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PC Configuration toolbox

LIBAL S-BMS PRO

[ Show cell over voltage range

[] Show cell avershoot window range
[ Show cell balancing range

[ Show cellunder votage range

[ Show cellend of ife voltage range

BALANCE




Connection
System architecture
Basic functions in LIBAL s-BMS PRO™ (Functions only available in read mode in LiBAL s-BMS SERVICE™)
— Cell management
—  Current monitoring
— Temperature monitoring
—  Cell balancing
—  Charger control
— Chargerinterface
— PWM and analog ports
—  SOC calculation
— SOH estimation
— Battery model
— 1/0 ports
— CAN bus
—  CAN configuration
—  Errors and warnings
—  AUTO-off Function
—  Product Support
Basic functions in LiBAL s-BMS PRO™ and LiBAL s-BMS SERVICE™
— Diagnostics
—  Configuration management
— Bootload
—  Battery Lifetime diagnostics
— Service entry

— Logging



The s-BMS PC toolbox license is supplied as a “Softkey” that contains both
licence key and the PC software

The softkey is locked to a licensed PC.

Along with the PC software tool 5 hours of application support is offered
free of charge (remote)

The connection to the PC is done via RS232 and the package contain a
robust and proven USB/RS232 converter:
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The s-BMS PC toolbox comes in 2 versions:

— PRO: All funtions are both "READ” and "WRITE”, which means that all parameters can be
freely configured

— SERVICE: All parameters are only READ accessible. Logging, and bootloading can be
performed



s-BMS System architecture (example)
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Cell-overshoot window defines normal
charger overshoot.

Charger-off window defines a window
inside the charge complete window for
balancing.

These setting can we used to configure
any type of Litihum-ion cell chemistry.

Communication protected with 16 bit
Checksum — ASIL D level which ensures
no impact with misread Data enhancing
the Data to Data interity.

Lr

Lowest Voltage —-— Highest Voltage

Global cell settings

a0

Cell over voltage 38300 mv —=

Cell overshoot window 0 mV T -

Cell target voltage 3700 mv l_

Charge complete window 50 mV

Charger off window 20mV —13

Charge regulating voltage 3600 mV

Cell under voltage 2800 my —1y

Cell end of life voltage 2200 mV
D
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High resolution current measurement (0.1A
resolution)

Calibrated measurement shunt (Class 1 or 0.5)

Auto calibrated measurement input circuit
Calibration for linearity faults and offset errors gives
0.1A accuracy at room temperature.

SOC compensation |¢ Discharge cumeri imit | Regen cument imit | Charge cuent imit |

Use temperature discharge cument limit Maximum discharge cument: 250 A Use SOC Discharge limit
Temperature Discharge limit SOC Discharge limit
250 A 250
> ] L 4
100A @ 9 150A 2004 @
150 A
25A BOA
ad e 50A *
o« e
-0 0°c 5°C 10°C  Temperature 40°C 50°C 60°C 70°C 0% 0% SOC  20% 25%
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Temperature monitoring
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Cell temperature
* 4 temperature sensors Min. charge temperature 0°c
per LMU board Max. change temperature 0°c
. . i 0°C
* Noise robust passive Min. discharge temperature =
Max. discharge temperature oc
sensors
e Auto calibrated inputs ?ystem level temperature settings
in s-BMS PC toolbox
SOC compensation |; Discharge currert imi | Regen current mit | Charge curent limit |
Use temperature discharge cumrent limit Maxdmum discharge cument: 504 Use SOC Discharge limit
Temperature Discharge limit S0C Discharge limit
250 A 250
200 A
1504
S0 [0 [50 [07 Taweme 07 w7 @me| [07 [0 sc 7 >3

Advance temperature settings in s-BMS PC toolbox
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Cell balancing

BALANCE

Passive cell balancing with maximum 840mA @4.2 VDC.

Multiple cell bleeding operations for faster completion
of balancing process. '

Add-on heat-sink option further a
balancing time.

Mininized wear and tear on cells
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Benefit: Unmatched cell balancing

performance. Faster charging.




