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I ntroduction to configuration

Once Emus BMS is installed, it must be configuedork properly. Configuration includes various
types of parameters from cells count, protectiaameters to pins re-mapping.

All configuration parameters have a popup hinttgotext which appears when mouse is hovering
above the configuration parameter entry element.

Configuration parameters change can be done onbgmed in state as described in configuration
management section below. When user is not loggétken all configuratioparameters and buttc
exceptLogin.. are disabled and grayed out and parameter entigt igossible.

When a parameter is changed its background tuttewehich means that parameter was edited
but has not been committed and saved to BMS yehrfiitiing the parameter is done when user
deselects parameter entry field. Once parametammsnitted successfully the yellow background is
removed. If for some reason the parameter wasomhttted and it still shows yellow then select
and deselect the entry field to try agaMfOTE!: When charger is connected and charging parar
configuration will be blocked, and yellow backgrouwill not be removed.

Configuration management

Since version 1.6 configuration of BMS has newdesg were introduced enhancing usability and
the security of parameters.

The password can be set to protect the configuratidMS from unauthorized change. By default
on fresh BMS Control Unit the password is not set eherefore no login is required. The user is
always in logged in state when password is nofldet.user can set the password usetg
Password... button and then BMS Control Unit becomes passwwootected.
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NOTE!: that password security has 10 minutes automaj@ubperiod of the user if no
configuration activities were made. To enable agunfation editing it you would need to log in
again.

NOTE!: The login access is locked out after 3 sequentialiccessful login attempts for 10 minutes.
If 3 unsuccessful login attempts were made thenmsist wait 10 minutes before trying to login
again.

The configuration of BMS can also be saved to fdaded from file and reset to defaults. To
perform these operations the user must be loggedBMS. The configuration management page
and its buttons are described below

Management | Gonerd | Cel | BebteryPac | Cherger | Sof | PrsMap | CAN Devices

Sér., Lk .. Dl gl .

BMS Control Panel configuration management page

Login... / Logout
Login or logout button. When user is logged outhiiéon shows ogin... pressing which
shows password entry dialog. After entering corpasisword the button showsgout which
indicates successful login. If the login failed théton stay$.ogin.... To logout simply press
this button when it displaylsogout

Set password
Sets the password of BMS Control Unit password. 0$er must be in logged in state to be
able to set new password. Password must be fran84&haracters long. If empty password is
left and confirmed twice then this disables thespasd.

Save...

Opens save configuration to file dialog for entgritle name to save to. After confirming the
file name two questions are asked if user wansat@ password and initial SoC value into
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configuration file. If they are selected then seft5oC and/or password commands are storred
into configuration file.

CAUTION!: The password is stored in configuration file asrptext so use this option with
care.

Load...
Opens load configuration file dialog for selectiilg name to load. It automatically sets the
configuration parameters of BMS, sets SoC and/ss\ard (if they were stored in the file)
and resets the BMS to work with newly loaded camfagion.

Defaults...
If the user confirms to load default configuratiben factory default settings are loaded to
BMS and it is reset.
NOTE!: The password is not cleared when loading defaitiings.

Reset BMS
Does what it says - resets BMS. This operationmetimes needed when changing
configuration parameters requiring fresh BMS dia#ctivate (for example enabling CAN
interface).

General configuration

General parameters section allows to configure géparameters for BMS operation. One section
describes the timing parameters configuration, learas focused on setting operation of CAN bus,
and the last one is for distance parameter cordtgur. Parameters list are described below.

ﬂ:mus amsuﬂn Pancl v200_

Language:  Opticm

Management Gererdl | Qell | Battery Pack | Chame | 5ol PnsHan | Punctions gl Do,
S Db anvd Tive o BMS, .
Ciata Transmsson to Display Pesicd

Ty Actbew Tt 0.5

In Feoep Stabe; 5.0

Brogdosst on REZ3ZMUSE: |

AN Bus Porametiss
Ensbile CAN: 4

Iratishcs Roench: ﬁ‘.&_&_;.
Pl Dol Browds
Use Serial Celis Communication; |«
Liz= Extendsd Zobd 10 ol
Send bo RS232LEE! Ly

AN Ik B L

Distargn Paramatiss
Pubsers per Digharos Unks
Distance Lint Narme:

Estimote Zabety Margnn 25

BMS Control Panel general configuration page
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Set Date and Time of BMS...
Sets the date and time of BMS internal clock. Tternal clock is used by BMS to record
statistics and events timestamps. This clock doesupport daylight savings time.

Data Transmission to Display Period In Active State
Display update period which defines the frequerfdyroadcasting the parameters via
RS232/USB interface and/or CAN bus. Active statehen either charger is connected or
ignition key on IGN input PF5 is in switched on.iJperiod depends on user's requirements
how frequently the BMS operation information is deé to be received. Good starting value
is 1 second. Minimum is 0.1s for very frequent updavhich would generate and a lot of data
for receiving device.

Data Transmission to Display Period In Sleep State
Display update period which defines the frequerfdyroadcasting the parameters via
RS232/USB interface and/or CAN bus. Sleep staéhen charger is de-activated and on IGN
input is switched off. In sleep state the updatagd:be very rare like once every minute or
similar.

Enable CAN
If the application uses CAN interface then it mostenabled with this option.
NOTE!: A BMS reset is required for change to take effect.

