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Symbols used

Symbol Description

Warning to proceed strictly in accordance with the information contained in
the documentation in order to ensure the safety and full functionality of the device.

Information particularly useful during installation and operation of the device.

Information on disposal of used equipment.

|
@ Information particularly useful during installation and operation of an Ex device.

BASIC REQUIREMENTS AND SAFE USE

- The manufacturer will not be liable for damage resulting from incorrect installation,
failure to maintain the device in a suitably functional condition, or use of the device
other than for its intended purpose.

- Installation should be carried out by qualified personnel having the necessary authorisation
to install electrical and pressure measuring devices. The installer is responsible for
performing the installation in accordance with these instructions and with the
electromagnetic compatibility and safety regulations and standards applicable to the type of

é installation.

- The device should be configured appropriately for the purpose for which it is to be used.
Incorrect configuration may cause erroneous functioning, leading to damage to the device
or an accident.

- In systems with pressure transmitters there exists, in case of leakage, a risk to personnel
on the side where the medium is under pressure. All safety and protection requirements
must be observed during installation, operation and inspections.

- If a device is not functioning correctly, disconnect it and send it for repair to the
manufacturer or to a firm authorised by the manufacturer.

In order to minimise the risk of malfunction and associated risks to personnel, the device is
not to be installed or used in particularly hostile conditions, where the following risks occur:

C — possibility of mechanical impacts, excessive shocks and vibration;
— excessive temperature fluctuation;
— condensation of water vapour, dust, icing.

@ Installation of intrinsically safe versions should be performed with particular care, in
accordance with the regulations and standards applicable to that type of installation.

Changes in the production of transmitters may precede a paper updating for the user. The
current user manuals are available at http www.aplisens.com
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PART 1

1. Introduction

This User Manual concerns the PCE-28/Modbus, PRE-28/Modbus pressure transmitters and the
SGE-25.Smart/Modbus, SGE-25S.Smart/Modbus level probes with the output signal Modbus
RTU/4-20 mA and manufactured after July 2014, provided with at least software version 14 and
PCB (printed circuit board) version 48. It is a supplement to the User Manuals numbered:
DTR.PCE.PRE-28.02(ENG), DTR.SG...05(ENG). The permissible environment and operating
parameters, product materials, process connections, degree of protection of the housing and
measuring ranges are the same as in PCE-28, PRE-28, SGE-25.Smart, SGE-25S.Smart products.

Process variables and other configuration data can be read using the protocol Modbus RTU.
To perform configuration or calibration of the transmitter, you need a PC, the converter RS-232/RS-
485, USB/RS-485 port and the configuration software Modbus Configurator from Aplisens.

Exi transmitters, provided with software version at least 14 and PCB version 58, have
é an RS485/Modbus RTU interface without the possibility of using in the 4-20 mA

current loop mode.

The transmitters in normal version, provided with at least software version 14 and

PCB version 48, in addition to the interface RS485/Modbus RTU can be used in 4-20

mA current loop mode.

Additional data for PCE-28/Modbus, PRE-28/Modbus pressure transmitters and the
@ SGE-25.Smart/Modbus, SGE-25S.Smart/Modbus level probes in intrinsic-safety
Ex versions in accordance with ATEX directive is contained in the APPENDIX Ex.04.

2. Technical specifications
2.1. PCE-28/Modbus, PRE-28/Modbus, Metrological parameters
Accuracy of 4-20 mA digital and analogue output:
+0.1% (basic range)
Long-term stability < accuracy per 2 years (for basic range)
Thermal error of 4-20 mA digital and analogue output:
< +0.08% (FSO)/10°C
max +£0.25% (FSO) (for the whole thermal compensation range)

Thermal compensation range -25...80°C (other ranges available on request)
Additional electronic damping Any value in seconds [s]
Pressure ranges, other parameters see PCE-28, PRE-28 acc. to DTR.PCE.PRE.02(ENG)

2.2. SGE-25.Smart/Modbus, SGE-25S.Smart/Modbus, Metrological parameters
Stability, accuracy and thermal error see PCE-28/Modbus, PRE-28/Modbus
Compensation temperature range -25...80°C (other ranges available on request)
Measuring ranges, other parameters see SGE-25.Smart, SGE-25S.Smart acc. to

DTR.SG...05(ENG)

2.3. PCE-28/Modbus, PRE-28/Modbus, SGE-25.Smart/Modbus, SGE-
25S.Smart/Modbus,
Electrical parameters

Power supply voltage in MODBUS RTU mode (Exi)4...10 V DC
Power supply voltage in MODBUS RTU mode (N) 4...28 V DC

Power supply voltage in 4-20 mA mode (N) 5..28 Vv DC

Power consumption < 3.6 mA in Modbus mode
Output signal (Exi) MODBUS RTU or current loop 4-20 mA DC
Output signal (N) MODBUS RTU or current loop 4-20 mA DC

(Transmitter D/A 16 bit /28 Hz, PWM)

Electrical connection see p.4 and APPENDIX Ex.04

Digital transmission range 1200 m (shielded twisted-pair cable)

Address space 1...247 addresses

Max devices per bus 256

Transfer rate 1200, 2400, 4800, 9600, 19200, 28800, 38400, 57600, 115200 bps

5
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Transfer parity control no parity, odd, even
Data load per transfer frame 11 bit (8N2, 8E1, 801)
Response time 3-20ms, depending on the speed of transmission

The transmitters comply with the requirements of standard EN 61000-4-2,3,4,5,6,11.

2.4. Data layout (registers) in address space
Read-only data

. Bytes
Register Address Purpose Notes Format y .
(hex) (2 bytes per regist
0
1 | 0x0000 User specific %of the controlled | \epp7g5, | 4 pytes (2 registers)
set range
3 0x0002 Pressure of sensor 1 Pressure or_IeveI IEEE754 4 bytes (2 registers)
process variable
5 0x0004 Pressure of sensor 2 Constant 0 IEEE754 4 bytes (2 registers)
Sensor 1
7 0x0006 | Temperature of sensor 1{temperature process IEEE754 4 bytes (2 registers)
variable at °C
CPU temperature
9 0x0008 CPU temperature process variable at IEEE754 4 bytes (2 registers)
°C
11 OX000A | Temperature of sensor 2 Constant 0°C IEEE754 4 bytes (2 registers)
13 0X000C |  -----mrmrmmmmemee | e | e ----| 4 bytes (2 registers)
15 OX000E | = -m-mmmmmmmmmmmmmmcoee | oo | 4 bytes (2 registers)
0,
17 0x0010 User specific 1/100% of the Signed 16-bit int | 2 bytes (1 register)

controlled set range

Integer, 1/100 of the
18 0x0011 Pressure of sensor 1 pressure or level | Signed 16-bitint| 2 bytes (1 register)

unit
Value O
19 0x0012 Pressure of sensor 2 1/100 of the Signed 16-bit int | 2 bytes (1 register)
selected unit
Integer, . L .
20 0x0013 | Temperature of sensor 1 1/100°C Signed 16-bit int | 2 bytes (1 register)
Integer, . . .
21 0x0014 CPU temperature 1/100°C Signed 16-bit int | 2 bytes (1 register)
22 0x0015 | Temperature of sensor 2 Value 0 Signed 16-bit int | 2 bytes (1 register)
1/100 at °C
2 bytes (1 register)
. _ See
23 0x0016 Pressure unit Pressure_or level UnS|gn.ed 16-bit | DTR.PCE.PRE.SGE.
unit int MODBUS.(ENG), Part
1, table in section
24.1
24 OX00L17 |  mmmmmmmmmmmmmmmmmmmmmmen | e | e ----| 2 bytes (1 register)
25 0x0018 Upper sensor limit Upper limit of the IEEE754 4 bytes (2 registers)

standard range

27 0x001A Lower sensor limit Lower limit of the IEEE754 4 bytes (2 registers)
standard range

Damping value

29 0x001C seconds (s) IEEE754 4 bytes (2 registers)
31 0x001E Remmg:go?ﬁ?mgue Un&gn;;? 16-bit 2 bytes (1 register)
32 0x001F Modbus address 1...247 Unsigned 8-bit int| 2 bytes (1 register)
33 0x0020 Identity register Unsigned 8-bit int| 6 bytes (3 registers)
36 0x0023 Status register 8-bit flags 2 bytes (1 register)

* Fields shaded in gray are not active in the specified models.
6
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2.4.1. Codes of pressure units.

