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Introduction

After the introduction of affordabléiFePO4
LTO and Libn batteries off-grid solutions
became feasible. It is vital that such batteries
are charged very carefully. Inheer words,

they can easily be ovatharged, or over
discharged. Cetémperature am current are
also very important, in orer to guarantee a
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long life.The123 SmartBMS$Batery
Management Systepis primarily intended for
prismatic cells, but can als®@adapted by the
end-user forother cell shapesprovided he
cellvoltage is in the working voltage range of
1.5¢ 5 volt.
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Packagecontents

The standard 4 cells/12V package contains:
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1x BeginCell Board

1x Ed Cell Board

2x BetweenCell Board

2x Dualrange drrent sensos 20A/500A

Piece of 075 mmz wirefor the interconnections
Connectomunlock tool
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Spedfications
All specifications meased at 3.3V cell voltage and zero ampere through current sensors.

| Descripion | Value/range

General specifiations

Operating voltage range 1.5Vt0 5.0V
Operating temperature range -40 to 85°C
Voltage measurement accuracy +20mV
Temperature measurement accuracy +2C
Balancing current 1A

Number of Cells 2 to 255

Board type dependent specifications
Betweené Y2 Rdz S OdzZNNBy G <1.0mA
BeginBoardcurrent average with 1 current <1.1mA

sensor
Begin Boara@urrentaveragewith 2 current <l.6nA
sensors

End Boaraturrentaveragewith standby <l1.6nA
Bluetooth

End Boardsurrentaveragewhen device <110mA

connectal to Bluetooth
Maximum current through charge / loaignal 2A @ 30VDC
relayson End Bard 1A @ 60VDC

Dualrange arrent sensormeasurement specifications
<20A >20A neasurement Blindspot around | Max measued

measurement resolution Zero current
resolution

50 mA 1.25A ~+300 mA 500 A |

Dual range current sensor measurement specifications (2x losge hardware installation step)6
<10A >10A neasurement | Blindspot around | Max measured

measurement resolution Zero current
resolution
' 25mA - 625mA 150 mA 250 A |

Dual range current sensor measurement specifications (4x losge hardware installation step)6
<BA >5A measurement Blind spot around | Max measured

measurement resolution Zero current
resolution
12.5mA ' 313mA +75mA 125A |
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Schematic ouwiew
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BATTERY PACK (2-255 CELLS)
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Hardware installation

Please be aware that your battepack
contains a large amount of energyhich can
be potentially dangeroudJse isolated
spanners to prevent any short circuitsgli
inrush currents, causing ang (spark$ and
ultra-high electromagnetic levels, can égs
damage electronic circuits.

We therefore strongly recommend to always
FIRST connect the so called "large current
connections" in a new setup, and THEN
separately connect the BMBoards.

Step 1

Prepare the BMS boardsy soldering a wire

on the battery minus solder pad (marked
Place a cable lug on the other end of the cable
to make a connection to the minus pole of the
battery. Please use at least wire@75mm2

to prevent a voltage drop.

If the positive (+) hie on the cell module is
too small, you can make this hole bigger with
a drill. Make sure to remove the drilling dust
afterwards to prevent short circuits or other
unintended behaviour.

Step 2

Prepare the battery pacld good wa of doing
this is indica¢d onstep 2image. Start

cleaning the celpoles, the copper stripand
cable lugswith sanding papeUsethreaded
rodsinstead of normal boltdDon't forget to

also attach wires to the first and last cell in the
same way, and connect these to the solar
panels, MPPT, charger and the load.

123electric
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Step 3

Mount the cell boards on the battery pack.
Make sure the BegiBoard is mounted on
the minus side of the total battery packlhis
is the cell where the big (black) minus cable
leaves the battery paclake sue the End
Board is mounted on the plus side of the
battery pack.This is the cell where the big
(red) plus cable leaves the battery pack.

Step 4/5

After theBegin Boards connectedorrectly,

the LED will startlimking everysecond This

showsthe Begh Boardistrying to send out

datato the following cell boardStartmaking

the interconnection of thdBegin Bard to the

following cell lmard. Make a connection from

the@ Yy SOG2NI YI N] BeBin ah! ¢§ 2y
B2FNR (2 (GKS O2yySOG2NJ YI N
folowh y3 OStf o02FNR® LG R2Sa
hole of the 2 pinconnectoryou pick. Please be

OF NBFfdz ¢ KAgti§ prévéndz@ddS R2 A Y
circuits.

