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[bookmark: _Toc89754385]The Task Provided by Blitzworld Buggies Ltd
Blitzworld Buggies Ltd is a company that specialises in producing off road buggies for recreational and corporate events. The company is considering commissioning a series hybrid buggy and has indicated that they would like to better understand the typical duty cycle of one of their best-selling products at a regular corporate event. A list of information such as the vehicle’s fuel consumption over a typical lap has been requested by Blitzworld. 
The task involves developing geometry and conditions for an off-road track that is in line with such tracks used by Blitzword, and producing a simulation of the buggy’s typical duty cycle over a lap. This simulation will provide a variety of information including the data requested by Blitzworld. A report is then to be complied outlining the methods used to produce the simulation and highlighting the produced results. 
[bookmark: _Toc89754386]Aims 
· To establish and calculate the required variables regarding the vehicle’s geometry & performance characteristics. 
· To develop appropriate track geometry and characteristics.
· To produce a simulation of the vehicle’s duty cycle around the developed track. 
· To establish the vehicle’s fuel consumption over the course of a lap & event. 
· To produce a report explaining the methodology used and highlighting the findings of the simulation. 
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Blitzworld Buggies Ltd 
Shelton New Rd 
Stoke-on-Trent 
ST4 7SH

Ref: DX10-7740-D0-DCSIM



FOA: Engineering Director 



[bookmark: _Hlk89730108]Please find enclosed a copy of the requested report regarding the simulated duty cycle for your Renegade DX10C Corporate Buggy (Product ID: DX10-7740-D0). The requested simulation has been submitted separately. 

 As requested, the quantity of fuel per lap has been calculated. Additionally, features have been included to allow for the easy calculation of the quantity of fuel used during various event bookings. The quantity of fuel used per lap of the selected course was calculated to be 0.138 Litres (0.104 Kg).

As in previous discussions it was noted that Blitzworld is intending to investigate means of reducing fuel consumption & subsequent emissions, it felt appropriate to include features allowing the easy calculation of the CO2 emissions produced during an event. This can be later used to draw comparisons to the output emissions of any proposed Hybrid Series that is developed. The methodology employed to perform the necessary calculations for the simulation will be outlined within the enclosed report, along with a discussion of the additional results produced.  

Look forward to receiving your comments in due course. 



1805620 
[bookmark: _Toc89754388]The Buggy & Developed Track 
[bookmark: _Toc89754389]The Buggy 
As requested, the vehicle used within the duty cycle simulation was a Renegade DX10-C Corporate 300cc (PID: DX10-7740-D0). A copy of the vehicle’s specifications used within the simulation can be found in appendix 1. The vehicle employs a 278cc Petrol Single Cylinder 4-Stroke internal combustion engine (ICE) that is limited to 30mph (Blitzworld Ltd, 2021).
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		     Figure 1: Renegade DX10-C Corporate 300cc Buggy (Blitzworld Ltd, 2021).
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The track that was developed for use within the duty cycle is largely based upon the Willow Springs Go Kart Circuit in California, USA. To better suit the track to the requirements of Blitzworld’s activity events, modifications were made regarding the altitude changes experienced over a lap, as well as the surface types encountered. 
The developed track is 1.63Km in length and features and altitude range spanning 20m. It was developed with the intention of providing the vehicle occupants with a safe but exhilarating experience. 
The course features a range of predominantly high-speed corners and hill climbs/descents. However, the power & velocity requirements during such climbs & descents combined with the varying traction levels of the surface types encountered means that these corners must be interpreted differently than simply calculating the maximum speed for the radius of the corner.  
Whilst these variables effect the vehicles velocity over the course of the lap, it was noted post development that the duty cycle produced does not feature extended data set lower in the vehicles rev range. This can be explained by the high-speed flowing nature of the many of the corners within the chosen track. The track generated for the simulation will be further discussed in the conclusion to this report. 
[image: ][image: ]
Figure 2: An image depicting the outline of the Willow Springs Circuit (Left). An image showing a developed racing line for the track (Right).
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Figure 3: An image showing the geometric dimensions of the proposed racing line.

 












[bookmark: _Toc89754391]Methodology 
This section of the report will outline the various calculations performed within the development of the simulation.

[bookmark: _Toc89754392]Initial Vehicle Calculations
Frontal Aero Area 


FAA = (H – Gc)W


Where: H = Height (m), Gc = Ground Clearance (m), W = weight (Kg), & FAA = Frontal Aero Area (m²)


Rolling Circumference 


Rc = 

									
Where: Wheel Size = Wheel Size (m), Tyre Sidewall = Sidewall Thickness (m), & RC = Rolling Circumference (m)
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Firstly, an appropriate set of gearing ratios was established to fit the buggy’s specified capabilities. This was then used to establish the various velocities (m/s) that were experienced by the buggy throughout its rev range through each gear. Appendix 2 features a copy of the gearing selection tab included within the simulation. It allows for the altering of various gearing ratios to match specified requirements. 
Reduced Masses 
The formula used to calculate the vehicles reduced masses at each gear is exampled below.



(Sandford , 2021)
Where: Wheel Inertia = Wheel Inertia (Assumed 0.95 Kg.m²), Engine Inertia = Engine Inertia (Assumed 017 Kg.m²), Total Mass = Total Mass (Kg), Rolling Radius = Rolling Radius (m), & Rm = Reduced Mass (Kg) 


Velocity Calculations 
The velocity experienced by the buggy at its respective RPM and Gear Position can be calculated using the formula exampled below. 






Where:  = 1.948 & V = Velocity (m/s)
Torque Calculation 
The torque was calculated using the following formula. 



Where: 

[bookmark: _Toc89754394]Forces Calculations
In order to understand the power requirements of the vehicle during the duty cycle, we must first iteratively calculate the forces acting on the vehicle throughout the lap. These forces include the aerodynamic resistance, acceleration resistance; rolling resistance & forces created due to an incline. The vehicle is only able to accelerate when the power of the vehicle is greater than the total resistive forces.  
Aerodynamic Resistance 
The aero dynamic resistance of the vehicle was calculated using the formula below. 


(Lloyd-Williams , 2020)
Where: P = Air Density (Assumed 1.167 Kg/m³), Af = Frontal Aero Area (m²), Cd = Coefficient of drag (Assumed 0.35), V = Velocity (m/s)

Acceleration Force 
The acceleration force was calculated in order to incorporate the resistive losses through the drive train, as well as the force required to achieve a given acceleration. This was calculated using the formula below.


(Lloyd-Williams , 2020)
Where: RM = Reduced mass for selected gear, a = Acceleration (m/s²), & AF = Acceleration Force (N)

Rolling Resistance 
The formula used to calculate the rolling resistance is featured below. The varying track surfaces experienced by the vehicle throughout the course of a lap are accounted for by using each surface’s respective rolling resistance coefficient. The different surfaces encountered over a lap included tarmac, gravel & mud. Table 1 displays the coefficients used for each surface. 


(Engineering Toolbox , 2021)
Where: g = Gravity (9.81 m/s²), M = Total Mass (Kg), Rc = Rolling Resistance Coefficient, & RR = Rolling Resistance (N)

[image: ]
(Ehsani, et al., 2005)
                Table 1: A table displaying the rolling resistance coefficients for the varying surface types. 

