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Preface

The preface contains information about the intended audience for this
document, the Grid Storage Solution documentation set, and typographic
conventions used in NEC Energy Solutions documentation:

About this Guide
This Guide provides detailed specifications for the ALM 12V35 batteries as
well as guidance on the safe and effective configuration, and operation of
ALM 12V35 batteries as building blocks in various applications.

Audience
This ALM 12V35 User’s Guide is intended for all personnel involved in
designing, configuring, and installing ALM 12V35 batteries.

Conventions
Several graphic and typographic elements have special meanings in this
manual. Most important are the Danger, Warning, and Caution notices
presented here:

Danger, Warning, and Caution Notices
DANGER
DANGER NOTICES
A red DANGER notice contains
information about a hazard that will
cause severe personal injury, death,
or substantial property damage if
you ignore the information.

MD405009-04EN – Rev. 08

DANGER
AVIS DE DANGER
Les avis de DANGER en rouge informent sur un danger qui entraînera des
blessures graves, la mort ou des dommages matériels importants si les
informations en question sont
ignorées.
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WARNING
WARNING NOTICES
An orange WARNING notice contains
information about a hazard that can
cause severe personal injury, death, or
substantial property damage if you
ignore the information.

CAUTION
CAUTION NOTICES
A yellow and black CAUTION notice
identifies conditions or practices that
could result in injury or damage the
equipment.

ATTENTION
AVERTISSEMENTS
Les AVERTISSEMENTS orange informent
sur un danger susceptible d’entraîner des
blessures graves, la mort ou des dommages matériels importants si les informations en question sont ignorées.
MISE EN GARDE
MISES EN GARDE
Les MISES EN GARDE mettent en relief
des conditions ou pratiques susceptibles
d’entraîner des blessures corporelles ou
d’endommager l’équipement.

Typography
In this manual:
• Bold type indicates a part of a console or screen display — usually a
button, field or message.
• Blue text identifies cross references to other topics or to external
hyperlinks.
Notes
A Note presents information that is
related to the subject but that is not
related to safety.

Remarques
Une
remarque
contient
des
informations relatives à un sujet, mais
non à la sécurité.

Support
Please contact NEC Energy Solutions Customer Support at 508 497 7100 in
North America, +1 508 497 7100 outside of North America, or e-mail
service@neces.com

Related Documents and Resources
• Link to International Civil Aviation Organization (ICAO) Technical
Instructions:
http://www.icao.int/safety/DangerousGoods/Pages/default.aspx

• Link to International Air Transport Association (IATA) Dangerous Goods
Regulations: 
http://www.iata.org/whatwedo/cargo/dgr/Pages/lithium-batteries.aspx
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• Link to International Maritime Dangerous Goods (IMDG) Code:
http://www.imo.org/Publications/IMDGCode/Pages/Default.aspx

• Link to Lithium Battery Regulations on United Parcel Service web site:
http://www.ups.com/media/news/en/intl_lithium_battery_regulations.pdf

• Link to the CANbus interface specifications on the CiA web site:
http://www.can-cia.org/index.php?id=specifications&no_cache=1/s

• Link to Smart Battery Systems Implementers Forum and SMBus
specifications:
http://sbs-forum.org//

• Link to the SMBus interface specifications on the SMBus.org web site:
http://smbus.org/

• UN Recommendations on the Transport of Dangerous Goods - Manual
of Test Criteria
• UN Recommendations on the Transport of Dangerous Goods Model
Regulations
• U.S. Department of Transportation (DOT), Office of Pipeline and
Hazardous Materials Safety Administration (PHMSA): Title 49 CFR
Sections 100-185 of the U.S. Hazardous Materials Regulations (HMR)
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Chapter 1

Introducing the ALM® 12V35
This chapter include these topics:
•

ALM® 12V35 Product Line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

NEC Energy Solutions’ ALM 12V35 product line of lithium-ion batteries
(shown in Figure 1) are drop‐in replacements for 12-volt lead-acid batteries.
The ALM 12V35 batteries provide improved performance with higher power,
increased safety and exceptional calendar and cycle life compared to 12-volt
lead-acid batteries. They are often used as a standby power source in many
high‐availability and service‐critical applications.
ALM 12V35 batteries are identical in size to common 35 Ah,12-volt lead-acid
batteries and designed to be compatible with most lead-acid chargers. This
combination reduces product integration costs, minimizes OEM customer’s
time-to-market, and aftermarket customer replacement hurdles.

Figure 1: ALM 12V35s Standard and ALM 12V35i Intelligent Series Batteries
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ALM® 12V35 Product Line
Each ALM 12V35 battery has integrated EverSafe™ protection and balancing
circuitry (Figure 2, on page 3) that safeguard the battery from over-current,
over‐voltage, under‐voltage, short circuit,and over‐temperature conditions.
At the core of the ALM 12V35 are 56 A123 Systems® ANR26650M1B cells in
a four‐series, fourteen‐parallel (4S14P) configuration.
The ALM 12V35 product line currently consists of these series of products:
• The ALM 12V35s is the standard series product. It can:
- Deliver 462 watts for one (1) hour
- Deliver 1300 watts for 20 minutes
- Deliver up to 3000 watts in one-second pulses
- Be fully charged (from 0 to 100%) in approximately 20 minutes
• The ALM 12V35i HP CAN bus and ALM 12V35i HP SMBus are the
Intelligent and High Power series products that can deliver more than
2500 watts for 10 minutes. They feature an intelligent communications
interface, either the CANbus or SMBus protocol, to external equipment.
Both protocols support application-defined functions, including absolute
and relative State of Charge (SOC), run-time remaining, temperatures,
and voltages. (See Chapter 4, ALM® 12V35 Specifications, starting on
page 21, for specification details.)

2
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Figure 2: ALM 12V35 Battery Block Diagram
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Chapter 2

Regulatory Compliance
This chapter includes these topics:
•
•

Environmental Compliance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
Transporting Lithium-Ion Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

All ALM12V35 products are compliant with, or tested to, these standards:
Table 1: Regulatory Standards for ALM12V35 Products
Standard

Description

UL 1973 Recognized

Batteries for use in Light Electric Rail (LER) Applications and
Stationary Applications
Information Technology Equipment Safety - Part 1: General
Requirements.
Meets IP54 Environmental Enclosure rating.
Generic standards – Immunity for residential, commercial and
light-industrial environments)
Generic standards – Immunity for industrial environments.
Generic standards – Emission standard for residential, commercial
and light-industrial environments.
Generic standards – Emission standard for industrial environments.
Secondary cells and batteries containing alkaline or other non-acid
electrolytes – Safety requirements for portable sealed secondary
cells, and for batteries made from them, for use in portable
applications – tested and certified.
Recognized to EU consumer safety, health and environmental
regulations. Signifies conformity with EMC directive (2004/108/EC.
Standards regulating unintentional emissions of radio frequencies
from a digital device. This device complies with part 15 of the FCC
Rules. Operation is subject to the following two conditions:

UL Recognized to CAN/CSA C22.2 # 60950
IEC60529
IEC61000-6-1
IEC61000-6-2
IEC61000-6-3
IEC61000-6-4
IEC 62133

CE
FCC Part 15 Subpart B Class B

1. This device may not cause harmful interference.
2. This device must accept any interference received, including
interference that may cause undesired operation.

CISPR 22 Information technology equipment
EN55011 Industrial, scientific and medical
equipment

MD405009-04EN – Rev. 08

Radio disturbance characteristics limits and methods of
measurement.
Radio-frequency disturbance characteristics limits and methods
of measurement.
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Table 1: Regulatory Standards for ALM12V35 Products (continued)
Standard

Description

EN 55022 Information Technology Equipment

Radio Disturbance characteristics limits and methods of
measurement.
Limits and Methods of Measurement
Information Technology Equipment (ITE)
Meets section 38.3 of the UN Recommendations on the Transport
of Dangerous Goods - Manual of Test Criteria

VCCI Class B ITE emissions
ICES-003
UN 38.3

Table 2 describes the ALM 12V35 product line and UL regulatory model
number conventions used for third-party certification.
Table 2: ALM 12V35 Product Line UL Model Names
Regulatory Model Number

ALM 12V35 Model Name

PSL000002
PSL000003
PSL000003

12V35s
12V35i HP CAN bus
12V35i HP SMBus

Environmental Compliance
The battery is compliant with these environmental directives and regulations.
• EU Directive 2011/65/EC on the Restriction of the use of certain
Hazardous Substances (RoHS) in electrical and electronic equipment
(recast)
• EU Directive 2006/66/EC on batteries and accumulators and waste
batteries and accumulators
• EU Directive 1907/2006 on the Registration Evaluation Authorization and
Restriction of Chemicals (REACH)
• Management Methods for Controlling Pollution Caused by Electronic
Information Products Regulation (China RoHS)

Transporting Lithium-Ion Batteries
The material presented in this guide is not all-inclusive of the regulations
required to ship a product, but is meant to inform you of the complexity
involved in doing so. The information contained herein is for informational
purposes only and is not legal advice or a substitute for legal counsel.
Anyone involved in the integration of lithium-ion batteries into a host product
must review and meet the regulations cited in this guide. Additionally, the
regulations discussed in this guide apply to lithium-ion cells and batteries.
Once an ALM 12V35 is integrated into a host product, the host product may
6
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be subject to additional transportation regulations that require additional
certification testing. Since NEC Energy Solutions can’t anticipate every
possible configuration and application of the ALM 12V35, the integrator must
verify that the ALM 12V35-powered host product is compliant with all
applicable regulations. Refer to Table 4, on page 8 for a list of proper shipping
names and UN numbers required for shipping lithium batteries.

Regulations Overview
Rechargeable lithium-ion cells and batteries are considered Dangerous
Goods. The regulations that govern their transport are based on the UN
Recommendations on the Transport of Dangerous Goods Model Regulations.
Transport of dangerous goods is regulated internationally by:
• International Civil Aviation Organization (ICAO) Technical Instructions
• International Air Transport Association (IATA) Dangerous Goods
Regulations
• International Maritime Dangerous Goods (IMDG) Code
In the United States, transportation of hazardous material (Dangerous Goods)
is regulated by Title (part) 49 of the Code of Federal Regulations or CFR’s.
Title 49 CFR Sections 100-185 of the U.S. Hazardous Materials Regulations
(HMR) contains the requirements for transporting cells and batteries. Refer to
the following sections within 49 CFR for specific information.
• Section 173.185 – Shipping requirements for lithium cells and batteries
• Section 172.102 – Special Provisions
• Sections 172.101, 178 – Further information and specifications on
packaging
The Office of Pipeline and Hazardous Materials Safety Administration
(PHMSA), which is within the U.S. Department of Transportation (DOT), is
responsible for drafting and writing the U.S. regulations that govern the
transportation of hazardous materials (also known as dangerous goods) by
air, ground, and ocean.

Regulations by Cell/Battery Size
Lithium-ion batteries and cells are considered Class 9, which is one of nine
classes of hazardous materials or dangerous goods defined in the
regulations. As a Class 9 material, cells and batteries must meet UN testing
and packaging requirements as well as shipping regulations.

MD405009-04EN – Rev. 08
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Following International and U.S. DOT Regulations
Failure to comply with International and U.S. DOT regulations while
transporting Class 9 Hazardous Materials (Dangerous Goods) may result in
substantial civil and criminal penalties.
Table 3 outlines an example process to help ensure that batteries are shipped
per the required regulations.
Table 3: Example of Steps to Obtain or Ensure Regulatory Compliance
Step Number
1

2A
2B

Process Step

Comment

Design the battery.

Design the battery to ensure it will pass UN Manual of Tests and
Criteria.
Use the “Prototype” shipping special provisions provided in the
regulations.

Ship the battery to a UN 38.3
test house if using an outside
test laboratory.
Test the battery.

3

Obtain UN compliant
packaging.

4

Package the cell or battery.
Mark and label the package.

5

6

Fill out the shipping
documentation.
Ship the package.

7
a.

Perform UN testing T1-T5, & T7 for batteries.
All Class 9 Dangerous Goods (DG) must be shipped in UN compliant
packaging.a
Pack per regulations and per packaging manufacturer's instructions.
Insure that packaging container has all the required labeling. Table 4
lists proper shipping names and descriptions for lithium-ion
batteries.a
Complete shipper's declaration for dangerous goods, airway bill, etc.
a

Ensure that shipping company can ship dangerous goods and that a
Safety Data Sheet (or equivalent document) and any Competent
Authority Approval accompanies the package. a

U.S. and international regulations require that anyone involved in the packaging, documentation, and labeling of Dangerous
Goods for transportation must be trained to do so.

