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[bookmark: _Toc34552975]Introduction

It is important when designing a new engine or developing an existing product to test and evaluate extensively the loading conditions it will experience in its intended use.  

In this report the investigation will be carried out on the Ford 1.6L Sigma engine, which the data will be carried forward from a previous assignment and used to influence calculation made regarding stress conditions on the Conrod and its connecting bolts. 
These calculations will uncover the motives behind why Ford designed the components within the engine in this manner.  It will also be used to further refine and alter the components for an increased stressed environment such as Motorsport conditions and how it would be to best alter the existing design to suit the new conditions. 
 


[bookmark: _Toc34552976]Objectives 
· To understand the reasons the Conrod was manufactured to a specific specification. 
· To redesign the Conrod bolts to suit more additional forces upon the crankshaft and Conrod assembly.
· Justify why the redesign is suitable for the uprated engine. 
· To calculate the fatigue safety factors of the conrod and bolts used by Ford. 




[bookmark: _Toc34552977]Assumptions 

[bookmark: _Hlk33963822]The table below shows the figures taken from the previous work carried out on the 1.6L Sigma engine. The data calculated and generated in this assignment was first used in ConRod Forces, accelerations and displacements report this will aid in calculations for use of component observation at 6000RPM.   


[bookmark: _Toc34553002]Table 1: Assumptions.
	UTS - Steel 

	750

	Youngs Modulus 

	200

	 

	Stiffness - Steel (Where applicable) 

	241970.8029







[bookmark: _Toc34552978] Background research.  

[bookmark: _Toc34552979]UTS – Ultimate tensile strength. 

This is the amount of loading a material can withstand before it will start to break or fracture measured in newtons per millimetre ()  




[image: Image result for material UTS]










[bookmark: _Toc34553016]Figure 1: Yield point of a material.


The figure above shows the typical path on which a material’s young’s modulus will change when a stress load is applied to it.
 Elastic deformation is very linear and it is recommended that materials are kept within this to operate effectively and this is up until its yield strength. After this the material will not return to its original shape as it is permanently deformed.   
At the point a material will start to neck it is at its Ultimate tensile strength it will then elongate and lose strength until its eventual fracture and break. 
The Ford bolts are tightened to 90% yield strength, this means they are within the elastic deformation range of the material. 

[bookmark: _Toc34552980]Fatigue safety factor of a component. 

When a material is subjected to a constant repeated cycle such as an engine component the stresses it is put under can break down the material and lead to failure. 
It is the ratio between the allowable stress and the actual stress applied. 
A Fatigue safety of 1 or higher means the component is at an allowable limit and will not fail over its intended life span. 
Having a Fatigue safety below one means it will likely fail before its predicted lifespan.  

[bookmark: _Toc34552981][image: Image result for fatigue cycle graph]Endurance limit. 

When designing components to be used repeatedly over a period of time an endurance limit is used to predict an amount of loading the material can withstand for infinite number of cycles.  Typically, if a material can withstand  it can last for an infinite number of cycles. 
If the amplitude stress is more than the fatigue limit then the component tested will fail before it reached infinite life cycle. This could be benefitable if the intended use is for a short period of time. E.g. A competition engine where a rebuild is after a few races or set mileage. 
This means the engine can be stressed more intensely for short periods of time before the number of cycles had been reached. 
  








                                 
[bookmark: _Toc34553017]                                  Figure 2: SN Fatigue curve


[bookmark: _Toc34552982]Stress concentration factors 

In component design sharp edges and radii can cause stress concentrations where the flow lines get too concentrated, this will peak at the centre of the radius of the material. Having smoother shapes or fillets will allow for the flow lines to progress naturally through the length of the material and cause less concentrations of stress build up.

Having a large concentration of stress will change with differences of the material’s cross-sectional area and lead to irregularities in its distribution this means the stress can be much greater than the average across the whole material. 
This will have an effect on the total stress loading it can take meaning the higher the stress concentration factor (Kt) the lower the overall endurance limit will be reached. 


[image: Image result for stress concentration example]






[bookmark: _Toc34553018]Figure 3: Stress concentration Flow lines.







[bookmark: _Toc34552983]Alternating loads.

Alternating stresses are the mean stress from a repeated change of direction in axial, bending and torsional. It is important to take note of alternating stress as it is responsible for cyclic fatigue, as this will fail below yield stress point after a number of cycles.  

[image: Image result for alternating stress example]




[bookmark: _Toc34553019]                                          Figure 4:Alternating Loads.













