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One of the critical components of an internal combustion engine is the connecting rod. The rod at its little end connects to the piston forming a reciprocating motion, whilst at the big end it follows the rotational motion of the crankshaft. The conversion of piston motion to crankshaft rotation causes the connecting rod to be subject to complex loading patterns. 
These complex loads are both compressive and tensile, the compressive being caused by the peak cylinder pressure’s resulting gas force due to combustion, whilst the tensile loads are caused by the inertial force which the piston transfers to the connecting rod. Considering this fact, the maximum compressive and tensile loads are considered in the design process as this is where the connecting rod is known to fail.
In this report, simple load analysis on a Ford Sigma 1.6 connecting rod has been documented and graphical results are documented within. The Ford Sigma 1.6 production engine has a maximum of 6000rpm, so to see what effect of increased engine rotational speed has on the loads being subjected to the connecting rod, a logarithmic extrapolation to take the limit to 9000rpm was completed.
An investigation upon why the loads occur when they do is what the primary aim of this report sets out to achieve. Linking the increased inertia, forces and rod displacements in a concise document showing how this has been carried out.
Lastly, throughout the report there are tables of information which have been colour coded, a key has been identified below.
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Data for the Ford Sigma 1.6 production engine was provided, however, to find the results for the same engine but with increased rpm has been calculated using a logarithmic trendline. The original limit was 6000rpm and now raised to 9000rpm. This can be simulated but for instance can have an increased rpm limit by changing the camshaft, increasing the turbo boost pressure or both combined with cylinder head work and reduced friction components. 
Maximum cylinder pressure
Logarithmic Trendline= (25.584*LN(RPM)) - 124.9
[image: ][bookmark: _Toc23527405]Figure 1 Production maximum cylinder pressure over all engine speeds









Maximum net compressive force
Logarithmic Trendline= (9167.6*LN(RPM)) - 35561
[image: ][bookmark: _Toc23527406]Figure 2 Production maximum net compressive force over all engine speeds






Maximum net tensile force
Linear Trendline = (1.6111*RPM) - 3800
[image: ][bookmark: _Toc23527407]Figure 3 Production maximum net tensile load over all engine speeds











Inertia loads at increased RPM
In order to find the inertia loads that the piston is putting on the rod vertically, the simple method for this was to increase the angular velocity with the following results: 
[image: ][image: ][bookmark: _Toc23527408]Figure 4 Table showing angular velocities


[image: ]Figure 6 Screenshot from data tables of modified engine inertias from the piston acceleration
Figure 5 Graph showing the inertia loads against crank angle for modified engine
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Where: 
Peak cylinder pressure = Nm2
[image: ]Cylinder bore area = m2Figure 8 Graph showing maximum cylinder pressure for all RPM’s

[image: ]Figure 7 Table of peak cylinder pressures
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[bookmark: _Toc23680796]ResultsFigure 9 Tables showing peak cylinder pressure with peak gas force for all RPM’s









[image: ]Figure 10 Graph showing the peak gas forces against RPM
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With increasing cylinder pressures at higher rpm’s due to more air and fuel being sucked into the cylinder due to different cams for the higher revving engine, this results in an increased gas force.
The Table of results above show the trend of higher peak cylinder pressure directly correlates to a higher peak gas force, this is caused by the equation involving the cylinder pressure to calculate the gas force. 

[bookmark: _Toc23680798]Task B: Plot a graph of inertia loads which piston puts on rod against crank angle
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To find inertia loads which piston puts on the connecting rod, these processes must be completed first.
Angular Velocity (ω) (rad/s) for each rpm:
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Figure 11 Table showing angular velocities for all RPM’s

[image: ][image: ]Piston Acceleration (m/s2) at each crank angle :

2nd Order
1st Order


Due to Newton’s 2nd Law , this is the Inertia force equation:

To re-solve this force for the inertia being put through the connecting rod: 


[bookmark: _Toc23680800][image: ][image: ]ResultsFigure 13 Graphs showing the 1st and 2nd order acceleration for 6000rpm and 9000rpm
Figure 12 Graph showing the inertia loads for all RPM’s against crank angle
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The graph above shows the inertia forces which the connecting rod is being subjected to, below that the correlation of piston acceleration and inertial loads of the 1st and 2nd order. 
Highlighted in green are the tensile loads being put on the conrod, whilst, in red are the compression loads. These loads are increasing as the engines rotational crank RPM is increasing, thus proving that the increased angular acceleration, the higher the inertia loads put on the connecting rod from the reciprocating motion of the piston. The point at which the inertia switches between tensile and compression is generally found at Piston Vmax which translates to roughly 80° ATDC and 80° BTDC where piston acceleration is 0 as the piston has evidently reached terminal velocity.

