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Preface

As the computer controlling technology develop rapidly, the superiority and
brilliant application prospects are mostly indicated. Current industrial control
equipment, robotic systems, and various other electronic control devices
have adopted digital control technology. The microprocessor—-centric digital
controller replaces the traditional analog controller (or analog regulator) con-
temporarily which is a major technological advancement. Looking back and
ahead, it is necessary to carry out the digital control system research, tech-
nological development and teaching energetically. Therefore, start from the
application, mastering the analysis and design methods of digital control sys-
tem in the field of automation becomes increasingly important.

This book focuses on production practice. Under the premise of mastering
the basic theory of digital control system, it mainly introduces the design
method of digital control system of electric drive. This book discusses the
design of digital controller in details, as well as introduces the electronic
power and some recent advances of digital technology in the field of
electronic power.

The first chapter introduces the basic components, the hardware system
and software system of the electric drag digital control system. The software
system section mainly introduces the overall structure of the software, name-
ly, the main loop program and the interrupt program.

The second chapter introduces the basic features of digital automatic
control system of electric drive, help readers to clarify the similarities and
differences between the digital system and continuous system, in order to a-
chieve a deep understanding of the digital system.

The third chapter introduces the design and implementation of the digital
controller, which is the key of this book. It focuses on digital PID regulator
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design and its improved methods, as well as on pole configuration and state
estimation of the digital controller designs.

The fourth chapter introduces the essentials and operation steps of digitiza-
tion of the electric drive automatic control system. Combining with the actual
situation, this chapter introduces digital design of the DC double closed -
loop speed control system, asynchronous motor vector control system, perma-
nent magnet synchronous motor direct torque control system, AC servo
system and etc.

Combining with the engineering practice, the contents cover the digital
control system design content and design methods. This book can be used as
a reference book for engineering and technical personnel engaged in the de-
sign of electric drive control system, or be used as guidance book for under-
graduate course design of power electronics and electric power drive, auto-
mation specialty and related specialty.

The book was written by Professor Pan Yuedou from University of Science
and Technology Beijing. Doctoral Candidate Wang Zhe compiled the section
2.1 in chapter 2. Professor Li Huade made a comprehensive and detailed re-
view of the book. Master Degree Candidates Wang Chengwei, Wang
Guofang, and Zhang Lizhong participated in compiling, entering, proofread-
ing the book and etc.

Due to the limitation of time and academic level, there will be unavoidable
shortcoming. Readers are welcome to criticize and suggest. The author is

sincerely grateful to all of the authors of the references.

Yuedou Pan
2017.8
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Introduction

Electric drive analog simulation control bases on analog control devices. In this type of
control system, the collection of all control variables (sampling), the information ex-
change between the functional blocks, as well as the calculation, control, output and
other functions of these blocks are continuous and parallel, therefore, this system is also
known as continuous control system. The electric drag digital control system, which cor-
responds to the electric analogy control system, is based on digital control devices. The
core of the electric drag digital control system is the microprocessor (computer) and in
such control system, a microprocessor is supposed to complete a large number of tasks.
For the reason that in a certain period of time, the microprocessor can only deal with one
task , thus these tasks must be applied in time-sharing and serial execution mode, there-
fore the continuous control variable has been intermitted into control variable which re-
peats on a timed interval, that’s the discrete control.

As a discrete time system, the electric drive digital control system can be described
by differential equations, and one can use z-transform and discrete state space method to
analyze and design digital control system. Digital control system design methods are usu-
ally continuous discretization design method (or analog design method ) , discrete field
direct design, discrete state space design (such as least energy control, discrete quad-
ratic optimal control) , complex control system ( cascade control, feedforward control,
pure hysteresis compensation control, and multivariable decoupling control) and so on.

The principles or the performances of the two types of control systems are basically the
same. They are characterized by stability, controllability, observability, dynamic char-
acteristics, and their performance are measured by the stable margin, steady-state indi-
cators, dynamic indicators and comprehensive indicators. The “digital control of the e-
lectric drive automatic control system” is also known as “computer-controlled power
drag automatic control system”. So far, in a variety of applications, continuous ( ana-
log) control of the AC and DC speed control system, as well as position the automatic
control system has been replaced by digital control. The successful application of digital
control technology (computer control technology) in the field of electric power drag is a

major scientific and technological progress in modern times.
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The advantages of electric driving digital automatic control system are as below:

(1) The computer-controlled power electronic conversion controlled by a computer
enable the motor having an ideal power supply, which guarantee the improving of the
performance of the system, and extending the functions of the system.

