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1. [bookmark: _Toc215426837]Vehicle Choice

For my choice of vehicle, I have chosen the Porsche 911 GT3 RS. I have chosen this vehicle due to liking Porsche as a manufacturer, and the fact that it’s one of my favourite cars. It also abides by the WLTP regulation for emissions, making it a suitable choice of vehicle, I can use the vehicle to gather various calculations and specifications to create data in excel. The data will then be used to display graphs for given outputs of the vehicle. The already existing Porsche GT3 R is equipped with a preexisting hybrid platform, as I want to produce/ advise a new KERS system to this WLTP suitable vehicle, I will be using the Porsche GT3 Rs.
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(Gonzales, D. 2022)



















2. [bookmark: _Toc215426838]Research and identify the dynamic characteristics of the vehicle.
[bookmark: _Toc215426839]2.1 Technical Specs
The technical specifications of the vehicle highlight grounding points for force, energy and power calculations created by the run time of the vehicle. 

	Engine
	4.0l Flat six boxer, naturally aspirated. 

	Displacement
	3996cm3.

	Bore x stroke
	102.0 x 81.5mm.

	Power 
	525 PS (386kw) @ 8500 rpm.

	Torque
	465 Nm @ 6300 rpm.

	Max RPM
	9000 rpm.

	Transmission
	7-speed PDK dual-clutch auto.

	Drivetrain 
	Rear wheel drive.

	Top Speed 
	184 mph.

	Acceleration 
	0-62mph at 3.2s.



(Porsche 911 GT3 Rs. N.d)
[bookmark: _Toc215426840]2.2 Test Mass 

Test Mass equation = UM + Mf + Md + Eqm 

Unladen Mass + Mass of Fuel + Mass of driver + Equivalent rotating mass.

Full tank = (64L) 

Mf = 64 x (0.75kg/L) = 50.25kg

UM = 1490kg

Md = 80kg

Equivalent masses of rotation.

Wheel mass per wheel = 21kg, radius = 0.34m
Brake disc per wheel = 7kg, radius = 0.16m
Driveshaft + Diff carrier = 12kg, radius = 0.05m
Gearbox rotating parts = 8kg, radius = 0.04m
Final drive R= 3.8, current gear G = 2.6




Inertias:

Wheel/tire per wheel. 

I = 21 x 0.34 = 2.43kg x m^2

Brake disc per wheel.

I = 0.5 x 7 x 0.16^2 = 0.09kg x m^2

Rear axle total two wheels.

Iwheels + Discs = 2 x (2.43 + 0.09) = 5.04kg x m^2

Driveshaft + Diff.

I = 0.4 x 12 x 0.05^2 = 0.012 kg x m^2

Upstream sum.

Idrive = 0.017kg x m^2

Meq, wheels = 5.04/0.34^2 = 5.04/0.1156 = 43.6kg

GR^2 = (2.6 x 3.8^2) = 9.88^2 = 97.6

Meq drive = 0.017 x 97.6/0.34^2 = 1.66/0.1156 = 14.4kg

Meq total = 43.6 + 14.4 = 58kg. 

So, 

Test Mass = 1490kg + 50.25kg + 80kg + 58kg = 1678.25kg  








     





[bookmark: _Toc215426841]2.3 Frontal area
The frontal area for the Porsche GT3 Rs is estimated to be 2.1 to 2.5 square meters.

Frontal aera calculation

Width = 1.900
Height. = 1.322

Assuming 85-90% effective frontal coverage due to the contours of the car.

Frontal area = width x height x shape factor (0.85 to 0.90)

1.900m x 1.322 x 0.88 = 2.22m^2


[bookmark: _Toc215426842]2.4 Rolling Resistance Coefficient

The rolling resistance coefficient of my chosen vehicle, the Porsche GT3 RS. Depends on quite a few aspects of the vehicle, some being the chosen tyres of the vehicle, taking into consideration the frictional forces the tyres generate along with the power output of the vehicle, and other forces such as downforce, drag and lift. 

The rolling resistance coefficient formula is.

Frr = Crr x m x g
Crr = Frr / m x g  

Tm = 1620.25kg
P = 1.225kg/m^3
Cd = 0.35
A = 2.22m^2
V = 56.56m/s 
Fd = 1480N

Ftotal = 1480N + 254.31N = 1734.31N

Crr = 254.31 / 1620.25 x 9.81 = 0.16

Frr = 0.016 x 1620.25 x 9.81

Frr = 254.31 N




[bookmark: _Toc215426843]2.5 Coefficient of aerodynamic drag


Cd = (2 x Fd / p x v^2 x A)

Speed used in calculation = 200km/h/ 55.6m/s

so,

Fd @ 55.6m/s = 0.5 x 1.225 x (56.56) ^2 x 0.35 x 2.22

= 1480N 

2 x Fd / p x v^2 x A

2 x 1480N / 1.225 x 55.56^2 x 2.22

= 0.35


























3. [bookmark: _Toc215426844]WLTP

WLTP Classification

The Porsche GT3 Rs has a power to weight ratio of 266kw/ton, with a top speed of 296 km/h / 184mph. I can use these technical specifications to determine a suitable WLTP category for the Porsche GT3 Rs. As the top speed of the vehicle is higher than most, it exceeds the 1st and second categories and places this vehicle in the 3rd category for the WLTP cycles.   

WLTP Category

The Porsche GT3 Rs falls under the Class 3 test cycle phases, there are 4 phases of this WLTP category, each simulating real-world driving. Given the vehicles high power to weight ratio and road legal design, the WLPT Class 3 cycle is most appropriate for the Porsche GT3 Rs. It indicates the vehicles’ ability to comfortably operate at very high speeds, while still reflecting the urban and suburban phases required for passenger car homologation.

