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AED: CALCULATION ON PISTON, ROD & CRANKSHAFT ASSEMBLYS
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1. [bookmark: _Toc32196415]Introduction

For this study the author was tasked with carrying out calculations of a standard given engine Ford sigma and to determine bassline results to generate working safety factors for an infinite Fatigue life & duty cycle.
This will require an analytical study of specific components such as the Gudgeon pin, piston, con-Rod and crank shaft to determine forces and stresses for each individual component and concentrated stress areas where concentrations are formed with the aim of maintaining a fatigue safety factor above 1 in all areas to ensure an infinite fatigue life (109) 

2. [bookmark: _Ref32170895][bookmark: _Ref32195570][bookmark: _Toc32196416]Task 1

Task 1 askes that the author conduct a study of the Ford Gudgeon pin in which the author must determine the Net Forces from firing and inertia and how these generate stresses and fatigue in the part, this will include fatigue safety factor, mean stress, rang of stress and shear stress.
2.2 [bookmark: _Toc32196417]Geometry & specifications of the Gudgeon Pin
[bookmark: _Ref31723903]Figure 1 Gudgeon Pin Design









Figure 1 Gudgeon Pin Design shows the design method the author employed to determine dimensions needed later on in the task, the initial measurements were taken by hand by the author to ensure accuracy. The inner chamfer between the outer diameter and the inner diameter was determined through the depth of D2 from the inner wall of D1 which was measured to be 3.18mm thick, these measurements determined a constant chamfer can be draw between these with an added 1mm chamfer in the outer edge if the pin.  







[bookmark: _Ref31725110]Figure 2 L4, Length of overhanging Pin








Figure 2 L4, Length of overhanging Pin demonstrates that the length of the overhang looking right is measured from the inside of the chamfer in the small end of the Rod.
[bookmark: _Ref31912423]Table 1 Pin Geometry







L1
[bookmark: _Ref31910904]Figure 3 L1 measurements











[bookmark: _Ref31910900]Figure 4 Centre of Mass to Rod Face (L2)

Figure 4 & Figure 3 show how the author measured the lengths of L1 & L2 needed for further calculation of moments, forces & stresses on the Gudgeon pin. The author determined these values from real world measurement of the pin before using solid works to make the study of the components more efficient and also as a verification tool for Hand calculations.
[bookmark: _Ref31912167]Table 2 Pin specification

 





Table 2 Pin specification shows the values needed to determine the initial forces of moments in the pin such as Y which is representative of the pin’s radius and the distance from the normal axis to the other diameter of the pin. Whereas (I) is representative of the second moment of area & calculated using the variables shown in Table 1 Pin Geometry & Table 2 Pin specification via:
Equation 1 Second moment of area

[bookmark: _Ref32084493][bookmark: _Toc32196418]2.3. Forces

To calculate the forces acting on the pin the author had to determine the gas force and inertial force with respect to the mass of the piston alone due to this being the only mass above the pin that will have a reciprocating effect on inertia. 
These forces were calculated via:
Equation 2 Fnet


[bookmark: _Ref32062209]Equation 3 inertial force

For this task the author calculated the inertial force with respect to piston mass alone. As well as the inertia of the pin overhanging to one side of the rod.
Table 3 Mass of Piston


[bookmark: _Ref32060823]Table 4 Peak forces on pin



The force acting on the pin alone are equivalent to Peak gas force (Fnet) divided by two dues to the force translated from the piston is to the pin is through two load baring faces therefor on the right of the pin only half the force is acting on the pin.
The author also required the inertia force from the mass of overhanging pin on one side which was calculated via the same method seen in Equation 3 inertial force with respect to the pin mass alone. See Table 2 Pin specification for mass.
 The mass values were obtained through Solidworks evaluation of the model with a material of AISI 4304 normalised steel due to it being the closes values of UTS and Youngs modulus that could be found.
[bookmark: _Ref32067581]Table 5 F Net forces




