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[bookmark: _Toc32185474]Introduction
The assignment is developed around the analysis of different main engine’s components, gaugeon pin, con-rod’s screws and crank shaft of a Ford 1.6 engine; per each interested component, measurements and calculations are showed and carried to provide working safety factors for infinite fatigue life. 
Tables will provide the results of the calculations carried out mainly throughout Microsoft Excel, however other software have been involved for the study process, e.g. Solidworks to finalise new component’s designs or to validate some physical measurements and Matlab to plot the Goodman diagram. 
[bookmark: _Toc32185475]Methodology
Each task is developed by conducting calculations either in S.I. units and user defined units, to improve the understanding of the concept and rely upon an easier presentation of the results.
The analysis is conducted over a Ford 1.6 engine and all calculations are based at maximum rpm, 6000 revolution per minute, even though from previous analysis it was acknowledged that some forces maximum magnitude occurs at slower speeds. 
Task 3 requires the analysis of a new conrod bolt for a modified engine; for the purpose it was decided to make the engine rev higher, and 9000 revolutions per minute was the scenario adopted.
The report’s methodology section will also be exploited to present and analyze some of the results, to improve the clarity of the topic discussed due to its complexity.
[bookmark: _Toc32185476]Task1
Task one requires the study of a gudgeon pin, element that connects the piston to the conrod; the analysis carried to achieve fatigue safety factors is done during two specific moment, the firing and the exhaust but at a specific crank angle: when at top dead center (TDC).  
Starting with the firing cycle, it was used Ford’s pressure data to calculate the gas force generated by the combustion, following:

It was then calculated the acceleration of the piston, following: 
 (Nigus, 2016)
Where R is the crank radius, L the conrod length and  the engine speed; it is then calculated the inertia force experienced by the piston assembly as:
          (3)   (Taylor, 1985)
[image: ]The mass values interested are presented in the following table.L
A

	Element
	kg
	g

	gaugeon pin
	0.08022
	80.22

	piston
	0.2577
	257.7

	piston ring
	0.00549
	5.49

	Circlip 
	0.00077
	0.77

	Piston Assembly
	0.3504
	350.4

	mass gaugeon pin sticking out
	0.067319775
	67.31977526


[bookmark: _Toc32174768]Table 1 Piston assembly elements weight[bookmark: _Toc32174748]Figure 1 Gudgeon pin

It should be noted that some analyses are carried out considering half of the components involved, due to their symmetrical layout. For instance, last row of table 1 presents a first example: the calculated value, following equation (3), it used to find the inertia of the only section that sticks out the conrod: 
 
Where  is the inner and  the outer gaugeon pin radii (figure 1) and  is the density of the material, assumed to be steel, i.e. 7800 kg/. Furthermore, L is the distance between point A, the end of the conrod surface, and the end of the pin itself.[bookmark: _Toc32174769]Table 2 Force values

[image: ]Point A is the main point of interest of the study: its location in fact, experiences the majority of the stresses, due to the fact that is under iterative tensile and compression forces. In fact, due to the symmetrical layout, the previously calculated net force that acts at point A is considered with a halved magnitude, because split between the two sides of the gudgeon pin.
[image: ]For this reason, point A is the pivot point around which the two opposite moments generated by the net force and the gudgeon pin inertia act upon on: the first force, acting downwards, generates a clockwise moment while the second one, acting upwards, a counter-clockwise moment. The sign convention used, considers the clockwise moments as positives and vice versa. A




[image: ]Therefore, following the definition of moment, force times distance, it was necessary identify the two distances L, where the two forces act upon on. It was assumed that the acting point of the net force is at the mean distance of the piston’s gaugeon pin slot and this value was physically measured and calculated as the figure 4 highlights. In the figure the green bits represent the circlips, the blue square the conrod top and the black rectangles the gudgeon pin pockets. [bookmark: _Toc32174750]Figure 3 Firing scenario

.
 A different approach was used to identify the distance between point A and the center of mass (CoM) of the gudgeon pin , where its inertia acts; throughout a representation of the scenario involved into a CAD software, thanks to the “mass property” tool, the CoM location was found, i.e. .[bookmark: _Toc32174749]Figure 2 distance measurements

[image: ]It must be pointed out that the above calculations where done considering two geometrical assumptions: the conrod sits at the centre of the piston, neglecting its small lateral movements, and its top section is considered without the chamfer.[bookmark: _Toc32174751]Figure 4 CoM identification

Furthermore, even though calculations were carried out throughout two engine revolutions, the peak pressure and forces values were always considered occurring at TDC, even though it is known that they recur some degrees after. 
It was then possible calculate the bending stress, generated by the moment, following:
 
Where y is the distance from the neutral axis and considered as half of the external diameter of the gaugeon pin, and I is the second moment of area, which, for a bar shape element, is calculated as:

Where D are the internal and external gaugeon pin diameters.

