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1. [bookmark: _Toc156061206]Introduction
The following report will be analysing the use of KERS (kinetic energy recovery system) in a motorcycle. The coefficients and then therefore forces acting upon the motorcycle combined with the cumulative tractive and breaking energy to identify highest points of kinetic energy input for the KERS. These values can then be used identify suitable systems, these systems will be compared based on efficiencies and size requirements to determine the one that is most suitable for the chosen motorcycle. The kinetic energy that is returned to the wheel will be plotted and then analysed to determine the differences the rider may feel compared to a motorcycle using only friction brakes and an ICE (internal combustion engine). The motorcycle used in this report will be a 2020 Z900, this is a naked motorcycle which is made for general commuting and street use. These motorcycles are less aerodynamic than their sports counterparts and to suite street use most of their power is at lower RPMs. The age of the motorcycle is to represent most motorcycles on the road so this report can effectively assess the use of a KERS on regular day to day use motorcycles. Commuting motorcycles will benefit most from a KERS due to their high usage, a KERS will help limit the motorcycles emissions lowering its environmental impact. 


2. [bookmark: _Toc156061207][image: ]Vehicle information
In this section the chosen motorcycle the Z900, shown in figure 1, will be researched for the relevant information required for the KERS calculations. The most important of which are the motorcycles test mass and rolling resistance coefficient which can be used together to find the rolling resistance acting upon the motorcycle in newtons. The frontal area and the coefficient of aerodynamic drag can be used to find the aerodynamic drag of the motorcycle in newtons. These forces combined are the two main resistant forces acting upon the motorcycle in the opposite direction to the motorcycle when it is in motion. The calculations will use slightly different values to the ones researched as the researched values will only take into account the motorcycle itself and not the rider as well. This will allow the calculations to be more relative to a real world scenario, to do this the average mass of a rider and their protective equipment will be added to the motorcycles mass, and the frontal area will be measured using a front on image of the motorcycle including a rider that has been scaled to the correct size using a known measurement of the motorcycle itself.Figure 2
(De Sena, 2021)
Figure 1
(Z900 MY 2020 - Kawasaki United Kingdom, no date)

[image: ]The wet mass (with all fluids such as coolant, oil, fuel etc.) of the motorcycle is 212 kg, and the mass of an average rider is about 72.5 kg, which in total adds to 284.5 kg. the mass of the chosen motorcycle itself is close to the average mass of motorcycle within its engine size class. An exact rolling resistance coefficient cannot be fount so referencing another paper that tests fuel consumption based on rolling resistance coefficient of the motorcycle’s tyres (Wiratkasem and Pattana, Table 1, 2021), a suitable value from this paper is 10.3 N/KN which is equal to 0.0103 (N/N). This value is determined by visual analysis of the tyres to determine which tyre represents a regular road going motorcycle most. The image in figure 2 was used along with SolidWorks to find the frontal area of the z900 with a rider, 795257.7 mm^2 equal to 0.7952577 m^2. Motorcycle drag coefficients normally range between 0.5 and 1, however naked motorcycles have a higher drag coefficient than sports bikes so a reasonable estimate to use in the calculations would be 0.8.

3. [bookmark: _Toc156061208]WLTP
most of the graphs and calculations for forces, energy and power are in the excel file (WLTP z900) for this paper. The z900 produces a power of 92.2 kw, so the z900 is in the WTLP class 3. As the motorcycles max velocity is over 135 km/h all sections of the test will be analysed (low speed, medium speed, and high speed). The WLTP cycle used with data collected for the motorcycle the cumulative tractive and cumulative braking energies required at the wheel over the duration of the test cycle. The points to store the energy is when the motorcycle is decelerating, as rather than the energy be released into surroundings via the thermal store it could be recovered by the KERS and still decelerate the motorcycle. Figure 3

The graph in figure 3 shows the main forces acting upon the vehicle throughout the test. The aerodynamic drag is the resistant force acting upon the motorcycle against the direction of travel from air. The rolling resistance force is the force acting against the motorcycle due to friction with the ground. The acceleration force is the force that accelerates the motorcycle moving it forward. These are used to find the recoverable energy. Figure 4


The graph in figure 4 shows the energy that is recoverable measure by the y axis. The maximum recoverable energy is 4500 joules, this is the amount of energy that could be stored by the KERS. This will be the leading factor apart from size when deciding upon a suitable KERS, as it would be ideal to store as much energy as possible. Some of this energy will be lost to other energy stores so a KERS with a high efficiency would limit the loss of energy.