DTR.PCE.PRE.SGE.MODBUS

Unit Value (decimal number) Unit Value (decimal number)
atm 14 mbar 8
bar mmH20 w 4°C 239
FtH20 mmH20 4
g/cm? mH20 w 4°C 171
INH20 w 4°C 238 mmHg 5
INnH20 MPa 237
InHg Pa 11
kg/cm? 10 psi 6
kPa 12 torr 13
2.5. Modbus status register
15]14 13 12 |11 /10| 9 8 7 6 5 413[2|1]0
SV, TV,FV PV out of
0|0 0 0 0O|0]|O0 0 0 (out of limit|  limit 0Oj0|0|0]O
range range
2.6. Error codes supported by Modbus
Error L
Name Description
code
This error shows that a function code is not supported by the
1 Invalid function code devicg. . . : .
Function code No. 3, i.e. Read Holding Registers, is currently
implemented.
2 Invalid data address | This error shows that an address is out of the range 0x00+0x23.
3 Invalid data load Invalid number of registers to be read as specified in the frame.
4 Transmitter failure | Transmitter hardware error.
8 Memory error RAM or FLASH memory error.

3. Place of installation

Installation of the transmitters and probes according to DTR.PCE.PRE-28.02 and DTR.SG...05.
3.1. Electrostatic hazards

Teflon covering on the inside of diaphragm seal, plastic tag, cable’s Teflon shielding, heat shrink on

metal capillary that is a non-conductive layer applied on conductive surface.

Transmitters/probes like above, in potentially explosive areas should be installed in a manner that

prevents electrostatic charging, especially caused by contact with electrified dust (which is dropping

out/blown from nearby devices).
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4. Connection via PM12 connector, Binder 723 or cables

PC(R)E-28 SGE-25(S).Smart
Output Function PM12 ,
connector Blndez:ngg)S PIN Cable
(male)
Power supply and 4-20 GND 3 1 black
mA current loop in
configuration mode +Vcc (4-28 V) 2 3 red
Digital RS-485A 4 4 blue
g RS-4858 5 5 yellow
Screen — — - green

2 A 2 JA
\)
1 3

PM12 connector (female) PM12 connector (male)

) 1

Binder 723 connector (male)
Fig. Connector leads (front view)

4.1. The transmitters PC(R)E-28/Modbus and SGE-25(S).Smart/Modbus from Aplisens have two
operating modes, configuration mode and Modbus mode. The configuration mode is used for
changing settings and detailed diagnostics of the transmitter. In this mode you can also activate
a current loop compatible with a 4-20 mA current output in transmitters manufactured after July
2014 and provided with at least software version 14 and PCB version 48.

If you intend to use the operating mode 4-20 mA, leave the transmitter in configuration mode after
setting parameters using Modbus Configurator.

Additional settings for the 4-20mA operating mode exceeding the range of options of "Modbus
Configurator” are possible with the Raport 2 application.

If you intend to use Modbus mode, switch the transmitter into Modbus mode after setting
parameters using Modbus Configurator.

The measuring range for 1/100 of a non-decimal unit, including its sign, lies in the range of
-32767 to 32767 units. If this range is exceeded, a false value will be read.

In the case of reading the pressure in binary "Signed 16-bit int" format, one should choose
the basic unit so that 100 times the pressure value expressed in it does not exceed the above
range.

A The adapting resistor 120 Q between Digital A and B outputs should be used for all transfer rates,
especially for 115200 bps (the adapting resistor is enabled by default with a jumper in Aplisens
PP-Modbus junction boxes).

4.2. When using devices with MODBUS RTU output signal, it is convenient to use appropriate
junction boxes. We recommend using Aplisens junction boxes designated PP-Modbus.

8
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5. Connecting transmitters to Modbus network

transmitter/
probe

+

VB

VA

transmitter/
probe

transmitter/
probe

-

Q022

jumper{l
[ 20 ohm

=

i

box PP-Modbus

up to 256

transmitters/
probes

H

transmitter/
probe

N

S

> S

jum er‘l S

i@:z:hzo ohm

DTR.PCE.PRE.SGE.MODBUS

1200m max

box PP-Modbus

box PP-Modbus
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6. Guarantee
Manufacturer warrants under the conditions specified in the Product Certificate which is also
a guarantee card.

7. Scrapping, Disposal

Directive (2012/19/EC) on waste electrical and electronic equipment (WEEE) or returned to

ﬁ Waste or damaged transmitters should be dismantled and disposed of in accordance with
the manufacturer.

10
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APPENDIX Ex.04
PRESSURE TRANSMITTERS TYPE: PCE-28.Modbus/XX/YY,

c €1453 DIFFERENTIAL PRESSURE TRANSMITTER PRE-28.Modbus/XX/YY,

LEVEL PROBES:
SGE-25.Modbus, SGE-25C.Modbus, SGE-25S.Modbus.
Exi VERSION in accordance with ATEX DIRECTIVE

1. Introduction

11

1.2

This “Appendix Ex.04” applies to transmitters of type PCE-28.Modbus/XX/YY,
PRE-28.Modbus/XX/YY, and level probes of type SGE-25.Modbus, SGE-25C.Modbus,
SGE-25S.Modbus in the intrinsically safe (Exi) versions in accordance with ATEX Directive,
provided with the rating plate as specified in sections 2 and 3. Extensions XX, YY after the
marking product types apply to the types of pressure connections (XX) and electrical (YY)
transmitters only and will not occur later in the documentation.

The appendix contains supplementary information relating to the Exi version transmitters.
During installation and use of the Ex transmitters, reference should be made to
DTR.PCE.PRE.SG.MODBUS in conjunction with ,Appendix Ex.04”.

2. Using of transmitters and probes in danger zones.

2.1

2.2

2.3

The transmitters are produced in accordance with the requirements of the following
standards: EN 60079-0:2012+A11:2013, EN 60079-11:2012, EN 50303:2000
The transmitters with PK, PKM, SG, SGM electrical connector may operate in explosive
areas and are marked:

| M1 Ex ia |l Ma

I 1/2G Ex ia lIC T4/T5/T6 Ga/Gb

11D Ex ia llIC T110°C Da

FTZU 18 ATEX 0077X
The transmitters with PKD and PM12 electrical connector are permitted only for potentially
explosive gas atmospheres and are marked:

@ Il 1/2G Ex ia IIC T4/T5/T6 Ga/Gb

2.4

FTZU 18 ATEX 0077X
The probes may operate in areas where there is a risk of explosion, in accordance with the
rating of the explosion protection design:

| M1 Ex ia | Ma

@ 111G Ex ia IIB T4/T5/T6 Ga
FTZU 18 ATEX 0077X

3. Identifying marks

Intrinsically safe transmitters and probes are provided with a rating plate containing:

Logo and name of manufacturer;

CE mark;

Number of the notified body supervising Ex products;

QR product code;

Maximum static pressure;

Supply voltage value;

Year of production;

IP protection rating;

Intrinsic safety parameters i.e.: Ui, li, Ci, Li;

10. Manufacturer address;

11. “Caution” symbol. See the relevant information in the user’s manual;
12. Identification of the explosion-proof version type, certificate identification;
13. Serial No.;

CoNoOGRrWNE

11
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14. Output signal;

15. Permissible ambient temperature range;
16. Default measuring range;

17. Name and type of transmitter / probe, connection type designation: process and
electrical.

1 2 '3 4
(_\\ N\ N\

°CE€EL [

www.aplisens.pl

APLISENS S.A.

/|

L. P [ ] &) Ps | |/

&) Tamb | ESEVEN |/
14 €= [ ] Year of prod.. ]
L A = T | B —
13 | —F

a}
/
AN

&) A

Q)(/ Aplisens S.A. Morelowa 7, 0&1\;&2 Warsaw, Poland /
N1 \10

Fig. Nameplate.

4. User documents

Transmitters and probes are supplied in multi-unit and/or single-unit packaging, together with
the following documents:

a) Product Certificate (which is also a warranty card);

b) Declaration of conformity (available on website);

c) Copy of the certificate (available on website);

d) User Manual ref. No. DTR.PCE.PRE-28.02(ENG)/ DTR.SG...05 (ENG).
Items b), ¢) and d) are accessed at www.aplisens.com.

12
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APPENDIX Ex.04

5. Permissible input parameters (based on the certificate

FTZU 18 ATEX0077X)

For power supply and RS485 output signal use only Ex certified devices, with parameters
which cannot exceed permissible input-output parameters [as describes on point a) and b).
Transmitters should be powered by devices equipped with galvanically isolation. If there is no
power supply with galvanic isolation, transmitter or connected to it metal parts must be
properly grounded by implementing equipotential bonding or equipotential connection
between the transmitter and the negative terminal of intrinsic safety Zener barrier.
Minimum supply voltage of 4 V DC.
The transmitter is intrinsically safe device with the degree of protection "ia", when the power
circuit has a degree of protection "ia".
a) Permissible input parameters for power supply (red+, black-) with:
— Linear characteristic curve
Ui<10V,Ii<04A,
“Trapezoid” and “rectangular” characteristic
Uis5V,Ii<04A
b) Permissible input and output parameters for transmission RS485
(blue VA, yellow VB)
U110V, li£0.2A, Uo <10 V* lo<0.4 A*
* transmitter’s output parameters Uo lo are the same like output parameters Uo lo in power
supply
Correlation between the temperature class of the transmitter and ambient temperature
(including temperature of the medium) Ta [°C] together with total amount of power Pi [W] in
power supply circuit and transmission RS485 circuit is given in Table Z1.
Minimum ambient temperature Ta=-40°C (special version from -50°C).

c) Input capacity and inductance:
Li=OuH, Ci= 2.5uyF **

d) Maximum capacity and inductance in transmission circuit for transmitter or probe:
- lIC Lo =0.2mH, Co = 0.5pF;
- 1IBLo=0.7mH, Co = 15F;
- HlAand for group | Lo = 1.7mH, Co = 80uF.

