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Abstract:
Computer Aided Engineering and Computer Aided Design are used across numerous industries forming a significant part of the Engineering discipline. 
To establish the suitability and limitations of CAE techniques in representing accurate interactions between objects (and materials) within an assembly, the Impact of a 7.62 mm Enhanced Penetration Round (EPR) against a 5mm Steel target plate was created using CAE processes. This simulation was created in order to evaluate how these tools can be used to replicate the interaction, and how Finite Element Analysis and an Explicit Dynamics solution might be used and validated effectively.
The following study looks at the steps involved in the process and examines the factors which contribute to accurately creating and representing a ballistic impact, and whether Computer generated simulations can provide an acceptable substitute for the test and evaluation process in the real world.
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1. [bookmark: _Toc165533966]Introduction:
Computer aided engineering (CAE) refers to the entire engineering process from product design of a concept (including drafting), through to simulation, analysis, and testing [1]. CAE has been used for both research and within multiple industries including aerospace, the automotive industry, defence, and across many areas within the civilian market [2]. The process covers every stage within the engineering process, from the initial design process and into the development phases, and even used in the manufacturing process [3]. In context with a systems engineering approach, CAE can be used for simulation-based advanced analysis [4] of products before manufacture begins, and can prevent costly product recalls before they occur.
CAE utilises computer-aided design (CAD) as part of the design process to create simulated 3D Models, using design software. These software packages can be used to create individual parts or combine multiple parts to form an assembly. Analysis software can be used to conduct a variety of analyses based on finite element analysis, computational fluid dynamics, multibody dynamics, and kinematics, and can also be used in computer-aided manufacturing [3].
1.1. [bookmark: _Toc165533967]Brief History
CAE and CAD can trace their origins back to the early 1940s, being employed by the military to assist with ballistics calculations, with the first graphics being produced by early computer systems in 1953. Developments continued with introductions of new systems and software in the 1960s with Design Augmented by Computer (DAC-1) and SKETCHPAD in 1963. Other advances included the application and use of UNISURF by Pierre Bézier, whilst working for Renault in 1971 [5]. 
3D CAD emerged in the 1980s [6], and has continued to develop ever since. With the advances in technology over recent decades, and increased computational capabilities, this has continued to enhance the capacities of how CAD can be used as part of the design process, and how it can be used to analyse computer generated models in a plethora of industries.
1.2. [bookmark: _Toc165533968]Advantages and disadvantages
Using CAD in the design process has several advantages. CAD engineers are able to save time when using a digital product, as the process is relatively straightforward regarding the deign process; the model is easy to edit, due to the way most software packages are designed; errors can checked and adjusted accordingly, improving accuracy;  duplicate parts can be automatically generated when making an assembly, especially where multiple smaller parts may be required (such as nuts, bolts and rivets); the design can be shared with relative ease, as it is a software file those with the same software are able to open files with ease, saving time in reproducing the design either by hand or by designing it from scratch themselves [7].
Where there are advantages in using CAD, the disadvantages should also be considered. Where the design is generated using software, the computer itself may suffer a catastrophic failure or become damaged (for numerous reasons), resulting in loss of data and the design itself. As the world has become reliant on computers, there are the risks of malicious online attacks, resulting in loss of data or sustaining damage as a result of a virus. There also exists the need to update software when and where it becomes outdated, applicable to both the operating system and the CAD software, which can contribute towards compatibility issues within software packages.
Alongside these issues, it can be a time-consuming process to train users on how to utilise the software to an optimal level. On top of this, there are additional costs in purchasing both the software and computer systems required to run the programmes. Due to the nature of the software and the quality of the design model required, a minimum of 2 core processors will be required [8]. It also must be acknowledged that with the increase in complexities of designs requiring analysis, a more complex model leads to larger memory requirements and to a higher CPU cost, resulting in significantly increased computational time [9]. Therefore high-powered computers are necessary to run the programmes effectively (depending on cost and availability, these can vary in cost from £1,179.98 to £24,865.64 [10]). Alternatives do exist to purchasing a CAD specific workstation, and CAD software can be run on remotely accessed virtual domains, or the work can be contracted out to an external provider. Both of these options may be beneficial for smaller companies, or individuals on limited budgets.
