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TECHNOLOGIES

Application Example

Rotronic Modbus - Digital Communication

Modbus is a popular communication protocol used in industrial automation to exchange data between devices
such as PLCs, sensors, and actuators. Modbus can be over Ethernet (known as Modbus TCP) using standard patch
leads or over RS-485 and RS-232 (known as Modbus RTU) using twisted pair cables.

This guidance is intended for users who have not worked with Modbus and need a step-by-step instruction on how
to connect the HCD-S-MOD (RMS-HCD-S & E2-05XX-MOD) to a computer and getting started with read out data
through RS-485 with Modbus RTU protocol:

Delivery Package
e RMS-HCD-S
e E2-05XX-MOD

List of used materials

e RMS-HCD-S

e E2-05XX-MOD

e AC3001

e Luster terminal (3 pol)

e USB-RS485-WE-1800-BT
e Modbus Master software
e RMS-CONFIG

e Hex Converter

Why use Modbus over RS-485?

Modbus RTU networks are predominantly used due to the ease and reduced cost of adding many devices via a
single “bus cable” (unlike analogue or ethernet that requires a direct cable to every device). With Modbus RTU
networks you can also easily add additional devices at any point along the bus cable. Only a single PLC device is
required to communicate with potentially up to 247 devices presenting a huge cost saving compared to analog
signals. Finally, by using digital vs analog there is no signal degradation or errorand you are also able to receive
additional information such as device and probe serial numbers, units & error codes.

Interface
Per default the RMS-HCD-S has an UART service interface which is converted by the E2-05XX-MODBUS into
RS-485. The third-party device US-RS485-WE-1800-BT so then convert the RS-485 signal to USB:

‘ Device Interface Communication Parameter | Cost
‘ Analog ‘ Digital +AC3001 +ME02I5(1)5XX- Modbus Hum/Temp | Budget
‘ RMS-HCD-S | No ‘ UART uSB RS-485 Yes RTU %rh & °C SS

1 Note: Rotronic can only support the RMS-HCD-S in combination with the cable E2-05XX-MOD in use.
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Schematic structure

Computer

Modbus
Master

USB-RS485-WE-1800-BT E2-05XX-MOD

RMS-HCD-S

Modbus RTU (USB)

Modbus RTU (RS-485)

Modbus RTU (UART)

Wiring

Wiring of the setup
1. Connect the RMS-HCD-S with the E2-05XX-MOD

2. Connect the E2-05XX-MOD with the luster terminal

3. Connect the USB-RS485-WE-1800-BT with the luster terminal
4. Connect the USB-RS485-WE-1800-BT with the USB to computer

USB-RS485-WE

E2-05XX-MOD

Computer Luster
USB Terminal
Specification
1. RMS-HCD-S

Connection diagram (7-pin connector, male — view: probe side)

SW14

10 V+

20O GND
3@ UARTRxD
4@ UART TXD
50 -

6@ -

7O GND
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2. E2-05XX-MOD

Specifications

Supply voltage to adapter 5..28 VDC
Supply voltage to probe 3.3 VDC
Current consumption (includes HC2 probe) 10 mA typical

RS-485 specifications

Baud rate: 19200 / Parity: none / Data bits: 8 / Stop bits: 1

Electrical installation

Green VDD (+) Power supply +

Grey GND Power and digital signal

Red RXD RS-485 bi-directional TX+ / RX+

Blue TXD RS-485 bi-directional TX- / RX-
3. USB-RS485-WE-1800-BT

o e
GND 1

OV or +5V (default 1s +5V)

v

Terminator 120R, Pin 1

CABLE 1 Bm

pata * (A 5

Terminator 120R, Pin 2 6

BLACK

RED

BROWN
ORANGE

GREEN

Setup the Modbus address
Review the RMS-HCD-S Modbus address of the RMS-HCD-S probe with the RMS-CONFIG software. Plug the

