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[bookmark: _Toc32215010]Introduction
Forces on engine parts are extreme and failure of components can be dangerous and very costly. The objective for this paper is to effectively calculated fatigue safety factors that are realistic. In addition an attempt will be made to modify a bolt to withstand a modified engine with an increased max engine speed to 9000rpm.
The data used for this assignment is from a ford sigma 1.6l naturally aspirated engine. As a comparison a modification will be made to the engine to see the effects the parameter has on the nature and feasibility of the engine. The specifications used were as follows:
	Ford 1.6

	Engine
	 
	 

	Bore
	0.079
	m

	Cylinder Disp
	0.000399
	m³

	No. Cylinders 
	4
	 

	Total Disp
	0.001596
	m³

	Conrod
	 
	 

	Length
	0.137
	m

	C/s area
	195
	mm²

	Crankshaft
	 
	 

	Radius
	0.0407
	m

	Masses
	 
	 

	Gudgeon Pin
	0.08022
	kg

	Piston
	0.2577
	kg

	Piston Ring
	0.00549
	kg

	Circlip
	0.00077
	kg

	Reciprocating Assembly
	0.35044
	kg


Table 1 Engine Spec



[bookmark: _Toc32215011]Investigation
From previous work the gas force and inertia force had been calculated from pressure data provided.
[bookmark: _Hlk23720951]The following equation was used to work out the gas forces per degree of crank angle:


[bookmark: _Ref23729197]Equation 1 - Gas Forces
Fgas - Force on cylinder from gas pressure (N)
P - Pressure (Pa)
Bore - Bore of cylinder (m)
From this the peak gas was obtained. The peak gas force was taken from engine data with an engine speed of 6000rpm.
The following equation was used to work out the inertia loads that the piston puts on the rod per degree crank angle:

[bookmark: _Ref23729213]Equation 2 - Inertia Loads
Finertia – Inertia force from piston (Kg/m2)
Mpiston – Mass of the Piston (Kg)
R – Radius of Crankshaft (m)
ω – Crankshaft Rotational Speed (rad/s)
θ – Crank Angle (o)
The masses used to calculate the inertia forces were adjusted appropriately when calculating inertia forces further down the conrod assembly.
The following equations were used to calculate the net compressive force on the con-rod:

[bookmark: _Hlk23730538][bookmark: _Hlk23729663]FrodC– Net Compressive Force on Con-Rod
Fgas – see Equation 1 - Gas Forces
Finertia – see Equation 2 - Inertia Loads
φ – Con-Rod Angle (°)
The highest net tensile load on the con-rod is at TDC exhaust as this is when the opposing gas forces are lowest and the piston is at peak acceleration.


[bookmark: _Toc32215012] Gudgeon pin 
In order to calculate the fatigue safety factor for the Gudgeon pin range the range of stressed experienced needed to be calculated; the maximum net compressive and tensile forces acting on the pin were used.
The material specifications used for the Pin are detailed in the table below.
	Gudgeon Pin

	Specification 
	Value
	Unit

	Material 
	Steel

	Density
	7800
	kg/m^3

	Length
	46.02
	mm

	Diameter 
	20.7
	mm

	Hole Diameter
	11.86
	mm

	Mass
	0.08022
	kg

	L1
	11.86
	mm

	L2
	7.96
	mm


Table 2 Gudgeon Pin
[bookmark: _Toc32215013]Notation
[bookmark: _Hlk32192925]M = Bending Moment (Nmm)
L1 = Distance from Conrod to Centre of Piston Pin Bore (mm)
L2 = Distance from Conrod to Centre of Gravity of protruding portion of pin (mm)
Fnet = Force on Pin (Compressive or Tensile) (N)
I  = Second Moment of Area (mm4)
D1 = Diameter of Gudgeon Pin (mm)
D2 = Diameter of Gudgeon Pin Hole (mm)
σB = Bending Stress (N/mm2)
y = Distance from Neutral axis to point of calculated force (=Radius) (mm)
Fs = Shear Force (N)
Fnet = Net force on Gudgeon Pin (Compressive or Tensile) (N)
τ = Shear Stress (N/mm2)
Fs = Shear Force (N)
CSA = Cross Sectional Area of Gudgeon Pin (mm2)
σR = Combined Stress (N/mm2)
τ = Shear Stress (N/mm2)
EL = Polished Endurance Limit (N/mm2)
UTS = Ultimate Tensile Stress (N/mm2)

[bookmark: _Toc32215014]Bending Moment
First value to be calculated was the bending moment at point A and B.



