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Introduction.
In this Assignment I have been able to assemble a gearbox assembly using various Mates then model the assembly in motion analysis add-on in Solid works. By doing this I was able to achieve a rotating gearbox with a fixed input speed and with a varying output shaft speed depending on the precision of the selector drive gear. 
Once this was achieved, I was able to use solid works to identify redundant mates. This allows the simulation to be more realistic as you will not over define the assembly. In order to go one step further there are FEA (Finite Element Analysis) that can be performed on the assembly to high light any high stress areas etc.
I have also been able to model a gear box housing which will be mounted onto the gearbox frame. To do this I used a range of modeling tools which I will explain below. Once this and the gear assembly was complete, I was able to situate the gear assembly inside the gearbox assembly to make one final assembly with all the components together.
Gear Assembly.
Using the components provided I first imported them into the assembly tab. Once there I was able to use various mates from the mate’s tool to align and fix the components together to achieve the desired assembly. 
“Mates create geometric relationships between assembly components. As you add mates, you define the allowable directions of linear or rotational motion of the components. You can move a component within its degrees of freedom, visualizing the assembly's behavior.” http://help.solidworks.com/2017/English/SolidWorks/sldworks/c_Mates_Overview_Assemblies.htm
There are many types of mates which allowed me to assemble different component relationship conditions. Some basic mates such as a concentric will allow two components to be aligned in the same Centre line such as a shaft and bearing.
 “concentric mate forces two cylindrical faces to become concentric. The faces can move along the common axis, but cannot be moved away from this axis.” http://help.solidworks.com/2017/English/SolidWorks/sldworks/c_Mates_Overview_Assemblies.htm
A Coincident mate will allow two planes of different components to match and touch in parallel, they can now move along that axis but not apart, this can be joining or at a set distance from each other.
“Coincident positions selected faces, edges, and planes (in combination with each other or combined with a single vertex) so they match (touch).” Using SolidWorks mate references Jankowski, Greg. Cadence; San Francisco Vol. 18, Iss. 4,  (Apr 2003) pg01



Tangential again as it sound allows two component for example to align in a perpendicular fashion to each other such as a ball resting on a table.
“Tangent places the selected items in a tangent mate (at least one selection must be a cylindrical, conical, or spherical face). M Parallel places the selected items so they lie in the same direction and remain a constant distance apart from each other.” Using SolidWorks mate references Jankowski, Greg. Cadence; San Francisco Vol. 18, Iss. 4,  (Apr 2003) pg01

There are also other types of mates such as mechanical mates, these types of mates allow an assembly to have an action movement for example a cog, rack and pinion or screw as well as gear mates. These allow two components with a number of teeth to simulate a gear action during a simulation by aligning the components and adding a ratio of teeth to the other. 
“Gear mates force two components to rotate relative to one another about selected axes. Valid selections for the axis of rotation for gear mates include cylindrical and conical faces, axes, and linear edges.” http://help.solidworks.com/2013/English/SolidWorks/sldworks/t_Gear_Mates_SWassy.htm
The other type of mechanical mate which I used in this assemble was the hinge mate. This allows the replacement of a concentric and a coincident mate in replace of a hinge mate. Because like a hinge it has a radial component which is free to rotate in the outer element and an axial constraint where the component can move side to side, just like a bearing or a gear for example. 
“A hinge mate limits the movement between two components to one rotational degree of freedom. It has the same effect as adding a concentric mate plus a coincident mate. You can also limit the angular movement between the two components.”
http://help.solidworks.com/2013/English/SolidWorks/sldworks/t_Gear_Mates_SWassy.htm
This type of mating allowed me to reduce redundant mates in my assembly by 30%. This means that there are less mates which are doing the same as each other and reduces over defining the assembly for the benefits of the motion simulation. 
 “For Motion Analysis studies, having redundant mates is the equivalent of over-defining a SolidWorks model. For example, consider a door with two hinges. Only one mate can restrict the vertical translation of the door. The other is redundant. You can consider that there is no vertical direction force component on the second hinge. You can see this when you plot the forces.” http://help.solidworks.com/HelpProducts.aspx 




Motion Analysis.
Motion Simulation is used in solid works to analyse and simulate an assembled group of components. It can simulate many different aspects of an assembly such as force, springs, motors and actuators to name a few. Motion simulation helps us understand the behaviour or an assembly during specified conditions it also helps to make the assembly better and more efficient. As we can see how different forces and condition can cause an effect on the assembly. For example, the difference that types of solid body contacts have on each other if they were made from different material, and analyse the difference between the two, such as no grease and greased components
Motion simulation is reliant on the ability to simulate the action on a body through its mates with the different components with in it. This is measured through each component’s degrees of freedom of which each have six. Three along the X, Y and Z Axis and three rotationally around its X, Y and Z axis. 
“You can use Motion Analysis (available with the SOLIDWORKS Motion add-in from SOLIDWORKS Premium) to accurately simulate and analyze the motion of an assembly while incorporating the effects of Motion Study elements (including forces, springs, dampers, and friction).
A Motion Analysis study combines motion study elements with mates in motion calculations. Consequently motion constraints, material properties, mass, and component contact are included in the SOLIDWORKS Motion kinematic solver calculations.
A Motion Analysis study also calculates loads that can be used to define load cases for structural analyses.” Motion Analysis Overview https://help.solidworks.com/2018/English/SolidWorks/motionstudies/c_Motion_Analysis.htm

