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Explanation of the symbols used in the manual:

operation of the device. Not complying with the guidelines denoted by this symbol

@ - This symbol denotes especially important guidelines concerning the installation and
may cause an accident, damage or equipment destruction.

IF THE DEVICE IS NOT USED ACCORDING TO THE MANUAL, THE USER IS HELD
RESPONSIBLE FOR POSSIBLE DAMAGE.

- This symbol denotes especially important characteristics of the unit.
Read any information regarding this symbol carefully

1. BASIC REQUIREMENTS AND USER SAFETY

A - The manufacturer is not responsible for any damage caused by
inappropriate installation, not maintaining the proper environmental
conditions and using the unit contrary to its assignment.

- Installation must be performed by qualified personnel . During installation all
available safety requirements must be considered. The fitter is responsible for
executing the installation in accordance with this manual, local safety and EMC
regulations.

- If the device is equipped with the PE connector, it should be connected to
the PE wire. Otherwise PE wire should be connected to GND connector.

- The unit must be properly set-up, according to the application. Incorrect
configuration may cause defective operation, which can lead to unit damage or
an accident.

- If in case of a unit malfunction there is a risk of a serious threat to the
safety of people or property, additional, independent systems and
solutions to prevent such a threat must be used.

- The unit uses dangerous voltage that can cause a lethal accident. The unit
must be switched off and disconnected from the power supply prior to
starting installation or troubleshooting (in case of malfunction).

- Neighbouring and connected equipment must meet appropriate standards and
regulations concerning safety, and be equipped with adequate overvoltage and
interference filters.

- Do not attempt to disassemble, repair or modify the unit yourself. The unit
has no user serviceable parts. Defective units must be disconnected and
submitted for repairs at an authorized service centre.
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A - In order to minimize a fire or electric shock hazard, the unit must be protected
against atmospheric precipitation and excessive humidity.

- Do not use the unit in areas threatened with excessive shocks, vibrations, dust,
humidity, corrosive gasses and oils.

- Do not use the unit in areas where there is a risk of explosions.

- Do not use the unit in areas with significant temperature variations, exposure to
condensation or ice.

- Do not use the unit in areas exposed to direct sunlight.

- Make sure that the ambient temperature (e.g. inside the control box) does not
exceed the recommended values. In such cases forced cooling of the unit must
be considered (e.g. by using a ventilator).

@ The unit is designed for operation in an industrial environment and must
not be used in a household environment or similar.

2. GENERAL CHARACTERISTICS

The ProSens is a universal meter and controller with a legible display, and is closed in a
tight housing. It can be found in many industrial applications as a stand-alone device but also,
thanks to a built-in RS-485 port and Modbus protocol, it can be a part of a bigger net and
cooperate with other devices.

The device can be equipped with (depending on version) up to two universal
measurement inputs, one digital sensor input and also up to two control outputs. Each of
the universal measurement inputs can be set in the current mode (with ranges: 0-20 mA, 4-20
mA), voltage mode (with ranges: 0-10 V, 2-10 V, 0-5 V, 1-5 V, 0-75 mV and 0-150 mV), RTD
mode (witch supports: Pt 100/500/1000 sensors) or thermocouple mode (which supports: K, S,
J, T, N, R, B, E thermocouples). The digital sensor can measure temperature or temperature
and humidity. The relay outputs, the active current outputs, the passive current outputs, the
active voltage outputs and many combinations of those outputs can work as control outputs.
The full description of the possibilities is shown further in the manual.

Temperature of cold ends is compensated automatically. RTD and TC inputs are fully
linearised.

The RS-485 communication interface is available as a standard one. The device can be
ordered in one power supply version only.
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3. TECHNICAL DATA

Power supply voltage

Internal fuse
External fuse (recommended)
Power consumption

Current input (20 mA)

Current measurement accuracy
Current input resistance

Accepted prolonged input overload

Voltage input (10V range)
Voltage measurement accuracy
Voltage input resistance

Accepted prolonged input overload

Voltage input (150mV range)
Voltage measurement accuracy
Voltage input resistance

Accepted prolonged input overload

RTD input (resistive)
Measurement range
Measurement accuracy

Measurement wires resistance

11...24...36 V DC

(for version with voltage output min. 16 V DC)
Polymer, 200 mA auto-reset

T - type, max. 1 A

max. 2.5 W

0+20 mA, 4+20 mA overload protected,
input current is limited to 50 mA (typically)

