[image: ]

School of Engineering

Series Hybrid Vehicle Requirements

Mateusz Dabrosz 
P 146086 

BSc Automotive Engineering 

22/03/2018

Electric and Hybrid Propulsion Control M3X8668




[bookmark: _Toc476996714][bookmark: _Toc500170809][bookmark: _Toc509393050]1. Table of Contents
Contents
1. Table of Contents	2
2. List of Figures	3
3. Introduction and Problem Identification	4
4. Technology Review & System Specification Discussion	5
4.1 Internal Combustion Engine (I.C.E)	6
4.2 Generator Unit	7
4.3 Electric Motor & Controller Unit	8
4.3.1 Final Drive Ratio Calculation	8
4.4 Storage	9
5. Preliminary Costing	12
6. Conclusion and Recommendations	13
6.1 Required Maintenance	13
6.2 Safety Considerations	13
6.3 Charging Facilities	13
6.4 Weight Considerations	14
7. References	15
8. Bibliography	16
9. Appendices	17











[bookmark: _Toc476996715][bookmark: _Toc500170810][bookmark: _Toc509393051]2. List of Figures

Figure 1-Series Hybrid Vehicle Components (SEM, 2018)	5
Figure 2-VanGuard ICE (Grainger. com)	6
Figure 3-Generator unit (MachineMart.co.uk)	7
Figure 4-Different Types of Electric Motors (M. Dabrosz, 2018)	8
Figure 5-ME1004 Electric Motor (EM.com)	8
Figure 6-Different Types of Storage Systems (M. Dabrosz, 2018)	9
Figure 7-Power vs Time Graph (M. Dabrosz, 2018)	9
Figure 8-Total Energy Drawn (M. Dabrosz, 2018)	9
Figure 9-Comulative Energy Drawn (M. Dabrosz, 2018)	10
Figure 10-Super capacitor Easton 130F (RS Components, 2018)	10
Figure 11-Prelimenary Costings Table (M. Dabrosz, 2018)	12
Figure 12-Components Weight Table (M. Dabrosz, 2018)	14
Figure 13-Section 4.1 Technologies Costs (M. Dabrosz, 2018)	17
Figure 14-VanGuard 21HP Briggs Stratton Specs (Grainger.com)	17
Figure 15-Generator Technical Specs (Machine Mart, 2018)	18
Figure 16-Electric Motor Compression (WebSeminars.com)	18
Figure 17-Brushed DC Motor in Operation (MicroChip.com)	19
Figure 18-Motor & Controller Set (EM.com)	19
Figure 19-Electric Motor Specification (EW.com)	20
Figure 20-Super capacitor specification (RS components, 2018)	20
Figure 21-Safe working with E&HV's (HSE.GOV.UK, 2018)	21
Figure 22-NUMBER OF UK CHARGING LOCATIONS (Zap-Map.com)	21
Figure 23-LCD Vehicle Display Features (EM.com, 2018)	21













[bookmark: _Toc509393052][bookmark: _GoBack]3. Introduction and Problem Identification

The series hybrid vehicle requirement report will mainly focus on critically analysing the control and monitoring systems required and used for hybrid and electric propulsion systems. The criteria to achieve each outcome is to evaluate the performance of an electric propulsion control and monitoring system and produce and report detailing and justifying the procedure adopted. Continuing from the first assignment this report will expand on the evaluation and analysis of different systems and components. 
This the second part of the assignment, in the first stage a duty cycle for an off-road buggy for the recreational and corporate entertainment sector was generated. The company has considered producing a series hybrid version of their new buggy products. 
This report will research alternative series hybrid technologies for; internal combustion engine (with sufficient power to provide average power at the wheels, generator, energy storage device and controller, motor and controller, final drive solution and recommendations will be made outlining all the costings. Comparison of graphs and tables will be carried out to support the discussion. 
A choice of a suitable series hybrid system will be specified including the selection of; electric motor, final drive ratio, energy storage solution, ICE and generator unit and the maintenance required. Likely fuel consumption benefits will be outlined. 
Due to the slight anomalies in the first part of the spreadsheet calculation it needs to be modified otherwise it will negatively affect the results in the second part. The average power must be recalculated as it previously included negative power figures which is not correct, average power calculation should only include positive results as it will be unsafe to recover any of it. After the average power calculations were changed the new average power increased from 9.45kw to 10.65kw. 
Expanding on the spreadsheet created for the first part of the assignment, the new additions will include; voltage, speed, torque and total energy drawn for the battery. 










