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Introduction

After the introduction of affordabl&iFePO4 batteriesff-grid solutiondbecame feasible. It is vital
that such batteries are charged very carefully. In other words, they can easily belawged, or
overdischarged. Celemperature am current are ado very important, in orer to guarantee a long
life.

Thel23 SmartBM®Batery Management System (or BMIS primarily intended for prismatic cells,
but can also be adapted by the ender forother cell shapesprovided e cellvoltage is in the
workingvoltage range of the cell moduldgsor more info about the working voltage range, see
sectiondSpecifications
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Keep the batteries in perfect condition
The drawing belowghowsthat your expensive badries are in good hands with 1%8martBMS

To keepbatteries in the best condition, it is necessary to constantly monitor the voltage and
temperature of individual cells. The voltage should stay within specified limits to prevent damage to
the cellsKeeping the batteries in a safe operating temperatusoalrevents possible damage.

The width of the green (saf@rea can be set by changing the threshold voltagesry \tbypass
(balance threshold voltagegnd VY E® C2NJ Y2NB Ay T2 | o02dzi GKAAZ

Cortlusion the upper limit is safguardead by entering Mnax / \fbypass, and th lower limit byV-
min.

Cell
Voltage 0% 25% 50% 75% 100%

4,00V # '
3,75V 1
3,50V ————
3,25V
3,00V
2'75\,,/ : V-MIN
2,50V 1

2,25V +

2,00V —m——+—t—r—————t—
0% 20% 40% ©60% 80% 100% SOC

) V-MAX
\ V-BYPASS

A LiFePO4 cell voltage vs. SOC curve. The voltage is dependent on the percentage energy left in the cell (SOC).
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Packagecontents
The standard 4 cells/12V package contains:

- IN Cell Board

- OUTCell Board

- 2Cell Board

- 2Current sens@

- Piece of 0,75 mm?2 wirfor the interconnections
- Connectorunlock tool

Spedfications
All specifications measured at 3.3V cell voltage and slow message cyplker¢&cond).

Generalspecifications

Operating voltage range 2.0Vto 5.0V
Operatingtemperature range -40 to 85C
Voltage measurement accuracy +20mV
Temperature measurement accuracy +5C
Balancing current 1A

Number of Cells 210 255

Board type dependent specifications
Betweert Y2 RdzZ S OdzNNBy i <1.0mA

IN module carent averagewith 1 current <2.0nA
sensor

IN module currentiveragewith 2 current <2.9mA
sensors

OUT module currerdaveragewith standby <2.0nA
Bluetooth

OUT module currerdveragewhen device <9.0mA

connected to Bluetooth
Maximum current through charge / load relay 1A
on OUT board

Current measurement specifications

25A 0.125A +0.25A
50A 0.25A +0.5A
100A 0.50A +1.0A
250A 1.25A +2.5A
500A 2.5A +5.0A
1000A 5A +10A
2000A 10A +20A
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Placing the cell modules

Please be aware that your battepack contains a large amount of energghich can be potentially
dangerous Use isolated spanners, to prevent any short circuitgh iirush currents, causing arg
(spark$ and ultrahigh electromagnetic levels, can daglamage electronic circuits.

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

A good way of doing this is indicated on photo number ofter thorough cleaning of the cell
poles, the copper strips are boltath. Don't forget to also attach wires to the first and last cell in the
same way, and connect tbe to the solar panels, MPPT, charger and the load.

If the positive (+) hole 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.
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Mounting the IN Module

Start to mount the INBoard on the first cell. It is important this is the cell on the mirpside of the
battery pack. Solder a wire on the solder pad of thérd. (Photo 2) Connect this wire to the
minus ) dde of the cell After the INBoard is connecteche LED will startllmking every second, this
showsthe IN-Board is trying to send out data messages to the following cell board.

Install a current sensor in the incoming power line (solar panels, PMMigasfiand connect this

current sensor tothe N 2 F NR O2yySOi-2a8BPWuyalkt N] SRKB8L2GKSNI Odz
power line of the consumers (inverter) and connect this sensor to tHad&rd connectoé WH €

Y I NJ SRKRMakelsure the arrow othe current sensois pointing in the right direction. The

directionwhere the current is flowing (see picture on the following page).