+0.1% @ 25°C; * one digit (for 0 + 20 mA range)
<65 Q (typical 30 Q)
+20%

0+5V,1+5V,0+10V,2+10V

+0.1% @ 25°C; * one digit (for 0 + 10 V range)
> 100 kQ (while maintaining correct polarization)
+20%

0+60mV,0+75mV,0+ 100 mV, 0 + 150 mV
+0.1% @ 25°C; + one digit (for 0 + 150 mV range)
> 1.5 MQ

+20%

Pt 100, Pt 500,Pt 1000
-100°C + +600°C
+0.1% @ 25°C; £ one digit

max. 20 Q (each wire)

Thermocouple input

Thermocouple input range

Measurement accuracy

K,S,J,T,N,R, B, E

K: -200°C = +1370°C
S: -50°C + +1768°C
-210°C + +1200°C
-200°C = + 400°C

: -200°C + +1300°C
: -50°C + +1768°C
+250°C + +1820°C
-200°C = +1000°C

,J, E: £ 0.1% @ 25°C; * one digit
:+0.2% @ 25°C; £ one digit
, T, R,B: £ 0.5% @ 25°C; + one digit

NWZX MUBAZAS
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Accuracy of cold ends temperature +1°C
compensation

Digital input sensor Temperature sensor (T D) or
Temperature and humidity sensor (RH D)

Sensor parameters in
measurement probe for model:
QM-100: none

QM-211: Temperature:
measurement range: -30°C + 80°C
error: £ 0,5°C @ -10°C + 80°C
Temperature and humidity:
measurement range: -30°C + 80°C
error: £ 0,2°C @ 10°C +60°C
(x0,4°C@ -30°C,+0,7°C @ 120°C)
measurement range: 0 + 100% RH*
error: £ 1,8% RH (20 + 80% @ 25°C)

QM-212: Temperature:
measurement range: -30°C + 105°C
error: £ 0,5°C @ -10°C + 85°C
Temperature and humidity:
measurement range: -30°C + 105°C
error: £ 0,2°C @ 10°C +60°C
(x04°C@ -30°C,+0,7°C @ 120°C)

measurement range: 0 + 100% RH*

error: £ 1,8% RH (20 + 80% @ 25°C)

QM-213: Temperature:
measurement range: -50°C + 120°C
error: + 0,5°C @ -10°C + 85°C
Temperature and humidity:
measurement range: -40°C + 120°C
error: £ 0,2°C @ 10°C +60°C
(x0,4°C @ -30°C, +0,7°C @ 120°C)

measurement range: 0 + 100% RH*

error: + 1,8% RH (20 + 80% @ 25°C)

QM-421/422, QM-612-XX-1, Temperature:
QM-612-XX-2, QM-621/622: measurement range: -50°C + 120°C
error: £ 0,5°C @ -10°C + 80°C
Temperature and humidity:
measurement range: -40°C + 120°C
error: £ 0,2°C @ 10°C +60°C
(x04°C@ -30°C,+0,7°C @ 120°C)
measurement range: 0 + 100% RH*
error: £ 1,8% RH (20 + 80% @ 25°C)

* Normal operating range: 0 + 80% RH, beyond this limit sensor may read a reversible offset
with slow kinetics (+3% RH after 60h at humidity >80% RH)
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Measurement rate about 4 seconds

Measurement cable maximal length 3 meters

Relay output 0, 1 or 2 NO, 24VAC/ 35V DC, max 200 mA,
overload protected

Active current output Nominal range 0 + 20 mA (max. 0 + 24 mA)
Load resistance max. 700 Q

Passive isolated current output  Nominal range 4 + 20 mA (max. 2.8 + 24 mA)

Supply voltage Us =9.5 + 36V

Load resistance max. (Uz -9, 5V)/2.8 mA [kQ]

Active voltage output Nominal range 0 + 10V (max. 0 + 11V)

Load resistance min. 2000 O

Temperature stability 50 ppm/°C

Display range -99999 + 9999, plus decimal point

Communication interface RS-485, 8N1, Modbus RTU, not separated

Baud rate 1200 bit/s + 115200 bit/s

Display Graphic LCD, 128 x 64 pixels, highlighted

Data memory non-volatile memory, EEPROM type

Housing type panel

Housing material ASA +PC

Housing dimensions 120 x 90 x 50 mm

Front panel protection IP 65 (version with display)
IP 67 (version without display)

Operating temperature -30°C to +80°C — housing and electronics
or -30°C to +80°C — LCD and IR

Storage temperature -30°C to +80°C — housing and electronics
-40°C to +80°C — without LCD display

Humidity 5 to 90% with no condensation

Screws tightening max. torque 0.5 Nm

Max. connection leads cross section 1.5 mm?
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In accordance with: PN-EN 61326-1

This equipment is not intended for use in residential environments and may
not provide adequate protection to radio reception in such environments.

