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Introduction

This report has been produced for the purpose of validating a real-world system designed in
a Computer Aided Engineering (CAE) programme and tested in a computational simulation
environment.

The modelling within this report will be produced using solidworks. Solidworks is a
programme produced by Dassault Systems a French software company [1]. Solidworks is an
easy to use an intuitive software allowing the user to achieve the desired results. The
modelling software that will be used in this report will be Ansys modelling. Ansys is an
analysing software that provides the user with various simulation possibilities such as
autonomous sensors, battery simulation, 3D designs, Multiphysics, antenna design and fluid
dynamics, with countless other applications [2]. Due to the nature of the item in question
the simulations within this report will be based around static loading with a focus being on
the displacement (bending), stress and strain experienced by the model in the simulation.

Great effort will be taken to validate the simulation modelling by completing a validation
exercise against a known model design. This validation effort will allow the results of
modelling the equipment to be taken as true to life and representative of the real-world
system.



For the purpose of this report the real-world system that will be modelled will be based
around a requirement for a weapon system launcher to be placed on a stand for
maintenance and processing before being loaded onto a platform. The overall requirements
for this design will be summaries in a future chapter. Due to the weapon system in question
being a real-world item which characteristics are protected under the Government Security
Classifications Policy [3] and the nature of this report being unclassified. All dimensions,
weights, specifications, and requirements contained within this document are not
representative of the real-world equipment and any similarities are purely coincidental.

Computer Aided Engineering

Computer Aided Engineering (CAE) has modernised the engineering design process, allowing
engineers access to tools for simulation, analysis, and optimisation allowing for greater
efficiencies during the design process of a new project. These tools have allowed engineers
to predict the performance and identify potential flaws in their designs before physical
prototypes are constructed, saving time and resources. Despite this their considerable utility,
CAE processes come with inherent limitations and simplifications that must be considered to
ensure an effective output as part of the design process.

One of the primary limitations of CAE is the dependence on the quality and accuracy of the
input data. The output of a CAE process is only as reliable as the input data. This includes
material properties, boundary conditions, and loading conditions, which must be accurately
represented in the model. However, obtaining precise input data can be challenging, and
assumptions often need to be made, potentially introducing errors into the simulation
results [4].

CAE tools often require simplifications of complex real-world physics due to the limitations
present on everyday computer systems. For example, in simulating fluid dynamics or stress
distribution, engineers might assume laminar flow or linear elastic material behaviour,
ignoring turbulence or plastic deformation. While these simplifications can allow a basic
computer system to undertake these simulations, they can also lead to discrepancies
between the simulated results and real-world behaviour, especially under extreme
conditions or in scenarios where the simplified inputs play a significant role. Another
consideration is the computational cost associated with high-fidelity CAE simulations.
Detailed models that account for complex interactions and phenomena require significant
computational resources and time, which can be prohibitive for some businesses. This
requires a balance between model detail (accuracy) and computational feasibility, often
leading to further simplifications. [5].

Interpretation of CAE results requires a deep understanding of both the underlying physical
principles and the specific CAE tool being used. Misinterpretation of the results can lead to
incorrect conclusions, potentially compromising the design's integrity. The limitations and
required simplifications inherent in CAE processes highlight the need for these tools to be
used as part of a comprehensive design and validation process, not as standalone solutions.
CAE should inform and guide the engineering design process, supplemented by empirical
testing and validation to confirm the performance of the final design. It is crucial for



engineers to recognise the limitations of their simulations, understand the potential sources
of error, and apply their judgement in interpreting the results within the context of the
broader design project [6].

In conclusion, while CAE offers powerful capabilities for enhancing the engineering design
process, a critical understanding of its limitations and the simplifications involved is
essential. By correctly integrating CAE tools with traditional engineering practices and
validation techniques, engineers can use these technologies to their full potential, leading to
innovative designs that are both efficient and reliable.

Design requirements.

As with any engineering project there are a list of requirements. Requirements are the
specific standards, factors, or conditions a project or design must meet in order to be
deemed successful. These requirements allow the designer to understand what the
equipment or project goals are, the limitations there might be and what they wish to
achieve [7].

The item to be modelled must be designed to act as a stand (hence forth known as Stand)
for an item of equipment to be worked on when not attached to a platform or contained
within its storage container. The requirements surrounding the stands design are as follows:

1.

8.
9.

The stand must be able to be mounted to an MHU-191 ammunition trolly.

The stand must be able to accommodate the dimensions of the equipment in
question. *

The stand must be able to hold a weight of 200kg’s** with no more than 1.5mm of
displacement in its structure.

The stand must spread the weight over an area 5000 cm?*.

The stand must keep the equipment secured upon itself with no additional lashings.
The stand must allow for ease of access to the top of the equipment at a height of
no less than 1 meter above the ground.

The stand must be constructed with the use of the minimum number of parts
possible to achieve the other stipulated requirements.

The stand must be capable of being assembled with basic hand tools.

The stand must be constructed of Aluminium alloy 6061 T6.

*The exact dimensions are classified and omitted from this report, all dimensions mentioned
are not representative of the real-world equipment and are purely fictional.

**This weight is not a representative weight of the real-world equipment and is used solely
as a simulation target.

Initial design

The initial design consists of three parts with two parts being duplicated for simplicity,
pictured below in figure 1. The two “T” shaped virticle supports (Going forward will be
known as T-Mounts) are identical allowing for simplified manufacturing process. The
bottoms of the T-mounts have been designed to allow mounting onto the MHU-191 trolly



with its two different widths of mounting rails. This design allows for either of the T-mounts
to be mounted in any of the mounting orientations without effecting the assembly of the
stand, therefor simplifying the design.

The two T-mounts are connected with a single beam using a mortis and tenon joint, which
provides a simplistic and solid mounting option [8]. This assembly method relys on the T-
mounting bolts used to secure the T-mounts to the trolly as the sole part of the assembly
requiring hand tools.

Figure 1: Design variant 1

The two end vertical lips on the T-mounts are to secure the equipment onto the mounting
surface preventing it from slipping off the ends. The surface area the equipment mounts to
on the three top surfaces spreads the equipment’s weight over 7100cm? (highlighted in
figure 2 below with the red circles), calculations found in Appendix A. With this in mind it
can be argued that current design meets all the requirements stated above, with the
exception of requirements 3 and 9. These two requirements compliance will be
demonstrated during the simulation section of this report.



Figure 2: Highlighted load bearing areas.

Validation

Simulation validation is a cornerstone of CAE as it ensures that the simulation models
accurately represent real-world scenarios. This validation process is critical for several
reasons.

Accuracy of Predictions: The primary purpose of CAE is to predict the behaviour of designs
under various conditions. Validation confirms that these predictions closely align with actual
outcomes, ensuring that engineers can trust the data provided by their simulations when
making design decisions [9].

Cost Efficiency: Physical prototyping and testing can be expensive and time-consuming,
especially for complex systems. By validating simulations against real-world results,
companies can reduce the number of physical prototypes, saving both time and money [10].

Risk Mitigation: In industries like aerospace, automotive, and defence, design failures can
have catastrophic consequences. Validation of simulations helps identify potential issues
before products are built and deployed, significantly reducing the risk of failure, and
ensuring safety and compliance with industry standards [11].



Improved Understanding of Models: The process of validation often reveals discrepancies
between the simulated and real-world results. Investigating these discrepancies can lead to
a better understanding of the underlying physics and the limitations of the simulation,
driving improvements in both the models and the design process [9].

Confidence in Decision Making: Validation provides engineers and decision-makers with
confidence that their designs will perform as expected in the real world. This confidence is
crucial for making informed decisions about materials, design modifications, and
investments in further development [12].

Innovation and Optimisation: Validated models allow for more aggressive innovation and
optimisation of designs. Engineers can explore a wider range of scenarios and design
parameters with confidence, pushing the boundaries of performance and efficiency [9].

In summary, simulation validation in CAE is vital for ensuring the reliability and accuracy of
simulations, which in turn supports cost-effective, safe, and innovative engineering design
processes. Without validation, the utility of CAE simulations would be significantly
diminished, as their predictions could not be trusted to inform critical design and
manufacturing decisions.

As part of the validation effort for the simulation contained within this report, validation
simulations were carried out across three different aspects closely relating to the design
being simulated.

A beam bending validation exercise was undertaken to demonstrate the simulation of the
whole stand was valid and representative of the real-world environment. To undertake this
simulation the validation effort used four different simulations and mathematical equations.
A beam of similar dimensions and using the same material properties to the horizontal beam
shown in figure 1 & 2 above was used. The validation beam was the tested with the
following methods.