Speed
Sets the bit rate from the selection of 50, 129, Z®0, 800 and 1000 kbps
NOTE!: When using CAN charger please make sure thasp@ed matches to CAN charger's
speed.
NOTE!: A BMS reset is required for change to take effect.

Periodic Data Broadcast
Periodically broadcasts the special CAN messag8M3 operation parameters over CAN
interface if enabled. It uses the data transmissiahsplay periods that are configured above.

Use Serial Cells Communication
Check to use serial cell communication or uncheakse CAN cell communication.

Use of Extended 29bit ID
Check to use extended 29 bit CAN ids instead oicldsk bits if enabled. The ID is used for
the broadcast CAN messages described above.
NOTE!: This setting does not affect the format of chaggecific CAN messages format.

Send to RS232/USB
Enables the transmission of received CAN messagesrtesponding serial interface
sentences "CNL1..." (see serial communication pobtbescription for exact format). This may
be useful if a device connected via serial intesfaould need to "see" and manage the CAN
devices over serial interface.
CAUTION!: This function is not intended to be fully functadrCAN/Serial converter
because of BMS CAN messages processing and s#gdiace speed limitations. It could be
used when there are not many messages on the Cidrke

CAN ID Base
CAN ID Base address which allows to set an arlyitb@se address for periodic broadcast
CAN messages generated by BMS. This allows to eseral BMSes on the same CAN bus or
resolve the possible addressing conflicts with otieices.
For extended 29 bit ID it represents upper 13dfil®. For example the default extended ID
6581 is 19B5h in hexadecimal and BMS broadcastribesages starting from 19B50000h and
SO on.
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For basic 11 bit ID it this a base address numbiechwmust be added to the broadcasted
messages IDs. For example if this number is en@@8dhen BMS will broadcast messages
with standard 11 bit IDs starting from 800.

Pulses per Distance Unit
Sets the number pulses that are required to bsteegd on SPEED IN input to count one
distance unit. For example if your car's servicenah says that gearbox VSS (Vehicle Speed
Sensor) is producing 600 pulses per one kilométar you should enter value of 600 for BMS
to measure the distance in kilometers and spekidbimeters per hour.

Distance Unit Name
Allows to set the distance unit name for easiepldisin status screens and for further
reference. Name can be up to 2 characters long.

Estimate Safety Margin
Defines the percentage of battery capacity to aabfrom left capacity that is used estimated
remaining distance calculation. Recommended valaedund 10% but may depend on
application.

Cells configuration

Emus BMS is designed to work with wide range otdagtcells with operating voltages in between
2 and 5V, including LiPO, Li-lon, LiFePO4 and otheDifferent cell types operate at different
voltages and these parameters must be set formpoppeation of Emus BMS.

To configure cell type, connect the Emus BMS Cdrithait to PC’s USB port, start the Emus BMS
Control Panel application and navigatedmnfiguration page Cells tab. For visual reference of the
cell parameters, most of them are aligned to agéd a cell charging curve.

Management Gereeal | Cell | Batbery Pack | Charger | SoC | PreMap | CAN Devoss

Cell Charging Parameters

Mapimarn Slowwd wolrage 1,80
i, Fast Thangirg Current
Fully Changai ‘Woltaga  3.50
Ay dbalance 0,05 A, Sow Chargng Curment

Early Balarcireg Theeshold  3.50
Balsncing Rangs  0.03

Thergs Restart woltage 3,30 %, Charge Pnished Current
Frechargs Theeshold 300 %, Prewhangs Curend
Empby 'Woltage 2,70

Miminal alowed Woltsge 250 ¢
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BMS Control Panel Cells configuration page

Max Allowed Voltage
Sets th critical maximum neveexceed voltage of the cell that is specified bys
manufacturer. 1Over-Voltage Cutoff function is enabled the protection is engagedina
with function PF12 assigned when some cell volegeeed this setting
If BMS is charging it aborts charging w corresponding error cod
Additionally BMS records und-voltage event and updates the according stati

Fully Charge Voltage
The voltage which indicates that cell is fully ofpae and has 100% SoC. This setting shc
be configured according to cell manufacturer's gjgation maximum voltage in normal
usage conditions. It should have some margin belitweal maximum never-exceed voltage
stated b cells manufacturer. BMS uses this value as a neferéor calculations (100% SoC
When charging BMS uses this setting as the targjéage needed to reach with all cells
balanced condition. When charging is finished allscin the pack should have the voltages
close this settin

Allowed Disbalance
Sets allowed d-balanci voltage which defines what is the minimum differemetweetr
lowest and highest cell voltages. When actual ckiference exceeds this setting cells are
considered out of balance and early balancing fones engaged during main charging stage.
Early balancing function is engaged when cellsagdtexceedBarly Balancing Threshold
parameter

Early Balancing Threshol
Sets the early balancing threshold vol above which the early balancing starts. It balai
the cell charge differences while exceeding thdigared Allowed Dis-balance threshold.
Early balancing is used during main charging stalgen charg current is kept constar

Balancing Rang
This is the voltage margin beloFully Charged Voltage parameter in whic the balancing o
the cells is done when a non-CAN charger (chargecapable to adjust current according to
BMS command) is used in balancing stage. BdM8odically balances down the cells volte
and charges them again within this range bdtoll Charged Voltage parameter until all cells
are equally balancetlOTE!: This parameter does not correspond to any poithewcell
charging curve

Charge Reste Voltage
Sets the voltage threshold, below which chargi restarted if charger is connectNOTE!:
This parameter does 1 correspond to any point on the cell charging ci

Pre-Charge Threshol
Cell's voltage threshc for selecting pr-charge or normal charging mode. It is useful wh
charger with controllable current (like most chasy&ith CAN inteface) is used to charge
deeply discharged cells. When the minimum cellltage is below this threshold BMS uses
small pre-charge current to charge the pack. Whammm cell voltage exceeds this
threshold BMS selects normal charging current dépgnon Slow/Fast current setting of
charger configuration paramete8etting this parameter to very low value (like 2)@\sables
the pre-charging feature.

