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Please readthis manual andinstructions carefully before attempting to use this battery in yourapplication.
It contains important information, to ensure problem free performance of your batteries. Damage to the
battery howsoevercausedis notcoveredunderthe warranty.

About this manval

Please ensurethatyou havethe latestversion of all technical materials by downloaded frombelow link:

www.varta-ag.com/asb
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1 Caution/Warning statements

1.1 General safety signs

Symbol Meaning

@w Prohibition symbols are circular, showing a black pictogram on a white background
surroundedby ared edge with a crossbar.
L

Warning signs are triangular, showing a black symbol andedge on a yellow background.

Environmental regulations are information on statutory requirements, which have to be
compliedwith, especiallyduring disposal.

1.2 General hazard sources

If the following instructions for handling the device are not observed, this might lead to personal injury or
damage to the batteryor yourdevice, for which VARTAStorage GmbH will acceptno liability. VARTA cannot
control the environment where the battery is deployed and the following are not covered by the warranty:
physical damage, electrical interference, moisture ingress, deliberate or repeated short circuit or failure
conditions, electricalconditions whichtrigger the fuse protection etc.

a. Danger of electricalvoltage

/\. WARNING

Contact withelectricalvoltage!

Risk of fataliinjury from electric shock!

Keep the module always sealed.

O

Pay attention to any damage of electrical equipment! Eliminate defectsimmediately!

Do not open the module.

Do not connectthe modulesin serialonlvin narallel.

11111

Do not connectthe module or charger inreverse polarity.
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=) Yoy are not allowed to disconnect the module in active mode. Hot-plugging or hot-
swapping is not allowed in active mode! Thereis a risk of short circuit between the
battery modules. Only in shut-down mode old or damaged modules can be replaced
with newmodules. Even modules with new cell chemistries are supported if available

in the future.

b. Danger fromwater

/\ WARNING

Entry of water or other liquids intothe module!
Possible mortaldangerand materialdamage!
‘ Do not use water for cleaningthe module.

- Never place containers with fluids (beverage containersand the like) on electrical
systems.

ﬂ Do not clean the system with agents containing acid, lye or solvents.

C.

Danger fromwrong handling

ATTENTION

Ensure proper handling!
Risk of materialdamage, because of wrong handling.

— The relative humidity mustnotexceed 95%.

d. Danger fromheat

ATTENTION

Insufficient ventilation of the system!
Overheating of the system possible!

eep the ventilationopeningsclear.
== Keep the ventilati ings cl

‘ Ensure sufficientventilation.

ATTENTION

Heatinput due to directsunlightor devices emittingheat!
Overheating anddamage of the system possible!

ﬂ Protectthe system againstdirect sunlight.

ﬂ Do not use fan heatersor the like nearthe module.
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1.3 Safety overview of Battery Management System (BMS)

The battery contains three levels of safety, whichis controlled by the BMS.

Level 1Protection for over-voltage/ under-voltage / over-current/ short-circuit/ over-temperature / under-
temperature. Itiscontrolled by the BMS softwareand is non-permanent.

Level 2 Protection for over-voltage/ under-voltage / over-current / short-circuit / over-temperature/ under-
temperature. Itiscontrolled by the BMS softwareand is permanent.

Level 3 Protection (passive) with current fuse on board.

1.4 Certification

The batteryis qualified acc.to UN Recommendations on the Transportationof Dangerous Goods, UN Manual
of Testand Criteria, Partlll, subsection 38.3 (ST/SG/AC.10/11/Rev.5). The batteryis qualified acc. to IEC 62133~
2:2017. Additionally, the Easy Blade 36V and 48 Vis qualified acc. to UL2595and IEC 603 35.




2 Contact Details

To sample, buyor discussany of the productsin the Application Specific Batteries range:

USA

Varta Microbattery, Inc.
555 Theodore Fremd Ave
Suite C-304
Rye, NY 10605, USA
asb@varta-storage.com
Tel: +1(914) 592-2500

www.varta-ag.com/asb

Arrow Electronics, Inc.
9201 E. Dry Creek Rd
Centennial, CO 80112, USA
Mr. Timothy Ross
tbr@arrow.com
Tel: +1(303) 645-8806
Mob: +1(847) 302-5214
WWW.arrow.com

EUROPE

Avnet Abacus
Mr. Timothy Parker

timothy.parker@avnet-abacus.eu

Tel: +44 1628 512 904
Mo: +44 7768 396 697

www.avnet-abacus.eu

Arrow Europe
Mr. Christian Schmidt
cschmidt@arroweurope.com

Tel: +49 6102 5030 8262
WWW.arrow.com

For more information visit our website www.varta-ag.com/asb

ASIA

VARTA Microbattery Pte. Ltd.
300, Tampines Avenue 5, #05-01
Tampines Junction,
529653 Singapore
Tel +65 6260 58 01
Fax+65 6260 5812

VARTA Microbattery Pte. Ltd.
Room 1702-3, 17/F.,
Fullerton Centre
19 Hung to Road, Kwun Tong
Tel +852 2898 83 73
Fax+852 2897 76 09

VARTA Microbattery Japan K.K
Kyobashi Y'SUS Bldg, 3F. 1-6-12,
Kyobashi, Chuo-Ku
Tokyo 104-0031, Japan
Tel +813 3567 8171
Fax+813 3567 8175

VARTA Microbattery Pte. Ltd.
3F, No 85, Xinhu T°' Rd.
Neihu Dist.

Taipei 11, Taiwan
Tel +886 233 931557
Fax: +886 233 931556
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3 Introduction of ASB

Application Specific Batteries (ASB) is VARTA's new range of lithium-rechargeable battery products from
VARTA Storage GmbH, offering products in the voltage range of 24V - 48V for modern systems and
applications.

We offer a growing range of battery packs that are immediately available for high-energy or high-power
applications. All ASB battery packs are fitted with an electronic battery management system (BMS) with
protection against unsafe conditions. All cells used comply with the requirements of the safety standard
UL1642 and the packsin thishandbook are certified to additional safety standard IEC62133-2:2017as well as
UN38.3 requirements for transportation.

SYSTEM HIGHLIGHTS OF VARTA STORAGE ASB RANGE:

Excellent energy density Zero maintenance requirements

Low self-discharge and wide

Different form factors
temperature range

Up to 40kWh systems using modular

~24V, ~36V and ~48V versions approach

IEC62133-2:2017 certification Mechanical stacking/locking design

ISO9001 certified for design and

CAN Bus Communications (CANopen) manufacture

Excellent cycle life (see PI-Sheet) 2-year manufacturer's limited warranty

Comparison of different rechargeable battery systems regarding their energy densities
3.1 Definitions and standards

BASICS

ENERGY DENSITY FOR RECHARGEABLE BATTERY SYSTEMS
1000

Wh/I

400 500 600 700
Wh/kg
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Unless otherwise statedthe technical values and definitions are based on room temperature conditions (RT

=22°C + 3°C).