After you have made #hinterconnection

betweenthe Begin Board and the first cell

board you will notice the gen LED on theell

board will flash as well every secorithis

confirms the cell board isorrecty installed

and the interconnection between thBoards

are made correct. Now go on with the other

cell boardsMake connections from the

double connectormgr SR ah! ¢¢ G2 GKS
OStft o021 NR O2y BS@réf@ NI YI NJ ¢
when inserting the cable, do not use

excessive forcewhen the flashing LEDstop

somewhere in the middle of the cell chain

there is an error, in this case check the wiring.

IZ 3 electric



Step 2.

Step 1.

Step 4.

Step 3.
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Step 5.

Step 6 Both current sensors can measure

Install a current sensor in the incoming power bidirectional curents. It is also possible to

line (solar paneldyIPPT chargeretc.) and only use one current sensor instead of two.
conned this current sensoto the Begin Board This may be needed if you have a combined
O2yyYySOU2N) ¢ {Syaz2Nl mé @ linyeddi/tharder wittKaShageSporey dable to
current sensoin the power line of the both inverter and charger. The BMS will work
consumers (invertermotor controller etc) fine with just one current sensor. The

and connect this sensor to thgegin Board drawback $ that you cannot measure
O2yySOUu2NM) ¢ {Syaz2NJ H incoming and outgoing currents

independently, but only see the current going

] - in or out the battery pack. When connecting
right direction through the current sensor 2yta 2yS adSyaaNE O2yysoi
hole. Checlhe correct flowingdirection in

step 6 After the installationcheck in the app
if the given currents are positive values.

Please make sure the currenffiswingin the

the BeginBoard and make sure theharging
currert follows thearrow direction as
indication in the images belaw

For example when charging, you should see a
positive current number next to the solar
panel image.
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Step 6.

To load

To sensor 2

"'L‘ Sensor 2

i
=== Sensor 1

‘ = TO sensor 1

To charger

—
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Forcurrent measurements up to 500 ampere, Foreven more accurate measurementp to

wire as the following picture. 125ampere,put the cable four times through
the current sensor hole. Wire as the following
picture.

For even more accurate measurements up to
250A put the cable twice through the current
sensor hole. Wire ahe following picture.

See the specifications section of this manual
for maximum currents antheasurement
resolutions in different configurations.

Step 7

Use the potential free contacts of the two

signals relays on the End Board to switch your

inverter and charger/solar regulator. If the

RSOAOS KlFa |y aSylofSé 2N
can connect thisignaldirectly to the

potential free contactsIf not, connect an

energy efficient power relao the potential

free contacts so the BMS is able to switch the

power to these devices.

See the next chapter for more information.
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Controlling external Components

The Bd Board contains two signal relays with
three potential free contacts (normally open,
common contact, normally closed) to control
external components of your offrid system.

Load relay

The other relay is to control outgoing energy
components of the system, like inters or
other consumers. This relay is called the

G h!5¢ NBfled 2KSy RAAOKL

CKAd OFy 08 daztl NI OKI 9B KD SEDpexiiqihe QAP relay will

LI26SNJ LI2AY(G GNI OpPBNEE S

flagheyeysseMe nm e = SG 0@

SEFYLX S A& GKS aSylotSé LAYy 2y Yl

inverters. Otherwise you can connect an
energy efficient power relay which can control
the battery power supply to the
charger/inverter. The maximum current
through the signal relays is specified in section
G{ LISOAZ Y BE ®

Charge relay

There is one relay to control incoming energy
components of the system, like MPPT, solar
OKI NHSNJ Sio® ¢KAA NBfI &
relay. When charging is allowed the green
CHARGE LED next to the CHARGE relay will
flash every secah

When charging is allowed Pin 1 and 2 of the
CHARGE relay contacts (see End Board details)
are closed (pin 2 & 3 are open).

When charging is NOT allowed Pin 2 and 3 of
the CHARGE relay contacts are closed (pin 1 &
2 are open).

Note: when switching indudte loads like a
relay/contactor, make sure there is a

protection against flyback of the coil. A

simple example is the flyback diode parallel

to the coil.

123electric

The Netherlands

Email: info@123electric.eu 12
www.123electric.eu

Note: when switching inc?lfjcetive loads like a
relay/contactor, make sure there is a
protection aganst flyback of the coil. A
simple example is the flyback diode parallel
to the coil.

The 123SmartRelay, Victron BatteryProtect
and Kilovac EV200 relays do not need a
separate flyback protection.

