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[bookmark: _Toc99370481]Abstract

This report will analyse the conversion to a hybrid powertrain in the Renegade DX10 offroad buggy as seen in Figure 1. The original powertrain is a 300cc 4 stroke engine offering 18hp. In the previous report, the vehicle achieved a fuel consumption of 38 Miles Per Gallon (MPG). The hybrid system will take into consideration the motor, battery, controller, the cost of the system and the difference in MPG compared to the original ICE powered buggy.
[image: Renegade DX10 (Auto) buggy 300cc]
Figure 1 – Blitzworld Renegade DX10 300CC Buggy  (Blitzworld, 2021)
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[bookmark: _Toc99370482]Introduction
[bookmark: _Toc99370483]Aims
The aim of this report is to compare the MPG of the original ICE vehicle to the new hybrid powertrain buggy. For safety, the vehicle has been limited to a maximum speed of 30mph to ensure occupants experience the thrill of driving offroad whilst remaining safe.  
[bookmark: _Toc99370484]Objectives
To research and specify a hybrid powertrain solution, by outlining the following components:
· Energy Storage Device
· Motor
· Motor Controller
· Final Drive Solution
· Project Costing
· Power Generator
· Alternative Internal Combustion Engine


[bookmark: _Toc99370485]Literature Review
[bookmark: _Toc99370486]Motor Technology
There are many different types of electric motor available, the four main types used in EV’s are compared in Table 1. As can be seen, the stand-out motor for the application is the Permanent Magnet Brushless DC (BLDC) motor, which scores highest. It features the highest power density and efficiency compared to the others; however, it also comes at a price, costing more than the equivalent motors.
	Performance
	Brushless DC
	Permanent Magnet
	Induction Motor
	Switched Reluctance

	Power Density
	2
	4
	2
	3

	Overload Capacity
	4
	3
	4
	2

	Controllability
	4
	3
	4
	2

	Size/Compactness
	3
	4.5
	3
	1.5

	Efficiency
	2
	4
	3
	3

	Cost
	3
	2
	4
	3

	Total Score
	18
	20.5
	20
	14.5


[bookmark: _Ref99045694]Table 1 – Electric Motor Comparison
[bookmark: _Toc99370487]Battery Technology
[bookmark: _Toc99370488]Battery Chemistry
The first aspect of battery technology that must be researched is the chemistry utilised within the battery/cell. The energy density of cells has increased astronomically in recent years with the discovery of new battery chemistries.
	Battery Chemistry
	Chemical Abbreviation
	Description
	Energy Density
(Watt hours/litre)

	Lead Acid
	Lead Acid
	Lead acid batteries were the earliest rechargeable batteries produced (Haynes, 2021). However, for this application they are unsuitable due to the low energy density.
	60-75

	Lithium Cobalt Oxide
	LCO
	Lithium Cobalt Oxide cells have been used in a variety of EVs such as the Tesla Roadster and the Smart EV (Haroon, 2018). It offers the highest energy density of all the rechargeable lithium-ion chemistries.
	560

	Lithium Iron Phosphate
	LFP
	Lithium Iron Phosphate battery chemistry is the only Lithium-Ion chemistry that doesn’t contaminate the environment or pose a hazard to living organisms. (Simpli Phi Power, 2021). The technology has been used in Mitsubishis, Teslas Model 3 and BYD EVs. (Haroon, 2018) This chemistry is favoured due to it not having any cobalt in it, which is currently the most expensive material in battery manufacturing (Ribeiro, 2020).
	325

	Lithium Manganese Oxide
	LMO
	Lithium Manganese Oxide batteries are used in many different EVs due to being less likely to experience thermal runaway than other Li-Ion chemistries (Crosse, 2020). They have been used in multiple EVs from manufacturers such as Nissan, BMW, Ford (Anderman, 2016)
	420

