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The evaluation of powertrain systems is a fundamental requirement in automotive engineering, involving the integration of engines, transmissions, and drivetrains to achieve efficient vehicle propulsion. At the core of this system is the internal combustion engine (ICE), which serves as the primary power source by converting the chemical energy found in fuel into mechanical work through a series of thermodynamic cycles. To understand how an engine will perform once integrated into a full vehicle drivetrain, engineers must first isolate its performance characteristics using controlled dynamometer testing. This allows for a precise analysis of how the engine converts energy across its entire operational speed range.
This report focuses on the performance mapping of a spark-ignition engine, specifically analysing Brake Power (BP), Torque, and Specific Fuel Consumption (SFC). These three parameters are the most critical metrics for assessing an engine's capability. Torque represents the rotational force available at the crankshaft, which is then multiplied by the transmission to drive the vehicle. Brake Power represents the rate at which this work is performed, determining the vehicle's top speed and acceleration capabilities. Finally, SFC acts as a measure of thermal efficiency, showing how effectively the engine manages the combustion process to minimize fuel waste.
The data for this analysis was obtained using an eddy-current dynamometer, which applies a resistive electromagnetic load to the engine's output shaft. By measuring the torque required to hold the engine at specific RPM increments, we can calculate the brake power and observe the mechanical limits of the system. A key part of this evaluation involves thermodynamics; as engine speed increases, factors such as heat transfer to the cylinder walls, fluid friction in the intake manifold, and the timing of the combustion stroke all fluctuate, creating the characteristic curves seen in the results.
Furthermore, because internal combustion is heavily dependent on the density of the intake air, ambient conditions such as a temperature of 27°C and a barometric pressure of 1019.9 mbar were recorded. These values allow for the calculation of "Corrected Power," ensuring that the engine's performance is normalized against standard atmospheric benchmarks. By analysing these results, we can identify the engine's peak volumetric efficiency and its most economical operating range, providing the necessary data for powertrain integration and vehicle performance modelling.


[bookmark: _Toc225106091]Dynamometer
A dynamometer is a device used to measure the performance of an engine or motor by determining key parameters such as torque, rotational speed, and power output. In automotive engineering, dynamometers are essential for analysing engine behaviour under controlled conditions. The power measured is known as brake power, representing the usable mechanical output at the engine shaft.
Dynamometers operate by applying a resistive load to the engine and measuring the resulting torque and speed. These values are then used to calculate power using the relationship between torque and rotational speed. 
There are two primary types of dynamometers: engine dynamometers, which test the engine directly, and chassis dynamometers, which measure power at the vehicle wheels. Engine dynamometers are generally preferred in laboratory settings as they eliminate drivetrain losses and provide more accurate results.

[bookmark: _Toc225106092]Eddy-Current Dynamometer
An eddy-current dynamometer is a type of absorption dynamometer that uses electromagnetic forces to apply load to an engine. The W Series eddy-current dynamometer is specifically designed for engine testing applications and is widely used in laboratories due to its precision and reliability.
The operating principle is based on electromagnetic induction. When the engine drives the rotor of the dynamometer, it rotates within a magnetic field generated by the stator. This motion induces currents in the rotor, which in turn create an opposing magnetic field in accordance with Lenz’s Law.

[bookmark: _Toc225106093]What equipment is used?
A typical eddy-current dynamometer setup consists of several integrated components. The primary component is the eddy-current brake unit, which includes the rotor and stator assembly responsible for generating the braking force.
Torque is measured using a load cell connected to a torque arm. The force measured by the load cell, combined with the effective radius of the arm, allows torque to be calculated accurately. Engine speed is measured using a tachometer or encoder, providing the rotational speed data required for power calculations (Anon 2001).
Fuel consumption is monitored using a fuel flow measurement system, while a lambda sensor is used to determine the air–fuel ratio which provides an insight into combustion efficiency. 
There is a data acquisition and control system is used to regulate the applied load and record all relevant data. This system allows for precise control and real-time monitoring of engine performance during testing.