[bookmark: _Toc32196419]2.4.  Bending moments
Point A
Figure 5 Point A of Bending Moments

To determine the bending moments in A under firing (Max Gas Force) and at TDC exhaust (max inertia) the author required the variables shown in Table 1 Pin Geometry & Table 4 Peak forces on pin. With these values a formula was used to calculate the bending moments at A under firing where the pin undergoes Tensile forces from clockwise bending expressed as:
See Table 5. FNet forces
Equation 4 Bending moments under firing (Tensile bending on pin)

[bookmark: _Ref32060779]Table 6 Tensile Bending moment forces under firing





Only the inertia of the pin is considered as an opposing force to firing forces due to the fact that inertia of the piston has already been deducted from gas forces. 


The next largest bending moments was found at TDC exhaust where inertial forces peak and put point A of the pin into compression from anti-clockwise bending. This was calculated via:
Equation 5 Bending Moments @ TDC Exhaust


[bookmark: _Ref32072138]Table 7 Forces @ TDC Exhaust



The inertial forces used for moments @ A at TDC Exhaust can be seen in Table 7 Forces @ TDC Exhaust which are half the peak inertia force (Fnet/2) and the inertia of the pin, these are combined for the bending moments at TDC exhaust.

Table 8 Bending moments @ TDC exhaust



[bookmark: _Ref32073995][bookmark: _Ref32085783][bookmark: _Toc32196420]2.5. Stress’s

[bookmark: _Toc32196421]2.5.1 Bending stress
With the bending moments at A calculated for both conditions of peak forces the author was able to determine the nominal stress’s in the pin.
To determine the stresses the author had to use the formula seen in Equation 6 Bending stresses in the pin where (m) is the moments calculated, (y) is the radius of the pin (distance to normal axis) And (I) is the second moment of area, the variables for each of these can be seen in Table 2 Pin specification.
[bookmark: _Ref32072523]Equation 6 Bending stresses in the pinTable 9 Bending stresses @ A


The formula seen in Equation 6 Bending stresses in the pin is applicable for calculating the bending stress in the pin for both respective cases. 



[bookmark: _Ref32073999][bookmark: _Toc32196422]2.5.2. Shear stress

The author was then tasked with calculating the shear stress in the pin for the purpose of determining the combined stresses in the pin for each case this was determined using the peak forces during firing and exhaust TDC divided by the cross-sectional area of the pin which is calculated via: 
Equation 7 Cross-sectional Area of the pin


Table 10 Cross-sectional Area Value


· The diameter Values can be found in Table 1 Pin Geometry

· This allowed for the calculation of the shear stress via: 





[bookmark: _Toc32196423]2.5.3. Combined Stress

To determine the range of stress the author had to determine the combined stress in the pin using the calculated shear stresses and nominal bending stresses in each case as seen in sections
 2.5. Stress & 2.5.1. Shear stress.
· The formula for combined stress is expressed as:


[bookmark: _Ref32077011]Table 11 Combined stresses



[bookmark: _Toc32196424]2.5.4. Actual Range

The author was then able to calculate the Actual range of stresses in the pin across both cases to with the aim of calculating the fatigue safety factor of the pin.
The actual rang e is calculated via adding the combined stress value to each other see Table 11 Combined stresses (dependant on both stresses being considered positive values, if not deduct the two values with compressive bending as negative value do to tensile forces)
Table 12 Actual Rang of Stress




[bookmark: _Toc32196425]2.5.5. Mean stress

To determine the Allowable range for the calculation Fatigue safety factors the author had to determine the mean combined stress in the pin via:

· Where the value of TDC combined stress is negative.
[image: ]

[bookmark: _Toc32196426]2.5.6. Allowable Range

The allowable range defines the range of stress that can be exerted on the pin before cracks and permanent deformation Is occur.
This is determined using the endurance limits which is represented as 45% of the UTS on both ends of the stress range.