	Nickel-Metal Hydride
	NiMH
	Nickel-Metal Hydride cells have been used extensively by Toyota in their hybrid vehicles. This particular chemistry is chosen over Li-Ion due to its ability to perform better at colder temperatures (Halvorson, 2018)
	140-300

	Nickel Cobalt Manganese Oxide
	NMC
	Nickel Cobalt Manganese Oxide batteries have been used by multiple manufacturers such as BMW and Nissan due to its exceptional energy density (Crosse, 2020)
	580

	Nickel Cobalt Aluminium Oxide
	NCA
	Nickel Cobalt Aluminium Oxide cells are currently the highest energy dense cells available for EVs. They are used extensively in the Tesla range of products (Visual Capitalist, 2020).
	600



[bookmark: _Toc99370489]Battery/Cell Packaging
Once the battery chemistry has been selected the next step in optimising a cell is designing the construction/packaging of the cell. There are multiple different types, as seen below.
	Cell Construction
	Diagram
	Description
	Energy Density
(Ah/kg)

	Cylindrical
	[image: Cross section of a lithium-ion cylindrical cell]
(Battery University, 2021)
	The cylindrical cell design which has been utilised by Tesla. It has the highest energy density of all cell designs. The 4680 is the newest design released by Tesla and will have a 5x improvement in energy storage over the 21700 as well as a 6 x increase in power (Field, 2020).
	248


	Prismatic
	[image: Prismatic Cell Construction]
(Electropedia, 2005)
	The prismatic cell design is the second most energy dense design. The downside is the lower thermal efficiency and increased manufacture cost compared to the cylindrical design as well as a reduced cycle life. Due to reduced thermal efficiency, it can result in the cell bulging which is potentially very hazardous (Epec Engineered Technologies, 2021).
	211

	Pouch
	[image: Pouch Cell Construction]
(Electropedia, 2005)
	The pouch cell is the most efficiently packaged cell out of all the designs. However, it is least suitable for an EV application due to the tendency to swell up when cycled, with a cell expanding in size by up to 10% over 500 cycles (Battery University, 2021).
	140



For this project the cylindrical cell design will be utilised due to its high energy density.
[bookmark: _Toc99370490]Battery Pack Design
There are 3 main parts of the battery pack design, they are:
· Individual Groups
· Modules
· Complete Battery
The process in Figure 2,  shows the modules in series covering the floor of the vehicle to add structural rigidity to the chassis (Lambert, 2021).
[image: Diagram
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[bookmark: _Ref99017267][bookmark: _Ref69328030][bookmark: _Toc69667380]Figure 2 – Stages of Tesla Battery Pack (EV-Tech Explained, 2018)
[bookmark: _Ref69327452]The Tesla Model S battery pack features a group of 74 x Panasonic 18650 cells in parallel. These are then joined in series 6 times to create a 444-cell module, referred to as a 74P6S module, which can produce 5.3kWh. In total, the complete battery pack produces 85kWh and therefore, 16 modules must be connected in series. The layout of a Tesla battery pack, seen in Figure 3.
[image: Tesla Model S battery pack]
[bookmark: _Ref99017238][bookmark: _Toc69667381]Figure 3 – Complete Tesla Model S Battery Pack (X-Engineer, 2021)
The pack is monitored by a battery management system that ensures the pack is always operating optimally. It also protects against thermal runaway when discharging the cells in high load situations such as prolonged acceleration. 
[bookmark: _Toc99370491]Hybrid Powertrains
There are multiple different types of hybrid powertrains as seen below:
[bookmark: _Toc99370492]Parallel Hybrid Powertrain
The parallel hybrid powertrain as seen in Figure 4 is a system where both the ICE and EV motor supply power to the driven wheels. The benefit of hybrid systems is that by using clutches, the vehicle can be run using either powertrain separately, or both combined. This technology is now being utilised in motorsport in the World Rally Championship where the Rally 1 cars are required to complete electric only zones in full EV mode. An example of the M-Sport Ford Puma 2022 Rally 1 powertrain, seen in  Figure 5.
[image: ]
[bookmark: _Ref99040393]Figure 4 – Parallel Hybrid Powertrain (X-Engineer, 2022)
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Description automatically generated with low confidence][image: Graphical user interface, application