[bookmark: _Toc509393053]4. Technology Review & System Specification Discussion

As stated by Gupta in his SAE paper studies into electric and hybrid vehicle propulsion vehicles have been made over the last 20 years (Gupta, 2016). Those types of engines use engines and electric devices which generate power and energy required for propulsion. The hybrid systems overcome the limitations in pure electric engines which are only powered by batteries. To demonstrate the effectiveness of the various hybrid system multiple systems such as this have been engineered and tested. As mentioned in section 3 in this investigation the buggy was transformed into a hybrid series vehicle. To accurately and safely transform the buggy into a successfully hybrid vehicle understanding of components and operation must be developed. Below is an image outlining the components in a series hybrid vehicle; 
[bookmark: _Toc509393068][image: FIGURE 4-7 Series hybrid electric vehicle. Courtesy of University of Michigan.]Figure 1-Series Hybrid Vehicle Components (SEM, 2018)






















[bookmark: _Toc509393054]4.1 Internal Combustion Engine (I.C.E) 
Important aspect to consider when selecting an ICE is the power must be greater than the average power requirements, the average power obtained from the spreadsheet in 10.6518kw. An ICE engine in a series hybrid is required to supplement the electric traction motors in driving the vehicle and in some applications, drive the vehicle fully without electric assistance, for example when the batteries have run out of charge. Thus, meaning the engine is not the only source of power and therefore can be smaller and driven, when it is powered on, when it is in is best operating region. The variability need as to the different terrains are handled by the traction motors (Hybrid-vehicle.org, 2018).
Researching other series hybrid set ups several different engines are used such as:
· Atkinson Cycle; Provides up to 10% more efficiency than a conventional Otto cycle engine. This increase in efficiency is due to the accurate control of the pumping losses (Hybrid-vehicle.org, 2018).
· Hydrogen ICE; lower energy density, burning faster and hotter than gasoline. Thus, higher compression ratios and more air, resulting in cooler running and lower emissions (Wu, D, SAE Paper 2017).
· Series Hybrid; Transmission is operated solely by electric motor, accelerating the vehicle efficiently and driving it at constant speed. The generator run by the ICE keeps the batteries charger. When batteries are charged the engine does not run and gasoline is not used (Kundert, 2014).
· Parallel Hybrid; Uses both electric motor and ICE to run transmission, though not always at the same time. Full hybrid starts the car using power of the batteries to run electric motor. When the battery discharges the car will start the ICE engine. Mild hybrid uses the ICE to do most work. The electric motor is solely used to assist the engine during acceleration (Kundert, 2014). 
Figure 1 of the appendices shows the relative costs of above technologies. 
The engine control method for a series hybrid is dependent on factors such as the state of charge of the battery when the engine or generator is switched on and the batteries state of charge when ICE is switched off (Minarcin, M SAE Paper, 2011). Difference between two state of charge conditions indicate the energy returned to the battery during recharge and the power outputs of the ICE/generator, at this phase the system operates in hybrid more (Eglseer, A, SAE Paper, 2011). Referring to the spreadsheet calculation the average power is 10.6518kw, due to the calculated efficiencies the ICE engine must have 14.31kw sweet spot to operate in its best performance range, and thus the max power of the engine must be around 16kw. The chosen engine is Gas Engine, max 21 HP, 3600 RPM manufactured by Briggs & Stratton. The specs of the engine can be seen in figure 14 of the appendices. The engine was chosen as its sweet operating range is at around the 15kw @ 3600rpm with a maximum efficiency of 87% which most suitable for this application. 
[bookmark: _Toc509393069][image: ]Figure 2-VanGuard ICE (Grainger. com)