Aa OFftftSR GUKS a/ 1! wD9¢
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Hardware setting

BeginBoard 'option switch' functions
The option switchesre used to configure the

balance voltage and set the amount of cells.

The switchegan be chagedwith the
supplied metal tool. This can be done while
the system is active.

The table below shows you therfctions of
the option switches.

Number of cells Balance voltage
OFF OFF OFF
OFF OFF ON

The Netherlands
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OFF ON OFF

OFF ON ON

ON OFF OFF

ON OFF ON

ON ON OFF

ON ON ON
OFF OFF OFF
OFF OFF OFF
OFF OFF OFF
OFF OFF OFF
OFF OFF ON
OFF OFF ON
OFF OFF ON
OFF OFF ON
OFF ON OFF
OFF ON OFF
OFF ON OFF
OFF ON OFF
OFF ON ON
OFF ON ON
OFF ON ON
OFF ON ON
ON OFF OFF
ON OFF OFF
ON OFF OFF
ON OFF OFF
ON OFF ON
ON OFF ON
ON OFF ON
ON OFF ON
ON ON OFF
ON ON OFF
ON ON OFF
ON ON OFF
ON ON ON
ON ON ON
ON ON ON
ON ON ON

13

OFF
OFF
ON
ON
OFF
OFF
ON
ON
OFF
OFF
ON
ON
OFF
OFF
ON
ON
OFF
OFF
ON
ON
OFF
ORF
ON
ON
OFF
OF
ON
ON
OFF
OFF
ON
ON

OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON

2-4 cells

5-8 cells
9-16 cells
17-25 cells
26-40 cells
41-80 cells
81-150 cels
151-255 cells
No balancing
1.9v

2.0V

2.1V

2.2V

2.3V

2.4V

2.5V

2.6V (for LTO)
2.7V

2.8V

2.9V

3.0v

3.1V

3.2V

3.3V

3.4V (for LiFe4PO)
3.5V

3.6V

3.7V

3.8V

3.9v

4.0V (for NMC)
4.1V

4.2V

4.3V

4.4V

4.5V

4.6V

4.7V

4.8V

4.9V
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Option switch nr 1- 3: Please set the number
of cells of your battery paclSee table for
details.

Option switch nr 4- 8: Set option switch 48

in the right positions for théalancethreshold
voltage you likeAbove this voltage, the cell
board starts balancingee table for details.
For balance voltage explanation read the text
below.

Keep the batteries in perfect condition
The drawing belowghowsthat your expensive
batteries are irsafehands with

123 SmartBM3en3

BMS SOC (%)

To keep batteries in the best condition, it is
necessary to constantly monitor the voltage
and temperature of individualetls. The
voltage should stay within specified limits to
prevent damage to the cells. Keeping the
batteries in a safe operating temperature also
prevents possible damage.

The width of the green (safe) area can be set
by changing the threhold voltages Whin, \+
balanceand \Vmax. For more info about this,
aSS aSOlAzy ac¢KS !
Cortlusion the upper limit is safguarded by
entering Vmax / \tbalance and tre lower
limit by \Amin.

P 1I0 2I0 3|0 4|0 5I0 6|0 7I0 8I0 9|0 1?0

4.00V I T T T T T I T

2.40V ——————

1
10
Cell SOC (%)

20 30 40 50 60 70 80 90 100

A LiFePO4 cell voltage vs. SOC curve. The voltage is dependent on titagerreergy left in the cell (SOC).

Recommended threshold values for different cell chemistries

LiFePO4 2.9V

LTO 2.15V
NMC 3.43V
Lrion 3.43V

The Netherlands
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LILXE @

3.4V 3.7V

2.6V 2.7V

4.0V 4.1V

4.1V 4.15V
14
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TheApp

] ) Tep on the discovered 128 martBMS device
First connection to make a connection. The App will ask for a
Go to the App store for Apple devices and password, this password is stored in the BMS
aStNOK F2NJ dmuo{ Yl NI. a{&HRBehtahibdulwitt a Biidtosth device
123SmartBMS App on your Apple device. For ¢4 control your BMS. Thiefaultpassword is

Android devices go to the Play store and & M H OAfte the connection has been made
aSHNDK F2NJ amuo{ YINI. afig®al ¥id bishdepbi? vF WS dAB
your Android deviceEnable the Bluetooth To dsconnect, tap aga on the BMS ID with
functionality of your device. the checknark next to it.

