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[bookmark: _Toc32161402]Introduction

This report aims to discuss the stresses acting on engine components in a Ford 1.6l EcoBoost GTDI engine. It aims to calculate the Fatigue Safety Factors (FSF) for the Ford gudgeon pin, connecting rod and crankshaft (see Equation 1). These FSF will be used to provide guidance for modified components designed for the engine.
Manufacturers design engine components to last indefinitely, and the FSF are used in the design process, as they indicate how much stronger the component is than the loading conditions it will experience. CAEBay (n.d.), states that S-N graph is generally used to characterize a material’s performance, illustrating the magnitude of a cyclic stress against the logarithmic scale of the number of cycles to failure.							
Steel components are tested by applying cyclic loading for 1x107 number of cycles, provided they do not fail during the test; the component will last indefinitely.

[bookmark: _Toc32155999][bookmark: _Toc32156222] 		Equation 1 - Fatigue Safety Factor equation

The gudegon pin, conrod and crankshaft are each subjected to large alternating stress for a high number of cycles during operation. 

‘There are three basic factors necessary to cause fatigue: a maximum tensile stress of sufficiently high value, a large enough variation or fluctuation in the applied stress, and a sufficiently large number of cycles of the applied stress.’	(ASM International, 2008)	

The components must be designed to eliminate the possibility of fatigue failure during normal operating conditions. By increasing an engine’s power without the necessary upgrades to these components, the FSF will decrease resulting in increased possibility of failure. If any of these components were to fail, this would lead to catastrophic engine failure. 
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[bookmark: _Toc32161404]Gudgeon pin safety factor calculation
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[bookmark: _Toc32156000][bookmark: _Toc32156223]Equation 2 - Equations used in question 1 - Gudgeon pin fatigue safety factor
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[bookmark: _Toc32156001][bookmark: _Toc32156224]Equation 3 - Equations used in question 2 - Connecting rod fatigue safety factors
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[bookmark: _Toc32156002][bookmark: _Toc32156225]Equation 4 - Equations used in question 3 - Production and modified connecting rod bolt fatigue safety factors
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[bookmark: _Toc32156003][bookmark: _Toc32156226]Equation 5 - Equations used in question 4 - Crankshaft fatigue safety factors




[bookmark: _Toc32161408]Gudgeon pin safety factor

The standard Ford gudgeon pin is a Diamond Like Coated (DLC) pin made from tool steel, with an Ultimate Tensile Strength (UTS) of approximately 1000N/mm2. Table 1 shows specifications for the gudgeon pin, which were used to calculate the stresses and FSF.

[bookmark: _Toc32157669]Table 1 - Gudgeon pin specifications
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The mass of the pin sticking out from the gudgeon pin was calculated using equation 6.
[bookmark: _Toc32156004][bookmark: _Toc32156227] 		Equation 6 - Mass of gudgeon pin protruding from connecting rod
An accurate gudgeon pin model was created in SolidWorks by the author, to calculate the mass of the pin protruding out of the conrod. The result from the equation were compared to that in SolidWorks and the difference was only 3.7%. The value of 27.832g was used for the calculations.






[bookmark: _Toc32157670]Table 2 - Gudgeon pin stresses and fatigue safety factor
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Table 2 shows the stresses acting on the gudgeon pin at 6000RPM. Net force on the piston was calculated from the previous assignment’s data, by subtracting the gas force with the inertia force of the piston without gudgeon pin. This inertia force was calculated by multiplying acceleration with the reciprocating mass without gudgeon pin. 

Compressive and tensile loads were calculated from the maximum and minimum net force on the piston. Maximum compressive force on the piston put the top of gudgeon pin into tension. Maximum tensile force on the piston put the top of the pin into compression.
For the tensile bending moment, the inertia pin moment was subtracted from the net force moment, as the net force is acting down on the pin and the pin inertia force acting up. The opposite can be seen for compressive bending moment with inertia pin moment added to the net force moment, since both forces are acting in the same direction. The data shows how the maximum stress is 294.51N/mm2, and the minimum stress is -23.51N/mm2. A fatigue safety factor of 2.45 was obtained for the production pin. 


