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A Study of the Implementation of Virtual Instrumentation in

University Laboratory Environments

In this work six engineering and physical science laboratory experiments were developed to
enhance the learning experience for students. This was achieved by instrumenting and
creating virtual instruments for these experiments. The use of virtual instrumentation is
directly compared with traditional laboratory teaching techniques and pedagogical
principles from which both methods have developed from are discussed. Previous work
utilising Computer Based Learning (CBL) in similar projects relating to this work have
been used to evaluate some of the benefits of virtual instrumentation, especially those
relating to increased student interest, memory retention, understanding and ultimately
performance in laboratory reports. The virtual experiments discussed in this study are
redesigned versions of traditional style experiments and hence a direct comparison of newer
CBL techniques to traditional style laboratories was undertaken. There was no change in
concepts being between the two versions of the experiments; the only difference was in the
methodology of presentation. The effectiveness of these CBL techniques was assessed by
looking at the performance of students using virtual instrumentation against that of other
students from the same class undertaking the traditional mode of the experiments. All
students were assessed by report submission, multiple choice questions relating to their
experiment and questionnaires. The results of this study were also compared to other related

studies within the field of CBL.
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Chapter 1 Introduction

In this section the development of where Computer Based Learning and its use as an
effective tool to be used in teaching will be presented. An overview of the methods
implemented along with a detailed discussion of particular methodologies will be

presented.

1.1 Computer Based Learning

Computer based learning (CBL) has it roots back in the 1960’s when computers filled very
large rooms and the only languages of note were FORTRAN and COBOL. Both these
languages are still in use today and at the cutting edge of technology [1]. It seems fitting
therefore that CBL should also be at a frontier of new teaching methods. Since the 1960°s
computers have increased in processing speed as quickly as they have decreased in physical
size. With the advent of these faster computers came the capacity to redefine the limits of
computer aided instruction. There are a large number of different methodologies using CBL
and these can range from being based completely online to being based solely in a
laboratory environment [2]. However all CBL resources have two main components, (i) the
software component, as it is a computer based tool and (ii) the didactic component, as its
purpose is to instruct. Students can be engaged in an interactive dialogue with the computer
and this is one of the main reasons for using CBL, as it is interactive in a uniquely
captivating manner [3]. With the use of CBL and its related pedagogies and technologies
comes a reduced workload on teaching staff, a more comfortable interactive environment
and the potential for students to study remotely if so desired [4]. The latter can also bring
financial benefit to the institution employing it by having courses available through distance
education. The laboratory or studio environments are well suited to CBL courses taught

both remotely and on site. In these cases, there is some evidence to show that it leads to not



only improved levels of student enjoyment but also improvement in grades [5]. The main
goal of any teaching environment is to provide an attractive and effective learning
environment for the student. However, in order to create this effective learning
environment, there is a need to ascertain what factors contribute to it’s effectiveness on
students’ understanding, interest levels and memory retention. Therefore effective computer
aided instruction tools depend upon a fundamental understanding of the learning process
and the ways in which current technology can be utilised [6].

With CBL there are several benefits not only to the students but also to the staff employing
such techniques. The potential benefits of effective CBL include (i) interesting, user
friendly learning environments; (ii) up to date, professional images of the subject and (iii) if
the course is available online; 24 hour availability not offered by conventional means.
Another reason for using CBL is that in institutions offering courses in dynamic subjects it
is difficult to support students with up-to-date printed textbooks and to be at pace with
industry levels of technology [7]. Coupled with this is the reality that in such an
environment it is also difficult for academics to stay familiar with current industry trends.
There is a need to consistently update course work so that students can be of benefit to
companies once they have finished their primary degree. When lectures are supplemented
with quality web based CBL resources, students tend to be more motivated about their
coursework. Students find that it “fills in the gaps™ left missing from lectures and textbooks
by providing more detailed and up to date information on the topics covered in lectures.
This online facility also benefits the instructors by having a lower cost than supplying the
students with supplementary notes and handouts and is easier to maintain and update and
can be more interactive. CBL also offers a potential solution to increase time efficiency
alongside increasing staff to student ratios [8]. Students can benefit by availing of a
learning tool which allows them the freedom to learn at their own pace. With the inclusion

of video and animation clips into the software students can more easily visualise complex



processes and ideas. This is especially useful when CBL is introduced in either online or
on-site laboratory environments where students can see a preview model (virtual instrument
or VI) of the experiment. This allows the student to not only gain a better understanding of
what they are to do in their lab but also why they are doing it [4]. Such visualisations can
provide a high quality representation in colour which will invoke a positive response from
the student in terms of his/her interest and excitement levels [9]. There is also evidence to
suggest that this type of learning can be beneficial to students with low self-esteem due to
the lack of peer and tutor pressure to keep up as they have the opportunity to re-visit
difficult topics without suffering any criticism [10, 11].

However there is divided opinion among instructors about the benefit of using CBL in
courses. Either instructors are enthusiastic towards it or quite reluctant to use it. A criticism
frequently aimed at computer aided instruction (CAI) and CBL models is that it is nothing
more than an “electronic text book™ [12, 13]. So in order to ensure that this is not the case,
an evaluation of CBL and its benefits must be made. This evaluation involves three parts:
(i) understanding the product’s teaching and learning objectives and its target audience
[14]; (ii) gathering evidence regarding its use and effectiveness [12]; and (iii) judgment of
evidence based outcomes [15]. CBL may allow through combining the pictures, animations
and videos for a deeper fundamental understanding in students. There is an increasing body
of evidence to suggest that students learn more efficiently from comprehensively designed
multimedia presentations than from current verbal-only instruction [8, 16-18]. This may be
due to the fact that humans learn through a “dual channel” of thought which means that
animations and videos are processed in the visual/pictorial channel of the brain and spoken
words are processed in a separate auditory/verbal channel [8]. Also in Albert Mehrabian’s
(1971) book, Silent Messages, [21] he discusses how there are 27 times more connections
between the brain and the eyes than between the brain and the ears. From this his belief is

that about 55% of memory retention stems from the visual impact of a presentation, 38%
ry p p



from the tone and only 7% actually comes from the content. Further more the question
arises of whether using pictures along with text is as effective as using a computer with an
animation over which a narration is played. These effects were studied in much greater
detail in by Rowe and Gregor [8], who suggested that there are four main types of
instruction: (i) the multimedia effect; (ii) the coherence effect; (iii) the spatial contiguity
effect; and (iv) the personalisaton effect. In each of these multimedia instruction techniques
there was a clear indication of more comprehensive learning and deeper understanding of
the topics taught. In one particular example, there was a 116% increase in more creative
solutions to a problem by a CBL group, compared with the number of solutions offered by
that of a group taught by conventional methods. In each problem the information supplied
to each group was the same but the medium in which it was conveyed that was different
[19, 20].

There are several commercial CBL programs available however these programs have a
number of limitations associated with them. These include: inflexible and unfriendly
interfaces, high cost, high dependency on top end PC’s and upgrading difficulties. Due to
this there has been more of a tailor made approach to designing programs to suit the
individual institutions needs and wants. As will be discussed in the next section, course
management systems (CMS) such as Moodle and WebCT are becoming more popular as
teachers are using them as a portal to allow students access their courses online 24 hours a
day 7 days a week. Innovations such as this are making the learning experience more
interactive and are allowing students a more flexible environment in which to develop.
However it is important to stress the CBL employed must be of a significant standard in
order to facilitate supplemental studies. In a review of twelve different models for online
tutoring, only one showed favorable results for CBL, one favored traditional methods, six
showed no difference and the remaining two did not analyse results in great enough detail

to be able to distinguish the benefits. [22].



In order to be effective it is important that CBL uses up date technology and innovates in
order to maintain the levels of interest. As a resul there are many different facets of CBL

employing new technology, most prevalent of which will be discussed section.

1.2 Online Learning Environments
In this section the various systems through which computer based learning is employed will
be presented. These will include different types of e-learning (electronic learning) object

used in teaching and learning.

1.2.1 Virtual Learning Environments

Course management systems (CMS) virtual learning environments (VLE’s) are being used
in third level institutions and corporate circles to coordinate online courses for students. The
benefit of these systems is that they allow the administrator, who is usually the person
giving the course, to include tools that facilitate online discussion, chat, personal profiles,
file uploading and downloading, virtual teaming, link listing, computer usage records,
polling, testing and grading [23]. These systems can be powerful tools if the students finds
them appealing. This leads to the question of how to create the right online learning
environment using a CMS such as WebCT, Blackboard or the open source Moodle.

Studies show that students must feel safe within the environment in which they are
working, i.e. that they should feel comfortable and at ease with the functionality of the
CMS [24, 25]. In order to adapt students into this environment there must be elements that
are flexible to the students. The tone in which the CMS is presented must be inviting and
positive to encourage learners to use the software. Other necessities included; Sharing —
areas where students can not only share ideas but share frustrations and celebrations with
their work, Collaboration — students can work together to a common goal which should

help encourage friendships and class involvement, Goals — both individual and group in



order to give students something to aim for and a sense of task completion [24]. However
once these environments have been set up they must also be maintained. Gilly Salmon [25],
who has published has set out five key areas which teachers should adhere to. These are:

(1) Access and motivation

(i1) Online socialisation

(iii)  Informative exchange

(iv)  Knowledge construction

v) Development
(i) Access and motivation relates to how teachers must ensure that learners have easy
interaction with the software itself and how it must be welcoming and encouraging. Salmon
goes on to mention how the motivational aspect is an essential element of the system. A
gentle and interesting introduction should be followed by more stimulating and challenging
coursework supported by help from not only the teacher but also through FAQs (frequently
asked questions), forums etc.
(ii) Online Socialisation is an idea to create an online community in which both students
and teachers can operate. Here teachers can get an idea for the type of students that they are
teaching and for ways to interest them more. Students can be given online personas which
include tones, graphics and humorous aspects to get them more involved [t is interesting to
note that within the larger online community several sub-communities can develop and the
teacher should gear his/her methods to be inline with this.
(iii) Information exchange relates to the transfer not only of ideas but opinions and proper
methods of procedure. Through the e-moderator students can be guided to communicate
with external experts in the fields in which they are studying. A common example is having
an industrial colleague log in to a discussion and students would ask questions and gain an

understanding from a different perspective.



(iv) Knowledge construction. Here students take a larger role in their own educational
process. They will suggest different methods in which they would like to learn with the
teacher present as a guide to help along with any problems. This breeds creativity within the
students and can help the moderator with new ways of building knowledge.

(v) Development. As students become more confident with the system they become more
committed and creative within that environment. They have developed and are responsible
for their own learning stlyes. Students at the end of the process should be able to use the
experience they have gained from the discussion forums to become more critical and self
reflective [25]. Vanessa Dennen’s research [27] on online courses shows how even though
CMS systems can be well designed initially, the course can significantly suffer if these
systems are not maintained. Poor instructors tend to give little or no feedback, don’t act on
the same level as the students and are too authoritative, keeping too closely to the syllabus,
don’t allow discussion and have ultimate deadlines.

Professor Curtis Bonk of Indiana State University brought together a broad spectrum of
ideas in a presentation in Trinity College Dublin at the CAPSL conference in May 2005. In
this presentation, lessons learned from CBL and CMS related technologies were discussed.
Bonk noted that care must be taken to develop effective learning tools and that sufficient
resources need to be put in place to ensure success. Table 1.1 summarises some of the
important points to consider when developing CBL resources, which has seen a large
increase internationally in recent years. Figure 1.1 shows an example illustrating the rise in

the use of CMS in Pretoria University over a recent five year period [28].



Provide photographs of the Face to face induction preferred

cipants

Encourage, Encourage, Encourage Social/ contextual aspects

Agree netiquette Don’t underestimate the time

(internet etiquette)

All humour does not work online Importance of timely feedback

Set clear goals Provide technical support

Table 1.1 Important points to consider when developing CBL resources.

With all of the research and development necessary, it is not really surprising that the
majority of lecturers in third level institutions still rely on purely lecture based teaching and
that a shift towards a more computer be integrated system is considered a slow process. The
challenge may be in fact not getting the students interested in CMS and online help but
getting institutions and lecturers interested in such technologies. It appears that once an
effective example of a course is present within an institution other lecturers and hence other
courses will see the benefits associated with such. In 1999 there were just a little over 1500
students in the University of Pretoria, South Africa, using WebCT. In five years that
number had ballooned to over 24,000 students. That’s nearly a 1600% increase in five years

[29].



30000

25000 = —

20000

15000

Number of students

10000 -

5000

1999 2000 2001 2002 2003 2004
Y ear

Figure 1.1 total numbers of students using WebCT in the University of Pretoria [29]

The number of distance learners using CMS is increasing along with the number of on site
users. Students seem attracted to the flexibility of online courses offering freedom from
constraints of time and physical access [30]. So in order to try and ensure that these
learning environments are reaching a particular standard, institutions are developing
standard criteria. Others are taking a more managerial outlook on CMS and seeing how
these systems can free up time for lecturers and demonstrators with heavy workloads and
also from a cost based issue. WebCT, Blackboard and other such environments are not free
of charge and are not set up specifically for any particular course so many educators are
availing of open source CMS’ such as Moodle and individual systems like WebCMS [31].
The latter being used in particular at the University of New South Wales, where such a
system was built by a single programmer over a period of two months working part time.
This systems development, which although didn’t have the complete functionality of a

dedicated CMS, showed the feasibility of building and designing a specialised CMS.



However developed, these systems seem to be helping lecturers reduce workloads whilst
increasing interactivity of students between themselves and between their tutors [32]. In a
three year study carried out on students using the Blackboard CMS being taught a course on
computer ethics in Mary Washington College, 70% found it useful, ~10% found it useful
but not necessary, ~ 7% found it useful and should have used it more with only ~3%
finding it not useful [32], figure 1.2. With those kinds of approval ratings coming over a
three year period, tutors at MWC were satisfied (as this was not a compulsory module) that

this should be used as an additional tool in teaching.

Useful - But not
necessgary 13%

Useful and
Should be used
more 9%

Useful 70%
Not Useful 8%

Figure 1.2 Three year study of student feedback to the used of

Blackboard at Mary Washington College [32]

1.2.2 The use of a CMS in an Engineering Programme?

Usually, engineering programs are based around a system of several lecture modules which
are complemented by laboratory modules. The most common model is to have several
hours of lectures during the week with tutorials running simultaneously and have for an
extended but singular time for laboratories. Labs can typically last for about 3 hours whilst

lectures run for about 50 minutes a period. For lectures students are commonly given

10



homework assignments to complete for the next class or to do within the tutorials.
Laboratory based modules have students working with common engineering equipment and
studying related phenomena. Many practicals will have pre laboratory exercise that may
involve the theory or the equipment to be used and almost all will include a post laboratory
studying report. Students in labs typically will work in groups due to lack of space or
equipment.

CMS systems could be used before laboratories to give pre-laboratory tutorials and also
question the students on their knowledge before starting the experiment. If the questions are
presented through the CMS, the tutor can get instant feedback not readily available through
conventional means, to see the level of understanding within the class. The tutor can then
select students to be grouped together. Perhaps putting some weaker students together with
stronger students can help the weaker students to benefit from others understanding. Also a
CMS can be involved after the laboratory with the process getting students submitting their
reports through it and hence freeing up time for the tutor. In a lecture based environment
the same principals apply. By having available additional notes and online testing, students
and teachers can gauge how well they have understood the material and if the student needs
more time to study the material they can return to it at their convenience. This gives them a
sense of control and self regulation [33]. Further general benefits of CMS are mentioned in
the previous section and the reusability of the CMS allows lecturers to customise courses

for different groups without having to re-write all of the material.

1.2.3 Virtual Instruments

There has always been an importance attached to having relevant effective experimentation
as part of an undergraduate engineering programme. However indications are that there has
been a lower emphasis placed on such experimentation in undergraduate engineering

curriculums over the recent decades [34]. One reason for this in the lack of resources
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available to faculties for laboratory upgrade and maintenance. Third level institutions have
to keep pace with industry advancements in technology; so that once students leave these
institutions they have the necessary skills to compete in a competitive business environment
[35]. For example, it is common practice for the results of experimental research, and
industrial investigations to have been obtained automatically with the aid of a computer
interface. Students must be familiar with this modern technology before leaving their
programs of study. Virtual instrumentation, through the use of a Data Acquisition (DAQ)
system, can recreate the equivalent of very expensive laboratory instrumentation cost
effectively [4, 36]. Many institutions are embracing this technology and introducing it in
their respective laboratory modules with benefits for both faculty and students. The use of
virtual instrumentation and related CBL techniques also produces a reduced workload for
teaching staff, a more user friendly interactive environment and allows students to study
remotely if desired. With the use of visual aids included within the laboratory such as the
Virtual Instrument (VI), animations and narration, students can not only gain a better
understanding of what they are doing but why they are doing it [4]. Also such virtual
experiments can be used to help students learn about basic programming concepts and to
help them to become more accustomed with graphical based environments. Through this
method of teaching engineering students are able to more easily understand the concept of
the experiment, perform the data acquisition, learn about basic programming and be
exposed to modern instrumentation similar to that used in industry. This familiarization
with a commercial system provides them with marketable skills at graduation [48].

Recent literature has provided very interesting reports showing promising feedback
regarding the introduction of virtual instruments into their respective laboratories [refs].
This positive feedback also seems to be fairly independent of the level of competency, to a
certain degree, held by the instructor. Varying levels of instrument complexity and differing

disciplines have, for the most part, returned similar levels of positive feedback
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Virtual Instruments also have the unique ability to show students instantly how changing
one particular value of a mathematical equation, for example, would impact on its end
result. This can also be applied to other instances such as chemical equations and
simulations. This allows students to gain a greater understanding of how the theory relates
to the experiment and the effect of changing input information. Once they have gained this
knowledge base they are better equipped to predict, discuss and experiment further [4, 12,
17, 33].

