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[bookmark: _Toc162365336][bookmark: _Toc162975880][bookmark: _Toc162976123]Introduction.
[bookmark: _Toc162365337][bookmark: _Toc162975881][bookmark: _Toc162976124]overview
In this report, we will be choosing a road-going vehicle to specify a suitable KER system (Kinetic Energy Recovery). To do this we must firstly clacluate the frontal area of the vehicle as well as the rolling resistance of the tires on the road and the coefficient of drag for the chosen vehicle. Weith this in mind, we will then select the appropriate WLTP test for the chosen vehicle. We will also be producing a cumulative tractive energy required at the wheel over the WLTP cycle, as well as this we will also be plotting the cumulative braking energy required at the wheel over the WLTP cycle. This will help us gain an understanding of where the largest possible KERS power input and energy storage requirements.
From this we will then be able to specify a KER system. We will also find there sizing an the values for efficiency. Then, plotting the energy returned to the wheel in contact with the road.
An explanation of how the system operates and any assumptions that have been made along the way and any variations that would be noticeable for the driver in comparison with a standard ICE and friction brakes.
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For this report, it has been decided that a BMW e92 M3 (2008-2012) would be suitable as there is plenty of information available to us over the internet. Many older cars that exceed 30 years of age are very restricted as to how much information you can find on them. Acquiring the frontal area of a car that is not in the immediate vicinity would require research. This means that modern car dimensions are more likely to be across the internet as there manufactures are very likely to publish there dimensions for the vehicle. Vehicles that were made prior to the internets creation are much more difficult to ascertain information regarding there dimensions, coefficients of flow and rolling resistance. It is also very likely that this car has already undergone a WLTP test, as all modern day vehicles are required to.
[bookmark: _Toc162975883][bookmark: _Toc162976126]Vehicle properties.
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Figure 1 shows the WLTP for the BMW M3 E92
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[image: ]
Figure 2 shows WLTP for the BMW M3 as well as where KERS could be implemented.
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Identification of greatest points for KER

Looking at figure 2 we can see that it shows time along the x axis and speed along the y axis. Analysing the graph we can see that there a points in which the car is decelerating and the car is just coasting along the road. These are key points in which the vehicle could be able to regenerate some of that lost energy. Looking at the first point, we can see that the M3 accelerates up to roughly 40 km/h and then coasts back down to 0 km/h. This is highlighted by the red arrow and is applied between the green lines with respect to the red arrow on the right. We can see that all the areas where the car is decelerating back down to 0 km/h or close to 0 are highlighted with the red arrows and green lines. This theory still applies for when the car is decelerating at any rate, however, it is much easier to see when the car is decelerating at this rate.
When a vehicle coasts down from any speed there is a chance to regain some of the lost energy with a KERS system, they tend to be most effective when the car decelerates and not power itself along, otherwise, the parasitic drag of the KERS system would greatly reduce the efficiency of the engine in moving the car along the road.
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Figure 3 shows specific point where kinetic energy can be recovered.
Looking at the portion of the graph above, we can see that this would be the ideal point to utilise a KER system. This is because the car is slowing itself down (coast down). The car is not moving under its own power and is only traveling forward due to its momentum from accelerating. When a car is decelerating like this and is in gear, which in this case it has to be as it is a DCT (Dual Clutch Transmission), the car is not using any fuel at all. This is because the momentum of the car is turning the wheels, driveshafts, prop shaft, gearbox, and then the engine. This would be ideal for a KER system as there won't be any additional energy used to generate some energy.