The device with humidity sensor shall not be in close contact with volatile
chemicals such as solvents or other organic compounds. Especially high
concentration and long exposure must be avoided.

Ketenes, Acetone, Ethanol, Isopropyl Alcohol, Toluene, etc. are known to cause
drift of the humidity reading — irreversibly in most of the cases.

Acids and bases may affect the sensor irreversibly and shall be avoided: HCI,
H2S04, HNO3, NH3 etc. Also ozone in high concentration or H202 have the same
effect and therefore shall be avoided. Please note, that above examples represent
incomplete list of harmful substances.

User shall be particularly careful when using strong cleaning agents (e.g.
detergents, alcohols, brominated or fluorinated solvents). Cleaning any part of a
device might lead to high concentration of cleaning agents on the sensor.

Exposure to volatile organic compounds at high concentration and long exposure
time is critical for the humidity sensor.

Manufacturer qualifies its humidity sensor to work properly within ambient clean
air — qualification for use in harsh environment is duty of the user of the sensor.
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The humidity sensor works stable within normal conditions marked in Figure 3.1 with a solid
line. In the maximum conditions marked with a broken line may offset the RH signal (+3% RH
after 60h). The sensor that works in the high humidity conditions for a long time will falsify the
measurement result upwards. This offset should disappear after moving the sensor to dry air.

100
¥ 80
Z 60
kel
€ 40
>
T 2
0 == :
20 40
Temperature [°C]
Figure 3.1. Operating conditions for the humidity sensor
100 | £3 +2.5 +3
90 +2 2.5 xS
80 +2.5 8
- 70 B 12 E2.5
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>
5 50 | 2 +1.8
§ 40
T
30
20
10 |25 +2
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0O 10 20 30 40 50 60 70 80

Temperature [°C]

Figure 3.2. Maximal tolerance of humidity measurements given in % RH for the humidity
sensor
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Figure 3.3. Typical and maximal tolerance at 25°C for humidity
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Figure 3.4. Maximal tolerance for temperature for humidity sensor



User manual - METER ProSens

4. DEVICE INSTALLATION

The unit has been designed and manufactured in a way assuring a high level of user
safety and resistance to interference occurring in a typical industrial environment. In order to
take full advantage of these characteristics, installation of the unit must be conducted correctly
and in accordance with the local regulations.

A - Read the basic safety requirements on page 3 prior to starting the installation.

- Ensure that the power supply network voltage corresponds to the nominal
voltage stated on the unit’s identification label.

- The load must correspond to the requirements listed in the technical data.
- All installation works must be conducted with a disconnected power supply.

- Protecting the power supply connections against unauthorized persons must be
taken into consideration.

4.1. UNPACKING

After removing the unit from the protective packaging, check for transportation damage.
Any transportation damage must be immediately reported to the carrier. Also, write down the
unit serial number located on the housing and report the damage to the manufacturer.

Attached with the unit please find:

- user's manual,
- warranty

4.2. ASSEMBLY

A - Disconnect the power supply prior to starting assembly.
- Check the connections are wired correctly prior to switching the unit on.

In order to install the unit, mounting holes as shown in Figure 4.1 must be
prepared. The back side of the device, which contains mounting holes, must be
mounted in earlier prepared mounting holes using screws or bolts.

11



12

User manual - METER ProSens
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Figure 4.1. Recommended mounting hole dimensions
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Figure 4.2. External dimensions of sensors series 200
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Figure 4.3. External dimensions of sensors series 400



User manual - METER ProSens

- 120 mm

' HE

112 mm

90 mm

\ )
v llT

=,

1
* % QM-612

A

- 90 mm
012
+ QM-621
[ BN J
o O
A 200 mm

e
012
+ QM-622
300 mm
|

Figure 4.4. External dimensions of sensors series 600
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4.3. CONNECTION METHOD

Caution

A

16

- Installation must be performed by qualified personnel . During installation all
available safety requirements should be considered. The fitter is responsible for
executing the installation in accordance with this manual, local safety and EMC
regulations.

