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Abstract: Virtual instruments have wide application and they are used not only for measurements and
control but also as an excellent tool in engineering education. They can be utilized in real and actual labor-
atories. They present huge support for individual learning and distance learning. This paper presents an
example of using virtual instruments in the education of future Electro Technical Officers, actually the
present students enrolled in the study program of Marine Electrical Engineering at Faculty of Maritime
Studies Kotor, University of Montenegro. With the aim of promoting practical exercises for the subject
Ship's Measurements as a part of the undergraduate study of Marine Electrical Engineering, the paper
proposes examples of laboratory exercises with belonging schemes of connection and experimental set up.
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1. INTRODUCTION

A number of measurements of physical values (the
process values) of non-electric values are carried
out on a ship for the purpose of managing ship and
ship processes. Among these measurements, of
special importance are measurements of tempera-
ture, pressure, flow, and level [1]. Due to the im-
portance of process measurements in shipping, the
education of seafarers should be enhanced with the
subjects dealing with ship measurements so that
the students can get familiar with the modern
methods of measurement and acquire the
knowledge and skills for independent work and fu-
ture career. Practical education is a significant do-
main of the education process and learning and has
a significant impact on seafarers’ education. There-
fore, laboratory exercises are very important part
of engineering education, especially in the field of
the ship’s measurements principles [2]. With the
development of e-learning, there is a considerable
need for new methods of organizing laboratory
work that are being under examination [3]-[5].

Virtual instrumentation connects sensors, hard-
ware, and software technology with the aim of cre-
ating flexible and sophisticated instruments for pro-
cess control and measurements [6]-[9]. Virtual in-
strumentation has defined a methodology for pro-
jecting measurement instruments that use a stand-
ard computer of general purpose, special hardware
components for acquisition and digital conversion
of the signal, and computer programs that provide
collection, process, sign, and display of signal at the
computer [6]. This universality introduces one key
feature of the virtual instruments, enabling the user
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to modify desired functions in order to fit the wide
spectrum of applications.

A review of the literature shows that LabVIEW is
one of the primary software in designing applica-
tions and analytical solutions in different fields in
engineering technology and education, such as bi-
omedical engineering [10], electrotechnics [11]-
[13], chemistry and chemical engineering [14],
physics [15], mechanical engineering [16] and
other.

Virtual instrumentation has a great role in the
teaching process [17], in different fields of science:
mathematics, physics, chemistry, biology, etc., im-
proves the research process and increases the base
of knowledge in other domains [18]. It also en-
hances learning in the laboratory, reduces the risks
of the laboratory equipment, and enables the ap-
proach to expensive laboratories via the Internet
connection [19]. From the aspect of distance learn-
ing [20]-[22], virtual instrumentation can be used
to improve engineering courses, and the fact that it
can be used with the aim of simulation of a physical
phenomenon, to generate signals and read the re-
sults in real time [23], [24].

The use of educational tools the personal computer
(PC) in the laboratories has become common in
many training centers providing courses in the do-
main of engineering and technology. The research
was conducted with the aim of acquiring virtual
tools that resemble real surroundings for the pur-
pose of motivating students’ work [25]-[29].

In this paper, virtual instrumentation will be applied
for creating several laboratory exercises for the
subject Ship’s Measurements which is conducted at
the Faculty of Maritime Studies Kotor, University of
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Montenegro, at the study program Marine Electrical
Engineering.

The designed laboratory exercises presented in this
paper will contribute to a better understanding of
the contemporary methods of measurements of the
process values and acquiring the practical
knowledge necessary in the process of seafarer’s
education.

The paper is composed of the following sections.
The first section presents the introduction. In the
second is shown the importance of measurements
in the process of education of the future Electro
Technical Officers through the introduction of the
new laboratory exercises within the subject Ship’s
Measurements of the study program at the Faculty
of Maritime Studies Kotor, University of Montene-
gro. The concept of virtual instrumentation is
shown in section three. A review of the laboratory
exercises is given in section four.

