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Abstract 
 
 
This paper presents the design and implementation of a Variable Frequency Drive (VFD) problem that has 
been offered by the Power Electronics Laboratory at Universiti Teknologi Malaysia's Faculty of Electrical 
Engineering as part of the fulfillment of a final year problem based laboratory (PBLab). The designed problem 
focuses on the basic principle and operation of a VFD used for induction motors. The proposed PBLab 
implementation differs from that of a conventional engineering laboratory as students are only provided with 
the problem that needs to be solved and some simple guidelines. Students in a small group are required to 
discuss among themselves in order to propose the best solution to the given problem. This paper describes the 
formulation of a laboratory-scale problem that allows students to understand the concept and application of 
variable frequency drives. The designed problem requires students to study the concept of variable frequency 
drive, simulate the system circuit using MATLAB/Simulink and conduct a laboratory experiment to verify the 
simulation results. The problem has also been designed to provoke meaningful discussion among group 
members, which is an effective exercise for enhancing communication skill. In addition, they are required to 
prepare a well-documented report and to present their findings within a given timeframe. The implementation 
of the PBLab reveals that students have shown improvement in their communication skills whether written or 
oral. 
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1.  Introduction 
 

Due to the rapid development of science and 
technology, the importance and role of higher 
education and research has increased tremendously. 
This poses increasing challenges to, especially 
Malaysia public universities, in terms of changes in 
the mode of knowledge generation and in terms of 
teaching and learning in order to produce well-
rounded graduates to meet the high expectation of 
industries. This challenge aims to improve the 
learning and teaching processes to cater for an 
increasing demand for graduates who are able to 
generate, process, adapt and apply knowledge. 
There is a necessity to change the current learning 
process to a process that based on the capacity to 
find and access knowledge and to apply it in 
problem solving. For instance, learning to learn, 
learning to transform information into new 
knowledge, and learning to translate new 
knowledge into applications become more 
important than memorizing specific information 
[1]. 

For that reason, problem based learning (PBL) 
was introduced as a new teaching and learning 
process, which represents a radical shift in 
educational thinking from a teacher-centered 

approach to teaching to a student-centered approach 
[2]. Based on the constructivist learning theory [3], 
the major core principles of PBL include problem 
orientation, project organization, team work, 
experiential learning, linkages between theory and 
practice, critical enquiry, analysis and thinking, etc. 
There have been many literatures that discuss the 
implementation of PBL in engineering education. 
For instance, a study of PBL approach for freshmen 
engineering was conducted by [4].  In [5], the initial 
effort in the implementation PBL teaching 
approach was reported. In [6], implementation of 
PBL into Engineering Thermodynamics was 
described. A study performed at City University of 
Hong Kong concludes that the low entry 
qualification students studying using PBL approach 
showed considerable improvement in meta-
cognitive competences of planning, monitoring and 
evaluating their own learning [7]. A survey on 
employer's satisfaction with competences of 
graduates reported by [8], revealed that a majority 
of companies are satisfied with the competences of 
the PBL graduates in terms of 'quality of 
engineering and technical skills', 'contact and 
working relations to industry' and 'innovative and 
creative skills'. 

This paper focuses on the design and 
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implementation of PBL, problem based laboratory 
(PBLab), in a final year loboratory experiment that 
has been offered by the Power Electronics 
Laboratory, Faculty of Electrical Engineering at 
Universiti Teknologi Malaysia. The designed 
problem focuses on the basic principle and 
operation of a Variable Frequency Drive (VFD) 
used for induction motors. The proposed PBLab 
differs to a conventional engineering laboratory 
where students are only provided with the problem 
that needs to be solved and some simple guidelines. 
This paper commences with the development of the 
VFD problem design, followed by the 
implementation of PBLab and assessment method 
carried out by facilitator. Finally, some 
observations throughout the implementation of 
PBLab will be discussed and conclusion will be 
drawn.   
 
 
2.  Development of PBLab 

 
The idea of PBLab was initially introduced in 

2006 at Faculty of Electrical Engineering, UTM, 
which is now still implementing. Final year 
students are required to complete all three PBLab 
within an academic semester, in which the topic of 
PBLab will only be assigned to students on the first 
week of the semester and accordingly after one 
cycle of PBLab problem is accomplished.  In power 
electronic laboratory, we have several PBLab 
problems and VFD problem is only one of them. 
Similar to all other PBLab, each problem contains a 
Problem Pack and a Student Pack. 

