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[bookmark: _Toc56931449][bookmark: _Ref261249217]System Overview
	· Short description of the system’s concept 
· Rough Schematic (blocks) showing all parts affected with the electrical systems and function of the tractive system
· No detailed wiring


Complete the following table, replacing the values with your specifications:
	Maximum Tractive-system voltage:
	Nominal Tractive-system voltage:
	Control-system voltage:
	Accumulator configuration:
	Total Accumulator capacity:
	Nominal TS Accumulator current:
	Maximum TS Accumulator current:
	TS accumulator cell type:
	GLV Accumulator cell type:
	Motor type:
	Number of motors:
	Maximum combined motor power in kW

	e.g. 600VDC
	e.g. 560VDC
	e.g. 12VDC, 24VDC
	e.g. 200s3p
	e.g. 200Ah
	e.g. 90A
	e.g. 100A
	e.g. Lithium-Ion Polymer
	e.g. Lithium-Ion Polymer
	e.g. Permanent excited synchronous motor
	e.g. Total 4, one per wheel
	e.g. 150kW


[bookmark: _Toc56931357]Table 1.1 General parameters
[bookmark: _Ref261212617][bookmark: _Toc56931450]Electrical Systems
[bookmark: _Toc56931451]Shutdown Circuit
[bookmark: _Ref399226466][bookmark: _Toc56931452]Description/concept
	[bookmark: _Hlk33267596]Describe your concept of the shutdown circuit, the master switches, shut down buttons, brake over travel switch, etc.


Complete the following table replacing the values with your specification and append additional switches from your setup:
	Part
	Function

	for example: Main Switch (for control and tractive system; CSMS, TSMS)
	for example: Normally open

	e.g. Brake over travel switch (BOTS)
	e.g. Normally closed

	e.g. Shutdown buttons (SDB)
	e.g. Normally closed

	e.g. Insulation Monitoring Device (IMD)
	e.g. Normally open

	e.g. Accumulator Management System (AMS)
	e.g. Normally open

	e.g. Inertia Switch
	e.g. Normally closed

	e.g. Interlocks
	e.g. Closed when circuits are connected

	e.g. Brake System Plausibility Device
	e.g. Normally Closed

	e.g. Additional Device
	e.g. Normally Opened


[bookmark: _Toc56931358]Table 2.1 List of switches in the shutdown circuit
[bookmark: _Toc56931453]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.


Fill out and add information to the following table:
	Total Number of AIRs:
	Current per AIR:
	Additional parts consumption within the shutdown circuit:
	Total current:
	Cross sectional area of the wiring used:

	e.g. 10
	e.g. 0.5A
	e.g. 2A
	e.g. 7A
	e.g. 0.205 mm²


[bookmark: _Toc56931359]Table 2.2 Wiring – Shutdown circuit
[bookmark: _Toc56931454]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the renderings, if necessary.


[bookmark: _Toc56931455]Failure control, detection and mitigation
	Briefly describe the causes and consequences of key failures of your shutdown circuit, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931456]IMD
[bookmark: _Ref33274471][bookmark: _Toc56931457]Description (type, operation parameters)
	Describe the IMD used and use a table for the common operation parameters, like supply voltage, set point, etc. Also, describe how the IMD indicator light is wired, etc.


Complete the following table replacing the values with your specification:
	Supply voltage range:
	Supply voltage
	Environmental temperature range:
	Self-test interval:
	High voltage range:
	Set response value:
	Max. operation current:
	Approximate time to shut down at 50% of the response value:

	e.g. 10..36VDC
	e.g. 24VDC
	e.g. -40..105°C
	e.g. Always at startup, then every 20 minutes
	e.g. DC 0..1000V
	e.g. 300kΩ (500Ω/Volt)
	e.g. 500mA
	e.g. 27s


[bookmark: _Toc56931360]Table 2.3 Parameters of the IMD
[bookmark: _Toc56931458]Wiring/cables/connectors/
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring including wire gauge/temp/voltage rating and fuses protecting the wiring.


[bookmark: _Toc56931459]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931460]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of the IMD and its inputs or outputs, and how they are detected, mitigated and controlled. 


[bookmark: _Toc56931461]Inertia Switch
[bookmark: _Toc56931462]Description (type, operation parameters)
	Describe the Inertia Switch used and use a table for the common operation parameters, like supply voltage, temperature, etc.


Complete the following table replacing the values with your specification:
	Inertia Switch type:
	Supply voltage range:
	Supply voltage:
	Environmental temperature range:
	Max. operation current:
	Trigger characteristics:

	e.g. Sensata XYZ
	e.g. 10..36VDC
	e.g. 12VDC
	e.g. -40..105°C
	e.g. 500mA
	e.g. 6g for 50ms / 11g for 15ms


[bookmark: _Toc56931361]Table 2.4 Parameters of the Inertia Switch
[bookmark: _Toc56931463]Wiring/cables/connectors/
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.