[bookmark: _Toc225106094]How to perform a Dynamometer test
The process of conducting a dynamometer test begins with securely mounting the engine to the dynamometer and connecting it to the rotor. All measurement instruments, including the load cell and speed sensors, must be calibrated prior to testing to ensure accuracy.
Once the system is set up, the engine is started and allowed to reach its normal operating temperature. The dynamometer then applies a controlled load by adjusting the electromagnetic field within the stator. This enables the operator to maintain the engine at specific speeds or gradually increase speed under load.
Data is collected across a range of engine speeds, typically from low RPM to near maximum operating speed. At each point, parameters such as torque, engine speed, and fuel flow rate are recorded. Tests are often conducted under steady-state conditions to ensure reliable and repeatable measurements.
The eddy-current dynamometer is particularly effective because the braking force increases with rotational speed, allowing for consistent loading across the engine’s operating range. After data collection, the results are then analysed to calculate performance metrics such as brake power, specific fuel consumption, and thermal efficiency.
This structured approach ensures that accurate and meaningful data is obtained, allowing for a comprehensive evaluation of engine performance. The trends observed can then be compared with theoretical expectations and published data, reinforcing the validity of the results.
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Figure 1 – Full Raw Engine Data

Figure 1 shows all the raw data from the engine. It includes the data gathered from the dyno, along with the data calculated from the dyno data. There is also general data, including the pressure and the air temperature. This comprehensive dataset tracks the engine’s performance from 1,000 to 5,500 RPM, serving as the mathematical foundation for the performance curves analysed in this report. By recording variables such as Brake Power (kW), Torque (Nm), and Fuel Flow Rate (l/min), the table allows for a precise evaluation of how mechanical output scales with engine speed.
The inclusion of ambient conditions, specifically a temperature of 27°C and a barometric pressure of 1019.9 mbar, is critical for calculating "Corrected Power." This adjustment ensures that the engine's performance is normalized against standard atmospheric conditions, allowing for a fair comparison regardless of the testing environment. Furthermore, the data tracks Lambda values, which indicate the air-fuel ratio, and Specific Fuel Consumption (SFC). 
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The following figures are graphs that have been made using the data
[bookmark: _Toc225106097]Brake Power and Engine Speed


Figure 2 – Engine Speed VS Brake Power Graph
 Figure 2 shows Brake Power, which is the total useful shows the power coming out of the engine. As the engine speed increases from 1,000 to 4,600 RPM, the power rises almost steadily. This happens because power is the work done over time; as the engine spins faster, it completes more power strokes per second, creating more energy (Heywood, 2018).
However, the curve starts to flatten and then drop after 4,800 RPM. This is a common limit in engine design. At very high speeds, the engine has to work harder just to move its own internal parts, creating friction losses. Additionally, the air has less time to rush into the cylinders before the valves close, this is known as a drop in volumetric efficiency (Stone, 2012). Essentially, the engine begins to "choke" on its own speed, causing the power output to fall off.

[bookmark: _Toc225106098]Torque and Engine Speed

Figure 3 – Engine Speed VS Torque Graph

Figure 3 shows a graph representing torque, which is the turning force or pulling power of the engine. Unlike the power curve, which peaks late, the torque curve peaks much earlier, around 3,000 RPM. This is the point where the engine is most efficiently taking in the maximum amount of air and fuel possible for every single stroke. In technical terms, this represents the engine’s maximum volumetric efficiency. At this specific speed, the timing of the intake valves and the dynamics of the airflow are perfectly synchronized to ensure the cylinders are filled to their highest potential capacity.
Once the engine goes past 3,500 RPM, the torque starts to decline. This happens because the air moving through the intake pipes encounters more resistance at higher speeds, creating a "choking" effect. Torque is essentially a measure of how much work is done in a single cycle. Even though the engine is spinning faster, which keeps the total brake power rising for a while each individual explosion is getting slightly weaker because the cylinders aren't filling up as perfectly as they did at the peak torque speed. The drop-off is also influenced by the limited time available for the fuel to burn completely as the piston moves faster. Consequently, while the engine is doing more work per second (power), it is doing less work per revolution (torque) as it moves toward its upper RPM limits.