VOLTAGE DEFINITIONS

Open CircuitVoltage (OCV):

is the difference of electrical potential between
two terminals of a device when disconnected from
any circuit, dependent on battery model
temperature, storage duration andstate of charge.

CAPACITY DEFINITIONS

The capacity C ofa cellisdefined by the discharge
currentlandthe discharge

timet:C=1*t
| = constantdischarge current

t = duration from the beginning of discharge until
the end of discharge voltage isreached

Nominal Capacity: The nominal capacity C denotes
the capacity amountin Ah (Ampére hours) that the
battery can deliveratthe 5h discharge rate (0.2 C).
The reference temperature is +22°C + 3°C, if not
otherwise stated and the final discharge voltage
will also be stated.

CURRENT DEFINITIONS

Charge and discharge rates may be given as
multiples of the rated capacity (C) in amperes (A)
with the term C.

Example:
Rated Capacity C=1000 mAh

0.1C =100 mA,1C (A)=1000 mA

3.2

General design and application criteria

End of Discharge Voltage (EoD):

The voltage atthe end of discharging depending on
dischargerateand temperature.

End of Charge Voltage (EoC) should also be
referencedfrom the individual specifications.

Available Capacity:

Factors which affectthe available capacity are:

Rate of discharge

End of discharge voltage
Ambienttemperature
State of charge
Batteryage

Cycle history of the battery

At higher than usual discharge rates the available
capacityisaccordingly reduced.

Nominal Discharge Current:

The nominal discharge currentofan ASB batteryis
the 5-hour discharge current (0.2 C). It is the
current at which the nominal capacity of a cell is
dischargedin5 hours.

[=C/t=C/5=0.2Cwhent=5h

Choose the best suitable battery from ourrange of ASB batteries according to your needs relating to the
specific application andits corresponding planned operation conditions.

The mostimportantcriteria for the type-selection are these:

10
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Requiredminimumoperatingtime

Charging ratesrequiredvs. calendar life target
Max. and averagecurrentdrain

Min.and max. voltage of operation

Operating temperaturerange
Mechanicalproperties

Available space

Environmentalconditions

AlLASB batteries areequippedwith our specially selectedandcarefully designed safety electronic modules
(BMS) which preventthe risks of hazards due to any foreseeable abuse / misuse. Nevertheless, itis required
that any applicationis designedso that the battery may operate within its normal specificationwithout the
safety featuresbeingtriggered by end-user behaviour.

3.3 Features

VARTA Storage ASB batteriesare firstchoice for anumber of modern high-tech productsin fields such as
robotics, automated guided vehicles (AGV), related logistics and agricultural solutions and more. They
provide long lasting, reliable main power, occupying a minimum of space and weight in the corresponding
devices.

VARTA Storage ASB batteries fulfil the mostimportantdesign-in requirements: Reliable high-power output,
design flexibility with minimized spacerequirementsand a long life.

Feature Customer Benefit

Supplier's test summary
available

Advantage
UN38.3 certified
IEC62133-2:2017 certified

Approved for transport

Ready for design-in for

certified applications Reeeee desln-ln eost

Multiple form-factors with

modular design Design flexibility

Product design convenience

Lower total cost of ownership

High energy and high cycle and highly satisfying over the

Excellent overall performance life

long-term
Complete battery module . : Low cost of maintenance in
. : Fit and forget design .
solution, zero maintenance the field

CAN Communications

Smart battery management,
regardless of module size

Battery behaviour, charging,
safetycan all be controlled
and monitored

1



Order Number
(VKB)

State of charge

Typical capacity
(Ah)

Nominal voltage
(V)
Operating
temperature

Charging

Discharging

Storage

Life expectance
(typical) at

No. of cycles(on
Cmin)

Miscellaneous

NTC

Certification

4 Reference Table: Easy Blade

VARTA

*Illustration only

Easy Blade24V | EasyBlade36V | Easy Blade48V Easy Blade 48 V
(Previously version)

56654799098
<30 %
58

259

0°Cto+ 50°C
-20°C to +55°C

1to 3 months at
-20°C to +45°C
1yearat
-20°Cto +24 °C
05C/05C,
22°C = 2°C

1,200 (80%)

Yes

UN38.3
IEC62133-2:2017

56654 799 089
<30 %
44,8

37

0°C to +50°C
-20°C to +55°C

1to 3 months at
-20°C to +45°C
1yearat
-20°Cto +24 °C
05C/05C,
22°C = 2°C

1,200 (80%)

Yes

UN38.3
IEC62133-2:2017
UL2595
IEC60335

56654799092
<30 %
29

51.8

0°C to+ 50°C
-20°C to +55°C

1to 3 months at
-20°C to +45°C
1yearat
-20°C to +24 °C
05C/05C,
22°C = 2°C

1,200 (80%)

Yes

UN38.3
IEC62133-2:2017
UL2595
IEC60335

—

56654799 097

<30 %
29

51.8

0°C to+ 50°C
-20°C to +55°C

1to 3 months at
-20°C to +45°C
1yearat
-20°C to +24°C
05C/05C,
22°C = 2°C

1,200 (80%)

Yes

UN38.3
IEC62133-2:2017
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5 Reference Table: Easy Block

*Illustration only

m Easy Block 24V Easy Block 48 V

Order Number (VKB)

State of charge

Typical capacity (Ah)
Nominal voltage (V)
Operating temperature
Charging

Discharging

Storage

Life expectance (typical) at
No. of cycles(on Cmin)

Miscellaneous

NTC

Certification

56650764099
<30 %
22.8
25.6

0°Cto+50°C

-20°C to +60°C

1to 3 months at -20°C to +45°C
1yearat-20°C to +24°C

0.9C/0.9 C,22°C + 2°C

4,000 (80%)
10,000 (60%)

Yes

UN38.3
IEC62133-2:2017

56650764098
<30 %
1.4
512

0°Cto +50°C

-20°C to +60°C

1to 3 months at -20°C to +45°C
1yearat-20°Cto +24°C

0.9C/0.9 C,22°C + 2°C

4,000 (80%)
10,000 (60%)

Yes

UN38.3
IEC62133-2:2017
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6 Description of the Battery

6.1 EasyBlade

PLUS TERMINAL,
M8 INTERNAL THREAD

PUSH BOTTOM

2X M12 CONNECTORS
FOR CAN COMMUNICATION

STATUS LED

MINUS TERMINAL
M6 INTERNAL THREAD

FANS

14
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6.2 Easy Block

MINUS TERMINAL: — STATUS LED
M6 INTERNAL THREAD, !
THREAD LENGTH 10 MM

,— PLUS TERMINAL:
M8 INTERNAL THREAD,
THREAD LENGTH 8 MM

2x M12 CONNECTORS
FOR CAN COMMUNICATION

PUSH BUTTON

6.3 Included in the box
Two moduleconnectors (including the two screws) will be delivered together with the battery.(See 7.1)

6.4 Additional systems requirements

a. Powercable

Power cables are not provided by VARTA asrequirements differ in all use cases. These are available from
our distributors. Seecontactdetails on page 8.VARTArecommends usingan Mé screw type for the negative
terminal and an M8 screw type for the positive terminal. For connection of the modules an additional bus
bar or wireswith cable lugare needed.

b. Communication cable

The communication cable is not provided by VARTA. These are available from our
distributors. See contactdetails on page 8. VARTA recommends to use Tyco Amphenol
LTW 12-05BMIA-SL8001or similar. See page 39 for the wire drawing.