Cell voltages
rapidly
converging
towards the
target voltage

Balancing phase

Bulk charge
phase




Charger interface i

BALANCE

Cherger — CAN control:

Trickle charge cumrent D2A
Trickle charge temperature 0'c
hA
herse curert - e CAN 2.0A or 2.0B
Charger minimum cument 01A

325V 125 kbps to 1Mbps speed

Charge voltage

Charger reguiation loop time 1sec e Bit level configuration
Charger regulation type Lin - .
e * Preconfigured for
Mumber of chargers 1
Charge cumrent low power mode BA Su pported Cha r‘gerS
Charge complete only when balanced ——
S Y = LN e e e e e e e e e S BT
. TX Frames
CAN Options
CAN Speed Eebled  pi=Y  25peiD 1D DIC  Checksum  Signals Desciption
CANopen compatible mode Node ID \jl " ; ;I:ﬂ ?B g m : ‘:::i BRUSA
CANopen extended frames [ |
3 50 0 (1] None v | Signals
Chargers 4 50 0 Q None h Signals
e 5 50 0 0 Nore. «|_Sgnas
TX Frame # § 50 0 0 None: | Signals
7 50 0 [} None ~| Sinals
8 50 0 (] None ~ | Signals
i S -
. -
|| CAN Signals . — =5
i
1 # Enabled Startbit Bit count Data type Data identifier  Bit offset  Intel format  Description
' 0 2 Direct ~| 2120 0 Mo_Desaription =
2 g 16 Direct ~| 198 0 Mo_Description =
3 24 16 Direct -| 2112 o Charger_ Max DC.V |+
4 40 16 Direct -| 2117 0 Charger Max DCI |+
5 56 8 Constant -0 0 No_Description -




* One analog + PWM (hardwired) output for charger control
* One analog output for fuel gauge display
* One analog input programmable on a per-project basis

PYWM/ANA seftings PWM and analog ports

PWMfrequency 1 kHz ~  Max ANAPWM limit 0
. T

Intemal analog/PWM supply Min ANA/FVIM ik 0

Inverted analog/PWM signal Mz Inv. ANAFWM limit 0

Fuel gauge on ANAT/PWMI Min v ANAPWM limit 0

Interface

11
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S0C compensation | Discharge cument limit I Regen curment limit | Charge current limit

|Jse temperature compensation

Temperature Compensation

[ .In
0% [ ]
Relative S0C

0% ..'

D . ' 1 1

0°'C 0°C Temp. 0C O°C

Use discharge compensation
Discharge Compensation

Relative 50C |
1

1 1
I I
. ] ]
0% ! ! ]
] ] ]
1 1 I

D 35 1 1 1
Rte 0OC 0C OC

L ]
oC

Use charge compensation
Charge Compensation
0% .Il
i
0% i ..
Relative SOC |
]
0 b
i
D 1 1 1 .
Rate oC oc oc oc

Fudamental principle is Coloumb counting using the high
precision current measurement

The Coloumb counter is reset every time the battery is fully

charged and balanced (SOC=100%)

The Coloumb counter can be enhanced by the battery model
to compensate for temperature and rate of discharge effects.



State-of-Health (SOH) estimation

I

BALANCE

 Measures capacity based State of Health
(SOH) each full discharge cycle

e Continuously measures pack resistance

* Measures cell resistance each charge cycle

[ System settings | 1/0 settings | CAN settings | Battery Model | LMU settings | LMU data | Cellresistance | 4] Read b Wite (O Cancel
Enable cell resistances Cell resistance difference 2mi Critical cell resistance 25m0 Ready
Enable pack resistance Pack resistance dfference 10m(l Critical pack resistance  200m0
Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell & Cell 7 Cell 8 il
0 0 0 1] 0 1] 0
0 0 0 0 ] 0 ] 0
0 0 0 0 1] 0 1] 0
0 0 0 0 1] 0 1] 0
0 0 0 0 ] ] ] ] 3
0 0 0 0 1] 0 1] 0
0 0 0 0 ] 0 ] 0
0 0 0 0 1] 0 1] 0

Cell resistances in s-BMS PC toolbox
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* Add advanced battery chemistry data to your battery management system
by means of configuration.

