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Executive Summary:
This assignment applies a basic understanding of CAD and FEA to the design of a gearbox housing. The gearbox housing is designed using the Solidworks software and used to create an assembly.  A motion study is then undertaken, and the results then analysed.  The report details the use of different design and simulation features. It illustrates the users development of skills through practise and research. 
It is evidently clear why the use of CAD and FEA are so widespread in the design industry.  The ability to design parts and assemblies, then thoroughly test the abilities of the assembly is clearly advantageous.  As a result, the need for prototyping is greatly reduced, creating savings in both time and cost. 
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[bookmark: _Toc11603225]Introduction
[bookmark: _Toc11603226]What is finite element analysis (FEA)?
Finite element method (FEM) or Finite Element Analysis (FEA) is the numerical technique for the resolution problems of engineering and mathematical physics (Larson & Bengzon, 2013).  It obtains approximate solutions for boundary value problems.  This is vital in the ability to help resolve problems of complex geometries, properties and forces (Hutton, 2008). (FEA) modelling techniques are common within many industries but were originally adopted within aerospace product design.  With the progression in computational power, FEA now has the ability to calculate a wide range of advanced phenomena.  From simple stress and strain of components through to vibration, heat conduction, fluid mechanics and electrostatics (Modlen, 2010).
[bookmark: _Toc11603227]Brief History of the Finite Element Method
FEM/FEA origins go back over half a century to the late 1940’s.  The aircraft industry was developing the new jet engine and the need for advanced design techniques were essential for its sophisticated design.  The larger airframe components and the increased stresses associated with higher travelling velocities, required calculations superior to prior knowledge.  The use of complex matrix methods were developed, becoming known as the Flexibility method.  This involved using matrixes to analyse unknown forces and known displacements. (Modlen, 2010).  (Clough, 1960) was responsible for introducing the term FEA in the 1960’s.  FEA as its commonly referred to, replicates the unknowns or displacements in relation to applied forces.  FEA required intensive computational resources, the result was the software NASTRAN, which was developed in the 1960’s in conjunction with the USA space program.  Nastran was the original FEA software and was hugely powerful, capable of analysing thousands of degrees of freedom (Hutton, 2008). FEA has now been widely developed and is available to users with all levels of ability.  The software packages offer the ability to analyse data in relation to many engineering phenomena.
[bookmark: _Toc11603228]The Basic Principles
[image: ]FEA is described by (Hutton, 2008) as a piece by piece analysis process.  The process requires objects being split into smaller pieces, areas or volumes. These are referred to as finite elements. An example of this is shown in Figure 1 . The 2D model of the spanner has been divided into finite elements, these are interconnected points with two or more elements, referred to as nodes.  These then connect to other nodes and boundary surfaces.  The result is referred to as a mesh, and the process is referred to discretisation (Modlen, 2010).
[bookmark: _Ref10745231][bookmark: _Toc11603075][bookmark: _Toc11603149][bookmark: _Toc11614168]Figure 1 - Spanner divided into number of finite elements (Modlen, 2010).



[image: ]Figure 2 displays the location of the forces acting in the typical use of a spanner.   When applied in relation to the mesh used in the discretisation method in Figure 1. [bookmark: _Ref10745981][bookmark: _Toc11603076][bookmark: _Toc11603150][bookmark: _Toc11614169]Figure 2 - Flat plate subjected to in-plane forces at points on the boundary (Modlen, 2010).


[image: ]The data from both processes results in a model which is demonstrated in Figure 3.  The model now shows the contours of stress generated from the mesh and applied forces.[bookmark: _Ref10746506][bookmark: _Toc11603077][bookmark: _Toc11603151][bookmark: _Toc11614170]Figure 3 – FEA post-processor calculated contours of stress values (Modlen, 2010).

To be able to generate the models above, three stages must be adhered to, pre-process, analysis and post process. The creation of CAD models, discretisation, application of forces results in usable information in the form of graphs or animation (Modlen, 2010).