[bookmark: _Toc56931464]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931465]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of the inertia switch, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931466]Reset / Latching for IMD and AMS
[bookmark: _Toc56931467]Description/circuitry
	Describe the concept and circuitry of the latching/reset system for a tripped IMD or AMS.  Describe the method for resetting the IMD and AMS.


[bookmark: _Toc56931468]Wiring/cables/connectors
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.  If not detailed in section 2.1, be sure to show how the device opens the shutdown circuit.


[bookmark: _Toc56931469]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931470]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your latching/reset system, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931471]Brake Over-Travel Switch (BOTS)
[bookmark: _Toc56931472]Description/circuitry
	Describe the concept and circuitry of the BOTS.  Describe the method how your BOTS solution fulfils T6.2.1.


[bookmark: _Toc56931473]Wiring/cables/connectors
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.  If not detailed in section 2.1, be sure to show how the device opens the shutdown circuit.


[bookmark: _Toc56931474]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931475][bookmark: _Toc33294059]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your BOTS, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc33294060][bookmark: _Toc56931476]Brake System Plausibility Device (BSPD)
[bookmark: _Ref3228710][bookmark: _Toc33294061][bookmark: _Toc56931477]Description/additional circuitry
	Describe how your electronic hardware brake plausibility system works (this is in addition to your ECU controlled brake plausibility software), provide tables with main operation parameters, and describe additional circuitry used to check or for an implausibility. Describe how the system reacts if an implausibility or error is detected.



	Brake sensor used:
	Brake sensor physical response value:
	Tractive system power sensor type
	Tractive system sensor physical response value:
	Tractive System power sensor current threshold (5kW/Nominal TS voltage):
	Supply voltages:
	Maximum supply currents:
	Operating temperature:
	Output used to control AIRs:

	e.g. ABC Sensor
	 
	 
	 
	 
	e.g. 5V
	e.g. 20mA
	e.g. -20..180 °C
	e.g. Open a relay


[bookmark: _Toc33294083][bookmark: _Toc56931362]Table 2.5 BSPD data
[bookmark: _Toc33294062][bookmark: _Toc56931478]Schematic
	Describe the wiring, show schematics including the circuit board, show data regarding the cables and connectors used.


[bookmark: _Toc33294063][bookmark: _Toc56931479]Connection with the shutdown circuit
	Show how the device open the shutdown circuit.


[bookmark: _Toc33294064][bookmark: _Toc56931480]Position in car/mechanical fastening/mechanical connection
	Provide CAD renderings showing all relevant parts and discuss the mechanical connection of the sensors to the pedal assembly. Mark the parts in the rendering, if necessary.


[bookmark: _Toc33294065][bookmark: _Toc56931481]Disconnection of BSPD sensors
	Show how the current sensor and brake system pressure sensor can be disconnected from the BSPD. Describe the BSPD operation if any sensor is disconnected. Provide CAD renderings showing all relevant parts if necessary.


[bookmark: _Toc56931482][bookmark: _Toc33294066]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your BSPD, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931483]Shutdown System Interlocks
[bookmark: _Toc33294067][bookmark: _Toc56931484]Description/circuitry
	Describe the concept and circuitry of the Shutdown System Interlocks.
Note: Interlocks are circuits used to open the shutdown circuit if a connector is disconnected or enclosure is opened.  This is not the entire shutdown circuit.


[bookmark: _Toc33294068][bookmark: _Toc56931485]Wiring/cables/connectors
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.


[bookmark: _Toc33294069][bookmark: _Toc56931486]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931487][bookmark: _Toc33294070]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your interlocks, their inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931488]Measurement points
[bookmark: _Toc33294071][bookmark: _Toc56931489]Description 
	Describe the housing used and how it can be accessed, etc.  Describe how the measurement points are protected/covered when not in use and how the electrical connections on the back of the measurement points are protected when the measurement points are being used.

	Current limiting resistor Value:
	


[bookmark: _Toc33294072][bookmark: _Toc56931490]Wiring, connectors, cables
	Describe wiring, show schematics, and describe connectors and cables used and show useful data regarding the wiring.  Include details on the protection resistor including resistance, voltage and power rating.


[bookmark: _Toc33294073][bookmark: _Toc56931491]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931492][bookmark: _Toc33294074]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your measurement points or their inputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931493]HV Disconnect (HVD)
[bookmark: _Toc33294075][bookmark: _Toc56931494]Description
	Describe your concept of the HVD and how it can be operated.


[bookmark: _Toc33294076][bookmark: _Toc56931495]Wiring, cables, current calculations, connectors
	Describe wiring, show schematics, describe connectors and cables and show useful data regarding the wiring.  Include information on the working voltage and current rating of the HVD.


[bookmark: _Toc33294077][bookmark: _Toc56931496]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931497][bookmark: _Toc33294078]Failure detection, control and mitigation
	Briefly describe the impact of failures of your HVD and how they are detected, mitigated and controlled.