1.3. [bookmark: _Toc165533969]Finite Element Analysis
CAE can be used to conduct Finite Element Analysis (FEA). FEA can be explained as using mathematical calculations and computer based 3d models to understand how an object will behave under various physical conditions [11]. FEA can be separated into two categories, Implicit FEA and Explicit FEA. 
Implicit FEA is used for problems with slow loading, which covers most routine engineering problems, such as static structural analysis. This can be used to analyse individual parts in a larger model, in order to understand how they may be affected by forces they are exposed to over prolonged periods.
Explicit FEA can be used to solve dynamic time-dependant effects. Examples of this include problems involving impact and high energy transfer, such as crashes or ballistic impacts. This is done by calculating nodal acceleration and movement directly, based on the mass and forces they are subjected to [12]. As such, Explicit FEA is best suited to incredibly short time periods, such as milliseconds or microseconds. 
FEA can be broken down into three sequential stages. These are the Pre-process, Process, and Post Process stages. 
During the Pre-process stage includes the user must choose what type of analysis to conduct, for example this can be a static structural or explicit dynamics analysis. As part of this process the material properties are allocated to elements of the model. During this stage, boundary conditions and loads are applied. These can include loads such as force in a static structural analysis, and velocity in an explicit dynamic analysis.
The computer conducts the Process itself during the second stage, producing the results. These can be viewed as animations, and other visual representations. Displays can include graphical representations of timeline and velocity curves; numerical tablature can also show other data of interest, such as Shear stress and Strain and their numerical values.
The Post Processing stage enables the user to examine the results, whereby the user is able to view things such as displacement, stress and strain, and temperature, as well as the time frame this is captured in.
FEA is conducted by creating a mesh through the design and breaking the model down into simple geometry. This can be done by using the software to autogenerate the mesh or selecting a specific type of mesh such as triangular, spare, hexagonal etc. From the mesh generated, nodes are created across the model. These are effectively intersections where the generated geometry meets and are used as reference points throughout the calculations conducted by the software programme. Where materials are allocated, these nodes will act according to a numerical value and numerous calculations run by the simulation software. The overall effect being a visual representation of how the object should act as a result of the forces it is exposed to and interactions with other objects in the simulation.
Mesh density and refinement can help examine specific areas of a design. Where the analysis may show areas which are exposed to high stresses, a well-defined much finer mesh may be used to better understand the force related to these issues, and feedback into improving the design.
The following study was conducted to examine the suitability of Computer Aided Engineering and FEA (using explicit dynamics) to analyse a ballistic scenario. As part of this study, the component parts were created using CAE and Computer Aided Design, using SolidWorks 2023 software. The analysis was conducted using an Explicit Dynamics solver on Ansys Workbench to replicate a ballistic impact of a 7.62mm Enhanced Penetration Round on a 5mm steel plate.
2. [bookmark: _Toc165533970]Method:
The design and evaluation of the model took place in two stages. The first stage being the design and creation of the model and assembly. The second stage included running the simulation and evaluation.
The components were created using SolidWorks 2023. 
2.1. [bookmark: _Toc165533971]Projectile 
The 7.62 mm projectile was standardised by members of the North Atlantic Treaty Organisation (NATO) as the standard infantry ammunition round in STANAG 2310 from 1953 to 1980[footnoteRef:1]. This projectile has continued to find use in various platforms, from support weapon systems such as the general-purpose machine gun (GPMG), to more specialised roles and applications, such as designated marksman rifles (DMR) including the L129 A1 Sharpshooter rifle[footnoteRef:2]. The 7.62mm projectile has the same dimensions as the .308 calibre projectile [13], but has also found use in a variety of law enforcement and counter terrorism policing units (in different weapon systems and platforms) in both The United States and the United Kingdom [14]. This includes a more compact format, referred to the 300 Blackout (300Blk) [15]. The 7.62 Enhance Penetration Round (EPR) was tested by the United States Armed Forces in 2014, and subsequently introduced into service in September that year [16]. [1:  This was amended by STANAG 4172 in 1980, introducing the 5.56mm projectile as the new standard infantry ammunition round, which is still in service today.]  [2:  Manufactured by Lewis Machine & Tool Company (LMT) and also called the LM308SSR [29]] 

