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Project REV is an Electric Powered Hillclimb car aimed at competing in the national hill climb championship around the UK. We have been split up into four different teams: powertrain, aerodynamics, chassis, and simulation; with each group charged with designing and costing each component needed to create a competitive car. The purpose of this project is two-fold; to allow us to experience the trials and tribulations of working in groups for an extended period, and what it takes to excel in a group environment where you need to put the success of the group over individual success. We, the powertrain group, must liaise with the chassis group to place the motors and batteries, the aero group to determine what foot print we can work with and what downforce generating devise they’ll need to use, and the simulation group to provide them with accurate power, torque, and weight figures to allow them to accurately simulate the driving dynamics of the car. 
The championship’s regulations that we are tasked to work within are very ambiguous and are very much still a work in progress, meaning there are some areas open for interpretation. Areas such as tyre choice, power output and maximum power storage allowed, and any form of class system are non-existent. This allows us to have a more-free reign over design and component choice which will make for a faster and more advanced car. We plan on using all the driver aids and data acquisition systems we can, which include but are not limited to: Traction control, ESP, ABS, and Launch control.  All of these systems will allow for a more confident driving experience, and a faster car which will take advantage of the highly advanced systems on offer these days.
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· Reza Shafie-Pour: Motor
· Specify torque and power requirements/limitations
· This was determined to be a limit of 3400Nm of tractive force at launch, and a max power limit of 870Kw at 53m/s, far more than we will be using
· Select motors that fit with our desired special requirements, torque/power requirements, and torque vectoring ability
· Steffan Robinson: Cooling
· Specfy the cooling requirements
· Calculate the amount of energy that will need to be expunged through the cooling system
· Determine if radiators are needed, and specify volume of water required
· Tim Stanbury: Power Storage
· Select power storage method i.e. batteries, super capacitors, or BatCap hybrid
· It was determined that we will be using the Sony VTC5A 18650 battery cell, with the total amount needed being 3,400 cells
· Total energy of these cells will be 115Mj, far exceeding our requirement of 50Mj
· George Dalton Brown: Motor controller and Data Acquisition
· Determine controller specifications, inputs and outputs, and sensor choice
· Select driver aide package: ABS, TC, ESP, LC
· Motor controller selected: RMS PM250DZ
· Peter Olliffe: Regulations
· Provide a form of checks and balances for the team; determine whether components or designs are legal
· Specify safety requirements
· Dan Wilcox: Duty Cycle
· Determine the run time for a typical hill climb in the championship we have been told to adhere to
· Provide worst case scenario figures for the team to design the car around
· Jeff Ellis: Gearbox
· Design a drop-down ratio gearbox
· This will provide a motor to wheel speed drop, a well as a torque multiplication factor
· These ratios have been determined to be from 2.5:1 at the lowest to 4.6:1 at the highest
· This increases torque at the wheels to 2500Nm to 4600Nm 
· This will allow us to control the slip factor of the tyres at launch giving us the fastest possible acceleration off the starting line
· Responsibilities Specific to my role:
· The motors selected were originally two Emrax 348s, however the mass of the power storage devices needed to power these effectively for our duty cycle was far more than we could justify 
· Given the mass of power storage to motor output power ratio, two Emrax 268 were selected
· The specifications for the motors are as follows (combined): 460Kw, 1000Nm (before drop gear ratio), 268mm diameter and 98mm depth, Liquid cooled, peak power at 4500rpm
· Motor location and mounting system
· A cage was designed by the chassis group that allows for quick removal if needed, location was determined based on aero and suspension mounting point locations
· Work with the chassis group to specify the tyre specification that we will require, and rolling radius to determine the motor to wheel speed ratio
· Receive feedback from the simulation group on whether the power level is high enough to be competitive in a relatively heavy hillclimb car, make adjustments to motor selection based off of these results
· Obtain a cost figure for each motor, two Emrax 268s 
[bookmark: _Toc25513681]Personality Traits For my Role & Belbin Relation
The personality traits required for my role are reasonably simple;  investigative, creative thinker, and a firm decision maker trait are needed to be able to make the important motor selection decision.
My highest ranked personality trait on the “Self-Perception Inventory” test created by Dr. R Meredith Belbin was Completer Finisher. The defined parameters of this trait are: “Completer finishers are adept at areas of work which require careful follow-through, close concentration and a high degree of accuracy.” (Belbin, 2019) This is an accurate representation of what is needed to complete my role successfully as the motor selection and all of the other component and groups are dependent on the power output, location of the motors, and the weight of the power storage needed to provide enough power to the motors at the power level we specify. It is mentioned in the breakdown of the Belbin model, that Complete Finishers may be susceptible to holding themselves to such a high standard that they would be less likely to ask for help, or to have that task passed on to someone else, as they fear that it will not be completed to the same extreme standard. This is accurate for my role, as I have had a hard time trusting the work of other group members, not because I do not think they aren’t capable, but because any work that I don’t have a hand in completing I tend to find untrustworthy. This is because I have not seen the research process, calculations, or deductions the member has made to reach the conclusion that they came to. I have helped to negate this shortfall of mine by actively offering to help with tasks outside of my own and going over the calculations and research during the group meeting time. 