[bookmark: _Toc11603229]Engineering Tools and Technology 
[bookmark: _Toc11603230]Computer-Aided Design (CAD) Functions 
Introduced in the 1960’s CAD software is widely used within all engineering and design processes.  According to (Elm & Robert, 2003) CAD software replaced traditional methods of drafting engineering drawings, quickly becoming the industry wide standard.  Modern CAD software can be used to produce three dimensional models and all the supplementary documentation for procurement and manufacture.  Additionally, software can be used to capture material properties and numerous calculations in relation to mass and other properties (Adams & Askenazi, 1998).  These software packages are fundamental to the application of CAE and in particular FEA/FEM.
[bookmark: _Toc11603231]Finite Element Analysis (FEA) Functions 
Computer Aided Engineering (CAE) is the combination of computational methods to enable the design, analysis, simulation and optimisation of engineering problems.  Whereas CAD is the basis of the design process, CAE tools are used to develop and simulate the complex calculations involved (Hutton, 2008).  FEA is the most common of the analytical tools.  According to (Elm & Robert, 2003), when it is applied in mechanical calculations it provides an insight into the stress, strain, deflection and frequency involved in dynamic simulations. The FEA system also allows for the material properties to effect simulation results.
The FEA software uses part geometry to create an overlaying mesh during the discretisation stage, this creates the finite elements for analysis.  The material properties and element geometry control the reaction to the applied forces.  The resultant static and dynamic results enable the user to create reports or charts detailing the resultant stress, deflection etc. (Modlen, 2010).
[bookmark: _Toc11603232]Motion Simulation
Motion simulation is a computer-generated prototyping tool, designed to analyse mechanisms and produce animations and a graphical result.  The ability of this software means that physical prototyping can be kept to a minimum.  Motion simulation software is vital to design of assemblies involving moving parts, as it gives a designer an insight into how the mechanism works and performs in numerous conditions. The software allows for replicating forces in mechanisms, such as motors, dampeners, gears and linkages (Chang , 2015).  This software is a vital tool for an engineer to address complex design problems.  The simulation tools are used to provide answers to complex questions. How will parts move in an assembly with different loads and constraints? How much force will an assembly or component take before failure? How will assembly components fit together?
SolidWorks® is a leader in motion simulation software.  It is a low-cost investment that is scalable through all user levels.  It has the ability to create assemblies with a high degree of analysis complexity (SolidWorks, 2019).


[bookmark: _Toc11603233]Gearbox Overview 
[bookmark: _Ref11078646][image: ][image: ]The Gearbox is a key component in the manufacturing industry. It is made up of numerous components, these include the main components such as gears, shafts, bearings and the housing itself (Stokes, 1992). Figure 5, displayed is my gearbox design and all its components in an exploded view.  It has been designed to provide a positive location for all its components and allow for satisfactory oil lubrication. According to (Chavan & Kaur-Wadhwa, 2016) almost all gearboxes require a form of lubrication to lubricate any moving parts.   Common issues with gearbox failure can be associated to design issues, manufacturing defects, lubrication issues or excessive dynamic loading. (Chavan & Kaur-Wadhwa, 2016).  FEA software such as Solid works can be used to overcome these common issues with use of simulation software (SAE International, 2011).[bookmark: _Ref11339899][bookmark: _Toc11603078][bookmark: _Toc11603152][bookmark: _Toc11614171]Figure 4 - Gearbox Front View (SolidWorks, 2019)
[bookmark: _Toc11603079][bookmark: _Toc11603153][bookmark: _Ref11611696][bookmark: _Toc11614172]Figure 5 - Gearbox Exploded View (SolidWorks, 2019)