[image: ][bookmark: _Toc32161374]Figure 1 - Goodman diagram for production gudgeon pin

Figure 1 shows the Goodman diagram for the gudgeon pin. The graph is a plot of alternating stress on the y axis, against mean stress on the x axis. Two lines are created, at a mean stress of zero, one line originates from the tensile endurance limit, and the other from the compressive endurance limit. Both lines terminate at the material’s UTS on both the x and y axis.
Provided the stresses acting on the pin remain within the area of the graph; the component should not fail. 

‘Any combination of mean and alternating stress within the triangle is considered safe, while combinations outside the triangle would be expected to fracture before the desired number of cycles.’						(Gedeon, 2014)

The endurance limit is the maximum amplitude of stress a material can withstand indefinitely. The graph shows how the lower the mean stress, the higher the allowable range. These results are as expected. For the loads on the pin, a mean stress of 135.5 N/mm2 and an allowable range of 778.05 N/mm2 was calculated. The DLC coating on the pin provides excellent surface finishing, meaning there will be no stress concentrations. The coating also provides increased hardness and reduced friction, meaning less wear and higher durability. 

‘Fatigue failures occur due to the application of fluctuating stresses that are much lower than the stress required to cause failure during a single application of stress.’										(ASM International, 2008)

For a modified engine, the durability of the pin could be increased by reducing the length. This would lead to a smaller bending moment, and therefore lower bending stresses. Plasma nitriding process could be applied to the pin, which would put the surface of the material into compression. This would reduce the mean stress on the pin, increasing the allowable range, as supported by Figure 1.




















[bookmark: _Toc32161409]Connecting rod safety factors 

Stress concentration factors were calculated at point A, B and C on the conrod (see Figure 2). 
[bookmark: _Toc32161375]Figure 2 - Connecting rod critical points
Point A
Point B
Point C

[image: ][bookmark: _Toc32161376]Figure 3 - CAD created by author of connecting rod
























The conrod was measured using Vernier callipers, and the measurements used to create a detailed CAD drawing in SolidWorks by the author (see Figure 3). Stresses were calculated at each critical section, followed by FSF (see Table 4).

[image: ][bookmark: _Toc32157671]Table 3 - Connecting rod specifications

Table 3 shows the specifications of the conrod and the masses at each point. 
Mass at A was calculated from the SolidWorks model
Mass at B was calculated using 		1/3(Conrod assembly mass) + Reciprocating mass.
Mass at C was calculated using 		Mass B + 2/3(Conrod assembly mass) – Conrod cap mass

[bookmark: _Toc32157672]Table 4 - Connecting rod stresses and fatigue safety factor
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The results obtained can be seen in Table 4. Stress concentrations were considered when assessing the stresses at each point on the conrod. Stress concentrations are known values for sudden changes in the geometry of a body, which reduces the stress levels for fatigue failure to occur. Stress concentration values were neglected at Point A and B since the value of the radius was so large that r/d was off the scale of the Peterson’s stress concentration graphs. A stress concentration factor of approximately 1.5 was calculated for point C (see Table 5 and Figure 4).
[bookmark: _Toc32157673]Table 5 - Stress concentration factor for Point C
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[image: ][bookmark: _Toc32161377]Figure 4 - Stress concentration factors used for point C (Pilkey, 1997)

































[bookmark: _Toc32161410]Goodman diagram at point A
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[bookmark: _Toc32161378]Figure 5 - Goodman diagram for point A on the connecting rod

Figure 5 shows the Goodman diagram for point A on the conrod. Mean stress was -42.64N/mm2 and the range was 120.62N/mm2. Since stress concentration factors were neglected at point A and B, the endurance limit is higher than that of C. The endurance limit is 337.5N/mm2.














[bookmark: _Toc32161411]Goodman diagram at point B
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[bookmark: _Toc32161379]Figure 6 - Goodman diagram for point B on the connecting rod

Figure 6 shows the Goodman diagram for point B on the conrod, which is identical to the Goodman diagram for point A. Mean stress was -35.11N/mm2 and range was 160.85N/mm2. Ideally the graph should have been extrapolated so that both lines end at -35.11N/mm2 on the x axis to show the range of stresses.