The Class 3 cycle provides a comprehensive evaluation for the fuel consumption, carbon dioxide emissions and the energy efficiency of the vehicle. By providing this cycle as best suited, the performance and environmental impact of the vehicle can consistently be benchmarked against other high-performance vehicles in category M1. However, our study will determine the overall efficiency of the vehicle, force outputs and power outputs of the vehicle, including information based upon run time of the vehicle, showcased in graphs. Other data such as tractive energy and force will be captured and used to determine a suitable KERS system to use. 

The class 3 test cycle covers a run time of 30 minutes, covering collected data for each second. Across low, medium, high and extra high-speed phases. This ensures that the vehicle can be tracked using specific data. Whie showcasing the loses of the vehicle, displayed as negative numbers such as, force losses, frictional losses/traction, energy losses and power losses. The negative losses can then be identified through content such as graphs. 







[bookmark: _Toc215426845]4.Graphs 
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This Grap above represents the vehicles Total tractive force in Nm, over time in seconds. The data acquired is calculated using the low, medium, high and extra high cycles of the process. Using the time intervals between, over a timed period of 30 minutes. The cycles can be visualised in the graph from the stages over time, from small peaks up to high peaks, and back to zero indicating the end of the cycle. 
[image: A graph showing a number of times
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This graph above shows the tractive forces associated with the vehicles run time over a 30-minute period. The graph displays the positive and negative forces along the provided time scale; the negative forces being vehicle braking along with coast down of the vehicle. 
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This graph above, displays the start and end of the WLTP cycle, with a steady increase to drop of energy production from the vehicle’s operation. The peaks indicate the midpoint of each stage of the WLTP run cycle. Indicating the acceleration and coast down of the vehicle. The extra high speeds indicate a much higher production/ usage of energy due to due the fuel/energy demand. The energy output in the graph can be used to determine the negatives in braking energy, and study potential redeployment strategies to minimise loss. This will be used to determine a Future KERS system to achieve this.     
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The Graphs above indicate the Tractive energy required at the wheel, and the Braking energy required at the wheel. As the cycles increase in speed and time, the energy required for both increases. This is an expected outcome, as the braking energy required at high speeds is much more demanding than at low speeds. The tractive energy is the same, requiring greater frictional resistance at high speeds compared to low. 
The difference between these, indicate the losses before the use of a KERS system in place, the losses can be viewed by following the contours of the peaks/ high and lows on the two graphs. The losses can be regained/ redistributed using a functional KERS system with high efficiency, both being storage and redeployment. If I were to display 4 graphs, before and after KERS applied, you would notice a distinct difference in the way both energies are displaced.  

5. [bookmark: _Toc215426846](KERS)

Largest possible KERS power input and energy storage


Power regained =2027.7 kw 
Power deployed = 3.6764E+10 kw 

Energy storage requirements

· Hybrid electrical KERS; super capacitor buffer (1-5kwh,2-3 MW pulse) + battery pack (50-150kwh) for staged absorption/deployment. 
· Efficiencies; 0.80-0.90 round-trip in the supercap path, 0.70-0.95 including battery at high C rates. 
6. [bookmark: _Toc215426847]KERS System

System recommendation

Based on the calculated values, the power deployed value is too large, this is due to calculation error that can be corrected. A suitable KERS system would need to combine high power acceptance with sufficient energy storage, this being energy collected from braking, rotation of moving parts on the vehicle and frictional gain.

The GT3 Rs would favour a high-powered electrical KERS using supercapacitors to absorb multi-megawatt pulses and a tightly packed, liquid-cooled inverter/MGU. Running at an estimate of 800-1200V, this would keep the currents manageable, the energy storage would be estimated to 0.17kwh and 596kwh depending on the efficiency. 

The stored energy of the vehicle, would then be distributed as drive power, converted back into energy as an increase in torque surge. The use of this helps to improve the overall performance of the vehicle, while increasing the fundamental efficiencies of it. In this case, a KERS system operation. Its main aim is to take kinetic energy collected from braking losses of the vehicle and safely store the energy, once stored the energy can then be re-introduced. 

Components
Mechanical flywheel KERS for pulse acceptance/ deployment up to 2MW
Composite rotor
Magnetic bearings
Vacuum enclosure
Mega capacitor/ super capacitor   

Porsche. Newsroom. 2023
Andrewnoakes.com. 2010




7. [bookmark: _Toc215426848]Kinetic Energy Plot
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The Kinetic Energy Plot indicates how the energy fluctuates over time within the dynamic system. At the first WLTP cycle low speed, the kinetic energy remains low and stable, indicating minimal motion. At medium speed the energy begins to rise and drop with peaks, suggesting the vehicle gradual acceleration and external forces, the drops in the graph show the braking losses/ energy losses from the vehicle while in coast down.

This process continues through the cycles, with peaks and falls indicating the rise and decline of kinetic energy through acceleration and deceleration of the vehicle. Until reaching the highest point of kinetic energy around the top speed of the vehicle. Then gradually coasting down to a stop on final deceleration. 

The Kinetic energy plot is used to determine the efficiency of the chosen KERS system; it can be made more efficient by calculating different ways to store and reapply the energy stored. Higher efficiency rates are important, as it will produce an efficient cycle with less negative losses occurring. The Kinetic energy doesn’t need to be stored, it can also be transmitted using mechanical advantage. 