 
[image: ]

	ELEMENT
	S.I. units
	User define units

	gaugeon pin D1
	0.012
m
	12
mm

	gaugeon pin D2
	0.021
m
	21
mm

	y
	0.0105
m
	10.5
mm


[bookmark: _Toc32174770]Table 3 Pin diameters

[bookmark: _Toc32174752]Figure 5 Pin diameter measurements

It was then calculated the shear stress at the point of interest, following:

Where  is the overall force acting upon the gaugeon pin, calculated as the difference between the net force (identified as gas force minus the piston assembly inertia) and the inertia of the pin itself.
The combination of bending and shear stress allowed to calculate the resultant stress during firing:

[image: ]
[bookmark: _Toc32174771]Table 4 Moments & stress values at FIRING
[image: ]The previous steps where then repeated for the exhaust cycle: this time the conrod-piston assembly is experiencing a stretching force, that tries to pull it apart from the crankshaft. A




Differently from the previous scenario, point A now experiences two upwards forces, the inertia of the gaugeon pin and the tensile forces generated by the net force, making point A undergo a compressive force which translates in a counter clockwise moment, highlighted by the negative sign in table 5.[bookmark: _Toc32174753]Figure 6 EXHAUST schematics

The new calculated moment allowed to identify the bending stress at point B, following equation (5).
The total force acting upon the gaugeon pin was calculated considering the sign convention previously mentioned and, differently from the firing case, the net force is a result of the difference between the piston inertia and the gas forces. [image: ]
[bookmark: _Toc32174754]Figure 7 Forces considered for Exhaust cycle
 Furthermore, shear and combined stresses were calculated to achieve the  value.
[image: ]
[bookmark: _Toc32174772]Table 5 Moments & stress values at EXHAUST
Finally, with the calculated parameters for the firing and exhaust cycles, it was possible identify the ones needed to plot a Goodman diagram: mean stress, range of stress, the endurance limit, the allowable range and the fatigue safety factor, following:





[image: ][image: ]y
x

[bookmark: _Toc32174755]Figure 8 Goodman diagram parameters[bookmark: _Toc32174802]Graph 1 Pin Goodman diagram


The fatigue safety factor is a parameter that indicates the strength of a structure (Taylor, 1985) and its values are supposed to be bigger than 1, if the component needs to last forever. The endurance limit is an indication of the amplitude of stress the component will take around a mean stress (green dot in the diagram).









[bookmark: _Toc32185477]Task 2
Task 2 asks to determine fatigue safety factors of three different critical rod-sections.
[image: ]C
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[bookmark: _Toc32174756]Figure 9 Connecting rod representation
From physical measurements it was possible replicate into Solidworks the conrod, to gain cross-sectional area values for the interested points, resulting:

	point A

[m]
	front 
	0.0206

	
	side
	0.0178

	
	area
	0.00036668

	point B



[m]
	front
	0.0402

	
	side
	0.0135

	
	depth
	0.0052

	
	front opening
	0.0156

	
	area
	0.00038046

	point C



[m]
	front
	0.0044

	
	side
	0.021

	
	front top
	0.0045

	
	side top
	0.0096

	
	area 
	0.0001356


[bookmark: _Toc32174773]Table 6 Section's measurements
 [bookmark: _Toc32174757]Figure 10 Conrod interested sections

It was noticed that according to the location of the point of interest, the stress is severely influenced, due to its inversional proportionality relation with the cross-sectional area. 
From the previous task, gas force and piston acceleration were taken while the inertia forces were separately calculated according to the point of interest. 
Similarly to the previous task hoop stress, compressive stress, mean stress, range of stress, endurance limit, final endurance limit, allowable range and fatigue safety factor were calculated.
[image: ][image: ][image: ]
[bookmark: _Toc32174774]Table 7 Stress values per point A, B and C
The cross-section area at point A, experiences the full net force weather is during firing or exhaust cycle, because of its location at the bottom of the gaugeon pin hole, therefore the force lines within the material join back together.
Differently from task1, it was introduced the final endurance limit which considers the stress concentration in the element, , following:

The stress concentration factor is a dimensionless value that quantifies the stress in the material; considering the conrod as a rectangular filleted bar under simple compression or tension, following (Peterson, 1951) diagram (graph 2), by physically measuring some sections and throughout the usage of Solidworks, it was possible identify some values necessary to determine roughly the stress concentration factor .
[image: ]
[bookmark: _Toc32174758]Figure 11 identifying the radius values
	