[image: M80A1CleanDimensioned]
[bookmark: _Ref164695251][bookmark: _Toc165146319]Figure 1 - 7.62mm EPR Projectile – External Dimensions [13]
Where this only showed the external shape of the projectile, its construction was identified from a cross section, which showed further details which needed to be considered, before assembly[footnoteRef:3]. The projectile can be seen to consist of 3 main components. The Driver, which aids the momentum of the projectile; the Penetrator; and the Jacket, an outer sheath which holds the projectile together in a complete sub-system, as part of the round itself.  [3:  It should be noted that limited information was available from manufacturers, and that information was obtained from other sources.
] 

The casing holds the propellant which provides the motive force, and the primer provides the means of ignition/initiation. The casing, propellant and primer were not included in the 3D model, as the simulation focused on penetrative properties of the projectile itself.
[image: A bullet and a blade on a cardboard surface

Description automatically generated]
[bookmark: _Toc165146320] Figure 2 - 7.62mm EPR Projectile – Cross-section [10]



Construction
To create the individual parts of the projectile, a new project part was opened, and a centreline was drawn on the side plane through the centreline. The length, width and associated part dimensions were created using reference lines within SolidWorks. Once these were established. The Ogive was created using a spline between two fixed points. Once this was completed, the design was revolved through 360° degrees around the centre line. Dimensions were checked against the calculations made for the overall length, width, boattail, and base of the projectile.
[image: A white object with a pointy top

Description automatically generated]

Penetrator
The original design was duplicated and saved in order to preserve the dimensions of the original copy. The design was edited through the Feature Manager Design Tree. To do this, the Edit Sketch option was selected, and the geometry edited. The dimensions for the penetrator were derived from the information provided in Figure 1 - 7.62mm EPR Projectile – External Dimensions [13], and were superimposed over the top of the existing sketch, and the unwanted lines/elements were deleted accordingly. Once the penetrator shape was left, this was revolved around the centreline. 
[image: A grey cylindrical object with a pointy top
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[bookmark: _Toc165146321]Figure 3- Penetrator

Driver/Slug
The driver was created using a similar method as the Penetrator. The Original design was duplicated, and necessary lines were drawn on the original sketch in order to maintain consistency. Unwanted design elements were deleted, and the remaining elements were revolved around the centreline.
[image: A cylindrical object with a white background

Description automatically generated]
[bookmark: _Toc165146322]Figure 4 - Driver (Slug)
Jacket
The jacket was created from the original design sketch, using the same approach. Difficulties were encountered whilst attempting to replicate the spline, despite using the appropriate offset. This resulted in the original design being modified, resulting in a deviation from an exact 3D representation of the projectile. Multiple solutions were attempted in resolving the problem, but none were found. Where the attempt to create an accurate 3D CAD model fell short, an operator with more experience may have been able to produce this to a higher standard than the user in this instance. 
[image: A brown cylindrical object with a white background

Description automatically generated]
[bookmark: _Toc165146323]Figure 5 - Jacket


[image: A diagram of a bullet

Description automatically generated]
[bookmark: _Toc165146324]Figure 6 - Complete Projectile and Cross-Section showing component parts
2.2. [bookmark: _Toc165533972]Plates
The plate was created in SolidWorks 2023. This was simpler than creating the projectile and was created in the Top plane. 
This was created by creating a new part, entering the sketch, and using a centre-point square. The length and width were defined as 50mm using smart dimension, and it was extruded by 5mm.
[image: A screenshot of a computer
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[bookmark: _Toc165146325]Figure 7 -  5mm Steel Plate

2.3. [bookmark: _Toc165533973]Assembly
The Assembly was created by opening a New Assembly, and the projectile was inserted first. The process was repeated for the 5mm plate.
Selecting the Mate option on the tool bar enabled the user to position these parallel by selecting the face on the tip of the projectile, and the surface of the plate. By selecting the Concentric option on the Mate menu, these were positioned and offset by 2.0mm. Upon completion of the Assembly, it was saved as a “.STEP” file.
The Assembly can be seen below in Figure 8 - Assembly - Projectile and Plate.