[bookmark: _Toc34552984]Task 1 

Using data gathered from assignment one, the mean and range stresses acting upon the gudgeon pin can be calculated and a fatigue safety factor can be made to assess the longevity of the design of the pin. 

Gudgeon pin diameters
D1 = 20mm
D2=12mm


[bookmark: _Toc34553003]Table 2: Fatigue safety factor of gudgeon pin.
	Bending stress when in firing stroke. 
  

	 =


	Sheer stress when firing. 

	 =

	Combined stress equation. 


	   = 

	Mean stress. 

	  = 

	Sheer stress during exhaust stroke. 


	 =  


	Combined stress equation for exhaust stroke.
	=

	Alternating stress Range 
	

	Allowable range 

	

	Endurance Limit. 
  

	

	Final Endurance Limit  
	 


	Fatigue safety factor 
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[bookmark: _Toc34553020]                         Figure 5: Task 1 Goodman diagram.

On the figure above the Goodman diagram shows an area within +/-495N/mm this is the where the amount of loading applied will not cause an immediate failure. The smaller section within the two tolerances is where the material will achieve infinite number of cycles.    
[bookmark: _Toc34552985]Task 2 
[image: ]
For this task the conrod would be split up into three sections and individual fatigue safety factors calculated to assess the loading conditions the different points would be under. The conrod was measured using a digital Vernier calliper, however these figures were not transferred onto Solidworks to make a recreation of the conrod used so UTS and material densities were assumed or found online. 
 






[bookmark: _Toc34553021]Figure 6: Conrod and Bolts.
[bookmark: _Toc34552986]Point A 
[bookmark: _Toc34553004]Table 3:Fatigue safety factor for point A.
	  

	


	
	

	

	

	

	

	                       Mean Stress.   
	= 

	
	=0.78

	Range 
	 


	Final Endurance limit

	0.45x750= 337.5

	Endurance limit with KT of 1.5
	 


	 
	

	Fatigue safety factor =   
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[bookmark: _Toc34553022]                                  Figure 7:Point A Goodman diagram







[bookmark: _Toc34552987]Point B

Outline of Conrod cap:
[image: ]Area: 
UTS: 750





[bookmark: _Toc34553023]                                                         Figure 8: Ford Conrod Cap.

[bookmark: _Toc34553005]Table 4:Fatigue safety factor for point B.
	𝞼Max
𝞼Min
	 
  

	Mean stress
	 

	Alternating range
	

	Final endurance limit
	0.45 x 750 = 337.5

	Endurance limit considering a KT of 1.5.
	 


	
	 


	 

	
 

	Fatigue safety factor 
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[bookmark: _Toc34553024]                 Figure 9:Point B Goodman diagram.









[bookmark: _Toc34552988]Point C 

[bookmark: _Toc34553006]Table 5:Fatigue safety factor for point C.
	
	

	Inertia force
 

	Divided by 2 = 15515.306N/mm


	

	=  


	Mean stress force.
	

	Actual range
	 

	Endurance limit
	0.45X750=337.5

	Final endurance limit (KT of 1.4) 

	

	Initial fatigue safety factor. 
	

	Allowable range. 

	

	Fatigue safety factor
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[bookmark: _Toc34553025]                       Figure 10:Point C Goodman Diagram.







[bookmark: _Toc34552989]
Stress concentration factors.

To calculate a more accurate endurance limit the use of a stress concentration factor is generated and applied into the equation. 
This is to consider the type of radius the force lines have to negotiate when a stress is applied to the material.  This affects the endurance limit considerably because when factoring in these the allowable range would be 719.94N/mm and the fatigue safety factor increased to 3.55. This can have complications when designing components to a particular safety factor when in fact they are different, this could cause unaccounted for failure.



Using (Pilkey, 1997) its tabled values dependent on the size of the component that is being measured. 
For example, in chart 3.1 it requires two values to achieve a stress concentration factor. 
   
Once these ratio’s have been calculated the corresponding line intersect will be your Stress concentration factor (Kt) 



    








[bookmark: _Toc34552990]Task 3 
[image: ]


Within task 3 assumptions were made on the materials UTS that being given a value of 1100 and a young’s modulus of  . 

The bolts measurements:

Length to 2nd engaged thread: 22.7mm
Thread pitch 1mm
Bolt inside diameter: 6.773mm 








[bookmark: _Toc34553026]Figure 11:Ford Conrod Bolt.


[bookmark: _Toc34552991]Task 3 Part A.

[bookmark: _Toc34553007]Table 6:Ford bolt calculations.
	Bolt Material Stiffness  
	

	Cap Material stiffness.
	