Table 4 shows the proper shipping names and UN numbers required for
shipping lithium-ion batteries.
Table 4: Proper Shipping Names and UN Numbers
Proper Shipping Name

8

Description

Lithium ion batteries

UN 3480

Lithium ion batteries packed with equipment

UN 3481

Lithium ion batteries contained in equipment

UN 3481

MD405009-04EN – Rev. 08
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Chapter 3

Handling, Storage and Installation
This chapter includes these topics:
•
•
•
•
•
•
•

Safety and Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Mounting (Montage) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Battery Configuration Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Connecting ALM 12V35i Intelligent Series Communications Cables . . . . . . 17
Transportation and Storage (Transport et entreposage) . . . . . . . . . . . . . . . . 18
Operating Environment (Environnement d'exploitation) . . . . . . . . . . . . . . . . . 18
Disposal (Élimination) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Safety and Handling
The ALM 12V35 battery is more abuse tolerant than other lithium-ion
batteries; however, correct handling and system integration of the ALM
12V35 battery are still important to ensure safe operation.
WARNING
ATTENTION
FAILURE TO FOLLOW THESE WARNINGS NE PAS SUIVRE CES AVERTISSEMENTS
MAY RESULT IN PERSONAL INJURY OR PEUT ENTRAÎNER DES BLESSURES OU
DAMAGE TO THE EQUIPMENT.
DES DOMMAGES A L’ÉQUIPEMENT.
Do not expose the ALM 12V35 battery to
heat in excess of 60 °C during operation
or in storage; do not incinerate or
expose to open flames.
Do not connect ALM 12V35 batteries to
batteries of other chemistries or ALM
batteries of different capacities. For
example, do not connect an ALM 12V35
to any lead‐acid battery or to an ALM
12V7.

MD405009-04EN – Rev. 08

Ne pas exposer la batterie ALM 12V35 à
une chaleur dépassant les 60 °C pendant son fonctionnement ou son
entreposage; ne pas l'incinérer ou
l'exposer à des flammes nues.
Ne pas connecter les batteries ALM
12V35 avec des batteries d'autres compositions chimiques ou avec des batteries ALM de différentes capacités. Par
exemple, ne pas connecter une batterie
ALM 12V35 avec une batterie d'accumulateurs au plomb ou avec une batterie
ALM 12V7.
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Do not charge or discharge an ALM
12V35 battery outside of its stated opera t i n g t e m p e r a t u re r a n g e . R e d u c e
charging limits for lower operating temperatures for longer life of the batteries.

Ne pas charger ou décharger la batterie
ALM 12V35 en dehors de sa plage de
température fonctionnelle indiquée.
Réduire les limites de chargement pour
les températures fonctionnelles plus
basses pour Augmenter la durée de vie
des batteries.

The advanced design of the ALM 12V35 is intended to provide protection
against operation under many unsafe conditions such as over-voltage, undervoltage, over-temperature and short circuit. Proper use within the limits
stated in Chapter 4, ALM® 12V35 Specifications, starting on page 21, is
required to ensure operator and equipment safety as well as battery life.

Mounting (Montage)
ALM 12V35 batteries may be installed in any
orientation.

La batterie de 12V35 ALM peut être installé
dans n'importe quelle direction.

Battery Configuration Options
WARNING
ALM 12V35 CASE AND TOP COVER
The ALM 12V35 case, including the top
cover, is capable of sustaining a mounting force of up to 25 pounds spread over
a one-inch-wide bar or holding bracket
across the center of the unit.
Exertions beyond this level may result in
deformation of the plastic.

ATTENTION
LE BOÎTIER DE LA BATTERIE 12V35
ALM, Y COMPRIS LE COUVERCLE
SUPÉRIEUR

Le boîtier de la batterie 12V35 ALM, y
compris le couvercle supérieur, peut
soutenir une charge allant jusqu'à 25
livres répartie sur une barre d'un pouce
de largeur ou sur une équerre de fixation
traversant le centre de l'unité.
Des efforts plus grands peuvent provoquer une déformation de la matière plastique.

The ALM 12V35 batteries may be arranged in series and/or in parallel
configurations to achieve higher operating voltages and capacities up to a
maximum of 48 volts (four in series) and 350 Ah (ten in parallel).

Wiring Connections (Connexions de câblage)

10
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To connect ALM 12V35 batteries, use
appropriate sized AWG wire cables and lugs
that are rated for the maximum current and
temperature expected. Table 21, on page 53
provides guidance on the conditions under
which the battery may encounter internal
thermal or external terminal touch
temperature limits.
The battery can accommodate a maximum
inductance of 10 μH. For reference, 10 μH is
equivalent to 6 meters (20 feet) of individual
standalone cable. In a battery system, cable
length inductance includes all terminal-toterminal connections as well as cabling to
charge sources and load for both the positive
and negative conductors added together. It is
possible to reduce a battery system’s total
cable inductance by orienting positive and
negative conductors to cancel each other’s
electromagnetic induction, thus allowing for
longer total cable length. Contact NEC
Energy Solutions Technical Support for
assistance in determining appropriate wiring
and bus bar configurations to address
current sharing and stray inductance
requirements.

Pour connecter les batteries ALM 12V35,
utilisez un câble AWG de la bonne taille et les
tenons classifiés pour le courant et la
température maximum prévus. LeTable 21,
on page 53 fournit des directives sur les
conditions dans lesquelles la batterie pourrait
depasser les limites de température de
contact de borne externe ou thermique
interne.
La batterie peut accepter une inductance
maximum de 10 μH. Comme référence, 10
μH est équivalent à 6 mètres (20 pieds) de
câble autonome individuel. Dans un système
de batterie, la longueur du câble inducteur
comprend toutes les connexions de borne à
borne, ainsi que le câblage pour recharger les
sources et les charges pour les conducteurs
positif et négatif combinés. Il est possible de
réduire l'inductance totale de câble d'un
système de batterie en orientant les
conducteurs positif et négatif pour annuler
mutuellement l'induction électromagnétique,
permettant ainsi une plus grande longueur de
câble totale. Contactez le support technique
de NEC Energy Solutions pour vous aider à
déterminer les configurations de câblage et
de barres omnibus appropriées pour traiter le
partage de courant et les exigences
d'inductance parasite.

WARNING
Exceeding the Maximum
Inductance limit

ATTENTION
Le Dépassement de la Limite
D’inductance Maximale

Exceeding the maximum inductance
limit of 10 μH during operation could
cause voltage spikes or current
surges resulting in possible damage to the ALM 12V35 battery’s circuitry.

Le dépassement de la limite
d’inductance maximale en
fonctionnement de 10 μH pourrait
causer des pointes de tension ou de
courant et causer des dommages
aux circuits de la batterie
ALM 12V35.

MD405009-04EN – Rev. 08
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WARNING
Do Not Connect the ALM 12V35
Battery to an Inductive Load

ATTENTION
NE BRANCHEZ PAS LA BATTERIE
ALM 12V35 À UNE CHARGE INDUCTIVE

Do not connect the ALM 12V35 battery to an inductive load such as a
DC motor without the use of a motor
controller.
An “on-off” switch does not constitute a motor controller. Using the
batteries directly with DC motors
can permanently damage the battery.
Contact NEC En ergy Solutions
Technical Support for further assistance.

Ne branchez pas la batterie ALM 12V35
à une charge inductive, telle qu’un
moteur à courant continu, sans l’utilisation d’un dispositif de commande de
moteur.
Un interrupteur « marche-arrêt » ne constitue pas un dispositif de commande de
moteur. L’utilisation des batteries
directement avec les moteurs à courant
continu peut endommager définitivement celles-ci.
Contactez l’assistance technique de
NEC Energy Solutions pour obtenir de
l’aide.

Terminal Specifications
ALM 12V35 batteries use brass terminals. The terminals have a maximum
operating temperature rating of 90 °C. The terminal bolt isA4 70 stainless
steel has a 
M6 x 1.0mm thread, 16mm length, and should be torqued to 3.95 Nm (35 inlbs) for most wire lug connections. Larger lugs or multiple cables may require
a tighter connection.
When wiring lugs:
1. Connect a wiring lug directly to the surface of each battery terminal. Do
not place a washer between the terminal base and the lug.
2. Next, place a flat washer on top of the lug, followed by a split washer,
and finally by the bolt head.
Refer to Table 10, on page 23, for the maximum torque specifications.

Optional Terminal Adapter
For high current connections using cable lugs requiring torque in excess of
the terminal’s maximum value, an optional terminal accessory kit (NEC
Energy Solutions P/N 522073-001) is available to provide a larger M8
hardware connection.

12
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Table 5: ALM 12V35 M6 to M8 Terminal Adapter Kit (P/N 522073-001)
Part Number

Description

Quantity

521999-001

TERMINAL ACCESSORY M6 TO M8, ALM12V35 (COPPER BUS BAR)

910226-001
910227-001

SCREW HEX HEAD M8 X 1.25 30MML 
316 STAINLESS STEEL
NUT M8 X 1.25, 316 STAINLESS STEEL

910228-001

WASHER SPLIT LOCK, M8, 316 STAINLESS STEEL

2
2
2
2

Item Tpe

Part
Bolt
Nut
Washer

ALM 12V35 M6 to M8 Terminal
Adapter Kit Components
(522073-001)

Split-lock Washer Terminal Accessory
(Copper Bus Bar)
(910226-001)
(521999-001)
Hex-head Screw Nut
(Bolt)
(910227-001)
(910226-001)
30 mm
(1.18 in)

Terminal Bolt
M6 x 1.0mm Threads
(ALM 12V35 Battery Component)

32.7 mm
(1.29 in)

Brass Terminal
with M6 Female
Threads (ALM 12V35 Battery Component)

Figure 3: ALM 12V35 Terminal Accessory Kit Components

MD405009-04EN – Rev. 08
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Configuring Batteries in Series Strings
To achieve higher operating voltages, arrange the batteries in series strings
by connecting the positive terminal of one battery to the negative terminal of
the next battery.
The following battery string wiring examples provide general configuration
information. Actual wire configurations must be evaluated for their particular
application.

The array voltage can be calculated as follows:
• Two batteries in series: 2 x 13.2 V = 26.4 V (nominal) for 24 V applications
• Three batteries in series: 3 x 13.2 V = 39.6 V (nominal) for 36 V
applications
• Four batteries in series: 4 x 13.2 V = 52.8 V (nominal) for 48 V
applications
The maximum number of ALM 12V35 batteries that may be connected in
series is four.
Figure 4 illustrates four ALM 12V35 batteries connected in a four-series, oneparallel (4S1P) configuration.

To be Supplied

Figure 4: Four ALM12V35s Batteries Connected in Series Creating a 4S1P Configuration

14
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Configuring Batteries in a Parallel Group (1S2P up to 4S10P)
To achieve higher capacity, arrange the batteries in a single series (1S)
parallel group by connecting all like‐polarity wires on adjacent batteries to an
appropriately sized terminal block for your application. To ensure even
loading, make two star connections; one for the positive battery terminals
and one for the negative battery terminals. The cable lengths in each star
group should be of approximately equal measure as permitted by the
physical layout. From each star connection, use a twisted pair of cables to
the load.
Reference local electrical codes and/or relevant standards for terminal block
specifications. Bus bar connections are recommended for current exceeding
400 amps.
The nominal capacity for the parallel group can be calculated by multiplying
the number of batteries in the group by 35 Ah. For example, three batteries in
parallel provides: 
3 x 35 Ah = 105 Ah.
The maximum number of ALM 12V35 batteries that may be connected in
parallel is ten.

Series and Parallel Battery Configuration Warnings and Notices
When configuring batteries in series or in parallel, adhere to these Warning
notices:
WARNING
WHEN CONFIGURING BATTERIES IN
SERIES OR IN PARALLEL, ADHERE TO
THESE WARNING NOTICES:

ATTENTION(
LORS DE LA CONFIGURATION DES
BATTERIES EN SÉRIE OU PARALLÈLE,
ADHÉRER A AUX REGLES SUIVANTES:

Do not connect more than four batteries
in series. Connecting more than four
batteries in series may damage the battery’s circuitry, leaving the battery without critical safety features such as over‐
voltage and over‐temperature protection.

Ne pas connecter plus de quatre batteries en série. La connexion de plus de
quatre batteries en série dépasse la limite de tension électrique de la circuiterie
de protection intégrée, laissant la batterie sans fonctionnalités de sécurité
cruciales comme la protection contre la
surtension et la surchauffe.
Ne pas connecter plus de dix batteries
ou chaînes de batteries en parallèle.

Do not connect more than ten batteries
in parallel.

MD405009-04EN – Rev. 08
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Configuring more than one series string
of batteries in parallel is allowed under
certain circumstances. The maximum
supported array is 4S10P. When designing and constructing any series-parallel
battery combinations, contact NEC
Energy Solutions Technical Support for
assistance in determining appropriate
wiring and bus bar configurations to
address current sharing and stray inductance requirements.
Consider inductance during system
design. The ALM 12V35 battery can
accommodate a maximum inductance
of 10 μH. Exceeding this limit during
operation will cause voltage or current
spikes, resulting in possible damage to
the battery’s circuitry.
Consider capacitance during system
design. When a battery or battery group is
connected to a heavy duty charger,
external capacitance may need to be
added to the circuity to address the output
inductance of the charger. The CV2 of the
attached capacitor should be larger than
the LI2 of the charger. The charger
inductance is the sum of the internal and
external inductances.