1. Fixed at one end with a universal load across its length.

2. Fixed at one end with a single point load placed at the opposite end to its fixing
points.

3. Fixed at both ends with a universal load across its length.

4. Changing the mesh size, 1 simulation with a fine mesh and 1 simulation with a coarse
mesh.

Validation efforts 1 to 4 were completed in 2 CAE simulations, 1 with Solidworks and 2 with
Ansys. Validation efforts 1 to 3 were also supplemented with mathematical equations for the
beam deformation, the formulas used can be seen in figure 3 below as well Appendix A for
the calculations. Validations simulations were compared using the maximum deformation
seen across all simulations and calculations.
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Figure 3:Beam validation calculations [9]
The following parameters were used as part of the validation simulations and calculations.

e Dimensions - 1000 (L) x 50 (W) x 72.5 (H) mm
e Force applied — 2000N.
e Material - aluminium alloy 6061 T6

The following material properties are contained within the two-simulation software for
aluminium alloy 6061 T6:

Parameter Solidworks Ansys
Density 2700 Kg/m? 2713 Kg/m?
Poisons ratio 0.33 0.33
Ultimate strength 2.4e+8 Pa 3.131e+08 Pa
Yield strength 1.5e+7 Pa 2.592e+08 Pa
elasticity 69000000 Pa 69000000 Pa

Table 1: Comparison of materiel properties within the two programmes

For the mesh simulation a bream fixed at one end with a uniform load across its surfaced
was simulated and only the mesh size was altered between the 2 simulations, the mesh
simulation was only carried out in Solidworks. The Mesh size used for the simulations can be
found in table 2 below. The fine Mesh size had a uniform size throughout, the coarse mesh
had a range of sizes. All the Mesh sizes were automatically generated by the computer
programme.

Fine mesh size Coarse mesh size
Uniform size 7.68223mm Max 30.7289mm
Min 15.3645mm

Table 2: Mesh sizes between 2 Mesh validation simulations



Validation results

The results from the two simulation programmes and the equations can be found in this
section, broken down into four subtitles to cover the different validation simulations. There
will be some simulation result screen shots presented, with all data and screenshots being
available in Appendix B.

Single fixed uniform load

Simulation Solidworks Ansys Equation
Max Deformation 2.281mm 2.2818mm 2.2818mm
Table 3:Cantilever beam universal load results.
Single fixed-point load
Simulation Solidworks Ansys Equation
Max Deformation 5.996mm 6.0866mm 6.0849mm
Table 4: Cantilever beam point load results
Double fixed uniform load
Simulation Solidworks Ansys Equation
Max Deformation 0.05097mm 0.050069mm 0.0475mm
Table 5: Supported beam universal load results
Mesh size
Simulation Fine Coarse
Max Deformation 2.284mm 2.277mm

Table 6: Cantilever beam universal load mesh size results.
Conclusion

The results shown across all four simulations are comparable. The two simulation
programmes and the mathematical calculation all gave results within a small range showing
the simulations are accurate and representative of real-world environment.

Due to the specific dimensions chosen to be used as the validation exercise (chosen to better
represent the stand) it was not possible to find an existing external case study to compare
the results. Further analysis would be recommended if the design of the equipment stand
was to progress from a theoretical stage to a physical item. This further analysis should aim
to find and identify an existing case study using an Aluminium T6 6061 beam, with
dimensions used in this case study replicated in the same methods in the four simulations
and mathematical calculations described within this report.

The other validation method adjusting mesh size showed that the changing the mesh size for
this simulation had a minimal impact on the overall results of the simulations. Proving the
mesh size is not a contributing factor to the overall success of the simulation for this type of
model. If the design stand was of a more complex or smaller design then adjusting the mesh
size accordingly should be done as due course.




With all the above in mind it has been deem the simulations of Solidworks and Ansys all
share a similar operating process and thus can be deemed representative of a real-world
environment. Providing confidence, the stand being simulated and tested, will react in a
predictable and representative manner. The recommendation of further validation efforts in
the paragraphs above will only add to this confidence level.

Design simulation

The initial design as depicted in figure 1 above was put through a series of simulations on
Solidworks and Ansys to provide a comparison between the two CAE systems. Due to the
validation process above showing the two programmes are comparable it was deemed
appropriate to use both programmes to show the design is responding similarly between the
two and thus providing confidence the design is robust and will be able to support the
weight its designed to hold.

The two simulations also included two different weight parameters within the simulations.
The rational behind using two different weights for the simulation were due to the
uncertainty (and classified data) around the real-world weight distribution from equipment
planned to be mounted on top of the stand. The weight of the equipment is stated at 200Kg
(2000N) for this report and to represent the two weight differences used in the simulations,
a universal 2000N placed onto the three contact points (as shown in figure 2 above). The
other load was a total of 2000N spread over three contact points, 786.8N were placed on
the two T-bar contact points and 521.5N was placed on the crossbar contact point. The
calculations for load distribution can be found in Appendix A. By using these two approaches
it can be shown the design can withstand a representative load on top and also the worst-
case scenario of 2000N being placed on each individual contact point, thus providing
confidence a real-world version of the final design can achieve the job it was designed to do.

The results of the simulations were split into three results, total deformation, Stress (Von
mises) and strain (equivalent). This was done to show the areas of the design suffering the
most during the simulations, allowing for design improvements to be better incorporated
into the final design. The bulk of the screen shots obtained during these simulations showing
the various orientations of the model can be found in Appendix C. Key screen shots will be
shown in the next section below, showing a comparison between the two systems for reach
results output.

During the simulation best efforts were made to keep the mesh sizing consistent across all
simulations in both programmes. This was done to help promote similarities between the
results from both programmes thus providing better read across between the results. The
design was also fixed in place during the simulations in such a way so as to represent the
real-world fixing points when the stand is in use. By doing so it would represent a real-world
load path for the weight being transferred from the three contact points to the ammunition
trolly when in use. Figure 4 below shows the points at which the stand was fixed for all the
simulations.
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Figure 4: Fixing points for the simulations
Simulation results.

In this section a snapshot of the simulation results for version one of the designs have will be
shown. All the results screenshots will be shown in Appendix C.

Figures 5 and 6 below show the maximum amount of deformation seen with 2000N placed
on each contact points. With table 7 showing a comparison between the maximum
deformation shown by each simulation programme. Solidworks predicts a greater
deformation than Ansys, this could be attributed to Ansys being a focused simulation
programme where as Solidworks is primarily a CAD programme. It can be assumed Ansys will
have a greater degree of accuracy when it comes to more complex modelling unlike the
validation exercise.
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Figure 5: Solidworks simulation with 2000Ns showing deformation.
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Figure 6:Ansys simulation with 2000Ns showing deformation.

Result parameter Solidwork Ansys

Max Deformation 0.83mm 0.32mm

Table 7: Simulation 1 results



Figures 7 and 8 shown total deformation when the 2000N is evenly spread out over the
three contact points. Solidworks is again showing a great deformation in the simulation
results over Ansys, but both programmes show a reduced total deformation amount.
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Figure 7:Solidworks simulation with 2000Ns evenly spread showing deformation.
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Figure 8: Ansys simulation with 2000Ns evenly spread showing deformation.



Result parameter Solidwork Ansys

Max Deformation 0.3246mm 0.13169mm

Table 8:Simulation 2 results

For simplicity and to prevent confusing the next series of screen shots contained within this
section are representative of the worst-case scenario of 2000N being placed on all three
contact points. The same results for the evenly spread load can be found in Appendix D. The
reason for this approach in the report is to show case the main points of stress within this
design and to highlight where design changes should be made to help mitigate these stress
points.

Figures 9 and 10 below show the stress locations seen within the design when 2000N is
placed on each of the contact points.

Figure 9:Solidworks simulation with 2000Ns showing Stress.
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Figure 10: Ansys simulation with 2000Ns showing Stress.

Figures 11 and 12 shown the strain experienced by the design when 2000N are placed on
each of the contact points. The results are very similar between the two programmes.
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Figure 11:Solidworks simulation with 2000Ns showing Strain.
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Figure 12: Ansys simulation with 2000Ns showing Strain.

The main area of concern within design 1 is the excessive deformation seen on the extreme
ends of the t mount and also the areas of high stress and strain seen where the arms of the
T-bar meet the vertical part of the end mounts. These areas have helped guide design
improvements to mitigate these problem areas.

Design improvements.

Following the first set of simulations a design change was implemented to help alleviate the
main stress locations and to reduce the total amount of deformation with the loads applied
across its contact points.

Figures 13 and 14 below show the addition of diagonal support arms placed between the
vertical section of the end mounts and the arms of the “T” section of the end mounts.



Figure 13: Design version 2

Figure 14: Design version 2 front view



Following these design changes version 2 of the design was subjected to the same series of
simulations as version 1 of the design. All of the screen shots from version 2 of the design
can be found within Appendix C.

Figure 15 below shows max deformation when 2000N’s are placed on each of the contact
points, the total deformation shown down is 0.03mm showing a huge reduction compared
to version 1 of the design. Its worth noting the results show the centre of the model-
coloured red, which typically can be interpreted as showing a “bad” result. This is not the
case for this simulation, the red area is only there to highlight the maximum deformation for
the whole simulation. If you compare the red sections between version 1 and version 2
designs, the version 2 design red section has a reduction in deformation of 0.29mm. Going
from 0.32mm of deformation to 0.03mm, this is a large reduction in total deformation, to
the point of no movement at all.
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Figure 15: Design version 2 200N simulation showing deformation.



Figure 16 below shows the stress experienced within version 2 of the design, compared to
version 1 of the of the design (figure 10 above) the reduction in stress experience by version
2 is a significant reduction. From to maximum stress experience of 1.437e6 Pa compared to
version 1 which experienced 1.0527e7 Pa of stress. It can also be seen that the area this
maximum stress is experience in is greatly reduced.

0.000 0.500 1.000(rm)

0.250 0.750

Figure 16: Design version 2 2000N simulation showing Stress.