Table 13 Endurance limits



With the endurance limit the allowable rang was able to be calculated using the endurance limit, mean stress and UTS which is expressed as:

Table 14 Allowable Range

[bookmark: _Ref32157177][bookmark: _Toc32196427]2.5.7. Fatigue Safety Factor

Once the author determined the allowable range and the actual range the fatigue safety factor can be calculated through finding the ration between the range via: 

Table 15 Fatigue Safety Factor


With all these variables the author was able to generate a Goodman diagram to represent the results of the study.Figure 6 Goodman diagram for pin 

[image: ]
With a fitted trendline on the graphic the author was able to verify the results through using the formulas given from fitting the trend line and using the value for mean stress as X to verify the allowable range 
Figure 7 allowable range Validation





3. [bookmark: _Toc32196428]Task 2

For task 2 it was asked that the author determine the maximum Net compressive and tensile forces at 3 critical sections of the rod 7 to plot a Goodman diagram for each section to determine the fatigue safety factors while considering suitable stress concentrations.
[image: ]Section B
Section A


Section C




Figure 8 Rod Probity’s






3.1. [bookmark: _Toc32196429]Section A

Section A is the first section the author decided to study, to determine the nominal stress in this region with suitable stress concentrations the author fist had to determine the mass acting in this section as well as the cross-sectional area the author decided to determine these values through Solidworks analysis of measured parts as seen in Figure 9 Solidworks Mass & cross-sectional Area
[bookmark: _Ref32084401]Figure 9 Solidworks Mass & cross-sectional Area








 

Once the cross section and mass were determined the author was able to determine the forces acting on the rod via conventional methods such as described in 2.3. Forces however the forces need to converted into Rod forces.
Before rod forces were determined the author had to calculate the forces specific to the region under study, for example the inertia forces were calculated using the reciprocating mass acting on the region of study.

Pin + Piston + (Piston ring*3) + (circlip*2) + (0.0459)
Where 0.0459 = mass Above A
Table 16 Mass @ A



· Due to the rod being at an angle the force needs to divided by the rod angle such as:


This formula provides the forces acting on point A as seen in Table 17 Point A Results these values allowed for the use of the cross-sectional area to determine the nominal stresses in the area.
Table 17 Cross-sectional Area @ A



Stress’s was then obtained through the same methods stated in 2.5. Stress’s excluding Bending moments.
The Fatigue safety factor was determined with an assumed stress concentration of 1.65 where as the polished FSF is assuming no stress concentrations.
[bookmark: _Ref32085638]Table 18 Point A Results
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EL
[bookmark: _Ref32200016]Figure 10 Point A Goodman diagram












The Goodman diagram demonstrates that at point A the rod is under a maximum load compression as can be seen in the graphic where the mean value in to the left of the (0) X axis where compression is represented as negative due to the rod being squished  
[bookmark: _Toc32196430]3.2 Stress concentration in section A
 
Section A was determined as a critical area of study due to it being an area of stress concentration with the change in area of the head of the rod to the shank, these stress concentrations are reduced in design of the rod by using fillets and uniformed curved to more evenly distribute the loads applied however they are not completely removed. Therefore, the author had to determine the remaining stress concentrations in this area. 
By using the formulas found in Petersons book for stress concentrations see Figure 18 Petersons stress concentrations the stress concentration was determined to be 1.65
[image: ]Table 19 Rod probity’s





For the final endurance limit in each section the author combined the stress concentration factor (KT) into the equation for Endurance limit.
For example:

This process was repeated for each section in respect to each section’s specific diameters & Radius’s.