Empty Voltage
The voltage whic indicates that cell is fully discharged and has®8& left. This settir
should be configured according to cell manufactsiggpecification minimum voltage in
normal usage conditions. It should have some maigave critice minimum neve-drog-
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below voltage stated by cells manufacturer. BM& ubes value as a reference for calculations
of 0% SoC.

Minimal Allowed Voltage
Sets the critical minimum ne\-drog-below voltage of the cell that is specified by ce
manufacturer. Below this voltage the protectioangaged by disconnecting battery contactor
via pin which has pin function PF12 assigned (thvated). For this protection to wokknder-
Voltage Cutoff function must be enabled and battery protectioriamior connected to output
pin which has PF12 function assigr
If BMS is charging it aborts charging with correading error cod
Standard value for LiPO and-lon cells is around 3.0V ; f LiFePO4- 2.5V. Please us
cells manufacturer's datasheet to get exact n value.
Additionally BMS records und-voltage event and updates according statistic

Fast Chargin Current
This setting configures the fast charge currentfAN chargers when Fast Charge selec
input with function PF2 assigned is active anddharger can be used at its full available
power

Slow Charging Currer
This setting configure¢ the slow charge current for CAN chargers when E&sirge selectio
input with function PF2 assigned is inactive. T$lmw charge allows to charge the vehicle
from lower power electrical sockets. For examples@30V sockets could be rated 10A
which would require to charge the battery with lowerrent than when charged from 16A
socket.

Charge Finishe Current
This setting defines what should be the minimur current for CAN charger in balancii
stage. BMS starts gradually decreadimg requested current from charger when cells rdes
Fully Charged Voltage setting. If the cells are balanced and currentdegseased tthis point
charging is considered finished. This current tsasea percent of the nominal charging
current, which can be either Fast Charging Cume Slow Charging curren

Pre-charg( Current
Allows to setup the pre-charge current for CAN dgeaswhen cells that are deeply dischar
belowPre-charge Threshold voltage. This current is set as a percent of tmainal charging
current, which can be either Fast Charging Curme@low Charging current, and is used
during Pre-charging stage. When the pre-chargagelthreshold is exceeded BMS goes to
the next main charging stac

Battery Pack configuration

Battery pack parameters allows you to set the gardition of the whole battery pack, and to set
thresholds for various battery pack protectiondesg. These parameters are described in detail
below.

Number of Overall Cell
The tota number of cells that you have in your battery pddie battery pack mi consist
either of one string of cells connected in sereseveral of these strings connected in
parallel. This setting allows BMS to verify if il detected correct number of cells and if the
communication with cells is ok. It will raise aredland engage other protection functions if
the actual numb of cells does not match this settii

Number of Cell String
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[ Erncs BMS Control Pl 72 00_bata - Conmcted 10
Language  Options
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Charge Crer-Currant Cuball o Crilicdl Charge Currenl; =nla] #
Mo Cells Communacabion Cuboff) &

BMS Control Panel Battery Pack configuration page

This parameter sets the number of parallel strihgs.used when calculating the charge
voltage for a controlled charger, and w displaying individual cell parametel

Max Balancin(Current
Sets the maximum allowed balancing current of #t modules to reduce dissipated h
during balancing stage. Reduce this value if cellnles temperature is getting too high
during balancing stage. Cell modules can work laf@Eng mode without communication to
Control Unit aniwill not exceed this setting
When charging Control Unit reduc maximum balancing current when needed even futtr
not exceed Warnir Temperature

Capacity
Defines the nomin capacity of the cell. This parameter is used ineSté Charge (So(
calculation to determine the SoC level. If you aseng sever parallel strings of cells, multiply
the cell capacity by the number of parallel str for correct state of charge calculatis

Calibrate Cell Temperature.
Sends the calibration command to cell modul set the temperature value on all module
temperature on the right as reference. This neelde tione only once when all modules are
installed an are at the same temperature conditi

UnderVoltage Cutoff
Engage the battery protection contactor in ca unde-voltage by using output pin wi
function PF12 assigned when lowest cell voltagg@sltmelowMin Critical Voltage parameter
value

Minimum Allowed Voltage
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The same parameter as in Cells configuration tabntore detail, see Cells configuration
above.

Fan On Temperature
Sets the temperature threshold above which BMSles&én (or other battery pack cooling
device) output on pin with PF13 function assigrieet this temperature to ensure the optimal
cells operation temperature range in hot climateditmns or intense battery usd¢OTE!: Fan
will be enabled when this temperature is reachgdrtdess of whether the battery climate
control is enabled or not.

Over-Voltage Cutoff
Enables the battery cutoff contactor in case of-@edtage (when voltage exceellisx
Critical Voltage parameter value) by using pin with function PF§2igned.

