
 





 



 

 



 

 

Masses (g) OEM 

Piston 254.55 

Piston Ring 5.89 

Circlip 0.82 

Piston Assembly 267.97 

Total Gaudgeon pin 79.97 

unsupported Gaudgeon pin 28.30 

Connecting Rod (no cap) 268.64 

Connecting Rod Cap 105.10 

Connecting Rod Fastener (x1) 17.58 

Total Connecting Rod 408.90 



 

𝐹𝑔𝑎𝑠 = 𝑃𝑐𝑦𝑙. ∗ 𝐴𝑏𝑜𝑟𝑒

𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎 = 𝑚𝑟𝑒𝑐. ∗ 𝑅𝜔2𝑐𝑜𝑠𝜗 +
𝑅

𝐿
𝑅𝜔2𝑐𝑜𝑠2𝜗 + 𝑚𝑟𝑜𝑡. ∗ 𝑅𝜔2𝑐𝑜𝑠𝜗

𝜙 = 𝑠𝑖𝑛−1(
𝑅

𝐿
𝑠𝑖𝑛𝜗 −

𝑥

𝐿
)

𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 = 𝜇 ∗ ((𝐹𝑔𝑎𝑠 − 𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎) ∗ 𝑡𝑎𝑛𝜙 + 𝑃𝑐𝑦𝑙. ∗ 𝜋𝐵 ∗ 𝑡𝑟𝑖𝑛𝑔)

𝐹𝑛𝑒𝑡 =
𝐹𝑔𝑎𝑠 − 𝐹𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛

𝑐𝑜𝑠𝜙
− 𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎



𝜎𝑡𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 =
𝐹𝑛𝑒𝑡

𝐴𝑠𝑒𝑐𝑡𝑖𝑜𝑛

𝜎𝑏𝑒𝑛𝑑𝑖𝑛𝑔 =
𝑀𝑛𝑒𝑡𝑦

𝐼

𝑀𝑛𝑒𝑡 = 𝐹𝑛𝑒𝑡𝑥 − (𝐹𝑥)𝑜𝑝𝑝𝑜𝑠𝑖𝑛𝑔

𝜎𝑠ℎ𝑒𝑎𝑟 = 𝐹𝑛𝑒𝑡 ∗ 𝐴𝑝𝑒𝑟𝑝.

𝜎𝑟𝑒𝑠. = √𝜎𝑏𝑒𝑛𝑑𝑖𝑛𝑔
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𝐹. 𝐸. 𝐿. =
𝐸. 𝐿.∗ 𝑈𝑇𝑆
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2.1 ≤ 𝐾𝑡 ≤ 2.7
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𝑋𝑌 = 𝐴𝐵
𝑂𝐶

𝑂𝐷

-2000

-1500

-1000

-500

0

500

1000

1500

-1200 -1000 -800 -600 -400 -200 0 200 400 600 800 1000 1200

A
lt

er
n

at
in

g 
St

re
ss

 (N
m

m
-2

)

Mean Stress (Nmm-2)

Goodman's Diagram

Scale Lines Initial Range

UTS Allowable Range @ +ve Mean

Allowable Range @ -ve Mean X

Y O



𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑟𝑎𝑛𝑔𝑒 = 2 ∗ 𝐹. 𝐸. 𝐿.∗ (
𝑈𝑇𝑆 − 𝜎𝑚𝑒𝑎𝑛

𝑈𝑇𝑆
)

𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑟𝑎𝑛𝑔𝑒 = 2 ∗ 𝐹. 𝐸. 𝐿.∗ (1 −
𝜎𝑚𝑒𝑎𝑛

𝑈𝑇𝑆
)

𝐹𝑆𝐹 =
𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑟𝑎𝑛𝑔𝑒

𝜎𝑟𝑎𝑛𝑔𝑒

 



 

 

Gaudgeon Pin Specification 

Dimensions: 

Outer Diameter (mm) 21 

Inner Diameter (mm) 11.9 

A to Centre of Pin Bore (mm) 10.85 

A to unsupported CoG (mm) 7.97 



 