[bookmark: _Toc162975901][bookmark: _Toc162976131]Resistance to motion

[bookmark: _Toc162975902][bookmark: _Toc162976132]Resistance to motion graph


Figure 4 shows a graph displaying all forces resisting motion.
Looking at the graph above, we can see that for the majority of the 1800 seconds or one hour, the forces are positive, this means that we would not be able to utilise a KER system when the forces are positive as they are not acting against the vehicle, they are acting with it. However, we can see that for roughly 45% of the 1800 seconds it is below zero. This means that the forces are acting against the vehicle, this is where you would choose to have a KER system in place as there is an opportunity to regain some of the wasted energy.
Further analysis of the graph shows that the rolling resistance is at a constant, this is to be expected as the only way the rolling resistance would change a noticeable amount is if the car became heavier or lighter or the tyres changed. We can see that it is constantly in the positive. This proves the theory that you can only regain lost energy when the forces acting upon a vehicle are negative as you can not regain any energy from rolling resistance. We can also see that the aerodynamic forces acting upon the car remain positive throughout the 1800 second interval. 
According to the graph above, the most effective way of regaining some of the lost energy is through acceleration forces. Looking at the graph we can see that the negative acceleration forces , deceleration forces, are peaking roughly between 2000 and 2300 Newtons of force. This is the most acceptable area for regaining some lost energy as there is plenty of force available to the car.
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Figure 5 shows a graph representing braking power to be recovered.
Looking at Figure 5 we can see that the largest amounts of braking power to be recovered on the graph are between 1 and 7 seconds during a deceleration period in the very early stages of the WLTP cycle. This is a key point where a KER system would be implemented to regain some of that lost energy using an MGU.






Figure 6 shows a graph representing total power output vs time

Figure 7 shows a graph representing total accumulated energy

Looking at Figures 5 and 6, we can see that they are very nearly identical. This is because the tractive energy required to move the vehicle is equal to the total power output, similarly, the braking energy is equal to the inverse of the total power output. 
Further analysis of the graph and some research shows that the negative parts of the graph is where a KER system would be most effective. This graph works very similar to Figure 4 in which the negative parts of the graph indicate that the car is freewheeling, coasting down from whatever speed it was traveling. This is where you would utilise a KER system as it would be incredibly inefficient to do it when powering the car forwards due to the additional parasitic drag of the mechanical components in the drivetrain. 
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Figure 8 details points where a KER system would be most appropriately used
Looking at the graph above, we can see that key points for a KER system to be used are marked with black arrows. Similarly, we can see that between 700 and 800 seconds during the WLTP there are major spikes in the accumulated energy, using a KER system here would be more beneficial than where has been marked on the graph.
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[bookmark: _Toc162975905][bookmark: _Toc162976135]Cumulative energy graph


Figure 9 shows the Cumulative energy.
Looking at the graph above we can see that it represents the tractive energy accumulated at the wheel in blue, similarly, we can see that the yellow line is tractive energy with a KER system implemented on the vehicle. Looking at the red line we can see that it represents the accumulated breaking energy at the wheel. The grey line on the graph represents in KJ the total amount of energy regenerated from the breaking energy accumulated at the wheel. We can see that it follows the same trendline as that of the breaking energy accumulated at the wheel, this is because it is roughly 10% less than that of the breaking energy.
From the Excel sheet that has been used to produce the graphs, the largest points of energy recovery occur between 1777 seconds to 1804 seconds. Its accumulated energy recovered is roughly 254.20 KJ. This means that the battery must be able to store this amount of energy with some redundancy in case the car ever exceeds this it will be able to store and utilise the additional energy recovered.
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Figure 10 shows potential breaking energy.
Looking at the graph we can see that the largest points of available energy through breaking. We can see that the largest points of potential energy are between 745 seconds and 1200 seconds. This point of the WLTP is where the most effective points of energy regeneration occur.
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Figure 11 shows accumulated energy returned to the battery.
Looking at the graph above we can see that there is a considerable amount of energy returned to the battery during the time period of roughly 625 to 1200 seconds which lines up nicely with the potential breaking energy. However, we can see a large spike right at the end of the WLTP cycle where there isn’t as significant amount of potential energy (see fig 9). This could be due to the car being stopped entirely meaning that the car isn’t accelerating again after this last 30-second period. All the energy stored in the last deceleration period has been stored in the battery for the next time it accelerates. For the previous graphs, we have assumed that the energy that has been regenerated has been used in the next acceleration period. 
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There are many different systems implemented throughout the industry that utilise the use of kinetic energy to regain some lost energy when the car is coasting back down from a given speed. Many manufacturers tend to use electric-based KER systems. However, there are many other systems that can be used such as mechanical, hydraulic, and hydroelectric. Despite all the different types of KER systems, manufacturers all seem to use electric-based KER systems due to their superior adaptability to the automotive industry. As the most commonly used KER system in the automotive industry is electric-based, this is what we will be focussing on.
The electric-based KER system utilises a series of chemical batteries used to store the generated energy off of the driven wheels. To generate the energy, it uses a small generator either placed on the back of the hub or around the driveshafts. It uses the rotational energy of these rotating components to spin the generators and develop some energy.