Maximum Allowed Voltage
The same parameter as in Cells configuration tabntore detail, see Cells configuration
above.

Battery Climate Control
Enables the battery climate control feature, witichtrols the battery temperature using heater
output pin PF5 (if assigned), and fan output pid®&f assigned).

Low Voltage Reduction
Enables power reduction output on pin with functiR¥il6 if some cells voltage drops below
Low Voltage Warning parameter level.

Low Voltage Warning
Sets the low voltage threshold reaching which causev Voltage indicator on pin with
function PF8 assigned warning. Periodic blinkingwk that some cell with minimal volage
has dropped below this low voltage threshold. Wihénindicator is constantly on then the
average voltage of whole pack cells has decreasledvlihis setting. In general use this is a
voltage threshold at which alarm (light/buzzer)lsihart during discharge state (when driving,
operating, etc.). This value highly depends onepgttell type and manufacturer and should
be chosen from discharge graph in manufacturetastiaet. Usually for Li-lon/LiPO cells it
is around 3.6V and for LiFePO4 — around 3V. Totgetwarning sooner, increase this value.
If Low Voltage Reduction function is activated then signal on output pithwunction PF16
assigned is activated which can be used for veginietor controller to reduce the power.
BMS also records a low voltage warning event ardhtgs corresponding statistic counter.

Climate Control Normal Temperature
The battery temperature which will be maintainec&whot charging if battery climate control
is enabled. If the average temperature measurduakebgell modules drops below this
threshold, heater output pin PF5 (if assigned) mgllenabled, and if the average temperature is
above this threshold, fan output pin PF13 (if asst will be enabled.

High Temp. Reduction
Activates power reduction output pin with functiBR16 assigned when maximum cell
temperature exceeds warning level specifietayning Temperature parameter.

Warning Temperature
Sets the temperature threshold above which indicates warning and activates po\
reduction ifHigh Temp. Reduction function is enabled and pin with function PF16gsigned
During charging the balancing current of cell modulesr&lgally reduced when m cells
temperature starts exceeding this threshold beachus®y charging the temperature increase
usually caused by shunts on cell modules when bialg.
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BMS also records a high temperature warning eveditigpdates corresponding statistic
counter.

Climate Control Charging Temperature
The battery temperature which will be maintainecgwiharging if battery climate control is
enabled. If the average temperature measured lethemodules drops below this threshold
heater output pin PF5 (if assigned) will be enapéedl if the average temperature is above
this threshold, fan output pin PF13 (if assignedl) be enabled.

Over-Heat Cutoff
Cutoff the battery contactor in case of maximunh eghperature exceedindax Critical
Temp. value by using activating the output pin with ftian PF12 assigned.

Max Critical Temp.
Sets the maximum allowed temperature in degre€eluiius of cell modules. If this
temperature is reached on some cell module then BMtshes off the charging and indicates
an error.
This parameter depends on battery type. For ntbaiin-based cells it is around 60°C. This
value is not a strict one, but hence that the hi¢feetemperature, the shorter battery life is.
Usually LiFePO4 cells start to degrade much fastezn used at temperatures above 45-50°C
and most LiPO/Li-lon cells, in addition to shorlée, can catch fire if operated above 60°C. If
any cell in the battery pack reaches specified axatpre, load and charger are disconnected
and error code shown. Use this setting responsibly.
If Over-Heat Cutoff function is enable then battery protection contactor is engaged vipud
pin with function PF1 assigned
Additionally BMS records ov«-heat protection event a updates the according statis

Climate Control Minimur SOC
Minimum battery state of charge value, below whelttery climate is no longer controlle
even if enabled, to prevent deep disch

High Current Reductio
Activates powe reduction output pin with function PF16 assignedgwhkischarge curre
exceeds warning level specified Current Warning parameter valu

Current Warning
Sets the warning dischai current above which BMS enables buzzer warningpfatuin
function PF7) and power reduction (output pin fumettPF16) ifHigh Current Reduction
function is enablec
Additionally BMS records discharge high curt warning event and updates the accort
statistic.

Cell Comn Restore
If this function is enabled, when cells are de discharged and there is either no
communication or an undervoltage event has occameda charger of any type has been
connected, no charging error will be registered3f@seconds to charge the battery a bit to
restore ce communication and to raise cell voltages enougméomal charging

Discharge Ove-Current Cutoft
Cutoff the battery protection contactor on output pin withdtion PF12 assigned in ci wher
discharge current exceeds Critical Discharge Current paramete setting.

Critical Discharge Currer
Sets the critical discharge current above which BM§ages protection function by
disconnecting the contactor relay on output pirhviinction PF12 assigned if tibescharge
Over-Current Cutoff function is enable
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Additionally BMS records discharge over-currenttpotion event and updates the according
statistic.

Graceful Contactor Disconnection
If this function is enabled, and an undervoltagerg\nas occured, the battery contactor will
not be disconnected instantly if discharge curi®higher than 5 A, to prevent damaging the
contactor, but delayed up to 10 seconds to waitifgiervoltage reduction to take effect, or the
load to be manually disconnected/reduced.

Charge Over-Current Cutoff
Cutoff the battery protection contactor on outpuat\pith function PF12 assigned in case when
charge current exceeds t@dtical Charge Current parameter setting.