** operator should take into account the capacity and inductance of the cable, which with
permanently connected cable are:
Ck = 0,2 nF/m and Lk = 1 yH/m

Transmitter with PK, PKM, PKD, PM12, SG and SGM electrical connection taking into
account permanently connected cable has input capacity Cw and inductance Lw:
Cw=Ci+aCk=25uF +a0.2nF/m
Lw= Li+a-Lk =O0uH + a-1yH/m

Where:
a - length of the permanently mounted cable in meters
Pi [W] Pi [W] Pi [W]
Total amount of Total amount of Total amount of
input power in Ta | Temp. input power in Ta Temp. input power in Ta | Temp.
signal and 485 [°C] | class signal and 485 [°C] class signal and 485 [°C] | class
transmission transmission transmission
circuits circuits circuits
65 T6 55 T6 65 T5
0.25 80 | T5 0.75 80 | T5 1.5 80 | T4
60 T6 70 T5 60 T5
05 80 T5 1.2 80 T4 175 80 T4
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6. Special conditions for safe use

1) Ambient temperature range - see instruction manual and marking label.

2) Process temperature (medium) at the diaphragm of the transmitter must be in range of
ambient temperature.

3) In case of use titan parts in diaphragm seal, during installation and operation of the device
the diaphragm seal should be protected against mechanical impact,

4) The Device does not meet the requirements of Section 6.3.13 of EN 60079-11:2012 (test of
isolation 500 VAC). This must be taken into account during the installation of transmitters,

5) Transmitters with diaphragm seals covered by PTFE, for Group lll, should be installed in a
place and in a way that prevents electrostatic charging.
7. The electrical connection way in Ex version

The transmitter and other devices in the measuring loop should be connected in accordance
with the intrinsic-safety and explosion-safety regulations and the conditions for use in
dangerous areas.

Failure to observe the intrinsic-safety regulations can cause explosion and the resulting

hazard to people.

| | red (+)

| yellow *“VB"
| blue “VA*

1 black (-)

V green

| L (cable shield)
PK type

electrical connection IP67
Fig. LI

I_

red (+)
yellow "VB*
== | —1 blue "VA*
black (-)
green
|_ {cable shield)
PKD type

electrical connection IP67
Fig. 1.2

| red (+)
yellow “VB*
—| — —_— s — blue "VA*
black (-)
green
’ / (cable shield)

|

|

|
227

|

|
i

;

SG type
electrical connection IP68
Fig. 1.3
“ B P12 00
~ | electrical connection IP67
- b o — Y — s — « — |- ] red (+)
Q T
; N yellow "VB” ) desciption of PM12 wires
black (-) on fig. |1 and
green on the tag plate
I:I___D {cable shield)
Fig. 1.4
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HAZARDOUS SAFE AREA

AREA

transmitter/
probe

ool | (4

transmitter/
probe

!
—

PP box-Modbus

|
 I—
|

up to 256
transmitters/ |
probes

e0e0

1200m max

transmitter/
probe

jumpElj EE

— 1120 ohm
e

PP box-Modbus

transmitter/
probe i

| PP box-Modbus

Fig. 1.5
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PART 2

1. Purpose

This chapter describes a communication protocol used in devices provided with a Modbus digital
output, manufactured by APLISENS S.A.:

— Pressure transmitters: PCE-28/Modbus, PRE-28/Modbus;

— Level probes: SGE-25.Smart/Modbus, SGE-25S.Smart/Modbus,
with PCB version 48 and software at least from version 14.
The above protocol conforms to the standard published by Modbus organization (see
http://www.modbus.org/) in the documents MODBUS Application Protocol Specification v1.1,
MODBUS over Serial Line Specification and Implementation Guide v1.02 and MODBUS
Application Protocol Specification v1.1.
The number of the transmitter’s PCB and software versions can be checked in configuration mode,
in the frame “Device identification” via “Modbus Configurator” from APLISENS.

T Modbus Configurator - 2.1.0.195

File  Dewice  Settings  Help

| m NSRS

todbuz Mode | Configuration Mode

Device identification

M arufacturer 10 153 Devi
Device I 0000a0c Ut
Software revizion 15 Tran
(H ardware revizion 4f ] Drevi

2. Physical layer for RS485 data transfer

2.1. Introduction
The transmitter is connected to the system via RS485 serial interface. This interface guarantees
high resistance to interferences and flexible bus structure, e.g. multiple slave devices can be
managed via a single master device. An RS485 half-duplex mode has been implemented to reduce
the number of necessary communication cables. This means that 2 communication cables are
required. The other 2 cables are used for power supply distribution.

2.2. Description
To ensure correct operation of multiple devices on one serial communication bus, appropriate leads
(RS485A, RS485B, GND and +Vcc) should be connected in parallel to the bus. Before connecting
to the bus, a unique address must be defined for each device.
A network of up to 1,200 meters with max 247 Modbus devices can be set up. Each cable junction
from the bus can be up to 15 m long.
The cables should conform to EIA RS485.

16
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MASTER max 1200m |
|
- O00000C .
A A
max 15m

Fig. Modbus network configuration (example).

2.3. Details of RS485 ,half-duplex”

To ensure the best possible efficiency in industrial environment, the transmitters from Aplisens
are provided with RS485 transceivers with appropriately customized operating parameters. To
provide compatibility and the best possible working conditions, the master transceiver should
conform to the specifications below.

2.3.1. Limited digital signal incremental rate.

To eliminate oscillations and interferences, the output voltage slew rate of the signals from
the transmitters is limited by the use of appropriate RS485 transceivers. This makes it possible
to use standard cable-based connections and/or customized topologies (e.g. branches up to 15
m long).

2.3.2. ,Fail safe” mode

The fail-safe mode means a strictly defined level of received signals — both in open bus
connection and closed bus connection modes. It is very important in half-duplex mode when all
the devices connected to the bus are in receiving mode. This approach eliminates the need to
use external polarization resistors. Power losses in RS485 transceivers caused by e.g. bus
short-circuit, are limited by the use of thermal safety features in transmitting and receiving
circuits.

2.3.3. 1/16 of bus load
Input impedance in RS485 transceivers used in the transmitters from Aplisens, in receiving
mode, is higher than the standard impedance to enable connecting up to 256 devices to the bus.

2.3.4. Line transmission

The terminating resistors on the RS485 bus should be connected between the points A and
B at the beginning and at the end of the communication bus. When working with long
transmission lines at the highest transfer rates, resistor value should correspond to cable
impedance which typically is 120 Q. With shorter bus segments and lower transfer rates, resister
with higher values, e.g. 1 kQ, can be used to reduce current fluctuations in the transmission line
(with 2 resistors of 120 Q, the amplitude can be as high as ca 50 mA). At least one resistor
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should be used to ensure stable communication.

If a fail-safe device is connected to the master bus, the electromagnetic environment in which
the communication bus is located is free of interferences and the transmission line is relatively
short (several meters) and terminations resistors are not required.

The APLISENS transmitters described in this document are NOT provided with terminations
resistors.

2.3.5. Line polarization
Polarization resistors can be used for ensuring permanently defined voltage levels in relation
to power supply on the communication bus. The resistors are connected respectively:
— between point A on the bus and +Vcc point;
—  between point B on the bus and GND point.

They are necessary if any of the transceivers of the devices connected to the bus is not a fail-
safe transceiver. The resistance of such resistors depends on the power supply connected to the
bus, input current in the connected devices operated in receiving mode, and it should be
calculated or determined experimentally. It usually ranges from 450 to 650 Q. If the master
device is in fail-safe mode and only works with Modbus transmitters from Aplisens, polarization
resistors are not required.

The APLISENS transmitters described in this document are NOT integrated with polarizations
resistors.

2.3.6. Common mode voltage on RS485 bus
The permissible common mode voltage levels on the transmission line compared to GND are
-7/+12 V. Such levels are necessary for correct operation of the devices. Always connect the
master’s/converter’s GND terminal with the transmitter’s GND terminals.

Transmission line definitions

Signal Designatic_m by APLISENS and Designation acc. to EIA
transceiver manufacturers '
Inverted (-) B A
Simple (+) A B

3. MODBUS Data Link Layer

This chapter describes data transfer on the bus. Data and their control structures are divided
into groups and make up a message. A message means the smallest communication unit and
only such units can be transferred between devices. Half-duplex mode means that at a given
point in time only one device can be in transmitting mode while the other devices must be in
receiving mode. A PC or a controller is a master device and the connected measuring or
execution devices are slave devices.