8. [bookmark: _Toc215426849]Explanation

 Operation of the KERS system

A Kinetic energy recovery system works by capturing energy during braking phases of the vehicle, that would otherwise be lost as heat in the friction of braking. In the context of the Porsche GT3 Rs, the system would integrate either a flywheel based mechanical KERS or electrical KERS. 
During braking, The MGU acts as a generator, converting the kinetic energy from the wheels into electrical or mechanical energy. In a flywheel system, the energy spins a high-speed rotor in a vacuum chamber, where the electrical system, the energy is stored in mega or super capacitors. 
During Acceleration, the stored energy is redeployed, the MGU switches to motor mode, delivering torque to the drivetrain. In the GT3 Rs, this would be applied to the front axle as a hybrid variant or blended with the rear ICE output. 
The system is managed by powerful electronics and a supervisory controller. It ensures that energy is collected without potential destabilization of the vehicle under braking. It is deployed in a way that maximises run time gain. 

Assumptions made in the design

The largest braking events provide sufficient energy to justify a KERS system for motorsport use; this is typically in the range of 1-2MJ per event. 
The efficiency achieved by my calculations are incorrect, due to realistic system efficiencies achieving around 70-80% efficiency. The assumption is the losses in conversion, storage and redeployment are minimised through advanced materials, cooling and electronics. 
The GT3 Rs is a lightweight, track focused vehicle. This meaning that the KERS system must maintain a lightweight design, not to compromise the weight distribution of the vehicle. 

Variations felt by the driver compared to Conventional ICE + Friction brake vehicle.

The GT3 Rs has purely friction-based braking, with pedal feel determined by hydraulic pressure and disc temperature. With the KERS, part of the braking force is regenerative. The pedal may feel slightly different, especially at the start of braking, as the MGU absorbs torque.
The acceleration of this vehicle depends solely on the ICE output. With KERS, the driver can deploy an additional burst of power, up to 2MW in theoretical sizing. Even if capped to realistic values, 60-120kw in FIA context, the driver would feel a surge of torque. This can change the driving strategy as energy deployment becomes tactical. 






A conventional driver focuses only on fuel, tire and brake temperatures. With KERS in place, deployment changes balance, giving temporary all-wheel drive characteristics. The driver would feel improved traction and stability under cornering and braking. 
With the conventional braking style, braking produces heat and audible squeal. With the KERS setup, braking is quieter and deployment produces a distinct electric whine.