4. [bookmark: _Toc156061209]KERS
There are four main ways of recovering and storing kinetic energy through regenerative braking, these are mechanically, electrically, hydraulically, and hydro-electrically. Hydraulic and hydro-electric systems are more suited to larger vehicles due to their system requirements, so they will not be considered for use in the selected motorcycle. The mechanical and electrical systems are more suited to be used in a motorcycle so will be analysed in this section. Regenerative braking is where the energy from a moving vehicle is stored slowing the vehicle down, this is useful as the energy would normally be released by friction into the thermal energy store of the surroundings and the vehicles brakes. Regenerative braking allows the vehicle to slow down when the driver wants and store the kinetic energy so it can be used later, normally during acceleration. This means that less power is required from the engine to overcome the friction acting upon the vehicle via the wheels, which lowers the emissions from the engine as well as increasing the distance the vehicle can travel. This increased distance per unit of fuel will allow the driver to save money on fuel costs. KERS are more beneficial when used on commuting vehicles as they travel a large number of miles, so reducing the carbon footprint of the vehicle. 
[bookmark: _Toc156061210]Mechanical
[bookmark: _Hlk155885073]The main method of storing kinetic energy mechanically is through the use of a fly wheel/rotating mass. “Energy is drawn from the vehicle and supplied to the flywheel. In doing this, the speed of the vehicle reduces, (effectively this is braking), whilst the speed of the flywheel increases.” (Radhika Kapoor, C. Mallika Parveen, Member, IAENG, 2013). This reference states that by drawing energy from the driveline of the vehicle to be stored in the flywheel by rotating it the vehicle slows/brakes waist conserving this energy. As this system only uses rotational objects the equation for kinetic energy (KE) stored in the flywheel (J) would be . Where  is the angular velocity of the flywheel (rad/s), and is the rotational inertia of the flywheel (KGm²). As , where  is the mass of the flywheel (KG), and  is the radius of the flywheel (m), then . “The response time is very short. The drawbacks of flywheels are the small capacity and high power loss, ranging from 3% to 20% per hour” (David Wenzhong Gao ,2015). This article is referring to the fast release of energy from the flywheel, and also the percentage power loss that typically comes from a flywheel. As the average commute in the UK Is ”59 minutes” (McCubbin, 2023b) which can be rounded to an hour, and as energy and power are directly proportional the power loss will also correlate to energy loss. Averaged out the energy loss would be 17.5%, which results in an 82.5% efficiency. So only 3,712.5 joules would return to the wheel after being stored in the flywheel. the mechanical efficiency of gears is about 85%, we can consider this the efficiency of releasing the stored energy, so the actual energy returned to the drivetrain would be 3,155.6 joules, so the total efficiency of the mechanical KERS is 70.55%. as the flywheels energy is stored rotationally the mass and size of the flywheel is extremely flexible, however the smaller or lighter the flywheel the faster its rotation must be to store the same energy so the correct lubrication and bearings must be chosen to reduce frictional losses. A dense material such as steel would be best as the heavy metal would reduce the rotational load on the bearings reducing their chance of breaking and compromising the system. If we consider a flywheel with a diameter 150mm made from a denser metal such as steel, to allow for an energy dense system, then we could calculate the mass of the flywheel then using mass and the material density we can find the flywheels required volume. Then we can have all required dimensions to design the flywheel. , so, mass = 18.24kg, if we use maximum storable energy of 4500 j and consider an RPM of 4000. High strength steel has a density of around 7850 kg/m³, so , (ρ is density) so the volume of the flywheel is 2,323,567 mm³. using the equation for the volume of a cylinder , this can be rearranged to find the length of the flywheel, . So, the length of the flywheel would be131.5mm. the size of this flywheel is not ideal but can be used to store energy on the motorcycle if used with the correct gear ratios.
[bookmark: _Toc156061211]Electrical
The electrical method ideally uses an AC motor which would reverse the flow of current when braking to charge either a battery or capacitor, then revers the current when needed and the motor would supply power/energy to the drivetrain to limit the work required from the ICE (internal combustion engine). The AC motor allows for the system to be smaller rather than having a system for recharging and a system for discharging the singular system will be capable of both. Vehicles generally use a 12 volt system, , , the charge of the system at peak energy recovery would be 375 coulombs. Due to this a capacitor would be used as the low level of charge is more suited to a capacitor a battery would hold a significantly higher charge and would not be able to function efficiently if constantly charged and completely discharged. , this would mean the capacitor would require a capacitance of 31.25 farads. This is a large unit for capacitance, so a regular capacitor couldn’t handle the charge so a super capacitor of about 32 farads in capacitance should be used, however an issue with this is that the voltage of the capacitor is around 3 volts and would ideally operate at around 12 so a change in resistance is required. To allow a power supply that is acceptable a thicker electrical wire should be used as it has a larger cross sectional area. The charging efficiency of a motor is at a max “0.90” (Pipitone et al. 2019). “It is well known that when charging a capacitor from 0 V using constant input voltage, an energy efficiency of only 50 % can be obtained” (Arslan et al. (2018). This poses an extreme issue for the electrical system as large amounts of energy will be lost upon charging the system. The efficiency of a motor when discharging the capacitor would be around “80%” (Craig B. Smith, Kelly E. Parmenter. 2016). So the overall efficiency of the system would be 36% so only 1,620 of the max 4500 joules would be returned to the drivetrain. 



