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This report is to demonstrate the understanding of Solidworks by assembling the components of a gearbox and model a gearbox housing and to conduct a motion analysis on the gearbox to show it working. 
Features such as sweep and revolve cut were used to produce the parts and spur gear calculation were used to determine the distance between the input and output shafts.
Results were given but unfortunately the optimum output was not reached on the first attempt but a remodel using the correct, mechanical mates rendered a positive outcome.
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There is speculation that engineering planning and drawings have been around since before the pyramids but the last 50 years has a huge step forward in how engineers and designers create these due to the arrival of the computer and CAD/CAM programs. The concept of using computers to define designs for machining can be seen as early 1957 as a follow on from PRTONTO (Program for numerical tooling operations) which was the first CNC programming system. Then in 1963 Ivan Sutherland came up with Sketchpad at MIT, an estimated 70% of today’s CAD software suites have connections to this very program. 
CAD has been widely used in industry since the 1980s which was used produce two dimensional (2D) drawings, over the past 30-40 year, the first of the three dimensional (3D) modelling tools was released in 2000 when Alibre Design. Today’s CAD packages such as SOLIWORKS and Autodesk Inventor have the ability to produce advanced 3D assembly models that can be simulated and analysed with a high degree of accuracy before the parts are converted to 2D drawings and put to production. They allow the user to change conditions such as material, specific density, surface finish and more. 
Using CAD software to pre-design, simulate and analyse components and assemblies has a number of benefits, they; 
· Increased productivity, due to the ease of changeability or redesign of components that aren’t favourable for whatever reason. 
· Designers can invest more time in the geometry and topology of a product thus increasing capabilities and its market value. 
· The ability to see floors in the design before prototyping. During simulation and analysis of a model, designers are able to ensure that the parts are capable of the working within parameters its environment by setting conditions within the model that mimic real world situations.
There are however limitations 
· In what can be modelled up on a computer and what can be produced in real life so designers need to be mindful of the limitations of what can be produced by manufactures. 
· The simulation is only as good at the model, CAD software and the person designing it, errors can be made during the design which cause complications in how the CAD Package sees or computes the models giving out false results. 
· The software doesn’t always match reality, CAD packages are often very accurate but never exact, most packages will often over compensate for material weakness which does offset the risk to a degree but is not always accurate and if the design requires an element of failure specific parameters need to be set.
 Anyone can buy and use these tools but ISO standards, training courses and competency evaluations are necessary to ensure designers are able to use the packages correctly and to limit the risk of producing poorly designed parts, assemblies and drawings.
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The assembly was pretty straight forward, all of the gears and bearings were mated into position using a combination of standard concentric and coincident constraints, except for the combined 1st 2nd gear which was held between the primary 1st and second gears using the advanced distance constraint, this allowed for the correct movement between the two gears. Also the standard distance mate was used to find the distance between the shafts, it was calculated and rounded to 61mm, this figure was found using sprue gear calculations (Stokes, 1992), (British Standards Institute, 2006) (Engineers Edges, 2019).

[bookmark: _Toc11625071]Modelling gearbox housing
After the gearbox components were assembled the hosing was built around them by creating a new part on the XY Origin axis. All of the parts were fully constrained to the origin and not the other components so that the shafts and bearings could be mated to the gear housing parts with them “falling apart” during the analysis. 
The topology around the gearing and shafts were produced using the sweep command this allowed complex shapes to be extruded around the contours of the gearing in as little moves as possible using only 2 sketches and 2 guide rails.
A single side of the basic shape was first modelled (Part A) and a “Save As” was done to produce a Part B of the same shape, one of those parts were then Mirrored and the original side was Deleted so that Part A and Part B were mirror images of one another (i.e. Top and Bottom). Then other part features, such as the legs and gear selector void can be added independently. Another way in which this could be achieved would be to produce the full part as a solid, with a plane running through the centre of the solid, splitting the solid into two parts at that plan and shelling the insides using the shell command.
The reasoning behind using the first method was to limit the total number of extrudes and cut’s which reduces the number of features in the feature tree. This is a commonly known best practice according to (Antonio Ramirez, 2016). This improves efficiency and cleans up the model tree. It can also help with reducing the probability of the simulation having problems.
In the design features such as fillets have been minimalised by drawing the features into the sketch again this has been implemented to reduce the features in the browser tree.
The shell command is was used to create a chasm so that the gear selector parts could be added internally but later rejected for the more efficient sweep command.  
Due to the simplicity of the design the loft command was unwarranted, this feature allows a user to produce complex geometry by producing sketches on different planes and the 3D part transitions between the planes/sketches this allows for more complex geometry of parts (learn solidworks, 2018).
During the modelling there were very few issues, some difficulties were experienced when using the sweep command to form the selector cavity. This was overcome by selecting the Keep Normal Constant operation in the Profile Orientation. This operation keeps the profile normal to itself rather than the Sweep Path (Hawk Ridge Systems, 2015).
To reduce the number of mates the hinge command was used to replace a number of the concentric and coincident mates. this made the model more efficient.
