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Information on this Document SMA Solar Technology AG

1 Information on this Document

Validity

This document is valid for the device type "FSC11CONT" as of firmware version 1.4. It describes
the Modbus interface of the SMA Fuel Save Controller, the variant of the communication protocol
"Modbus® Application Protocol" implemented by SMA as well as the corresponding parameters,
measured values and data exchange formats.

This document does not contain any information on software which can communicate with the

Modbus interface (see the software manufacturer's manual).

Target Group

This document is intended for qualified persons. Only persons with appropriate skills are allowed to
perform the tasks described in this document (see Section 2.2 "Skills of Qualified Persons", p. 6)

Additional Information
SMA Documents

Additional information is available at www.SMA-Solar.com:

Document title Document type
SMA Fuel Save Controller Installation manual
SMA Fuel Save Controller Quick reference guide
SMA Fuel Save Controller User manual

Additional Documents

Document title Source

Service Name and Transport Protocol http://www.iana.org/assignments/service-names-port-
Port Number Registry numbers/service-names-port-numbers.xml

Modbus Application Protocol http://www.modbus.org/specs.php

Specification
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Symbols
Symbol Explanation
E] Information that is important for a specific topic or goal, but is not safety-
relevant
Nomenclature
Complete designation Designation in this document
Modbus register Register
SMA Fuel Save Controller Fuel Save Controller
Abbreviations
Abbreviation  Designation Explanation
PV Photovoltaics
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2 Safety

2.1 Intended Use

The Modbus interface of the SMA Fuel Save Controller is designed for industrial use and has the
following tasks:

¢ Remote control of the grid-relevant parameters.
¢ Remote-controlled querying of measured values.
¢ Remote-controlled changing of parameters.

The Modbus interface can be used via TCP.

The enclosed documentation is an integral part of this product.

¢ Read and observe the documentation.

¢ Keep the documentation in a convenient place for future reference.

2.2 Skills of Qualified Persons

The activities described in this document must only be performed by qualified persons. Qualified
persons must have the following skills:

*  Knowledge of IP-based network protocols
*  Training in the installation and configuration of IT systems
* Knowledge of the Modbus specifications

* Knowledge of and compliance with this document and all safety information

2.3 Information on Data Security

[1] Data security in Ethernet networks

You can connect the Fuel Save Controller to the Internet. When connecting to the Internet,
there is a risk that unauthorized users can access and manipulate the data of your system.

* Take appropriate protective measures, e.g.:
* Set up a firewall
* Close unnecessary network ports
* Only enable remote access via VPN tunnel

* Do not set up port forwarding at the Modbus port in use.

) FuelSaveController_11_Modbus-TB-en-10 Technical Description



SMA Solar Technology AG Product Description

3 Product Description

3.1 Modbus Protocol

The Modbus Application Protocol is an industrial communication protocol that is currently used in
the solar sector mainly for system communication in PV power plants.

The Modbus protocol has been developed for reading data from or writing data to clearly defined
data areas. The Modbus specification does not prescribe what data is within which data area. The
data areas must be defined device-specifically in Modbus profiles. With knowledge of the device-
specific Modbus profile, a Modbus client (e.g. SCADA system) can access the data of a Modbus
server (e.g. SMA Fuel Save Controller).

The SMA Modbus Profile FSC is the special Modbus profile for the Fuel Save Controller.

3.2 SMA Modbus Profile FSC

The SMA Modbus Profile FSC contains definitions for the special system topology of a stand-alone
grid system. A reduction of the available device data was performed for the definition and it was
then assigned to the corresponding Modbus registers. The SMA Modbus Profile FSC contains, for
example, current power and consumption levels in the stand-alone grid.

Technical Description FuelSaveController_11_Modbus-TB-en-10 7
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3.3 PV System Topology

The SMA Modbus Profile FSC was developed for a stand-alone grid. In such a structure, the Fuel
Save Controller is a communication device that is equipped with a Modbus TCP/IP interface. All
other devices of the stand-alone grid supply are connected via various fieldbus systems to the Fuel
Save Controller.