[bookmark: _Toc32215015]Bending Stress
From the bending moment the bending stress was determined using the following equation.

Second Moment of Area
For the bending stress the second moment of area of the pin was found.

0. [bookmark: _Toc32215016]Shear Stress
Once the bending stress was calculated the shear stress was also calculated to account for the total amount of stress experienced by the Gudgeon pin.

Shear Net Force
The shear nest force was calculated in the following manor.

[bookmark: _Toc32215017]Combined Stress
From the shear and bending stress the two were combined to create a resultant stress.

0. [bookmark: _Toc32215018][bookmark: _Hlk32202928]Fatigue Safety Factor
The fatigue safety factor is a calculation for the perceived ‘infinite life’ of a component. To achieve the fatigue safety factor a diagram is used that shows the values of the mean stress and alternating stresses (Maximum and Minimum Stresses). Two diagrams that can be used are the Haigh and the Goodman Diagram. For this paper the Goodman diagram is used throughout. (Autodesk, 2016) The Fatigue safety factor can be shown as.

Stress Range
The stress range is the difference between the two alternating stresses.

Mean Range
The mean range is taken from the maximum and minimum stresses.

Goodman Diagram
[image: ]
Figure 1 Gudgeon Pin Goodman Diagram
Polished Endurance Limit
When repeatedly loading and unloading a component it eventually breaks even when the maximum stress applied is much lower than the UTS and even the yield stress, this is thought of being a result of fatigue within the material and is referred to as the Fatigue or endurance limit. Breaking down of a component often begins on the surface of the material and so this factors largely into its endurance limit. The endurance limit presents itself as a percentage of the materials UTS. It is worth noting that the endurance limit of a material is not an absolute nor a fully repeatable number; several identical pieces of steel bar will produce different endurance limit values when tested. (EPI Inc, 2014)
The Bosch Handbook approximates the endurance limit to be 30% - 45% of the UTS (Bosch, 2000). Similarly, EPI Inc; a high-performance engine design and development company, states a rule of thumb for steels with a UTS of less than 1600N/mm2 and a smooth and polished surface to have an endurance limit of 45%-50% of the UTS. Considering the values from these sources the Endurance limit was calculated in the following way. (EPI Inc, 2014)



[bookmark: _Toc32215019]Allowable Range
The allowable range can also be Calculated by;
Allowable range
[bookmark: _Toc32215020]Results
	Gudgeon Pin

	 
	Max
	Min

	F Inertia Pin
	827.0738653
	969.7854274

	Bending Moment
	-245073.5457
	43142.30641

	Bending Stress 
	-333.284885
	58.670872

	2nd moment inertia
	7610.639762
	7610.639762

	2nd moment area
	7610.639762
	7610.639762

	Shear net Force
	-19281.69829
	-3956.532005

	Shear Stress
	-2.533518717
	-0.519868517

	Combined Stress
	-333.3041434
	58.68008414

	Stress Range
	391.9842275

	Mean Stress
	-195.9921138

	UTS
	1100

	Endurance Limit Factor
	0.45

	Endurance limit
	495

	Allowable Range
	1166.392902

	Fatigue Safety Factor
	2.975611824


Table 3 Gudgeon Pin Results


[bookmark: _Toc32215021]Conrod
The Conrod was also evaluated for its fatigue safety factors.
[bookmark: _Toc32215022]Notations
Fnet = Force on Pin (Compressive or Tensile) (N)
σB = Bending Stress (N/mm2)
CSA = Cross Sectional Area of Gudgeon Pin (mm2)
σR = Combine Stress (N/mm2)
τ = Shear Stress (N/mm2)
M = Bending Moment (Nmm)
EL = Polished Endurance Limit (N/mm2)
UTS = Ultimate Tensile Stress (N/mm2)
KT = Stress Concentration Factor
[image: ][image: ]
Figure 2 Conrod Dimensions

[bookmark: _Toc32215023]Cross Sectional Area
The cross-sectional area was calculated at each point A, B and C.
[bookmark: _Toc32215024]Compressive and Tensile Stress 
Compressive and tensile stresses were worked out for each point on the conrod. With the exception of point C, as the compressive force occurs between the top of the piston the centre of the crankpin as point is below the centre of the crank pin the compressive force was considered as 0. In addition point C only incorporated half of the net tensile force due to it being a hoop stress.