[image: A bullet stuck in a triangle
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[bookmark: _Ref164710011][bookmark: _Toc165146326]Figure 8 - Assembly - Projectile and Plate

2.4. [bookmark: _Toc165533974]Materials
Materials were allocated by selecting each object in the design tree on Ansys Workbench, Entering the materials section and selecting the appropriate material in the library. 
The Jacket and Driver were identified to be made of copper, but there was little information relating to the precise material data for the exact materials used in the construction of the projectile in the literature available. Therefore these components were allocated the properties of standard copper. The penetrator was identified to be constructed from hardened steel, again no literature identified which exact steel this was. As such, steels were identified in the materials library and Steel S-7 was allocated to the projectile. Due to a lack of information available for these materials, the Johnson Cook parameters could not be identified, resulting in the material properties for these materials remaining defined by the existing examples in the Ansys library.
For the Plate, sources identified numerous variations of steel and aluminium [17] in a broad selection of arrangements, laminates, and composites as target plates. From broader research, it was identified that steel is typically used for armour applications, and this was considered for the target plate. Again, limited information resulted in the material selection, and Steel S1006 was chosen for these purposes.
The technical data and Johnson Cook information from the Ansys library can be found in Table 1 - Material Data for final 7.62 Projectile and Target Plate, below.
	Steel S-7
	Steel 1006

	Density
	7750 
	kg/m
	Density
	7896 
	kg/m

	Thermal
	Thermal

	Specific Heat Constant Pressure
	477 
	J/kg.°C
	Specific Heat Constant Pressure
	452 
	J/kg.°C

	Other
	Other

	Shock EOS Linear
	
	
	Shock EOS Linear
	
	

	Gruneisen Coefficient
	2.17
	
	Gruneisen Coefficient
	2.17
	

	Parameter C1
	4569 
	m/s
	Parameter C1
	4569 
	m/s

	Parameter S1
	1.49
	
	Parameter S1
	1.49
	

	Parameter Quadratic S2
	0 
	s/m
	Parameter Quadratic S2
	0 
	s/m

	Johnson Cook Strength
	
	
	Johnson Cook Strength
	
	

	Strain Rate Correction
	First-Order
	
	Strain Rate Correction
	First-Order
	

	Initial Yield Stress
	1.539e+ 09 
	Pa
	Initial Yield Stress
	3.5e+ 08 
	Pa

	Hardening Constant
	4.77e+ 08 
	Pa
	Hardening Constant
	2.75e+ 08 
	Pa

	Hardening Exponent
	0.18
	
	Hardening Exponent
	0.36
	

	Strain Rate Constant
	0.012
	
	Strain Rate Constant
	0.022
	

	Thermal Softening Exponent
	1
	
	Thermal Softening Exponent
	1
	

	Melting Temperature
	1489.9 
	°C
	Melting Temperature
	1537.9 
	°C

	Reference Strain rate (/sec)
	1
	
	Reference Strain rate (/sec)
	1
	

	Shear Modulus 
	8.18e+ 10 
	Pa
	Shear Modulus 
	8.18e+ 10 
	Pa


[bookmark: _Ref164966416]Table 1 - Material Data for final 7.62 Projectile and Target Plate


2.5. [bookmark: _Toc165533975]Simulation
Ansys Workbench 16.2 was opened, and the Explicit Dynamics solver was selected as the solution type. The geometry was added by importing the .STEP file for the assembly, and Engineering Data was added to the relevant parts of the model. Once complete, the initial conditions were set, and the mesh generated. The time step was reduced to 0.015 seconds, due to the speed that the projectile was travelling at, ensuring that only the areas of interest were captured, as opposed to generating unnecessary data further behind the target plate. The simulation was validated before running the programme, to ensure that all parameters in the pre-process stage were complete.

