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Coversheet
The Coversheet must contain the following:
· Heading “Electrical System Form FSEast 2021”
· University and Team Name
· Car number
· Main Team Contact (e-mail) for ESF related questions 
Feel free to add team logo, car picture, and the like.
Attention! The whole ESF document is split into 6 nearly equal Sections. The sections must be uploaded separately.
Requirements
Read the document “How to complete ESF” which is available at:
https://www.fsaeonline.com/content/How-to-Complete-ESF.pptx
Maximum number of pages for a Section is 20 pages without the Appendix and Changelog.
Each section must have its own Table of contents.
The table of contents must be hyperlinked.
The generated PDF must contain hyperlinked bookmarks.
Links to different sections are prohibited. If you have to refer to a part in a different Section, copy the necessary information instead. If you have to refer to a part in the same Section, the links must be hyperlinked, and there must be a link back to the original place.
Example: in chapter 2.1.2 you refer to chapter 2.4.1. By clicking on the text ”2.4.1” must jump to 2.4.1. At chapter 2.4.1 there must be a similar link back to 2.1.2.
Use internal reference links. For example, when describing wiring and mentioning a figure in the text then link it to the figure.
Links to video or audio data are prohibited.
If you do not fill out the tables or if you change 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.
Do not just copy all your datasheets in the appendix, e.g. we do not need to know what you must do to program your motor controller; we do not need the whole user manuals of microcontrollers to review your ESF, etc.  Similarly, do not just paste only a link to the entire data sheet.  We should not need an internet connection to obtain the information necessary to review your ESF.
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 must be provided. 
If the datasheet describes more than one type of the component, clearly mark in the datasheet to which type you are referring / which type you plan to use.
Example: You copy a datasheet describing a complete range of relays. If you selected the 24V SPDT monostable version, you must highlight the information referring to this specific version.
Datasheets should only be used as a reference. Please cover the important data in your text by using tables, figures, etc.
Please use the English version of the datasheets in your ESF.
If you refer to parts of a datasheet, 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.
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 must be noted in the Changelog which can be found in each section after the Table of contents. If you do not update the Changelog in case of a resubmitted ESF section, you will fail by default.
You can find guideline texts in the templates like “Describe your concept of the shutdown circuit” or “Has to be hyperlinked”. These are there to help you to focus on the expected content, please remove these guideline texts from your ESF sections.
Following these guidelines will guarantee a swift review process.
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 Changelog

Chapter	Change
Chapter 2.2 (for example)	Added description for IMD (for example)
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[bookmark: _Toc66705071]Accumulators (Part 1)
[bookmark: _Toc399226685][bookmark: _Toc66705072]TS Accumulator pack
[bookmark: _Toc399226686][bookmark: _Ref3231740][bookmark: _Toc66705073]Overview/description/parameters
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.
Fill out the following table:
	Maximum Voltage:
	for example: 550VDC

	Nominal Voltage:
	for example: 500VDC

	Minimum Voltage:
	for example: 300VDC

	Maximum output current:
	for example: 405A for 10s

	Maximum nominal current:
	for example: 250A

	Maximum charging current:
	for example: 50A

	Total numbers of cells:
	for example: 200

	Cell configuration:
	for example: 100s2p

	Total Capacity:
	for example: 21.6MJ

	Number of cell stacks < 120VDC
	for example: 5


[bookmark: _Toc399226745][bookmark: _Toc66705086]Table 5.1 TS accumulator parameters

[bookmark: _Toc399226687][bookmark: _Toc66705074]Cell description
Describe the cell type used and the chemistry, provide table with main parameters.
Fill out the following table:
	Cell Manufacturer and Type
	for example: Kokam XYZ

	Cell nominal capacity:
	for example: 5.4Ah

	Maximum Voltage:
	for example: 4.2V

	Nominal Voltage:
	for example: 3.7V

	Minimum Voltage: 
	for example: 2.8V

	Maximum output current:
	for example: 20C for 10s

	Maximum nominal output current:
	for example: 15C

	Maximum charging current:
	for example: 5C

	Maximum Cell Temperature (discharging)
	for example: 65°C

	Maximum Cell Temperature (charging)
	for example: 55°C

	Cell chemistry:
	for example: LiFePO4


[bookmark: _Toc399226746][bookmark: _Toc66705087]Table 5.2 Main cell specification

[bookmark: _Toc399226688][bookmark: _Toc66705075]Cell configuration
Describe cell configuration, cell interconnect, show schematics of electrical configuration and CAD rendering of connection techniques, cover additional parts like internal cell fuses etc.
[bookmark: _Toc399226689][bookmark: _Toc66705076]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.
	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: _Toc66705088]Table 5.3 Cell temperature monitoring

[bookmark: _Toc66705077]Accumulator Management System
Describe the AMS used including at least the following:
	Minimum cell voltage (shutdown limit):
	

	Maximum cell voltage (shutdown limit):
	

	Measurement precision (mV):
	


[bookmark: _Toc66705089]Table 5.4 Cell voltage limits

· 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: _Toc399226691][bookmark: _Toc66705078]Accumulator indicator
Describe the indicator, show wiring, provide tables with operation, PCB design, etc. 
[bookmark: _Toc399226692][bookmark: _Toc66705079]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
	for example: Company A, 0.205 mm²

	Continuous current rating:
	for example: 150A

	Cross-sectional area
	for example: 0.205mm²

	Maximum operating voltage:
	for example: 800VDC

	Temperature rating:
	for example: 150°C

	Wire connects the following components:
	for example: Cell and AMS


[bookmark: _Toc399226747][bookmark: _Toc66705090]Table 5.5 Wire data of company A, 0.205 mm²
[bookmark: _Toc399226693][bookmark: _Toc66705080]Accumulator isolation relays
Describe the AIRs used and their main operation parameters, use tables, etc.
Additionally, fill out the following table:
	Relay Type:
	for example: ABC Relay