Messages are transferred at all times under the control of the master device. All messages
contain a slave address.

As a result two options of data transfer are available:

— Broadcast mode
In this communication mode the master device can send a broadcast message to each
slave device, whatever its network address. In the APLISENS transmitters described in this
document, the broadcast mode is intended for reading the defined network address using
function 3 (function code=3). Given that each connected transmitter responds to a message
containing a broadcast address, function 3 in this mode should only be used for a single slave
device connected to the master device.

— Data transfer mode
This mode enables communication between the master device and a selected slave device.
The communication process involves sending a request message from the master device and a
response message from an appropriate slave device. Only the master device can send request
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messages. The request is received by all slave devices connected to the bus, however, only a
device with an address specified in the message sends a response. A slave device must
respond to a correctly received request message within the defined maximum time interval,
otherwise the master device recognizes that the request failed and will retry sending the
message in accordance with the programmed algorithm.

3.1. Modbus RTU serial transmission mode in transmitters PCE-28/Modbus,
PRE-28/Modbus and level probes SGE-25. Smart/Modbus,
SGE-25S.Smart/Modbus

Data in the RS485 bus are transmitted serially. As described in the Modbus RTU standard
(MODBUS over Serial Line Specification and Implementation Guide v1.02), the following formats
can be used:

— 1 start bit
— 8 data bits (binary coding, least significant is bit sent first)
— bits for parity checking:
1 bit Even (default), or
1 bit Odd, or
0 bits None (no bits for parity control)
— 1 stop bit for Even or Odd parity mode, or
— 2 stop bits for None parity mode

Characters are always sent using 11 bits. The number of stop bits (1 or 2) is selected by the
transmitter depending on whether an Even, Odd or None parity mode is set.

With Parity Checking

Start| 1 2 3 4 3] 6 7 8 | Par |Stop

Bit sequence with parity checking.

Without Parity Checking

Start| 1 2 3 4 3] 6 7 8 |Stop|Stop

Bit sequence without parity checking.
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3.2. Modbus RTU message format

All Modbus RTU messages are sent in the following format:

Slave |Function
Address| Code

1 byte | 1byte 0 up to 252 byte(s) 2 bytes

CRC Lowl CEC Hi

Data

Modbus RTU message field descriptions:

Slave Address — network address of a slave device. The address O is reserved for broadcast
mode when a request is sent from the master device. All slave devices, whatever their
addresses, must be capable of responding to a message sent to the address 0 by the master.
The individual slave devices are assigned addresses in the range of 1 — 247. In one network
cannot be more than one device with the same address in this range. Addresses in the range of
248 — 255 are reserved for future use.

0 From 1 to 247 From 248 to 255
Broadcast Slave individual addresses Reserved
address

Function code — A code to tell the slave to which a request is addressed what functions are to
be performed. Function codes use 7 bits (0...127). The oldest 8" bit is always zero when a
message is sent by the master. The same function code is returned in this field in the slave
response message. If the oldest 8" bit is zero, it means that the function was performed
correctly and the data returned in the message are also correct. If the oldest 8™ bit is one, it
means that a function error or a device error was detected.

Data — The Function Code can be followed by the field Data containing control data (master
request) or read data (slave response), depending on the function number. This field can contain
up to 252 bytes of data. If the oldest 8™ bit of the function code in the slave response is one, the
data read are not entered in the field Data in the response message, but one byte of the field is
used for sending an error code, see DTR.PCE.PRE.SGE.MODBUS(ENG), Part 1, section 2.6.
Error codes supported by Modbus.

CRC — At the end of a message, there is always a field for the 2-byte control sum CRC16 sent
according to the sequence CRC Low | CRC High. The control sum is calculated as defined in
Supplement B to ‘MODBUS over Serial Line Specification and Implementation Guide v1.02’
available at http://www.modbus.org/.
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3.3. Modbus RTU message transfer rules

3.3.1. Primary rules:
— An address in the range (1...247) can only be assigned to one slave device connected to
the bus. If more devices connected to the bus are assigned the same address, all of them
will send conflicting response messages at the same time.
— Data transfer operations via messages are initiated at all times by the master. This
means that slave devices can only send data-containing messages after receiving a properly
addressed request message from the master.
— A message is made up of a number of bytes. These bytes should be sent without any in-
between intervals which mean that the entire message must be transmitted as a continuous
stream.
The maximum permissible silent interval between two successive characters must not
exceed 1.5T, where T is the time it takes to transmit one character (11 bits). If the silent
interval between two successive characters exceeds 1.5T, the message can be considered
invalid and rejected by the device.

Frame 1 OK Frame 2 NOK

A A

to
-

Illlllillilllllllllll —t——>

|
|
P !
<1.5'char >1.5 char

— The addressed slave must respond within a defined silent interval, otherwise the
response message will be considered invalid and rejected by the master. The silent interval
between the request message sent by the master and the response message sent by the
slave must not be shorter than 3.5T, where T is the time it takes to transmit one character (11
bits).

The maximum silent interval after which a slave device responds to the master request
message depends on the function code in the request and the data load. The response time
in the APLISENS transmitters described in this document should be less than 5 ms, including
the most disadvantageous conditions (data load, transfer rate).

Frame 1 Frame 2 Frame 3

I 1 ] 1
at least 3.5 char at least 3.5 char

S T 1 N A A R A 1 1 A

]_

3.5 char

4.5 char

MODBUS message

Start Address | Function Data End
>3.5char 8 bits 8 bits N x 8 bits 16 bits > 3.5 char

A J
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3.3.2. Error handling
When messages are transferred between master and slave devices, two main types of errors
may arise: transmission errors and slave device errors.

Transmission errors, causes:

— The message received is too short due to e.g. an excessively long interval between
bytes contained in the message.
— The message received is longer than allowed by the device’s reception buffer due to
e.g. message frame syntax improperly programmed in the controller.
— The maximum character transmission time is exceeded due to an inappropriate transfer
rate.
— The control sum calculated based on the message received does not correspond to the
value sent in the message in the CRC field.
Slave devices do not respond to messages for which a transmission error is detected, the
master device can retry sending a request message if an invalid message receipt is
detected. The respective algorithm is programmed in the master device.
— lllegal function code.
— lllegal data address.
— lllegal data load.

Slave device errors, causes:
— Transmitter failure.
— RAM, FLASH memory errors.

Error codes conform to ‘MODBUS over Serial Line Specification and Implementation Guide v1.02’.
For error codes and their descriptions, see DTR.PCE.PRE.SGE.MODBUS(ENG), Part 1, section
2.6. Error codes supported by Modbus

4. Application layer, function 03

The transmitters PCE-28/Modbus, PRE-28/Modbus and the level probes SGE-25.Smart/Modbus,
SGE-25S.Smart/Modbus are provided with the function 03 Read Holding Register. This function
code is used to read the contents of a contiguous address space in a data block. The master device
specifies a starting address of the register (2 bytes) and the number of 2-byte read registers. The
registers are addressed starting from zero therefore e.g. the first register’s address is 0x0000, and
the address of the register 17 is 0x0010, i.e. 16.

The data read from each register are sent by slave devices as 2 bytes per register, where the first
byte is older than the next one. If data are read from multiple registers, the data from slave devices
are sent according to the register numbers.

Registers contain data related to measurements of process values, temperatures and other
transmitter settings. A list of registers, their addresses and descriptions are shown in the table
below.
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4.1. Data layout (registers) in address space
Read-only data.

DTR.PCE.PRE.SGE.MODBUS

. Bytes
Register Address Purpose Notes Format y .
(hex) (2 bytes per regist
0,
1 | ox0000 User specific % of the controlled) \eep54 | 4 bytes (2 registers)
set range
3 0x0002 Pressure of sensor 1 Pressure orllevel IEEE754 4 bytes (2 registers)
process variable
5 0x0004 Pressure of sensor 2 Constant 0 IEEE754 4 bytes (2 registers)
Sensor 1
7 0x0006 | Temperature of sensor 1 temperaf[ure IEEE754 4 bytes (2 registers)
process variable at
°C
CPU temperature
9 0x0008 CPU temperature process variable at IEEE754 4 bytes (2 registers)
°C
11 Ox000A | Temperature of sensor 2|  Constant 0°C IEEE754 4 bytes (2 registers)
13 0x000C | - | | 4 bytes (2 registers)
15 OX000E | —-mmmmmmmmmmmmmoos | i | e 4 bytes (2 registers)
1/100% of the
17 0x0010 User specific controlled set Signed 16-bit int | 2 bytes (1 register)
range
Integer, 1/100 of
18 0x0011 Pressure of sensor 1 the pressure or | Signed 16-bitint | 2 bytes (1 register)
level unit
Value 0
19 0x0012 Pressure of sensor 2 1/100 of the Signed 16-bit int | 2 bytes (1 register)
selected unit
Integer, . .. .
20 0x0013 | Temperature of sensor 1 1/100°C Signed 16-bitint | 2 bytes (1 register)
Integer, . L .
21 0x0014 CPU temperature 1/100°C Signed 16-bit int | 2 bytes (1 register)
22 0x0015 | Temperature of sensor 2 Value 0 Signed 16-bitint | 2 bytes (1 register)
P 1/100 at °C g y g
2 bytes (1 register)
_ _ See
23 0x0016 Pressure unit Pressure_or level UnS|gn_ed 16-bit | DTR.PCE.PRE.SGE.
unit int MODBUS(ENG),
Part 1, table in
section 2.5.1
24 O e Ml 2 bytes (1 register)
o Upper limit of the .
25 0x0018 Upper sensor limit standard range IEEE754 4 bytes (2 registers)
27 0x001A Lower sensor limit Lower limit of the IEEE754 4 bytes (2 registers)
standard range
29 | ox001C Damping value IEEE754 4 bytes (2 registers)
seconds (s)
31 OX001E Resp_o_nse delay value UnS|gn.ed 16-bit 2 bytes (1 register)
milliseconds (ms) int
32 0x001F Modbus address 1...247 Unsigned 8-bit int| 2 bytes (1 register)
33 0x0020 Identity register Unsigned 8-hit int| 6 bytes (3 registers)
36 0x0023 Status register 8-bit flags 2 bytes (1 register)