Conclusion

 In summary, a KERS equipped Porsche GT3 Rs would capture braking energy and redeploy it as additional power, fundamentally altering the driving experience and efficiencies of the vehicle. The system assumes realistic energy recovery per event, high round trip efficiency, and a compact design to minimise weight distribution alteration.  Compared to the conventional ICE and friction brake vehicle, the driver would experience subtle differences in the braking feel while under run time. The driver would also feel a change in power and torque delivery of the vehicle; the energy management would be more complex in ways of storage and distribution. These variations, when applied would make the car feel more responsive.
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0	0	0	0	0	0	0	0	0	0	0	8.3912500000000012	606.26781249999988	6117.2212500000005	20560.6603125	36000.560312499998	59915.622812499991	98783.892812499995	141812.125	158647.0703125	165645.37281250002	168011.70531250001	174000.96000000002	177644.86031250001	199006.88500000001	213475.49781249999	243935.73531250004	281014.57125000004	320715.67281250004	357821.78031249996	378917.3828125	393316.76781249995	404292.52281249996	413554.36499999999	415419.3203125	409837.04125000007	382492.05531250004	333973.84781250003	287190.53125	251141.72125000003	218862.68031249996	176426.03125	132164.28531250003	103388.59125	91634.547812499994	87302.564999999988	79769.3203125	71023.539999999994	66467.091250000012	66467.091250000012	63513.371249999989	51708.980312499996	36000.560312499998	30714.072812499999	30208.5	30208.5	30208.5	31737.805312500004	33304.871249999997	45331.630312499998	49107.692812500005	53034.797812500001	55054.991249999999	61342.135312500002	66467.091250000012	68726.43531250002	71023.539999999994	86448.755312500012	112912.66	147318.8828125	186294.14125000002	222947.12125	248246.74	264376.8203125	277951.76499999996	293433.62125000003	310948.2578125	324005.04281249997	327311.1953125	319077.28125	310948.2578125	291866.55531249993	287190.53125	282552.26781250001	270368.17281249998	261406.31781249994	251141.72125000003	245368.54125000001	213475.49781249999	156347.86781250002	101534.125	60626.78125	42300.291249999995	30208.5	17371.985312499997	7057.0412500000002	2718.7650000000003	1015.3412500000002	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	8.3912500000000012	757.31031250000001	7805.9603124999985	28716.955312499998	56422.764999999992	74935.960312499985	83075.472812499982	90759.760000000009	109052.68500000001	135342.47125	160963.05531249999	178867.88500000001	186294.14125000002	181326.52124999999	155204.55999999997	107147.87125000001	62785.430312500008	37108.205312500002	30208.5	33304.871249999997	41706.610312500001	62061.684999999998	84753.722812500011	114867.82124999999	136410.2578125	159802.96500000003	182562.1328125	202902.52281250001	216160.69781250003	231229.28500000006	259927.36000000004	290303.68500000006	302924.125	293433.62125000003	258452.5978125	201599.78125	154065.44781250003	134278.8803125	132164.28531250003	140723.36031249998	162127.34125	178867.88500000001	183801.94000000003	182562.1328125	178867.88500000001	168011.70531250001	142905.08531250001	116839.76500000001	92513.53125	74935.960312499985	61342.135312500002	51708.980312499996	44106.5078125	39373.842812499992	34909.697812500002	32778.3203125	31223.841249999994	30208.5	30208.5	30208.5	30208.5	32778.3203125	35453.03125	41117.125	47200.78125	57112.9453125	75731.03125	94284.085000000006	118828.49125000001	151799.81031249999	183801.94000000003	214816	259927.36000000004	295004.8828125	322358.26000000007	344093.6953125	363039.04000000004	389691.74781250005	424807.03125	465380.82281250006	503684.78125	537115.52124999999	562893.44124999992	582623.3678125001	591501.31031249999	600446.3828125	607199.24124999996	616261.79125000013	629981.48499999987	641529.94281249994	653183.29125000001	662581.49125000008	669674.1953125	669674.1953125	662581.49125000008	632282.78531249997	587053.94781249994	545641.03125	520265.89124999987	507804.88500000007	491425.16499999998	461436.93531249993	411693.60531249997	361295.7578125	327311.1953125	287190.53125	251141.72125000003	218862.68031249996	176426.03125	132164.28531250003	103388.59125	91634.547812499994	87302.564999999988	79769.3203125	71023.539999999994	66467.091250000012	66467.091250000012	63513.371249999989	51708.980312499996	44106.5078125	49751.721250000002	67216.010312499988	89022.77125000002	112912.66	138558.4178125	172794.71781249999	221581.4453125	273389.02281250001	319077.28125	349210.25999999995	386083.51031249994	413554.36499999999	441969.23531249998	443897.125	436210.74000000005	430490.00531249994	400617.15531250008	349210.25999999995	302924.125	248246.74	200301.23531249998	136410.2578125	96071.421249999985	85599.141249999986	110011.38531249999	148432.82125000001	191328.89124999999	243935.73531250004	293433.62125000003	347500.54281250003	406136.5	469341.49281249987	507804.88500000007	520265.89124999987	507804.88500000007	485351.99781250005	469341.49281249987	459471.28499999997	457509.83031250007	459471.28499999997	465380.82281250006	469341.49281249987	469341.49281249987	465380.82281250006	455552.57124999998	440045.54124999995	421039.35999999993	393316.76781249995	366538.19124999997	349210.25999999995	340703.63031249994	337330.34781250003	330634.13031250006	322358.26000000007	310948.2578125	293433.62125000003	271876.5	248246.74	228451.78125	210807.08031250001	188803.125	164468.5	142905.08531250001	137482.24000000002	130066.47281249997	130066.47281249997	123873.7303125	119829.14781249998	119829.14781249998	116839.76500000001	