 
2.1.  Problem Definition 

 
The Problem Pack contains a brief project 

introduction and related project tasks while the 
Student Pack details the relevant materials that can 
assist students in solving and conducting a problem. 
For VFD PBLab, the Problem Pack describes the 
brief introduction of the application of VFD in 
industries and the importance of AC drives. 
Therefore, students are required to explore the basic 
principles and operation of VFD which can be 
achieved through system behavior observation, 
measurement and application of drive functions 
during the laboratory experiment.  In Student Pack, 
it is stated that the running speed of induction 
motors can be governed by the number of pole pairs 
and also the supply frequency. Limitation of 
producing variable frequency supply is described 
and disadvantages of having mechanical or electro-
mechanical conversion stages are explained. A 
simple block diagram represents the VFD PBLab is 
given as shown in Fig. 1. 

In addition to that, several questions are 
provided in the Student Pack to help brainstorming 
the students before venturing the problem solving. 
Information regarding the simulation software, 

 
Fig. 1. Block diagram of the proposed motor 
control system – variable frequency drive. 
 
experimental components and reference materials 
are also made available. Students can also find the 
project time-line and report writing requirements in 
the Student Pack. Besides the materials prepare for 
students, each PBLab should also contain a 
Facilitator Pack, which outlines the relevant 
materials that serve as a proper guidance to 
facilitator in assisting the group of student solving 
the PBLab problem. This Facilitator Pack is 
considered as a highly confidential document where 
only the lecturer involved is allowed to have a 
copy. 
 
2.2.  Organization of VFD PBLab   
 

The duration for a PBLab is a consecutive 4 
weeks time. Students will be given the Problem and 
Student Packs during the first week. Students have 
to work in a team to come out with a proper 
solution throughout the second and the third week. 
Finally, they will have to present their solution 
together with their finding in the fourth week. In 
each week, there is only one session of three hours 
where students spent their time in the laboratory 
(In-Lab). During the session, the facilitator will 
assess the individual performance and commitment 
of each student. Additionally, they have to allocate 
at least two hours each week, among their group 
members, to work on the problem solving outside 
the laboratory session (Out-Lab). On their own 
initiative, they should record their meeting of 
meeting and finding/discovery in a logbook 
provided, which will be assessed by facilitator from 
week to week. 

The detail activities are described as follow. 
Week One:  
(In-Lab) Students are required to understand the 
VFD problem with the guide from a facilitator. 
They should discuss among themselves to come out 
with ideas to solve the given problem.   
(Out-Lab) Students should find more references 
regarding the principles of VFD and divide task 
among themselves. Then, they should report 
findings to group and achieve a consensus on a 
solution.  
Week Two: 
(In-Lab) Students should present their findings and 
solution to facilitator and get comments on solution 
to ensure they are on the right track. Only then the 
group can begins to design the simulation task 
using MATLAB/Simulink simulation package.   
(Out-Lab) The group continues the simulation task 
and prepares the material for conducting 
experiment.  
Week Three: 
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(In-Lab) With the guidance of a facilitator, students 
begin to conduct laboratory experiment involving a 
three-phase VFD with a three-phase induction 
motor. They should know the parameters to be 
measured and recorded for data analysis.  
(Out-Lab)The group analyzes the data obtained in 
the experiment and prepares presentation slides. 
Week Four: 
(In-Lab)Presentation made by the group to 
facilitator and discussion on the report writing.  
(Out-Lab) Students divide report writing task 
among them.  
Students are given additional one week from the 
last In-Lab session to produce a complete report 
that details the VFD circuit and system description, 
simulation model and results, laboratory procedures 
and experimental verification results. 
 
 
3.  Implementation of VFD PBLab 
 

The proposed PBLab problem is designed such 
that to place students in the best possible position to 
both actively learn the course material as well as to 
work collaboratively to achieve in-depth 
understanding of VFD principle and operations. 
The PBLab is conducted based on group processing 
with both in-laboratory and out-of laboratory 
assignments. Students are asked to find information 
jointly as a group and then to simulate the VFD 
system using MATLAB/Simulink and to verify the 
simulation result by laboratory experiment. The 
goals for the designed PBLab include: 
1. To improve the problem solving skills, critical 
thinking skills and communication skills compared 
to traditional engineering laboratory practice; 
2. To improve the participation in effective teams; 
3. To improve the competence in applying 
technology for effective analysis, design and 
communication; 
4. To increase the capability to apply technical 
skills with the basics of engineering knowledge; 
5. To motivate students in terms of self-
responsibility and life-long learning. 
 
