BULETINUL INSTITUTULUI POLITEHNIC DIN IASI
Publicat de
Universitatea Tehnica ,,Gheorghe Asachi” din lasi
Tomul LXI (LXV), Fasc. 2, 2015
Sectia
CONSTRUCTII DE MASINI

SYSTEM FOR MEASURING AND ACQUIRING
TEMPERATURES USING THE NI LABVIEW 2014 PLATFORM

BY

VASILE CAUNII and ADRIAN SACHELARIE®

“Gheorghe Asachi” Technical University of Iasi, Romania,
Department of Automotive and Mechanics

Received: July 10, 2015
Accepted for publication: October 5, 2015

Abstract. Alongside the growth of the complexity degree of ventilation and
air conditioning systems, the issue of experimental assessment and validation of
the mathematic model, computer simulation or the project itself arises. The high
accuracy, real time, measurements, their acquirement and export in different
electronic formats have become an important condition for the realization of any
experiment or project. In order to accomplish this it is necessary that the
hardware equipment is as flexible as possible and allows the usage of a multitude
of sensors and, moreover, to be accompanied by a software package with a
multitude of options regarding data configuration, acquirement and export.
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1. Introduction

In the conditions of the acerbic competition from the HVAC ventilation
and air conditioning systems market, the issue of time decrease and their
project, realization and implementation costs arises. A decisive factor is the
usage of an efficient measurement and control equipment that allows the
connection of a great variety of sensors, to allow the implementation of a large
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number of functions, to provide the user with the necessary data and high
precision in a user-friendly format and, not lastly, to be able to generate
different output signals necessary for orders.

2. NI LabView Platform

2.1. Data Acquisition (DAQ)

A logic step in this process is the usage of a Data acquisition card
connected to a computer, equipment which brings together the conditions
mentioned in the previous paragraph allowing data acquirement and its use
according to the project.

The principle diagram of such a system is present n Fig. 1:
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)
PV
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Signal Analog-to-Digital Driver Application

Conditioning Converter Software Software

Fig. 1 — Block diagram of the DAQ system (Info. 1, ni.com).

Data acquisition (DAQ) is the process of measuring an electrical or
physical phenomenon such as voltage, current, temperature, pressure, or sound
with a computer. A DAQ system consists of sensors, DAQ measurement
hardware, and a computer with programmable software. Compared to
traditional measurement systems, PC-based DAQ systems exploit the
processing power, productivity, display, and connectivity capabilities of
industry-standard computers providing a more powerful, flexible, and cost-
effective measurement solutions (Info. 1 — ni.com).

2.2. Sensors

A sensor, also called a transducer, converts a physical phenomenon into
a measurable electrical signal. Depending on the type of sensor, its electrical
output can be a voltage, current, resistance, or another electrical attribute that
varies over time. Some sensors may require additional components and circuitry
to properly produce a signal that can accurately and safely be read by a DAQ
device, Table 1 (Info. 2 — ni.com).
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Table 1
Sensors and Data Measurements
Sensor Measurement
Thermocouple, RTD, Thermistor — Temperature
Photo Sensor — Light
Microphone — Sound
Strain Gage, Piezoelectric Transducer — Force and Pressure
Potentiometer, LVDT, Optical Encoder — Position and Displacement
Accelerometer — Acceleration
pH Electrode - pH

2.3. DAQ Device

DAQ hardware acts as the interface between a computer and signals
from the outside world. It primarily functions as a device that digitizes
incoming analog signals so that a computer can interpret them. The three key
components of a DAQ device used for measuring a signal are the signal
conditioning circuitry, analog-to-digital converter (ADC), and computer bus.
Many DAQ devices include other functions for automating measurement
systems and processes. For example, digital-to-analog converters (DACs)
output analog signals, digital I/O lines input and output digital signals, and
counter/timers count and generate digital pulses (Info. 2, ni.com).

2.4. Computer’s Role in a DAQ System

A computer with programmable software controls the operation of the
DAQ device and is used for processing, visualizing, and storing measurement
data. Different types of computers are used in different types of applications. A
desktop may be used in a lab for its processing power, a laptop may be used in
the field for its portability, or an industrial computer may be used in a
manufacturing plant for its ruggedness (Info. 2, ni.com).