Figure 17 below shows the strain experienced by version 2 of the design, As with the
previous simulation results this also shows a significant reduction in strain. Going from
0.15357 mm/mm of strain to 0.02959 mm/mm of strain. It can also be seen that the strain
has been spread evenly over the whole design and not concentrated in one section like
before.
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Figure 17: Design version 2 2000N simulation showing Strain.



Design evaluation

For the design evaluation each requirement stated in the requirement section will be briefly
discussed and explaining why it is deemed to have met the design requirement.

1. The stand must be able to be mounted to an MHU-191 ammunition trolly.

As can be seen in figure 4 above the shape of the bottom of the stand has been
designed to fit onto the MHU-191 ammunition trolly. As can be seen below in figure 18
there are two different widths of rails to secure the stand to. The design of the stand has
been done in such away that either end of the stand can fit on both the wide and
narrow bars securely, reducing the need of similar parts with minor changes. The design
implemented uses a common design that incorporates both the wider and narrower rail
attachments into the base of it.

Figure 18: MHU-191 ammunition trolly

2. The stand must be able to accommodate the dimensions of the equipment in
question.

Although this requirement cannot be verified the same as other requirements on this
list due to the classified nature of the equipment in question. But it can be argued that
the dimensions although not representative of the real-world equipment can be
adjusted to meet this requirement if this stand was to progress from a theoretical
project, applying the appropriate security markings to the design output will allow for
the correct dimensions to be used.

3. The stand must be able to hold a weight of 200kg’s with no more than 1.5mm of
displacement in its structure.

As has been demonstrated with the simulations above design version 2 can hold the
200kg/2000N weight on top of the 3 contact points without deforming more than
0.03mm. Thus, proving this requirement has not only been met but exceeded as well.

4. The stand must spread the weight over an area 5000 cm?.



As with requirement 2 the dimensions shown in this report are not representative of the
real-world equipment. But with that said the calculations contained within appendix A
the three contact points spread the 200kg/2000N over a surface area of 7100cm?
exceeding the requirement of 5000cm?. As with requirement 2 the design can be
adjusted to meet the real-world equipment if this project proceeds to a real-world
example.

5. The stand must keep the equipment secured upon itself with no additional lashings.

With the inclusion of the vertical stays placed at the end of each of the T-arms, the
overall design can be argued to meet this requirement as they prevent the equipment
sliding off the ends of the arms. As with requirement 2 and 4 the dimensions can be
adjusted to better match the real-world equipment if required.

6. The stand must allow for ease of access to the top of the equipment at a height of
no less than 1 meter above the ground.

Although this requirement cannot be verified the same as other requirements on this
list due to the classified nature of the equipment in question. But it can be argued that
the dimensions although not representative of the real-world equipment can be
adjusted to meet this requirement if this stand was to progress from a theoretical
project, applying the appropriate security markings to the design output will allow for
the correct dimensions to be used.

7. The stand must be constructed with the use of the minimum number of parts
possible to achieve the other stipulated requirements.

This requirement has been met due to the use of only 3 total parts required to assemble
the stand, with two of the parts being identical. It could be possible to complete remove
the cross bar from the design if further reductions were needed, but this was not
considered due to the need to requirement 4.

8. The stand must be capable of being assembled with basic hand tools.

This requirement has been met as the 3 parts making up the assemble do not require
any tools to complete the assembly. The only hand tools required to fully assemble this
design are needed to integrate the stand onto the MHU-191 ammunition trolly.

9. The stand must be constructed of Aluminium alloy 6061 T6.

At this stage this requirement has not been met by a physical stand, but it can be argued
the requirement has been met due to all the simulations and validation efforts using
Aluminium ally 6061 T6 as its material properties.



Conclusion

This report has explained the benefits of CAE within the design process of an item,
demonstrated why validating a simulation is a key and integral part of this process. Whilst
providing an example of an items design process, taking the requirements, and producing a
first draft design to meet these requirements. Demonstrating a validation process for the
simulations and subjecting it to a series of simulations and then applying design changes to
improve the simulation results.

CAE is the backbone of modern engineering design providing design engineers with valuable
tools. These tools allow for faster, accurate and better designs to develop into a real product.
By being able to test these designs in a virtual environment before any physical product is
ever made helps reduce cost of producing expensive prototypes. This allows engineers to
find flaws in their design and also prove their designs work. However as with any tool it has
its limitations, the design and simulation outputs are only ever as good as the information
put into them. An engineer must have a sound understanding of the physics involved and
the specific characteristics of the CAE system being used to fully use these systems to their
full potential. A good design engineer will understand that the simulations take place in
sanitary and perfect world when its on a computer system and the results from these
simulations don’t always translate exactly to the real world. For example, an electronics
engineer designing a complex circuit board can use a CAE programme to account for every
volt in the system he is designing, making sure there is no loss in efficiency of the circuit in
guestion. But if he doesn’t consider real world tolerance issues with manufacturing of the
components that will be used in his design, then the circuit board would never work as well
as it does in the CAE simulation.

Validation is key part of the CAE design process as discussed in previous chapters; without
this step a simulation is just that a simulation. There would be no confidence the simulation
results are accurate and represent a real-world scenario. By using real world case studies,
evidence and data from experiments and testing with real parts and components an
engineer can compare these to a validation simulation on the CAE programme. Doing so can
provide confidence the simulation behaves in the correct way. In this report a series of beam
bending validation exercises were undertaken using mathematical formulas as the
comparison data. Unfortunately for this report it was realised at a too late of stage to find a
real-world case study to use to back up the simulation and mathematical simulations that
were used. The author of this report should have researched for a beam bending case study
before undertaking any validation simulation or calculations, that way the beam bending
being simulated would have been of the same dimensions and properties of a real-world
example. Allowing for better comparison between all stages of the validation effort, however
this was not the case, but the validation efforts within this report were not futile, the
validation exercises used a beam of representative dimensions and material properties to
that of the final design, providing confidence the simulation does behave consistently across
all simulations.

In conclusion providing the engineer using the CAE is competent and knowledgeable enough
to understand the complex nature of simulation outputs and can translate the results to the



real-world then CAE is an invaluable engineering tool. Providing great benefits to the
industry they are utilised in when employed in a systematic approach to engineering design
processes. This report demonstrated that with the use of a design process for a stand to be
used on a particular item of equipment. Taking a design from requirements to a working
simulation, demonstrating and describe the CAE process including validation efforts to prove
the simulations are viable. Further work was recommended to add confidence to the
validation and simulation efforts if the item in question was to progress for a paper-based
exercise into a physical item.
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Appendix
Appendix A

Calculations

1. Inertia (I) calculation for Beam deflection.

Width x Height3
12

50 x 72.53

— 2
v = 1587825.521mm

2. Fixed beam deflection with a uniform load.

wl* _ sy
ger OV
2000 x 1000*
=2.2818
8 x 69000000 X 1587825.521 mm
3. Fixed beam deflection with a point load.
PL3 _ sy
3gr . "
2000 x 10003
= 6.0849mm

3 x 69000000 x 1587825.521

4. Fixed beam deflection at both ends with a universal load.

2000 x 1000*

= 0.04
384 x 69000000 x 1587825521 _ 0 047>mm

5. Load bearing Surface area.
*Legnth X Width = Area
560 x 50 = 28000mm?
50 x 300 = 15000mm?



(28000 x 2) + 15000 = 71000mm?
Total load bearing area of 71000mm? = 7100cm?

*Length and width dimensions taken from measurements of the solidworks model, they are not
representative or comparable to the real-world equipment designed to sit on this stand

Load pressure per mm?.
200KG = 2000N*

Force
= Pressure
Area
2000 _ 0.0281N 2
71000 = fmm

*200kg converted to Newtons is 1961.330N, for simplicity in the calculations and simulations the total
Newtons were rounded up to 2000N.

Load distributed over each load bearing surface.
Pressure X area = Force

T-mounts area:
0.0281 x 28000 = 786.8N

Cross bar area:
0.0281 x 15000 = 521.5N



Appendix B

Beam dimensions 1000 (L) x 50 (W) x 72.5 (H) mm Force 2000N aluminium alloy 6061 T6 fixed 1 end
in Ansys.

Showing Deformation
ANSYS

2021 R1

ACADEMIC




Beam dimensions 1000 (L) x 50 (W) x 72.5 (H) mm Force 2000N aluminium alloy 6061 T6, force on
edge in Ansys

Showing Deformation

0.000 0200 0400(m)
[ EE—  ESS—

0100 0300

ANSYS

2021 R1

ACADEMIC

0.000 0.200 0400 )

100 0300



Beam dimensions 1000 (L) x 50 (W) x 72.5 (H) mm Force 2000N aluminium alloy 6061 T6 fixed both

ends in Ansys.

Showing Deformation

ANSYS

2021 R1

ACADEMIC

0,000 0150 0300¢m)
[ EE—  ES—

0.000 0150 0300(m)




Beam dimensions 1000 (L) x 50 (W) x 72.5 (H) mm Force 2000N aluminium alloy 6061 T6 fixed 1 end

in Solidworks.

Showing Deformation

URES (mm)
2.281e+00
2.053e+00

. 1.824e+00
. 1.586e+00
. 136800
1.140e+00
9122¢-01
. 6.842e-01
4561e-01
2.281e-01

1.000e-30

URES (mm)
2.281e+00
2.053¢+00

. 1.822e+00

. 1.596e+00

. 1.368e+00
1.140e +00

L 212201
. 6.842e-01
4561e-01
2.281e-01
1.000e-30

SOLIDWORKS Educational Product. For Instructional Use Only.