3.2. [bookmark: _Toc32196431]Section B

For section B the author determined that the second stress critical area was at the base of the rod shank to big end again due to the change of diameter at the shank base as seen in figure 
Figure 11 Mass Above Point B & cross-section @ B

















For point B the reciprocating mass needed to be Re-calculated do to additional mass from the rod shank increasing inertial force and therefore changing the stress in this region compared to section A.
· The mass above B was determined to be: 

Table 20 Mass & cross section @ Point B





Table 21 section B Results










[bookmark: _Ref32200017]Figure 12 Point B Goodman Diagram
EL
EL










The Goodman diagram demonstrates that at point b the rod is under a maximum load compression as can be seen in the graphic where the mean value in to the left of the 0 X axis where compression is represented as negative due to the rod being squished  
3.2.1. [bookmark: _Toc32196432]Stress concentration in section B

Table 22 Point B stress concentrations









3.3. [bookmark: _Toc32196433]Section C
Figure 13 Point C


For section C the author had to take a different approach to calculating the forces on the cap due to the lack of compressive force on the Rod due to the rod exerting all the force transmitted into the crank journal.
Therefore, the inertial force on the cap will be increased significantly with no resisting force from firing. To calculate the new inertial force the author had to include rotational forces from the lower 2/3 of the rod – the cap mass 

When calculating the stresses in the area of the cap the inertial force needs to be halved due to the forces being translated through the Rod bolts ant therefore distributed over 2 areas.

Table 23 Max inertial force in cap

Table 24 Final inertia force @ C







[bookmark: _Ref32101591]Equation 8 inertial Force on cap & bolts

[bookmark: _Ref32101806]Equation 9 Fnet on cap & bolts
[image: ]

Table 25 Point C Results








Figure 14 Point C Goodman Diagram

Figure 14 shows that the cap is under tension due to the mean force being positive and to the right of the (0) X Axis which demonstrates that the cap in undergoing stretch.
3.3.1. [bookmark: _Toc32196434]Stress concentration in section C
Table 26 Point c stress concentrations








4. [bookmark: _Toc32196435]Task 3

Task 3 asks that the author conduct a study of the conrod bolts in which the author will determine the stiffness of the bolt & cap, the associated stresses, FSF’s & tightening torque in the bolts.

4.1. [bookmark: _Ref32189788][bookmark: _Toc32196436]Task 3.A

Task 3.A asks that the stiffness ratio between the bolt (KB) and the Cap (KCap) from analysing the cross-sectional area. 
Firstly, the author had to determine the surface area of the bolt & cap. Figure 14 Rod-Cap Area shows the analysis of the Rod to cap Area where as the Area of the bolt was determined through the bosh automotive handbook which dictated that for a 8mm bolt of fine thread as 39.2mm2 as seen in Figure 15 Bosh Hand book.  
(Bosh, 2002)
[bookmark: _Ref32098638]Figure 15 Rod-Cap Area
Inertial Force










With these values the author was able to determine the individual stiffness of the bolt (KB) and cap (KCap) with the values for Cross-sectional area, young’s modulus and the length of both cap and bolt, the length of the cap was defined as the length between the surface area in which the bolt head rests on the cap to the second engaged thread of the bolt whereas the length of the bolt is defined as the length between the bolt head and the second engaged thread.  
[bookmark: _Ref32102508]Equation 10 bolt stiffness

Equation 11 Cap stiffness

The values for Kb & Kcap can be seen in Table 25 Rod Cap Specifications & Table 26 Bolt specifications[bookmark: _Ref32100631]Table 27 Bolt specifications

[bookmark: _Ref32100629]Table 28 Rod Cap Specifications








The formula to determine the Ratio of stiffness between the Cap on the bolt is expressed as: 

Table 29 Cap to bolt stiffness ratio




4.2. [bookmark: _Ref32149023][bookmark: _Toc32196437]Task 3.B

Task 3 asks that the author determine the bolt stiffness in the stretched region of the bolt, to determine the stretch in the bolt ( ) the inertial force of on the bolts needed to be determined. See Equation 8 inertial Force on cap & bolts & Equation 9 Fnet on cap & bolts for the equation for calculating Fnet on bolts. 
[image: ]





[image: ]
With the stretch in the bolt the new length in the bolt was determining by adding the calculated stretch to the original length of the bolt this then allowed for the calculation of the new bolt stiffness (Kb new) (see Table 24 Bolt specifications) via the same method as seen in Equation 10 bolt stiffness 