 The Belbin Inventory we completed in lecture was very telling about each of the group members, as you could accurately categorize the personality of an individual and compare it to how they are in real life. My personality an almost extreme type A personality, which according to the definition means: “Type A individuals tend to be very competitive and self-critical. They strive toward goals without feeling a sense of joy in their efforts or accomplishments. Interrelated with this is the presence of a significant life imbalance.  This is characterized by a high work involvement.  Type A individuals are easily ‘wound up’ and tend to overreact. They also tend to have high blood pressure (hypertension).” (McLeod, 2017) Along with these traits, type As’ are extremely competitive, time urgent, and aggressive, all traits that fully identify myself. These traits can relate to the Belbin model because either Completer Finish is someone who takes great pride in their ability to provide the best work possible, often leading to hostile behavior to someone who doesn’t perform the same, or even worse someone who tries to prevent them from lowering their quality of work. The relation between type A/type B to the Belbin model is accurate when the opposite is considered. For example, a type B personality is relaxed, patient, and easy going which would lend themselves to be a Co-Ordinator on the Belbin model. This would be an accurate comparison because the coordinator is responsible for dealing with the team members, outside suppliers or vendors, and should help smooth over internal conflict, essentially someone who has great people skills. The Belbin model is a reasonably accurate tool to utilize when choosing specific areas for each member of the team to take on the responsibility for. 
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[bookmark: _Toc25090132][bookmark: _Toc25404444][bookmark: _Toc25513690][bookmark: _GoBack]The gateway objective for the powertrain group is to provide a motor and power storage solution that allows the car to remain competitive through the power levels, mass, and ease of use by the driver. This objective can be quantified and measured in many ways: has the motor been selected, what form of power storage will be mass efficient yet provide the power and run time needed, what is the drivability of this combination, what auxiliary controllers and sensors will be needed, and how safe is this package as a whole. The car needs to be quick enough to reach a higher top speed than the rest of the competitors, however, be controllable enough to inspire confidence for the driver to push to the limit of the cars ability, not to the limit of their confidence. The following chart provides a breakdown to the costs of the components, cost of man hours for research and design, and the progress and measurable factors of each facet of this objective.
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There are two primary concerns when choosing the motors that would prevent a successful decision in due time. The primary concern is not being able to provide the motors with enough power with the size constraints we are under. It’s easy to provide enough power needed for our run time, however trying to do this while having a specific volume of space we can use for power storage makes this decision much more difficult. If 10,000 18650 cells are needed to provide the motors with enough  power and run time; This quantity of batteries is not realistic due to the space they would take up and the available space for the battery packs to be located in. We have considered using batteries, battery pouches, capacitors, and battery-capacitor hybrids, however a special 18650 cell has been determined to be enough for our power requirements. These cells are Sony VTC5A 18650 cells, that can discharge at a rate of 35A continuous with temperature monitoring. This allows us to only need 3400 cells, giving a total weight of 162.5kg. A concession to using these battery cells will be the careful temperature monitoring and cooling they require to discharge at such a rate, however we are hypothesizing that they will work well as they will only be discharging for a maximum time period of 75 seconds at a time, and that Is for a worst case scenario. The Emrax 268 motors will require, at a worst case scenario (a yellow flag half way up a run meaning we need to turn around and start again), 50mJ of energy, and the batteries we have selected in the quantity we have chosen will be able to provide 114mJ of power, more than enough. 162.5kg is an acceptable mass for the battery packs, as the motors themselves only weigh 20kg each. If you compare these figures to the engine, gearbox, and fuel system that was in the car originally, which came to approximately 225kg, the weight of the batteries, motors, and motor controllers is very comparable. We have an estimated weight figure of 245kg for these components, and for an EV, this is a very competitive power storage and motor combination; especially considering the power to weight ratios this will allow for, roughly 1000 BHP/Ton.
	The second potential problem that can arise would be the sheer voltage and power levels the electrical system will be providing and dealing with. This is a massive safety concern that affects everyone involved in the entire project as it has the potential to harm, even kill, anyone who lays a finger on the car. The motors require 250V, and the battery packs will be discharging a total of 1750 Amps, which is more than enough to kill the entire team at once. To mitigate this risk we will be creating 100 smaller packs, which each pack only producing 25v, less than what is required to harm someone. 7 batteries will run in series to provide the 25V per pack, and in turn 100 of these individual packs will be run in parallel to create the energy needed for the power we need. These individual packs are the safest to produce, and allow us to position them in ways  that wouldn’t be possible with much larger packs. 
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TIMESPENT COMPLETION