2.5. Setup Preparation

Within this project the NI USB 6009 acquisition board produced by
National Instruments has been used to measure and acquire the data from 8
type KTY 81 temperature sensors (thermistors) produced by NXP
Semiconductors. The sensors were mounted on a dummy which simulates a
man at the wheel of an auto vehicle, their purpose being to measure the
temperature of different body segments. The main challenge was minimizing
the measurement errors, the sensors having a nonlinear characteristic, and
modelling the measurement process using the LabView 2014 software
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instrument. The sensors were installed on a test dummy, one on every important
body segment as shown in the Fig. 2:

Fig. 2 — Dummy with temperature sensors.

As we can see, on every important body segment, a temperature sensor
was installed in a semi-sphere to be able to isolate it from the influence of the
radiant surfaces.

The construction of the sensors and their inter faceting can be noticed in
the Fig. 3.

Fig. 3 — Acquisition board and temperature sensors.
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2.6. Sensors

The sensors used for the application are type KTY 81 produced by NPX
Semiconductors Product profile and description: the temperature sensors in the
KTY81 series have a positive temperature coefficient of resistance and are
suitable for use in measurement and control systems. The sensors are
encapsulated in the SOD70 2 in-line leads plastic package (Info 3, KTIS81).
Characteristics are shown in the Fig. 4.

It can be noticed that in the interest temperatures interval of 0-60 grade
Celsius the sensors may have maximum of plus/minus 3 degrees Kelvin errors
and one of the main conditions is to keep the value of the current which passes
through sensor I around 1 mA. In order to obtain this value we have built a
resistive divider according the diagram presented in Fig. 4.

Ambient temperature, corresponding resistance, temperature coefficient and maximum expected
temperature error for KTY81/110 and KTY81/120

Isenjeonyy = 1MA.
Ambient Temperature |KTY81/110 KTY81/120
temperature coefficient
G Resistance (Q) Temperature |Resistance (0) Temperature
Min |Typ |Max error (K) Min |Typ |Max error (K)
55 67 099 475 490 505 +3.02 470 490 510 402
50 58 098 500 515 530 1292 495 515 535 394
40 40 096 552 567 582 1274 547 567 588 =378
30 -22 093 609 624 638 1255 603 624 645 362
20 4 0.91 669 684 698 1235 662 684 705  +345
10 14 0.88 733 47 761 1214 726 747 769 327
0 32 0.85 802 815 828 101 793 815 836 308
10 50 0.83 874 835 898 167 865 886 007 288
20 68 0.80 950 961 g2 14 941 961 982 266
25 77 079 590 1000 1010 +127 980 1000 1020 254
0 86 078 1020 1040 1051  +1.39 1018 1040 1061 =268
40 104 075 1108 1122 1136 +164 1087 1122 1147 297
50 122 073 1182 1209 1225  +1.91 1180 1209 1237 328
60 140 0.7 1278 1299 1319 4219 1265 1209 1332 +3861
70 158 069 1369 1382 1416 4249 1355 1392 1430 394
80 176 067 1462 1490 1518 28 1447 1480 1532 43
a0 194 065 1558 1591 1623  +3.12 1543 1591 1639 <466
100 212 063 1659 1696 1733 4348 16842 1696 1750 505
110 230 06 1762 1805 1847  +3.83 1744 1305 1865 =548
120 248 058 1867 1915 1963  +4.33 1848 1915 1982 4607
125 257 055 1919 1970 2020  +4.66 1899 1970 2040 4647
130 266 052 1970 2023 2077 4507 1650 2023 2007 <698
140 284 045 2065 2124 2184 1528 2043 2124 2205 <851
150 302 035 2145 2211 2277 1855 2123 2211 2299 1143

Fig. 4 — Characteristic of KTY 81 temperature sensors.
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Fig. 5 — Diagram which shows the connection between the sensors
and the acquisition board.

3. Project Implementation

The ptc sensors are operated through a resistance of 1Kohm with a
fixed tension, in our case, at the value of 2.5 V through the 31 pine. The mass of
the sensors is connected to the 1 pine and each sensor is connected at its
respective analog input.