Table 30 Stretched bolt Specifications








Table 31 change in bolt stiffness with stretch





The author determined this was a logical result due to the force being applied over a larger distance the stiffness would logically decrees

4.3. [bookmark: _Toc32196438]Task 3.C

Task 3.C asked that the author calculate the alternating loads on the bolt from maximum inertia loads.
[image: ]table 29 shows the maximum inertial force found @ 6000RPM, the author added an additional 500N as a safety consideration for over revving the engine at this RPM to ensure the part survives in excessive load senates the inertia value was found in section 18Table 32  Maximum Inertia force on bolt



with the maximum inertia force the author was able to determine the extra force in the bolts via: 

Therefore, the extra force in the bolt is determined via a simply using     Equation  which determined the fists antitreating stresses and the nominal stress in the bolts.



The minimum stress was then determined to be 90% of yield + the nominal stress where 90% of yield is 90% of yield therefore:


Table 33 Task 3.C results






Table 30 demonstrates the alternating loads on the on the bolt as well as stresses
4.4. [bookmark: _Toc32196439]Task 3.D

Task 3.D asked that the author determine the bolt tightening torque for the bolts when taken into 90% of yield with static bolt forces. 

To determine the tightening torque of the bolt when tightened to 90% of yield the author had to first determine the axial stress, clamping torque & circumferential friction force between the bolt and the cap.

· Axial stress is equivalent to 60% of the yield therefore is equal to:

[image: ]


· Clamping torque was determined from force by area of the bolt therefor is determined via:


· Where A is the value for bolt area found in (Bosh, 2002) see Table 24 Bolt specifications

[image: ]

With the clamping torque the author was then able to determine the frictional force in the threads and between the bolt head and rod cap assuming the friction coefficient to be as seen in Table 31 Friction coefficients of the bolt.
[bookmark: _Ref32152649]Table 35 Friction coefficients of the bolt
Table 35 Friction coefficients





With the assumes friction coefficients in the bolt and the clamping torque the frictional forces were able to be calculated via: 

Table 36 Friction forces in bolt




With the resistance to torque the author was able to use moments of circumferential force to determine the torque required to overcome the friction in the threads & bolt head.
· Expressed as: 



Where D for the head is the average Head diameter determined via:



· See table 34 for bolt geometry and Table 35 Torque values to overcome friction for results

Table 37 Bolt geometry













[bookmark: _Ref32154533]Table 38 Torque values to overcome friction








4.5. [bookmark: _Toc32196440]Task3.E

Task E asks that the author determine the mean stress in the bolt and the range of stresses with consideration to reasonable stress concentrations
Table 39 mean stress in bolt variables 7 result




Mean stress was calculated via:          


The actual range was determined as the nominal stress:   
Table 40 Actual Range


To determine the allowable, range from the final endurance limit, where the Polished endurance limit is divided by the polished Endurance limit to determine the final limit assuming a stress concentration of 2
Table 41 Endurance limits of bolt



With the final endurance limit the author determined the allowable range via: 

Table 42 allowable range of standard bolt




4.6. [bookmark: _Ref32189799][bookmark: _Toc32196441]Task 3.F

Task f asks that the author determine the fatigue safety factors of the bolt and represent the found results in a Goodman diagram
To determine the FSF the author employed the same method as in section 2.5.7. Fatigue Safety Factor.
[bookmark: _Ref32187384]Table 43 final FSF for Bolt

Figure 16 Bolt Goodman diagram


4.7. [bookmark: _Toc32196442]Task 2.G

Task G asks that the author to determine suitable safety factors for a suitable design of bolt to use in the authors upgraded engine
Firstly, as a modified engine the author decided to up the peak Rpm limit from 6000Rpm to 7000Rpm because this is potentially a real-world modification to enhance the ford’s performance in the engine.
Due to the increased Rpm in the engine the inertial forces were increased and therefore increases force in the bolts as seen in Table 45 New Fnet on bolts which demonstrates the new Fnet the bolts must endure. 
[bookmark: _Ref32187249]Table 44 New Fnet on bolts
Table 45 New inertial force