Description automatically generated with medium confidence]
[bookmark: _Ref99043521]Figure 5 – M-Sport Ford Puma Rally 1 Hybrid Powertrain Layout (M-Sport, 2022) (B Sport, 2022)

[bookmark: _Toc99370493]Series Hybrid Powertrain
The series Hybrid Powertrain is the system being utilised in this project. An example of the layout is shown in Figure 6. Due to the fact that all the power transmitted to the driven wheels is from the EV motor, it can be said that these systems are Range Extended Electric Vehicles (REEV).
[image: Diagram
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[bookmark: _Ref99045319]Figure 6 – Series Hybrid Powertrain (X-Engineer, 2022)
An example of this type of powertrain being utilised in motorsport is in the Audi RS Q e-tron, seen in Figure 7, which competed in the 2022 Dakar Rally, with the powertrain featuring 3 motors.
“This car will be a kind of e-tron Quattro but in a new form, definitely. We will use an MGU in each axle to have the electric Quattro drive, so the car will be fully electric driven. The third MGU will be used as a generator to charge the high voltage battery, which is needed because of the long distances. The last component will be our Energy Converter, which will be a conventional combustion engine.” – Andreas Roos, Audi Sport (Motorsport.com, 2021).
This proves that the system is suitable for an offroad buggy such as in this scenario.
[image: A car driving on a dirt road
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[bookmark: _Ref99045342]Figure 7 – Audi RS Q e-tron 2022 Dakar car (Audi, 2022)
[bookmark: _Toc99370494]Methodology
[bookmark: _Toc99370495]Motor Selection
[bookmark: _Toc99370496]Motor
When selecting the motor, the first aspect that was considered was estimating how much the whole system would add to the mass of the vehicle. An estimate of 70kg was used which accounts for the motor, battery, the controller and battery management system and the generator. With the mass calculated the motors could be specified. Due to the way the series hybrid powertrain operates, the ICE can be run at a constant rpm to be most economical. In this case the BSFC graph, seen in Figure 8,  was inspected to select the optimum rpm, and here, it was 3000rpm which delivers a power of 6.2KW.
[image: ]
[bookmark: _Ref99101146]Figure 8 – BSFC graph
With the power output from the ICE set and the mass of the system estimated, the motor could be specified based on the peak power required around the lap which was 48.3KW. A motor comparison table was produced, as seen in Table 2, to compare different motors available from different manufacturers.
[image: ]
[bookmark: _Ref99101732]Table 2 – Motor Comparison Table
Sources: (Integral e-drive, 2022) (Emrax, 2022) (MGM-Compro, 2022) (Zytek, 2022)
As seen above, a wide selection of motors was selected from reputable manufacturers, with the integral motors being the power provider for the VW IDR and multiple Formula E teams (Integral E-Drive, 2021), and Zytek offering their 75kw motor as the hybrid power source for the SuperGT race series (Zytek, 2022). However, the motor selected for this application was the Emrax 228 as it has the best specification suited to this role. 
[bookmark: _Toc99370497]Motor Controller
The motor controller also had to be specified, and it must be able to manage the power output of the powertrain. A motor controller comparison table was produced as seen below,
[image: ]
Table 3 – Motor Controller Comparison
Sources: (Drivetrain Innovation, 2022) (MGM-Compro, 2022) (em Drive, 2022) (Cascadia Motion, 2022)
The motor controller selected for this project was the Drivetrain Innovation HV-500 as it had the best specification compared to the other controllers, offering the highest maximum power capability at the second lightest weight.
[bookmark: _Toc99370498]Battery Selection
[bookmark: _Toc99370499]Cell Selection
[image: ]The next step was to specify a battery pack that would power the vehicle considering the potential run time of the offroad buggy. The first aspect of the pack that had to be decided was which cell is best for the application. A comparison table was produced, seen in Table 4, featuring a variety of different cell sizes. 
[bookmark: _Ref99107582]Table 4 – Cell Comparison Table
Data for all cells retrieved from (18650BatteryStore, 2022).
The optimum cell available currently for this application is the Samsung 40T3 21700 (DNK Power, 2017) offering both the best power density of all cells and the lowest price. With the increased R&D in the battery sector there are more power dense batteries currently in production, but they are not available to the public, such as the Tesla 4680 cell (Electrek, 2022).
[bookmark: _Toc99370500]Battery Pack Design
As mentioned in the literature review, the battery pack is made up of groups of cells which form modules, which are then connected to form the overall pack. The design of this pack is shown below.
[image: ]
Table 5 – Battery Pack Design