Start the AppyYou will see anverview of an
off-grid system Tab settingi the right
bottom cornerto open the settings section.

AppSettings

Solar peak powerSet the maximum power of
your incoming energy source, for example
solar panels. If the system contains 10 solar
panels of 250 Watt each, the total power of
2.50 kW has to be configured.

Inverter peak power:Set the maximum power Sl padk povee
of the consumers, for example an inverter.
When your inverter can supplykidowatt,
5.00 kW has to be configured.

Battery capacity: The batterycapacity can of
course be set to theéotal capacity of the
battery packWe advise however to take only Senada
80% of the rated capacity, to comply with cell @ Ciear eneray counters
aging and temperature effects.

Exampleif you use four200 Ah cell®y 4 x
200 x 32 =2560 Wh.n this case we advise to
use a value o2560x 0.8=2048Wh A 2.0
kWh.

Current sensorPlease set the current sensor
type you are using. The standard current
sensors supplied in the set are dual range
500A¢ 20A.

123SmartBMS

123SmartBMS GEN 3
#00000 - v3.0.1, last seen: 1

Inverter peak power

Battery capacity

Critical mode

V balance

123electric
The Netherlands

S i 123éfecir
Email: info@123electric.eu
www.123electric.eu eIEth'IC



Critical mode: V_max If one of the cells gets abovkis

Changes the algorithm when the charge and maximum cell voltagéhreshold the & +6K

load signal relay switches ftwif. warningindicator on thebattery details

In normal mode, charging is stopped when the  screen iswitchedon¢ KS al f f 246 G2 OKI
pack isull (all cell voltagesVbalancg and relay to control external devicesill be

turned on when theSOGs below écharge switched off.

restart SOQ/E. V balance This is thébalancingvoltage where

In critical mode, charginig allowed as long as you want all the cells to end up. Above this

all cellsare below Vmax and within configured voltage the cell modules start to dissipate 1
Tmin and TmaXDischarging is allowed as long ampereto balance the cells. This setting can

asall cells are abovemin andwithin Tmin be changed with the option switckeon the
and Tmax. Begin Bard.

In Critical Mode, theBMSwill only switt T min: If one of the cells gets below this
charging and/o loads off when there is a minimum cell temperaturéhreshold the & & €
critical error.See the algorithmsection for warningindicator on thebattery details

more irformation on wherloadsand/or screen iswitched onBoth relays to control
charging is allowed. external devices will be switched off.
Qitical Mode isrecommended for combined T max If one of the cells getabovethis
chargers/inverters with only one cable to maximum celtemperaturethreshold the

the battery pack because otherwiséhen the a ¢akarningindicator on thebattery details
pack is fully charged, theombined screen iswitched onBoth relays to control
charger/inverteris switched off and thus external devices be switched off.
discharging is also not possib&e Appendix Charge restart:The charge relagwitches ON
sectionCfor more info. again if the capacity is below the

Change PINt is recommended to change the LINE I NJ YY I oNISA @hdeie BWE S
password of theBMS to prevent intruders can Ad AY &b 2Th¥istopravenR S ¢
Ato2Gl38 GKS A8aGS8SY® ¢ logglingrelfys.a OKI y38 t Lbé

line and follow the instructions. Disdarge restart: The loadelay will be

Clear enerqgy countersTotals of incoming and switched on again if the capacity is above the

outgoing energy will be stored intothe BMS. If  LINRP ANJ YYI 6f S & Ziddh®KI NBHS NF
you like to set these total counters to zero, tab .a{ A& AY Aab2NXIf Y2RSE

0 K Seaenergy counte( £ Ay S | yR TPgvent8utslock Enabling this function

the instructions. prevent the device goes into sleep mode.

V_min: If one of the cells gets below this Show simulator L ¥ &2dz R2y Qi KI @S |
minimum cell voltagehreshold the & £ § 123 SmartBMS but you like to discover the
warningindicator on thebattery details App, you can run a simulator.

screen iswitchedonThea | £ £ 2 ¢ G 2 Support You can contact the app developer

RA&OKI NBES¢ NBfddvicdsz O2 yndNiRefyouSdedbacklIep versio will

will be switched off. be showed here.
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Dashboard

The overview dashboard shows you all
information you like to know.