Forces Created Due to An Incline 
The forces created due to an incline can have a positive or negative effect on a travelling vehicle. If the incline is positive (uphill), the forces created as a result of the positive incline will be positive and increase the total resistive forces experienced by the vehicle. However, if the incline is negative, the created force will also be negative and reduce the total restive forces acting upon the vehicle. The formula employed to calculate the force produced by an incline can be seen below. 


		(Lloyd-Williams , 2020) 
Where: M = Total Mass (Kg), g = Gravity (9.81 m/s²), ϴ = Gradient of Incline (°), & Fi = Force Created Due to Incline (N)
[bookmark: _Toc89754395]Fuel Consumption Calculations  
The Brake Specific Fuel Consumption (BSFC) of a vehicle is a measurement of the fuel efficiency at varying operating conditions. The BSFC is a ratio of the rate of fuel consumption (g/KWh) to the amount of power produced by the engine (Azad, 2019). This can be used to understand how efficient an engine is at varying loads and establish ideal operating conditions. A BSFC table & chart was created that is representative of a typical BSFC chart for the ICE the selected vehicle is equipped with. 
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Table 2: The BSFC table created.  
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Figure 4: The created BSFC chart viewed as a surface chart. 
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Figure 5: The created BSFC chart viewed in 3D. 
Once a value for the fuel consumption (g/KWh) at the given load has been established, the fuel consumption per second can be calculated. This is calculated using the formula below.





Where: FCh = BSFC (g/KWh), Pps = Power Required Per Second (KW), & FCs = Fuel Consumption (g/s) 

To perform this calculation, a lookup function was used that is able to view the torque and RPM at each iteration and recall the matching BSFC value for use within the formula. 






[bookmark: _Toc89754396]Results & Discussion 
The simulated duty cycle provides a large range of data that can be used to perform an in-depth analysis of the vehicle’s powertrain operations, fuel consumption, output emissions & the forces acting upon the vehicle. During the duty cycle, the vehicle uses a maximum power of 12.2 KW, and a maximum torque of 20.26Nm which are both within the vehicle’s specified operating range.

Figure 6: A graph showing the Power (KW) & Torque (Nm) requirements against Time (s) 

[bookmark: _Toc89754397]Power Requirements 
The power requirements experienced throughout the lap are dependent upon the total restive forces acting upon the vehicle. As can be seen in Figure 6 above, peak power requirement is seen within the first 15 seconds of the lap. This can be attributed to the track characteristics. Figures 7 & 8 below show that the initial 15 seconds of the lap includes a climb up a positive incline, the force created due to this incline combined with the acceleration force that need to be overcome during this stage create peak resistive forces at this point in the lap, which is why this is the point in the lap with the highest power requirement. 

Figure 7: A graph showing the change in elevation of the track over time.


Figure 8: A graph showing the Total Resistive Forces (N) & the Total Resistive Power (KW) against time. 

Figure 8 also highlights areas in which the power required is less than the total resistive forces. This occurs during periods of deceleration as the vehicle’s required power input is reduced. These areas highlight the potential for the inclusion of regenerative energy technologies, which could be utilised to recover energy and reduce losses (Chau, 2014). 


Figure 9: A graph displaying the Total Resistive Forces (N) & Acceleration (m/s²) against Time (s).

Figure 10: A graph showing the resistive forces acting upon the vehicle. 
Figure 10 shows the resistive forces acting upon the vehicle throughout the course of the lap. Negative values such as those seen in the Forces due to Incline (N) series reduce the total resistive forces acting upon the vehicle at that point. 

[bookmark: _Toc89754398]Fuel Consumption 


Figure 11: A graph showing Power (KW) & Fuel Consumption (g/s) against Time (s).
As expected, Figure 11 shows clear correlation between the power requirements experienced over the lap, and the subsequent fuel consumption. Figure 12 shows that whilst the fuel consumption decreases significantly whilst decelerating, fuel consumption is never brought to a halt by this process. The fuel consumed during deceleration periods can be considered to be a loss as it is consumed during this period, whilst it is not necessary in order to produce the power requirements. Implementation of an electric hybrid system would allow for energy recovery during these deceleration periods, which in turn would reduce the power requirements of a lap, thus reducing fuel consumption & emissions (Chau, 2014).



Figure 12: A graph displaying Acceleration (m/s²) & Fuel Consumption (g/s) against Time (s).
Features were included within the simulation to allow for the easy calculation of the fuel consumption over a lap, or during an event. The results of these calculations are displayed below, selections highlighted in orange represent adjustable values that can be edited as necessary. 
[image: ][image: ][image: ]
Table 3: A table displaying the fuel consumption results for the simulation. 
[bookmark: _Toc89754399]Duty Cycle & Track Selection 

Figure 13: A graph showing the Torque (Nm) requirements against RPM.
As previously mentioned, the track generated for use within the simulation was based largely upon the Willow Springs Go Kart Circuit (USA), which features predominantly fast flowing corners. Despite the variations in incline and surface type, Figure 13 shows that although a wide range of torque values are required throughout the developed duty cycle, the majority of the required values are within the 4500-6500 RPM operating range. This can be attributed mainly to the selected track geometry which does not feature many low-speed sections. 
However, the BSFC table & charts produced previously show that the ideal operating range with regards to fuel consumption lies within the 4500-6500 RPM operating range with a torque requirement between 8 & 18 Nm. Figure 13 also indicates that a large range of the operating conditions experienced during the developed duty cycle lie within the ideal operating range. 
Incorporation of a series hybrid ICE would allow the vehicle to operate constantly within the ideal operating conditions whilst varying torque requirements are supplied to the vehicle via a system of electric motors (Ehsani, et al., 2005). 
[bookmark: _Toc89754400]Emissions 
As previously discussed, features allowing for the calculation of CO2 emissions over a lap or event have been included within the simulation. The results are displayed below in table 4. 
[image: ]
Table 4: A table showing the calculated emissions results. 
The CO2 produced per event was calculated dependant upon the number of customers per event & the number of laps per customer. 
The emissions calculated are based upon the assumption that the vehicle is using a 100% Iso-Octane fuel source. Further reductions in emissions may be achieved through use of an alternative fuel blend such as E10, which is a mixture of Iso-Octane and Ethanol. Use of E10 fuel could further reduce output CO2 emissions by approximately 3.6% (Lloyd-Williams , 2020).
Incorporation of the series hybrid ICE as outlined previously above would also result in decreased emissions.
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Summary of Performed Task
The project commissioned was to investigate the performance characteristics of the Renegade DX10-C Corporate 300cc (Product ID: DX10-7740-D0) with reference to the vehicle’s fuel consumption and emissions output over a given duty cycle.  A number of tasks were completed: Firstly, the vehicle parameters were established & calculated, followed by completing the appropriate gearing calculations. The final vehicle parameter to be established was the BSFC values through creation of the BSFC table & charts.  Next, the Willow Springs Go Kart Circuit was selected to provide donor circuit geometry, and then modified to allow for the inclusion of varying inclines and surface types within the simulation. Following this, the duty cycle was developed and modified to ensure the simulated vehicle remained within the performance capabilities of the DX10-C. Finally, the report requested has been produced.
Evaluation of Performed Task 
The simulation carried out and subsequent report produced, aimed to calculate, and provide the requested information with regards to the DX-10C. The results produced provide a realistic approximation of the vehicle’s fuel consumption & emissions output. However, it should be noted that minor inaccuracies have been introduced into the simulation through the use of various assumed variables that will affect output results. Despite this, the results produced remain within an acceptable degree of accuracy.  
As previously mentioned, the developed duty cycle does feature predominately high-speed corners and higher end RPM values. Upon request, additional track geometry that features a wider range of operating conditions can be generated and investigated. 
Summary of Discussions  
The results produced have provided a valuable insight into the performance characteristics of the vehicle. The duty cycle simulated remains within the capabilities of the provided vehicle specifications, and largely operates within the established ideal operating conditions. The fuel consumption & emissions characteristics of the vehicle have been calculated for the developed duty cycle and potential methods of reducing the vehicle’s emissions have been highlighted. These methods include the incorporation of a series hybrid ICE, which would allow the vehicle to operate entirely within the ideal operating conditions, as well as considering the use of alternative fuel blends.  Further reductions could also be possible during the design stages of a hybrid vehicle by reassessing design aspects of the vehicle’s geometry to reduce aerodynamic drag. 