* Fields shaded in gray are not active in the specified models.
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4.1.1. Request message (example 1)
Master request and slave response, sensor 1 pressure read value

DTR.PCE.PRE.SGE.MODBUS

Request message
Parameters
Slave . Starting Starting Number of| Number of
address Function | 5qdress in | address in registers tg registers CRC(L) CRC(H)
register (H) | register (L) | be read (H) to be read
(L)
0x01 0x03 0x00 0x02 0x00 0x02 0x65 0xCB
Response message
Parameters
Slave . .
Function Data value (sensor 1 pressure in CRC(L) CRC(H)
address NUnlses @ IEEE754 format), hexadecimal
data bytes
numbers
0x01 0x03 0x04 40 5F D1 BC 0x82 0x00
4.1.2. Request message (example 2)
Master request and slave response, read total accessible address space
Request message
Parameters
Slave Function SN Starting Number of | Number of | CRC(L) | CRC(H)
address address in . . .
reqister address in | registersto| registers to
%H) register (L) | beread (H)| be read (L)
0x01 0x03 0x00 0x00 0x00 0x24 0x45 0xD1
Response message
Parameters
Slave .
address Function Number of _ _ CRC(L) | CRC(H)
Memory content in registers read
data bytes
00 00 00 00 40 5F F8 DD 00 00 00 00
41 C8 00 00 41 C8 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 01 5E
0x01 0x03 Ox48 | 000009 C4 09 C40000000C 0000 | 97 | OXCE
42 C8 00 01 00 00 00 00 00 00 00 00
00 00 0001 00BC 7D 00 00 01 00 00
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4.1.3. Register list for Example 2

DTR.PCE.PRE.SGE.MODBUS

User specific 40 5F F8 DD 4 bytes (2 registers)
3 | 0x0002 | Pressure of sensor 1 IEEE754 40 5F F8 DD 4 bytes (2 registers)
Pressure of sensor 2 00 00 00 00 4 bytes (2 registers)
7 |oxooos| Temperature of IEEE754 41 C8 00 00 4 bytes (2 registers)
sensor 1
9 |0x0008 | CPU temperature IEEE754 41 C8 00 00 4 bytes (2 registers)
Temperature of 00 00 00 00 4 bytes (2 registers)
sensor 2
—————————————————————————— 00 00 00 00 4 bytes (2 registers)
—————————————————————————— 00 00 00 00 4 bytes (2 registers)
17 | 0x0010 User specific Slgnei(:]t16-b|t 01 5E 2 bytes (1 register)
18 | 0x0011 | Pressure of sensor 1 Slgnei?]t16—b|t 01 5E 2 bytes (1 register)
Pressure of sensor 2 00 00 2 bytes (1 register)
20 | 0x0013 Temperature of Slgne_d 16-bit 09 C4 2 bytes (1 register)
sensor 1 int
21 |0x0014 | CPU temperature Slgnei(:]t16-b|t 09 C4 2 bytes (1 register)
Temperature of .
Sensor 2 00 00 2 bytes (1 register)
2 bytes (1 register)
See
: Unsigned 16-bit DTR.PCE.PRE.SGE.
23 | 0x0016 Pressure unit . 00 OC
X ureunt int MODBUS(ENG),
Part 1, table in section
2.5.1
-------------------------- 00 00 2 bytes (1 register)
25 | 0x0018 | Upper sensor limit IEEE754 42 C8 00 01 4 bytes (2 registers)
27 |0x001A | Lower sensor limit IEEE754 00 00 00 00 4 bytes (2 registers)
29 |oxooic| Dampingvalue IEEE754 00 00 00 00 4 bytes (2 registers)
seconds (S)
Response delay . "
31 |O0x001E| value milliseconds Uns@nﬁ? 16-bit 00 06 2 bytes (1 register)
(ms)
32 |Ox001F Modbus address Un5|gri1r;=,:[d 8-bit 0001 2 bytes (1 register)
33 | 0x0020 Identity register Un5|gri1r;=,:[d 8-bit| 00BC SE 00 00 6 bytes (3 registers)
36 | 0x0023 Status register 8-bit flags 00 00 2 bytes (1 register)

* Fields shaded in gray are not active in the specified models
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4.2. Data from registers readable using function 03

4.2.1. Register 1, User specific, % of the controlled set range

. 9 . It is
1 0x0000 |User specific % of the controlled IEEE754 4 bytes (2 registers)
set range a
con

trol value of the set range, expressed in percentage points. For example: if the measuring range
is 0-100kPa and the currently read-out value of pressure is 50 kPa, then the control value equals
50%. This value may be applied by the user to perform additional mathematical operations on it
in a resolver. This value may also be converted in a transmitter, using quadratic, cubic, root. or
linear multi-section functions. It may be used, e.g. to measure the flow through orifices or to
calculate volume in tanks of various shapes.

4.2.2. Register 3, Pressure of sensor 1

Pressure or level . Ba
3 0x0002 |Pressure of sensor 1 process variable IEEE754 4 bytes (2 registers) sic
pro

cess variable (pressure or level) standardized for the selected physical unit. This value is sent in
4-byte floating point format conforming to IEEE754. The maximum readable pressure or level
range lies between:
[Lower sensor limit — 0.5 x (Upper sensor limit — Lower sensor limit)], and
[0.5 x (Upper sensor limit — Lower sensor limit) + Upper sensor limit].
In other words, if the lower sensor limit is designated Pd and the upper sensor limit is designated
Pg, then the transmitter’s maximum possible processing range can be described as:

P=[Pd -0,5x(Pg-Pd) ..... Pg+0,5x(Pg-Pd)]
Example:

A pressure transmitter for which Pd=0 kPa, Pg=100 kPa will process pressure in the range of -
50 kPa to +150 kPa. If the pressure continues to increase beyond the permissible range, the
read value will not change.

4.2.3. Register 5, Pressure of sensor 2

| 5 | 0x0004 | Pressure of sensor 2 ‘Constant 0 ‘ IEEE754 ‘4 bytes (2 registers)

Standby register. Data variables to be read are always zero.

4.2.4. Register 7, Temperature of sensor 1

Sensor 1
temperature
process variable
at°C

7 0x0006 | Temperature of sensor 1 IEEE754 4 bytes (2 registers)

Value of the temperature process variable in °C read from the transmitter’s measuring head.
This value reflects the temperature of the measuring sensor and an approximate temperature of
the medium* (depending on the application).

4.2.5. Register 9, CPU temperature

CPU temperature
9 0x0008 |CPU temperature process variable |IEEE754 4 bytes (2 registers)
at°C

Value of the temperature process variable in °C read from the transmitter’s CPU. This value
reflects the temperature of the transmitter’s electronic circuits.

4.2.6. Register 11, Temperature of sensor 2

| 11 ‘ 0x000A ‘Temperature of sensor 2 ‘ Constant 0 °C ‘ IEEE754 ‘4 bytes (2 registers)

Standby register. Data variables to be read are always zero.

4.2.7. Register 13, Standby
| 13 ‘ 0x000C ‘ -------------------------- ‘ ------------------------ ‘ ----------------------- ‘4 bytes (2 registers) ‘
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Standby register. Data variables to be read are always zero.

4.2.8. Register 15, Standby

R = P — | —_— | 4 bytes (2 registers) | Sta

nd
by register. Data variables to be read are always zero.

4.2.9. Register 17, User value

1/100% of the . . : A
controlled set range Signed 16-bit int |2 bytes (1 register) giv

17 0x0010 |User specific

en
value has been described in Register 1. Outside this index, it also occurs in a 16-bit integer
version with a sign.