113888.14281249999	88160.5703125	64245.5078125	59915.622812499991	58505.892812499995	53034.797812500001	51052.364999999998	47200.78125	44106.5078125	42898.167812500003	44106.5078125	49751.721250000002	66467.091250000012	93396.710312500014	121843.04781250001	131113.28125	134278.8803125	136410.2578125	146209.13999999998	148432.82125000001	154065.44781250003	160963.05531249999	165645.37281250002	166826.44125	165645.37281250002	164468.5	163295.8228125	163295.8228125	165645.37281250002	166826.44125	164468.5	151799.81031249999	131113.28125	112912.66	100613.18531249999	93396.710312500014	89889.167812499989	89889.167812499989	90759.760000000009	94284.085000000006	102459.26031250002	115851.6953125	123873.7303125	125921.1953125	118828.49125000001	95175.655312500006	65722.367812499986	43500.240000000005	29707.122812500002	21825.641249999997	16616.772812500003	13426	10875.060000000001	7805.9603124999985	5036.8478125000011	2871.9053125000005	1109.7428124999999	169.92281250000002	0	0	0	0	0	0	52.4453125	925.13531250000005	4833.3599999999997	14451.830312500004	31737.805312500004	57807.321250000015	91634.547812499994	122856.29124999999	137482.24000000002	137482.24000000002	130066.47281249997	113888.14281249999	97875.540000000008	85599.141249999986	73358.405312500006	60626.78125	49107.692812500005	42300.291249999995	40531.835312499999	41117.125	42300.291249999995	44106.5078125	46573.535312500004	53034.797812500001	63513.371249999989	73358.405312500006	76530.297812500008	74145.085000000006	64981.840000000011	57807.321250000015	55054.991249999999	56422.764999999992	62061.684999999998	76530.297812500008	107147.87125000001	157495.37124999997	209479.16500000001	234023.57124999998	235427.0078125	225691.05999999997	213475.49781249999	205520.59281250002	202902.52281250001	196430.77125000002	178867.88500000001	149550.95531250001	110974.28125	69487.941249999989	34909.697812500002	12437.930312500001	3029.24125	354.53031250000004	8.3912500000000012	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	52.4453125	1311.1328125	9138.0712499999991	29209.941250000003	59208.66	88160.5703125	100613.18531249999	100613.18531249999	95175.655312500006	86448.755312500012	77333.759999999995	66467.091250000012	50399.9453125	29707.122812500002	12116.965	3356.5	839.125	209.78125	0	0	0	8.3912500000000012	302.08499999999998	2148.1600000000003	5672.4850000000006	14105.691249999998	35453.03125	74145.085000000006	111941.37281250001	125921.1953125	125921.1953125	123873.7303125	116839.76500000001	104322.1178125	84753.722812500011	71797.6328125	62061.684999999998	55736.780312499999	49751.721250000002	45331.630312499998	42898.167812500003	39373.842812499992	37108.205312500002	36000.560312499998	36000.560312499998	37108.205312500002	39950.741250000006	44106.5078125	57112.9453125	60626.78125	60626.78125	60626.78125	49751.721250000002	21399.785312499997	4833.3599999999997	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	209.78125	925.13531250000005	4833.3599999999997	17371.985312499997	42300.291249999995	82242.641250000001	136410.2578125	195149.0078125	254053.48499999996	315813.08499999996	386083.51031249994	451650.64	489396.58031249995	497536.09281250002	493457.9453125	491425.16499999998	487372.19125000003	479316.59124999994	463406.78125	441969.23531249998	422921.09781249997	413554.36499999999	411693.60531249997	415419.3203125	426697.16031250003	438126.04281250003	443897.125	443897.125	443897.125	445829.21031250001	457509.83031250007	477313.1803125001	501631.02281250001	530765.44281249994	558555.16500000004	580414.37125000008	589275.53125	589275.53125	587053.94781249994	582623.3678125001	580414.37125000008	591501.31031249999	618537.91781249992	639211.8600000001	646178.6953125	655526.54781250004	664941.53031249996	674423.64281250013	679189.87281249987	676804.65999999992	657874	616261.79125000013	569432.32281250006	526553.03531250008	467359.06000000006	391502.16000000003	322358.26000000007	279481.0703125	246805.54281249995	201599.78125	141812.125	89889.167812499989	49751.721250000002	36000.560312499998	30208.5	32778.3203125	41117.125	75731.03125	112912.66	164468.5	214816	242507.125	271876.5	302924.125	335650	340703.63031249994	344093.6953125	319077.28125	267364.10531250003	212139.19125	154065.44781250003	109052.68500000001	93396.710312500014	74935.960312499985	74935.960312499985	95175.655312500006	119829.14781249998	140723.36031249998	169201.16499999998	192598.0678125	200301.23531249998	202902.52281250001	212139.19125	224316.99281250004	231229.28500000006	220219.965	168011.70531250001	139638.79125000001	111941.37281250001	99696.441250000003	94284.085000000006	92513.53125	92513.53125	91634.547812499994	83075.472812499982	67216.010312499988	47832.222812499997	34370.560000000005	30208.5	36552.284999999996	61342.135312500002	93396.710312500014	99696.441250000003	94284.085000000006	71797.6328125	40531.835312499999	30208.5	30208.5	35453.03125	53704	71797.6328125	89022.77125000002	106201.7578125	120834	148432.82125000001	187546.53531249997	254053.48499999996	299743.84124999994	339014.89125000004	363039.04000000004	368294.06031249999	370054.125	373586.84125000006	377136.34	382492.05531250004	389691.74781250005	400617.15531250008	406136.5	407984.67281250004	430490.00531249994	451650.64	467359.06000000006	469341.49281249987	471328.12124999997	471328.12124999997	473318.9453125	481324.19781249994	495494.92125000001	511941.77124999993	520265.89124999987	520265.89124999987	518178.56781250006	509871.23031249997	493457.9453125	475313.96500000003	449705.9678124999	400617.15531250008	324005.04281249997	243935.73531250004	176426.03125	117832.03031249999	