Such virtual instruments can also be setup to run entirely without the aid of a demonstrator
in the laboratory or to be run remotely at any time. This functionality allows distance
students and weaker students alike to access and re-access a particular experiment again
and again. This approach allows the weaker students the opportunity for repeated access to
study whilst studying at their own pace whilst distance students also get a more hands on
feel to their course and this will be explored in the next section the concept they are

studying.

1.2.4 Distance Education and Virtual Classrooms

Communications mediated by a computer enable students to share their opinions on topics
without time or space constraints. This represents a basis for defining a distance education
learning system which enables people to attend a particular course remotely. Networking
services, such as Intranet/Internet, can enhance a standard learning environment with the
use of different and alternative multimedia information and by promoting interactivity in
the learning process. Virtual institutions (e.g. The Virtual University, www.vu.org) can be
defined as representations of electronic workplaces that enable better exchange of
personalized learning material and administration material and provide unique debating

fields for interested students [37].
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Curtis Bonk from Indiana University has stated that since the events of September 11"
2001, the use of synchronous technologies has been expanding rapidly; especially in
business training environments [37]. This can be compared to third level institutions where
such tools are used for expert guest interviews, student discussion, web casts, study groups,
virtual classes, team meetings and even testing. Through a further development of real time
technology comes the use of virtual classrooms, where students can include a personal
picture of themselves and display different types of emoticon, similar to those found in
MSN messenger, represent how they are feeling [38]. Students can also share web links
and their real-time discussions can be monitored to determine of participant interaction
[37].

Designing an online environment can be a difficult task at the best of times, but even if you
assume that students will have a high enough bandwidth to view large files, there may be
problems associated with its focus. Extreme care has to be given to every aspects of the
virtual classroom so that it will become more prolific amongst the students and some basic

features involved are: [38, 39].

Encouraging self-paced learning

Delivering teaching information and physical attributes associated with the
presentation, such as gestures, to make distance students feel more involved.
Building a competitive environment

Presenting supplementary material

Providing multiple communicating tools for end users

Distance education is a formal teaching system that, through the use of technology,
facilitates communication between a teacher and learner situated at different locations [40].

In a virtual classroom the aim is to provide education in a manner that resembles a normal
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classroom. Distance education has many advantages which include, low cost, accessibility
and the potential to increase the standard of education by increasing access to highly
qualified teachers not available normally. However, before the benefits of distance
education can be fully exploited there are still some factors that need to be addressed. These
factors include the comparison with traditional distance based learning, resistance to
change, recognition of qualifications obtained online, cost to students, limited interaction
between students and teachers, as well as the quality of audio and video due to limited
bandwidth [40]. By improving the technology employed within distance learning students
can feel like they are part of a group even though they may never physically meet their
classmates. The main difficulty in the use of virtual classrooms real time is a lack of
bandwidth for students. This makes it quite difficult to transfer teaching and learning
knowledge over the internet. One possible solution may be the introduction of video
streaming technology [38]. Streamed video is a sequence of "moving images" that are sent
in a compressed form over the Internet and displayed by the viewer as they are downloaded.
Streaming media is streaming video with sound. With streaming video or streaming media,
a student does not have to wait to download a large file before seeing the video or hearing
the sound. Instead, the media is sent in a continuous stream and is played as it arrives. The
user needs a player, which is a special program that can uncompress and send video data to
the screen and audio data to speakers. Windows media player can be configured to be such
a player with the installation of additional codec’s or decompression tools. Streaming video
is usually sent from prerecorded video files, but can be distributed as part of a live
broadcast show. In a live broadcast, the video signal is converted into a compressed digital
signal and transmitted from a special web server that is able to multicast, i.e. sending the
same file to multiple users at the same time [41]. This means that a large number of

students could be watching the same lecture synchronously.
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Another exciting facet of distance learning is how environments that adapt to the particular
student that’s working in them and were there are various techniques being employed to
monitor the level of students’ understanding. These include online quizzes and surveys but
one of the most innovative techniques being employed is the use of a video camera and
software that will recognize the expression of the face of the student whether it be happy or
sad. With opinion polls, online quizzes and answers to questions conscious or intentional
feedback from the student - the unintentional feedback through gestures, expressions and
body language that teachers in conventional classrooms are used to, all determine lecture
pace and the students' understanding of coursework [40].This innovation provides a better

resemblance between the traditional classroom and the online learning environment.

1.3 Recent studies related to this project

More recently published papers in educational and scientific journals have confirmed
previous studies mentioned in sections 1.1, 1.2 and 1.3. The main goal of this work was to
improve the learning experience for students taking the laboratory modules in DCU and to
analysis the effectiveness of this enhancement. The more recently published studies bolster
the premise of this study to improve the existing laboratories in DCU. Several draw
attention to the many benefits of virtual instrumentation. Shepstone remarks at how new
and novel ways of instruction can engage students more due to the fact that they are
different from the normal methods students are used to [44]. Such novel ways are just
limited to the way that computers are planned to be used as platforms for experiments
rather than a standard laboratory module. By using computer rather than a traditional
methodology such a change in activity captures the attention of students. Giving them real
life examples to relate to allows students to more easily identify and understand the
possibly abstract concepts that they are being taught. The more novel it is, the likelier it is

to be remembered which will aid in students recalling other parts of their associated
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coursework. If students then find that they like this novel method of instruction it may
inspire them to follow on and invent other inspire technologies [44, 45]. Several other
groups have benefited from their implementation of CBL techniques into their laboratory
setups and several others have done the same with National Instruments LabVIEW which
was used in this study [46, 47, 48]. However, it is important to note that although several
studies have looked at several different methods of improving their laboratories, none have
tried to include all of these improvements whilst maintaining hands on approach for student
interaction with the apparatus in the lab. The more senses students use to learn the theory,
the more likely they are to remember it [8]. The enhanced realism of a computer simulation
aids the conceptualisation process of decision making and problem solving associated with
the discipline of engineering. It is noted that students find pleasure in these computer-based
laboratory exercises. In general students are able to proceed at their own pace to satisfy
their curiosity and use their initiative. Nevertheless the dangers of using simulation systems

should be obvious to any laboratory manager. As the simulation becomes more complex, students
may understand what the computer is doing, but may not be able to detect errors, in fact they may
not care as long as they get their report completed and a good mark [49]. It is therefore important to
ensure that CBL is constructed so that students have grounding in the hands on approach to their
apparatus and use the CBL tool for what it is, a tool to enhance their learning experience not as a

tool to do the leaming for them.
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Chapter 2 Design of Experiments

At the time of this projects inception, laboratories in Dublin City University, such as the
undergraduate mechanics laboratory, were similar to the majority of those in use throughout
Ireland and universities worldwide. Students in groups numbering between twenty and
thirty attended laboratory classes aimed at giving them a working and practical hands-on
understanding of principals and phenomena associated with their course of study. The
laboratory manual was the primary source of information with details of instructions and
explanations for the experiments to be done within an average three hour period. Lab
demonstrators helped students with specific problems encountered during the lab. Once
students had completed an experiment, they were then free to leave and write up a
comprehensive report on their experiment which was to be handed up at the next scheduled
session.

The aim of this work was to design virtual experiments for such laboratories and use them
to interest the students, enable them to more easily understand the concepts being taught to
them, record the data from the experiment, engage them with the topics presented and
exposed them to modern instrumentation similar to that used in industry. This was done by
generating Graphical User Interfaces (GUI’s) and data logging from the experiments using

the LabVIEW programming language.

2.1 Software used for VI development - LabVIEW

National Instrument’s LabVIEW is a leading graphical development programming
language with in built functionality for simulation, data acquisition, instrument control,
measurement analysis and data presentation. LabVIEW is short for Laboratory Virtual
Instrument Engineering Workbench. Programs written using LabVIEW are known as

virtual instruments (VIs). They differ from text based programming languages such as
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BASIC and FORTRAN as LabVIEW uses a graphical programming language known as G.
The programmer manipulates graphical entities, called icons and wires, to construct the
program. The program therefore relies on graphic symbols to describe the programmed
actions. These graphical symbols are easily identifiable symbols that would be familiar to
engineers and scientists alike. Pop-up dialogue boxes also describe these entities when the
mouse is held over them. Figure 1 shows a screen shot from LabVIEW of the palettes that
are used to pick out the icons for programming. LabVIEW also provides the user with a
library of ready-made virtual instruments and functions to help programming. However one
of the key features included within LabVIEW (version 7 onwards) is the new Express Vls.
These allow the user to program common measurement tasks while requiring minimal
wiring as the VI configuration is accomplished with dialog boxes. Examples of such

common tasks would be data acquisition, signal simulation and signal analysis.
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palettes used when programming.
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Aside from the express VIs LabVIEW also contains application specific libraries for
instrument control, data acquisition, and data analysis. LabVIEW also contains a good set

of VIs for data presentation on various types of tables, charts, and graphs.

2.2 Design of Graphical User Interfaces

LabVIEW was used to design graphical user interfaces (GUIs) for each of the six
experiments that were instrumented. Each of these experiments had already been employed
in traditional format within existing laboratories in Dublin City University. Groups of four
or five students worked together on each experiment in order to explore and verify various
engineering phenomena. The main content for the new virtual instruments was taken from
the same manuals used previously in the traditional format of the laboratories. A three
section ‘home screen’ storyboard format was developed over the first year of this work and
used for the virtual instruments, see figure 2.2. The GUI created in LabVIEW is known as
the Front Panel. The general background to this format is described below and then in detail

for each of the developed virtual instruments.

Figure 2.2 Screen shot of the Home Screen format developed.
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2.3 Format of virtual instruments

2.3.1 Introduction

Each virtual experiment begins with the home screen. This screen is the start point for each
experiment but also for the three sections of each experiment. Clicking the introduction
section tab brings students to an animation screen of the experiment in operation. In this
section the students are given an overview of the experiment to be undertaken, how it
works, what is being measured and how it relates to real life situations. Previously it was
common place for the laboratory demonstrator to give the students a brief introduction to
the experiment but now with the aid of the virtual instrument, demonstrators are able to
give the students a thorough introduction and overview of the experiment to be done.
Students can listen to the demonstrator while watching the virtual version of the
experiment. Through this section students are introduced to the operation and concepts of
the experiment which enables them to gain a working knowledge of the apparatus.

Once the student completes the introduction section he or she clicks the ‘Next Screen’
button to be automatically brought back to the home screen. This system allows students to
return to previous sections later on in the experiments in case they have any problems or
questions. It also gives the students a sense of completion and progress during the

experiment.

2.3.2 Experimental procedure and data logging

In this part of the VI students are presented with the experimental equipment, set-up and
procedure to be followed. The experiment can also then be performed by the students with
this section of the VI left open. The students then see the results of the experiment recorded
automatically and in real time.

The use of this data logging section of the VI, allows students to capture the data via the

computer. It is important to note that although the data for the experiment is recorded on the
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PC during the experiment, the students still set up the apparatus manually and perform the
experiment as normal. With the implementation of the VI, students are free to watch the
experiment itself without worrying about counting or recording data. This allows them the
time to concentrate on what is happening in front of them. Once finished with this second
section, students proceed via the home screen to the final theory and calculation section.
2.3.3 Theory and calculation

In this third and final section of the virtual instrument, students are shown the theoretical
background they need to analyse the data they have recorded. Students are first prompted to
analyse this data, with the theory shown, on pen and paper. Once they are satisfied that they
have gotten the correct answer they are allowed to enter their own figures into the equations
on screen. The demonstrator then enters a password and if the student’s answer matches the
on screen answer then that section of the experiment is completed. If the computer does not
verify their answer then the students are asked to recalculate. This forces students to
examine the physical processes that have occurred during the experiment rather than just
substitute values into equations and calculate answers without understanding their
significance. This enables them to understand the phenomena being studied.

Students were given an answer booklet to accompany their experiment and to help with
organizing their report. This includes several introductory questions at the beginning of the
booklet to guide the students into the theory involved. Once the students have completed
these and the demonstrator signs off that he has witnessed and questioned their answers,
students are free to fill the booklet with their data. When their experiment is completed
students then take a short multiple choice question test covering understanding of the
concepts covered in the experiment.

These questions are set at a slightly higher level than those posed in the experiment itself
and are used to gauge the students’ level of understanding of the concepts being brought

forward to them. The MCQ tests were originally introduced as a means of ascertaining
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students’ levels of understanding but later proved to be a useful tool in complementing
students learning once they had attempted them and therefore are now part of the

experiment.

2.4 Flywheel Experiment

The first experiment to be instrumented was the moment of inertia flywheel experiment.
This forms part of a first year mechanics module. Flywheels are devices that are used to
store potential energy which can be released on demand to do mechanical work in the form
of kinetic energy. Groups of four or five students worked together to verify and understand
the concepts of moment of inertia, as well as transformation and conservation of energy.
The content of this experiment, derived from the original manual, was not changed in the
new VI method of instruction.

As with all of the experiments this virtual experiment was designed around the three section
home screen model described above. As this was the first experiment to be developed
several teething issues had to be resolved and therefore it took the longest to complete. A
picture of this experimental apparatus is shown in Figure 2.3. The data logging and
interface PC for the students can be seen to the left of the experimental apparatus. Figure
2.4 shows the home screen that was developed. Each of the experiments was redesigned
during the summers between academic years over the initial years of this work. Feedback
from the students, demonstrators and lecturers was used to perform this task. This allowed
for the virtual experiment’s content and delivery method to be customised for each of the

labs to that which would most assist the students.
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Figure 2.3 Flywheel experimental apparatus (a) flywheel apparatus,

(b) rotational sensor, (¢) VI, (d) USB data acquisition box

The home screen is where all the parts of the experiment are linked together for the student.
The corresponding block diagram is also where all of the separate sub VI’s are linked
together which make up the program behind the virtual experiment. In figure 2.5 the block
diagram, set within a while loop, for the home screen of the flywheel experiment is shown.
This sub program repeats inside it until the conditional terminal receives a false Boolean
value. When a while loop is placed on the block diagram, the corresponding stop button for
this Boolean appears automatically on the block diagram and is wired to the conditional
terminal. Several case structures were placed within the while loop. A case structure has
one or more sub diagrams, or cases, exactly one of which executes when the structure
executes. The value wired to the selector terminal determines which case executes. This

value can be Boolean, string, integer, or enumerated type. In this instance the case structure
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is wired to a button which when clicked activated the “true” condition and ran the case
structure wired to it. The block diagram case structures corresponding to sections one and
two contained a single sub-VI in each and once a student completes one of these he or she
can alter the selector to be brought back again to the home screen. This allowed the students
to be returned to the home screen on completion of each section. Section three was
programmed differently in that it has a flat sequence structure within it. In this case it
consists of three sub programs, or frames, that execute sequentially. Frames in a flat

sequence structure execute in order and when all data wired to the frame are available.
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Figure 2.5 Block diagram corresponding to the Flywheel home screen

2.4.1 Flywheel introduction and theory

For this experiment the students were presented with a simple animation of the flywheel in
operation. Whilst the animation was running the demonstrator explained various elements
of the flywheel apparatus, the law of conservation of energy and real life applications.
Explanatory text boxes were added to help the students if they wish to return to this section
later on in the experiment to confirm their thoughts once the experiment had been run.

Figure 2.6 shows the animation screen for the flywheel experiment.
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Figure 2.6 Animation screen for the Flywheel experiment
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2.4.2 Flywheel experimental procedure and data logging

Section two or the data logging section was used when the students actually performed the
experiment. The computer does not control any part of the apparatus, it was programmed to
record the data needed to perform the calculations in the final section of the experiment. For
this experiment an E-series National Instruments PCI card and data acquisition box (DAQ
box) were used. A rotational sensor which is fixed to the axel of the flywheel was wired
directly in to the DAQ box and was used to record the number of rotations and rotational
speed of the flywheel. Specification sheets for the hardware used can be seen in Appendix
D.

In figure 2.7, the data logging screen used by the students to record their data is shown. The
students were presented with the same animation image as they saw during section one of
the experiment. This time however the animation movement was controlled by the signal
coming from the rotational sensor such that the weight was seen to drop in phase with the
real life situation. The number of rotations of the flywheel was shown in the top left hand
side of the screen along with a real time graphical plot of the flywheel speed versus time.
This real time graphical representation allowed students to visualise what was happening in
the experiment and permitted them to directly relate it to their own results. Students could
easily see a sharp acceleration and gradual slow down on the flywheel as it rotates. This
feature also allows the demonstrator to explain what was happening during the experiment
as needed. Students found it easier to understand the concepts being taught as they could
see the experiment operating in front of them and also simultaneously being animated and

data logged. Results in the next chapter will highlight these benefits more clearly.
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Students repeatedly used this section of the virtual instrument with various different
weights attached to the cradle on the flywheel with each run being recorded on the PC.

With this section completed they continued to the final section, again via the home screen.

2.4.3 Flywheel theory and calculation

In the final analysis and theory section of the experiment students inputted their results
from section two (data logging) and attempted to calculate the frictional torque (Ty) and
moment of inertia (I) of the flywheel. When using the virtually instrumented version of the
flywheel it is important to note that students still carried out these calculations manually.
Once the students thought they obtained the correct results, they entered the experimental
parameters in to the tabs provided and the demonstrator enters a password which allowed
the VT to calculate and show the correct values for both I and Tr. If the students answer was
wrong they had to re-calculate their answers and try again. Once the student’s answer
matched the correct result, they were allowed to proceed to a final calculation screen.
Figure 2.8 shows the front panel that the students were presented with and the tabs for
entering data. Figure 2.9 shows the associated block diagram with the applied equations
within a case structure and its password protection. This password protection was useful for
laboratories for undergraduate students within their initial years but is not deemed

necessary for more mature students in the later years.
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Directly inside the while loop structure were the two run-conditions required for the
program to operate. In this case the correct password must be entered and the Solve
Equations Boolean pressed in order for the calculations inside the lower case structures to
run. The purple box represents the password function while the green box above it
represents the run button which has to be pressed on the Front Panel. These two conditions
are wired together at an AND gate which is then wired to the loop containing the
calculations. This means that both conditions have to be satisfied in order for the program
to run. The orange input boxes on the left hand side represent the tabs where students
entered their results into the equations and the orange output box on the right represents the
calculated value. The outputted value is the moment of inertia result that the students
checked against their own manually calculated answer. Students then proceeded to the final
calculation screen which was designed in a similar manner and is shown in Appendix A.