The gearbox design has multiple main objectives.  These include the suitable location for any bearings to be housed.  They must be capable of maintaining shaft centres under any the high tangential loads and the resultant separation forces created when in operation (Stokes, 1992). 
[image: ]According to (Chavan & Kaur-Wadhwa, 2016) the stiffness of the gearbox is paramount to its ability to withstand distortion, an inability to do this would result in oil leaks occurring.  Figure 4 and Figure 6 clearly illustrate the gearbox design and its capability to deliver the strengthening features required.  The bearing bosses have been strengthened with ribs; these enable the wall thickness to be kept to a minimum while still retaining the necessary strength. [bookmark: _Ref11088805][bookmark: _Toc11603080][bookmark: _Toc11603154][bookmark: _Toc11614173]Figure 6 - Gearbox Side Projection (SolidWorks, 2019)

(Stokes, 1992) describes the paramount importance of lubrication with any gearbox design.  This needs careful consideration at the design stage to provide for the loads subjected to the gears and mating parts.   (Stokes, 1992) also adds that the splash form of lubrication often provides the most efficient running gear.  This is a sealed recirculating system within a wet sump gearbox system, with the lubrication contained within the casing. The main requirements for this system are filler plug, drain plug and most importantly oil breather.  Figure 8 is the cross-section of the gearbox, it clearly shows the filler plug and drain plug location, also the available volume required around the gears for the reciprocal lubrication system.  Figure 8 shows the cross section of the oil level sight glass, its location can be seen in Figure 4. (go4trans, 2018) describe the necessity for breathers for a vast range of machine components and assemblies.  This is almost essential when volumes of fluids or lubricants are required.   This is corroborated by (machinerylubrication.com, 2019) who state, breathers are essential for a high-speed gearbox, this is due to the change in temperature and resultant volume experienced when in operation.  [image: ][bookmark: _Toc11603081][bookmark: _Toc11603155][bookmark: _Toc11614174]Figure 7 - Typical Breather Construction (go4trans, 2018)

[image: ]When in operation a gearbox can experience significant changes in operating temperature. The lubrication system is the primary method of reducing this, but good design can aid in different areas (Stokes, 1992).  The use of cooling fins or ribs are common practise in many other products outside of gearbox design.  (Cengal, 2008) discusses the ability of the fins to enhance heat transfer, this can be seen widespread in electronic components.  By designing fins or ribs onto any surface where heat transfer is critical, it will expose a larger surface to convection or radiation. [bookmark: _Toc11603082][bookmark: _Toc11603156][bookmark: _Ref11611751][bookmark: _Toc11614175]Figure 8 – Oil Level Sight Glass Cross-section (SolidWorks, 2019)


[image: ]Figure 10 illustrates the use of cooling fins in the gearbox model, the model with the fins would have a superior surface area, enhancing its ability to remain cool in operation. Figure 11 is a table of material properties generated on the e-drawing pro software available within the solid works package (SolidWorks, 2019).  It has provided the user with a platform to generate a direct comparison of surface areas as a result of the cooling fins incorporated within the design.   The result can be seen in Figure 11, it is an 82cm2 [image: ]increase in surface area. [bookmark: _Ref11092318][bookmark: _Ref11339807][bookmark: _Toc11603083][bookmark: _Toc11603157][bookmark: _Toc11614176]Figure 9 - Gearbox Side View Cross Section (SolidWorks, 2019)
[bookmark: _Toc11603084][bookmark: _Toc11603158][bookmark: _Ref11608402][bookmark: _Toc11614177]Figure 10 - Two models of Gearbox, with and without fins (SolidWorks, 2019)

The material used is critical to the efficient performance of the gearbox (Stokes, 1992).  The functional ability for the gearbox to withstand the previously discussed forces is paramount to its design.  Typical materials could include aluminium or cast iron.  A more efficient material choice would be a Magnesium Alloy such as RZ5.  This alloy is particularly attractive to motorsport designers due to several key properties. It is light weight, Low density (two thirds that of aluminium), has excellent high temperature mechanical properties and excellent corrosion resistance (Azom, 2001). Figure 11 clearly shows the difference in mass between the two material selections.
[image: ]
[bookmark: _Toc11603159][bookmark: _Ref11608468][bookmark: _Toc11614178]Figure 11 -- Material and surface area comparison (SolidWorks, 2019)
Gears are the machine elements responsible for transmitting a rotary input between shafts.  The gears are designed to take a known input and produce a required output. General guidelines apply, Lower gears have high torque and low power, higher gears have high power but low torque. Consequently, torque, speed and power are significant factors in gearbox design (Chavan & Kaur-Wadhwa, 2016).  For the assembly of this gearbox several critical calculations were needed.  These would require several knowns values to be able to calculate the unknown. Table 1 below has the values used to find the correct shaft centres.

