‘ REC Rozna ulica 20, 6230 Postojna, Slovenia

Control Your Power! e-mail: info@rec-bms.com; www.rec-bms.com

BATTERY MANAGEMENT SYSTEM
5¢16S

Features:

- robust and small design

- 5¢l6cells

- single cell voltage measurement (@ 5.0 V, resolution 1 mV)

- single cell under/over voltageprotection

- single cell internal resistance measurement

- SOC and SOH calculation

- over temperature protection (up t8 temperature sensors)

- under temperature charging protection

- passive cell balancing up @9 A per cell

- shunt current measurement (resolutid9.5 mA @N500 A)

- galvanically isolated user defined mygtirpose digital input/output
- programmable relay (normally open)

- galvanically isolated REB5 communication protocol

- CAN communication

- error LED + buzzer indicator (option)

- PC user interface farthanging the settings and datagging (optional accessory)
- hibernate switch

- Ooneyear warranty

- NEW reduced 1 s measuring interval

- NEW balancing transistors defect check @ restart

- NEW: EEPRONMhemory data corruption check @ restart

- NEW: cell's voltageRMS voltageneasurement

- NEW: self calibration @ restart

- NEW:BMS shutdown @ 0.98 x minimum cell disconnect threshold
- NEW:Ah counting



http://www.rec-bms.com/

BATTERY MANAGEMENT SYSATENS

General Description of the BMS Unit

Battery management system (BMS) is a device that monitors and controls edotttuebattery pack by measuring

its parameters. The capacity of the battery pack differs from one cell to another and this increases with number of
charging/discharging cycles. Thepbly batteries are fully charged at typical cell voltaged4.4.20 Vor 3.5¢ 3.6 V

for LiFeP@ Due to the different capacity this voltage is not reached at the same time for all cells in the pack. The
f26SNJ 6KS OSttQa OFLIOAGE GKS &a22ySNJ GKAa @2t dl 3S
charger,voltage on some cells might be higher than maximum allowed voltage. Overcharging the cell additionally
f26SNBR AGa OFLIOAGE YR ydzYoSNI 2F OKIFNBAy3I 0OeéoOf Sa
charging current from higher voltage ceatlpassive balancing. The device temperature is measured to protect the
circuit from overheating due to the passive balancing. Battery pack temperature is monitored by Dallas DS18B20
digital temperature sensor/s. MaximuBitemperature sensors peBMSunit may be used. Current is measured by
low-da A RS aKdzyd NBaA&AG2N® . FGGSNE LI O] OdzNNBy Gz GSYLISN
2F KSItGK 6{hl 0 A& RSUGSNN¥AYSR o0& 0O2YLJ] NAghbatterpdadk.Qa (
The BMS default parameters are listed in Table 1.

Default Parameters

Tablel: Default BMS parameter settings.

parameter value unit
balance start voltage 3.95 \%
balance end voltage 4.12 \%
maximum diverteccurrent per cell up t00.85 (4.70hm) A
cell over voltage switclff 4.18 \%
cell over voltage switchff hysteresis per cell 0.04 \%
charger end of charge switabff pack 4.123.60 \%
charger end of charge switabff hysteresis 0.1 \%
charger end of charg8OChysteresis 5 %
cell under voltage protection switebff 3.0 \%
cell under voltage protection when BMS switcladgafter 30s 3.070.98 \%
cell under voltage protection alarm 3.1 \%
under voltage protection switcbff hysteresiger cell 0.15 \%
cell under voltage protection switebff timer 4 S
cells max difference 0.15 Y
BMSmaximum pack voltage 68.0 \%
BMS over temperature switebff 55 c/
BMS over temperature switebff hysteresis 5 c/
cell over temperature switcloff 55 c/
under temperature charging disable -1 c/
max DC current relag@ 60 V DC 0.7 A
max AC current rela@ 230 V AC 2 A
BMSunit standby power supply <90 mw
max DC current @ optocoupler 15 mA
max DC voltage@ optocoupler 68 \%
BMSunit disable power supply <1 mw
BMSunit cell balance fuse rating (SMD) 2 A
internal relay fuse (Master unit) 2 slow A
RAYSyairzya o066 P f P KO 190 x D4x 39 mm
weight 0.650 kg
IP protection P32