RMS-HCD-S into the AC3001 cable and add a local device, per default the probe address is 247:

M RMS-CONFIG

File | Device Setﬁngs_t

Help

LANLG  Search  »

Info Remove

—

| Local devices (USB/RS232)

Network devices

Wireless devices

Manual network device

M RS

File Device Settings Help

Probe [20508228]

Info Measurement Settings Adjust
Info
Device serial 0020508228
RPC 19-0596102574
Firmware version V1.5
Network address 247
Online mode Disabled
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Modbus Master software

Modbus Tool-Master

The Modbus Master software is a third-party software which we can use to start communication with the con-

nected RMS-HCD-S. To communicate with the systems, the following information must be set up:

. Modbus RTU

. Baud rate 19°200
. Parity: none

. Data bits: 8

. Stop bits: 1

. Slave ID: 247

N U1~ W N

Port Name

W Modbus Master

RTU

(o k] i Post Name = [COMS - Diata Bts =
O o 7001 Baud = [ 19200 B Sep Btz =

Farty = | Nona

1682

Expint

Before the communication can be started, the port name must be determined. For this, you can check the ports
within the Device-Manager on your local computer:

s |

Datei Aktion Ansicht ?

Hrm| &

v & PST002964

% Akkus

K” Andere Gerite
v @ Anschlasse (COM & LPT)
@ USB Serial Port (COMS)

Connect the Modbus Master software

O uop

040000 |@ |

RTU
Port Name « (COMS w Data Bz« |8 Bes
Baud = | 15200 et SopBtss 1B
Party = | None
Save 4 oot
Expat

Communication Log
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Read out data

The Modbus address overview can be reviewed here: MODBUS
The addresses 31000 and 31004 are the humidity & temperature values.

NOTE: RS485 address is the register address -1!

Add the start address 31000, Size 4, Display Format hex, press Apply and then Read Input register:

Data received from system:

31000: Oxd2ce

31001: Ox5e42

W Mot Master
Register Name Description IDar.a type i o
31001 + Current humidity value (part 1 |
Humidity (i 1) Float 32
31'002 + Current humidity value (part 2) ,B‘l ™
31003 + Current temperature value (part 1) Float 32
- Temperature - 1
31004 » Current temperature value (part 2) :B'l Dy fomat Tunctora
e Pielbibasishol soadscooiudinan ) cnhdee [0 D — - e
31005 caliai + Current calculation value (part 1) Float 32 ) Sy et | = i £
alculation | :
31'006 + Current calculation value (part 2) Bit ?:w — |
= Measurement
. r 1 T qQ 3 oy 8
31'007 flags Humidity Current measurement flags humidity |Int. 16bit
¥ 2 St Sddean 300 Saw Reth s
! Jlea':dlemen! + Current measurement flags
31'008 flags CAMmDeratur Int. 16bit N . T ) = — e —
Temperature emperature o000 | Duee 3003 | (eDOOC, 13034 | (wDOOC, H20HE QeD000| 33532 | Qw0OOG] 3084 | (w0000
neost DnSedl 23243 G000 120 | 0000 1IN0 2000|2273 Ol 13288 Ouai
Read Current Float Value (Registers 31'001 to 31'008)
Communication Log

Data format received
The data format, or also called swap mode. The standard setting is 0x0001 with target bytes d c b a:

Value Swap Mode Source Bytes |Target Bytes
0x0000 |Big endian - No Swap [ab][cd] |[[abecd]
oxooop  [Little :\’;‘;:"" -byteand 1. pircd] [{deba)
0x0002 :'v‘:{__)b'g endian-byte | py11ecd) [(bade)
0x0003 :‘:;;i"'e endian -word ¢ p)(cd] [(cdab]

‘ Address Source Bytes Target Bytes ‘
‘ 31000 [ab] d2ce [dcbal ‘
‘ 31001 [c d] 5e42 OxA25eced2 ‘
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Interpretation of received data

The received data in hex format must be converted into a float format with decimal values.
We use a third-party calculator which can be downloaded under Floating Point to Hex Converter (gregstoll.com):

Register Name Description Data type
31001 Current humidity value (part 1)

Humidity Float 32 Bit
31002 Current humidity value (part 2)

The hex value Ox425eced? is in decimal floating data format 55.7 %rh.