[bookmark: _Toc33294154][bookmark: _Toc56931498]Pre-Charge circuitry
[bookmark: _Toc33294155][bookmark: _Ref3230874][bookmark: _Toc56931499]Description
	Describe your concept of the pre-charge circuitry.


[bookmark: _Toc33294156][bookmark: _Toc56931500]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:
	Resistance:
	Continuous power rating:
	Overload power rating (1 sec):
	Overload power rating (5 sec):
	Overload power rating (15 sec):
	Voltage rating:
	Cross-sectional area of the wire used:

	e.g. ABC Resistor
	e.g. 680Ω
	e.g. 60W
	 
	 
	 
	e.g. 1500V
	e.g. 0.205 mm²


[bookmark: _Toc33294167][bookmark: _Toc56931363]Table 2.6 General data of the pre-charge resistor
	Relay Type:
	Contact arrangement:
	Continuous DC current: 
	Voltage rating 
	Nominal Coil Voltage:
	FET type:
	Maximum Drain-Source Current:
	Drain-Source Breakdown Voltage:
	On Characteristics Gate Threshold Voltage:
	Cross-sectional area of the wire used:

	e.g. DEF Relay
	e.g. SPDT, SPST, SPCO, SPTT, DPST, ….
	e.g. 25A
	e.g. 2000VDC
	 
	 
	 
	 
	 
	e.g. 0.205 mm²


[bookmark: _Toc33294168][bookmark: _Toc56931364]Table 2.7 General data of the pre-charge relay
[bookmark: _Toc33294157][bookmark: _Toc56931501]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931502][bookmark: _Toc33294158]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your pre-charge system, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931503]Discharge circuitry
[bookmark: _Toc33294159][bookmark: _Toc56931504]Description
	Describe your concept of the discharge circuitry.


[bookmark: _Toc33294160][bookmark: _Toc56931505]Wiring, cables, current calculations, connectors
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.

	Plot “Voltage” vs. time and show the formula describing this behaviour

	Plot “Discharge current” vs. time and show the formula describing your plot


Additionally, fill out the table:
	Resistor Type:
	Resistance:
	Continuous power rating:
	Overload power rating (1 sec):
	Overload power rating (5 sec):
	Overload power rating (15 sec):
	Voltage rating:
	Maximum expected current:
	Average current:
	Cross-sectional area of the wire used:

	e.g. ABC Resistor
	e.g. 680Ω
	e.g. 350W
	e.g. 600W
	 
	 
	e.g. 1500V
	e.g. 0.7A
	e.g. 0.3A
	e.g. 0.205 mm²


[bookmark: _Toc33294169][bookmark: _Toc56931365]Table 2.8 General data of the discharge circuit
	Relay Type:
	Contact arrangement:
	Continuous DC current: 
	Voltage rating 
	Nominal Coil Voltage:
	FET type:
	Maximum Drain-Source Current:
	Drain-Source Breakdown Voltage:
	On Characteristics Gate Threshold Voltage:
	Cross-sectional area of the wire used:

	e.g. DEF Relay
	e.g. SPDT, SPST, SPCO, SPTT, DPST, ….
	e.g. 25A
	e.g. 2000VDC
	 
	 
	 
	 
	 
	e.g. 0.205 mm²


[bookmark: _Toc33294170][bookmark: _Toc56931366]Table 2.9 General data of the dis-charge relay
[bookmark: _Toc33294161][bookmark: _Toc56931506]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary


[bookmark: _Toc56931507][bookmark: _Toc33294162]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your discharge system, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931508]Tractive System Active Light (TSAL)
[bookmark: _Toc33294163][bookmark: _Toc56931509]Description/circuitry
	Describe the tractive system active light and additional circuitry. Show a state-machine diagram describing the operation modes of the TSAL. Provide schematic how the TS voltages are measured (DC-link capacitors and AIR vehicle side) and how the mechanical relay states (2 AIRs + pre-charge relay) are detected.


Additionally, fill out the table:
	Indication
	Supply voltage
	Max. operational current
	Lamp type
	Power consumption:
	Brightness
	Frequency:
	Size (length x height x width):

	RED
	e.g. 12VDC
	e.g. 700mA
	e.g. LED
	e.g. 4.5W
	e.g. 100 Lumen
	e.g. 1.5Hz
	e.g. 20mm x 10mm x 50mm

	GREEN
	
	
	
	
	
	
	


[bookmark: _Toc33294171][bookmark: _Toc56931367]Table 2.10 Parameters of the TSAL
[bookmark: _Toc33294164][bookmark: _Toc56931510]Wiring/cables/connectors
	Describe wiring, show schematics, describe connectors and cables used and show useful data regarding the wiring.  Include gauge, voltage and temperature rating of wiring used and any fuses or other overcurrent protection used.


[bookmark: _Toc56931511][bookmark: _Toc33294165]TSAL Power
	Describe how your TSAL is powered to ensure it can remain active for at least 15 minutes after the LVs is switched off.  Describe the method used (if any) to deactivate the TSAL when the LVS is switched off and the TS is confirmed to be deactivated. 


