
 



 



 

 



 

• 

• 

𝑦 = −0.0000000002𝑥3 + 0.0000007𝑥2 + 0.02𝑥 + 25
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𝐺𝐼𝑀𝐸𝑃 = ∑ 𝑃𝑑𝑉
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𝑊̇𝑖 = 𝐺𝐼𝑀𝐸𝑃 ∗ 𝑛 ∗ 𝑉𝑠𝑣 ∗
𝑟𝑝𝑚

120

𝑊̇𝑖 =
𝜋𝑍𝑏𝑟𝑝𝑚
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𝑃𝑉 = 𝑚𝑅𝑇
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𝐹𝑔𝑎𝑠 = 𝑃𝑐𝑦𝑙. ∗
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𝐹𝑁𝐼 = 𝑚𝑟𝑒𝑐. ∗ 𝑎𝑟𝑒𝑐.

𝑎𝑟𝑒𝑐. =
𝑑2𝑆

𝑑𝜗2
= 𝑅𝑐𝑜𝑠𝜗 +

𝑅

𝐿
𝑅𝑐𝑜𝑠2𝜗
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𝐹𝑠𝑘𝑖𝑟𝑡 = (𝐹𝑔𝑎𝑠 − 𝐹𝑁𝐼)𝑡𝑎𝑛𝜙

y = 0.0003x + 0.7356
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𝜙 = 𝑠𝑖𝑛−1 (
𝑅

𝐿
𝑠𝑖𝑛𝜗 −

𝑥

𝐿
)

 



𝐹𝑟𝑎𝑑𝑖𝑎𝑙 = 𝑃𝜋𝐷ℎ

 

𝐹𝑓 = 𝜇(𝐹𝑠𝑘𝑖𝑟𝑡 + 𝐹𝑟𝑎𝑑𝑖𝑎𝑙)
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𝐹𝑟𝑜𝑑 =
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y = 3.2852x + 3.0828

y = 3.2639x + 2.8866
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RPM 6000.0 RPM 1000 1500 1700 2000 2500 3000 3500 4000 4500 5000 5500 5700 6000

Bore (mm) 79.0 P.E. GIMEP (Bar) 11.6 16.4 17.8 18.7 19.8 20.6 20.8 21.1 21.6 21.9 21.8 21.5 20.9

Stroke (mm) 81.4 P.E. PMEP (Bar) 0.0 0.1 0.0 -0.2 -0.3 -0.4 -0.6 -1.0 -1.4 -1.9 -2.2 -2.3 -2.5

Pin Offset (mm) 0.5 P.E. NIMEP (Bar) 11.6 16.5 17.9 18.5 19.5 20.2 20.2 20.1 20.1 20.0 19.5 19.1 18.4

CR 10.1 P.E. FMEPskirt+radial (Bar) 0.6 0.9 0.9 0.9 1.0 1.1 1.1 1.2 1.2 1.3 1.3 1.3 1.3

No. of cylinders 4 P.E. BMEP (Bar) 10.9 15.6 16.9 17.6 18.5 19.2 19.1 18.9 18.9 18.7 18.2 17.8 17.1

Coefficient Of Friction 0.1 P.E. Indicated Power (kW) 15.4 32.8 40.3 49.7 65.8 82.3 96.9 112.4 129.1 145.5 159.2 162.7 166.5

Ring Inner Diameter (mm) 73.2 P.E. Indicated Torque (Nm) 147.0 208.8 226.5 237.4 251.2 262.0 264.3 268.2 273.9 277.9 276.5 272.5 265.0

Ring Height (mm) 1.17 P.E. Brake Power (kW) 14.6 31.2 38.3 46.7 61.4 76.5 88.9 100.8 113.1 124.4 133.2 134.8 136.3

P.E. Brake Torque (Nm) 139.0 198.5 215.1 223.0 234.4 243.5 242.4 240.5 240.0 237.6 231.3 225.9 216.9

Material: P/F-10C50 P.E. Real Power (kW) 14.7 36.3 42.2 50.3 63.9 77.9 89.8 102.6 106.5 111.0 110.6 111.6 108.1