[bookmark: _Toc89754402]Appendices 
Appendix 1 – Vehicle Specifications 
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Appendix 2 – Gearing Tab
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Appendix 3 – Track Specifications 
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Resistive Power (KW)	0	0.60217848272409169	0.70826311803977515	1.0615524157168417	2.0330364812485606	3.5574245741794348	5.8284567720806271	6.1615530785099217	8.4788648400148308	7.9382086374669543	9.7691032705343677	12.200837504722434	11.707801759358153	5.7979211169204223	11.647457435569542	11.415204788337835	11.783773996199773	2.5966508627003071	0.63447682162333319	4.2656964792253014	0.65561243876773279	0.11121905210040153	2.938764764305358	1.3760167891310204	1.7053432558237085	2.1761604773462984	3.9830236103808683	6.0601774536227371	1.2815254773192155	2.4277927325137907	2.4277927325137907	1.2815254773192155	1.007909478794289	4.4228127933321773	3.2880875406801309	3.2880875406801309	3.2880875406801309	3.2880875406801309	1.761906397379001	1.761906397379001	3.0742924331400086	3.1260138098840509	3.8176931387118214	3.5568105693126872	4.2651584151689317	2.3513843371561025	2.3513843371561025	2.3513843371561025	2.3513843371561025	1.2052688887634042	6.0837870988356274E-2	0.14712779340447754	1.8876882717932948	0.76957672798577559	6.0117046080305849	8.766641232953349	6.9125636248660332	3.380791745968037	3.953973875814921	3.953973875814921	4.0514904259589031	5.8597466993021481	1.1261241103546917	0.82111034071364397	5.2129913087521169	5.7830053095596652	6.3517677174333347	2.7543314155367185	10.397521050506692	9.7516397773527199	10.502115295077925	7.3617879271046585	8.7245884873071429	3.3346434597714909	2.1151485652433162	3.4002441851084111	7.4479152753216802	6.9985275342568212	10.029252567165065	10.029252567165056	10.029252567165065	10.029252567165056	10.029252567165056	10.097526678881701	11.828718649321171	9.9969600918996733	7.3656414994344903	4.6368243533156903	2.531295009953769	4.5970496033166937	4.5223664585759726	4.7677128271280962	4.7677128271280962	4.1953148202815624	3.0492554499509299	5.603094636762024	8.845243059639385	5.2442466510634453	9.2366639750808535	10.162967065699901	6.5326497367594873	8.9194343129289884	4.9231683902220604	1.7077544627902423	1.7077544627902423	1.7077544627902423	5.3109444431186175	5.6054443174788906	5.9070232996742886	10.637506741005199	2.4277927325137907	2.4277927325137907	8.9194343129289884	4.9231683902220604	1.5732137532014823	1.5843685577567463	8.7842849851726683	9.6961220728241901	9.2997156030297408	1.7619063973790252	7.6239309762326979	7.1082094804467832	3.3191107072968968	3.3191107072969062	2.186391342102437	2.186391342102437	2.186391342102437	4.2480529535009524	8.0588308800606168	5.6731323294217306	7.9608268533133524	8.5313031631974017	0.52440987400628192	2.4329976308521801	2.2684651002118166	8.2678714910324711	8.2678714910324711	8.2678714910324711	7.1303785158826312	5.4164887311344945	3.6977108388762385	1.978932946617983	0.30433099137452585	2.0042288981765122	2.0042288981765122	7.0899218584090322	11.367053073836118	8.3056109556270439	8.7245884873071429	9.1509529141196868	Total Resistive Forces (N)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	0	749.22380411484721	528.72788002470429	566.04504335143861	758.84444732802649	1021.4096045697404	1279.7120143075376	1149.9204228919373	1318.6637251787563	1123.4288609589917	1244.2861802859213	1351.3174336811467	1147.0902408629936	566.16688065399637	1033.9763497458607	928.9120986512869	885.14253394535638	-211.30242050496202	53.875346862787694	362.21319612849311	58.200492256350913	10.343369718569306	-299.4472906732903	-140.21009930124168	-167.08368029150347	193.18366083539235	324.11847965061838	455.2124666671354	96.262259330133205	182.36454737203923	182.36454737203923	96.262259330133205	-75.709492589999911	-332.22121574280862	-246.98590948285062	-246.98590948285062	-246.98590948285062	-246.98590948285062	-132.34624948285062	-132.34624948285062	-240.16367549527016	-254.3793214747152	-338.90696212894511	-347.32248067813237	-472.39240106253231	260.43020791433077	260.43020791433077	260.43020791433077	260.43020791433077	133.4909067536625	6.7381665941202584	15.616332686792219	184.94921923621018	71.570620986572692	510.47202979866256	684.84987230184493	519.23976859583752	253.94942008670219	297.00420737203922	297.00420737203922	-329.6899656226912	-544.956330983057	-115.75368080558565	90.942996163397879	577.37069561154613	640.50323519626227	703.49715320268376	334.11230735956332	1203.9340574891473	1035.0515526746287	976.69652161727413	625.11168979866238	709.96324217442361	283.15466686278802	196.70877612104778	349.50923832020578	808.09864121394457	810.3629326489056	1161.2920693420542	1161.2920693420531	1161.2920693420542	1161.2920693420531	1161.2920693420531	1118.362885576661	1205.294753325755	976.2029522505162	719.25474452909612	472.47214434889071	280.3564161408309	532.29462623980294	548.58260109046489	578.34417619970657	578.34417619970657	508.90982355908801	369.88786765637019	620.57702696976503	866.62656238293744	487.7148382666561	784.31308844237196	793.93082392715633	490.70239663774424	-757.3761578861554	-457.8545661481736	158.82113238323862	158.82113238323862	158.82113238323862	471.46692566817097	475.97523917666689	480.68392217442374	799.04024590345034	182.36454737203923	182.36454737203923	-757.3761578861554	-457.8545661481736	-153.62429141242734	154.71355785327768	779.80477493387593	789.02177144013092	698.55157070150585	-132.34624948285244	-595.58136540191049	-578.43042753648592	-270.09257827077982	-270.09257827078062	-177.91755888079052	-177.91755888079052	-177.91755888079052	331.85782849203139	605.34205663774424	426.13942927716533	597.98044798843557	640.83198660835558	42.673844722812305	-226.26873314465558	233.17428577727947	849.84998430869155	849.84998430869155	849.84998430869155	732.92770411470917	556.75791141112893	380.08567281258297	203.41343421403704	-31.282015997081203	-206.01359122644419	-206.01359122644419	692.33072711898376	1009.0840949338759	705.25455917666682	709.96324217442361	714.87229466145232	time (s)


