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The following report details an investigation into adapting skills using the motion simulation application in Solidworks, the overall aim of the investigation is to gain a better understanding of the benefits of using Solidworks and to develop skills when creating motion simulations and analysing data produced from the simulation.

A motion simulation was carried out on the assembly to find dynamic loading of certain components, which could be transferred into a finite element analysis (FEA) study to characterise loading points.

Following this, a motion simulation will be carried out using the parts and assembly created to produce loads acting on the part in question.

furthermore, iterations will be made to optimise the performance of the part FEA. The results will be critically analysed to seek the good points and falls in the design, these results will determine the changes made to the part and changes will be made depending on the outcomes.
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Computer Aided Design (CAD) is the use of computer software to generate, modify, optimise and develop parts and assemblies in the attempt to reduce design process time and expense, in this case it is done using motion simulation.

Motion simulation gives the user the ability to design parts of engines and other engineering mechanisms and test these components to acquire results and data, rather than manufacturing for testing without an idea of the loads that the part is capable of sustaining (Trelevyan, 1986). 

Solidworks is a mechanical design automation application that allows designers to quickly sketch out designs to get a general idea of the loadings acting on parts, or further detailed designs that provide more accurate representations of the loads being forced on the elements (Solidworks, n.d.).
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Initially it is necessary to produce a component to develop once a motion simulation is made. The part in question selected for this report is the connecting rod (con-rod) from a Ford 1.5l eco-boost engine. Using the internal diameter of the big and small end of the con-rod, and the length from the centre point of each end, a model of the con-rod has been produced. 
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[bookmark: _Toc30963293]Figure 1 - Original Connecting Rod Design

Figure 1 shows the original connecting rod design, produced using Solidworks. The intent of this report is to analyse the results of each iteration and optimise the part by reducing mass without exceeding ultimate tensile strength (UTS).
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Using Solidworks Motion simulation 2019, a motion simulation has been created to situate the con-rod appropriately in an environment where it will see forces acting on it. Motion simulation provides complete, numerical information about the kinematics including position, velocity, acceleration and the dynamics consisting of joint reactions, inertial forces and power requirements (Solidworks, n.d.). This report aims to look into the stresses resulted from the forces acting directly on the piston (Gas Forces).


[image: ]
[bookmark: _Toc30963294]Figure 2 - Motion simulation containing final iteration


The above figure shows the motion simulation, displaying the con-rod, crank shaft and piston assembly. The forces utilized for the motion simulation have been calculated using pressure data provided (Williams, 2018). 

;

Using the above equation, the pressure data was used to calculate the gas force where the  is the bore diameter, and the P is the pressure.

[bookmark: _Toc30963274]Boundary Conditions

To correctly simulate the loads acting on the con-rod in real life circumstances, it is essential to set the boundary conditions and inputs for the simulation as accurately as possible for the investigation. 

Such boundary conditions include setting the correct load bearings, in this case, the small end (piston end) and big end (crank end) bearings. Bearing loads develop contacting on cylindrical faces (Solidworks, 2018). In most cases, the contacting faces or edges have the same radius.

Alongside this, gravity has been considered and contact forces have been inputted in the assembly, contacting the piston, mock cylinder, gudgeon pin, con-rod and con-rod cap.
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Using the assembly programme, the model was assembled. Alongside the connecting rod, the Ford 1.5l Eco-Boost crank, piston and gudgeon pin were produced in Solidworks parts creator. Following this, the motion simulation was undertaken using table 1’s circumstances.

[bookmark: _Toc30963304]Table 1 - Conditions of simulation
	Condition
	Value

	Engine Speed
	6000RPM

	Force 
	39000N

	g
	9.81m/s2

	Frictional losses
	N/A
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Model name: Conrod No Ittirations
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Boss-Extrude10
[image: ]
	Solid Body
	Mass:0.456271 kg
Volume:5.9256e-05 m^3
Density:7,700 kg/m^3
Weight:4.47146 N

	E:\3rd year work 13012020\CAD\Assigment\Conrod No Ittirations.SLDPRT
Jan 17 12:46:45 2020


[bookmark: _Toc30963295]Figure 3 - First Model Information

· Figure 3 shows the base model connecting rod used in the first motion simulation. 
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	Part
	Allocated Material

	Connecting Rod 
	Alloy Steel 

	Con-Rod Cap
	Alloy Steel

	Mock Cylinder
	Alloy Steel

	Crank Shaft
	Cast Iron

	Piston
	4032 – T6 Aluminium

	Gudgeon Pin 
	Alloy Steel



· It was necessary to assign each component suitable material properties, thus allowing the software to calculate mass properties. 
· The material allocation is shown in table 2. 
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Using Solidworks it is possible to use inserted force values to conduct FEA element investigation. In this experiment, to provide results for analysis, a constant force has been applied. Using the motion simulation, dynamic FEA is conducted during the experiment which shows the calculated stresses and displacements at each time interval of the test.