Target Bytes Target Bytes

P 55.7 %rh \

0x425eced2

Read out temperature values

The addresses 31003 and 31004 are the humidity values.

NOTE: RS485 address is the register address -1!

Floating Point to Hex Converter

Show details [ Swap to use big-endian [ Uppercase letters in hex
Hex value: | Oxd25eced2

Convert to float |

Oxd25eced2
4 2 5 £ c e
o[1Jo]o]ele]a]o]o] 1]o[[a]a]ale] ] Jo[o]a]a[a]0] 1]1]o] [e]o]i]o

010000100 10111101100111011010010
sign  exponent mantissa
+1 132 1.10111101100111011010010 {binary)

+17  2%{132-127) " 1.7406866550445557
+1%  320000000% 1.7406866550445557
5.702

Float value; |55.702 Convert to hex

Add the start address 31002, Size 2, Display Format hex, press Apply and then Read Input register:

31°001 + Current humidity value (part 1

: Hutmidity ty (p ) Float 32
31002 + Current humidity value (part 2) Bit
31003 + Current temperature value (part 1

- Temperature P { ) FB""“ 32
31'004 + Current temperature value (part 2) it
31'005 + Current calculation value (part 1

= Calculation L ) Floa: 32
31'006 + Current calculation value (part 2) Bit

! Measurement
31007 flags Humidity Current measurement flags humidity |Int. 16bit
31008 :_I"l:ga:urement + Current measurement flags Int. 16bit

Temperature TR

Read Current Float Value (Registers 31'001 to 31'008)

@ Madbus Master
Comemuron
B LL Dot
90 18
Nore
Diagiay Fomat Functons.
Oun Bt e irte mbgle 2
& Rdoats ||Fomiioie| | TS s
O Bray
) b Fead @ Weterge  Vihte ksl
o dncrete g gt
o @ |
Ston didvees [ 30002] e 2 ovly Clowr
peosd [ oeater| meoae [ u0000| Mioa6 | 00000 Mios | 0000 Mioso | G000 Miok: | 0000 Bione | u0000] Baces | w0000
33068 [ Oufoes| 1008 [ 00000| 31027 | 000O] baohs | (000G) Maoks | a0000] duoés [ n0000] dao™s [ (u00D] ackr [ QwbOOH
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‘ Address Source Bytes Ta
‘ 31002 [a b] 41bf [d
‘ 31003 [c d] 5cea Ox

rget Bytes

cba]
ea5chfal

The hex value Oxea5cbf41 is in decimal floating data format 23.9 °C

Change data format

Target Bytes Target Bytes
Oxea5chfal P 23.9°C \

Floating Point to Hex Converter

@ Show details @ Swap to use big-endian () Uppercase letters in hex

Hex value: |OxeaScbfd1 ],,,?5‘33’,‘ to float |

Ox41bfScea (swapped endianness)

4 1 b f 5 C e a
o[ 1]o]o]ofefo] 1] [o] 1 [1[a]a]ala]o] o] 1 [a]1]o]o] 1] 1]:]o]1]o]1]0
0] 1000001 01113110101110011101010
59'1 exponent mantissa
-1 131 1.01111110101110011101010 (binary)
REL " 14950230121612549
~1% 160000000  14950230121612549
239204

Float value: [23.9204 Convert to hex

Before we can change the data format, we must read out the actual byte-swap format.

The addresses 40001 show the actual byte-swap format:

NOTE: RS485 address is the register address -1!

