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Introduction


[image: Image result for cad]

[bookmark: _Toc536429068]Figure 1: Image of Computer Aided design Drawing

In a relatively short period of time, computer design has gone from a new technology, to one that today is one of the main contributors to the design processes. What once took many hours of prototype building and physical testing, can now be done in a matter of minutes. These results can then be analysed, the design tweaked, and the new design tested again, without the need to have a physical object. This reduces the overall cost of the project and is one of the main reasons CAE (Computer Aided Engineering) has become so popular in design and engineering. As well as designing and testing individual parts CAE programmes can also assist with simulations of assemblies. These can be from as simple as using gravity and forces to predict a simulation, all the way to complex simulations such as, physical collisions, damping, momentum, and how the impacts of object affect each other. 

[bookmark: _Toc536428917]Aims 


[image: Related image]
[bookmark: _Toc536429069]Figure 2: Image of FEA


The aim of this report is for a finite element analysis (FEA) study to be able to be undertaken on a rocker arm taken from, the main engine assembly. A base model needs to be designed an assembled on Solid works. This assembly can then be used to calculate the forces exerted on the component, this is what is needed to complete a finite element analysis (FEA).Once this analysis is complete, data will have  been collected, and an analysis of the results can then be conducted. This analysis will then be used to improve the design of the rocker arm and subsequently improve the results of the FEA. A comparison of both the results and designs can then be made. 

[bookmark: _Toc536428918]Objectives/Methodology

[image: ][bookmark: _Toc536429070]Figure 3: Image of Mini cooper, of which the assembly is taken from









Throughout this report the Software package used will be Solid works 2018. The assembly chosen to simulate is taken from the engine of a 997cc Mini Cooper. This Mini Cooper is owned by the author and his brother allowing easy access to the components. For the first part of this report shows the measurements and how the drawing of each individual component has been constructed. Once the induvial components have been drawn, an assembly of all the parts can be created.  The model will then be used in motion simulation to predict the forces and accelerations of the valve train. An FEA is then undertaken on the rocker arm/ spring. The results of this are then analysed and a new design for the rocker arm / spring, is then completed and a comparison ca be drawn between the two tests.



[bookmark: _Toc536428920]Creating the model 

[image: Related image]
[bookmark: _Toc536429071]Figure 4: Mini Engine Assembly

The model chosen for this project is a 2G202 Cylinder head taken from a 997cc Mini Cooper. The car I have taken it from belongs to the author and his brother and offers easy access to the components. The engine uses push rods controlled by a camshaft in the cylinder block. The cam is rotated by a gear connected to the crankshaft, as the crank turns so does the cam, which in turn operates the push rods, the rocker arms and the valves. For the sake of this model the block will be removed revealing the camshaft and push rods. 
Cylinder Head 
[image: ][image: ]






[bookmark: _Toc536429072]Figure 5: Bottom of cylinder head 
[bookmark: _Toc536429073]Figure 6 top of cylinder head




[image: ][image: ]The cylinder head is made from cast iron and weighs approximately 12Kg. this has proven to be the trickiest component to create due to uneven radiuses and curvatures around the cylinder head. the distances of each, orifice and dimension have been measured using a Vernier calliper. in contradiction to how the model thought could be built, using linear patterns (for elements such as the valve guides).







Valve
[image: ] 
	[image: ]

	The valve is 86,25mm in length with a face
diameter of 19.6mm the other measurements
of the valve were made with a Vernier calliper
and inputted into the sketch.


	

	The revolve feature was then used to wrap
 the sketch 360 degrees around the centre axis. 


















Spring Retainer 

	[image: ]                    
                                                                                                                                               
	The first stage of the cap drawing was to create two circles, one with a diameter of 13.32mm and the
other with a diameter of 17mm this circle can then
be extruded by 15mm.

	[image: ]

	The next stage is to draw a circle on top of the 
extrude with a diameter of 30mm. this circle can 
then be extruded by 3mm.

	[image: ]

	to get the chamfer on the top of the cap, a triangle
 was sketched onto the last extrude. this triangle 
was then revolved cut around the centre axis for
 a total of 360 degrees.

	[image: ]
	The last step in the design was to create a 9mm 
hole on the top of the component and extrude cut it straight through to the other side. 




Rocker cam 
	[image: ]


	the first step in creating the rocker cam is to
create 4 identical oval shaped mounting 
brackets. the brackets are 16.1mm wide and 
48.11mm long. the distance between them is
measured on the cylinder head by using Vernier callipers. the distance between the first and 
second bracket is 79.02mm. the distance from 
the second bracket to half way between the
 2nd and 3rd bracket is 39.3. a line can be then 
drawn at this distance and the mirror entities
function can be used. They can then be extruded
by 30mm.