0. [bookmark: _Toc32215025][bookmark: _Hlk32096099]Fatigue Safety Factor

Stress Range
The stress range is the difference between the two alternating stresses.

Mean Range
The mean range is taken from the maximum and minimum stresses.


Polished Endurance Limit
The polished endurance limit used 

Final Endurance Limit
Added within the endurance limit is a stress concentration factor. This allows for the stress going through the rod that becomes concentrated when the rod tapers in. the Graph below depict how the stress concentration factor changes with the radius of the fillet and the width the plate reduces down to. From this graph it was deduced that the radius’ for point A and B were of negligible value and were assigned values of 1.05 and 1.1 respectively. The radius at point C had a high enough stress concentration factor that it could be taken from this graph, the value used was 1.58
[image: ]












(Pilkey, 1997)
Allowing for Stress concentration factors the final endurance limit was calculated.

Goodman Diagram
[image: ]
Figure 3 Section A Conrod Diagram
[image: ]
Figure 4 Section B Conrod Diagram
[image: ]
Figure 5 Section C Conrod Diagram
[bookmark: _Toc32215026]Results
	Conrod

	 
	Value
	Unit

	CSA A
	366.466
	mm²

	CSA B
	419.1
	mm²

	CSA C
	115.773
	mm²

	Compressive Stress A
	-109.7442718
	N/mm²

	Compressive Stress B
	-95.96169006
	N/mm²

	Compressive Stress C
	0
	N/mm²

	Tensive Stress A 
	16.30026566
	N/mm²

	Tensive Stress B
	14.2531452
	N/mm²

	Tensive Stress C
	25.79829993
	N/mm²

	Stress Range A
	126.0445374
	N/mm²

	Stress Range B
	110.2148353
	N/mm²

	Stress Range C
	25.79829993
	N/mm²

	Mean Stress A
	-46.72200306
	N/mm²

	Mean Stress B
	-40.85427243
	N/mm²

	Mean Stress C
	12.89914996
	N/mm²

	Endurance Limit Factor
	0.45
	 

	Endurance Limit
	337.5
	N/mm²

	Stress Concentration Factor A
	1.05
	 

	Stress Concentration Factor B
	1.1
	 

	Stress Concentration Factor C
	1.58
	 

	Final Endurance Limit A
	321.4285714
	N/mm²

	Final Endurance Limit B
	306.8181818
	N/mm²

	Final Endurance Limit C
	225
	N/mm²

	Allowable Range A
	682.9045741
	N/mm²

	Allowable Range B
	647.0625865
	N/mm²

	Allowable Range C
	442.26051
	N/mm²

	Fatigue Safety Factor A
	5.417962475
	 

	Fatigue Safety Factor B
	5.870920961
	 

	Fatigue Safety Factor C
	17.14300986
	 




[bookmark: _Toc32215027]Standard Bolts
The bolts on the conrod play an integral part with the component, they allow the conrod to be connected to the crankshaft and act as an upgradable part with the component. In order for the bolts to perform their job effectively they have to withstand the forces acting upon it during engine operation. Several factors need to be calculated to ensure the bolts don’t fail and provide the correct clamping force to the conrod ensuring the big end does get forced into an oval shape and cause excessive wear on the conrod and crankshaft. The following evaluation was conducted on a single bolt on one side of the conrod.
To complete the evaluation the bolt dimensions and material properties were collected and further dimensions for the conrod rod cap were measured. The below table displays the values used.
	Bolt Dimensions