2 WWW.rec-bms.com
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BATTERY MANAGEMENT SYSTENS

System Overview:

CAN

T

CONTACTOR SYSTEM

FUSE
Figurel: System overview.
BMS Unit Connections:
RS-485 CAN
' o v _ POWER LED
ERROR LED

e

RELAY CHARGER BATTERY SHUNT TEMPERATURE
PINS PINS PACKPINS PINS PINS

Figure2: BMS unit function overview.
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BATTERY MANAGEMENT SYSATENS

Table2: BMS unit connections.

connection description
Temperature DALLAS 1_8820 GND-= shield
connector temp. sensor pingpin 2)
Temperature DALLAS 18B20 1-wire digital signal
connector temp. sensor pingpin 3)
Temperature DALLAS 18B20
. +5V
connector temp. sensor pingpin 1)
Current : .
connector + Shuntgin 3) Analog signal
Current : .
connector - Shunt pin 1) Analog signal
Current . . .
connector Shield (pin 2) Analog signal
7 Cell 1 ground Analog signal
8 Cell 1positive Analog signal
9 Cell 2positive Analog signal
10 Cell 3positive Analog signal
11 Cell 4positive Analog signal
12 Cell 5positive Analog signal
13 Cell 6positive Analog signal
14 Cell 7positive Analog signal
15 Cell 8positive Analog signal
16 Cell 9positive Analog signal
17 Cell 10positive Analog signal
18 Cell 11positive Analog signal
19 Cell 12positive Analog signal
20 Cell 13positive Analog signal
21 Cell 14positive Analog signal
22 Cell 15p0sitive Analog signal
23 Cell B positive Analog signal
24 Charger controbptocoupler collector Open collector
25 Charger controbptocoupler emitter AGND
26 - -
27 Internal Relay Main relay controlvia precharge
28 Internal Relay Main relay controlvia precharge

4 www.rec-bms.com



file:///C:/Users/Tine/Documents/REC%20d.o.o/Fritz%20Lanz/Initial_charge/www.rec-bms.com

BATTERY MANAGEMENT SYSTENS

Setting Number of Cellsandthe RS -485 Address:

Number of cells connected to thBMSunit is selected via CELL DIP Switch pins at the back of the unit. Binary
addressing is used to enable setting up 6xcells with 4 DIP Switches.

Figure3: Address and cell selection DIP Switches.

B Cell 2 EEEH Cell6 B2 Cell10  EEE Cell 14
B Cell 3 BB Cell 7 B=a Cell 11 [ Cell15
B Cell 4  EEaEa Cell 8 Eaam Cell 12 |22 Cell 16
BEEd Cell 5 R Cell 9 =g Cell 13

Figure4: Number of cell selection description.

BMSunit address is selected via Address DIP Switch pins (BMS) at the back of the unit. Binary addressing is used
enable setting up to 15 addresses with 4 DIP Switchiésnultiple BMSunits are used distinguished addresses
should be set to avoid data collision on the R85 communication bus!

Baad Address 1 [Baa Address 5 [ Address 9 B8 Address 13
BBl Address 2 [Baa Address 6 [l Address 10 B8 Address 14
Eaaa Address 3 [iaag Address 7 3@ Address 11 &8s Address 15
BEE Address 4 [ Address 8 [ Address 12

Figure5: BMS unit address selection description.
BMS Unit Cell C onnector:

Connect each cell to thBMSunit cell connector plug. Use silicanires with cross section of 8¢ 1mm? ! Before
inserting the cell connector check voltages and polarities with voltmeter of each connection!
I'If working on cells connectionsBMS's cells connector should limplagued otherwise the BMS is damaged !