From the perspective of the Modbus protocol, the Fuel Save Controller represents a Modbus server
that provides a gateway to further devices of the stand-alone grid supply. The data of the devices
connected to the Fuel Save Controller are only addressable via this gateway.

Example: PV system topology from the perspective of the stand-alone grid

Dutuugcess
[ SMA Fuel Save Controller | web inlerface

Interface PV Main Controller Data Acquisition
Module Module Moc?ule

o SMA
B Remote Service

Supervisory plant
trol

(moncl)

Uity grid ﬁ%ﬂ
(optional)

Sunny Tripower Sunny Central
und’gl modules and P\); modules

—AC = Opfical fiber multi-mode Modbus®/TCP —— Measurement  —— Speedwire

Modbus® is a registered rademark of Schneider Eledric licansed to the Modbus Organization, Inc.

3.4 Addressing and Data Transmission in the Modbus Protocol

3.4.1 UnitlIDs

The Unit ID is a superordinate addressing type in the Modbus protocol. The SMA Modbus Profile
FSCis not bound to the concept of the Unit ID. We recommend, however, the use of Unit ID = 2.
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3.42 Modbus Register Address, Register Width and Data Block

A Modbus register is 16 bits wide. The address of the first Modbus register in a data block is the
start address of the data block. The number of connected Modbus registers results from the data
type. Several Modbus registers with different start addresses, that can only be processed as a data
block, are specially marked. In addition, larger data blocks can be formed.

3.4.3 Data Transmission

In accordance with the Modbus specification, only a specific volume of data can be transported in
a single data transmission in a simple protocol data unit (PDU). The data also contains function-
dependent parameters such as the function code, start address or number of Modbus registers to
be transmitted. The amount of data depends on the Modbus command used and has to be taken
info account during data transmission. You can find the number of possible Modbus registers per
command in Section 3.5.

With data storage in the Motorola format "Big Endian", data transmission begins with the high byte
and then the low byte of the Modbus register.

3.5 Reading and Writing of Data

The Modbus interface can be used via the protocol Modbus TCP. Using Modbus TCP enables
read- and write access (RW, RO, WO) to the Modbus register.

The following Modbus commands are supported by the implemented Modbus interface:

Modbus command Hexadecimal value Data volume (number of registers)’
Read Holding Registers 0x03 Tto 125
Read Input Registers 0x04 1to125
Write Multiple Registers 0x10 Tto123

' Number of Modbus registers transferable as data block per command

Technical Description FuelSaveController_11_Modbus-TB-en-10 9
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3.6 SMA Data Types

3.6.1 SMA Data Types and NaN Values

The following table shows the data types used in the SMA Modbus Profile FSC and their possible
NaN values. The SMA data types are listed in the Type column of the assignment table. They
describe the data widths of the assigned values:

Type Description NaN value

u32 A double word (32-bit). OxFFFF FFFF

u32 For status values (ENUM), only the lower 24 bits of a double OxFFFF FD
word (32-bit) are used.

S32 A signed double word (32-bit). 0x8000 0000

3.6.2 32-Bit Integer Values

32-bit integers are stored in two Modbus registers.

Modbus register 1 2
Byte 0 1 2 3
Bits 24 to 31 1610 23 8to 15 Oto7

3.7 SMA Data Formats

The following SMA data formats describe how SMA data is to be interpreted. The data formats are
important, for example, for the display of data or for its further processing. The SMA data formats

are listed in the Format column of the assignment table.
Format  Explanation

Coded numerical values. The breakdown of the possible codes can be found directly
ENUM under the designation of the Modbus register in the SMA Modbus Profile FSC as-

signment table.

FIXO Decimal number, commercially rounded, no decimal place.
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4 Commissioning and Configuration

The Modbus interface of the Fuel Save Controller is activated upon commissioning of the Fuel Save
Controller and must not be commissioned separately (See the SMA Fuel Save Controller installation
manual for commissioning).