[bookmark: _Toc225106099]SFC ad Engine Speed

Figure 4 – Engine Speed VS Specific Fuel Consumption Graph

Figure 4 shows a graph of engine speed against specific fuel consumption (SFC), which tells us how much fuel the engine burns for every kilowatt of power it produces. One can think of this essentially as the engine's efficiency graph. It has a distinct U-shape, meaning it is most efficient in the middle, at the bottom of the curve. It is also less efficient at very low or very high speeds. This shape is a standard characteristic of internal combustion engines, illustrating the narrow window where chemical energy is converted to mechanical work with the least amount of waste.
At low speeds, the SFC is high because the engine is losing too much heat to the cylinder walls. Because the piston is moving slowly, the hot combustion gases remain in contact with the cooler metal surfaces for a longer duration, allowing more energy to escape as heat rather than being used to push the piston down. As the speed increases toward the centre of the graph, this heat loss per cycle decreases. However, at very high speeds (above 4,000 RPM), the SFC shoots up again. This occurs because the engine has to overcome massive internal friction between the pistons, rings, and bearings. Furthermore, the fuel system often injects extra fuel, a process known as enrichment, to keep the engine components from overheating under high stress (Ferguson & Kirkpatrick, 2001). The best point is at around 2,200 RPM and is where the engine provides the best balance of fuel economy and power, representing the point of maximum thermal efficiency.
[bookmark: _Toc225106100]Evaluation
I was unable to conduct the dyno test in person due to the dyno not working, so I had some data given to me and so I was able to do the calculations to work out the rest of the data needed. This included the brake power, the corrected power, the torque, specific fuel consumption and many others. From getting this data, I was then able to create some graphs to look at the specific data. 
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The analysis of the engine performance data provides a clear picture of limits which dictate the capabilities of an internal combustion engine. By plotting the relationships between Brake Power, Torque, and SFC, we have identified the critical operating ranges where the engine converts chemical energy into mechanical work most effectively. The peak torque observed at approximately 3,000 RPM indicates the engine's maximum volumetric efficiency. The Brake Power peaked later at 4,800 RPM, demonstrating the engine's capacity for high-speed work before being overtaken by internal friction and gas dynamic losses.
Furthermore, the U-shaped SFC curve confirms the narrow window of maximum thermal efficiency, centred around 2,200 RPM. This is where the powertrain system should ideally operate to minimize fuel consumption while maintaining sufficient torque output. Although the physical dynamometer test could not be performed in person, the calculation of Corrected Power using the recorded ambient conditions (27°C and 1019.9 mbar) ensured that the data remains scientifically valid and comparable to industry standards.
In conclusion, these findings demonstrate that engine performance is not a static value but a dynamic balance between fluid mechanics, heat transfer, and rotational speed. Understanding these curves is essential for the effective selection of transmission gear ratios and overall drivetrain design. This study successfully maps the engine's performance limits, providing the necessary foundation for evaluating its role within a complete vehicle powertrain system.
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Baro Humidity Ambient temp Radius Radius engine size engine size Petrol density Calorific value

mBar % Deg C mm m L m^3 Kg/L J/Kg

1018.9 46 27 815.776 0.815776 1.6 0.0016 0.74 44000000

Load Dyno Speed Fuel Flow Rate Lambda Brake Power Corrected power Torque Torque BMEP BMEP SFC SFC fuel flow rate fuel flow rate OTE Efficiency

Newtons rpm l/min Lambda kW kW Nmm Nm Pa kPa kg/kWh g/kWh kg/h Kg/s %

102.275 1000 0.0704 1.2658 8.74 8.75 83433.49 83.43 327642.55 327.64 0.0004 357.7557 3.1258 0.0009 0.2287 22.87

102.756 1050 0.0724 1.26783 9.2171 9.2275 83825.8787 83.8259 329183.4557 329.1835 0.0003 348.7591 3.2146 0.0009 0.2346 23.46

103.689 1100 0.0737 1.27344 9.7437 9.7547 84586.9977 84.5870 332172.3631 332.1724 0.0003 335.8347 3.2723 0.0009 0.2436 24.36

104.209 1150 0.0728 1.28476 10.2377 10.2493 85011.2012 85.0112 333838.2064 333.8382 0.0003 315.7270 3.2323 0.0009 0.2591 25.91

105.811 1200 0.0744 1.29181 10.8470 10.8593 86318.0743 86.3181 338970.2853 338.9703 0.0003 304.5400 3.3034 0.0009 0.2687 26.87

