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Clean Snowmobile Challenge 

Electrical Safety Form Template for Electric Vehicles

Coversheet

The Coversheet has to contain the following:

· Heading “Electrical Safety Form CSC2016”
· University and Team Name
· Snowmobile number
· Main Team Contact for ESF related questions 

Feel free to add team logo, snowmobile picture, and the like.

Requirements (delete this section after you have read and understood it):

Maximum number of pages for the complete ESF is 100 pages!

Links to video or audio data are prohibited.
If you did not fill out the tables or if you changed the format of the ESF Template, you will fail by default.

Every single part/heading of the ESF Template must be filled with content. If the respective part is not relevant for your concept, describe shortly why not.

The respective parts of the ESF template provide guidance on the type of information which should be included in each section or the rules which should be addressed by the section.

The table of contents must be hyperlinked.

The generated PDF must contain hyperlinked bookmarks (an example can be found in the CSC2016 rules for example).
Use internal reference links. For example when describing wiring and mentioning a figure in the text then link it to the figure.

Do not just copy all of your datasheets in the appendix, e.g. we do not need to know what you have to do to program your motor controller; we do not need the whole user manuals of microcontrollers to review your ESF, etc.

Single pages/figures/tables extracted from the complete datasheet showing the important parameters, figures, etc. are usually sufficient, but the source/link to the complete datasheet has to be provided. If the datasheet describes more than one type, clearly mark in the datasheet to which type you are referring / which type you plan to use.

Datasheets should only be used as a reference. Please cover the important data in your text by using tables, figures, etc.

If you refer to parts of a data sheet, then you need to provide an internal document links from the text to the respective datasheet and another internal document link back from the datasheet to the text section.

For example a link in the motor controller section “The datasheet can be found here (clickable)” and a link above the motor controller datasheet in the appendix “The section covering the motor controller can be found here (clickable)”.

If you do not include the appropriate portions of datasheets in the appendix or include appropriate internal document links you will fail by default.

If you are unsure with respect to feedback of the reviewer, do not hesitate to write an e-mail and ask.

Parts of the ESF which are changed because of reviewer’s feedback have to be marked in red.

Following these guidelines will guarantee a swift review process.
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III List of Abbreviations

1 System Overview

· Short description of the system’s concept 

· Rough Schematic (blocks) showing all parts affected with the safety and function of the tractive-system

· No detailed wiring

· Additionally fill out the following table, replacing the values with your specifications:

	Maximum Tractive-system voltage:
	300VDC

	Nominal Tractive-system voltage:
	250VDC

	Grounded Low Voltage-system voltage:
	12VDC, 24VDC

	Accumulator configuration:
	70s3p

	Total Accumulator capacity:
	24Ah

	Motor type:
	Permanent magnet synchronous motor

	Number of motors:
	1

	Maximum combined motor power in kW
	150


Table 1.1 General parameters
2 Safety Systems

2.1 Shutdown Circuit

These sections should cover rules EV5.1.1 and EV5.2
2.1.1 Description/concept

Describe your concept of the shutdown circuit, the master switches, shut down buttons, tether, etc.

Additionally fill out the following table replacing the values with your specification and append additional switches from your setup:

	Part
	Function

	Tractive System Master Switch
	Normally open

	Shutdown buttons
	Normally closed

	Tether
	Normally open

	Insulation Monitoring Device (IMD)
	Normally open

	Battery Management System (BMS)
	Normally open

	Interlocks
	Closed when circuits are connected


Table 2.1 List of switches in the safety circuit

2.1.2 Wiring / additional circuitry

Describe wiring and additional circuitry, show extra schematics for example if additional transistors etc. are used, also describe the function of additional circuitry and make good use of figures.

Additionally fill out and add information to the following table with respect to the current flowing through the safety circuit:

	Total Number of BIRs:
	10

	Current per BIR:
	0.5A

	Additional parts consumption within the safety circuit:
	2A

	Total current:
	7A

	Cross sectional area of the wiring used:
	20AWG


Table 2.2 Wiring – Safety circuit

2.1.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the renderings, if necessary.