* Enhance State of Charge calculation

* Optimize battery utilization in various temperature conditions

* Optimize battery utilization in various state of charge ranges

* Help application performance by dynamically adjusting system boundries
like allowed regen and discharge current

S0C compensation | Discharge cument limit | Regen cument limit I Charge cument Iim'rt|
Use temperature compensation Use discharge compensation Use charge compensation
Temperature Compensation Discharge Compensation Charge Compensation
0% .I 0% .I 0% .I
0% 2N BERICEI A | 0% e
Relative SOC | i Relative SOC | | Relative SOC |
0% L oo 0% Pl . 0% |
0% @ i b 0% b ™Y 0% P
0°C 0°C Temp. O0C OC Rate oc 0c oc 0c Rate 0c 0c oc 0c

14
CONFIDENTIAL



/O ports L

BALANCE

Configurable 1/0's
The BMCU supports 8 general i
I/OHE Ermor_LED -
purpose 1/0O ports e
5 ports are pre-allocated 1#s  Charger Relay  ~
to defined functions Coolingon 0'C Aways  ~
« 3 ports can be configured "™ T e T
on a per-project basis I/O configuration in
s-BMS PC toolbox
1O-1 102 10-7
MAIN+ MAIN-  Charge Disch. EmorLED  Fan Charger
relzy relzy znzbi= relayr enzbls Conitrol Rezy

1/0 monitor in s-BMS PC toolbox
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Interface to vehicle control units, chargers,
displays etc.

Configurable speed from 125kbit/s up to 1Mbit/s
Configurable to run 11 or 29 bit identifiers

Fully flexible CAN frames that can broadcast any
BMS parameters with bit level control of data
alignment

Post processing functions that allows dynamic re-
scaling and arithmetic operations on BMS
parameters

74




CAN-bus interface
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Basic CAN settings

Define transmit frames

= | — -
LGNS e g i o o 40 & & & o e s B

="

CAN Options L2 o
CAN Speed Enabed (" 29btID D DLC  Checksum  Signals Description I
= =
CANopen compatible mode Node ID ljl > ; ::D 218 i m : ::: ] BRUSA =
CANopen extended frames | | " o p p — - — L
S 4 50 0 0 None + | signas
AR 5 50 0 0 None + [ signais
TX Frame # 5 50 0 0 None ~|[  Signals
7 50 1] 1] None - Signals
F 5) lal i i None - ianals
CAN Charge Enable Timeout Osec PoS Processor
CAN Discharge Enable Timeot Osec Bytes Operand Operand 1 Operator Operandtype 2 Operand 2 Qutput |l
CAN Leak Detection Disable Timeout Dsec type 1
1 ] Constart -0 Add v |Constant |~ |0 Output1 ~|=
RX Frames 2 0 Constant -0 Add ~ | Constant ~|o Output1 -
Enabled ID 2%t 1D Signals 3 [ Constart ~|0 Add v |Constart |~ |0 Output1 -
b1 0 Signals | 4 0 |Constant ~|0 Add v |Constant |~ |0 Output1 v
2 0 Signals | 5 0 |constant |[x[0 Add v |constant [+ |0 Outputl =
3 0 Signals | 6 0 |constant |+|0 Add o —— Outputl =
4 0 Signals | 7 0 |Constant ~|o Add + [constant [+ [0 Output1 =
5 0 Signals | 8 0 |constant |+|0 Add ) roe— Outputl =l
ok [cowa ] )

Define receive frames, and
where to put the received data

Post processor allows data
to be processed after being received
or before being transmitted

—\

Benefit: Best-in-class configuration. Reduced dev. costs.




Error behaviour

BALANCE

Appropriate contactor actions must be configured for all error

conditions in the battery system for both charge and discharge state.

Contactors off {1/2)

1 -Cell over voltage

2 - Cell under voltage

3 -Cell end of life voltage
4 -Cell voltage misread

5 - Cell over temperature

& - Cell under temperature

7 - Cellunmanaged

8 - LMU over temperature

9 - LMU under temperature
10 - Temp. sensor open circuit
11 - Temp. sensor short circuit
12 - SUB communication

13 - LMU communication

14 - Owver cument |N

15 - Over cument QUT

16 - Short circuit

Charge Dischange
Fsec Jsec
Esec Bsec
bsec bsec
5sec 8sec
Fsec Bsec
10 sec Ssec
Fsec Baec
5sec Bsec
Esec &0 sec
bsec bsec
Faec Baec
Fsec Ssec
15 sec 10 sec
Fsec Baec
I sec Bsec
Dsec Osec