16
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La configuration de plusieurs chaînes de
batteries en parallèle est autorisée dans
certaines circonstances. Le réseau maximum supporté est 4S10P. Lors de la
conception et la construction de toutes
les combinaisons de batteries série-parallèle, contactez NEC Energy Solutions
Support Technique pour vous aider à
déterminer les configurations de
câblage et de barres omnibus appropriés pour traiter le partage de courant
et les exigences d inductance parasite.
Envisager l'inductance lors de la conception du système. La batterie ALM
12V35 peut supporter une inductance
maximum de 10 uH. Le dépassement de
cette limite en fonctionnement provoque
des pointes de tension ou de courant,
pouvant entraîner des dommages aux
circuits de la batterie.
Envisager la capacité (Farads) lors de la
conception du système. Quand un
groupe de batteries ou une batterie sont
connectés à un chargeur de puissance
élevée, il peut être nécessaire d' ajouter
à la circuiterie une capacité externe
pour compenser l'inductance de sortie
du chargeur. Le CV 2 du condensateur
CV doit être plus grande que la LI 2 du
chargeur. L'inductance de charge est la
somme des inductances internes et
externes.

WARNING
THE ALM 12V35 IS UL RECOGNIZED
AS A STANDALONE BATTERY ONLY

ATTENTION(
LA BATTERIE ALM 12V35 EST
HOMOLOGUÉE UL COMME BATTERIE

The ALM 12V35 has not been evaluated
by UL (or any other regulatory agency)
for series and/or parallel configuration.
NEC Energy Solutions has successfully
conducted non-certification testing witnessed by UL on multi-battery arrays in
series/parallel configuration.

AUTONOME SEULEMENT

Ler ALM 12V35 n'a pas été évalué par
l'UL (ou tout autre organisme réglementaire) pour des configurations en série
et/ou parallèles. NEC Energy Solutions a
mené avec succès des tests nonaccrédités vérifiés par UL sur plusieurs
gammes de batteries en configuration
en série et/ou parallèle. Il est de la
responsabilité de l'utilisateur final de
certifier leur propre solution.
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Connecting ALM 12V35i Intelligent Series Communications
Cables
The ALM 12V35i intelligent (i-series) battery provides two communication
cables terminated with 9-pin D-sub connectors for industry standard CAN
bus and SMBus communications as shown in Figure 5. Only one of the two
bus interfaces is enabled depending on the ordered configuration. The
connectors mate together (one male, one female) so that one battery’s bus
output cable can be connected to the next battery’s bus input cable in any
order.

Figure 5: 9-Pin D-Sub Communication Cable Connector Pin-Out Descriptions

MD405009-04EN – Rev. 08
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Transportation and Storage (Transport et entreposage)
When storing or transporting the ALM 12V35
batteries, NEC Energy Solutions
recommends the following:
• ALM 12V35 batteries can be stored in an
environment with average temperatures
between ‐40 °C and +35 °C, between
5% and 95% relative humidity,
noncondensing, and at altitudes up to
25,000 feet (7600 m). Storing the ALM
12V35 in temperatures above +35 °C
can significantly reduce the battery’s
state of charge and storage time as
further described in , on page 40.
• ALM 12V35 batteries can be transported
for up to two weeks in an environment
with temperatures above 35 °C up to 80
°C and at altitudes up to 50,000 feet
(15,240 m).
• ALM 12V35 batteries have been tested
to 11.6 kPa (50,000 feet) at 20 °C ±5 °C.

Lors du stockage ou du transport des
batteries ALM 12V35, NEC Energy Solutions
recommande la suite:
•

•

•

Les batteries ALM 12V35 peuvent être
stockées dans un environnement avec des
températures moyennes comprises entre -40
°C et 35 °C, entre 5% et 95% d'humidité
relative, sans condensation, et à des altitudes
jusqu'à 25,000 pieds (7600 m). Stockage de
l'ALM 12V35 à des températures supérieures a
35 °C peut réduire de façon significative l'état
de charge et le temps de stockage tel que
décrit dans la durée de conservation à la , on
page 40 de ce document.
Les batteries ALM 12V35 peuvent être
transportées dans n'importe quelle condition
d'entreposage recommandée pendant une
durée allant jusqu'à deux semaines dans un
environnement où les températures dépassent
les 35 °C et pouvant aller jusqu'à 80 °C.
Les batteries ALM 12V35 ont été testées à 11,6
kPa (50,000 pieds) 20 °C ±5 °C.

Operating Environment (Environnement d'exploitation)
The ALM 12V35 batteries can be operated in
an environment with temperatures between 
‐40 °C and +60 °C, between 5% and 95%
relative humidity, noncondensing, at altitudes
up to 15,000 feet (4572 meters). Refer
toTable 7, on page 22 for environmental
specifications.

La batterie ALM 12V35 peut être utilisée dans
un environnement avec des températures
comprises entre -40 °C et +60 °C, entre 5%
et 95%, d‘humidité relative, sans
condensation jusqu‘a une altitude de 15000
pieds (4572m). Reportez vous a la Table 7, on
page 22, des Spécifications
Environnementales.

Disposal (Élimination)
Do not incinerate or dispose of the battery.
Return end‐of‐life or defective batteries to
your nearest recycling center per the
appropriate local regulations.

18

Ne pas incinérer ou jeter la batterie.
Retournez les batteries en fin de vie ou
défectueuses à votre centre de recyclage le
plus près en respectant les réglementations
locales appropriées.
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Chapter 4

ALM® 12V35 Specifications
The chapter includes these topics:
•
•
•

Electrical and Environmental Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . 21
Spécifications Electriques et Environnementales . . . . . . . . . . . . . . . . . . . . . . 22
Physical Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

Electrical and Environmental Specifications
Table 6: ALM12V35 Electrical Specifications
Specification

Description

Maximum Continuous Charge and Discharge Current to 100%
capacity at 
25 °C a
Maximum Pulse Charge and Discharge Current

105 A (ALM 12V35s) b
210 A (ALM 12V35i HP)b

Nominal Operational Voltage
Minimum Operational Voltage
Minimum Charge Voltage (for 10% State of Charge)
Maximum Charge Voltage (CC or CV)
Recommended Float Charge Voltage
Nominal Capacity
Minimum Capacity at BOL
Maximum Ripple Current at low frequencies (60Hz/120Hz)

500 A at 0.3 sec c
300 A at 0.9 sec
240 A at 1.4 sec, or greater
13.2 V
8.0 V
12.0 V
16 volts
13.6 V to 14.4 V
35 Ah
33.6 Ah
Peaks less than + 240 A and average less than
110 A d

a.

Continuous current (charge or discharge) is defined as occurring over a single full-charge or full-discharge cycle.
Current that exceeds this value will be interrupted by the battery’s protection circuitry.
c. Charge sources exceeding the continuous current will charge the battery at a duty-cycle inversely proportional to the
charger’s current. Exceeding 500 amps peak current will result in NO charge.
d. Although high ripple current at low frequencies (60Hz/120Hz) is not recommended, the ALM 12V35 battery will support
average ripple current with peaks up to 240 amps without any adverse effects. As a comparative example, the maximum
ripple current for a typical AGM (absorbent glass mat) 12 volt 35 Ah VRLA battery (@ 20hr rate) would be 35 Ah/20 hr or 1.75
amps.
b.

MD405009-04EN – Rev. 08
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Table 7: ALM 12V35 Environmental Specifications
Specification

Description

Ambient Operating Temperature Range

-40 °C to +60 °C
-40 °F to +140 °F

Maximum Operating Altitude

15,000 ft a
5% to 95%
Meets IEC60529 – IP54 Environmental Rating for
Battery Enclosure

Operating Relative Humidity (noncondensing)
Environmental Rating for Battery Enclosure
Recommended Storage Environment Conditions

Transportation Environment Conditions 
for up to two weeks c

Temperature: ‐40 °C to +35 °C b
Relative Humidity (noncondensing): 5% to 95%
Altitude: Up to 25,000 ft (7600 m)
Temperature: ‐40 °C to +80 °C
Relative Humidity (noncondensing): 5% to 95%
Altitude: Up to 50,000 ft (15,240 m)

a.

The maximum operating temperature decreases by a factor of 1.1 °C per 1,000 ft of elevation above 7,500 ft.
Storing ALM 12V35 batteries in temperatures above +35 °C can significantly reduce the storage time. See , on page 40.
c. The ALM 12V35 batteries have been tested to 11.6 kPa (50,000 ft) at 20 °C ±5 °C.
b.

Spécifications Electriques et Environnementales
Table 8: Spécifications Electriques de l' ALM 12V35
Specification

Description

Courant de charge et décharge continu maximum à une capacité de
décharge de 100% à 25 °C a

105 Ampères Puissance de base (ALM 12V35s) b
210 A Haute Puissance (ALM 12V35i HP) b

Courant de charge et décharge de pointe de puissance maximum
(1 seconde et 10 secondes)

500 Ampères à 0,3 sec c
300 Ampères à 0,9 sec
240 Ampères à 1,4 sec, ou plus
13,2 V
8,0 V
12,0 V
16,0 V
13,8 V à 14,4 V
35,0 Ah
33,6 Ah
Pulse Max + 240 Ampères avec une moyenne
inférieure a 110 Ampères d

Tension fonctionnelle nominale
Tension fonctionnelle minimum
Tension de charge minimum (pour état de charge de 10%)
Tension de charge maximum (CC ou TC)
Tension de charge de maintien recommandée
Capacité nominale
Capacité minimum en début de vie
Courant ondulatoire maximum à faibles fréquences 
(60Hz/120Hz)
a.

Courant continu est défini comme se produisant sur un cycle complet de charge ou de decharge.
Le courant qui dépasse cette valeur sera interrompu par la circuiterie de protection de la batterie.
c. Les sources de charge dépassant le courant continu chargeront la batterie à un régime d'utilisation proportionnel au courant
de crête. Dépasser le courant de crête de 300A empêchera la charge.
b.
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d.

Bien qu'un courant ondulatoire à faibles fréquences (60Hz/120Hz) n'est pas recommandé, la batterie ALM 12V35 prendra en
charge un courant ondulatoire pouvant s'élever jusqu'à 1C (35A RMS) sans aucun effet indésirable. En guise de comparaison,
le courant ondulatoire maximum pour une batterie VRLA type en fibre de verre microporeuse (AGM) de 12 volts 35 Ah serait
de 35 Ah/20 heures ou de 1,75 ampères.

Table 9: Spécifications Environnementales de l' ALM 12V35
Spécification

Description

Plage de température fonctionnelle ambiante

-40 °C à +60 °C
-40 °F à +140 °F

Altitude fonctionnelle maximum

15, 000 pieds (4572m) a
5% à 95%
Conforme aux normes IEC60529 - IP54
environnementale pour les armoires de batteries

Humidité relative fonctionnelle (sans condensation)
Note de l'environnement pour boîtier de batterie
Recommandées environnement de stockage conditions

Conditions Environnementales de transport jusqu'à deux semaines. c

Température: ‐40 °C à +35 °C b
Humidité relative (sans condensation): 5% à
95%
Altitude Max: 25,000 pieds(7620 m)
Température: -40 °C à +80 °C
Humidité relative (sans condensation): 5% à
95%
Altitude Max: 50,000 pieds (15240 m)

a.

La température fonctionnelle maximum diminue par un facteur de 1,1 °C par 1000 pieds d'élévation au-dessus de 7500 pieds.
Stockage des batteries ALM 12V35 à des températures supérieures a 35 °C peut réduire considérablement le temps de
stockage. Voir , on page 40.
c. Les batteries ALM 12V35 ont été testées à 11,6 kPa (50,000 pieds) 20 °C ±5 °C.
b.

Physical Specifications
Table 10 and Figure 6, on page 24 provide details of the mechanical
dimensions and weight of the ALM 12V35 battery.
Table 10: ALM 12V35 Physical and Mechanical Specifications
Specification

Description

Dimensions (excluding terminals)
Weight (approximate)
Case Material
Terminal Bolt Requirements

197 x 132 x 179.5 mm (7.8 x 5.2 x 7.1 in)
6.3 kg (13.8 lbs)
ABS Plastic, UL 94 5VA Flame Rating
Stainless Grade A4-70, M6 x 1.0 mm x 16 mm, torque up to 62in-lbs
(7N-m)
90 °C

Maximum Terminal Temperature (before
damage)
Communications Connectors (if equipped)

MD405009-04EN – Rev. 08
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Table 11: ALM 12V35 Caractéristiques Physiques et Mécaniques
Specification

Description

Dimensions (sans les bornes de connection)
Poids (approximatif)
Matériel du boîtier
Exigences relatives au boulon de borne

197 x 132 x 179,5 mm (7,8 x 5,2 x 7,1 in)
6,3 kg (13,8 lbs)
Plastique ABS, Cote d'inflammabilité conforme à UL 94 5VA
Grade d'acier inoxydable A4-70, M6 x 1,0 mm x 16 mm, serrage au
couple jusqu'à concurrence de 62 po-lb (7N-m)
90 °C

Terminal Température maximale (avant que des
dommages)
Connecteurs de communications (le cas échéant) D-sub 9 broches

Tableau 11 et Figure 6, on page 24 fournissent des détails sur les dimensions
mécaniques et le poids de la batterie ALM 12V35.