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Equations in CAD packages can be numerical or an expression and are used to define dimensions or variables within the model (Autodesk, 2018). Advanced equations such as “DimensionA/2” can also be used to define a dimension. This allows further reduce the time taken to define or define a model’s topology. It can also be used to define max or min gaps/distances between objects, this can be done by using the operators and functions found at the SolidWorks Help website (SolidWorks Help, 2019)
This exercise did not require modelling equations as they are most commonly used in large models where most commonly in complex modelling are architecture where models have many components that rely on one another (i.e. an architect work use produces a 2D block such as an RHS and define its parameters in equations, then insert the RHS block into a mode multiple times, then if that RHS dimensions need to be altered they can be changed inside the equations instead of having to change each sketch in the model). 
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A computational graphical simulation and analysis of is defined as a motion study. It is a method of testing a product or design to find out how it would work in a real world situation, and calculates how physical external/internal properties such as heat and fluid flow interact with it to predict its effects. It does this by breaking down the models into smaller ‘elements’, calculates it behaviours and uses that information to determine the behaviour of the component (AutoDesk, 2019) (Lee, 2015). 
There are 3 types which can be performed (Jevlin Tech, 2018). 
· Animation is where the parts are assemblies can be rotated or exploded to show their full view for aesthetic or presentation purposes,
· Basic motion, certain basic features such as contact groups and springs can be implemented to simulate the motion of an assembly, taking mass, collisions and gravity into account to calculate motion but not forces, this type of motion study can be used to calculate motion between models.
· Motion analysis is more advanced than the other 2 studies and take the longest to compute, it included mass, collisions, contact groups and gravity as well as forces, springs, friction and dampening. It uses numerical computation that account for material properties such as mass and force to calculate inertia and linear angular velocity, which can be analysed and plotted on a graph.
A motor was added to produce motion which at the primary shaft, Contact Group A consisted of primary 1st and 2nd gears and Contact Group B had both output gears and the 1st, 2nd gear selector on the primary shaft, this reduced the number of occasions the contact feature was shown in the feature browser and also reduced the number redundancies which made the model more efficient.
Further work was executed to reduce the number of redundancies by the way of deleting or swapping out the mates used in the model tree inside the motion analysis, the starting number was 48 but over time I was able to dwindle it down to 12, although this is still fairly high for the scale of the assembly further reductions negatively affected the simulation, so it was deemed necessary to stop there. 
During the reduction of redundancies some anomalies were experienced, while grouping some of the parts into ridged bodies the number of redundancies went up. This could not be explained as no research was found on that issue.
When applying the original force the selector did not stay engaged to the gears as anticipated, instead it bounced into and away from the gears as the force applied was too low for the angular velocity of the motor. To overcome this the motor was slowed to 120rpm and an increased fore of 100Nm was applied. This was also unacceptable due to the selector gear being forced through the opposing gears. 
Frames per second were calculated by dividing the RPM by 60 to get the number revolutions per second and then multiplying that by 360 so that a measurement was taken for every degree of the rotation of the input shaft. This was to ensure smooth and precise results but during the motion analysis the motor shaft would spin clockwise until the force which moved the selector from first to second gear, for some unknown reason the primary shaft would then stop and rotate in the opposite direction. This was overcome by removing the Rotary Motor and Inserting a torque force of 100N/mm to drive the primary shaft, this makes the calculating every degree of rotary motion impossible because torque does not follow a linear path. So this was ruled out as a possible answer. [image: ]
The next task possiblity was too much damping force, this was then reduced to 0.1N/mm, which provided a liniar result but the Angular Velocity was in the minuses which means the shaft was rotating backwards, [image: ]
The other thing that was wrong was the reasings were a little too spradic and could have been refined. So, a little more damping was needed so it was decreased to 0.05N/mm this made a small difference to the graph but the RPM were still in negitive numbers. 
[image: ]
at this stage it was noted that no visible change in the speed of the output was witnessed. This may be because the gearbox was over its maximum output speed, it was decresed to test the therory but it was unsuccessful.
On further inspection it was noticed that the gear was not engaging in the gears so the previous 2 graphs weren’t showing an accurate representation of what was happening inside the gearbox. At this point it was deem necessary to rebuild the gearbox using different mates and the outcome was very positive.
The model behaved the way in which it was predicted, the prime shaft was revolved clockwise so the output gear was in reverse motion therefore giving a negative reading.
[image: ]
A reduction in time to 3 second was added to only show 1 full rotation at each gear, this was to reduce the time it took to calculate the  analysis.
[image: ]
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The assembly and modelling of the gearbox and housing went very well, many advanced features such as sweeps and revolve cut were used to build, constrain and marry the components. It was unfortunate that the model didn’t require the need for equations but an understanding of them has been acknowledged in this report. 
Using this program for motion analysis has been somewhat problematic as it has been found difficult to generate an optimum output. It is suspected that some of the mates were interfering with the contacts which made a negative reaction to the motion analysis. Unfortunately the reasoning for the bad results weren’t found but theorised that a lack of knowledge regarding the proper mating of the components was the issue. The recommendation for the future is to gain a better understanding of the program’s limitations and features through regular use of Solidworks.
Rebuilding the model using the hinge command made a huge difference to how it behaved during the motion analysis. This is believed to be because of the reduction in redundant mates and the general clear up of the mating of the parts. 
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