[bookmark: _Toc30963279]Von Mises
	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	2.805e+05 N/m^2
Node: 9089
	1.208e+08 N/m^2
Node: 7686
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Conrod No Ittirations-CM1-ALT-Frames-30-35-1-Stress-Stress1
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Figure 4 shows the Von Mises stress on the original Con-rod. Von Mises stress is a value used to establish whether a given material will yield or fracture. Von Mises is usually used for ductile materials, such as metals. In Solidworks, the 1st 2nd and 3rd principle stress are also available to analyse once simulated; however, Von Mises shows a collective summarisation of these stresses combined.

While looking at the bottom end of the con-rod (big end) there is a small amount of Von Mises stress that does not exceed 5.050x107N/m2, which is far from the yielding stress at 6.204 x108N/m2. This is a case in which the bottom end of the con-rod is over engineered. From this, an investigation into changing reducing the amount of material around the bottom of the con-rod will be carried out in the first iteration.
[bookmark: _Toc30963280]Displacement

	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00 mm
Node: 1688
	7.658e-02 mm
Node: 11307
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Conrod No Ittirations-CM1-ALT-Frames-30-35-1-Displacement-Displacement1
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The above figure shows the resultant displacement, although the area around the small end of the con-rod seems largely dislocated, the maximum amount of displacement is a minute amount of 0.07658mm. An investigation into reducing the amount of material around the big end of the con-rod will be carried out in the first iteration.
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Following the results gathered from the original design, iterations have been made to reduce the mass of the con-rod at the big end of the part. This will decrease the inertial forces as the mass has reduced from 0.456kg to 0.378kg. 
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Model name: Conrod First Ittiration
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Chamfer1
[image: ]
	Solid Body
	Mass:0.377788 kg
Volume:4.90634e-05 m^3
Density:7,700 kg/m^3
Weight:3.70232 N

	E:\3rd year work\CAD\Assigment\Conrod First Ittiration.SLDPRT
Jan 17 12:43:20 2020


[bookmark: _Toc30963298]Figure 6 - Second Model Information
Figure 6 shows the first developed model of the eco-boost connecting rod. As can be seen from the figure, a large amount of material has been cut down from the big end of the con-rod, this is due to comparing the current con-rod to other OEM (Original Engine Manufacture) con-rods such as the Ford 1.6l eco-boost connecting rod.

Further on from this, the material was reduced to the equivalent level of the neck of the con-rod and a layer of material has been added to the contacting point of the con-rod and con-rod cap for more clamping force against the crank pin.
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	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	7.440e+05 N/m^2
Node: 384
	7.891e+08 N/m^2
Node: 13037

	[image: ]
Conrod First Ittiration-CM1-ALT-Frames-30-35-1-Stress-Stress1

	


[bookmark: _Toc30963299]Figure 7 - Second Model Von Mises Results

Figure 7 shows differed results from the original design; it is worth noting that the results gathered from Solidworks do not account for fatigue stress, however, in a racing development situation, fatigue is not as much of a problem as most parts are circulated or replaced regularly (Carley, 2017). The highest stress seen on the con-rod in the first iteration shows 1.978x108N/m2 at the point that was changed. There are also no signs of stress concentrations around the bottom end.

The current model does not consider the cut extrudes input to account for the con-rod cap bolts, this iteration was unable to run until the cut extrudes where removed.

As can be seen there is a small amount stress being forced through the neck of the con-rod, an experiment into ‘I beams’ has been considered and will be utilised in the later steps of the report. 