 

0.000

1.000

2.000

3.000

4.000

5.000

6.000

1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Fa
ti

gu
e 

Sa
fe

ty
 F

ac
to

r

RPM

FSF of Gaudgeon Pin

FSF FSFno coating



𝑊𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 = 𝜇
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Connecting Rod Specifications 

Dimensions: 

A1 

A1 (mm2) 49.4 

A1d (mm) 20.99 

A1H (mm) 3.3 

A1 position (mm) 0 

A2 

A2 (mm2) 72.2 

A2t (mm) 5.5 

A2r (mm) 3.5 

A2H (mm) 16.2 

A2d (mm) 5.2 

A2 position (mm) 21 

B 

B (mm2) 142.6 

Bt (mm) 5 

Br (mm) 3.5 

BH (mm) 13.15 

Bd (mm) 3.15 

Bposition (mm) 101 

C 

C (mm2) 130.1 

Cr (mm) 3 

CH (mm) 20.85 

Cd (mm) 9.5 

Cr/d (mm) 0.316 

CH/d (mm) 2.195 

 



Material Specification: 

Ultimate Tensile Strength (Nmm-2) 830 

Yield Strength (Nmm-2) 550 

Endurance Limit Factor 0.49 

KTA1 1.190 

KT2A 1.518 

KTB 1.329 
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Material Specification: OEM 

EFastener (Nmm-2) 210000 

ECap (Nmm-2
) 170000 

UTSFastener (Nmm-2) 1100 

UTS to Yield Ratio 0.9 

Tightened to % of Yield 90 

Axial % of Yield 60 

KT 2.7 

Endurance Limit Factor 0.45 

μThread 0.18 

μHead 0.12 

 

Calculations: OEM 

KFastener (KNmm-1) 252.3 

KCap (KNmm-1) 651.5 

Cap to Fastener Ratio 2.6 

Clamping Force (kN) 22.2 

FEL (Nmm-2) 183.3 

Bolt Tightening Torque (Nm) 27.9 
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𝐾𝐹𝑎𝑠𝑡𝑒𝑛𝑒𝑟 =
1

1
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Fastener Design 

FSF min 1.304 1.354 

SSF min 1.927 2.063 

Inputs Min Max 

Thread 6.0 12.0 

Cap Thread Area Ratio 3.0 5.0 

D1 (mm) 8.0 12.0 

L1 (mm) 1.0 5.0 

D2 (mm) 1.0 9.2 

UTS * 100 (Nmm-2) 11.0 16.0 

Tightened to % of Yield 70.0 100.0 

Piston Lightening % 0.0 10.0 

Conrod Lightening % 0.0 20.0 
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Modified Fastener Design: 

Thread Diameter (mm) 9.0 

Head Diameter (mm) 12.5 

Cap Thread Area Ratio 3.2 

Piston Lightening (%) 10.0 

Connecting Rod Lightening (%) 20.0 

Total Piston Mass Increase (%) -10.0 

Total Connecting Rod Mass Increase (%) -44.3 

EFastener (Nmm-2) 210000.0 

ECap (Nmm-2) 170000.0 

UTSFastener (Nmm-2) 1200.0 

Tightened to % of Yield 70.0 

KFastener (KNmm-1) 213.2 

KCap (KNmm-1) 444.4 

Cap to Fastener Ratio 2.1 

Clamping Force (kN) 12.8 

FEL (Nmm-2) 200.0 

Bolt Tightening Torque (Nm) 17.1 
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Crankshaft Specifications 

Dimensions: 

Beam Width (mm) 46 

Beam Height (mm) 22 

Bending Dist. (mm) 30 

Bearing Diameter (mm) 48 

Bearing Length (mm) 19 

Pin Diameter (mm) 44 

Depth of undercut (mm) 0.5 

Radius (mm) 1.5 

 

𝑃𝐵𝑒𝑎𝑟𝑖𝑛𝑔 =
𝐹𝑁𝑒𝑡

𝐿 ∗ 𝐷
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