[bookmark: _Toc509393055]4.2 Generator Unit 
Generator is used to send a charge from the ICE to the chargers which charge the battery storage. The generator is used as a method of bucking up the power system in a series hybrid. Generator may either charge the batteries or power an electric motor which drives the transmission (Engineering Explained, 2018). The generator which has been chosen for this application is a Clarke PTO20/2 230V 20kVA Generator seen below;
[bookmark: _Toc509393070][image: https://dccf75d8gej24.cloudfront.net/images/products/01/010611044/A2FB8C33-1CDA-43A9-BD41-A94523E27783-large.jpg]Figure 3-Generator unit (MachineMart.co.uk)










The reason this generator was chosen is due to its high continuous kva outage of 20, which is 16kw. The reason why such a big generator was chosen is because it needs to generate the average power of the buggy which from the spreadsheet is 10.65kw therefore it will have the capabilities to supply good voltage when needed (M. Sandford, 2018). Specification for this generator can be seen on figure 15 of the appendices. The cost for this component is £1882.80. According to the research this type of generator has 8% inefficiencies (Large.stanford.edu, 2018).

AC TO DC OR DC TO AC CONVERETER 









[bookmark: _Toc509393056]4.3 Electric Motor & Controller Unit 
[bookmark: _Toc509393071]Figure 4-Different Types of Electric Motors (M. Dabrosz, 2018)
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Figure 16 of the appendices shows a compression between some the above motors. Considering the comparison in figure 16 a brushed motor was selected. 
For this application a brushed DC motor was chosen, the reasons for this choice are: it generates a stationary magnetic field which surrounds the rotor, this magnetic field is generated either by permanent magnets or electromagnetic windings (Microchip.com, 2018). Brushed DC motors do not require a controller to switch the current, it uses a mechanical commutation of the windings. Figure 17 of the appendices shows an operation of a brushed motor (Sharma, S. and Kumar, V, SAE, 2013). The chosen motor has 10% inefficiencies (EM.com), thus this needs to be considered in calculations. Inefficiencies occur due to resistance of the copper wire (M. Sandford, 2018). To make sure the motor doesn’t ‘run away’ the current will be limited by controlling the applied voltage. 
ME1004 Drive Kit with Motor, Controller, Throttle, Contactor, Wire Kit, and Fuse Block was chosen. The selection of the full kit can be seen in figure 18 of the appendices. The specification can be seen in figure 19 in the appendices. Full cost is £808.63. 
[bookmark: _Toc509393072][image: ]Figure 5-ME1004 Electric Motor (EM.com)




 
[bookmark: _Toc509393057]4.3.1 Final Drive Ratio Calculation 
Wheel diameter=0.68 m 
Maximum velocity=11.176 m/s



Max motor RPM=3700
Therefore,  The final drive ratio=11.8:1
[bookmark: _Toc509393058]4.4 Storage 
[bookmark: _Toc509393073][image: ]Figure 6-Different Types of Storage Systems (M. Dabrosz, 2018)






Hybrid car powers the engine the whole time, even when braking, the unused energy is stored in the storage. The storage then provides energy into motor and controller. The biggest worry is battery run out (M. Sandford, 2018). It is crucial for the battery to cope with the energy and must discharge well at the maximum power, depth of discharge graph must not show joules below 30% (Bagul, Y, Ingale, M, Wani, K, and Patil, S, SAE, 2018).
The size of the battery storage is greatly dependant on the energy drawn calculations. The below graphs show the storage capacity requirements:
[bookmark: _Toc509393074]Figure 7-Power vs Time Graph (M. Dabrosz, 2018)