5. [bookmark: _Toc156061212]Conclusion
The mechanical KERS would be much larger than the electrical system, this would make the system more difficult to implement due to the limited space of the vehicle, however the efficiency of the electrical system is less than ideal and a large amount of the energy recoverable would be lost. This makes the mechanical flywheel system the more ideal choice for implementation. However, the mechanical system assumes that the weight of the flywheel is equally distributed, as well as that there are no other forces or factors that could work against the flywheel. the other mechanical parts would lose some more energy however the system would remain more efficient than the electrical one. Over longer intervals the flywheel system would be less efficient, but for a commuter vehicle with the lower intervals would be ideal as more energy would be recycled successfully. If the flywheel system is connected before the clutch, then there would be a smooth implementation when using the stored energy however it is connected after the clutch then when the stored energy is released it would be an extremely sudden change in velocity for the motorcycle. This would make the ride uncomfortable and aggressive. The flywheel system should also be balanced to the vertical centre of the motorcycle otherwise it will be unstable when riding, however it is not just enough to balance the weight the flywheel itself should be in line with the vertical centre of the motorcycle itself and the rotation of the flywheel should also be inline with the motorcycle otherwise the flywheel would unbalance the motorcycle when stored with energy due to its rotation. The weight of the system should be unnoticeable to the rider when the motorcycle is in use. The power from the flywheel wouldn’t be consistent with most of the energy being released initially then less energy being deliver over the course of energy discharge, this however is beneficial as if the system is used from rest, then this higher amount of energy can be used to overcome the initial rolling resistance and inertia which has not been considered due to the numerous rotating parts of the motorcycle. The inertia for smaller components would be negligible however if the system was implemented the inertia calculations for the larger rotating parts such as the wheels and the crank shaft would allow the calculations to be more precise. 
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Force (N)