For this module students took their collected data and calculations and composed a report
on the experiment which was handed to the demonstrator at the beginning of the next class.
The last screen of the VI contained the report requirements and associated marking scheme.
This ensured that the students collected all the data necessary to write a high standard
critical report. The VI also allowed the students to easily retrace their steps through the

experiment if they needed more data.
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2.5 Compound Pendulum Experiment
The compound pendulum experiment was the second experiment to be instrumented as part
of the same first year mechanics module in which the flywheel experiment was taught.
During this laboratory, groups of four to five students worked together to investigate
several concepts relating to the operation of simple and compound pendulums respectively.
These concepts were:

To investigate the effect of making small changes in amplitude.

To determine the radius of gyration of a compound pendulum about its centre

of gravity.

To investigate the effect of changing the location of the fulcrum.

To verify that the periodic time of oscillation for small amplitudes is:

Tp=2m[(x*+K)/gx] ™"
The original setup and procedure of the experiment did not change only the manner in
which the students interacted with it. As with the flywheel the compound pendulum VI was
based upon a three section design model accompanied by an answer sheet given to the
students (Appendix B). These three sections were linked together, in a similar manner to the
flywheel, by the home screen, see figure 2.10. The while-loop and case structure format
used in the flywheel design was used again to control the flow of the experiment for the

students.
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2.5.1 Compound Pendulum Introduction and theory

As with the flywheel experiment, the animation for the compound pendulum showed the
movements of the actual apparatus in operation. An image of the pendulum in use in the
first year mechanics lab was drawn using Microsoft paint. The angle of the pendulum in
this image was then incremented by an angle of five degrees about its fulcrum and a new
image saved at each new position. These images make up the series of frames used in the
animation. The demonstrator could easily pause this animation at anytime which allowed
for interaction with the students by asking them questions about the transfer of energy from
potential to kinetic. At this point the demonstrator could also utilise the introductory
questions at the beginning of the students answer sheets. Using this method allowed for the
students to be given a thorough introduction into the operation of the compound pendulum.
The current version of the experiment, shown in figures 2.10 and 2.11, included several
explanatory text boxes which allowed the students to work more unaided. Along with the
animation and text boxes explaining the general operation of the compound and simple
pendulums a second introduction screen (figure 2.12) was included. This screen gave
students an introduction into the theory and calculations that they have to do once they had
finished the experiment. These explanations were presented to help students and available
for the students to return to later on if they were having difficulties or wanted confirmation

on their thoughts.
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Figure 2.11 Front Panel of the animation screen

for the compound pendulum experiment.
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Figure 2.12 Second introduction screen for compound pendulum experiment
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2.5.2 Compound Pendulum experimental procedure and data logging

Section two of the experiment is where the students took their measurements and perform
the experiment. As with the flywheel virtual experiment the computer did not control any
part of the pendulum experiment. An optical sensor was used to record the time it took for
either pendulum to complete one full oscillation. The sensor used was a Pepper Fuchs
Visolux optical sensor (Appendix D). A National Instruments USB-6009 data acquisition
(DAQ) box was used to read from and power the optical sensor. This DAQ boxes contain
eight channels of 12- or 14-bit analog input, two analog outputs, 12 digital I/O lines and one
counter. This device drew power from the USB bus, so it did not require an external power
supply to operate. They included removable screw terminals for direct signal connectivity,
an onboard voltage reference for powering external devices and sensors, a four-layer board
design for reduced noise and improved accuracy and overvoltage protection on analog input
lines up to £35 V. In addition to ready-to-run data-logging software, each device included
NI-DAQmx Base measurement driver software for communication programming of the
device in LabVIEW or C. Specification sheets for the USB 6009 can be seen in Appendix
D.

As the pendulum broke the beam sent out by the optical sensor a five volt pulse was sent to
the PC via the DAQ box. This pulse started a stopwatch in the V1. The stopwatch ran until a
third pulse was recorded by the sensor. The time recorded between the first and third pulses
represented the actual period of oscillation of the pendulum. These pulses were shown on
the data logging screen as the experiment was run. This allowed students to visualise what
was happening in the experiment and also introduced them to how the sensor worked.
Students then varied the length of the pendulum, according to the procedure, and took more
measurements of the period. The sensor and USB DAQ and the rest of the experimental
setup are in figure 2.13 and the data logging screen seen by the students in shown in figure

2.14.
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Figure 2.13 Compound Pendulum experiment apparatus (a) compound pendulum

(b) optical sensor, (¢) VI, (d) USB data acquisition box
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Make the cord the required length -
attach a weight hanger to one end of the cord and loop the other end over the peg in
the fliwheel axle. Apply a convenient load to the hanger and adjust the cord length
until the loop is just detaching from the peg as the hanger reaches the floor.

Acain loop the cord over the peg in the axle. Give the flywheel an integer number of
turns so as to wind the cord on to the axle, drawing the hanger closer to the axle.

Measure the distance h from the hase of the hanger to the floor.

Let go of the hanger, and allow it to fall toward the floor. Time the drop of the hanger
to the instant of impact on the floor, and count the total number of turns made by the
flvwheel. Count the number of turns subsequently made by the fly-wheel. Repeat this
several times under the same conditions (same height and pno. of turns), and average
the results.

Using the equations evolved in the theory section below, obtain values for: the
moment of inertia, I and the frictional torque, Tt.

Calculate the geometrical value for the moment of inertia (formula alse given in theory !

section) and compare the results with the experimental value.
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Each pulse in sequence was represented in graphical form in the VI and also was
programmed to switch on a light on the screen of the VI to let the student know that the PC
had recorded it. All these parts of the VI were running at the same time and caused slightly
delayed displaying of the periods of oscillation. This experiment was also designed to be
used online. Once the experiment had been run once correctly, the data was collected and
saved to a file to be called back as needed in the remote version of the VI. The only
difference in the programming of the online version compared with the in house version
was the data source. The block diagram from the data logging section is shown in Appendix

A.

2.5.3 Compound Pendulum theory and calculation

Section three of the experiment was where students took their results and tried to calculate
accurate values for the radius of gyration about the compound pendulum fulcrum and the
centre of gravity. They also compared their measured values of periodic time with their
calculated values. Students performed their calculations and drew up a table of comparison
between the two data sets. Once the students thought they had the correct value they asked
the demonstrator to enter a password in the VI in order for them to check their answers. If
the students’ answers match that of the VI they were permitted to proceed to their final
calculations where the same method was applied. The screen showing the calculation of the
periodic time for the compound pendulum is shown in figure 2.15. The programming block

diagram for this section is shown in Appendix A.
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Figure 2.15 Calculation of period screen for compound pendulum experiment.
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Once the students have completed all the related experimental tasks they moved onto the
multiple choice questions (MCQs) at the back of their answer booklets. The multiple choice
questions associated with the compound pendulum can be found in the Appendix B2. As
for the flywheel experiment, students took their measured data and calculations and wrote a
comprehensive report using the answer booklet for their results chapter. This report was

handed in to their lecturer at the beginning of the next laboratory session.

2.6 Centrifugal Force Experiment

The centrifugal force experiment was the third and final apparatus to be instrumented in
the first year mechanics module. Hence its setup was similar to those of the compound
pendulum and flywheel experiments.

In this experiment, students were asked to relate the magnitude of centrifugal force acting
on a body to its rotational speed and radius of rotation. The experimental setup consisted of
a speed control unit, tachometer and the centrifugal force rig. Alongside these were a
microphone, a USB DAQ box and the computer with the VI running on it. The
experimental setup is shown in figure 2.16. The centrifugal force rig consisted of two bell
crank hinges fixed to a rotating plate. The plate’s speed was determined by the student
using the control unit. Variable weights were attached to each of the two arms of the bell

cranks during different phases of the experiment.
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Figure 2.16 Centrifugal force experimental apparatus (a) centrifugal force rig

(b) microphone, (c) VI, (d) USB data acquisition box
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Figure 2.17 Home Screen front panel for centrifugal force experiment
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2.6.1 Centrifugal Force Introduction and theory

This experiment required two screens of introduction to allow for the amount of information
being introduced to the students. The students proceed to the first introduction screen via the
button on the home screen shown in figure 2.17. Here students were given the aims of the
experiment and an introduction to the concept of centrifugal force. The second introduction
screen gave students an introduction to the particular apparatus that they were going to be use.
Two animations were run simultaneously showing animations of side-on and top down profile
views of the rig motion. Also shown was how the information given to them on the first
introductory screen related to the apparatus. It was during this time that the demonstrator could
go through the first questions on their answer booklet to gauge how well the students understood
what has been explained to them. If the demonstrator felt that the level of understanding was
below the level needed, the introduction could be repeated. This method was useful as depending
on the time of year that the student did the experiment, he or she might not have covered the
material in corresponding lectures.

The coding for these screens was similar to that of the flywheel experiment and can be seen in
appendix A. The animations were designed by taking an image of each of the profiles and
drawing a virtual model to match it. This model was then augmented frame by frame to simulate
the movement of the apparatus. Although crude by some standards this method ensured that any
level of programmer can alter the animations at a later date if needed. It also ensures that this
particular part of the program is not too memory intensive and kept the system from hanging or
crashing. The first introduction and theory screen is shown in the Appendix A and the second

screen with the animations is shown in figure 2.18.
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This acceleration me’r.is termed the centripetal, or centre
seeking, acceleration because the mass is continually
accelerated towards the centre.

From Newton's second law of motion, a force must act on
the mass min the direction of this accelerationi.e. a
centripetal force of magnitude

This inertia force is in the opposite sense, that is acting
outwards from the centre.

Itis this force, equal in magnitude to the centripetal force,
that is termed centrifugal.

If the angle 80 is smal} we can write:
o= i(i and v =vol
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Subsuituting these values of dv and St into Eqn 1 .
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Finally noting that v = wr we obtain:
acceleration = o°r
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2.6.2 Centrifugal Force procedure and data logging

The centrifugal force experiment was the first experiment to have the entire procedure
contained within the VI. Due to this the data logging section had an extra screen before the
students took any measurements. This screen contained the same content that was presented
with in the old traditional laboratory manual. It consisted of the first three steps of the
procedure and the equivalent reference diagram for the apparatus. These three steps detailed
the set up phase of the experiment before the students began taking any results and is shown
in appendix A. The actual data logging screen is where the students recorded their data.
Traditionally students would increase the speed until the bell cranks were flung outward
with an audible “click”. They would then note the approximate speed at which that
happened. With the first version of the VI the output from the sensor used by the original
stand alone tachometer was used to control the on screen tachometer via a 6009 USB DAQ
box connection (appendix D). This however did not provide the students with more
accurate rotational speed values. To improve accuracy a second method was tried using a
microphone to record the moment at which the bell cranks flung out. A plot of the sound
recorded by the microphone was shown in the VI. Once the students had clicked the stop
record button, the plot would be saved to the “My Documents” folder in a file name of their
choice. This plot would show a clear peak in the middle of the recording and it was taken
that this was the “click” heard as the bell cranks flung out. In this method the students
would have to calculate the corresponding speed for the “click” rather than read it from the
tachometer. With this experiment taking students close to maximum time allowed (three
hours), it was prudent to redesign this section. The program used incorporated a graphical
plot of the tachometer on screen. The block diagram for the graphical version is shown in
figure 2.19 whilst the front panel is shown in appendix A with the initial version using the

tachometer is shown in figure 2.20. The design of this experiment allowed for the provision
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of an online version with a sample data set for the user. This means that either distance or

absent students could have a form of access to the laboratory experiment.

Recording Duration (s

[DBL K
L1,

H—>p D8

Figure 2.19 Block diagram for sound recording in

use with the centrifugal force experiment

50



IS

juswiradxs 99105 [eSNJLIUSD J0f U2I0s FuIS30] eyep 1PWoydR [, 077 N1

P CONTRIFUGAL FORCE EXP.vi Block Diagram

5> C.F. section 2 screen Z.vi

° Replace the dome, and start the motor using the speed control unit. Slowly increase the speed
until the bell cranks are flung outward with an audible “click™. Note the approximate speed at
which this happens. ( The movement of the bell-cranks can be seen by looking from a position
level with the plane of rotation).

° The gravitational force on the lower masses Ms restrains any movement of the bell cranks until
the centrifugal force balances the gravitational force. At this point the upper masses will move
outwards and the theoretical centrifugal force can be calculated and compared with the
measured gravitational force value Ms g.

° Decrease the speed until the bell cranks retumn to their original position.

° Increase the speed very slowly and repeat the
reading, i.e. record the the speed indicated whenthe  Tachometer
bell cranks move outward. If the two do not move at
the same time note the speed when the first one -
moves, and also note that both did not move |
together.

° By reducing the masses of the horizontal arm B (see |
diagram) by 25¢ at a time, obtain further resuits for b
each value of Me, until you reach Ms = 50g. '

® Repeat the series of tests for two other values of Ma, 0
as suggested in Table 1 on your answer sheet. I

. Repeat the series of tests for two other radial !
postitions ( keeping Ma constant at 50g) see Table 2. -




2.6.3 Centrifugal force theory and calculation

Section three of the centrifugal force differs from previous experiments in that there was no
need for a calculation section. Students were required to collect a large amount of data in
two tables. From these tables students plotted gravitational/ radial force (Mg x g) against
angular velocity squared ®’, using a separate line for each mass M and plot gravitational/
radial force against ® for a given M, and @°. They also had to plot (Mg X g) against Ma,
From these plots students had to make various conclusions and derivations which were to
be handed up with their reports. As these plots and derivations were done in the students
own time, it was not necessary to include a calculation section in this VI. Section three also
contained the guidelines for presenting the report and the marking scheme. Once students
went through this they were free to finish off any questions left in their answer booklet and

also to complete their MCQ’s. Section three of this experiment is shown in appendix A.

2.7 Linear Variable Displacement Transformer (LVDT) and Accelerometer
Experiment

The LVDT experiment is part of an instrumentation and measurement laboratory given to
third and fourth year engineering students. The level of complexity involved in this
experiment was higher than that of the experiments previously instrumented.

The setup of this laboratory was different to the setup of previous undergraduate
laboratories where previous VI’s were in operation. Several setups of the experiment were
also in use in the laboratory at one time meaning that there was much more interaction
within individual groups. The objective of the experiment was to use the LVDT and an
accelerometer to determine material and dynamic properties of a beam. The experimental
setup consisted of a suspended metal beam fixed in position at one end, a LVDT, an

accelerometer, a power supply and an oscilloscope, see figure 2.21.
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Due to the higher level of understanding required to complete this experiment it was
decided that the introduction section of the corresponding VI should be longer in order to
be completely comprehensive in its explanations. Despite the added intricacy of the LVDT
experiment, the same three section model was employed. In section one, thorough accounts
of how the LVDT and accelerometer operate were given. Once students had finished these
they were asked to complete the corresponding section of their answer book by their
demonstrator to ensure they understood the concepts. Once they successfully completed
this, students continued on to the next section which explained the calculations involved in

the experiment.

Figure 2.21 Experimental set up for LVDT experiment. (a) LVDT, (b) accelerometer, (¢)

power supply and (d) oscilloscope.
Notes on nodes and antinodes, fundamental frequency and how to measure the natural

frequency of the beam were also given here. In the third and final section the students were

given the procedure required to carry out the experiment. This section also contained the
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data logging were the computer recorded all the data needed for the students to complete

the experiment.

2.7.1 Introduction to the LVDT and accelerometer

A LVDT is used to measure the linear displacement and velocity of an object and it is
essential that students undertaking this experiment leave knowing how this is done.
LVDT’s consist of a moving ferrite core and a set of coils: one primary and two secondary.
In normal operation the shaft is connected to an object (in this case the beam) and an ac
magnetic field is introduced on the primary coil. As the LVDTs shaft moves away from
centre, the result is an increase in voltage of one of the sensor secondary coils and a
decrease in the other. This results in an output from the measurement sensor. An animation
showing a cut away of a LVDT with its core moving in between the three coils is included
in this explanation, see figure 2.22.

This animation allowed students to see an LVDT in operation and apply the concept to the
experiment that they were involved in. On seeing the animation and the further explanatory
screen (Appendix A) students could move the actual LVDT and attached oscilloscope
present to test the knowledge they had just learned. A similar approach was used on the
next screen to explain the operation of the accelerometer (Appendix A). Descriptive text
boxes were present throughout this section allowing for students to work in a more unaided

fashion.
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and itis the most broadly used variable-inductance
transducer in industry.
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normal operation, the shaft is connected to an object and
an AC magnetic field is introduced on the primary coil.
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Figure 2.23 Node and antinodes screen from section two of LVDT experiment
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2.7.2 Section Two, Notes on calculations and terms used

As mentioned previously, it is important for students to know why they are doing a
particular experiment or calculation. In section two of this VI students were provided with a
detailed introduction to the calculations and to the terms associated with them. This section
was similar to and continued on from section one. Students were brought through the
calculations for the fundamental frequency, the first harmonic mode, the natural frequency
and the sensitivity of the LVDT. Explanations of each term and descriptive images were
included to aid the student’s understanding. As with the first section, section two was
accessible to students at any time throughout the experiment. This allowed students to refer
back any time they felt necessary, reducing the demand upon demonstrators time. Figure
2.23 shows the node and antinodes explanation screen used in section two of the LVDT and

accelerometer experiment.