(2) The microprocessor based control device can perform high-precision calculati-
on, transformation and control, including complex calculations and judgments. The
modular structure of the software can add, change and delete the application in real
time, and can be updated completely when the actual system changes. The flexibility of
the software control greatly enhances the controller’ s ability to adapt to the controlled
object, thus the control strategy and the control method are realized.

(3) The hardware of digital control system has high degree of standardization, low
production cost and is unaffected by the device temperature drift.

(4) The digital control device has a small volume, a light weight, and low energy
consumption.

(5) The system has a strong communication function, it can be connected with the
industrial control system host computer work through the field bus.

(6) The system is able to monitor the system running status, provide early warning,
trouble shooting and data acquisition.

The disadvantages of digital control of the electric drive automatic control system are
as below:

(1) There exist sampling and quantization errors. The number of digital-to-analog
(D-A), modulo (A-D) converters and the word length of the computer are constant.
Increasing the number and word length, or increasing the sampling frequency can reduce
this error, but none of these variables can be increased indefinitely.

(2) The dynamic response is slower than that of electric drive automatic control con-
tinuous (analog) system. Since the computer deals with the signal in a serial manner,
the task will always take a while before it is complete. Therefore, the current solution is
to improve the speed of the microprocessor.

(3) The sampling time delay may cause instability of system.

(4) The software to achieve the function is difficult to observe directly by instrument
(such as oscilloscope, multimeter, ammeter, voltmeter, etc.).

New progress in digitization of control systems:

With the rapid development of computer technology and the growing popularity of the
application, after the 1970s, computers have found an increasingly wide utilization in

the field of automatic with the advent of microprocessors. Most controlling systems are
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controlled by computers nowadays. These control system includes industrial real-time
control system, servo mechanical control system of various electronic devices and even
control system of military facilities or control system of aerospace equipment. In particu-
lar, the reliability of industrial computer control technology, after the use of redundant
hardware and software self-diagnosis and other measures has been greatly improved, the
automation control of industrial production has entered the area of computer.

In the 21st century, the computer control technology is developed in the direction of
miniaturization, intellectualization, networked and standardization.

* Miniaturization indicates that the embedded computer has penetrated into the front
and bottom of the control, such as a variety of sensors, actuators, process channels, in-
teractive devices, communications equipment, however Micro-smart sensors, actuators
and controllers made up of the micro-electromechanical system ( micro elector
mechanical system) will enable the control technology to enter new areas.

* Intellectualization indicates that the control process has its adaptive, self-learning,
self-diagnosis and self-repair function, which leads to further improvement of control
quality.

* Networked indicates the structure of the control system, which is from the informa-
tion processing unit to the system of information transmission. The use of high reliability ,
low cost and integrated fieldbus, Ethernet technology and Internet technology, the
control system continues to expand the scale of production to control the whole factory,
as well as the cross-region public traffic.

* Standardization indicates that a series of standards to regulate the hardware and
software systems of the control system. The interchangeability of equipment and the con-
nectivity of the system make the system more flexible, for example, various sizes of pro-
gramming controller (PLC), open configuration software and development platform for
the construction of a variety of control systems brings convenience, which greatly im-

proves the system development efficiency and reduce the system maintenance costs.



Chapter 1 The Constitution of the Electric
Drive Digital Control System and
Its Hardware and Software System

1.1 The structure of electrical power drive digital control system

Figure 1-1 shows the constitution of the continuous (analog) electric power automatic

control system.
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Figure 1-1 Block diagram of automatic control system of continuous electric drive

Due to some features of the constitution of the digital electric drive automatic control
system, the physical meaning is clear and the principle is easy to understand. Thus, the
design of the digital electric drive automatic control system is always in accordance with
the continuous control system before entering into the progress of digitalizing. The basic
structure of the electrical drive automatic control system after digital design is shown in
Figure 1-2.

Digital control system basically consists of the computer structure of the digital pro-

cessing system, peripherals, input and output channels and so on. As shown in Figure
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Figure 1-2 Block diagram of digital control system for electric drive

1-2, the hardware of the digital control system generally includes the host, the input and
output channels, the peripherals and etc. The host, which includes the CPU, storage
devices, bus and so on, is the core of the system. The host sends various commands to
the various parts of the system by operating the software program, in order to detect or
control the object. Input and output channels are the bridges for information exchange
between the host system and the object. The input channel converts the controlled pa-
rameters of the object into digital signals that can be received by the system. The output
channel converts the control instructions and data output from the system into signals that
control the object. Peripheralsare the devices for the information exchange with outsides,
generally includeman-machine interface, input and output device and external storage
devices.

Besides, hardware systemdigital control system includes corresponding software
system. Software is a program that can perform various functions. The software usually
includes system software, application software and database and etc. System software in-
cludes operating systems, diagnostic systems and development systems. Application soft-
ware includes various algorithms for users. The database is a software for archiving and

managing data.