- The unit is not equipped with an internal fuse or power supply circuit breaker.
Because of this, an external time-delay cut-out fuse with a small nominal current
value must be used (recommended bipolar, max. 2A) and a power supply circuit-
breaker located near the unit. In case of using a monopolar fuse it must be
mounted on the phase cable (L).

- The power supply network cable diameter must be selected in such a way that in
case of a short circuit of the cable from the side of the unit, the cable shall be
protected against destruction with an electrical installation fuse.

- Wiring must meet appropriate standards and local legal regulations and laws.

- In order to secure against accidental short circuit, the connection cables must be
terminated with appropriate insulated cable tips.

- Tighten the clamping screws. The recommended tightening torque is 0.5 Nm.
Loose screws can cause fire or defective operation. Over-tightening can lead to
damaging the connections inside the unit and breaking the thread.

- In case of the unit fitted with separable clamps they should be inserted into
appropriate connectors in the unit, even if they are not used for any connections.

- Unused terminals (marked as n.c.) must not be used for connecting any
connecting cables (e.g. as bridges), because this can cause damage to the
equipment or electric shock.

- If the unit is equipped with a housing, covers and sealing to protect against water
intrusion, pay special attention to their correct tightening or clamping. In case of
any doubt consider using additional preventive measures (covers, roofing, seals,
etc.). Carelessly executed assembly can increase the risk of electric shock.

- After the installation is completed do not touch the unit’'s connections when it is
switched on, because it brings the risk of electric shock.
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Due to possible significant interference in industrial installations, appropriate measures
assuring correct operation of the unit must be applied. To avoid the unit of improper
indications, keep the recommendations listed below.

— Avoid running signal cables and transmission cables together with power supply cables
and cables controlling inductive loads (e.g. contactors). Such cables should cross each
other at a right angle.

— Contactor coils and inductive loads should be equipped with interference protection
systems, e.g. RC-type.

— Use of screened signal cables is recommended. Signal cable screens should be
connected to the earthing only at one of the ends of the screened cable.

— In case of magnetically induced interference, the use of twisted pair of signal cables is
recommended. A twisted pair (best if shielded) must be used with RS-485 serial
transmission connections.

— In case of measurement or control signals are longer than 30 m or go outside of the
building, then additional safety circuits are required.

— In case of interference from the power supply side, the use of appropriate interference
filters is recommended. Bear in mind that the connection between the filter and the unit
should be as short as possible and the metal housing of the filter must be connected to
the earth with the largest possible surface. The cables connected to the filter output must
not be run together with cables with interference (e.g. circuits controlling relays or
contactors).

Connections of power supply voltage and measurement signals are performed using the
screw connections at the back of the unit’s housing.

A J

@)

A

6-7mm | _

max. 1.5 mm

Figure 4.5. Method of cable insulation replacing and cable terminals dimensions

A All connections must be made while power supply is disconnected !

17
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T
ACTIVE == » Passive, isolated
ER1 voltage i Current output
N output T 4+20 mA
(optional) "¢ (optional) ¥ - (op(io:‘al) '
Il . - +
T
ACTIVE == Passive, isolated
ER2 , voltage . Current output Power supply - -
N output T 420 mA .
(optional) ‘¢ (optional) ¥ - ‘op"o':a“ 11V+36VDC | 4+ 4
1
T
GND =
}
B -
1
T
TEMP i
+
H TEMP RS-485
1
= | Vcc n.c
1
T
= |DATA DATA
|
T
= | SCK n.c

UN1 UN2

Figure 4.6. All available terminals description

A temperature sensor can be connected to the device in a typical 3-wire circuit (Figure
4.7) or 2-wire circuit (Figure 4.8). Due to the precision of measurement a 3-wire circuit is
recommended.

If a 2-wire circuit is used, the resistance of wires should be as small as possible in
order to avoid measurement errors. A measured value can be corrected (constant
correction) using the “Offset” parameter from the “Inputs” menu. Due to low
precision, a 2-wire connection is not recommended.

When a 2-wire connection is used, the resistance of particular wires (Ra and Rc) CAN
BE DIFFERENT. When a 3-wire connection is used, the resistance of particular wires
(Ra+ Rc) MUST BE IDENTICAL to enable proper compensation of its resistance. The
resistance of particular wires should not be greater than 20 Q.

18
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UN2

Figure 4.7. Connection of RTD sensors 3-wire circuit

2 )
o

UN2

Figure 4.8. Connection of RTD sensors 2-wire circuit

Ra=Rb=Rc

RTD

Ra, Rc can be different

19



20

User manual - METER ProSens

The connection circuit should not be changed while the unit is powered. While using
TC, RTD or voltage inputs (0-150 mV) the device is able to detect wire breaks. If
a wire break is detected “-- Err --” (sensor error) message is displayed.