CONTROLLERS

RESEARCH MOTOR CONTROLLER 

SPECIFICATIONS AND CAPABILITIES. FIND 

SENSORS AND TC/ABS/ESC/LAUNCH 

CONTROL MODULES. INSTALL 

CONTROLLERS. TEST CONTROLLERS

45 HOURS 75%

TESTING 

TEST ACCELERATION, BRAKING, LATERAL 

AND LONGITUNDINAL FORCES. ATTEND 

NON COMPETITIVE HILL CLIMBS TO TEST 

AND ACHIEVE A BASELINE. MAKE 

IMPROVEMENTS.

75 HOURS 0%

20 HOURS 100%

MOTOR

COOLING

POWER STORAGE

TRANSMISSION

HEALTH AND SAFETY REGULATIONS

IDENTIFY POWER AND TORQUE 

REQUIREMENTS. FINALIZE MOTOR 

CHOICE. COST MOTORS. MEET WITH 

CHASSIS GROUP FOR POSITIONING. RUN 

FEA ON REAR SUBFRAME AND MOTOR 

CAGE

RESEARCH COOLING IN EV VEHICLES AND 

THE EMRAX SPECIFIC MOTORS. 

CALCULATE COOLING/WATER 

REQUIRMENTS. MAP THE SYSTEM. ROUTE 

PIPING AROUND AERO GROUP

IDENTIY POWER AND DURATION 

PARAMETERS. DECIDE ON METHOD OF 

STORAGE. CREATE A CAD MODEL FOR 

BATTERY PACKS. BUY THE BATTERIES AND 

TEST THEM. FIT BATTERIES TO CAR

CALCULTATE GEAR RATIOS. DECIDE ON 

GEARBOX TYPE (HELICAL, CYCLICAL, DROP 

GEAR) SELECT GEAR SIZES AND RATIOS.  