3.1.  Team Size 
 

In the arrangement of student grouping, students 
are typically grouped in four to five (maximum) by 
the laboratory coordinator in-charged. The students 
are not allowed to choose the group members so 
that they have the chance to interact with other 
students and to gain team working and 
collaborative experience. The assigned groups will 
have to stay together up for the whole academic 
semester to complete all three PBLabs that last for a 
total of 12 weeks. 
 
3.2.  Role and Responsibility of facilitator  
 

In PBLab, one facilitator is assigned for each 
group of students. The facilitator plays an important 

role to facilitate and to provoke discussion among 
students. The facilitator will provide comments to 
the solutions suggested by students to ensure that 
they are progressing right on track. In addition, 
facilitator is responsible in evaluating student’s 
laboratory performance, presentation and report 
based on the outlined assessment criteria. It is also 
the responsibility of a facilitator to ensure the 
assessment process is completed according to 
schedule.  
 
3.3.  Problem Solution - Simulation  
 

Simulation task should be performed before 
students proceed to the laboratory experiment so 
that they could predict the experiment outcomes. 
During the second week of PBLab, students will 
perform a simulation of a variable frequency drive 
to control a three-phase induction motor. An 
example of simulation block diagram produced by 
students is shown in Fig. 2 which consists of three 
stages, namely a rectifier (AC-DC converter), an 
DC link capacitor and an inverter (DC-AC 
converter). The purpose of this simulation is to 
investigate the control of the speed of induction 
motor. Therefore, students should know that the 
steady-state speed of the motor is directly 
proportional to the input frequency.  

The input frequency at the inverter stage is the 
key parameter where students should vary the 
frequency value to observe the changes of motor 
speed. The results of simulation should be 
compared with the experiment results. A sample of 
simulation result showing the change of motor 
speed and initial transient for a series of input 
frequency is shown in Fig. 3. 
 
3.4.  Experimental Verification 
 

During the third week of PBLab, students are 
required to create a complete procedure to conduct 
the experimental verification of VFD principle. 
Based on the procedure, they would need to 
identify the parameters involved. In this case, a 
multimeter and tachometer are required, in which 
they should know the functions of equipment in 
order to do the measurements. Furthermore, they 
need to refer to the manual of VFD experiment kit 
in order to control and to alter the input frequency. 
This serves as a good exercise where the futur e  

 

 
 
Fig. 2. A sample of an accomplished simulation 
block diagram using Simulink. 
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graduate engineers have to solve an engineering 
problem from sketch in their work field.  

Figure 4 shows a sample of experimental results 
which match well with the simulation results. Both 
simulation and experiment show that the motor 
speed has a linear relationship with the input supply 
frequency which is fed to the motor. Figure 5 
illustrates the real snapshot of students performing 
the measurement in the laboratory. Communication 
and co-operation among the students are important 
to ensure that the experiment is conducted 
successfully in the three hours laboratory session. 

 
3.5.  Presentation  
 

During the fourth In-Lab session, students 
should present their findings of solution together 
with results to the facilitator. In VFD PBLab, there 
is no time limit for students to present but they are 
required to convey a complete story of the PBLab 
process and outcomes. The medium of language for 
presentation is strictly in English only. The motive 
of the presentation is to provide students an 
opportunity to practice their communication skill 

 

 
Fig. 3. A sample of simulation result for a series of 
input frequencies. 
 

 
Fig. 4. The comparison results of the induction 
motor speed against the input frequency. 
 

 
Fig. 5. A snapshot of students conducting the 
experiment using ETL 175 VFD experimental kit. 

especially in technical presentation. During the 
presentation, facilitator will evaluate the group’s 
performance and appropriate comments and 
suggestions will be given to help improving their 
presentation skill.  
 
3.6.  Report Writing 
 

Students are required to produce a report of the 
VFD PBLab with the aid of the general guide of 
report writing which they can obtain from the 
PBLab intranet. In the last session, they should 
discuss with the facilitator the content of report and 
divide the writing task among themselves. In 
general, the report contains a write-up of VFD 
system, MATLAB simulation model and results, 
laboratory experiment results and conclusion.  
 