[bookmark: _Toc32161412]Goodman diagram at point C
[image: ][bookmark: _Toc32161380]Figure 7 - Goodman diagram for point C on the connecting rod


Figure 7 shows the Goodman diagram for point C on the conrod. There is no compressive force acting at point C, therefore the mean stress of 37.21N/mm2 is equal to the maximum nominal stress. The compressive stress does not act on point C as it is not in-between the two points at which the force acts.
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[bookmark: _Toc32157674]Table 6 - Specifications used for bolt stresses and fatigue safety factors
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Table 6 shows the specifications used for calculations of reciprocating and rotational masses, highest inertia force on bolt and clamping force on bolt.
[image: ][bookmark: _Toc32157675]Table 7 - Results for questions A to D

Table 7 shows the results for the bolt-cap stiffness ratio, bolt stiffness, alternating stress on the bolt and the required bolt tightening torque. The conrod cap cross-sectional area was calculated from the measurements seen in Figure 8. The cross-sectional area of the bolt was also calculated at 50.27mm2 using the average diameter of 7.5mm, however for the calculations the stress area of 39.2mm2 was used. The stress area was obtained from the Bosch Automotive Handbook (2018).

According to Dietsche (2018), the permissable variable stress for an M6 to M8 bolt is 60N/mm2 which confirms the accuracy of the alternating stress calcualted, as it should be below 60N/mm2. 






[bookmark: _Toc32161381]Figure 8 - Measurements of connecting rod cap cross-sectional area
12mm
20.8mm
4.5mm
11.5mm
7.5mm
6.5mm
8mm
4mm
3.5mm













[bookmark: _Toc32157676]Table 8 - Standard connecting rod bolt stresses and fatigue safety factor
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Table 8 shows the stresses and FSF for the standard bolt. A value of 910.18N/mm2 was obtained for mean stress, and 2.23 for the FSF. The range of stress is very small, due to the bolt being under constant high tension. A stress concentration factor of 2 was assumed at the thread root.
[image: ]
[bookmark: _Toc32161382]Figure 9 - Goodman diagram for production connecting rod bolt

Figure 9 shows the Goodman diagram for the conrod bolt. The range of stress was 33.42N/mm2, the bolt was under constant high tension. The final endurance limit was 247.5N/mm2. If the standard bolt was used in a 1.6l EcoBoost with higher power than the highest performance OEM 197hp configuration, the bolt may fail before 1x107 cycles.


[image: ][image: ][image: ][bookmark: _Toc32161383]Figure 10 - Standard connecting rod bolt
[bookmark: _Toc32161384]Figure 11 - CAD of standard connecting rod bolt














[bookmark: _Toc32161385]Figure 12 - CAD of modified connecting rod bolt





Figure 10 shows the production conrod bolt used in the engine. It has a UTS of 1100N/mm2. It is likely made of a medium carbon alloy steel.
‘The most common high-grade material is medium carbon alloy steel that is used in making SAE J429 Grade 8 bolts.’						(Baker, 2008)
A modified conrod bolt was created using three different shank diameters. The material used was AMS6304H steel with a UTS of 1515N/mm2 (ARP call it ARP 2000). The UTS and yield strength were obtained from ARP (2011), (see Table 9.).

[image: ][bookmark: _Toc32157677]Table 9 - ARP bolts material specifications (ARP, 2011)







[bookmark: _Toc32157678]Table 10 - Production and modified connecting bolt specifications
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Table 10 shows the specifications used for calculating the production and modified stresses and FSF. The coefficient of friction at the threads of 0.12 is also used by Bosch in Table 12.
Total stiffness of the modified bolt was calculated using the Equation 7;

[bookmark: _Toc32156228]  		Equation 7 - Total stiffness of the modified bolt

Since the stress area of the modified bolt was unknown, the average cross-sectional area was used for calculations of both bolts.