	Gear
	Output Gear 2
	Primary 2nd Gear

	Number of Teeth (z)
	35
	24

	Outside Diameter (Do)
	75
	56

	Module (m)
	2.02
	2.15

	PCD
	70.7
	51.6


 Table 1 - Gear Information
The most important value required for the assembly was the correct shaft centres.  This required taking the information available from the sketches and finding the missing values.  The calculations below were used with the above information to find the shaft centre value of 61.15mm
Gear PCD calculations
Centre distance a = (d g + d p) / 2  
Module m = d /z  
Number of teeth z = d / m  
Outside diameter D o = (z + 2) x m  
[bookmark: _Ref11263416][image: ]Pitch circle diameter d = z. m 
[bookmark: _Ref11263841][bookmark: _Ref11263834][bookmark: _Toc11603086][bookmark: _Toc11603160][bookmark: _Toc11614179]Figure 12 - Gear Information Diagram ( Maciejczyk & Zdziennicki , 2011)

The gearbox contains several other design features which are vital for the operation of a high-quality gearbox.  The design contains an o ring groove, this is required to seal the gearbox against any oil leaks. It is located on the housing mounting faces seen in Figure 13. Face seals have no clearance gap, so consist of a groove cut into one face with a flat mating face fastened together to give a surface to surface contact.   
According to (Weldfixturedesign, 2019) dowels are critical for precision and consistency in assembly of machine parts.  Only two dowels should be used and placed as far apart as practicable. As Figure 13 displays these rules have been applied to this model. This assisted in a precise assembly which is vital to aid the correct alignment of bearing, shafts and gears.
[image: ][bookmark: _Ref11265032][bookmark: _Toc11603087][bookmark: _Toc11603161][bookmark: _Toc11614180]Figure 13 - Gearbox O-ring Groove and Dowel Pins (SolidWorks, 2019)



[bookmark: _Toc11603234]Solid Works 
[bookmark: _Toc11603235]Modelling Features
Solid works has multiple components incorporated within the software which are critical to part design and simulation.  For the purpose of this assignment these include part modelling, assembly and SolidWorks simulation (SolidWorks, 2019).
Part Modelling is used to produce intricate shapes or parts that develop into part components.  This is the basis of all design within the solid works software.  It has the capability to produce both 2D and 3D objects.  The components produced can be assigned properties such as material, these properties are critical in the simulation phase. The Assembly software enables the user to assemble multiple parts into a working model.  With a combination of specific mates, limits and fits the assembly can closely mimic a genuine assembly.  The assembly process can be beneficial in the design process, ensuring parts fit together appropriately and the required outcome is achieved.  The final stage is simulation, this is essential to study the behaviour of the component under specific loading conditions. The software’s ability to use finite element analysis to accurately model static, dynamic and other similar analysis is a very powerful design tool (Reddy & Nag, 2018). 
[image: ][image: ]Within the Solid works software, numerous modelling tools are available. Basic through to more advanced tools.  The correct use of different tools can greatly reduce the design process. Basic tools such as extrude and cut tools can be used to create most shapes. But in comparison the use of tools such as the revolve, can add and remove material in one step.  For example, the closed cross section of the sketch can produce a solid object, including stepped diameters, holes and a chamfer or fillet.   The revolve feature was used to produce the oil level sight glass as seen in Figure 8, the feature created as solid object with chamfers and hole included. In direct comparison the bearing boss found in Figure 4, was made using the extruded boss feature and as a result required extra stages to include the hole and chamfers.  Figure 14 below is a simple example of the resultant design savings of revolve vs extrude.
[bookmark: _Ref11340248][bookmark: _Toc11603162][bookmark: _Toc11614181]Figure 14 - Revolve Vs Extrude
Other features like rib and pattern, enable the user to create models of increased complexity and professionalism.  The rib feature is used to model a thin walled support structure as seen in Figure 6.  The rib feature creates an extrusion and merges it with a solid body, it can do this with open or closed sketch profiles.  The feature also allows for a draft to be added to the extrusion for the casting process.  Linear and circular patterns create copies of an existing feature.  This can then be placed as required by the user.  The circular pattern feature was used in several ways in the gearbox design. Figure 4 clearly demonstrates the circular pattern on both the bearing boss and the housing.  The bearing housing boss has strengthening ribs which have been equally spaced around the outside diameter using its axis as the datum.  Another circular pattern has been used to space the cooling fins around the curved faces of the housing.  This differed as it [image: ][image: ]still used the axis of revolution but required an angle and number of copies to produce the required result.  [bookmark: _Ref11351257][bookmark: _Toc11603089][bookmark: _Toc11603163][bookmark: _Toc11614182]Figure 15 - O-ring Groove in Mounting Face (SolidWorks, 2019)

