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As the automotive industry strives for sustainable solutions to reduce fuel consumption, integrating a Kinetic Energy Recovery System (KERS) offers promising potential. This analysis seeks to explore the impact of this technology on fuel efficiency and consumption. An appropriate vehicle is selected for this analysis, its dynamic characteristics are researched, and the Worldwide Harmonized Light Vehicle Test Procedure (WLTP) is utilised to evaluate its performance. Additionally, a spreadsheet to plot tractive and braking energy and identify critical moments for KERS power input and energy storage is used to specify a suitable KERS system and explain its operation compared to conventional ICE and friction brake vehicles. 
The vehicle chosen is the Aston Martin DB11; being a high-performance vehicle, it often operates at high speeds and undergoes rapid acceleration and, more importantly, deceleration, making it a suitable candidate for a system that recovers energy during braking and provides additional power during acceleration periods; increasing fuel efficiency and reducing the load on the engine. 



Dynamic characteristics
The data needed for the assignment and data calculation are as follows:
Test Mass: 1760kg
Frontal Area: 2.47m²
Rolling Resistance coefficient: 0.015
Coefficient of drag: 0.28
Curb mass refers to the total weight of a vehicle, including all standard equipment, fluids, and a full fuel tank, including the weight of passengers and cargo. It represents the vehicle's weight as it would be driven on the road without any additional load. Curb mass is an essential parameter for calculating a vehicle's performance and efficiency characteristics, such as acceleration, braking, fuel consumption, and load-carrying capacity. Curb mass is crucial in determining a vehicle's fuel consumption and emissions. By accurately measuring the vehicle’s total weight, including all necessary equipment and fluids, WLTP can account for the impact of mass on energy consumption. Heavier vehicles typically require more energy to accelerate, resulting in higher fuel consumption and emissions. Curb mass data allows for fair comparisons between different vehicles during WLTP testing. The test mass can be calculated by adding the unladen mass of the vehicle and 50% of the difference between the unladen mass and the laden mass.
The frontal area is the projected area of the front face of a vehicle when viewed from the front. It is typically measured in square meters (m²) and represents the vehicle’s cross-sectional area to the oncoming airflow. Frontal area is a crucial parameter used in aerodynamic calculations and significantly impacts the drag force experienced by the vehicle. The frontal area is directly related to the aerodynamic drag experienced by a vehicle. WLTP considers frontal area measurements to assess how efficiently a vehicle moves through the air. Larger frontal areas lead to increased air resistance, requiring more energy to overcome. By quantifying the frontal area, WLTP can evaluate the impact of aerodynamics on fuel consumption and emissions. Lower frontal areas indicate better aerodynamic design and improved efficiency.
The coefficient of drag (Cd), also known as the drag coefficient, is a dimensionless value that quantifies the resistance a vehicle encounters as it moves through the air. It is a measure of the aerodynamic efficiency of the vehicle's shape. The lower the drag coefficient, the better the vehicle cuts through the air with minimal resistance. The vehicle's shape, contours, surface features, and aerodynamic design influence the drag coefficient. The drag coefficient is another crucial parameter in evaluating a vehicle's aerodynamic efficiency. It quantifies the resistance a vehicle encounters as it moves through the air. Lower drag coefficients indicate better aerodynamic performance, reducing energy losses due to air resistance. WLTP uses the drag coefficient to estimate the impact on fuel consumption and emissions caused by aerodynamic design. Vehicles with lower drag coefficients generally exhibit improved efficiency during WLTP testing.







WLTP and Results
Total Forces:
The first step was to Calculate the total resistive forces acting on the vehicle over each time interval (1 second) over the whole time (1800 seconds): Acceleration Force, Rolling Resistance Force, and Aerodynamic Resistance Force. The total of these forces added together would equal the tractive effort.

Figure 1 – Acceleration Force
Figure 1 represents the Acceleration Force


Figure 2 – Rolling Resistance Force

Figure 3 - Aerodynamic Resistance Force

Figure 4 - Total Tractive Forces
Figure 4 shows the 3 resistive and total forces on the same timescale. The choice of graph is to improve understanding of the data as it is all close together. The total tractive force is exerted on the vehicle's wheels to move it. As seen in the graph, the total tractive force is very similar to the acceleration force; however, it differentiates from the pattern when aerodynamic resistance increases; this is due to more resistance being pushed against the vehicle during acceleration, therefore leading to more force needed to propel the vehicle forward.