	r/d
	D/d

	point A
	2.16
	1.42

	point B
	1.31
	3.18

	point C
	2.35
	1.30

	D 
	0.07 m

	D 
	0.02 m

	r
	0.03 m


[bookmark: _Toc32174775]Table 8 Point of interest stress concentration
[image: ]
[bookmark: _Toc32174803]Graph 2 Stress concentration
Table 8 highlights the ratios that (Peterson, 1951) suggests are involved to identify the stress concentration factor; due to fact that the values obtained are out of the given scale (graph 2), the used  values were assumed.
Same calculations were than repeated for point B and C. 
Point B was then taken halfway through the radius that connects the conrod shank and crankshaft journal hole, which cross-sectional area is equivalent to an I beam (figure 10). Due to the shape complexity, the stress concentration value was arbitrary chosen following the discussed procedure. 
Differently from point A, the inertia force at point B was calculated considering the mass of the piston added to one third of the conrod mass.
[image: ]
[bookmark: _Toc32174776]Table 9 Inertia values per each point of interest 
On the other hand, point C due to its location was analysed considering also physical differences with the other two points: the conrod cap only experiences a tensile force and only during the exhaust cycle at TDC. In fact, thanks to the bolt’s presence, the cap holds the conrod attached to the crankshaft and point C experiences only half of the upwards inertia force. Differently from before, the inertia that the conrod cap experiences is more structured than the ones previously seen: different group of masses undergo different motions. For instance, two-thirds of the conrod’s mass rotates, while the remain one third experiences a lateral displacement united to an oscillating motion.
Therefore, the inertia was calculated following:

Where  represents the reciprocating masses, constituted by the sum of the piston assembly and one-third of the conrod mass, and  is the rotating mass, assumed to be two-thirds of the conrod mass.
Consequently, because point C doesn’t experience compressive loads, the compressive stress was assumed to be zero, table 7.








	Element
	SI units
	User units

	Kt @A
	3
	

	Kt @B
	2.6
	

	Kt @C
	2.6
	 

	ρ (steel)
	7800 
	 

	UTS
	750
	 

	conrod
	0.2674      kg
	 

	conrod cap
	0.1038      kg 
	 

	conrod bolts
	0.03519    kg
	 

	Conrod assembly
	0.4064      kg
	 

	m rotating
	0.178266667
	 

	m reciprocating
	0.439533333
	 

	gaugeon pin
	0.08022    kg
	80.22          g

	piston
	0.2577      kg
	257.7          g

	piston ring
	0.00549    kg
	5.49            g

	Circlip 
	0.00077    kg
	0.77            g

	Piston Assembly
	0.3504      kg
	350.4          g

	BORE
	0.079         m
	79           mm

	crank RADIUS
	0.0407       m   
	40.7        mm

	rod LENGTH
	0.134         m
	134         mm

	ω @ 6000rpm
	628.32
	rad/s

	y
	0.0105       m
	10.5        mm

	2nd moment area
	8.52869E-09
	8528.687744


[bookmark: _Toc32174777]Table 10 Task 2 values
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[bookmark: _Toc32174804]Graph 3 Point A Goodman diagram
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[bookmark: _Toc32174805]Graph 4 Point B Goodman diagram
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[bookmark: _Toc32185478][bookmark: _Toc32174806]Graph 5 Point C Goodman Diagram
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[bookmark: _Toc32185479]Task 3
This section will first analyse a standard conrod bolt to achieve its fatigue safety factor to then plot its Goodman diagram, then it will be proposed and analysed a new bolt design to cope the new characteristics of the modified engine.
The determination of the stiffness ratio of the bolt and cap-rod was determined following the general formula do identify stiffness values:

Therefore, the ratio is achieved:

Where the area of the bolt was calculated around the average diameter and the area of the cap represents the surface on top of which the bolt sits on.
To calculate such complicate shaped surface, it was necessary replicate it into Solidworks and throughout the “measure” tool gain the value. 
[image: ] [image: ]
[bookmark: _Toc32174759]Figure 12 Solidworks area calculation tool
	
	BOLT
	CAP

	Young’s modulus (E)
	210000	N/mm^2
	170000 N/mm^2

	AREA
	43.00840343	mm^2
	146.52	 mm^2


[bookmark: _Toc32174778]Table 11 Elements parameters
It was then calculated the stiffness of the standard bolt in the stretch region, which was intended as the section that extends from the bottom of the screw-cap till the last thread before it enters the threaded conrod section.
[image: ]
[bookmark: _Toc32174760]Figure 13 Standard bolt Solidworks' representation
This measure was obtained by subtracting from the overall length of the bolt, the cap height plus the 4-millimetre lip prior the threads’ start, figure 14.
[image: ]As already seen in the previous task, the cap experiences the maximum load when at TDC of the exhaust cycle, therefore, the maximum load acting on the bolt was intended as the inertia value, calculated following equation (15), but halved due to the presence of two screws.4 mm
[bookmark: _Toc32174761]Figure 14 Conrod cap lip

	F_Inertia MAX cap&bolt

	N

	10403.847

	per cap side

	N

	5201.923


Table 12 Inertia cap
It will be seen later on but, the achieved value, is an acceptable force because within the maximum tensile load that an eight millimetre metric fine thread bolt can accept, which according to (The engineering toolbox, 2006) can go up to 40800 Newtons for a 1000 N/mm^2 UTS bolt.
To calculate the required bolt tightening torque a series of analysis had to be done prior. The bolt was assumed to have a 1100 N/mm UTS, which 90% was taken to be its yield value: 990000 N/mm^2; 
furthermore, 60% of this value is considered to be the axial stress, 594000 N/mm^2 and following: 