71023.539999999994	42898.167812500003	30208.5	34370.560000000005	53704	76530.297812500008	105259.83999999998	137482.24000000002	190063.91031250003	261406.31781249994	333973.84781250003	415419.3203125	473318.9453125	543503.36031250004	613989.86031250004	664941.53031249996	708139.68531249999	750186.14124999987	783157.46031250001	809002.51031250006	827343.68499999994	840570.39281249989	848556.76500000001	859264	878163.19281250006	891788.48499999999	894526.13031249982	894526.13031249982	897267.97125000018	905518.66781250015	913807.125	902764.23999999987	845890.4453125	747679.25531250006	625391.47125000006	509871.23031249997	422921.09781249997	375359.49281249993	359556.67124999996	357821.78031249996	371818.3853125	419161.81781250006	491425.16499999998	554233.67125000001	582623.3678125001	589275.53125	578209.5703125	552079.21781249996	518178.56781250006	471328.12124999997	400617.15531250008	330634.13031250006	264376.8203125	202902.52281250001	145103.59281250002	100613.18531249999	67969.125	60626.78125	67969.125	96071.421249999985	129023.86000000002	163295.8228125	199006.88500000001	228451.78125	258452.5978125	288745.0103125	317443.08531249996	359556.67124999996	406136.5	449705.9678124999	477313.1803125001	487372.19125000003	497536.09281250002	509871.23031249997	520265.89124999987	528657.1412500001	543503.36031250004	562893.44124999992	578209.5703125	595965.45531250001	623102.7578125	650844.23031250003	669674.1953125	676804.65999999992	681579.28125	686370.68500000006	698422.6178125001	722841.15531250008	757731.97281250008	783157.46031250001	798614.14281250013	814221.86781249987	829980.63531249994	840570.39281249989	843228.32125000004	845890.4453125	872742.4453125	908277.29124999989	936094.28499999992	952985.8712500002	992986.96	1060488.2728124999	1096587.4303125001	1111807.0599999998	1130209.07125	1167466.2212499997	1211696.5	1230904.0712499998	1227692.3203125	1218082.2412500002	1205327.5412499998	1192639.9712500002	1173734.4850000001	1145659.4603125001	1108754.7428125001	1066462.8428125	1039709.4400000002	1027928.125	1027928.125	998768.53125	970028.5	970028.5	970028.5	972883.62281249987	981474.16500000004	987222.17124999978	990102.46781250008	984346.0703125	972883.62281249987	950160.11781249999	919353.74125000008	880879.86	848556.76500000001	822082.37125000008	809002.51031250006	803799.93531249987	803799.93531249987	801204.94124999992	793445.1328125	778038.79781250004	747679.25531250006	625391.47125000006	509871.23031249997	422921.09781249997	375359.49281249993	359556.67124999996	357821.78031249996	371818.3853125	419161.81781250006	491425.16499999998	554233.67125000001	582623.3678125001	611722.125	681579.28125	708139.68531249999	735207.76000000013	730248.53125	732726.04781250004	742678.0703125	767851.8203125	814221.86781249987	856580.89781250001	889055.03531249985	861951.29781249992	824710.9303125001	806399.125	788292.90531249996	778038.79781250004	767851.8203125	760255.6412500001	750186.14124999987	740183.77124999987	720380.42125000001	693589.2578125	672046.82125000004	657874	646178.6953125	634588.28125	620818.23999999987	613989.86031250004	611722.125	609458.58531250001	609458.58531250001	611722.125	616261.79125000013	634588.28125	653183.29125000001	662581.49125000008	660225.64781250001	636897.97281250008	582623.3678125001	491425.16499999998	389691.74781250005	299743.84124999994	221581.4453125	155204.55999999997	132164.28531250003	141812.125	180095.1053125	251141.72125000003	342396.56499999994	430490.00531249994	503684.78125	547782.89781250001	569432.32281250006	571620.34125000006	569432.32281250006	560722.20531250013	543503.36031250004	507804.88500000007	441969.23531249998	345795.02125000005	261406.31781249994	188803.125	127985.44281249998	78141.417812500003	53704	36552.284999999996	24017.855312499996	16245.460000000003	10875.060000000001	6345.8828125	2148.1600000000003	253.83531250000004	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	134.26000000000002	2718.7650000000003	15515.421249999999	44716.971250000002	83912.5	124895.36499999998	166826.44125	210807.08031250001	256982.03125	296580.34000000003	330634.13031250006	361295.7578125	398785.76500000001	443897.125	491425.16499999998	534994.6328125	565068.87281249987	580414.37125000008	584836.55999999994	587053.94781249994	591501.31031249999	595965.45531250001	591501.31031249999	573812.55531249987	539240.60531250003	499581.4599999999	453599.5078125	402452.74124999996	340703.63031249994	271876.5	197716.7303125	135342.47125	92513.53125	58505.892812499995	37668.321250000001	30208.5	30714.072812499999	34370.560000000005	51052.364999999998	83075.472812499982	114867.82124999999	126951.22125000002	133219.48499999999	146209.13999999998	174000.96000000002	212139.19125	261406.31781249994	327311.1953125	415419.3203125	509871.23031249997	595965.45531250001	667305.76500000001	727775.21031250001	785723.08500000008	822082.37125000008	832621.78125	819458.0078125	778038.79781250004	737693.66781249992	720380.42125000001	720380.42125000001	722841.15531250008	725306.08499999996	725306.08499999996	725306.08499999996	732726.04781250004	757731.97281250008	798614.14281250013	832621.78125	851227.28031250008	856580.89781250001	845890.4453125	814221.86781249987	762783.50531249994	727775.21031250001	715471.54	725306.08499999996	760255.6412500001	814221.86781249987	856580.89781250001	872742.4453125	870038.36500000011	845890.4453125	806399.125	785723.08500000008	788292.90531249996	822082.37125000008	894526.13031249982	970028.5	1010382.0212500001	1019136.1928125001	1007472.3553124999	972883.62281249987	938899.06031250011	919353.74125000008	905518.66781250015	883600.7228125002	837916.66	