Figure 6: ALM 12V35 Mechanical Dimensions and Weight
24
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Chapter 5

Operation and System Design
Considerations
This chapter includes these topics:
•
•
•
•
•
•
•

Integrated EverSafe™ Battery Protection . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Charging Single Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Charging Multiple Batteries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Discharge Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Balancing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cycle Life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Shelf Life (Durée de Conservation) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

25
31
34
35
38
38
40

Integrated EverSafe™ Battery Protection
The ALM 12V35 EverSafe™ battery technology includes integrated
protection circuitry to prevent the battery from certain damaging use
conditions. The battery’s circuitry interrupts either charging or discharging
current if the battery is in danger of exceeding upper or lower limits to
voltage, current, and temperature.

Transient Energy Limit
The battery is designed to protect itself from transients which contain excess
energy of up to 2.5 Joules. Inductance inherent in the cabling used to
connect to the battery can store this transient energy and release it to the
battery’s protection devices as the battery’s protection mechanism engages
which introduces an open circuit. When that occurs, active sources like power
supplies and battery chargers can create large transient spikes.
While the product has been designed to handle a maximum inductance of 10
μH and tolerate connections to most power supplies, the user is responsible
for ensuring that the battery does not experience over voltage surge energy in
excess of 2.5 Joules when conduction is interrupted. External energy
absorption devices like capacitors or clamps can reduce the overshoot or
stress on the battery and may be required based on the application.

MD405009-04EN – Rev. 08
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Over Current Protection
The ALM 12V35 battery applies a time-based current limit profile that allows
higher level current pulses for short durations. Figure 7 shows the maximum
amplitude limits enforced over increasing time intervals. This curve has a -2%
/ +15% tolerance. The maximum amplitude limit of 500 amps decreases over
time until it reaches a steady state limit of 240 amps at 1.4 seconds. This
profile applies to both charge and discharge operations.
Figure 7 provides more detail on the current limit curve being enforced.

Figure 7: ALM 12V35 Current Limit Profile

Over Discharge Protection (Under Voltage Protection)
As the battery nears 0% State of Charge (SOC), the terminal voltage begins
to drop rapidly. The ALM 12V35 is considered fully discharged when any one
of its internal cell voltages falls to 2.0 volts or the battery’s terminal voltage is
in the range of 8.0 volts to 11 volts.
The ALM 12V35s is designed to enter an Under Voltage Protection (UVP)
state if any cell drops below 2 volts. The ALM 12V35i is designed to enter the
26
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UVP state if any cell drops below 2.2 volts. In the UVP state, the ALM 12V35
will disconnect its terminals causing the output voltage to drop to 0 volts.
Slight differences in the cells’ state of charges lead to differences between
the cell voltages, especially at low states of charge. In such a case, one cell
may trip the UVP protection before the others do. When this happens the
voltage measured at the battery terminals will be higher than 8 volts.
Table 12 shows the voltage at which an ALM 12V35s could enter UVP and
open the terminals. UVP is disabled and the terminals are closed once the
ALM 12V35s is connected to an active charge source and/or the lowest cell
voltage returns to 2.5 volts for the ALM 12V35s (2.7 volts for the ALM 12V35i)
or higher.
Table 12: End of Discharge – Effective ALM 12V35 Terminal Cut-Off Voltages in Different
Series Configurations
ALM Configuration

Typical Observed ALM
Terminal Cut-Off Voltage (V)

Average Voltage per Cell (V)

Absolute Minimum ALM
Terminal Cut-Off Voltage (V)

1S ‐ (12 V)

9.8

2.45

8.00

2S ‐ (24 V)

20.3

2.54

16.00

3S ‐ (36 V)

30.7

2.56

24.00

4S ‐ (48 V)

41.1

2.57

32.00

Under voltage protection creates an
open circuit, removing voltage from
the terminals
With a lead-acid battery, finding no
voltage at the terminals often indicates
the battery is no longer usable. With the
ALM 12V35 battery, no voltage at the
terminals typically means the cell
protection circuitry has interrupted
current to protect the battery. Simply
connect the battery to a charge source
to restore voltage to the terminals.

La protection contre la sous
tension crée un circuit ouvert,
supprimant la tension des bornes
Avec une batterie plomb-acide,
l'absence de tension aux bornes
indique souvent que la batterie n'est
plus utilisable. Avec la batterie ALM
12V35, aucune tension aux bornes ne
signifie généralement que le circuit de
protection de la cellule a interrompu le
courant pour protéger la batterie. Il
suffit de connecter la batterie à une
source de charge pour rétablir la
tension aux bornes.

Smart Charger Support
Smart charger technologies require the presence of a terminal voltage before
supplying a charge current. To support smart chargers when in a protection
state (i.e. Under Voltage Protection (UVP) the ALM 12V35 will present a
current limited terminal voltage. When there is no charger or load connected,
there is no current flowing so the circuit allows the terminals to show the actual
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battery voltage. This terminal voltage can be measured with a multi-meter or
other high impedance voltage measurement device.

Over Charge Protection (Over Voltage Protection)
Similar, but opposite to the case at low states of charge, the ALM 12V35’s
terminal voltage begins to rise rapidly at high states of charge. The ALM
12V35 is considered at 100% SOC when the cells are balanced and terminal
voltage measures 13.8 volts or above. At this point, the average cell voltage is
the terminal voltage divided by 4. The ALM 12V35 is designed to enter an
Over Voltage Protection (OVP) state if any cell rises above 4.1 volts. In the OVP
state, the ALM 12V35 will disconnect its terminals and not accept further
charge current. To exit the OVP state, apply a load to discharge the ALM
12V35. The battery’s internal balancing circuitry will also cause an automatic
exit of this state, but it may take longer. The ALM 12V35 will return to Normal
State once the cell voltages fall below 4.0 volts. For further details, refer to
Balancing, on page 38.

Over Temperature Protection
The ALM 12V35 battery’s circuitry continuously monitors the battery’s
temperature. The battery will open its terminals before the temperature is too
high for safe operation. Do not operate the battery outside of the operational
temperature range specified in Table 7, on page 22.

28
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High Temperature Operation (Fonctionnement à haute
température)
Les deux fonctions de charge et de décharge
augmentent températures de batterie.
Utilisation élevée de la batterie de taux
provoque la plus forte augmentation de
température. La batterie ALM 12V35 «plus de
la protection de température (OTP) circuit
supprime la tension des bornes si la batterie
dépasse les limites de température. Lors de
l'utilisation de la batterie de taux élevé,
l'utilisateur doit se assurer que la température
ambiante de fonctionnement combiné avec
la charge ou de décharge taux ne dépasse
pas les limites de températures de
fonctionnement. Table 13 montre comment le
taux d'utilisation ALM 12V35 et la
température ambiante concernent mesurée
SOC delta avant d'entrer dans l'état OTP.
Sous certaines conditions, les bornes de
connection de l' ALM 12V35 dépasseront la
limite de température de contact de 70 °C, ne
pas dépasser 90 °C, comme décrit dans UL
1973. Pour un fonctionnement au-delà des
limites de température de contact, l' ALM
12V35 nécessitera la mise en place de
protections pour empêcher tout contact
accidentel. NEC Energy Solutions
recommande que des tests supplémentaires
soient effectues pour chaque cas d'utilisation
spécifiques. La jauge de fil peut être modifiée
en fonction des exigences du température
finale et application.

Both charge and discharge functions
increase battery temperatures. High rate
battery usage causes the largest temperature
increase. The ALM 12V35 battery’s over
temperature protection (OTP) circuitry
disconnects the terminals if the battery
exceeds the temperature limits. During high
rate battery usage, the user must ensure that
ambient operating temperature combined
with the charge or discharge rate does not
exceed the operational temperature limits.
Table 13 shows how the ALM 12V35 usage
rate and ambient temperature relate to
measured delta SOC before entering the OTP
state.

Under certain conditions, the ALM 12V35
terminals will exceed the 70 °C touch
temperature limit as described in UL 1973.
For operation beyond those touch
temperature limits, not to exceed 90 °C, the
ALM 12V35 will require the placement of
guards to prevent accidental contact. NEC
Energy Solutions recommends that additional
testing be conducted under specific use
cases. The gauge of wire may be changed
depending on final temperature requirements
and application.

Table 13: Thermal Capability and Delta SOC, BOL a
25 °C Ambient b c
Usage Rate:
Charge or Discharge
Current (A)

ALM 12V35s
% delta SOC

60 °C Ambient b c
ALM 12V35i HP
% delta SOC

100

ALM 12V35i HP
% delta SOC Internal
Limit

35

100

70

100

100

97 (63 TTd)

96

105

100

100

54 (36 TTd)

74 (46 TTd)
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ALM 12V35s
% delta SOC Internal
Limit
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Table 13: Thermal Capability and Delta SOC, BOL a (continued)
25 °C Ambient b c
Usage Rate:
Charge or Discharge
Current (A)

ALM 12V35s
% delta SOC

60 °C Ambient b c
ALM 12V35s
% delta SOC Internal
Limit

ALM 12V35i HP
% delta SOC

ALM 12V35i HP
% delta SOC Internal
Limit

140

80

100

36 (24 TTd)

61 (31 TTd)

175

59

100

28 (17 TTd)

49 (22 TTd)

210

47

100

23 (14 TTd)

44 (17 TTd)

a: The values in this table show the battery’s performance prior to engaging its protection circuitry.
b: Testing with 1/0 cables (25 °C) and 4/0 cables (60 °C).
c: 100% = 35 Ah.
d: TT = Touch Temperature. The % delta SOC TT when Touch Temperature (TT) of the terminal
exceeds 70 °C. A cover or other protection is required to prevent incidental contact per
UL1973.

Table 14: Capacité Thermique et Delta État de Charge, Début de la Viea
Température ambiante de 25 °C b c

Température ambiante de 60 °C b c

ALM 12V35s

ALM 12V35i HP

ALM 12V35s

ALM 12V35i HP

% delta SOC

% delta SOC

% delta SOC Limite interne

% delta SOC Limite interne

35

100

100

100

100

70

100

100

97 (63 TC d)

96

105

100

100

54 (36 TC d))

74 (46 TC d))

140

80

100

36 (24 TC d))

61 (31 TC d))

175

59

100

28 (17 TC d))

49 (22 TC d))

210

47

100

23 (14 TC d))

44 (17 TC d))

Taux d'utilisation
Charge/ Décharge
Courants (A)

a: Les valeurs indiquées dans ce tableau montrent les performances de la batterie avant que les

circuit de protection ne soient actifs.
b: Essai avec câbles 1/0 (25 °C) et 4/0 (60 °C)
c: 100% = 35Ah
d: TC = Température de contact dépasse. Le SOC TC % delta lorsque TC du terminal de la batterie
dépasse 70 °C. Une protection de couverture ou autre est nécessaire pour empêcher un
contact accidentel à la borne, conformément à la UL1973 réglementation.

Cell Life
Cell life will be limited by exposure to
high temperatures.

30

La vie cellulaire
La durée de vie les éléments de la pile
seront limites par l'exposition à des
températures élevées.
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Low Temperature Operation
At low temperatures, the maximum available discharge power decreases due
to increased internal impedance at lower temperatures. Refer to Figure 11, on
page 37 for more details.
Operating the Battery Outside the
Operational Temperature Range
Do not operate the battery outside of
the operational temperature range
specified in Table 7, on page 22.

Utilisation de la batterie en
dehors
de
la
plage
de
température de fonctionnement
Ne pas faire fonctionner la batterie en
dehors de la plage de température
d'exploitation précisée dans Table 7, on
page 22.

Charging Single Batteries
The ALM 12V35 is compatible with most common 12-volt, lead‐acid battery
chargers. A single ALM 12V35s can accept continuous charge current up to
105 amps (210 amps for the ALM 12V35i HP) maximum. Higher current for
short durations is allowed. However, in some situations, internal component
temperatures may be exceeded causing performance to be curtailed by the
battery’s protection circuitry. For more information on hardware protection
limits, refer to Appendix A, ALM 12V35 Operational Protection Alarms and
Settings.
Use of Chargers with a Temperature
Compensation Feature
Use of chargers with a temperature
compensation feature, typically required
for lead-acid batteries, may result in an
incomplete or possibly no charge at
elevated temperatures, but will not
damage the battery. It is recommended
that such temperature compensation
features be disabled.

Utilisation de chargeurs avec une
fonction de compensation de
température
L'utilisation de chargeurs dotés d'une
fonction
de
compensation
de
température, généralement requise
pour les batteries au plomb, peut
entraîner une charge incomplète, voire
nulle, aux températures élevées, mais
n'endommagera pas la batterie. Il est
recommandé
de
désactiver
ces
fonctions
de
compensation
de
température.

Constant Current (CC), Float Voltage Chargers
For ALM 12V35 batteries operating under normal conditions during a charge,
a charger applies Constant Current (CC) until the terminal voltage reaches its
End of Charge (EOC) voltage (maximum), as shown Figure 8 on page 37. This
process is followed by a float voltage, where the charge current decays to
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near zero. As the battery approaches 100% SOC, the balancing circuitry
performs cell balancing. This process charges the ALM 12V35 battery to
100% SOC.