Critical Charge Current
Sets the critical charge current above which BM@ages protection function by
disconnecting the battery protection contactoryrela output pin with function PF12 assigned
if Charge Over-Current Cutoff function is enabled.
Additionally BMS records charge over-current proi@t event and updates the according
statistic.

No Cells Communication Cutoff
Enables the cutoff of battery protection contactooutput pin with function PF12 assigned in
event of loss of cells communication for over 16cswls.

Minimum Charging Temperature
Sets the minimum allowed charging temperature greks of Celcius of cell modules. If the
minimum cell temperature is below this value andrgber is connected then BMS starts with
pre-heating stage which enables heater outputipifréhction 5 (PF5) (if enabled) that is
controlling external heater which should be heatipghe cells until they reach this minimum
temperature. As most of Lithium chemistry cells seasitive to charging in low temperatures,
charging should be done in above-zero temperatiicebe on the safe side, set a value of,
say, 2°C, to give it a little margin of error. EMUBBAS will turn on the battery heater (if one
exists and controlled via PF5) and wait until tethperatures reaches the value set, before
charging the pack.
To disable pre-heating and charge delay, entehu o -100°C.

Charger configuration

Emus BMS supports operation using non-CAN and CAargers. Non-CAN charger is basically

the charger which has no digital data transfer lodipaover CAN line and can be controlled by only
switching it on or off via relay or contactor. CAfXlarger is the charger which can communicate and
can be controlled via CAN communication bus. Theneo unified and widely accepted charger
communication specification standard and therettfoeesupport of various manufacturers and models
is being added to the supported chargers list gigdu

At the current moment Emus BMS supports Elcon aiarthat are produced by Hztiecheng.

However the number of supported chargers will sgramv to more models: Brusa NLG5, new Zivan
line, NetGain are coming soon.

The charger parameters are configured via chaagdrguration tab.
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Managemerk | Ganeral | Cel | BatteryPack | Charger | Soc | Prsmag | CANDevices
_':.- harger Tupe:  [Eloon charpes sith Sk -
-" | Baysiamun Charging Stages Durabior
l'_=..| Fre-chamge: 130 min
= Main Charge: 600 min
[ Bslancng: 130 i

BMS Control Panel charger configuration page

Charger Type

Allows you to selecthe charger type that is controlled by BMS. It nb@ynoi-CAN chargel
which is controlled via the relay using output piith function PF10 assigned. The sensing
that charger is connected to some power supphaderwia input pin which has PF3 function
assigned. Chargers of this type do not allow BM&atatrol the charging current and theret
perform somewhat worse as exact optimal currentenwathnot be selected as it depends on
only how the charg was setup

When CAN type charge is selected then all commtioicas done via the CAN bus using
special messages compliant to specific charger typethis type of chargers BMS selects
optimal charging current a target voltage for different stages of chargi

Maximun Pre-charge Stage Duratic

Sets the maximum allowed to time pre-charge stage with CAN charger to allow cell:
reach thePre-charge Threshold voltage and enter normal charging stage. If imeg is
exceeded a charging error is raised and chargisipgped. Default 2 hours value should be
more than enough in most scenarios. If this timexteeded it usually indicates some issue
with the battery

Maximun Main Charge Stage Duratic

Sets the maximum allowed to time main charge stage to allow cells to reachFully
Charged Voltage and enter balancing stage. If this time is excéedeharging error is raised
and charging is stopped. The time for chargingcdiedepends on capacity of cells and
charging current. Default 10 hours setting shoubtkwn mos cases

If, for example, total cell capacity is 100 Ah athé pack i being charged with current of .
A, the pack should be fully charged in 5 hours.edha bit of reserve and set, say, 7 hours
(420 minutes). Too long charging time may indicatead cell and big energy leak (heat) in
the battery pack. If the problem occurs, check celtagds on Status pa Cells tab.
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Maximum Balancing Stage Duration
Sets the maximum allowed to time for balancing stiagallow cells to reach the balanced
state and complete the charging cycle. If this tisnexceeded a charging error is raised and
charging is stopped. The time for balancing thedmpends on capacity of cells, disbalance
and other parameters. Default 2 hours setting shwatk in most cases but it sometimes
might require longer time when the pack is deejdpalanced.

SoC configuration
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BMS Control Panel SoC configuration page

Set State of Charge...
Sets initial state of charge of the pack. Whengwdst prompts to enter the current estimated
SoC % of the pack. This function is useful if th@ial SoC value needs to be set when
installing fresh battery pack with BMS as by def&MS assumes 0% SoC as it has not
observed the pack's behaviour during charging aedyat.
It is also possible to save the initial SoC valueonfiguration file. Then it is set when
configuration file is loaded.

L Calibration Value, H Calibration Value
These values are the gain calibration values ottineent sensor which are written on the back
label of the sensor. Calibration values differ freemsor to sensor.

Deadzone
This is the dead zone of the current sensor readiimgprove 0 current stability. This allows
to eliminate the SoC drift over time due to electr magnetic noise of current sensor
surrounding media and other factors.
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Use small values up to around 10. A default valiegdbod starting point. If sometimes the reading
shows tendency to show small current in eitherctive when actually no current is flowing then
Reset Current to O should be used first and additionally tBisadzone could be increased.