Type: Powder Forged Steel P.E. Real Torque (Nm) 140.0 231.0 237.0 240.0 244.0 248.0 245.0 245.0 226.0 212.0 192.0 187.0 172.0

Conrod Length (mm) 134 P.E. FMEP (Bar) 0.5 -1.7 -0.8 -0.4 0.2 0.7 0.9 0.8 2.3 3.3 4.4 4.4 4.9

Shank Length (mm) 100 P.E. Peak Pressure (Bar) 46.0 57.9 66.1 72.5 76.7 79.8 82.6 84.8 84.3 87.2 93.0 95.3 95.6

Rod Shank minimum cross-sectional area (mm2) 144.34 P.E. Peak Pressure Crank Angle (°) 28.0 31.0 29.0 26.0 25.0 25.0 24.0 23.0 24.0 24.0 21.0 20.0 18.0

UTS (Nmm-2) 830 P.E. Peak Gas Force (kN) 22.527 28.363 32.398 35.531 37.575 39.111 40.469 41.573 41.324 42.760 45.580 46.691 46.863

E (Nmm-2 * 103) 170 P.E. Peak Inertial Force (kN) 0.192 0.433 0.556 0.769 1.201 1.730 2.355 3.076 3.893 4.806 5.815 6.245 6.920

Displacement (cc) 1596.0 P.E. Peak Compressive Friction (kN) 0.437 0.588 0.641 0.650 0.665 0.686 0.685 0.676 0.683 0.698 0.674 0.666 0.641

Kshank (Nmm-1) 245378.0 P.E. Peak Compressive Force (kN) 22.143 27.755 31.623 34.498 36.121 37.169 37.923 38.324 37.378 37.973 39.644 40.273 39.730

P.E.  Peak Compressive Force Crank Angle (°) 28.0 31.0 29.0 26.0 25.0 25.0 24.0 23.0 24.0 24.0 21.0 20.0 19.0

Masses (g): The same Crank Angle as Peak Gas? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No

Conrod 267.38 P.E. Peak Tensile Friction (kN) 0.0048 0.0041 0.0033 0.0047 0.0069 0.0105 0.0111 0.0120 0.0067 0.0078 0.0103 0.0106 0.0113

Conrod Cap 103.8 P.E. Peak Tensile Force (kN) 0.234 0.118 0.035 -0.185 -0.606 -1.079 -1.688 -2.348 -3.121 -3.960 -4.911 -5.359 -6.032

Conrod Bolts 35.19 P.E.  Peak Tensile Force Crank Angle (°) 339.0 340.0 336.0 346.0 350.0 349.0 353.0 355.0 -360.0 -360.0 -358.0 -358.0 -358.0

Conrod Assembly 406.37 P.E. Peak Compressive Stress (Nmm-2) 153.4 192.3 219.1 239.0 250.2 257.5 262.7 265.5 259.0 263.1 274.7 279.0 275.3

Gaudgeon pin 80.22 P.E. Peak Tensile Stress (Nmm-2) 1.6 0.8 0.2 1.3 4.2 7.5 11.7 16.3 21.6 27.4 34.0 37.1 41.8

Piston 257.7 P.E. Stress Range (Nmm-2) 155.0 193.1 219.3 240.3 254.4 265.0 274.4 281.8 280.6 290.5 308.7 316.1 317.0

Piston Ring 5.49 P.E. Compressive Nominal Static Safety Factor 5.41 4.32 3.79 3.47 3.32 3.22 3.16 3.13 3.21 3.15 3.02 2.97 3.02

Circlip 0.77 P.E. Tensile Nominal Static Safety Factor 512.25 1014.04 3469.51 647.23 197.84 111.00 70.96 51.03 38.38 30.26 24.40 22.35 19.86

Reciprocating Assembly 350.44 P.E. Conrod Compression (mm) 0.090 0.113 0.129 0.141 0.147 0.151 0.155 0.156 0.152 0.155 0.162 0.164 0.162