Beam dimensions 1000 (L) x 50 (W) x 72.5 (H) mm Force 2000N aluminium alloy 6061 T6 force on
edge in Solidworks

Showing Deformation

URES (mm)
5.996€ +00
l 5.387e+00
. 4797e-00
. 4.198e+00
. 3.598e+00
2.998e +00
2.3%%+00
. 1.7%%+00
1,198 +00
5.986e-01

1.000e-30

URES (mm)
5.99e +00
l 5.397e+00
. 4797+00
. 41%6e+00
. 3.598e+00
2.996e+00
2.39% +00
. 1.79%+00
1,198+ 00
5.996e-01

1.000e-30




Beam dimensions 1000 (L) x 50 (W) x 72.5 (H) mm Force 2000N aluminium alloy 6061 T6 fixed both
ends in Solidworks.

Showing Deformation

URES (i)
5.097¢-02
l 4587e-02
. 4078e-02
. 3.568e-02
| 3.058e-02
2.548e-02
2.039%-02

1.529-02

1.01%-02
5.097e-03
1.000e-30

URES (mrm)

5.097-02
l 4587e-02
. 4.078e-02

. 3.568e-02

. 3.058e-02
2.548e-02
2.03%-02

. 1.52%-02

1.01%-02
5.097¢-03
1.000e-30



Mesh size Corse (Max 30.7289 mm, Min 15.3645mm) fixed at 1 end uniform load of 2000N across

top in Solidworks.

Showing Deformation

URES {mm)
2.277e+00
l 2.050e+00
. 1.822e+00
- 1.5%%e+00
. 1.366e+00
1.13%+00
9.10%¢-01
. 6.832¢-01
4.555¢-01

2.277-01

1.000e-30

URES (mm)
2277600
l 2.050e+00
. 1.822e+00
. 1.5%4e+00

1.366¢ +00

1.13%+00
9.10%-01
. 6.832e-01
4.555¢-01
2.277e-01

1.000e-30



Mesh size fine, (Max 7.68223 mm, Min 7.68223mm) fixed at 1 end uniform load of 2000N across top

in Solidworks.

Showing Deformation

URES (mm)
2.284e+00
l 2.055e+00
. 1.827e+00
. 1.59%+00
. 1.370e+00
1.142e+00
9.135¢-01
. 6.857e-01
4.567e-01

2.284e-01

1.000e-30

URES (rmm)
2.284e+00
2.055e+00

. 1.827e+00
. 1.5%%+00
. 1.370e+00
1.142e+00
9.135e-01
. 6.851e-01
4.567¢-01
2.284¢-01
1.000e-30




Appendix C

Assembly simulation in solidworks 2000N across all three contact points, mesh size Max 30mm min
2.67729mm

Showing Deformation
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Assembly simulation in solidworks representative load of 786.8n & 421.5n across the three contact
points, mesh size Max 30mm min 2.67729mm

Showing Stress

“CTIY cs00n caceiv1 <

55 soupworrs > D @-3- - e B ® - & x
= -9 iy 7 - Q % & o ) B oesign insignt Report

Hew i Externalloads Connections  Shell  Disgnostic RunThis Results Deformed Compare 5

Study Matensi Adwior  Adwior  Advaor  Mansger Toah  Study Adwior Rewd  Reuts O Petfook - () indudeimage for Repor

Assembly | Layout | Sketch | Markup | Evaluste | SOLIDWORKS Add-lns | Simulation | MBD | SOLIDWORKS CAM

1 weapon cradel VI
(-Default-)

BiR[e[@] ]

?-
(1] Top Plane
"] RightPlane
L., Orgin
0 () waspons cradel support bb

2 () Wespo

von Mises (N/mA2)
cradel V1<1> (De

®
0
]
£
=
(]
=
(<]

» @ W () Weapons cradel v
> 8 Mates v
< >
. B186e+06
Y- . 7162406
@ Satic 3 (-Defaul-
S _ 1%eets
1 (8061 | skests
6061 A,093e406
wespons cradel support bar- -
. . 3.070e +06
» & Componentint o
- £ Fotures
102306
X Fixed!
7249e401

= 18 Extemal Loads
4 Force-1 (Peritem: 76
4 Force-2 (Pertem: 4215 Ny
@ vesn
[ Mesh Quality Plot
& Quality! (-Mesh.
5] Resur Options
[ Results
[ Stress1 (-vonMises-)
% Displacementl (-Res disp-)
@ strain? (-Equivaent’)

N) P Yield strength: 2.750¢ +08

A

*Isometric
i Model | 30 Views | Motion Study 1 | % Static 1 | ¥ Static2 | & Static 3
(ORKS Education Edition - Instructional Use Only Under Defined _ Editing Assembly MMGS

: {
£ Tpeneetosearn @

E T . cop0 ot v1 : ®@® - & x

Fsouoworks » £y O - ¥ -

-a- B er

¢ = B 1 =] @ [ % d = By Bosonmgnt [5 Aepont
Mew  Apply Fiures Edeinalloads Comnedions Shell Disgnostic RunThi Rewlts Deformed Compars ga oo\ = .
Stady Motensl Adwior | Acwior | Adwior  Mansger Teoh  Sudy  Agwior Rews  Aewts B PetToch @ indude inage for Report

Assembly | Layout | Sketch | Markup | Evaluate | SOLIDWORKS Add-lns | Simulation | MED | SOLIDWORKS CAM

Model narme: weapon eradel V1

DB S] ;| Svimme i)
i

Plot type: Static nodal stress Stress

Top Plane ~
1] Right Plane

1, crgin
+ @ B () weapons cradel support b

" S

war Mises (/23

eapons cradel V1<1> (De

zmeEl e e

b
v B W () Wespons cradel Vi<2> (De . 1.023¢ +07
¥ il hiates N | 9.209 +06
d >
_ 81860406
. 11626406
€ Static 3* (-Defauit)
~ @ pans | 6139406
» @ ) Weapons cradel V1-1 (6061 | 5116006
Y | 40me 06
~ ] Connections | 30706405
+ & Component ntersctions p—
D Fistures
<' 1023 +06
(2% Ficed-1
7243401

= L4 Estemal Loads
. Force-1 (Per item: T9681E)
4 Force-2 (Periter: 421.5 M)
- @ en
~ [i) Mesh uaiiy Plot
B Cusity? (Mesh)
[E5] Resun Options
- [ Resuits
(5 Stress1 (-vonMises )
p Displacement {-Res disp-)
(& Strain! (-Equivalent:)

- ¥ield strength 27500408

L

“Front
[EIIRTE] Model | 30 Views | Motion Study 1 | Vg Static 1 | Wa StaicZ | & Static 3
SOLIDWORKS Education Edltion - Instructionsl Use Only Under Defined _ Editing Asserbly )

P
P Type here to search f 4



Fsouowors » DM -E- @ - » BTCER Y .cccon st @@ - & x
¢ = @B 1 7 [~ @ % &3 = By B vesonimsgnt 5] Report
e | oply Fures Eernallosds Connections Shell  Disgnastc RunThis Resuts Defomed Compare =
Shudy | Materol Ao Adeisor isor - Manager Tosh  Shudy  Adwior Resah Resuts B PotTools - () indude mage for epon
Assembly | Layout | Sketch | Markup | Evaluste | SOLIDWORKS Add-Ins | Simulaion | MBD | SOLIDWORKS CaM G o . &P
L [ o8-

Model name: Assem1 weapon cradel ¥1

B @ [ @[ =], sudreme SotcdDetsut)

Blat type: Stabic nodsl stress Stress]

(1] Top Plane
[1] Right Plane

L_ oigin

weapons cradel suppert b

o Mises Hfm?2)
@) B () Weapons cradel V1<1> (De

efeET e e

» @ W () Weapons cadel V1< De 1zse.ar
8 o | 020006 b
BB 06
7- . 762406
Q¥ Static 3* (-Defauit]
- & pu | 613806
b B ) Wespons cradel V1-1 {6061 | 511606
r G d Weapons cracelv1-2 606 P
W & wesp: el V1-2 (6061
» wespons eradel support bar-
- §1 Connections [ 207006
» & Component Intesactions e
- B Fatures
Q’g Fired-1 1.023e+06
- LA eaemal Loads T2dge 01

Force-1 {Per tem: T86:3 )
4 Force-2 (Peritem: 42150
- @ tesh
= [i) Mesh Quality Plot
B Quality! (-Meshe)
5] esu Options
- fig) Resuis
55 Stress? (-vonMises)
(@ Displacement (-Res disp-)
&S Straint (-Equivalent)

— b Vield strength; 2.7502+08

ot

“Right
Wodel | 30 Views | Motion Study 1 | Vg Stabc 1 |V StaticZ | & Static 3
SOUDWORKS Education Edition - Instructional Use Only

n P Type here to search

der Defined _Editing Aszembly

Fssouoworxs > @y ) - “CHY oo cade 1 - . ® _ & x
| = © u i e B ocugninught {5} Report

New | Apply Fatures Edemallosds Comections Shell  Diagnastic Run This Detormed Compare g =

