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Chapter 2
General Specification

2 General Specification
Modbus protocol is available for the following PSG controllers

Multi loop controller Multi loop controller Single loop controller
sysTemp ® ETR 132 | flexotemp® MCU 128 ETR 45

sysTemp ® ETR 132 I flexotemp ® PCU 128 ETR 46

sysTemp ® ETR 112 flexotemp ® PCU 048

sysTemp ® ETS 132 | flexotemp ® PCU 024

sysTemp ® ETS 132 1I

sysTemp ® ETR 132 net
sysTemp ® ETR 112 net
sysTemp ® ETS 132 net

The Modbus protocol is designed for a master slave application. For this reason all configuration parameters
and also the status of the zones are transparent for the user.

Typographic Conventions
The symbols used for general references and indication of danger are used under the following conditions.

ﬂ Note Attention is drawn to a special feature.

Example An example is referred to.

2.1 Principle of Communication

This protocol is designed for a master slave application.
The master communicates with one or several slaves. The slave is only active, when the master calls it.

2.2 Data Format

Only the RTU format of the Modbus protocol is supported.

Transfer format:

1 Start bit

8 Data bits

1 Parity bit (optional)

1 Stop bit

The controllers have variable baud rates in steps of 1200, 2400, 4800, 9600 and 19200 Baud.

2.3 Addressing
See 3.3 Addressing

Right to technical changes reserved
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3 Protocol Frame

3.1 General Conditions

In the controller response at first the address and the function number are mirrored, followed by the
corresponding data bytes and a check sum word. For a write command the data bytes represent the
repetition of the sending data, otherwise the requested data is transferred. The broadcast mode ( = address
00H) - messages to all controllers - is not supported.

The end of a command of the Modbus protocol in RTU format is characterized by a transfer pause of at least
3Y% characters. Receives the controller for the time stated in the table no character, it expects the address as
next character, to start a new command sequence.

Dependent on the baud rate the following times are existing:

Baud rate in 1200 | 2400 4800 9600 @ 19200
Bits/s

Time Tinms 325 175 10 7.5 5

3.1.1 Check sum

The check sum is built by CRC-16 (16-bit Cyclic Redundancy Checksum) according to RTU format. This
CRC-16 sum is built over the whole transfer sequence and terminates each transfer. The check sum is
exactly one word, where first the Low byte and then the High byte of the check sum word is transferred.

Example for the Calculation of CRC Codes for following command:
2501 00 02 00 03 (Hex) (explanation of command see 4.1.1)

The check sum word for this sequence is: 2FDBH and therefore the complete sending command is: 25 01
00 02 00 03 DB 2F (Hex)

The check sum can be calculated - e.g. in C — in the following way

static short crcl6(unsigned *c_first,unsigned *c_Ilast)

{ -
short j;
unsi gned int crc=0xFFFF

for (c_first;c first<=c_last;c_first++)
{{
crc "= *c_first;
for (j=8;j>0;j--)
{

if(crc & 0x0001) [l if the last bit is one
{

crc = crc>>1;
crc = 0xA001; /1 O0xA001 is the CRC 16 pol ynom

}

el se

{
crc = cre>>1; /[l shift 1 bit

}
}
}

return (crc);

Right to technical changes reserved
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3.2 Protocol Frame

For the protocol frame the following structure exists

Delay Address Function @ Data Check Delay
T 8 Bits 8 Bits N x 8 Bits 16 Bits T
1 Byte 1 Byte N x 1 Byte 2 Bytes

3.3 Addressing

In Modbus protocol each zone has its own address. Because only one byte is available for the address,
maximal 256 zones can be addressed. Because the address O0H is reserved for broadcast messages, the
number of reachable zones by Modbus is reduced to 255.

The definition of addressing for single and/or multi loop controllers is different.

3.3.1 Modbus Address for Multi Loop Controllers

The address of a zone on a controller is stipulated by

e Device ID (DIP switch)
e Modbus Base Address (MADR)
e Channel number

festgelegt.
Address = Device ID (DIP switch) x 32 + Modbus Base Address (MADR) + (channel number-1)

For the device ID the DIP switches 1...3 were analyzed.
The value range of MADR is 0...255.