Figure 8: Battery Voltage and Current During Normal Charge

If the ALM 12V35 has entered an UVP state, the battery disconnects from the
load. Connecting a charger to the battery resumes normal operation based
on replenished energy.
New Batteries Used As Received
New batteries may be used as
received. However, to ensure that all
cells are balanced and fully charged
before their first use, individual batteries
should be charged for 4 to 24 hours
with a float charge. Charging is
particularly
necessary
prior
to
performing capacity tests. After initially
balancing the batteries, normal use
should maintain the cells in a proper
state.

32

Nouvelles piles utilisées comme
reçues
Les nouvelles batteries peuvent être
utilisees tels que reçu. Cependant, our
s'assurer que tous les elements de la pile
sont équilibrés et pleinement chargés avant
leur première utilisation, les batteries
individuelles devraient être chargées
pendant 4 à 24 heures avec une charge de
maintien. La charge est particulièrement
nécessaire avant de procéder à des tests de
capacité. Après équilibrage d'abord les
piles, l'utilisation normale devrait maintenir
des elements de la pile en bon état.
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Charge Limits and Temperatures (Chargez Limites et
températures)
At room temperature and above, the ALM
12V35 battery can accept full rated charge. As
with all battery technologies, charge
acceptance is limited at low temperatures. A
permanent loss of capacity may be observed
if charge rates are not reduced at low cell
temperatures. As the cells’ temperature rises
during the charging process, they can
gradually accept higher currents. The ALM
12V35 batteries can be charged without
capacity loss at rates shown in Table 15.

A température ambiante et au-dessus, les
batteries ALM 12V35 peuvent accepter la
pleine charge nominale. Comme avec toutes
les technologies batteries, de l'acceptation
de charge est limitée à basse température.
Une perte permanente de capacité peut être
observé si les taux de charge ne sont pas
réduits à basses températures des elements
de la pile. Comme la température des
elements de la pile augmente pendant le
processus de charge, ils peuvent accepter
progressivement des courants plus élevés.
Les batteries ALM 12V35 peuvent être
chargees sans perte de capacité aux taux
indiqués dans le Table 15.

Table 15: Change Rate by Temperaturea
Temperature (°C)

Current (A)

Temperature (°C)

Current (A)

60

210

10

35

50

210

0

17.5

40

210

-10

10.5

30

210

-20

7

25

210

-30

1.75

20

105

10

35

a: For charge acceptance, do not exceed the limits specified. For the higher temperatures (and
charging rates), exceeding these rates may result in engaging the ALM 12V35’s protection
circuitry. For lower temperatures, exceeding these rates will result in a shorter battery life.

Table 16: Taux des frais par Températurea
Température (°C)

Courants (A)

Température (°C)

Courants (A)

60

210

10

35

50

210

0

17,5

40

210

-10

10,5

30

210

-20

7

25

210

-30

1,75

20

105

-40

0,5
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a: Pour acceptation de charge, ne pas dépasser les limites spécifiées. Pour les températures plus

élevées (et les taux de charge), le dépassement de ces taux peut entraîner engager le circuit de
protection de l' ALM 12V35. Pour des températures plus basses, le dépassement de ces taux
entraînera dans une vie courte de la batterie.

Charging Multiple Batteries
When charging multiple batteries, maximum charge current should not
exceed 210 amps for arrays of ALM 12V35 batteries connected in parallel
and/or series configurations. The end-of- charge voltage and maximum
allowed and recommended currents will depend on the system’s series and
parallel configuration.

Charging Batteries in Series (Chargement des Piles dans la Série)
To determine the maximum end-of-charge
voltage to apply for battery systems
configured in series, multiply the number of
batteries connected in series by the
maximum charge voltage of a single battery
(14.4 V), as shown in Equation 1.
Equation 1: (Number of ALM 12V35 Batteries
Connected in Series) x (14.4V) = Max Charge
Voltage, Battery System

Table 17 shows recommended float and
maximum charge voltages. Charger voltages
exceeding the Maximum up to 60.0 volts will
not damage the ALM 12V35, but the ALM
12V35 may not operate due to over voltage
protection. When the battery is in the normal
state, the charger voltage should be less than
or equal to the Maximum Charge Voltage.

Pour déterminer la tension maximale en fin
de charge à appliquer pour les systèmes de
batterie configurés en série, multiplier le
nombre de batteries connectées en série par
la tension de charge maximale d'une seule
batterie (14,4 V), comme indiqué dans
l'Equation 2.
Equation 2: (Nombre de batteries ALM
12V35 connectées en série) x (14,4V) =
Tension de charge maximale, système de
batterie x (14.4V) = Tension Max Charge,
Système de batterie.
Le Table 17 montre la tension de maintien
recommandée et tensions charge maximale.
la batterie ne sera pas endommagée par des
tensions de charge ne dépassant pas 60V,
mais l' ALM 12V35 peut ne pas fonctionner
en raison de protection contre les
surtensions. En condition normale, la, tension
de charge doit être inférieure ou égale à la
tension de charge maximale.

WARNING
A PPLYING C HARGER V OLTAGES
EXCESS OF 60 VOLTS

IN

Applying charger voltages in excess of
60.0 volts could damage the charge and
discharge control circuitry, creating a
safety hazard, and will void the warranty.

34

ATTENTION
APPLIQUER DES TENSIONS DE CHARGE
EXCÉDANT 60.0 VOLTS
L'application de tensions de chargeur
supérieures à 60,0 volts pourrait endommager les circuits de contrôle de charge
et de décharge, créant un danger pour la
sécurité et annulant la garantie.
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Table 17: Supported Float and Maximum Charge Voltages
Series Configuration

Recommended Float Charge Voltage (V)

Maximum Charge Voltage (V)

1s

13.6 to 14.4

16

2s

27.2 to 28.8

32

3s

40.8 to 43.2

48

4s

54.4 to 57.6

60

Table 18: Tension de maintien et les tensions charge maximale
Configuration de Série

Tension de Maintien Recommandée Tension de charge (V) Tension de charge maxima le (V)

1s

13.6 to 14.4

16

2s

27.2 to 28.8

32

3s

40.8 to 43.2

48

4s

54.4 to 57.6

60

Charging Batteries in Parallel (Recharger les batteries en
parallèle)
The maximum charge current for any parallel
array of batteries is 210 amps.

Le courant de charge maximum pour un
réseau parallèle de batteries est de 210
Ampères.

Discharge Performance
The typical 25 °C constant current discharge behavior of the ALM 12V35 at
different discharge rates is shown in Figure 9. Compared to lead-acid
batteries, the output voltage of the ALM 12V35 remains relatively constant
across its capacity range at any given discharge rate.
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Figure 9: ALM 12V35 Typical Constant Current Discharge Behavior at 25 °C

As the ALM 12V35 discharges, limited voltage drop translates into superior (I
x V) power delivery capability as shown in Figure 10. Additionally, ALM 12V35
delivered capacity is nearly independent of discharge rate.

Figure 10: ALM 12V35 Typical Constant Power Discharge Behavior at 25 °C

36
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Maximum Charge at This Power
Level
At this power level, the maximum
discharge current is 105 A. Refer to
Table 6, on page 21 for discharge limits.

Charge maximale à ce niveau de
puissance
A ce niveau de puissance, le courant
maximal de décharge est de 105 A.
Reportez-vous à Table 6, on page 21
pour les limites de déchargé

Voltage drop in the ALM 12V35 is an inverse function of the ALM 12V35’s
internal temperature. As the internal temperature of the ALM 12V35 drops,
the impedance rises leading to an increased voltage drop. It is important to
consider the resulting performance impacts when designing a product for
cold conditions. Figure 11 shows impacts of temperature on 400 W constant
power discharge.

Figure 11: ALM 12V35 Typical 400 W Constant Power Discharge Behavior

The ALM 12V35 battery End of Discharge (EOD) terminal voltage is a function
of the core cells, any cell-to-cell variations and series impedance of the
internal power pathway. These elements are impacted by discharge rate and
temperature. The battery’s protection circuitry will stop discharge when any
cell voltage drops below 2.0 volts.
Cell‐to‐cell variation has the largest impact on the expected EOD terminal
voltage. Cells vary in performance in a variety of ways based on normal
manufacturing.
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Applications that use a low battery voltage threshold value (LVCO, LVLD,
LVBD, etc.) to initiate actions such as disconnecting the load or initiating a
charge cycle should adhere to the battery terminal voltages shown in the
discharge performance curves in Figure 9, Figure 10, and Figure 11.
Depending on the discharge rate, temperature, and other factors in the
application, a different voltage trigger value based on the appropriate
discharge curve may be needed compared to lead-acid or other battery
chemistries. Otherwise, undesired behavior of the battery application may
occur such as the unexpected loss of voltage if the ALM 12V35 enters UVP
state, or taking action too soon such as disconnecting the load while
significant energy still remains in the battery.
If the intent of the application is to maximize the amount of energy available
from the ALM 12V35 battery before charging, it may be advantageous to
disable external cutoff mechanisms based on the terminal voltage and
instead use the battery’s internal protection circuitry to determine when to
interrupt the discharge cycle. The battery protects itself from unsafe
conditions and typically disconnects due to low voltage when only 5-10% of
full charge capacity remains.

Balancing
Over time, the ALM 12V35 cells diverge in both capacity and SOC. All ALM
12V35 batteries perform cell voltage balancing at high SOC values based on
cell voltage to maximize the available capacity of the battery. The balancing
circuit’s purpose is to drive all cells to the same voltage. Cell balancing
continues on a per-cell basis as long as the cell voltage exceeds 0.385 volts.
ALM 12V35 batteries are shipped at 50% SOC. Fully charging the ALM 12V35
and holding the ALM 12V35 at float voltage for 4-24 hours prior to first use
will ensure optimal balance and maximize the first discharge delivered
capacity.\

Cycle Life
Cycle life is dependent upon charge and discharge rates, operating
temperature, calendar time and state of charge swing or delta SOC. Figure 12
projects cycle life expectations as a function of delta SOC where reducing
delta SOC results in greatly enhanced cycle life.
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Figure 12: Cycle Life versus Delta SOC Behavior of Nanophosphate® Lithium-Ion Cell.

After 6 years of continuous testing, original A123 Systems ANR26650M1A
cells still retain 65% of their initial capacity after 20,000 full depth of
discharge (100% DOD), +1C/-1C cycles at 23 °C. The ALM 12V35 batteries
use the next generation ANR26650M1B cells. Through testing under the
same conditions, cells of this model are demonstrating further improved
cycle life behavior over their predecessors, as shown in Figure 13.

Figure 13: Cycle Life Test Results +1C/-1C, 23 °C, 100% DOD
MD405009-04EN – Rev. 08
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Number of Cycles Dependencies
The number of cycles, as shown in
Figure 13 and Figure 14, is dependent
upon average SOC, charge/discharge
rates, temperature and calendar time.
Actual results will depend on specific
use case. Contact NEC Energy
Solutions for more detail.
Overall system life is a function of Shelf
Life (Time at temperature) and Cycle life
(charge discharge rates and watt-hour
throughput).

Nombre de cycles dépendances
Le nombre de cycles, comme indiqué
dans les Figures 13 et 14, dépend du
COS moyen, des taux de charge /
décharge, de la température et de la
durée du calendrier. Les résultats réels
dépendront d'un cas d'utilisation
spécifique. Contactez NEC Energy
Solutions pour plus de détails.
La durée de vie globale du système
dépend de la durée de vie (durée à la
température) et de la durée de vie du
cycle (taux de décharge de la charge et
débit en wattheures).

Shelf Life (Durée de Conservation)
ALM 12V35 batteries ship from the factory at
approximately 50% State of Charge (SOC)
and slowly discharge primarily due to the
small parasitic load of the battery
management system. Although batteries can
remain above 10% SOC for up to 18 months
of storage where temperatures do not
exceed 25 °C, higher storage temperatures
accelerate the rate of discharge. Therefore,
batteries that are stored for extended periods
of time should be charged every 12 months
to ensure the batteries do not discharge
themselves into an unrecoverable under
voltage lockout state (UVLO).

Les batteries ALM 12V35 sont livrées en
usine à environ 50% de l'état de charge et se
déchargent lentement principalement en
raison de la faible charge parasite du
système de gestion de la batterie. Bien que
les batteries puissent rester au-dessus de
10% de SOC pendant un maximum de 18
mois de stockage, lorsque les températures
ne dépassent pas 25 ° C, des températures
de stockage plus élevées accélèrent le débit
de décharge. Par conséquent, les batteries
qui sont stockées pendant de longues
périodes doivent être chargées tous les 12
mois pour garantir que les batteries ne se
déchargent pas dans un état de blocage de
la tension (UVLO) irrécupérable.

ALM 12V35 batteries being shipped by Air
must comply with ICAO regulations, which
requires that the batteries be at or below a
30% SOC. These batteries shipped by Air
can remain functional for 16 months of shelf
life where temperatures do not exceed 25 °C.