Stody | Mol Adwior  Adwsor AGwsor  Mmager Toohs Study | Advior Rew  Resots B PtToos 1 incude Image for Report

Assembly | Layout | Sketch | Markup | Evaluste | SOLIDWORKS Add-ins | Simutats

MED | SOLIDWORKS CAM LA &F

Model name: Assem? weapan cradel V1
Default-

Rle|&

({1 Top Plane
(£] RightPlane
L. origin

- wespons cradel support be

D B () Wespons cradel V1<1> De

2feaElepe

» 0 Mates ¥

81950406

4 71620006
& static 3* (-Defautt

- oo | 61390405
» @ 4 Wespons cadelV1-1 (061 | 511605
» @ 4 Weapons cradel V12 (-6051 40%%+05
» @ & weapons cradel support bar: i

* §1 Connections L 30706006
» & Component Interactions 20856206

. \J}:‘m, 10236006

5 724301

18 Extemaltosds
3 Force1 s e 06
3 Force.2 Per tem: 2151)

Sven

+ i Mesh Quity Pt
§ it ooy

(B Resut Options:

- D R

55 Stresst (-vonMises)

1§ Diplacement! (-Res disp-)

B Suse (-Equivaent

P Yied strength: 27506 408

? 3

“Isometric
[FTRTRTN] Model | 30 Views | Motion Study 1 | Mg Static 1 | ¥ StaticZ | \ Static 3
SOUDNOMS Bt Edtion: o Use oy Ui g e
q
L




Showing Deformation

Fsounows )| B DB -E- 8- —— .. a TN
= i @ @ B & = By Boewmen 5 rwon

& -z Copigors ot D Ralia s Odformca G0N G prtuas - (e o forRepot

Tl | S | | el e e e PP [ || T T PT YT E =

Madel name: Assem weapon cradel Vi

@ BB §|&] 7] wwymme

3Detus
2 Plot type: Stae dsphacement Displacement]
5] Top Plane
(7] Right Plane
L. origin
» @ B () weapons cradel support ba
» G @ () Weapons cradel V1 <1> (D
» ) 8 () Weapens cradel V1<2s (De
) Mates -

2507e-01

. 272en

154301
v G ) Wespons cradelV1-1(-6061
» 1l Weapons cradel V1-2 6061
v & ) wespons ersdel suppont bar-
- §] Connections

| 1620

129801

L AT
> OYE— T
- B Fooures
(¥ Fixed-1
- 1 e
& Force-1 (Perinem: 7855 M)
4 Force2 (Pertem: 42150
- @ men
= [ Mesh Quaity Plot
& Cusity! (Mesh)
(] Resuk Options
= [ Results
B Suess (vonlises-)
1% Displacement1 (-Res disp-)
G Stesin (-Equivalent-)

6492607

3246602

mal Loads 1.000e-30

“lsametric
[ETRTRTE] Model | 30 Views | Mation Study 1 | g Static 1 | b Static2 | k- Static 3
WORKS Education Edition - Instructional Use Only Under Defined _Editing Assembh MMGS + &

H P Type here ta search c‘ L

5 soupwores v (¥ O - B - Y ...oco cacei v B s o @ ® & x

= © 4 i e @ 1 = By B owwnm |5 s
Wew  Apply  Fisures Etemailoads Connedions Shell  Diagnostic RunThis Resuls Deformed Compar - -
Jov Joow, ruwes eemuloads Comedions Shel | Dagnesic RunThs Reuts Oflmed CONGHE ) ooy~ | o moge o gt

Assembly | Layout | Sketch | Markup | Evaluste | SOLIDWORKS Add-ins | Simulation | MBD | SOLIDWORKS CAM

Madel name: Assem wespon cradel W1

@ E' B T SB[ o], Swdyreme Satc e Defaule)

2 Piottype: tatc displacernent Disglacementl z
-
Top Piane | i
(1) Raght Plane )
L. oign
+ @ B () Weapons cradel Vi< 1> (De =
v G () Weapons cradel Vi<2> (De 3246e-01 L;
L . . 290801 b
_ z5Eem
v-
@ Seatic 3° (-Defouk) p2mest
- pans L 1848001
v @ ) Weapons cradel ¥1-1 (-6061 | veien
v G ) Weapons cradel v1-2 (6061 1.208¢-01
r G ) weapons cradel support bar- I
~ Y Connections . 8mBel
> € R e

D Futures

& Faedt

= 4§ Exteral Loads 1.000e-30
Force1 (Per tem: 7868 M)
b Force-2 (Per emc 4215 )
B [T
= (i) Mesh Qualty Plct
B Quaiity! (-Mesh)
5] Result Options
= [ Resuhs
I Stress? (-vonMises
G Displacement? (-Res disp-)
(G Strsin (-Equivalent-)
“#ront
) Wlodel | 30 Views | Motion Study 1 | o Static 1 | W Static 2 | b Static 3
SOLIDWORKS Education Edtion - instructional Use Only Under Defined _ Efting Assembh MmGs - &

Bl 5 v @




Hsouowors » A0 - B8 - e B

@@ - & x
g = B vy 7 [~ (23 L3 ' = By B vesonimsgnt 5] Report
ew  Sopy Funtures Dfensllosds Connecions  Shell  Disgnostic RunThis Resulls Oefomed Compare @
Shuy | Moterl ddisor  Adwsor rsor " Manager  Toon - Study.  Advior et Resote B PiotTools = ) indude image for Report

Assembly | Layout | Sketeh | Markup | Evaluste | SOLDWORKS Add-ins | Simulation | MBD | SDLIDWORKS CAM

Model name; Assem! weapon cradel ¥1

B @ [ @[ =], sudreme SotcdDetsut)

Blat type: Statc displacement Disglacement]

(1] Top Plane ~
[1] Right Plane

L_ oigin

weapons cradel suppert b

URES frmam)
» @y @ () Weapons cradel V1<1> (De
» G P () Weapons cradel V<2 (D¢ R

efeET e e

(' Pl Mates - N . 2821e-0

_ zswem
v- L 2menn
@ satic 3* (Dot}

T o 1 3e01

NP YT———
P Yi— [P
n——

* @ Connactions

L 101

| 973800

> & Component Intesactions O

- D Fatures I
(¢ Fixed1

- LA eaemal Loads 100030

Force-1 (Per lem: T863 1)
4 Force-2 (Peritem: 4215 1)
- @en
= [i) Mesh Quality Plot
@ Quiity! (Mesh)
5] esu Options
- B Resutts
& streset (vonhices
%' Displacement1 (-Res disp-)
TGS Straind (-Equivalent)

ot

“Right
Wodel | 30 Views | Motion Study 1 | Vg Stabc 1 |V StaticZ | & Static 3
SOUDWORKS Education Edition - Instructional Use Only

Under Defned _ Editing Assembly WAGS
n £ Type here to search

Fsouvwors | G D-P-@- Q- @ - Y copon cace v

X =E 10 W e @ 5 dd = By Boveionmon (5 et

New | Apply Fistures Extemal toads Connections _Shell  Diagnostic RunThis Results Deformed Compare . !
Study | Matensl Acwior | Adwior | Adwior Manager  Tooh  Study | Adwior ReR Resors G PotTook 12 incude Image for Repart

Assembly | Layout | Sketch | Markup | Evaluste | SOUDWORKS Add-Ins | Simulation | MBD | SOLIDWORKS CAM

P-v-o@- O

e &5

Model name: Assem1 weapon cradel V1

@ BIBe[@] T Mmm Default)

atic
Plot type: Satic displacement Displacement]

] Top Plane -
] Right Plane
L, origin

» @ T () wespons crade support ba

18T epe

2 URES (mm)
» @ P () Wespons cradel VI<1> (D ?
v @ 19 () Weapons cradel V1<2> (De 324601 )
- 2597001
9.
7- _ 227001
@ Suatic 3* (-Defaut-
v & run _ 1398001
v @ 4 Weapons cradel V1-1 (6061 L 162301
» T 4 Weapons cradel V1-2 (6061
@4 s cradel | 125601
A} wespons cradel support bar
~ 1 Connections | 973802
5 4 Componentntsractons e
® 3.286e-02
- L} Extemal Lo 1.000¢-30

1 (Per tem: TE6E N
4 Force-2 (Peritem: 421.50)
- @ien
+ [l Mesh Qualiy Plot
@ Quality! (-Mesh-)
Resuht Options
* [ Results
& Stress1 (-vonMises-)
15 Displacement1 (-Res disp-)
@ Stra1 (-Equivalent

A

*Isometric
Model | 30 Views | Mation Study 1 | Wy Staic 1 | Wa Static2 | & Static 3
(ORKS Education Edition - Instructional Use Only

{
O Type here to search “ {




Showing Strain

» AD-PH-@-8- - "R o copon crasei v

( = x
[ i1y i - «Q % & = By B oewnmsont (5 aepon
New  Appy Fotures Btemalloads Connections Sned  Diagnostic RunThis Results Deformed Compare ga o s R
SUdy Matensl Adwsor | Adwsor  Aowsor  Manager  Tool O | Advior Resur  Resus O PotTools 1 incluge image for Report

Assembly | Leyout | Sketch | Makup | Eveluste | SOLIDWORKS Add-Ins | Simulation | MBD | SOLIDWORKS CAM