As seen above the run time at a constant output of the maximum power required for the run was calculated which resulted in a 0.193 hour run time or 11 minutes 20 seconds.
The amount of time the vehicle could run at a constant KW output was also calculated based on the Kilo-Watt Hours (KWh) of the battery pack.
[image: ]
Table 6 – Run Time at constant KW output
The average power use around the lap is 17.86KW which equates to just over half an hour of constant power output.
In addition to this, the regenerative braking was calculated based off the vehicles kinetic energy when traversing the descent. This resulted in a return of around 3.7KW a lap meaning that around 55% of the energy used per lap could be regenerated. This is supported by the findings of (Electrek, 2018), and (M. Salinas, 2021) who found that at around 30mph the regenerative braking efficiency is 72%. 
[bookmark: _Toc99370501]Generator Selection
[image: ]The series hybrid powertrain requires a further motor to be used as a generator to convert the ICE power into electrical power. A table was produced to better outline which motor/generator was best for the application, seen below.
Table 7 – Generator Comparison Table
Sources: (MGM-Compro, 2022) (Emrax, 2022) (NeuMotors, 2022) (NeuMotors, 2022)
For this application the favourite was the NeuMotors 8038 due to its exceptional power density. This is because its designed for use in drones and lightweight aeroplanes where power density is of extreme importance which lends itself well to the off-road buggy as being lightweight is beneficial to increase performance and efficiency.
[bookmark: _Toc99370502]Final Drive Ratio
Due to this vehicle being powered by an electric motor it is possible to remove the gearbox and have one single gear i.e the final drive. A range of final drive ratios were calculated, but the aim was to achieve a final drive ratio that resulted in the top speed being 30mph as this was the speed dictated in the brief. The calculated ratios and corresponding speeds based on rpm seen in Table 8.
[image: ]
[bookmark: _Ref99136319]Table 8 – Final Drive Calculations
Clearly, the optimum ratio fell between 13:1 and 14:1, so the ideal final drive was then calculated to be 13.6:1. To achieve that ratio the teeth on the crown and pinion were calculated as seen in Table 9.
[image: ]
[bookmark: _Ref99136330]Table 9 – Gear Ratio/Teeth Calculation
Due to the simplicity of the gearing system on this vehicle, it could come with a range of final drive ratios to alter the top speed achievable, for instance a beginner ratio of 13.6 which can do 30mph then a ratio of 9:1 capable of 45mph for more advanced drivers. 
[bookmark: _Toc99370503]Project Costing/Evaluation
The overall system was priced up for each component as well as calculating the overall efficiency of the system based off the bottom-line efficiency estimates for each component. The weight of the system was also calculated, seen in Table 10.
[image: ]
[bookmark: _Ref99139353]Table 10 – Hybrid Powertrain Overview
As can be seen, the overall efficiency of the system is 77.37% which is supported by (Kim, 2019) who found that the EV powertrains tested had an efficiency ranging from 73%-90%. The cost of this system is substantially more than what the standard vehicle costs, at £14,216, almost three times more, with a base cost of £5,994 Inc. VAT (Blitzworld, 2021). However, the peak performance of the vehicle has increased from 13.4KW to 109KW which is a vast difference in performance. The weight of the system coming in at 66.44Kg is comparable/potentially lighter than the original vehicles powertrain, although this is in addition to the original powertrain, not replacing it. If the original ICE were to be replaced from the 278cc engine which also features in the Lexmoto Aura 300cc, comparison photos seen in Figure 9, then there are options available with much better power density. From observing the Lexmoto Aura it is estimated that the ICE weighs around 50kg due to the overall vehicle weight of 147kg (Lexmoto, 2022). Comparing that to an engine from a vehicle of a similar weight the Husqvarna 701, which weighs 148kg, the power output is significantly less, with the Husqvarna offering 55KW compared to the 13.4KW from the original ICE. 
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[bookmark: _Ref99146286]Figure 9 – ICE Comparison Highper buggy/Lexmoto Aura - (Highper, 2022) (Lexmoto, 2022)
Further alternative ICE replacements which target weight reduction as well as an increase in power are 450cc motocross engines, with the 2021 KTM 450SX boasting a power output of 43.47KW (Motocross Action, 2022) whilst weighing only 25.9Kg (Tomasin Racing R&D, 2021) offering a significant improvement over the base engine. Another alternative could be to use a wankel rotary engine as found in drones/aircraft as these can be optimised to run at a specific rpm constantly, with a power of 55KW and a weight of 35KG (Wankel AG, 2022) they too offer a significant improvement.