Figure 5 - Tractive Power
Like tractive force, tractive Power is the rate at which work is done by the tractive force.
Braking Times

Figure 6 - Braking Times
Figure 6 represents the increase in deceleration (braking). These time intervals will be used to calculate when energy can be recovered during the drive cycle.

Figure 7 - Accumulated Tractive and Braking Energy
The tractive Energy and Braking Energy was calculated using the Driving Power equation:
Pd = V 1000 Mgfr + 1/2 ρaCDAV2 + Mδ dV dt 
By applying this to the acceleration and deceleration values over the drive cycle, the results given are tractive energy and braking energy respectively.
Accumulated Tractive Energy refers to the overall energy used during acceleration during acceleration, whilst braking energy refers to the overall energy used to during braking in the whole cycle 

Figure 8 - Energy Loss
The difference between the accumulated tractive and braking energy is the energy losses whilst braking.

Figure 9 - Kinetic Energy Recoverable


KERS Analysis
The choices of energy storage in a KER system is electrochemical batteries, ultracapacitors or high-speed-flywheels.
Mechanical KERS
Flywheel-based KERS: This type of KERS utilises a rotating flywheel to store and release kinetic energy. When the vehicle decelerates or brakes, the excess energy is transferred to the flywheel, which spins and stores the energy. When additional power is required, such as during acceleration, the flywheel transfers the stored energy back to the drivetrain.
Pros: 
-High Power Density: The flywheel can withstand high power demand and deliver and absorb energy quickly, making them the most appropriate for high-performance and race cars due to rapid energy transfer in their respective applications
-Efficiency: Mechanical flywheels suffer less energy conversion losses than electrochemical batteries.
-Longer lifespan: Unlike batteries, flywheels do not suffer from chemical degradation.
Cons:
-Weight and size: Flywheel can be large and heavy depending on material and specifications, most likely affecting weight distribution and handling
-Cost: While the overall running cost of mechanical flywheels is less expensive to maintain, the initial investment into designing and producing them can be very costly, especially to tackle problems such as safety concerns due to high containment failure and causing a safety hazard.
Electrical KERS:
Battery-based KERS: This type of KERS employs a battery pack to store and release electrical energy. During deceleration or braking, the kinetic energy is converted into electrical energy and stored in the battery. When needed, the energy stored in the battery is used to power an electric motor, which assists the internal combustion engine during acceleration or provides additional power.
Pros:
-High energy densities: batteries can store high amounts of energy in relatively small, lightweight volumes.
-Versatility and scalability: Batteries can be sized and scaled to fit various needs
Cons:
-Longer charging time: Unlike flywheels, batteries usually take a longer time to charge, making them a less suitable candidate for high-performance KERS where quick charge and discharge are needed.
Capacitor-based KERS: This variant of electrical KERS utilises a capacitor to store and discharge energy. Like the battery-based system, the energy is recovered during braking or deceleration and stored in the capacitor. The stored energy can then be released to boost the extra power during acceleration.

The mechanical Flywheel seems most appropriate for energy storage for several reasons. They can handle high power levels and deliver energy back to the vehicle very quickly and can be charged and discharged at quicker rates when compared to batteries, both being suited for high-performance vehicles.




Sizing Flywheel
Some assumptions/ design choices will already be made to size the flywheel, such as the radius and material, as the former affects most calculations, whilst the latter will substantially affect the performance. The first step is using the Kinetic energy equation:
KE = ½ * m * v²
Across the WLTP cycle to determine the potential maximum energy storage. Next 
To calculate the necessary information for a flywheel before implementation, the following steps are performed: Energy Storage Capacity Calculation:
The energy storage capacity of a flywheel is a fundamental parameter that influences its performance. It is calculated using the formula: E = 0.5 * I * ω^2. The energy storage capacity (E) is expressed in joules (J). At the same time, the moment of inertia (I) and angular velocity (ω) is measured in kilogram square meters (kg·m²) and radians per second (rad/s), respectively. By manipulating these variables, we can adjust the flywheel's ability to store and release energy effectively.

Moment of Inertia Determination:
The moment of inertia characterises the mass distribution around the rotation axis and affects the flywheel's rotational performance. It is calculated using the formula: I = (m * r^2) / 2. Here, the moment of inertia (I) depends on the mass (m) of the flywheel in kilograms (kg) and the radius (r) of the flywheel in meters (m). By adjusting the mass distribution and radius, engineers can optimise the moment of inertia, thus improving the flywheel's energy storage and release efficiency.