[bookmark: _Toc23680802]Task C: Calculate the highest net compressive force put on the rod
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This equation below gives a force acting on the rod vertically for each crank angle:

To calculate rod angle () as used in inertia calculation: 

Force on the rod resolved for rod angle during crank rotation: 

The highest which is a positive value over the 720-degree 4 stroke cycle is the maximum net compressive load (N) acting on the rod, whilst the lowest value which is negative is the maximum net tensile load (N) put through the rod.
[image: ]Figure 14 Production maximum compressive force on rod for all RPM’s



[bookmark: _Toc23680804][image: ][image: ]ResultsFigure 16 Graph of maximum net compressive load on the rod for all RPM’s
Figure 17 Graph showing the stress which the rod is subjected to against crank angle

[image: ]Figure 15 Table of maximum compressive force on rod for all RPM’s
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The relationship between increased engine rotational speed and increase in compressive load on the connecting rod can be seen in Figure 15.  
To show the influence which ignition and combustion has on the compressive force being exerted on the rod, Figure 17 is key. Peak stress on the conrod is occurring at the same time as peak cylinder pressure and gas force which is putting an increased load on the top of the piston being transferred to the connecting rod, causing a compression in the rod.

[bookmark: _Toc23680806]Task D: Calculate the highest net tensile load put on the rod
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The same technique was used to find the highest net tensile load put on the rod as was used to find the highest net compressive force on the rod. 
Force on the rod resolved for rod angle during crank rotation: 

Over the 720-degree 4 stroke cycle, the lowest value which is negative is the maximum net tensile load (N) put through the rod.


[image: ]
Figure 18 Graph showing the production maximum tensile load on the rod for all RPM’s
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[image: ]Figure 19 Table showing the maximum tensile loads on the conrod for all RPM’s
Figure 20 Graph showing the maximum tensile loads on the conrod for all the RPM’s
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Where maximum compressive force is influenced and caused by combustion in the cylinder, the inertia force from the piston acting on the rod is where the maximum tensile force is being exerted onto the rod. Figure 20 shows the increase of RPM is proportional to the increase in tensile force place on the rod, this is due to the increased inertia from the faster reciprocating motion of the piston. 
As the piston acceleration and angular acceleration of the crank increases, this causes a higher tensile force acting on the rod, this can be seen in the table Figure 19 against all RPM’s.

[bookmark: _Toc23680810]Task E: Using simple rod shank minimum cross-sectional area, calculate max compression and tensile stresses in rod shank
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Where:
F Compressive = Max net compressive force on rod (N)
F Tensile = Max net tensile force on rod (N)
Cross-sectional area = Minimum rod shank cross-sectional area (mm2)
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[image: ]Figure 21 Tables showing the results from the rod shank compression and tensile stresses on the rod across all RPM’s
Figure 22 Graphs showing the maximum tensile and compressive stress which the rod is subjected to across all RPM’s
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In Figure 21, it can be seen again the production engine and modified engine with increased RPM follow the same pattern as the tensile force exerted on the rod. 
Figure 22 display the increased inertia and piston acceleration effecting the tensile stresses put on the rod in a linear relationship which is as expected, however, the compressive stress put on the rod shows that with increased engine speed this is not as much of a factor as the increased cylinder pressure is what causes the increase in compressive stress. 
The cylinder pressure only rising by 10.54 bar between 6000rpm and 9000rpm means the increase in compressive stress placed on the rod is not as exponential as that of the tensile stresses.