	[image: ]

	holes then need to be created to allow bolts to go through and bolt down into the cylinder head.  the distance from the holes are
measured from the head. the distance between the is 25.3mm. one hole is 11mm in diameter and the second one 8mm diameter these 
holes can then be extruded through the bracket. 

	[image: ]

	Next, the shaft of the cam needs to be drawn. this is done by sketching on the outside face of the first bracket. the centre of this face then 
needs to be found. half way up the face is 14.35mm and half way across the face is 14.66mm. this then can be the centre point for the circle. a circle of 17mm diameter can then be drawn and boss extruded in two directions. the first direction should be away from the other brackets with a length of 10mm. the second direction should intersect all the other brackets.

	[image: ]
	On one of the extruded a plane should be made. on this plane the end of the cam can be drawn.

	[image: ]

	sketching on the first plane a circle with a diameter of 17mm should be drawn. this can then be boss extruded by 10 mm.

	[image: ]

	then on this extruded another circle of a diameter 25mm should be drawn and then extruded by 5mm. This is the end cap of the cam to stop the rockers from sliding off the end of the cam. 

	[image: ]

	on the other end of the cam shaft another plane should be created.

	[image: ]

	on this plane a sketch of a circle 17mm in diameter can be drawn. this can then be boss extruded by 10mm. 

	[image: ]

	On the end of this box extrude, another circle of diameter 25mm can be drawn. this is then boss extruded by 5mm.This is the end cap of the
cam to stop the rockers from sliding off the end of the cam.

	[image: ]


	To complete the sketch pentagons can be sketched on the top plane of the brackets, this is to create bolt heads.



Cam Cap 
	[image: ]

	The cam cap is a simple and made up design
as it only needs to hold the camshaft in place.
The first part of the sketch is to draw a
rectangle 101.37mm by 65.81mm

	[image: ]

	This rectangle can then be boss extruded by 
20mm

	[image: ]

	The center of the outside needs to be found. 
Half way along the Length is 50.69mm and
half way up the height is 33.76mm. this 
Point is the center point of the cap. A circle
of 25mm can then be Drawn and extrude cut
through the cap. 



Cam shaft 
	[image: ]

	The first stages in designing the camshaft is 
creating a cam lobe A circle with a radius of 
38mm is the first element to be drawn, then 
from the center of the cirlce, a distance of 
23.5mm is drawn vertically. At 23.5mm
another circle of 12mm diameter can be 
drawn. The edges of the circles can be joined
together creating a cam lobe shape.
This sketch can then be boss extruded
 by 18mm.

	[image: ]


	Next, the cam lobe can be copied and moved 
38mm away from The original the lobe can 
then rotated around the X Axis by 120 Degrees.

	[image: ]

	Both of the lobes can then be joined together
by an extruded boss With a diameter of 25mm.

	[image: ]
	Fillets can then be put on the lobes with a diameter with a radius of  2.5mm 

	[image: ]


	A repeated linear pattern can then be used to duplicate the cam Lobes, the pattern can
be repeated every 78.5mm for four times.

	[image: ]

	The four instances can then be rotated
 90 -180 and 270 Degrees.

	[image: ]

	The revolve function can then be used to 
link all the cam lobes To each other.





Push Rod
	[image: ]

	the first stage of drawing push rod is to sketch a
circle of a diameter 10mm. this circle can then 
be boss extruded by 28mm.

	[image: ]

	on one end of the push rod, another circle can be 
drawn and extruded by 6mm.

	[image: ]

	Either side of the extrude can then be filleted by 
a radius of 2.3mm

	[image: ]

	An axis then needs to be created through the 
centre of the rod. Quarter of a circle can then
 be drawn on face on the other end of the 
rod. the radius is 5.02mm. this sketch can then be revolved around the centre axis creating
a curved end of the rod. 



Rocker Arm
	[image: ]

	To draw the rocker arm, the first stage was to sketch a relatively accurate drawing. two circles,
 one with a diameter of 11mm can also be 
sketched. this is to get the radius of the curve of
the bottom of the rocker arm. the sketch is 
then boss extruded by 17mm.

	[image: ]

	A circle of a radius 17mm can then be sketched onto one of the side faces of the rocker, this is then 
extrude cut through the rocker arm leaving 
a hole for where the rocker can sit on the cam. 

	[image: ]

	Next a rectangle of 13.45mm wide and 35.43mm height is sketched onto the side of the rocker. 
this is then boss extruded by 17mm.