Technical Description FuelSaveController_11_Modbus-TB-en-10 11
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5 SMA Modbus Profile - Assignment Table

5.1 Information on the Assignment Table

The assignment table provides the following information:

Information Explanation

ADR (DEC) Decimal Modbus address (see Section 3.4.2, page 9 onwards)

Description/number  Short description of the Modbus register and the number codes used.

code(s)
Type Data type, e.g. U32 = 32 bits without prefix (see Section 3.6, page
10).
Format Data format of the saved value, e.g.
FIXO = output without decimal places (see Section 3.7, page 10).
Access Access type:
RO: Read only
RW: Read and write
WO: Write only

If an access type is not allowed, a Modbus exception is generated in

the event of access with an access type that is not allowed.
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5.2 SMA Modbus Profile FSC - Register Overview

In the following table you will find all the measured values and parameters of the SMA Modbus
Profile FSC to which you have access. You access these Modbus registers via the IP address of the

Fuel Save Controller.

()
L
8  Description/number code(s) k<] @
o o £ 0
a g ° S
< - w <
Current, comprehensive event number (a maximum of five
30247 . u32 FIXO RO
decimal places)
Active power across all line conductors (W) (Total current
30775 active power of all PV and battery inverters in the PV sys- S32 FIXO RO

tem).

Reactive power across all line conductors (VAr) (Total cur-
30805 rent reactive power of all PV- and battery inverters in the PV~ $32 FIXO RO

system).
30861 Lload power (W) S32 FIXO RO
30863 Current generator power (W) u32 FIXO RO
30867 Power grid feed-in (W) S32 FIXO RO

Internal PV power limitation (W). In operating mode C this
31133 P (W] In operating $32  FXO RO

register contains the active power setpoint (W).

31135 Reactive power of the load (VAr) $32 FIXO RO

31137 Maximum shortterm decrease in power (W) S32 FIXO RO

31143 Monitoring value return. For description see register 40835. 532 FIXO RO

Current generator reactive power (VAr), measured with an
31225 S32 FIXO RO

energy counter at the generator connection

31233 Reactive power supplied to the grid in all phases (VAr) S32 FIXO RO

Operating state:
40009 381 = Stop U32 ENUM RW
569 = Activated

Technical Description FuelSaveController_11_Modbus-TB-en-10 13
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Acknowledge fault:

40011
26 = Acknowledge fault

U32 ENUM RW

Rapid shutdown:
381 = Stop

40018 1467 = Start U32 ENUM WO

After rapid shutdown was started you have to acknowledge
fault with register 40011 before the system can be restarted
again.

Operating status:
381 = Stop
1392 = Error
40029 U32 ENUM RO
1467 = Start (start-up)
1469 = Shut down (requires restart)

3129 = Manual mode

Active power setpoint (W), only available in operating
40149 ode C S32 FIXO WO

Reactive power setpoint (VAr), only available in operating

40153 32 FIXO
mode C S wo

Input monitoring value. In operating mode C you have to
write a random number (2147483647 to +2147483647)
per second in this register. The random number will be
copied to the register 31143 within one second. If you can
40835 not read the monitoring value entered from the register S32 FIXO RW
31143 in each case, it is possible that communication
between your Modbus client and the Fuel Save Controller is
disrupted. We recommend the setting of a timeout for a loss

of communication of two seconds in your Modbus client.
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6 Troubleshooting

Problem Cause and corrective measures

The Fuel Save Controller can-  The correct IP address for the Fuel Save Controller may not be
not be accessed by the set in the Modbus client.

Modbus client. Corrective measures:

* Read off the IP address of the Fuel Save Controller (see
router manual).

* Ensure that the correct IP address for the Fuel Save Control-
ler is set in the Modbus client (see the Modbus client manu-
facturer's manual).

The firewall may not be set correctly.
Corrective measures:

* Enable port 9522 in the firewall (see firewall manual).