Angular Velocity Calculation:
The angular velocity of a flywheel represents the rate at which it rotates. It is determined using the formula: ω = 2π * n / 60, where ω represents the angular velocity in radians per second (rad/s), and n is the flywheel’s rotational speed in revolutions per minute (rpm). This formula allows engineers to correlate the flywheel’s rotational speed with its angular velocity, influencing its energy storage and power delivery capabilities.
Braking System
The integration of KERS also requires the use of a brake system capable of distributing the total required braking forces to recover as much braking energy as possible and how to distribute them among the axles for stable braking performance. The two options are parallel hybrid and full hybrid braking systems. 
Parallel hybrid System:
In a parallel hybrid, the Internal Combustion Engine and Electric Motor are connected to the transmission and can drive the vehicle. During braking, the electric motor acts as a generator to convert kinetic energy into electric energy and is stored ready for acceleration. The regenerative braking in a parallel hybrid is typically less aggressive due to the ICE being connected to the wheel. Therefore, some of the braking is still done by conventional braking systems.
Fully Hybrid System:
In a fully hybrid system, the ICE does not drive the wheels. Instead, it powers a generator, which either charges a battery or an electric motor that drives the wheels. The electric motor is the only driving force on the wheels; therefore, regenerative braking can be more efficiently utilised.
Due to the use of a flywheel, the more appropriate choice would be a parallel hybrid system, as conventionally used. The response and feel of a conventional ICE may also benefit a high-powered vehicle like the DB11 when coupled with a mechanical flywheel.