—GND
—Cell 1
—Cell 2
—Cell 3
—Cell 4
—Cell 5
—Cell 6
—Cell 7
—Cell 8
—Cell 9
—Cell 10
—Cell 11
—Cell 12
—Cell 13
—Cell 14
—Cell 15
—Cell 16

Figure6: Battery pack to BMS connection.
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BATTERY MANAGEMENT SYSTENS

BMS Unit Power Supply:

BMSunit is always supplied from thesZh cell connection! When less than @ cells are used in the battery pack,
an additional wire with Pack + voltage should be connected to the célt@nnector !

1; GND I; GND I; GND
Cell 1

S — Cell 1 — Cell 1
— Cell 2 — Cell 2 — Cell 2
= Cell 3 - Cell 3 — Cell 3
— Cell 4 - Cell 4 — Cell 4
= Cell 5 Cell 5 — Cell 5

Cell 6 —= Cell 6 —— Cell6
?I Cell 7 B £ Cal7 '
- Cell 8 —= Cell 8
— Cell 9 — Cell 9
- Cell 10 — Cell 10
= Cell 11 — Cell 11
— Cell 12 C
_I_ ell 12
= Cell 13
5 Cell 14
Pack + Pack + Pack +

Figure 7BMS unit power supply.
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BATTERY MANAGEMENT SYSTENS

BMS Unit Connection | nstructions:

Connect theBMSunit to the system by the following order described in Fig. 8. It is important to disable all the BMS
functions by turning enable switch OFF before plugging any conneérsells should be connected last and
simultaneously When all the system componts are plugged in, the enable switch can be turned ON an8Wg

unit starts the test procedure.

plug in all the cells
simultaneously

plug in the
charger communication @

plug in the current sensor

(3) .
¥
|5

plug in the main

“1 s{ﬂ P

/

-

plug in the temperature
sensor —

I

[/

Set cell number and C t cati bl
BMS address onnect communication cables

(optional)
Figure 8BMS connection order.

When disconnecting the unit from the battery pack, the procedure should be followed in reverse order.

7 www.rec-bms.com
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BATTERY MANAGEMENT SYSATENS

RS-485 Communication Protocol:

[ )]
\Te ® & @ o5/

6o o @ 00

%, A

Figure 9:R$485DB9 connector front view.

Table3: R$485DB9 connector pin designator.

Pi

=1

Designator

GND

B + TERMINATION 470 OHM
A + TERMINATION

GND BMS

QIO N[O WIN|F-

Galvanically isolated RIB5 (EN 61558, EN 6155&) serves for logging and changing BMS parameters. Dedicated
PC BMS Control Software or another48S device may be used for the communication.

Messages are comprised as follows:

STX, DA, SA, N, INBTRION4 bytes, 16ébit CRC, ETX
STX start transmition <0x55> (always)

DA- destination address <0x01> to <0x10> (set as 6)

SA- sender address <0x00> (always 0)

N ¢ number of sent bytes

INSTRUCTION 4 bytes for example.: 'L','C','D",4'(@mbinedf N2Y n ! {/ LL OKI NI} OGS
6S g2dd R fA1S (2 NBOSAOGS (GKS OdzNNByd LI NI YSGSNI
1 16-bit CRC, for the whole message except STX in ETX

1 ETX end transmition <OxAA> (always)

= =4 —a —a -

Dataflow:
9 Bitrate: 56k

Data bits: 8

Stop bits: 1

Parity: None

Mode: Asynchronous

= =4 4 -

8 WWW.rec-bms.com
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BATTERY MANAGEMENT SYSATENS

Table4: R$485 instruction set.