[bookmark: _Toc23680816]Task F: Calculate nominal safety factors for both tensile and compressive loads put on the rod

[bookmark: _Toc23680817][image: ]MethodologyFigure 23 Table of material properties for powder forged steel





Where: 
UTS = Ultimate Tensile Strength of material
Nominal Stress = 
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[image: ]Figure 24 Tables showing the compressive and tensile static safety factors for all RPM’s
Figure 25 Graphs showing the compressive and tensile static safety factors for all RPM’s
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The Figure 25 graphs show results for the powder forged steel connecting rod under compressive stress through the smallest cross-sectional area of the rod shank. With production RPM limit, the connecting rod has been designed with a safety factor of 3.44 and when increased to 9000rpm the rod is 3.05 so this is still within the manufacturer’s guidelines of a safety factor of ≅ 3.
Figure 25 suggests that from what the manufacturer has defined as a safety factor for 6000rpm is not deemed safe at 9000rpm, this is due to the increased piston acceleration causing greater momentum exerted on the rod.

[bookmark: _Toc23680822]Task G: Calculate the maximum compression distance and tensile stretch in the rod using the stresses calculated in Task E
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Where: 
σ = Stress (N/mm2)
A = Rod Shank Cross-sectional area (mm2)
L = Conrod length (mm)
E = Young’s Modulus (GPa)
K = Rod Stiffness (N/mm)

To get Rod Displacement as the subject, a transposition must be completed as below:
2
1



Substitute 1 into 2:
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[bookmark: _Toc23680825][image: ]Figure 26 Tables showing the compression and tensile rod displacement for all RPM’s using powder forged steel
Figure 27 Graphs showing the maximum compression displacement and tensile stretch in the connecting rod for all RPM’s using powder forged steel
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Figure 26 is showing the maximum rod displacement for both production engine and modified engine with increased RPM, along with the compression and tensile rod displacement across all RPM’s for powder forged steel. 
Figure 27 shows, with a rise of cylinder pressure as the rpm rises from different cams in the engine for the modified version, the rod is compressed more due to this. As the gas force which is consequently rising from a greater cylinder pressure it is causing the greatest compression force on the rod at combustion, therefore rising with a greater cylinder pressure as rpm rises.
The tensile stretch in the rod is affected by the increased rpm as the inertia force on the rod is rising creating a linear pattern in tensile stretch and inertia and acceleration from the piston motion converted to angular motion on the crank.

[bookmark: _Toc23680827]Task H: Calculate the maximum compression distance and tensile stretch in the rod if it was made from Titanium
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[image: ]Figure 28 Table of material properties for Titanium and Powder forged steel




To find the connecting rod’s deformation displacement with Titanium as the material, the Young’s Modulus must be changed for that of Titanium as can be seen in the table above.
Changing the Young’s Modulus for Titanium results in a different value for K:

[bookmark: _Toc23680829]Steel
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The final calculation to find the connecting rod deformation displacement for both the compression and tensile directions, the same equation as used in Task G has been applied.
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[image: ]Figure 30 Graphs showing the maximum compression displacement and tensile stretch in the connecting rod for all RPM’s using Titanium
Figure 29 Tables showing the compression and tensile rod displacement for all RPM’s using Titanium

[bookmark: _Toc23680833]Analysis
The rod deformation distance through the compression and tensile directions is shown in Figure 29 and proving that the use of Titanium is causing a higher compressive distance and tensile as opposed to that of the powder forged steel conrod from Ford. 
This is caused by the lower young’s modulus that Titanium has compared to that of Powder forged steel as shown in Figure 28. This causes the Stiffness (N/mm) of the conrod to reduce significantly. This is what is causing an increase in the compression distance of the rod, however, the tensile distance which the rod is rising still however the safety factor for tensile stress will be closer to that of the manufacturers due to the higher UTS value which Titanium has. Operating clearances will be affected with a reduction of compression ratio when the rod is under a compressive load and an increase in ratio when the rod is experiencing tensile stretch.
[bookmark: _Toc23680834]Analysis Conclusion
In an internal-combustion engine, the connecting rod which is pin jointed between the piston and crankshaft is subjected to compression and tensile forces. These forces are varying throughout the 720 cycle of a 4-stroke engine.
Intake stroke: Tensile force, as the piston accelerates it hits peak inertia force which creates a tensile force stretching the rod, this is the maximum tensile stress seen.
Compression stroke: Compressive force, at the end of the compression stroke, the mixture which is ready to combust is forcing down on the piston as it reaches the top of this stroke.
Power stroke: Compressive force, as the mixture in the cylinder combusts, the peak gas force acting vertically on the piston is being exerted onto the rod which causes the peak compression stress and distance which the rod will see.
[image: ][image: ]Exhaust: Tensile force, the exhaust gases are occupying the cylinder therefore there is a small opposing force which the rod meets but not as high as the vacuum process occurring due to lower pressure outside the engine where the gases are trying to escape to. This means there is not much of a force being exerted to the rod during this cycle however at the top of the exhaust stroke the rod will be stretched due to the mass of the piston pulling up on the rod.