recoverable energy J

energy (magnitude order)	J	-4464.9249709980777	-4464.9249709980777	-4418.5459457488396	-4159.7536817326363	-4135.0940245302199	-4043.1655315324929	-4015.3212823896024	-3874.8480303044353	-3874.8480303044353	-3851.9217474588149	-3824.6019204534823	-3785.8058331372345	-3654.1622380013328	-3614.3409883391751	-3557.334733031249	-3465.2653666890651	-3434.0168684657683	-3428.5110053524431	-3330.6226931664723	-3258.4153574822863	-3240.8793530960638	-3174.9890958214178	-3140.822064967213	-3124.1423023333323	-3113.4971969038302	-3089.958400317787	-3060.2350371114576	-3029.9324893518515	-2879.2723006604942	-2841.7877175565923	-2788.7539846453337	-2744.207560063252	-2702.1293081049384	-2701.4841420489979	-2661.5997613530003	-2646.0299131637994	-2622.358054464532	-2592.9207061268717	-2587.9780735370373	-2582.041607000916	-2580.3424028300706	-2550.2116177816292	-2530.4002659542862	-2484.7076564472604	-2459.2468115462129	-2367.3890312685921	-2350.6516030407684	-2350.6516030407684	-2337.4531529776777	-2332.8641915617281	-2325.8414665999167	-2319.6695122418978	-2297.8313011930586	-2296.9252185263185	-2273.6578714131938	-2271.0950630912316	-2257.2296129176034	-2230.7866452654321	-2224.3869476481477	-2183.6200119655814	-2180.8802070148636	-2170.5085568835275	-2163.9599843265833	-2076.9046853105197	-2073.0510730535311	-2020.6309690165917	-1991.5953121441464	-1972.4649488324458	-1943.42628386652	-1917.0007295740731	-1910.6338124132478	-1895.6258321620967	-1871.7806508048886	-1862.6177012407404	-1860.6920537469123	-1860.6920537469123	-1831.5818287444158	-1827.4229721554561	-1822.9686474910122	-1761.8701959444443	-1761.5267316010406	-1757.0506671581763	-1749.4554980926041	-1734.3103763895651	-1700.5273845063698	-1671.1243111635565	-1661.7951611621238	-1657.9712204986402	-1648.2933425258259	-1638.6920673761319	-1630.0607560510402	-1618.9590996281975	-1606.1740269366412	-1602.8312138697818	-1588.6550889955772	-1585.4830263576785	-1585.4351874432007	-1566.7962367753184	-1560.6534104314405	-1544.4863542629441	-1543.5900626262066	-1543.5900626262066	-1534.4329018580252	-1517.7120416863702	-1517.4706179688069	-1510.2304526940527	-1484.9761706692614	-1474.9007449150865	-1466.5854132317502	-1451.723430105392	-1451.723430105392	-1448.0442657514902	-1442.530992339505	-1366.1374538600278	-1358.0043864803238	-1332.8444994994072	-1324.1222514538761	-1316.2404447115769	-1282.7901423043977	-1280.0850046851842	-1279.4832638209878	-1273.761237660882	-1270.2781203653537	-1265.6027560467303	-1257.9711740555545	-1226.9017670875544	-1222.4931755791108	-1221.6254069098238	-1220.4030906111116	-1212.0204901856296	-1205.5653241160007	-1176.9729669773985	-1169.7434111412849	-1169.7434111412849	-1169.7384587962963	-1164.6912058877319	-1153.8013433004724	-1131.7866989945182	-1131.3478120212192	-1126.7046996246079	-1126.0247715005926	-1108.8786747017764	-1091.9721699411948	-1086.0190171911759	-1070.8732100312502	-1043.1050451069723	-1037.3707058907519	-1025.0883294138766	-1013.4645539327903	-993.8405437762467	-992.55539567413871	-923.04997537012025	-910.23357245437069	-909.9900780740744	-909.15338768009997	-908.05819076313901	-893.19669700576219	-892.0500174026829	-866.41757265952742	-858.72168702092279	-849.52438799035485	-849.52438799035463	-839.87945520370431	-813.08847087471668	-804.59635796526857	-804.16887897249376	-800.18247302446525	-795.39837904938224	-779.22162302711035	