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Foreword

cosfun

Bl S

Welcome to Electrotechnology ILabs. Electrotechnology is a basic course
considering the analyses of electric and magnetic circuits and the analyses for motor and
relay controls. It covers the areas of both strong and weak electricities, which makes it
become the cornerstone of modern sciences and technologies. The followed curriculum,
such as the programmable logic controller (PLC) and automatic controls, enjoys a much
tighter connection with the modern technologies. However, the ubiquitous
phenomenon, strong in weak electricities, whilst weak in strong electricities can be
found in most college students whose majors are electronics related (excluding the
specialty of electromechanical control), which manifests the unreasonable knowledge
structure. It also opposes the objective in cultivating new-century comprehensive
talents. Understanding and mastering the knowledge concerning strong electricity and
modern control technology cannot only lead to a deeper understanding about the
specialty itself, but also a comprehensive understanding about the integrated mechanical
and electrical systems, therefore establishing the holistic view, as well as the global
view is of utmost importance.

In the situation of not adding more courses in both theoretically and experimentally
specialized fields, for the sake of supplementing the knowledge concerning strong
electricity and modern control technology, as well as improving the structure of
knowledge and expanding knowledge scope, some professional experiments regarding to
the modern control technologies are induded. These experiments focused in this book
are characterized by their progressiveness, practicability and wholeness. Basically, we
hope students can master one elementary control technique by doing one corresponding
experiment. However, due to the inherent difficulties and challenges in these
experiments, great efforts from the students are needed. On the other hand, looking
from the angles of efficacy, efficiencies and effects, the experiments arranged here will
be great beneficial.

The Comprehensive Labs Textbook for Electotechnology are characterized by the
combination of theories, experiments and applications, as well as its great generality
and flexibility. The contents are divied total 15 labs into Class A for circuit analysis (DC
circuit, dynamic circuit, AC circuit and three-phase circuit) and Class B for motor and
control (Three-phase asynchronous motor, relay contactor control, PLC, VFD and

automatic control). Besides, each experiment is accompanied by a mini-research project
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which takes efforts to cope with. These experiments can be combined independently to
variously experimental courses, namely Labs for Circuit Analysis, Labs for
Electrotechnology » Comprehensive Labs for Electrotechnology and Labs for Motor and
Control. Besides, we have prepared five quite tough also independent experiments
featured the projects for reseraching as additional labs to meet the special needs from
different universities aﬁd students. The preparatory courses should be Circuit Analysis
or Electrotechnology, and it is recommended to offer these courses in junior years in
colleges. In order to supplement the lacking knowledge, related principles and
applications (i. e. motor, relay control, speed regulated by DC PWM adjusting voltage,
speed regulated by AC variable frequency, PLC, VFD, Automatic control) are
incorporated into the introduction part of each experiment. After some instructions
given on class, students can fulfill the experiments concerning motor and control
independently.

The experiment contents and class arrangement are recommended as follows:

Labs for Circuit Analysis: 10 labs in Class A, 40 hours for labs

Labs for Electrotechnology: 12 labs in Class A plus part of Class B, 50 hours

for labs

Comprehensive Labs for Electrotechnology: 10 labs in part of Class A (the strong

and weak electricity experiments) plus Class B, 20
hours for theory classes and 40 hours for labs.

Labs for Motor and Control: 8 labs in part of Class A plus Class B, 20 hours for

theory classes, 40 hours for labs.

The contents arranged in this book incorporate the author’s teaching experiences
both on class and in laboratory involved with electrical circuits and eletrotechnologies.
Besides, the book has gradually been improved during the years of teaching practice in
School of Electronic Science and Engineering, School of Management Science and
Engineering, School of Astronomy and Space Science and Jinling College, Nanjing
University. Here, I would like to express my special thanks to Ma Xiaohui at School
of Electronic Science and Engineering, Nanjing University, who completed the
translation work of this course book. Also, I would like to express my thanks to
Prof. Zongsen Wu at Nanjing University and Terry Sturtevant at Wilfrid Laurier
University, Canada, for their careful and elaborate works on the translation and -
proofreading in English. "

Owing to limitations of our knowledge, there must be mistakes and errors in the

book. Your suggestions would be welcome and appreciated.