2. MARINE ELECTRICAL ENGINEERING
EDUCATION

Nowadays, the Electro Technical Officer (ETO) role
became one of the more and more popular profes-
sions in the maritime industry [30]. The role of the
Electro Technical Officer is defined by changes in
the Convention on Standards of Training, Certifica-
tion and Watchkeeping for Seafarers (STCW) from
1978. with amendments added in 2010 (Table A-
II1I/6 STCW) [31]. Electro technical officers are re-
sponsible for supervision of systems and compo-
nents in the fields of electrical engineering, elec-
tronics, communications, automatic control, and
other on board in order to increase the operational
safety and efficiency of the ship under the supervi-
sion of the Chief Engineer.

The ETO officer is one of the most important roles
on board modern ships, especially when it comes
to the expertise of handling important and complex
electrical and electronic systems, without which is
not possible to process some of the basic opera-
tional functions of the ship itself. On contemporary
passenger ships which are equipped with diesel
electric propulsion, the list of responsibilities and
tasks of the Electro Technical Officer is even greater
because it is necessary to maintain: air conditioning
and heating systems, computer and communica-
tion systems, elevators, electric propulsion motors,
generators and high voltage motors, main switch-
boards with transformers and high voltage distribu-
tion, automatic alarm and monitoring system (Ma-
chinery Automation System - M.A.S.), propulsion
and steering machinery with converters, emer-
gency lighting converter and associated emergency
batteries, UPSs with batteries, complex naviga-
tional and communication equipment, etc.

The role of the ETO onboard a ship is extremely
important, bearing in mind the trends in the tech-
nology of the production and use of modern ships,
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as well as the fact that the important ship’s func-
tions are increasingly under the supervision of au-
tomation systems and even artificial intelligence.

Future ETO officers are being educated in the study
program of Marine Electrical Engineering, Faculty of
Maritime Studies Kotor, University of Montenegro
[32]. Within the framework of this study program,
students have the opportunity to gain proper
knowledge in all areas of marine electrical engi-
neering which is necessary for quality training of
future ETO officers. In the education of ETO officers
and preparation for work onboard a ship, a very
important segment is a practice as well as practical
exercises in high-voltage and electrotechnical la-
boratories. The integration of virtual instrumenta-
tion into the teaching process through the subject
Ship’s Measurements represents the improvement
of practical teaching.

The objectives of the Ship’s Measurements course
are to familiarize students with basic electrical and
electronic measurements and instrumentation, and
also to show them the principles of basic non-elec-
trical measurements of physical quantities such as
temperature, pressure, flow, level, etc.

3. VIRTUAL INSTRUMENTATION

The application of the concept of virtual instrumen-
tation is of exceptional importance in measure-
ments. The creation of instruments “per measure-
ments” gives users the possibility of wide applica-
tions, and a variety of sophisticated sensors, mod-
ern design technology, enable the application in dif-
ferent fields of science and technics. Its application
has special importance in the education process.

The concept of virtual instrumentation refers to the
transition from traditional hardware measurement
devices to modern software-oriented measurement
systems [6].

Virtual instrumentation is a concept meaning inte-
gration of hardware and software, encompassing
the processes of measurement, acquisition, pro-
cessing, and display of the obtained data, repre-
senting the trend in technics and science due to the
rising complexity of engineering jobs, the growing
need for specialized and sophisticated instruments
and software solutions, as well as the need for
highly skilled personnel for work with the instru-
ments. The application ranges are from the simple
laboratory experiments to the complex applications
for automation purposes [6], [8].