Revers Direction
Reverses the direction of current sensor. Usi setting to ensure positive current reac
when charging and negative curireading when dischargin

Reset Current 0
Resets current sensor reading to zero to compefms sensor's offset and surrounding st
magnetic influenc:

Min SoC Outpu
Sets the SOC OUT output PV signal duty period % which corresponds to 0% Sd@is
setting is useful when analog fuel gauge is usedifplaying the SoC. As analog sensors
have some range in which they show values of Empspme voltage above 0. Therefore, for
example, it might be required to define a valué@¥ SOC OUT PWM signal to display a
SoC value of 0%

Max SoC Output
In similar way as described above it is set tordeethe PWM signal duty period % which
corresponds to 100% SoC charge estimated by BM&.rasult the SOC OUT PWM signal
duty cycle will swing from Min and Max values foisglaying 0% and 100% SoC
accordingly.

Pins Map configuration

Pins map configuration allows to
assign different functions to
different pins of BMS Control
Unit. This is useful for various
installations which don't use all
the default pins.For example in
hot climate areas battery heater is
not needed and cooling fan
would be required. Then this
function may be assigned to
HEATER pin and BMS would
control the fan via this pin.

BMS control unit pins

In the picture of Emus BMS
Control Unit connector remappable pins are markegp éen and non-remappable ones marked in
red.

Different pins have different hardwarderfaces. HEATER, BAT. LOW, BUZZER, CHG. IND. a
CHARGER pins are open drain outputs that can dheepin to the ground with maximum 0.5A
current. These pins cannot be assigned to inpetiturs. FAST. CHG., AC SENSE, IGN. IN, SOC
OUT, SPEED IN and INPUT 1-4 are small power piret tan be assigned either to inputs or small
power outputs of static signals. SOC OUT pin alas the possibility to assign specific State of
Charge PWM output function which generates sigoatlfsplaying SoC to external display devices.
SPEED IN has the capability to count the numberfegamuency of external incoming speed sensor
pulses. INPUT 1-4 may be used for current sensasarements. Pleasete that if any of INPUT
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to 4 pin has th€F14 Current Sensor Input assigned then all other INPUT pins must be asdigme
this function as well because current sensor usddldPUT pins to dual range current sensing.
When this function is selected and committed th@rob unit automatically updates other INPUT
pin functions. When some INPUT function is changedomething else frofaF14 then other
INPUT pins have this function removed as well.
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BMS Control Panel pins re-map configuration page

Not all pins can be assigned to all functions die best is to see what configuration options each
pin has on the BMS Control Panel software.

In the Pins Map configuration page each remappahlés listed with function that is assigned to it
and along with inversion flag. Each function assignt drop down box has a list of choices of
functions that are possible to assign to eachTpie.first choice on top of the list is always aaidf
pin function and is assigned when factory defaalésloaded. Other assignable functions choices
depend on hardware capabilities of each pin. TéteclaoicePFO No Function disables any function
of the pin.

NOTE!: To ensure correct pins operation please mab&Reset after configuring pin functions.
The list of pin functions is described below:

PFO No Functiot
Disables an function of the pin

PF1 Speed Sensor Inf
Sets th pin to receive speed sensor pulses to determingpbed and distance of vehicle.
This function can only be assigned only to SPEEDiiN (Please notinat speed and distar
function is not enabled in BMS software

PF2 Fast Charge Switch Ing
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Sets pin to act as an input for a charge rate bwit¢chelnvert flag is not set then OV voltage
of this pin will be treated as slow charge setinfgle voltage more than 5V will be treated as
Normal/Fast charge choice. This pin can be conddote 12V signals directly.

PF3 Charger Mains AC Sense Input
Sets pin to act as a sense for non-CAN chargeremiom to AC mains or other source and as
a command to BMS to start and control the chargnogess. This input may be used with
Charger Control Relay supplied by JSC Elektromotusput from other signal. With
inversion flag off OV - charger is not connected\© mains and >5V charger is connected to
power source and charging should start.

PF4 Ignition Key Input
Input for ignition key of the vehicle which contsahe power state of BMS if it is driven or in
idle state. OV - vehicle idle, >5V - vehicle isantive driving state. Cells poll and display
communication rate are depending on this sleepaatide state. Active state is also
considered when CAN or non-CAN charger is connetdedains regardless of Ignition Key
position. In addition this state information is ds®/ graphical interface device such as
EVGUI for Windows Mobile or Android to switch thereen on or off automatically when
ignition key is switched on or off.

PF5 Heater Enable Output
This pin function is active when BMS enters pretlstage if the battery pack's temperature is
below minimumHeater On Temperature setting. If this function is assigned to open wlrai
output then in active state the pin is pulled loviite GROUND pin. On other types of pins
the active state is +5V on the output.

PF7 Sound Buzzer Output
Designed to sound a sound buzzer for driver in oAserning or error.

PF8 Battery Low Indication Output
An indicator lamp for driver informing that batteis/getting low starting blinking and when
battery is very low it is always on.

PF9 Charging Indication Output
An indicator lamp for driver to show various stagésharging process. When it is off charger
is not connected. When it is displaying one to ssaulses in around 2 seconds intervals it
indicates that charging is ongoing where numbgruides means the charging stage: 1 pulse -
pre-heat, 2 - pre-charge, 3 - main charge, 4 noalg. When charging is finished ok it
displays this by constant indicator on with shoterrupts every few seconds. A charging error
is indicated by rapid flashing.