INSTRUCTION DESCRIPTION BMS ANSWER
*,'D','N','?" Identification ' YyaA6SNIL é6w9Oilv, a!b! D9a9b¢
Returns 7 float values
LCD1 [0] = min cell voltage,
LCD1 [1] = max cell voltage,
LCD1 [2] = current,
'L','c,'D,'1,? Main data LCD1 [3] = max temperature,
LCD1 [4] = pack voltage,
LCD1 [5] = SOC (state of charge) interviab01=100%
and
LCD1 [6] = SD(state of health) interval-0-> 1=100%
Returns8 unsigned chavalues
LCI3[0] = min cell BMS address
LCI3 [1] = mincellnumber,
LCI3[2] = max cell BMS address,
o~ et o e . LCI3 [3] = max cell number,
LCVD'3,"? Main data LCI3 [4] = max temp. sens. BMS address,
LCI3 [5] = max temp. sens. number,
LCI3[6] = Ah MSB,
LC3[7] = Ah LSB,
BMS first responds with how many BMS units are
'C'E','L''L")"? Cell voltages connected, then it sends the values of the cells in floal
format
BMS first responds with how many BMS units are
'PVTE',M',? Cell temperatures connected then it sends the values of the temperature
sensors in float format
'R.IVNYT,? Cells internal DC resistance BMS first respor_nds with how many BMS arate
connected then it sends the values in float format
Vot Tttt N T vy BMS first responds with value 1, then it sends the valt
BVTVEM,? BMS temperature of the BMS temperature sensor in float format
Responds with 4 bytes &sllows
ERRO [0] =@no error, 1¢ error
ERRO [1] = BMS unit
E/RVR,OL? Error ERRO [2] = error number-1B) in
ERRO [3] = number of the cell, temp. sensor where tl
error occurred
'E''R,'R','D',"?/ .
e e Sends back the error number Returns unsigned char value
E''R','R",'D"," ','"xxx
gxgt '?",'/xxx' Cell END balancing Returns float voltage [V]
gm2§7/xxx Max allowed cell voltage Returns float voltage [V]
m2§E '?,‘/xxx‘ Max allowed cell voltage hysteresiq Returns float voltage [V]
CMTN 2 Min allowed cell voltage Returns float voltage [V]
'CMUTNY, X
MLTUNGH 2 Min allowed celvoltage hysteresis | Returns float voltage [V]
‘MYT,NY'HY X
TUMALX 2 Maximum allowed cell temperaturel wS G dzNya F€ 21 G G SYLISNI  dzN
T''M"AX, X!
.T.’.M.'.I.’.N.’ '7/ ' Mmmum allowed temperature for WSGdNY & Ff2Fd ¢S8YLISNG ( doN
T,'M1NY "X charging
BMLTN 2 Balancing START voltage Returns float voltage [V]
'‘B','M"TI",'N', " ,'xxx'

www.rec-bms.com
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BATTERY MANAGEMENT SYSATENS

'C','Hl,'El,'MI, ' ',|XXX'

CoHAR, 2 End of charging voltage per cell Returns float voltage [V]

'CH' AR, XX

gg:g '?,'/xxx' FIiralrdcc()afllchargmg voltage hysteresis Returns float voltage [V]

1OV F?

S S 1 Current measurement zero offset | Returns float current [A]

I'O''F','F'," ','Xxx

T,'B','A"'L',"?/ & i x G G & & ¥
TOBUAL XX Max allowed BMS temperature wSudzNya Ff2lFd 0SYLISNI GdzN
T s aﬂyife?gcs"i’fd BMS temperature | \ s G gy a Ft 2l G (S YLISNG G dzN
VUMLALTX Y Number ofexceeded values of Returns integer value

V','M'ALX XXX CMAX

VMYTNY Y Number of exceeded values of Returns integer value

V,'MTNY X CMIN

'MAXT,'? Number of exceeded values of Returns integer value

'M'VAVX T, XXX TMAX

LY CLL Number of battery pack cycles Returns integer value

'CY'CLL XX

gigi?/xxx Battery pack capacity Returns float capacity [Ah]

1,03 A?Y -

N T A o Voltage tocurrent coefficient Returns float value

I'O",'J' ' A", XXX

Eﬁét’)/xxx Package cell difference Returns float voltage [V]

'C'HE','M, "2/

LFon chemistry

Returns unsigned char value

'S''OY'C'H, L xxx!