The electric-based KER system has been chosen because it is much more suited to coping with the energy that is produced by the regenerative system. There aren’t any hydraulic or flywheel-based KER systems that are capable of regenerating and retaining roughly 260 KJ worth of energy. An electric-based with battery Ker system is more than capable of regenerating and retaining the energy for extended periods.

[bookmark: _Toc162975909][bookmark: _Toc162976139]Sizing and efficiencies for the KER system.

From the driven wheels, the energy out of the gears is 99%. After that, the energy out of the MGU is 95%. The energy after the battery is 99% and the energy out of the battery is also 99%. The energy out of the controller is 95% and the energy out of the MGU is 95%. The energy effectively returned to the wheels is 99%. 
If 250 KJ was put into the system, accounting for the losses you would receive back at the wheels 206 KJ. The system in total is roughly 82.4 % efficient which is far more efficient than the ICE that is being used to primarily drive the wheels. The average internal combustion engine loses up to 80% of its efficiency through heat and frictional losses.
Effects driver would notice
When using an MGU on a road going vehicle, the effects of engine braking would be noticeably amplified. The resistance bearing down on the engines internals as well as the resistance to rotation through the drivetrain is not increased, however, they would appear to be as the MGU would be adding an amount of resistance to the drivetrain causing a similar affect to that of a heavily braked engine. It would also feel very similar to a “Jake brake” or a similar type of compression brake system that increases engine braking. It works by opening the exhaust valves just before the end of the compression stroke. This considerably increases the amount of engine braking that occurs.
Similarly, when accelerating, the additional 206KJ of energy that is returned to the wheels would be noticeable, however, modern-day controllers will release the additional energy in small and smooth stages. This means that the additional energy returned to the wheels wouldn’t be noticeable. Many motorsport applications of KERS release all the additional energy in one hit do deliver the energy as quickly as possible to gain a competitive advantage. In this application, it is said to feel similar to a lagging turbocharger.
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[bookmark: _Toc162975911][bookmark: _Toc162976141]KERS study

Below you will find graphs taken from a technical report about KERS efficiency and reliability. The technical out by IAENG and was written in the early days of KER systems being implemented into average road cars.

[bookmark: _Toc162975912][bookmark: _Toc162976142]Efficiency 
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Figure 12 shows efficiencies for KERS (IAENG 2011).

Looking at the graph above, we can see that the battery systems are by far the least efficient method of storing energy in a KER system, however, they are the most frequently used system due to their adaptability and ease of manufacturing. As well as this they are also much more manageable in terms of packaging. Having large flywheels or supercapacitors packaged around the rotating components of the drivetrain is not feasible due to the added mass and complexity.
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Figure 13 shows voltage stability for KERS storage (IAENG 2011)
Analysis of the graph above shows that the battery's ability to deliver stable energy is very close to 100% at roughly 90%. This means that even if the battery is almost empty, it will still deliver the same amount of voltage. When compared to an Ultra Capacitor at roughly 35%, it will not be able to deliver the same amount of voltage across the capacitor's discharge period, meaning that the voltage delivered will either drop or increase. Modern-day KER systems will struggle to manage the fluctuation in voltage when applied back to the driven wheel.

[bookmark: _Toc162975914][bookmark: _Toc162976144]Fuel Consumption
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Figure 14 shows the fuel consumption required for KERS (IANEG 2011)
The graph above shows the fuel consumption required to operate the KER systems, we can see that it is very close between the hydraulic system and the battery-operated systems. The battery-based systems use 15% whereas the hydraulic system uses 18%. If it was not for the complexity of packaging and utilising the hydraulic-based systems, more vehicle manufacturers would be using this as a feasible solution for KERS.