107.51 1250 0.07895 1.29729 11.4804 11.4934 87704.0778 87.7041 344413.1080 344.4131 0.0003 305.3351 3.5054 0.0010 0.2680 26.80

109.488 1300 0.079 1.29895 12.1593 12.1731 89317.6827 89.3177 350749.7197 350.7497 0.0003 288.4700 3.5076 0.0010 0.2836 28.36

111.797 1350 0.0796 1.29469 12.8933 12.9078 91201.3095 91.2013 358146.7048 358.1467 0.0003 274.1149 3.5342 0.0010 0.2985 29.85

114.268 1400 0.0835 1.2855 13.6663 13.6818 93217.0920 93.2171 366062.6641 366.0627 0.0003 271.2797 3.7074 0.0010 0.3016 30.16

115.783 1450 0.0847 1.27818 14.3421 14.3583 94452.9926 94.4530 370916.0346 370.9160 0.0003 262.2129 3.7607 0.0010 0.3120 31.20

116.985 1500 0.08865 1.2795 14.9907 15.0076 95433.5554 95.4336 374766.6955 374.7667 0.0003 262.5674 3.9361 0.0011 0.3116 31.16

117.788 1550 0.0932 1.27766 15.5967 15.6143 96088.6235 96.0886 377339.1421 377.3391 0.0003 265.3179 4.1381 0.0011 0.3084 30.84

118.471 1600 0.0959 1.28235 16.1932 16.2114 96645.7985 96.6458 379527.1632 379.5272 0.0003 262.9481 4.2580 0.0012 0.3112 31.12

118.772 1650 0.09875 1.29028 16.7416 16.7605 96891.3471 96.8913 380491.4302 380.4914 0.0003 261.8922 4.3845 0.0012 0.3124 31.24

118.656 1700 0.10005 1.29942 17.2321 17.2516 96796.7171 96.7967 380119.8190 380.1198 0.0003 257.7875 4.4422 0.0012 0.3174 31.74

118.861 1750 0.10305 1.31053 17.7696 17.7896 96963.9511 96.9640 380776.5457 380.7765 0.0003 257.4862 4.5754 0.0013 0.3178 31.78

119.584 1800 0.1093 1.3149 18.3885 18.4092 97553.7572 97.5538 383092.7086 383.0927 0.0003 263.9113 4.8529 0.0013 0.3100 31.00

119.934 1850 0.11415 1.31849 18.9546 18.9760 97839.2788 97.8393 384213.9493 384.2139 0.0003 267.3901 5.0683 0.0014 0.3060 30.60

120.176 1900 0.11745 1.31892 19.5061 19.5281 98036.6966 98.0367 384989.2072 384.9892 0.0003 267.3407 5.2148 0.0014 0.3060 30.60

120.948 1950 0.12055 1.31484 20.1480 20.1708 98666.4756 98.6665 387462.3438 387.4623 0.0003 265.6546 5.3524 0.0015 0.3080 30.80

122.157 2000 0.12555 1.31653 20.8712 20.8948 99652.7488 99.6527 391335.4296 391.3354 0.0003 267.0864 5.5744 0.0015 0.3063 30.63

122.845 2050 0.12785 1.32098 21.5135 21.5378 100214.0027 100.2140 393539.4684 393.5395 0.0003 263.8595 5.6765 0.0016 0.3101 31.01

123.796 2100 0.1309 1.32287 22.2088 22.2339 100989.8057 100.9898 396586.0396 396.5860 0.0003 261.6960 5.8120 0.0016 0.3126 31.26

124.794 2150 0.13435 1.32164 22.9209 22.9468 101803.9501 101.8040 399783.1773 399.7832 0.0003 260.2489 5.9651 0.0017 0.3144 31.44

125.137 2200 0.1377 1.31652 23.5184 23.5450 102083.7613 102.0838 400881.9932 400.8820 0.0003 259.9614 6.1139 0.0017 0.3147 31.47

126.028 2250 0.14105 1.30465 24.2242 24.2515 102810.6177 102.8106 403736.3517 403.7364 0.0003 258.5276 6.2626 0.0017 0.3165 31.65

126.66 2300 0.14495 1.29646 24.8867 24.9148 103326.1882 103.3262 405760.9921 405.7610 0.0003 258.6035 6.4358 0.0018 0.3164 31.64