Both current sensors can measure bidirectional currents. It is also possible tosedhcurrent

sensor instead of 2. Thmay be needed if you have a combined inverter/charger with a shared
power cable to both inverter and chargdihe BMS will work fine with 1 current sensor. The
drawback is that you cannot measure incoming and outgoing currents independently, but enly se
the current going in or out the battery padk/hen connecting only 1 sensor, connect this to J1 of the
IN board.

Mounting the cell Modules

After the INBoard was installeglease proceed by the cell boards. Now, prepare the Bbtsds as
shown on photo number two. Use thick setidpper wire fa this, for optimum accuracythe
bypasscurrenthas to flow through these wirgs

Take your timethe result has to look good.

The BM3nodule always$as to be mounted on the 'plupble of the cellThis '+' is alssndicated on
the cell modulesConnect all the moduless shown in photo number three.

Mounting the OUT module

On the last cellHside of the battery packhe OUTBaard has to be installed. This works the same

glre Fa 0KS 20KSNJ OStf o02FNRad® LIQa y2NXNIf @&2dz gA
OUT board.

The OUT board has two signal relays to switch enable/disable sigrnmdsver relays. For more
informk GA2y | 062dzi GKA&AZ &aSS aSOGA2y a4/ 2yiNRttAy3a SE

Cell boards interconnections

After all cell boards are installed the interconnection can be made. Start the interconnection of the

IN-Board to the following cell board. Make a connectionyfro i KS aAy 3t S 02y ySOG2 NI Vv
thelIN. 2 NR (G2 (0KS R2dzwfS O02yySOG2NI LI2aAdGdAz2y m al NJ
OF NBFdzf ¢ K Athi§ préventziioN BrcuRsgftéryyali have made the interconnection

between the INBoardand the first cell board you will notice the green LED omiget cell board will

flash as well every second. This confirms the cell board was correct installed and the interconnection
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12 3electric

between the cell boards are made correct. Now go on with the othétoeglrds Make connections

from the double connector position 1 markkd h ! ¢ ¢ (2 G(KS ySEG OStf o2l NR
Y I NJ S (iBe datefulévhen insertinghe cablg do not use excessive forcH.the flashing LED

stop somewhere in the middle of theell chain there is an error, in this case check the wiring.

Afour cells(12 volf) systemneedsthree connections:

IN-Board Jaah! ¢ ¢ A CellBoard daLbé¢ LRaAAGAZ2Y ™
CeltBoard ahy ¢dtonl2a A CeltBoard GLbé¢ LRaAaAGAZY ™
CeltBoard ah} ¢édtonl2a A OUFBoard Jla L b¢
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The picture below will show a basic setup &f eellbattery pack

Separate battery sections

When the battery pack has separated battery banks the interconnection has to be changed to
prevent interference from other components indlsystem. The data connection has to be galvanic
isolated. This can be done by the following procedure:
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1. Cut of the PCB tradbetween the two gold dotgéd circledin the picture abovi
2. Use a twisted pair cable and use batihminals.

The picture belowvill show a setup with separated battery banks.
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IN-Board 'option switch' function

Settings

The option switches can be aiged when the system is active.

The table below shows you therfations of the option switches.

Important: Don't use switcmumber 8, this will overwrite hidden factory settings

OFF Messagesvery 1,0sec.
ON Messageevery 0,5sec.
OFF Blind spotaround zero AMP disable
ON Blind spot around zero AMP enable
(recommended)
OFF Auto zero inactive
ON Auto zero active
OFF Normal mode (recommended)
ON Critical mode
OFF OFF OFF V-Bypass 3,40lt
OFF OFF ON V-Bypass 3,5 Volt
OFF ON OFF V-Bypass 3,6 Volt
OFF ON ON V-Bypass 3,7 Volt
ON OFF OFF V-Bypas<,0Volt
ON OFF ON V-Bypass 4,¥olt
ON ON OFF V-Bypas#,2Volt
ON ON ON V-Bypass 4,¥olt

Option switch nr 1: The frequency othe cell board messages can be changed by these option
switch. For fastest information set the switch to ON, for saving energy set the switch to OFF.