[image: ][bookmark: _Toc32157679]Table 11 - Production and modified connecting bolt stresses and fatigue safety factor





























The results for the production and modified bolts can be seen in Table 11. See Figure 27 in Appendix for accurate dimensions of the modified bolt. The additional bolt stretch for the modified bolt is 0.032mm, compared to 0.005mm for the production bolt. Clamping forces for both bolts are very similar and are within 0.11%.
A FSF of 4.55 for the modified bolts was obtained compared to 2.59 for the standard bolts. These results prove how improvement can be made with simple modifications.
The bolt clamping force can be verified using Table 12 which shows the permissible preloads and tightening torque for regular bolts. Using a thread friction coefficient of 0.12 and a seating face friction coefficient of 0.2, an M8 12.9 Grade bolt requires 58.9Nm of tightening torque. The 197hp variant of the 1.6l require conrod bolt tightening in three stages. According to Ford’s maintenance manual obtained from a technician, for stage one, the bolts require a torque of 20Nm, stage two 38Nm and stage three 105°. These results correlate with Bosch’s torques since 58Nm is required to tighten the Ford’s conrod bolts, and then 105° is likely to put the bolt into yield.
Table 12 suggests that the production bolt is a Grade 12.9 bolt, since the permissible preload is 32.8x103N.

[bookmark: _Toc32157680]Table 12 - Clamping force and tightening torque on metric bolts (Dietsche, 2018, p. 440)
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[bookmark: _Toc32161386]Figure 13 - Goodman diagram for modified connecting rod bolts

Figure 13 shows the Goodman diagram for the modified bolt. The mean stress was 1135.6N/mm2, an increase of over 25% compared to the original bolt (see Figure 9). The range of stress was also slightly larger than the production engines at 37.53N/mm2. The final endurance limit was 340.88N/mm2 which was 37.7% larger than the production bolt. Therefore, the modified bolt should be much more durable compared to the production bolt.


Making the combined conrod bolt/cap area as stiff as possible, the extra stretch, and therefore extra force will be reduced at high RPM. Reducing shank diameter, the bolt stiffness with be reduced, meaning more stretch in the bolt and less compression in the cap.
By tightening the bolt into yield the stiffness is able to be reduced close to zero, increasing the stretch of the bolt. This will in turn increase the safety factor at the threads. Torqueing the bolt to yield will provide the maximum clamping force.


[bookmark: _Toc32161414]Crankshaft safety factors 
[image: ][bookmark: _Toc32161387]Figure 14 - Ford 1.6l EcoBoost crankshaft


Figure 14 shows the spheroidal cast iron 1.6l EcoBoost crankshaft.

[image: ][bookmark: _Toc32161388]Figure 15 - Measuring minimum distance from A to B














Figure 15 shows measuring process for D, the minimum distance from point A to B. This was needed to calculate bending stresses. 




[bookmark: _Toc32157681]Table 13 - Crankshaft specifications
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[image: ][bookmark: _Toc32161389]Figure 16 - Stress concentration factors for the crankshaft (Pilkey, 1997, p. 429)

Table 13 shows the specifications used for calculations. The crankshaft was measured with Vernier callipers, see Figure 15.

On each edge of the crankshaft conrod journal, there is a 3mm radius fillet. A stress concentration factor of 2 was assumed. 
Figure 16 suggests that a larger concentration factor should have been used.

[image: ][bookmark: _Toc32157682]Table 14 - Crankshaft stresses and fatigue safety factor

























Table 14 shows the results for the stresses and FSF of the crankshaft. To find the reciprocating mass of the crankshaft this was simply the mass of the conrod added to the mass of the reciprocating assembly. The net force was then calculated by subtracting the inertia force of the crankshaft by the gas force. The net force on firing is equal to the maximum net force calculated.
Table 14 shows how the mean stress is 36.55N/mm2 with a FSF is 1.68.
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[bookmark: _Toc32161390]Figure 17 - Goodman diagram for the crankshaft

Figure 17 shows the Goodman diagram for the crankshaft. The mean stress was relatively low at 36.55N/mm2. The range of stresses acting on the crankshaft was 191.21N/mm2.

