[bookmark: _Toc30963285]Displacement

	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00 mm
Node: 1425
	2.745e-01 mm
Node: 204
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Conrod First Ittiration-CM1-ALT-Frames-30-35-1-Displacement-Displacement1


[bookmark: _Toc30963300]Figure 8 - Second Model Resultant Displacement Results
[bookmark: _MV3TD_PT8H00M00S_44][bookmark: _MV3BS_14]
Looking at figure 8, there is a noticeable amount of displacement around the small end of the connecting rod, this is due to the load bearing faces being applied inappropriately, this however has given sufficient results for the neck and big end of the con-rod. 

Moving downwards towards the neck, the peak of displacement 4.5750x10-2mm, this, according to (Technologies, 2015), is considered a moderate yet not excessive amount of displacement in an engine showing this amount of gas force. 

When considering the bottom end of the con-rod, additional displacement is resulted in the points which connect the con-rod and cap together. This is not normally expected on the compression stroke as the force will normally act directly downwards, therefore it is more expected to see a biased amount of displacement depending on the angle of crank rotation.
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Figure 9 shows the last iteration of the 1.5l eco-boost con-rod, the part has been developed with an I beam styled neck for structural reasons with similar results.
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Model name: Conrod Second Ittiration
Current Configuration: Default

	Solid Bodies

	Document Name and Reference
	Treated As
	Volumetric Properties
	Document Path/Date Modified

	Chamfer1
[image: ]
	Solid Body
	Mass:0.303311 kg
Volume:3.9391e-05 m^3
Density:7,700 kg/m^3
Weight:2.97245 N

	E:\3rd year work 13012020\CAD\Assigment\Conrod Second Ittiration.SLDPRT
Jan 16 17:35:10 2020


[bookmark: _Toc30963301]Figure 9 - Third Model Information

The I beam, also called the H beam, is the shape of choice for structural steel building, the design and structure of the beam makes it uniquely capable of handling a variety of loads, this theory has been passed down through to the automotive industry and proven effective when designing connecting rods (Company, n.d.).
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	Name
	Type
	Min
	Max

	Stress1
	VON: von Mises Stress
	2.203e+05 N/m^2
Node: 121
	1.245e+08 N/m^2
Node: 13122

	[image: ]
Conrod Second Ittiration-CM1-ALT-Frames-31-36-1-Stress-Stress1


[bookmark: _Toc30963302]Figure 10 - Third Model Von Mises Results

The results gathered from the 2nd iteration of the connecting rod show a small increase in stress around the neck of the rod where the iteration has been made. This stress, however, has not altered directly where the change was made, but on the side of rod as the radius changes towards the bottom end of the rod. This may be due to operation error or inconsistency in selection of runs allocated to be analysed. Furthermore, this change made to the con-rod has reduced the mass of the rod by 0.074kg.
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	Name
	Type
	Min
	Max

	Displacement1
	URES:   Resultant Displacement
	0.000e+00 mm
Node: 1490
	5.804e-02 mm
Node: 607

	[image: ]

Conrod Second Ittiration-CM1-ALT-Frames-31-36-1-Displacement-Displacement1

	


[bookmark: _Toc30963303]Figure 11 - Third Model Resultant Displacement Results

The resultant displacement of the third model shows slightly more realistic results in comparison to the previous iterations. Figure 11 shows a biased amount of displacement, on what can be seen on the figure as the right of the bottom of the con-rod (Green Circled area). This displacement peaks to 5.8x10-2mm in comparison to the opposite side of the figure that shows a max displacement of 2.902x10-2mm of displacement, this is due to the angle of crank pushing a force onto one side of the con-rod higher than the other.

It is seen that a decreased amount of 4.8x10-3mm of displacement is shown around the neck area in comparison to the previously iterated 4.5750x10-2mm portrayed in the neck. This alteration to use an I beam rather than a standard beam can be considered an improvement, as there is less change in displacement.  
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Looking forward, an experiment into allocating more precise load bearing faces would be beneficial to calculate more accurate results, furthermore, allocating additional boundary conditions to again gather more realistic results.

Although a constant force was allocated to the simulation, in future experiments, more realistic data will be utilised for more sufficient results. 

In conclusion, the investigation proved to be an efficient and valid way to learn the motion simulation application in Solidworks. It has shown that given the correct boundary conditions and load bearing faces and forces, the outcome of data can be sufficient enough to show the general trends of stresses and displacements produced from the simulation. 

Furthermore, a friction model would increase accuracy as it would introduce more realistic measures throughout the experiment and change the current results.
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