Using the LabView 2014 programming mean a programming of the
data measurement and acquisition functions was desired so that the acquisition
board shall offer the desired data set depending on the time in a XML format.
Also, LabView 2014 allows the realization and configuration of a work control
and order panel, and provides a friendlier interface with the user. The order and
control panel allows the monitoring by the user of the temperature sensors
installed on the dummy Fig. 6.
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Fig. 6 — Order panel implemented with the help of the LabView 2014.
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The block diagram of the NI USB 6009 acquisition card configuration
is complex and contains more interconnected logic blocks, each of them
modelling a certain function. Moreover, in order to satisfy the precision needs
of the project, value interpolation block was provided for the tensions read from
each sensor, Fig. 7.
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Fig. 7 — The block diagram of acquisition card configuration
as part of sensor reading.

Here we also define the type of signal which will be read at each analog
input, in our case choosing a direct current DC or a wave which varies
continuously in time and not a rectangular or square wave.

The most important point is configuring the DAQ card within the DAQ
Assistant block in which we must specify the number of active inputs and
outputs, error conditions, the sampling rate of signals to be acquisitioned. Also
in the configuration block we define the tasks that must be performed, start
routine, stop routine and error. As shown in each of the 8 temperature sensor
signals is configured on an analog input, the card allowing an excursion of the
signal between +/— 10 V, Fig. 8.

After the global configuration of the acquisition board, the inputs must
be individually configured. Within this block we can configure if the signal has
to be submitted to processes such as filtering, demodulation etc. In our case, we
preferred a hardware filtering because a software filtering could have affected
the processing speed due to the fact that the board would have performed extra
calculations.
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Fig. 8 — The set-up configuration of the analog input 1.
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After it is allocated to a certain input, the signal, which is a tension read
from the thermally sensitive resistor, is converted using mathematical
operations and transformed into a temperature. A special instrument provided
by the LabView 2014 program is that it offers the possibility of a block which
performs a value interpolation function, as seen in the figure below. The values
measured by the sensors are then received by the logical memory block and sent
to the panel configured initially to be displayed Fig. 9.

T [E=SiEn
TR TS
o]0 [ Appteation Fort 1= | T e ey H‘?\

Jz211 150

e
éﬁ?.

m@ |

[[OOKUP TABLE HIGH VALUES]

i

=0 |

Temp

L b

% RS E o R N

T

I

146 AM

Fig. 9 — Interpolation block with look-up table and sampling function.
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Here is also where data storage takes place, at the time interval set by the
user and from where they will be saved in a XML file to be used later, Fig. 10.
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Fig.10 — The writing block for the measured data.

4. Conclusions

1. The DAQ data acquisition board with LabView 2014 supply a
powerful instrument which greatly eases data picking and manipulation.

2. Given the available software functions, cheaper sensors with lower
precision class and less complex hardware constructions can be used, thus
easing the work within project and decreasing costs.

3. The challenge regarding this project is to double the number of
sensors used with the help of a multiplexation system. Thusly, using discreet
relays (solid state relay) operated with the help of logic board outputs we would
be able to read two different sensors on the same input, connected to each of the
sensors alternatively. Also, we could try to operate actuators using the logic
outputs to reduce the cost of the project.
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SISTEM DE MASURARE SI ACHIZITIE A TEMPERATURILOR
FOLOSIND PLATFORMA NI LABVIEW 2014

(Rezumat)

Odata cu cresterea gradului de complexitate a sistememelor de ventilatie si aer
conditionat, se pune problema verificarii si validarii experimentale a modelului
matematic, a simuldrii pe calculator sau a proiectului in sine. Masuratorile cu o mare
acuratete, in timp real, achizitia lor si exportul acestor date in diverse formate
electronice a devenit o conditie prioritara in realizarea oricarui experiment sau proiect.
Pentru realizarea acestui deziderat este necesar ca echipamentul hardware sa fie cat mai
flexibil si sd permita folosirea unei multitudini de senzori si, in plus sé fie insotit de un
pachet de software care sa aiba o multitudine de optiuni privind configurarea, achizitia
datelor si exportul lor. In urma studiului, s-a constatat c placa de achizitie de date DAQ
impreund cu LabView 2014 pun la dispozitie un instrument puternic care usureaza mult
culegerea datelor si manipularea lor. Datoritd functiilor software disponibile se pot
utiliza senzori mai ieftini cu o clasa de precizie mai scazutd, constructii hardware mai
putin pretentioase usurdnd munca in cadrul unui proiect §i scazand costurile.