The Solar panel shows the status of the
incoming energy, next to this graphic
presentation you will find details like:
Incoming charge current, Incong power,
harvest energy today, total of harvest energy.
The batteryshows the SOC (state of chaygé
the battery pack. Next to this graphic
presentation you will find details like: State of
charge percentage, Incoming / outgoing
current of the battery Stored power in kWh,
Incoming / outgoing power, Total battery pack
voltage.

123SmartBMS

1105 W
0,24 kWh today

0 kWh total

81 %
574 A

0,16 kWh
812 W
142V

294 W
0,07 kWh today
0 kWh total
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If the BMS is newly mounted on the battgr
pack, the SOC may not shaWwe correct
value. There is a red exclamation mark next
to the SOC percentag€hargethe battery
pack until dl cell voltages are above-V
balance The SOC will then be set to 100%.
The red exclamation mark will disappear.
This SOC recalibration happens every time
the battery pack is fully charged.

The light bulb shows the status of the
outgoing energy, next to th graphic
presentation you will find details like:
consumed current, consumed power,
consumed energy today, total of consumed
energy.

[2 3electric



Battery details

The battery details shows you detailed info of
the battery pack. Cell voltage and

temperature of eah cell will be shown. Please
be aware the temperature duringalancings
much higher than the really cell temperature.
Green values are in the safe range, yellow
values shows balancing cells and red values
are out of the safe range cells (above V max or
below V min for example)

123SmartBMS

+
£3

+
=3

+
augengonan
3 E) €3 E

+
=
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On top of the screen five warning lights will

dK2¢6 ONRUGA@hbbardS NNE NB P ¢ 9 ¢
O2YYdzy A O (i A Extee8MNR NE & + K ¢
YFEAYdzy OStf @2t Gl 38T a=+t ¢
YAYAYdzy OStf @2fdF3ST a¢KE

YFEEAYdzY OSftf (S¥did§g NI ( dzNB =

minimum cell temperature.
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Algoritm

SOC calculation

The SOC is calculated by constantly measuring
the in- and outgoing currents and integrating
these currents. This is called Coulomb
counting. The SOC is recalibrated every time
the pack is fuland empty This is done to

reduce SOC calculation deviations.

Ly a{ aqy2NXIf Y2RS¢:X
when all cell voltages are >=bdlance
Ly a{ GONRGAOI f
when the total pack voltage is >=bdlancex

total numberof cells. In other words, when
the average cell voltage is=V-balance
When one of the cell voltages is belownin
for a longer time while discharging is not
allowed, the SOC is set to 0%.

§-ragge angl dischagge/lpadelay o

The tables below display the aditions for
Y2 RS ¢ sackyrplay toswtgh ory of off xdepgndiggon y e

the selected mode

M N JE?

Normal mode

All cell voltages <V Cell voltage >=-¥hax = All cell voltages V-

balance min Cell voltage <=-¥hin
ANDSOC <harge All cell voltages >=-V = ANDSOGC>= discharge

restart balance restart

ANDcell temperature = Cell temperature <-T = ANDcell temperature = Cell temperature <-T
> TFmin min > TFmin min

ANDcell temperature = Cell temperature >-T = ANDcell tempeature = Cell temperature >-T
< TFmax max < TFmax max

ANDcell No cell ANDcell No cell

communication communication communication communication

Critical mode

All cell voltages <-V
max

ANDcell temperature
> Tmin

ANDcell temperature
< Tmax

ANDcell
communication

123electric
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Cell voltage >=-¥hax

Cell temperature <-T
min

Cell temperature >-T
max

No cell
communication

All cdl voltages> V-
min

ANDcell temperature
> Fmin

ANDcell temperature
< Tmax

ANDcell
communication

19

Cell voltage <=-¥hin

Cell temperature <-T
min

Cell temperature -
max

No cell
communication
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Module details

BeginBoard

To kattery + Mount holeon the positive'plus-pole of the cell.

Tobattery - Solder a wire on the solder pad anghoect this wire to the
minus(-) sideof the cell.

Info LED Indicator LEDFlashes when BMS data is received. Continuously (
when balancing.

Button Used to calibrate the current sensoMake sure no currents are

flowing through the sensors. Now press and hibid button until the
LED flashes fast to confirm calibration is finished.
BMScommunication output Interconnection connector for theata link to the next cell board.

Dipswitches Configuration of amount of cells/balance voltage. See page 7.
Current sesor charger Connector for the current sensor of the incoming current (solar)
Current sensor consumers Connector for the currensensor of the outgoing current
(consumers)
Extended datautput Data output for external modules to receive information abthe
battery pack.
123electric
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