[bookmark: _Toc56931512]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931513]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your TSAL system, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931514]Activating the tractive system
[bookmark: _Toc56931515]Description
	Describe the process for activating the tractive system and explain how the TS cannot be activated closing the shutdown circuit (EV4.11.3).


[bookmark: _Toc56931516]Wiring, cables, current calculations, connectors
	Describe wiring, show schematics, describe connectors and cables and show useful data regarding the wiring.


[bookmark: _Toc56931517]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931518]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your TS activation system, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931519]Ready-To-Drive Mode
[bookmark: _Toc56931520]Description
	Describe your concept for making the vehicle ready to drive, the actions required of the driver and how the ready-to-drive mode is deactivated.  of the RTDS, how is the sound produced, what are the parameters for activating the RTDS, etc.


[bookmark: _Toc56931521]Ready to Drive Sound (RTDS)
	Describe your concept of the RTDS, how is the sound produced, etc.


[bookmark: _Toc56931522]Wiring, cables, current calculations, connectors
	Describe wiring, show schematics, describe connectors and cables and show useful data regarding the wiring.


[bookmark: _Toc56931523]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931524]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your ready to drive system or the RTDS, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc33283713][bookmark: _Toc56931525]Accumulators
[bookmark: _Toc33283714][bookmark: _Toc399226685][bookmark: _Toc56931526]TS Accumulator pack(s)
[bookmark: _Toc33283715][bookmark: _Ref3231740][bookmark: _Toc399226686][bookmark: _Toc56931527]Overview/description/parameters
	1
	Describe the concept of the TS accumulator 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.

	2
	Where more than one TS accumulator is used, add additional rows describing any differences, etc. (if identical parts are used, just refer to the corresponding sections, do not copy and paste)


Fill out the following table (add additional rows for additional accumulators if required):
	Accumulator
	Maximum Voltage:
	Nominal Voltage:
	Minimum Voltage:
	Maximum output current:
	Maximum nominal current:
	Maximum charging current:
	Total numbers of cells:
	Cell configuration:
	Total Capacity:
	Number of cell stacks < 120VDC

	1
	e.g. 550VDC
	e.g. 500VDC
	e.g. 300VDC
	e.g. 405A for 10s
	e.g. 250A
	e.g. 50A
	e.g. 200
	e.g. 100s2p
	e.g. 21.6 MJ
	e.g. 5

	
	
	
	
	
	
	
	
	
	
	


[bookmark: _Toc33283728][bookmark: _Toc399226745][bookmark: _Toc56931368]Table 3.1 TS accumulator parameters
[bookmark: _Toc33283716][bookmark: _Toc399226687][bookmark: _Toc56931528]Cell description
	Describe the cell type(s) used and the chemistry, provide table with main parameters


Fill out the following table:
	Cell Manufacturer and Type
	Cell nominal capacity:
	Maximum Voltage:
	Nominal Voltage:
	Minimum Voltage: 
	Maximum output current:
	Maximum nominal output current:
	Maximum charging current:
	Maximum Cell Temperature
	Cell chemistry:

	
	
	
	
	
	
	
	
	Discharging
	Charging
	

	e.g. Kokam XYZ
	e.g. 5.4 Ah
	e.g. 4.2 V
	e.g. 3.7V
	e.g. 2.8V
	e.g. 20C for 10s
	e.g. 15C
	e.g. 5C
	e.g. 65°C
	e.g. 55°C
	e.g. LiFePO4


[bookmark: _Toc33283729][bookmark: _Toc399226746][bookmark: _Toc56931369]Table 3.2 Main cell specification
[bookmark: _Toc33283717][bookmark: _Toc399226688][bookmark: _Toc56931529]Cell configuration
	1
	Describe cell configuration, cell interconnect, show schematics of electrical configuration and CAD rendering of connection techniques, cover additional parts like internal cell fuses etc.

	2
	Where more than one TS accumulator is used, add additional rows describing any differences in cell configuration, cell interconnection, etc. (if identical parts are used, just refer to the corresponding sections, do not copy and paste)


[bookmark: _Toc33283718][bookmark: _Toc399226689][bookmark: _Toc56931530]Cell temperature monitoring
	1
	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.