Cortactors off (2/2)

17 - Leak detected

18 - Leak detection failed

15 - Voltage difference

20 - BMCU supphy over voltage
21 - BMCU supphy under voltage
22 - Main positive contactor
23 - Main negative contactor
24 - Precharge contactor

25 - Midpack contactor

26 - Changer communication
27 - Emergency Stop

Emror levels
Min supply voltage

Max supply voltage
Min LML temp
Max LML temp

Charge

 G0sec [7]
 5sec [V
 Bsec [V
10sec [¥]
 5sec [V
 Bsec [V
 10sec [V
 5sec [V
 5sec [V
 Bsec [V

75V
165V
4T
~ 85°C

Discharge

Bsec
Hsec
Ssec

Bsec

 5sec [7]
. Bsec [V
. Ssec [V
 5sec [7]
 Ssec [V
 5sec [V

Benefit: User defined controls strategy. Improved safety.




Purpose: To facilitate replacement of lead/acid batteries in Forklifts, where there is no "key” function

to disconnect the BMS
The function can be enabled and the following parameters can determine AUTO-off

BMS auto off settings

Enable BMS auto off

Discharge and Idle

Ao off curert i

and

Auto off cument limit time

Auto off at lowest cell voltage limit OmV
and

Auto off voltage limit time

Auto off &t cell voltage below "Cell end of life voltage"

Auto off time for cell voltage below "Cell end of Ife voltage™

Graph view System settings /O settings  Battery Model  Local cell settings  Cell data  Cell resistance  OCVModel  Auto off

Charge

Auto off at "Charge complete™
or
Auto off at "Charger off”
and
Auto off time for charge complete /charger off

Auto off charging cument percentage level
and
Auto off charging level time

6-7 min

CONFIDENTIAL

Current is low in longer times (meaning the truck driver left the vehicle without disconnecting)

The cell voltages are reaching a point where the battery will be destroyed (meaning driver ignore warnings and
continue to engage system)

Charger has reached the point where balancing is complete and no other action for long time (Meaning the
vehcile was left in the charger for longer time)

Charger is not responding. Could be disconnected or power loss to the charger (Meaning charge process should
stop to prevent endless drain of battery)

0 sec

IIIDD

0 sec

19
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 The LiBAL s-BMS PRO is a very comprehensive tool.
In order to facilite the introduction Lithium Balance
offer 5 hour support:

— Configuration of basic settings such as cell voltage cut off
and balancing windows

— Guidelines for setting up safety strategy and how to utlize
the warnings and error states

— Introduction to advanced functionality such as OCV curve
and battery modelling (SOC compensation).

— Introduction to CAN configuration (Charger set-up)



Service and Maintenance




Error log reads out the last 198 recorded problems

The output is human readable *.csv file format

L

Information on the time from startup to error, the error description,
and data from the error.

BMCLE 20000 02,05,c.003, SUB: 20000 02,05, c.000, LAMUs: 02,05,.c.005, 02,053,005, 02.05.c.005, 02,05.c.005, 02.05,c.005, 02,05

Error Code

15
15

3
15
15
15
17
15
14

17
15
15

Fower Up Time (min)
263
347
247
284
282
278
297
277
275
275
274
270
270
12

Ciata
QO0Co09A,
ooo300BE
AEZ04EZ0
oozBo0oo
Qosooooo
QOF0003C
Q10DFO000
3590065
20Z20000
22040000
BFOAEDOD
3590000
OO3E0GT
Qosho0zo

Error

FPack resistance difference
Pack resistance difference
Leak detected

Pack resistance difference
FPack resistance difference
Pack resistance difference
Critical pack resistance
Pack resistance difference
Contactors off

Cell under voltage

Cell under voltage

Critical pack resistance
FPack resistance difference
Pack resistance difference

Description

Frevious: 120 mOhm, Mew: 900 mohm
Previous: 20 mOhm, MNew: 1220 mOhm
Offbhoard leak detection triggered
Previous: 520 mChm, Mew: 0 mohm
Frevious: 930 mOhm, Mew: 0 mOhm
Previous: 2400 mOhim, Mew: 600 mChm

4790 mohm

Previous: 2570 mOhm, Mew: 1010 mOhm

Emor Log l o | |_—?h]
| U —_—_—
logno.: 160 /158
Saving emor log. Please wait.
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Configuration management

e Store and recall configurations.