The company National Instruments has imple-
mented a specialized software package LabVIEW
enabling the program devices that will perform the
role as conventional measurement instruments
where the complete analysis and data processing is
simultaneously performed on the personal com-
puter. Therefore, personal computer takes over the
role of the conventional instrument whereas the
graphical user interface programmed in LabVIEW
may represent the real instrument and that’s where
it comes from the title virtual instrumentation [6].
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The purpose of the virtual instrument is identical as
the function of the classical instrument. The differ-
ence is that the virtual instrument may change and
adapt to the measuring process compared to a clas-
sic instrument which has unchangeable functional-
ity stated by the producer. Representation of meas-
ured data is usually in graphical form, functions,
and controls, of a graphical interface that resem-
bles real measurement instruments. The interface
is active and has possibilities of the control of
measurement process, defined by the signal pa-
rameters which are generated [6], [8]. The meas-
urement-acquisition system based on PC computer
is shown in Figure 1.

Figure 1. Measurement- acquisition system based
on PC computer [33]

4. PERFORMING THE EXPERIMENTS

The laboratory exercises simply presented in this
section show the application of virtual instrumenta-
tion in the implementation of practical classes in
the field of ship’s measurements. It is possible to
easily create virtual instruments that enable the
measurement of basic electrical and non-electrical
quantities.

To implement the exercises, it is necessary to have
a computer on which the LabVIEW software is in-
stalled, a power source, various sensors, acquisi-
tion cards etc. The advantage of such laboratory
exercises is the simplicity of the hardware (DAQ-
data acquisition, sensors, power supply) and the
possibility of creating creative solutions in the Lab-
VIEW program. The acquisition card (DAQ) is con-
trolled via LabVIEW for generating and obtaining
physical signals in the laboratory environment. The
obtained results can be processed in different ways
within the LabVIEW software package.

In this section, four laboratory exercises are pre-
sented, two for measurement of electrical quanti-
ties and two to the measurement of non-electrical
quantities. Laboratory exercises 1 and 2 refer to the
measurement of voltage and current. The goal of
these laboratory exercises is to gradually introduce
students to the use of virtual instrumentation, the
connection of all elements in the measurement sys-
tem, and especially the use of acquisition cards and
the creation of virtual instruments through basic
measurements in electrical engineering, which in-
clude current and voltage measurements. Labora-
tory exercise 3 shows temperature measurement.
The goal of this exercise is to show students how to
measure signals from thermocouples using a meas-
uring system based on a PC. Mass measurement,
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including calibration of the measuring cell, is shown
in laboratory exercise 4.

4.1. The laboratory exercise 1

A laboratory exercise related to voltage measure-
ment is shown in this section.

To perform this laboratory exercise, the necessary
equipment consists of an acquisition card NI 6009,
a potentiometer (BK5), and an experimental board.
The connection set up scheme of this laboratory ex-
ercise is shown in Figure 2.

GHD
Al D+

ao I- usB PC

= GND —i

= a1 ’L | LabVIEW
DAQ 6008

+5V
GND

Figure 2. Connection scheme for laboratory exer-
cise of the voltage measurement

First, it is necessary to connect the NI 6009 acqui-
sition card to the computer via a USB cable. As
shown in Figure 3, the potentiometer is connected
to the experimental board. One end of the potenti-
ometer is connected to the digital input of the ac-
quisition card (GND), while the other end is con-
nected to the digital input (+5V). The middle output
of the potentiometer is connected to one of the an-
alog inputs.

Figure 3. Experimental set up for laboratory exer-
cise of the voltage measurement

In Figure 3, the following are marked with num-
bers:

1- potentiometer;

2- experimental plate;

3- acquisition card NI 6009, and

4- computer with installed LabVIEW software.

Front panel of the laboratory exercise related to
voltage measurement in the LabVIEW 2021 soft-
ware is shown in Figure 4.
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stoe |

Figure 4. Front panel of the laboratory exercise 1.

4.2, The laboratory exercise 2

This section shows laboratory exercise related to
the measurement of current through a shunt resis-
tor.