It was calculated the axial force:
	clamping force or AXIAL FORCE

	N
	kN

	25546.992
	25.547


[bookmark: _Toc32174780]Table 13 Axial force, standard bolt
It was then assumed a thread friction coefficient of µ=0.18 which combined with the axial force allowed to calculate the circumferential force generated by the threads:
	thread friction force

	4598.458
	N


[bookmark: _Toc32174781]Table 14 Thread friction force
This value allowed to calculate the required torque value to overcome the friction generated by the angled threads: it was therefore calculated the moment at the extremity of the average radius, resulting:
	  resisting torque @ threads

	Nm
	Nmm

	17.014
	17014.296


[bookmark: _Toc32174782]Table 15 Resisting torque
At the same time, it must be kept in mind that there are other surfaces in contact that generates a frictional force: these surfaces are the conrod-cap surface upon which the lower face of the screw-cap sits when tightened. Assuming a surface coefficient of friction µ=0.12 following equation (18) it was calculated the circumferential friction force:

	surfaces friction force 

	3065.639
	N


[bookmark: _Toc32174783]Table 16 Surface Friction force
Understanding the forces involved, it was then calculated the torque needed to overcome all the frictional forces calculated, following:

Where the last member represents the average seating radius, which value was calculated from:
	diameter upper hole
	0.009
	m
	9
	mm

	diameter screw CAP
	0.0129
	m
	12.9
	mm

	seating area avg
	0.01095
	m
	10.95
	mm


[bookmark: _Toc32174784]Table 17 Cap measures
	Torque needed

	16.784
	Nm


[bookmark: _Toc32174785]Table 18 Torque needed
Therefore, the total torque needed to tight the screw was calculated as the sum of both calculated required torques values: 16.784 +17.014 Nm
	total torque

	33.799
	Nm


[bookmark: _Toc32174786]Table 19 Total torque
To plot a Goodman diagram and achieve fatigue safety factor values it was necessary calculate the stresses experienced by the bolt. To do so, it was calculated the force that the bolt experiences at 6000rpm, following:
 
Where the numerator value is found in table 12, resulting:
	extra force bolt (force experienced @6000 rpm)

	1384.276
	N


[bookmark: _Toc32174787]Table 20 Extra force
From the force, it was possible calculate the nominal stress at the thread’s root, considering the average diameter of the screw to calculate the cross-sectional area of interest, resulting:
	extra nominal stress @ thread rooth

	N/m^2
	N/mm^2

	32186170.342
	32.186


[bookmark: _Toc32174788]Table 21 Nominal stress at threads


The minimum stress was identified as the 90% of the yield of the bolt:
	[bookmark: _Hlk32169507]σ min

	N/m^2
	N/mm^2

	891000000.000
	891.000


[bookmark: _Toc32174789]Table 22 σ min
While the maximum stress is a sum of the nominal stress and the minimum:
	σ max

	N/m^2
	N/mm^2

	923186170.342
	923.186


[bookmark: _Toc32174790]Table 23 σ max
Differently than before, the range of stress is considered equal to the extra nominal stress, while the mean is the sum of both stresses divided by two (as the name suggests).
	mean

	N/m^2
	N/mm^2

	907093085.171
	907.093


[bookmark: _Toc32174791]Table 24 mean stress
As for previous cases, the polished endurance limit was calculated as a percentage (45%) of the UTS, resulting in a 495 N/mm^2 pressure. The final endurance limit takes into account the stress concentration factor, which in threaded bolts vary according to the threads itself (O'Hara, 1950). The stresses near the threaded parts of a bolt is influenced by two factors: the load on each tooth and the axial stress near the fillet of the thread (O'Hara, 1950). As suggested by (O'Hara, 1950) and (Peterson, 1951) stress concentrations into bolts can be assumed to be in a range between 1.8 and 9 (Hetwood, 2013), depending on the general shape of the bolt, i.e. the presence or not of a shank between the bottom face of the screw’s cap and the threads. Stress concentration factors in a bolt can be calculated but due to the difficulty encountered measuring the values highlighted in figure 15, it was assumed a stress concentration factor of 2, for the standard bolt, and 2.5 for the new suggested one (more later on).
[image: ]
[bookmark: _Toc32174762]Figure 15 Thread stress concentration parameters
Therefore, the final endurance limit was calculated as the ratio between the polished endurance limit and the stress concentration factor, .
Following equation (12) it was possible calculate the allowable range of stress
	allowable range

	N/m^2
	N/mm^2

	86808111.673
	86.808


[bookmark: _Toc32174792]Table 25 Allowable range
And achieve from equation 13 the FSF of the standard bolt:
	F S F

	2.697


[bookmark: _Toc32174793]Table 26 FSF standard bolt
This value highlights the durability of the component, how stronger is in respect to how it needs to be, therefore, the standard bolt is 1.69 times more resistant than the minimum value of 1. 
[image: ]x
y