SELECT DRIVE SHAFTS

INVESTIGATE EXISTING EV REGULATIONS. 

RESEARCH BATTERY REGULATIONS. 

MONITOR AND ADVISE ON LEGALITY OF 

DEVELOPMENTS AND ENGINEERING

45 HOURS

65 HOURS

90 HOURS

50 HOURS

30 HOURS

90%

100%

90%

80%

100%

GROUP TASKS

DUTY CYCLE

RESEARCH TRACK CONFIGURATIONS. FIND 

RECORD TIMES AND SPEEDS. CALCULATE 

TIME ON THROTTLE, AVERGE SPEED, AND 

WHEEL SPEED

DETAILS OF TASKS
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INSTALL ALL THE COMPONENTS, WIRE THE MOTORS AND 

BATTERIES, PLUMB COOLING SYSTEM, AND RUN ON ROLLING 

ROAD TO GET INITIAL POWER NUMBERS

PERFORM TESTING RUNS AT TRACKS LIKE PEMBREY, LLANDOW, 

CASTLE COMBE, AND HILLCLIMB VENUES SUCH AS SHELSEY 

WALSH, PRESCOTT, OR GOODWOOD.



FUTURE TASKS

FUTURE TASKS



TOTAL TIME TO DATE: 110 HOURS

20 HOURS

20 HOURS

TOTAL: 96 

0%

TOTAL TIME TO DATE=24 HOURS

30/10/2019- 4 HOURS

31/10/2019- 5 HOURS

1/11/2019- 3 HOURS

5/11/2019- 1 HOUR

11/11/2019- 1 HOUR

15/10/2019- 1 HOUR

21/10/2019- 1 HOUR

22/10/2019- 1 HOUR

28/10/2019- 1 HOUR

29/10/2019- 4 HOURS

4/11/2019- 1 HOUR

GROUP MEETING LENGTH & DATE

30/9/2019 - 1 HOUR

7/10/2019- 1 HOUR

8/10/2019- 1 HOUR

14/10/2019- 1 HOUR

SET POWER, TORQUE, RUN 

TIME PARAMETERS

IDENTIFY THE POWER AND TORQUE LEVELS REQUESTED, AND THE 

LIMITS OF THE POWER SOTRAGE DEVICES. DUTY CYCLE MUST BE 

DETERMINED BY THE TOTAL ENERGY NEDED BY THE MOTOR TO 

COMPLETE A LAP WITH FULL THROTTLE BEING USED FOR 75% OF 

THE RUN

460kW, 1000Nm MOTOR TORQUE, 75 

SECOND TOTAL RUN TIME

3 HOURS 100%

CURRENTLY IN PROGRESS

IDENTIFY POTENTIAL MOTORS

WORK WITH SIM GROUP TO 

DETERMINE WHETHER SPCIFIED 

POWER WILL SUFFICE 

WORK WITH CHASSIS GROUP TO 

POSITION MOTOR AND HAVE INPUT 

ON REAR SUBFRAME DESIGN 

WORK WITH STEFFAN TO DETERMINE 

LEVEL OF COOLING THAT DUAL 

MOTORS WILL REQUIRE

OBTAIN A PRICE FOR EMRAX 

268 MOTORS

WORK WITH TIM TO FINALIZE 

POWER STORAGE

OPTIMIZE REAR SUBFRAME 

AND MOTOR MOUNTING CAGE

WORK WITH GROUP TO 

DESIGN SAFE AND STRONG 

BATTERY CASES

RESULTING DECISION 

DUAL EMRAX 268

INITIALLY 600kW WAS USED, 460kW 

WOULD LATER BE SETTLED ON AS 

WIEGHT WAS FOUND TO HAVE A 

HIGHER IMPACT 

750MM FROM BACK OF THE 

BULK HEAD, SOLID ALLOY FRAME 

WITH TWO SUPPORT STRINGERS

5.4 LITERS OF WATER STARTING AT 20 

DEGREES WITH NO RADIATOR WILL 

PROVIDE SUFFICIENT COOLING, 3.2 

LITERS OF WATER STARTING AT 5 

DEGREES WOULD SUFFICE

EACH LIQUID COOLED MOTOR IS 

PRICED AT €5590, TOTAL PRICING 

IN GBP IS £9550

3 HOURS

100%

100%

75%

100%

100%

100%

30%

10%

COMPLETED (%)