2.2 IMD

2.2.1 Description (type, operation parameters)

Describe the IMD used and use a table for the common operation parameters, like supply voltage, temperature, etc. Also describe how the IMD indicator light is wired, etc.  This section should cover rules EV5.3. 
Additionally fill out the following table replacing the values with your specification:

	Supply voltage range:
	10..36VDC

	Supply voltage
	24VDC

	Environmental temperature range:
	-40..105°C

	Selftest interval:
	Always at startup, then every 20 minutes

	High voltage range:
	DC 0..1000V

	Set response value:
	100kΩ (500Ω/Volt)

	Max. operation current:
	500mA

	Approximate time to shut down at 50% of the response value:
	27s


Table 2.3 Parameters of the IMD

2.2.2 Wiring/cables/connectors/

Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.  Be sure to include information on the fusing of the TS leads to the IMD.
2.2.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.

2.3 Reset / Latching for IMD and BMS

2.3.1 Description/circuitry

Describe the concept and circuitry of the latching/reset system for a tripped IMD or BMS.  This section should cover rules EV5.1.5 and EV5.1.7.
2.3.2 Wiring/cables/connectors

Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.

2.3.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.

2.4 Safety System Interlocks

2.4.1 Description/circuitry

Describe the concept and circuitry of the Safety System Interlocks.

2.4.2 Wiring/cables/connectors

Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.

2.4.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.

2.5 Vehicle Energized Light

2.5.1 Description/circuitry

Describe the vehicle energized light and additional circuitry.  This section should cover rules EV4.11.  If a custom PCB is used be sure to show that EV4.1.7 is met.
2.5.2 Wiring/cables/connectors

Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.

2.5.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.
2.6 Tractive System Measurement points

2.6.1 Description 

Describe the housing used and how it can be accessed, etc.  This section should cover rules EV4.5.
2.6.2 Wiring, connectors, cables

Describe wiring, show schematics, and describe connectors, cables and conduit used and show useful data regarding the wiring.

2.6.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.

2.7 Pre-Charge circuitry

These sections should cover rules EV4.10.1, EV4.10.2 and EV4.10.3.
2.7.1 Description

Describe your concept of the pre-charge circuitry.

2.7.2 Wiring, cables, current calculations, connectors

Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.

· Give a plot “Percentage of Maximum Voltage” vs. time

· Give a plot Current vs. time 

· For each plot, give the basic formula describing the plots

Additionally fill out the tables:

	Resistor Type:
	ABC Resistor

	Resistance:
	680Ω

	Continuous power rating:
	60W

	Overload power rating:
	200W for 30 sec

	Voltage rating:
	1500V

	Cross-sectional area of the wire used:
	20AWG


Table 2.4 General data of the pre-charge resistor

	Relay Type:
	DEF Relay

	Contact arrangment:
	SPDT, SPST, SPCO, SPTT, DPST, ….

	Continuous DC current: 
	25A

	Voltage rating 
	2000VDC

	Cross-sectional area of the wire used:
	0.205 mm²


Table 2.5 General data of the pre-charge relay

2.7.3 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary.

2.8 Discharge circuitry

These sections should cover EV4.10.4 and EV4.10.5.
2.8.1 Description

Describe your concept of the discharge circuitry.

2.8.2 Wiring, cables, current calculations, connectors

Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.

· Give a plot “Voltage” vs. time

· Give the formula describing this behavior
· Give a plot “Discharge current” vs. time

· Give the formula describing your plot

Additionally fill out the table:

	Resistor Type:
	ABC Resistor

	Resistance:
	680Ω

	Continuous power rating:
	350W

	Overload power rating:
	600W for 20 sec

	Voltage rating:
	1500V

	Maximum expected current:
	0.7A

	Average current:
	0.3A

	Cross-sectional area of the wire used:
	0.205 mm²


Table 2.6 General data of the discharge circuit

2.8.3 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary.