[bookmark: _Toc32174807]             Graph 6 STD bolt Goodman diagram


All the previous calculations were than repeated for a new screw designed for a modified engine, able to rev up to 9000rpm. It was decided that the screw should have a section reduction but keeping same dimensions of the standard one, so to be fitted to the standard conrod (i.e. same M8 size, thread’s features and overall length). 
It was decided that the new screw should have 160000 N/mm^2 UTS value, a Young’s modulus of 190000N/mm^2 and the same length of the threaded sections as the standard bolt.
[image: ]
[bookmark: _Toc32174763]Figure 16 New bolt rendering
[image: ]L3

L2

L1
[bookmark: _Toc32174764]Figure 17 New bolt sections

[image: ]
[bookmark: _Toc32174794]Table 27 Bolt study used values
The above table is a spec sheet generated to highlight all the parameters used. The first step was identifying the average diameter of the new screw, following:

It was then analysed that the calculated value is an average between the three sections and therefore it was necessary identify the individual measures: it was noticed that the threaded section should be as the one in the standard screw and, to simplify the mathematical operations, it was assumed that the first section, L1, should’ve been equal to the third one, L3, so to have one unknown and three equations. 
[image: ]
[bookmark: _Toc32174765]Figure 18 Schematic of the calculation
Consequently, it was possible calculate the cross-sectional area for the three sections so to achieve their individual stiffness coefficients, following equation (15). Differently from the standard screw, the overall stiffness of the new shaped one, can be identified as the stiffness of three springs in series, following:

	K_bolt

	N/m
	N/mm

	165823060.096
	165823.060


[bookmark: _Toc32174795]Table 28 New Bolt stiffness
It was then calculated the new inertia value for 9000 rpm, experienced by the conrod cap
	F_inertia MAX @cap

	N

	26772.32

	per rod side

	N

	13386.16


[bookmark: _Toc32174796]Table 29 Inertia cap at 9000 rom
Differently from the standard screw, the new shape generates higher stress concentrations as suggested by (O'Hara, 1950), and following some general assumptions it was identified to be around 2.5. The fatigue safety factor resulted to be an acceptable value for the scenario: 
	F S F

	1.243


[bookmark: _Toc32174797]Table 30 FSF new bolt
[image: ][bookmark: _Toc32174808]Graph 7 New bolt Goodman diagram
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[image: ][bookmark: _Toc32174798]Table 31 Summary table for task3



[bookmark: _Toc32185480]Task 4
Task 4 was developed to calculate FSF for critical fillet sections onto the crank-shaft. 
It must be said that due to the incapability to obtain a physical crankshaft, all measures were taken from the lecturer’s notes.
[image: ]As for task one, the analysed scenario was conducted for a 6000rpm case; gas forces, piston acceleration and piston inertia force were calculated from the available data.B
A
[bookmark: _Toc32174766]Figure 19 Crankshaft

The analysed points of interest, A and B, experiences both tensile and compressive forces according to the stroke, therefore the net force acting upon the crank pin was calculated considering the influence of the rotating masses, as follows:

The critical section analysed is represented in green in figure 19, were the force acting at point B was calculated. Furthermore, point B experiences half of the inertia force compared to the main crank pin and, according to the cycle considered, it could be under a compressive or a tensile force, respectively at exhaust and firing stroke.
It was calculated the bending moment in either point A and B, following the general moment equation, where the distances considered are from the reaction force generated by the bearings, orange arrow in figure 19.
Similarly to previous tasks, were then calculated the bending and shear stresses, relatively following equation 5 and equation 7, where the distance from the neutral axis y=0.01 meter and the second moment of area was calculated following:

Where:
[image: ]
[bookmark: _Toc32174799]Table 32 crankshaft interested values
Following equation 8 it was calculated the combined stress, , for the firing stroke; differently than before,  was calculated considering the ratio between the net force acting upon the crank pin and the gas force as:

And because point B experiences a compressive force during TDC exhaust, the sign convention imposes a negative result.
To plot a Goodman diagram, the range of stress, the mean and the allowable range were calculated as for previous tasks resulting in:
[image: ]
[bookmark: _Toc32174809]Graph 8 Crankshaft Goodman Diagram

[image: ][image: ][bookmark: _Toc32174800]Table 33 Crankshaft stress values
[bookmark: _Toc32174801]Table 34 Crankshaft values
























[bookmark: _Toc32185481]Further analysis
The new screw shape and dimensions were dictated by acquired knowledge over bolt failures; it was understood that fatigue failures in bolts are distributed along specific areas: 15% of the failures occurs under the head, 20% at the end of the thread and 65% in the thread at the nut face (Peterson, 1951). 
[image: ]Following this consideration, it was possibly understood the meaning of the wider pocket onto the conrod cap, which theoretically allows the adoption of a fillet between the screw-cap and the threads, allowing a perfect seat between the two surfaces. However, the standard screw doesn’t have this fillet but it was designed for the new one.
As it can be seen in figure 17, the new bolt was designed keeping into consideration this aspect, therefore it can be noticed the presence of a fillet between the thread and the shank, section L1, to smoothly reduce the section’s difference and reduce the stress concentration of the force lines. [bookmark: _Toc32174767]Figure 20 Conrod cap pocket