Total resistive power (kw)


total resistive forces (n)




Total Resistive Forces (N) & Acceleration (m/s²) vs Time (s)


Acceleration (m/s²)	0	0.80373645286874096	0.53582430191249397	0.53582430191249375	0.80373645286874118	0.80373645286874096	1.0716486038249884	0.80373645286874051	1.0716486038249879	0.63616205728992981	0.78511707558220767	1.1776756133733111	1.1776756133733102	3.4135525025311253E-2	1.024065750759398	1.0240657507593998	1.0240657507593998	-1.0240657507593998	-0.51203287537969722	0	-0.51203287537970255	-0.51203287537969899	-0.93872693819611541	0	0.39255853779110517	1.0582012757847092	1.0240657507593998	1.0240657507593998	0	0	0	0	0	0	0	0	0	0	0	0	-0.51203287537969899	-0.51203287537970077	-1.0240657507593998	-1.024065750759398	-1.2118111383986214	0	0	0	0	0	0	0.39255853779110161	0.78511707558220856	0.54616840040501025	1.0240657507594015	1.024065750759398	0.51203287537969899	0	0	0	-1.0240657507593998	-1.5360986261390988	-1.0240657507593998	-0.69977826301892065	0	0	0	-0.78511707558220856	0.39255853779110161	0.78511707558220856	1.3312854759872188	1.0240657507594015	0.51203287537969722	-0.51203287537969722	-1.0240657507594015	-1.0240657507593998	-0.51203287537969899	-0.5803039254303286	0	0	0	0	0	0.39255853779110694	0.785117075582205	0.42669406281641642	0	-0.42669406281641642	-0.785117075582205	-0.39255853779110694	-0.39255853779110161	0	0	0	0	0.78511707558220856	1.1776756133733102	0.54616840040501025	1.0240657507594015	1.024065750759398	0.51203287537969899	-1.536098626139097	-1.0240657507594015	0	0	0	0.51203287537969899	0.51203287537970255	0.51203287537969722	1.0240657507593998	0	0	-1.536098626139097	-1.0240657507594015	-0.51203287537969899	0	1.024065750759398	1.0240657507593998	1.0240657507593998	0	-0.51203287537969899	-0.51203287537970077	0	0	0	0	0	0.51203287537970077	0.51203287537969899	0	0	0	-1.0240657507593998	-1.5360986261390988	-1.0240657507593998	0	0	0	0	0	0	0	0	0	0	0.51203287537970077	1.024065750759398	0.51203287537970255	0.51203287537969722	0.51203287537970077	Total Resistive Forces (N)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	0	749.22380411484721	528.72788002470429	566.04504335143861	758.84444732802649	1021.4096045697404	1279.7120143075376	1149.9204228919373	1318.6637251787563	1123.4288609589917	1244.2861802859213	1351.3174336811467	1147.0902408629936	566.16688065399637	1033.9763497458607	928.9120986512869	885.14253394535638	-211.30242050496202	53.875346862787694	362.21319612849311	58.200492256350913	10.343369718569306	-299.4472906732903	-140.21009930124168	-167.08368029150347	193.18366083539235	324.11847965061838	455.2124666671354	96.262259330133205	182.36454737203923	182.36454737203923	96.262259330133205	-75.709492589999911	-332.22121574280862	-246.98590948285062	-246.98590948285062	-246.98590948285062	-246.98590948285062	-132.34624948285062	-132.34624948285062	-240.16367549527016	-254.3793214747152	-338.90696212894511	-347.32248067813237	-472.39240106253231	260.43020791433077	260.43020791433077	260.43020791433077	260.43020791433077	133.4909067536625	6.7381665941202584	15.616332686792219	184.94921923621018	71.570620986572692	510.47202979866256	684.84987230184493	519.23976859583752	253.94942008670219	297.00420737203922	297.00420737203922	-329.6899656226912	-544.956330983057	-115.75368080558565	90.942996163397879	577.37069561154613	640.50323519626227	703.49715320268376	334.11230735956332	1203.9340574891473	1035.0515526746287	976.69652161727413	625.11168979866238	709.96324217442361	283.15466686278802	196.70877612104778	349.50923832020578	808.09864121394457	810.3629326489056	1161.2920693420542	1161.2920693420531	1161.2920693420542	1161.2920693420531	1161.2920693420531	1118.362885576661	1205.294753325755	976.2029522505162	719.25474452909612	472.47214434889071	280.3564161408309	532.29462623980294	548.58260109046489	578.34417619970657	578.34417619970657	508.90982355908801	369.88786765637019	620.57702696976503	866.62656238293744	487.7148382666561	784.31308844237196	793.93082392715633	490.70239663774424	-757.3761578861554	-457.8545661481736	158.82113238323862	158.82113238323862	158.82113238323862	471.46692566817097	475.97523917666689	480.68392217442374	799.04024590345034	182.36454737203923	182.36454737203923	-757.3761578861554	-457.8545661481736	-153.62429141242734	154.71355785327768	779.80477493387593	789.02177144013092	698.55157070150585	-132.34624948285244	-595.58136540191049	-578.43042753648592	-270.09257827077982	-270.09257827078062	-177.91755888079052	-177.91755888079052	-177.91755888079052	331.85782849203139	605.34205663774424	426.13942927716533	597.98044798843557	640.83198660835558	42.673844722812305	-226.26873314465558	233.17428577727947	849.84998430869155	849.84998430869155	849.84998430869155	732.92770411470917	556.75791141112893	380.08567281258297	203.41343421403704	-31.282015997081203	-206.01359122644419	-206.01359122644419	692.33072711898376	1009.0840949338759	705.25455917666682	709.96324217442361	714.87229466145232	title (s)


acceleration (m/s²)


total resistive forces (N)




      Resistive Forces (N) vs Time (s)