2.7.3 Measurements, data logging and report

As this is a more complex experiment a slightly different approach was employed when
designing it. Sections one and two dealt with the experimental apparatus and with the
theory which is normally left until the end of section three as it was in previous VI’s.
Section three for the LVDT and accelerometer contained five screens in total. Three of
these were procedure and data logging screens, one is a further explanation screen on how
to process data and the last screen dealt with the report requirements. Each of the three data
logging screens initially were made up of procedural text boxes and a graphical
representation of the outputs of the accelerometer and the LVDT. It was found that the
oscilloscope was still needed to adjust readings and compare measurements taken by the
students and so an oscilloscope was incorporated into the programming of each of the three
data logging screens. The outputs from the accelerometer and LVDT were read directly in

to the PC using a USB-6009 (Appendix D) but were powered by a separate power supply.
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Students perform each of the three data logging sections and read their data directly from
the virtual oscilloscopes and used that data to plot the graphs required in their reports. One
of these screens is shown in figure 2.24. The final explanation screen instructs students on
how to graph a comparison of their results to theoretical results. Such a graph is included in
their reports and students must derive reasons that their results may differ from theoretical
values. Finally students are free to finish off the multiple choice questions given at the end

of each experiment.

P

E Edt Operste Tools Browse Window elp

> (@l

Procedure: |

1. Ensure that the LVDT Is fixed at 5¢cm from the clamped
end of the beam and that the piezoelectric accelerometer
Is fixed to the beam using blue tack.

2, The output from the LVDT amplifier clrcuit should be
attached to Al 1 on the white data aquisition box and the
output from the accelerometer should be arttached to Al 2.

3 Pluck the end of the beam and allow it to vibrate, Adjust the
scales ofthe graph untll approximately two wavelengths
from the LVDT can fit across the screen and the wave
helght fills the vertical axis.

4,  Determine the periodic time in seconds of the wave. This
can he most easily done by plucking the beam and
Immediately saving the waveform on the screen.

HIXT SCREEN

Figure 2.24 Data logging screen for LVDT and accelerometer experiment
2.8 Load Cell Experiment
The Load Cell experiment was part of the same laboratory module as the LVDT experiment
and it contained the same level of complexity in its design. It is taught to third and fourth
year engineering students in a three hour lab session.
The objective of this experiment was to calibrate a load cell and to determine some of its

static performance characteristics. The load cell was placed in compression using a
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mechanical press and the output from the load cell was compared to readings provided by a
button load cell which was assumed to give the true value. The load cell was configured as
a full bridge using four strain gauges mounted so that two would be in tension and two in
compression when the cell was loaded. Students must therefore be given an introduction to
strain gauges independently, before they can see how they work as part of a load cell. This
was covered in the introduction section and completed before they could move on to the
procedure and data logging sections. The load cell VI had to be designed differently as it
was taught in a different order to the manual layout. The particular lab instructor in charge
of teaching this experiment had modified the method in certain parts to suit his own style of
instruction. Due to this, the VI was designed to match his preferred teaching style. Several
theory screens were also included in the procedure section to guide students through the
more difficult parts of the experiment. Finally section three of the VI contained the analysis
and calculation theory explanation screens. This instructed students on what to do with their
collected data and on how to present it in their report to be handed up at the start of the next

laboratory session. Figure 2.25 shows the home screen for this VI.
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:1||| This experiment is spit up info three sections. a link to each 1s shown below L O A D C E L |_ |
I Read the mstructions for each section before begining them. . |

In thIS sectnon you w1II be gwen an explamatlon of strain gauges and ;
how they are used |n Ioad ceIIs Itis a basic introduction to the experlment |

it to the Ioad in kN taken from the button sensor. You will then build an
amphf‘er circuit and hence compare the new amplified signal W|th load.

In this sectlon you will be gwen an explamatlon of the terms load cell - i
sensitivity, linearity and hysteresis. You will then be given a list of all the parts
you are expected to complete '

Once you have completed these three sections you may begin the multiple choice i
questions given to you by the demonstrator. Complete this answer sheet during the lab
 time and hand it back to the demonstrator before you leave.




2.8.1 Introduction to Strain Gauges and the Load Cell

A load cell is a transducer which converts force into a measurable electrical output. Although there are many
varieties of load cells, strain gage based load cells are the most commonly used type and are the type in use in
this experiment. Therefore in order to understand the operation of the load cell, students must first understand
the operation of a strain gauge. On the first screen of the introduction students were giving a thorough
introduction to the design, make up and operation of a common strain gauge. This screen showed how the
gauge reacts to tension applied longitudinally and also how it is insensitive to lateral forces. This lead students
to the next screen which explained how four separate strain gauges are used in the operation of a load cell.
Students were shown a looped animation of a load cell being compressed repeatedly. Two of the gauges were
in tension and two in compression and were wired with compensation adjustments. When weight was applied,
the strain changed the electrical resistance of the gauges in proportion to the load. Students were then

introduced to the load cell configuration represented on a simple circuit diagram with a Wheatstone bridge.

Wheatstone bridges are used to measure an unknown electrical resistance by balancing two
legs of a bridge circuit, one leg of which includes the unknown component. In this case the
unknown value is the strain and students were shown how to derive its value. The animation
for this screen was in the form of an imported GIF (Graphics Interchange Format) picture file
and the textual information was taken from the original manual used by students in previous
laboratories. The first introduction screen can be found in Appendix A whilst figure 2.26

shows the second introduction screen for the load cell experiment.
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2.8.2 Section Two, Taking Readings and Measurements

The procedure for the entire experiment was contained in section two of this VI. Students
began this section with a reminder of the objective of the experiment before undertaking any
work. Students then setup their apparatus and powered up the load cell. They applied loads
by means of a manually operated mechanical press seen in the image in figure 2.25. A button
load cell was placed as a control in the press to give the students a read out of what load they
were applying. Beginning at OkN, students increased the load in steps of S5kN up to 30kN.
The output from the un-configured load cell was recorded with the VI via a USB DAQ box
attached to the circuit. A graph of mV output from the cell against load in kN was displayed
on the screen. Students had to reproduce a similar graph in their laboratory report to be
handed up. It was important to show students the linear plot associated with this data set in
order for them to understand and discuss why it was linear. Students were also prompted to
take a look at the mV output levels of the load cell to lead them in to the next section of the
experiment involving signal amplification. It was at this time that students were encouraged
to discuss problems with such a low level voltage output and what they could do to enhance
it. Once they did this they were given an explanation of an amplification circuit and how it
could be applied to the current load cell configuration. Students manually built an amplifier
circuit and wired it in to their experimental setup with the USB DAQ box still attached to the
now amplified output of the load cell. Students repeat the steps of applied loads in increments
of SkN up to a level of 30kN and plotted their results on the computer. They then had two
sets of data for the experiment, either amplified or not amplified. The data logging and

explanatory screens for section two can be seen in Appendix A.

2.8.3 Section Three, Analysis and Theory section
Section three for the load cell experiment is quite short in comparison to other VI’s. This was

due to a lot of the theory and explanations having been undertaken during the procedure. In
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section three students were given a description of the calculations they had to perform on the
data they collected from the load cell. These screens were similar to the introduction screens
in previous VI’s and were relatively simple in design. Students were shown how to calculate
the sensitivity and linearity of the system and also what each of these terms mean. On the
final screen they were given an explanation of hysteresis and how to derive it. These screens
were written using images from the original manual and explanatory text boxes. Finally
students were shown the specific report requirements screen for the experiment. This
provided a check list for what was to be completed and handed up to the demonstrator in
their report. Students also had to complete the multiple choice questions associated with this
experiment. Questions on strain gauges are also included here to ensure that students
understood all of the experiment from the beginning to the end point. A copy of these

questions and the full VI can be found in appendix B 2.

2.9 Capillary Viscometer Experiment

The capillary viscometer rig was originally designed and built by a engineering student as
part of his Masters degree. Since its completion it has been prepped and modified to be
used as a demonstrational experimental apparatus in both undergraduate and postgraduate
laboratory sessions.

Students have a three hour laboratory session in which they learn about the operation of the
capillary viscometer and the processes associated with it. This experiment had larger
groups of students attending it as there is only one apparatus for them to observe. Laptops
with the VI loaded were present in the lab in order to ensure that each student had access to
the material. One of the computers was also used for data logging and control of the
apparatus. Data collected from this computer was emailed to the students once the lab had

ended.
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There were four main sections in the viscometer assembly. These are the piston motion
section, the injection chamber with surrounding furnace, the capillary with surrounding
furnace, and the quench tank. The piston was connected through an adjustable drive chain,
including a rack and pinion, servomotor, which was controlled via the PC and a controller.
Injection pressure was made measurable throughout the stroke via a load cell integrated into
the injection system. The billet chamber leads into a conical section. Thermocouples
allowed system temperature measurement and were used to feed back to a temperature
controllers which controlled the power output from a 2 kW band heater around the injection
chamber. A quartz rod loading pin was used to transmit the fluid pressure from near the
start of the capillary (40 mm in from the narrow end of the conical section) to a button load
cell held in a ceramic enclosure beneath the table. This pressure sensing transducer allowed
for the fluid pressure to be monitored. The signals for the temperature sensors and the
pressure profile were measured against time by a the VI . Students used this sub-VI as part
of the larger VI designed to teach them the operation and principles of high shear rate
viscometry. A schematic diagram of the apparatus is shown in figure 2.27.

As there is a large amount of material associated with the capillary viscometer a much
larger introduction section was needed in this VI. Also as this is a demonstrational
experiment, the design of the accompanying VI had to match it accordingly. This VI was
also made available for students to download so that they could go over what they had seen

and run the experiment again with sample data included.
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Figure 2.27 Schematic of the capillary viscometer (1) represents the piston motion
mechanism, (2) the injection chamber with surrounding furnace, (3) the capillary section,

(4) the load cell, and (5) the quench tank for the capillary after billet injection.

2.9.1 Capillary Viscometer Introduction and Theory

The introduction section to this VI needed to be larger than previous experiments due to the
large amount of information associated with the capillary viscometer and its related
processes. The introduction and theory section was split into four separate sub sections to
give students as complete a level of instruction as possible. Also this allowed for students to
revisit one particular section in case of query without having to run through all the other
screens to get there. These four sections include a general introduction to plastics, statistical
design of experiments, semi solid metal (SSM) processing and injection molding. The
plastics section, being the most general is the largest with five explanatory screens; the
statistical design of experiments and SSM processing needed three; and the injection

molding section needed two. These thirteen screens in total take some time for students to
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get thorough and to understand. This was convenient however as the plastic billet within the
apparatus took a similar time to reach it’s optimum temperature for injection. During this
time students could converse with each other and with the demonstrator as needed. The
information contained in the explanatory screens lead students to ask more informed
questions relating to the apparatus as they progressed through the experiment. Figure 2.28
shows an explanatory screen from the SSM processing section of the VI. The full set of

screen shots of the complete VI is located in Appendix A.
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Figure 2.28 SSM processing screen, capillary viscometer experiment.
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2.9.2 Section Two, Procedure and Data Logging

Normally in section two the procedure was written so as to facilitate the students can carry
out the experiment themselves and record the data needed to complete their calculations. As
this experiment was performed by a demonstrator, the procedure for this section was only
included so students can follow exactly what is going on during the experiment.

The input for the motor control and the outputs from the load cell and thermocouples ware
all wired into the National Instruments DAQ box, shown in figure 2.29. Once the
experiment was run all the data was recorded and stored on the computer to be emailed to

the students to complete their reports. Figure 2.30 shows the data logging screen.

.
by

="
Iy 7

(c)

Figure 2.29 Picture of (a) temperature controller, (b) National Instrument data acquisition
box and (c¢) motor controller.
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2.9.3 Theory and Report Requirements section

Section three contained the explanation and instruction required for the students to process
the data collected during the experiment. As the experiment was available to download
students could re-run the injection process with sample data and use this example to process
their own data. The first screen of section three included explanations on the calculations
involved, see figure 2.31, whilst the second and third screens allowed the students to check
if they had gotten the correct results from the theory. Students still had to show their own
calculations in the report that they handed up as explained in the last screen of the VI
Further screen shots for this VI are shown in Appendix A.

> calculations. vi
File Edt Qperate lﬁls__\rwndow Help

sed on

\ pil
= APR2L (R¥ 4Q)

Yw=4Ve/R(3/4+1/4n)

P) = n log(Q)+ [n log{4 R34 +1/4n)}] + log(K)- log(R 2L)]

| ses Flo ___ f W ¢

Figure 2.31 Calculation theory screen for capillary viscometer
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Chapter 3 Results

This chapter contains the results for all of the analysis carried out during the study. Each
students report marks, their multiple choice marks and their questionnaire answers for
each individual experiment are reported on.

3.1 Report Results

This section contains the average report marks for each of the instrumented experiments.
The total average mark of all the students who undertook the instrumented version is
compared to the total average mark of the students who did the non instrumented version.
The flywheel, compound pendulum and centrifugal force experiments were all run in the
same laboratory module with an instrumented and non instrumented version of each
apparatus present in each session. The load cell and LVDT/accelerometer experiments were
run for a different module in a similar way. The comparison of student’s results for the
capillary viscometer experiment is drawn from different years. For this experiment, the
results from classes from two years of the instrumented laboratory module were compared
to the results from one year of online operation of the instrumented laboratory version and
also to the results from two years of related traditional report type continuous assessment.
Students’ reports were graded using the same marking scheme whether they did the
instrumented or non instrumented version of the experiment. This marking scheme was
given to students in both the VI and in the laboratory manual provided and can be seen in
figure A.6 in appendix one. In this scheme, 30% was awarded for the basic structure of the
report, 30% was awarded for the results recorded during the experiment, 30% was awarded
for their discussion and conclusions and 10% was awarded for presentation. Reports were
corrected by either postgraduate students or by the lecturer in charge of running the
laboratory. Whilst correcting the reports the examiners were not aware of whether the
student had done the instrumented or non instrumented version of the experiment to ensure

a non biased set of results. These results are shown in Figures 3.1 through 3.7.
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Figure 3.1 Average report marks for students undertaking the Flywheel experiment.
(85 students Instrumented, 84 students uninstrumented)
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Figure 3.2 Average report marks for the Compound Pendulum experiment.
(78 students instrumented, 79 students uninstrumented)
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Figure 3.3 Average report marks for students undertaking the Centrifugal Force experiment.
(30 students instrumented, 30 students uninstrumented)
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Figure 3.4 Average report marks for students undertaking the Load Cell experiment.
(42 students instrumented, 43 students uninstrumented)
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Figure 3.5 Average report marks for the LVDT/accelerometer experiment.

(41 students instrumented, 40 students uninstrumented)
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Figure 3.6 Average report marks for the Capillary Viscometer experiment.
(22 students instrumented, 39 students uninstrumented, 15 online)
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Figure 3.7 Combined total average reports marks for students doing
instrumented and non-instrumented experiments.
(298 students instrumented, 275 students uninstrumented)

3.2 Multiple Choice Question Results

This section contains the average marks for the multiple choice questions which were
attached at the end of each of the VI’s. Each experiment had four multiple choice questions
associated with it. Students were also asked to give a reason for the answer they choose.
Marks were awarded for the correct answer and for giving a rational reasoning to the
problem. As there were four questions asked, each question was worth 25 marks out of a
total of 100 marks. Students were awarded 10 marks for correctly answering the question
with the remaining 15 going for the quality of their reasoning. As these questions were set
at a slightly higher level than that of the experiment a greater level of understanding must
be present in order to answer each of the questions correctly. Initially these questions were
given to the students as extra work at the end of the lab purely for this study but were later
added to both students’ answers sheets as well as the VI’s, as they proved a valuable

instructional tool.
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The total average mark of the students who completed the instrumented version of the
experiment was compared directly with the total average mark of the students who did the
non-instrumented version. This is represented in figures 3.8 — 3.13 which show whether
students who had utilised the instrumented version performed better, worse or the same
than those doing the non-instrumented version. Multiple choice answers were corrected by
a postgraduate student who was not aware of whether the student had done the instrumented
or non-instrumented version of the experiment to ensure a non biased set of results. Only
the capillary viscometer experiment did not have any multiple choice questions associated

with it.

Worse results 20%

Better results
62%

Figure 3.8 Average MCQ performances for students undertaking the
instrumented version of the Flywheel experiment, for 100 students total
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Better results
59%

Figure 3.9 Average MCQ performances for students undertaking the
instrumented version of the Compound Pendulum experiment, for 96 students total

Same results 30%

Better results
55%

Figure 3.10 Average MCQ performances for students undertaking the
instrumented version of the Centrifugal Force experiment, for 60 students total
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Better results 9%

Same results 77%

Figure 3.11 Average MCQ performances for students undertaking the
instrumented version of the Load Cell experiment, for 85 students total

Same results 18%

Better results 64%

Figure 3.12 Average MCQ performances for students undertaking the
instrumented version of the LVDT experiment, for 81 students total.
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Worse results 13.4%

5

Better results;
49.8%

Figure 3.13 Combined total percentages of students using instrumented versions of the
experiments performing better, the same or worse than those using the non-instrumented
versions, for 483 students total.

3.3Questionnaire Results

This section contains the results of the questionnaires given to students during their first
session of their laboratory module and the last session. The questionnaire consisted of 18
questions designed to gauge the students’ feelings towards the laboratory sessions they
undertook in Dublin City University. The questionnaire was given to all students present
and the following results are complied from approximately 350 questionnaire sheets.