There may not be a network connection to the Fuel Save Control-
ler.

Corrective measures:

¢ Check the network connection between the Fuel Save Con-
troller and your Modbus client system.

The Fuel Save Controller does  The Modbus server of the Fuel Save Controller may be currently
not send a reply within the overloaded.

response time specified by the
Modbus client.

Corrective measures:

* Extend the response time set in the Modbus client successi-
vely by one second respectively.

It is possible that communication between the Modbus client and
the Fuel Save Controller is disrupted. Check whether the entry
value in Modbus register 40835 can be read off from register
31143 within one second.

Corrective measures:

e Check the electricity supply of the Fuel Save Controller.
*  Check the communication connections in the PV system for
damages.

Technical Description FuelSaveController_11_Modbus-TB-en-10 15
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A NaN value is reported in the
Modbus client (see Section
3.6.1 "SMA Data Types and
NaN Values", page 10).

You may be trying to read from a Modbus register that is not
supported by the Fuel Save Controller.

Corrective measures:

* Contrast and compare the available measured values for
the Fuel Save Controller with the Modbus registers reques-
ted by the Fuel Save Controller.

You may be trying to read from a Modbus register that is not
defined in the SMA Modbus Profile FSC.

Corrective measures:
* Remove the register address used from the data proces-
sing.
* Install a newer version of the Modbus profile via a firmwa-
re update.

You may be trying to read from a write-only Modbus register.
Corrective measures:

* Read off the access type of the affected register from the
"Access" column of the corresponding assignment table
and correct it in the Modbus client.

Modbus exception 1 "lllegal
Function" is reported in the
Modbus client.

You may be trying to write to a data block whose target address
range has registers that are not writable.

Corrective measures:

*  Check whether all registers to be written to are writable.

16 FuelSaveController_11_Modbus-TB-en-10 Technical Description
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Troubleshooting

Modbus exception 2 "lllegal
Data Address" is reported in
the Modbus client.

You may be trying to write to a Modbus register that is not defi-
ned in the SMA Modbus Profile FSC.

Corrective measures:

¢ Check the Modbus address to be written to in the Modbus
client for errors.

You may be trying to read or write to a data block whose start or
end address does not correspond with that of a register (align-
ment not correct).

Corrective measures:

*  Check the start or end address of the data block.

*  Check the register at the start or end address of the data
block to be read for consistency. It may be that one of the
two registers is inconsistent.

You may be trying to write to a data block and one of the regis-
ters to be written to are not supported by the device.

Corrective measures:

*  Check whether the register to be written to is available from
the Fuel Save Controller.

Modbus exception 3 "lllegal
Data Value" is reported in the
Modbus client.

You may be trying to write to a data block (Modbus commands

0x10) and one of the values has a data type that is not permit-
ted.

Corrective measures:

* Read off the data type of the register to be written to from
the "Type" column of the corresponding assignment table
and correct it in the Modbus client.

Other Modbus exceptions

Corrective measures:

*  For Modbus exceptions, see "Modbus Application Protocol
Specification" at http://www.modbus.org/specs.php.

Technical Description
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7 Technical Data

7.1 Modbus Communication Port

The following table shows the default setting of the supported network protocol:

Network protocol Communication port, default setting

TCP 502

The Modbus communication port cannot be changed.

7.2 Data Processing and Time Behavior

In this Section you will find typical data processing and reaction times of the Modbus interface of
the Fuel Save Controller as well as time information for saving parameters in SMA devices.

Signal run time through the Fuel Save Controller
The signal run time through the Fuel Save Controller is @ maximum of 200 ms.

The signal run time is the time required by the Fuel Save Controller to process incoming Modbus
commands and to forward them to the devices in the PV system.

Data transfer interval via the Modbus protocol

For system stability reasons, the time period between data transfers via the Modbus protocol must
be at least ten seconds. No more than 30 parameters and measured values should be transmitted
at one time.