4 HOURS INITIAL RESEARCH, 7 

HOURS TOTAL 

2 HOUR DISCUSSION, 4 HOURS 

TESTING ON THE SIMULATOR

12 HOURS

2 HOURS

1 HOUR

0%



10 HOURS

22 HOURS TO DATE, WILL 

INCREASE

3400 SONY VTC5A 18650 CELLS 

DISCHARGING AT 35A WILL BE 

USED

CURRENTLY IN PROGRESS

RUN FEA AND OPTIMIZE THE STRUCTURE USING TOPOLOGY 

OPTIMIZATION AND OTHER FEA TECHNIQUES. IMPROVE AND 

REFINE THE DESIGN, CREATING A LIGHTER, STRONGER AND 

MORE ORGANIC DESIGN

ORGANIZE BATTERIES INTO 37V CELLS, AND RUN CELLS IN 

PARALLEL TO REACH ENERGY LEVEL

MOTORS CONSIDERED ARE EMRAX 348/268, YASA EDU CONCEPT. 

THESE WERE CHOSEN FOR THEIR LIGHTWEIGHT AND POWER 

LEVELS.  

DETAILS OF TASKS TIME (HRS)

COLLABORATE WITH SIM GROUP, DISCUSS IF POWER AND 

TORQUE HAVE SIGNIFICANT IMPACT ON LAP TIME, COMPENSATE 

ACCORDINGLY. 

DETERMINE PLACEMENT OF THE MOTORS I.E. HOW FAR BACK, 

HOW HIGH IN THE CHASSIS, AND HOW MUCH SUPPORT THE 

MOTORS WILL NEED TO COPE WITH 4500+Nm OF TORQUE

PERFORM CALCULATIONS FOR THE AMOUNT OF ENERGY THAT 

THE MOTORS THEMSELVES WILL NEED TO LOSE THROUGH HEAT 

ENERGY, AND POTENTIAL SOLUTIONS FOR COOLING HARDWARE

RESEARCH POTENTIAL PRICING OPTIONS

RESEARCH SOLUTIONS FOR POWER STORAGE INCLUDING 

BATTERIES, CAPACITORS, AND BATCAP HYBRIDS

INSTALL, WIRE, AND PRODUCE 

BASELINE NUMBERS IN THE 

CHASSIS

PERFORM SHAKEDOWN TESTS, 

AT VARIOUS CIRCUITS AND 

HILL CLIMB VENUES

PERSONAL TASKS
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QUANTITY: 2

PER UNIT: £4775                   

TOTAL: £9550

SPECS: 460KW, 1000NM PEAK TORQUE, 4500RPM LIMIT, LIQUID 

COOLED. LOW VOLTAGE MODEL (250V)

EMRAX 268 MOTOR

PRELIMINARY BOM
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1/6/2020 15/5/2020 0%

16/6/2020 ON GOING 0%

MAKE ANY CHANGES/IMPORVEMENTS 

AS REQUIRED

0%

0%

0% 1/6/2020

PERFORM SHAKEDOWN RUNS AT 

PEMBREY AND SHELSEY WALSH 

HILLCLIMB

COMPETE IN HILLCLIMB 

CHAMPIONSHIP, AND WIN

START PRODUCTION PROTOTYPE 

COMPONENTS (ALL GROUPS)