15
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The CAN termination resistoris not provided by VARTA. These are available from our
distributors. See contact details on page 8. VARTA recommends using Phoenix Contact
1507816 or similar.

c. CANterminationresistor

A system without CAN communicationto the Host needs two CAN termination resistors
0f120 Ohm each.One CAN terminationresistorhas to be connected to the M12 connector
of the first module and one CAN termination resistor hasto be connected to the M12 connector of the last
module.In thisway the resistorsare placed at the physical ends of the CAN bus.

Systems with CAN communication to the host only need to have one CAN termination resistor of 120 Ohm
on the lastmodule whichisconnected. In thiscase the host needsits own termination resistor.

Please makesure thatthe system is terminated atboth physical ends of the CAN Bus!

d. Charger

We recommend VARTA approved chargers which are already programmed with compatible firmware and

tested. The charger datasheets can be providedon request. (Formore information on charging see chapter
13).

Easy Charger - 24V 57020101401 Easy Blade 24 V + Easy Block 24 V
Easy Charger - 36V 57022101401 Easy Blade 36 V
Easy Charger - 48V 57021101401 Easy Blade 48 V + Easy Block 48V

The charging cable isnotprovided by VARTA. These are available from ourdistributors. See contact details
onpage 8. VARTArecommends to use TE Ampseal or similar. See page 40 for the wire drawing.

6.5 Push Button

Push the button to wake up and to shut-down the module. For more than one battery in parallel the button
only needsto be pushed on one module.(See7.4)

6.6 LED indications
The LED is able to showthree different colours steady or blinking.

a. Switchfrom Deep Sleepto Active Mode

SN D —

[s] 05 05 05

b. Switchfrom Active Mode to Deep Sleep

o |

[s] 0.3 0.3 0.3 0.3 0.3
Note: Aslongasvoltage isappliedon the power terminals, the battery will continue the sequence

16



c. Active Mode and DSG FET or CHG FET is closed

e I

[s]

d. Active Mode and DSG FET and CHG FET opened

o [N OO T | .
03 03 03 03 03 03 03 03 .

[s]

e. DeepSleep

LED | |
[s]

f. Irreversible error(e.g. defect fuse, defect FET,...)

o [N N N B

[s] 02 02 02 0.6

g. Reversible error(e.g. over-temperature,over-current,...)

ceo

[s]

h. No valid Node ID or double NodelD detected

=1o A (N  ( I

[s] 02 02 02 0.6

i. SwitchtoBootloaderMode

teo [ ] [
[s] 01 01 0.1

J. Bootloaderisactive

LED |
[s]

k. NodeID assignmentinprocess

o T |

[s] 03 03 0.3 0.6

17
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7 System Setup

71 Mechanical connection

Important! When installing the module in your application, it is important to ensure that load-bearing is
evenly spread. Pressure or weightin a single area, especially on the metal plateis not allowed and may
cause damage to the battery and internal components. Forexample, itis notallowed to fix the modules with

a strap or similar where all of the weight could be carried inone small area. The pressure mustbe spread
over the whole module.

A

x y1 x3 y3

The modules can be connected in “x1" or “z2" direction for Easy Blade. For Easy Block “x3" and or “y3”
directions are possible via two module connectors, shown below in black. Place the module connectors
inside the recess of two modules (see below picture). The module connectors are asymmetric and have a
broad andanarrowside. If the orientation of the modulesiswrong (e.g.in case of serial connection of the
modules), the connectors will not fit properly. When the module connectoris placed,inserta screw (Screw
Wuerth Wueplast W1423 3x8,TX8 or Screw EJOT Delta PTWN5454 30x8, TX10) and tighten it with a torque of
max 0.16 Nm).The module connector will expandand jamin the recess.

18



Important: The module connector will ensure correct position of the modules andadd stability. The end user
is responsible for creating sufficient stability of the battery system within the device with respect to the
requirements of the application andvariationof batterysystemswhichcan be assembled. In some cases, it
is necessary to consider that additional support of the module structure should be considered in the final
design of the application.

For removal of the module connector loosen the screw and remove the module connector.If the connector
is stuck,use a screwdriver for pullingitoutofthe recessvia the side opening in the connector.

The modules can be connectedin z1(Easy Blade)and z3 (Easy Block) directions.You can stack the batteries
via the design features on the bottom and on the top of each module. (See picture below). Please note the
stacking features are only for orientation and guidance - not for fixation. The user is responsible, to make
sure thatthe module cannot moveduringoperation.

|
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Belowtable shows the permitted layersin a specific direction:

Z1 3 layers To avoid too much weight

Y1 1 layer To ensure proper ventilation

/2 5 layers To avoid too much weight

Y?2 1 layer To ensure proper ventilation

Z3 3 layers To avoid too much weight
7.2 Electrical connection

Itis not allowed to connect the modules in series! Only connect the battery modules in parallel. Do not
mixup 24V, 36V and 48V battery modules within a single system.

The nextsteps describehowto connectthe batterymodules in parallel.

Step 1: Minus terminal

Connectthe PowerMinusofallmodulesin parallel.Tightenitwith a torque of max 3.9 Nm. Please note that
Power Minusis markedwith the symbol -. For connectionofthe modules an additional busbar or wire with
cable lugisneeded.Pleaseuse a M6 x 16 mm screw.

Step 2: Plus terminal

Connect the Power Plus of all modules in parallel. Tighten it with a torque of max 9 Nm. Please note that
Power Plusis marked with the symbol +. For connection of the modules an additional busbar or wire with
cable lugisneeded.Pleaseuse a M8 x 16 mm screw.

20
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Connectthe CAN cables. Tighten itwith a torque of max 0.6 Nm.Connect always modules next to eachother
(see belowpicture).

Step 3: CANcables

Charger
Appliance

Step 4: CAN terminationresistor

Connectthe CAN terminationresistor or add a CAN termination into the connector. Please make sure that
the system s terminatedatboth physical ends of the CAN Bus.

7.3 Configuration of a system

Itis necessaryunderthe following conditions:
1. If the modulesare connected the very firsttime.
2. If one or more modules arereplaced with newmodule(s) in an already configured system.
3. If newmodulesareadded to analreadyconfigured system.

Connectthe batteriesasdescribed inchapter7.1and 7.2.

Step 1: Turn on the system by pressing the button on any battery for 3 to 5 seconds until the LEDs starts
flashing orange. Alternatively, the ON/OFF signal (PIN2) atthe M12 connector can be connected to GND (PIN
3) by anexternalswitch. LED will turn to orange (blinking).