Another advanced tool used for gearbox modelling was the swept cut, this tool is used to cut a solid model by sweeping along a completely closed profile or sketch path. This tool has many uses, particularly the modelling of threads or grooves. In this instance the tool was used to create an O-ring groove in the mounting face between housing and back plate, please see Figure 15 and a close up in Figure 16.
[image: ][image: ]The loft feature has been used to model the breather cap location boss.  The loft tool has allowed for the creation of an organic shape.  This is created by transitioning the model through guide planes and following guide profiles.  This feature is vital in the creation of surface modelling. [bookmark: _Ref11351351][bookmark: _Toc11603090][bookmark: _Toc11603164][bookmark: _Toc11614183]Figure 16 - O-ring Groove Close-up (SolidWorks, 2019)

[bookmark: _Toc11603236]Equations
[image: ]The Solid works CAD system is a parametric modelling system, it uses parameters to create and define a model’s geometry.   These Solid works parameters are typically, part dimensions and relations but it is also possible to use equations (Institute of Technology West Virginia, 2019).  Equations can be mathematical functions or relationships between sketches, parts or assemblies.  Equations are particularly good for maintaining the original intent of a design, as all the dimensions or relations can still follow the primary guidelines.  To explain this (Chang , 2015) talks about the ability to use equations to maintain part relationships and dynamic relations between geometry features in engineering or manufacturing applications. [bookmark: _Ref11488680][bookmark: _Toc11603091][bookmark: _Toc11603165][bookmark: _Toc11614184]Figure 17 - Allocation of global variable (SolidWorks, 2019)

[image: ]The equations are used to generate associations between two or more dimensions in sketches, parts and assemblies. When using equations, dimension names and other property names are used as variables and other global variables can be created.  Figure 17 shows the allocation of a global variable called ‘dimension’, this used to create a relationship between the primary main bearing outer diameter and the bearing housing location.  Figure 18 is the global variable table use to create the link between dimension sizes.[bookmark: _Ref11488993][bookmark: _Toc11603092][bookmark: _Toc11603166][bookmark: _Toc11614185]Figure 18 - Global variable table (SolidWorks, 2019)


[bookmark: _Toc11603237]Assembly Method 
Solid works enables the user to create complex assemblies from a combination of components.  The addition of components into an assembly creates a link between part and assembly.  This link between part and assemblies’, denotes that any part change is automatically reflected in the assembly (Solidworks, 2016). The Solid works assembly method allows for Bottom-up or Top-down design method.  The bottom-up design method requires individual part models and then assigning them to create a suitable assembly.  Whereas top down design requires the assembly design first, then all components are designed in context (University of Central Florida, 2019).  
[image: ]All assemblies need to be connected by creating geometric relationships between its components. These relationships or constraints are called mates.  The mates define rules of permitted movement along linear or rotation paths. SolidWorks® components all start with these six mechanical degrees of freedom (DoFs).    DoFs define how the parts can move with respect to each other. Figure 19 is an illustration of the 6 degrees of freedom (DoFs)[bookmark: _Ref11491513][bookmark: _Toc11603093][bookmark: _Toc11603167][bookmark: _Toc11614186]Figure 19 - Degrees of freedom (University of Central Florida, 2019)