PRODUCE RUNNING AND 

DRIVING PROTOTYPE 

10/2/2020

1/5/2020

22/5/2020

10/4/2020

20/5/2020

25%

0%

21/10/19 100%

FIND AVERAGE DUTY CYCLE, AND 

DEFINE A WORST CASE SCENARIO, 

TOP SPEED, AND LONGEST HILL CLIMB 

DISTANCE

30/9/19 14/10/19 100%

100%

100%

100%

50%

0%

40%

25/3/2020

7/10/2019

21/10/19

5/11/2019

6/11/2019

ON GOING

4/12/2019

15/1/20

ROUGHLY 

20/4/2020

25/3/2020

TOTAL AERO PACKAGE 

COMPLETION

VIVA 2

FRONT SUSPENSION AND 

WHEEL SELECTION 

7/10/2019

7/10/2019

7/10/2019

7/10/2019

4/12/2019

7/10/2019

7/10/2019

SELECT MOTORS REQUIRED

SELECT POEWR STORAGE 

METHOD

CALCULATE COOLING 

REQUIREMENTS

DESIGN GEARBOX/DROP GEAR

VIVA 1

COMPLETED REAR 

SUBFRAME/MOTOR CAGE 

MILE STONE OBJECTIVES

DEFINE POWER AND TORQUE 

FIGURES

START DATE COMPLETION DATE PROGRESS (%)

30/9/19 7/10/2019 100%
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TOTAL MONETARY 

COST SO FAR: 

£51,690

TOTAL TIME SO 

FAR(ESTIMATION): 47 

HRS

HOW COMPETITIVE WILL THIS 

COMBO BE?

TEST THE CAR IN A 

COMPETITION SCENARIO

ON GOING 10% UNKNOWN

30+ HOURS OF TESTING 

AND ANALYSIS

SAFETY 

DETERMINE THE POTENTIAL HAZARDS 

OF THIS PACKAGE, AND HOW THESE 

CAN BE MITIGATED

100 PACKS OF 7 CELLS IN PARALLEL, PROPER 

SAFETY TRAINING AND EQUIPMENT

100%

£2500 FOR SAFETY 

EQUIPMENT

5 HOURS OF 

RESEARCH AND 

TRAINING 

CONTROLLERS/SENSORS/ECUS

SOURCE MOTOR CONTROLLERS, 

ABS/TC/ESP/LAUNCH CONTROL 

MODULES

DUAL RMS PD250DZ MOTOR CONTROLLERS, 

BOSCH TC/ABS/ESP MODULES

100%

£19240 FOR CONTROLLERS, 

OTHER MODULES UNKNOWN

1 HOUR OF 

RESEARCH

SONY VTC5A 18650 CELLS, 3400 OF THEM 

WILL BE USED. TOTAL BATTERY PACKAGE 

WILL WEIGH 165KG

100%

£20,400 FOR 3400 

BATTERIES

8 HOURS OF 

RESEARCH

DRIVABILITY FACTOR

PERFORM TESTING PROCEDURES TO 

DETERMINE THE EASE OF US OF 

PACKAGE

ON GOING 0% UNKNOWN ON GOING

OUTCOME OF TASK % COMPLETION COST (MONETARY) COST (TIME)

MOTOR SELECTION

SELECT A MOTOR THAT WILL PROVIDE 

THE POWER AND TORQUE NEEDED 

(3500Nm AT LAUNCH)

TWO EMRAX 268S WILL BE USED, END TO END. 

460kW AND 1000Nm OF TORQUE WILL BE 

GENERATED AT THE MOTOR, WITH 2500-4500Nm 

NEING GENERATED AT THE WHEELS, DEPENDING 

ON GEARING 

100% £9550 3 HOURS RESEARCH

GATEWAY OBJECTIVE: Provide a motor and power storage solution that 

allows the car to remain competitive through the power levels, mass, and 

ease of use by the driver.