@ Modbus Mastes =] »
Commmniti Communication Log
L Dwmcorrect
Ooapiay Fomat Functors
O ier el il
® Hex Reat Resdrgt  Witesrghe  Wite subile
O iaogar decrete e ogater ogtnr
Baxot @ |
Lart Adkdrens. 0008 = 1 Pooky Cear
oo [l ooy o s Qw0 oy O 000 1 w0000 3 0000 s w200
Value Swap Mode Source Bytes |Target Bytes
0x0000 |Big endian - No Swap [ab][cd] |[[abcd] //
- /
0x0001 Little endian - byte and [abl[cd] |[dcba]
word swap
0x0002 Mid-big endian - byte [ab][cd] |[badc]
swap
0x0003 Mid-little endian - word [ab][cd] |[cdab]
swap
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Change to data format to 0x0000

Add the start address 40001, Size 1, Display Format hex, write into the address box a “0”, press Apply and then

Write single register:

Le0 oty || Pesdioidng || Witesnge | Vete st
Rodosls || uoter ool coh

) b Resd | Resdrout | Weiesnge | Vit micie
dacrete repse roguter regser

Communication Log

Read again the holding register of address 40001 and system has changed data format:

Communication Log Value Swap Mode Source Bytes |Target Bytes
/,OxUOOG Big endian - No Swap [ab][cd] |[[abcd]
0x0001 lkj:r'; ;‘1‘;';“ -byteand |r.pq1cd] [[deba)
oxo002 |Mid-big endian -byte - 114y |[badc]
swap
0x0003 Mid-little endian - word [ab][cd] |[[cdab]
swap
Read out humidity values again
Address Source Bytes Target Bytes Target Bytes
31002 [ab] c1f7
E)dx&bf;z];cn 51.24 %rh
31003 [cd] 4ca2
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Rotronic Modbus wall

The Rotronic test application includes all Rotronic devices that are Modbus RTU capable. The testing wall is de-
signed in such a way, that the devices used are constantly evaluated. The transmission rate (error rate) can be
tracked via the integrated monitor.

Device list

 2x PF4/PF5

e 3x HF5A-Digital

¢ 3Xx RMS-HCD-S

e 3x RMS-HCD-IC102
e 3x RMS-TCD-S-001

Modbus Master
e B&R X20CP1583 with
RS-485 module X20IF1030

Bus cable
e VOLLTRON-Twist
CY A 2X2X0,25

Rotronic Modbus application wall

Rotronic Modbus wall

To ensure smooth communication between Modbus devices on a network, itis crucial that they all have the same
communication parameters and unique Modbus device addresses. During initial setup each Rotronic device was
programmed individually with a unique address. Rotronic Modbus protocol:

Hardware Overview > Sensors and Probes > HCD-Sx > MODBUS (rotronic.com)

The Modbus protocol utilizes function codes to exchange data between the master and slave devices and each
vendor may have different register addresses for the same data due to the vendor-specific nature of Modbus reg-
isters. The Rotronic devices only support half-duplex operation, half-duplexis a communication mode which two
devices can transmit and receive data, but not simultaneously. In other words, communication is bidirectional
but can occurin one direction at a time. The SPS controlleris the masterand the Rotronic devices are the slaves.
When the master requests, the first device can answer, then the second device, and so on.
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Modbus cables can support different distances de-
pending on the type of transmission and environ-
ment. The distance a Modbus cable can span without
amplification depends on factors such as cable type,
cable quality, transmission rate, voltage level, ambi-
ent temperature, and electromagnetic interference
(EMI). For RS-485 Modbus communication using dif-
ferential signal transmission, cable distances of up to
1200 meters can be achieved.

The dimensioning of terminating and bias resistors:

RX+/TX+ (B)

3900 < E] 2200

RX-/TX- (A)
1kQ

Polling interval

Up to 1200-meter cables

We have chosen 1 kQ as bias resistors and 390 Q respective 220 Q
1KQ AS terminating resistors.