Conclusion
To Conclude, a mechanically assisted parallel hybrid system may best fit a high-performance vehicle such as an Aston Martin DB11 due to the quick charge and discharge times needed for high performance, and the ICE mechanically coupled to the wheels giving appropriate response when driving the car. 
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Deceleration	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.7777777777777186E-2	0.24999999999999961	0.59722222222222276	0.79166666666666707	0.73611111111111072	0.65277777777777812	0.7777777777777779	0.99999999999999933	0.94444444444444453	0.5833333333333337	0.25000000000000011	0.19444444444444425	0.27777777777777779	0.23611111111111099	8.3333333333333037E-2	5.5555555555555851E-2	0.29166666666666685	0.5972222222222221	0.49999999999999994	0.15277777777777773	1.388888888888884E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	4.1666666666666269E-2	0.1388888888888889	0.23611111111111149	0.20833333333333331	8.3333333333332538E-2	0.15277777777777798	0.19444444444444522	0.18055555555555516	0.15277777777777699	0.37500000000000039	0.95833333333333359	1.3749999999999998	1.4305555555555556	1.0833333333333335	0.69444444444444442	0.70833333333333326	0.86111111111111116	0.76388888888888884	0.49999999999999994	0.5	0.30555555555555558	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.36111111111111133	0.94444444444444398	1.3749999999999998	1.2916666666666667	0.73611111111111116	9.7222222222222363E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.40277777777777757	0.88888888888888862	1.1111111111111112	0.79166666666666652	0.27777777777777779	0	0	0	0	0	5.5555555555555851E-2	0.16666666666666657	0.43055555555555525	0.65277777777777768	0.70833333333333348	0.65277777777777812	0.54166666666666641	0.44444444444444431	0.36111111111111133	0.27777777777777779	0.22222222222222215	0.16666666666666657	9.7222222222222363E-2	6.9444444444444448E-2	2.7777777777777679E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	4.1666666666666269E-2	0.2222222222222224	0.45833333333333393	0.54166666666666641	0.43055555555555575	0.24999999999999961	0.19444444444444425	0.31944444444444503	0.56944444444444464	0.74999999999999978	0.6666666666666663	0.625	0.68055555555555536	0.65277777777777812	0.7777777777777779	0.99999999999999933	0.94444444444444453	0.5833333333333337	0.25000000000000011	0.19444444444444425	0.27777777777777779	0.23611111111111099	8.3333333333333037E-2	5.5555555555555851E-2	0.29166666666666685	0.40277777777777757	4.1666666666666519E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	4.1666666666666269E-2	9.7222222222222612E-2	0.26388888888888867	0.625	0.79166666666666707	0.88888888888888862	0.98611111111111127	1.2361111111111109	1.3194444444444444	0.73611111111111116	0	0	0	0	0	0	0	0	0	0	0	0.23611111111111052	0.26388888888888967	0.18055555555555614	8.3333333333332538E-2	0	0	0	0	2.7777777777777186E-2	9.7222222222221627E-2	0.18055555555555614	0.25000000000000061	0.34722222222222221	0.41666666666666663	0.34722222222222221	0.20833333333333331	9.7222222222221627E-2	8.3333333333332538E-2	0.12499999999999981	0.16666666666666705	0.25000000000000061	0.34722222222222221	0.41666666666666663	0.41666666666666663	0.37499999999999989	0.41666666666666663	0.51388888888888873	0.54166666666666641	0.33333333333333315	0.16666666666666705	9.7222222222222612E-2	8.3333333333333037E-2	0.1388888888888889	5.5555555555555851E-2	4.1666666666666269E-2	8.3333333333333037E-2	0.43055555555555575	0.80555555555555558	0.50000000000000022	0.1111111111111112	0.13888888888888865	0.15277777777777773	0.12500000000000006	0.15277777777777773	9.7222222222222127E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.7777777777777679E-2	2.7777777777778172E-2	1.3888888888889086E-2	0	0	1.3888888888889086E-2	0.18055555555555566	0.41666666666666663	0.51388888888888873	0.43055555555555575	0.29166666666666635	0.16666666666666657	5.5555555555555851E-2	0	0	0	0	0	0	6.9444444444444448E-2	0.44444444444444431	0.84722222222222243	0.95833333333333337	0.80555555555555536	0.58333333333333348	0.41666666666666663	0.30555555555555547	0.23611111111111113	0.26388888888888895	0.31944444444444442	0.33333333333333326	0.36111111111111116	0.3888888888888889	0.31944444444444442	0.125	0	0	0	0	0	0	0	0	0	0	0	0	0	0	9.7222222222222612E-2	0.31944444444444453	0.45833333333333293	0.43055555555555575	0.40277777777777807	0.44444444444444431	