Rolling Drag (N)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	0	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	114.63966000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	229.27932000000001	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	343.91897999999992	Aero Drag (N)	0	0.24685005894359213	0.68569460817664474	1.3439614320262234	2.742778432706579	4.635295551274119	7.9266296705220158	10.971113730826316	15.798403772389896	19.07918276794549	23.554546627093202	31.15088791433077	39.807183799787531	40.073897853277657	48.489416402465956	57.70641290871982	67.724887372039234	57.70641290871982	52.997729910959706	52.997729910959706	48.489416402465956	44.181472383238614	36.803979104833125	36.803979104833125	39.807183799787531	48.489416402465956	57.70641290871982	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	62.615465395746334	57.70641290871982	48.489416402465956	40.073897853277657	31.15088791433077	31.15088791433077	31.15088791433077	31.15088791433077	31.15088791433077	31.15088791433077	31.15088791433077	33.918547143014209	39.807183799787531	44.181472383238614	52.997729910959706	62.615465395746334	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	57.70641290871982	44.181472383238614	36.166692812583079	31.15088791433077	31.15088791433077	31.15088791433077	31.15088791433077	25.968887656370253	28.501001418782764	33.918547143014209	44.181472383238614	52.997729910959706	57.70641290871982	52.997729910959706	44.181472383238614	36.166692812583079	32.459857261154902	28.501001418782764	28.501001418782764	28.501001418782764	28.501001418782764	28.501001418782764	28.501001418782764	31.15088791433077	36.803979104833125	40.073897853277657	40.073897853277657	36.803979104833125	31.15088791433077	28.501001418782764	25.968887656370253	25.968887656370253	25.968887656370253	25.968887656370253	25.968887656370253	31.15088791433077	39.807183799787531	44.181472383238614	52.997729910959706	62.615465395746334	67.724887372039234	52.997729910959706	44.181472383238614	44.181472383238614	44.181472383238614	44.181472383238614	48.489416402465956	52.997729910959706	57.70641290871982	67.724887372039234	67.724887372039234	67.724887372039234	52.997729910959706	44.181472383238614	40.073897853277657	40.073897853277657	48.489416402465956	57.70641290871982	67.724887372039234	67.724887372039234	62.615465395746334	57.70641290871982	57.70641290871982	57.70641290871982	57.70641290871982	57.70641290871982	57.70641290871982	62.615465395746334	67.724887372039234	67.724887372039234	67.724887372039234	67.724887372039234	57.70641290871982	44.181472383238614	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	36.166692812583079	40.073897853277657	48.489416402465956	52.997729910959706	57.70641290871982	62.615465395746334	Forces due to Incline (N) 	0	142.58925732013751	85.57050092601699	122.22939742890185	149.71397215955378	410.38661228270013	501.48167565599397	532.56161242534517	532.56161242534495	605.00160630818573	631.30549460339432	493.34716718366531	280.4636784800561	390.89746618300615	254.17157481198475	139.89032721115606	86.102288041906121	233.02720511772924	194.57580621753189	194.57580621753337	203.40926511959216	159.86008660103573	116.78855604902414	-291.65373840607481	-558.9237636190087	-607.17697071619614	-464.90329178951254	-343.82777923631488	-86.102288041906021	0	0	-86.102288041906021	-258.07403996203914	-514.58576311484785	-429.35045685488984	-429.35045685488984	-429.35045685488984	-429.35045685488984	-429.35045685488984	-429.35045685488984	-223.72061162531148	-233.02720511772895	0	0	0	0	0	0	0	-126.93930116066826	-253.69204132021051	-484.97477398393755	-558.92376361901165	-530.7838772800834	-388.48071864370934	-223.72061162531148	-86.102288041906689	-43.054787285337035	0	0	0	106.59642443082052	235.47600491324229	253.69204132021247	316.94048769721536	380.0730272819315	443.066945288353	553.65057875862738	594.12083654264904	182.42754647618025	-213.08233885679832	-388.48071864370945	0	194.57580621753229	425.28402226922145	586.09926403903387	740.05765321849481	788.87208792327044	788.87208792327158	788.87208792327044	788.87208792327158	788.87208792327044	788.87208792327044	505.89977813461161	349.78531516548975	335.26186667581743	335.26186667581845	349.78531516548867	380.07302728193241	397.26788434873913	416.08797296181029	208.45630854333635	208.45630854333635	139.02195590271782	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	-215.12833520194437	-429.35045685489166	-579.13830153195181	-557.07831117949968	-557.07831117949968	-557.07831117950047	-464.90329178951038	-464.90329178951038	-464.90329178951038	-268.37480616942105	0	129.13522190512612	300.97624061639641	343.82777923631636	372.36381034550345	425.28402226922196	469.76431149610755	469.76431149610858	469.76431149610858	469.76431149610858	352.8420313021262	176.67223859854593	0	-176.67223859854593	-411.36768880966417	-586.09926403902716	-586.09926403902716	0	0	0	0	0	0	Acceleration Force (N)	0	491.74803673576611	327.83202449051072	327.83202449051061	491.74803673576622	491.74803673576611	655.66404898102178	491.74803673576582	655.66404898102144	384.70841188286056	474.7864790554338	712.17971858315047	712.17971858314991	20.555856617712458	616.67569853141003	616.67569853141106	616.67569853141106	-616.67569853141106	-308.33784926570394	0	-308.33784926570718	-308.33784926570502	-567.67948582714757	0	237.3932395277177	637.23155514912253	616.67569853141106	616.67569853141106	0	0	0	0	0	0	0	0	0	0	0	0	-308.33784926570502	-308.3378492657061	-616.67569853141106	-616.67569853141003	-732.82260897686308	0	0	0	0	0	0	237.39323952771556	474.78647905543431	328.89370588341745	616.67569853141219	616.67569853141003	308.33784926570502	0	0	0	-616.67569853141106	-925.01354779711619	-616.67569853141106	-423.17925307114535	0	0	0	-474.78647905543431	237.39323952771556	474.78647905543431	801.67840809083395	616.67569853141219	308.33784926570394	-308.33784926570394	-616.67569853141219	-616.67569853141106	-308.33784926570502	-350.92913669314743	0	0	0	0	0	237.39323952771878	474.78647905543221	256.94820772142123	0	-258.03612992143093	-474.78647905543221	-237.39323952771878	-237.39323952771556	0	0	0	0	474.78647905543431	712.17971858314991	328.89370588341745	616.67569853141219	616.67569853141003	308.33784926570502	-925.01354779711505	-616.67569853141219	0	0	0	308.33784926570502	308.33784926570718	308.33784926570394	616.67569853141106	0	0	-925.01354779711505	-616.67569853141219	-308.33784926570502	0	616.67569853141003	616.67569853141106	616.67569853141106	0	-308.33784926570502	-308.3378492657061	0	0	0	0	0	308.3378492657061	308.33784926570502	0	0	0	-616.67569853141106	-925.01354779711619	-616.67569853141106	0	0	0	0	0	0	0	0	0	0	308.3378492657061	616.67569853141003	308.33784926570718	308.33784926570394	308.3378492657061	0	time (s)


Force (n)




Power (KW) & Fuel Consumption (g/s) vs Time (s)