'S','0'C'S'

SO CS KK State of charge Returngaccepts float SOC [@.0]
'R'EL, VY cell under voltage protection

RUETLUV XXX switch-off Returns float voltage [V]
'R''E','L',H',"?"/ cell undervoltage protection

'R'E''L'H, ' xxx! switch-off hysteresis Retums float voltage [V]
'R'VE','L,T,?/ Timer for min cell < RELV before :

RUETLUT X undervoltage relay turns off Returns unsigned char value-200 means 200 s)
'C,'R,'E,'F,?" Reference calibratioq read only Returns float voltage [V](4.996 typ.)
'0,'D,'D,'C,"?/ I -

‘0D DC. Xy Odd cells calibration coefficient Returns float value (0.@3 typ.)
EAV, G Even cellgalibration coefficient Returns float value (0GD3 typ.)
'E;AVC X YP-
'S''O'C'H,'?Y

Charger SOC hysteresis

Returns float value ©0.99

Parameter accepted and changed value is responded with 'SET' answer.

Example: proper bytenessage for 'LCD1?" instruction for BMS address 1 is:
<0x55><0x01><0x00><0x05><0x4C><0x43><0x44><0x31><0x38><0xDZ<OxAA>

RS485 message are executed when the microprocessor is not in interrupt routine so a timeout of 350 ms should

be set for theanswer to arrive. If the timeout occurs the message should be sent again.

10
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BATTERY MANAGEMENT SYSATENS

CAN Communication Protocol:

Figure 10CANDB9 connector front view.

Table5: CANDB9 connector pin designator.

Pin Designator

1 TERMINATION

2 CANL+TERMINATION
3 GND

4

5 -

6 GND

7 CANH

8 -

9

Bitrate: 250kbs

11-bit identifier: 0x031and 0x032
Default settings TX only

8 byte message structure:

Table6: CAN message structudescriptionfor ID=0x031

Byte Description Type
1 State of charge [%)] Unsigned char 0-200 LSB = 0.5 % SOC
2 Battery pack voltage high byte . .
3 Battery pack voltagiw byte Unsigned integer 0-65535, LSBZmV
4 Battery pack current high byte . . .
5 Battery pack curreniow byte Signed integer bLoHTCcy USB20mA CT
6 Battery packnaxtemperature Signed char MHT (2 MHT [ {.
7 Error number Unsigned char 0-15
8 Number of the cell or temp. sensor Unsigned char 0-16
where the error occurred

Table7: CAN message structudescriptionfor ID=0x032

Byte Description Type

1 High cell voltage high byte . . _

5 High cell voltage low byte Unsigned integer | 0-65535, LSB =1 mV

3 Lowcell voltage low byte Unsigned integer | 0-65535, LSB =1 mV

4 Lowcell voltage low byte

5 High cellnumber Unsigned char 1-16

6 Lowcellnumber Unsigned char 1-16

7 Battery packmin temperature Signed char MHT (2 MHT [ {.
8 State ofhealth [%] Unsigned char 0-200 LSB = 0.5 %180

CAN message is sent every secuwiitth refreshed valuesShort pins 1 and 2 for CAN communication termination

to enable proper BMS operation without seliestart.

11
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BATTERY MANAGEMENT SYSATENS

BMS Unit Start Test Procedure:

When theBMSis turned ON it commences the test proceduBdIS checki the user tries tauplod a new firmware

by turning on the Power LED. After the timeauS R SNNE NJ [ 95 {(dzNya 2y (2 TheA 3yl
procedure starts by testing balancing switchBdS address and cells numbemperature sensor/s detection,

self calibation, EEPRM memory parametersbuzzerand internal relayThe test completes i0 seconds. In case

of no Errorged LED turns off and the BMS unit starts working in hormal mode.

In case of Address=0 or cell number, edor 6 informs the user to propty set the DIP switches. BMS has to be
turned off befoke the pins are changed.

In case if the BMS does not detect any temperature sensors on thetos8 appears.

Error 10 indicates that the self calibration rutine detected error while calibratiregtdueference failure.

Error 15 indicates balancing transistfailure.

BMS Unit LED | ndication:

Power LED (green) is turned on in 2 s intervals, if the BMS is powered. Error LED (red) is turned on in case of syst
error. Number of Error LED blinks/sound alarm indicates Error number.