[bookmark: _Toc509393075]Figure 8-Total Energy Drawn (M. Dabrosz, 2018)
Data shown in figure 8 shows a correlation between total energy drawn (J) and power results obtained from the spreadsheet. As seen between figure 7 and 8 as the power (kW) stays constant suggesting the buggy is driving at a constant speed, at this point the energy is being recharged. As the power requirement increases suggesting the vehicle speed is increasing the energy drawn is negative meaning it is being consumed. The results in figure 8 are clearly dependant on the power requirements. The aspects above have also been backed up by (Ord, D., White, E., Manning, P., Khare, A, SAE, 2014). 
[bookmark: _Toc509393076][image: ]Figure 9-Comulative Energy Drawn (M. Dabrosz, 2018)

Data from figure 9 has been used to calculate the capacity of the battery required to propel the buggy. The capacity of the battery has been determined from adding the highest peak on the graph to the lowest point. 69+82=151 KJ capacity. To make sure there is enough energy to propel the buggy and meet all of its requirements the battery pack has to be doubled to prevent it going flat, therefore the battery capacity requirement for this buggy should be 302 KJ (M. Sandford, 2018). 
Due to the very high requirement of battery capacity it was decided that a super capacitor system will be used as it is more effective for this type of application. The bigger the capacitance the bigger the charge for a given voltage. The measure of charge is in ‘Coulomb’, 1 Coulomb=612 x10(18) electrons. The capacitance is called farad. (M. Sandford, 2018). A charging capacitor starts with no charge but ends up with a charge Q=C x V. The super capacitor which has been chosen can be seen below. Its specification in figure 20 of the appendices. 
[bookmark: _Toc509393077][image: ]Figure 10-Super capacitor Easton 130F (RS Components, 2018)






As seen from figure 9 the required battery capacity is 301 KJ. To calculate the output of the above super capacitor the following equations were considered:
Example equation for a 12v/100amp hour battery:


Equations for selected super-capacitor:
Considering the products specifications are in farads a conversion needs to be done to calculate the number of batteries required to provide 301 KJ. 
According to the research 1 farad= 2.25 ampere hours. 

	Therefore the super capacitor produces 293 ampere hours. 


Therefore, one super capacitor has 65.5 KJ capacity, the buggy requires 301 KJ.

Thus, to meet the requirements the buggy requires 5 batteries. 
The price for 5 super capacitors comes to £7584.95.
Also, in addition to make sure the batteries operate efficiently a way of cooling them has been considered. The battery performance is greatly dependant on their temperatures, many systems in hybrid vehicles suffer from goldilocks effects, they do not perform when the temperatures are either too hot or cold, and this can lead to permanently damaging the storage. Also, in addition to cooling, heating of the cells is also important, this becomes prominent at lower ambient temperatures, heating them is important as fast charging can cause damage to the system if it is cold (Avidtp.com, 2018).
The most common method of thermal management systems used today are (Avidtp.com):
1. Convection to air either passively or forced.
2. Cooling by flooding the battery with a dielectric oil which is then pumped out to a heat exchanger system.
3. Cooling by circulation of water based coolant through cooling passages within the battery structure.
The system deemed as the most applicable is the one where the air is directly blown onto the batteries, this can be done by modifying the air passage to make sure most of it covers the area. It is also be worth mentioning that flow of air cooling the batteries should also be directed onto the electrical components such as the controller unit and all of the wiring. This will make sure all components work efficiently and safely (Janarthanam, S., Burrows, N., and Boddakayala, B, SAE, 2017). The air will be directed to the operations area by a cold air snorkel used on 4x4. This system will direct the ambient air right to the batteries and electrical component. Snorkel kits costs £329.83. 
[bookmark: _Toc509393059]5. Preliminary Costing

[bookmark: _Toc509393078]Figure 11-Prelimenary Costings Table (M. Dabrosz, 2018[image: ])




