	Total Length
	BA
	47.67
	mm

	Seat Diameter
	BB
	12.77
	mm

	Head Diameter
	BC
	9.09
	mm

	Seat Height
	BD
	2.55
	mm

	Seat to Second Thread
	BE
	33.39
	mm

	Seat to End of Thread
	BF
	37.83
	mm

	Thread Outer Diameter
	BG
	7.9
	mm

	Thread Inner Diameter
	BH
	6.773
	mm



	Material Properties

	 
	Value
	Unit

	Bolt Modulus
	210000
	 kg m−1 s−2

	Cap Modulus
	170000
	 kg m−1 s−2

	UTS Conrod
	750
	N/mm²

	UTS Bolt
	1100
	N/mm²



	Cross Sectional Area

	CSA of Cap
	141.2043
	mm²

	CSA of Bolt
	42.27345
	mm²



[bookmark: _Toc32215028]Notations
Kb = Stiffness of bolt (N/mm2)
Kc = Stiffness of conrod cap (N/mm2)
Eb = Young’s Modulus of bolt ( kg m−1 s−2)
Ec = Young’s Modulus of conrod cap ( kg m−1 s−2)
Ab = Cross sectional area of bolt (mm2)
Ac = Cross sectional area of conrod cap (mm2)
Ah = Cross sectional area of bolt head (mm2)
L = Length of cap (and bolt) (mm)
BD = Average Bolt Diameter (mm)
Finertia = Inertia force from piston (kg/m2)
mconrod = Mass of the Conrod (kg)
mRec = Mass of the Reciprocating Assembly (kg)
mcap = Mass of conrod cap (kg)
R = Radius of Crankshaft (m)
Lcr = Conrod Length (m)
ω = Crankshaft Rotational Speed (rad/s)
Kt = Stress Concentration Factor

[bookmark: _Toc32215029]Ratio of Bolt and Cap Stiffness
The ratio of bolt to cap stiffness represents the relationship between the two interacting materials. As the bolt is tightened it begins to stretch, at the same time the cap compresses. The ratio can be used to see how much the bolt and cap stretch and compress as the bolt is tightened. The stiffness of the components can be calculated using their young’s modulus; a value that defines the relationship between stress and strain in a material.


As L is equal they cancel out resulting in the ratio being:

[bookmark: _Toc32215030]Cross sectional Area
[bookmark: _Toc32215031]CSA of Cap
The cross-sectional area for the conrod cap was calculated in two sections then the bolt hole was subtracted.

[image: ]
[bookmark: _Toc32215032]CSA of Bolt
The cross-sectional area of the bolt was calculated from the average thread diameters. The inner thread diameter was taken from the Bosch Automotive Handbook at 6.773mm. (Bosch, 2000)

[image: ]
[bookmark: _Toc32215033]Standard Bolt Stiffness
The bolt stiffness was calculated as 266x103 N/mm2
[bookmark: _Toc32215034]Extra Force on Bolt
The extra force on the bolts, is resultant from the inertia at TDC exhaust. Compressive force is not taken into account as the force acts in between the top of the piston and the centre of the crank pin.

The Inertia force for the bolts was calculated using the piston assembly and 1/3 of the conrod as a reciprocating mass and 2/3 of the conrod minus the cap for the rotational mass.

[bookmark: _Toc32215035]Maximum Alternating Load on Bolt
The maximum load on the bolts was the result of the sum of the total inertia force at TDC and the Extra force on the bolt.

[bookmark: _Toc32215036]Required Bolt Tightening Torque
The tightening torque for 90% of yield was calculated by multiplying 0.81 by the UTS. Generally, the Axial Stress accounts for 60% of yield. This was calculated to used for the clamping force.
[bookmark: _Toc32215037]Clamping Force
The clamping force is the amount of force the bolt exerts on the conrod cap.

[bookmark: _Toc32215038]Thread and Head Resistive Torque
The resistive torque defines the amount of torque needed to tighten the bolt to its specified 90 of yield. This was achieved by calculated the thread resistive torque and head resistive torque separately then adding them together.

Thread and Head Friction
The friction created by the contact between the threads and the bolt head and cap face were calculated using a friction coefficient. 0.18 was used for the threads and 0.12 was used for the bolt head.