3. [bookmark: _Toc165533976]Results
The images shown in this section relate to the Total Deformation results in relation to both the projectile and the target plate, in order to assess both the capability and suitability of the CAD software in relation to this.
The simulation was viewed from all angles, and a selection of images were captured from several angles, including perpendicular to the point of contact and penetration of the target plate. 
Total Deformation results of the target plate and projectile can be seen in Figure 9, Figure 10, Figure 11, and Figure 12. 

[image: A blue object with red dots

Description automatically generated]
[bookmark: _Ref165113657][bookmark: _Toc165146327]Figure 9 - Deformation of projectile - and Petaling of target plate
It was possible to remove the projectile from the animation and results, by selecting the projectile through the Design manager tree and selecting the Hide option. This enabled the user to view the impact, and why the target plate material reacted to the impact, one step at a time.
[image: A blue and black grid with a white circle
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[bookmark: _Ref165113660][bookmark: _Toc165146328]Figure 10 - Rear View of Target Plate during Impact

[image: A blue and black screen

Description automatically generated with medium confidence]
[bookmark: _Ref165113662][bookmark: _Toc165146329]Figure 11- Oblique View of target Plate During Impact


[image: A blueprint of a mechanical model

Description automatically generated with medium confidence]
[bookmark: _Ref165113664][bookmark: _Toc165146330]Figure 12 -  Total Deformation
4. [bookmark: _Toc165533977]Discussion
4.1. [bookmark: _Toc165533978]Total Deformation:
The results from this study were focused on the penetrative properties of the projectile and how the target plate would react to this. Establishing the variables involved in the simulation can be found below in the discuss regarding design.
The model was able to show deformation took place with regards to both the projectile and the target plate and can be seen in the results.
Where the compressive forces are located at the Point of Impact (POI), we can see distinctive features on both the front and rear of the target plate. Working from the contact side of the plate, features included brittle fracture and ductile hole growth, which are indicated by the shapes seen on the front of the plate and contact surfaces around the outside of the projectile. The ductile hole growth was consistent through the target plate and resulted in features similar to Petaling at the rear of the plate. These features are consistent with what would be expected with an armour penetrating round penetrating a target of similar construction. Where this is a simulated interaction, it must be noted that to verify this interaction validation of the model must be considered.
4.2. [bookmark: _Toc165533979]Design:
Whilst creating the initial design for the 7.62 EPR projectile, several issues were encountered. These included the design and creation of the jacket through using splines, and offsets, as well as closing the “open” elements of the design. As a result, the design had to be simplified. This may have had an impact on the overall performance of the projectile in the simulation, however there were issues encountered in the simulation also.
With regards to running the simulation, the software was unable to process the original projectile designed with the material properties allocated to the separate parts. Where the Penetrator was made of steel, and the jacket and driver were allocated the properties of copper, the programme was unable to compute the calculations and an error message was shown. 
In order to run the simulation, several changes had to be made. These included the mesh; velocity; material properties of the target plate (i.e. introducing a softer material such as aluminium); reducing the time period for the simulation; and the design of the projectile itself. The design went through several iterations whilst seeking a solution. the key factors identified in the projectile were that it was made from separate components, made of different materials. One of the solutions was to change the Jacket and Driver to the same steel as the penetrator but this also presented the same issues. The final solution was to simplify the design further and use a solid homogenous steel projectile. As a result of the simplification, the software was able to run the simulation with a degree of success.
There is the possibility that some of the initial difficulties could be attributed to user error and inexperience, this should not be considered representative of an experienced user, and perhaps attributed to the software and calculations relative to the materials and construct of the design. 