[bookmark: _Toc32161415]Conclusion

To conclude, it is clear that the gudgeon pin, conrod and crankshaft are subjected to very high alternating loads during operation. The design process must consider the fatigue life of these components to ensure they do not fail during the lifetime of the component. Careful selection of the fatigue safety factor is required to ensure it is strong enough, but also to ensure it is not overbuilt. As highlighted in this report, components can be designed so that they are lighter whilst also improving the safety factor. These components should be designed to weigh as little as possible whilst maintaining their strength. This will reduce inertia forces on the components, and therefore reduce stresses in the engine. As a consequence of reducing the inertia forces the engine components will be able to accelerate quicker. This will mean the engine will be more responsive to the driver’s inputs. In motorsport this is highly beneficial.
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[bookmark: _Toc32161391]Figure 18 - Calculating the distance from the connecting rod to the centre of mass of protruding gudgeon pin



SolidWorks was used to calculate the distance from the conrod edge to the centre of mass of the protruding gudgeon pin.









[image: ][bookmark: _Toc32157683]Table 15 - Recommended torque to achieve optimum clamping force (ARP, 2011)





















[image: ][bookmark: _Toc32161392]Figure 19 - Measuring length at point A of the connecting rod
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[bookmark: _Toc32161393]Figure 20 - Measuring crankshaft connecting rod journal width
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[bookmark: _Toc32161394]Figure 21 - Measuring the fillet at point C of the connecting rod









[image: ]
[bookmark: _Toc32161395]Figure 22 - Question 1 Excel sheet
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[bookmark: _Toc32161396]Figure 23 - Question 2 Excel sheet


[image: ][bookmark: _Toc32161397]Figure 24 - Question 3 Excel sheet
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[bookmark: _Toc32161398]Figure 25 - Question 4 Excel sheet
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[bookmark: _Toc32161399]Figure 26 - Calculations of net forces for each question

[image: ][bookmark: _Toc32161400]Figure 27 - Dimensions of the modified bolt

















[bookmark: _Toc32161417]List of figures


Figure 1 - Goodman diagram for production gudgeon pin	8
Figure 2 - Connecting rod critical points	10
Figure 3 - CAD created by author of connecting rod	10
Figure 4 - Stress concentration factors used for point C (Pilkey, 1997)	12
Figure 5 - Goodman diagram for point A on the connecting rod	13
Figure 6 - Goodman diagram for point B on the connecting rod	14
Figure 7 - Goodman diagram for point C on the connecting rod	15
Figure 8 - Measurements of connecting rod cap cross-sectional area	18
Figure 9 - Goodman diagram for production connecting rod bolt	19
Figure 10 - Standard connecting rod bolt	20
Figure 11 - CAD of standard connecting rod bolt	20
Figure 12 - CAD of modified connecting rod bolt	20
Figure 13 - Goodman diagram for modified connecting rod bolts	24
Figure 14 - Ford 1.6l EcoBoost crankshaft	25
Figure 15 - Measuring minimum distance from A to B	25
Figure 16 - Stress concentration factors for the crankshaft (Pilkey, 1997, p. 429)	26
Figure 17 - Goodman diagram for the crankshaft	28
Figure 18 - Calculating the distance from the connecting rod to the centre of mass of protruding gudgeon pin	30
Figure 19 - Measuring length at point A of the connecting rod	31
Figure 20 - Measuring crankshaft connecting rod journal width	32
Figure 21 - Measuring the fillet at point C of the connecting rod	32
Figure 22 - Question 1 Excel sheet	33
Figure 23 - Question 2 Excel sheet	33
Figure 24 - Question 3 Excel sheet	34
Figure 25 - Question 4 Excel sheet	34
Figure 26 - Calculations of net forces for each question	35
Figure 27 - Dimensions of the modified bolt	35



[bookmark: _Toc32161418]List of tables

Table 1 - Gudgeon pin specifications	6
Table 2 - Gudgeon pin stresses and fatigue safety factor	7
Table 3 - Connecting rod specifications	11
Table 4 - Connecting rod stresses and fatigue safety factor	11
Table 5 - Stress concentration factor for Point C	11
Table 6 - Specifications used for bolt stresses and fatigue safety factors	16
Table 7 - Results for questions A to D	17
Table 8 - Standard connecting rod bolt stresses and fatigue safety factor	18
Table 9 - ARP bolts material specifications (ARP, 2011)	20
Table 10 - Production and modified connecting bolt specifications	21
Table 11 - Production and modified connecting bolt stresses and fatigue safety factor	22
Table 12 - Clamping force and tightening torque on metric bolts (Dietsche, 2018, p. 440)	23
Table 13 - Crankshaft specifications	26
Table 14 - Crankshaft stresses and fatigue safety factor	27
Table 15 - Recommended torque to achieve optimum clamping force (ARP, 2011)	31