	Stiffness ratio =     
	 
This means the cap is 1.48 stiffer than the bolt.






[bookmark: _Toc34552992]Task 3 Part C.

[bookmark: _Toc34553008]Table 7: Ford conrod inertia.
	Mass of individual parts of the conrod. 

	Cap = 0.11887
Mass rotating = 0.271.84
Mass reciprocating = 0.5277 

	At 6000 RPM  
	Max Inertial load of 6252N = 3126N each side.  

	  
	 




[bookmark: _Toc34552993]Task 3 Part D
[bookmark: _Toc34553009]Table 8:Tightening torques of the standard Ford Bolt.
	A UTS of 1100 tighten to 90% yield then additional multiplication of 0.6 of axial strain acting onto the bolt. 
	
1100x0.9x0.6=

	To calculate the clamping force between the bolt and the cap:
	Force Axial = 

	Frictional force
 
	
  


	Coefficient of friction X force axial
	

	Resisting torque at threads:
	 

	Torque needed to overcome the head friction
	

	Total Torque
	15.3+20.4=35.4N/M

	The Ford bolt is tightened to 18Nm this is within the elastic limit of the material and will give a total bolt stress of 

	

	Thread stretch over one turn. 
	  =0.57mm per turn.

	Axial strain = Thread stretch/ bolt Length  

	

	over 1 turn of the bolt.
	  

	After the bolt has been torqued to 18Nm it is then further turned 35 degrees this puts an additional  strain through the bolt. 

	


. 
Adding together the addition strain and the bolt stress means that a total of 939is applied to the bolt. The Yield point of material is  which means it is still in elastic deformation and not been taken beyond its yield point into plastic deformation. 
451+488=.




[bookmark: _Toc34552994]Fatigue safety factor of the Ford bolt.


[bookmark: _Toc34553010]Table 9:Fatigue safety Factor of ford bolt.
	Range 

	 

	𝞼Min
𝞼Max
	 
 =  


	Mean average stress 

	

	 Endurance limit (Assuming KT of 2 ) 
	(0.45X1100)/2 =  

	Final Endurance Limit 
	 


	Fatigue safety factor 
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[bookmark: _Toc34553027]                     Figure 12: Goodman diagram of the Ford Bolt.


The Goodman diagram shows a large area where the ford designed bolt can withstand an infinite number of cycles. 






[bookmark: _Toc34552995]Task 3 Part E Changing the UTS of the bolt and how this directly affects the Factor of fatigue.

[bookmark: _Toc34553011]Table 10: Fatigue safety factor with changed UTS
	
	

	
	

	

	

	Torque required to resist Frictional force. 
	N
 

	Total torque
	45.3N/m

	90% of 1400UTS = 1260
	1260+45.3 = 1305.3

	Mean
	

	Assuming a KT value of 2:
Endurance limit
	= 0.45 X 1400= 630 
630/2= 

	Final endurance limit
	

	Fatigue safety factor.
	 





It is show above when comparing the two tables that changing the material to have a higher UTS will mean the fatigue safety factor is increased. This is because the material can withstand more force applied to it and have a higher yield point before going into plastic deformation.  
[image: ]








[bookmark: _Toc34552996].









[bookmark: _Toc34553028]                   Figure 13: Goodman diagram of Ford bolt with changed UTS.



[bookmark: _Toc34552997]Task 3 Part F Complete Redesign of the ford bolt


For this task it is outlined to redesign and uprate the current ford bolt. This could be taken in a number of ways however for this it was chosen to use an increase of UTS from the standard bolt which allowed for a reduction in size of the diameter of the screw thread. 
  

It would be advantageous to redesign the bolt to allow for improvements such as increased strength in compression and in tension or a reduction in material usage. 
The original bolt had a diameter of 9mm and a UTS of 1100 using this in the equation below allows the calculation of uprating the bolt to a higher UTS (1400) and with this reducing the diameter becoming an option.

 =  
= 

Using the reduction in diameter further calculations can be made to find out the stiffness of the different sections of the new designed bolt.  

[bookmark: _Toc34553012]Table 11: Data points of redesigned bolt.
	Section 
	1 (Screw thread)
	2 (Shank) 
	3 (Top end of Bolt)  

	Youngs Modulus 
	210x10^6
	210x10^6
	210x10^6

	Area (mm)
	63.61
	28.27
	63.61

	Length (mm)
	7
	13
	14

	Diameter (mm)
	7.977
	5
	7.977



As you can see the bolt has been split up into three sections with the second sections being a small diameter with an aim to waste the shank part. It would also have a smooth fillet or chamfer between the different diameters in aid to reduce any stress concentrations that could occur. 
[bookmark: _Toc34553013]Table 12: Redesigned bolt stiffness.
	Stiffness (K)
	K1 = 
	K2 = 
	K3 = 
	Total Stiffness = 



 




[bookmark: _Toc34552998]Calculations of redesign.