With the help of these parameters, the address, e.g. of the first zone, can be stipulated flexibly.

The Modbus address = 40 of the first zone of a controller can be defined differently
e DevicelDO
e Modbus Base Address 40 and
e channel number 1,
or
e DevicelD1
e Modbus Base Address 8 and
e Channel number 1

Further examples:

Device ID MADR Channel Address for the first zone
number
0 5 1 5=05H
1 32 1 64 = 40H
5 32 1 192 = COH

Right to technical changes reserved
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3.3.2 Definition 'Address Byte’ for Multi Loop Controllers

The address byte in the protocol frame is calculated by:

e Device ID and channel number
e Modbus Base Address

wie folgt:

Divide Modbus address in whole numbers by 32 and enter divisor in the upper 3 bits.
Rest of the division enter in the lower 5 bits.

Address in Bits MSB @ Bit6 | Bit5 | Bit4 Bit3 Bit2 | Bitl | LSB
PSG Coding Divisor Rest of division

Calculation Modbus address and address byte for 18. control channel for a controller with
device ID = 1 and Modbus Base Address = 20

e DIP1=0ON
e MADR=20
e Channel number =18

Modbus
Address = Device ID (DIP switch) x32  + Modbus Base Address (MADR)  +(channel number-1)
69 = 1x32 +20 +(18-1)

Divide Modbus address in whole numbers by 32 and enter divisor in the upper 3 bits. Rest of the division
enter in the lower 5 bits.

Divisor =69/32=2rest5

The address byte is set to [0200 0101]gy = 45H = 69DEC

3.3.3 Definition 'Address Byte’ for Single Loop Controllers

For single loop controllers the address is identical with the parameter setting for the Modbus address.

3.4 Error Messages (Exception response)

The following error codes are supported

Error Code Name Meaning
01 lllegal function Function number out of allowed range
02 llegal data address Parameter not supported
03 llegal data value Data value incorrect / function not executed

Right to technical changes reserved
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4 Detailed Specification of Protocol Functions

To simplify matters the protocol frame following is shown without "delay".
More detailed information on referred Bit- / Word tables see controller specific parameter and object lists.

4.1 List of commands

The following commands are supported

Function code Meaning Action
0lpec Read n Bits Reads n bits
03 pec Read n Words Reads n words
05 pec Write 1 Bit Sets or deletes 1 bit
06 pec Write 1 Word Writes 1 word
08 pec Loop back test Checks the communication
15pec Write n Bits Deletes or sets n bits
16 pec Write n Words Writes n words
17 pec Report Slave-ID Shows the version number

4.1.1 Read n Bits (Function Code 01)

This command allows to read a single or several bits.

For the sending command the following structure exists

Master Adr. Funct. Address of 1. Bit Number of Bits CRC-16
Byte No. 1 2 3 4 5 6 7 8
HEX 01 HI LO HI LO LO HI

Thereby the parameter ,Address of 1. Bit* identifies the table index of a listed bit in the Bit Table. The
parameter ,Number of Bits" identifies the number of bits, which should be read from the stated table index
consecutively.

The controller returns the following response

Slave Adr. Funct. Byte Bit1-8 Bit ... Last CRC-16
Count Bit

Byte No. 1 2 3 4 ? ? ? ?

HEX 01 LO HI

The parameter ,Byte Count" defines the number of transmitted data bytes.

The single bits are masked into single data bytes as follows

Bit of data byte no. ... Address of Bitin the Table
Bit O of data byte 1 X

Bit 1 of data byte 1 X+1

Bit 2 of data byte 1 X+2

Bit 3 of data byte 1 X+3

Bit 4 of data byte 1 X+4

Bit 5 of data byte 1 X+5

Right to technical changes reserved
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Bit 6 of data byte 1 X+6
Bit 7 of data byte 1 X+7
Bit O of data byte 2 X+8
Bit 1 of data byte 2 X+9

(--) (...)

where x = address of 1. bit in the table

Per ,Data Byte" 8 bits are transferred in this way. If less than 8 bits are transferred in one ,Data Byte", the
remaining bits are set to 0.