0.47222222222222199	0.38888888888888895	0.19444444444444448	2.7777777777777679E-2	0	0	0	0	0	0	0	0	0.20833333333333331	0.30555555555555547	0.19444444444444473	2.7777777777778172E-2	0	0	0	0	0	0	0	8.3333333333333523E-2	0.2222222222222224	0.20833333333333284	0.11111111111111072	9.7222222222222127E-2	0.26388888888888917	0.54166666666666696	0.86111111111111094	1.1805555555555556	1.4027777777777777	1.4583333333333333	1.2638888888888891	0.88888888888888895	0.49999999999999994	0.18055555555555555	2.777777777777778E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	8.3333333333333037E-2	0.22222222222222193	0.29166666666666685	0.34722222222222221	0.51388888888888873	0.81944444444444442	1.0972222222222223	1.0972222222222223	0.77777777777777768	0.41666666666666663	0.27777777777777779	0.1388888888888889	0	0	0	0	0	0	0	0	0	0	0	2.7777777777777679E-2	0.12499999999999981	0.27777777777777779	0.4861111111111111	0.5277777777777779	0.40277777777777807	0.30555555555555547	0.24999999999999983	0.2222222222222224	0.15277777777777773	0.1388888888888889	0.1388888888888889	8.3333333333333287E-2	2.7777777777777925E-2	0	0	0	0	0	0	0	0.22222222222222215	0.95833333333333337	1.4722222222222223	1.4027777777777777	0.66666666666666663	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	4.1666666666667261E-2	4.1666666666666269E-2	8.3333333333333523E-2	0.16666666666666705	0.26388888888888867	0.29166666666666685	0.20833333333333331	8.3333333333333523E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888889086E-2	4.1666666666666269E-2	4.1666666666666269E-2	0	0	0	0	0	0	0	0	0	0.12499999999999981	0.36111111111111033	0.54166666666666641	0.56944444444444464	0.68055555555555536	0.95833333333333315	1.1111111111111112	0.93055555555555591	0.68055555555555636	0.76388888888888884	1.1527777777777775	1.4305555555555556	1.4722222222222221	1.0555555555555556	0.47222222222222227	8.3333333333333287E-2	0	0	0	0	0	0	0	0	0	0	0	0.18055555555555516	0.6666666666666663	0.99999999999999989	1.1944444444444446	1.25	0.83333333333333326	0.54166666666666696	0.30555555555555597	0	0	0	0	0	0	0	0	0	0	4.1666666666667261E-2	0.6805555555555558	0.9166666666666663	0.7222222222222221	0.55555555555555558	0.26388888888888917	0.1111111111111112	2.7777777777777679E-2	1.3888888888889086E-2	0.15277777777777798	0.41666666666666663	0.66666666666666652	0.70833333333333304	0.43055555555555547	0	0	0	0	0	0.45833333333333343	1.0138888888888886	0.90277777777777779	0.26388888888888895	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888888099E-2	6.9444444444444448E-2	0.16666666666666705	0.23611111111111052	0.30555555555555597	0.54166666666666641	0.97222222222222221	1.3333333333333335	1.4305555555555551	1.4444444444444446	1.4722222222222223	1.3055555555555554	0.88888888888888862	0.20833333333333331	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888890073E-2	0.34722222222222221	0.8194444444444432	1.2361111111111109	1.4444444444444453	1.3472222222222225	0.97222222222222221	0.4861111111111111	0.1388888888888889	0	0	0	0	0	0	2.7777777777778172E-2	0.23611111111111149	0.38888888888888851	0.54166666666666641	0.83333333333333326	1.0694444444444438	1.1388888888888893	1.1944444444444446	1.2777777777777777	1.2777777777777781	1.1527777777777779	0.68055555555555536	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	5.5555555555554373E-2	9.7222222222222612E-2	0.11111111111111072	0.1388888888888889	0.20833333333333331	0.29166666666666585	0.36111111111111227	0.31944444444444403	0.18055555555555516	5.5555555555556344E-2	0.1388888888888889	0.27777777777777779	0.1388888888888889	0	0	0	0	0	1.3888888888888099E-2	8.3333333333334522E-2	0.16666666666666705	0.26388888888888767	0.34722222222222221	0.36111111111111133	0.30555555555555497	0.20833333333333331	9.7222222222222612E-2	2.7777777777778172E-2	1.3888888888889086E-2	5.5555555555555358E-2	0.12499999999999981	0.24999999999999961	0.87499999999999956	1.4444444444444453	1.3472222222222225	0.97222222222222221	0.4861111111111111	0.1388888888888889	0	0	0	0	0	0	0	0	0	0	1.3888888888889086E-2	0	0	0	0	0	0	0.33333333333333215	0.29166666666666585	0.19444444444444522	0.15277777777777798	0.11111111111111072	9.7222222222221627E-2	9.7222222222222612E-2	0.1111111111111117	0.16666666666666607	0.26388888888888867	0.27777777777777779	0.20833333333333331	0.15277777777777798	0.1388888888888889	0.15277777777777798	0.12499999999999981	5.5555555555555358E-2	