[bookmark: _Toc32185482]Conclusion
In conclusion, throughout the development of the analysis it was understood the key importance of two factors: cross-section area and stress concentration factor.
Throughout the stress studies along different locations upon the conrod, it was noticed the big influence, over the FSF calculations, generated by the cross-section area interested. In fact, if the stress concentration factor is excluded from the analysis, small changes in the cross-section area value generates big differences in the determination of the FSF. 
Moreover, if acquiring precise area values is not a problem, the second parameter around which all stress studies relay upon is the stress concentration factor. It was acknowledged that the complexity of the argument should involve proper studies to fully exploit its influence over the calculations. In fact, throughout the development of the coursework, the stress concentration values have been often defined following assumptions or summary methods. The methodology used by (Peterson, 1951) in the determination of stress concentration factors, according to the element interested, has always been identified from physical tests; on the contrary, when specific patterns over the general shape of the component are constant long strings of equations are used. 
Furthermore, it was understood the influence, over the overall stiffness value, generated by the section reduction along the main body of a bolt, if for the same bolt this is the only modified characteristic.
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[bookmark: _Toc32185485]Matlab plotting scrip
clc
clear all
close all
UTS=input (' UTS value ');
EL=input ('  Endurance Limit value ');
ms=input (' mean stress value ');
x1=[UTS,0];
y1=[UTS,-EL];
x2=[0,UTS];
y2=[EL,UTS];
x3=[ms,ms];
y3=[0,UTS];
x4=[0,ms];
y4=[EL,];
 
scatter (x1,y1,'.')
scatter (x2,y2,'.')
scatter (x3,y3,'.')
% scatter (x,y,'.')
 
line (x1,y1)
line (x2,y2)
line (x3,y3)
% line (x,y)
 
hold on
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ELEMENT SI USER

1 diameter outer thread 0.0079m 7.9mm

2 diameter inner thread 0.0069m 6.9mm

3 d avg thread 0.0074m 7.4mm

4 d avg MODIFIED 0.006135756m 6.135755862mm

5 D1       MODIFIED 0.008m 8mm

6 D2      MODIFIED 0.005m 5mm

7 D3      MODIFIED 0.0074m 7.4mm

8 cross-section area 4.30084E-05m^2 43.00840343mm^2

9 cross-section area MODIFIED 39

10 diameter screw CAP 0.0129m 12.9mm

11 UTS 1100000000N/m 1100N/mm

12 UTS    MODIFIED 1600000000N/m 1600N/mm^2

13 E     Young's modulus 2.1E+11N/m^2 210000N/mm^2

14 E          MODIFIED 1.9E+11N/m^2 190000N/mm^2

15 L          TOTAL 0.0378m 37.8mm

16 L up to2nd eng thread 0.0346m 34.6mm

17 L thread-screw cap 0.0229m 22.9mm

18 L1        MODIFIED 0.0069m 6.9mm

19 L2       MODIFIED 0.013m 13mm

20 L3       MODIFIED 0.0149m 14.9mm

21 A1 5.02655E-05m^2 50.26548246mm^2

22 A2 1.9635E-05m^2 19.63495408mm^2

23 A3 4.30084E-05m^2 43.00840343mm^2

24 K1 1384121981m^2 1.38412E+15mm^2

25 K2 286972405.9m^2 2.86972E+14mm^2

26 K3 548429305.5m^2 5.48429E+14mm^2

27 Kt 

28 Kt     MODIFIED

29 polished E.L. 495000000N/m^2 495N/mm^2

30 polished E.L. MODIFIED 720000000N/m^2 720N/mm^2

31 E.L. final 247500000N/m^2 247.5N/mm^2

32 E.L. final         MODIFIED 288000000N/m^2 288N/mm^2

bolt

2.5

2
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SI USER F_Inertia MAX cap&bolt

9000_Fgas_[N]

acc_piston F_inertia piston F_inertia MAX @cap

diameter outer thread 0.0079m 7.9mm NN/m N/mm 56922.500 52515.43 15649.60 26772.32N/m N/mm

diameter inner thread 0.0069m 6.9mm 10403.847 238935574.598 238935.575 -8585.88per rod side 165823060.096 165823.060

d avg thread 0.0074m 7.4mm per rod side 1615.581 52515.43 15649.60 13386.16

d avg MODIFIED 0.006135756m 6.135755862mm 5201.923N/m N/mm 1606.054 52501.85 15645.55 N/m N/mm

D1       MODIFIED 0.008m 8mm 261033662.422 261033.662 1594.593 52461.09 15633.41 236173313.620 236173.314