	2
	Where more than one TS accumulator is used, add additional rows describing any differences (if identical parts and configurations are used, just refer to the corresponding sections, do not copy and paste)


[bookmark: _Toc33283730]
	Temperature sensor accuracy:
	Total number of cells:
	Total number of sensors:
	Max. distance from monitored negative cell terminal:
	AMS opens AIRs during dis-charging if cell temperature is above:
	AMS opens AIRs during charging if cell temperature is above:

	 
	 
	 
	 
	 
	 


[bookmark: _Toc56931370]Table 3.3 Cell temperature monitoring
[bookmark: _Toc56931531][bookmark: _Toc33283719]Accumulator Materials
Complete the table below, identifying the materials used within the accumulator(s)
	Material
	Usage
	Fire Retardancy
	Data Sheet Reference

	e.g. 2.5mm x 100mm Cable Ties
	e.g. Sense wire looms
	e.g. UL94 V-0
	(link to appendix)


[bookmark: _Toc56931371]Table 3.4 Accumulator Materials
[bookmark: _Toc56931532]Accumulator Management System
	Minimum cell voltage (shutdown limit):
	Maximum cell voltage (shutdown limit):
	Measurement precision (mV):

	
	
	


[bookmark: _Toc33283731][bookmark: _Toc56931372]Table 3.5 Cell voltage limits
	Describe the AMS used including at least the following:
· Sense wiring protection (fusing / fusible link wire used)
· What upper and lower voltage does the AMS react at and how does it react?
· What cell temperature does the AMS react at and how does it react?
· Show tables of operation parameters
· Describe how many cells are sensed by each AMS board, the configuration of the cells, the configuration of the boards and how any comms wiring between boards is protected 
· Describe how the AMS is able to open the AIRs if any error is detected
· Describe where galvanic isolation occurs between TS and GLV system connections.


[bookmark: _Toc33283720][bookmark: _Toc399226691]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your AMS, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931533]Accumulator indicator
	1
	Describe the indicator, show wiring, provide tables with operation, PCB design, etc.

	2
	Where more than one TS accumulator is used, add additional rows describing any differences in the accumulator indicators (if identical parts are used, just refer to the corresponding sections, do not copy and paste).


[bookmark: _Toc33283721][bookmark: _Toc399226692]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your Accumulator Indicator, its inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931534]Wiring, cables, current calculations, connectors
	[bookmark: _Hlk52624028]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
· Describe your maintenance plugs, provide pictures


Complete the table below for each type of wire in your tractive system
	Wire type
	Continuous current rating:
	Cross-sectional area
	Maximum operating voltage:
	Temperature rating:
	Wire connects the following components:

	e.g. Company A, 0.205 mm²
	e.g. 150A
	e.g. 0.205mm²
	e.g. 800VDC
	e.g. 150°C
	e.g. Cell and AMS

	
	
	
	
	
	


[bookmark: _Toc33283732][bookmark: _Toc399226747][bookmark: _Toc56931373]Table 3.6 Wire data
[bookmark: _Toc56931535][bookmark: _Toc33283722][bookmark: _Toc399226693]Maintenance Plugs
	Describe your maintenance plugs, provide images and explain how the design ensures that it is physically impossible to electrically connect them in an incorrect configuration.


[bookmark: _Toc56931536]Accumulator isolation relays
	Describe the AIRs used and their main operation parameters, how their state is monitored, etc.


Additionally, fill out the following table:
	Relay Type:
	Contact arrangement:
	Continuous DC current rating:
	Overload DC current rating:
	Maximum operation voltage:
	Nominal coil voltage:
	Normal Load switching:
	Maximum Load switching

	e.g. ABC Relay
	e.g. SPST
	e.g. 100A
	e.g. 200A for 10sec
	e.g. 800VDC
	e.g. 24VDC
	e.g. Make and break up to 300A
	10 times at 1500A


[bookmark: _Toc33283733][bookmark: _Toc399226748][bookmark: _Toc56931374]Table 3.7 Basic AIR data
[bookmark: _Toc33283723][bookmark: _Toc399226694]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your AIRs, their inputs or outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931537]Fusing
	Describe the fuses used and their main operation parameters, use tables, etc.


Additionally, fill out the following table for each fuse type used:
	Fuse manufacturer and type
	Continuous current rating
	Maximum operating voltage
	Type of fuse
	I2t rating
	Interrupt Current (maximum current at which the fuse can interrupt the current)

	e.g. ABC Fuse company, MNO Fuse
	e.g. 150A
	e.g. 500VDC
	e.g. High speed
	e.g. 1500A2s at 450VDC
	e.g. 10000A

	
	
	
	
	
	


[bookmark: _Toc33283734][bookmark: _Toc399226749][bookmark: _Toc56931375]Table 3.8 Basic fuse data
Create a table with components and wires protected by the fuse(s) and the according continuous current rating. There is an example table below 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 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

	e.g. Cells to AIRs
	e.g. 2 AWG
	
	e.g. MNO Fuse
	

	
	
	
	
	


[bookmark: _Toc33283735][bookmark: _Toc399226750][bookmark: _Toc56931376]Table 3.9 Fuse Protection Table
Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your fuses and how they are detected, mitigated and controlled.


[bookmark: _Toc56931538][bookmark: _Toc33283724][bookmark: _Toc399226695]GLV Accumulator
[bookmark: _Toc56931539]Description
	Describe your concept of the GLV Accumulator.