[bookmark: _Toc162975915][bookmark: _Toc162976145]Cost 
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Figure 15 shows the cost for KERS storage devices (IANEG 2011)
Looking at this graph, we can see that the battery system is by far the cheapest option for an automotive KER system.
Overall, the battery systems used in KERS are mainly due to their cheap production costs as well as their voltage stability. These two factors make the battery system the go-to choice when developing hybrid vehicles or vehicles that utilise KER systems.

[bookmark: _Toc162975916][bookmark: _Toc162976146]Temperature range
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Figure 16 shows the temperature range for KERS storage devices (IAENG 2011)
Analysis of the graph above shows the operating temperatures that the various Kinetic Energy Recovery systems can be used. Looking at the graph we can see that the flywheel-based KER system is able to operate from -50-150 degrees centigrade. This is due to the very basic componentry of a flywheel, it has no control module or any computing necessity at all. Looking at the Lithium-ion battery that is mainly used in the automotive industry is capable of operating between -25-60 degrees centigrade. This is far superior to the operating range of the lead acid batteries at roughly -10-40 degrees centigrade.
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Force (N)




Braking Power To be Recovered in Deceleration Period  792-800 and 1765-1794  

Maximum Deceleration Period 	0.64334432296294852	-3.3774073506249995	-8.2149755872222237	-13.252232173773187	-17.002964603680553	-18.226933281952121	-17.648426540964469	-16.267750700717603	-13.87433158798612	-11.329671763888891	-9.990584290555546	-9.9944493327777728	-11.148675618078718	-12.902549342222226	-13.969812383680548	-13.411879079699075	-11.438548378271593	-8.8829286330864186	-6.3502752220293219	-4.7188199101620354	-3.9311769939583372	-3.5203677165432103	-3.4020973177083316	-3.6159808508873468	-4.0019872766049378	-4.2717897802854923	-4.0748710990509265	-3.0474587965509259	-2.3309900948148146	Maximum Energy Drop	-1.9970414439506174	-15.254280909915089	-25.519516773171286	-28.628732438703722	-23.99939002644291	-14.641273563881171	-4.858261138402777	1.5250408238888886	Time (s)


Power (Kw)




Total Power output Vs time
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Energy Total Joules



Cumulative Tractive vs Breaking Energy  
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Accumulated energy (KJ)