4.2.10. Register 18, Pressure of sensor 1— binary format, integer and sign

Integer, 1/100 of the Val
18 0x0011 |Pressure of sensor 1 pressure or level Signed 16-bit int | 2 bytes (1 register) ue
unit’ of

the primary process variable (pressure) standardized for the selected physical unit of pressure
(or level). This value is an integer sent in scalable binary format as a value 100 times greater
than the value of the sensor 1 pressure process variable.

Caution! The measuring range for a scalable integer, including its sign, is in the range of -32767
to 32767 units. If this range is exceeded, a false value will be read.

In the case of reading the pressure in binary "Signed 16-bit int" format, one should choose the
basic unit so that 100 times the pressure value expressed in it does not exceed the above range.

4.2.11. Register 19, Pressure of sensor 2

Value O
19 0x0012 |Pressure of sensor 2 1/100 of the Signed 16-bit int 2 bytes (1 register)
selected unit.

Standby register. Data variables to be read are always zero.

4.2.12. Register 20, Temperature of sensor 1— binary format, integer and sign

Integer,

20 0x0013 | Temperature of sensor 1 1/100°C

Signed 16-bit int 2 bytes (1 register)

Value of the temperature process variable in °C read from the transmitter’s measuring head.
This value is an integer sent in scalable binary format as a value 100 times greater than the
value of the sensor 1 temperature process variable. This value reflects the temperature of the
measuring sensor and an approximate temperature of the medium* (depending on the
application).

4.2.13. Register 21, CPU temperature — binary format, integer and sign

Integer,

21 0x0014 |CPU temperature 1/100°C

Signed 16-bit int 2 bytes (1 register)

Value of the temperature process variable in °C read from the transmitter’s CPU. This value is
an integer sent in scalable binary format as a value 100 times greater than the value of the CPU
temperature process variable. This value reflects the temperature of the transmitter’s electronic
circuits.

4.2.14. Register 23, Pressure unit

2 bytes (1 register) see
23 0x0016 |Pressure unit Unsigned 16-bit int 00 0C DTR.PCE.PRE.SGE.MODBUS
(ENG) Part 1, tab. p.2.5.1

Binary value corresponding to the pressure unit. The table below shows the units used.
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Unit Value (decimal number) Unit Value (decimal number)
atm 14 mbar 8
bar 7 mmH20 in 4°C 239
FtH20 3 mmH20 4
g/cm? 9 mH20 in 4°C 171
INH20 in 4°C 238 mmHg 5
InHg 1 MPa 237
kg/cm? 2 Pa 11
kPa 10 psi 6
mbar 12 torr 13

4.2.15. Register 24, Standby

‘ 24 | 0x0017 | —————————————————————————— ‘ ———————————————————————— ‘ ——————————————————————— |2bytes (1 register) |

Standby register. Data variables to be read are always zero.

4.2.16. Register 25, Upper sensor limit

Upper limit of the

25 0x0018 |Upper sensor limit basi
asic range

IEEE754 4 bytes (2 registers)

An upper value of the transmitter’s basic range expressed in the transmitter’s pressure units.
This value is sent in 4-byte floating point format conforming to IEEE754.

4.2.17. Regqister 27, Lower sensor limit

27 0x001A |Lower sensor limit tL)OW.er limit of the IEEE754 4 bytes (2 registers) A
asic range low

er value of the transmitter’s basic range expressed in the transmitter’s pressure units. This
value is sent in 4-byte floating point format conforming to IEEE754.

4.2.18. Register 29, Damping value

Damping value A

29 | 0x001C The seconds [s] da

IEEE754 4 bytes (2 registers)

mping block time constant in the transmitter in seconds. This value is sent in 4-byte floating point
format conforming to IEEE754.

4.2.19. Register 31, Response delay

Response delay
31 Ox001E | value milliseconds
(ms)

Unsigned 16-bit

int 2 bytes (1 register)

It is a value of response delay subsequent to the "Master” request. It describes the time between
the end of a bit stop byte of the message checksum and a bit start byte of the response
message address. This time depends on the speed of transmission and always exceeds 3.5T.
This time may be useful in designing the time of a measurement cycle in a Modbus network.

4.2.20. Register 32, Modbus address

32 ‘ 0x001F ‘Modbus address ‘ 1...247 ’Unsigned 8-bit int ‘2 bytes (1 register)

Values of the transmitter’s network address register. The address is sent using 2 bytes. The
first older byte is always zero. The second lower byte is used for the address. The address
can be set in the range of 1 to 247. Each transmitter connected to the network must have a
unique network address. If the same address is assigned to more than one transmitter, the
master will not be able to communicate with all present transmitters on the bus.
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4.2.21. Register 33, Identity register
| 33 | 0x0020 |Identity register ‘ |Unsigned 8-bit int ‘Gbytes (3 registers) |
An identifier of the manufacturer, type and serial number of the transmitter. A unique identifier,
different for each transmitter.
Identification of bytes according to the transmission sequence:
— 1st byte — insignificant, always O
— 2" pyte — manufacturer’s number acc. to HCF, APLISENS number: 188 dec (BC hex)

— 3" byte — device type number, number for the transmitters described in this document:
125 dec (7D hex)

— 4th-gth byte — 24-bit binary identification number of the device. This number identifies the
date of manufacture and serial number.

4.2.22. Register 36, Status register
| 36 ‘ 0x0023 ‘Status register ‘ ‘8—bit flags ‘Zbytes (1 register) |
A 2-byte register monitoring the functioning of the transmitter’s subsystems. Events and the
transmitter’s irregularities modify bits contained in the register, see: DTR.PCE.PRE.SGE.
MODBUS(ENG), Part 1, p. 2.5. Modbus status register.
These irregularities can be identified in detail in configuration mode with the use of programs
such as e.g. Raport 2 from APLISENS.
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5. Configuration mode

5.1. Modbus Configurator - serial port configuration, Modbus network search,
searching performed by an individual transmitter.

To identify, read and modify settings or to perform calibration of the transmitters described in this

document, switch the transmitter into Configuration Mode using Modbus Configurator. To do

so, use the button on the form of the program.

— The procedure to be followed, if it is required to reconfigure parameters of one of the
transmitters operating in a Modbus network:

It is not necessary to disconnect the Aplisens transmitters from the Modbus network to change

their settings or to perform calibration. If all transmitters connected to network are in Modbus

mode, stop the master process controller and connect an additional PC controller provided with

Modbus Configurator to the network.

After launching the Configurator, open the tab Serial port settings % and set the number of
COM port to which the RS485 converter is connected, Modbus baud rate, parity mode and stop
bits for the transmitters in the network.

CON 11F N
Hibx

File  Device  Setktings  Help

1| m SN AP |

Serial part |

Car Port COrs hd

tadbuz communication parameters

[] Default settings

Baud Rate 153200 b

Stop Bitg
Serial port settings (example).

Next, search for Modbus transmitters according to address by clicking on Scan Modbus
network (see figure below).

nfigurator, - 2.1.0.195
W Scan Modbus network

[ [=3 & c
.@7 ‘ Recently found devices:

Addreszs: 1 - Device [0 13200/E /1
L Q Find kransducer {only one) Addrezz: 2 - Device [D: 00002 - 19200/E1

Addrezs: 3 - Device [D: 00003 - 19200/E 1
Addreszs: 4 - Device [D: 00004 - 19200/ A1
Scan Modbus network Address 5 - Device [D: 00005 - 192004 A1
Addrezs: B - Device [D: 00006 - 13200/E A1

[m ey B = R ]
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When searching the network, a list of Modbus transmitters from Aplisens, connected to the
network, will be displayed. If you know the network address of the transmitter to be set up, click
on the appropriate transmitter in the scanned list. A list of registers will appear with read-out
parameters from Modbus registers.

i Modbus Configurator - 2.1.0.195

Fle Device Seltings Help

OV FQ- 5 (a8 Modbus mode @EPLISENS |

Modbus Mode | Configuration Mode
Registes  Addess  Value name Walue Lirit Type Decchiption
1 (000 Uszer speciic 00020 % Float Percent of rangs
(3 [ 00002 | Pressune of senzor 1 Pressure measuned
<] 004 Pressure of sensor 2 0,0000 kPa Float
7 D000 Tempersture of semsod 1 235805 T Float Senood lemperature
9 00002 Processor bemperature 21,1880 g Float Electonic bempe: abue
1 00008 Tempersture of senser 2 0,0000 ‘T Flaat
13 Q000
15 Dse00E
17 (ec0r Usar specific 0 1A00%  Signed 16-bit mt Percent of range
18 0= Pressure of sensal 1 0 1100k... Sigred 16-bit mt Pressure measuned
19 0012 Pressure of sensor 2 0 1A00k... Signed 16-bit int
20 (e 3 Temperature of semsor 1 2358 1100°C  Signed 16-bit nt Serzo lemperature
21 (e 4 Processof kempedatuie 2119 1A00°C  Sigred 16-bit wit Electionic bemges abuie
s 0005 Tempersture of sensor 2 1] 1100°C  Sigred T6-bit nt
23 DN E Uit kPa Signed 16-bit int
24 (0 7
25 D & Uippiar sericor b 100,00 kPa Flaat
27 DA Lower servos mit 0,00 kPa Float
29 0N C Damping value nn % Float
k1| DN E Resporce delay value 4 s 16-bat ink
32 D F Modbus address 1 16-bt ink
X D020 Identity register 008 C-70-00-00-01 45-bit hex
36 (23 Stabes regster (000 160t ink
[#] Contiruous read ] Popup view Swaitch to Configuration Mode
Device | DODOODON Ok Modbus mode | COMS | 19200 | Even |1 @

Switch the transmitter from Modbus into configuration mode.