MEASUREABLE PERFORMANCE CRITERIA DEFINITION OF TASK

WHAT METHOD OF POWER 

STORAGE WILL BE USED

SOURCE A POWER STORAGE 

SOLUTION THAT WILL BE MASS 

EFFICIENT AND PROVIDE ENOUGH 

POWER AND RUN TIME
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Powertrain - Motor

Work with group to finalize power storage

solution

6 Nov
Present findings and information in first
Viva
2 Dec

Have cooling parameters calculated and

finalized

6 Nov |

> Obtain a total price for the powertrain

group

Identify power and torque requirements 22 Nov

7 Oct
produce prototype motor housing and
Finalize motor choice frame
14 Oct 30 Dec

2020

Identify potential
motor soltuions- 7 Ost-1802
Liaise with
Simulation group
information and'
parameters for
them to run

Liaise with chassis

positioning

identify motor

Facement in the I
placement in thel
chassis

7 Oct -7 Nov

install, wire, and produce baseline numbers for powertrain in the chassis_ 6 Jan - 28 Jan
identify weak points of motor selection, improve upon if possible_ 6 Jan - 10 Feb
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ID Task 

Mode

Task Name Duration Start Finish Resource Names

1 Team Meetings 126.13 daysMon 30/09/19 Tue 24/03/20

2 Team Meetings 1 1 hr Mon 30/09/19 Mon 30/09/19

54 Duty Cycle 120.63 daysMon 07/10/19 Mon 23/03/20Dan W

55 Track research 5 hrs Mon 07/10/19 Mon 07/10/19Dan W

56 Record runs 2 hrs Mon 07/10/19 Mon 07/10/19Dan W

57 Research Top Speeds 3 hrs Mon 14/10/19 Mon 

14/10/19

Dan W

58 Calculate average 

speed

2 hrs Mon 14/10/19 Mon 

14/10/19

Dan W

59 Time on Throttle 4 hrs Mon 28/10/19 Mon 28/10/19Dan W

60 Calculate wheel speed 2 hrs Mon 04/11/19 Mon 

04/11/19

Dan W

61 Heat loss 6 hrs Mon 04/11/19 Mon 04/11/19Dan W

62 Group Project week  20 hrs Mon 04/11/19 Wed 06/11/19Dan W

63 Viva preparation 5 hrs Mon 25/11/19 Mon 25/11/19Dan W

64 Testing 30 hrs Mon 03/02/20 Thu 06/02/20 Dan W

65 Report 5 hrs Mon 02/03/20 Mon 02/03/20Dan W

66 Final viva 5 hrs Mon 23/03/20 Mon 23/03/20Dan W

67 Motors 39.75 days Mon 07/10/19 Fri 29/11/19 Reza SPM

68 Identify power and 

torque requirments

3 hrs Mon 07/10/19 Mon 

07/10/19

Reza SPM

69 Finalize motor choice 2 hrs Mon 14/10/19 Mon 

14/10/19

Reza SPM

70 work with group on 

power storage solution

6 hrs Fri 01/11/19 Fri 01/11/19 Reza SPM

71 cost motors 6 hrs Mon 07/10/19 Mon 07/10/19Reza SPM

72 meet with chassis 

group to determine 

motor and battery 

positioning

12 hrs Wed 16/10/19 Thu 17/10/19 Reza SPM

73 run FEA on rear 

subfram and motor 

cage

22 hrs Wed 27/11/19 Fri 29/11/19 Reza SPM

74 perform shakedown 

runs at various circuits 

and tracks

20 hrs Reza SPM

75 Cooling  96 days Mon 07/10/19 Mon 17/02/20Steffan R

76 Cooling in EV's 4 hrs Mon 07/10/19 Mon 07/10/19Steffan R

77 High performance EV's 4 hrs Mon 14/10/19 Mon 14/10/19Steffan R