[bookmark: _Toc32161419]List of equations 

- Fatigue Safety Factor equation	1
- Equations used in question 1 - Gudgeon pin fatigue safety factor	2
- Equations used in question 2 - Connecting rod fatigue safety factors	3
- Equations used in question 3 - Production and modified connecting rod bolt fatigue safety factors	4
- Equations used in question 4 - Crankshaft fatigue safety factors	5
- Mass of gudgeon pin protruding from connecting rod	6
- Total stiffness of the modified bolt	21



References

ARP, 2011. ARP 2011 Catalog. [Online] 
Available at: http://www-eng.lbl.gov/~shuman/NEXT/MATERIALS&COMPONENTS/Pressure_vessels/ARPCatalog.pdf
ASM International, 2008. Fatigue. [Online] 
Available at: https://www.asminternational.org/documents/10192/1849770/05224G_Chapter14.pdf
Baker, B., 2008. Fastener Facts. [Online] 
Available at: https://www.enginebuildermag.com/2008/09/fastener-facts/
CAEBay, n.d. Safety factor and fatigue life – effective design measures. [Online] 
Available at: http://www.caebay.com/safety-factor-fatigue-life-effective-design-measures/
Dietsche, R., 2018. Bosch Automotie Handbook. 10th ed. Karlsruhe: Robert Bosch.
Gedeon, M., 2014. Mean Stress and Alternating Stress. [Online] 
Available at: https://materion.com/-/media/files/alloy/newsletters/technical-tidbits/issue-no-63---mean-stress-and-alternating-stress.pdf
Pilkey, W. D., 1997. Peterson's Stress Concentration Factors. 2nd ed. s.l.:s.n.


iv

image3.png
Finertia = acceleration x mass

Point A

FNet = FGas - (FlnertiaA + Flnertia pin + Finertia pistan)

Point B

Fyet = Fgas — Fiertia B

Point C

Fnet = Fgas — Finertiac
Tensile force, Fr = Min Fye,

Compressive force, Fc = Max Fyee
Max nominal stress =

T
A

. . Fe
Min nominal stress = a




image4.png
Ecap-Ac
Stif fness ratio = ———<.
Eﬂolt- ABDlt

Ecap-Acap Epoir-Aporr

Cap stif fness, Keap = I Bolt stif fness, Keap = I

Mgor = §-Mcon7ud assembly

Mgec = §-MCDnrod assembly T Mgec

R 2
Highest inertia force on bolt, Fi Max = Mgec.R. w? (1 + Z) + (§.MRM - MCup)R- w?

1 F,

1 Max

Extr inbolt = ——————.
xtra force in bo 1+ Stiffnessratio ™ 2

. Extra force in bolt
Alternating stress = ——————

A
Fl Max
Additional bolt stretch = —2—
Keap + Kpoir
. Extra force in bolt
Extra nominal stress at root of thread = —

Clamping force of bolt = 0.6.Yield strenth of bolt .A

=018 at thread
1= 0.12 at seating face

Fr = p.Clamping force of bolt

Resisting torque = r.Fp

Total resisting torque = Resisting torque at thread + Resisting torque at seating face




image5.png
b.D3

Second moment of area, 1= 1
i . F
Nominal bearing pressure = 7 A= Cross sectional area
Bending moment at A, M, =F.L é= Distance of Ato main
earing centre
D
. My 7
Bending stress at A = I
L = Distance of B to main
Bending moment at B, Mg =F.L bearing centre
D
. Mg 7
Bending stress at B, 9= —

R
Upwards inertia force on crankpin,  F; = Mgec. R. ? (1 + Z) + Mpoe R.w?

