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Abstract

The application note deals with methods of temperature and resistance measurement by
means of analogue inputs of control systems by the company AMIT.
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1 Temperature Measurement Options

There are various types of resistance temperature sensors that can be connected to control

systems by the company AMIT. This application note explains connection procedure for the

following types:

+ Ni1000/6180 - range of temperature measured -60 °C to +146 °C.

+ Ni1000/5000 - range of temperature measured -60 °C to +174 °C.

+ Pt1000 - range of temperature measured -50 °C to +250 °C.

¢ Pt100 - range depends on the sensor applied, on the converter and on parameters of the
control system analogue input.

¢ Thermocouple - range depends on the sensor applied, on the converter and on parameters of
the control system analogue input.

¢ Resistance sensor — values measured range from 0 Q to 1960 Q (analogue input in the mode
Ni1000).
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2 Sensor Nil1000

This type of sensor can be connected directly to analogue inputs of any control system produced
by AMIT that can be set to the mode Ni1000.

Measurement range Ni1000/6180 -60 °C to +146 °C
Measurement range Ni1000/5000 -60 °C to +174 °C
AD converter interface (LSB) 0.3°C
The measurement accuracy depends on the value measured.
Temperature [°C] Accuracy [°C]
-50 0.8
0 0.9
150 1.2

The resistance value in Nil000 on temperature is determined directly by the manufacturer (see
e.g. www.sensit.cz).

Note:

The value 6180 ppm (5000 ppm) indicates the mean relative change of resistance to degrees
Celsius between temperatures 0 °C to 100 °C (more information is available for example at
WWW.Sensit.cz).

In order for inputs with sensors Nil000 to work properly, most control systems need to have the
appropriate HW connections set into the Ni1000 mode in the control system, according to technical
documents. After setting this mode, an unconnected sensor on the Alx input will have voltage of
approx. 12 V. The voltage is switched on for 20 ms in intervals of 220 ms (an ordinary voltmeter
only measures the mean value); therefore, the sensor does not get overheated due to permanent
power supply.

control system

R, = 3920 Q

Upep= 15V
Alx U,

GND ] 1 Jumpers Ni1000

Ni1000

Fig. 1 — Input technical design

In the application, inputs with sensors Ni1000 load up using the Ni1000 module. It is adapted for
sensors with sensitivity of 6180 ppm a 5000 ppm.
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— 27| AGND ™M

— 26 | AlD3 O

Ni1000 — 25| AlI02 &
— 24 | Al0.1 ;

rﬁ—ﬁ 23 | Al0.O E
12| 22 | AGND <C

Fig. 2 — Connecting a Ni1000 sensor to the control system

Application with an example of reading the value from the Nil000 sensor is included in the
attachment ap0015_en_01.zip. It is a sample project called temper_pl en_01l1.dso created in the
DetStudio development environment. This project is created for the control system StartKit.
However, it can be changed for any control system that allows connection of Ni1l000 sensor, by
means of a DetStudio menu “Tools/Change Station”.

2.1 Using the Ni1000 Sensor to Measure Temperature up to 200 °C

If you need to use the Ni1l000 sensor connected to a control system made by AMIT to measure
temperature higher than the ones stated in Chapter 1 (e.g. up to 200 °C), you will be able to realize
this by connecting a parallel resistor (10 kQ) to the Ni1000 sensor. The appropriate input is set into
the Ni1000 mode by means of a HW connector. The appropriate channel has to be read by means
of the module AnTn with the following parameters

AnIn #Nixx, U1, 5v, 0V/Oma, 5v, 0.0, 5.0

where
+ Nixx —reference to the used signal of channel type Ni1000.
¢+ U1 -voltage measured at the input with a connected sensor and parallel resistor.

It is necessary to recalculate the measured voltage value U1 using the following formula
U2=U1xRpxUn/(UnxRp-U1 x Rser)

where

¢ U1 -voltage measured by the modul Anin (0 Vto 5 V).
¢ Rp - parallel resistance (10 kQ).

* Un - power divider voltage (15 V).

¢+ Rser — power divider series resistance (3.92 kQ).

The calculated value U2 needs to be converted into temperature in °C using the module
Nil1000U2T.

Attention

You must bear in mind that the measurement will be influenced by parameters of resistors
connected in parallel (accuracy, temperature stability, etc.). We recommend you select a resistor
with accuracy 0.1 % or more accurate.
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3 Pt1000 Sensor

This type of sensor can be connected directly to analogue inputs of any control system produced
by AMIT that can be set to the mode Ni1000.

Pt1000 measurement range -50 °C to +250 °C
AD converter interface (LSB) 1°C

The measurement accuracy depends on the value measured.

Temperature [°C] Accuracy [°C]
-50 1.0
0 1.3
150 2.6

Dependence of PT1000 resistor value on temperature is described by the CSN IEC 751 standard.

In order for inputs with Pt1000 sensors to work properly, most control systems need to have the
appropriate HW connections set into the Pt1000 mode in the control system, according to technical
documents. After setting this mode, an unconnected sensor on the Alx input will have voltage of
approx. 12 V. The voltage is switched on for 20 ms in intervals of 220 ms (an ordinary voltmeter
only measures the mean value); therefore, the sensor does not get overheated due to permanent
power supply.

control system

R,, = 3920 O

U =15V
Alx U,
Pt1000 a

AGND

[ | Jumpers Ni1000

Fig. 3 — Input technical design

In DetStudio development, we do not use the moduleNi1000, but the module AnIn instead.
AnIn #Nixx, U Pt1000, 5V, OV/OmaA, 5V, 0.0, 5.0

where
+ Nixx — reference to the used signal of channel type Ni1000.
¢+ U_Pt1000 - voltage on Pt1000 sensor proportional to temperature.