For the multi loop controller with device ID 1, MADR=0 starting with table index 2, the status of 3
bits (3 Point Operation = ON, Relay Output Heating = OFF, Startup Operation = ON) from
channel 6 should be read.

The corresponding sending command looks as follows

Master Adr. Funct. Address of 1. Bit Number of Bits CRC-16
Byte No. 1 2 3 4 5 6 7 8
HEX 25 01 00 02 00 03 DB 2F

Response of controller

Slave Adr. Funct. Byte Bit1-8 CRC-16
Count
Byte No. 1 2 3 4 5 6
HEX 25 01 01 05 9B 7B
Byte-Count = 01H (exactly 1 data byte is transmitted)
Data field bit 1-8 = 05H
Bit of Data Field Status of Bit Address (Index) of Bit in the Table
Bit O of data byte 1 1 Table index 2
Bit 1 of data byte 1 0 Table index 2 + 1
Bit 2 of data byte 1 1 Table index 2 + 2
Bit 3 of data byte 1 0 Table index 2 + 3
Bit 4 of data byte 1 0 Table index 2 + 4
Bit 5 of data byte 1 0 Table index 2 + 5
Bit 6 of data byte 1 0 Table index2 + 6
Bit 7 of data byte 1 0 Table index 2 + 7

Right to technical changes reserved
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4.1.2 Read n Words (Function Code 03)

This command allows to read a single or several words.

For the sending command the following structure exists

Master Adr. Funct. Address of 1. Word Number of CRC-16
Words

Byte No. 1 2 3 4 5 6 7 8

HEX 03 HI LO HI LO LO HI

The parameter ,Address of 1. Word" identifies the table index of one in the Word Table listed word and the
parameter ,Number of Words" the number of words, which should be read from the stated table index
consecutively.

The controller returns the following response

Slave Adr. Funct. Byte Word 1 Word ... Last CRC-16
Count Word

Byte No. 1 2 3 4 5 ? ? ? ? ? ?

HEX 03 HI LO H LO H LO LO HI

The parameter ,Byte Count” defines the number of transmitted data bytes, that is exactly the double value of
the requested word. In the response of the controller first the High byte and then the Low byte of the word is
transferred.

For multi loop controller with device ID 5, MADR=0, one word from table index 1 of channel 3
(SOLL/SP = 100°C) should be read.

The corresponding sending command looks as follows

Master Adr. Funct. Address of 1. Word Number of Words CRC-16
Byte No. 1 2 3 4 5 6 7 8
HEX A2 03 00 01 00 01 3D 59

Response of controller

Slave Adr. Funct. Byte Word 1 CRC-16
Count
Byte No. 1 2 3 4 5 6 7
HEX A2 03 02 03 E8 7C E3
Byte-Count = 02H (exactly 1 data word is transmitted)
Word 1 =03E8H = 1000DEC (1000, because the setpoint value is specified in 0.1°C)

Right to technical changes reserved
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4.1.3 Write 1 Bit (Function Code 05)

This command allows to set or delete a single bit.

For the sending command the following structure exists

Master Adr. Funct. Address of Bit Set / Reset CRC-16
Data index

Byte No. 1 2 3 4 5 6 7 8

HEX 05 HI LO HI LO LO HI

The parameter ,Address of Bit* identifies the table index of a listed bit in the Bit Table and the parameter
~>et / Reset Data Index” indicates, whether the mentioned bit should be set or deleted. Is ,Set / Reset Data
Index" set to FFOOH, the bit is set to logical 1, is it set to 0000H, the bit is set to logical 0.

The controller repeats as response the received command after its execution.

For multi loop controller with device ID 7, MADR=0, bit FBA of channel 32 should be set to ,ON*
(logical 1). The table index of bit FBA is 5.

The command and the response are

Master Adr. Funct. Address of Bit Set / Reset CRC-16
Data index

Byte No. 1 2 3 4 5 6 7 8

HEX FF 05 00 05 FF 00 89 E5

4.1.4 Write 1 Word (Function Code 06)

This command allows to write a value in one word parameter.