3.3.1 Questionnaire Section One

The first ten questions were in regards to the laboratory setup in general and the last eight
questions dealt specifically with the virtual instruments. For the first ten questions, students
were asked to give a rating as an answer on a scale of one to ten. Answering either one or

two represents “extremely poor”, between three and five signifies “satisfactory but with

short comings”, between six and eight corresponds to “good” and either nine or ten denotes
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“extremely good”. The rest of the remaining questions required either “yes or no” or
opinion type answers. These types of questionnaire responses were explained to the
students before they answered the questionnaire. Several copies of responded
questionnaires had to be discarded as these students did not answer with their opinions but
with jokes and creative patterns instead. If there was any doubt whether to discard a
questionnaire or not benefit of the doubt was given to the student and the questionnaire was
accepted. The responses to each question are presented in figures 3.14 to 3.29. The “before”
series in the graph represents the opinions of the students before their first laboratory in a
given semester. The “after” series represents the responses of students after their
instrumented or non-instrumented laboratory sessions. A copy of this questionnaire can be

found in Appendix C.
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Figure 3.14 Questionnaire Results for “Did you enjoy the lab?”

(1 = extremely poor relation, 10 = extremely good)
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Figure 3.15 Questionnaire Results for “Did you feel you learned from this lab?”

(1 = extremely poor relation, 10 = extremely good)
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Figure 3.16 Questionnaire Results for “How well did the lab relate to lectures?”

(1 = extremely poor relation, 10 = strong relation)
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Figure 3.17 Questionnaire Results for “Was the experimental procedure clear and easy to

understand?” (1 = unclear, 10 = very clear)
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Figure 3.18 Questionnaire Results for “How boring was the lab?

(1= most boring, 10=exciting)”
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Figure 3.19 Questionnaire Results for “Was the theory to be learned from the lab

clear from the 1ab?” (1 = unclear, 10 = very clear)
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Figure 3.20 Questionnaire Results for “Was the demonstration

at the start of the lab adequate?” (1 = unclear, 10 = very clear)
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Figure 3.21 Questionnaire Results for “Was the demonstration

adequate throughout the 1ab?” (1 = unclear, 10 = very clear)

85



90

Before
H After

Percentage chosen

(1-2) (3-5) (6-8) (9-10)
Satisfaction score

Figure 3.22 Questionnaire Results for “Was the lab beneficial

to you in relation to your course?” (1 = extremely poor relation, 10 = extremely good)

3.3.2 Questionnaire Section Two

Section two of the questionnaire relates to the last eight questions asked specifically about
the students interaction with the VI’s rather than the laboratory in general. The questions in
this section were not included the first time that students answered the questionnaire as they
had not had the opportunity to operate any of the instrumented experiments.

Relevant opinion answers for questions 14 and 15 are discussed in chapter 4. The answers

to this questionnaire are presented in the same sequence as on the questionnaire itself.
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Figure 3.23 Questionnaire Results for “Where any of the lab

experiments you did instrumented?”

YES; 83%

Figure 3.24 Questionnaire Results for “If yes, do you think the VI benefited you?”

YES; 88%

Figure 3.25 Questionnaire Results for “If no, do you think

the VI would have benefited you?”
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More VI; 60%

Figure 3.26 Questionnaire Results for “Should the labs be left as

previous or should more VI be introduced?”

Yes; 92%

Figure 3.27 Questionnaire Results for “Is using a computer to learn and aid in the

laboratory better than having to rely on the demonstrator for help?”

Home; 63%

Figure 3.28 Questionnaire Results for “Do you prefer to

write up your report in labs or at home?”

88



Yes; 63%

Figure 3.29 Questionnaire Results for “Would you prefer to have access to an online
version of the experiment to reference once you have completed the lab?”

3.4 Heart rate Monitors

During the early stages of this study, may laboratories were run with the students wearing
heart rate monitors and being videoed as they performed their laboratory experiments.
Students would wear a sensing strap around their chest that would record and transmit heart
rate data to a wrist watch. The rate data was then be downloaded from the watch at a later
date and plotted against time. Students were video recorded as they undertook the
experiment to ensure that the relevant peaks of their heart rate were a direct result of being
excited or interested in the experiment rather than being stressed or excited for other
reasons. This method of analysis was not implemented for all of the laboratory sessions as it
was taking a huge amount of time to correlate the video data with the heart rate data.
During one laboratory module of 40 students or so, the heat rate of one of the students is
shown in figure 3.30. This was correlated with video evidence which showed the student
becoming excited whilst performing interacting with the computer and VI during the three
sections of the experiment. These are indicted by the marked sections, A, B, and C in figure

3.30. No heart rate profiles showing students being overtly stressed were found.
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Figure 3.30 Heart rate profile of one student using a VI in lab
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4. Discussion and Conclusions
In this section an analysis of each of the separate methods of assessment of students is
presented. Each method will be dealt with individually and discussed in relation fto all of

the experiments instrumented.

4.1 Introduction

The goals of this study were to improve the learning experience for students, the teaching
experience for demonstrators, to update the laboratories to allow an understanding of
industrial instrumentation and to analyse the effectiveness of all new implementations.
Students were surveyed early on by both written and oral surveys. The oral question and
answer session was conducted during their laboratory session and consisted solely of what
students thought was good and bad about the laboratories before they were instrumented.

Responses to the oral question and answer session with the highest frequency are shown in

Table 4.1.
Cons Pros
Labs are too repetitive Learn team skills
Don’t understand what’s going on Tried and trusted method
Boring Sessions Practical experience
Worried about having a bad partner Some topics are interesting

Table 4.1 Most frequent responses given by students when asked what they
thought of the laboratory sessions before they were instrumented
Some students felt that their laboratory experience would be the same no matter what
experiment they were assigned to do. They were of the opinion that the session would
consist of them entering the class, seeing what measurements had to be taken, recording
their data, plotting a graph and then going home. Some students felt no attachment to their

work and had no clue what they were really supposed to be doing. When asked why this
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was the case students answered most commonly that they did not understand what was
going on and that they did not get much more information out of the demonstrators in the
laboratory in terms of explaining things in very simple language. Students who enter the
various engineering classes have varying levels of ability and also have taken different
classes previously. This means that any introduction given must cater for all levels of
student and not just those of a higher level of ability. Laboratory groups would generally
consist of between three and five students. Students admitted that it was much easier to let
the stronger student do the experiment while they helped and copied the results. Some
students felt little motivation to become more strongly engaged with their laboratory and
this may be down to fact they found it quite boring. It was reported that they sometimes
found it difficult to do sections of the experiment due to lack of understanding and hence
found the questions difficult.

Students also felt that if they were unfortunate to be paired with weaker students as their
report results would suffer because of it. Conversely students remarked that they felt
working together in a group helped them develop team skills. For many it is one of the first
times they get to work in a project based group working environment similar to what they
would have in industry. Students were of the opinion that the laboratory sessions were a
tried and trusted method of instruction that has been in place for a long time and therefore
must be of benefit to them. This trust in the system was a motivating factor in students
attending and finishing their reports along with the credits awarded for the module. For a lot
of students this is also the very first time that they get to handle the apparatus themselves
rather than having a teacher demonstrate it for them as may ﬁave béer; the case in secondary
school. Being able to physically touch the experiment and play around with it is crucial to
the learning experience and can be exciting for students not placed in this situation before.

If the experiment is exciting and new then it is likely that the students will be more

92



interested in the project and are likely to be more self motivated in completing their
assignments. Students were again surveyed but in the form of an answer sheet that was
given to them again at the end of their time in the laboratory to see if their opinions had
changed once they had used one of the VI. Results from these questionnaires are discussed
in section 4.4.

Demonstrators were also asked what they felt was wrong with the laboratory setup. Many
replied saying that they are a lot of students to get to and that they cannot give each of them
a lot of attention. They also were reluctant to jump in and help students who were stuck in a
particular part of the experiment to allow the students to figure out the problem for
themselves. They believed that this frustrated students but that is was for the students’ own
good that they did not get “spoon fed”. This study analysed the effectiveness of
implementation of virtual instruments into the laboratory by looking at student report
marks, MCQ marks, heart rate profiles and student opinion through their questionnaire
answers.

4.2 Students Reports

In order to complete their laboratory module, students had to compile a report on each of
the experiments they had undertaken. This report is generally completed after the session
had ended and is handed up to the demonstrator at the commencement of the next session.
Each experiment has a list of requirements in order to achieve full marks and these were
given to all students regardless of whether they are doing the instrumented or non
instrumented version. Students reports were corrected by either a postgraduate student or by
a lecturer, depending on the laboratory. The corrector was unaware of whether the student
whose report they were correcting completed the experiment on an instrumented piece of
apparatus or not. The aim of this work was to design virtual experiments for engineering

laboratories, to use them to interest the students and to enable them to more easily
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understand the concepts being taught to them. Students armed with this greater
understanding would then be able to gain higher marks in their reports.

The total average reports marks for each of the individual experiments can be seen in
section 3.1. The six instrumented experiments examined showed better results for students
undertaking the instrumented version as opposed to the original setup. The load cell
experiment showed students gaining very similar marks for either the instrumented or non
instrumented version. The load cell experiment was demonstrated by one particular
technician in every laboratory session. This technician gave a high level of attention and
instruction to both sets of students doing the experiment per session and is seen as the
reason why students doing the non-instrumented version did as well in their reports as the
students using the instrumented version. The non-instrumented and instrumented students
cannot be used as control groups for this study as the demonstrator showed both groups the
V1, without realising the impact on this study. This LVDT experiment was run at exactly
the same time, in exactly the same room, with exactly the same group of students only
minus the full time demonstration. This experiment was demonstrated along with other
experiments by a postgraduate student. Students attempting the instrumented LVDT in the
same laboratory scored on average a full grade higher on their reports than students
attempting the non-instrumented version (see figure 3.5). It is important to look at why
students are performing better with instrumented experiments. Marks are awarded to
students for the basic structure of the report 30%, the results recorded during the
experiment 30%, their discussion and conclusions 30% and 10% is awarded for
presentation. Students using the instrumented version are given the same information
available to the rest of the students but just at different times and in a different format.
Students are brought through the experiment by following the VI and this allows them to

identify clearly with what similar pattern they should follow in organising their report. It is
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easier to see the key points to be taken from the experiment and what sections to highlight
in their report. Students can also explain these concepts in the same manner in which it is
presented to them. Experimental results are also recorded by the computer which allows
observation of what is going on during the experiment rather than having to watch a
stopwatch or dial. This allows a greater working understanding of the apparatus to be
gained and also means that the data is organised and ready to present and use for the
calculation sections. Each VI guides the students through the theory part of the experiment.
This forces students to examine the physical processes that occur during the experiment
rather than just substituting values into equations and calculating an answer without
understanding its significance. Students have the ability to return to the explanation screens
at anytime to confirm and check their thoughts on what is happening in each experiment.
This facilitates shy students who may have a fear of being seen to be stupid by not
understand and having the demonstrator to slow down and repeat what was said.

The first five experiments to be instrumented were all part of an undergraduate program
while the capillary viscometer is also part of a taught masters program. This experiment
showed a similar pattern of instrumented students performing better than others. This
experiment was run last year as part of an online laboratory class. Students would perform
the experiment on their own computer with sample data already included with the VI
Similar results between the laboratory version and the online version were to be expected as

this experiment is run as a demonstration rather than by the students.

Prof. Phil Race of Leeds Metropolitan University, a renowned expert in this field, has
recently hypothesized that there are five factors effecting successful learning which should
be present in a learning object in order for it to be really efficient and of benefit to students.

These five factors are (i) learning by doing, (ii) learning from feedback, (iii) making sense,
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(iv) wanting to learn, and (v) needing to learn. Virtual Experiments in DCU now include all
five of these components for effective instruction [IRIBK## (i) Students learn by doing the
experiment itself as there is still a hands on aspect to the experiment; (ii) Students learn
from the instant feedback given to them from the calculation sections of the experiment and
from the real time output from the graphs on screen; (iii) The explanations in the VI relate
to real world applications and give the students a reference point to make sense of what
they are being taught; (iv) With increased interest levels and interactive experiments
students can begin to really enjoy their laboratory experience and want to continue on. (v)
Students are told what is needed to complete their reports in order to pass the module and in
order to become a graduate engineer. Having these five key factors present in the VI design
is believed to be the main contributing factors as to why the total average report mark for
instrumented experiments is approximately a grade average higher than that from non-

instrumented experiments.

4.3 Multiple Choice Questions

At the end of each experiment, with the exception of the capillary viscometer, each student
completed a set of four multiple choice questions. These questions were set at a slightly
higher level than that of the experiment to test whether students really understood the
concepts being taught to them. Each question asks the student to make a choice on their
answer and then to explain why they made this choice. In the marking scheme, 10 marks
were awarded for the correct answer and 15 for the quality of their explanation. Students
were instructed to answer the MCQ on their own away from other students. From these
responses, 49.8% of students who had done the instrumented versions of their experiment
performed better in their MCQ, with 86.8% of them performing the same or better than

students who did the non-instrumented versions. This clearly shows that students using the
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VIs left the laboratory with a much greater understanding of what they were being taught.
This is also thought to be due to the VI giving the students an area of focus, pinpointing the
important areas of the experiment and then recording the data allowing them to see these
concepts in action rather than focusing too much on the dial of an instrument (e.g.
stopwatch in pendulum experiment). The figures for the load cell experiment were to be
expected due to the same high level of demonstration and explanation particular to this
experiment. It is important to note that this trend in results is common to both the first year
and fourth year experiments and that just because students have gone through other
laboratory sessions before, does not mean that they know what they are doing. This result is
also common to the use of CBL with secondary school students found in a study carried out

in DCU by Anna Walshe for her Masters thesis [i§

98|. The students that engaged with
scientific process facilitated by the use of appropriate instrumentation had a better
understanding of the scientific concepts contained within the Junior Certificate Science
syllabus than the students taught using more traditional methods. They showed improved
retention of syllabus content and demonstrated a better ability to apply their acquired

knowledge to situations outside of the syllabus.

4.4 Questionnaires

4.4.1 Section One

The questionnaire survey is distinct from the oral survey that given to students midway
through their first laboratory session. This survey was given to the several classes as a
whole at around the same time as the oral survey and given again, with the extra questions
relating to the Vs, at the end of their laboratory sessions for the given module. The first ten
questions that are common to both sets relate to the laboratories in general and were

designed to gauge how students felt about the module as a whole. Each of these ten
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questions was answered by circling a number on a scale which translated into a graded
response. Answering either one or two represented “extremely poor”, between three and
five signified “satisfactory but with short comings”, between six and eight corresponded to
“good” and either nine or ten denoted “extremely good”. If the question specifically asked
about a particular feeling towards the lab, for example boredom, students were instructed to
use the same scale selecting one as the lowest value and ten as the highest. When students
were given the survey for the second time the same rules applied for section one and section
two was made up of either opinion or yes and no answers.

When students were asked if they enjoyed themselves, 8% more students felt that they had
enjoyed their labs more once they had completed the VI versions of the experiments.
Although this is not a huge percentage, when this figure is taken into consideration amongst
the rest of the questions, the effect of the VIs as a whole becomes clearer. Students found
their experimental procedure (figure 3.17) and their experimental theory (figure 3.19) much
clearer to understand. They found the lab less boring and more exciting (figure 3.18) and
crucially found that the demonstration at both the start of the lab and throughout was much
more satisfactory (figures 3.20 and 3.21). As expected the students felt that their labs
related the same amount to their lectures as none of the actual material used in the VIs was
different to that in the traditional laboratory just the manner through which it was presented
(figure 3.16). Students still felt the lab was beneficial to them (figure 3.22) and although
they did not feel and if they had learned a significant amount more (figure 3.15) it is clear
from their report and MCQ results that they actually did, indicating that they felt no extra

workload imposed to work with the VIs but rather the opposite.
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4.4.2 Section Two

Section two of the questionnaire related to the VIs directly and to students personal
opinions on improvement within the laboratory session. This section is of particular interest
as it confirms students positive opinions of the VIs employed even if the previous questions
did not portray the laboratory as a whole in the same manner. Question 11 was included as
a confirmation that a significant number of students had done at least one instrumented
experiment, see figure 3.23. This left one quarter of the total number of students left as a
control group who did not have any contact with a VI during their module. Of that quarter
of students, 88% thought that the VI would have benefited them in the lab. With no contact
with the VT it is hard to speculate where these students thought that the VI would have been
beneficial to them. That is of course excluding the fact that these students would be able to
discuss the merits of the new versions with the 83% of students who did use it and thought
it was beneficial to them. It is also interesting to note that 60% of students would increase
the number of VIs present in the labs, with 40% leaving it at current levels. These figures
would indicate that there is some room for more experiments to be instrumented but that
maybe not every experiment needs a full VI. One of the most significant figures to come
out of the questionnaire was that 92% of students believed that it would be better to have
the backup of the VI rather than having to rely on a demonstrator for help. Having the VI
and its reference section available, enables students to become more independent in their
experiments which possibly could lead them to much greater experiments operating even
more independently. This trend continues through to the final two questions with students
preferring to work together in a laboratory but wrote their reports in their own time either at
home or in the library. Students felt that they could complete a much tidier complete report
when given the time to do so and hopefully be given the VI online to reference as they did

it. Four opinions given by students are presented in Appendix C. These opinions are from
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two students who took instrumented experiments and from two who only took non-

instrumented experiments and confirm what previous figures have shown.