	[image: ]

	The section of the rocker after the rectangle is 
then cut extruded 

	[image: ]


	the section underneath the rectangle is also cut extruded, allowing a flat surface for the push 
rod to push against

	[image: ]

	A curve can then be drawn from the bottom 
radius of the rocker, to the bottom of the arm, 
this allows the rocker to rotate freely. this
segment is then extrude cut through the part

	[image: ]

	Finally, the bottom of the rocker can be smoothed off, leaving a curved bottom edge





[bookmark: _Toc536428921]Model Assembley

[image: ]
[bookmark: _Toc536429074]Figure 7: Complete assembled model

Once the individual separate components have been created, they can then be brought together in the model assembly 
The first two components imported into the assembly are the cam retaining caps, and cam shaft itself.

[image: ]
[bookmark: _Toc536429075]Figure 8: Cam shaft and caps assembly

The first retaining cap imported into the model should be fixed into position. The camshaft is then centred in the cap by a concentric mate 
[image: ][bookmark: _Toc536429076]Figure 9: Camshaft Concentric mate










The other cam cap can be concentrically mated to the end of the cam shaft. Once both theses mates have been produced, both cam caps can be fixed in place. This then prevents the camshaft from moving in the assembly.  As well as concentric mates, the camshaft should also have a distance mate. This distance mate is from the inside edge of the cam cap, and the first lobe on the camshaft. This prevents the cam from moving from side to side in between the caps.


[bookmark: _Toc536429077]Figure 10: Second concentric camshaft mate
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[image: ][bookmark: _Toc536429078]Figure 11: Camshaft - Cam Cap distance mate










The next two components installed into the model are the cylinder head and a push rod. 


[image: ][bookmark: _Toc536429079]Figure 12: Inserting the cylinder head a push rod into the assembly








The single push rod can then be concentrically mated to the hole through the cylinder head 
[image: ]






[bookmark: _Toc536429080]Figure 13: push rod concentric mate

Once this mate has been made, the cylinder head and push rod can be dragged over the top of the cam shaft. As the pushrod is now mated vertically through the head, the rod can be lined up with the first lobe on the camshaft. 

To connect the push rod to the camshaft, a mechanical mate called a ‘Cam mate is used’, the mate needs a cam profile for the object to rotate around, and also a face for the cam follower, in this instance, the cam profile is one of the lobes on the cam, and the follower is the bottom face of the push rod. 
[image: ][bookmark: _Toc536429081]Figure 14: Cam mate to push rod










After the first rod and cam mate have been completed the rest of the push rods can be inserted into the assembly. All of the rods mate the same concentrically through the cylinder head, and then create a cam mate with the cam shaft. 

[image: ]
[bookmark: _Toc536429082]Figure 15: Concentric rocker arm mates

[image: ][bookmark: _Toc536429083]Figure 16: Push rod cam mates









Once the pushrods have all been mated to the camshaft, they should all rotate with the cam. In the assembly if clicking on the camshaft and rotating it in a circular direction, the camshaft should spin, and the push rods should move up and down with the cam lobe profiles. By rotating the cam, the maximum push rod height can be seen.  The cylinder head can then be moved down the push rods (towards the camshaft). At a push rod at maximum height, there should be 10mm of push rod sticking out the top of the cylinder head. 
[image: ][bookmark: _Toc536429084]Figure 17: Image showing height of push rods out the top of cylinder head






Once this distance has been obtained, the cylinder head can also be fixed into position. The three base components of the model should now all be fixed. After this the next component to be fitter is the rocker arm cam. This component is attached to the cylinder head by two concentric mates. The two centre holes can be used as one will get the camshaft in the correct place, and the other will stop the camshaft from rotating. 
[image: ][bookmark: _Toc536429085]Figure 18: Image showing holes where concentric mates can be made









The bottom face of the camshaft can then be coincidently mated to the top face of the cylinder head. 
[image: ][bookmark: _Toc536429086]Figure 19: Image showing faces that can be coincidently mated together









When the cam shaft mates have been completed, the rocker cam can also be fixed into position.
[image: ]




[bookmark: _Toc536429087]Figure 20: Image showing cam locked onto cylinder head

The next components to be added are the rocker arms.
[image: ][bookmark: _Toc536429088]Figure 21: Adding a rocker arm to the assembly







The rocker arms are mated to the rocker cam by a hinge mate. 
[image: ][bookmark: _Toc536429089]Figure 22: mating the rocker arm as a hinge mate







In the hinge mate, concentric selections need to be made. For the rocker, the hole through the rocker, and the rocker rod are selected. As well as these two coincident mates need to made, for this the edge of the rocker and the edge of the rocker cam cap are selected. The rest of the rocker arms can then be mated to the cam.
[image: ][bookmark: _Toc536429090]Figure 23: image showing all rocker arms as hinge mates








The last components to be inserted into the model are the valve and spring retainer.  In a separate sub assembly, the two components can be mated together. 