(PER-U-v-OR-T

Model name: Assem1 weagon cradel ¥

BTG [@ 77| studyname satc AOetuut

Plot type: Static strain Strain1

@
0
@
5

Suppt e ESTRN e
T () Weapons cradel V1<1> (De =
» & () Weapons cradel VI 7362.05 L=
i . P..- 8
< >
5.80e-05
V- 5.1530-05
@}t Static 3° (-Default-)
- @ pus _ 4817005
+ @ 4 Weopons cradel V1-1 (-6061 | 369105
» @ & Weapons cradel V1-2 (-6061 | e
+ @ & wespons cradel support bar
* 1 Connections L 220905
+ & Component nteractions 147205
8
- £ Fixtures o
& Fued1
34 Externl Losds 1543¢-09
4 Force:) (Per tem: 78651)
1 Force-2 (Per tems: &
- @wen
* (i) Mesh Quality Piot
& Quality! (-Mesh-)
(2] Result Options
* [E) Results
G stres? (-vonhises)
@ Dispiacement! -Res disp
(%5 Strain1 (-Fquivalent-)
“Isometric
Wiodel | 30 Views | Motion Study 1 | ¥ Staic T | W Static2 | \ Static 3
RKS Education Edition - Instructionel Use Only Undes Defined _Editing Assembl 65

e
4
n P tpenectosearn  (@=

Fsouoworss » B D-F-@-S- - "N . copon caseivi -

" @@ - & x
= ° By B vesanimsiant (5} Repont
Mew  Apply Fiures Eemsiloads Connecions Snel  Disgnastic RunThis Resuls Defomed Compare - BB inctuge
Study Mateil Adwior Riwaor | Manager Tools  Study Asdsor Resst  Resats B PotTeohs O incuse mage for Repart
Assembly | Layout | Sketch | Markup | Evaluste | SOLIDWORKS Add-ins | Simulation | MBD | SOLIDWORKS CAM 5 T 0 -
Wodel name: &sseml weapon cradel V1
4 =] Sy e Static 3Defauht)
s BElR[e[@ b ot e @
[ Top Ptane N @
(5] ight Plane ]
L., orign =
' wespons cradel support ba
P X ESTRN [
» espors eradel V<1 [De =
B jeapons cradel V¥1<2> [De . 7.360-05
C o | eotee-0s
. 588005
5
- . 515305
Q¢ Static 3° (-Defeut-]
- o _ aar7ets
» @ ) Wespons cradel V1-1 (061 e
v @ ) Waspons cradel V1.2 (-6061 P
» @ b weapons crodel suppor bar [
+ 1 Connections 220905
» @ Component Interactions B
£ Ftures
= 1363e-06
X Fedt
= 34 Eaternal Loodis 1503000
& Foreet (Periterm: 768N
¥ Force 2 (Periteme 215Ny
+ @en
~ [l Mesh Quality Plot
B Quality1 (-Mesh-
Result Options
= [l Resuits
B Stres? (vonMises?)
(% Displacementl (-Res disp-)
(T Strain (-Equivalent-)
“ront
[EIRIRIE] Wodel | 30 Views | Motion Study1 | MaStatic 1 | ¥ Satic2 | b Static3
SOLIDWORKS Education Eition - Instructional Use Only Under Defined _Editing Assembly MMGS

o

pe here to search




25 souiow » - @ - s B - A O A 3 o @ 5 x
= B " ¥i I~ @ % & =™ By Bownmwem (5 aepon

Wew  Apgly Fuaes Gatemallonds Conmactions Sl Diagnastic unThis Rasus Deformed Compmre

fiw | foow reee bauallonds Comeciors Shel | Dograsc AT Rl Oforned COnONS @ pytos (8 e e forRepor

Assembly | Layout | Sketch | Markup | Evaluste | SOLDWORKS Add-Ins | Simulstion | MBD | SOLIDWORKS CAM - ¢ @ £ F-§ v =]

Madel narne: Asseml weagon ersdel 1

@ BB @[, Sy mme i Det

Pot e,
7.

(1] Top Plane

[] Right Plane

L. oigin
» @ P8 () wespons cradl support ba
» @ B () Wespons cradelV1<15 @
G B () Wespans cradel V1<2» Dt

s EE N

» D Mates v
5008
‘?v - 515305
¥ static 3° (-Default-)
- \S Pants L 441708
» Wl ) Weapans cradel V1-1 (-6061. @
r ) Weapons cradel V1-2 (-6061-
T ) Weapons crade V-2 (6061 | e
r 0 b wespons cradel support b
= § Connections L 120005
> b Conpanent btsrscions e
= LD Fixtures
e 7363006
2 Faed-1
= 34 Extemsi Losds 156308
4 Force-! (Peritem: 7858 M)
& Force:2 (Paritem: 8215M)
* @ e
= [iR) Mesh Quality Plot
B Guality] (Mesh-)
(] Resu Opticas
= [ Resuits
1§} Displacement’ (-Res disp-)
[ Strain CEquivaient
“Right
Ii Model | 30 Views | Metion Study T | ag Static T | b Static 7| & Static 3
RES Education Edition - Instructional Use Only Undes Defined _Editing Assembly MG @

n 2 Type here to search c‘ (

Fsouowores » A D-H-@-8- BeEe- Y ..co e _ @ x
= i e Q (] R = B oesgninsignt {8} Repont
e et Reuls Deormed COMDME g, it too+ (9 ncude maoe forReport

Assembly | Layout | Sketch | Markup | Evaluste | SOLIDWORKS Add-ins | Simulstion | MBD | SOLIDWORKS CAM

Model name: Assem1] weapon eradel
Study name: Static 3(-Defauit)
e Stran

Rleo[@][

(1] Top Plane. ~
1) Right Plane

L., Origin

@ B () weapons cradel support ba

» @ M () Weapons cradel e

2feRTepe

» @ I () Wespons cradel V1<2> (De 13805
> Pl Mates v | 6aa6e-05
< >
5680005
=
- 515305

V-
@ static 3° (-Defaut-)
- @ pans
» @ 4 Wespons cradel V1-1 (6061
+ @ ) Weapons cradet V1-2 (-6061
radel sugport bar

~ 1 Connections
» & Component Interactions
- D Fixtures
X Fixed1
34 External Losds
& Force-1 (Peritem: TEGE N
1 Force2 Peritem: 215N
W Mesh
- i) Mesh Quality ot
B Queity! (Mesh-
(] Resut Options
* [i§) Results
G stress1 (-vonMises:
(85 Displacement’ (-Res disp-)
[ Strain! (-tquivalent-)

A

———————
“isometric
T Model | 30 Views | Mobon Study T | Wa Static 1 | W Static2 | & Static 3
KS Education Ediion - Instructional Use Only Under Defined _Editing Assembly MMGS

a-

{ -
e here to search ' { .- CnBecDo ®Mis @amdn



Assembly V1 simulation in Ansys representative load of 2000N across the three contact points, mesh
size 30mm

Showing Stress

o Context s stat struct o NRRCTOOOORN 1 €t AR
D vonc  Reur  Oipsy  seetion  Automston : ~BO
=0 decvon [ Commands @images~ 1.0 True Scae) - Brose v sp | — . —— |
= G v
e syster Clcomment  CHSection Piane | Scoped Bodies - Etamum fom b = |
DN e e icnen  E)annctation | v Large ertex Contours OtOTMY CONMOUT B0 gy - —_—r o tzan 4 Graph Tavusa|
Gtine | Sahess et Doy VectarDisplay Cappedissitas Views
Outline Qa ew ClrQAQ@@ st RMede- TEEEEEBMEB P & Fcipbord: [Empty] DSbxtend- 9 SelectBy~ WComven~
Name - v

2021 R
. ACADEMIC
«® Weapors cradel V1[Cut ExtrudeS
@ Weapors aradl V1ICut Extudes(z)

Materisis
i Coordnate Systems

%
/® Equvalent Elastic Swan
/® Equvalent Stress

< >
Detsis of “Equnelent Stress* ~30x
= scope ~

Scoping Method | Geometry Selecion

Geometry A Bodies -
| Dennition 1,000 2

Type Equivalent fron-Mises) J

i 070

Dispisy Time st

Cakculate Time History Ves Tabular Data
Identifier

Swppressed N
= ation Point Results
Display Option Avenaged

Average Across Bodies No
Results

LR Comtart & tatc st RT3 1t TNATXR

B vone et Dipisy  Seedion  Automation . ~B e
Ox % B8 ceen B Commants @imsger™ | 10mesalel - oy @ Prose Vit | =P Tropoo | Mitkmert e
[comment CHSection Plane | Scoped Bodies B Mazimum o J—
Dipgel | jisoner | sty i E)annotation | v Large Vertex Contours ST Contours EGGE: gy . — i . '
Gutine  sones nsert Ospiay Vector Dspiay Copped sosurtae
Outline ~30x  aaq@e e Q@ @ @ Select kMode- T [ F) M @MW =& [HCipboard- [Empty] @Extend~ 9 SelectBy~ 8 Convert

2021 R

ACADEMIC
¥ Weapons cadel V1jCut-Extrudes
«® Weapons cradel V1jCut Extrudes(z)