2.9 HV Disconnect (HVD)

These sections should cover rules EV4.8.

2.9.1 Description

Describe your concept of the HVD and how it can be operated.  Wiring, cables, current calculations, connectors

Describe wiring, show schematics, describe connectors, cables and conduit and show useful data regarding the wiring.

2.9.2 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary.

2.10 Ready-To-Drive-Sound (RTDS)

2.10.1 Description

Describe your concept of the RTDS, how the sound is produced, what are the parameters for activating the RTDS, etc.  This section should cover rules EV4.9 and EV4.12
2.10.2 Wiring, cables, current calculations, connectors

Describe wiring, show schematics, describe connectors and cables and show useful data regarding the wiring.

2.10.3 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary.

3 Battery
3.1 Battery pack 1

3.1.1 Overview/description/parameters

Describe concept of battery pack, provide table with main parameters like number of cells, cell stacks separated by maintenance plugs, cell configuration, resulting voltages->minimum, maximum, nominal, currents, capacity etc.

Fill out the following table:

	Maximum Voltage:
	300VDC

	Nominal Voltage:
	250VDC

	Minimum Voltage:
	200VDC

	Maximum output current:
	405A for 10s

	Maximum nominal current:
	250A

	Maximum charging current:
	50A

	Total numbers of cells:
	200

	Cell configuration:
	70s3p

	Total Capacity:
	21.6 MJ

	Number of cell stacks < 120VDC
	5


Table 3.1 Main battery parameters

3.1.2 Cell description

Describe the cell type used and the chemistry, provide table with main parameters.  This section should cover rule EV3.1.2.
Fill out the following table:

	Cell Manufacturer and Type
	Kokam XYZ

	Cell nominal capacity:
	5.4 Ah

	Maximum Voltage:
	4.2 V

	Nominal Voltage:
	3.7V

	Minimum Voltage: 
	2.8V

	Maximum output current:
	20C for 10s

	Maximum nominal output current:
	15C

	Maximum charging current:
	5C

	Maximum Cell Temperature (discharging)
	65°C

	Maximum Cell Temperature (charging)
	55°C

	Cell chemistry:
	LiFePO4


Table 3.2 Main cell specification

3.1.3 Cell configuration

Describe cell configuration, show schematics, cover additional parts like internal cell fuses etc.  This section should cover rules EV3.3.3, EV3.3.4, EV3.3.5, EV3.3.6 and EV3.3.8.
3.1.4 Cell temperature monitoring

Describe how the temperature of the cells is monitored, where the temperature sensors are placed, how many cells are monitored, etc. Show schematics, cover additional parts, etc. This section should cover rule EV3.6.5.
3.1.5 Battery management system

Describe the BMS used, show wiring including fusing / protection for the sense wires, provide tables with operation parameters e.g. at which upper and lower voltage and temperature levels the BMS does react and how, etc.  This section should cover rules EV3.6.  Be sure to include a table of set points for the BMS (over/under voltage, temperature, etc.).  This section should cover any required galvanic isolation in the BMS.
3.1.6 Accumulator indicator

Describe the indicator, show wiring, provide tables with operation etc.  This section should cover rules EV3.3.10 – EV3.3.12
3.1.7 Wiring, cables, current calculations, connectors

Describe the internal wiring, show schematics, provide calculations for currents and voltages and show data regarding the cables and connectors used.

· Discuss maximum expected current, DC and AC how long will this be provided?

· Compare the maximum values to nominal currents

· Give a table for each kind of wire in your tractive-system:

· Describe your maintenance plugs, provide pictures
· Use tables like the one shown below:
	Wire type
	Company A, 

	Continuous current rating:
	150A

	Wire Gauge
	20 AWG

	Maximum operating voltage:
	800VDC

	Temperature rating:
	150 °C

	Wire connects the following components:
	Cell and BMS


Table 3.3 Wire data of company A, 20 AWG
3.1.8 Battery isolation relays

Describe the BIRs used and their main operational parameters, use tables, etc.  This section should cover rules EV3.4.13 and EV3.5.