Peak compression force, at combustion.




Peak tensile force, at peak inertia from piston.
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Where:
φ = Rod angle
 = Co-efficient of friction
P = Cylinder pressure (N/m2)
H = Height of piston ring
Skirt friction
First step was to find the side force:

To find friction from side of piston (skirt):

Work done by skirt friction:

Ring Friction
The radial force of the ring being pushed out from the piston due to gas force:


To find friction from piston ring: 

Work done by ring friction:


[bookmark: _Toc23680838][image: ][image: ]Results  
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Where:
R = Crank throw radius
 = Crank angle
 Rod angle

Gas Torque

Average gas torque per cylinder: 

Total gas torque for engine:


Instantaneous Inertia Torque

Average inertia torque per cylinder: 

Total inertia torque for engine:
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Where: 
R = Crank Radius
L = Conrod Length
S = Stroke
Piston Position

[image: ]















Therefore,
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14 -349 0.976 490.591109 1.130 567.999952 1.097 551.412343 1.008 506.676063" 1.053 520.169867” 1.130 567.999952
15 -348 0.989 497.125622 1.142 574.031810 1.097 551.412343 1.008 506.676063" 1.059 532.311459” 1.142 574.031810
16 -347 0.989 497.125622 1.130 567.999952 1.097 551.412343 1.020 512.707921” 1.059 532.311459” 1.130 567.999952
17 -346 0.989 497.125622 1.130 567.999952 1.097 551.412343 1.008 506.676063" 1.056 530.803495” 1.130 567.999952
18 -345 0.976 490.591109 1.117 561.465439 1.084 544.877830 1.008 506.676063" 1.046 525.902610” 1.117 561.465439
19 -344 0.963 484.056596 1.104 554.930926 1.071 538.343317 0.995 500.141550” 1.033 519.368097” 1.104 554.930926
20 -343 0.950 477.522083 1.091 548.396414 1.045 525.274292 0.982 493.607038” 1.017 511.199957” 1.091 548.396414
21 -342 0.937 470.987571 1.078 541.861901 1.033 519.242434 0.969 487.072525” 1.004 504.791108” 1.078 541.861901
22 -341 0.924 464.453058 1.078 541.861901 1.020 512.707921 0.956  480.538012” 0.995 499.890223” 1.078 541.861901
23 -340 0.911 457.918545 1.078 541.861901 1.007 506.173408 0.944 474.506154” 0.985 495.115002” 1.078 541.861901
24 -339 0.911 457.918545 1.078 541.861901 1.007 506.173408 0.944 474.506154” 0.985 495.115002” 1.078 541.861901
25 -338 0.911 457.918545 1.091 548.396414 1.020 512.707921 0.944  474.506154” 0.992 498.382259” 1.091 548.396414
» | specs | summary | peak gas_forces | 1st_and_2nd order_inertia | modified_inertia | 1000rpm | 1500rpm | 1700rpm | 2000rpm | 2500rpm | 3000rpm | 3500rpm | 4000rpm | 4500rpm ... @) : [« 5
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@ - Je | ~(R_CT*summary15H$32* COS(RADIANS(AS))+{(R_CT/LJ*R_CTsummaryISHS3/2*COS(2*(RADIANS(A3)) S
N o P Q R S T u \% w X .
1 Rod Angle Piston S Piston E Finertia 15t Finertia 2nd Finertia vertical  Finertia resolved Frod vertical (NET) _
2 rads m m/s dt* N N N N N N N
3 0.00000 0.00000 580.88430| 156.41029 47.15481  203.56509  203.56509 325.73044 325.73044 0.0000000
4 0.00534 0.00001 580.73435  156.38647 47.12608  203.51255  203.51545 331.81484 331.81958 1.7734778