	Contact arrangement:
	for example: SPST

	Continuous DC current rating:
	for example: 100A

	Overload DC current rating: 
	for example: 200A for 10sec

	Maximum operation voltage:
	for example: 800VDC

	Nominal coil voltage:
	for example: 24VDC

	Normal Load switching:
	for example: Make and break up to 300A

	Maximum Load switching
	10 times at 1500A


[bookmark: _Toc399226748][bookmark: _Toc66705091]Table 5.6 Basic AIR data

[bookmark: _Toc399226694][bookmark: _Toc66705081]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:
	for example: ABC Fuse company, MNO Fuse

	Continuous current rating: 
	for example: 150A

	Maximum operating voltage 
	for example: 500VDC

	Type of fuse:
	for example: High speed

	I2t rating:
	for example: 1500A2s at 450VDC

	Interrupt Current (maximum current at which the fuse can interrupt the current)
	for example: 10000A


[bookmark: _Toc399226749][bookmark: _Toc66705092]Table 5.7 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

	Cells to AIRs
	2 AWG
	XXX
	MNO Fuse
	XXX

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

	AIR to TSAL
	20 AWG
	XXX
	EFG Fuse
	XXX

	Accumulator output connector
	2 AWG
	XXX
	
	

	Cells to AMS
	
	
	
	


[bookmark: _Toc399226750][bookmark: _Toc66705093]Table 5.8 Fuse Protection Table

[bookmark: _Toc399226695][bookmark: _Toc66705082]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:
	for example: ABC Charger

	Maximum charging power:
	for example: 3kW

	Maximum charging voltage:
	for example: 550V

	Maximum charging current:
	for example: 20A

	Interface with accumulator
	for example: CAN-Bus, proprietary, serial communication...

	Input voltage:
	for example: 230VAC

	Input current:
	for example: 16A


[bookmark: _Toc399226751][bookmark: _Toc66705094]Table 5.9 General charger data

[bookmark: _Toc399226696][bookmark: _Toc66705083]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: _Toc399226697][bookmark: _Toc66705084]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.
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[bookmark: _Toc66705085]Appendix
Numbering according to chapter numbering
Example appendix entry:
5.1.1 – Bender IR155-3203 IMD ratings
Referred from 5.1.1.
[image: ]
Complete data sheet located at: 
https://www.bender.de/fileadmin/content/Products/d/e/IR155-32xx-V004_D00115_D_XXEN.pdf


image2.png
|/ B st s serson~Goc x \ @ Forul Group T - 4 Fsteri swich= P \ . SOETER® 11553203 ) 5 won benderdecomifle: = Y_ &7 wnwsensstacon/down. x L3

C' | [) www.bender-de.com/fileadmin/products/doc/IR155-32xx-V004_DB_en.pdf

3t Apps 7/ Formula Hybrid Sup... G0 IT Helpdesk ¥ labview runtime -5

ISOMETER® IR155-3203/IR155-3204

. BENDER

Technical data

Insulation coordinaton accto EC 60664-1

Timeresponse

Veagees

Prtece sepraion (eored msubto]

betwen (L4/1) - (0031, L1, Ms, M )
A0V min

Suppy/T systembeing mnitored

Suplyvalage U
N peatng et

BCT0__367
ismh

Nox ament

i volageange (L+1) Uy

Power cansumpton

2%
A msinnshcrent.
ACO._ 1000V (pesk o)
0...680Vms (1Hz..1 ki)
0. 1000V

<

Response i s (0 S5
Resonse i O 0F)

(whenchanging ver o = 10 MO 10 A2 = 1 Uy =DC1000V)

<2 lop < 1satly> 1000

05 205 Fag =107
TS 1755 e
tas 1S5 i
5155 i F:
a5 1255
tas 1255 i
TS 105 F:
=755l Fae=3)
<755t Fae=2)

dutng e selfest s 105

Response lue ysieress 0P

=%

Response e o
Underwotage deecon

K1 M0
oS0V

Messuing ange
Underwotage deecion

o_owa
0...S0V defat seting: OV nacve)

Relatve uncrainy
ss1(s29
Relate uncrianty 0GP

900> 2" Ry bsd <05" R
08510 » 2210

(Gl sttng 10C)

Relatve uncerainty utput N (ndamentlfequeney)

KO 10MD > 215%
5% ateah rquency
10z 201z 30Kz, 40k S0 )

Felte uncrainy
underofage detecion
Relatve uncrainy (57)

Relate unceriaint 0CP

Abslteuncerany

02100V > £10%;310y 2300V » 25%
“Good andion” > 2*
Bad ndtion” <05 i

=

KON £ 15%
0K...12H0 » £ T5%027%
120 > 7%

12..10M0 > =702 15%
oM > 215%

085K > 2010

Swicffime o (0807

(henchanging ove o = 10N 10 231 = 1 ;U =DCTO0OV.

Duraton ofhe elf st

<405 beiFne=9)
s BslitFae=8)

s BslaFae=6)

s sl Fae=)
s 265 Fae=3)
ta = DsltFae=2)
f < sl Foe=1)

dungseltesti + 105
105
(every e minutes should b added /1)

Measuring drcit

Sysem leskage apactance G,

B

Smallr messurement angeand nessed measrng et e ST

= 8 swhen hangingorer fom A 10 0 Ra2).

eg max ange 1HQ € 34

Weasuig wiage
Weasuingcurent ya =0
Inpedance 7t 50z

iov
ey
1200

Inenal D resstnce

*Fave = 1015 recommended for electic and hybrid vehicles

1280

% =

(7 Other bookmarks.





image1.png
FORMULA ]
STUDENT W