To maintain as near to the original bolt safety factor (see Table 43 final FSF for Bolt) the author had to determine a new material to be used with a higher UTS value, through research the author was able to determine the values of a common material used in ARP bolts. (2006-2020 AUTOMOTIVE RACING PRODUCTS, INC, 2006-2020)Table 46 ARP Bolt Youngs modulus & UTs

(Engineering ToolBox, 2008) (Google, n.d.)
With these values the author was able to calculate the new diameter of the shank by using the ratio between the new and original UTS multiplied by the area of the threads2 expressed as:

[bookmark: _Ref32188910]Equation 12 New diameter of bolt shank

The diameter of the threads must remain the same to maintain the original rod design, this is favourable due to is saving resources in development.
Figure 17 Metric threads







(Bosh, 2002)


As seen in Figure 18 New bolt final Results the diameter of the threads is 7.5mm and therefore the area is the diameter of the thread squared as seen in Equation 12 New diameter of bolt shank, the reasoning for this is depicted in figure 17 where the thread surface area is spread over a notch spanning the diameter on both sides.Figure 18 New Bolt Geometry

With the new variables the author was able to use the same methodology used in Task 3. A to Task 3. F to determine the safety factor of the new bolt under a higher load these results can be seen in Figure 19 New bolt final Results
To obtain the final bolt stiffness the author had to determine the new Length (see figures 19, 23 & 24) of each section of the bolt this was determined by leaving the initial taper-less part of the shank the same length and then measured the length of 10 threads to be the final length of the bolt & the shortened diameter of the shank was determined to be the value of the difference between the two assumed lengths and the original bolt length.
The results for the altered area of the shank can be seen in figure 19.
Figure 19 New bolt L2 & Kb2









With the stiffness of each individual area the author was able to determine the total bolt stiffness (KT) using the formula for a spring in series expressed as 

Table 47 New Total final stiffness of bolt




Table 47 shows the final total stiffness in the bolt which is calculated to approximately 83% of the original bolt’s stiffness.
Table 48 % of similarity between ARP bolt & original Ford bolt



With this value the change in cap to bolt stiffness was calculated to be:
[image: ]

The old cap to bolt stiffness was determined to only be the same difference in % of accuracy as the stiffness values 

[bookmark: _Ref32188788]Figure 20 New bolt final Results

The final results for the modified bolt can be seen in figure 20 where it can be seen that the same safety factor has been increased by 0.1 while assuming a nominal stress concentration of 3 at the head of the bolt.

 The tension in the bolt has increased therefore the big end will Require re-sizing however the new bolts meet fords FSF requirements under a larger force from the modified engine with a reduced mass and diameter of the bolt.




4.8. [bookmark: _Toc32196443]Task 3.H

Figure 21 Ford Standard 8mm Bolt







The highlighted areas in figure 21 show the critical areas of the bolt where failure is most likely to occur wither at the head of the bolt through shear, the shear modulus for the material, stress concentrations & bolt tightening torque needed in the area at this point would determine at which point it will fail, most commonly however the bolt fails in the second engaged thread to this due to the initial force is applied.




Figure 22 New bolt









For the new bolt the author determined that there was an additional critical area with the new bolt as seen in figure 22 the reduced shank diameter determines a new minimum cross section and therefore becomes an area of concern, the stress’s in each area need to be tested to ensure infinite fatigue life, due to the tests conducted the author is confident that failure ill no occur under normal parameters in the modified engine.
5. [bookmark: _Toc32196444]Task 4

Task 4 asks that the author determine the Fatigue safety factor for the standard engine crank shaft in the critical filleted areas
Table 49 Crank Dimensions