[bookmark: _Toc99370504]Results
[image: ]The power usage for the system around the track can be seen in
Figure 10 – Power Usage Around Lap
[bookmark: _Toc99370505]Miles Per Gallon Comparison
[image: ]MPG for original ICE vehicle:					MPG for hybrid powertrain vehicle:
[image: ]


Table 11 – ICE and Hybrid MPG
As is clear, by implementing the hybrid powertrain the MPG has increased significantly by 26.24 MPG. 
Total Mileage per tank:
ICE: 38.129 * 6.4 = 244.03 miles
Hybrid: 64.368 * 6.4 = 411.96 miles
With the hybrid system the range achievable on just battery power can also be added on which increase the range even further:
Laps achievable on battery power = 27.73
Distance = 27.73 laps * 1.2931 = 35.86 miles
So total hybrid powertrain range is 411.96 + 35.86 = 447.82 miles 
This is an improvement in range ability of 55.49% increase in range by implementing the hybrid system.
When considering the current cost of fuel, being able to travel a further 55% on the same amount of fuel is a massive increase, with the cost of fuelling and charging the hybrid vehicle coming to £48.87 compared to the ICE only powertrain which costs £47.73. This means the cost per mile for the hybrid system is £0.11 whereas the ICE system is £0.20. Calculating the break even point of implementing the hybrid powertrain would require the vehicle to travel 164,378 miles before the costs had broken even.

 

















[bookmark: _Toc99370506]Conclusions
In conclusion, whilst the hybrid system does offer increased range compared to the ICE powertrain, resulting in a much lower cost per mile of travel at £0.11 compared to £0.20, the powertrain is not financially viable to implement in the offroad buggy due to the overall cost. The break even point of the two systems occurs after 164,378 miles which is way passed the distance the vehicle would be expected to travel in its lifetime. This therefore renders the system unviable for implementation as it would not make sense from a business point of view to invest in the system which would cost more throughout the vehicles lifetime than the ICE powertrain. However, if fuel prices were to significantly increase, and with the advent of better EV technology being designed and produced, the price of EV components could reduce. Therefore, the system could be a viable option in the future. The next project will be to optimise the powertrain to run solely as an EV vehicle where the cost and distance travelled for the new system will be compared to the hybrid and ICE powertrains.
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BSFC