[bookmark: _Toc34553014]Table 13: Redesigned bolt calculations
	UTS X 0.9 X 0.6 
	1400 X 0.9 X 0.6 = 

	Bolt stretch for one turn 
	0.998mm

	Clamping force axial 
	  

	Frictional Force 
	0.07977x37782.51=3013.91N

	Resisting torque 
	

	Frictional force 
	0.12x37782.51=4533.90N

	Torque needed to overcome friction force at thread. 
	4533.90 x (7.977/2) = 18n/m

	Total torque 
	12.02+18=30.02N/m

	The Ford bolt is tightened to 18Nm this is within the elastic limit of the material and will give a total bolt stress of 

	

	over 1 turn of the bolt
	= 7984N/mm

	After the bolt has been torqued to 18Nm it is then further turned 35 degrees this puts an additional  strain through the bolt. 

	

	Extra bolt force @9000rpm 
	18568.54/1+(1036797.617/588462.5)
=6723N

	Extra nominal stress at thread root. 
	6723/63.61=

	
	0.9x0.6x1400=1134

	
	1134+105.69=1239.69N/mm

	Mean
	1186.845Nmm

	Endurance Limit assuming KT of 2 
	0.45x1400=630 630/2=315

	Final endurance limit. 
	2x315( =557.86N/mm 

	Range 
	105.69N/mm

	Fatigue safety factor 
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[bookmark: _Toc34553029]                          Figure 14: Goodman diagram of redesigned Ford bolt.

679+776=1455n/mm 
UTS of material is 1400 this means that the extra 35 degrees of axial strain has taken the redesigned bolt past its operating area and into a potential failure region. 

Reducing the degrees of axial stress input to 20 degrees will reduce the stress down to 443N/mm this means a total stress of 1060.5N/mm will be applied.
This is within the 90% yield of the material of 1134N/mm. 


[bookmark: _Toc34552999]Task 4 

Assumptions that have been used for the calculations of the crank shaft are as follows.

Fnet = 20505.63
Inertia force =15515.306
Inertial load. = Firing 308.05 and exhaust 388.05 
These have been taken from the previous assignment at 6000 RPM. 

The bearing length (20mm) and width (45mm) was taken from figures given in the lecture. 

[bookmark: _Toc34553015]Table 14: Crankshaft Fatigue of safety factor.
	Polar moment of inertia

	

	
	=

	

	  =

	
	

	
	=  

	Combined stress equation. (Firing)
	  

	Combined stress equation. (Exhaust) 
	

	
	

	
	

	Polished endurance Limit
	= 

	Endurance limit assuming a KT of 1.5
	 


	Final endurance limit
	 =  

	Fatigue safety Factor
	



The final Fatigue safety factor of the crank shaft is a factor of 1.95  this has allowed more safety tolerance to be taken into account on the crankshaft this means any stresses that any stresses up to +/- 208N/mm in cyclic loading will not affect the fatigue of the crankshaft. 
A KT value of 1.5 had to be assumed as difficulty in calculating the actual KT value for the fillet of the crankshaft this would have affected the final endurance limit. 
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[bookmark: _Toc34553030]                         Figure 15: Goodman diagram of the Sigma engine crankshaft.








[bookmark: _Toc34553000]Conclusion 

When reverse engineering the Ford conrod and piston assembly and investigating the reasons to why it has been designed and produced in a particular way. It is seen very quickly that the amount of testing and evaluation that has gone into the conrod and bolts for it to reach the desired target set.

It is clear that the diameter of particular parts on the conrod bolt used have a massive impact on its performance but how keeping the compressive and tensile forces within set limits can mean the difference between it lasting an infinite number of cycles or failure occurring prematurely. 
It’s interesting to see how these failures have been best avoided by the use of reducing stress concentrations and sharp edges on all faces as this raises the endurance limit and give a larger window on which the component can withstand and last for a required number of cycles. 

When calculating the fatigue safety factors is hugely important to have the initial data given correct and any errors that are made early on in the calculations can have massive impacts on the final result. If this was the real testing of the crankshaft or bolts can mean the difference in being within tolerance or not. 
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