To perform this laboratory exercise, the necessary
equipment consists of an acquisition card NI 6009,
a shunt resistor with power of 40 W and resistance
of 1 O, and a light bulb with a power of 100 W. The
connection scheme of this laboratory exercise is
shown in Figure 5.

shunt

Figure 5. Connection scheme for laboratory exer-
cise of the current measurement

The voltage from the autotransformer is applied to
the serial connection of the light bulb and the shunt
resistor (low resistance). An NI 6009 acquisition
card is connected parallel to the shunt, which is
connected to a computer via a USB cable, as it is
shown in Figure 6.

Figure 6. Experimental setup for laboratory exer-
cise of the current measurement

In Figure 6, the following are marked with num-
bers:

1- autotransformer;

124

2- board with light bulb;

3- power supply;

4- acquisition card NI 6009;

5- computer with installed LabVIEW software and
6- shunt resistor.

Front panel of laboratory exercise 2 related to the
measurement of current through a shunt resistor in
the software LabVIEW 2021 is shown in Figure 7.

B

Figure 7. Front panel of the laboratory exercise 2.

4.3. The laboratory exercise 3

A huge number of non-electric quantities are meas-
ured on ships for the purposes of managing ship
processes, among which a special place belongs to
temperature measurements. There is a variety of
temperature sensors which have application
onboard, but the thermocouple is the most com-
monly used sensor for temperature measurement
due to its low price, wide measurement range, ease
of installation, and easy application [6], [13].

Thermocouples are based on the thermoelectric ef-
fect (Seebeck effect). According to the Seebeck ef-
fect, a voltage differential can be created between
two electrical conductors or semiconductors by var-
ying their temperatures. The Seebeck voltage de-
pends on the type of material and the temperature
difference between Ty and T, (Figure 8) [17].

Upp =Ky (T, = T) — Kz (T — T) =a (T, — Ty) (1)
where Ka and Kg are the thermoelectric constants of
two conductors, and the coefficient a is the ther-

moelectric Seebeck proportionality constant that
depends on those two conductors [17].

2

Figure 8. Thermoelectric circuit [13]

A

B

O

Ty

This section shows laboratory exercise related to
temperature measurement.

In order to perform laboratory exercise related to
the temperature measurement with a thermocoule,
it is necessary to have the following equipment: a
thermocouple (J type), a personal computer with
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LabVIEW software and NI cDAQ-9178 chassis with
an NI 9211 data acquisition card and two cups (with
hot and cold water).

Experimental setup for temperature measurement
is shown in Figure 9.

Figure 9. Experimental setup for temperature
measurement

In Figure 9, the following are marked with num-
bers:

1- NI CompactDAQ Four-Slot USB Chassis (cDAQ-
9174);

2- acquisition card NI 9211;

3- cup with hot water;

4- cup with cold water, and

5- computer with installed LabVIEW software.

In Figure 10 is shown the connection scheme for
thermocouple binding with an acquisition card.

uss
PC | —— [DAQ 9211
LabVIEW | c

>

Figure 10. Connection scheme for thermocouple
binding with an acquisition card

TC 0+

The process of temperature changes, increase and
decrease, while the thermocouple is transferred
from one cup to another, is monitored on the
LabVIEW 2021 front panel shown in Figure 11. All
measured temperatures are stored in Excel format
and in this form gained results are ready for further
processing.
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Temperatura [€]
3874

Figure 11. Front panel of the temperature meas-
urement in LabVIEW software

4.4. The laboratory exercise 4

A laboratory exercise related to the mass measure-
ments, including the calibration of load cell is shown
in this section.

The load cell belongs to the group of resistance sen-
sors for the load measurements. It is made of alu-
minum which is weakened in the middle part to en-
ables elastic bending. Strain gauges are placed on
the upper and lower sides. They are arranged so
that two are placed on the top of the opening of the
load cell, and two at the bottom [34]. This arrange-
ment allows the strain gauge to be connected to the
Wheatstone bridge circuit as shown in Figure 12.