[image: ]All unmated parts have these until they are assigned the required mate.  Applying a mate between two parts eliminates degrees of freedom between the two parts. Mates can remove between zero and six degrees of freedom (Mathworks, 2019).  There are 5 primary mates that can be used to construct an assembly model. These are the coincident, parallel, perpendicular, tangent and concentric mate.  These primary mates can be used to create most basic assemblies.  According to (Solidworks, 2016) best practice for mating assemblies, is to attempt to mate all components to the minimal number of fixed reference points or components.  The smaller the chain of mates, the shorter the time is required to produce an accurate simulation with limited errors. Figure 20 Demonstrates examples of good and bad mating practices.[bookmark: _Toc11603094][bookmark: _Toc11603168][bookmark: _Toc11614187]Figure 20 - Examples of good/bad mate practise (Solidworks, 2016)

My initial assembly model consisted of using a combination of the primary solid works mates.  The result can be seen in Figure 21.  As my experience of using solid works grew, I gained a better understanding in many of the more advanced mate features. This is down to my time spent using the software and to the lessons learned from my research into the best practise for assembly mates.   Solid works has a particularly useful subset of tools called mechanical mates.  They are used to create mechanisms in an assembly.  These are vital when trying to replicate a mechanical assembly as they replicate the actual mechanical connections (Chang , 2015).
[image: ]
[bookmark: _Ref11603644][bookmark: _Toc11614188]Figure 21 - Design tree
The mechanical mate of most importance to my assembly was the hinge mate, this replicates a pin joint, it leaves only a single rotational degree of freedom (Solidworks, 2016).  The hinge mate has the same outcome as adding two primary mates, as the hinge directly replaces a concentric and coincident mate.  As you can see from my improved mating scheme shown on the left-hand side of Figure 21 .  The use of the mechanical mates and in particular the hinge mate, reduced my mates from 24 to 16 for exactly the same assembly.



[bookmark: _Toc11603238]Simulation
[image: ]The solid works motion simulation consists of three stages.  Model generation, simulation/analysis and result visualization.  Figure 22 clearly shows all the elements that need considering in a simulation model.  The model generation involves the definition of the conditions effecting the simulation. The correct allocation of inputs such as motors, external loads including forces or torques and finally forces such as springs or dampers.  [bookmark: _Ref11603696][bookmark: _Toc11603095][bookmark: _Toc11603169][bookmark: _Toc11614189]Figure 22 - Three stage in motion simulation

[image: ]In my motion simulation I used a combination of a rotary motor, linear motor, three solid body contacts and a torsional damper, see Figure 23.  The aim was to as accurately simulate the forces in a physical gearbox as possible. The rotary motor was selected to turn the primary shaft replicating the input from an engine driveshaft. For this study the speed of 100rpm was selected, this was due to trying to limit simulation time between models. The linear motor was used to mirror the effect of a gear change.  The solid body contacts were identified as the areas of contact between mating gears. This is vital to ensure that the contact is calculated in the motion study and prevent parts from penetrating each other during motion.  Finally, was the torsional damper, this was selected to simulate the effect of friction created within the gearbox.[bookmark: _Ref11603734][bookmark: _Toc11603096][bookmark: _Toc11603170][bookmark: _Toc11614190]Figure 23 - Choice of simulation forces