4.5 Heart Rate Monitoring

The heart rate profile shown in figure 3.30 is the only correlated data set shown from the
assessment made with the heart rate monitors. This data was matched and synchronised
with a video file that was recording the student’s activities throughout the lab. This
particular student was working in a smaller group of three girls with little outside
interference to disturb. Other heart rate profiles had to be discarded as too many factors
could affect the student giving a false reading. These factors could be how tired they were,
if a loud noise had startled them or even who was sitting beside them. The only way to
record this data and use it would be to some how figure out a way of quantifying or getting

rid of outside influences which would be very difficult in a group laboratory environment.
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Appendix A

A 1 Virtual Instruments
A 1.1 Flywheel Experiment
A 1.2 Compound Pendulum Experiment
A 1.3 Centrifugal Force Experiment
A 1.4 L.V.D.T. Experiment
A 1.5 Load Cell Experiment
A 1.6 Capillary Viscometer Experiment

A 2 Selected Block Diagrams
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Figure Al.1 Home Screen for Flywheel Experiment
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Figure Al.5 Theory and Analysis Screen Two for Flywheel Experiment
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Figure A1.6 Report Requirements Screen for Flywheel Experiment



A 1.2 Compound Pendulum Experiment
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A1.7 Home Screen for Compound Pendulum Experimnt
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A1.8 Animation and Introduction Screen One for Compound Pendulum
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A1.9 Animation and Introduction Screen Two for Compound Pendulum
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A1.10 Data Logging Screen for Compound pendulum Experiment
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~ Eq.1

where x
L
Ka

 Eq.2 Keg= (Ka?-x%) 12

= distance of fulcrum from the center of gravity
= length of simple pendulum

= radius of gyration about the fulcrum

= radius of gyration about the center of gravity
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Figure A1.13 Report Requirements Screen for Compound Pendulum Experiment
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Figure A1.14 Home Screen for Centrifugal Force Experiment
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To relate the maJmtude of centrlfugal force actlng on a body to |ts rotational speed and radlus of rotatlon
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» Centrifugal force effects can be very useful in design, but can
also be the cause of drastic failures in rotating components.

« Anautomatic clutch is an example of a use of centrifugal force
for power transmission.

o On high speed machinery like turbines, centrifugal force due to
a small out of balance component can cause serious vibrations
which may lead to the failure of parts.

i~

Consider a body moving in a circular path of radius r, with angular velomty
as shown in figure 1a. When the hody moves through a small angle _ the ©
velocity vector, v, changes direction as shown in figure 1b. If the cha fge in
velocity takes place in time 5 and the change of velocity is 5 (represented
by the vector AB in figure1 b;, )

Then then acceleration = ":—\l (Eqn 1)
&

Figure 1b
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A1.16 Animation Screen Two for Centrifugal Force Experiment
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A1.17 Procedure and Data Logging Screen One for Centrifugal Force Experiment
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A1.18 Procedure and Data Logging Screen Two for Centrifugal Force Experiment
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A1.19 Procedure and Data Logging Screen Three for Centrifugal Force Experiment
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A1.20 Calculation and Report Requirements Screen One for Centrifugal Force Experiment
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A 1.4 L.V.D.T. Experiment
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A1.22 Figure Home Screen for L.V.D.T. Experiment
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Figure A1.24 Introduction and Animation Screen Two for LVDT Experiment
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Figure A1.25 Introduction and Animation Screen Three for LVDT Experiment
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A 1.5 Load Cell Experiment
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The standard measurements of the equipment are as follows:
A, Capilary length = 100mm
B. Capilary diameter = 10mm
C. Distance of extrusion by Piston = 70mm
D. Furmnace diameter = 25mm
E. Furnace length = 125mm
F. Bilet = 25mm * 75mm

Procedure

A. Turn on the furnace.
B. Ensure the temperature control box is set to required SSP temp of 310 degC for polypropylene.
C. Put billet into the furnace and insulate the chamber with the kaowool. |
D. Check the temperature of the billet with the thermocouple. Notice the temp drop between the
furnace and the billet.
E. When the billet has reached the SSP temperature, remove the thermocouple.
F. Insert the piston manually into the furnace until the piston is in contact with the billet.
G. Engage the gear with the linear rack,
H. Ensure all students are standing a safe distance from the equipment with safety glasses on.
1. Extrude the billet through the capillary. The piston will move a distance of 70mm.
J. Record the time of extrusion with a stopwatch.
K. Record the load output from the load cell via the virtual instrument on the PC,

(Measurements recorded in Ibs)

NEXT SCREEN

e s — SP R

Created by Patrick McElray.Philip Smyth, Dermot Brabazon, and Eilish McLoughlin, DEY, 2006,
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A 2 Selected Block Diagrams
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Figure A 2.1 Block diagram corresponding to the Flywhee] home screen
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Figure A 2.2 Flywheel animation screen block diagram
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Figure A 2.3 Flywheel calculation screen block diagram
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Figure A 2.4 Sound recording in use with the centrifugal force experiment
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Appendix B

B 1 Answer Sheets
B 1.1 Flywheel
B 1.2 Compound Pendulum

B 1.3 Centrifugal Force

B 2 Multiple Choice Questions
B 2.1 Flywheel
B 2.2 Compound Pendulum
B 2.3 Centrifugal Force
B 2.4 Load Cell

. B2SL.)V.D.T.
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B1.1 Flywheel Answer Sheet

Name: Class: Group: Date:

EXPERIMENT M8 — ANSWER SHEET
DETERMINATION OF MOMENT OF INERTIA OF A FLYWHEEL

Al. List two everyday examples of a flywheel?

A2. By allowing the hanger attached to the flywheel to fall and observing

Plot the acceleration as a function of time,

again for a few swings. Time

Aeceleration

A3. Measure the distance h from the base of the hanger to the floor
h= +

A4. Explain how the energy “stored” within the system is transferred, relate this to
the law of conservation of energy

Preliminary Questions discussed with demonstrator:
Signed: Date:

A5.  Why is it important to have measured “h” from the base of the hanger and not from the axel
of the flywheel?
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A6. Let go of the hanger and allow it to fall towards the floor. Time the drop of the hanger
to the instant of impact on the floor, and count the total number of turns made by the
flywheel. Count the number of turns subsequently made by the flywheel. Repeat this
several times under the same conditions (same height and no. of turns), and average the

results.
ber of turns ber of turns
b Number. b of drop. re | number ght used.
iCt. ns. hct.
5)
A7. Determine the average value for the number of turns before impact.
Number of turns =
AT7a. Determine the average value for the number of turns after impact.
Number of turns =
A7b. Determine the average value for the drop time of the hanger.
Average time =
A8. Repeat parts A6 and A7 for a different weight.
ber of turns ber of turns
> Number. e of drop. re | number jht used.
iCt. ns. Ct.

5)

A9. Determine the average value for the number of turns before impact.

Number of turns =

A9a. Determine the average value for the number of turns after impact.
Number of turns =

A9b. Determine the average value for the drop time of the hanger.
Average time =_

A10. Using equations [1] and [2] from your manual, calculate the values for the moment of
inertia I, and the frictional torque, Tt.
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Moment of Inertia (I) =

Frictional Torque (Ty) =

A11. Calculate the geometrical value for the moment of inertia (from equations [3] and
[4] in the manual) and compare the results with the experimental value.

You will do this by calculating the moment of inertia for each section of the flywheel and

then adding them together.

Alla. Determine the mass of the axel and drum sections of the flywheel.
Mass of the narrow section 1 = +

H

Mass of the narrow section 2 =

Il
H

Mass of the drum section

A12. Determine the moment of inertia for each of the sections and thus determine the total
moment of inertia for the system.

Moment of inertia for section 1 = +
Moment of inertia for section 2 = +
Moment of inertia for section 3 = +
Total moment of inertia = +

A13. Compare the actual value obtained to the theoretical value calculated.
Theory =

Actual =

Al3a. If there is a difference in these values, explain why you think this is so?
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Al4, State what you deem to be the most important sources of error other than human
error in order of importance. Include an estimate (in percents or absolute value) of its
effect.

Source of error Estimate (80 or SI anits)

A15. Discuss any remedies for the most important sources of error.
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B1.2 Compound Pendulum Answer Sheet

Name: Class: Group: Date:

EXPERIMENT M9 - ANSWER SHEET
THE COMPOUND PENDULUM

Al, List three everyday examples of a simple pendulum?

A2. By swinging the pendulum and observing what happens

Plot the displacement as a function of
time. Include a few swings.

= i Time
7z i
)
Plot the velocity as a function of time.
S B = .
Include a few swings. 5 P ! Tine
=S i |
%
iy
=
2
Plot the acceleration as a function of tine. R
again for a few swings. {3 ; ; ; Tl
1] 4 3 |
o
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A4.

A6.

Signed:

Preliminary Questions discussed with demonstrator:

Date:

A3. Determine the position of the centre of gravity of the compound pendulum.
Centre of gravity =

Using the top hole of the pendulum, determine the period of oscillation for

-+

three angles of small amplitude ( ~ 5°, 10°, 15°). Enter the measured values in

the table below.

lacement Angle
rees)

| Time (s)

| Number of
llations

b Taken for one
liation (s)

Swing the simple pendulum through a small angle, and measure the periodic
time of oscillation. Adjust the length of the string until this periodic time is the
same as that found for the compound pendulum. Enter the measured values

into the table below.

lacement
e (degrees)

| Time (s)

| Number of
llations

p for one
llation (s)

Support the compound pendulum at each of the hole positions in turn, and for each location

of the fulcrum, permit the pendulum to oscillate through a small angle, and note the

corresponding periodic time of oscillation. Enter the measured values in the table below.

lacement
e (degrees)

| Time (s)

| Number of
llations

b for one
llation (s)

~No o0k~ WN
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A7. On a separate sheet calculate the seven values of periodic time from the relationships given
in your manual, and compare your measured values with this. Enter theses values into the
table below.

# Neasured Value alculated Value

~N o gk WN

A8. Ifthere is a difference in these values, explain why you think this is so?

A9.  State what you deem to be the most important sources of error other than human error in
order of importance. Include an estimate (in percents or absolute value) of its effect.

Source of error Estimate {65 or SI unifs)
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A10. Discuss any remedies for the most important sources of error.
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B1.3 Centrifugal Force Answer Sheet

Name: Class: Group: Date:

EXPERIMENT — ANSWER SHEET
CENTRIFUGAL FORCE EXPERIMENT

These sheets may be used as the results section of your report.

Al, List three everyday examples of where you could expect to see the effects of
centrifugal force?

A2. Fill in the blank spaces in the following section with appropriate words:

Centripetal force and centrifugal force, action-reaction force pair associated with

circular motion. According to Newton's first law of motion, a moving body travels along a

straight path with constant speed (i.e., has constant velocity) unless it is acted on by an
outside . For circular motion to occur there must be a constant force acting on a
body, pushing it toward the of the circular path. This force is the

force. For a planet orbiting the sun, the force is gravitational; for an object twirled on a
string, the force is mechanical; for an electron orbiting an atom, it is electrical. The
magnitude F of the centripetal force is equal to the mass m of the body times its velocity

squared v 2 divided by the radius 7 of its path: F: =pv*/r. According to Newton's third law of

motion, for every action there is an equal and opposite . The centripetal force is
balanced by a reaction force called the (“center-fleeing”) force. The two forces
are equal in and opposite in . The centrifugal force does not act on

the body in motion; the only force acting on the body in motion is the centripetal force.
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Preliminary Questions discussed with demonstrator:
Signed: Date:

A3. Measure the distance from the axis to the pivots of the bell-cranks.
Distance (11) = +

A4. Ensure that the magnitude of the masses on the respective arms of the
bell-cranks are the same.

A5. Replace the dome, and start the motor using the speed control unit. Slowly
increase the speed until the bell-cranks are flung outward with an audible
“click”. Note the approximate speed at which this happens.

Speed (rev/min) = (rev/min)
A6. Decrease the speed until the bell cranks returns to their original position. Once this is
done you may increase the speed very slowly and repeat the reading.

If the two do not move at the same time, record the speed at which the first one
moves, and note that both did not move together.

Speed (rev/min) = (rev/min)

Did both bell cranks move at the same time ?
A7. By reducing the masses of the horizontal arm B (refer to diagram) by 25g at a time,

obtain further results for each value of Mg, until you reach Mg = 50g.
You may use Table 1 provided in A10 to record your results.

A8. Repeat the series of tests for the other values of My, as suggested in Table 1.
A9. Repeat the series of tests for two other radial positions (keeping M4 constant at 50g),

see Table 2.

A10.
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Gravity! My =252 M, = 502 M, =758
Mg (g) | Centrifugal N w N ®° N o*
Force (N) | (rev/min) | (rad’sec)’ | (rev/min) (rad/sec)® | (revimin) | (rad/sec)’
=Mp*g
175
150
125
100
75
50

Table 1 : Results for varying Speed and Mass Using Constant Radius

Gravity/ r= T= r=
Mg (2) | Centrifugal N o’ N w? N o°

Force (N} (rev/min) | (rad/sec)® | (rev/min) (radfsec}z {reviming (l'aldf.‘s(:c)2
=Mp*g

175

150

125

100

75

50

Table 2 : Results for varying Speed and Radius Using a Constant Mass of 50¢g

A11. State what you deem to be the most important sources of error other than human
error in order of importance. Include an estimate (in percents or absolute value) of its
effect.

Source of error Estimate (2% or SI units}
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A12. Discuss any remedies for the most important sources of error.

B2.1 Flywheel Multiple Choice Questions

A16. Complete the question set below, include all calculations and explanations on the
sheet provided

Al6a. What effect would wrapping the string around the drum of the flywheel as
opposed to the axel to the:

Increase Decrease No Effect
(a.) Velocity of the hanger O O O
(b.) Time of fall of hanger O O O
(c.) Moment of Inertia O O O

Explain briefly how you arrived at these answers:

Al6b. What is the best design for a flywheel? The obvious shape is a solid disk of
steel. The diagram shows a couple of cross-sections. Both flywheels have the same mass
and mean radius.

A solid disk flywheel: (a)

Ilass A,
Radiusr

A

|
=
Ll

I

|

]' | I
l,tL’{J | e '.'Ir..".i:.."|
,.:' . A TN

e i i

A flywheel that has a thin plate in the m%ddle and most of its mass as a ring
around the outside: (b)
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Idass A,
IJean Radius ¥

.
|

%W %

B 5

(a) O (b) O

Explain briefly how you arrived at these answers:

Alé6e. You are rewinding a video/audio tape and you record the speed at which it
does so. Does the tape wind up fastest at (a) the start, (b) the end or (c) is constant
throughout?

(a) Start O (b) End O (c) Constant O

Explain briefly how you arrived at these answers:

Aleéd. Consider a ballet dancer doing a spin called a pirouette. As she starts the spin
the moment of inertia about the vertical axis is 3Kgm®. At the end of the spin her moment
of inertia is reduced to just 1Kgm?. If she starts with an angular velocity of 1 rad/s, she
finishes with an angular velocity of...

(a) 0.33 rad/s O (b) 1 rad/s O (c)9rad/sO (d) 3 rad/s O

Explain briefly how you arrived at these answers:
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B2.2 Compound Pendulum Multiple Choice Questions

Al1. Complete the question set below, include all calculations and explanations on the
sheet provided.

Question Alla.
What effect would running the experiment on the moon have on:
Increase Decrease No Affect
(a.) Radius of gyration | O O
(b.) Periodic time of
oscillation O O O
(c.) centre of gravity O O O

Explain briefly how you arrived at these answers:

Question A11b.

Given that 8> = -g/R Sin©, (where 0" is the angular acceleration and 0 is the
angle), how does the mass, length or gravity affect the relationship between the angular
acceleration and angle?

Proportional Inversely Proportional No Affect
(a.) Mass O O O
(b.) Length m O a
(c.) gravity O O d

Explain briefly how you arrived at these answers
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Question Allc.
A pendulum is mounted inside an elevator that accelerates upward with a constant
acceleration. What affect does this have on the period of the oscillation?
Increase Decrease No Affect
(a) Period O O O

Explain briefly how you arrived at these answers:

Question Al1d.
What should you do to the length of the string of a simple pendulum in order to:

(a) Double the freqUENCY.......vuivriiniiiiiiiiieeirre e
(b) Double the period.......ccoeviririiviniiiiiiin TP S
(¢) Double the angular freqUENCY .....veevieiiieieieieiiiiiee

Explain briefly how you arrived at these answers:
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B2.3 Centrifugal Force Multiple Choice Questions

A13. Complete the question set below, include all calculations and explanations on the
sheet provided.

Question 13a.

A plastic cup filled with water is placed on a circular metal tray. The tray has 3
strings attached to its edge. Each of these is equidistant from each other and they all come
together at a point above the tray and are wound together. The tray is swung in a circular
fashion in a vertical plane, the water stays in the cup. Why?

When do you think the person swinging the tray has the hardest time keeping the water in
the cup, at the beginning, the middle or the end of the swing?

Explain briefly why?

Question 2.

A golfer is standing at the middle of a rotating disc. He hits two identical shots at the
hole on the disc in front of him, the first whilst the disc is stationary and the second whilst it
is rotating clockwise. The first putt barely makes it to the hole and drops in. Which
direction does the second shot take?
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(@) O (b) O (c) O

Explain briefly why?

Question 3.
If you hang furry dice from the rear view mirror of your car and drive through a
banked curve, how can you tell whether you are travelling less than, equal to, or greater

than the speed used to calculate the banking angle?

(a) Less than

(b) Equal to

(c) Greater than

Explain briefly why?

Question 4.
An excited sir swings a rubber stopper in a horizontal circle on the end of a string in

front of his class. He tells Phil sitting in the front row that he is going to release the string
when it is directly in front of his face. Should Phil be worried?
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(@ YES 0O (b NO O

Explain briefly why?

B2.5 Load Cell Multiple Choice Questions

Answer all questions on this sheet provided.

Load Cell Experiment.

Question 1.

A weighing system from trucks at a 24 hour border crossing is in operation. What
effects, if any, would occur by having the strain gauges used in load cell exposed to direct
sunlight

Explain briefly how you arrived at this answers:

Question 2.
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Insert suitable words in the blank spaces to explain the operation of strain gauges:

The ideal strain gauge would change _ (a)___ only due to the deformations of the surface
to which the sensor is attached. However, in real applications, __ (b)__, material
properties, the adhesive that bonds the gauge to the surface, and the stability of the metal all
affect the detected resistance. In bonding strain gage elements to a strained surface, it is
important that the gauge experience the same ___ (b)___as the object.