762783.50531249994	653183.29125000001	534994.6328125	428591.48500000004	337330.34781250003	274905.74125000008	227069.32281249997	186294.14125000002	148432.82125000001	110974.28125	78953.271249999991	55736.780312499999	44716.971250000002	42300.291249999995	42898.167812500003	44716.971250000002	47832.222812499997	56422.764999999992	76530.297812500008	106201.7578125	124895.36499999998	129023.86000000002	108098.18031249999	63513.371249999989	39950.741250000006	30208.5	30208.5	30208.5	40531.835312499999	74145.085000000006	132164.28531250003	186294.14125000002	239662.49124999996	306121.19125000003	395135.57124999998	501631.02281250001	607199.24124999996	700845.59124999994	793445.1328125	886325.78125	981474.16500000004	1075456.1649999998	1117924.28125	1158095.2928124999	1218082.2412500002	1273038.6353125002	1325869.9453125	1376374.78125	1420909.2428125001	1462647.3203125	1501437.9712499997	1533553.3828125	1562385.7178125	1591486.5728124997	1628240.2478124998	1665413.4853124998	1703006.2853124999	1737198.53125	1764027.4553125002	1787187.3053124999	1806602.56	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1818302.0603124998	1822210.2849999999	1822210.2849999999	1826122.7053124998	1841814.3428125002	1861523.2912500002	1893275.78125	1925296.7912499998	1949488.7650000001	1965700.66	1973831.78125	1977903.6353124995	1981979.6850000001	1986059.9303124999	1990144.3712500001	1990144.3712500001	1990144.3712500001	1990144.3712500001	1986059.9303124999	1986059.9303124999	1986059.9303124999	1986059.9303124999	1981979.6850000001	1977903.6353124995	1973831.78125	1969764.1228125002	1961641.3928125002	1949488.7650000001	1937373.8978124999	1921279.4803124999	1913257.4453125	1905252.1928125001	1901255.86	1893275.78125	1889292.0353125001	1881337.1303125001	1873399.0078125	1869436.2400000002	1869436.2400000002	1865477.6678124999	1865477.6678124999	1857573.1103124998	1849685.3353125001	1830039.3212500003	1806602.56	1775588.5	1748671.4678124997	1721960.0212499998	1699228.125	1672898.4803124999	1650493.8428125002	1628240.2478124998	1602468.6212500003	1576902.5803125	1551542.125	1526387.2553124998	1504989.5678125001	1483742.9228124998	1462647.3203125	1441702.7603125002	1420909.2428125001	1400266.7678125	1379775.3353124999	1359434.9453125	1339245.5978125003	1322536.5212500002	1309244.78125	1299320.0303125002	1299320.0303125002	1302624.085	1312561.4228124998	1322536.5212500002	1329207.5649999997	1335895.3912500001	1335895.3912500001	1329207.5649999997	1319207.2928124999	1305932.3353125001	1292724.5078125	1282862.6912500001	1273038.6353125002	1266510.2428125001	1266510.2428125001	1269772.3412499998	1273038.6353125002	1279583.8103124998	1286145.7678124998	1286145.7678124998	1289433.0400000003	1289433.0400000003	1289433.0400000003	1282862.6912500001	1276309.125	1266510.2428125001	1253503.8053125001	1240564.4978125002	1230904.0712499998	1218082.2412500002	1202149.3553125001	1186321.3600000001	1170598.2553125001	1161214.7400000002	1158095.2928124999	1161214.7400000002	1167466.2212499997	1176874.9103125003	1183168.3478124999	1189478.5678124998	1195805.5703125	1205327.5412499998	1208509.9228125003	1211696.5	1211696.5	1211696.5	1208509.9228125003	1208509.9228125003	1205327.5412499998	1202149.3553125001	1195805.5703125	1186321.3600000001	1180019.53125	1170598.2553125001	1151868.9853124998	1139466.7178125002	1127131.5803124998	1133290.7578125	1148762.125	1176874.9103125003	1214887.2728124999	1266510.2428125001	1315882.26	1352688.3803124998	1369586.2599999998	1376374.78125	1376374.78125	1376374.78125	1376374.78125	1376374.78125	1372978.4228125003	1362814.5212499998	1352688.3803124998	1342600	1339245.5978125003	1335895.3912500001	1335895.3912500001	1335895.3912500001	1339245.5978125003	1342600	1356059.5650000002	1369586.2599999998	1383180.0850000002	1393419.5078125	1396841.0399999998	1396841.0399999998	1390002.1712500001	1366198.2928125001	1329207.5649999997	1282862.6912500001	1237340.1599999999	1189478.5678124998	1142560.99125	1090528.9478124997	1033810.39125	975742.94125000015	916578.33531249978	853901.99124999996	796027.54	760255.6412500001	750186.14124999987	765315.56499999994	801204.94124999992	822082.37125000008	824710.9303125001	803799.93531249987	755212.5	715471.54	700845.59124999994	700845.59124999994	700845.59124999994	688772.68031249987	662581.49125000008	618537.91781249992	541369.88500000001	434299.6328125	339014.89125000004	255515.6603125	183801.94000000003	156347.86781250002	180095.1053125	227069.32281249997	265868.36500000005	282552.26781250001	296580.34000000003	325656.02124999999	378917.3828125	453599.5078125	528657.1412500001	584836.55999999994	618537.91781249992	632282.78531249997	632282.78531249997	627684.38031250006	613989.86031250004	593731.28500000003	569432.32281250006	539240.60531250003	505742.73531249998	471328.12124999997	428591.48500000004	366538.19124999997	279481.0703125	204209.46	159802.96500000003	151799.81031249999	156347.86781250002	158647.0703125	157495.37124999997	154065.44781250003	149550.95531250001	150673.285	166826.44125	202902.52281250001	254053.48499999996	309335.03999999998	350924.17281249998	364786.51781250007	350924.17281249998	307726.01781249995	261406.31781249994	246805.54281249995	251141.72125000003	276426.65531249996	327311.1953125	366538.19124999997	378917.3828125	368294.06031249999	337330.34781250003	281014.57125000004	205520.59281250002	141812.125	89022.77125000002	76530.297812500008	81414.005312499998	93396.710312500014	101534.125	102459.26031250002	96071.421249999985	80589.565000000017	70253.642812500009	67969.125	70253.642812500009	71797.6328125	67216.010312499988	47200.78125	