2.7777777777778172E-2	1.3888888888889086E-2	0	0	0	0	0	0	0.15277777777777798	0.47222222222222199	0.93055555555555591	1.3333333333333335	1.4722222222222223	1.4722222222222223	1.4722222222222219	1.0277777777777775	0.16666666666666657	0	0	0	0	0	0	0	0	0	6.9444444444444448E-2	0.16666666666666705	0.34722222222222221	0.69444444444444442	1.1944444444444446	1.4722222222222223	1.4722222222222223	1.4722222222222219	1.4861111111111109	1.2083333333333333	0.84722222222222243	0.73611111111111116	0.61111111111111094	0.48611111111111099	0.45833333333333343	0.55555555555555558	0.61111111111111116	0.44444444444444448	0.15277777777777779	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.1388888888888889	0.33333333333333315	0.4861111111111111	0.5833333333333337	0.69444444444444442	0.86111111111111149	1.0833333333333328	1.333333333333333	1.4722222222222223	1.3472222222222221	1.2083333333333333	1.0555555555555556	0.65277777777777768	0.18055555555555566	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888889086E-2	0.29166666666666685	0.44444444444444481	0.31944444444444403	9.7222222222221627E-2	0	0	0	0	0	0	0	0	0	0	2.7777777777778172E-2	0.2222222222222224	0.44444444444444481	0.47222222222222199	0.26388888888888867	1.3888888888889086E-2	0	0	0	0	0	0.1388888888888889	0.33333333333333409	0.31944444444444403	9.7222222222222612E-2	0	0	0	0	0	1.3888888888890073E-2	0.2222222222222234	0.33333333333333215	0.26388888888888767	0.16666666666666705	0.18055555555555516	0.34722222222222221	0.63888888888889006	1.0277777777777786	1.3611111111111107	1.4722222222222214	1.4444444444444442	1.25	1.0000000000000004	0.88888888888888917	0.87499999999999956	0.94444444444444453	1.0000000000000004	0.93055555555555547	0.66666666666666652	0.29166666666666685	4.1666666666666519E-2	0	0	0	0	0	0	0	0.23611111111111099	1.0277777777777781	1.2361111111111109	0.74999999999999978	0.25000000000000011	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888890073E-2	1.3888888888890073E-2	0	0	1.3888888888888099E-2	2.7777777777778172E-2	2.7777777777778172E-2	2.7777777777776198E-2	4.1666666666666269E-2	6.9444444444444448E-2	8.3333333333334522E-2	9.7222222222222612E-2	8.3333333333332538E-2	5.5555555555556344E-2	4.1666666666666269E-2	4.1666666666666269E-2	4.1666666666666269E-2	4.1666666666666269E-2	5.5555555555556344E-2	4.1666666666666269E-2	1.3888888888888099E-2	1.3888888888890073E-2	1.3888888888890073E-2	2.7777777777778172E-2	5.5555555555554373E-2	9.7222222222220642E-2	0.15277777777777896	0.19444444444444522	0.20833333333333331	0.19444444444444522	0.18055555555555516	0.18055555555555516	0.18055555555555516	0.16666666666666705	0.18055555555555516	0.19444444444444325	0.19444444444444522	0.19444444444444522	0.18055555555555516	0.16666666666666705	0.16666666666666705	0.16666666666666508	0.16666666666666705	0.16666666666666705	0.16666666666666705	0.16666666666666705	0.16666666666666508	0.15277777777777699	0.12500000000000078	9.7222222222222612E-2	4.1666666666666269E-2	0	0	0	0	0	0	2.7777777777778172E-2	6.9444444444444448E-2	9.7222222222220642E-2	0.11111111111111072	9.7222222222222612E-2	8.3333333333332538E-2	6.9444444444444448E-2	2.7777777777778172E-2	0	0	0	0	0	0	0	0	2.7777777777778172E-2	5.5555555555556344E-2	6.9444444444444448E-2	9.7222222222222612E-2	0.11111111111111072	9.7222222222222612E-2	9.7222222222222612E-2	0.12499999999999881	0.1388888888888889	0.1388888888888889	0.11111111111111072	5.5555555555556344E-2	0	0	0	0	0	0	0	0	0	0	0	1.3888888888888099E-2	1.3888888888888099E-2	1.3888888888890073E-2	2.7777777777778172E-2	4.1666666666666269E-2	6.9444444444444448E-2	6.9444444444444448E-2	6.9444444444444448E-2	0.12500000000000078	0.1388888888888889	0.11111111111111072	2.7777777777778172E-2	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888888099E-2	5.5555555555556344E-2	8.3333333333334522E-2	8.3333333333332538E-2	5.5555555555554373E-2	2.7777777777778172E-2	1.3888888888890073E-2	0	0	0	0	0	0	0	0	0	2.7777777777776198E-2	0.12499999999999881	0.25000000000000155	0.34722222222222221	0.38888888888888851	0.40277777777777857	0.41666666666666663	0.44444444444444481	0.49999999999999922	0.54166666666666552	0.56944444444444564	0.61111111111111194	0.624999999999999	0.49999999999999922	0.25000000000000061	0	0	0	0	9.7222222222222612E-2	0.37500000000000039	0.4861111111111111	0.30555555555555597	8.3333333333333523E-2	0	6.9444444444444448E-2	0.22222222222222143	0.41666666666666663	