Les batteries ALM 12V35 expédiées par voie
aérienne doivent être conformes aux
règlements de l’OACI, qui exigent que ces
batteries présentent un état de charge de 30
% maximum. Elles peuvent rester
fonctionnelles pendant 16 mois, à condition
que les températures ne dépassent pas 25
°C.
Les températures de stockage supérieures à
25 °C accélèrent le taux d’autodécharge et
réduisent la durée de vie.

Storage temperatures above 25 °C
accelerate the rate of self-discharge and
reduce the shelf life.
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At 10% SOC, the ALM 12V35 battery has
about 5% of usable energy, on average,
before entering into an Under Voltage
Protection (UVP) state as described in Over
Discharge Protection (Under Voltage
Protection), on Over Discharge Protection
(Under Voltage Protection), on page 26. NEC
Energy Solutions recommends applying a
charge source whenever a battery is at 10%
or lower SOC.
The ALM 12V35 battery will automatically
discontinue a discharge operation when it
reaches roughly 5% State of Charge (SOC),
and will then disconnect its terminals. Due to
the electrical drain within the battery
management system; after the battery
reaches the 5% SOC level at the Under
Voltage Protection UVP state there is a
limited time that the battery can remain
without being charged. If the ALM 12V35 is
discharged to the UVP 5% SOC level, it has
approximately 34 days in this state, at 25 °C,
before reaching its lowest power mode called
the Under Voltage Lock-Out (UVLO) state.
Once the battery reaches the UVLO state, it
has approximately 26 days of shelf life before
becoming permanently disabled.
For the ALM 12V35i HP CAN Bus and SMBus
batteries, NEC Energy Solutions
recommends disabling the communications
before the battery enters into UVP state. If
the battery communication port is kept active
during UVP, the time to reach the UVLO state
will shorten considerably due to the power
draw from the battery communications
circuits. In the UVP state, a battery has
approximately 18 hours, at 25 °C, before
reaching UVLO. Once the battery reaches the
UVLO state, it has approximately 26 days
before becoming permanently disabled.
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À un état de charge de 10 %, la batterie ALM
12V35 dispose d’environ 5 % d’énergie
utilisable avant de passer en mode de
protection contre les sous-tensions (UVP), tel
que décrit dans la section Protection contre
la décharge accélérée (protection contre les
sous-tensions (UVP)), à la page 26. NEC
Energy Solutions recommande d’utiliser une
source de chargement dès qu’une batterie
présente un état de charge de 10 % ou
moins.
La batterie ALM 12V35 interrompra
automatiquement une opération de décharge
lorsqu’elle atteint un état de charge d’environ
5 %, puis elle déconnectera ses bornes. En
raison du drainage électrique dans le
système de gestion de la batterie, une fois
que la batterie atteint un état de charge de 5
% en mode de protection contre les soustensions (UVP), elle peut rester déchargée
durant une période limitée. Si la batterie ALM
12V35 est déchargée à 5 % en mode UVP,
elle reste environ 34 jours dans cet état, à 25
°C, avant d’atteindre son mode
d’alimentation le plus bas, appelé le
Verrouillage de sous-tension (UVLO). Une fois
que la batterie est en mode UVLO, elle
dispose d’environ 26 jours avant de subir un
endommagement permanent.
Pour les batteries ALM 12V35i avec bus CAN
HP et SMBus, NEC Energy Solutions
recommande de désactiver les
communications avant que la batterie ne
passe en mode UVP. Si le port de
communication de la batterie reste actif en
mode UVP, la batterie passera beaucoup plus
rapidement en mode UVLO, en raison de la
consommation électrique des circuits de
communication de la batterie. En mode UVP,
une batterie dispose d’environ 18 heures, à
25 °C, avant de passer en mode UVLO. Une
fois qu’elle passe en mode UVLO, elle
dispose d’environ 26 jours avant de subir un
endommagement permanent.
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While in UVLO, an ALM 12V35 battery can
accept a small charge current through a
precharge circuit to bring the battery to its
proper operating range. Once the battery
reaches the UVP state, it can accept a full
rated charge current.
NEC Energy Solutions recommends that the
full rate charge remains until the battery is
fully charged. Partial charges are acceptable,
but they will limit the shelf life the battery can
sustain in storage.
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En mode UVLO, une batterie ALM 12V35
peut accepter un faible courant de charge à
travers un circuit de précharge pour atteindre
sa bonne plage de fonctionnement. Une fois
qu’elle passe en mode UVP, elle peut
accepter un courant de charge nominale
maximum.
NEC Energy Solutions recommande de
maintenir la charge maximale jusqu'à ce que
la batterie soit complètement chargée. Les
charges partielles sont acceptables, mais
elles limiteront la durée de vie de la batterie
lorsqu’elle est stockée.
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Chapter 6

ALM® 12V35i Intelligent Battery
Communications
The ALM 12V35i Intelligent Batteries provide two connections for industry
standard CAN bus or SMBus communications with the internal
microprocessor firmware. Signals for these protocols are included on the 9pin D-sub connectors at the end of the two communication cables. One
cable is considered incoming and the other outgoing. The connectors mate
together (one male, one female) so that one battery’s bus output cable can be
connected to the next battery’s bus input cable in any order.
This chapter includes the following topics:
•
•
•
•

ALM 12V35i Battery Communications Reference Documents . . . . . . . . . . . .
ALM 12V35i Control Area Network (CAN) Interface . . . . . . . . . . . . . . . . . . . .
ALM 12V35i System Management Bus (SMBus) Interface . . . . . . . . . . . . . . .
Battery Performance Data Archive for CAN bus and SMBus . . . . . . . . . . . . .

45
45
49
51

ALM 12V35i Battery Communications Reference
Documents
Table 19 shows the ALM 12V35i Intelligent Series Battery documents
available from NEC Energy Solutions.
Table 19: ALM 12V35i Intelligent Series Battery Documents
Document Title

Document Part Number

ALM Intelligent (i-Series) Battery Control Area Network (CAN) Programmer’s Reference Guide MD405009-05EN
ALM Intelligent (i-Series) Battery SMBus Programmer’s Reference Guide
MD405009-06EN
ALM Intelligent (i-Series) Battery Software User’s Guide for CAN bus and SMBus
MD405009-07EN

ALM 12V35i Control Area Network (CAN) Interface
CAN is a standardized, low-cost, multi-master, broadcast network that is well
suited for smart battery applications. The ALM 12V35i battery CAN interface
provides access to battery status and configuration information. Through the

MD405009-04EN – Rev. 08

45

Copyright © 2017-2018 NEC Energy Solutions, Inc. All rights reserved.
This document contains the proprietary information of NEC Energy Solutions, Inc. (“NECES”) and may not be modified, reproduced, retransmitted or redistributed,
either in whole or in part, for any reason without NECES’ prior written consent.

ALM® 12V35i Intelligent Battery Communications

ALM ®12V35 User’s Guide

serial interface the end-user can monitor battery performance, be notified of
alarm or warning conditions, and configure the CAN communications
parameters and battery’s behavior. It has error detection, fault containment
and nondestructive arbitration built into the hardware layer. This makes for a
robust network that can operate reliably in electrically noisy environments.
The ALM 12V35i network interface is compatible with CAN-to-USB adapters
that provide galvanic isolation only. The Kvaser Leaf Light V2 has been
evaluated by NEC Energy Solutions and is known to work. Other CAN-toUSB adapters that provide galvanic isolation may work, but compatibility
cannot be guaranteed. In addition to the CAN-to-USB adapter, two CAN
terminators must be used, as shown in Figure 14, on page 47, even if the
system contains only one ALM 12V35i battery.
The ALM 12V35i CAN protocol is based on the CANopen application layer
and communication profile as defined by ‘CAN in Automation’ (CiA) 301
version 4.2.0. This specification defines the CANopen application layer, which
includes data types, the object dictionary and communication services. CAN
interface specifications are available on the CiA web site at:
http://www.can-cia.org/
The ALM 12V35i application data transmitted over the CANopen protocol is
derived from the Smart Battery Data Specification version 1.1. The Smart
Battery commands, data type, formatting, and resolution are defined in the
specification.
Several NEC Energy Solution specific commands have been added to the
CANopen interface to customize the operation of the ALM 12V35i battery.
Reference the ALM Intelligent (i-Series) Battery CAN bus Programmer’s
Reference Guide for details.

CAN Network Configuration
To establish CAN communications between 1 or more ALM 12V35i batteries
mate the male and female DB-9 connectors and terminate the bus as shown
in Figure 14. The CAN Bus interface allows up to 40 ALM 12V35i batteries to
be daisy-chained into one link.

46

MD405009-04EN – Rev. 08

Copyright © 2016-2018 NEC Energy Solutions, Inc. All rights reserved.
This document contains the proprietary information of NEC Energy Solutions, Inc. (“NECES”) and may not be modified, reproduced, retransmitted or redistributed,
either in whole or in part, for any reason without NECES’ prior written consent.

ALM® 12V35i Intelligent Battery Communications

ALM ®12V35 User’s Guide

Figure 14: ALM 12V35i HP CAN bus Wiring

The length of the CAN network cable can vary depending on the application.
Table 20 lists the maximum recommended cable length as a function of bit
rate.
Table 20: CAN Bit Rate vs. Cable Length
CAN Cable Length

CAN Bit Rates
100 ft (30.5 m)

1 Mbit/s

200 ft (61 m)

500 kbit/s

300 ft (91.4 m)

250 kbit/s

CAN bus Settings
The default CAN bit rate is 125 kbit/s with the sample point set to 75% and a
synchronization jump width of 2 bits. The CAN bus bit rate is user
configurable and can be set to 1 Mbit/s,
500 kbit/s, 250 kbit/s and 125 kbit/s.

CAN bus Initialization and Configuration
The ALM 12V35i battery supports the CANopen network management layer
(NMT) through which network control services are provided. The NMT master
controls the state of the slave nodes on the CAN bus by issuing individual or
broadcast commands. The ALM 12V35i (slave node) is in the pre-operational
state upon wake from low-power mode and will require two consecutive NMT
commands to enter Operational state (the first wakes up the battery and is
not processed). NMT services and state control are defined in section 7.2.8 of
the CiA-301 specification.
The ALM 12V35i supports Layer Setting Services (LSS), which allow the CAN
master to detect nodes on the bus. Registered nodes can have their bit rate
changed or unique Node-ID assigned.
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CANopen Dictionary
The CANopen dictionary is a functionally organized data store used to define
the logical interface to the ALM 12V35i battery. It acts as an interface
between the battery application and the CANopen protocol by providing an
interface to node configuration and process data objects. An example of
CANopen Layers is shown in Figure 15.
Configuration objects describe network properties and devices whereas
Process data objects are more application oriented and include elements like
battery temperature, current and voltage.
The ALM 12V35i CANopen dictionary complies to the CiA 306 V1.3.0:
CANopen electronic data sheet specification and can be accessed through
the use of standard Service Data Objects (SDO). For more details about the
CANopen dictionary, refer to the ALM Intelligent 
(i-Series) Battery Can bus Programmer’s Reference Guide.

Figure 15: CANopen Layers

Smart Battery Data
The ALM 12V35i CAN bus interface follows the Smart Battery Data
Specification version 1.1 as defined by the SBS Implementers Forum. The
document can be found on the SBS-IF web site at: 
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http://sbs-forum.org/

ALM 12V35i System Management Bus (SMBus) Interface
Introduction
The ALM 12V35i battery is equipped with a SMBus interface to enable
remote monitoring and control functions. SMBus is an industry standard twowire serial communication interface well suited for communicating with
intelligent batteries. The ALM 12V35i is configured as a low-power SMBus
slave, operating up to 100 kbit/s with optional packet error checking. For a
single battery, a low-power SMBus master device may be used. When using
more than one ALM12V35i SMBus slave in series on the communication bus,
a high-power master device must be used. It utilizes SMBus read/write
commands to communicate Smart Battery Data to the host (bus master).
The ALM 12V35i SMBus interface follows the Smart Battery Data
Specification, version 1.1 as defined by the SBS Implementers Forum. The
document can be found on the SBS-IF web site at:
http://sbs-forum.org/
Figure 16 illustrates the relationship between the ALM 12V35i battery
application and Smart Battery Data Specification and the SMBus interface.
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Figure 16: ALM 12V35i SMBus Interface

SMBus Network Configuration
To establish SMBus communications between the ALM 12V35i batteries,
mate the male and female connectors as shown in Figure 17. The SMBus
interface allows up to 8 daisy-chained ALM 12V35i batteries.

Figure 17: ALM 12V35i SMBus Wiring

The SMBus specification has a separate set of electrical specifications for
devices that do not reside on the PC motherboard. The ‘high power’ SMBus
interface on the ALM 12V35i can support cable lengths up to 3 meters. The
SMBus master should pull-up the clock and data lines with 2.2 kohm
resistors.