	Cell/ Accumulator:
	Accumulator configuration – parallel:
	Accumulator configuration – series:
	Maximum Voltage:
	Nominal Voltage:
	Minimum Voltage:
	Max. Continuous Discharge Current:
	Peak Discharge Current:
	Peak Discharge Current Time:
	Max. Continuous Charge Current
	Total capacity [MJ]:

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


[bookmark: _Toc56931377]Table 3.10 GLV accumulator data
[bookmark: _Toc56931540]Wiring, cables, current calculations, connectors
	Describe wiring, show schematics, describe connectors and cables and show useful data regarding the wiring. Include information on the working voltage and current rating of the accumulator. Show how the GLV battery fulfils T11.7.6 regulation on overcurrent protection.


[bookmark: _Toc56931541]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931542]DC/DC Converters (if used)
	If you use a DC/DC converter, describe it here. Provide details about its overcurrent, overtemperature protection and main operating parameters. Introduce how it is turned on and off and how it is ensured that it is turned off by deactivating the GLVS system as described in T11.3.1. Use tables or figures, etc.


[bookmark: _Toc56931543]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.


Additionally, fill out the table:
	Charger Type:
	Maximum charging power:
	Maximum charging voltage:
	Maximum charging current:
	Interface with accumulator
	Input voltage:
	Input current:

	e.g. ABC Charger
	e.g. 3kW
	e.g. 550V
	e.g. 20A
	e.g. CAN-Bus, proprietary, serial communication...
	e.g. 230VAC
	e.g. 16A


[bookmark: _Toc33283736][bookmark: _Toc399226751][bookmark: _Toc56931378]Table 4.1 General charger data
[bookmark: _Toc33283725][bookmark: _Toc399226696][bookmark: _Toc56931544]Mechanical Configuration/materials
	Describe the concept of the container, show how the cells are mounted, use CAD renderings, show data regarding materials used, etc.


[bookmark: _Toc33283726][bookmark: _Toc399226697][bookmark: _Toc56931545]Position in car
	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 are clearly identified.


[bookmark: _Toc56931546][bookmark: _Toc33294410][bookmark: _Toc399226699]Charging Shutdown Circuit
	Describe your charging shutdown circuit


[bookmark: _Toc56931547]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your charger, its inputs and outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931548]Data Logger
[bookmark: _Toc33294411][bookmark: _Toc399226700][bookmark: _Toc56931549]Description
	Describe where the data logger, current sensor and voltage sensor are mounted, etc.


[bookmark: _Toc33294412][bookmark: _Toc399226701][bookmark: _Toc56931550]Wiring, cables, current calculations, connectors
	Describe the wiring, show schematics, provide calculations for currents and voltages, and show data regarding the cables and connectors used.


[bookmark: _Toc33294413][bookmark: _Toc399226702][bookmark: _Toc56931551]Position in car
	Provide CAD renderings showing positions of Data logger, current sensor and voltage sensor.  Mark the parts in the rendering, if necessary.


[bookmark: _Toc33294414][bookmark: _Toc399226703][bookmark: _Toc56931552]Motors and controllers
[bookmark: _Toc33294415][bookmark: _Toc399226704][bookmark: _Toc56931553]Motor controller(s)
[bookmark: _Toc33294416][bookmark: _Ref3235503][bookmark: _Toc399226705][bookmark: _Toc56931554]Description, type, operation parameters
	1
	Describe important functions; provide table with main parameters like resulting voltages (minimum, maximum, nominal), currents etc.

	2
	Where more than one motor controller is used, add additional rows describing any differences, the motors controlled by each controller, etc. (if identical parts are used, just refer to the corresponding sections, do not copy and paste)


Fill out the following table (add additional rows where more than one motor controller is used):
	Motor controller
	Motor controller type
	Maximum continuous power
	Maximum peak power
	Maximum Input voltage
	Output voltage
	Maximum continuous output current
	Maximum peak current
	Control method
	Cooling method
	Auxiliary supply voltage

	1
	e.g: ABC Controller
	e.g: 60kW
	e.g: 75kW for 10s
	e.g: 600VDC
	e.g: 250VAC
	e.g: 100A
	e.g: 200A for 5s
	e.g: PWM, analog signal...
	e.g: Air, water, oil...
	e.g: 24VDC

	2
	
	
	
	
	
	
	
	
	
	


[bookmark: _Toc33294435][bookmark: _Toc399226752][bookmark: _Toc56931379]Table 6.1 General motor controller data
[bookmark: _Toc33294417][bookmark: _Toc399226706][bookmark: _Toc56931555]Wiring, cables, current calculations, connectors
	Describe the wiring, show schematics, provide calculations for currents and voltages and show data regarding the cables and connectors used.