* Use the “Read” and “Write” buttons to apply the settings
to the connected BMS.

 Diagnostic Software - Lithium Balance blﬂg
File | Tools Help

| | Save configuration... | Pack daStE[I:}C - . Connection
Erors and wamings urren
i Load configuration.., i Lkt _ _ Lureni - Voltage Connect h J

Save calibration...

Highest cell Lowest cell Average cell

Highest temp. Lowest tem ? Avera?e tem ?

Load calibration... 10-7 10-8

104 10-5 10-£
o 90000

& MAIN+  MAIN-  Charge  Prech. Disch. EmorlED  Fan Charger
rafay relEy enable relzy enzblz Conitrol Ralzy

Q&= &
:

a) Accessing the error log
b) Using the service tag
c) Using the logging facility



Diagnostic Software - Lithium Balance A/S

— ﬂ
File | Tools | Help
StEIJ"-"=| Advanced » || Bootload... Ctrl+Shift+B | Pack daStaOC Current Valt (enpecton
- oltage | Connect "|
Error log... .
Cyclic reset Highest cell Lowestcell  Average cell |{| . |
e > a o o o I I
@ - 00000 ™ & -
erial Monitor -— T7 - Highesttemp. Lowesttemp. Average temp.
Gote Prech. Disch. EmorlED Fan Charger I—

relEy relEy enzbie relEy enzble

Control

Bootload all

Bootloader (auto-reset)

Boot load target: | l:]

Bootloadina ITIﬁu:I.VI W'

BNCU
SUE ‘

LMU'’s in parallel

7 ¥

Use the firmware
version included
with your
Diagnostic Software

o

Canc




Lifetime diagnostics

Information on usage Information on problems
L Odometer TR e L ErorStatistics P‘ﬂm
(=EHE EHE
B Chamges - E Bmors -
0 - 20% 0 BMCU Supply Overvoltage 0
20 - 40% 0 BMCU Supply Undervoltage 0
A0% - 60 1] Cell EOL Voltage 1]
B0% - B0% 0 Cell Cvertemperature 0
- 1005 0 = Cell Overvoltage 0
B Discharges Cell Undetemperature 0
- 20% 0 Cell Undervoltage 0
20 - 40% 0 Cell Unmanaged 0 =
A0% - 60% 0 Cell Voltage Misread 0
60 - B0 1] Leak Detected 1]
% - 1007% 0 Leak Detection Failed 0
E BErors LMU COM Emor 1]
Cell reading emors 0 LMU Overtemperature 0
EEFROM emors 0 LMU Undetemperature 0
Generic Seral Comm Em 0 I MAIN- Emors 0
Cmmi=] Tlem aem | BT s 0 7 MAIN_'_ EITDFS ﬂ I
0% - 20% I Midpack Contactor Emaor 0
I Mumber of charges to between 0% and 20°% Orvercumernt [ 0 i
Owercument OUT 0 ]
l! g Precharge Contactor Emors 0 i

Voltage Difference
Mumber of Voltage Diferance emors




e The “Add Service Entry” r o
function adds a service
entry to the error log.

Service entry added to log!

* This is useful to track oK
now many errors that .
nas occurred since the

ast service.




 The logging functions allow oas wll = _x )
the Diagnostic Software to e
continuously log a number | wn D e
of parameters during [ S

O p e rat i O n | Cell voltages v Interval (s) 1=

Cell temperatures v
| PCBtemperstures [V

* The parameters are stored |
in @ comma separated file & '
(.csv)

* This file can be analysed for
example in Microsoft Excel.
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Unmatched cell balancing performance through configuration.
Possibility to integrate multiple chargers via PWM, analog or CAN-bus.
Internal communication protected with 16 bit Checksum — ASIL D level.
Battery model — improves accuracy, performance and pack life.

User defined controls/safety strategy and performance optimization.
OCV based SOC validation.

Facilitated warranty management.

Compatibility with any Li-ion chemistries.