PF10 Charger Enable Output
Output which controls the n-CAN charger during chargii process. When charger
connected to AC mains or other power source thistie inidicated to BMS by activating
PF3 Charger Mains AC Sense Input. Then BMS enables the charger activating B#40
Charger Enable Output. During balancing stage BMS may periodically eradotd disable the
charger until all cells in the pack are balancedcécharging is complete BMS disables the
charger

PF11 State of Char Output
This is the Pulse Width Modulation output signalietdi has TTL levels of 0 and +5V switch
at base frequency of 7.8kHz. The width of the pigssontrolled from 0 to 100% duty by the
value of State of Charge. This signal may be cdedeio analog voltage by filtering it with
externally attached > 1uF capacitor between thapdhground. This analog voltage may be
measured voltage meter which is graded to displaylévels. Alternatively this pin ouptut
may control a MOSFET gate to drive fuel gauges tihéxjuire higher current and work on
principle of measuring a resistance to the grouhithvis common in many cars fuel tank
gauges. Due to tl specific nature of this function it may only beigagd to SOC OUT pi

PF12 Battery Contactor Outg
This is a batter protection contactor outptut which disables thedvgtin the event ¢
protection error configured on BMS. For informat@lmout protection functions configuration
look at Cells configuration sectio

PF13 Battery Fe Output
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This output is enabled once the maximum cell tewrtpes of battery pack exceeds tFan On

Temperature setting of Cells configuration. This function piray drive a fan or other battery
pack coolini device.

PF14 Current Sensor Inp

Current sensor inp which uses all pins from INPUT 1 to INPUT 4 togett@work with
analog dual range current sensor. If at least NIRUJIT X pin is changed to this function other

INPUT pins are changed to this function as welltiis is specific function it may only be
assigned to INPUT X pin:

PF15 Leakage Sen: Input
This function is designated for detecting a batjeagl leakage event using a leakage ser

The leakage sensor is external device that shardrgte a signal of at least +5V in the event

of high voltag: battery pack circuit leakage to car's chassiswnoltage subsystel
PF16 Power Reduction Outg

This function is intende to signal a power reduction requirement to motaerticdler of the
vehicle ir the event of low voltage, high discharge curremt averhea

CAN Devices configuration
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BMS Control Panel CAN devices configuration page

CAN Devices configuration allows to discover amhfigure Emus CAN cell group modules by .
Elektromotus. The page consists of configuratiariige and unconfigured devices list. The

parameters in this page and the procedure of aamfigg Can cell group modules are described in
detail below.

Discover devices.
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Discovers the CAN cell group modules that are coteteto BMS CAN bus. The discovered
devices appear in the Unconfigured List, wherestimgal number and cell count of the CAN
Cell Group Module is displayed as show in the imbglew.

CAUTION!: discovering CAN devices puts BMS Control Unit imtanfiguration mode until
the discovery is complete. While in this mode, naroperation of the Control Unit is
stopped, therefore is advised to configure CAN gedup modules before the actual use of of
Emus BMS system.

Parallel strings
Number parallel cell strings in the configuratiable. Increasing this number will create more
columns in the configuration table. Adjust thisgraeter according to the configuration of the
battery pack.

Device CAN ID Base
CAN ID Base address for CAN Cell Group Modules. iEgooup module's own CAN ID is
configured according to this parameter. This alltaveesolve the possible addressing conflicts
with other devices on the same CAN lNQTE!: CAN Cell Group Modules use extended 29
bit CAN ID's, and the Base ID represents upperits3d§ ID. For example the Base ID 0001 is
also 0001h in hexadecimal and BMS broadcast theages to CAN Cell Group Modules
starting from 00010000h and so on.

Configuration table
Configuration table consists of columns that repnéstrings of cells connected in series, and
of rows that represent CAN Cell Group Modules ia tiell string. For example, if the battery
pack consists of two strings connected in paradi@th one of them having 40 cells connected
to two CAN cell group modules, then configuratiable will have two columns and two
rows. After the device discovery, to assign a patéir CAN cell group module to a cell string,
simply drag the entry from the unconfigured listhe

Heconfigured Lis: configured table, and drop on the desired colunmis T
Serial Cell Count entry will then appear in the configured table wath
197 20 yellow "question mark" icon. The column headerd b
200 20 updated, and will display the total cell countlué string,
i £ in parentheses next to the string number. Thig telh
201 20 "
count corresponds to the number of cells of insthiag.
BMS Control Panel CAN devices Corfiguration
configuration page: Unconfigured Parallel: 2
List with some discovered CAN String 0 (Cells: 40) String 1 (Cells: 40}
Cell Group Modules 1 8.0 CGM sn: 107, cells: 20 Cahd sn: 200, cells: 20
NOTE!: For purpose of clarity, it is advised to 1 CGM sn: 189, cells: 20 CGM sn: 201, cells: 20
set up the configuration in such way that serial 3

numbers of the CAN cell group modules would

be sorted in a downwards ascending order in _ _ _
every column, and also from column to column BMS Control Panel CAN devices configuration
(see images on the right). This way cells will page: Configuration table with four CAN cell group
displayed correctly in Status page, Cells tab: cell module entries, two in String 0, and two more in
of the most negative potential (the one connectedstring 1. The yellow "question mark" icon indicates
to the minus terminal) in the string will be that this configuration has not been committed yet.
displayed as the first cell on the left, and cell

with of the most positive potential (the one

connected to the plus terminal) will be the firaeamn the right. For more detail on how to connect
CAN cell group modules, see Installation instrugsio