/8 Equivalent iastc Strain
+® Equvaient Stress

< >
Details of “Equivalent Stress” ~30x
= scope ~
Scoping Method | Geometry Selection
| Geometry |an Bodies 1
= Definition i
e Equivalent (von Mises) .
o [Time
| OupimTime st ¥
Caiculate Time History |
Identiier i i
Suppressed [ne
=/ Integration Point Results
Display Option Averaged
verage Acoss Badies | No
=/ Results 0.000 4500 1.000(m) z X
| vanimum 3997 I I ]
Matimum |1.0527¢-007 Pa 0250 0750
| average [
[Minis Occirs On: |} VHCR- | Tabular Dete - x

P Type here to search ._ ' =



o - Conted PO S - & x

Y - e ~d o
(=5 ' Commands (@images™ 1.0 True Scale) - E Probe v Smap | =% T e 2 o
x = ® 7
o 7 &l < CiComment  CMsedion Pane | Scoped Sodies - B hssimam e o S — —
oupbas @ sone | ananms Bsonotatin | targe et Comaurs SHOEUY Contouns Sa0es | gL T2 | Exton cuaon | Taout
i Sohers Dispiay VectarDisplay Cappedisasurtaz views
Outhne R =11 Q@ @@ Seect KMode- [TEE T RE BB 5 [FCipboard- [Empty] @Estend~ @ SelectBy~ @ Convert~
Hame - >
[ Project
= 8 Model (A4)
B, Geomenry

@ weapons aradel support bar [Boss Exl
@ Weapons cradel V1wt Exvudes
@ Weapons cradel V1t ExtudeS(]

TEEE
b
¥

ﬁ
I
£
éﬁ
H

8 Eivent B Srom
748 Eaiveient Sress

< >
Detais of “Equivelent Stress” -80x
= [Scope -
Scopimg Metnoa | Geomety Selection
Geometyy Al Bodies
- Defindion
Type Equiraient (von-Mises)
Time
GupieyTime Last v
Cateusate Time History e
laentifer
Suppresied Wa
= Integration Point Results
Display Optian sneraged
sversge Azras Badies o
= Resums ‘ !
Minimam BT
Mazimum T.0s27e-007 P2
Average 28833¢-005 2
Minimum Oceurs On _ Weapons eradel VIICU-| 0 or 3 X

@

o= Contert pp—_ 0 &

X - &8 X
B core  Reur | O seecion  Automation 2o
LD % % [ Commands (Dimages* 1.0 (True Scate) S — Brrove  vsp | = = 3 —_—— 1 I:V o
Clcomment  CHSection Plane  Scoped Bodies . B Marimum 4 . o = P
owsate Q fChat B amnotation. | ¥ Large Verten Contours C2OMELY CONOUS EOOES | By —_— Lzaw | & o [ EOE
Gutine ncert Displsy Vectar Disolay Copped ozt Views
Outline QAo elw Q@ @ @ Select % Mode- T [ B E® & [Cipboad- [Empty] @Extend~ 9 SeectBy- @Convern= _

ANSYS

2021
ACADEMIC

7 Equvaent Basti Svan
7 Easvalnt Stress

< >
Detaiks of “Equivalent Stress’ *8Ox
<scope 0
S<oping Method Geometry Selection
Geometry All Botes
- Detnton
Tipe Equmnlent fvan-Mises)
Time 4
ispiay Time | Last
Calculate Time History ves
dentiter
opesiss e ¢
= a Results
Drsplay Option Averaged s
Average Across Bodies o
= Resuts 2000 0300 060 (m)
Minimum 3398 ] EE—— ]
Maximum 1.0527¢-007 Pa Q150 0450
Average 28833¢-005 9
Minimum Occurs On | Wespans cragel VIICut... |, 1uu i oo =
Ready NoSelection & Metric (m, k3. N5V, &) Degrees rad/s Celius

Hll © Type here to search



LR Contert st st OO 1] o (i

IEDE vove et Dupay  seecion  Auomston ~2 o
Ox % gas von [E-commands imsges™  1.0True Scalel 1@ = @ Do Vs = Tresaten Nie ———— 3, ~~ [
BE . Clcomment  [Wsection Pane  Scoped Bodies - EDhaanmom = Ut % — soe
o . - ¢ = et Graph (Taba
Ouptate Q. | Sab. | hndr gy o Amotaton . L VerexContous S+ SO K95 iy — L 2aon | B vl [
e | saiers e Disay vectorDisley Comped onstae views

Outline R =]

% [C]+ Q@ @@ sdect kMode- THEHEBEM® = 2 & [Cipbord- [Empty] DEstend= 9 SelectBy~ @ Convert= ,
Name - Vg

[ Progect:
13 Model (A1) 2021 ;1
-/ Geometry

x® weapons cradsl support bar Boss £x1 ACADEMIC

+® Viespons cradel V11Ut Extrude

‘% ® Wespons cradel V1)Cut-Extrude5(2]

48 Total Deformation
4% Eivalent Bestic Stain
4@ Equvalent Sress

< 5

Details of "Equivalent Stress” ~aox
=|scope »
ScopingMetnod | Geametry Selection
Geometry A Bodies
e Equaalent (von-Mises)
Time R,
Display Time st
Calculste Time History | ¥es
igentitier
Soopesid o ¢
= ntegration Point Results o
Displsy Option | Averaged
verage Across Bodies | o
=) Resutts oo 0300 4800(m)
Minimum 23958 E— I ]
Madimum [1:0527€-007 P2 o150 0450
Aversge 28833005 Pa
Minimum Occurs On | Weapans aadel VIICut... |z o =

P Type here to search ‘» . gt

o st RO . e %
T e [Fome e W e ~0o

(True Scale) - . @rrcbe v Snap  —F T % Eleme
Clcomment  [WsecionPane  Scoped Eodies v EBMaimum & i
cmotefort ifChat [ Annotation ' Large Vertex Contours

rsert

P Commands Mimages= 1.

0 x 8a 3

Duplicate Q. Solve  Analysis

Geometry Contours Edges

B Minimum .
Dispiay Vector Display Capped sosartar

QA [Be& %([C|+RAQQA St kModer THEEBBBE B [Cipboud- [Empty] Sxtend- 2 SelectBy- WComen=

2021 Rl

ACADEMIC
¥® Wespons cadel V110Ut Extrudes
«® Weapers cadel V1ICut Extrudes(2]

ol
% Equivdent Stress

< >
Details of “Equivalent Elsstic Strain” v § 01 X
= scope ~
Scoping Method | Geometry Selection
Geometry !
= Definition
e Equialent Elastc Strain
02 m )
Dispiay Time st
| Caluiate Tume Histary Yes
Igentitier
e —r ¢
= Integration Point Results =
Display Option Averaged
verage Auoss Bodies | No
=) Results 0000 0300 0600(m)
Minmum 874136009 vm L | I 1
Manmum 1.5357¢-004 m/m 0150 0450
Average |5.3765¢.008 mm
Mimimum Occurs On | Weapons aadel VIICUter | 1010 o =

i1 Message V,A) Degree

£ Type here to search QE l =]



o Conten e C P = 7o) B
I rore  Rewr sy selecion  Auomation ~3 e
O x g ol & von [ commands @images~ 1.0 (True Scale) - i *® Erobe v snap | — Ao e L P
L Bl oo Cicomment  THSection Plane | Scoped Bodies Ol B asmum : : eF L —_—
Duplicste Q| Sohe | AN g oo grcan ElAnnotation | Large vertex Contours COOMY Contours Bdoes gL e —_— L,z | Basos Gaph Tabuler
Outline Sobvery Insert Otsplay Vector Display Cappedisosurtace Views

Outline *3Ox

QABle® %[Cl+rRAQAR st kMot TEERNREBE P B FCipbosrd- [Empty] DExtend~ 3 SelectBy~ 8 Coment=

ANSYS

2021 R
ACADEMIC

@ Vieapons cadel V1Ot Extrudes(2]
/% Materias
23 Coordnate Systems
8 Comectons
2 Mesh

/@ Face Sarg
/1 Static Structural (AS)

Hil Analysis Settngs

/@ Equvalent Elastic Sran
V8 Equvsent Syess

< >
Detasts of “Equivalent Elastic Strain” v B O X

Scope. A
Scoping Method | Geometry Selection
Geometry | Al Bogies
= Definition
Type Equivalent Elastic Strain
L] Time Y:
DisplayTime | Last
Calculate Time History | ves
Identifier
- ¢
=/ Integration Point Results X
Dispiay Option Averaged
Average Aqross Bodies | No
= Results 0000 0300 0.600(m)
Minimum [87413e.008 mim | EEEaa—— [ ES—
Maxmum 1153570004 mim 0150 0450
Average S3Tese006mm
Minimum Occurs On | Weapans cradel VIICUL... | 1.0 o SR

P Type here to search ‘E

Contest

Ll NCTINY..... .. Za
R oo | veun | ovpr sacaion  sutovaton ~0 o

0 = | s

Commands (8)images~ 1.0 (True Seale) - ] ’ Probe v Snap

" ent —— = N
s na | @ SIS 5 e T s — | B 22(HH

Dupliate Q | Sove | AMMSIS g ooovepont GfChart ) Annotation | v Large Vertes Contours CCOMeLY Contours Edges | g, vy —f— Loz | Bxtotton vineet Graph (Tabutar
Outine | soher, insent Display Vector Display Capped lsosurtae views
Outline. ~80Xx QQ (ew QAQQQ Select kMode- (TR RPN BREBE P 5 [Cipboard- [Empty] @xtend~ @ SelectBy~ @ Convert~
Name - v
0 project ANSYS
S [ Model (A4) 2021 R1
-,/ Geometry

