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CONCORDIA UNIVERSITY
FACULTY OF ENGINEERING AND COMPUTER SCIENCE
DEPARTMENT OF MECHANICAL AND INDUSTRIAL ENGINEERING

AERO 480 and MECH 6091 – Flight Control Systems
Midterm Exam
Instructor: Youmin Zhang
Date: Oct. 23, 2014
______________________________________________________________________________
Answer all five (4) questions.  
     
Closed-book exam
                Time: 17:45-20:15
Please put your name and ID number in all pages.
For all questions:


1) Justify clearly all your steps.


2) Show clearly all equations and mathematical steps.


3) Answers without mathematical steps and/or justifications will be given a mark of zero.

Good luck !
Problem 1 [10 marks]
Select correct answer(s) to the following 5 questions and write the answers directly inside the brackets on the problem page:
1) Considering the earth-fixed reference frame OEXEYEZE, choose correct answer(s) for the Euler angles φ, θ and ψ which can be defined/transformed by rotations about the following axes of the body-fixed reference frame OBXBYBZB in the following order:                  (    c   )
(a) ZB-axis, YB-axis and XB-axis;
(b) YB-axis, XB-axis and ZB-axis;
(c) XB-axis, YB-axis and ZB-axis;
(d) XB-axis, ZB-axis and YB-axis.




2)  Which of the following represents a non-dimensional stability derivative?                 (   c   )
(a) 
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(c)  
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(d) All of the options are dimensional derivatives.                       
3)
For the quadrotor helicopter available in the lab, if a yaw motion needs to be carried out as shown as the marked configuration in Fig. 1, which and how the propellers should be used for achieving such a motion?
                                                                                      (   c   )

(a) 
By increasing (or decreasing) the left propeller's rotational speed and by decreasing (or increasing) the rotational speed of the right one;

(b)
By increasing (or decreasing) the rear propeller's rotational speed and by decreasing (or increasing) the rotational speed of the front one;

(c)
By increasing (or decreasing) the front and rear propellers' rotational speeds simultaneously and by decreasing (or increasing) the rotational speeds of the left and right propellers at the same time;

(d) 
By increasing (or decreasing) all the propellers' rotational speeds collectively by the same amount;
(e) 
By increasing (or decreasing) the front and rear propellers' rotational speeds differentially and by decreasing (or increasing) the rotational speeds of the left and right propellers at the same time.
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              Figure 1
Problem 2 [30 marks]

Please answer following questions:
1) Why Static Transformation and Dynamic Transformation are both needed for deriving aircraft’s Equations of Motion (EoM)? What is the purpose of each transformation and for which equations in EoM?
Answer: 
We need a method of describing the relative orientation between frames and to write the Newton’s Second Law in a non-inertial Coordinate System, so we need Static Transformation and Dynamic Transformation. 

The purpose of these transformations is to make these equations written in the body-fixed system because motion is most easily described in a body-fixed system.
For translational equations of motion and rotational equations of motion, we need dynamic transformation. For rotational kinematic equations, we need static transformation. But in translational equations of motion, we also need static transformation to transform forces from wind-axis system to body-fixed system.
2) Why trim and linearization are needed for aircraft modeling and analysis? How to determine a trim/equilibrium flight condition? Why dimensional equations of motion need to be converted to non-dimensional equations of motion? 
Answer:

We need to study characteristic modes, derive handling quality and stability derivative parameters, and design control systems using linear control techniques.
When the axial, normal and side forces, and the roll, pitch and yaw moments are all zero, the aircraft is in a trim/equilibrium flight condition.
Aerodynamic properties are usually given in non-dimensional form and aircrafts can be compared independently of aircraft dimensions and weight.
3) What are aircraft Primary Flight Control (PFC) surfaces and Secondary Flight Control (SFC) surfaces? List these control surfaces; why the need for these two controls of PFC and SFC?
Answer:

The Primary Flight Control (PFC) surfaces of an aircraft is aileron, elevator, rudder and throttle.
The Second Flight Control (SFC) surfaces of an aircraft is trim tab, spoiler, flap, air brake and leading edge slats.
In cruising flight condition, we mostly use primary flight control surfaces. In landing and taking-off condition or encountering some disturbances, we need to use secondary flight control surfaces meanwhile.
4) What are the main differences between Fly-By-Wire (FBW) and traditional mechanical flight control systems? What are the advantages of FBW flight control systems?
Answer:

The main difference between Fly-By-Wire (FBW) and traditional mechanical flight control systems is the type of control signals transmitted. The control signals of traditional mechanical flight control systems are transmitted hydraulically, on the contrary, the control signals of Fly-By- Wire flight control systems are transmitted electrically.
Fly-By-Wire control systems allow aircraft computers to perform tasks without pilot input. Automatic stability systems operate in this way. Aircraft systems may be quadruplex (four independent channels) to prevent loss of signals in the case of failure of one or even two channels which makes the aircraft safety and redundancy. A FBW aircraft can be lighter than a similar design with conventional controls.
Problem 3 [30 marks]

The equations of longitudinal motion of an airplane are given as follows:
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1) Please rewrite the last equation in the format of stability derivatives and control derivatives with respect to relevant aircraft variables and elevator control surface deflection;
2) Define/write clearly the formula of each stability derivative and control derivative in the equations obtained in 1);

3) State why stability derivatives and control derivatives need to be defined, and how the stability derivatives link to aerodynamic coefficients by using the lift aerodynamic coefficient as an example.

Answer:

1)  
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3)  Stability and control derivatives are used to linearize (simplify) equations of motion, so the stability of the vehicle can be more readily analyzed. Stability and control derivatives change as flight conditions change. The collection of stability and control derivatives as they change over a range of flight conditions is called an Aero Model. Aero models are used in engineering flight simulators to analyze stability, and in real-time flight simulators for training and entertainment.
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Problem 4 [30 marks]

A transfer function for an airplane at the cruise flight condition at 30,000 ft and 0.46 Mach is given as follows:
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1) Write down the longitudinal characteristic equation and state whether the airplane is stable or unstable. Please judge your answer;
2) If the damping ratio is not equal to 0.707, please determine a proportional controller gain K as shown in Fig. 2 of next page such that the new damping ratio equals to 0.707 with a transfer function for the following flight mode described by:
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Figure 2
1)  The longitudinal characteristic equation is:
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The Routh Table is:
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There is no sign change, so the airplane is stable.

2)  The new transfer function can be written as follows:
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So 
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Then we can get:
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And the result is:
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[image: image21.png]() The phugoid is typically a lightly damped, low frequency oscillation in speed u
‘which couples into pitch attitude and height /. The incidence remains
constant. Typically. the undamped natural frequency of the mode is in the range
0.1 1ad’s t0 1 rad/s and the damping is very low.

(i) The short period is typically a damped oscillation in pitch about the oy axis.
Manifests tself as a classical second order oscillation in which the principal
variables are incidence . pitch rate g and pitch attitude 6. Speed u remains
approximately constant during the mode. Typically, the undamped natural
frequency is in the range 1 rad/s to 10 1ad/s and the damping is usually stabilising
though often lower than desired.

(i) From equation (S6.8), the characteristic equation is given by,

(2 +0.0175 +0.002)5> +1745 + 29.49)=0 (56.9)
Throvgh inspection of the characteristc equation. it can be stated that the aircraft
) Ets):lbe‘;mhon (56.9). the numerical parameters describing the longitudinal
stability modes are as follows:
Sthort period: ¢, =0.1602. @, =5.4305rads™

).0447rad 57!

Phugoid: £,=01901, @,
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