Option switch nr 3 Temperature fluctuations and currenteasurement errors can give a false
current reading when there is no current flowing through the senghis can lead to miscalculations
in the SOC calculationd!ith this switch ON, small (false) measured currents will be seen as 0
ampere.

Option switchnr 4: When the current sensors need to be calibrated follow the next procedure:

Make sure there is running absolutely no current through the current sensors during the zero

calibration procedure. On the IN module you will find the option switches. Seropwitch number

n G2 GKS hb LBRubDASENRY PLIDNR OSBREANBagAtt 6S I OGABSO
will show 0 Amps in a couple of seconds. Set the option switch number 4 back to the OFF position
again.
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Option switch nr 5v1.5+):0FF (reommended)the BMS works in normal mode. The SOC is reset to
100% when all cell voltages are at or above Vbypass. The relays are controlled by the BMS
charge/discharge algoliy @ t f S| &S a SBY éa STRUNU 2Yy2 NiS  f ATy2TNAdbi

ON:the BMS does not act on SOC anymore and only switches the relays off in critical conditions like
communication errortoo low voltage, tochigh voltagefoo low temperature andoo high

temperature. The SOC is reset to 100% if the total pack voltag@isabbveVbypass x Numbexf
cells.This mode is handy when using a combined charger/inverter with only one or no enable/disable
signals.

Option switch2, 6 and 7:Set option switct2, 6 and 7 in the right positions for the Bypass voltage
you like. Seeable for detalils.
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Hidden factory settings

The settings below are normally ppgogrammed during the production.
For programing othecurrent sensors or change the number of cells follow the next procedure:

Set all switches below in the right posit&fior current sensor and number of cells atogdigle switch
8 ON and OFF again.
If your number of cells is not in the list, select the next higher value in the list. This will not hav

any drawbacks.

Thehiddensettings are now stored in the BMS. Set thételes back in the original positions.
Please be aware it could be necessary to follow the current sensor calibration procedure agail

Current sensor

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

OFF
ON
OFF
ON
OFF
ON
OFF
ON

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

Number of cells

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

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

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

25 Amp
50 Amp
100 Amp default)
250 Amp
400 Amp
500 Amp
1000 Amp ¥ersionl.4 or higher)
2000 Amp yersionl.4 or higher)
4 Cells
8 Cells
12 Cells
16 Cells
20 Cells
24 Cells
28 Cells
32 Cells
48 Cells
64 Cells
80 Cells
96 Cells
128 Cells
156 Cells
204 Cells
255 Cells
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TheApp

First connection

D2 (G2 GKS !'LJJ aid2NB F2NJ ! LJLX S RSOAOSa |yR a
2y @2dzNJ ! LILX S RSOAOS® C2NJ! yYRNBRAR RS@AOSa 3
the App on your Android devicEnable the Bluetooth functionality of your device.

Start the AppyYou will see an overview of an gffid system. Tab the screen to show the title bar on
the top of the screen. Tab settings to open the settings section.

Tab on the discovered 123SmartBMS device to make a connection. The App will ask for a password,

this password is stored in the BMS to prevanybodywith a Bluetooth device can control your

.a{® ¢KS &l yRI NRftetthezanmestidifhasAisy G6YM HROSH éAdti Q& GAYS (2
the system.

To disconnect, tap again on the BMS ID with the check mark next to it.

Settings

Solar peak powerSet the maximum power of your incoming energy source, for example solar
panels. If the system contains 10 solanpk of 250 Watt each, the total power of 2,50 kW has to be
configured.

Inverter peak power:Set the maximum power of the consumers, for example an inverter. When
your inverter can supply 5 kidvatt, 5,00 kW has to be configured.

Battery capacity: The batterycapacity can of course be set to ttetal capacity of thebattery pack.
We advise however to take only #&of the rated capacity, to comply with cagling and
temperature effects.

Exampleif you use four200 Ah cellgy 4 x200 x 3,2 2560 Wh.In this case we advise to use a
value of 2560 x 0,75 = 1920/h A 1,9 kwh.