1.2 The hardware system of the electrical power drive digital
control system

Digital electric drive automatic control system consists of generalized control object

( power electronic converter and motor) , signal detector and digital controller and so on.
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1.2.1 The hardware system of the digital controller

Digital controller consists of the sampling holder, A-D converter, microprocessor
(digital computer) , and D-A converter, etc. Continuous signals are typically sampled,
quantized, and encoded into discrete digital signals e( £7T) in time and size by the A-D
converter. It is processed by computer to get the digital control signal u(kT). Then it
passes the D-A converter to restore the digital quantity into continuous control signal u
(t). Finally, the u(¢) control the object. Among them, the digital controller consists of
microprocessor, A-D converter and D-A converter. The control law of the digital control-

ler is achieved by the computer program.
1.2.1.1 Microprocessor

Microprocessor is the core of the digital system. The choice of models often directly af-
fects the control function of the system and the realization of the control effect.
Basically, there eixst various microprocessors for digital control system, and their per-
formances and structures are different. Therefore, choosing the best control core is a se-
rious task for professional engineering and technical experts. Thus, one must have a
comprehensive understanding of various microprocessors.
A MCU
Single Chip Microcomputer is obviated as MCU. All things like the central processing u-
nit (CPU), POM, RAM, /O interface, programmable timer/counter, are integrated
in a chip. Some MCU also contain A-D converters. After the US Fairchild company pro-
duce the first MCU in 1974, a large number of MCU have been produced in decades.
International Companies like Intel, Motorola, Zilog, TI, NEC, have launched their own
MCU series.

Its characteristics are -

(1) High integration and powerful.

(2) Reasonable structure, strong storage capacity, fast.

(3) Strong Anti-interference ability.

(4) Abundant instructions.

Its performance index;

(1) Whether the CPU instruction sets are abundant? The assembler consisting of in-
struction mnemonics is converted from a compiler to a data file that can be recognized by
the microcontroller. And then it is executed sequentially by the microcontroller.

Assembly language instructions can generally be sorted into the following groups: Arith-
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metic operations, logical operations, data transfering, program branching.

(2) Whether the speed is fast. The speed is the system clock frequency and the
length of the instruction execution cycle.

(3) Whether the resources are rich. The resources include RAM (SRAM, DRAM) ,
ROM ( EPROM, PROM, EPROM), I[/O interface, A-D and D-A conversion,
interrupt and so on. The function of ROM is to store programs and constants. The func-
tion of RAM is to store variables and intermediate results.

(4) Power consumption and volume.

The following describes the varieties and main features of high-performance MCU.

® MCS-51 series

The MCS-51 series of microcontrollers is a high-performance 8-bit microcontroller

made by Intel, it is based on the MCS-48 family of microcontrollers, as shown in Figure
1-3.
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Figure 1-3 MCS-51 block diagram

Basic type: 8031, 8051, 8751, HMOS ( High Density Metal Oxide
Semiconductor) process, MCU 8031 without ROM, MCU 8051 with solidified 4KB
ROM, MCU 8751 with 4KB EPROM.

Derived types: 8032, 8052, 8752. They add ROM and RAM capacity, timers, and
mterrupt sources on the basic types.

Low-power and high-speed types: 80C31, 80C52, 87C52. They use the HCMOS
(High Density Complementary Metal Oxide Semiconductor) process.

High performance types: 80C52, 83C252, 87C252. It uses CHMOS (hybrid com-
plementary metal oxide semiconductor) process, integrated HSI/HSO ( high-speed in-
put/high-speed output) , PWM port based on the derived types.
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Main feature:

(1) Hardware function; 4 ~ 8KB Internal ROM, 128 ~256B RAM, External ad-
dressing range is 64KB, 5 interrupt sources, two 16-bit timers/counters. 32 1/0 inter-
faces.

(2) Software function; Rich instruction set, Internal bit processor, suitable for
logical processing and control.

(3) The external crystal oscillation frequency is 6 ~ 12MHz, and the instruction cy-
cle is 1ps.

® MCS-96 series

The MCS-96 series ( shown in Figure 1-4) is one of the highest performance single-
chip series and is suitable for high-speed, high-precision work control. It was produced
by Intel Company in 1983. The main features of its typical products are as follows:

(1) 16-bit CPU; It has a register-register structure instead of the previous accumula-
tor structure. The CPU can operate directly on this structure to eliminate the bottleneck
caused by the accumulator, in order to improve the speed of operation and the capability
of data throughput.

(2) Efficient instruction system: 32 bits (double word) operation.
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Figure 1-4 MCS-96 block diagram