Step 2: Press the button on any battery for at least 5s (but not longer than 10 sec.) until the LED on this
battery turnsred(300ms),off (300 ms), green(300 ms) andoff (600 ms) until the configuration isdone (LED
green).See alsochapter6.6k.

Technicaldetails:

Each battery getsits own fixed Node ID while configuring the system.The range from1to 27 is reserved for
fixed Node IDs, even if the system consists only of 3 batteries. Each batterysends this PDO consisting of its
ownvalue. The mastersends additional PDOs with Node 27 consistingof the summary of the whole battery
system.

Batterieswhich arenotconfiguredwill nothavea validNodeID and will alsonotsend anymessages on the
CAN bus. When configuring the system by pushingthe button for atleast5 seconds (butnotlongerthan 10
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seconds), the batteries will determine the master of the system dependent on the highest serial number of
the batteries. The Node IDs will be assigned in order of the serial numbers.When all Node IDs are assigned,
the battery with Node ID 2 switches to Node ID 1 and becomes the master of the system. Because of this,
there will never be anactive Node ID 2 availablein the system.

Example of system with four batteriesin parallel:

Metwork Overview

Device Mame NMT State
0 | Network

1|b

2 |b Pre-Op

Please switch the batteries off before addingnew modules. Afteraddingmodul es, start the systemagain.In
case of orangeblinking LEDs, pressthe push button of any battery for atleast 5 seconds to reconfigure the
Node IDs.

1.4 Start the battery/system

Step 1: Wake-up:

» Method 1: Push the Button (3to 5 seconds) onone battery module (it does not matter which
module) until the LED is solid green. The batteries will notturn on if the button is pushed
longer than 5 seconds. This prevents turning on the battery accidentally if something
blocks the button continuously.

» Method 2: Pullthe ON / OFF Pin (Pin 2) of the CAN connector permanently to ground (Pin
3).

Note: Wake-Up by the external switch is prioritized. In case the batteryhasbeen turned off while the external

switch wasactive and will be turned on again via the push button, the button only needs to be pressed for
500ms.

Please wait at least 3 seconds before turning on the battery again after turning off to ensure internal
capacitorsarefullydischarged.

Pin-outof the M12-5 connector (female connectoron the battery)
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Pin1.  Wake-Up
Pin2: ON/OFF
Pin3: GND

Pin4: CAN High
Pin5: CANLow

Note: All connectors (and allpins) areconnected in parallel. The Wake-Up signal (Pin 1) isused in a system
towake up all batteries by pushingthe button of any batteryin the system. The ON/OFF signal (Pin 2) is used
to wake up all batteriesin a system by an external switch.

After Wake-Up the battery is ready for discharge. Charging is only possible if an approved VARTA CAN
chargerisconnected, or a suitable CAN-chargerhasbeen developedunderthe VARTAprotocol.

Step 2: Check Battery Status
» Method: Checkifthe green LEDonall modulesissolid green.
» Method 2: Read the BatteryStatus Register via CAN.
If all modules are activated, continue with Step 3.
Step 3: Discharging or Charging

P Discharging: Discharging is going to start once a load is connected to the system.
Dischargingis possible without CAN communicationto the device.

» Charging: Connect a VARTA approved CAN charger to the system. Charging starts once
thereisa CAN communication between Masterand charger.

7.5 Shut-down

» Method 1: Push the Button ona module twice quicklywithin one second (itdoes not matter
which module).

P Method 2: Switch off the battery with the external switch, which is connected to the ON /
OFF pin inthe CAN connector.

8 Power Modes

There are two conditions under whichthe batteryenters automatically shutdown mode.

8.1 Condition 1: Shut down timer and shut down current (Deadband)

If no charging / dischargingbelow a set threshold (5A default) is detected within 3h, the single module shuts-

down automatically. This 3h value and the current threshold is a default and can be changedin the CAN
device settings.
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The defaultvalue is 3h and the value of the shutdown timercanbe setvia object 0x3F00.4. The default value
for the currentis 5 A and can be setvia object 0x3F00.5. For multi-module systems, to ensure individual
modulesremainin-sync,itis advised thatthe currentthresholds for the timer function arenot marginal or
close to the limit of under/over currentto trigger the shutdown. In such casesitcould potentiallybring the
modulesoutofsync,ifone moduletimeristriggered andanother not.

Stepsto follow for shutdown timer:

1. Code for write permission:
Write value 0x0717to object 0x2010.1
2. Timer value (in seconds):
Write value to object 0x3F00.4 (e.g. 604,800dec for 7 days)
3. Save changed parameterpermanently:
Write 0x1c2b to object 0x2010.1
If you don"twantautomatic shutdownset the timerto the maximal value, which is 74444 hours (100 months).

Stepsto follow for shutdown current(Deadband):

1. Code for write permission:

Write value 0x0717to object 0x2010.1
2. Currentvalue (in mA):

Write value to object 0x3F00.5 (e.g. 10000 dec for 10000 mA)
3. Savechanged parameterpermanently:

Write Ox1c2b to object 0x2010.1

8.2 Condition 2: Keep power timer

Once battery is fully charged (100 % SOC), battery enters shut down mode after 5 minutes by default. This
timer can be changed.

Stepsto follow:
1. Code for write permission

Write value 0x0717 to object 0x2010.1
2. Keeppower timer(in seconds)

Write value to object 0x3F00.9 (e.g. 360dec for 6 minutes)
3. Savechanged parameterpermanently

Write Ox1c2b to object 0x2010.1
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If you do notwant automatic, keep the powertimer set the timer to the maximal value, which is Oxffffffff.

9 User Specific Changeable Parameters

There isa specific area for “User Specific Changeable Parameters”. These parameters can be accessed via
CANopenProtocol andSDO transfer. Forchanging proceed the following steps:

Example:

1. Get Write permission:
Write "0x0717" in object 0x2010.1

2. Change Current Value to e.g.20A (=20,000 mA)in “Normal Temp Range”:
Write "0x4e20"in object 0x3F00.6

3. Savevaluespermanentin EEPROM:
Write "0x1c2b”in object 0x2010.1

4. Reboot battery:
Newvalue isvalid only afterreboot (switch off and on the battery).
Belowobjectscanbe configured by the customer.