[bookmark: _Toc32215039]Nominal Stress
The nominal stress was calculated to find a value for the range of alternating load on the bolt. 
[bookmark: _Hlk32207900]
Stress Range
The stress range is the difference between the two alternating stresses.

Mean Range
The mean range is taken from the maximum and minimum stresses.


Polished Endurance Limit
The polished endurance limit used the same factor as the Gudgeon pin as they were both made out of steel.

Final Endurance Limit
Allowing for Stress concentration factors the final endurance limit was calculated.

Goodman Diagram
[image: ]
Figure 6 Bolt Diagram


[bookmark: _Toc32215040]Results
	Bolt

	 
	Value
	Unit

	Bolt Modulus
	2.10E+05
	 

	Cap Modulus
	1.70E+05
	 

	CSA of Cap
	141.204276
	mm²

	CSA of Bolt
	42.27345316
	mm²

	Ratio of Cap and Bolt
	2.70E+00
	 

	Bolt Stiffness
	2.66E+05
	N/mm²

	Cap Stiffness
	7.19E+05
	N/mm²

	Total Inertia Force at TDC
	14836.38703
	Kgmm²

	Extra Force on Bolt
	2002.741719
	N

	Maximum load on Bolt
	16839.12875
	N

	UTS Conrod
	750
	N/mm²

	UTS Bolt
	1100
	N/mm²

	Bolt Yield
	990
	N/mm²

	Axial Stress
	594
	N/mm²

	Bolt Clamping Force
	25110.43117
	N

	Thread Friction Coefficient
	0.18
	 

	Bolt Head Friction Coefficient
	0.12
	 

	Thread Friction Force
	4519.877611
	N

	Thread Resistant Torque 
	16580.04105
	Nmm

	Bolt Head Friction Force
	3013.251741
	N

	Head Radius 
	6.385
	mm

	Head Resistant Torque
	19239.61237
	Nmm

	Total Torque for Bolt
	35819.65341
	Nmm

	Total Torque for Bolt
	35.81965341
	Nm

	Nominal Stress/ Range
	47.37587231
	N/mm²

	Minimum Stress
	891
	N/mm²

	Maximum Stress 
	938.3758723
	N/mm²

	Mean Stress
	914.6879362
	N/mm²

	Stress Concentration Factor
	2
	 

	Endurance Limit Factor
	0.45
	 

	Endurance limit
	495
	N/mm²

	Final Endurance Limit
	247.5
	N/mm²

	Allowable Range 
	83.39042873
	N/mm²

	Safety Factor
	1.760187721
	 




[bookmark: _Toc32215041]Modified Bolt
A Modified bolt was evaluated in the same way the standard bolt was. The objective was to create a modified bolt that would maintain a fatigue safety factor of at least 1 when the engine speed is at 9000rpm.
[image: ]
A new material was chosen to change the UTS and Youngs modulus of the bolt. The bolt chosen was the 8740 Chrome Moly bolt. 

	Engine Speed
	Standard 
	Modified

	RPM
	Safety Factor
	Safety Factor

	1000
	83.64918123
	135.5700104

	1250
	53.45447599
	86.68380665

	1500
	37.05241388
	60.12833795

	1750
	27.16248775
	44.11622788

	2000
	20.74354531
	33.7237526

	2250
	16.3427395
	26.59870576

	2500
	13.194869
	21.50220166

	2750
	10.86580082
	17.73136501

	3000
	9.09435347
	14.86333449

	3250
	7.715750886
	12.63133234

	3500
	6.621871937
	10.86030697

	3750
	5.739386221
	9.431534072

	4000
	5.017136327
	8.262188149

	4250
	4.418553286
	7.293062859

	4500
	3.916934876
	6.480926439

	4750
	3.492415235
	5.793615419

	5000
	3.129967249
	5.206800416

	5250
	2.818054194
	4.701803098

	5500
	2.547700206
	4.264091253

	5750
	2.31183724
	3.882221486

	6000
	2.104838368
	3.547083622

	6250
	1.92217904
	3.251352266

	6500
	1.760187721
	2.989083086

	6750
	1.615859945
	2.755411751

	7000
	1.486717984
	2.546326743

	7250
	1.370703805
	2.358496036

	7500
	1.266096555
	2.189133518

	7750
	1.171448387
	2.035895074

	8000
	1.085534082
	1.896797037

	8250
	1.007311203
	1.770151668

	8500
	0.935888322
	1.654515715

	8750
	0.87049951
	1.548649115

	9000
	0.810483719
	1.45148161



As shown in the table above the fatigue safety factor was increased to 1.45 at 9000rpm. This meant the new bolt would be suitable in terms of durability. However due to the same con rod being used the clamping force had to stay the same to ensure the correct shape was maintained around the crankshaft. In order to do this the thread length was reduced and the shank wasted. 
	Bolt 8740 Chrome Moly