Potential Breaking Energy  

Deceleration zones 	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.42842147351851095	6.9729426806558745	10.006832783402784	8.4543332145061658	6.6959464078395108	8.0692176993595677	10.127929523148138	8.2032948551003102	3.765485416111114	0.49831558918981589	0	0.71295589293981509	0.34341239802469042	0	0	0.75481897611111237	2.7947611660725307	1.7821114973842589	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.3077910275848833	0	0	0	0	0	0	2.457872205000005	10.50480939266204	14.051723121041661	11.913777604938272	6.6463619490740751	3.1395974333950614	2.7327815555555546	2.6877313081867285	1.4682353629012344	0.49506855999999988	0.30270854574074074	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.0174220020370397	8.8617579516049325	11.682007653518516	8.3438187252083331	3.1868972323070994	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0638668588271569	10.418589108958331	12.303433038580247	7.0134287922916636	0.86368811841821014	0	0	0	0	0	0	0	2.8212350336188234	5.1766115513194428	5.2835541896296307	4.212147560185187	2.884039361874998	1.8900531186805547	1.1678244376774705	0.55314194425154339	0.19146379925154294	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	5.0088619535416816	6.8675543743749952	4.2277771435185221	0.23815176166665836	0	1.7686845461728522	6.9223851060108066	10.147122276828696	8.0809519045138813	7.0288648512731466	7.5521727206790068	6.6959464078395108	8.0692176993595677	10.127929523148138	8.2032948551003102	3.765485416111114	0.49831558918981589	0	0.71295589293981509	0.34341239802469042	0	0	0.75481897611111237	1.454930919158949	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.67361379280092204	7.6337835916898147	10.204907031111116	11.204235728395057	11.694262630123459	13.960737188726846	12.526084923032405	5.0716783304320989	0	0	0	0	0	0	0	0	0	0	0	0	0.59790315672069605	0	0	0	0	0	0	0	0	0	0.38240527648149419	2.3235248434567901	3.6188224877083321	2.2692380258641975	0	0	0	0	0	0.54247466956019574	2.1519532785802467	3.2031313333333329	3.0969169511111105	2.3964558749999978	2.9066221129861107	4.0601937037037024	4.161171777777775	1.5173754402083317	0	0	0	0	0	0	0	2.3788621836959898	5.4904021471836426	2.3587030063657419	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.5370876785416656	3.4476295910493819	2.3696588553086437	0.91390057090277499	0	0	0	0	0	0	0	0	0	2.5697592437654313	6.0875310576157444	5.9449832921527772	3.8852709511111092	2.0574264713657411	1.0209721827777773	0.45889745369598739	0.1698000493827162	0.24141456888888904	0.35409887693672831	0.31491228918981468	0.2832551441589507	0.20429787605709876	5.2549704930555552E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.310044469745371	2.6629208256712924	2.2206776266666686	1.8415068833950643	2.0569078837422827	2.0867940478395046	1.3263685682638895	2.3486322283950919E-2	0	0	0	0	0	0	0	0	0	0.11907070518518506	0.86962971061728356	1.600885043210094E-2	0	0	0	0	0	0	0	0	0	0.18663762864197836	4.3927259953636302E-3	0	0	0.77351831277778182	4.3208103022222266	7.7290428201620323	9.9220466311728401	9.659996535864197	7.1812933465972222	3.6370887728626551	1.1711001511728396	0.17891143261574069	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.24482272428240465	0.85991802312500154	1.2892520059259258	2.5058825221604932	4.2717897802854932	4.7413539405015435	3.0340364019753094	1.0376170617283949	0.20205711111111108	4.009975154320989E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.82395542419753109	2.8299858343904325	2.9358544990046309	1.6978826865354961	0.85209891456790066	0.41465861664351727	0.20811511993827297	0	0	0	0	0	0	0	0	0	0	0	0	0.22151627006172805	5.1834083298148155	5.6901971278626542	2.5614919051851848	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.63009585339505769	1.2186887431250035	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.6559870123456601	6.9659253716666614	7.4396931113503131	9.6927784642824015	15.010284050370364	16.780617546666669	12.241028475061736	7.4626296224922966	8.3171572637114171	12.870331186728389	14.033350098765432	11.599042534513886	5.8405225273456791	1.6224047072608028	0	0	0	0	0	0	0	0	0	0	0	0	0	7.6673662361111052	12.323463260208333	13.769092707962967	12.464794533032405	6.3631792088888881	3.202426110347226	0.9254976952083368	0	0	0	0	0	0	0	0	0	0	0	6.7097442400000018	8.8590050953472161	5.9072002579629608	3.6277342080324075	0.6448446122839534	0	0	0	0	1.9376950472916665	3.7196035792361091	3.4269161876620351	1.3521041224691353	0	0	0	0	0	2.4413965540740752	6.659765402584874	4.3453100937422837	0.39204081481481506	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.4833985254321078	6.2935188411805507	14.29331291267747	19.21662300715278	18.250419855640427	15.784719646604941	13.250613966689814	8.9797704227160473	4.3816820214274683	9.9448222222222132E-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	