5 0.01069 0.00003 580.28463  156.31501 47.03994  203.35495  203.36656 331.97244 331.99140 3.5482011
6 0.01603 0.00007 579.53550 156.19593 46.89649  203.09242  203.11851 332.23497 332.27765 5.3254117
7 0.02136 0.00013 578.48756  156.02928 46.69590 202.72518  202.77145 339.13672 339.21412 7.2459595
8 0.02669 0.00020 577.14164  155.81510 46.43842  202.25352  202.32558 339.60838 339.72939 9.0666751
9 0.03201 0.00029 575.49885  155.55346 46.12436  201.67782  201.78119 346.71860 346.89632  11.1027504
10 0.03732 0.00040 573.56048  155.24443 4575411 200.99854  201.13861 353.93239 354.17904  13.2156031
11 0.04262 0.00052 57132811  154.88811 4532811 200.21622  200.39821 354.71470 355.03713  15.1275319
12 0.04791 0.00066 568.80351  154.48462 44.84689  199.33150  199.56047 362.13394 362.54990  17.3621935
13 0.05318 0.00081 565.98872  154.03406 4431102  198.34509  198.62588 369.65486 370.17818  19.6764532
14 0.05843 0.00098 562.88599  153.53659 43.72117  197.25777  197.59502 370.74219 371.37605 21.6888264
15 0.06367 0.00116 559.49779  152.99235 43.07806  196.07041 196.46853 377.96140 378.72885  24.0981836
16 0.06889 0.00136 555.82685  152.40150 42.38246  194.78396  195.24709 373.21599 374.10336  25.7517394
17 0.07409 0.00158 551.87609  151.76423 41.63522 193.39946  193.93146 374.60050 375.63094  27.8041516
18 0.07926 0.00181 547.64866  151.08074 40.83726  191.91800  192.52244 369.54744 370.71133  29.3526792
19 0.08441 0.00206 543.14793  150.35122 39.98954 190.34076  191.02092 364.59016 365.89298  30.8494028
20 0.08954 0.00232 538.37749  149.57590 39.09311  188.66901  189.42782 359.72741 361.17420  32.2955075 -
» | specs | summary | peakgas.forces | 1st.and_2nd_order_inertia | modified inertia | 1000rpm | 1500rpm | 1700rpm | 2000rpm | 2500rpm | 3000rpm | 3500rpm | 4000rpm | A500rpm ... @B : ¢ >
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z AA AB AC AD AE AF AH Al Al AK AL AM AN AO AP AQ AR -~
Skirt gicion Work Done g, Work Donegy; Radial roce  RINg friction  Work Doneging. Work Doneging. Gas Torque Inertia Torque
N Joules Joules ppoire N N Joules Joules apsoute NM NM
0.000000 0.000000 0.000000  39.697165 3.969716 0.000000 0.000000 0.000000 Max compression load Max tensile load
0.177348 0.000002 0.000002  40.149554 4.014955 0.000033 0.496676 0.188819 23794.874 278.52985
0.354820 0.000011 0.000011  40.149554 4.014955 0.000098 0.993059 0.377234
0.532541 0.000026 0.000026  40.149554 4.014955 0.000163 1.488855 0.564842 Net compression load Net tensile load
0.724596| 0.000046. 0.000046  40.639643 4.063964 0.000231 2.007987 0.751242 23565.265 276.85411
0.906668 0.000074 0.000074  40.639643 4.063964 0.000297 2.507759 0.936038
1.110275 0.000108 0.000108  41.129731 4.112973 0.000367 3.042303 1.118835 Average gas torque per 4 strokes for all 4 cylinders
1.321560 0.000149 0.000149  41.619819 4.161982 0.000438 3.587052 1.299247 148.00 nm
1.512753 0.000197 0.000197  41.619819 4.161982 0.000505 4.093438 1.476891
1.736219 0.000254 0.000254  42.109908 4.210991 0.000578 4.651555 1.651395 Average inertia torque per 4 strokes for all 4 cylinders
1.967645 0.000317 0.000317  42.599996 4.260000 0.000653 5.218779 1.822393 0.00 nm
2.168883 0.000387 0.000387  42.599996 4.260000 0.000720 5.728808 1.989528