Fuel Consumption (g/s)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	0	0	0.14228406972913979	0.22806415151632115	0.38402377916218439	0.55475963671439121	0.73394457487497933	0.54271094057442648	0.83873193127609791	1.0826885098379202	1.3029896062263091	1.688722748817598	1.7347257666552451	0.51068215799597849	1.5283309794936029	1.5711956904937245	1.7459824482687898	0.48984972109403763	0.15632583129640362	0.58310088668898508	0.15681650250297935	2.961395267371086E-2	0.57907887460796459	0.32810517302279762	0.40088822896557857	0.42919368180165013	0.64677079803904913	0.93183998612302643	0.31799512334198904	0.53901248356917808	0.53901248356917808	0.31799512334198904	0.25010060642509868	0.7938023762774209	0.67252988329768681	0.67252988329768681	0.67252988329768681	0.67252988329768681	0.41418496413334865	0.41418496413334865	0.60578438397715739	0.58971231554611392	0.53426401121545153	0.49174955539762938	0.58302733583277844	0.48066939449243351	0.48066939449243351	0.48066939449243351	0.48066939449243351	0.27167071562305595	1.6266114464562841E-2	3.8116394900397997E-2	0.4437534822001476	0.1865055052729393	0.69392867239371714	0.94085313670033421	1.0375273828181617	0.69149116324906679	0.72077035631390962	0.72077035631390962	0.65788856717182198	0.60757971918137388	0.24852585488823653	0.20230960725991171	0.66719571894656637	0.66753000331185586	0.70231901629446158	0.41055902578681353	1.2276397778027601	1.0797175211154415	1.4381110021893744	0.68023979923432509	0.86303899043347998	0.51467833382257944	0.41643203175364518	0.53054934018438515	0.99590425665174065	0.59632275987479977	1.1182388101602698	1.1182388101602687	1.1182388101602698	1.1182388101602687	1.1182388101602687	1.1653143309294367	1.7274927752925628	1.3897141827684203	0.77454633807135598	0.72891824623389068	0.45406697174153116	0.59532161578284626	0.52802849872896918	0.55667497747894112	0.55667497747894112	0.51726338827346519	0.45452022942672504	0.64676298589101378	1.2004407183482235	0.57803754911918603	1.0356107326866033	1.210646072366661	0.99249720323822166	0.936405990372844	0.57482586559282023	0.33622397611313265	0.33622397611313265	0.33622397611313265	0.57483034986694714	0.64703420860182814	0.5494692112708186	1.5382876239947119	0.53901248356917808	0.53901248356917808	0.936405990372844	0.57482586559282023	0.31300512819008192	0.3152244776094793	0.9216912202808295	1.0735705099788349	1.195268761543377	0.41418496413335432	0.79572210250091935	0.68217470146683368	0.58774198753409035	0.58774198753409201	0.45771086634037139	0.45771086634037139	0.45771086634037139	0.72549742267516015	1.1516430488719471	0.87232619697666269	1.1376378342391147	1.1578340616105911	0.13585885701649547	0.42658252757884546	0.41911873772309777	1.1101556108978465	1.1101556108978465	1.1101556108978465	0.92820269687154544	0.69748194114896911	0.53717759296834833	0.40117926784381913	8.350862579834456E-2	0.37029879182776904	0.37029879182776904	0.70407311550876051	1.4168251621751804	0.82204076178296781	0.86303899043347998	0.98209822031762239	Power (KW)	0	0.60217848272409169	0.70826311803977515	1.0615524157168417	2.0330364812485606	3.5574245741794348	5.8284567720806271	6.1615530785099217	8.4788648400148308	7.9382086374669543	9.7691032705343677	12.200837504722434	11.707801759358153	5.7979211169204223	11.647457435569542	11.415204788337835	11.783773996199773	2.5966508627003071	0.63447682162333319	4.2656964792253014	0.65561243876773279	0.11121905210040153	2.938764764305358	1.3760167891310204	1.7053432558237085	2.1761604773462984	3.9830236103808683	6.0601774536227371	1.2815254773192155	2.4277927325137907	2.4277927325137907	1.2815254773192155	1.007909478794289	4.4228127933321773	3.2880875406801309	3.2880875406801309	3.2880875406801309	3.2880875406801309	1.761906397379001	1.761906397379001	3.0742924331400086	3.1260138098840509	3.8176931387118214	3.5568105693126872	4.2651584151689317	2.3513843371561025	2.3513843371561025	2.3513843371561025	2.3513843371561025	1.2052688887634042	6.0837870988356274E-2	0.14712779340447754	1.8876882717932948	0.76957672798577559	6.0117046080305849	8.766641232953349	6.9125636248660332	3.380791745968037	3.953973875814921	3.953973875814921	4.0514904259589031	5.8597466993021481	1.1261241103546917	0.82111034071364397	5.2129913087521169	5.7830053095596652	6.3517677174333347	2.7543314155367185	10.397521050506692	9.7516397773527199	10.502115295077925	7.3617879271046585	8.7245884873071429	3.3346434597714909	2.1151485652433162	3.4002441851084111	7.4479152753216802	6.9985275342568212	10.029252567165065	10.029252567165056	10.029252567165065	10.029252567165056	10.029252567165056	10.097526678881701	11.828718649321171	9.9969600918996733	7.3656414994344903	4.6368243533156903	2.531295009953769	4.5970496033166937	4.5223664585759726	4.7677128271280962	4.7677128271280962	4.1953148202815624	3.0492554499509299	5.603094636762024	8.845243059639385	5.2442466510634453	9.2366639750808535	10.162967065699901	6.5326497367594873	8.9194343129289884	4.9231683902220604	1.7077544627902423	1.7077544627902423	1.7077544627902423	5.3109444431186175	5.6054443174788906	5.9070232996742886	10.637506741005199	2.4277927325137907	2.4277927325137907	8.9194343129289884	4.9231683902220604	1.5732137532014823	1.5843685577567463	8.7842849851726683	9.6961220728241901	9.2997156030297408	1.7619063973790252	7.6239309762326979	7.1082094804467832	3.3191107072968968	3.3191107072969062	2.186391342102437	2.186391342102437	2.186391342102437	4.2480529535009524	8.0588308800606168	5.6731323294217306	7.9608268533133524	8.5313031631974017	0.52440987400628192	2.4329976308521801	2.2684651002118166	8.2678714910324711	8.2678714910324711	8.2678714910324711	7.1303785158826312	5.4164887311344945	3.6977108388762385	1.978932946617983	0.30433099137452585	2.0042288981765122	2.0042288981765122	7.0899218584090322	11.367053073836118	8.3056109556270439	8.7245884873071429	9.1509529141196868	TIME (S)


FUEL CONSUMPTION (G/S)


POWER (KW)




Acceleration (m/s²) & Fuel Consumption (g/s) vs Time (s)