P.E. Conrod Stretch (mm) -0.001 0.000 0.000 0.001 0.002 0.004 0.007 0.010 0.013 0.016 0.020 0.022 0.025

P.E. Total Deformation (mm) 0.089 0.113 0.129 0.141 0.150 0.156 0.161 0.166 0.165 0.171 0.182 0.186 0.186

Connecting Rod Specifications:

Production Engine Calculations

RPM 6000.0 RPM 1000 1500 1700 2000 2500 3000 3500 4000 4500 5000 5500 5700 6000 6500 7000 7500 8000 8500 9000 9500 10000

Bore (mm) 79.0 +0mm M.E. GIMEP (Bar) 12.3 14.9 15.9 17.4 19.9 22.3 24.6 26.7 28.6 30.2 31.6 32.0 32.6 33.2 33.5 33.3 32.7 31.5 29.8 27.5 24.6

Stroke (mm) 81.4 M.E. Indicated Power (kW) 16.3 29.6 35.9 46.3 66.3 89.1 114.5 142.1 171.1 201.0 230.9 242.7 260.1 287.4 312.0 332.5 347.8 356.4 356.9 347.8 327.3

Pin Offset (mm) 0.5 +0mm M.E. Indicated Torque (Nm) 155.7 188.7 201.8 221.3 253.1 283.7 312.5 339.1 363.0 383.8 400.9 406.6 413.9 422.3 425.6 423.4 415.2 400.4 378.7 349.6 312.5

No. of cylinders 4 M.E. Peak Pressure (Bar) 45.50 55.90 60.04 66.20 76.25 85.90 95.00 103.40 110.95 117.50 122.90 124.70 127.00 129.65 130.70 130.00 127.40 122.75 115.90 106.70 95.00

Coefficient Of Friction 0.1 M.E. @ Crank Angle (°) 28 31 29 26 25 24 24 24 24 24 24 24 24 24 24 24 24 24 21 20 18

Ring Inner Diameter (mm) 73.2 M.E. Peak Gas Force (kN) 22.303 27.400 29.430 32.449 37.375 42.105 46.566 50.683 54.384 57.595 60.242 61.126 62.251 63.550 64.065 63.722 62.447 60.168 56.810 52.301 46.566

Ring Height (mm) 1.17 M.E. Peak Inertial Force (kN) 0.203 0.456 0.586 0.810 1.266 1.823 2.482 3.242 4.103 5.065 6.129 6.582 7.294 8.560 9.927 11.396 12.966 14.638 16.411 18.285 20.260

Reciprocating Assembly Mass (g) 350.44 M.E. Peak Compressive Friction (kN) 0.432 0.567 0.580 0.591 0.659 0.717 0.788 0.851 0.905 0.950 0.984 0.994 1.005 1.012 1.005 0.981 0.940 0.880 0.739 0.629 0.494

M.E. Peak Compressive Force (kN) 21.884 26.697 28.566 31.316 35.734 39.857 43.616 46.935 49.741 51.961 53.522 53.945 54.351 54.377 53.525 51.724 48.900 44.981 39.886 33.559 25.920

Material: Ti6AL4V M.E. Average Tensile Cyl. Pressure (Bar) 0.960 1.387 1.482 1.404 1.425 1.683 1.709 1.869 2.056 2.344 2.607 2.647 2.740 2.686 2.836 2.986 3.136 3.286 3.436 3.586 3.736

Type: Annealed Titanium M.E. Peak Tensile Friction (kN) 0.0024 0.0035 0.0037 0.0035 0.0036 0.0042 0.0043 0.0047 0.0052 0.0059 0.0065 0.0066 0.0069 0.0067 0.0071 0.0075 0.0079 0.0082 0.0086 0.0090 0.0094

Conrod Length (mm) 134 M.E. Peak Tensile Force (kN) 0.264 0.218 0.134 0.131 0.579 1.015 1.664 2.351 3.127 3.955 4.897 5.335 6.005 7.306 8.609 10.014 11.522 13.131 14.842 16.655 18.570