Additionally fill out the following table:

	Relay Type:
	ABC Relay

	Contact arragment:
	SPST

	Continous DC current rating:
	100A

	Overload DC current rating: 
	200A for 10sec

	Maximum operation voltage:
	800VDC

	Nominal coil voltage:
	24VDC

	Normal Load switching:
	Make and break up to 300A

	Maximum Load switching
	10 times at 1500A


Table 3.4 Basic BIR data

3.1.9 Fusing

Describe the fuses used and their main operational parameters, use tables, etc.

Additionally fill out the following table:

	Fuse type:
	MNO Fuse

	Continous current rating: 
	150A

	Maximum operating voltage 
	500VDC

	Type of fuse:
	High speed

	I2t rating:
	1500A2s at 450VDC


Table 3.5 Basic fuse data

Create a table with components and wires protected by the fuse(s) and the according continuous current rating, below is an example table with some potential entries.  Complete this table with information for your design and add/remove additional locations as applicable.  Ensure that the rating of all of the components is greater than the rating of the fuse such that none of the other components become the fuse.

	Location
	Wire Size
	Wire Ampacity
	Fuse type
	Fuse rating

	Cells to BIRs
	2 AWG
	XXX
	MNO Fuse
	XXX

	BIR to Motor controller
	0 AWG
	XXX
	2x MNO Fuse
	XXX

	BIR to Vehicle Energized circuit
	20 AWG
	XXX
	EFG Fuse
	XXX

	Accumulator output connector
	2 AWG
	XXX
	
	

	Cells to BMS
	
	
	
	


Table 3.6Fuse Protection Table
3.1.10 Charging

Describe how the accumulator will be charged. How will the charger be connected? How will the accumulator be supervised during charging? Show schematics, CAD-Renderings, etc., if needed.  This section should cover rules EV8.2.10, EV8.2.11, EV8.2.12 and EV8.2.13.
Additionally fill out the table:

	Charger Type:
	ABC Charger

	Maximum charging power:
	3kW

	Maximum charging voltage:
	550V

	Maximum charging current:
	20A

	Interface with accumulator
	CAN-Bus, proprietary, serial communication...

	Input voltage:
	230 VAC

	Input current:
	16A


Table 3.7 General charger data

3.1.11 Mechanical Configuration/materials

Describe the concept of the container, show how the cells are mounted, use CAD-Renderings, show data regarding materials used, etc.  This section should cover EV3.3.1 and EV3.4.
3.1.12 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.  Ensure that the required mechanical structure to protect the accumulator and other electrical components is clearly identified.
3.2 Battery pack 2

…

If identical parts are used, just refer to the corresponding sections, don’t copy and paste.

4 Motor controller

4.1 Motor controller 1

4.1.1 Description, type, operation parameters

Describe important functions, provide table with main parameters like resulting voltages->minimum, maximum, nominal, currents etc.  Describe any required galvanic isolation in the motor controller or how it has been added.
Fill out the following table:

	Motor controller type:
	ABC Controller

	Maximum continous power:
	60kW

	Maximum peak power:
	75kW for 10s

	Maximum Input voltage:
	600VDC

	Output voltage:
	250VAC

	Maximum continuous output current:
	100A

	Maximum peak current:
	200A for 5s

	Control method:
	PWM, analog signal...

	Cooling method:
	Air, water, oil...

	Auxiliary supply voltage:
	24VDC


Table 4.1 General motor controller data

4.1.2 Wiring, cables, current calculations, connectors

Describe the wiring (including conduit), show schematics, provide calculations for currents and voltages and show data regarding the cables and connectors used.  This section should cover how rules EV4.6 are met for the wiring.
Additionally fill out table:
	Wire type:
	Company A, 20AWG

	Current rating:
	150A

	Maximum operating voltage:
	800V

	Temperature rating:
	150 °C


4.1.3 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.