0.75000000000000078	1.2222222222222219	1.4722222222222214	1.4722222222222223	1.4722222222222223	1.0555555555555551	4.1666666666666761E-2	0	0	0	0	0	0	0	0	0	0	0	0	2.7777777777777186E-2	0.11111111111111072	0.20833333333333331	0.27777777777777779	0.34722222222222221	0.41666666666666663	0.45833333333333393	0.54166666666666641	0.7777777777777779	1.2083333333333337	1.4722222222222219	1.2361111111111109	0.59722222222222232	4.1666666666666761E-2	0	0	5.5555555555555358E-2	9.7222222222222127E-2	4.1666666666666761E-2	0	0	0	0	0	0	0	0.47222222222222299	0.7777777777777779	0.55555555555555558	9.7222222222221627E-2	0	0	0	0	0	0.33333333333333315	0.73611111111111072	1.2222222222222223	1.4722222222222223	1.4861111111111109	0.95833333333333315	0.12500000000000031	0	0	0	8.3333333333333523E-2	0.34722222222222221	0.43055555555555525	0.2222222222222224	0	0	5.5555555555555851E-2	0.4861111111111111	1.1111111111111109	1.4444444444444444	1.2083333333333335	0.63888888888888884	0.16666666666666666	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	6.9444444444444448E-2	0.20833333333333331	0.38888888888888851	0.54166666666666741	0.63888888888888806	0.63888888888888806	0.55555555555555558	0.43055555555555575	0.27777777777777779	0.12499999999999981	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	5.5555555555556344E-2	8.3333333333332538E-2	0.11111111111111072	0.12500000000000078	0.1388888888888889	0.18055555555555516	0.20833333333333331	0.23611111111111149	0.26388888888888967	0.27777777777777779	0.26388888888888767	0.22222222222222143	0.18055555555555516	0.1388888888888889	0.11111111111111269	8.3333333333332538E-2	5.5555555555554373E-2	8.3333333333334522E-2	0.11111111111111072	0.15277777777777699	0.20833333333333331	0.23611111111111149	0.26388888888888967	0.27777777777777779	0.24999999999999961	0.19444444444444522	0.15277777777777896	9.7222222222220642E-2	5.5555555555554373E-2	2.7777777777778172E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	6.9444444444444448E-2	0.19444444444444325	0.33333333333333409	0.44444444444444481	0.51388888888888928	0.51388888888888928	0.43055555555555475	0.30555555555555597	0.16666666666666705	5.5555555555554373E-2	1.3888888888888099E-2	1.3888888888890073E-2	5.5555555555556344E-2	9.7222222222220642E-2	0.12499999999999881	0.12500000000000078	8.3333333333334522E-2	1.3888888888888099E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888890073E-2	4.1666666666668246E-2	6.9444444444444448E-2	8.3333333333332538E-2	8.3333333333332538E-2	5.5555555555556344E-2	1.3888888888890073E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.3888888888888099E-2	4.1666666666664298E-2	5.5555555555556344E-2	5.5555555555556344E-2	6.9444444444444448E-2	6.9444444444444448E-2	5.5555555555554373E-2	5.5555555555556344E-2	4.1666666666666269E-2	2.7777777777778172E-2	2.7777777777778172E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	8.3333333333336493E-2	0.19444444444444128	0.31944444444444209	0.45833333333333492	0.59722222222222376	0.68055555555555636	0.70833333333333248	0.70833333333333248	0.68055555555555636	0.65277777777777812	0.63888888888888806	0.65277777777777812	0.65277777777777812	0.63888888888888806	0.61111111111110994	0.54166666666666741	0.44444444444444481	0.37499999999999839	0.33333333333333409	0.29166666666666785	0.27777777777777779	0.27777777777777779	0.24999999999999961	0.22222222222222143	0.19444444444444522	0.15277777777777896	0.1388888888888889	0.1388888888888889	0.1388888888888889	0.1388888888888889	0.1388888888888889	0.1388888888888889	0.15277777777777699	0.15277777777777699	0.15277777777777699	0.16666666666666705	0.16666666666666705	0.16666666666666705	0.16666666666666705	0.18055555555555516	0.22222222222222143	0.30555555555555597	0.41666666666666663	0.55555555555555558	0.70833333333333448	0.83333333333333326	0.88888888888888773	0.88888888888888773	0.86111111111111149	0.79166666666666707	0.70833333333333348	0.6666666666666663	0.68055555555555536	0.75000000000000078	0.86111111111111149	0.95833333333333315	0.98611111111111127	0.93055555555555491	0.8194444444444442	0.6805555555555558	0.58333333333333326	0.54166666666666696	0.5277777777777779	0.54166666666666641	0.59722222222222232	0.69444444444444442	0.8194444444444442	0.94444444444444453	0.98611111111111116	1.2083333333333333	0.72222222222222221	0	0	0	0	0	


Accumulated Tractive and Braking Energy
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