Mg = Piston + Pin + 1/3 Rod

FNetcrankpin = Feas— F1

F
_ D = Crankshaft con-rod
Shear stress at B, Tp = D2 Journal diameter
™

ORes = Omax = V0% + (2.7p)*

F;. op
OMin =
Fyet firing




image6.png
Gudgeon pin specs

uTS 1000|N/mm?
Endurance limit 450|N/mm?
Outer diameter 21|mm
Inner diameter 12{mm
Distance from neutral axis, y 10.5|mm
Second moment of area, | 8528.69|mm*
Distance from top edge of rod to centre of piston pin bore 9.4|mm
Distance from bottom edge of rod to centre of piston pin bore 7.9|mm
Distance from rod edge to CoG of gudgeon pin 8.01|mm
Cross sectional area 233.26|mm?
Mass of pin sticking out 233263.255|g

Mass of gudgeon pin 798
Outer radius 0.0105|m
Inner radius 0.006|{m
Length 0.01518|(m
Density 7.86E+03 |kg/m 2
Mass of pin sticking out 2.78E-02 |kg
Mass of pin sticking out 27.832|g

28.9g in SolidWorks




image7.png
Max Net Compressive Force on Piston (N) | Max Net Tensile Force on Piston (N)
41745.34 -4308.85
Inertia pin force (N) Inertia pin force (N)
469.56 577.98

Bending Moment Tensile

A - In tension

192441.97|Nmm
Bending Stress
236.92|N/mm?
Shear Stress
87.47|N/mm?
Combined Stress
294.51|N/mm?

Bending Moment Compressive

A - in compression

-15621.96|Nmm

Bending Stress

-19.23|N/mm?
Shear Stress

-6.76|N/mm?

Combined Stress

-23.51|N/mm?
Mean Stress

135.50|N/mm?
Range of Stresses

318.02|N/mm?
Allowable range

778.05|N/mm?

FSF

2.45

at 6000RPM




image8.png
Alternating stress (N/mm?)

Goodman diagram for production gudgeon pin

1000
800
600
400

200

-200

135.5 N/mm?

-400
-600
-800

-1000

Mean Stress (N/mm?)




image9.jpeg




image10.jpeg




image11.png




image12.png
Conrod specs

UTS 750|N/mm?
Endurance limit 337.5|N/mm?
Second moment of area 6526.149|mm*
Stress concentration factor 1.5

Final endurance limit 225

A
Mass (kg)
0.0112

B
Mass (kg)
0.4797

(o
Mass (kg)
0.6579




image13.png
A B C
Max compressive (N) Max tensile (N) Max compressive (N) Max tensile (N) Max tensile (N)
-39498.25 6778.82 -37727.88 8724.79 12456.52
Point A Point B Point C

Cross sectional area (mm?) 383.67 288.80 167.40

Max nominal stress (N/mm?) 17.67 30.21 37.21
Min nominal stress (N/mm?) -102.95 -130.64 N/A

Mean Nominal stress (N/mm?) -42.64 -35.11 37.21

Range nominal stress (N/mm?) 120.62 160.85 37.21

Allowable range (N/mm?) 713.38 706.60 427.68

FSF 5.91 4.39 11.49





image14.png
Point C

Radius

Diameter

r/d

Stress concentration factor

9.7

0.2062

1.5 (approx)





image15.png
5.0
M
45
. —ll-h
| L3I A P
4.0
]
| Oy
max
\ \ K= Grom
35|
s LW
IRARN
I\ o
1A /1
25 —\\ 72 "'3
I\ N, A
A
20 ~&
WA ~
- —
\ i
=  S—
15 ~L o T ——o
Nl 102
101
1001 | | 1
0 0.01 0.05 0.10 0.15 0.20 0.25

rid

0.30

Chart 3.1 Stress concentration factors K, for a stepped flat tension bar with shoulder fillets (based

on data of Frocht 1935; Appl and Koerner 1969; Wilson and White 1973).




image16.png
Alternating stress (N/mm?)

Goodman diagram for point A on the conrod

750
600
450
300
150
0 15( 300 450 600 750
-150
-300
-450
-600

-750

Mean Stress (N/mm?)




image17.png
Alternating stress (N/mm?)