4.2 Motor controller 2

…

If identical parts are used, just refer to the corresponding sections, don’t copy and paste.
5 Motors 

5.1 Motor 1

5.1.1 Description, type, operating parameters

Describe the motor used, provide table with main parameters like resulting voltages->minimum, maximum, nominal, currents, resulting motor power, use figures to show important characteristics.

Additionally fill out table:

	Motor Manufacturer and Type:
	ABC Motor

	Motor principle
	Asynchronous, permanent magnet

	Maximum continuous power:
	25kW

	Peak power:
	70kW for 5s

	Input voltage:
	250VAC

	Nominal current:
	50A

	Peak current:
	70A

	Maximum torque:
	60Nm

	Nominal torque:
	20Nm

	Cooling method:
	Water, oil, air,...


Table 5.1 General motor data

· Give a plot of power vs. Rpm including a line for nominal and maximum power

· give a plot of torque vs rpm including a line for nominal and maximum torque

5.1.2 Wiring, cables, current calculations, connectors

Describe the wiring (including conduit), show schematics, provide calculations for currents and voltages and show data regarding the cables and connectors used.  This section should describe how rules EV4.6 are met for the wiring.
5.1.3 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary and clearly identify the structure used to protect all relevant parts.
5.2 Motor 2

…

If identical parts are used, just refer to the corresponding sections, don’t copy and paste.

6 Torque Control Sensor
6.1 Description/additional circuitry

Describe the type of the torque control sensors used, provide tables with main operation parameters, and describe additional circuitry used to check or manipulate the signal going to the motor controller. Describe how the system reacts if an implausibility or error (e.g. short circuit or open circuit or equivalent) is detected.

This section should address EV2.4.

	Torque encoder manufacturer and type:
	ABC Encoder

	Torque encoder principle:
	potentiometer

	Supply voltage:
	5V

	Maximum supply current:
	20mA

	Operating temperature:
	-20..180 °C

	Used output:
	0-5V


Table 6.1 Torque control sensor data

6.2 Wiring

Describe the wiring, show schematics, show data regarding the cables and connectors used.

6.3 Position in snowmobile/mechanical fastening/mechanical connection

Provide CAD-renderings showing all relevant parts and discuss the mechanical actuation. Mark the parts in the rendering, if necessary.

7 Additional GLV-parts interfering with the tractive system

7.1 GLV part 1

Describe those parts here which interfere or influence the tractive system, for example a controlling unit that measures track slip and calculates a target torque for the motor or a DC/DC-Converter providing power for the GLV-system from the Tractive-system, etc.

7.1.1 Description

Describe the parts used and their circuitry, and provide main operation parameters, use tables or figures, etc.

7.1.2 Wiring, cables,

Describe the wiring, show schematics, etc.

7.1.3 Isolation concept

Describe your isolation concept here. Discuss how you ensure to satisfy rule EV4.1 and EV4.3. 

7.1.4 Position in snowmobile
Provide CAD-renderings showing the relevant parts. Mark the parts in the rendering, if necessary.

7.2 GLV part 2

…

8 Firewall(s)

8.1 Firewall 1

8.1.1 Description/materials

Describe the concept, layer structure and the materials used for the firewall. Show it meets the requirements of EV3.4.12.
8.1.2 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary.

8.2 Firewall
8.3 Other Systems

8.3.1 System Description

Describe any other powertrain systems on the vehicle that could have safety implications on the operation of the vehicle and the measures that have been taken to ensure that any failure is benign.

8.3.2 Position in snowmobile
Provide CAD-renderings showing all relevant parts. Mark the parts in the rendering, if necessary.
9 Appendix

Numbering according to chapter 1 to 8
A datasheet for motor controller one for example has to have the numbering 9.4.1
9.2.2 – Bender IR155-3203 IMD ratings

Referred from 2.2.1.
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Complete data sheet located at: http://www.bender-de.com/fileadmin/products/doc/IR155-32xx-V004_DB_en.pdf