 
4.  Assessment of PBLab 
 

In PBLab assessment, facilitators evaluate the 
performance of students by considering the 
following aspects: 
a. the capability to reason through and to identify a 
solution approach to the given PBLab problem,  
b. the ability to apply team-based skills to work out 
a solution for the given problem, 
c. the communication skill to produce a formal 
report that details the entire PBLab process, the 
proposed solution as well as the results.  

The complete assessment of one PBLab 
includes the individual In-Lab activities (20%), 
peer review (10%), group log book (30%), group 
presentation (20%) and the final report (20%). In 
each assessment rubric, there are four levels scale 
(namely 1 = Poor, 2 = Fair, 3 = Good, 4 = 
Excellent) which reflects the effectiveness of 
difference aspects according to abovementioned 
assessments.  

The individual In-Lab activities rubric is 
prepared to evaluate the punctuality, discipline, role 
play of student in the group and the efforts to 
explore knowledge on the PBLab problem. As for 
peer review, the rubric is given to each group 
member to assess the group’s contribution, the 
cooperation within group and the responsibility to 
other members within the group. In addition to that, 
students can write down comments on group 
members as well as suggestion for PBLab 
improvement. The purpose of maintaining log book 
is to record all activities of the group that relate to 
the given PBLab problem (both In-Lab and Out-
Lab activities). The log book serves as the writing 
evidence on the contribution of the group. At the 
same time, it gives the students the opportunity to 
practice a proper log book recording which is part 
of the team working attributes.  

In assessing the presentation, the following 
aspects are taken into consideration: 
i.   the organization and use of visual aids  
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ii. the content of the presentation (introduction, 
procedures, results and discussion, conclusion) 
iv. the speech pace and response towards audience. 

Last but not least, the report should contain an 
abstract and the full description of the PBLab 
problem and solution. Emphasis is given on the 
ability of students to interpret and analyze the 
data/results. Furthermore, double points (level of 
effectiveness) are given to the ability to discuss and 
to do comparison on the obtained results.  
 
 
5.  Observations  
 

The PBLab sessions are designed together with 
the guide of facilitator help students along an 
appropriate design flow and problem solving 
practice in understanding the VFD system. These 
sessions not only consist of theoretical aspects but 
of hands-on sessions as well. Before and also 
during the early stage of the PBLab sessions, most 
students are not aware of the importance of 
conducting simulation and practical operation of 
VFD. This comprehension fully appears throughout 
the PBLab sessions. Up to date, the technical 
results achieved by students in the VFD PBLab are 
more than sound. 

The major disadvantage of this PBLab is that 
the problem remains unchanged for the new batch 
of students. Therefore, the observed progress is also 
partly a result of the availability of references from 
the previous groups that had successfully solved the 
VFD problem. Hence, modifications should be 
made on the problem from time to time so that new 
enrolled students can really face the challenge of 
solving a new problem.  

According to the feedback from students, for the 
first time in their curriculum, students followed a 
complete design trajectory, starting from system 
specifications simulation and finishing with 
measurements and experimental verification in the 
laboratory. This procedure allowed them to 
experience the real engineering scenario at an early 
stage. Most students were surprised to find a large 
gap between the relatively simple theoretical 
principle and operation of VFD as compared to the 
effort needed to implement the knowledge into a 
working test. This valuable experience will often be 
encountered later in their professional careers. 
Another obvious difference as compared to 
previous laboratory experiment is that the gap 
between facilitator and students narrowed 
considerably. Due to the tight schedule, significant 
time during out of laboratory is required, certainly 
during the last days before the presentation session. 
Unfortunately, this deadline phenomenon is also an 
aspect of real-life engineering practice. 
 
 
6.  Conclusion 
 

In conclusion, students understand the basic 

principle and operation of VFD system from this 
PBLab problem. Students have better 
understanding on the relationship of input 
frequency and the induction motor speed where 
they actually conducted the experiment to verify 
that relationship by themselves. This PBLab 
problem serves as an opportunity for electrical 
engineering students to experience the real 
engineering scenario before venturing in their 
future career. In this practice, students are guided to 
conduct the simulation using MATLAB and carry 
out the experiment to verify the results obtained in 
simulation. In addition, PBLab provides a good 
environment for students to interact with group 
members and facilitator which polishes their 
cooperation spirit and leadership skill. Due to the 
guidance and suggestions from facilitators, the 
implementation of the PBLab reveals that students 
have shown improvement in their communication 
skills in both report writing and oral 
communication. 
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