The polling interval is defined by the slowest device in this case the PF4/PF5 with 400 ms.
In this application we have 14 devices connected and one polling cycle takes approx. 5.6 seconds.

Polling cycle = Number of devices * Polling interval

Device RMS-HCD-S RMS-HCD-IC102

Polling interval

[ms] 250 250

Evaluation of the data

The Modbus wall is in continuous operation and is
evaluated with an additional software. The wall sim-
ulates pressure changes several times a day, which
is realized by a fan. Everyday some devices are
switched off and turned on again. In addition, the
Rotronic devices are continuously interrogated, and
the response behavioris tracked and evaluated:

Out of more than 300’000 requests, only 8 responses
were not received, which corresponds to an error rate
0f 0.002 %.

RMS-TCD-S-001

HF5A-D1D PF4/PF5

250 250 400

Rovomic AG  09:41404

Modius T Longteemiest

o

=
S D Onor Requests Ermor = Enor Dev. Tyt
st [0 @ e 0 030,00 Prus
Sl I on |:i 25151 0 000.00 PRUS
S | o i'i 245180 0 03000 HFA
st [ @ wme 5 0000 HFSA
s [0 g 2mm 8 08000 HFSA
St | on l'i 248180 0 00000 HED
BlaweT ‘ on i:i 245150 o 03000 HCD
st [0 g o 030,00 HED
gmd [on [ wsee H WM HeDIG
s [0 [ use 1 0000  Hepe
st [0 g e 0 03000 HEEHE
a2 ‘ Oon i:i 245150 o 000 00 TCD
B3 ' on ‘:F 0% o 020 00 TeD
s [ [ aumss 0 0000 e
[« & ]
=

Monitoring of all devices and values and error counting
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Rotronic Modbus device list
Rotronic devices are designed to monitor and control various parameters, such as humidity, temperatures, and
differential pressure. The new generation of probes and transmitters are capable to measure these parameters
and a Modbus interface for communication with other devices on the network

Device Interface Communication Parameter Cost
Analog Digital +AC3001 +E%v"g%xx' Modbus Hg?;/szeuTep/ Budget
RMS-HCD-S No UART USB RS-485 Yes RTU %rh & °C SS
RMS-HCD-IC No UART usB RS-485 Yes RTU %rh & °C SSS
RMS-TCD-S No UART usB RS-485 Yes RTU °C S
PCD-S No UART usB RS-485 Yes RTU Pa S$S
HC2A-S 0.1V UART usB RS-485 Yes RO-ASCII %rh & °C $S
HC2AIC 0..1V UART usB RS-485 Yes RO-ASCII %rh & °C SSS
PCMini52 0...1/5/10V RS-485 No No Yes RTU %rh & °C S
PC62&PC62V | 0...1/5/10V RS-485 No No Yes RTU %rh & °C SS
Device Probe Type Interface Interface POE Commu- | p,rameter Cost
screw-terminal LAN (RJ-45) nication
Analog Digital Digital Modbus HE?L/SLEUTEP/ Budget
HF3 Fixed Yes No No No No %rh & °C S
HF5 Interchange Yes RS-485 Yes No RO-ASCII %rh & °C SS
PF4/PF5 Interchange Yes RS-485 Yes Yes RTU &TCP | %rh & °C&Pa SSS

Additional Guidance
For customers who do not have experience with digital communication, the Rotronic RMS online manual has
additional pages with instructions on how to integrate the Rotronic device and start communication. For more
detailed discussion please contact the Rotronic PM team.
Help > Practical Topics > Understanding MODBUS > Guidance for MODBUS Communication with the RMS-HCD

Digital Probe (rotronic.com)

Conclusion

Customers increasingly seek the most cost effective and efficient solution. Digital communications can present
many benefits to our customers. Understanding the basics of Modbus network is vital to support customers and
their products.
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