Switch to Configuration Mode

— The procedure to be followed, if it is required to reconfigure parameters or identify an
individual transmitter:
If the user wishes to identify an individual transducer and they are not sure whether it is
operating in the Modbus or Configuration modes, they shall use the "Find transducer (only
one)" option.

nfigurator - 2.1.0.195

Settings  Help

y < J %
L '“\-\.,-iL
Q j | _‘ Modbus mode

Find transducer {only ane)

: Q ‘ Scan Modbus network,
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Transmitter search parameters related to potential transmission settings must be configured
in the opened window. When in doubt, as to the range of settings, the best solution is to tick
all the options. Clicking the "Scan" button prompts the programme to start searching for a
transmitter, in a sequence, starting from the Configuration mode, and then it will go through
an indicated range of transmission speeds and parity in the Modbus mode.

Searching for a transmitter in the Modbus mode is carried out with a broadcast = O.
Therefore, only one transmitter may be connected, when scanning through a communication
bus. Where there are a larger number of transmitters operating in the Modbus mode
connected to the bus and set to the same transmission parameters - sending a broadcast
address will make transmitters respond to a request message at the same time, causing data
corruption and an unreadable answer.

1 deYICE 1] QIS L) 12 I

Recently found devices:
Addresz: 1 - Device 1D: 00001 - 19200/E4

Scan bauds: Parity:

[]4800 | |[] Mone
3600 Clod || |
19200 — | |[] Even

[] 28800 & | Scan |

Click on the detected transmitter. A list of registers will appear with parameters read out from
Modbus registers.
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@™ Modbus Configurator - 2.1.0.195

DTR.PCE.PRE.SGE.MODBUS

File  Device

Settings Help

_*B |Q' Tg%|ﬁ| Modbus maode

EPLISENS |

Modbus Mode | Corfiguration Mode

Feagister  Addresz | Walue name Value |dnit Type Description
1 0=0000 Uzer zpecific 0.0030 A Float Percent of range
Pressure of sensar 1 loooa0  [kPa [Float |
] 00004 Frezsure of senzor 2 0,0000 kPa Float
v 0=0006 Temperature of sensar 1 23,5805 T Float Senzor kemperature
| 00008 Proceszor temperature 21,1880 T Float Electronic temperature
11 [0008, Temperature of sensor 2 0,0000 T Float
13 0=000C
15 0=000E
17 00070 Uszer specific ] 1A00%  Signed 16-bit int Fercent of range
13 0=0011 Prezsure of sengor 1 0 100 k.. Signed 16-bit int Prezsure meazured
19 000712 Preszure of zenzor 2 0 100 k...  Signed 16-bit int
20 00013 Temperature of sensor 1 2358 1A00°C  Signed 16-bit int Senzor temperature
21 00074 Frocessor temperature 2113 1A00°C  Signed 1E-bit int Electionic temperature
22 00015 Temperature of sensor 2 0 1A00°C  Signed 16-bit int
23 0<0016 Urit kPa Sigred 16-bit int
24 0=0017
25 00018 Upper senzar limit 100,00 kPa Float
27 00014 Lower sensor limit 0,00 kPa Float
29 0«001C Damping value 0.0 3 Float
il 0x001E Fesponze delay value 4 ms 16-bit int
a2 0<001F Modbuz address 1 16-bit int
33 00020 Identity reqizter 00-BC-7D-00-00-01 48-bit hex
36 00023 Statuz reqister o000 16-bit int
Continuous read [ Pop-up wiew Switch ta Configuration Mode

Device | 00000001 |OK

Modbus mode | COMS

19200 | Even

1 @

Then, switch the transmitter from the Modbus mode to the Configuration mode.

Switch to Configuration Mode
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5.2. Transmitter identification data

Device identification

M arufacturer [0 188
Device (D Q00000
Softvare revision 15
Hardware resvision 48
Freambles 5
Final azzembly 1
nurmber

Folling address 1]

Device type code

niverzal command revision

Tranzmitter-zpecific command rew.

Device function flags
Private label distributor code
Senzor zenal number

hodbuz address

125

250
Eal

Identification data frames (example). Read-only values are shaded.

Read-only information fields:

DTR.PCE.PRE.SGE.MODBUS

— Manufacturer ID - manufacturer’s code according to HCF (HART) specifications.
— Device ID - transmitter’s serial number.

— Software revision - CPU software version.

— Hardware revision - transmitter’s PCB version.
— Preambles - number of preambles used for communication in configuration mode.
— Pooling address - address used for communication in configuration mode.

— Device type code - code indicating the transmitter type.

— Universal command revision number in configuration mode.
— Transmitter-specific command revision - number in configuration mode.

— Device function flags - related to record handling type.

— Private label distributor code.

Editable information fields:

— Final assembly number of the device, recorded in binary format using 3 bytes, an integer
in the range of 0...16777215 used for identification (modifiable by user).
— Sensor serial number, recorded in binary format using 3 bytes, an integer in the range of

0...16777215 used for identification (modifiable by user).

— Modbus address, an integer in the range of 1...247 (modifiable by user).

The field Modbus address used for defining the transmitter’s network address is highly

significant.
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5.3. Reading the transmitter’s limit values and process variables

Process values

Lower sensor limit 0| kPa
Upper genzor limit 00| kPa
Mirirnurn span 10| kPa
Lower range value 0| kFa
IUpper range value 100| kPa
Urit kPa w

Py 0,000| kPa

4100] ot

Frame containing process variables and limit values (example)

Lower sensor limit. A read-only value. If exceeded, accuracy of measurements using the
transmitter cannot be guaranteed. However, the transmitter will continue to process
measuring signals up to 50% of the basic range below this point.

Upper sensor limit. A read-only value. If exceeded, accuracy of measurements using the
transmitter cannot be guaranteed. However, the transmitter will continue to process
measuring signals up to 50% of the basic range above this point.

Minimum span. A read-only value that defines the minimum width of the set range,
modifiable by user by changing the start and/or the end points of the range. This parameter
is also important when calibrating pressure or level. If intervals between calibration points are
insufficient, the transmitter cannot be calibrated.

Lower range value. Value related to the current loop mode: 4-20 mA. Specific pressure or
level is assigned to the current of 4 mA.

Upper range value. Value related to the current loop mode: 4-20 mA. Specific pressure or
level is assigned to the current of 20 mA.

Standard unit is the physical unit used for standardizing measurements performed with the
transmitter (definable by user).

PV is the value of the pressure or level process variable, standardized basic unit as defined.
Additionally, the output current process variable (4-20 mA) is displayed.

To refresh the value, click on the button Read PV.

5.4. Reading alphanumeric identification data

Device information

Tag
Descriptor
Meszage

Date 2011-01-M

Alphanumeric identification data frame (example).

User can read or modify the transmitter’s alphanumeric identification data.

Tag is an 8-character alphanumeric field where you can enter e.g. an identification number of
the transmitter in the system. This field can contain digits and capital letters without national
characters.

Descriptor is a 16-character alphanumeric field where you can enter a short description of
e.g. an installation site. This field can contain digits and capital letters without national
characters.

Message is a 32-character alphanumeric field where you can enter a longer description. This
field can contain digits and capital letters without national characters.
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5.5. Damping and transfer function

Dramping value 0ol =

Tranzfer function | Linear W

User can read or modify the measurement damping value and transfer function type.

— Damping value is expressed in seconds and describes the duration of a non-determined
status after which the process variable will achieve 63.2% of the total value change. The
process variable value will be nearly fully changed with an accuracy of below 1% after ca
5 time constants.

— The transfer function determines the method of transforming a process variable related to
pressure measurement / pressure differences into a control value of a process output
(current or a percentage value of the set range).

The following functions are available from a drop-down list:
- linear,
- root;
- quadratic;
- user.
The control value of a process output transformed with a transfer function is available in
Modbus 1 and 17 registers.

5.6. Modbus mode

tadbuz mode

Baudrate |13200 b
P arity Ewven "
Stop Bitz

[] Defaul zettings

User can read or edit and save Modbus RTU baud rate and parity control mode or restore
default settings.