	 
	Value
	Unit

	Bolt Modulus
	190000
	kg m−1 s−2

	L1
	4
	mm

	L2
	12
	mm

	L3
	17.39
	mm

	Shank Diameter 1
	5.735
	mm

	Shank Diameter 2
	4.5
	mm

	Thread Outer Diameter
	7.9
	mm

	Thread Inner Diameter
	6.773
	mm

	CSA 1
	25.83192
	mm²

	CSA 2
	15.90431
	mm²

	CSA Thread
	42.27345
	mm²

	CSA of Bolt
	25.83192
	mm²

	CSA of Cap
	141.2043
	mm²

	Ratio of Cap and Bolt
	4.997357
	 

	K1
	1227016
	N/mm

	K2
	251818.3
	N/mm

	K3
	461872.1
	N/mm

	1/K
	6.95E-06
	N/mm

	Bolt Stiffness
	143860
	N/mm

	UTS Bolt
	1800
	N/mm²

	Bolt Yield
	1620
	N/mm²

	Axial Stress
	972
	N/mm²

	Bolt Clamping Force
	25108.63
	N

	Thread Friction Coefficient
	0.18
	 

	Bolt Head Friction Coefficient
	0.12
	 

	Total Torque for Bolt
	30.2731
	Nm

	Nominal Stress/ Range
	47.88302
	N/mm²

	Minimum Stress
	1458
	N/mm²

	Maximum Stress 
	1505.883
	N/mm²

	Mean Stress
	1481.942
	N/mm²

	Endurance limit
	810
	N/mm²

	Final Endurance Limit
	405
	N/mm²

	Allowable Range 
	143.1263
	N/mm²

	Safety Factor
	2.989083
	 



[image: ]
The above diagram and table show the changes made to the bolt in order to reduce the clamping force down.

[bookmark: _Toc32215042]Crankshaft
[bookmark: _Toc32215043]Notations
Fs = Shear Force (N)
Fnet = Net force on Bearing (compressive or Tensile) (N)
Fbearing = Force on bearing (N)
τ = Shear Stress (N/mm2)
Fs = Shear Force (N)
A = Horizontal Area of Bearing (mm2)
σR = Combine Stress (N/mm2)
τ = Shear Stress (N/mm2)
M = Bending Moment (Nmm)
EL = Polished Endurance Limit (N/mm2)
UTS = Ultimate Tensile Stress (N/mm2)
KT = Stress Concentration Factor
D = Distance between Point A and Point B (mm)
Dbearing = Main Bearing Diameter (mm) 
L = Length of Main Bearing (mm)
L1 = Distance from Point A to Mid-point on main bearing
L2 = Distance from Point B to Mid-point on main bearing



[image: ]All Measurements in mm.
B

A


The following set of equations were used in the same manner as the Gudgeon pin to calculate the fatigue safety factor.
[bookmark: _Toc32215044]Nominal Bearing Pressure