Object Object Write Save valuein Description Format
ID Description permission EEPROM

0x3f00.1 Configuration 0x0717inObject O0xlc2binObject Stringfor general 32byte String

string 0x2010.1 0x2010.1 purpose
customer
0x3f00.2 Serialnumber 0x0717inObject O0x1c2binObject Customercanadd Unsigned32
customer 0x2010.1 0x2010.1 own serial number if
needed
0x3f00.3 Datecode 0x0717 in Object 0x1c2binObject Customer canadd Unsigned16
customer 0x2010.1 0x2010.1 own date code if
needed
0x3f00.4 Shutdown 0x0717 in Object 0x1c2binObject Shutdown timer. If Unsigned32
timer 0x2010.1 0x2010.1 standby currentof

applicationisless
than the values
whichis definedin
0x3f00.4,the battery
will switch off after
expirationof the
shutdown timer

(default10800s)
0x3f00.5 Battery 0x0717 in Object 0x1c2bin Object Deadbandfor the Unsigned32
discharge 0x2010.1 0x2010.1 system. (Default
current 5000mA).
system
shutdown
delay
threshold
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0x3f00.6 Battery 0x0717 in Object 0x1c2binObject Maxcurrentwhichis Unsigned32
charge max 0x2010.1 0x2010.1 allowed in normal
current temperaturerange.
normal Please note:lt
temperature cannotexceedthe
protection threshold
of the battery.
0x3f00.7 Battery 0x0717 in Object 0x1c2binObject Maxcurrentwhichis Unsigned32
charge max 0x2010.1 0x2010.1 allowed in high
currenthigh temperaturerange.
temperature Please note: It
cannotexceedthe
protection threshold
of the battery.
0x3f00.8 CANbaudrate 0x0717in0Object O0x1c2binObject Baudratecanbe Unsigned16
0x2010.1 0x2010.1 change via this
object. Defaultis 250
kbit/s. Possible baud
ratesare
125/250/500/1000
0x3f00.9 Keeppower 0x0717 in Object 0x1c2binObject Once batteryisfully Unsigned32
timer 0x2010.1 0x2010.1 charged(100 % SOC),
battery entersshut

down mode after 5
minutes by default.
This timer can be
changedyvia this
object.

10 Operation

10.1 Power gap

For Easy Blade 24 V / 48 V (56654 799 097) and Easy Block there is a power gap of around 250 ms in the
transition phase from discharge mode to charge mode and vice versa. This power gap might lead to a
shutdown of the end application.The powergaphasto be buffered on customer side e.g.via capacitor.

For EasyBlade 36V / 48V (56654799092) there isno powergap anymore.

EasyBlade 24V 56654799 098 Yes
Easy Blade 36 V 56654799 089 No
Easy Blade 48 V 56654799 092 No
Easy Blade 48 V 56654799 097 Yes
EasyBlock 24V 56650 764 099 Yes
Easy Block 48 V 56650764098 Yes
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10.2 Pre charge circuitry

For applications with a high input capacitance, Varta recommends adding a pre-charge circuity into the
device to limit the inrush currents as there is no build in pre-charge circuity in the battery. High inrush
currents mighttrigger the shortcircuit protection in the Easy Blade battery whichlead to a shutdown of the
system during start-up.

The shortcircuit protectionin the batterywill be enabled ifa currentof 300Afor 300usis exceeded.

Vartarecommends followingpre-charge circuitries:

Option 1: Via a series resistor

The input capacitor is pre-charged via a series resistor (R1). After a defined delay, which is pre-set in the
timer relay, the main power pathisenabled.

1
L
R1
= C1
_— w] + —
T §|_|g 2 Q e gl Z
EasyBlade 5] g a
1 = 9]
= m o
= s
@
E
=

Please keepthe pre-chargecurrentaslowas possible to reduce the cost for the pre-charge resistor. Typical
pre-charge currentsare intherangeof 5A-15A

Formulato calculate the pre-charging of a capacitor:
Uc(t)=U_0x(1-e~(-t/(RxC)) )

Uc(t): Capacitor voltage aftertime t
U0: Battery voltage

t: time

R: resistance of pre-chargeresistor
C: Inputcapacitance

Example for pre-chargeresistor:

TE Connectivity HSC10010RJ 100hm (+/- 5%) 100W

Example for timerrelay:

27



VARTA

Phoenix Contact2905814

Example for relay in main power path:

Siemens 3RT2026-1AP00

Option 2:ViaNTC

The inputcapacitorispre-charged via a NTC (R1).

NI

i)

Y[+
il
peo

—— ﬂg

EasyBlade |

aND
20/0a

1l
Timer Relay
1no

Example for NTC:
EPCB57364-5100 100hm, 5.1W

11 Baud Rate

There are two possibleways to change the baud rate:
11 Option 1: via push button

Switch into configuration mode “CANopenbaudrate setting” while the BMSisin Active Mode itispossible to
startthis configuration mode by pressing the onBoard buttona long time.

State Active Mode Configuration Mode
Capacity or Discharge or Charge Mode enabled “CANopen baudrate setting”
CapButton
[s] >10s...<15s

When10sare reached, the LED displayshows short feedback to signalthatthe button hasto be releasedto
start the configuration If the button is released within the mentioned time range the configuration mode
starts. The BMS LED display shows the state switch. The flag
WARNING_REG_SET_CAN_BAUDRATE_PROCESS_ENABLE is set. The BMS waits for further key pressing to
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change the baudrate setting or to finish this configuration mode. All other kinds of key pressingevents (e.g.
switch into DeepSleep Mode) andalso events which occuron the External Signal GPIO wereignored during
this configuration mode

Change baudrate during"CANopenbaudrate setting”

While the BMS is in the mentioned configuration mode it is possible to toggle between several baud rate
settings by shortpressingthe onBoard button.Thereare 4 different fix baudrate settings possible which are
changed with every key press in a Sequential rotating order e.g. if the setting was 125kBd while the
configuration mode was entered, after the firstpress 250k Bd will be selected andso on.

Baudrate 125kbd 250kBd 500kBd 1MBd 125kBd
CapButton
[s] >0.25s...
<bs

The actual selected baud rate is shown via the BMS LED display. Thisis only a preselection for aninternal
temporary table index during this configuration mode the CANinterfaceisnotbe influenced.CAN interface
will only be reinitialized after the configurationis finished and the BMS will be restarted

Finish setting during "CANopen baudrate setting”

While the BMS is in the mentioned configuration mode it is possible to finish the configuration mode by
pressing the onBoard button again fora long time.

State Configuration Mode - DeepSleep

“CANopen baudrate setting”

CapButton

[s] >10s...<15s

When10sare reached, the LED displayshows short feedback to signal that the button has to be released to
store the configuration. The corresponding CAN baudrate of the last selected table indexis stored into the
EEPROM to can be used after the next restart from DeepSleep Mode. If this restart is desired, it has to be
initiated by the user e.g. double keypress or softwareresetvia CAN.

Abortsetting during"CANopen baudrate setting”

If there isno button pressed within a timeout period of 60s the configuration mode would be aborted without
any changesconcerning CANbaudrate setting andwithoutany storeinto EEPROM.

Batteryisin configurationmode: "CANopen baudrate setting”

If the user has started the configuration mode: “CANopenbaudrate setting” by pressingthe onBoard button,
feedbackis given thatthe configuration mode isinitiated. The baudratecan be selected by furtheruser key
pressinteraction andthe LED shows which kind auf baudrate isactuallyselected:
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- Incase: 125 kBd is selected
LED continuous flashing: 1 x orange - 1Xx green - break...

“l H 0 B
] 03 03 0.6 0.6

[s

- Incase: 250 kBd is selected
LED continuous flashing: 1 x orange - 2 x green - break ...

“H B H B H N
[s] 03 03 0.6 0.6

S

- Incase: 500 kBd is selected
LED continuous flashing: 1 x orange - 3 x green - break ...

