Cairo University

DIRECT TORQUE CONTROL OF PERMANENT MAGNET
SYNCHRONOUS MOTORS (DTC-PMSM)

By

Eng. Shady Mamdouh Sadek Abd Al-Mawla

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
MASTER OF SCIENCE
IN
ELECTRICAL POWER AND MACHINES ENGINEERING

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT

2016






Cairo University

DIRECT TORQUE CONTROL OF PERMANENT MAGNET
SYNCHRONOUS MOTORS (DTC-PMSM)

By

Eng. Shady Mamdouh Sadek Abd Al-Mawla

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
MASTER OF SCIENCE
IN
ELECTRICAL POWER AND MACHINES ENGINEERING

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT

2016






DIRECT TORQUE CONTROL OF PERMANENT MAGNET
SYNCHRONOUS MOTORS (DTC-PMSM)

By

Eng. Shady Mamdouh Sadek Abd Al-Mawla

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
MASTER OF SCIENCE
IN
ELECTRICAL POWER AND MACHINES ENGINEERING

Under the Supervision of

Prof. Dr. Mahmoud Mohamed Assoc. Prof. Sherif Ahmed Zaid
Abd El-Hakim
Professor Associate Professor
Electrical Power and Machines Electrical Power and Machines

Faculty of Engineering, Cairo University ~ Faculty of Engineering, Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT

2016






DIRECT TORQUE CONTROL OF PERMANENT MAGNET
SYNCHRONOUS MOTORS (DTC-PMSM)

By

Eng. Shady Mamdouh Sadek Abd Al-Mawla

A Thesis Submitted to the
Faculty of Engineering at Cairo University
In Partial Fulfillment of the Requirements for the Degree of
MASTER OF SCIENCE
IN
ELECTRICAL POWER AND MACHINES ENGINEERING

Approved by the Examining Committee:

Prof. Dr. Mahmoud Mohamed Abd El-Hakim, Thesis Main Advisor
Professor, Faculty of Engineering — Cairo University

Prof. Dr. Adel Diaa El-Deen Shaltout, Internal Examiner
Professor, Faculty of Engineering — Cairo University

Prof. Dr. Mohsen Zaki El-Sherif, External Examiner
Professor, Shubra Faculty of Engineering —Banha University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT

2016






Engineer’s Name: Shady Mamdouh Sadek Abd Al-Mawla

Date of Birth: 24/12/1989

Nationality: Egyptian

E-mail: Shady_mamdouh_2011@yahoo.com
Phone: 01111-820-603

Address: Nasr Al-Shorbagy St., Faysal, Giza, Egypt
Registration Date: 1/3/2012

Awarding Date: /12016

Degree: Master of Science

Department: Electrical Power and Machines Engineering

Supervisors:
-Prof. Dr. Mahmoud M. Abd El-Hakim
-Assoc. Prof. Sherif A. Zaid

Examiners:
-Prof. Dr. Mohsen Zaki El-Sherif (External examiner)
Professor, Shubra Faculty of Engineering, Banha University
-Prof. Dr. Adel Diaa EI-Deen Shaltout  (Internal examiner)
-Prof. Dr. Mahmoud M. Abd EI-Hakim (Thesis main advisor)
Title of Thesis:

Direct Torque Control Of Permanent Magnet Synchronous Motors
(DTC-PMSM)

Key Words:
Electric Drives, Permanent Magnet Synchronous Motor; Direct Torque Control; Field
Oriented Control; Matlab/Simulink

Summary:

DTC of AC drives is considered one of the most important high performance control
techniques nowadays. PMSMs are now replacing IMs in wide applications due to their
high efficiency and compact size. DTC offers high dynamic responses for torque and
flux better than that of FOC with simple control architecture and less parameter
sensitivity. Comparisons between DTC and FOC are made via simulations to verify the
high dynamics of DTC over FOC. Flux estimation techniques, various switching tables,
and the effect of varying the hysteresis bands are studied via simulations to compare
between them and show their effects on the drive performance. Torque/Flux ripples and
variable switching frequency problems can be solved using SVM, Duty Ratio Control,
or Model Predictive Control but complexity will be increased so trade off studies
should be done to select the most suitable method according to
the used application. The complete description of the experimental
DTC-PMSM system is discussed. DSP programming using CACSD is
discussed and  experimental implementation of six step  operation
as well as open loop V/F control of PMSM are made and the results are presented and
discussed.
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