FUSE

T

Figure 4.9. Connection of relays
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Logical controller

+

current input
0-20 mA

ACTIVE o
current
output

(optional) ¥

Figure 4.10. Example of active current outputs connection
(for device with active current output only)
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Logical controller

+ +
current input

24V DC 4-20 mA

Passive, isolated 4
Current output
4420 mA
(optional) -

Figure 4.11. Example of passive current outputs connection
(for device with passive current output only)
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Logical controller

+
voltage input
0-10V

ACTIVE
voltage
output

(optional) ¥

Figure 4.12. Example of active voltage outputs connection
(for device with active voltage output only)

23
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5. FRONT PANEL DESCRIPTION

thresholds exceeding LED alarm LED indicator (ST)
indicators (OUT)

infra-red
receiver

display
OUT1 OUT2
ProSens
)N
MENU
programming
pushbuttons

Symbols and functions of push-buttons:

24

MENU

ENTER|

Symbol used in the manual: [ESC/MENU]

Functions:

» Enter the main menu ( press and hold for at least 2 sec.)

» Exit the current level and Enter the previous menu (or measure mode)
» Cancel the changes made in a parameter being edited

* permanent Hold reset

Symbol used in the manual: [ENTER]

Functions:

« Start to edit the parameter
» Enter the sub-menu, Enter Quick Access from the measurement screen
» Confirmation of changes made in a parameter being edited

Symbol used in the manual: [*] [v]

Functions:

» Change of the present menu,
» Modification of the parameter value,
» Change of the display mode.



User manual - METER ProSens

6. PRINCIPLE OF OPERATION

After turning the power supply on, for about 3 seconds Device: ProSens, Serial no.,
Soft. ver., Device type, informations is presented in the display for about 3 seconds, next the
controller moves to the measurement mode.

6.1. LOGIC STRUCTURE

The ProSens is designed to measure, display and control a few physical quantities in
afast and easy way. It was achieved by using an elastic block structure which allows to
connect particular device processes according to the user's requirements thanks to logical
channels, which are bridges between input and output circuits. There are four logical channels
available but the device has a possibility to display one, two or four channels on the screen,
yet the channels which are not displayed are still operating. The source for each channel can
be one of the measure inputs (universal input or digital sensor input), but also a modbus input
and mathematical functions.

The advantage of this solution is an intuitive operation and easy way of configuring
the device.

The logical structure is shown in Figure 6.1.

Inputs Functions Logical channels Outputs

UN1 i

Universal

input !

UN2 CH1

CH2

TEMP D ;

Digital

input |

RHD ;

CH3 !

MB1 CH4

Modbus |

input

MB2

Figure 6.1. General logical structure of block connect/ons

25
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6.2. INPUT TYPES

It is possible to install three types of inputs on the device: Digital, Modbus and Universal.
Each of them can be used as a data source for further processing and displaying
(Figure 4.6). There is a short description of those inputs below.

6.2.1. Digital Input

Digital Input can be installed in two versions: for temperature measurement (TEMP) or for
temperature and humidity measurement (TEMP + RH).

Digital Input for temperature measurement is built of two connectors designed for
a two-wired sensor. Digital Input for temperature and humidity measurement is built of four
connectors designed for a four-wired sensor. The measurement is automatic and there is no
need for activating or refreshing it.

Parameters of those inputs are shown in chapter 7.3.2. “Inputs” menu.

6.2.2. Modbus Input

Each ProSens has an RS-485 port installed, which allows to connect to the Modbus
network. Thanks to that and thanks to built-in registers the device can download data from any
source connected to the Modbus network.

The description of Modbus input parameters is presented in chapter 7.3.6. "RS485
settings” menu, and the register list of the device in chapter 8.1. List of registers.

6.2.3. Universal Input

One or two Universal Inputs (UN) can be installed in the Device on the client's demand.
Each of them can measure several quantities in a few ranges: milliamperes (mA), volts (V),
millivolts (mV), resistance (RTD) and temperature (TC). This allows to use ProSens in many
applications.

26
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6.3. MEASUREMENT MODE

In the measure mode, the measurement results, converted over a selected characteristic,
are displayed on the LED display. The device calculates measurement into values according
to auser's characteristic. The measurement range equal to the nominal range is called:
nominal measurement range. The measurement range equal to the extended nominal range
is called: permissible measurement range. Extended ranges are available only for input in
the current or voltage mode (Figure 6.2, 6.3).