BMS Unit Low Voltage Disable:

Ifthef 2 & S & Woltdd&S drdpu@deMIN Veell 'C','M",'I','N) set value(2.9 V per celldefault), the BMS signals
ONNENI Hd LT GKS f Rrh& ander tDSdaf uhdervaliagé thresAoRl'R FENIE \EY&br more

than setTimer for min cel('R,'E,'LU ©) @ternal relay turns off.This feature prevents switching off the system at
higher load spikeswhen thef 2 6 Sad OSff Qa @2t dF3S RNRvokage Thoshddk S NJ
(R,'E,'LY\¥) ®0.98 for more than 30 s, BMS goes to sleep.

Cell Voltage Measurement:

Cell voltges are measured every seconthe cell measurement algorithm performs several measurements to
digitally filter the influence of 50, 60, 100 and 120 Hz sinus signal. Each cell voltage is measured after the balancir
fuse, in case the fuse blows BMS signals error 10 to notify the user.

BMS Cell Balancing:

Cells are balanced passively bgam L2 6 SNJ NBaAad2N» {AyOS (GKS ol fl yOa
must be an additional temperature measurement inside the enclosure of the BMS unit to prevent overheating the

integrated circuits. If the BMS temperature rises above the set threshold, charging and balancing is stopped. BMS
error 5 is indicated until the temperature drops under the set hysteresis.

Balancing START Voltage:

If errors 2, 4, 5, 8, 10, 12 are not presgehighest cell voltage rises above Balancing START voltage and current is >
0.2 A (charging stage) the BMS initiates balancing algorithm. A weighted cell voltage average is determinec
AyOf dzZRAy3I OSfttaqQ 5/ AYGSNY I i doliagelabofeOvghibh thel cells fr A y
balanced. The lowest cell voltage is taken into account determining balancing voltage.

12 WWW.rec-bms.com
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BATTERY MANAGEMENT SYSATENS

Balancing END  Voltage:

If errors 2, 4, 5, 8, 10, 12 are not present, the cells above balancing END voltage are balanced regardless the batte
pack currentA special charging I £  YOAY 3 Ff 32NAGKY Aa LINRPINIYYSRO LT
middle value betweeng) R 2 F OKI NBS @2t GF3S FyR YIFEAYdzy OSff Qa ¢
the weighted average value of the battery pack and sets this value as balancing voltage END. BMS balances all t
cells that are above this value. When the highest iselialanced down below this value, the charger is enabled
again. Process is repeated until all the cells are @ end of charge voltage.

Cell I nternal DC Resistance Measurement:

Cell internal DC resistance is measured as a ratio of a voltage change egnt ctiange in two sequential
measurement cycles. If the absolute current change is above 15 A, cells internal resistance is calculated. Movin
average is used to filter out voltage spikes errors. A time interval cuthea is introduced in the batterpack
charging current to perform the cell internal DC resistance measurement.

Battery Pack Temperature Measurement:

Battery pack temperatures are measured by Dallas DS18B20 digital temperature sensors. Up to eight sensors ce
be used in parallel. BMshould be turned off before adding additional sensors. If the temperature sensors wiring
is placed near the power lines a shielded cables should be used.

BMS Current Measurement:

A lowside shunt resistor current measurement is used-Wire Kelvin conaction is used to measure the voltage
drop. As short as possibshielded cableshould be used to connect the power shunt and BMS. The battery pack
current is measured every second. A high precision ADC is used to filter out the current spikes. Tineefirst ¢
measurement is timed at the beginning of the cell measurement procedure for a proper internal DC resistance
calculation. Shunt connection is shown in Fig. 11.

BATTERY PACK

SYSTEM VOLTAGE

°oShunt +
500 A/50 mV

> Shunt -

SYSTEM GND

Figure 11Shunt resistor connection.

Table8: Shunt resistor connection.

Pin Signal
1 - Shunt
2 Shield
3 + Shunt

13 www.rec-bms.com
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BATTERY MANAGEMENT SYSATENS

Voltage -to -current Coefficient:

Different size and resistance shunts can be used, since the vatiagerent coefficient can be changed in the BMS
Control software a¥','0",'J",'A"," ','XXXxx'

Current is calculatetly the voltage drop at the shunt resistor. 1 LSB of the 18 bit ADC represents different current
values according to the shunt resistance. The LSB coefficient can be calculated as:

~ @dzNJ\LBVuE
@ Tﬁtppxpgsiﬁ-{ OR NP LIE

where theVuropx represents the voltage drop on different shunt resistor at curfiemtno.
ADC has a prset gain of 8. With a maximum input voltage difference of 0.256 V.