SMBus Protocol Configuration
To communicate with the ALM 12V35i over the SMBus interface the bus
master should utilize the default address of 0x0B hex (128 decimal) at a bit
rate of approximately 100 kbit/s.
Packet error checking is supported by the ALM 12V35i SMBus protocol. Any
message received with the packet error code (PEC) appended will be
responded to in kind. See the SMBus specification 2.0 section 5.4 for details
on PEC.
The Address Resolution Protocol (ARP) is not supported; however a vendor
specific command code is available for setting the device address. The ALM
Intelligent (i-Series) Battery SMBus Programmer’s Reference Guide describes
the device address command code and message format.
The SMBus host notify protocol is not supported by the ALM 12V35i battery.
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Smart Battery Data Specification
The ALM 12V35i presents data as defined by the Smart Battery Data (SBD)
specification v1.1, on the SMBus. There are several vendor specific
command codes appended to the SMBus interface to facilitate operations
such; reading out the battery performance data, setting warning levels or
changing the device address. The ALM Intelligent (i-Series) Battery SMBus
Programmer’s Reference Guide contains the command codes and message
format details required to communicate with the battery.

Battery Performance Data Archive for CAN bus and SMBus
The ALM12V35i battery stores several types of environmental, performance
and event data in an internal nonvolatile memory (NVM). A record of Battery
voltages and temperature levels is written to memory every ten seconds. This
record of the battery’s operating conditions can be read out for performance
analysis and warranty candidate evaluation. A log entry is created and stored
in NVM when an event is detected by the battery. Refer to Appendix A, for a
list of firmware recorded events and customer-configurable event threshold
settings.
Several custom message IDs have been added to the CANopen dictionary
and the SMBus Message Manifest to enable the readout of the event logs
and profiler data from the battery. For details refer to the ALM Intelligent (iSeries) Battery Can bus Programmer’s Reference Guide, the ALM Intelligent
(i-Series) Battery SMBus Programmer’s Reference Guide, and the ALM
Intelligent (i-Series) Battery Software User’s Guide for CAN bus and SMBus.
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Chapter 7

Troubleshooting
The ALM 12V35 batteries are extremely reliable batteries that provides
greater useful life than comparable 12V35 lead‐acid batteries. Despite the
high reliability of the ALM 12V35 batteries, you may encounter situations
where the battery does not operate as expected. This chapter details
potential issues with integrating the ALM 12V35 batteries and the appropriate
troubleshooting procedures.
Table 21: ALM 12V35 Troubleshooting and Solutions
Problem

Possible Cause(s)

Solution(s)

The battery does not deliver
the expected Ah (capacity).

• The battery is out‐of‐balance.

• Apply a float charge for 48 hours to balance
the battery cells.

• The battery has reached the end of its useful
service life.

• Replace the battery.

• The battery overheated due to ambient
temperature or C-Rate.

• Reduce the ambient temperature or C-Rate.

• The battery overheated, enabling over‐
Charge current suddenly
temperature protection.
goes to zero while connected
to a source.
• The battery is out‐of‐balance.

• Charge current is too high, exceeding OCP
protection. a

Voltage drops abruptly while
in use after appearing
constant.
Low or zero volts across the
terminal
a.

• Allow the battery to cool.
• Apply a float charge for 48 hours to balance
the battery cells. For more details on
charging battery, batteries, or strings, refer
to Charging Single Batteries, on page 31 and
Charging Multiple Batteries, on page 34
• Reduce charge current.

• The battery is fully discharged.

• Perform a charge cycle.

• OCP has engaged

• Reduce the load.

• The battery is in UVP or UVLO.

• Perform a charge cycle.

• The battery is in OTP.

• Allow the battery to cool.

High-speed OCP occurs in10 µs so it will not be visible on a digital volt meter.
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Appendix A

ALM® 12V35 Operational Protection Alarms
and Settings
Table 22 lists the ALM 12V35i Operational Protection matrix covering warnings, alarms and
hardware circuitry for voltage and temperature.
The values in bold-red text in Table 22, on page 55 are user-configurable settings for the 
ALM 12V35i Intelligent Batteries. Refer to the ALM Intelligent (i-Series) Battery Software
User’s Guide for CAN bus and SMBus and the relevant ALM Intelligent (i-Series)
Programmer’s Reference Guide for details on alarm messages and how to set these values.
Table 22 uses the following abbreviations:
•

FETs: Field-Effect Transistors

•

FW: Firmware

•

HW: Hardware

•

OTP: Over-Temperature Protection

•

OVP: Over-Voltage Protection

•

UVP: Under-Voltage Protection

•

UVLO: Under-Voltage Lock-Out

•

UTP: Under-Temperature Protection

Table 22: ALM 12V35 Operational Protection Settings
Parameter

Set Value 
ALM 12V35s

Set Value 
ALM 12V35i HP

Clear Value 
ALM 12V35s

Clear Value
ALM 12V35i HP

Applies to

OVP warning FW

N/A

>3.80 V a

N/A

.15 V less than set

Any cell

OVP alarm FW

N/A

3.95 V

N/A

3.7 V

Any cell

OVP HW

>4.1 V

>4.1 V

<4.1 V

<4.1 V

Any cell

OVP-2 HW

4.25 V

4.25 V

Never b

Never b

Any cell

UVP warning FW

N/A c

<2.80 V

N/A

>2.90 V

Any cell

UVP alarm FW

N/A

<2.20 V

N/A

>2.70 V

Any cell

2.00 V

2.00 V

>2.50 V

>2.50 V

Any cell

UVP HW
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Table 22: ALM 12V35 Operational Protection Settings (continued)
Parameter

Set Value 
ALM 12V35s

Set Value 
ALM 12V35i HP

Clear Value 
ALM 12V35s

Clear Value
ALM 12V35i HP

Applies to

<.7 V

<.7 V

Never b

Never b

Any cell

5.1 V (No charger)

5.1 V (No charger)

5.5 V (With charger)

5.5 V (With charger)

Battery

OTP cell warning FW

N/A

>63 °C

N/A

<53 °C

Any cell

OTP cell alarm FW

N/A

>68 °C

N/A

<63 °C

Any cell

68 °C

68 °C

63 °C

63 °C

Any cell

UTP warning FW

N/A

<-10 °C

N/A

>-5 °C

Cell Charging

OTP FET warning FW

N/A

100 °C

N/A

<95 °C

Cell Charging

OTP FET alarm FW

N/A

110 °C

N/A

<104 °C

FETs

110 °C

110 °C

75 °C

104 °C

FETs

Battery lockout HW
UVLO mode HW

OTP cell HW

OTP FET HW
a.

The values in bold-red text are user-configurable settings.
Internal circuitry does not allow this event to clear.
c. N/A = Not Applicable. The ALM 12V35s does not support firmware.
b.
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A

Ampere

AC

Alternating current

AC bus

A common connection line for AC elements, such as the
inverter’s AC-side connection.

AC resistance

With respect to a cell's resistance, the passive resistance of a
cell, not including the electrochemical and ionic resistances.

ACE

area control error

ACK

Positive acknowledgement used on a message oriented
interface between the Host and a CANopen Task to indicate
that the previously sent request or command executed
successfully.

active islanding

The AEROS active islanding feature uses the AEROS Microgrid
application to operate an installation in conjunction with a
traditional centralized grid. The Microgrid can self-island in the
event of a larger grid disruption.
Also, see islanding mode.

AEROS

Advanced Energy Response Operating System, the NEC
Energy Solutions control software that runs on master and
zone computers.

AEROS controls box

Control box mounted inside the Distributed Storage Solution
control bay which contains the master controller and it’s touch
screen display, an emergency stop button, emergency power
reset switch, and other components for managing a DSS
system.

Ah

An ampere hour or amp hour is a unit of electric charge, having
dimensions of electric current multiplied by time, equal to the
charge transferred by a steady current of one ampere flowing
for one hour.
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AHJ

Authority having jurisdiction

ALM

Advanced Lithium Module

AMC

AEROS master control

Amp

Ampere
1. The vector sum of reactive power and real power
components in volt-amperes.

apparent power

2. Product of the RMS voltage and RMS current.
application

A scenario (use case) in which a particular control algorithm is
used to achieve objectives such as load shifting, ramp
management, or frequency regulation.
See mode and the Advanced Energy Response Operating
System Operating Modes Guide for application and operating
mode descriptions.

area control error

• The instantaneous difference between a balancing
authority's net actual and scheduled interchange, taking
into account the effects of frequency bias and correction for
meter error.
or

• The instantaneous difference between the net actual and
scheduled interchange (i.e., transfer of electric energy
between two control areas), accounting for the effects of
frequency bias and correction for meter error. The sum of
tie-line errors and frequency errors.
aux or auxiliary power

The AC line power that powers the operating equipment of an
energy storage system.

balanced

A condition in which all the series cells in a battery contain the
same amount of charge.

battery

A collection of cells, wired in parallel or series to provide
energy storage.

battery cell

Elemental energy storage device.

battery management
system

The computer and peripherals in a battery rack that manage
the rack, its battery modules, and cell operations and
communicates with the zone controller. BMS.

battery module

A collection of battery cells and balancing and management
circuits packaged together and installed in a battery rack.

battery rack

An equipment rack that groups and integrates a set of battery
modules, a battery management system, and other equipment.
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battery string

One or more battery modules joined together and connected to
a DC bus, as they would be within a battery rack.

battery zone

See zone.

BESS

Generic industry term for battery energy storage system. The
NEC Energy BESS products are the Grid Storage Solution and
the Distributed Storage Solution.

BMS

See battery management system.

BOL

Beginning of Life – The state of the product at the beginning of
its commissioning.

CAN bus

Controller Area Network, a communications protocol used for
communications between battery modules and the battery
management system and for inter-rack communications.

cell

A single unit of electrical energy storage with two terminals.

center bus bar

A special inter-module connector in a rack that joins two
battery strings of battery modules in the upper and lower
halves of a battery rack to create a single higher voltage string.

charge capacity

The highest rate at which the system can draw energy from the
grid, expressed in kilowatts.

chopper/charger

UPS industry term for a specific type of power conversion
system (PCS) in a NEC Energy Solutions environment.

CIB

container interface board

container

An especially designed and outfitted outdoor-rated
transportable enclosure for GSS installations to house battery
racks and other GBS equipment.

Container Hub Box

The sheet metal box in a rack that houses the Container Hub
Kit.

MD405009-04EN – Rev. 08

59

Copyright © 2016-2018 NEC Energy Solutions, Inc. All rights reserved.
This document contains the proprietary information of NEC Energy Solutions, Inc. (“NECES”) and may not be modified, reproduced, retransmitted or redistributed,
either in whole or in part, for any reason without NECES’ prior written consent.

Glossary

ALM ®12V35 User’s Guide

Container Hub Kit

The container hub kit includes:
• The container interface board (CIB) that connects zone
control boxes within the container and to container
systems such as the fire alarm, HVAC, emergency power
off switches, and door sensors.
• A heating, ventilation, and air conditioning (HVAC) control
box.
• A network switch to manage LAN connections between
zone control boxes and other equipment.
• An uninterruptable power supply to power the hub kit
equipment.

container interface board

A board mounted on the primary zone control rack in a GSS
installation that receives signals from the installation
infrastructure and distributes them to local zone controls.This
includes the emergency power off switches, HVAC, fire
suppression panel, and door alarm systems.

control bay

Compartment in a DSS enclosure that contains command and
control systems and equipment

control group

A set of one or more power block that the master controller
manages as a unit with a common application.

CSV

A comma-separated values (CSV) computer file stores tabular
or database data in plain text. Each row is a discrete line; each
field in the line is separated by a comma.

data historian

Data collection and archiving system

DC

Direct current

DCI

DC isolation switch

deadband

The nominal frequency range within which a GSS or DSS
system does not respond to frequency changes. It is used to
manage the system's state of charge (SOC).

demand

Measure of power commanded to go into or out of batteries

DHCP

Dynamic Host Configuration Protocol, a network protocol that
uses a server to automatically assign an IP address to a
network node, such as a computer.

discharge capacity

The maximum amount of energy (kWh) that can be obtained
from a rack or system during discharge.
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Distributed Storage
Solution

NEC Energy Solutions’ self-contained commercial and
industrial-class product includes a battery component, and a
command and control infrastructure installed in a preconfigured enclosure and integrated with a PCS.

DLL

Dynamic Linked Library – an executable file that allows
programs to share code.

DOD

Depth of Discharge – the relative amount of SOC removed from
a battery during a discharge. For example, a discharge from
100% SOC to 20% SOC results in an 80% DOD.

DSS

See Distributed Storage Solution.

E-stop

Emergency stop, a hardware process that may be initiated by
software or manually by a person pushing a switch.
Minimally, the contactors in all racks in the zone or container
are opened, and the power block’s PCS is disabled. Other
actions may be taken depending on the equipment in use and
the site plan.
Compare to emergency power off.

EMC

Electromagnetic compatibility

emergency power off

Emergency Power Off is an optional system component, a wall
mounted switch, that removes power from all system
components that carry greater than 75 volt-amps (VA).
It should only be triggered in case of a fire or an emergency
situation.
See and compare with E-stop.

Emergency stop

See E-stop.

