Design and Implementation of Rate Table
Framework for Autopilot Testing

By
Mohannad Ahmed Mohamed Draz

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements of the Degree of
DOCTOR OF PHILOSOPHY
in

Aerospace Engineering

FACULTY OF ENGINEERING
CAIRO UNIVERSITY
GIZA, EGYPT
2019






Design and Implementation of Rate Table
Framework for Autopilot Testing

By
Mohannad Ahmed Mohamed Draz

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the

Requirements of the Degree of

DOCTOR OF PHILOSOPHY
in
Aerospace Engineering
Under the Supervision of
Gamal Mahmoud EI Bayoumi Ayman Hamdy Kassem

Professor, Faculty of Professor, Faculty of
Engineering, Cairo University Engineering, Cairo University

Mohamed Sayed Bayoumi
Professor, Faculty of Engineering,

Cairo University

FACULTY OF ENGINEERING
CAIRO UNIVERSITY
GIZA, EGYPT
2019






Design and Implementation of Rate Table
Framework for Autopilot Testing

By

Mohannad Ahmed Mohamed Draz
A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements of the Degree of

DOCTOR OF PHILOSOPHY
in
Aerospace Engineering

Approved by the Examining Committee

Prof. Gamal Mahmoud EI Bayoumi, Thesis Main Advisor

Prof. Ayman Hamdy Kassem, Advisor

Prof. Mohamed Sayed Bayoumi, Advisor

Prof. Mohamed Nader Mohamed Abuelfoutouh, Internal Examiner

Prof. Omar El Farouk Abd El Hameed, External Examiner
(Professor at Military Technical College)

FACULTY OF ENGINEERING
CAIRO UNIVERSITY
GIZA, EGYPT

2019






Engineer Mohannad Ahmed Mohamed Draz
Date of Birth 6" of September, 1984

Nationality Egyptian

E-mail m_draz200@hotmail.com

Phone 0100 26326 17

Address 62 Zahraa St., Dokki, Giza, Egypt
Registration Date October 2011

Awarding Date

Degree Doctor of Philosophy

Department Aerospace Engineering Department

Supervisors:

e Prof. Gamal Mahmoud EI Bayoumi, Thesis Main Advisor

e Prof. Ayman Hamdy Kassem.

e Prof. Mohamed Sayed Bayoumi.
Examiner:

e Prof. Gamal Mahmoud EI Bayoumi, Thesis Main Advisor
Prof. Ayman Hamdy Kassem, Advisor
Prof. Mohamed Sayed Bayoumi, Advisor
Prof. Mohamed Nader Mohamed Abuelfoutouh, Internal Examiner
Prof. Omar El Farouk Abd ElI Hameed, External Examiner (Professor at Military
Technical College)
Title of the Thesis:
Design and Implementation of Rate Table Framework for Autopilot Testing
Key Words:
Rate Table, Design, Implementation, Autopilot, Aircraft, FPGA, Stepper Motor
Summary:
The rate gyro is an essential sensor for aircraft autopilot systems, as it is used to measure the
angles rate of aircraft attitudes and feed them back to the autopilot algorithm. The accuracy
and testing of such sensors is a must in order to guarantee the operation of the autopilot.
Therefore a three degree of freedom rate table has been designed and manufactured to
perform the testing of rate gyro sensors. The rate table is controlled using three stepper
motors with high precision stepper driver supported with an FPGA controller to guarantee
highly accurate and precise rate motion.
The aircraft under test is the Mantis mini UAV which is designed and manufactured in the
Aerospace department in 2008. In order to design the autopilot for such UAV, the
aerodynamic derivatives are needed to be measured. A wind tunnel testing and measurements
for a quarter scale model for the Mantis has been done to measure the aerodynamic
derivatives using a six degree of freedom force/torque sensor as well as manual tilting table to
perform different angles of attack and angles of the side slip to the model. The results from
the testing have been validated with a numerical results using ANSY'S software.
Then, the aerodynamic derivatives will be used in the aircraft nonlinear simulation program
which demonstrates the aircraft motion and also testing the autopilot and guidance algorithms
on the aircraft. This simulation program is integrated with both the 3 DOF rate table as a
simulator for the aircraft attitudes, and with the rate gyro sensor as a feedback signal to the
autopilot algorithm. Thus, hardware in the loop platform was suitable for testing the
components of the autopilot system; such as the sensor of rate gyro and the implemented
algorithm of the designed autopilot.
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