Battery pack SOC D etermination:

SOC is determined by integrating the chargéoir out ofthe battery pack. Different ion chemistries may be
selected:

Table9: Lion chemistry designators.

Number Type

LFPo High power

LFPo High capacity
Winston/ThunderSky/GWL
A123

LENMC

QW IN|F-

Temperature and power correction coefficient de&ken into consideration at the SOC calculatiofRdichemistry
algorithms have an additional voltage to SOC regulation loop inside the algorithm. Actual cell capacity is
recalculated by the number of the charging cycles as pointed out in the manufa@téirer R G 1 8 KSS G @

When BMS is reconnected to the battery pack, SOC is set to 50 %. SOC is reset to 100 % at the end of charginc
can be set to desired value by-B8 communication protocol bg','O",'C",'S"," ','x.xj#struction (0.0-1.0).

14 www.rec-bms.com



file:///C:/Users/Tine/Documents/REC%20d.o.o/Fritz%20Lanz/Initial_charge/www.rec-bms.com

BATTERY MANAGEMENT SYSATENS

Chargers Enable Connection via external relay:

Charger is controlled by internal Darlington open collector optocoupler. When the charger should be enabled the
optocoupler output transistor is closed. Due to the Darlington output and additional reverse prote @it tthere

Ada nop = @2f0F3S RNBLI 60SisSSy (KS GNIyarxadz2Nna Oz
optocoupler @ AUX input or by a small external relay (coil up to 1%&W), Connection schematigth 12 V relay

coil is shown in Figl2. A special ON/OFF charging algorithm is used. When the highest cell reaches mean value
between the maximum cell voltage and end of charge voltage, charger is stopped. BMS sets balance voltage end t
minimum cell voltage. When the highest cell is bakhbellow this value, charger is enabled again. When the last
cell reaches End of Charge value, BMS stops charging, sets SOC to 100% and sets charging and SOC cha
hysteresis.

N DRIVE WITH
A LOW POWER

EXTERNAL RELAY

Figure 12External relay connection schematics.

15 www.rec-bms.com
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BATTERY MANAGEMENT SYSTENS

Pre -charge Circuit (optional)

Precharge circuit is used to fill the input capacitors of the System. When the BMS turns the internal relay, battery
voltage starts to charge the capacitors via 33 Ohm power resistors inside theharge circuit. After 4 s, the
contactor is turned ON. Fig3below shows how to connect the pieharge circuit in the system.

PRE-CHARGE UNIT

Fy

JOUVHO-Iud

LUO0"SWIQ-081 MMM
Aejep s ¢ ‘wyo £

-apis wayss

- IOPIBOD)
+ I0j)oBUOD)

no Aejas SWE
+apis waishg

CONTACTOR
c/
=
BATTERY PACK System
| —
< i ] ° >
FUSE L

Figure B: Precharge circuit connection schematics.

16 www.rec-bms.com
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System Error I ndication:
System errors are indicated witkd error LED by the number of ON blinks, followed by a longer OFF state.

Tablel0: BMS error states.