“Lo ext. [%]” “Hi ext. [%]”
parameter parameter
\ nominal measurement range /
s >Ey

L 2 L 4
4 mA 20 mA

Permissible measurement range

A
Y

Figure 6.2. Definitions of measurement ranges in mode 4 + 20 mA

“Hi ext. [%]”
parameter

nominal measurement range /
>

»¢
» <

A

° °
. 0mVv 150 mV

Permissible measurement range

g
Ldl

R

Figure 6.3. Definitions of measurement ranges in mode 0 + 150 mV

If the result of a measurement exceeds the permissible measurement range, warning
"--Hi--" or "--Lo--" is displayed rather than an input signal, depending on the exceeded value
(see description of “Lo ext. [%]” and “Hi ext. [%)]” parameters, paragraph “Inputs” menu). The
warning can be the effect of a measurement circuit malfunction. In that case ”--Lo--" means
shortcut and "--Hi--" means break of a measurement circuit. If a sensor failure is detected (e.g.
broken wires), then "--SErr--" warning will be displayed.

If the measurement value does not exceed the permissible measurement range
but a displayed value exceeds the range -999 + 9999, the warning "--Ov--" is
displayed rather than the calculated result.

In the measurement mode a user can check main thresholds values only for relay
outputs. After pressing the [ENTER] button, the threshold and its thresholds and hysteresis will
be displayed on the display. If the selected relay is unlocked in the “Quick Access” menu (see
chapter 7.3.11. “Quick Access” menu), then the user can change the value of a threshold
and hysteresis.
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All accessible parameters can be changed by entering the menu (see chapter 7. DEVICE
PROGRAMMING). Use the local keyboard or the remote controller to do it. (Note: all
parameters can be changed remotely via the RS-485 interface).

@ Configuration of the device (via menu or RS-485 interface) does not stop
measures.

6.3.1. Detection of peak values

The ProSens controller is equipped with the peaks detection function. It can detect
peaks of an input signal and display their values. Presets connected with this function are
placed in the “Hold” menu (see description in chapter 7.3.2. “Inputs” menu) and it only
occurs for universal inputs. The detection of a peak can be done if a measured signal raises
and drops by the value which is at least equal to parameter “Value”. Detected peaks are
displayed during the time defined by parameter “Hold time”. If a new peak is detected while
one is displayed, this new peak will be displayed and the display time counter will be cleared
(Figure 6.4).

If no peaks are detected while time “Hold time” elapses, the device starts to show the
current value of an input signal again. If “Disp. value” is set on "hold”, then setting parameter
“Hold time" is set as 0.0 causes holding a peak value until the [ESC] button is pressed.
If “Disp. value” is set on “real”, then value "Hold time" is set as 0.0 means no holding.
Displaying a peak value is signalled by displaying HOLD text in the bottom left corner below
a displayed value.

All of the outputs can be controlled depending on the current value of an input signal or
a peak value (see chapter 7.3.2. “Inputs” menu).

A
measure
“Hold time”

“Hold time”

“Value”

v

real measurement result
display value

Figure 6.4. Process of peaks detection
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6.4. DISPLAYED VALUES CALCULATION

@ This chapter applies only to universal inputs

For simplicity of examples it's assumed that a universal input is in the current mode. All
calculations are related to this input. When a voltage input is selected, calculations are similar
(be sure of particular ranges and units).

The first step to compute the result of measure is the calculation of the normalized result
(it means result of 0-1 range). To do it, the beginning of the input range (0 mA for 0-20 mA
range, and 4 mA for 4-20 mA range) must be subtracted from the measured value. Next,
the received result must be divided by the width of the input range ( it means 20 mA for 0-20
mA range, and 16 mA for 4-20 mA range). So a normalized result can be expressed by
expressions:

I, —4
1,12—"1? for 4 +20mA range
Iin
1= for 0+20mA range
20
where linp. Means input current (in mA),

In- normalized result.

If a measured value exceeds the nominal input range (0-20 mA or 4-20 mA) and

@ does not exceed the permissible input range (defined by “Lo ext. [%]” and “Hi ext.
[%]” parameters) then the received normalized I, result will exceed 0-1 range, e.g.
input range 4-20 mA, input current = 3 mA — the normalized result equals -0.0625,
and for input current = 22 mA, the normalized result equals 1.125. In such cases
the presented expressions are still correct.