EMI

Electromagnetic interference

enclosure

An outdoor-rated housing for battery racks and other DSS
equipment.

energy storage rack

battery rack.

EOL

End of Life – The point in the product’s service life at which its
performance falls below acceptable specifications such as
storable energy, deliverable power, or output voltage.

EPO

See emergency power off
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firm frequency response

An AEROS power management application that responds to
deviations in grid frequency according to predefined frequency
versus power curves. Two pre-configured frequency vs. power
tables may be defined to provide primary and secondary
responses.

FET

Field-Effect Transistor, used for switching high current levels.

foldback

Foldback is a current limiting feature, invoked when current,
module temperature, or module voltage approach a pre-set
(configurable) limiting value. At the end of a foldback region
defined by the limiting values, charge and discharge current
limits are set to zero.

foldback limit

A threshold at which a foldback starts, based on maximum cell
group voltage when charging and minimum cell group voltage
when discharging. The limits define the points at which charge/
discharge current starts to reduce and when it reaches zero.

frequency regulation

The ability of a balancing authority to help maintain scheduled
frequency on a grid.
Grid frequency drifts from target values when the energy
generation and load do not match. Frequency regulation is a
closed loop system in which the frequency drift is
compensated by:
• Curtailing energy sources
• Adding reserve energy sources
• Charging/discharging storage systems

frequency response

In a grid systems, the sum of the change in demand, plus the
change in generation, divided by the change in frequency,
expressed in megawatts per 0.1 Hertz (MW/0.1 Hz).

GBS

See Grid Battery System.

GFD

See ground fault detector.

grid / point of common
coupling

The point in an electrical circuit where a local grid (microgrid)
connects to the grid.

Grid Battery System

The NEC Energy Solutions term for the DC storage component
of its GSS product offering.
It includes energy storage racks and all current conducting
components up to and including the DC isolation switch.
In a container-based installation, it includes zone controls,
HVAC, and a heat and smoke detection and fire suppression
system. It does not include the PCS.
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Grid Storage Solution

NEC Energy Solutions's fully integrated grid-class product
includes a Grid Battery System (battery) component, one or
more PCSs, and a command and control infrastructure. A GSS
may be housed in a standard container or in a building.
Also see Distributed Storage Solution.

ground fault detector

A device that detects improper isolation between the DC bus
and ground.

GSS

See Grid Storage Solution.

GUI

Graphical User Interface.

high voltage bus straps

The straps inside a battery rack that connect the DC power bus
connecting an array of battery modules to the battery
management system.
In an MD rack, different straps are used to connect:
• the BMS to Rack DC bus
• the BMS to battery string
• inter-module battery string straps
• center bus strap

HVAC

Heating, ventilation, and air conditioning

HVI

High voltage interlock. In NEC Energy Solutions systems, a
switch that can disconnect battery racks from the DC bus.

IEEE

Institute of Electrical and Electronics Engineers

interlock tab

Safety feature attached to the BMS cover or rack door
(depending on rack model) that opens all bus contactors when
the cover is removed or the door opened.

INV

Inverter

island

An electrically isolated portion of the grid.

islanding mode

AEROS operating mode used to maintain frequency and AC
voltage when the system is not connected to the grid. When a
group is set to the Islanding mode, the group’s power flow is
controlled by the operator rather than automatically by the
system.

ISO

Independent System Operator
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kVAR

A unit of reactive power (kilo Volt Ampere Reactive). Actual
power consumed by loads is called kilowatt (kW) power. All the
power given to a load is not utilized as useful power, some
power is being wasted. The power which is not consumed is
Reactive power or kVAR.
Positive reactive power supplies capacitive kVAR; negative
reactive power supplies inductive kVAR.

kVAR Demand

Adjusted reactive power demand. For example, the adjusted
demand takes into account the number of enabled inverters.

kW

Kilowatt

kW Demand

Adjusted power demand based on current conditions.

LED

Light emitting diode

load limiting

An AEROS power management application that eliminates
peaks in a load profile by discharging stored energy during
periods of high peak and recharging energy assets during
periods of low demand.
Load limiting reduces peak load without limiting the actual
usage of energy.

LSS

Layer Setting Services

LVBD

Low Voltage Battery Disconnect

manual mode

AEROS operating mode used for commissioning and
troubleshooting. Real and Reactive power commands may be
sent to the inverter through the UI. No closed loop control is
performed at the metering points

master control box

Each site has one master control box that contains the master
controller, the site’s local area network switch, and other sitelevel equipment.

master control computer

A single board Linux computer and touch screen running
AEROS software that manages a power block.
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Master Control Kit

The master control kit includes:
• The master network switch
• Master controller kit uninterruptable power supply (UPS)
• A master control box that contains:
- The site’s master control computer that runs Linux and
Advanced Energy Response Operating System (AEROS)
- Touch screen display.
- Field bus controller (optional)
- Data historian (optional)

master controller

The integrated components of the master control box:
- The site’s master control computer
- Touch screen display.
- Field bus controller (optional)
- Data historian (optional)

max

Maximum

MD

Multi Duration, a label that identifies a type of battery module
and the rack that houses them.

Microgrid

A localized grouping of electricity sources and loads that
normally operates connected to and synchronous with the
traditional centralized electrical grid, but can disconnect and
function autonomously as physical and/or economic
conditions dictate.

Modbus

Messaging protocol that provides client/server communication
between devices connected on different types of buses or
networks.
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mode

AEROS operating modes into which the system may be
placed:
• shutdown mode — the inverter is disconnected from the
grid and battery racks are disconnected from the inverter.
• manual mode — Real and reactive power commands may
be sent to the inverter through the UI. No closed loop
control is performed at the metering points.
• Operational real power mode —Applies a real power
command from the configured source to the BESS meter.
• Operational reactive power mode — Applies a reactive
power command from the configured source to the BESS
meter.
• islanding mode — Maintains frequency and AC voltage
when the system is not connected to the grid.

module

See battery module.

MW

Megawatt

NAK

Negative acknowledgement used on a message oriented
interface between the Host an d the CANopen Task which
indicates that the previously sent request or command did not
execute successfully.

NEC

National Electrical Code, a collection of guidelines issued by
US National Fire Protection Association.

NFPA

National Fire Protection Association (US)

NOVEC

Novec™ is a sustainable, clean, fluid-based fire extinguishing
agent used in many of the fire suppression systems installed by
NEC Energy Solutions.

OC

Over Current

OT

Over Temperapture

OV

Over Voltage

P

real power setting; the real power component of a setting of
current and voltage, measured in watts.
See also Q.

PCS

power conversion system.

PDO

Process Data Object.
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peak shaving

An application in which power is stored or delivered to the grid
in a manner that compensates the sudden changes of power
output that may result from irregular power generators such as
solar or wind sources.
See load limiting.

personal protective
equipment

Safety gear required when working in a potentially unsafe
environment, such as around high voltage equipment. PPE
often includes special gloves, face shields, and clothing that
both insulate and protect from arc flash.

PLS

Peak load shaving. See peak shaving.

power block

One or more zones, DC buses, and the power conversion
system (PCS) to which they are connected. The power block
and its member zones are managed as a unit.

power conversion system

A system that controls power flow to and from AC and/or DC
buses with a variety of equipment that can include a bidirectional AC-DC inverter, a transformer, chopper/charger,
and/or switch gear. In a UPS application, it may be a chopper/
charger.
Starting or stopping an inverter connects or disconnects it to/
from the power block. Enabling and disabling an interverter
connects or disconnects it from the energy grid.
Stopping a PCS should only be done in Maintenance mode.
Stopping a PCS in remote mode requires that the power block
be shut down first.

power management
application

AEROS routines that address power management issues such
as:
• reactive power dispatch
• real power dispatch
• load limiting
• voltage regulation
• firm frequency response

PPE

personal protective equipment

Q

reactive power setting; the reactive power component of a
setting of current and voltage, measured in vars.
See also P.
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reactive power

Reactive power exists in an AC circuit when the current and
voltage are not in phase.
In power transmission, since loads such as motors are
inductive, reactive power is present in the system. But reactive
power does not do any real work so the extra current supplied
to provide the reactive power means greater line losses and
higher thermal limits for equipment.
In general terms, decreasing a supply of reactive power to the
system causes voltage to fall while increasing it causes voltage
to rise.

reactive power dispatch

An AEROS power management application that accepts a
Power command in kVAR (kilo Volt Ampere Reactive) from the
configured source and applies it to the internal metering
system.
If a reactive power function is not active selected, the system
drives the reactive power to 0 kVAR.

reactive power mode

AEROS operating mode in which AEROS accepts a Reactive
Power Command from the configured source and applies it at
the BESS meter.
Typically used for voltage regulation and Bess and substation
reactive power compensation.

real power

The portion of power that, averaged over a complete cycle of
the AC waveform, results in net transfer of energy in one
direction.

real power dispatch

An AEROS power management application that accepts a
Power command in kW (kilowatts) from the configured source
and applies it to the internal metering system.

real power mode

AEROS operating mode in which AEROS accepts a real power
command from the configured source and applies it at the
BESS meter.
Typically used for peak shaving and controlling frequency
response.

RIB

rack interface board

RJ45

Registered Jack 45, an 8-pin/8-position plug or jack. Used in
NEC Energy Solutions systems for CAN bus and Ethernetbased local area network connections.

RMON

Remote monitor. A master control-related subsystem that
gathers, stores, and reports system status and events in real
time.
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RMQ

Read Measurement Request

RMR

Read Measurement Response

RPDOs

Receive Process Data Objects

SBD

Smart Battery Data specification

SCADA

Supervisory Control and Data Acquisition, a network
communication standard used for high-level process
supervisory management, including power grid control.

SDU

Secondary dispatch unit. A SCADA control input to the SGDC

shutdown mode

AEROS operating mode in which the inverter is disconnected
from the grid and battery racks are disconnected from the
inverter.

SIB

system interface board

SOC

state of charge

SOCR

State of charge restoration

SOH

State of Health – State of Capacity and impedance as related
to beginning of life values.

spinning reserve

The on-line reserve capacity of a system that is synchronized
to the grid system and ready to meet electric demand within 10
minutes of a dispatch instruction.

SR

spinning reserve

state of charge

An expression of the present battery capacity as a percentage
of maximum capacity of the cell, module, rack, zone, or power
block.

stored energy

Total usable energy stored a system component. The value is
the sum of the stored energy reported by each rack connected
to the DC bus, typically expressed kW or Ah.

system interface board

A cable and interface board in the zone control box that
connects all racks and equipment managed by the zone
controller. May connect upstream to a Container Interface
Board.

thermistor

A resistor used to measure temperature.

TOC

Top of Charge — The condition when all or most of the cells in
the pack are fully charged.
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touch screen

The local interface to AEROS on the door of a zone or master
control box.

TPDOs

Transmit Process Data Objects

UL

Underwriters Laboratory™

UPS

1. Uninterruptible power supply
2. Type of application or installation in which the MD battery
system provides power.

use case

See application.

UV

Under Voltage

V

Volts

VAC

Volts, alternating current

VDC

Volts, direct current

voltage fold-back

A condition of diminished rate of charge or discharge that
occurs when batteries rapidly approach the upper or lower
limits of operating conditions.
During “charging” fold-back, batteries are being charged at
their maximum level. The foldback gradually decreases the rate
of change until the operating upper limit of change condition is
met, at which point, charging decreases.
During “discharging” fold-back, batteries are being discharged
at their maximum level. The foldback gradually decreases the
rate of change until the operating upper limit of change
condition is met, at which point, discharging decreases

voltage fold-back limits

The threshold at which a fold-back starts, based on maximum
cell group voltage when charging and minimum cell group
voltage when discharging. The limits define the points at which
charge/discharge current starts to reduce and when it reaches
zero.

voltage regulation

An AEROS power management application that configures and
adjusts a GBS state of charge based on a target voltage
command and a deadband command.

W

Watts

web interface

The HTML browser-based AEROS interface.

ZC

Zone controller
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zone

A group of battery racks linked by a common DC bus that can
be enabled and disabled using the zone controller. Compare
with power block.

zone control box

Each zone has one zone control box that contains the zone
controller, the zone’s LAN switch, an emergency stop switch,
and other equipment.

Zone Controller

The zone controller (ZC) is the interface between zone
equipment (such as battery racks, ground fault detector, DCI,
fire alarm panel, and so on) and the AEROS master control
computer. It includes several hardware components:
• The ZC touch screen provides remote access to the
master controller for review of zone parameters, zone
status, and control of the zone.
• A single board Linux computer that drives the touch
screen.
• The system integration board (SIB) that uses a
microprocessor and firmware to communicate with each
rack’s BMS and implement pre-programmed commands
and passed down from the master control computer.

zone controller

The zone controller (ZC) is the interface between zone
equipment (such as battery racks, ground fault detector, DCI,
fire alarm panel, and so on) and the AEROS master control
computer. It includes several hardware components:
• The ZC touch screen provides remote access to the
master controller for review of zone parameters, zone
status, and control of the zone.
• A single board Linux computer that drives the touch
screen
• The system integration board (SIB) that uses a
microprocessor and firmware to control the zone
equipment.
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