Motion Simulation / FEA

Introduction
A motion simulation is a virtual environment that simulates a real world motion environment. Through the use of a visual display it can provide a simulation of movement through the 6 degrees of freedom that a real world object can experience e.g. a car moving along a road, movement of a car jack etc… Computer aided engineering methods started to become available in the 1980’s and finite element analysis (FEA) was one of the first commonly used computer aided simulation tool. FEA is a simulation of any physical event using a numerical technique called the Finite Element Method (FEM). FEA has aided engineers analyse the structural performance of various new products and has reduced the number of costly prototypes to be made utilizing computer simulation CAD models that is very economical. 
As a result of the increase in complexity of different mechanical components and due to various businesses trying to become more competitive by trying to bring new products to market quicker to beat their competition, as a result design engineers are subject to more pressure to use other simulation methods as well as FEA to determine not only the structural performance of mechanical components but the kinematics and dynamics of those components as well. Through the use of different motion simulation and CAD software available today like Solidworks, Inventor, Matlab and others it is possible for engineers to determine various characteristics regarding various physical properties of mechanical components before creating costly prototypes. 
Finite Element Analysis (FEA)
To fully understand the characteristics of different mechanical components design engineers commonly use both motion simulation software along with Finite Element Analysis. As mentioned earlier Finite Element Analysis (FEA) is a numerical technique that is used for structural analysis and is one of the most common computer aided engineering methods to do this. It is fundamental that mathematics is used in order to quantify and widely understand any physical event that might occur, such as the deformation behaviour of a physical object under load for example. Most of the processes that take place are often described through using differential equations and in order to solve these equations numerical techniques such as FEA have been developed. It is crucial for these differential equations to be calculated in order for us to understand critical quantities that occur during these physical events and help express the changes in the internal variables of the component in question, such as stress, strain displacement, temperature, pressure etc… Although FEA is a great tool for engineers to use to predict how a component or assembly may react in a real-world environment it is important to note that FEA will only give an approximate solution to the problem. 
The following article (SIMSCALE, 2019) explains in 8 steps how a physical law is expressed as a set of linear equations: 
“
1. The physical problem is well defined, with set physical laws to be applied, in the form of differential equations.
2. The geometry of the object to be analyzed is defined, with the space occupied by it called the ‘domain’ and the surface enclosing it called the ‘boundary’.
3. External influences, acting on the boundary or domain, are also well defined, such as forces, pressures, temperatures or heat sources. These are known as ‘boundary conditions’.
4. The ‘initial conditions’ of the object are also well defined. These are the set of values of all internal variables at the first moment of the problem, for example, initial velocities, pre-stresses, or the initial temperature distribution.
5. The domain is then split into small basic shapes, known as ‘elements’. The set of all elements is known as the ‘mesh’. Also, the points where neighbour elements meet are called ‘nodes’. The size of the elements will determine the precision of the approximate solution, the smaller being the better. However, a higher number of elements used will increase the demand for computational resources such as memory and processor time. 
6. Then, all equations and boundary conditions are ‘projected’ into the nodes, resulting in a finite—but often large—number of linear equations.
7. The linear equations are solved by the computer and the list of resulting variables for each node and elements are written to files.
8. The resulting data is used to make numerical analysis, visualizations and design decisions.  l”

Finite Element Analysis is very commonly used in mechanical applications related to both aerospace and civil engineering. There are many benefits in utilizing FEA:
· Improved design and pre evaluation of essential design criterion 
· Prototyping components virtually thus reducing the amount of physical prototypes required
· Increased economical design cycles
· Maximising component efficiency through virtual material selection
· Reduced research and development costs
Motion Simulation
Simulation is defined as the process of creating a model of an existing/proposed system, in order to be able to identify and understand the factors that control the system, or to be able to foresee the possible behaviour of that system. The goal of a simulation is to be able to understand the hidden mechanisms that control a systems behaviour. A simulation can be used in order to foresee how a particular system may react to certain conditions in its environment. If we take for example an engineer that is designing an engine if he/she were to model the engine in CAD software, they could then review the components of that engine virtually. If they were then to combine this with motion simulation this could then give the designer more information such as accelerations, velocities, joint reactions etc… Motion simulation can provide users with thorough measurable information about the Kinematics and dynamics of all the components within a modelled system. If an assembly is modelled correctly in a CAD software motion simulation can determine the results of the components velocities, power requirements, inertial forces and so on all virtually without the need of physical prototypes. 
The motion simulation software uses the material properties from the CAD components to define inertial properties of mechanism components. The software also converts the mates that are used in the CAD assembly into kinematic joints, so from this the motion simulation software will then formulate from the information it is presented with in the CAD model equations to determine the assemblies motion. The equations generated by the software will also be calculated to give numerical results of the assembly that include velocities, displacements, joint reactions etc… that are required in order to be able to continue that assemblies motion. 