78 Emrax Motors 5 hrs Mon 21/10/19 Mon 21/10/19Steffan R

79 Radiators 5 hrs Mon 18/11/19 Mon 18/11/19Steffan R

80 Cooling for battery 5 hrs Mon 02/12/19 Mon 02/12/19Steffan R

81 Basic cooling understanding 2 hrs Mon 09/12/19 Mon 09/12/19Steffan R

82 Finding a pump 3 hrs Mon 06/01/20 Mon 06/01/20Steffan R

83 Calculating amount of 

water/coolant

5 hrs Mon 13/01/20 Mon 

13/01/20

Steffan R

84 Mapping the system 50 hrs Mon 20/01/20 Tue 28/01/20 Steffan R

85 Piping 8 hrs Mon 17/02/20 Mon 17/02/20Steffan R

86 Batteries 128.75 daysMon 09/09/19 Thu 05/03/20 Tim S

87 Research of energy 

storage

10 hrs Mon 09/09/19 Tue 10/09/19 Tim S

88 Finding the batteries 5 hrs Mon 16/09/19 Mon 

16/09/19

Tim S

89 Identify quantity and 

parameters

6 hrs Mon 23/09/19 Mon 

23/09/19

Tim S

90 Create CAD model 15 hrs Mon 30/09/19 Tue 01/10/19 Tim S

91 Buy the batteries 2 hrs Mon 02/12/19 Mon 02/12/19Tim S

92 Test the batteries 20 hrs Mon 13/01/20 Wed 15/01/20Tim S

93 fit the battery packs 

into the car

30 hrs Mon 02/03/20 Thu 05/03/20 Tim S

94 Transmission 90.5 days Mon 09/09/19 Mon 13/01/20Jeff E

95 Calculate Gear Ratios 2 hrs Mon 09/09/19 Mon 

09/09/19

Jeff E

96 Decide whetehr 

multiple gears 

required

2 hrs Mon 16/09/19 Mon 

16/09/19

Jeff E

97 Choose gearbox type 2 hrs Mon 23/09/19 Mon 

23/09/19

Jeff E

98 Select gear sizes 6 hrs Mon 25/11/19 Mon 25/11/19Jeff E

99 Select shaft sizes 4 hrs Mon 09/12/19 Mon 09/12/19Jeff E

100 Model gearbox 

assembly

15 hrs Mon 16/12/19 Tue 17/12/19 Jeff E

101 Analyse Model 15 hrs Mon 06/01/20 Tue 07/01/20 Jeff E

102 Size driveshafts and 

joints

4 hrs Mon 13/01/20 Mon 

13/01/20

Jeff E

103 Health, Safety and 

Regulations

39 days Mon 07/10/19 Thu 28/11/19 Peter O

104 Investigate Existing 

Electric Car Technical 

Regulations for 

hillclimb

4 days Mon 07/10/19 Thu 10/10/19 Peter O

105 Research Battery and 

electrical safety 

regulations for road 

vehicles

4 days Fri 11/10/19 Wed 

16/10/19

Peter O

106 Model battery packs to 

fit in cad model

14 days Mon 21/10/19 Thu 07/11/19 Peter O

107 Monitor and advise on 

legality of 

developments 

throughout the project

20 days Fri 01/11/19 Thu 28/11/19 Peter O

108 Controllers 101 days Mon 14/10/19 Mon 02/03/20George DB

109 Enquire aboout motor choice1 hr Mon 14/10/19 Mon 14/10/19George DB

110 Research compatible 

controller solutions

3 hrs Mon 21/10/19 Mon 

21/10/19

George DB

111 Find additional 

sensor/feature 

regualtions

1 hr Mon 28/10/19 Mon 

28/10/19

George DB

112 Find additional sensors

and additional features

controllers

8 hrs Mon 04/11/19 Mon 

04/11/19

George DB

113 Install all parts 30 hrs Mon 13/01/20 Thu 16/01/20 George DB

114 Test parts 4 hrs Mon 03/02/20 Mon 03/02/20George DB

115 Test car as a whole  8 hrs Mon 02/03/20 Mon 02/03/20George DB
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