Shank Length (mm) 100 M.E. Peak Compressive Stress (Nmm-2) 72.1 87.9 94.1 103.1 117.7 131.2 143.6 154.5 163.8 171.1 176.2 177.6 179.0 179.1 176.2 170.3 161.0 148.1 131.3 110.5 85.3

Rod Shank minimum cross-sectional area (mm2) 303.69 196.45 M.E. Peak Tensile Stress (Nmm-2) 0.9 0.7 0.4 0.4 1.9 3.3 5.5 7.7 10.3 13.0 16.1 17.6 19.8 24.1 28.3 33.0 37.9 43.2 48.9 54.8 61.1

UTS (Nmm-2) 950 M.E. Stress Range (Nmm-2) 72.9 88.6 94.5 103.5 119.6 134.6 149.1 162.3 174.1 184.1 192.4 195.2 198.7 203.1 204.6 203.3 199.0 191.4 180.2 165.3 146.5

E (Nmm-2 * 103) 110 M.E. Compressive Nominal Static Safety Factor 13.2 10.8 10.1 9.2 8.1 7.2 6.6 6.1 5.8 5.6 5.4 5.3 5.3 5.3 5.4 5.6 5.9 6.4 7.2 8.6 11.1

Displacement (cc) 1596.0 M.E. Tensile Nominal Static Safety Factor 1091.8 1325.7 2160.9 2206.2 497.9 284.4 173.3 122.7 92.3 72.9 58.9 54.1 48.0 39.5 33.5 28.8 25.0 22.0 19.4 17.3 15.5

Kshank (Nmm-1) 334059.0 M.E. Conrod Compression (mm) 0.066 0.080 0.086 0.094 0.107 0.119 0.131 0.140 0.149 0.156 0.160 0.161 0.163 0.163 0.160 0.155 0.146 0.135 0.119 0.100 0.078

M.E. Conrod Stretch (mm) 0.001 0.001 0.000 0.000 0.002 0.003 0.005 0.007 0.009 0.012 0.015 0.016 0.018 0.022 0.026 0.030 0.034 0.039 0.044 0.050 0.056

M.E. Total Deformation (mm) 0.066 0.081 0.086 0.094 0.109 0.122 0.136 0.148 0.158 0.167 0.175 0.177 0.181 0.185 0.186 0.185 0.181 0.174 0.164 0.150 0.133

Connecting Rod Specifications:

Modified Engine Calculations
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Production Engine: Work Done Graph
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Production Engine Force Comparison @ 6,000rpm

Gas Force (kN) Net Inertial Force (kN) Friction Force (kN)
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Connecting Rod +10mm Offest Comparison

Rod Angle (°) Rod Angle No Offset (°)



Name: P/F-10C50 Ti6AL4V

Type: Powder Forged Steel Annealed Titanium

UTS (Nmm-2) 830 950

YS (Nmm-2) 550 827

E (Nmm-2 * 103) 170 110

Materials

RPM 1000 1500 1700 2000 2500 3000 3500 4000 4500 5000 5500 5700 6000 1000 1500 1700 2000 2500 3000 3500 4000 4500 5000 5500 5700 6000 6500 7000 7500 8000 8500 9000 9500 10000

Peak Pressure (Bar) 46.0 57.9 66.1 72.5 76.7 79.8 82.6 84.8 84.3 87.2 93.0 95.3 95.6 45.50 55.90 60.04 66.20 76.25 85.90 95.00 103.40 110.95 117.50 122.90 124.70 127.00 129.65 130.70 130.00 127.40 122.75 115.90 106.70 95.00

Force Range (kN) 22.377 27.873 31.657 34.683 36.726 38.248 39.611 40.671 40.500 41.933 44.555 45.632 45.762 22.148 26.915 28.700 31.447 36.313 40.872 45.281 49.287 52.868 55.916 58.419 59.280 60.356 61.683 62.134 61.738 60.422 58.112 54.728 50.214 44.490

Empirical Peak Pressure to Force Equation
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Production Engine: Piston Acceleration
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