-777.30497167822193	-776.64114827777757	-771.5142964037077	-766.96939290903447	-757.8838782407405	-756.62222502088946	-756.62222502088946	-753.20505347314474	-733.35874243865771	-728.88122386923158	-726.21957185553276	-704.0099294029136	-703.87267460695375	-696.52229638453991	-693.17698238835465	-690.28969557291623	-687.81883564814802	-686.23968728133309	-667.98926052730553	-667.98926052730553	-657.87586125546659	-648.25220226949693	-643.66432015274074	-642.48534513150605	-639.96640782558575	-630.87799576496502	-620.95500665274687	-611.41038843284275	-603.13355421426854	-602.88991242724956	-594.72475557288885	-587.88191320199689	-584.64060410928278	-583.96531597658316	-564.58587023353073	-561.77575144444438	-554.40294296301477	-551.51131891934187	-540.43962900003396	-535.59119021713536	-534.60546477170351	-530.06727289608943	-524.98471502883945	-520.64431672854334	-517.04710875046453	-516.22563566666656	-511.7107216600894	-507.90338668017	-503.25440901239853	-501.97715671200035	-497.79166612746599	-492.88656583170365	-480.02561399733361	-476.58976977889824	-463.80657109871527	-458.47246135185151	-453.98377282136698	-453.88440351767895	-448.7925118351107	-440.17145571125491	-439.77316209851557	-431.89002628691043	-423.15408275386091	-421.28928820235467	-420.43258216666641	-417.91095222596221	-415.82365904141062	-414.24105576706216	-413.15692789200097	-401.73442382523456	-396.3326434967413	-394.63265105966349	-389.33721020563308	-365.87532081275003	-342.71107214942253	-336.1538153811851	-333.66129845191631	-318.73840230202785	-316.16206405688882	-315.62704137718515	-303.45798277965758	-302.22643738207404	-301.55765262846438	-299.60441060488876	-291.01373418646011	-274.54981167807045	-262.21790396158019	-250.22845409391721	-247.61150104256353	-245.73653046088884	-243.9782004636383	-242.76704020370431	-239.8496440136295	-237.36755538181202	-236.35740236162951	-236.14555311096299	-222.07829854967903	-220.86787927949698	-219.02222687155577	-219.02222687155577	-215.67408032133326	-213.39975606172837	-211.68964376504633	-211.68964376504633	-200.24441009866675	-198.34613551963884	-196.3358624305861	-196.19392052893519	-195.78786923985234	-194.48019585239524	-177.57804865316362	-171.33628192249708	-171.33628192249708	-167.33093682351495	-159.3760059995563	-156.44665831428065	-154.04948562963	-145.43633512365412	-145.43633512365412	-140.29426996296297	-139.92364107367874	-138.79539661232494	-138.07551866706476	-135.92637162429622	-128.7224611243457	-127.12297366666674	-125.10918211471319	-124.91567531073103	-122.60440579629619	-117.59688417970391	-113.12154280399997	-110.16044244528695	-105.03916155787653	-103.42758080808949	-89.605521209777805	-88.988640790151223	-87.609084777777738	-85.104371699802812	-81.388122909283965	-81.204049604938277	-81.119120594518208	-81.119120594518208	-75.630212294978421	-69.275988951753092	-62.392020020915375	-61.266492185185271	-58.625293518518625	-52.22044186434259	-50.991580548296298	-49.820620672839503	-49.337106637805462	-40.969315565669746	-34.97634659753389	-34.111479926675862	-33.714153240740671	-32.568569588799242	-32.119242614935139	-29.841188549910498	-29.744901883749527	-25.399129323556046	-19.937062815657416	-18.844655992861114	-15.527838303361111	-13.958775080246914	-11.841842095008939	-10.756227910151571	-4.8862488287611328	-1.256674660888889	-0.79222312003373541	
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