Number of
ON blinks ERROR BMS OWNER
BMS will try to balance down the
problematic cell/cells to safe voltage
Single or multiple cell level (L0 s error hysteresis + single 1 Wait until the BMS does its
1 voltage is too high (cell oveg cell voltage hysteresis is applied). job.
voltage switchoff).
Internal relay is opened, charger is
disabled.
BMS will try to charge the battery
(10 s error hysteresis +single cell
Single or multiple cell voltage hysteresis is applied).
voltage is too low (cell .
2 undervoltage protection Internal relay is openedo disable T Pluginthe charger.
switch-off). dischargingg A ¥ OSf t Qa
CLOW for more than TREtharger is
enaled.
BMS will try to balar_me the cells 1 Wait until the BMS does its
(10 s error hysteresis + 20 mV voltag .
. : : job. If the BMSs not able to
3 Cell voltages differs difference hysteresis). balance the difference in a feu
more than set. .
. . hours, contact the service.
Internal relay is closed, charger is
enabled.
Cells temperature or cell inter
connecting cable temperature in the
Cell temperature is battery pack is/are too high20 s 1 Wait until the pack cools
4 too high (over temperature| error hysteresisi chysteresis). down.
switch-off).
Internal relay is opened, charger is
disabled.
Due to extensive cell balancing the
BMS temperature rose over upper
BMS temperatureistoo  |f AYAG 6wmn & SNNER| { Waituntl the BMS cools
5 high (BMS over temperature hysteresis). down.
temperature switchoff).
Internal relay is closed, charger is
enabled
Number of cells at the back of the
BMS unit was changed from the
6 Number of cells, address ig default manufacturer settings. 1 Set the proper number of
not set properly. cells, address.
Internal relay is opened, charger is
disabled.

17 www.rec-bms.com



file:///C:/Users/Tine/Documents/REC%20d.o.o/Fritz%20Lanz/Initial_charge/www.rec-bms.com

BATTERY MANAGEMENT SYSATENS

The temperature is too low
for charging (under

If cells are charged at temperatures
lower than operaing temperature
range, cells are aging much faster
than they normally would, so

2 AQ dzyiAaft 0K
temperature rises to usable

7 . OKIF NAAYy3 A& RAALl
temperature charging ) range.
: hysteresis).
disable).
Internal relay is opened, charger is
disabled.
Temperature sensor is yolugged or Turnoff BMS unit and try to
not working properly6 s error re-plug the temp. sensor. If
hysteresis). the BMS still signals error 8,
8 Temperaturesensor error. )
contact the service. The
Internal relay is opened, charger is temperature sensors should
disabled. be replaced.
o (R$485 MasterSlave communication
9 Communication error.
only).
Single or multiple cell voltage is clos Turn-off the BMS ad check
to zero or out of range, indicating a the cells connection to the
Cell in short circuit or blown fuse, short circuit or measurin BMS and fuses. Restart the
10 BMS failure (10 s error hysteresis + 10 m\{ BMS.
measuremenfcalibration voltage difference hysteresis)
error. If the same error starts to
Internal relay is opened, charger is signal again contact the
disabled. service.
If the main relay should be opened
and current is not zero or positive,
the BMS signalsrror 11. When the
Main relay is in short error is detected, the BMS tries to ur Restart the BMS unit. If the
11 circuit. shorten the main relay by turning it same error starts to signal
ON and OFF for three times. again contact the service.
Internal relay is opened, charger is
enabled.
- Turn-off the BMS and check
Current sensor is disconnected or n¢ )
. the sensor connections, fe
. working properly.
12 Error measuring current. plug the current sensor
Internal relay is opened, charger is connector. Turn BMS back Of
) yisop ' 9 If the BMS stilsignals error 12
disabled. _
contact the service.
13 Wrong cell chemistry In some application the chemistry Use PC Control Software to si

selected.

pre-set is compulsory.

proper cell chemistry.
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BATTERY MANAGEMENT SYSATENS

EMC interference can change the
data inthe EEPROM memory. When
the BMS is switched on all the data i
checked. If corrupted data is found,

1 Use PC Control Software to

14 EEPOM data corruption BMS sets its values to default and
: reset the parameters.

signals error 14.

Internal relay is opened, charger is

disabled.

Single or multiple transistors for

balancing failure detection 1 Restart the BMS unit. If the
15 Balancing transistors failur¢ same error starts to signal

Internal relay is opened, charger is
disabled.

again contact the service.
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BMS Unit Dimensions:

Figure X4: BMS dimensions.

BMS unit can be supplied without the enclosure, if an application is weight or space limited. The dimensions of the
BMS without the enclosure are 160 mm @01mm x 27 mm. Sufficient contact surface for cooling the balancing
resistors should be provided (aluminum recommended).
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