[bookmark: _Toc509393060]6. Conclusion and Recommendations

[bookmark: _Toc509393061]6.1 Required Maintenance 
The petrol ICE engine requires maintenance in the same way as it does on any car, this includes: oil and oil filter change, fuel filter change, sparkplugs change and overview of general condition looking out for any leaks. However, due to ICE not being used as much as in standard applications meaning there is less wear on the engine, therefore the service intervals as around 5000miles rather than 3000miles for a purely petrol engine car. The hybrids regenerative braking system and the lower heat levels mean braking components such as pads and discs last longer. With most hybrid systems there is no special maintenance required expect for the Ford Escape hybrid where its air filter on the battery systems must be replaced every 40,000 to 50,000 miles. However, there is always a possibility that the battery packs might fail, this could be due to overcharging or misuse. Today’s hybrids typically have 8 years warranty and manufactures claim they are good for 100,000 miles. If a battery does fail and is not on warranty replacement costs vary between £1500 - £6000. Prices are low due to manufacturers lowering the prices for replacement batteries (Linda C, Brinson 2018).
[bookmark: _Toc509393062]6.2 Safety Considerations 
Electric and hybrid vehicles come with many hazards when working on them. Different hazards include; the presence of high voltage components which have the capability of delivering an electric shock, the storage have a potential to cause explosions and fires, some components retain voltage even when the system is shut off, electric motors might move when not expected due to the magnetic forces in the electric motor, the vehicles being quiet poses a big threat to the public as they might not be able to hear the vehicle coming and the potential for the electrical systems to interfere with medical devices such as pacemakers (Hse.gov.uk, 2018). To make sure working on these vehicles is safe additional skills and competences should be required from people working on them. As stated in the government paper an awareness of the additional risks is likely to be all that is required for people to work on these cars, this incudes selling them and valeting. The four working categories created for working on hybrid vehicles can be seen in figure 21 of the appendices. Each of them outlines any safety precautions which must be obliged by, depending on the intensity of the work. Furthermore, to add to the safety considerations a monitoring system will also be equipped on the buggy. This system is a very useful feature providing useful information to the driver, its features can be seen in figure 23 of the appendices. A system like this is capable of informing the driver about the battery charge levels, this includes warnings about overcharging the battery and also the discharge indication. As stated by Samadani, S., Fraser, R., and Fowler, M in their SAE paper a system like this can enhance the passenger’s safety but also give them a thrill of knowing exactly what happening with the vehicle they are driving. 
[bookmark: _Toc509393063]6.3 Charging Facilities 
The electric car infrastructure in the UK has changed significantly over the last 12 months. There are three types of charging facilities; slow charger which allows vehicles to be charged overnight using a 13 amp three pin plug, fast chargers which can charge a vehicle in 3 to 4 hours, these use type 2 ‘Mennekes’ connectors and rapid chargers which is for more advanced systems like Tesla Model S and Kia Soul EV, it charges them within 30 minutes (Auto Express, 2018). Figure 22 of the appendices shows the number of UK charging points. 

[bookmark: _Toc509393064]6.4 Weight Considerations 
The original weight of the buggy was 654kg. This weight included the weight of the engine which it was using, this was 136kg. Considering the changes which have been made to the vehicle and removing its original engine, the weight has slightly changed. The table below shows the weight of the new components which have been added to the buggy. 
[bookmark: _Toc509393079]Figure 12-Components Weight Table (M. Dabrosz, 2018)
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Considering the above weight figures it is clear that the weight of the buggy has been increased by 97.57kg. Due to the order in which the work was carried out in this investigation the weight has not been updated on the spreadsheet as this would change the results and therefore none of the selected components would be suitable. To improve the accuracy for future investigations the suggested recommendation would be to update the weigh on the spreadsheet to produce better results.  
In conclusion, all of the learning outcomes and the assessment criteria’s have been achieved. The system was critically analysed regarding its control and monitoring systems to make the whole set up safe and the best components have been selected, in author’s opinion. To summarise this has been a successful investigation. 
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[bookmark: _Toc509393082][image: ]Figure 15-Generator Technical Specs (Machine Mart, 2018)









[bookmark: _Toc509393083][image: ]Figure 16-Electric Motor Compression (WebSeminars.com)