RPM 0 0.7 1.3 2.1 3.4 4.7 6.2 8 9.4 11 12.7 13.2 13.6 13.2 12.6

500 600 595 584 577 566 557 544 530 517 500 486 463 450 425 431

1000 600 595 580 575 565 550 521 515 505 489 478 463 450 425 425

1500 600 588 568 564 523 495 471 487 480 471 460 459 450 425 425

2000 565 563 563 446 439 433 429 424 433 438 442 451 445 425 425

2500 550 548 552 434 428 424 406 403 413 433 438 440 442 423 425

3000 542 546 531 427 419 401 394 394 401 429 436 440 438 420 425

3500 540 538 515 425 418 402 394 394 394 423 434 436 433 418 425

4000 533 534 507 426 419 415 394 394 394 420 423 432 429 417 425

4500 524 530 503 438 431 422 394 394 415 420 426 430 423 416 425

5000 490 488 486 455 442 433 421 415 418 423 427 429 420 417 425

5500 531 525 514 473 461 455 423 423 426 426 423 424 420 419 425

6000 562 566 561 523 493 465 425 425 423 422 425 426 423 420 425

6500 610 608 587 554 537 492 466 461 455 446 421 426 426 422 425

7000 640 630 608 579 551 515 491 488 480 471 450 430 432 424 425

7500 640 632 615 591 574 530 512 496 484 471 450 437 425 425 425

Power (KW)
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Motor Name:

Integral e-drive IPM 147 Emrax 228 REB 90 Zytek 75Kw

Weight (Kg):

10 12.3 22 9.2

Max Battery Voltage (Vdc):

52 680 800 400

Max RPM:

24000 5500 4000 16500

Peak motor Power (Kw):

40 109 80 75

Continous Power (Kw):

22 62 65 40

Max Motor Torque (Nm):

30 230 300

Continuous Motor Torque (Nm)

120

Max Coolant Temperature (Degrees C):

85 120 50

Motor Efficiency (%):

95 94 96

Selected

Motors:
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Motor Controller Name: Drivetrain Innovation HV-500

MGM Compro HBC Em Drive H300 Cascadia Motion PM150DX

Weight (Kg): 6.7

4.2 7.5 10

Max Voltage (v): 830

400 450 900

Max Current (A): 500

400 450 300

Max Power (Kw): 250

100 135 170

Selected

Motor Controllers:
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Battery Name Hohm Tech V4 18650 Molicel P26A 18650 Murata US18650VTC6 Murata US21700VTC6A Samsung 40T3 21700 Molicell P42A 21700  Hohm Tech Grown 26650 Vapcell Gold 26650 Lithiumwerks 26650   

Voltage (V) 3.6 3.6 3.6 3.6 3.6 3.6 3.3 3.3 3.3

Max Discharge Current (A) 22.1 30 15 40.0 45 45 32.3 20 50

Power (W) 79.6 108.0 54.0 144.0 162.0 162.0 106.6 66.0 165.0

Kilowatt Hours (KWh) 0.011 0.009 0.011 0.015 0.015 0.015 0.014 0.017 0.008

Capacity (Ah) 3.0 2.6 3.0 4.1 4.1 4.2 4.3 5.3 2.5

Time to discharge one Cell (hr) 0.136 0.087 0.200 0.103 0.091 0.093 0.133 0.265 0.050

Time in Minutes 8.2 5.2 12.0 6.2 5.5 5.6 8.0 15.9 3.0

Number of Cells required for 20KW 251.4 185.2 370.4 138.9 123.5 123.5 187.6 303.0 121.2