1.9970414439506174	15.254280909915089	25.519516773171286	28.628732438703722	23.99939002644291	14.641273563881171	4.858261138402777	0	0	0	0	0	0	0	0	0	3.2998343377083255	6.6043469143749949	12.465104226111109	16.157981122553998	16.012530604961427	15.288692565779323	14.616227277785493	12.427943969266979	9.1906135338657418	3.8495028888888867	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.9903987693904683	0.78229501209103702	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.9664704074691357	2.4307487200000066	0.9264106340740581	0	0	0	0	0	0	0	16.05780381020832	28.628732438703722	23.99939002644291	14.641273563881171	4.858261138402777	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.6769794073379307	0.59758866368053365	0	0	0	0	0	0	0	0.11596974364197034	0.53279808352623559	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	5.3516728327237599	15.846757107353401	23.305937632592595	23.57606126513118	20.828111861666663	18.020731040702149	9.8565727664197489	0	0	0	0	0	0	0	0	0	0	0	0	2.3627055421219132	9.8595824503703717	19.405147076458338	22.287792778827164	19.510771403140431	16.678249259259253	13.949122595316355	8.589363196967593	4.6023003456790139	3.1632619170370373	1.9831094658410486	1.1512322854320982	0.85585901333333381	0.88957256963734554	0.59619152197530878	0.1245705347299383	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.0383970157175892	5.4535417405324083	7.4175155940740805	9.4305934380787022	12.186519570925931	15.253864685162027	17.686464666666659	17.055239646396604	12.787829585987653	9.3325179305555537	6.3270525601311718	2.7204325106790117	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.6102819010416719	4.7903232836342697	1.5175951630169646	0	0	0	0	0	0	0	0	0	0	0	0	0	4.8002040350077273	5.5191733842361046	9.7194957554007547E-2	0	0	0	0	0	0	0	1.7066343049768737	1.3972679753086308	0	0	0	0	0	0	0	0	1.4456885471527434	0	0	0	2.0310378432021605	10.196413275061763	20.221951162013909	27.148140656111096	27.297620908757697	24.095541551604928	18.117419086967594	12.483920503148154	9.8114865148071004	8.7593826690740695	8.6742880695679005	8.0994386064814847	6.2680438322839489	3.3954456536805537	0.64555729055555666	0	0	0	0	0	0	0	0	0.39889602864197415	8.2734408334336447	7.9672263835185158	3.3890813949999981	0.31889266666666727	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.91375355753086429	2.4888909741357916	3.0679494162963241	3.6272974432638883	4.6087364505555692	6.4273918351157162	7.7188239049999678	8.5064700389506545	9.6272211593441614	9.8589582931481186	6.2980837007407198	0	0	0	0	0	0	2.911459006087973	5.877655925925926	1.1962851387654438	0	0	0	0	4.0240166327777764	11.938212135625015	21.871494339753077	24.798625054205232	22.080329062407415	19.298828229776234	11.04949256987654	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.72919164543209924	2.3583350866589505	3.9082871109027768	4.755981903865754	6.3974653372222177	10.870356366419756	18.066799754259264	20.144689807677462	14.090855961481477	4.7804156118518533	0	0	0	0	0	0	0	0	0	0	0	0	0	4.4925965969058783	9.4167958183410505	5.309058440177469	0	0	0	0	0	0	2.0159862699768487	9.0732601363503012	16.181551547962965	17.377704836165126	14.667300716049381	6.897675636851849	0	0	0	0	0	1.4191474662345678	2.0301255575308619	0.23062162543981649	0	0	0	2.3011390730632715	6.0562629398148129	5.4571949292361106	2.0622820220370373	0.23829996148148144	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.8884372289737548	7.7289208088889136	10.612161246728371	10.440683370432074	7.9239865679012356	4.42057187290124	0.33560106141203827	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.9922327901234769	3.3748935244676099	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.925225259066448	9.0858795292515833	11.082100219259216	11.539591421296253	10.516719776813312	9.498116726010819	9.1670441400616891	10.165862177662053	10.462423070069461	10.075389065678975	9.0605575337576685	6.2139724177778124	2.2248048917901446	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.3774073506249995	8.2149755872222237	13.252232173773187	17.002964603680553	18.226933281952121	17.648426540964469	16.267750700717603	13.87433158798612	11.329671763888891	9.990584290555546	9.9944493327777728	11.148675618078718	12.902549342222226	13.969812383680548	13.411879079699075	11.438548378271593	8.8829286330864186	6.3502752220293219	4.7188199101620354	3.9311769939583372	3.5203677165432103	3.4020973177083316	3.6159808508873468	4.0019872766049378	4.2717897802854923	4.0748710990509265	3.0474587965509259	2.3309900948148146	0	0	0	0	Time (s)
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Accumulated Energy Into Battery at Different Deceleration Zones
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WLTP Cycle for Class 3b
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