Fuel Consumption (g/s)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	0	0	0.14228406972913979	0.22806415151632115	0.38402377916218439	0.55475963671439121	0.73394457487497933	0.54271094057442648	0.83873193127609791	1.0826885098379202	1.3029896062263091	1.688722748817598	1.7347257666552451	0.51068215799597849	1.5283309794936029	1.5711956904937245	1.7459824482687898	0.48984972109403763	0.15632583129640362	0.58310088668898508	0.15681650250297935	2.961395267371086E-2	0.57907887460796459	0.32810517302279762	0.40088822896557857	0.42919368180165013	0.64677079803904913	0.93183998612302643	0.31799512334198904	0.53901248356917808	0.53901248356917808	0.31799512334198904	0.25010060642509868	0.7938023762774209	0.67252988329768681	0.67252988329768681	0.67252988329768681	0.67252988329768681	0.41418496413334865	0.41418496413334865	0.60578438397715739	0.58971231554611392	0.53426401121545153	0.49174955539762938	0.58302733583277844	0.48066939449243351	0.48066939449243351	0.48066939449243351	0.48066939449243351	0.27167071562305595	1.6266114464562841E-2	3.8116394900397997E-2	0.4437534822001476	0.1865055052729393	0.69392867239371714	0.94085313670033421	1.0375273828181617	0.69149116324906679	0.72077035631390962	0.72077035631390962	0.65788856717182198	0.60757971918137388	0.24852585488823653	0.20230960725991171	0.66719571894656637	0.66753000331185586	0.70231901629446158	0.41055902578681353	1.2276397778027601	1.0797175211154415	1.4381110021893744	0.68023979923432509	0.86303899043347998	0.51467833382257944	0.41643203175364518	0.53054934018438515	0.99590425665174065	0.59632275987479977	1.1182388101602698	1.1182388101602687	1.1182388101602698	1.1182388101602687	1.1182388101602687	1.1653143309294367	1.7274927752925628	1.3897141827684203	0.77454633807135598	0.72891824623389068	0.45406697174153116	0.59532161578284626	0.52802849872896918	0.55667497747894112	0.55667497747894112	0.51726338827346519	0.45452022942672504	0.64676298589101378	1.2004407183482235	0.57803754911918603	1.0356107326866033	1.210646072366661	0.99249720323822166	0.936405990372844	0.57482586559282023	0.33622397611313265	0.33622397611313265	0.33622397611313265	0.57483034986694714	0.64703420860182814	0.5494692112708186	1.5382876239947119	0.53901248356917808	0.53901248356917808	0.936405990372844	0.57482586559282023	0.31300512819008192	0.3152244776094793	0.9216912202808295	1.0735705099788349	1.195268761543377	0.41418496413335432	0.79572210250091935	0.68217470146683368	0.58774198753409035	0.58774198753409201	0.45771086634037139	0.45771086634037139	0.45771086634037139	0.72549742267516015	1.1516430488719471	0.87232619697666269	1.1376378342391147	1.1578340616105911	0.13585885701649547	0.42658252757884546	0.41911873772309777	1.1101556108978465	1.1101556108978465	1.1101556108978465	0.92820269687154544	0.69748194114896911	0.53717759296834833	0.40117926784381913	8.350862579834456E-2	0.37029879182776904	0.37029879182776904	0.70407311550876051	1.4168251621751804	0.82204076178296781	0.86303899043347998	0.98209822031762239	Acceleration (m/s²)	0	0.80373645286874096	0.53582430191249397	0.53582430191249375	0.80373645286874118	0.80373645286874096	1.0716486038249884	0.80373645286874051	1.0716486038249879	0.63616205728992981	0.78511707558220767	1.1776756133733111	1.1776756133733102	3.4135525025311253E-2	1.024065750759398	1.0240657507593998	1.0240657507593998	-1.0240657507593998	-0.51203287537969722	0	-0.51203287537970255	-0.51203287537969899	-0.93872693819611541	0	0.39255853779110517	1.0582012757847092	1.0240657507593998	1.0240657507593998	0	0	0	0	0	0	0	0	0	0	0	0	-0.51203287537969899	-0.51203287537970077	-1.0240657507593998	-1.024065750759398	-1.2118111383986214	0	0	0	0	0	0	0.39255853779110161	0.78511707558220856	0.54616840040501025	1.0240657507594015	1.024065750759398	0.51203287537969899	0	0	0	-1.0240657507593998	-1.5360986261390988	-1.0240657507593998	-0.69977826301892065	0	0	0	-0.78511707558220856	0.39255853779110161	0.78511707558220856	1.3312854759872188	1.0240657507594015	0.51203287537969722	-0.51203287537969722	-1.0240657507594015	-1.0240657507593998	-0.51203287537969899	-0.5803039254303286	0	0	0	0	0	0.39255853779110694	0.785117075582205	0.42669406281641642	0	-0.42669406281641642	-0.785117075582205	-0.39255853779110694	-0.39255853779110161	0	0	0	0	0.78511707558220856	1.1776756133733102	0.54616840040501025	1.0240657507594015	1.024065750759398	0.51203287537969899	-1.536098626139097	-1.0240657507594015	0	0	0	0.51203287537969899	0.51203287537970255	0.51203287537969722	1.0240657507593998	0	0	-1.536098626139097	-1.0240657507594015	-0.51203287537969899	0	1.024065750759398	1.0240657507593998	1.0240657507593998	0	-0.51203287537969899	-0.51203287537970077	0	0	0	0	0	0.51203287537970077	0.51203287537969899	0	0	0	-1.0240657507593998	-1.5360986261390988	-1.0240657507593998	0	0	0	0	0	0	0	0	0	0	0.51203287537970077	1.024065750759398	0.51203287537970255	0.51203287537969722	0.51203287537970077	Time (s)


Acceleration (m/s²) & fuel consumption (g/s)





Torque vs RPM	750	750	1250	1750	2500	3250	4250	5000	6000	4500	5000	5750	6500	5000	5500	6000	6500	6000	5750	5750	5500	5250	6250	6250	6500	5500	6000	6500	6500	6500	6500	6500	6500	6500	6500	6500	6500	6500	6500	6500	6250	6000	5500	5000	5750	5750	5750	5750	5750	5750	5750	6000	6500	5250	5750	6250	6500	6500	6500	6500	6000	5250	4750	5750	5750	5750	5750	5250	5500	6000	5250	5750	6000	5750	5250	4750	4500	5500	5500	5500	5500	5500	5500	5750	6250	5000	5000	6250	5750	5500	5250	5250	5250	5250	5250	5750	6500	5250	5750	6250	6500	5750	5250	5250	5250	5250	5500	5750	6000	6500	6500	6500	5750	5250	5000	5000	5500	6000	6500	6500	6250	6000	6000	6000	6000	6000	6000	6250	6500	6500	6500	6500	6000	5250	4750	4750	4750	4750	4750	4750	4750	4750	4750	4750	4750	5000	5500	5750	6000	6250	0	7.667174571929336	5.4107316597940205	5.7926164907135309	7.7656273314446835	10.452585335210546	13.095920553516201	11.76769955481527	13.494532510964326	16.845401919301935	18.657612900968953	20.262507117261507	17.200195594540052	11.073213664977217	20.2227319126183	18.167862684702392	17.311808120980903	4.1326982028258836	1.0537056254461379	7.0842436215485325	1.13829774962637	0.20229785037455941	4.4901018127054702	2.1023987881693453	2.5053582353794139	3.7783276028823485	6.3391789604384261	8.9031433639210515	1.8827179792020345	3.5667250539890718	3.5667250539890718	1.8827179792020345	1.4807425452857257	6.4976540162666705	4.8306035577056896	4.8306035577056896	4.8306035577056896	4.8306035577056896	2.5884564222286266	2.5884564222286266	4.6971728375447288	4.9752055001657505	6.6284152825527203	6.7930078049713511	7.0833500331561359	3.9050550299191666	3.9050550299191666	3.9050550299191666	3.9050550299191666	2.0016469711468332	0.10103632586070169	0.23416115586525754	2.7732454105153854	1.3997936039705503	9.9839217889710525	13.394441150762434	10.155403110781469	4.9667973963239298	5.8088721894661344	5.8088721894661344	6.4481472818084802	10.658373170975485	2.2639353940788913	1.3636567257229228	8.6574608878224844	9.6041100620149251	10.548680656706507	5.009890967953897	18.052547684620109	15.520216738172351	19.102440710087439	12.226068924448111	13.885613841975735	5.5379998964002706	3.8472725660823324	6.8357768814249749	15.804967090627732	12.151093652091351	17.413146780888017	17.413146780888002	17.413146780888017	17.413146780888002	17.413146780888002	16.769439484657166	18.072950817434421	19.092787374218894	14.067339044133588	7.0845457543591017	4.2038411818225114	7.9815618327980573	8.2257940154897735	8.6720578706293914	8.6720578706293914	7.6309153311371123	5.5463323155381943	9.3053239101116212	12.994746053454355	9.5388317406841754	15.339764131961248	15.527869871868234	9.597263050091458	14.81292584855073	8.9548181140298286	3.1062578781749868	3.1062578781749868	3.1062578781749868	9.2210515702773979	9.3092261358588608	9.4013195710216131	15.627801046193865	3.5667250539890718	3.5667250539890718	14.81292584855073	8.9548181140298286	3.0046169443460276	3.0259210517563595	15.251589566379785	15.431857567124041	13.662421916040088	2.5884564222286626	11.648508486324991	11.313066753457788	5.2825287573553803	5.2825287573553954	3.4797498962892606	3.4797498962892606	3.4797498962892606	6.4905468102316997	11.839410185568518	8.334526643463759	11.695430259724789	12.533529871738976	0.83462423654297802	4.4254125654970853	4.5604728496441558	16.62154884184897	16.62154884184897	16.62154884184897	14.334757729502821	10.889191020146564	7.4337973658732501	3.9784037115999396	0.61182039932605592	4.029258141883135	4.029258141883135	13.540753318812893	19.735883837333908	13.793520406812986	13.885613841975735	13.981626146719995	RPM