126.822 2350 0.14985 1.28229 25.4602 25.4890 103458.3439 103.4583 406279.9663 406.2800 0.0003 261.3230 6.6533 0.0018 0.3131 31.31

126.69 2400 0.1537 1.27304 25.9749 26.0042 103350.6614 103.3507 405857.0984 405.8571 0.0003 262.7264 6.8243 0.0019 0.3114 31.14

126.552 2450 0.15565 1.26984 26.4871 26.5170 103238.0844 103.2381 405415.0092 405.4150 0.0003 260.9140 6.9109 0.0019 0.3136 31.36

126.438 2500 0.1596 1.27446 27.0033 27.0338 103145.0859 103.1451 405049.8051 405.0498 0.0003 262.4211 7.0862 0.0020 0.3118 31.18

126.239 2550 0.1626 1.27876 27.5000 27.5311 102982.7465 102.9827 404412.2997 404.4123 0.0003 262.5247 7.2194 0.0020 0.3117 31.17

126.161 2600 0.16805 1.27634 28.0219 28.0536 102919.1159 102.9191 404162.4232 404.1624 0.0003 266.2708 7.4614 0.0021 0.3073 30.73

125.847 2650 0.17145 1.28027 28.4897 28.5219 102662.9623 102.6630 403156.5101 403.1565 0.0003 267.1974 7.6124 0.0021 0.3062 30.62

124.911 2700 0.17465 1.28371 28.8114 28.8439 101899.3959 101.8994 400157.9921 400.1580 0.0003 269.1458 7.7545 0.0022 0.3040 30.40

123.927 2750 0.1784 1.2812 29.1138 29.1466 101096.6724 101.0967 397005.7040 397.0057 0.0003 272.0694 7.9210 0.0022 0.3007 30.07

123.689 2800 0.18005 1.27448 29.5862 29.6196 100902.5177 100.9025 396243.2603 396.2433 0.0003 270.2013 7.9942 0.0022 0.3028 30.28

123.389 2850 0.1831 1.26036 30.0414 30.0754 100657.7849 100.6578 395282.1968 395.2822 0.0003 270.6141 8.1296 0.0023 0.3023 30.23

122.519 2900 0.1879 1.2531 30.3530 30.3872 99948.0597 99.9481 392495.1128 392.4951 0.0003 274.8582 8.3428 0.0023 0.2977 29.77

121.837 2950 0.19255 1.23943 30.7044 30.7391 99391.7005 99.3917 390310.2952 390.3103 0.0003 278.4362 8.5492 0.0024 0.2938 29.38

121.709 3000 0.199 1.22735 31.1920 31.2272 99287.2812 99.2873 389900.2415 389.9002 0.0003 283.2648 8.8356 0.0025 0.2888 28.88

121.123 3050 0.20605 1.2193 31.5592 31.5948 98809.2364 98.8092 388022.9642 388.0230 0.0003 289.8876 9.1486 0.0025 0.2822 28.22

121.124 3100 0.21005 1.20692 32.0768 32.1130 98810.0522 98.8101 388026.1677 388.0262 0.0003 290.7463 9.3262 0.0026 0.2814 28.14

120.851 3150 0.21605 1.19274 32.5207 32.5575 98587.3454 98.5873 387151.6000 387.1516 0.0003 294.9694 9.5926 0.0027 0.2774 27.74

120.596 3200 0.21795 1.18481 32.9672 33.0044 98379.3225 98.3793 386334.6960 386.3347 0.0003 293.5333 9.6770 0.0027 0.2787 27.87

120.84 3250 0.22305 1.17378 33.5501 33.5880 98578.3718 98.5784 387116.3610 387.1164 0.0003 295.1832 9.9034 0.0028 0.2772 27.72

121.633 3300 0.2255 1.16118 34.2898 34.3285 99225.2822 99.2253 389656.7720 389.6568 0.0003 291.9877 10.0122 0.0028 0.2802 28.02

122.181 3350 0.2285 1.15104 34.9662 35.0056 99672.3275 99.6723 391412.3146 391.4123 0.0003 290.1490 10.1454 0.0028 0.2820 28.20