Voltage measured can then be converted to temperature (e.g. by using the module Interpol or
a mathematical equation) according to the sensor resistance characteristics.
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— 27| AGND ™M

— 26| AI03 O

Pt1000 — 25| AI02 &S
——1 24 | AI0.1 ;

rﬁ—’j 23 | Al0.0 2
12| 22 | AGND <C

Fig. 4 — Connecting a Pt1000 Sensor to the control system

Application with an example of reading the value from the Pt000 sensor is included in the
attachment ap0015_en_01.zip. It is a sample project called temper_pl en _01l1.dso created in the
DetStudio development environment. This project is created for the control system StartKit.
However, it can be changed for any control system equipped with analogue inputs by means of
a DetStudio menu “Tools/Change Station”.
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4 Pt100 Sensor

In order to measure temperature using the Pt100 Sensor, we need to use an external converter
that converts the resistance value to a current or voltage range. Output of this converter is then
directly connected to the current or voltage input of the control system (of the extending I/O
module).

— 27| AGND ™M

— 26 | AIO.3 o

Pt100 22 Q:g'f Q
: o

ﬁ1 Converter 23| AlD.O —
% RIU E 22 | AGND <C

Fig. 5 — Connecting the Pt100 Sensor using the resistance/voltage converter

230 VAC
+24V [ 4
—3] L +24V [ 5 |—
— 2 PE GND | 6 —
— 1 N GND | 7
24\ DC
—{27] AGND ™
—126|AI03 O
Pt100 —J25|AI02 &
|—E 1| Converter 24 | Al0.1 o
2] RWU 23| AID0 =
22 | AGND <

Fig. 6 — Connecting the Pt100 Sensor using the resistance/current converter

The value of voltage/current from the converter is obtained in the control system by means of the
module AnIn with suitable parameters (depending on the converter type). Voltage/current
measured can then be converted to temperature (e.g. by using the module Interpol or a
mathematical equation) according to the sensor resistance characteristics.

Note:

One of the options is also the use of an extending module 6AR produced by the company
SMARIS, which communicates with control systems by means of the ARION protocol (see AP0005
— Communication in the ARION network); up to 6 Pt100 sensors can be connected to it.
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5 Thermocouple

In order to measure temperature using a thermocouple, we need to use an external thermocouple
amplifier (e.g. by the company Analog Devices). We may connect the amplifier directly or by
means of a voltage/current converter to the voltage or current input of the control system (of the
extending /0O module).

— 27 | AGND

— 26 | AI0.3 O

—1 25| A2 &S

—1 24 | AI0.1 .

C D 23 MDD 2

= 22 | AGND <C
Fig. 7 — Connecting the thermocouple using an amplifier

—1 27 | AGND @

—1 26 | AI03 O

— 25 | AI02 &

. — 24 | Al0A1 o

1| Converter 23 | AI0D.0 _—

CHDE % U/l E 22 | AGND <

Fig. 8 — Connecting the thermocouple using a voltage/current converter

The value of voltage/current from the converter is obtained in the control system by means of the
module AnIn with suitable parameters (depending on the type of amplifier or converter).
Voltage/current measured can then be converted to temperature (e.g. by using the module
Interpol or a mathematical equation) according to the thermocouple characteristics.
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6 A General Resistance Sensor

In general, resistance sensors can be connected directly to analogue inputs of any control system
produced by AMIT that can be set to the mode Ni1000.

R measurement range 0 Qto 1960 Q
AD converter interface (LSB) 20

The measurement accuracy depends on the value measured.

Resistance [Q] Accuracy [Q]
0 15
1000 2.0
1960 3.0

In order for inputs with resistance sensors to work properly, most control systems need to have the
appropriate HW connections set into the Ni1000 mode in the control system, according to technical
documents. After setting this mode, an unconnected sensor on the Alx input will have voltage of
approx. 12 V. The voltage is switched on for 20 ms in intervals of 220 ms (an ordinary voltmeter
only measures the mean value); therefore, the sensor does not get overheated due to permanent
power supply.

control system

R,, = 3920 Q
E: Upep= 15V
Alx U,
R,
~GND ] 1 Jumpers Ni1000

Fig. 9 — Input technical design

In DetStudio development environment, we refer to such an input as voltage input, using the modul
AnTIn with the following parameters

AnIn #Nixx, U Rt, 5V, 0V/Oma, 5v, 0.0, 5.0

where
+ Nixx — reference to the used signal of channel type Ni1000.
+ U_Rt - voltage on resistance sensor proportional to temperature.

We obtain the sensor resistance from the voltage measured by using the following formula:
Rt =3920 x U_Rt/ (15 - U_Rt) [Q].

The resistance calculated can then be converted to temperature (e.g. by using the module
Interpol or a mathematical equation) according to the sensor resistance characteristics.
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7 Technical Support

All information on connection possibilities of resistance temperature sensors will be provided by the
technical support department of the company AMIT. Do not hesitate to contact the technical
support via e-mail using the following address: support@amit.cz.
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8 Warning

The company AMIT, spol. s r.0. does not provide any guarantee concerning the contents of this
publication and reserves the right to change the document with no obligation to inform any person
or authority.

This document can be copied and redistributed under following conditions:
1. The whole text (all pages) must be copied without making any modifications.

2. All copies must include the AMIT, spol. s r.o. copyright and any other notices stated in the
document.

3. This document must not be distributed for profit.

The names of products and companies used herein may be trademarks orregistered trademarks of
their respective owners.
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