Torque (Nm)



image1.png
N Prifysgol Cymru
3N ¥ Drindod Dewi Sant
S University of Wales

Trinity Saint David




image2.png




image3.png




image4.png




image5.png




image6.png
Additional Information

RR Coeficient Tarmac 0.02
RR Coeficient Gravel 0.04
RR Coeficient Mud 0.06
Gravity (m/s7) 581
‘Air Density (Kg/m?) 1167
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Renegade DX10-C (Auto) Corporate 300cc

Engine Specifications.

Engine 278cc Petrol Single Cylinder 4-Stroke ICE
Power (BHP) (@6500) s
Power (kW) 1342281878
Toraue (Nm) (@5500] 2
Top Speed (mphl 30
Top Speed (m/s] 1341081806
Vehicle Specifications
Transmission ‘Auto CVT with F/N/R
Drive oV Cluteh
Diff Lock Locked Rear Axle
Tank Capacity (1) 29
Vehicle Dimensions
Length (m) 262
Width (ml 165
Height (m] 162
Ground Clearance (m] [
Frontal Area (m) 1a711
Frontal Aero Area ('] 2178
Centre of Gravity Very Low
Vehicle Mass
Curb Weight (Ke) 365
oriver (Ke) 75
Driver Kit (Ke) 10
Passenger (Y/N) v
Passenger (K] 75
Passenger Kit (Ke) 10
Fuel (1 29
Fuel (Ke) 203
Total (Ke) 5843
Wheel Dimensions
Front Wheel Size (in) 2
Front Wheel Size (m] 030480061
Front Tyre Side Wall (m) 01526
Rear Wheel Size (In] 10
Rear Wheel Size (m) 0254000508
Rear Tyre Side Wall (m) 01397
Rolling Radius (m) 0266700254
Rolling Circumference (m) 1675727117
Assumptions
Coefficient of Drag 035
Wheel Inertia (Kg.m?) 035
Engine Inertia (Kgm) 017
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Power (w) |Torque (Nm)|

Velocity (m/s) 15t Gear

Velocity (m/s) 2st Gear

3072197252

Veloity (m/s) 3st Gear | Velocity (mph) 1st Gear | Velocity (mph) 2st Gear

Veloity (mph) 3st Gear

6872505253

7126325709

9501767611

Force (N) 3rd

725.4588502

Gearing
Primary Ratio
25 54 3357142857
First
53 13 2357142857
Second
57 23 1608695652
Third
57 0 1233333333
Final
12 a5 3833333333
Reduced Masses
Gear Reduced Mass
1 6115274553
6047333497
B 6021836958
Rear Wheel Travel (m)
0497454367
Distance Travelled @ Wheel (m)
Gear |sprocket Rotation|  Distance (m)
1 1 0211045489
1 0309234507
B 1 0.403349487
@

1547787445

2747309765 3584230128 6147074143 5017922796 129169366 101804653 7805023395
5140468302 4096263003 7.025227592 5163340338 1566.278343) 1068348855 5195274565

525 so193 | 1682 2250 353302684 450825878 7.503381041 1030875788 1108539555 8498803253
g 447820 | 1709 2500 3525585378 5120528754, 578153489 1145417502 1140212113 5741626203

675 sos3e8 | 1758 2750 2347033661 4318143916 5632361628 6592514299 5659687939 1259959235 1166.126025 8940299525
75 sse275 | 1802 3000 5214905811 4710702453 6144394505 7.19183378 1053784138 1374501051 1187.720951 5105850628
525 615208 | 1842 3250 3482857962 5103260991 655642738 7791153262 1141509484 1283042805 1205393581 5245950791
s 671130 | 1882 3500 5750770113 5495819529 7168450255 5390472744 1229414828 1603584553 1221655836 366028074

575 727058 | 1922 3750 018682260 5888378067 7680433151 589752225 1317230174 1718126313 1235220783 347.0095053
105 752985 | 1961 2000 4286594415 6280936605 5192526008 5589111707 1205045515 1832668068 1247.106998 561153659
1125 538913 | 2001 4250 4554506566 6573495142 5704558881 1018843113 1292860863 19.47209822 125758689 641439488
2 s04540 | 2041 4500 4522018717 7.06605368 5216591757 1078775067 1580676208 2061751576 1266302348 5712918003

1275 sso768 | 2081 4750 5090330865 7458612218 5728524632 1138707015 1668491553 217629333 1275257232 5776818779
5000 5356243013 7851170756 1024065751 1198638963 17.56306838 2290835084 1282738628 s83.4320478

5250 562615517 5243720294 1075269038 12358570912 18.44122243) 1289525604 886362967

5500 5894067321 5536287831 1295695583 3933666139

5750 6161973472 5028845369 1301320042 597.6855992

5000 6429891623 5.421404907 1306493047 1001644663

6250 6597803774 513963445 131124393 1005287013

6500 6365715925 102065218 1315520362 1008649177

6750 7.233628076 1059308052 1616162601 2371014312 124306482 5578016364

7000 7.501540227 1099163906 1167.720951 5105850628
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Circuit Details

Track Willow Springs
Location USA
Track Length (m) 1623
Sectors
Sector Surface Type Distance m
51 Tarmac 12547
T Tarmac 7134
B Tarmac 6.5
2 Tarmac 11584
53 Gravel 60.89
I8 Gravel 96.26
s Gravel %6.12
T Gravel s0.11
55 Mud 774
T Mud 89.47
6 Mud 37.01
T Mud 56.86
57 Tarmac 7352
7 Tarmac 77.14
8 Tarmac 6127
TsA Tarmac 181
a8 Tarmac 39.64
59 Gravel 263
2 Gravel 12588
510 Gravel 65.98
10 Mud 62.64
T108 Mud 58.34
T10C Mud 42.77
Corners
corner Radius Max Velocity (m/s)
T 2254 1255105494
2 1585 32.99120337
I8 372 1475876824
T 2441 1294654829
T 2388 128056222
T 1889 1138936478
7 53.54 1924593412
TsA 37.54 1605575224
a8 7811 2315990868
2 102.95 26.71749708
10 3414 1531141339
T108 3445 1538077209
T10C 47.65 1808901739
Additional Information
RR Coeficient Tarmac 0.02
RR Coeficient Gravel 0.04
RR Coeficient Mud 0.06
Gravity (m/s?) 981
‘Air Density (kg/m?) 1167