During construction of an assembly you can build up mates that do the same as each other which are called redundant mates. This then essentially over constrains the assembly, there are a few techniques to reducing the number of redundant mates, this can be done by replacing concentric and coincident mates which are used for assembling bearings for example to a hinge mate, which within the mating criteria it has a concentric and coincidental component to it.
“For Motion Analysis studies, having redundant mates is the equivalent of over-defining a SOLIDWORKS model.
For example, consider a door with two hinges. Only one mate can restrict the vertical translation of the door. The other is redundant. You can consider that there is no vertical direction force component on the second hinge. You can see this when you plot the forces.” http://help.solidworks.com/2015/English/SolidWorks/motionstudies/c_Redundant_Mates_SWMotion.htm


The software can also change the redundant components for bushes, but this is not strictly the best direction to go. As this adds a flexible mate to the assembly. When a force is applied the mate will not act like a solid mate, and components will move off the assembly.
Once we have set up our simulation to the desired parameters, we can measure different outcomes from the simulation. For example, if we needing to know the output velocity change of a gearbox assembly when the gear is changed we can add a results table for the desired value to the study for the output shaft and watch the change as the higher gear is selected.
Modelling of gear box housing.
In order to create a gearbox housing for the gear assembly. I used various tools such as sketch, extrude, hole wizard, cut and patterns
One useful feature I could use during this process was equations this allows you to link two or more features of different components to react in a desired scale, depending upon its ratio. So, if one dimension is changed on one component the linked feature on the other component will increase or decrease in scale to the dimension. 
“In Solidworks, Equation Creates mathematical relations between model dimensions or other model properties. They use dimension or property names as variables” https://tutorial45.com/solidworks-equation
Applications such as Equations can be very useful when modelling. This means that if for example a bearing size is changed the corresponding bearing housing Diameter can change with it without any input required from the user.
Finite Element Analysis/ Method (FEA/FEM)
FEA is a mathematical method for solving complex problems for example working out stresses on a complex profile. This is then done by breaking the component or problem up into small sections or quadrants. This makes the mathematics easier it terms of the problem having boundaries. Once all the results for each section has been equated it then can be totaled or high light spots where stress for example might be higher. 
“FEA works by breaking down a large structure, with high degrees of physical complexities and mathematical discontinuities, into smaller, more manageable sections. Each section represents the material properties of its local domain. By slicing the structure into smaller and smaller sections, the simulator gains an understanding of how the larger structure will respond to external or internal stimuli." The Benefits of Finite Element Analysis in Manufacturing, Manor Tool & Manufacturing Company, https://www.manortool.com/finite-element-analysis

Soildworks allows us to complete a FEA by applying a mesh over the component and splitting the component up into small components within the mesh. The software, using and algorithm can then work out the quantities of the required values in each quadrant.
[image: ]
Fig 1 from http://hawkridgesys.com/wp-content/uploads/2012/05/stress.png

As you can see from fig1 the software has generated a mesh over the component. It can then work out the stress in each section of the mesh and find weaknesses in the structure as shown above, due to the shape corner we can see higher stress in the area due to the lower surface area of the sections of the mesh in this area. Hence if we added a radius to the corner, we would see a decrease in stress due to the increased surface area of the sections.

FEA can be very useful when Designing and manufacturing components. One of the many reasons are is that extensive testing can be carried out without having to manufacture prototypes. We can see weaknesses and floors etc in the component and fix them before expensive manufacture. We can also make changes and analyse any changes made very quickly. Below is a small list of benefits that we can get from performing an FEA
· Effectiveness of heat transfer, this can be used to design heat exchangers or radiators and manufacture the most efficient type possible.
· Improve and optimising cost in terms of material selection and reducing the volume of material required. This can also then be passed onto the final component in saving weight for example on a car component can save fuel costs.
· Reduce development times and costs as a lot of work can be performed during by one person with the software required to complete this task and where as a traditional method would have meant lots of prototypes etc and manual calculation this can be completed in a click of a mouse.
· Higher quality due to the simulations which be performed upon the component. 
· Design codes can be easily adhered to during the manufacture and FEA can play a massive part in this for example Safe Working Loads can be designed in using the FEA.
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