Reaction time of the Modbus interface
The reaction time of the Modbus interface is 5 to 10 seconds

The reaction time of the Modbus interface is the time between the arrival of the parameter specifi-
cations in the Fuel Save Controller until the corresponding measured values are provided to the
Modbus interface of the Fuel Save Controller. Due to this reaction time, parameter specifications
can only be displayed via a Modbus master system (e.g. a SCADA system) at a corresponding or
larger interval.
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8 Contact

Contact

If you have technical problems with our products, please contact the SMA Service Line. We require

the following information in order to provide you with the necessary assistance:

*  Device types and serial numbers of the modules of the SMA Fuel Save Controller

 Error and warning messages displayed

* Type of generator control used

Australia SMA Australia Pty. Ltd. Toll free for Australia: 1800 SMA AUS
Sydney (1800 762 287)
International: +61 2 9491 4200
Belgien/Belgi- SMA Benelux BVBA/SPRL +32 15286730
que/Belgié Mechelen
Brasil Vide Espafia (Espanha)
Cesko SMA Central & Eastern Europe s.r.o.  +420 235010 417
Praha
Chile Ver Espafia
Danmark Se Deutschland (Tyskland)
Germany SMA Solar Technology AG Medium Power Solutions
Niestetal Inverters: +49 561 9522-1499

Communication: +49 561 9522-2499
SMA Online Service Center:
www.SMA . de/en/Service

Hybrid Energy Solutions

Sunny Island: +49 561 9522-399
PV Diesel Hybrid Systems:

+49 561 9522-3199

Power Plant Solutions
Sunny Central: +49 561 9522-299

Technical Description
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Espafia SMA Ibérica Tecnologia Solar, Llamada gratuita en Espafia:
S.L.U. 900 14 22 22
Barcelona Internacional: +34 902 14 24 24
France SMA France S.AS. Medium Power Solutions
Lyon Onduleurs : +33 4 72 09 04 40
Communication : +33 4 72 09 04 41
Hybrid Energy Solutions
Sunny Island : +33 4 72 09 04 42
Power Plant Solutions
Sunny Central : +33 4 72 09 04 43
India SMA Solar India Pvt. Ltd. +9122 61713888
Mumbai
Italia SMA ltalia S.r.l. +39 02 8934-7299
Milano
Kumpog/Kibris BAéme ENMGSa/ Bkz. ENMGSa (Yunanistan)
Luxemburg/Lu- Siehe Belgien
xembourg Voir Belgique
Magyarorszég lasd Cesko (Csehorszdg)
Nederland zie Belgien (Belgig)
Osterreich Siehe Deutschland
Per( Ver Espaiia
Polska Patrz Cesko (Czechy)
Portugal SMA Solar Technology Portugal, Isento de taxas em Portugal:
Unipessoal Ldq, 800 20 89 87
Lisboa Internacional: +351 212 377 860
Romania Vezi Cesko (Cehia)
Switzerland Siehe Deutschland
Slovensko pozri Cesko (Ceskd republika)
South Africa SMA Solar Technology 08600 SUNNY (08600 78669)

South Africa Pty Ltd.

Centurion (Pretoria)

International: +27 (12) 643 1785
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United Kingdom SMA Solar UK Ltd. +44 1908 304899
Milton Keynes
EN&Sa SMA Hellas AE 8012229222
ABrva International: +30 212 222 9 222
Bwnrapus Bux ENNGSa (Mbpums)
el SMA Solar (Thailand) Co., Ltd. +66 2 670 6999
NINNA
chshal=: SMA Technology Korea Co., Ltd. +82 2 508 8599
ME
=o]Es | SMA Beijing Commercial Company ~ +86 10 5670 1350
Ltd.
e
B& SMA Japan KK. +81-(0)3-3451-9530
R
+9712 698 5080 SMA Middle East LLC <l lay
sasiall g yall

Other countries

International SMA Service Line

Niestetal

Toll free worldwide: 00800 SMA SERVICE
(+800 762 7378423)
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