Change PINt is recommended to change the password of the BMS to prevent intruders can
aro2dl3S GKS aeadSyo ¢lro (GKS GaOKFIy3aS tLbé fAYyS |

Clear enegy counters Totals of incoming and outgoing energy will be stored into the BMS. If you
fA1S G2 asSié GKSasS i 20kearener@cdayitéE S NB yi62 | TYRNZFR (i 1265 ({iK
instructions.

V min: If one of the cells gets below thisinimum cell voltagehreshold the & fiiarningindicator
on thebattery details screen iswitchedonThea | £ t 26 (G2 RAAOKI NBab¢ NBf &
devices will be switched off.

V _max If one of the cells gets abotkis maximum cell voltagéhreshold the & taKvarningindicator
on thebattery details screen switched on¢ KS a | f £ 2 4 layit®conDd éxtBaSdevicekb
will be switched off.
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V bypassThis is thébalancingvoltage where you want all the cells to end up. Above thitagethe
cell modules start to dissipatedmpereto balance the cells. This setting can be changed with the
option switched on the INoard and will only be displayed.

T min: If one of the cells gets below thimsinimum cell temperaturéhreshold the & éwarning
indicator on thebattery details screen iswitched onBoth relays to control external devices will be
switched off.

T max If one of the cells getabovethis maximum cell temperaturéhreshold the & ¢akvarning
indicator on thebattery detailsscreen iswitched onBoth relays to control external devices be
switched off.

Charge restart:The charge relagwitches ONgain if the capacity is below the programmable
G/ KI NBSHWRB &l KS8JI £a{ A a. THisys topeehtdogging rélg R S ¢

Disdarge restart: The loadelay will be switched on again if the capacity is above the
LINEINF YYI 0SS a3 VROKIKEES aNBa @l MIyé ab2NXYIf Y2RSE

Prevent autelock Enabling this function prevent the device goes into sleep mode.

Showsimulator: L ¥ & 2 dz R 2 y\SiartBMS®& yol ke tmdisoover the App, you can run a
simulator.
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iPad = 14:32 ® 100% Emk #

< 123smartBMS Settings

DEVICES

(Q Connected to 14794

e oM v
SYSTEM CONFIGURATION

Solar peak power 2,00 kW
& Inverter peak power 1,00 kW
Battery capacity 4,0 kWh

@ Change PIN

L1
g Clear energy counters

BATTERY PARAMETERS

% V min 2,70 Volt
% V max 3,60 Volt
% Voypass 3,40 Volt

—g’ T min 10 °C
—ﬁ_ T max 80 °C

Charge restart 95 %
[ Discharge restart 5 %
APP SETTINGS

Prevent auto-lock W,
@ Show simulator

' FGSN) 6KS aSdiidAaAy3aa KIFIra 6SSy R2yS> ¢Fo6 GKS daf MHO
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, Incoming power, harvest energy todayotdtaivest
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 / outagy power, Total battery pack voltage.

If the BMS is newly mounted on the battery pack, the SOC may not show 100% while the cells are
full. Chargethe battery pack until all cell voltages are above Vbypass. The SOC will then be set to
100%. This SO€calibration happens every time the battery pack is fully charged.
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The light bulb shows the status of the outgoing energy, next to this graphic presentation you will find
details like: consumed current, consumed power, consumed energy today, total afrnedsenergy.

2 KSy @& 2dzié¢ ladh AlyK @ Fgbu wiill Erfer thelbattérg deils section.

iPad & 14:33 3 100% = 4

123smartBMS Settings

18,5A

989 W

0,01 kWh today
4 kWh total

97 %
16,5A
3,91 kWh
882w
53,5V

2,0A
107 W
0,00 kWh today
0 kWh total

123SmartBMS vio

Battery details

The battery details shows you detailed info of the battery pack. Cell voltage and temperature of each
cell will be shown. Please be awdhe temperature during bypass mode is 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)

Ontopoftf & ONBSYy FADS 41 NYAyYy3I f{CGlbbsaidcommbinication®efo & ONIR
G6+REOSSRAYI Yl EAYdzy OStt @2tGl 38 axfté¢ 9EOSSRAY:

A N w oA oA o~

YFEEAYdzZY OSff GSYLISNI (GdzNB= ac¢fé¢ SEOSSRAYI YAYAYdzy
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