6.4.1. Ways for measurement calculations

The way to calculate a measured value depends on the type of an input characteristic. All
further calculations are shown for the 4-20 mA current range.

6.4.1.1. Linear characteristics

The normalized result is converted by fixed coefficients determined by “Lo value” and
“Hi value” parameters (when the normalized results equal 0, then value “Lo value” is
displayed, and when the normalized results equal 1, then value “Hi value” is displayed).
Theexpression presented below shows the manner of a result calculation:

W=1I,X ("Hivalue"—"Lo value") + "Lo value",
where W means the displayed value.
@ The value of the “Lo value” parameter can be higher than the value of

the “Hi value” parameter. In such a case, for an increasing value of input current
the displayed value decreases.
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Hi value

Lo value

Input current [mA]

Displayed
value

Lo value

Hi value

Input current [mA]

Figure. 6.5 Normal (“Lo value” < "Hi value’)
and inverted (“Lo value” > "Hi value”) characteristic

6.4.1.2. Square characteristics

The normalized result is squared and a further conversion is done as for a linear

characteristic. The conversion is made accordingly with the expression:

W=1I. x ("Hi value"—"Lo value") + "Lo value" ,

where W means the displayed value.

Displayed
value
\ \
\ |
Hivalue (~———————————— _
\ |
\ |
\ |
\ |
Lovalue [ } 777777,,,}77
| L I I ‘
0 4 8 12 16 20

Input current [mA]

Displayed
value

\ \
\ |

Lovalue |————— — — — — — — — +—
\ |
\ |
\ |
\ |

Hi value — — 7} 7777777777 | _
‘ | | | ‘

0 4 8 12 16 20

Input current [mA]

Figure. 6.6 Normal (“Lo value” < "Hi value’)
and inverted (“Lo value” > "Hi value”) characteristic

6.4.1.3. Square root characteristics

The normalized result is rooted and a further conversion

characteristic. The conversion is made accordingly with the expression:

W =1, x ("Hivalue"—"Lo value") + "Lo value" ,

where W means the displayed value.
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The expression presented above is not valid when a normalized result is negative.
It is possible for the 4-20 mA mode only. In this case (I.<0) the displayed result
equals “Lo value” (see the graphs below).

Displayed Displayed
value value

Hi value Hi value

Lo value Lo value

Input current [mA] Input current [mA]

Figure. 6.7 Normal (“Lo value” < "Hi value’)
and inverted (“Lo value” > "Hi value”) characteristic

6.4.1.4. User defined characteristics

The user defined characteristic is defined as a set of X-Y points. The number of points is
variable and may be set from 2 to 20 points which make linear segments (see graph and see
chapter 7.3.2. “Inputs” menu).

Due to the normalized result I,, the device computes a specific segment, e.g. for
the characteristic from the figure below, and |, = 0.65 the segment between points X = 50.0
and X =70.0 will be chosen.

Let's mark those points as PL (point low) and PH (point high) - in this example PL= 50.0
and PH =70.0 and the normalized result |, for the point PL as I, (in this example I, = I,(PL) =
0.5). The displayed result is calculated accordingly to the expression:

[Y(PH)—Y(PL)]
[X (PH)—-X (PL)]

w=(1,-1,)x X 100 + Y (PL)

where Y(PH), X(PH), Y(PL), X(PL) mean values of X and Y coordinates of PH i PL points.

If the normalized result exceeds the user defined characteristic values, then

@ the specific utmost segment, defined by two next points, is used for calculations.
If the characteristic from the figure below is used, and if 1.>1, then the segment
defined by points X(PL) = 90.0, X(PH) = 100.0 will be used.
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Normalized measurement In (for 0-20 mA range)
0 0,2 0,35 0,5 0,7 0,9 1
\ \
\ \
\ \
| |
|

I I I I
| 5-elements characteristic
| | |
I
‘ ‘ X (PH) =,,70.0.”

_——t e — — | — + — Y (PH)

\
\
\
\
\
\ Y (PL)
\

Displayed value

Input current [mA]

Figure. 6.8 Example of user defined characteristic

6.4.1.5. Volume characteristics of a cylindrical tank

The volume characteristics of a cylindrical tank is defined by the parameters of a tank
(see chapter 7.3.2. “Inputs” menu). A normalized input is proportional to level 'h' and linear
scaling by parameters: “Tank tSn”, “Tank tSh”.

