/15/Doc.aspx?sourcedor

% Bookmarks Stargate Network Halo 3: ODST Origin...  » Guitar Lesson: Leam... 53 ThinkGeek : | see th... 53 ThinkGeek :: Non-Fl.

@ 20240319_OME_L5_Group_Project_Presentation V_0.1 () v A Search (Alt + Q)

File Home Insert Draw Design Transitions Animations  Slide Show Review View  Help

7 overview I

56550403
127000103

RESULTS

* Top video displays the shape charge
subjected to Comp B, bottom shows
SwansEx2024.

* S mises results show that there was

ABASCMETHOD

significant amounts of distortion
occurring during this simulation, and
node deletion being disabled show
false representative data.

151900408

10.0000400

Slide 10 of 65 English (UK)

L Search

i @= B8 ae 6 90

= Notes

B s < o

Wop|wwp | D

D-AB06-47AA-891F-6E972653B6AA%7D&file=20240319

® [ Comments  “As Catch up

Give Feedback to Microsoft

=

P

A0

X @D ¥

ThinkGeek : | Am W... » [ Al Bookmarks

= present v g7 Editing v

Designer X

Generating Design Ideas

B2 7 - +— 4+ 0% &
Q@ gCcloudy ~SE®ZD 38 B M




image16.png
M6 st NoceXwm

€« > C M uowtsd-my.sharepoint.com/:p:/r/personal/211415

* Bookmarks Stargate Network (B} Halo 3: ODST Origi

@ 20240319 OME L5 Group_Project_Presentation V_0.1 () ~

Search (Alt + Q)

File  Home Insert Draw Design Transitions  Animations  Slide Show

B
7 overview I

Review View  Help

DISCUSSION

8 ATERAL

* SwansEx2024 displayed higher
performance characteristics
over CompB mixture, this could result
in failures in shape charge function.

ABASCMETHOD

* Subsequently, there will have to be a
reduction to the cone size, or the
amount of explosive behind the liner.

* Limitations of study: study was
restricted to 5000 nodes,

Slide 1107 65 English (UK)
L Search

By Fi @l B 2 e

@ 2 ¢ o & 2la

~» Guitar Lesson: Lean... T ThinkGeek : I see th... T3 ThinkGeek : Non-Fl...

X

.Y @O W

» 3 All Bookmarks.

@ [ Comments A Catchup & Present v (/7 Editing v

* Results obtained
only explore techniques pertaining
to Computational Fluid Dynamics.

* Additional study
to follow should explore
Hydrocode simulations, and the
implementation of Coupled Models.
When there is
suitable supporting data.

= Notes Give Feedback to Microsoft

KX O

Designer X

DISCUSSION

DISCUSSION

+— + 0% @
“QgcCloudy ~TEmzZD 1308 B

E 88 E —




image17.png
NG| M| @0 A X WM st @o  Ew Qvi|wp|¥™wp | WD U SA@®N EEA+

« 2> C @ 23 uowtsd-my.sharepoint.com/:p:/r/personal/2114158_student_uwtsd_ac_uk/_layouts/15/Doc.aspx?sourcedoc=%7BD2FDCCAD-AB06-47AA-891F-6E972653B6AA%7D& file=20240319_0... Y 3] in ¥

% Bookmarks Stargate Network Halo 3: ODST Origin... ~ » Guitar Lesson: Learn... hinkGeek : I see th.. 53 ThinkGeek : Non-Fl.. 53 ThinkGeek : Airspee... ThinkGeek : Keep o... ThinkGeek : | Am W... » [ Al Bookmarks

@ 20240319 OME L5 Group,_Project Presentation V.0.1 @ v O Search (Alt + Q) & @
Fle Home Insert Draw Design Transions Animations SlideShow Review View Help () Dcommens | Aecaciup | Fpresent v Eiing v

Designer X

| ADDITIONAL AREAS OF STUDY: SIMULATED
EXPLOSIVE PERFORMANCE TESTING
(TRAUZLTESTING)

* Is a hydrodynamic CFD testing
method.

* Measures the expansion of
gaseous products

Material location
Void

LEAD VM
* Set up, a 1.cm”3 block of SAND

explosive material is encased in ANFO
Xl s

INT

- Detonation occurs and the A in jroxe
void volume is plotted over a -
series of runs and different
number of masses.

MANUFACTURING AND
PACKAGING

Slide 12 of 65 English (UK) = Notes  Give Feedback to Microsoft  [E] 88 & - 4+ + 0% &

&= O search © ﬂg%nn Bae © 9 o mano @ % O O gCoudy ~GE®m D 300 B M





image18.png
W ®oa| @ M St | N oM " nu @ o

€« > C M uowtsd-my.sharepoint.com/:p:/r/personal/211415¢

% Bookmarks Stargate Network (B} Halo 3: ODST Origin...  » Guitar Lesson: Leam... 53 ThinkGeek I see th.. 53 ThinkGeek : Non-Fl.. T3 ThinkGeek : Airspee... 53 ThinkGeek zKeepo.. '@ ThinkGeek x| Am W...

B (W

@ 20240319_OME_L5_Group_Project_Presentation V_0.1 @& v £

File Home Inset Draw Design Transions Animations SlideShow Review View Help () Dcommens | Aecaciup | Fpresent v Eiing v

©

| ADDITIONAL AREAS OF STUDY:
HYDROCODE & COUPLED METHODS

- Hydrocode is a form of coupled
testing that excels at modelling fluid
dynamics

- Moreover effectively works with high
velocity hydrodynamic modelling.

- It gives a clearer understanding to
shockwave propagation

- Also depicts material failure better
than most other techniques. Thus
spalling can be modelled.

- Incorporates Fluid-Structure
interaction

MANUFACTURING AND
PACKAGING

Slide 13 of 65 English (UK) = Notes  Give Feedback to Microsoft [ B8 = — 4'7 + 76% @
& O Search € =~ B @ © 9 6 0 & 2 @ “@gCcoudy ~GE®m ez 30 B O





image1.png
Prifysgol Cymru
x. Y Drindod Dewi Sant

" University of Wales
Trinity Saint David




image2.PNG




image3.PNG