Additionally, fill out table:
	Wire type
	Continuous current rating:
	Cross-sectional area
	Maximum operating voltage:
	Temperature rating:
	Wire connects the following components:

	e.g. Company A, 0.205 mm²
	e.g. 150A
	e.g. 0.205mm²
	e.g. 800VDC
	e.g. 150°C
	e.g. Motor controller and torque encoder signal

	
	
	
	
	
	


[bookmark: _Toc33294436][bookmark: _Toc399226753][bookmark: _Toc56931380]Table 6.2 Wire data
[bookmark: _Toc33294418][bookmark: _Toc399226707][bookmark: _Toc56931556]Position in car
	Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931557][bookmark: _Toc33294420][bookmark: _Toc399226709]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your motor controllers(s), their inputs and outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931558]Motors
[bookmark: _Toc33294422][bookmark: _Toc399226711][bookmark: _Toc56931559]Description, type, operating parameters
	1
	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.

	2
	Where more than one motor is used, add additional rows describing any differences (if identical parts are used, just refer to the corresponding sections, do not copy and paste)


Additionally, fill out table:
	Motor
	Motor Manufacturer and Type:
	Motor principle
	Maximum continuous power:
	Peak power:
	Input voltage:
	Nominal current:
	Peak current:
	Maximum torque:
	Nominal torque:
	Cooling method:

	
	e.g. ABC Motor
	e.g. Asynchronous, permanently excitated
	e.g. 25kW
	e.g. 70kW for 5s
	e.g. 250VAC
	e.g. 50A
	e.g. 70A
	e.g. 60Nm
	e.g. 20Nm
	e.g. Water, oil, air,...


[bookmark: _Toc33294437][bookmark: _Toc399226754][bookmark: _Toc56931381]Table 6.3 General motor data
	Motor
	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

	1
	
	

	2
	Where more than one motor is used, add additional rows for each motor (if identical parts are used, just refer to the corresponding sections, do not copy and paste)
	


[bookmark: _Toc33294423][bookmark: _Toc399226712][bookmark: _Toc56931560]Wiring, cables, current calculations, connectors
	Describe the wiring, show schematics, provide calculations for currents and voltages and show data regarding the cables and connectors used.


[bookmark: _Toc33294424][bookmark: _Toc399226713][bookmark: _Toc56931561]Position in car
	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. If you use outboard motors, show how it fulfils all points of EV4.4.3.


[bookmark: _Toc56931562][bookmark: _Toc33294426][bookmark: _Toc399226726]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your motor(s), their inputs and outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931563]Regenerative Braking Systems
Description
	Describe any regenerative braking systems fitted to the vehicle and how they are activated.


Brake Light Activation
	If the regenerative braking system can initiate a deceleration of 1 ms-² ± 0.3 ms-² without operation of the brake pedal describe the system for illuminating the brake light.


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


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


Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your regenerative braking system, its inputs or outputs and how they are detected, mitigated and controlled.



Overall Grounding Concept
[bookmark: _Toc33294427][bookmark: _Toc399226727][bookmark: _Toc56931564]Description of the Grounding Concept
	Describe how you intend to achieve the resistances between components at the required levels as defined in rules.


[bookmark: _Toc33294428][bookmark: _Toc399226728][bookmark: _Toc56931565]Grounding Measurements
	Describe which measurements you will take to ensure that low resistance described in rules is achieved.


[bookmark: _Toc56931566]Failure detection, control and mitigation
	Briefly describe the impact of grounding failures and how they are detected, mitigated and controlled.


[bookmark: _Toc33294429][bookmark: _Toc399226729][bookmark: _Toc56931567]Firewall(s)
[bookmark: _Toc33294431][bookmark: _Toc399226731][bookmark: _Toc56931568]Description/materials
	1
	Describe the concept, layer structure and the materials used for the firewall. Show how the low resistance Control System ground connection is achieved.

	2
	Where more than one firewall is used, add additional rows describing the differences (where structure, materials, etc. are the same, refer to the corresponding sections, do not copy and paste)


[bookmark: _Toc33294432][bookmark: _Toc399226732][bookmark: _Toc56931569]Position in car
	Provide CAD renderings showing all relevant parts. Mark the parts in the rendering, if necessary.



[bookmark: _Toc33294516][bookmark: _Toc3243044][bookmark: _Toc399226715][bookmark: _Toc56931570][bookmark: _Toc33294517][bookmark: _Toc3243045][bookmark: _Toc399226716]Torque and Brake Encoders
[bookmark: _Toc56931571]Torque Encoders
[bookmark: _Toc56931572]Description/additional circuitry
	Describe the type of the torque encoder(s) 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. If analog sensors are used, introduce their transfer functions and describe how you solve to have different transfer functions.



	Torque encoder manufacturer:
	Torque encoder type:
	Torque encoder principle:
	Total number of Torque Encoder Sensors:
	Supply voltage:
	Maximum supply current:
	Operating temperature:
	Used output:

	e.g. ABC Encoder
	 
	e.g. potentiometer
	 
	e.g. 5V
	e.g. 20mA
	e.g. -20..180 °C
	e.g. 0-5V

	
	
	
	
	
	
	
	


[bookmark: _Toc56931382]Table 9.1 Torque encoder data (add additional rows for each type of torque encoder used)
[bookmark: _Toc33294518][bookmark: _Toc3243046][bookmark: _Toc399226717][bookmark: _Toc56931573]Torque Encoder Plausibility Check
	Describe additional circuitry used to check or manipulate the signal going to the motor controller. Describe how failures (e.g. Implausibility, short circuit or open circuit or equivalent) are detected and how the system reacts if an implausibility or errors is detected.