5.7. Restore default settings

User can restore default settings for the following parameters:
— Zero-point calibration.
— Pressure sensor calibration.
— Analogue output calibration (current loop (4-20 mA) mode, configuration mode).

You can restore default settings if you changed some settings accidentally and you are not able
to perform calibration to your own settings. Please remember that this operation will restore
calibration settings defined by the manufacturer. If you have already calibrated the transmitter to
your own settings, all your calibration settings will be lost as a result of this operation.

Return to factony zettings

Undo: (%) Zero trim
) Sensor trim Unda

(3 Analog output bim
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5.8. Write lock

Wirite protection

WWirite protected
Set wirite Change Customer
© No O Yes | protect | gecunty code

You can enable write protect to prevent modification of the transmitter’s parameters or the code
necessary to disable write lock. The write protect code consists of 8 hexadecimal characters, i.e.
0...9 plus A...F. Default setting: 00000000.

When write protect is enabled, the transmitter’s settings cannot be changed.

5.9. Set pressure zero, restart transmitter

User can perform additional operations on the transmitter:

— Set PV Zero enables resetting pressure in a non-pressurized transmitter. The resetting
option is used for eliminating any deviations of the zero point caused by installation
(position or stress). The operation cannot be performed if deviation of the zero point
exceeds the permissible limit or if the transmitter measures absolute pressure.

— Restart Device enables sending a command to hot restart the transmitter without the need
to disconnect the power supply.

[ Set PY Zero ]

[ Restart Device l
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5.10. Calibrations

User can perform 2-point pressure calibration and 2-point current calibration.

5.10.1. Pressure or level calibration

To open the pressure or level calibration tab, select Device...Calibration on the top bar of the
programme screen.

Calibration of the lower and upper pressure limits should be best performed for the transmitter’s
standard measuring range. For metrological reasons, if the used range is only an insignificant
section of the standard range, the transmitter should be calibrated based on the lower and upper
limits of the used range. The calibration procedure involves supplying reference pressure to the
transmitter for the lower calibration point. The reference pressure or level should be entered into
the set value field. As soon as the read value is stable, press Calibrate. If calibration is
successful, an appropriate message will appear. Repeat the above steps for the upper pressure
limit.

If the difference between the reference pressure and the actual pressure read by the transmitter
exceeds the permissible limit, calibration will not be performed and an appropriate message will
be displayed. A similar situation arises if the selected calibration point lies outside the
transmitter’s lower or upper limit.

Calibration E|

Calibrate lower point

Setpaint kFPa
Current value kPa

Lowser trim point | Hpper trim paint

Cloze
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5.10.2. Current calibration
If the transmitter is used in current loop mode (4-20 mA), it may be necessary to perform current
calibration. To do so, select Device...DAC calibration (4-20 mA analogue output calibration) on
the top bar of the screen.

Calibration

( DA calibration

Enker fixed current mode

Before analogue output calibrations check that the RS485 converter is galvanically isolated.
Using terminal or polarization resistors during analogue output calibration is not recommended.
If the RS485 converter is a fail-safe converter, resistors are not required. The power supply to
the transmitter should also be galvanically isolated.

The above procedures should be used to prevent uncontrolled current flow from the transmitter’s
controller branch which might cause a measurement error.

A reference milliammeter should be connected in parallel to the power supply to the transmitter.
Next, select an appropriate current calibration option in the calibration frame. Current calibration
should be best performed for 2 points of the current range, 4 and 20 mA by default.

As soon as you enter the value from the milliammeter in the field Measured current for the lower
calibration point (4 mA), press Trim to start calibration. Repeat the above steps for the upper
calibration point (20 mA).

DAC Calibration X

Calibrate lower paint

Measured current (4.0 i,

Lower trim paint | Upper trim point

Cloze
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5.11. Current loop mode 4-20 mA

5.11.1. Setrange
If you intend to use the transmitter in current loop mode (4-20 mA), you must check and set, if
necessary, an appropriate measuring range.
The set range means that the lower pressure point is assigned to 4 mA (start of the set range)
and the upper pressure point is assigned to 20 mA (end of the set range).

5.11.2. Configuration
If you wish to continue in configuration mode after setting parameters to use the transmitter in
current loop mode (4-20 mA), you must save configuration settings. To do so, select Device...
write on the top bar of the screen or click on the save configuration icon

Help

gi“ % ‘ Configuration mode

fdad

\Write

5.11.3. Recommendations
In the current loop mode (4-20 mA) the communication terminals RS485_A and RS485 B may
only be used to configure the transmitter. During operation they should not be connected to any
device (isolated and left loose). In an environment with very high EMI levels exceeding the
exposure limits defined in EN 61000 and when using unshielded cables, it is not recommended
connecting the communication line RS485_A and RS485 B into the cable.

5.12. Modbus mode

After configuring the transmitter as necessary to restore Modbus mode, you must save new
settings. Click on the button Switch to Modbus mode to save new settings and switch the
transmitter into Modbus communication mode.

Switch to
Modbuz mode
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6. PCB and software versions

05-10-2017 - Implementation of version 16 of the transmitter firmware.

- Eliminating of damping time maximum limit.
- Introduction of new version of Modbus Configuration software numbered 2.2.0.204, from
which there is the possibility of enter the maximum damping time without limit.

01-09-2015 - Complement the information regarding power supply for 4-20 mA operation
mode in p.2.3.

24-06-2015 - Correction of pressure units for the codes 1, 2, 10, 12 in table p. 2.4.1.

01-03-2015 - Implementation of version 15 of the transmitter firmware.

— The management of the data connection layer in the transmitter software has been
improved. Under certain conditions, a transmitter may have failed to send a response to a
correctly sent request message. The implemented patch has removed this fault.

— The option of reading a percentage value of the controlled set range from the transmitters in
the Modbus mode has been added. A variable of the IEEE754 float type with a header is sent

on 4 bytes:
. Number of bytes
Regist/Addres Intended use Notes Format (2 bytes per
er |s (hex) i
register)

A variable of the 16-bit integer type with a header is sent on 2 bytes:

The set range is defined in the Configuration mode:

Lower range walue 0| kPa

pper range walue 100| kPa

The set range may be equal to or lower than the basic range. It is defined mostly to configure a
transmitter to operate in the 4-20 mA current loop mode.

In this mode, the start of the set range corresponds to the current of 4mA and the control
percentage of 0%, whereas the end of the set range corresponds to the current of 20mA and the
control percentage of 100%. Both the value of current in a current loop in the 4-20mA mode and the
percentage of the set range control may be converted with the transfer function defined in the
Configuration mode.

In the Modbus operating mode, the percentage of the set range control (0-100) may be used by the
user to convert this value into any other value, by performing a mathematical operation in a resolver.
At the same time, when a root function is set in the transmitter, it may be used to read out flows
through orifices or reducers.

— The information entered by a transmitter to register 31 in version 15 of the firmware
describes the actual time between the end of a bit stop of the last byte of the CRC checksum
in a request message and a bit start of the byte of the transmitter answer message (response
time). This time depends on the set speed of transmitter transmission within the range from
3ms to 20ms.

— Small corrections increasing the comfort of use have been introduced to the Modbus
Configurator software dedicated to transmitters, at the same time incrementing it to version
2.1.0.195.

— Small corrections related to the afore-mentioned modifications have been introduced to the
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DTR.PC.PR.SG.MODBUS Operation Manual, Edition "C".

01-07-2014 - Implementation of PCB version 48

Miniaturized printed circuit board with reduced dimensions.

Frequency of the CPU clock frequency changed from 14.74 to 3.68 MHz, reduced power
consumption.

Additional D/A transmitter and current source circuits to enable control in current loop
mode (4-20 mA).

Change in the way signals are connected to the M12 electrical connection.

Greater resistance to EMI interferences.

01-07-2014 - Implementation of version 14 of the transmitter firmware.
The new version 14 of the firmware was designed in parallel with the introduction of version 48

of the

electronic system, and it introduced the following changes:

Eliminated option of a 10-bit word in serial transmission. Starting from the software version
14, in accordance with the Modbus RTU standard (‘MODBUS over Serial Line
Specification and Implementation Guide v1.02’) one character always consists of 11 bits. If
there is no parity bit, 2 stop bits are used to achieve 11 bits in the character frame. The
following formats are used: 8E1 (default), 801, 8N2.

Eliminated option of modifying the transmitter’s response delay. In the version 14 this time
interval is set to 0 and depends on such factors as the number of data read using function
03, defined transfer rate and coincidence of the request with the transmitter’s automated
programme. This time interval should not be greater than 5 ms.

Eliminated Modbus transfer rate of 600 b/s.

Reduced consumption and optimized input energy management.

Optimized time-critical procedures.

Implemented functions related to operation of the transmitters in current loop mode.
Implemented functions related to configuration of the transmitters in current loop mode.

7. History of revisions

Revision
No.

Document revision Description of changes

Figure in point 5 and Fig.1.5 in Appendix EX 04 were change.

01.D.011/2020.05 Editorial changes.
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