2.409818 0.000461 0.000461  43.052386 4.305239 0.000795 6.301705 2.152456 ‘Word done lost from friction
2575174 0.000537 0.000537  42.599996 4.260000 0.000854 6.738528 2.310840 27.569275
2.780415 0.000617 0.000617  42.599996 4.260000 0.000920 7.237644 2.464360
2.935268 0.000696 0.000696  42.109908 4.210991 0.000974 7.643596 2.612705
3.084940 0.000779 0.000779  41.619819 4.161982 0.001027 8.033784 2.755580
3.229551 0.000864 0.000864  41.129731 4.112973 0.001077 8.408100 2.892703
3.369216 0.000961 0.000961  40.639643 4.063964 0.001125 8.766453 3.023807
3.569418 0.001071 0.001071  40.639643 4.063964 0.001186 9.219960 3.148642
3.771555 0.001187 0.001187  40.639643 4.063964 0.001246 9.668188 3.266972
3.975683 0.001322 0.001322  40.639643 4.063964 0.001305 10.110900 3.378581
4.257146 0.001477 0.001477  41.129731 4.112973 0.001380 10.675065 3.483267
4.547236 0.001643 0.001643  41.619819 4.161982 0.001456 11.243651 3.580848
4.845927 0.001819 0.001819  42.109908 4.210991 0.001532 11.816217 3.671158
5.153183 0.001989 0.001989  42.599996 4.260000 0.001609 12.392314 3.754051
5.380699 0.002168 0.002168  42.599996 4.260000 0.001667 12.823960 3.829398
5.694712 0.002353 0.002353  43.052386 4.305239 0.001743 13.389159 3.897090
5.929327 0.002529 0.002529  43.052386 4.305239 0.001800 13.810756 3.957037
6.166004 0.002691 0.002691  43.052386 4.305239 0.001857 14.224739 4.009166
6.311637 0.002856 0.002856  42.599996 4.260000 0.001892 14.477179 4.053424
6.549537 0.003046 0.003046  42.599996 4.260000 0.001946 14.871191 4.089778
6.789456 0.003242 0.003242  42.599996 4.260000 0.001999 15.257133 4.118211 -
» | specs | summary | peak gas forces | Tst.and 2nd order inertia | modified inertia 7500rpm | 1700rpm | 2000rpm | 2500rpm | 3000rpm | 3500rpm | 4000rpm | 4500rpm .. (&) : [« y
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016 - 16*(R_CT*SIN(RADIANS(B16)+M16)) v
o 3 3 = H ' s X L M N o 3 a 3 s T u v w | x v z | m | m | A | m >
1
2
3 PRI Feas  OYLPR2 . ONPRS Feas  CVPRS reas o
4 bar N bar N bar N bar N oyllgast oyl 2gast oyl3gast cyldgast
s 2506 1259653 7021 3629670 46079 23161832 1899 954542 0000000 1.256226-14 3.61976E-14 230986E-13 9.51936E-15
s 2481 1247087 757 3597501 47562 23897.216 1899 954542 0005345 1157045921 3337758023 22.17181667 0.885622815
7 2455 1234018 7093 3565331 49.327 24794455 1912  96LO76 0010688 2.28916425 6613866405 459949511 178284401
s 2455 1234018 7029 3533.161 51534 25903814 1912 961076 0016028 3.432055309 9.826442674 7204380378 2.672948982
3 2429 1220949 6965 3500991 54088 27187.594 1925 967611 0021363 452448911 1297367915  100.749513 3585690217
10 2391 1201848 6900 3468318 56989 28645795 1938 974145 0026691 5562200125 1605151855 132.5739117 4508383037
1n 2378 1195313 6835 3436.48 60.301 30310589 1950 SE0.77 0032011 6631161812 19.0624988 1681520977 5.437664228
2 2365 1188779 6772 3403.978 64010 32174935 1963 96711 0037322 7.684219274 22.00318517 2079775373 6378064454
13 2326 1169175 6708 3371809 68.104 34232808 1976  993.246 0042621 8.624399987 24.87208732 2525176856 7326661382
1 2301 1156609 6643 3339639 72481 36432924 1989 999780 0.047907 9582119689 27.66779801 3018346881 5282849223
15 2275 1143540 6579 3306966 77.051 38730057 2014 1012347 0053175 1050683313 _30.3843750 355.8514284 9301433814