122.933 3400 0.2342 1.14117 35.7065 35.7468 100285.7910 100.2858 393821.3804 393.8214 0.0003 291.2212 10.3985 0.0029 0.2809 28.09

123.475 3450 0.23605 1.12669 36.3913 36.4324 100727.9416 100.7279 395557.7017 395.5577 0.0003 287.9979 10.4806 0.0029 0.2841 28.41

123.428 3500 0.24195 1.11975 36.9047 36.9463 100689.6001 100.6896 395407.1351 395.4071 0.0003 291.0900 10.7426 0.0030 0.2811 28.11

124.205 3550 0.24545 1.10622 37.6675 37.7100 101323.4581 101.3235 397896.2894 397.8963 0.0003 289.3204 10.8980 0.0030 0.2828 28.28

124.066 3600 0.25505 1.09697 38.1553 38.1984 101210.0652 101.2101 397450.9967 397.4510 0.0003 296.7929 11.3242 0.0031 0.2757 27.57

123.967 3650 0.25755 1.09401 38.6544 38.6980 101129.3034 101.1293 397133.8457 397.1338 0.0003 295.8326 11.4352 0.0032 0.2766 27.66

123.815 3700 0.26445 1.09659 39.1358 39.1800 101005.3054 101.0053 396646.9069 396.6469 0.0003 300.0212 11.7416 0.0033 0.2727 27.27

123.767 3750 0.2651 1.09808 39.6493 39.6941 100966.1482 100.9661 396493.1368 396.4931 0.0003 296.8637 11.7704 0.0033 0.2756 27.56

123.509 3800 0.2693 1.09907 40.0942 40.1395 100755.6780 100.7557 395666.6222 395.6666 0.0003 298.2206 11.9569 0.0033 0.2744 27.44

122.672 3850 0.27375 1.10533 40.3465 40.3920 100072.8735 100.0729 392985.2552 392.9853 0.0003 301.2530 12.1545 0.0034 0.2716 27.16

122.157 3900 0.2759 1.11704 40.6989 40.7448 99652.7488 99.6527 391335.4296 391.3354 0.0003 300.9901 12.2500 0.0034 0.2718 27.18

121.184 3950 0.28285 1.12259 40.8923 40.9385 98858.9988 98.8590 388218.3804 388.2184 0.0003 307.1123 12.5585 0.0035 0.2664 26.64

120.004 4000 0.28455 1.12461 41.0067 41.0530 97896.3831 97.8964 384438.1975 384.4382 0.0003 308.0962 12.6340 0.0035 0.2656 26.56

118.734 4050 0.2871 1.1222 41.0799 41.1263 96860.3476 96.8603 380369.6955 380.3697 0.0003 310.3034 12.7472 0.0035 0.2637 26.37

117.442 4100 0.28895 1.12394 41.1346 41.1810 95806.3650 95.8064 376230.7155 376.2307 0.0003 311.8881 12.8294 0.0036 0.2623 26.23

116.5 4150 0.29305 1.12233 41.3022 41.3489 95037.9040 95.0379 373212.9763 373.2130 0.0003 315.0294 13.0114 0.0036 0.2597 25.97

115.931 4200 0.2949 1.12179 41.5957 41.6427 94573.7275 94.5737 371390.1592 371.3902 0.0003 314.7816 13.0936 0.0036 0.2599 25.99

115.034 4250 0.29715 1.12456 41.7652 41.8124 93841.9764 93.8420 368516.5795 368.5166 0.0003 315.8959 13.1935 0.0037 0.2590 25.90

114.391 4300 0.3022 1.12278 42.0204 42.0678 93317.4324 93.3174 366456.7002 366.4567 0.0003 319.3137 13.4177 0.0037 0.2562 25.62

114.016 4350 0.30605 1.11943 42.3696 42.4175 93011.5164 93.0115 365255.3708 365.2554 0.0003 320.7161 13.5886 0.0038 0.2551 25.51

113.871 4400 0.3092 1.11986 42.8021 42.8505 92893.2289 92.8932 364790.8568 364.7909 0.0003 320.7429 13.7285 0.0038 0.2551 25.51

113.985 4450 0.3099 1.11873 43.3319 43.3808 92986.2274 92.9862 365156.0609 365.1561 0.0003 317.5392 13.7596 0.0038 0.2577 25.77