[bookmark: _Toc509393084]Figure 17-Brushed DC Motor in Operation (MicroChip.com)
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[bookmark: _Toc509393085][image: ]Figure 18-Motor & Controller Set (EM.com)



















[bookmark: _Toc509393086][image: ]Figure 19-Electric Motor Specification (EW.com)









	

[bookmark: _Toc509393087]Figure 20-Super capacitor specification (RS components, 2018)
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[bookmark: _Toc509393088][image: ]Figure 21-Safe working with E&HV's (HSE.GOV.UK, 2018)








[bookmark: _Toc509393089]Figure 22-NUMBER OF UK CHARGING LOCATIONS (Zap-Map.com)
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[bookmark: _Toc509393090][image: ]Figure 23-LCD Vehicle Display Features (EM.com, 2018)
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Data from figure 8 has been used to calculate the capacity of the battery required to propel the
buggy. The capacity of the battery has been determined from adding the highest peak on the graph
to the lowest point. 69+82=151 Joules capacity. To make sure there is enough energy to propel the
buggy and meet all of its requirements the battery pack has to be doubled to prevent it going flat,
therefore the battery capacity requirement for this buggy should be 302 J (M. Sandford, 2018),

Due to the very high requirement of battery capacity it was decided that a super capacitor system
will be used as it is more effective for this type of application. The bigger the capacitance the bigger
the charge for a given voltage. The measure of charge s in ‘Coulomb’, 1 Coulomb=612 x10(18)
electrons, The capacitance is called farad. (M. Sandford, 2018). A charging capacitor starts with no
charge but ends up with a charge
below:

=C x V. The super capacitor which has been chosen can be seen

Figure §-Super copacitor Easton 130F (RS Components, 2015)
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Type

Advantages

Disadvantages

Typical Appli

Typical Drive

AC Induction

Long life
High power

high startng torque
Rotation in-sync with
freq

Longife (alternator)

Rotation slips from
frequency

Low startng torque

More expensive

Fans
Appliances
Clocks

Audio turntables
tape drives,

UniPoly-phase AC

Stepper DC.

Pracision positioning.
High holding torque.

Slow speed.
Requires a controller

Positioning in
printers and floppy
drives

Multiphase DC

Brushless DC electric

Long lifespan
Low maintenance
High effciency

High inital cost
Requires a controller

Hard drives
CDIDVD players
Electric vehicles

Multiphase DC

Brushed DC electric:

Low initial cost
Simple speed control

High maintenance
(brushes)
Limited lifespan

Treadmill exercisers
Automoive siarters
Toys and some.
appliances

Direct (PWM)

Now, see how brushed DC motors compare to other types of motors, such as
brushless DC motors, stepper DC motors, and AC induction motors.
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Finally, here is a complete overview of a brushed DC motor with all components
labeled.
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The ME1004 is a Permanent Magnet. Brush Type, DC Motor with Neodymium Iron Boron Magnets. The 1" diameter shaft s similar to the shaft on most Lawn and Garden Tractor engines. At 2 5" is also longer than
other models to facilitate couplig. This motor is perfect for an engine replacement on a Lawn and Garden tractor when converting the tractor to electric propulsion. No motor control is necessary for an engine-swap.
but you will need to add a Contactor, Fuse, and 48 VDC batteries. Capable of 200 amps continuous, and 400 amps for 1 minute. The effciency is 30%

- Brush-type Permanent Magnet DC motor
- Light weight, high efficiency design

- Designed for 48 VDC battery operated equipment

- 150 A continuous at 48 V/ (300 A for 1 minute)

- Capable of 4.8 KW continuous and 15 KW for 1 minute.
- Totally open, fan cooled motor

- Runs in either direction

Power: 10.75 Hp cont ~ 21 pk Hp
Voltage: 48 Volt rated

Speed: 3700 rpm @ 48V unloaded
Size: 8" 0D, 6.4 long (wlo shaft)
Shaft 1°x 25", 316" key

Weight 32 Ibs

Controller

Choose from.