4.3. [bookmark: _Toc165533980]FEA:
Using Explicit Dynamics solver in Ansys was a relatively straightforward process, with some elements being intuitive of the software, as a result of the structure of the package. That being noted, there are several other software packages which could have been used. The options in Ansys included LS Dyna and Autodyn, however there are other software packages available that may provide more accurate representations. In order to fully evaluate the capabilities of CAD relating to FEA and Explicit dynamics, a broader range of packages should be considered. Other alternatives would include Abaqus or utilising a different solver such as LS-Dyna or Autodyn.
One of the benefits of running the simulation in a virtual environment is that numerous analyses can be conducted concurrently. For example, running an analysis for Shear Elastic Stain and Shear Stress at the same time as Total Deformation is possible, as it enables an understanding of the forces and pressures that the simulation is exposed to. This contributes to understanding why the results of the simulation are represented in the manner they are.
[image: A collage of images of a plane
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[bookmark: _Toc165146331]Figure 13 - Shear Elastic Strain and Shear Stress relating to the Projectile and Target Plate

4.4. [bookmark: _Toc165533981]Mesh:
Once the simulation was confirmed to run, the mesh was modified from the automatically generated version to produce a finer mesh pattern across both the projectile and target plate. The mesh was of an acceptable size to display the Total Deformation in relation to the materials, however a finer mesh localised to the impact and penetration area could have displayed the deformation in greater detail. As an initial study, there are clear advantages to this, as it would enable visualisation of any fragmentation to the rear of the target plate, and perhaps show the way the target material acts in greater detail.
From further study and research into both the SolidWorks and Ansys packages, the meshing can be modified to do this, and provide areas of greater mesh density in areas of interest. It has been observed by those in industry that mesh size has an impact on the validity and accuracy of the model and results produced. By changing the mesh size a coarse mesh may reduce the accuracy of the results produced, and that by having a mesh that is too fine the simulation will take considerable time to run without noticeable improvements in accuracy [18].  
A factor to consider would be the mesh geometry in relation to the surface and cross section of the projectile. Due to the complexities of the shape and design, the mesh geometry attempted to replicate this as accurately as possible. Thoe only drawback being that the geometry consisted of straight edged objects, whereas the geometry of the projectile, cross section, and ogive are rounded, which may be of interest where another programme would be capable of representing this to a higher degree of accuracy.
4.5. [bookmark: _Toc165533982]Velocity
The velocities used for the simulation were designed to be representative of various 7.62 projectile speeds. The higher velocity used for the purpose of the simulation was 865 m/s, as research indicated that Armour Piercing (AP) projectiles, such as the 7.62mm AP2 round velocities were capable of a range of velocities. Examples were recorded at 838 m/s [19] at a distance of 24 m from the muzzle of the weapon system, and 771 m/s [20], therefore a representative speed was chosen.
The selection of the lower velocity of 325 m/s was representative of a subsonic 7.62 mm (or 300Blk) projectile. Velocities were cited by manufacturers and retailers at a variety of velocities. These were recorded at 315 m/s [21] and 1050 fps (approximately 320 m/s) [22].
The simulation had been completed in several iterations, changing the variables relating to velocity, mesh fineness, and plate thickness, that the velocity had been allocated under the wrong part of the design tree. Had this been identified earlier, the results may have differed from those captured. However this does not detract from the Armour Penetration capabilities of the EPR projectile itself, as the steel used for the target plates was of a more ductile steel than the projectile. As the projectile was constructed of a hardened steel as opposed to the structural steel of the target plate, it was expected that the penetrative properties would be greater, and that the target plate would give way under the forces imposed by the projectile. As a result of this, the projectile travelled at a consistent speed along the trajectory prescribed, and the velocity was not affected by the target plate. Should this simulation be run again, this would be an area of consideration for change as this interaction would affect the velocity and penetrative ability of the projectile.
5. [bookmark: _Toc165533983]Validation:
Validation is concerned with the accuracy of the model and looks at how well it captures the physical behaviour of the real-world situation it is meant to simulate. Even at its best, a computer model will only approximate a physical system [23].
Where utilising CAD and FEA to run a simulation is beneficial, it should be used and interpreted as a likely outcome of the scenario it represents. The key factors identified being the difficulty in processing the original projectile and having to replace this with the solid steel substitute, along with the mesh sizing, and user related errors with relation to velocity. If these could be rectified, there is possibility that the accuracy could be improved.
Model Accuracy and discrepancy is a crucial part of validation. This applies to how the model works, and the forces involved. In relation to this study, velocity was the key driving factor, however a projectile fired from a weapon system is also exposed to several other forces also. The model did not account for the true motions working on the projectile, which included rotational spin, gravity, distance from the point of fire, which would all have an effect on the penetration capacity of the projectile. It should also be acknowledged that the model materials, and values for the Johnson Cook data have an impact on the accuracy of the model. These factors would have an effect on the trajectory of the projectile also. Representing the physical properties of a design is crucial in presenting an accurate model in CAE and must be represented to enhance accuracy and aid the validation process.
With regards to the simulation conducted in this study, there is a volume of literature available to examine these results. However it should be noted that the majority of the studies conducted were physical experiments, and not CAD/FEA based. Where data may exist in this instance, the use of CAE in creating new designs and models may not have physical examples available for direct comparison, making the process of validation more challenging.