D2      MODIFIED 0.005m 5mm 1590.723 52393.21 15613.18

D3      MODIFIED 0.0074m 7.4mm N/m N/mm 1581.197 52298.25 15584.88 N/m N/mm

cross-section area 4.30084E-05m^2 43.00840343mm^2 658952380.952 658952.381 1567.950 52176.28 15548.53 505456557.191 505456.557

cross-section area MODIFIED 1554.702 52027.42 15504.17

diameter screw CAP 0.0129m 12.9mm 1384.276N 1531.631 51851.77 15451.83 3306.720N

UTS 1100000000N/m 1100N/mm 1502.904 51649.48 15391.54

UTS    MODIFIED 1600000000N/m 1600N/mm^2 N/m^2 N/mm^2 1484.000 51420.71 15323.37 N/m^2 N/mm^2

E     Young's modulus 2.1E+11N/m^2 210000N/mm^2 32186170.342 32.186 1468.669 51165.64 15247.36 76885450.193 76.885

E          MODIFIED 1.9E+11N/m^2 190000N/mm^2 1443.812 50884.49 15163.58

L          TOTAL 0.0378m 37.8mm N/m^2 N/mm^2 1415.233 50577.47 15072.09 N/m^2 N/mm^2

L up to2nd eng thread 0.0346m 34.6mm 990000000.000 990.000 1388.292 50244.83 14972.96 1440000000.000 1440.000

L thread-screw cap 0.0229m 22.9mm 1352.122 49886.84 14866.28

L1        MODIFIED 0.0069m 6.9mm N/m^2 N/mm^2 1319.674 49503.78 14752.13 N/m^2 N/mm^2

L2       MODIFIED 0.013m 13mm 594000000.000 594.000 1277.550 49095.96 14630.60 864000000.000 518400000.000

L3       MODIFIED 0.0149m 14.9mm 1266.089 48663.70 14501.78

A1 5.02655E-05m^2 50.26548246mm^2 N kN 1208.932 48207.35 14365.79 N kN

A2 1.9635E-05m^2 19.63495408mm^2 25546.992 25.547 1180.204 47727.28 14222.73 37159.261 37.159

A3 4.30084E-05m^2 43.00840343mm^2 1153.561 47223.86 14072.71

K1 1384121981m^2 1.38412E+15mm^2 4598.458N 1115.158 46697.49 13915.85 6688.667N

K2 286972405.9m^2 2.86972E+14mm^2 1073.333 46148.58 13752.28

K3 548429305.5m^2 5.48429E+14mm^2 Nm Nmm 1048.624 45577.58 13582.12 Nm Nmm

Kt  17.014 17014.296 991.169 44984.93 13405.51 24.748 24748.068

Kt     MODIFIED 958.721 44371.09 13222.59

polished E.L. 495000000N/m^2 495N/mm^2 3065.639N 922.551 43736.56 13033.49 4459.111N

polished E.L. MODIFIED 720000000N/m^2 720N/mm^2 905.136 43081.81 12838.38

E.L. final 247500000N/m^2 247.5N/mm^2 16.784Nm 882.214 42407.38 12637.40 24.414Nm

E.L. final         MODIFIED 288000000N/m^2 288N/mm^2 863.310 41713.77 12430.70

area top surface 0.00014652m^2 146.52mm^2 33.799Nm 828.778 41001.54 12218.46 49.162Nm

diameter INNER for screw 0.0084m 8.4mm 807.790 40271.23 12000.83

diameter upper hole 0.009m 0.9mm N/m^2 N/mm^2 786.952 39523.40 11777.97 N/m^2 N/mm^2

E (carbon steel) 1.7E+11 170000N/mm^2 891000000.000 891.000 769.686 38758.63 11550.07 1296000000.000 1296.000

E                      MODIFIED 1.7E+11 170000N/mm^2 758.224 37977.50 11317.30

thread friction N/m^2 N/mm^2 741.107 37180.63 11079.83 N/m^2 N/mm^2

surfaces friction 923186170.342 923.186 719.971 36368.60 10837.84 1372885450.193 1372.885

seating area avg 0.01095m 10.95mm 719.971 35542.04 10591.53

kc/kb N/m^2 N/mm^2 706.575 34701.57 10341.07 N/m^2 N/mm^2

conrod 0.2674Kg g 32186170.342 32.186 695.262 33847.83 10086.65 76885450.193 76.885

conrod cap 0.1038Kg g 689.606 32981.45 9828.47

conrod bolts 0.03519Kg g N/m^2 N/mm^2 691.243 32103.08 9566.72 N/m^2 N/mm^2

Conrod assembly 0.4064Kg 406.4g 907093085.171 907.093 677.996 31213.38 9301.59 1334442725.097 1334.443