“H B B H B EHHEN
] 03 03 0.6 0.6

[s

- Incase: 1MBd is selected
LED continuous flashing: 1 x orange - 4 x green - break ...

LE
D
[s] 03 03 0.6 0.6

1n.2 Option 2: via customer objects

Steps to follow:
1. Code for write permission

Write value 0x0717to object 0x2010.1
2. 2.Keeppower timer(in kbit/s)

Write value to object 0x3F00.8 (e.g.125 dec for 125 kbit/s)
3. Save changed parameterpermanently

Write Ox1c2b to object0x2010.1

12 Easy Blade - Cooling concept

The Easy Blade has two radial fans to cool the battery in case of increasing temperature. You can seein
below spreadsheet the performance of the fans, which depends onthe temperature inside the battery. There
are differentthresholds for chargingand discharging.
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Discharging: Charging: Fan

<30°C <30°C off

30°C-35°C 30°C-325°C 25%
35°C - 40°C 325°C-35°C 50%
40°C - 45°C 35°C-375°C  75%
>45°C >37.5°C 100 %

Please note for a good circulation, the modules need at least a distance of 5 cm between the battery and
the device on both sides (fan side and opposite side). If the batteries are built in into a
compartment/enclosure, please ensure fresh air circulation (from outside via slots).

13 Charging

Charge algorithmis controlled by the battery itself. Eithera VARTA-approvedcharger can be usedor alsoa
customized charger which follows the CANopen standard and the VARTAASB charger specification, which
isavailableonourhomepage for custom developments. Charging will not start without CAN communication.

For the Easy Charger 24 V and 36 V (charger is without any resistor) you need to implement a termination
resistor atthe chargerend.Thismakesiteasier to remove the chargerwhile the busis still terminated. The
Easy Charger 48V (ICL150058 V) includes already a selectable terminationresistor. This could be used when
the chargerisused ason-board chargerandstays connected atthe system.

The termination resistor can be implemented e.g. by a Y-cable: 1plug for the termination resistor and one
plug for the charger communication.Itis also an option for you to integrate an “easier” way to connect the
chargerto the batteryandtoimplementthe termination resistorin your own adapter.

131 Regenerative charging
Modulesacceptregenerativechargingwith below specified limits:
- Ifcurrentisbelowé5Afor 5s.

- If battery voltageis below:

W

EasyBlade 24V 29.7
Easy Blade 36 V 425
Easy Blade 48 V 59.5
EasyBlock 24V 29.2
EasyBlock 48 V 58.4

14 Error

In case of anunexpected behaviour of the battery orifany threshold limitisviolated, the battery will store
aninternal error event.The LED of the battery will be steadyredif the operating state does not change. This
means that the battery will be operating again, if the cause of the error is not present anymore and the
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battery is turned off and on again. In case of a non-reversible error, the LED will blink red and the battery
cannotbe used anymore.

If anerror occurs while charging, the charger will be commanded to shutdown the charge currentand the
Charge FET will be opened to preventany furthercharging.|f an error occurs while discharging, the discharge
FET will be opened to preventanyfurtherdischarging.

The battery saves the recordof everyindividual errorin the internal memorywhich can bereadvia CAN from
object0x201A sub 1to sub 64. The history of the error which occurredcan be read from object 0x2018 sub 1
to sub 16 which stores the last 16 events.

Detailed errorlistcan be downloaded on our homepage: www.varta-ag.com/asb

15 The CAN Protocol

Communication between all batteries in the system, the charger and the application (optional), occurs via
the standardized CANopen protocol. For more detailed information about CANopen please visit the official
website from "CAN in Automation”(CiA) at https://www.can-cia.org/canopen/.

At normal operation all necessary data is transmitted via PDOs in cyclic intervals. If the application needs
more information,more data can be accessedvia SDOrequest to the master battery. Please note: Data via
SDO shall notbe requestedduring normaloperation,onlyin service cases.

The CAN PDO listcan be downloaded on our homepage: www.varta-ag.com/asb

No customized Service software is available. VARTA recommends the standard CANopen Software for
debugging / read-out of CAN Objects, which is CAN Device Explorer from Emotas
(https://www.emotas.de/produkte/canopen-device-explorer)

CAN EDS file is available on our website to preconfigure the CAN Device Explorer Tool
https://www.varta-ag.com/de/industrie/service/downloads

Order Number (VKB)

EasyBlade 24V 56654799 096 V02.06.02.00
Easy Blade 24V 56654799 098 V01.20.00.00
Easy Blade 36 V 56654799 089 V02.06.02.00
Easy Blade 48 V 56654799 092 V02.06.02.00
Easy Blade 48 V 56654799 097 v01.20.00.00
Easy Block 24V 56650 764 099 V01.20.00.00
Easy Block 48 V 56650 764 098 v01.20.00.00
15.1 Communication within the battery system

All data required to operate a battery system is transferred via Process Data Objects (PDOs). Each battery
transmits data in cyclic intervals with the following definition based on Node ID 1. PDOs sent by other Node
IDs increase the CAN-ID, e.g. TPDO_1sentby Node ID 4 has CAN-ID 0x184.

Data

PDO |CAN-ID|Type [Node-ID
TPDO 1| 0x181 [ PDO 1

Battery Voltage
uint32 [mV]

Battery Average Current Event
int32 [mA] 1s
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Data
PDO_[CAN-ID|Type |Node-ID| Max. FET Temp. |Max. Cell Temp.[Charge Voltage Req.[Charge Current Req.| Event
TPDO_2| 0x281 | PDO 1 int16 [0.1°C] int16 [0.1°C] uintlé [mV] uintle [mA] 1s
Data
PDO |CAN-ID|Type [Node-ID Battery Cap. Battery Full Cap.| Battery Rem. Cap. not used Event
TPDO 3| 0x381 | PDO 1 uintl6 [mAh] uintl6é [mAh] uintl6 [mAh] 1s
Data
PDO |[CAN-ID|Type|Node-ID|Information Status| Warning Status Error Status Charge Control Statug Event
TPDO 4| 0x481 | PDO 1 uintl6 uintl6 uintl6 uintl6 100ms
15.2 Communication sent by the battery master (for application)

The battery, which is configured as the master, sends cyclic data of the complete system. Every state of
eachmodule issummarized in TPDO_8. In thisway only one PDOneeds to be checkedin case of monitoring
the system for faultsand errors.

