
Stability and Control – Lateral and Directional                                                            Flight Testing 

 

103 | Gopalan College of Engineering and Management, Bangalore           rajreddyhg@gmail.com 

Module – 4 

STABILITY AND CONTROL – LATERAL AND 

DIRECTIONAL 

Syllabus: 

Lateral and directional static & dynamic stability: - Coupling between rolling and yawing 

moments. Steady heading slide slip. Definition of Roll stability. Adverse yaw effects. 

Aileron reversal. Regulations, test techniques and method of data reduction. 

 

4.1 Static Lateral –Directional Stability Theory and Flight Test 

Methods 

 

4.1.1 Federal Aviation Administration Regulations 

 

4.1.2 Theory 
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4.1.2.1 Directional Stability 
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4.1.2.2 Lateral (Roll) Stability 
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4.1.2.3 Side Force 

 

4.1.3 Flight Test Methods 

 

4.1.3.1 Steady Heading Sideslips 
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4.1.3.2 FAA Directional and Lateral Methods 

 

4.2 Dynamic Lateral –Directional Stability Theory and Flight 

Test Methods 

 

4.2.1 Federal Aviation Administration Regulations 

 

4.2.2 Theory 

4.2.2.1 Spiral Mode 
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4.2.2.1 Dutch Roll Mode 
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4.2.3 Flight Test Methods for Evaluating Dynamic Lateral-Directional 

Stablity 
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4.3 Adverse Yaw 

 To understand what adverse yaw is, we need to first explain the axes of motion for 

an airplane. An aircraft in flight can rotate around three different axes, as illustrated below. 

 First, the aircraft nose can rotate up and down about the y-axis, a motion known as 

pitch. Pitch control is typically accomplished using an elevator on the horizontal tail.                                       

            Second, the wingtips can rotate up and down about the x-axis, a motion known as 

roll. Roll control is usually provided using ailerons located at each wingtip.                                       
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         Finally, the nose can rotate left and right about the z-axis, a motion known as yaw. 

Yaw control is most often accomplished using a rudder located on the vertical tail. 

        

Fig: Aircraft axis system 

    

Fig: Effects caused by aileron deflection 

 

Fig: Effects caused by aileron deflection 
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 However, the effect of one control surface is not always limited to just pitch, roll, 

or yaw alone. When the deflection of one control surface affects more than one of these 

orientations, we say that the orientations are coupled. The most important of these coupled 

interactions is adverse yaw. To better understand the concept, let's study a picture of what 

happens when the pilot deflects the ailerons to roll the aircraft. 

            As you can see, the aircraft rolls because one aileron is deflected downward while 

the other is deflected upward. Lift increases on the wing with the downward-deflected 

aileron because the deflection effectively increases the camber of that portion of the wing. 

Conversely, lift decreases on the wing with the upward-deflected aileron since the camber 

is decreased. The result of this difference in lift is that the wing with more lift rolls upward 

to create the desired rolling motion. 

            Unfortunately, drag is also affected by this aileron deflection. More specifically, 

two types of drag, called induced drag and profile drag, are increased when ailerons are 

deployed. Induced drag is a form of drag that is induced by any surface that generates lift. 

The more lift a surface produces the more induced drag it will cause (for a given wingspan 

and wing area). Thus, the wing on which the aileron is deflected downward to generate 

more lift also experiences more induced drag than the other wing. Profile drag includes all 

other forms of drag generated by the wing, primarily skin friction and pressure drag. This 

profile drag increases on both wings when the ailerons are deflected, but the increase is 

equal when the ailerons are deflected by the same amount. However, the induced drag on 

each side is not equal, and a larger total drag force exists on the wing with the down aileron. 

This difference in drag creates a yawing motion in the opposite direction of the roll. Since 

the yaw motion partially counteracts the desired roll motion, we call this effect adverse 

yaw. 

4.4 Aileron Reversal 
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Previous exam questions: 

1. (10AE831 – June/July 2018) 

a. Describe the spiral, roll and dutch roll motions of aircraft with neat diagrams. (10M) 

b. Explain the flight test method for evaluating the dynamic directional stability. (10M) 

 

2. (10AE831 – June/July 2017) 

a. Explain steady heading sideslip method for determining lateral directional static 

stability. (10M) 

b. Explain directional stability. (10M) 

3. (06AE831 – June/July 2011) 

a. Write the equations of motion for steady side slip. (10M) 

b. Explain steady heading sideslip method for determining lateral directional static 

stability. (10M) 

 

4. (06AE831 – May/June 2010) 

a. Explain steady heading sideslip method for determining lateral directional static 

stability. (10M) 

b. Explain the flight test method for evaluating the dynamic directional stability. (10M) 

 