Firstly, the author determined the dimensions of the crank for initial study, to determine the fatigue safety factors the author has to follow the same methodology as in Task 1 where the peak  forces acting on the crank, bending moments, Bending stress, shear stress, combined stress, range of stresses, mean stress & endurance limits to determine the FSF of the crank. 
[bookmark: _Toc32196445]4.1. Peak forces 

The author had to determine the peak forces acting on the crank through similar methods as previous studies. The gas forces remain the same when calculated where as the inertial force now considers the accumulative masses from the rod, rod cap, pin & piston (Mrocip + Mrot) calculated via: 


Table 50 Peak Forces




However, the forces acting on the crank to one side are half the peak forces due to the main journal of the crank rests over two Barings therefore:



The effective length of the beam (B) was determined via: 


[image: ]

Which was then used to determine the second moment of area (I) calculated via: 

From here the author was able to implement the methodology used to determine bending moment and stresses as in Task 1.
The minimum stress however was calculated using an alternate method expressed as:


Table 51 Crank Results


















The final results for the study on the crank determined that point A was at most risk of failure throughout the study to larger forces & stresses being applied in this area. Table 52 shows the final safety factor in point A & B, as can be seen point A has a safety factor that will ensure infinite life where as B has a FSF of 1.03 which will only just have an infinite life, 
Table 52 Final fatigue safety factor for crank



To improve the safety factor @ B the author found that commonly fillet rolling is conducted in this area to reduce stress concentrations, fillet rolling is where a groove is cut in the area to increase resistance to bending and stress.




6. [bookmark: _Toc32196446]Conclusion

6.1. Task 1

In conclusion of task 1 the author studied only one side of the pin due to the fact that at the centre of the pin forces are equal to zero and the opposite side has no effect on the other and function in equilibrium. The author determined that the peak stresses and key area of concern was point A due to larger forces acing on the pin under firing which put Point A into compression, the author with additional time would conduct a study into point B as well to determine if the alternating forces & stresses have an additional fatigue effect on the pin. 

6.2. Task 2

In task 2 the author determined that in the critical areas of concern compressive forces were of the largest concern in areas A & B as seen in the Goodman diagrams where the mean sits in the negative indicating compression of the rod at both ends of the shank (see Figure 10 Point A Goodman diagram& Figure 12 Point B Goodman Diagram), whereas in point C the Cap experiences no compression due to the rod sitting on the crank pin and absorbing the load however @ TDC Exhaust the inertial force acts on the cap through the bolts causing stretch in the cap even though the forces are halved during translation of the force through the bolts. The author determined that the study of area C was undergoing stretch do to logical thought as well as from the positive mean stress values that if the bolts are pulling on the cap but it is fixed by the crank Pin from traveling up therefore the cap is stretched @ point C

6.3. Task 3

In task 3 the author determined that the stiffness of the bolt is directly proportional to the stretch it undergoes factors that contribute to this are the adjustments into yield where a less stiff bolt will actually increase the safety factor of the bolt. The author assumes this to be because as the bolt stretches stress concentrations decrease due to the stretch spreading out the area
[image: ]






6.4. Task 4

In task 4 the author studied parts A & B to determine which areas are under the most stress and this was found to be point B where the resisting Fnet in the crank journal on firing as well as the gas force pushing down ton the crank pin which force bending moments in the anti-clockwise direction.
The highest stress at Point B cause a FSF of 1.03 which is barley within an infinite fatigue life, this is commonly rectified by adding rolling fillets i.e undercutting the stress concentration as well as treating the surface with techniques such as plasma nitriding to put a surface into compression which would increase the FSF of point B due to in undergoing stretch where as point A is under compression.
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7. [bookmark: _Toc32196449]Appendix[bookmark: _Ref32099400]Figure 23 Bosh Hand book











[bookmark: _Ref32162759]Figure 24 Petersons stress concentrations

















(D.Pilkey, 1997)


[bookmark: _Toc32196450]Hoop stress
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Figure 25 New bolt Length 3 & Kb2
Figure 26 New bolt Length 1 & Kb 1 
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