Data |
PDO |CAN-ID|Type|Node-ID| Master Voltage (Max. Battery Voltage) | Master Current (sum of all modules) Event
TPDO_5| 0x19B |PDO 27 uint32 [mV] int32 [mA] 1s
Data \
PDO |CAN-ID| Type |Node-ID|Max. Battery FET Temperature Max. Battery Cell Temperature | Master Design Capacity (sum of all modules) Event
TPDO_6| 0x29B |[PDO| 27 int16 [0.1°C] int16 [0.1°C] uint32 [mAh] 1s
Data
PDO |CAN-ID|Type | Node-ID| Master Full Charge Capacity (sum of all modules) \ Master Remaining Capacity (sum of all modules) |Event
TPDO_7| 0x39B |PDO| 27 uint32 [mAh] \ uint32 [mAh] 1s
Data
PDO |CAN-ID | Type|Node-ID | Master Information Status Register I Master Warning Status Reqister[ Master Error Status Register | Master Charge Control Status Register | Event
TPDO_8| 0x49B |PDO| 27 uint16 \ uint16 uint16 uint16 200ms|
Battery Information Status Register Battery Error Status Register
Bit Description (master / slave) Bit Description
15 -
15 unknown
14 u 14 module defect
13 - 13 over- or undertemperature discharge
12 over- or undertemperature charge
12 ) 11 overcharge alarm
10 undercharge alarm
11 _ 9 max. discharge current alarm
10 - 8 max. charge current alarm
9 N 7 charge FET error
8 _ 6 discharge FET error
7 -
6 all modules / this module fully charged 3 max. voltage alarm (pack)
5 - 4 shortcircuit discharge alarm
4 bypass FET on 3 shortcircuit charge alarm
3 all modules / this module DSG FET closed 2 overcharge condition recuperation
2 all modules / this module CHG FET closed
1 all modules / this module are almost empty 1 error lock flag charge
0 all modules / this module empty 0 error lock flag discharge
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Battery Warnin

Status Register

Bit Description Detailed Description
15 unknown Set if other than Bit 0 - 14 warning is set. Please contact Varta in this case.
During start up of the systen the Node IDs are assigned automatically to the
14 set node 1D process enable individual modules. During this period, the set node ID process enable warning is
13 -
If battery is fully charged and the keep power timer has expired or if external
ON/OFF switch is pressed, the battery shutsdown. The set deactivation enable
12 set deactivation enable warning is set prior to this.
This warning is set if there is a CAN Network failure. E.g. one or more modules
11 can network failed cannot communicate on CAN Bus.
10 -
9
8 -
7 max charge condition recuperation Set if battery exceeds overvoltage condition during recuperation.
6 -
5 -
4 over- or untertemperature charge Set if temperature exceeds the warning limits during charging
3 over- or undertemperature discharge Set if temperature exceeds the warning limits during discharging
2 reserve SOC Set if reserve SoC warning limit is exceeded
1 low SOC Set if low SoC warning limit is exceeded
0 low voltage Set if low voltage warning limit is exceeded
Battery Charge Control Status Register
Bit Description Detailed Description
Set if HB is present AND Master_charger_control_charging_ready (Bit14) is set
15 Charger supply conditions ready AND Bit12 | Bit13 | both Bits are set in RPDO1 (COB-ID 0xle4)
14 Master charger control charging ready Set if HB is present AND SDO Initialization sequence has finished
13 Charge FET disable temp range cells Set if battery temperature exceeds the maximum allowed charging temperature
12 Charge Master set charger output off Set if battery is fully charged and keep power timer has expired
11 charge max charge cell voltage request Set if requested charge voltage is at maximum
10 charge max charge current request Set if requested charge current is at maximum
9 -
8 charge current high temp range Set if battery temperature is within high temp range
7 charge current normal temp range Set if battery temperature is within normal temp range
6 charge current low temp range Set if battery temperature is within low temp range
Conditionl: Set if HB is present and Bit12 or Bit13 or both Bits are not yet set
5 charge current keep power Condition2: Set if HB is present and battery has reached fully charged state
4 charge current enable Set if HB is present AND SDO Initialization sequence has finished
3 -
2
Condition1: Set if HB is present and Bit12 or Bit13 or both Bits are not yet set
1 charge voltage keep power Condition2: Set if HB is present and battery has reached fully charged state
0 charge voltage enable Seit if HB is present AND SDO Initialization sequence has finished

Register description in TPDO_8 is similar to TPDO_4 with following interpretation
Information Register: every state ofeachmoduleis "anded" in this PDO and shows the summary of the system
Warning Register:bit15...3 of everymoduleis"ored" bit2..0 iscalculatedby master

Error Register:every state of eachmoduleis"ored" in this PDO and shows the summaryof the system

Charge ControlRegister: everystate of each module is"ored"in this PDO and shows the summary of the system

15.3

Communication sent by the battery master (for charger)

The master also sendsthe system requirements for charging to the chargingdevice

Data
PDO |CAN-ID| Type | Node-ID | Charge Control | SoC Charge Voltage Req. |Charge Current Req. | Battery Status | Event
TPDO 9| 0x264 | PDO 100 uintd uintd [ uintd uint16 [1/256 V] uint16 [1/16 A] uintd 100ms
Example 0x01 0x64 | 0x00 0x19 [ OxiE 040 | 0x02 0x01
P 100% 30.097 V 36 A

The battery master will initialize the charger to the appropriate voltage and current needed to charge the
battery system.The voltageandcurrentvalues requested fromthe charger will be sentevery100ms. In case
of a fully charged battery, the batterywill setits “fully charged” flagin the batteryinformation status register
(bit6) and opensitscharge FET. When allbatteriesof the system are fullycharged, the master setsits “fully
charged’ flag and sets the charger to a standby value for the time, which is defined in the object 0x3F00.9
(keep power timer). After this delay, the battery system will shut down. Please see spreadsheet below for
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the batteries with fixed value in the keep power timer, which cannot be changed. For batteries, which are
not fixed the value can be changedsee chapter 8.2.

Products Order number (VKB) Keep power
tlmer is fixed

EasyBlade24V 56654799 098

Easy Blade 36 V 56654799 089 No
EasyBlade 48 V 56654799 092 No
EasyBlade 48 V 56654799 097 Yes
Easy Block 24V 56650764099 Yes
Easy Block 48 V 56650764 098 Yes

16 Life Time / Safety

16.1 Lifetime

The total lifetime of lithium-ion batteriesin terms of both calendarlife (age) and cycle life (number of full
charge/discharge events) is affected by manyfactors. In general, the more “gently” a battery is treated, the
longer itwill lastand the better the lifetime willbe (toa certain limit). The main factors which can negatively
impactthis would be extremes of temperature, sustained higher or lower temperatures and higher charge
or discharge rates (especiallyif sustained or continuous).

For Easy Blade: Charging current 1C is allowed but 0.5C is recommended for cycle life 0f 1200 cycles. 1IC
charging every time will reduce cycle life significantly for the NMC chemistry to around ~300 cycles. The
temperaturevariationisapproximately70% capacityavailable at -10°C,85%at 0°C and100% at 25°C. Colder
temperaturewill increasetotal chargetime. Partial recharges are nota problem, the total number of partial
recharges where, for example max charge voltage is never reached or minimum charge voltage is never
reached will extend the total number beyond 1200 cycles. Shelf life: 24 months when shipped from VARTA,
conservative estimate.