[bookmark: _Toc33294519][bookmark: _Toc3243047][bookmark: _Toc399226718][bookmark: _Toc56931574]Wiring
	Describe the wiring, show schematics, show data regarding the cables and connectors used.


[bookmark: _Toc33294520][bookmark: _Toc3243048][bookmark: _Toc399226719][bookmark: _Toc56931575]Position in car/mechanical fastening/mechanical connection
	Provide CAD renderings showing all relevant parts and discuss the mechanical connection of the sensors to the pedal assembly. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931576][bookmark: _Toc33294521][bookmark: _Toc3243049]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your torque encoder(s), their inputs and outputs and how they are detected, mitigated and controlled.


[bookmark: _Toc56931577][bookmark: _Toc33294522][bookmark: _Toc3243050]Brake encoder
[bookmark: _Toc56931578][bookmark: _Toc399226720]Description/additional circuitry
	Describe the type of the Brake system encoder(s) used for regenerative braking (if any).



	Brake encoder manufacturer:
	Brake encoder type:
	Brake encoder principle:
	Total number of Brake Encoder Sensors:
	Supply voltage:
	Maximum supply current:
	Operating temperature:
	Used output:

	e.g. ABC Encoder
	 
	e.g. potentiometer
	 
	e.g. 5V
	e.g. 20mA
	e.g. -20..180 °C
	e.g. 0-5V


[bookmark: _Toc33294535][bookmark: _Toc56931383]Table 9.2 Brake encoder data
[bookmark: _Toc33294523][bookmark: _Toc3243051][bookmark: _Toc56931579]Brake Encoder Plausibility Check
	Describe additional circuitry used to check or manipulate the signal going to the motor controller. Describe how failures (e.g. Implausibility, short circuit or open circuit or equivalent) are detected and how the system reacts if an implausibility or errors is detected.


[bookmark: _Toc33294524][bookmark: _Toc3243052][bookmark: _Toc56931580]Wiring
	Describe the wiring, show schematics, show data regarding the cables and connectors used.


[bookmark: _Toc33294525][bookmark: _Toc3243053][bookmark: _Toc56931581]Position in car/mechanical fastening/mechanical connection
	Provide CAD renderings showing all relevant parts and discuss the mechanical connection of the sensors to the pedal assembly. Mark the parts in the rendering, if necessary.


[bookmark: _Toc56931582][bookmark: _Toc33294526][bookmark: _Toc3243054]Failure detection, control and mitigation
	Briefly describe the causes and consequences of key failures of your torque encoder(s), their inputs and outputs and how they are detected, mitigated and controlled.


10. [bookmark: _Toc56931583]Additional LV-parts interfering with the tractive system
Describe those parts here which interfere or influence the tractive system, for example a controlling unit that measures wheel speeds and steering angle and calculates a target torque for each motor or a DC/DC Converter providing power for the LV-system from the HV-system, etc.
10.1. [bookmark: _Toc33294527][bookmark: _Toc3243055][bookmark: _Toc399226721][bookmark: _Toc56931584]LV part 1
10.1.1. [bookmark: _Toc33294528][bookmark: _Toc3243056][bookmark: _Toc399226722][bookmark: _Toc56931585]Description
Describe the parts used and their circuitry, and provide main operation parameters, use tables or figures, etc.
10.1.2. [bookmark: _Toc33294529][bookmark: _Toc3243057][bookmark: _Toc399226723][bookmark: _Toc56931586]Wiring, cables,
Describe the wiring, show schematics, etc.
10.1.3. [bookmark: _Toc33294530][bookmark: _Toc3243058][bookmark: _Toc399226724][bookmark: _Toc56931587]Position in car
Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.
10.2. [bookmark: _Toc56931588]LV part 2
10.2.1. [bookmark: _Toc56931589]Description
Describe the parts used and their circuitry, and provide main operation parameters, use tables or figures, etc.
10.2.2. [bookmark: _Toc56931590]Wiring, cables,
Describe the wiring, show schematics, etc.
10.2.3. [bookmark: _Toc56931591]Position in car
Provide CAD renderings showing the relevant parts. Mark the parts in the rendering, if necessary.


[bookmark: _Toc33294532][bookmark: _Toc3243060]
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[bookmark: _Toc56931592]Appendix
Numbering according to chapter numbering
Example appendix entry:
11.1.1 – Bender IR155-3203 IMD ratings
Referred from 11.1.1.
[image: Graphical user interface, application

Description automatically generated]
Complete data sheet located at: 
https://www.bender.de/fileadmin/content/Products/d/e/IR155-32xx-V004_D00115_D_XXEN.pdf
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