Equally as important is the correct allocation of part constraints or mates. The more accurately a model is defined then the more accurate the simulation result (Chavan & Kaur-Wadhwa, 2016).  The choice of mates is essential to capture the characteristics and behaviours of a mechanism. When creating a motion study, solid works uses the mates used in creating your assembly.  The result is often the creation of redundant mates. The term redundant mate in a motion study is the equivalent of an over defined model (Chang , 2015).  The redundant mates are excluded when a motion simulation is generated, meaning that zero force is calculated at those excluded mate locations.  For the motion study to be of the highest accuracy then a model with zero is the definitive aim.  There are numerous methods and tools to try and reduce [image: ]redundancies to zero (Solidworks, 2016).  [bookmark: _Ref11600042][bookmark: _Toc11603097][bookmark: _Toc11603171][bookmark: _Toc11614191]Figure 24 - Design tree showing redundant mates.

As previously discussed, the use of mechanical mates instead of the primary mates, is of substantial benefit when assembling a model which closely replicates an actual mechanism. The hinge mate is particularly beneficial in a simulation model.  The effective reaction forces and results of using a hinge mate as compared to a concentric or coincident mate, greatly reduce the negative effect of having redundant mates.  Another tool which is of great benefit in the quality of your motion study, is the rigid group.  In a rigid group, components behave as a single part but still include their mass and moment of inertia.  The resulting motion study then excludes any associated mates, this will result in greater accuracy and faster simulation times.  Figure 24 is an illustration of my design tree before and after applying the lessons learnt from my research.  As you can see the redundancies went from 26 to 6, this was the result of using rigid bodies and the use of advanced mates such as the hinge mate.  This with my new understanding of the 6 DoFs allowed me to create a motion study to the best of my abilities.
[image: ]With the motion study setup complete, all that remained was the post processing stage.  This is the simulation of an animation and the ability to plot graphical results to demonstrate the outcome of the study. Figure 25 below shows the result of my first angular velocity plot.  [bookmark: _Ref11600669][bookmark: _Toc11603098][bookmark: _Toc11603172][bookmark: _Toc11614192]Figure 25 - Angular velocity plot


Initially my frame rate was set to 60 f/s, this was the default setting in the motion analysis. As a result, the study is measuring 36 degrees of motion /sec, as a result the plot is very poor.  Choosing the correct frame rate and integration step size is critical to a smooth animation and an accurate plot.  The frame rate is a measure of how often the simulation makes a calculation. I then calculated a more appropriate frame rate.  For my new frame rate of 600 f/s, I performed a basic calculation. This was the 100-rpm motor speed divided by 60 seconds, finally multiplied by 360 for the number of degrees in a full revolution. This new frame rate would provide a calculation for every degree of rotation. Figure 26 is the plot with the improved frame rate value.
[image: ]
[bookmark: _Ref11603020][bookmark: _Toc11603173][bookmark: _Toc11614193]Figure 26 -Second angular velocity plot
There was one final tool available to use to create a more accurate motion study, that was the use of bushings.  When using bushings, solid works would replace any redundant mates with bushings. The software adds the equivalent of a flexible mate, this is of use as solid works treats all components as infinitely stiff (Solidworks, 2016).   As a result, a force will now be calculated at these locations. 





[bookmark: _Toc11603239]Conclusion
It is evidently clear why the use of CAD and FEA are so widespread in the design industry.  The ability to design parts and assemblies, then thoroughly test the abilities of the assembly is clearly advantageous.  As a result, the need for prototyping is greatly reduced, creating savings in both time and cost.
My limited use of this software has shown me the importance of experience when using this software.  My results were mixed, my early attempts at the assembly appeared adequate until my research revealed flaws in my methods.  My primitive use of mates caused a huge number of redundancies in my first motion study.  My early results in terms of animation and plots, were also in adequate.  The research undertaken as part of this assignment underlined the need for knowledge in really harnessing the software’s potential.  The ease of use of this software is brilliant for a novice to gain an understanding but it opens a discussion into who is really qualified to use this software correctly.  An inexperienced user can easily obtain results, but to create and interpret satisfactory results requires a superior level of knowledge.  As a novice user I have gained a great insight into the power of the software and would be enthusiastic to use the software more in the future.
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