For Easy Block: Charging currentup to 1C is allowed with negligible impact on cycle life. The temperature
variationisapproximately 70% capacity available at-10°C,85%at 0°C and100% at 25°C. Colder temperature
will increase total charge time. Partial recharges are not a problem, the total number of partial recharges
where, for example maxchargevoltage isnever reached or minimum charge voltageis never reached, will
extend the total numberbeyond 4000 cycles. Shelflife: 24 months when shipped from VARTA, conservative
estimate.

16.2 Safety thresholds

Generalfor Easy Blade and Easy Block:

Fuse: Siba 5005038.100 (one shot - 100A)

Shortcircuit protection: 300A/ 0.3 ms(reacts faster than the fuse)
Dischargeover-current protection 1: 65A/5s
Dischargeover-currentprotection 2: 85A/50ms

Charge over-current protection1: 65A / 5s

Charge over-current protection2: 85A/50ms

Individual:
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Products Over -voltage Under-voltage
protection protection

Easy Blade 24V 29.75V / 4s 18.2V/ 2s
EasyBlade 36 V 42.5V [ 4s 26V /2s
Easy Blade 48 V 59.5V/ 4s 36.4V [ 2s
Easy Block 24V 30V / 4s 16V /2s
Easy Block 48 V 60V /4s 32V /2s

17 FAQ

171 Charger / Charging

What happens if the modules in a battery system which are connected in parallel, have different
states of charge (SOC)?

If the moduleshavedifferentstatesofcharge withinthe overall battery,thena common state of charge is
triggeredby discharging the modules, which have a higherstate of charge. Basically, onlythe DSG FETs are
opened when the modules areswitched on (notthe CHG FETs). This prevents a module with a higher state
of charge from charging the modules with a lower state of charge and thus high equalizing currents from
flowing between the modules.Ifa load isnowconnected, the modules aredischarged from “full” to "empty”
over time. This means that the CHG FETs are only closed when a module with a lower state of charge is
within a maximum limit(voltage delta) from the voltage of the "fullest” module. Onlyatthismomentis the
power provided by the battery. In this way, there is an automatic balancing of the individual modules in a
system.

Important: For this reason, if modules are changed within a system which have different state of charge
levels,we recommend firstto fully chargethe pack, in order to equalize allmodules. This will preventone
module being used within a system to handle high currents intended for multiple modules, which could
cause a safety trip in the electronics.

Can| trickle charge the battery?

No, lithium ion has to be charged in a “constant current, constant voltage” method (CC/CV) and done so
cyclically. The battery does notsupporttrickle charging.

What isrecommended for ‘Fast Charge’ and what is recommended for ‘Cycle Life’?

EasyBlade - to achieve cyclelife 0f 1200 cyclesand beyond, the maxcharge currentrecommendedis 0.5C,
dischargecurrentof 0.5C. High charge rates will havea significant negative effecton cyclelife.

Easy Block — Max charge current allowed is 1C and it will have minimal impact on lifetime, due to the
differentcell technology.

Do you have any recommendations for the storage/charging of these batteries?

In general, storagearoundroomtemperature / lower temperatures will be better for long -term battery life
(this is applicable to all lithium batteries). For bestcycle lifetime, charge rates of max. 0.5C-rate would be
recommended. Higher charge rates on a continuous basis will reduce the cycle life. For the Easy Blade,
regularcharge rates>0.7C will reduce cycle life significantly.For the Easy Block, the celltechnologyis not
so affected. Itshould be avoided where possible to store the batterieswhen empty for an extended period;
they are betterstored with some charge.Atthe shipping condition of ~25% state of charge level, we estimate
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24 months storage conservatively but for such long-term storage we would always recommend a basic
voltage checkonceperyear.

17.2 CAN communication

Is it possible to change the base CANopen ID that is given to the master battery as well as all
the other slave batteries?

The Node IDsin the system are fixed and not changeable outside the specified range.
Do you have any software drivers for communication/setup that are compatible with Ubuntu?

We do nothave any special software.Weareusing standard USB to CAN Interfaces like Peak CAN Interface
which s fully compatible with Linux (drivers). The softwareitself mustbe developedby the customer in this
case. Ifyouwanttouse anopensource CANopen stack,you cantry to scriptwith python.

17.3 TPDO/SDO

TPDO7:Master Full Charge Capacity: what is the difference to TPD0é's Master Design Capacity?

Design capacity (DC) isthe initial capacity of the batteries. The Full Charge capacity (FCC) is the “learned”
capacity duringa learningcycle.FCC /DC = SOH

How do | calculate the SOC?
Formula:RC/FCC =S0C

RC=remainingcapacity
FCC = Full charge capacity
SOC = State of charge

17.4 Mechanical
For parallel mechanical connection, we'll use the “module connectors”. Where can| get it?

Two moduleconnectors and two screws are includedin everybox.

Does the design feature that allows connection in height also provide a mechanical lock like the
module connectors do?

No, they don'tlock in the same way, itis more for stability.
Do you sell copper bus bars for parallel connection of batteries?

No, but this should be possible to organize with our distributors of the ASB range. Contact details are
available on ourwebsite orin the Technical Handbook.

Do you sell CAN bus cables with the correct length for connection between cells?

No, but this should be possible to organize with our distributors of the ASB range. Contact details are
available on ourwebsite orin the Technical Handbook.
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When setting parameters do the parameters need to be set on each individual module?

17.5 General

Yes, the parameters must be changed for all Nodes, The EDS file is valid for all batteries, but the Node ID
mustbe adjusted accordingly.

We want to replace the batteries for charge and would like a platform that would monitor the
battery level. This would recognize when the battery level had dropped below a set limit and
signal that the batteries need replacing (by an operator). Is this possible to implement?

Yes, the batteries will be ableto supportthis monitoring. We recommend you consider a proper shutdown of
the system before removing orreplacing and run testing before release to make sure the system configures
correctlyandbehaves asexpected in the field when replaced (and reset).

Is it possible to switch off remotely during discharge... i.e. forced shut-down option?
Notvia CAN, butvia the on/off switch at the CAN connectoritis possible.

18 Appendix
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Communication cable drawing

18.1

Amphenol M12A-05BMMB-SL7001 = straight

M12A-05BMMB-SR7001 = angled

Amphenol M12A-05BMMB-SL7001 = straight

M12A-05BMMB-SR7001 = angled

or equivalent or equivalent
Notes:
L shall be approx. 158mm when two Blade batteries are placed side by side
(refer to Amphenol item number ADC1 - DAMS05AD019)
in Arbeit
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Charging cable

18.2

Cable ._._ml,,

I i

‘-~ AMPSEAL STRAIN RELIEF
21385301

L TE AMPSEAL 776273-4
with contacts 770520-1

(2:1)

TE AMPSEAL

= Pin 1

Pin 6

|.K —Pin 10 |

\_TE M12 Cable Assembly
1-2273034-1 or equivalent

in Arbeit

AMPSEAL PIN# M12 Pin#
1 u 3 e T e =T
° L 120 Ohm resistor = [ — wmmmﬁm,ma H,Eég -
10 5 SO TEIRIFIROR == 1o =S ASB CHARGING CABLE
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40