Weight per cell (g) 44.73 46.1 46.6 67.5 66.8 67.8 88.84 80 75.7

Total Battery Pack Weight (Kg) 11.2 8.5 17.3 9.4 8.2 8.4 16.7 24.2 9.2

Cost per cell (GBP) 5 5 4.5 5.0 4.5 6 6.5 6.5 6.5

Total Cost (GBP) 1256.9 925.9 1666.7 694.4 555.6 740.7 1219.6 1969.7 787.9

Max temperature (degrees) 60 60 80 80.0 80.0 60 60 60 55

Chosen this cell
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Group Module Pack

8 Series 0 Parallel 72 Series 0 Parallel 72 Series 9 Parallel

Voltage (V) 28.8 259.2 259.2

Current (I) 45 45 405

Capacity (Ah) 4 4 36

Power (KW) 1.30 11.66 104.98

KWh 0.12 1.04 9.33

Time (hr) to Discharge @48.3KW 0.193 0.193 0.193

Number of Cells 8 72 648

Weight (Kg) 0.53 4.81 43.29

Battery Pack Structure
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KW use Time to discharge (hr)

37.32 0.25

18.66 0.5

9.33 1

4.67 2

2.33 3

9.33KWh Pack
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Generator Name: MGM Compro RET20 Emrax 188 Neumotors 6560 Neumotors 8038

Weight (Kg): 3.1 7 1.3 1.9

Peak Power (KW): 13 52 14 22

Continuous Power (KW): 10 23 7 11

Continuous Power to Weight (KW/KG) 3.23 3.29 5.38 5.79

Motor Efficiency: 95 96 95 95

Selected

Generators: 
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Buggy Tyre

Tyre Size: 245/570/r13

Tyre Diameter (mm): 635

Max Speed (mph): 30

Max RPM: 5500

Optimum Final Drive Ratio:

RPM/Diff Ratio 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 13.6

500 7.44 6.20 5.31 4.65 4.13 3.72 3.38 3.10 2.86 2.66 2.73

1000 14.88 12.40 10.63 9.30 8.27 7.44 6.76 6.20 5.72 5.31 5.47

1500 22.32 18.60 15.94 13.95 12.40 11.16 10.14 9.30 8.58 7.97 8.20

2000 29.75 24.80 21.25 18.60 16.53 14.88 13.52 12.40 11.44 10.63 10.94

2500 37.19 30.99 26.57 23.25 20.66 18.60 16.91 15.50 14.31 13.28 13.67

3000 44.63 37.19 31.88 27.89 24.80 22.32 20.29 18.60 17.17 15.94 16.41

3500 52.07 43.39 37.19 32.54 28.93 26.04 23.67 21.70 20.03 18.60 19.14

4000 59.51 49.59 42.51 37.19 33.06 29.75 27.05 24.80 22.89 21.25 21.88

4500 66.95 55.79 47.82 41.84 37.19 33.47 30.43 27.89 25.75 23.91 24.61

5000 74.39 61.99 53.13 46.49 41.33 37.19 33.81 30.99 28.61 26.57 27.35

5500 81.83 68.19 58.45 51.14 45.46 40.91 37.19 34.09 31.47 29.22 30.08

Speed at each RPM dependant on Final Drive Ratio
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Crown Pinion

68 5

Teeth on Gears

Ratio:

13.6


image21.emf
Name Weight (KG) Cost (£) Efficiencies

Motor Emrax 228 12.3 3760 94%

Motor Controller Drivetrain Innovation HV-500 6.7 6646 95%

Battery Pack Samsung 40T3 21700 43.29 2916 95%

Battery Management BMS1060ABT 2.25 495 96%

Generator NeuMotors 8038  1.9 399 95%

66.44 14216 77.37% Total
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Value Units

2069.0000 Metres

1.2931 Miles

0.1543 Total Fuel used (Litres)

4.5500 Litres in a Gallon

38.1290 MPG
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Value Units

2069.0000 Metres

1.2931 Miles

0.0914 Total Fuel used (Litres)

4.5500 Litres in a Gallon

64.3676 MPG
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