Alltrax AXE 4834 48V 300A
Sigmadrive PM4825 48V 250A 4Q w/ Regen
Sevcon Millpak 48V 300A 4Q w/ Regen
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Dimensions 635 176 x 173mm
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Tolerance Plus 20%

Capacitor Family Electric Double Layer

Polarised Polar
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electrically driven they are silent in operation
= the potential for the electrical systems on the vehicle to affect medical
devices such as pacemakers

Safe Working with E&HV's

‘Additional skills and training will be necessary to allow people to work safely
with E&HVs. The levels of competency required wil vary greatly and are
dependent on the type of work that people are expected to do. For example, an
awareness of the addtional risks is ikely to be all that is required for people
who undertake vehicle sales or valeting. People involved in vehicle repair and
maintenance however, are likely to need a much greater level of competence in
order to work on these types of vehicle safely. Specific training with
qualifications awarded by organisations such as IMI Awards is available.

Four categories of work have been identified. These are:

= Valeting, sales and other lower risk activities
= Incident response including emergency services and vehicle recovery
= Maintenance and repair excluding high vohtage electrical systems

= Working on high voltage electrical systems
These categories are outlined below with the suggested primary controls.

Valeting, sales and other lower risk activities

Remote operation keys that only need to be close to the vehicle for the vehicle
to be powered up should be kept away from vehicles. This is to prevent the
vehicle from accidentally moving

People who move these vehicles around the workplace should be aware that
others may not hear it approaching them. Similarly, people who work around
E&HVs should be aware that they may move without warning

Pressure washing has the potential to damage high voltage electrical
components and cables. High vohtage cables are usually coloured orange
Refer to guidance from manufacturers before valeting in any under body areas
including the engine bay

Incident response including emergency services and vehicle
recovery

Vehicles should be visually checked for signs of damage to high voltage
electrical components or cabling (usually coloured orange). Consider whether
the integrity of the battery is likely to have been compromised. Shorting or loss
of coolant may present ignition sources in the event of fuel spillage. If the

vehicle is damaged or fauly, and if safe to do so, isolate the high voltage
battery system using the isolation device on the vehicle. Refer to
manufacturer's instructions for guidance.
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CONNECTORS DEVICES LOCATIONS

bbb

LAST 30 DAYS

ZAP§)MAP'

The table above shows the total number of locations which have a public charging point installed
(5456), the number of devices at those locations (9141) and the total number of connectors within
these devices (15664). There have been 565 new connectors added to the Zap-Map database
over the last 30 days.

NUMBER OF UK CHARGING LOCATIONS AND CONNECTORS
OVER PAST 12 MONTHS: ZAP-MAP, MARCH 2018
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This graph shows the number of public charge connectors and locations on the Zap-Map database
over the last year. The total number of connectors has increased from just over 11,000 in February
2017 to more than 14,000 by Jan 2018. The graph below shows the breakdown of total connectors
by Slow, Fast, Rapid DC and Rapid AC charger speed for the last seven years

CHARGING CONNECTORS BY TYPE: ZAP-MAP, 2011-2017
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Figure 22-LCD Vehicle Display Features (EM.com, 2018)
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PRODUCT DESCRIPTION  ADDITIONAL |

REVIEWS  FORMS & WORKSHEETS

Compatible with Sigmadrive controllers only. Due to Sigmagauge’s LCD contrast and resolutiuon, this display is best suited for indoor use.

Features

- Large backiit dot-matrix LCD display
- Field upgradeable flash software

- CANbus communic
- Configurable membrane operator pushbuttons

- Programmable Battery Discharge Indication (BDI)
- Keyswitch On Time and Drive Time hour counter
- Service Timer with truck performance settings

- Full icon-based diagnostic display

ion

The Sigmagauge LCD is a highly versatile vehicle display, which can be easily configured and customized to meet OEM requirements. The backit, dot-matrix display receives its information via CANbus, and

presents vehicle status and diagnostic information to the operator using a graphic icon system
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3600rpm with a maximum efficiency of 87% which most suitable for this application.
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