For the sending command the following structure exists

Master Adr. Funct. Address of Word Data value CRC-16
Byte No. 1 2 3 4 5 6 7 8
HEX 06 HI LO HI LO LO HI

The parameter ,Address of Word" identifies the table index of a listed control parameter in the Word Table.
The ,Data Value" contains the value, where the control parameter should be set to. Consider the value
range of the respective control parameter, when setting the ,Data Value".

The controller repeats as response the received command after its execution.

For multi loop controller with device ID 1, MADR=0, setpoint value of channel 1 should be set to
10°C. The setpoint value has the table index 1 and is specified in 0.1°C.

The command and the response are

Master Adr. Funct. Address of Word Data value CRC-16
Byte No. 1 2 3 4 5 6 7 8
HEX 20 06 00 01 00 64 2F 50

Right to technical changes reserved
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4.1.5 Loop Back Test (Function Code 08)

This command allows a simple test of the communication.

For the sending command the following structure exists

Master Adr. = Funct. Diagnostics Data CRC-16
Code

Byte No. 1 2 3 4 5 6 7 8

HEX 08 00 00 HI LO LO HI

By the parameter ,Diagnostics Code" is determined, which data the controller should return. The controller
only supports ,Diagnostics Code" 0000H. This means, that the data is returned 1:1 in the data field. Any
word could be inserted as ,Data”“.

The controller should repeat the whole request without any further action.

For multi loop controller with device ID 1, MADR=0, data value 1234H of channel 5 should be
returned.

The command and the response are

Master Adr. = Funct. Diagnostics Data CRC-16
code

Byte No. 1 2 3 4 5 6 7 8

HEX 24 08 00 00 12 34 EA 49

4.1.6 Write n Bits (Function Code 15)

This command allows to set or delete several bits. The bits must be in the Bit Table in consecutive order.

For the sending command the following structure exists

Master Adr.  Func Address Quantity Byte Data Data CRC-16
t. of 1. Bit Count  Bytel Byte...

Byte No. 1 2 3 4 5 6 7 8 ? ? ?

HEX OF HI LO HI | LO LO HI

The parameter ,Address of 1. Bit* matches the index of the Bit Table, from where bits should be set /
deleted.

The parameter ,Quantity” shows the number of bits, which should be set / deleted consecutively from the
above mentioned index in the Bit Table.

.Byte Count” defines the number of transmitted “Data Bytes”.

In the ,Data Bytes" the information is transferred, whether a bit should be set or deleted. The bit is deleted,
when a logical 0 is set in the corresponding data byte. By a 1 it is set.

The allocation of data byte information and the bits in the Bit Table is as follows

Bit of Data Byte No. ... Address of Bitin the Table
Bit O of data byte 1 X

Bit 1 of data byte 1 X+1

Bit 2 of data byte 1 X+2

Bit 3 of data byte 1 X+3

Right to technical changes reserved
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(--) (...)

Bit 14 of data byte 1 X+14
Bit 15 of data byte 1 X+15
Bit 0 of data byte 2 X+16
Bit 1 of data byte 2 X+17

.) (..)

where x = address of 1. Bit in the table

Per ,Data Byte" 8 bits are transferred in this way. If less than 8 bits are transferred in one ,Data Byte“, the
remaining bits are set to 0.

The controller returns the following response

Slave Adr.  Funct. Address Quantity = CRC-16
of 1. Bit

Byte No. 1 2 3 4 5 6 7 8

HEX OF HI LO H LO LO HI

The controller repeats the request except for the ,Data Bytes".

For multi loop controller with device ID 1, MADR=0, 8 bits from table index 2 of channel 2
should be deleted independent from their status before and the bit 9 should be set.

The corresponding sending command looks as follows

Master Adr. = Funct. Address Quantity Byte Data Data CRC-16
of 1. Bit Count  Bytel Byte2

Byte No. 1 2 3 4 5 6 7 8 9 10 11

HEX 21 OF 00 02 00 09 02 00 01 BC 9F

Response of controller

Slave Adr. = Funct. Address Quantity = CRC-16
of 1. Bit

Byte No. 1 2 3 4 5 6 7 8

HEX 21 OF 00 02 00 09 33 6D

4.1.7 Write n Words (Function Code 16)

This command allows to write several words with different data values.