«® weapons rade support bar Boss £x1 ACADEMIC
«® Wespons cradel V1(Cut Extrudes
«® Weapons cradel V1/Cut Extrudesiz)

/5 Meteriss

3K Coordinate Systems

DEEs

ace Sang
/1 Static Structural (A5)
/M Analyss Setongs.
)

[}

< >
Details of “Equivalent Elastic Strain” — w § O X
=i scope ~
ScopingMethod | Geometry Selection |
Geometry Al Bodies |
Type Equnsient Elastic Strain
Time
Display Time Last ¥
Calculate Time History Yes
Identfier |
Suppressed o I
= Integration Point Results
Display Option Aversged
Average Acoss Bodies No |
= Results z X
Minimum 874136009 mim |
Maximum 1.5357¢-004 m/m. | 050 arso
Anerage 53765006 mim
Minimum Occurs On | Weapons radel VIICUE... | 1010 o0 T

ssage  NoSelection & Metric (m, kg, N, 5, V, A) Degrees rad

cnoel




o ey o— o 4

e Enterprise] =

=8 & B commands images~ 1.0 e Sestel . = Brcbe ¥ sp | = T “ | B o = vl
x & ® -
ID # B Clcomment  DsectonPlane | Scoped Badies .- D asimun 3 i = — = E
Duploke Q | sobe | Ak (oha Bammctaon | ¢ arge vetesComours SETRET Cortos £9085 | iy — L | & oo ]
G sonans sert ool VedtarDispiay Cappeanosumar v
Outline ~30x aa elw Q@ @ @ Sder kModer JTHE BB B Clipboard~ [Empty] @Extend- 9 SelectBy- 8 Conven~
Neme - v.
B Project”
& Model (a2)
8 Geomery

8 wespons cacel sppert bar Boms Ex1
@ Weapons cradel VLICLEEXYGES
«® Weapons cadel 1{Cut Exiruces(2]

B vateras

TEEE

"
]
14
%

9 Eanvsentsues

< >
Details of “Equivalent Elastic Stain” = § O X

Scope.
Seoping Method | Geomelry Selection

Geametry Al Badies
- Detnition
Tipe Equisalent Elastic Strain
Time
Display Time. Last
Calculate Time Histary | ves
Iaentaer
Suppresied no
= Integeation Point Results
Display Oation Areraged
verage Aaoss Bodies | o
= Results
Minimum 8.74136.009 mim
Masimum 1.5387.004 mim
arerage 53765006 m/m

MInimUm Occurs On | Weapans CROBVIICUL.. Lo “Ax

$ Contert PP O S S
B core  Reur | O seecion  Automation ~2 0
=l &= [ Commands (Dimages* 1.0 (True Scate) - Erove  vismp  —F 3 —_—— 1 » |
|L:| x g 7] L] ® : - PR
Clcomment  CWSecion Pane  Scoped Bodies - Er— H K Z —
DO, [ s fChat  Elamnotation v Large Vertes Contours CTOMEY COMOUNS EOOES g, —_—— i & Grapn Taouir
Gutne  ab iraert Displsy Vectar Disolay Copped ozt View
Outiine ~30Ox Q@ @ @ Selct % Mode~ i BRRE & FCipbowd [Empty] @btend~ 9 SelectBy- @ Convert=
Neme -

Project
@ Model (a2)

7 Eanaent svess

< >
Detads of “Equivalent Hastic St v § 01X
- scope .

S<oping Method Geometry Selection

Geometry All Bodwes
- Detnion

e Eaualent Eastic Sian

Time
Displty Tive £33 Tabular Data
Caloulute Tine Histor | ves {7 Minimum i [ dtasimom i | Average imvm)
Identiter

1.7483¢.009

Suppressed No 349656009 215066006
= Integration Point Results | 611896009 376350006
Display Option Averaged 374136009 15357004 5.3765¢-006

Average Across Bodies | No

Minimum 87413¢.008 mim
Maximum 153576004 mim
Arerage 53765¢.006 mvm

Minimum Occurs On | Wespons cradel ViiCut.

Hll © Type here to search



Showing Deformation

Contert ot st YRR . et A

Resul | Duplay  Selection  Automation » ~B O
D . EE Sones seiecion  [F-Commands Bimages~ 10 (e scaie) e Qo Vs ent asgred. —4——— 1, o E )
B ste comment [WSection Plane  Scoped Bodies - B somum it i L and
Dusats Q| (S0l | Ak iy i E)Annotation | ¥ Large Vertex Contoury OTOmEY COMOUT EOOHE gy Worbess: —_—— t st Conn R
Guwe  Sdher; et Oasiay VectorDpiay Views

Qa(eles (s

Q@ Q& St KMode- ITHE T REBWE P & EClipboard- [Empty] @Edtend 9 Select By~ BComet~

ANSYS

2021 R
ACADEMIC

T

< >
Detadks of “Total Deformution’ ~30x

Sfscope ~
Scoping Method | Geometry Selection
Geometry A Bodies
Tipe Total Deformation
o Time
DisplayTime  tast i
Calculste Time History tes 5
Time 15 [ Minimom
e Ll
Suppressed o
= Resus

P Type hete to search

L =R Contert st sroctr ORI .., o) - & x

I ove e Owpiy  seedion  Automation ~2 @
D % EH Stonedseiection B Commands @images 1.0 True Sesiel 2 Boose v 5o | = T ¥l tement Alior I: A E‘
B Clcomment  [WSection Plane | Scoped Badies - B ranmum H « . K —_— Ees |
Oupcate Q| Sove | Anatrs g o ifCnet  EAnnotstion |  large Vetex Contours Ot CONOUS €K | gy ey Jaddecs —_— L e et G o
Outine Sohvers Incert Drsplay Vector Dspiay Capped sosurtae Views
Outline ~8ox QA@Q@ Sdect KMode- THETNRBME = & [ECpbords [Empty] DExtend- 9, SclectBy~ BComvet~

0 o SYS
2021 R
ACADEMIC

2 Totsl Deformaton
/% Equnalent Bastc Syan

< >

Details of “Total Deformation” ~8ox
= Scope a
Scoping Method | Geametry Selection
Geometry | An sodies
= Dention
Type Total Detormatian
Time
Oispisy Time |Last g
Calcutate Time Histary vex
icentiter I
Suopressed I
- Results
Minimum I
Marmum
verage 316,005 a0 2500 1.000(m) z X
Winimum Occurs On_| Wespons cradel ViiCut—| [ EE— ES——
Masimum Occurs On | Weapans cradel V1 Cut-—| 0% 7o
= Minimum Value Over Time |
i e o Tabular Dsta =R

£ Tpeecoseacn @




a e Cortert - & %
M rone  Reur | Dipy  Seledion  Automstion ~Ro
. & - = » . = 1 r 1
F: Commanas (image 10 T scae P @ B v o o | 2 —— L ~ (|
CIcomment [WSecton Mane  Scoped Bodies. = BB Manmum * d wne e - e e
son  Bamotation v Lage vetexContours CSOREHY COTOT EOEC |y Secoc —_— e ki + Graon oot
Display Vector Dwolay Capped sosurtace 3

QQ Qe %[C]+Qa @@ sdt %hoder ¥ PEBBE ™ & [Ciboerd [Empty] @btend- 9 SelectBy W Conver=

2021
ACADEMIC

< >
Detaiscf “Ttal Deformation” -30x
=[Scope A
Scoping Method Geometry Selecon
Geomery [Awsodis
= efinition
Troe [Total Deformation

o
DisplayTime Lt
Calcutate Time History |ves
Identifier 2
Suppressed te

Miremum

rage I oo 0350 700(m)
Minimum Occurs On | _ _ ]
Madimum Occss On_| Weapons cradel VI o1 asas
| Minimum Vatve Over Time
G B o Tobular Dt h %

£ Type here to search ‘: ' i

L 5N Comen sttt SOOI . 151 O

BB one  ceut Dusim  seedion  Adtomatin : ~BO
D x § =T W o [ -commeng: @images~ 10 True Sale) Gl @ B vww | = T

‘. at 3Comment [WSection Plane  Scoped Boches . B Marimum iGid o

Duliate Q| Soke | A5 g o icont gichan EAmnotation | . Large ertexContours SOORERY Comouns Edses g, Nedaes e

Guie  siher vt ously [e—

Outine ~30x  Qa| QA QR Stect MModer FTRENRBB® P 5 EClipbosd- [Empty] DExtend~ 9 Seiect By~ BCoaver~

Mame
 progear ANSYS
5 [ Hodel (A5) 2021 R

ACADEMIC

< >
Details of “Total Deformation” v80Ox
Scoping Method | Geamelry Selecion
Geo A Boaues

E—]
Trpe “Total Deformation
L 5
I
e
=
Suopssed "o L]
Minmus om z
o
verage 139316005 ] a0 a3 0.703(m)
R s [ e — — ]
Macimum Occurs On  Weapons aadel V1)Cut-.., s a5
e L

P Type here to search ’E q ¢



Assembly V1 simulation in Ansys representative load of 786.8n & 421.5n across the three contact
points, mesh size 30mm
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Assembly V2 simulation in Ansys representative load of 786.8n & 421.5n across the three contact
points, mesh size 30mm
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