Commit configuration...
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After all entries from unconfigured i
have been put in the configured table,

make sure that every CAN cell group Paraliel: 2
module reports correct cell couMOTE!: Sting 0 (Cells: 40) String 1 (Cells: 40)
If some CAN cell group modules report
incorrect cell count please check that the
cell modules are installed and connected 2 ) COM sn: 199, cells: 20 D CGM sn: 201, cells: 20
correctly, and that the cell voltages are
high enough to power up the cell modules.
If cell count is reported correctly from all

CAN cell group module entries, press BMS Control Panel CAN devices configuration
Commit configuration” button. Doing SO age: Configuration table with four CAN cell

\éjvll)ln?reorlldut:i?;lr?ésirf] Z%gf?;'%ur?stlgﬂ t'([)he Group Module entries, after the configuration has
Y 9 ' been successfully committed and sent to BMS

yellow question mark icons will turn to _ i N e
green "check" icons, indicating that CAN Control Unit. The green "check" icons indicate no

cell group module configuration was errors.
completed successfully. If some error
occurred while committing the

Configurakion

1 L0 CGM sn: 197, celis: 20 3 CGM snz 200, cells; 20

|

, : , Canf
configuration, some of the yellow question ~ “*"9<#%"
mark icons will turn to red "x" icon Parallel: 2
indicating an error. In such case, check String 0 (Cels: 40) String 1 (Cells; 40)
that CAN cell group modules are = )

1 L0 CGM sn: 197, cells: 20 B CGM s 200, cells: 20

connected correctly to the CAN bt
NOTE!: When CAN grou module 1 (P COM sn: 199, cells: 20 | P CGM sn: 204, cells: 20
configuration is committed successfully,
Number of Overall Cells, ai Number of
Cells Strings parameters in Battery Pack

configuration tab will be updated BMS Control Panel CAN devices configuration
automatically. page: Configuration table with four CAN cell
Group Module entries, after committing
Confi gur ation by configuration has failed, and one of the group

modules is not responding. The red "x" icon
indicates a communication error. In such case,

) ) check that the indicated CAN cell group module is
Cell temperature calibration connected to the CAN bus correctly.

Tasks/Functions

EMUS BMS measures temperatures of each cell

— each of EMUS BMS Cell Modules have temperaturé@so These probes require initial
calibration to work properly. When all battery setind EMUS BMS Cell Modulesre installed, us
must initiate a temperature calibration commandd®®o, connect the EMUS BMS Control Unit to
PC’s USB port, start the EMUS BMS Control Panellapgion and navigate tGonfiguration page,
Battery Pack tab. There you will findGalibrate Temperature button. After pressing theutton, typ:

in a current temperature of the battery pack inptteenpted window. Ordinary household
thermometer is sufficient for getting this referetemperature. Use this calibration only when all
cells are at the same temperature. This will seteimperature of all cells to the one specifiece Th
result can be checked @&titus page, Cellstab, Temperatures graph.

NOTE!: Cell temperature probe is situated on Cell Modiislelf and does not represent an accurate
temperature of the cell. Cell tabs do have a goodrithermal conductivity and, usually, Cell
Module will report a bit lower temperature, espégiat high values. Also keep in mind that Cell
Module heats up during balancing stage and reptetagerature will be higher than actual.
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Configuring the charger

To configure charger used with the Emus BMS, cohtiecEmus BMS Control Unit to PC’'s USB
port, start the EMUS BMS Control Panel applicamu navigate t&€onfiguration page Charger
tab.

Charger Typealropbox selects a type of charger: with or without CAN interface. Please note that
following current settings are applicable for CAN charger only, and can be located in Configuration
page, Cellstab.

Pre-charge Current field sets a current for pre-charge mode. Thisenedctive when voltage at
any of the cells is lower than the value speciireBre-chargdhreshold field. This field is
applicable only for CAN chargelNOTE!: this parameter is located @onfiguration page Cells tab.

Pre-charge Threshold field specifies lowest operating voltage of théscd ypically this value is 3.0
V for LiPO/Li-lon cells and 2.5 V for LiFePO4. Thexact value should be specified in cell
manufacturer‘'s datasheet. This field is applicalvily for CAN charger.

Sow Charging Current sets a charging rate for charging the vehicle pawer power, often public
outlets. If, for example, the outlet is limitedt&W and your cell voltage is 100 V, th&8ow
Charge Current should be setto 10 A (1 kw/ 100 V = 10 A). Thad is applicable only for CAN
charger.

Fast Charging Current value should be set according to combined alwlitthe cells, charger and
power outlet, whitch one is the lowest. If, for exale, the charger can give a 50 A current, but
battery cells are 100 Ah and rated at only 0.3 &g rate, this is a limiting factor ahdrmal
Charge Current value should be set to 30 A (100 Ah * 0.3 C = 30Fhis field is applicable only
for CAN charger.

Early Balancing Threshold value sets a minimum cell voltage atcWizell balancing starts. By
lowering this value faster balancing and overadirge time can be achieved, but this increases
power losses, dissipated as heat in Cell Modulesally threshold of 3.4 V is optimal for LiFePO4
cells and 3.7 V for LiPO/Li-lon cells.

Allowed Dis-balance value sets the minimum difference between cellaggs at which it is
considered that cells are at balance and cell biagris turned off.
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