Conrod assembly MODIFIED 0.345Kg 34515% 680.080 30313.00 9033.28

weight difference 61.4 N/m^2 N/mm^2 651.204 29402.61 8761.98 N/m^2 N/mm^2

gaugeon pin 0.08022Kg 80.22g 86808111.673 86.808 645.548 28482.88 8487.90 95600618.965 95.601

piston 0.2577Kg 257.7g 637.956 27554.46 8211.23

piston ring 0.00549Kg 5.49g 630.365 26618.05 7932.18

Circlip  0.00077Kg 0.77g 618.904 25674.30 7650.94

Piston Assembly

0.3504Kg 350.4g 613.099 24723.91 7367.72

Piston assembly MODIFIED

0.298Kg 29815% 614.885 23767.54 7082.73

weight difference 52.4 611.164 22805.86 6796.15

BORE 0.079m 79mm 599.852 21839.57 6508.19

crank RADIUS

0.0407m 40.7mm 599.852 20869.33 6219.06

rod LENGTH

0.134m 134mm 595.982 19895.81 5928.95

ω @ 6000rpm

628.32

rad/s

607.294 18919.69 5638.07

ω @ 9000rpm

994.84

rad/s

601.638 17941.63 5346.61

bolt

mass

STANDARD

cap

MODIFIED

2.5

range

mean

allowable range

YIELD (of bolt)

axial stress

clamping force AXIAL FORCE

thread friction force (circumferential)

resisting torque @ threads

K_bolt

K bolt stretch region

K cap

F S F

1.243

circumferential friction force

torque to overcome friction surfaces

total torque

σ min

σ max

extra force bolt (force experienced @9000 rpm)

extra nominal stress @ thread rooth

clamping force AXIAL FORCE

thread friction force (circumferential)

0.18

0.12

2.75786635

2

σ max

range

mean

resisting torque @ threads

circumferential friction force (thread)

torque to overcome friction surfaces

K_bolt

extra nominal stress @ thread rooth

YIELD of bolt

axial stress

K bolt stretch region

K cap

extra force bolt (force experienced @6000 rpm)

allowable range

F S F

2.697

total torque

σ min


image38.jpeg




image39.emf
D 0.02m

b 0.0425m

I 2.83333E-08m^4
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max                                N

12071.6758

N

6035.837902

Nm

208.7473788

Nm

695.8245961

N/m^2 N/mm^2

245585151.6 245.5852

N/m^2 N/mm^2

13842990.5 13.84299

N/m^2 N/mm^2

247140810.5 247.1408

N/m^2 N/mm^2

-85751603.46 -85.7516

N/m^2

332892413.9 332.8924

80694603.51 80.6946

-36312234.08 301.1874

range

mean

allowable range

bend stress @B

shear stress @B

combined stress @B

min stress

bend moment @B

bend moment @A

F inertia @ B

F inertia on crank pin (up)
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UTS 750

L1 0.012

L2 0.04

y 0.01m

D 0.02m

b 0.0425m

I 2.83333E-08m^4

polished E L  337.5

final E L 168.75
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N/m N/mm N/m N/mm

238935574.598 238935.575 165823060.096 165823.060

N/m N/mm N/m N/mm

261033662.422 261033.662 236173313.620 236173.314

N/m N/mm N/m N/mm

658952380.952 658952.381 505456557.191 505456.557

1384.276N 3306.720N

N/m^2 N/mm^2 N/m^2 N/mm^2

32186170.342 32.186 76885450.193 76.885

N/m^2 N/mm^2 N/m^2 N/mm^2

990000000.000 990.000 1440000000.000 1440.000

N/m^2 N/mm^2 N/m^2 N/mm^2

594000000.000 594.000 864000000.000 518400000.000

N kN N kN

25546.992 25.547 37159.261 37.159

4598.458N 6688.667N

Nm Nmm Nm Nmm

17.014 17014.296 24.748 24748.068

3065.639N 4459.111N

16.784Nm 24.414Nm

33.799Nm 49.162Nm

N/m^2 N/mm^2 N/m^2 N/mm^2

891000000.000 891.000 1296000000.000 1296.000

N/m^2 N/mm^2 N/m^2 N/mm^2

923186170.342 923.186 1372885450.193 1372.885

N/m^2 N/mm^2 N/m^2 N/mm^2

32186170.342 32.186 76885450.193 76.885

N/m^2 N/mm^2 N/m^2 N/mm^2

907093085.171 907.093 1334442725.097 1334.443

N/m^2 N/mm^2 N/m^2 N/mm^2

86808111.673 86.808 95600618.965 95.601

allowable range

F S F

2.697

total torque

σ min

mean

resisting torque @ threads

(circumferential) friction force thread

torque needed over threads

K_bolt

extra nominal stress @ thread rooth

YIELD of bolt

axial stress

K bolt stretch region

K cap

extra force bolt (force experienced @6000 rpm)

clamping force AXIAL FORCE

thread friction force (circumferential)

σ max

range

K cap

F S F

1.243

circumferential friction force

torque to overcome friction surfaces

total torque

σ min

σ max

extra force bolt (force experienced @9000 rpm)

extra nominal stress @ thread rooth

STANDARD MODIFIED

range

mean

allowable range

YIELD (of bolt)

axial stress

clamping force AXIAL FORCE

thread friction force (circumferential)

resisting torque @ threads

K_bolt

K bolt stretch region
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