€)) (b) (©)

Explain briefly how you arrived at this answers:

Question 3.

In the diagram above, Rx is an unknown resistance to be measured; R1, R2 and R3
are resistors of known resistance and the resistance of R2 is variable. If the ratio of the two
resistances in the known leg (R2/R1) is equal to the ratio of the two in the unknown leg
(Rx/R3), explain what you would do in order to calculate the value of the unknown resistor
Rx
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Question 4.

Explain the term, “hysteresis”, and how it affects load cell operation?

B2.6 L.V.D.T. Multiple Choice Questions

Answer all questions on this sheet provided.

L.V.D.T and Accelerometer Experiment.

Question 1.

(2) What would happen to the Lv.d.t. if its core was made out of copper as opposed to iron?
Why?

(b) Why is it necessary to determine the phase of the output voltage of the 1.v.d.t?

Question 2.

Insert suitable words in the blank spaces to explain the operation of Lv.d.t;

192



This sensor is a (a) with a single primary winding and two identical secondary

windings, around a (b) core. The windings are powered by an a.c. voltage and
with the core removed the output voltage is (c) .
(a) (b) (©)

Explain briefly how you arrived at this answers:

Question 3.

¢

The Tacoma Narrows bridge famously collapsed in 1940. The reason given was that
the wind happened to be travelling at a frequency equal to that of the natural frequency of
the bridge. How could this cause the bridge to collapse?
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Question 4.

Explain the term, “piezoelectric”, and how can it be used in accelerometer operation?

Appendix C

C 1 Questionnaires

C 1.1 Original Questionnaire

C 1.2 Copies of selected opinion answers given
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C 1.1 Original Questionnaire

Please answer the following questions in relation to the experiments. You should indicate
your answer by circling the numbers below each question. “1” being extremely poor, “5”
being adequate and “10” indicating that it could not be better.

Class

1. Did you enjoy the lab?

1 2 3 4 5 6 7 8 9 10
2 Did you feel that you learned from this lab?

1 2 3 4 5 6 7 8 9 10
3. Was the procedure too long within the time given? (1 = too long, 10 =too

short)

1 2 3 4 5 6 7 8 9 10
4. How well did the lab relate to material covered in lectures?

1 2 3 4 5 6 fl 8 9 10
3 Was the experimental procedure clear and easy to understand?

1 2 3 4 5 6 7 8 9 10

6. How boring was the lab? (1 = exciting, 10 = extremely boring)

1 2 3 4 5 6 7 8 9 10

195



75 Was the theory to be learned from the lab clear from the lab?
i 2 3 4 5 6 7 8 9 10
8. Was the demonstration at the start of the lab adequate?
i 2 3 4 5 6 7 8 9 10
9. Was the demonstration adequate throughout the lab?
i 3 4 5 6 7 8 9 10
10. In your opinion was the lab beneficial to you in relation to your course?

1 2 3 4 5 6 7 8 9 10

11. Where any of the lab experiments you did in this semester instrumented on computer?
Yes No
12a. If yes, do you think it benefited you to do so

Yes No

12b. If no, do you think it would have benefited you

Yes No

13.  Would you prefer to use the experiments as they are now (A) or would you like to see
them use more computer based technology including animations, data-logging and virtual
experimentation (B) ?

(A) (B)

14. What problems do you have with the labs in their current state?

15. How would you like to improve laboratory experiments?
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16. Do you think that using a computer to learn and aid in the laboratory is better
having to rely of the demonstrator for help?

Yes No

17. Do you prefer to write up your lab report in labs or at home?

Lab Home

18. Would you prefer to have access to an online version of the experiment to reference
once you have completed the lab?

Yes No Thank you

€121
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123,

12b.

13.

14.

ta

16.

17.

18.

C12.2

Were any of the lab experiments you did in this semester interfaced with a

computer? -
Kch ; No
H ves, do you think the computer inmerface was a beneficial leaming aid?
S~
Yes | No

{ L
I no. do you think-it could have benefited you?
Yes No
Wauld you prefer to use the experiments as they are now {A) or would you
like ta see them use more computer hased, including animations and data-
togging (B) 7
(A) (B)

Are there any problems you can se with the labs in their current state?

BORNG 7 Bur P85 ARE SwRABSED TR BE!

Is there anything you would like to see¢ changed to improve the delivery of
laboratory experiments?
ADRE [CoiMPrTER @ASEN THEY P\ EFEIEF
T AR OERLTTAND BNDE  rJoT 3 pS VG

Do vou think that using a computer to learn and aid in the luboratory is better
than having to rely of the demonstrator for help?

— =3
Yes (ﬁ;\,‘

Do vou prefer to write up your lab report in Jabs or at home?

/ ~
. Lab ' Home
S _
Would you like to have access to an online version of the experiment to
reference once you have compleled the lab?

——

Yes \‘ No

Figure C.1 Questionnaire sheet one from students

who attempted instrumented experiment
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I,

F2a.

13.

14,

15.

it

i7.

18,

C123

Were any of the lab experiments you did in this semester interfaced with a
computer? e
. Yes Ne

%, -

If yes, do you think the compuater interface was a beneficial learning aid?
z\‘xf’es’ I No
H no, do you think it could have benefited you?
Yes No

Would you prefer to use the experiments as they are now {(A) or would vou
like 1o see them use more computer based, including animations and data-
Jogging (B)?

(A) C®

Are there any problems you can se with the Iabs in their current stane?

A . (
.L '(,-'} rpd 3 Vit Lo, e il L e 04 Al ____}_ _.‘_"_ — e
V0 | 1"( ‘Ig'. L B LAL "‘-k L t\' R e e
Gl [ \ ¢ | ( i :
e Lioafras N Cadith Py ot a ——
4

Is there anything you would like 1o sec changed to improve the delivery of
laboratory experiments? |

[ .. -
. E e SIS | "

'_,‘.p.:.__ _“""_!"’

Do you think that using a compuier fo lesm and aid in the laboratory is better
than having to rely of the demonsivator for help?

Yes No
Do you prefor to write up your lab report in Jabs or at hame?
Lab Home

Wonld you like to bave access to an online version of the expeniment to
reference once vou have completed the lab?

Yes : Mo

Figure C.2 Questionnaire sheet one from students

who attempted instrumented experiment
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1.

12a,

iZh,

i4.

3.

j168

1%

I5.

C1.24

Were any of the lab experiments you did in this semester interfaced with a
computer? >
Yes No
If wes, do you think the computer interface was a beneficial leaming aid?
¥es No
If no, do you think it could have benefited you?
f‘:’cs o

Would you prefer 1o use the experiments as they are now {(A) or would you
like to see them use more computer based, including animations and data-
logging (B} 7

{A) (B)

Are there any problems you can se with the Jabs in their current state?

-y 3
o - AT - € & i L fad (¥ s t AfE &

- 2 :
f.rde Yy 20 L 1 g Ly

Is there anything you would like 1o see changed to improve the delivery of
laborateey experinents?

o

oA & & ¥ e A calas

Dir you think that using a computer 1o learn and zid in the laboratory is better
than having 1o rely of the demonsirator for help?

Yes No
3o you prefer to write up vour lab repart in Jabs or at howe?
Lab Home

Would you like to have access to an online version of the experiment to
reference once you have completed the lab?

Yes Nog

Figure C.3 Questionnaire sheet one from students

who attempted instrumented experiment
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k1,

12a.

12b.

13

14,

15.

16.

g‘t

18.

Were any of the lab experiments you did in this semester interfaced with a

computer? )
' : Yes

If ves, do you think the computer interface was a beneficial leaming aid?

E

Yes Mo
1o, do you think it could have benefited you? -,ﬁ
-
Yes No

Would you prefer to usc the experiments as they are now {A) ar would you
like to see them use more computer based, including animations and data-
logging (B) ?

(&) 3))
Are there any problems you cun se with the labs in their current state?
Lokl PR VN S S 0 ST o A
. -

1s there anything you would ke w sce changed to improve the delivery of
laboratory experiments?

& P e

ke . -

Do you think that using & computer to leamn and aid in the laboratory is better
than having to rely of the demonstrator for help?

Yes 5@
Do yon prefer w write up your tab report in labs or at home?
({Lap Home

Wauld you like to have access to an online version of the cxperiment to
reference once vou bave completed the lab?

) No

Figure C.4 Questionnaire sheet one from students

who attempted instrumented experiment
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Appendix D

D 1 Specification sheets
D 1.1 National Instruments 6009 USB DAQ box
D 1.2 National instruments SCB - 68 DAQ box
D 1.3 Rotational senor for flywheel experiment
D 1.4 Optical sensor for compound pendulum experiment
D 1.5 Accelerometer for L.V.D.T experiment

D 1.6 Microphone specifications for centrifugal force experiment

D 1.1 NI USB 6009
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Low-Cost Multifunction DAQ for USB

7255 A0 144 T 0 S M e L 0 S0 R N L= T b
NI USB-6008, NI USB-6009

o Small and portable Operating Systems
e 120r 14-bit input resolution, e Windows 2000/XP
atupto 48 kS/s * Mac0SX
» Built-in, remavable connactors o Linux®
for easier and mare » Packet PC

cost-efective conneclivity o WinCE Kl
¢ 21true DAC analog outputs "
for accurate output signals Recommended Software 3
 12digital 170 lines (TTLALVTTL/CMOS) o LabVIEW -
o 32-bit event counter * |LabWindaws/CVI e |
* Student kits available Measurement Services E
o OEM versions available Software {included) .
* NI-DAQmx :

* Ready-to-run data logger =%
WMac 08 X and Linu users need
to download NI-DAQmx Base.

Input Mex Input Quiput Outpul Output Digitel
Anzlog Resolution  Sampling Rete  Renge Anelog Resolution Rate Range 1o R-Bit

Prodkiet  Bus Inputs! {bits) (kSis v} Outputs Thits) (Hz) w) Lines Counter  Trigger

USB-6008  USB  8SEA4DI 14 ] 4110220 ? 12 150 05 12 1 Digilal

USBG08  LSB  BSEADI 12 10 4110 420 2 12 150 0w5 12 1 Dugita)

158 = snplenncsd. 4« difamiy
Hardware Description Recommended Accessories
The National Instruments USB-6008 and USB-6009 multifunction data The USB-6008 and USB-6009 have removable screw teminals for easy
acquisition (DAQ) modules provide reliable data acquisition al a low signal connectivity. For extra flexibility when handling multiple wiring

price. With plug-and-play USB connectivity, these modules are simple configurations, NI offers the USB-6008/09 Accessory Kit, which includes
engugh for quick measurements but versatile enough for mare complex 1wo extra sets of screw terminals, extra labels, and a screwdriver.
measurement applications, in addition, the USB-6008/09 Prototyping Accessary provides space for
- adding more circuitry to the inputs of the USB-6008 or USB-6009.
Software Description

The NI USB-6008 and USB-6009 use NI-DAQmx high-performance, Common Apphcatlons

multithreaded driver software for interactive configuration and data The USB-6008 and USB-6009 are ideal for a number of applications

acquisition on Windows 0Ss. All NI data acquisition devices shipped where economy, small size, and simplicity are essential, such as:

with NI-DAQmx alsa include VI Logger Lite, a configuration-based « Data logging — Log environmental or voftage data quickly and easily.

data-logging software package. * Academic lab use ~ The low price facilitates student ownership
Mac 0S X and Linux users can download NI-DAQmnx Base, a of DAQ hardware for completely interaclive lab-based courses.

multiplatform driver with a fimited NI-DAQmx programming interface. {Academic pricing available. Visit ni.com/acadensic for details.)

You can use NI-DAQmx Base to develop customized data acquisition o Embedded OEM applications.

applications with Natignal Instruments LabVIEW or C-based develapment
environiments, NI-DAOmx Base includes a ready-1o-run data logger
application that acquires and logs up to eight channels of analog data

PDA users can download NI-DAQmx Base for Packet PC and Win CE
to develop customized handheld data acquisition applications.

NATIONAL
INSTRUMENTS"

Figure D.1 Specification sheet one for the USB 6009
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Low-Cost Multifunction DAQ for USB

Specifications

Typical at 25 °C unless otherwise noted.
Analog Input

Absolute accuracy, single-ended

Range Typicel 2125 °C (mV) Mencionum [0 1o 55 “C) imV)
+10 147 138

Absolute accuracy at full scale, differential!

Range Typical 2125 °C (mV) Mainnam (0 to 55 °C) (mV)

+20 147 128

10 7 us

5 ! 584

) 352 531

+25 25 451

+2 221 425

125 17 389

1 153 375
Number of channels........c....co.ceee. 8 single-ended/4 differential
Type of ADC ........ Successive approximation
ADC resolution (bits)

Moduls Differential Single-Ended

USB-5008 12 11

USB/6009 14 1B

Maximum sampling rate (system dependent}

Module Mexiimum Sempling Rete (kSfs)
USB-6008 10
USB-009 43

Input range, single-ended........co.oco. 10V

Input range, differential............coueeee +20, 410, £5, 24, £2.5, £2,

+1.25, 1V
Maximum working voltage ................. +10V
Overvoltage protection .. 35V

5128

41.67 ns (24 MHz timebase)

100 ppm of actual sample rate
140k

Software or external digital trigger
0.3 LSByps (10 V range)

FIFO huffer size ...
Timing resolution ...
Timing accuracy .
Input impedance ...
Trigger source....
System noise

Analog Output
Absolute accuracy {no load) ..........

7 mV typical, 36.4 mV maximum
at full scale

2

Successive approximation

12 bits

150 Hz, software-timed

Number of channels..........
Type of DAC oot
DAC resolution
Maximum update rate

1Input veltages may not exceed the warking valtage range.

Output range ...........
Output impedance...
Output current drive
Power-on state............
SIOW TATRw.ovscreverererevemmmeres s i
Short-clreuit CUITENt «....cc.ovcevvcrcisicinines

Digital /O

Number of channels........o.vvrveveeicerneee

Direction contral ...

Qutpul driver type
USB-B00B iicsiisimeamsiassissiviuassiississas
USB-B00.......csensensmsmusersssmnsens

Compatibility ......c.oveomeecmmissisrerins
Internal pull-up resistor .
Power-on state
Absolute maximum voltage range......

Digital logic levels

Level

Input low voltage

Input high valtage

Input leakage cument

Qutput low voltage (1= 85 mA)

Cutput high voitage |push-pull, | =-85 mA)

Cutpur high vahiage {open-drain, | = -0 6 mA, nomnal)

Ouiput high valtage {open-drain, | =85 mA,
with ectenal pull-up resstor]

Counter

Number of cOUNEETS ..c..vvveeceieenrrcncinne
Resalution ......c.couccvens
Counter measurements..
Pull-up resistor .............
Maximum input frequency
Minimum high pulse width....
Minimum low pulse width
Input high voltage ................
Input low vOltage .ceervcercerevaiiinnas

Power available at I/0 connector
+5V output {200 mA maximum.........

+25V output {1 mA maximum}..........
+2.5V QutpUt ACCUTATY ..o ivverisinees
Voltage reference temperature drift...

Oto+bV
500
5mA
ov
1V/ps
50 mA

12 total

8 {P0.<0..7>)

4 {P1.<0.3>)

Each channel individually
programmable as inpul or gutput

Open-drain
Each channe! individually
programmable as push-pull or

open-drain
CMOS, TTL, LVTTL
47kK2to+bV
Input {high impedance)
05t0+68Y
Min Max Units
03 08 v
20 58 v
- 50 PA
- 08 v
20 35 v
20 50 y
20 - v

32 bits

Edge counting {falling edge)
47k tobV

5 MHz

100ns

100 ns

20V

08y

+5 V typical
+4.85 Y minimum
+2.5V typical
0.25% max

50 ppm/°C max

BUY ONLINE at ni.com or CALL (800) 813 3693 {U.S.)

Figure D.2 Specification sheet two for the USB 6009
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Low-Cost Multifunction DAQ for USB

Physical Characteristics

If you need to clean the module, wipe it with a dry towel.
Dimensions {without connectors)....... 6.35 by 8.51 by 2.31 cm
{2.50 by 3.35 by 0.91 in.]
B.18 by B.51 by 2.31 cm
{3.22 by 3.35 by 0.91 in.)
59¢gi2.102

84 g3 0z

USB series B receptacle
{2) 16-position (screw-terminal)
plug headers

16 tg 28 AWG

0.2219 0.25Nem
(2.010 2.2 Ibein.)

Dimensions (with coNNECtors) .....c.....

Weight {without conneclors).............
Weight (with cannectors) ...
170 conNectors. .....c.vwiie

Screw-terminal Wirng ...........coocuee
Screw-terminal tOrquUe ... irvan.

Power Requirement

USB (4,10 t0 525 VDCh.....ocveeveeeres 80 MA typical
500 mA maximum
USB SUSPENG .....vvvuvecsersrreessresessenereeces 300 A Typical
500 gA maximum
Environmental

The USB-6008 and USB-600 are intended for indgor use anly.
Operating environment

Ambient temperature range........... 0tg 55 °C (tested in accordance
with IFC-60068-2-1
and IEC-60068-2-2)
10 10 90%, noncundensing
{tested in accordance

with |EC-60068-2-56)

Relative humidity range ...

Storage envirgnment

Ambient temperature range ........... -40 10 85 °C {tested in
accordance with |EC-60068-2-1
and |EC-60068-2-2)
5 to 90%, noncondensing
{tested in accordance

with |EC-80068-2-56)

Relative humidity range ...