[image: A close-up of a bullet
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[bookmark: _Toc165146332]Figure 14- High speed Video footage relating to the penetration of 10mm Target by 7.62 mm AP projectile [24]
[image: A close-up of a hole in a metal surface
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[bookmark: _Toc165146333]Figure 15 - Front and Rear view of plates hit by 7.62 mm AP Projectile [24]
Direct comparison between a CAE Design and simulation provides a physical way to validate results, however this may be a costly method, when resources, staffing, space and time are valuable and costly factors. Aside from this there are computational methods which can aid validation.
Markov Chain Monte Carlo (MCMC) is based on a complex series of equations which relies on algorithmic samples drawn from probability distributions. To simplify this, the algorithms in MCMC is based on a probability distribution of known values and uses this to predict (within an approximation) the distribution of values. MCMC is only one of many validation tools which can be utilised in verification, and a combination of available tools should be employed (wherever possible) to ensure the model represents the physical world as close as possible.

6. [bookmark: _Toc165533984]Conclusion
Existing Computer aided design tools that are used in professional design practice are the result of over forty years of research, development, and commercialization [25]. CAE and CAD systems would not still be used if there were no advantages in utilising them. Their continued use and ongoing development therefore indicate that they hold value in these processes, but the extent as to this value is open to interpretation.
Whilst CAE has been used in multiple areas in industry including (but not limited to) design, editing, and evaluation there are still flaws with using it. Broadly speaking, the issues can be attributed to the two main areas of computational error and human error. 
Computational error relates to the geometry, material properties, calculations and errors associated with these, along with how the analysis software interprets these details, etc. From the study conducted, there were clear issues relating to the interactions between certain materials within the assembly, which affected the accuracy of the model. Where these were a key factor in representing a physically accurate model, the software fell short. 
The software and associated processes, whilst able to create a relatively accurate design, were not able to represent the design with 100% accuracy and had to be simplified in order to run the analysis. Meshing of the design, when modified to suitable densities, can aid in accurately portraying a simulation and interactions between component parts of an assembly. It is clear that a finer mesh provides better analysis, however, comes with the caveat of longer processing times. 
Where (in this study) there was a need to simplify the original design model. This could be attributed as an issue relating to material properties allocated to the geometry and fails to aid in capturing data from a realistic scenario as a result.
The results of any simulation should be considered as an approximation, and therefore only observed as such. Due to the nature of program and software parameters, a simulation cannot be taken as representative of reality. In order to validate the simulation fully, it would be necessary to conduct the process in the real world, and a natural progression to confirm accurate portrayal of any simulation. Validation of any model is a necessity to reduce error, if a simulation is to be able to accurately represent the physics and interactions suggested.
Computers have become an integral part of so many industries, and their capabilities continue to grow. CAE has essential role in the modern world, and will continue to, as computing capabilities increase. There are clear benefits in using CAE create and analyse, however simulations should not be taken as a prediction of how the model would perform in the real world. Where current capabilities and programmes are able to deliver a working 3D representation, they require high powered computers and time to complete. Perhaps as computer technology advances, so too will processing speeds and capabilities of software, especially in being able to accurately portray a 3D simulation with 100% certainty.
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