16 2249 1130471 6515 327479 BL620 41026687 2027 1018881 0058435 11.40184968] 53.02936891] 4137923393 1027636697
7 2210 1110867 6451 3242626 85907 43181568 2027 1018881 0.063672 12.19506909 5559746185 4740460635 1118525115
1 2159 1085232 6400 3216991 B9.668 45072053 2040 1025.416 0068890 12.87476265 3816511395 5347170997 12.16513007
19 2082 1086527 6323 3178286 92722 4607161 2053 1031950 0074088 1333519872 40.49878076 593.8839079 1314945388
20 2005 1007823 6271 3152148 94943 47723557 2066 1038485 0079262 1372015303 4291225917 649.6920145 1313757414
2 1953 981685 6207 3119978 96470 48491111 2078 1044517 0084413 142119387 45.16820456 7020101005 1512156099
2 1927 968616 6156 3094343 97.92 48904293 2104 1057586 0089538 14.85096971 47.44295254 749.8082747 162150702
2 1812 910811 6092 3062173 97.497 49007337 2117 1064120 0094635 1473544849 49.54103321 792859835  17.215753
2 1863 936446 6002 3016934 97.15 48865589 2129 1070152 0099708 15933938 5133413628 £314641884 1820899303
25 1785 897742 5938 2984764 96.445 48478545 2129 1070152 0104742 1601798085 53.25575047 864.9799351 19.09422242
1683 845968 5861 2946050 95251 47878375 2142 1076687 0109745 1578538424 5497215511 §93.3889689 2009048304
1670 830433 5784 2907356 93.698 47097752 2142 1076687 0114722 1634038308 56.59447649 9168031221 2095874285
1632 820333 5707 2868651 91888 46187.947 2142 1076687 0119660 1662104993 58.12275242 9358302917 2181512803
1554 781126 5630 2829947 89.822 45149462 2142 1076687 0124561 1643903399 59.557118 9501846275 22.65920801
1a6s 735887 5566 2797777 87.601 44033065 2129 1070152 0129425 1605517478 61.04037079 9606894576 2334799666
1as2 729855 5501 2765104 8539 42845795 2129 1070152 0134249 1647822119 6242885316 967346485 24.16124857
1387 697.182 5437 2732934 82826 41632889 2142 1076687 0139033 1626161433 637450592 9710774826 251134664
1361 684113 5373 2700764 80401 40413951 2129 1070152 0143773 1645922857 6497827708 9723280208 257470225
1323 665012 5309 2668594 77.872 39142736 2142 1076687 0.148471 1647927266 65.12884244 969.9727291 2668072716
1284 645409 5257 2642456 75395 37897660 2168 1089756 0153123 1645017476 673509102 9659353008 27.77568438
1233 619775 5193 2610287 72943 36665.151 2181 1096290 0157728 1622670676 68.34167737 9599551266 2870271488
1233 619773 5142 2584651 70569 35471848 2193 1102322 0.162286 1664782773 69.42670738 9528147244 29.60964008
1194 600170 5078 2552481 68.258 34310213 2206 1108857 0.166794 1652035561 70.25993785 944.4274986 3052253306
1169 587603 5014 2520311 66012 33181250 2219 1115391 0171251 1655651983 7101316545 9349264215 3142764542
1156 581069 4962 2494173 63.856 32097526 2232 1121926 0175656 1674148929 718609601 9247790141 3232439801
1130 568000 4911 2468538 61777 31052507 2245 1128460 0.180007 1671706459 72.65265861 913.920442 3321222125
1117 561465 4860 2442902 59736 30026589 2257 1134492 0.184303 1686410569 73.37471233 9018748592 3407545797
1091 548395 4795 2410230 57759 29032840 2257 1134492 0188544 1679441124 73.81228404 889.1186056 3474334204
1079 542365 4744 2384594 55847 28071764 2270 1141026 0192727 1692035161 7439309362 8757654088 3559703257 -
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