Maximum altitude ......evrveevesevessseneres 2,000m
{at 25 °C ambient temperature)
Pollution degree ... 2

Safety and Compliance
Safety

This product is designed to meet the requirements of the following
standards of safety for electrical equipment for measurement, cantrol,
and laboralory use:

o |EC 61010-1, EN 61010-1

e UL 61010-1, CAN/CSA-C22.2 No. 61010-1

Note: I'or UL and other safety certificalions, refer ta the product label
or visit ni.com/cestification, search by made( number or praduct line,
and click the appropriate link in the Certification column.

Electromagnetic Compatibility

This product is designed to mest the requirements of the following
standards of EMG for electrical equipment for measurement, cantrol,
and laboratory use:

« EN 61326 EMC requirements; Minimum [mmunity

s EN 55011 Emissions; Group 1, Class A

e CE, C-Tick, ICES, and FCC Part 15 Emissions; Class A

Note: For EMC compliance, operate this device according to
praduct documentation.

CE Compliance

This product meets the essential requirements of applicable Eurcpean
Directives, as amended for CE marking, as follows:

o 73/23/EEC; Low-Voltage Directive (safety)

« 80/336/EEC; Electromagnetic Compatibility Directive (EMC)

Note: Refer to the Declaration of Conformity {DoC) for this product for
any additional regulatory compliance information. To obiain the DoC for
this product, visit ssi.comécertification, search by model number or
product ling, and click the appropriate link in the Certification column.

Waste Electrical and Electronic Equipment (WEEE)

EU Customers: At the end of their life cycle, all products must be
sent to @ WEEE recycling center. For more information about WEEE
recycling centers and National Instruments WEEE initiatives, visit
ni.confenviratiment/weee him,

BUY ONLINE at ni.com or CALL (800) 813 3693 (U.8.}

Figure D.3 Specification sheet three for the USB 6009

D 1.2 NI SCB-68 DAQ

205



Specifications

This appendix lists the SCB-68 specifications. These ratings are typical at
25°C nnless etherwise stated.

Analog Input
Nuber of channels

68-pin DAL devices oo Hight differential.
16 single-ended

100-pin DAL devicss . 32 differential,
64 single-2ndad

Teruperaiure sensar
ACUACY worvvcoriiinminnremaarsssnanacs: 210 °C over a0 10 110 °C mnge
LS T2 {111 SOUUSORORRIIRUROI L | b1\ L Al

Power Requirement
Power consumption (at +5 VD, 5%

Typical i cmiinmseniniemoans. | MA with no signal
conditioning installed
MARITII N oo cvecororcssesmnsrnnsonee U0 MA from host computer

4

E’% ‘ Motz The power specifications perfain to the pewer supply of the bost computer whea
using internal power or to the external supply connected at the +5 'V screw tecminal when
using external power. The maximum power consumption of the SCB-68 is 4 function

of the signal conditioning components installed and any circuits constructed on the
general-purpose breadboard area. If the SCB-68 is powered froum the host comyputer,

the maximum +5 ¥V cugrent draw, which is limited by the fuse, is 300 mA,

¥

Fuse

M anufactifer o o cinreesssimsmne Liltelilisg
Part BUMBET <. oo eecvecis eemiccvnsmre o s s 230 8UO

Ampere raling oo s s 0.B0G A

3 tistona nstaments Carporztion A-1 ECB-68 Shieided Connectar Block Yeer Manua!

Figure D.4 Specification sheet one for the SCB-69
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Chpterd  Specifoations

Physical

Voltage rating ...

Nominal resistance .

Box dimensions (including box feet)

g 18I0t (Lo v | . Py e e

Serew 1erminals .o

Wire gauge ...

Resistor sockets wianaammininsninn

Maximum Working Voltage

Maximum working voltage refers to the signal voltage plus the

Environmental

common-mode voltage.

Channel-to-arth .o.ocovviiiiiaien

Channel-to-channel....oo v

Operating @mMPeralire ..o
Storage emperatire ... oo
TENIY scicrmsstsissmmmiiiissopsaneiiosomosisensiis

Maximum altitude ..o

Pallution Degree (indoor use only)

56861 Shielded Comnector Slock User Manual AZ

shbaaiie

w2V

250V
01950

...... 19.5by 152 by 4.5em

(7.7by6.0by 1.8in,}

.One 68-pin male SCSI connector

L2126 AWG

0,032 10 0,038 in, (in diameter)

w42 Vo Installation Category 11

Installation Category 11

s

01w 70°C
=200 70 °C
5 to 90% RH. noncendensing

2000 meters

nleom

Figure D.5 Specification sheet two for the SCB-69
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Chapter A Specifications

Safety

The SCB-58 meets the requirements of the following standasds for safety
and electeical equipment for measurement, control. and laboratory use:

+ IEC61010-1, EN 61G10-1
»  UL3LHA
+  CAN/CSAC222No 10101

ﬁ Mote For UL and other safety certifications, refer to the product label or o ni . com.

Electromagnetic Compatibility

EIUSSIORS «ovovasirs cecessionssnmestassnnsmssasssasens EN 35011 Class A at 18 m
B Part |5A abowe | GHz

IAMUDEEY o oo senessecscrsassnsnrnassnneesunsces BN G 1 326-1:1997 + A 121998,
Table |

EMCEML...cccocmmenmmrimscmsatsensssssessonosns OB, C-Tiek, and FCC Part 15
{Class &) Compliant

gyl Note  For EMC complinnce. you seust operate this device with shielded cabdin
Bl wote For EMC compliance. 3 cesate this & b shielded cabling.

CE Compliance
This product meets the essential requirements of applicable European
Directives, as amended for CE Marking, as follows:

Low-Voltage Directive (safety) .......... TY23EEC

Electromagretic Compatibility
Directive (EMT) o v, BH3IEEC

{__';.- Mote Refer to the Declaration of Conformity (DoC) for this produet for any additicnal
regulatory compliance information. To abtain the DoC for this product. click Declaration
of Conformity at ni . com/hardref .nef/. This Web site lists the DoCs by product
family. Seleet the appropriate product family, followed by vour product, and a link to

the DoC appears in Adobe Acrobat format. Click the Acrobat icon te download er read
the DoC.

& Matona! stroments Comaration A& SCO-58 Shiavied Connector Black User Manus(

Figure D.6 Specification sheet three for the SCB-69
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D 1.3 Rotational sensor

Panel Mount Optical Encoders

Technical Data

Features

« Two Chaimmel Quadratare
Oupnt with Optionad lodex
Pulse

» Avallable with or without
Seatic Drag for Manual or
Mechrutzed Operadon

« High Resolition — U'p
312 CPR

» Long Reeacdonal Life,
> Million Revelutions

= 20 v R3°C Operiting
Temperature Rawee

o TTL Queadvature Cuiput

« Single 5 ¥ Supply

« Available with Color Coded
Leads

Package Dimensions

1 IhEfoD 3932
HOT IR.3% 2 A"

g

| 127
(5.0
—
16824
153
=072
HAN
PR 2]
B L UASEGH

254 15100t CINTLRE T¢%,~~ "

TVFZAL UIMEMBIDNE IN WILLMWEFERS JINCHES].

4 6.7 000 —0 o
/»f ¢ QELIBC $0

Description

The HEDRESTOU series is o family
of low cast, high performance,
optival incrementsl enceders with
meunted shafte and bushings. The
HEDS-5700 i available with
tactile feedback for hand eperated
panel mount. applications, or with
a free spinninyg shaft for applica-
tions requiring a pre-nssembled
mneoder for pesition senshig,

The sreoder contains a collimated
LED light souree and special
detectsr cireuit which allews for
high resohation, excellent encod-
ing performance, long rotational

S, A
1604038
HALIUES MEF.
o any
4 ) -]
68 10.Z7) MAX
MIN a0 382
LENOTH 0%
L ]
MAX
S == = W "-r-rll--—l-— A
T ne
—i
AN
u.mm:
—
£Y)
{ m l
8] 1]
_T B RS 1 102 N
L]
>3
| 5 !
L. TP
Ll
CRET
sPE5E

“Hore: For the AEDSSTA0, Pin #2 i « No Counast. For
ihe HEDS-3740, Fin #2 12 Channal 1, the index oucga,

2118

HEDS-570 Series

life, and increased relishility. The
unit ourputs wo digital wave-
forms which are 30 degrees out of
rhase w provide position and
direction information. The
HEDS-5740 Series provides a
third Index Channel.

SHAFY DETIONE

4
-
N
(gt | VESOREF
g 3, I
e

1AIT) - AL

&

e e v 00, 00O

OFNONAL WihG

CULON TOLL TAULL
TOLYR TR
R &
L] a4
BLE Voo
uLsLa (54
LLIRUS T

[TinLc

SHANNZL!

Figure D.7 Specification sheet one for the HP Rotational sensor
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The BEDS-5T700 s quickly and
easily mounted 16 a front panel
using the threaded bushing, or it
oo be directly conpled to a motor
shaft {or gear train ) for position
sensing applications.

Applications
The HETIS-5T00 with the statie
drag optien s best suited far

applications requiring digital
information freom a manually
operated knoly, Typical front
panel applications include
instruments, CATYCAM systeus,
and audicadides control loards,

The HEDS 5700 without static
drag {free spinning) is best suited
for losy speed, mechaized

Absolute Maximum Ratings

operations. Typical applications
are copiers, X-T tables, and
assermbly line squipment.

M raneler Symibild Min. Max. Lintits Notes

Storage Temperature T, -40 +84 "
{perating Temperature T Bl +35 8o
Vibration 20 : 20 He - 2 kHe
Supply ¥eltage Yeor ELN 7 ¥
Otput Voltage Ve 15 Ve V
Qutput Current per Channel 1 a] 3 mA
Shaft Load - Axdal 1 Ib

- Radial 1 1b

Recomniended Operating Conditions

Parameter Symbol | Min. Max. | Units Notis
Temperature T -2 +85 ¢ Noneondensing Atmosphers
Supply Veltage Ve 4.5 5.5 L Ripple <100 mV, ,,
Eotational Spead — Drag a0 | RPM

— Froe Spinning 2000 | RPM

Electrical Characteristics Over Recommended Operating Range, Trpical at 25°C

Parameter Hymbod Min. Typ. Max. Unies Motes
Supply Current Le 17 46 mA Twoe Channel
a7 85 Three Channel
High Leve] Ourput Voltage o 2.4 vV Topg = -0 uA Max
Low Level Qutput Voltage W 0.4 X [ =3.2md

Nowes If more soures carrent is reguivesd, use o 2.2 K pullup reststor o eash owgmi

21

Figure D.8 Specification sheet two for the HP Rotational sensor
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Mechanical Characteristics

Perameter Min. Ty Max. Units Notes
Sarting Torque - Static Drag 0.47 szin
— Pree Spinning, 114 oZ in
Dyvnamie Drag - Static Drog 1.1 ozin HH) RPM
- Pree Spinning 0.71) szin 2000 RPM '.
Rotational Life - Staie Drag 1 x 108 Revalutions | 11bLead '
- Free Spinning [ 12x10° Revolutions | 4 oz Radial Load |
Mounting Torque «of Fut 13 Ib in 1
Output Waveforms G
CHaA
a0 & L5~
4-51-|-s=4-m widel 5025 TVPICA
CHE
o -T2 2L
Cht

Crrdering Information

2LL SALUEY ARE IN BLECTRICA! TESREES, WHERE 38(° ¢ =1 CYOLE OF RESZLUTITN,
ERRCRE ARE VIORLT GARE DVER ONE REVCLUTICH.

2H & LEATE £ & FOR CCUHTERCLDLKWAEE ROTATIOR.
CH A LEXZE ©H B FOR CLUCKMEE ROTATICN,

Dutpuis
0 -2 Channel
4 - 3 Channel

lllil)S-S?E_]l;l-F | [I;\

|

Mechanical
Configuration
i) - Pins

| - 6" Coded Leads

Resolutiens

{Cycles Per Revolution)
HEDS-5370X 2 Channel
K-g8 PR - 360 CPR
C-100€PR  H-400CPR
D-192CPR A-500 CPR
E-#0CPR  1-512CPR
Foass OPR

NEDS-574X Three Channel®
F-2E8CPR  A-500CPR
G-360{PR  I-5120FR

Drag Option
0 - Free Spining
1 - Static Drag

Shafy Confliguration
8- 14" dia. with no flat

1 - & mrn dia. with ne fla
2. 174" dia, with {lat

*Plepge conract fartory far orher resolunons,

2-113

Figure D.9 Specification sheet three for the HP Rotational sensor
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D 1.4 Optical sensor for compound pendulum experiment

Min. pre-wired detector,PNP o/p 400mm

Attributes

Search by product type
Supply Voltage

Depth

Height

Houzing-Body Material
1P Rating

LED Status Display
Light Scurce

Mounting

Cutput Type

Overlead Protection

Range

Response Time
Selectable Light-Dark Qutput

Sansing Face Material

Width

. Over view

Birect [retect - 460mm

IR 950nm

Stability control indicator
Readiness time delay 30ms
Rise time delay Lms
Dimensicns 24 x 26.4 X 12mm

View larger imaqe

Photorlectric

1 ta 30vidc)

]

ST

Eull

&.4mm
T
7

no)
Wi

—
el
=y

|

g

4]

Yes

LED Yeliow: Red

Mounting Brackst

PMMA (Lens

iZmm

Figure D.10 Specification sheet for Pepperl and Fuchs optical sensor

D 1.5 Accelerometer for L.V.D.T experiment
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PRODUCT DATA

Piezoelectric Accelerometer
Cubic Charge Accelerometers — Types 4500 A and 4501A

Types 4500A and 4501A are cubic piezoelectric
ThetaShear® accelerometers. These cubic accelerom-

eters have low sensitivity to extransous environmental j

effects, which is achieved through the ThetaShear de-

sign. The accelerometers feature a 10-32UNF con- -
nector. On Type 4500A, It is positioned on the top

surface, which is perpendicular to its main axis. On
Type 4501 A, it is positioned on the side stirface, which 4500A 4501A 040230
is parallel to its main axis.

The piezoelectric element used is the PZ23 lead zir-
conate titanate element. The housing is aluminium.

USES AND FEATURES

USES FEATURES

+ General purpose multi-axis vibration and shock « Low weight
measurements on low-mass structures and in » Low sensitivity to environmental factors
confined spaces + Electrically insulated for ground-loop protection

+ Excellent for applications where a large number of  « High resonance frequency
accelerometers are required

Characteristics

This piezoelectric accelerometer may be treated as a charge source. Its sensitivity is expressed
in terms of charge per unit acceleration (pC/g).

The ThetaShear design involves a slotted cylindrical stanchion holding a central seismic mass,
flanked by two piezoelectric plates. This assembly is clamped rigidly by the cover. To ensure
optimum accuracy and reliability, no bonding agent other than molecular adhesion is required
to hold the assembly together. The ThetaShear design provides for a combination of highest
measurement stability, excellent sensitivity-to-weight ration and low sensitivity to extraneous
environmental effects.

A remarkable feature of the ThetaShear principle is the fact that the transverse resonance
frequency is always outside the 10% frequency limit. This ensures minimum interference from
orthogonal vibration components in the useful frequency range of the accelerometer. The
ThetaShear design also provides excellent immunity to other environmental effects such as
base strains, magnetic sensitivity and acoustic fields.

Brilel & Kjeer =

Figure D.11 Specification sheet one for Bruel and Kjaer accelerometer
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Fig.1 4500A 4501A
Dimensions of Types GCentre of gravity
of accolaromuter

4500 A and 4501 A X
Centre of [ Cantrs of gravity Centre of gra
ofseismk:gm\ b i ﬂlmmrl'1 gmbrgm:gv
A0 \‘ - | i T\ ‘I w
? hL ‘ﬁx—_f fof Direction of T PN e
e U :_ﬁ“‘l oton| b=t .
i T
8 . 3, L. 10|
[~ 82,
1 A | 161

All dimansions in milimotros 040237

15.1

Calibration

The sensitivity given in the calibration chart has been measured at 159.2 Hz with an acceleration
of 10g. For a 99.9% confidence level, the accuracy of the factory calibration is +2%.

Fig.2 Typical amplitude response of Type 45004501 A

Typleal Frequency Response Typical High Frequency Response
Sensdvily (%) Phase [Degrees| Surdlrdty [a8] Phase [Cegrees)
—TTTTITY BLEALLARI
= 20 4—| —— Ampliluge
10 e foe === P 1. L1 il NI L oo s === Phate I
] (N HIAS KRR = = — )
] L] I 0 Fr
et iV
e J
i = : ] ] i 11 0 o 1\
| T .1 a0
| 0 e 0
-
! -10
* i i e -10 s 20 @
T T " I &
T 00 A 50 o 200 S0 Mk 2k Sk 10MISK|HZ) o a0 so oopiz) ¥

Mounting

Special effort has been put into making mounting as flexible as possible. The accelerometer
housing has slots that allow the use of mounting clips. The accelerometers can be easily fitted
or removed to or from a number of different test objects.

There are three major mounting possibilities:

+ The mounting clips are glued to the object, or fitted with double-sided, adhesive tape.

« A mounting clip with thick base can be modified, before use, to suit the mounting surface
on the test object.

+ A mounting clip with swivel base an a Spirit Level which makes it easy to align the
accelerometer in order to retain the co-ordinate system.

Common Specifications for all Plastic Mounting Clips
Temperature range: —54° to +50°C (-65° to +122°F)
For bref use, <1 hour: -54° to +80°C (-65° to +176°F)
Maximum acceleration: 10g peak (Perpendicular to mounting surface: 70g peak)
Material: Glass reinforced polycarbonate

Figure D.12 Specification sheet two for Bruel and Kjaer accelerometer
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D 1.6 Microphone specifications for centrifugal force experiment

Attributes

Search by product type Microphones

Type Electret Condenser
Impedance 6000

Frequency Response 80 - 13000Hz
Sensitivity -61dB £3 d8

Lead Length hits

9

Figure D.13 Specification sheet for microphone used in centrifugal force experiment.
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