+
10V

PC
LabVIEW

DAQ 9211

TCO-
TC 0+

Figure 12. Connection scheme of the measuring
cell and acquisition card

When the load cell is loaded, it bends, the strain
gauge tightens and leads to a change in its re-
sistance. Before starting the mass measurement
with the load cell, it is necessary to determine its
characteristic or clarify the relation between input
and output quantities. This characteristic of the
load cell with strain gauge represents the correla-
tion between load cell output voltage and load it-
self. To determine this characteristic, it is necessary
to calibrate the measuring cell. This procedure can
be performed by measuring the output voltage U of
the measuring cell for different values of the known
mass m. In this way, the characteristic of the meas-
uring cell is obtained as a set of measured points
(m, U) [34].

Experimental setup for mass measurement is
shown in Figure 13. The measuring system consists
of a load cell (CZL602 3 kg), 10 V battery, NI-9211
data acquisition card manufactured by National In-
struments, and load.
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After the calibration process, an application for
measuring unknown masses was created and it is
shown in Figure 15.

| 2]

Masa (gr]

Masa [gr]
1038766

1000

Figure 13. Experimental setup for mass measure-
ment

Figure 15. Front panel of the laboratory exercise

In Figure 13, the following are marked with num- for measuring an unknown mass

bers:

1- NI CompactDAQ Four-Slot USB Chassis (cDAQ-

9174); Numerical data of the load cell calibration is given
2- acquisition card NI 9211; in Table 1. Calibration has been performed for dif-

3- load 50 to 500 [g]; ferent loads up to 1000 g.

4- load cell CZL608 3 kg;

5- 10 V battery, and Table 1. Measurement results of load cell calibra-
6- computer with LabVIEW software installed. tion
m[g] U[mvj

Figure 14 shows the calibration procedure. The be- 0 0

o . . . . 50 0.326
ginning of the calibration starts with the measuring
cell without load and this initial state must be rec- 100 0.651
orded and output voltage must be measured. The 200 1.300
measured output voltage will be of non-zero value 300 1.949
due to system imperfections. It is possible to over- 500 3.252
ride this voltage by using the software. After the 1000 6.483

zero point for voltage measurement is set up, it is
necessary to fill in the initial values in the table in
the front panel of the LabVIEW software, which will
be displayed graphically at the same time [34]. Af-
ter this first step, it is necessary to add additional
load to the measuring cell of 50 g and save the ob-

tained results in the table. Each fOllOWing load Table 2. Results of measurement of mass and ab-

Using the created program, measurements were
made with known masses and the measured devi-
ations are presented in Table 2.

placed on the load cell should be greater than the solute and relative deviations
previous one, and procedure should be carried out ] sm=""_100
until the nominal load is exceeded. When the cali- m m Am = |m' —m| m
bration is finished (by clicking the "Stop" button), ) 91 [%]
the calibration program will be stopped. 0 0 0 0
50 50.028 0.028 0.056
100 100.019 0.019 0.019
200 199.905 0.095 0.047
300 300.205 0.205 0.068
500 499.828 0.172 0.034
1000 | 1000.892 0.892 0.089
R CONCLUSION
- E The paper presents a few examples of laboratory
exercises that represent the beginning of the appli-

cation of virtual instrumentation in the teaching
Figure 14. front panel of the laboratory exercise process at Faculty of Maritime Studies Kotor. These
for load cell calibration in LabVIEW software exercises represent the improvement of practical
teaching within the subject Ship’s Measurements.
The schemes and the experimental setup for four
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laboratory exercises related to voltage measure-
ment, current measurement, temperature meas-
urement with thermocouples and mass measure-
ment with the previous calibration of the measuring
cell are presented.

Future directions of research refer to the creation
of virtual instruments for more complex tempera-
ture measurements on one of the systems used on
board ships, as well as the survey students' satis-
faction with this type of experiments.
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