Horizontal Area of Bearing

Net Force When Firing 

Force on Bearing

[bookmark: _Toc32215045]Bending Stress

Second Moment of Area

Bending Moment

[bookmark: _Toc32215046]Shear Stress

Shear Force

[bookmark: _Toc32215047]Combined Stress



[bookmark: _Toc32215048]Fatigue Safety Factor

Stress Range

Mean Range

Polished Endurance Limit

Final Endurance Limit

Goodman Diagram
[image: ]
Figure 7 Crank shaft Point A Diagram

[image: ]
Figure 8 Crank Shaft Point B Diagram

Allowable Range

[bookmark: _Toc32215049]Results
	CrankShaft

	CrankShaft
	Value
	Unit

	Pressure Bearing Area
	768.16
	mm²

	Force on Each Bearing
	20108.77
	N

	Nominal Bearing Pressure
	26.17784
	N/mm²

	Second Moment of Area
	44736.11
	mm⁴

	Bending Moment Max at A
	240802.5
	Nmm

	Bending Moment Max at B
	659065
	Nmm

	Bending Moment Min at A
	35766.29
	[bookmark: RANGE!W9]Nmm

	Bending Moment Min at B
	97890.62
	Nmm

	Bending Stress Max at A
	53.82733
	[bookmark: RANGE!W11]N/mm²

	Bending Stress Max at B
	147.3228
	N/mm²

	Bending Stress Min at A
	7.994948
	N/mm²

	Bending Stress Min at B
	21.88179
	N/mm²

	Crank Shaft UTS
	750
	N/mm²

	Inertia Force on Crank Pin
	17058.71
	Kgmm²

	Shear Force Max
	20108.77
	N

	Shear Stress Max
	11.64985
	N/mm²

	CSA of Crank Pin
	1726.097
	mm²

	Resultant Stress Max at A
	-58.6537
	N/mm²

	Resultant Stress Max at B
	-149.154
	N/mm²

	Shear Force Min
	2986.747
	N

	Shear Stress Min
	1.730347
	N/mm²

	Resultant Stress Min at A
	8.711808
	N/mm²

	Resultant Stress Min at B
	22.15376
	N/mm²

	Endurance Limit Factor
	0.45
	 

	Endurance Limit
	337.5
	 

	Kt
	2
	N/mm²

	Final Endurance limit
	168.75
	N/mm²

	Stress Range at A
	67.36552
	N/mm²

	Stress Range at B
	171.3077
	N/mm²

	Mean Stress at A
	-24.971
	N/mm²

	Mean Stress at B
	-63.5001
	N/mm²

	Allowable Range at A
	697.4739
	N/mm²

	Allowable Range at B
	366.075
	N/mm²

	Safety Factor at A
	10.35357
	 

	Safety Factor at B
	2.136945
	 



[bookmark: _Toc32215050]Evaluation 
The fatigue safety factors were successfully calculated and an increased understanding of the effects of material stiffness, tensile strength and their young’s modulus were obtained. In order to improve results for the future testing could be carried out to more accurately determine the endurance limit and stress concentration factors. The fatigue safety factors were within specification of at least 1 for a modified engine without the need to change the conrod.
[bookmark: _Toc32215051]Conclusion
The ability to accurately calculate the forces and stresses can save both time and money. The information obtained can lead to optimisation of performance and shown potential failings before real world testing is carried out. It can also be used to design uprated parts for an engine so that its overall performance can be increased without compromising on reliability.
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QUICK REFERENCE GUIDE TO MATERIALS USED IN FASTENERS

MATERIAL USE? | YIELD STRENGTH | TENSILE STRENGTH | USED FOR

Grade 5 No 90,000 psi. 120000psi | Accessory bolts & studs

Grade 8 No 120,000 psi 150000psi | Accessory bolts & studs
“Stainless 300" Yes. 140,000 psi 170190000 psi | Accessory bolts & studs

Custom 450° Yes 150,000 psi 170-490000 psi | Accessory bolts & studs, head bolts
8740 chrome moly | Yes 180,000 psi 190000psi | Rod bolts, head & main studs & bolts
286 Yes 170,000 psi 200000psi | Head bots, accessory bots
ARP2000° Yes. 200,000 psi 220000psi | Rod bolts, head & main studs

Lo® Yes | 200-230,000 psi 260.000psi | Connecting rod bolts

Inconel 718 Yes | 190-210000psi | 210-230,000psi |head boks, case studs & boits
CustomAge625+ | Yes | 235-255000psi | 260-280.000psi | Head studs, connecting rod bolts
ARP35® Yes | 220-250000psi | 260-280,000psi | Connecting rod bolts

AorMet® Yes 260,000 psi 200-310.000 psi | Special products

Titanium Yes. 160,000 psi 180000 psi | Head studs, accessory bolts
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