When designing new products and components it is essential for engineers today to use virtual software such as Motion Simulation and Finite Elemental Analysis. By engineers being able to utilize these powerful tools it enables them to be able to obtain all the required information of newly developed and existing components virtually. Through doing this it will enable engineers to be able to become more creative and create higher quality components at shorter lead times. By having access to these types of software it will enable engineers to be able to produce fewer prototypes, which saves costs of materials and time for producing the components all of which will be saving companies money and thus increasing their profits. 
SolidWorks Gearbox Assembly/Motion Simulation
To start the Gearbox assembly, I began by opening the output shaft so that this would make the output shaft the origin component that would be locked in place. I then using the insert components feature brought in both main and output bearings and used concentric and coincident mates in order to get them into position. The next step was inserting the primary shaft and repeating the same concentric and coincident mates in order to position both primary end and main bearings. Now was where I had to position both shafts relative to one another and to do this I used two distance mates along both the “Z” and “Y” axis as the gears were not yet in place at this point I just used a rough dimension. 
As the gear ratios between the output and primary gears are critical to one another I brought the gears into the assembly in stages not to mix the gears up. For the output first gear I used a concentric and distance mate to position it along the shaft then for the primary first gear I again used a concentric mate to the shaft but this time I used a distance mate form the output first gear instead, this was so that If I needed to adjust the position of the gears relative to the shaft I would only need to move one and not both. The same was then done for both the primary and output second gears. As the rotation for the primary combination gear needs to be fixed to the primary shaft to do this, I performed a coincident mate on both front planes of the gear and shaft this way when the primary shaft rotates the combination gear will rotate in the same direction and speed. Now that all gears are in place I went back and adjusted both “Z” & “Y” dimensions on shafts so that the teeth of gears would mesh correctly. The only two components remaining to place were the shifter fork and rod. For the shifter fork I used a concentric mate on the combination gear and then a distance mate to position it centrally. For the shifter rod again, a concentric mate was used and a distance mate both on the shifter fork to position correctly. 
Now all components were positioned it was then a case of eliminating redundant mates and getting the assembly to function correctly in the motion simulation. To start with now I had both shafts into position I performed lock mates on the output shaft and the output gears, this would mean that they would lock their position in space and their rotation to one another which. Following this I then proceeded to suppress the redundant concentric and distance mates so that they would not interfere with the motion simulation. I had also used the “Fix” feature on the shifter rod which means that in will not move thus meaning that the concentric and distance mates for this are too redundant which were also then suppressed. I then tested the motion of the gears and shafts by dragging them to ensure all rotated and moved appropriately and then proceeded to create the gearbox case. To make the casing look more appealing I went with an oval shape case rather than a standard square box. Taking the measurements from the assembly I then proceeded to sketch and extrude the body of the case long enough so that both shafts would be able to protrude slightly allowing both input and output shafts to be used. I then performed three cuts on the body, the first to allow the gearbox to sit inside, second to allow the primary shaft to protrude out of case and third for the bolts to fix both face plate and frame. To produce the face plate it was like the body except the length would be much shorter and the cut out for the shaft would be on the opposite side. Once created the casing was made to be transparent to allow the inner workings to be seen. These were then imported into the assembly using concentric and coincident mates. 
In the motion simulation I began first by making solid body contacts between all gears so that real world physics would be applied to these components. This made it so that the teeth of the gears would interact appropriately and not simply pass through one another. I then proceeded to add a motor to the primary shaft clockwise at 100 RPM so that the primary shaft and combination gear would rotate. Next two forces were applied to the combination gear so that it would move up and down the primary shaft to interact with the 1st and 2nd gears. I had set the force to start after 2 seconds and last for 1.5 seconds to give the gear appropriate force to get into position and mesh with the gears. I had timed it so that once the gear was in place the force would no longer be acting upon the gear as there was no longer any need, the same can be said for changing gears in a car once the gear has been moved into position you no longer apply a force to keep it in position. Following this I went back into the pre-existing concentric mates for the primary gears and added a friction force to be applied between them and the shaft, this would make it so that the gears would rotate slightly slower than the shaft when the motor starts so that the combination gear will be able to mesh into position when the linear force is applied. Finally I then proceeded to calculate the motion, but an error would occur after 5 seconds. To overcome this I upped the fps of the simulation from 25 – 100 this then allowed the software to calculate the motion effectively and was then able to calculate the full motion of the simulation with no hiccups. 
Assembly Link:
https://uowtsd-my.sharepoint.com/:f:/g/personal/1909146_student_uwtsd_ac_uk/EuFjJ-8PvPFCiUVQNZOVFUQBoXfDa7ijThRjNeUdf_1FYg?e=eOLfDv