Shen Yiqi
December 2013
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Introduction

& e

My goals in writing this lab book can be reduced to one overriding aim: to merge
rigorous theories into various experiments ranged from electrotechnology to motor
controls in our book.

To achieve these goals, I established three aspects as follows:

1. Course Objectives

(1) Through conventional electrotechnology labs, students can consolidate and
deepen their theoretical knowledge; study and master the experimental skills,
meanwhile obtaining a rigorous, meticulous scientific style as well as good experimental
habits.

(2) Through extended electrotechnology labs, students can learn and master the
latest motor control technology, meanwhile expanding their outlooks and acquiring
capabilities in technology applications and technology design.

2. Experimental Procedure

(1) Preparations in advance

Due to the great challenges and limited hours on class of this experiment course,
adequate and sufficient preparations in advance should be in need for the sake of
completing the experiments on time and achieving the intended purposes. Therefore,
students should read the experimental course book carefully, understand the
experimental principles and methods, and then conduct so called “Mental Experiments”,
that is to say, students can imagine the whole experiment process in their mind, thereby
they can get a pretty good idea of the experiment. In order to cultivate the ability to
work independently, no instruction on class is given. Instructors only perform the on-
the-spot guidance. Therefore, students without adequate preparations cannot conduct a
good experiment they expect!

(2) Experiment process

a. Preparation work

Check instruments and experimental units needed in corresponding experiments.
Keep them in good and neat shape. Note that all power supplies should output to 0.

b. Wiring circuit

Wiring circuit is prohibited when the power is supplied on. A conventional rule for
connecting circuit can be stated as: main series circuits come first, then the sub-circuits

are next. Basically, two kinds of wire are available: strong electric cables and weak
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electric cables. Strong electric cables are practically used by jackets, whilst weak
electric cables are of normal style. Note that the two kinds of cables cannot substitute
by each other, especially it is forbidden to plug a weak electric wire into a strong electric
slot. Wire connectors are not advised to stack up together on a single slot, as a better
way, distributing these connectors on different slots is more preferable. Besides, when
plucking wires, notice that no direct force should apply on the wire itself, otherwise the
wire may be easy to be broken. Alternatively, you can use wire connectors. Once
completing your wiring circuit, you should remove all the excess wires away, and
guarantee there is no suspended one. In addition, make sure that all instruments are set
to their maximum ranges, and you can adjust them to proper ranges while doing
experiments.

c. Power on

When completiﬁg all connections for your circuit, you should check it carefully, and
then turn on the power. Pay close attention to the work states of all experimental
components, for instance, if there exist any reverse polarity and any over range for dial
instrument. Be careful particularly if any smoke, abnormal odor or sound and extremely
hot take place. If there are unusual events, you should first cut off the power and then
check the circuit loop again. Only after all the potential faults are eliminated, you can
turn on the power again.

d. During experiments

Before doing the experiments, you should have a clear idea of the whole experiment
process as well as its objectives in your mind. During the experiment process, a correct
attitude: bold, cautious and calm is needed. Obverse the experimental phenomena
carefully, record the experiment data and determine the rationality according to the
theoretical knowledge. Note that all experimental phenomena and data should be true,
accurate, complete and clear.

e. After experiment _

When completing the experiment, all experimental data should be approved by the
instructor. Only after getting a positive response, you can finish the entire process.
Note that before leaving the laboratory, you should first cut off the power, and tidy up
all experimental instruments, parts and wires, and make sure tables and chairs back to
the right positions.

(3) Complete the experiment report

Data process, analysis and study after the experiment are crucial steps towards a
correct experiment conclusion, meanwhile it is also an vital link in cultivating and
enhancing the capacity of comprehensive analysis and doing scientific research. A
experiment report is a comprehensive summary of the experiment you do, so you should

conform to the following rules: clear handwriting, well organization, authentic data,