Goodman diagram for point B on the conrod

750
600
450
300
150
0 150 300 450 600 750
-150
-300
-450
-600

-750

Mean Stress (N/mm?)




image18.png
Alternating stress (N/mm?)

Goodman diagram for point C on the conrod
750
600
450
300

150

-150

37.21 N/mm?2

-300
-450
-600

-750

Mean Stress (N/mm?)




image19.png
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Kt at thread root 2
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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 120,000 psi Accessory bolts and studs

Grade 8 No 120,000 psi 150,000 psi Accessory bolts and studs
“Stainless 300" Yes 140,000 psi 170,000 psi Accessory bolts & studs, head studs
Custom 450° Yes 150,000 psi 180,000 psi Head bolts, accessory bolts

8740 chrome moly Yes 180,000 psi 200,000 psi Rod bolts, head & main studs & bolts
A286 Yes 170,000 psi 200,000 psi Head bolts, accessory bolts
ARP2000 Yes 180,000 psi 220,000 psi Rod bolts, head & main studs

L19 Yes 200-230,000 psi 260,000 psi Connecting rod bolts

Inconel 718 Yes 190-210,000 psi 210-230,000 psi Connecting rod bolts

Custom Age 625+° Yes 235-255,000 psi 260-280,000 psi Head studs, connecting rod bolts
ARP 3.5 Yes 220-250,000 psi 260-280,000 psi Connecting rod bolts

AerMet® Yes 260,000 psi 290-310,000 psi Connecting rod bolts

Titanium Yes 160,000 psi 180,000 psi Head studs, accessory bolts





image29.png
PRODUCTION ROD BOLT (A/ISI 8740H material )

MODIFIED ROD BOLT (ARP 2000 material )

Young's Modulus 2.05E+11|Pa
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Kt 3.11E+05|N/mm?
Weight of bolts 0.03519|kg
Mrot 0.271 kg
Mrec 0.491 kg
Average cross sectional area 44.179|mm?
Effective thread friction coefficient 0.18

Friction coefficient beneath head 0.12

Stress concentration factor 2

Young's Modulus 2.05E+11|Pa
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Table 3: Permissible preloads and tightening torques for regular bolts (acc. to DIN 2230)
Thread] Assembly preload Fy for different coefficients || Tightening torque Ma

of friction 1 in thread with thread friction p = 0.12
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M30 |307 |437 519 268 382 447 1246 | 1775 | 2077
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Crank specifications

Main bearing length 15.3{mm
Main bearing thickness 3|mm
Crankshaft main bearing journal diameter 48|mm
Crankshaft main bearing journal length 18.9{mm
Crankshaft con-rod journal diameter 44|mm
Effective width of critical beam, b 46(mm

D 22.5|mm
Second moment of area, | 43,664.063|mm*
Distance of A to main bearing centre 10.5({mm
Distance of B to main bearing centre 31.3|mm
UTS 750|N/mm?
Mrot 0.2709 kg
Mrec 0.4914 |kg

w (at 6000RPM ) 628.318531|rads/s
Crank throw 0.0407|m

L 0.134|m
Fgason crankpin (At TDC - 5700rpm) 22,092.929|N
Polished endurance limit 337.5|N/mm?
Stress concentration factor, Kt 2

Final endurance limit at B 168.75|N/mm?
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Chart 5.18  Stress concentration factors K, for a crankshaft in bending (from strain gage values of
Arai 1965).
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Recommended Torque to Achieve Optimum Preload (Clamping Force)
Using ARP Lubricants - Torque (ft./Ibs.) - Preload (Ibs.)

Fastener Tensile Strength (PSI)

170,000/180,000 (1,171 Nmm?)

190,000/200,000 (1,309 Nmm?)

220,000 (1,515 N/mm?)

Fastener Torque Torque Torque
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o6 160 21,220 180 23944 200 26,668
5/8° 210 26,372 240 29,756 270 33,140
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10mm 54 9,970 62 11,305 70 12,640
11mm 72 12,184 82 13,961 9 15,738
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16mm N/A N/A 244 20,664 272 33519
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