[image: ][bookmark: _Toc536429091]Figure 24: Valve and retainer







The valve and the centre of the valve retainer can be concentrically mated together.
[image: ][bookmark: _Toc536429092]Figure 25: Concentric mate of valve and retainer









The top of the retainer can then be coincidently mated to the top of the valve, as for this simulation the valve and spring retainer will move together. 

[image: ][bookmark: _Toc536429093]Figure 26: Coincident mate of spring and retainer










The valve and retainer sub assembly can now be inserted into the full assembly.  
The valves can be concentrically mated to the valve guides in the cylinder head. 

[image: ][bookmark: _Toc536429094]Figure 27: Image of valve concentric mates in cylinder head









[bookmark: _Toc536428922]Motion Simulation

[image: ]Now the model has been constructed together the motion simulation of the model can be completed. The first step to achieve this is to click on motion study in the bottom tool bar of the page. After clicking this activate the soldiwork’s add in ‘motion’ on the add ins toolbar 












[bookmark: _Toc536429095]Figure 28: Image showing solidworks motion study and add ins

[image: ]Just below the design tree on the left of the page is an option marked ‘animation’ after clicking on the motion add in, this animation should be able to be change to ‘motion analysis’.   













[bookmark: _Toc536429096]Figure 29: Image of motion analysis


[image: ]By clicking on motion analysis, a new window should appear. The first parameter set in the motion analysis is the rotary motor.










[bookmark: _Toc536429097]Figure 30: Rotary motor settings

The rotary motor is acting on the cam shaft, for the starting speed of this simulation, the motor will stay at a constant slow speed of 10rpm. The speed of the motor can be increased as when needed. 
As the motor operates the cam shaft should spin. The cam mates between the push rod and the camshaft means that as the camshaft rotates, the push rods should move vertically up and down. To simulate the push rod moving the rocker, solid body contacts between the two components need to be created. 
[image: ]












[bookmark: _Toc536429098]Figure 31: Solid body contact menu

Solid body contact simulates a collision between two components, this is an ideal simulation tool as this is how the rockers operate in real life. Contacts need to be made individually between each rocker arm and their relative push rods. 
[image: ]










[bookmark: _Toc536429099]Figure 32: Solid body contact between push rods and rocker arms

As well as the push rod and rocker arms contacting with other, so do the rocker arms and the valves. Once again like before solid body contacts can also be made between the rocker arms and the valve caps. 

[image: ][bookmark: _Toc536429100]Figure 33: Solid body contacts between rocker arms and valve













[image: ]Solid body contacts can be made for each rocker arm and its related valve. [bookmark: _Toc536429101]Figure 34: Solid body contacts for every valve and rocker arm















In order for the valves to return to there original starting position, springs need to be used. In solid works motion analysis there is a spring option available.
[image: ][bookmark: _Toc536429102]Figure 35: Linear spring options


 













First the two parameters of the spring need to be set. For this model, the bottom of the spring sits inside the cylinder head, and the top of the spring sits underneath the spring retainer.  The length of the spring is 38mm and for this simulation the spring stiffness is 1N/mm. These springs need to be added to each valve in the model. Once the springs have been added, the simulation can be calculated. The button to the right of the motion analysis tab runs calculates the motion simulation.
[image: ]At the top of the page under simulation, there is an option named import motion loads. Once clicked, the component that the FEA analysis needs to be undertaken should be selected. For this FEA model, the component chosen is the rocker arm. [bookmark: _Toc536429103]Figure 36: Choosing component for motion loads








The option to create a multiframe study also needs to be selected. After this, the component that the study was chosen needs to be opened as a separate part. 

[image: ]









Down at the bottom of the part should be the motion loads from the simulation. To run the study on the component with the motion loads, study at the top of the page needs to be selected. The fea results of the simulation will then be shown. 
[bookmark: _Toc536428923]FEA Results 
[image: ][image: ]
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[bookmark: _Toc536428924]looking at the results above we can see some weak areas in the rocker arm design. the main weak point is the point where the arm sits on its shaft. this also happens to be the thinnest point in the design so it makes sense to be the weakest

Rocker Arm 2 

[image: ][image: ][image: ]
[bookmark: _Toc536428925][image: ][image: ]
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[bookmark: _Toc536428927]The new arm shows imrpoved stress levels in the high areas but stll shows some high concentration points 

[bookmark: _Toc536428928]Rocker arm 3 
[bookmark: _Toc536428929][image: ]


[bookmark: _Toc536428930]This rocker arms raidus has been increased around the hghest stress points in the component. the results are below:
[bookmark: _Toc536428931][image: ][image: ]

[bookmark: _Toc536428932][image: ]
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