113.306 4500 0.31445 1.11563 43.5577 43.6069 92432.3155 92.4323 362980.8540 362.9809 0.0003 320.5307 13.9616 0.0039 0.2553 25.53

113.074 4550 0.3171 1.10953 43.9515 44.0011 92243.0554 92.2431 362237.6316 362.2376 0.0003 320.3358 14.0792 0.0039 0.2554 25.54

112.195 4600 0.3194 1.10569 44.0891 44.1388 91525.9883 91.5260 359421.7156 359.4217 0.0003 321.6526 14.1814 0.0039 0.2544 25.44

111.061 4650 0.32055 1.09782 44.1178 44.1676 90600.8983 90.6009 355788.8958 355.7889 0.0003 322.6002 14.2324 0.0040 0.2536 25.36

109.973 4700 0.3207 1.09558 44.1554 44.2052 89713.3340 89.7133 352303.4390 352.3034 0.0003 322.4768 14.2391 0.0040 0.2537 25.37

108.654 4750 0.32485 1.08827 44.0899 44.1397 88637.3255 88.6373 348077.9633 348.0780 0.0003 327.1350 14.4233 0.0040 0.2501 25.01

107.076 4800 0.32455 1.08396 43.9069 43.9565 87350.0310 87.3500 343022.7695 343.0228 0.0003 328.1948 14.4100 0.0040 0.2493 24.93

105.24 4850 0.3257 1.08221 43.6036 43.6528 85852.2662 85.8523 337141.0611 337.1411 0.0003 331.6489 14.4611 0.0040 0.2467 24.67

103.632 4900 0.3277 1.0846 43.3800 43.4290 84540.4984 84.5405 331989.7610 331.9898 0.0003 335.4053 14.5499 0.0040 0.2439 24.39

102.335 4950 0.32845 1.08823 43.2742 43.3230 83482.4370 83.4824 327834.7633 327.8348 0.0003 336.9949 14.5832 0.0041 0.2428 24.28

101.106 5000 0.3287 1.08687 43.1863 43.2351 82479.8483 82.4798 323897.6067 323.8976 0.0003 337.9374 14.5943 0.0041 0.2421 24.21

99.3149 5050 0.32985 1.0891 42.8455 42.8939 81018.7119 81.0187 318159.7375 318.1597 0.0003 341.8174 14.6453 0.0041 0.2394 23.94

97.5815 5100 0.3297 1.09185 42.5145 42.5625 79604.6457 79.6046 312606.7128 312.6067 0.0003 344.3219 14.6387 0.0041 0.2376 23.76

95.8486 5150 0.33095 1.09407 42.1689 42.2165 78190.9875 78.1910 307055.2899 307.0553 0.0003 348.4599 14.6942 0.0041 0.2348 23.48

94.8033 5200 0.3338 1.09346 42.1140 42.1615 77338.2569 77.3383 303706.6245 303.7066 0.0004 351.9192 14.8207 0.0041 0.2325 23.25

93.0976 5250 0.3313 1.08804 41.7539 41.8011 75946.7877 75.9468 298242.3380 298.2423 0.0004 352.2955 14.7097 0.0041 0.2322 23.22

91.7886 5300 0.3324 1.08339 41.5589 41.6058 74878.9370 74.8789 294048.8978 294.0489 0.0004 355.1238 14.7586 0.0041 0.2304 23.04

90.5938 5350 0.3308 1.08007 41.4049 41.4517 73904.2478 73.9042 290221.3024 290.2213 0.0004 354.7290 14.6875 0.0041 0.2306 23.06

89.6374 5400 0.3388 1.07895 41.3507 41.3974 73124.0396 73.1240 287157.4321 287.1574 0.0004 363.7842 15.0427 0.0042 0.2249 22.49

88.9256 5450 0.3438 1.07923 41.4021 41.4489 72543.3703 72.5434 284877.1489 284.8771 0.0004 368.6939 15.2647 0.0042 0.2219 22.19

88.6474 5500 0.3488 1.08366 41.6513 41.6983 72316.4214 72.3164 283985.9227 283.9859 0.0004 371.8187 15.4867 0.0043 0.2200 22.00