20560.6603125	4438.9712499999996	302.08499999999998	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1015.3412500000002	4061.3650000000007	8326.2178124999991	13092.447812500001	17755.884999999998	22689.940000000002	27743.5703125	34909.697812500002	45331.630312499998	60626.78125	82242.641250000001	111941.37281250001	149550.95531250001	195149.0078125	243935.73531250004	295004.8828125	345795.02125000005	393316.76781249995	438126.04281250003	477313.1803125001	509871.23031249997	534994.6328125	552079.21781249996	569432.32281250006	582623.3678125001	598203.82125000004	611722.125	623102.7578125	634588.28125	648509.36499999999	664941.53031249996	686370.68500000006	717923.8828125	760255.6412500001	814221.86781249987	878163.19281250006	944521.19781249983	1004566.8850000001	1048589.4803125001	1084487.2478125002	1108754.7428125001	1130209.07125	1142560.99125	1151868.9853124998	1148762.125	1136376.6399999999	1102662.6953125	1051557.8849999998	987222.17124999978	919353.74125000008	859264	811610.09125000006	778038.79781250004	760255.6412500001	755212.5	765315.56499999994	790866.92125000001	837916.66	902764.23999999987	981474.16500000004	1075456.1649999998	1176874.9103125003	1289433.0400000003	1403696.6912499999	1512105.3478125003	1602468.6212500003	1661677.28125	1699228.125	1721960.0212499998	1737198.53125	1756341.0703125	1775588.5	1802711.1178125001	1830039.3212500003	1861523.2912500002	1889292.0353125001	1921279.4803124999	1957586.3212499998	2002422.8678125001	2051914.4603125001	2114628.5650000004	2182564.125	2251573.7649999997	2321657.4850000003	2392815.2850000001	2469597.3203125	2547591.8912500003	2626798.9978125002	2711986.9678125	2788850.8178125001	2861886.16	2930904.1912500001	2995728.6953125	3056196.0428125001	3112155.1912500001	3153171.6212499999	3184110.16	3204819.7649999997	3210007.6553125	3204819.7649999997	3189281.2678124998	3173780.53125	3148029.8828125	3127504.8853124995	3096843.2578125	3061262.26	3020850	2975707.1728125	2925947.0603124998	2876606.5103124995	2832558.74125	2798534.3203125	2769534.1603125003	2750284.6328125	2731102.2353125	2721536.2103125001	2711986.9678125	2692938.8303124998	2673957.8228125004	2640902.5912500001	2603376.9212500001	2561481.5078125	2515329.6328125	2469597.3203125	2433313.5553125003	2406276.9478124995	2383861.82125	2374925.14	2366005.24125	2366005.24125	2366005.24125	2374925.14	2379391.3828125	2392815.2850000001	2410772.56	2437834.3412500001	2469597.3203125	2510737.5212500002	2561481.5078125	2617417.5803125002	2678696.78125	2731102.2353125	2779184.0978124999	2817951.6728125005	2847203.5703125	2856987.7678125002	2852093.57125	2832558.74125	2784015.3600000003	2716759.4912499995	2631496	2542970.4103124999	2460501.2053124998	2401785.53125	2361551.5853124997	2348215.7912499998	2343778.9178125001	2343778.9178125001	2339346.2399999998	2326073.3803125001	2308434.9728125003	2286481.3650000002	2268994	2260275.4912499995	2264632.6478125001	2286481.3650000002	2317245.7853124999	2361551.5853124997	2410772.56	2469597.3203125	2533740.0353125003	2598705.0928124995	2664492.4928125003	2721536.2103125001	2774357.03125	2822816.5	2861886.16	2901224.34	2940831.0400000005	2980706.2600000002	3020850	3061262.26	3101943.04	3137758.9928124999	3178943.2478124998	3215199.7412499995	3246440.3650000002	3277832.03125	3298843.7212500004	3319922.5412499998	3335775.7103124997	3351666.64	3362281.5712499996	3367595.3303125002	3372913.2850000001	3378235.4353125002	3378235.4353125002	3378235.4353125002	3372913.2850000001	3362281.5712499996	3346365.4678124995	3330487.125	3314646.5428125001	3309374.7399999998	3309374.7399999998	3319922.5412499998	3341068.49125	3362281.5712499996	3383561.78125	3404909.1212500003	3415607.9649999999	3426323.5912500001	3431687.6978125004	3437056	3442428.4978124993	3447805.1912499997	3453186.0803125007	3458571.1650000005	3463960.4453125	3469353.9212499997	3469353.9212499997	3463960.4453125	3453186.0803125007	3442428.4978124993	3431687.6978125004	3415607.9649999999	3404909.1212500003	3394227.06	3383561.78125	3378235.4353125002	3372913.2850000001	3367595.3303125002	3372913.2850000001	3378235.4353125002	3388892.3228124995	3404909.1212500003	3420963.6803125003	3442428.4978124993	3463960.4453125	3490969.78125	3518084.0078125	3550759.5353124999	3578104.5212499993	3600056.03125	3611056.9599999995	3616563.7178125004	3611056.9599999995	3583586.1053124997	3534402.8912500008	3458571.1650000005	3356972.0078125	3230801.1728125	3101943.04	2970712.28125	2847203.5703125	2731102.2353125	2622106.1912500001	2515329.6328125	2406276.9478124995	2304035.86	2204014.2578125	2114628.5650000004	2039484.9212499999	1981979.6850000001	1929318.2978125003	1885312.4849999999	1845747.7412499997	1806602.56	1767876.9412499999	1737198.53125	1706788.6412500001	1684157.4399999997	1665413.4853124998	1646774.4212499999	1628240.2478124998	1609810.9649999999	1591486.5728124997	1573267.0712499998	1555152.4603124999	1533553.3828125	1515669.53125	1494347.3650000002	1473176.24125	1452156.1600000001	1431287.1212499999	1410569.125	1386589.0303125	1356059.5650000002	1312561.4228124998	1256749.1212500003	1183168.3478124999	1096587.4303125001	1001665.6103124999	911040.11031250004	824710.9303125001	747679.25531250006	681579.28125	625391.47125000006	571620.34125000006	518178.56781250006	459471.28499999997	396958.5703125	333973.84781250003	277951.76499999996	231229.28500000006	195149.0078125	168011.70531250001	145103.59281250002	124895.36499999998	106201.7578125	88160.5703125	69487.941249999989	50399.9453125	31737.805312500004	15878.342812499997	5672.4850000000006	0	0	0	0	0	0	0	
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