For the sending command the following structure exists

Master Adr. = Funct. Address Quantity Byte Data Data CRC-16
of 1. Word Count  word1  Word ...

Byte No. 1 2 3 4 5 6 7 8 9 ? ? ? ?

HEX 10 HI LO HI | LO LO H LO H  LO LO HI

The parameter ,Address of 1. Word" identifies the index of a listed control parameter in the Word Table.

The parameter ,Quantity” shows the number of words, which should be written from the above mentioned
index into the Word Table.

In the parameter ,Byte Count” the number of transmitted “Data Bytes” is defined.

Right to technical changes reserved
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The information, which value is written to a control parameter, is transferred in the ,Data Words"; Consider

the value range of the respective control parameter.

The controller returns the following response

Slave Adr.  Funct. Address Quantity = CRC-16
of 1. Word

Byte No. 1 2 3 4 5 6 7 8

HEX 10 HI LO H LO  LO HI

The controller repeats the request except for the ,Data Words".

For multi loop controller with device ID 5, MADR=0, two words from table index 2 of channel 4

(SOLL/SP =50°C and STG/OUT = 0) should be written.

The corresponding sending command looks as follows

Master Adr. | Funct. Address Quantity Byte Data Data CRC-16
of 1. Word Count  word1l  Word ...
Byte No. 1 2 3 4 5 6 7 8 9 10 11 12 13
HEX A3 10 00 02 00 02 04 0L F4 00 00 3B C2
Response of controller
Slave Adr.  Funct. Address Quantity = CRC-16
of 1. Word
Byte No. 1 2 3 4 5 6 7 8
HEX A3 10 00 02 00 02  F9 4A
4.1.8 Report Slave ID (Function Code 17)
With this command the version number is read. Additionally the system status can be requested.
For the sending command the following structure exists
Master Adr. | Funct. CRC-16
Byte No. 1 2 3 4
HEX 11 LO HI
The controller returns the following response
Slave Adr.  Funct. Byte Slave- Run 1. Word 2. Word CRC-16
Count ID Light
Byte No. 1 2 3 4 5 6 7 8 9 10 11
HEX 11 06 H | LO H LO LO | HI

The parameter ,Byte Count* defines the number of transmitted bytes. Always 6 data bytes are transferred

with this command.
The parameter ,Slave ID* identifies the controller.

Slave-ID
O5H

Controller
ETR112

Slave-ID = Controller
01H ETR132II

Right to technical changes reserved
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02H ETS 1321 06H ETR132net
O03H ETR 46 07H ETS132net
04H ETR 45 08H ETR 112 net

The parameter ,Run Light* informs about the system status.
The following system errors are signalized

Run Light Meaning

FFH No error

01H CPU calibration error

02H Calibration error basic module
O3H Calibration error expansion unit 1
04H Calibration error expansion unit 2
O5H Calibration error expansion unit 3
06H System-/Attribute error

07H Channel data error

08H CAN error

In the ,first and the second word“ the software version number of the controller is transferred.

For multi loop controller with device ID 1, MADR=0, version number should be read. Only the
upper 3 bits of the address byte are interpret, the lower 5 bits are not relevant.

The corresponding sending command looks as follows

Master Adr. Funct. CRC-16
Byte No. 1 2 3 4
HEX 20 11 D9 1C

Response of controller

Slave Adr. = Funct. Byte Slave- Run 1. Word 2. Word CRC-16
Count ID Light

Byte No. 1 2 3 4 5 6 7 8 9 10 11

HEX 20 11 06 01 FF OB 1E 63 O0A EA E1

Run Light = FFH (no error)

1.Word and 2. Word = Version number

Right to technical changes reserved
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Appendix
5 Appendix
5.1 Version History
Version Date Changes
1.00.03 02/08/2011 | Index setpoint 1
1.00.02 01/08/2010 | flexotemp multi loop controllers amended
1.00.01 11/23/2009 | Function code decimal
1.00.00 03/06/2007  New version introduced
0.1 08/18/2005 | First publication
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