For normalized input value equal 0, displays value “Tank tSn”,
for normalized input value equal 1, displays value “Tank tSh” + “Tank tSn” (Figure 6.9).

The linear scaling can be expressed as follows:
h=I,-“Tank tSh” + “Tank tSn”

where 'h" is level of liquids, gases or solids in a tank, see Figure 6.10, Figure 6.11,
'l" is @ normalized level of liquid etc.

Level '’

“Tank tSh”

+
“Tank tSn”

“Tank tSn”

Input current [mA]

Figure 6.9 Characteristic of level of liquids, gases or solids in tank depending on input
current in 4+20 mA range.

32



User manual - METER ProSens
The volume of a tank can be written by a general formula:
V=[P, dn

Possible combination of a tank shape for calculating the volume:

cylindrical

tank in

vertical

position '

cylindrical

tank in

horizontal

position

parameters t:;nko “Tank th3" =0 “Tank th2"=0 | “Tankth1"=0 - “Tank th1” =0 t::mz)
setting (for = ; . =
vertical and | “Tank Tankth3"=0 “Tank
horizontal | th3'=0 th2'=0
position of

tank)
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Tank tSh

Tank td

Tank th2

Tank tSn

Tank th1

Figure 6.10 Parameters of cylindrical tank in vertical position.

R e i
Tank th1 Tank th2 Tank th3
— -
Tank td
' I

Figure 6.11 Parameters of cylindrical tank in horizontal position.
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6.4.1.6. Examples of calculations

Example 1: Selection of the permissible input range (“4-20 mA” mode)

If in the “4-20 mA” mode the user sets “Lo ext. [%]’ = 20.0% and “Hi ext. [%]” = 10.0%,
then the permissible input currents range wil equal: 3.2 mA + 22 mA. The lower border of the
range is the result of calculations: 4 mA - 4 mA x 20%, and the higher one: 20 mA + 20 mA x
10%.

Example 2: The normalized I, result calculation

Let the input mode = 4-20 mA. The normalized |, result is calculated accordingly to the
expression on page 29, so if lin = 10 mA then 10 mA - 4 mA = 6 mA, and this result should be
divided by the width of the input range (16 mA). Finally, the normalized result: 1, = 6/16 =
0.375.

In case when the input current exceeds the nominal measurement range, calculations
are similar. For example, if input current equals 2.5 mA, then |, = (2.5 - 4)/16 = -0.0938, and if
input current equals 20.5 mA, then |, = (20.5 - 4)/16 = 1.0313.

Example 3: The linear characteristic

Let the input mode = 4-20 mA, and parameters “Lo value” and “Hi value” equal to -300
and 1200 respectively. The calculations will be done for three different input currents from
example 2.

a) l, =10 mA and 1,=10,375
Accordingly to the expression on page 29 for a linear characteristic:
0.375 x [1200 -(- 300)] = 562
and next, the “Lo value” value is added to the result, so the displayed value:
W = 562 + (-300) = 262

b) lin =2.5 mA and |, =-0.0938
W = -441.

c) ln=20.5mA andl, = 1.0313
W =1247.

Example 4: The square characteristic

Let the input mode = 4-20 mA, and parameters “Lo value” and “Hi value” equal to -300
and 1200 respectively. The calculations will be done for three different input currents from
example 2.

a) lhn =10 mA and 1,=0,375
Accordingly to the expression on page 30 for a square characteristic:
(0,375) x [1200 -(- 300)] = 211
and next, the “Lo value” value is added to the result, so the displayed value:
W =211 + (-300) = -89
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b) Ih=2.5mA and |, =-0.0938
W = -287

c)lh=20.5mAand I,= 1.0313
W = 1295

Example 5: The square root characteristic

Let the input mode = 4-20 mA, and parameters “Lo value” and “Hi value” equal to -300
and 1200 respectively. The calculations will be done for three different input currents from
example 2.

a) li, =10 mA and 1,=0.375
Accordingly to the expression on page 30 for a square root characteristic:
v0.375 x[1200 -(- 300)] = 919.
and next, the “Lo value” value is added to the result , so the displayed value:
W =919 + (-300) =619

b) In=2.5mA and I, =-0.0938
the normalized result is negative, so the displayed value is equal to the “Lo value”
parameter: W = “Lo value” = -300

c)lin=20.5mAandl,= 1,0313
W = 1223

Example 6: The user defined characteristic

Let the input mode = 4-20 mA, and the user selected the 10 segment characteristic. To
do this, it is necess