1.0  STABILITY AND CONTROLS









The goal of the stability and controls group is to calculate the aircraft flight mechanics and construct a control system that enables the aircraft to perform the necessary mission. The operating environment of the aircraft is at low speed, low altitude and the mission profile requires minimum maneuvering. The aircraft is also required to be easy to control and have robust predictable pitch stability for different payload configurations.

1.1 Flight Stability and Tail Sizing Optimization

The aircraft’s flight stability analysis was broken up into two parts: static and dynamic stability. In order to achieve dynamic stability, static stability must first be obtained. In static stability, longitudinal stability is the most important direction to be considered. In order for the aircraft to have static longitudinal stability slope of the pitching moment verses alpha curve must be negative. Figure 6.1 shows the pitching moment coefficient (Cm) vs. AoA for the design (CG) and ± 1.0 inch from the design CG, as well as the pitching moment with the CG located at the Neutral Point (NP). The placement of the CG was calculated by first evaluating the required incidence angle of the horizontal tail for Cm = 0 during takeoff. Once the incidence angle was calculated, the NP was determined and the CG positioned at 10% MAC in front of the NP. In general, the a desired CG location lies between 5% and 10% MAC, therefore, the design of 10% MAC allows for a margin of error in the manufacturing process. 

In order to minimize the weights of the aft components of the aircraft, namely the horizontal and vertical tail, and to provide the desired stability for the aircraft, several analyses were performed. These included appropriate dihedral of the wing’s outboard tapered sections, proper tail boom length, and sizing of the horizontal and vertical tails. The primary trade was for stability. As such, various quantities relating to the longitudinal and lateral stability were plotted as a function of the parameter being varied. The new geometry was produced by the MathCAD models and formatted for use in AVL
. Unfortunately, due to XFLR5’s inability to compute on multiple surfaces, there was not a chance to check multiple computation methods. The stability derivatives computed by AVL were then imported and analyzed in MathCAD to give the pitch, Phugoid, short period, and Dutch roll damping ratios; the spiral stability time to half, and the Dutch roll natural frequency.

Once the static margin model was established, it was desired to finalize the wing planform design by applying the dihedral necessary to obtain spiral stability with a short half time. Although single-variation study was desired, the importance of understanding how the stability performance behaved as the tail location was changed was taken into account. For small dihedral it was seen that the total aircraft configuration was spirally unstable with a small time to double. Increasing the dihedral to the stability point and beyond, a trend line was formed for the time to double time to half, as this was the only parameter that varied noticeably. The study was repeated for multiple tail locations, including 2.8, 3.0, and 3.2 MAC from the AC of the wing, though the vertical and horizontal tail volume coefficients were held constant at 0.03 and 0.4, respectively. The obvious result was that a smaller dihedral angle was needed as the tail boom was extended. In addition, roll stability is primarily determined by the restoring rolling moment as a function of sideslip (β). In order to be considered statically stable in roll Cl must be negative, with the wing dihedral as the main contributor to Cl Since the aircraft configuration involves a low wing design; the fuselage contributes a negative dihedral effect. As such, a dihedral angle of 7° was all that was needed to obtain roll and spiral stability.

Next, various trades were performed where each of the horizontal tail volume coefficient (HTVC), the vertical tail volume coefficient (VTVC) and the length of the tail boom (again measured from the AC of the wing) were varied independently to create multiple stability trends. Because the horizontal tail contributes a downward acting force in order to counteract the moment of the main wing, a minimal horizontal tail was desired while maintaining a critical damping pre request of the pilot. From this study, a HTVC of 0.4 with 3.2 MAC tail boom was found to give a minimal down force with an adequate damping ratio as see in Table 6.2. Furthermore, when holding the HTVC and tail boom constant, a VTVC of 0.045 was determined suitable. This is consistent with historical single prop airplanes which typically have a VTVC of around 0.044.

Once the static margin and horizontal tail volume coefficient has been established, the elevator must be sized such that the pitching moment can be controlled over the entire range of flight. After a few iterations, an elevator chord fraction of 0.4 and a span fraction of 1.0 was found to give adequate control as seen in Figure 6.2. Here, the Cm is plotted vs. AoA for three elevator deflections: -10°, 0°, and 10°. Clearly, the elevator is capable of shifting the Cm curve such that the curve crosses the Cm = 0 line at any point between -5° and 23°, which provides complete control of the aircraft because both angles are outside the effective AoA range. The rudder was sized using AVL to provide appropriate directional control in a sideslip with a chord fraction of 0.4 and a rudder span fraction of 1.0. In order to achieve roll control an aileron chord fraction of 0.25 and aileron span fraction of 0.25 were determined, which with a 15 deg deflection yielded a roll rate of 100 deg/s during takeoff speed and 150 deg/s at maximum speed. 

Table 6.1 lists the yaw, pitch, and roll derivatives calculated for the aircraft configuration. Both Cmα and Clβ are negative which allows for static stability of the aircraft.  The power of the elevator, rudder and aileron control are given respectively by the coefficients Cmδe, Cnδr, and Clδa.  These represent the change in moment per a unit of deflection of the respective control surface.  The values are concurrent with values found for existing aircrafts.
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	Figure 6.1: Cm vs. α for moving CG


	Figure 6.2: Cm vs. α for elevator deflections


Table 6.1: Pitch, Yaw, and Roll Derivatives

	Cm
	Cmq
	Cme
	Cn
	Cnr
	Cl
	Cla

	-0.52
	-8.85
	1.16
	0.12
	-0.071
	-0.08
	0.17


The dynamic stability focuses on both the lateral and longitudinal flying qualities. The aircraft meets the Level I; Class I; Category B flying qualities for lateral and longitudinal dynamic stability as given by reference [
]. Level I requires that the flying qualities be clearly adequate for the mission.  Class I refers to the classification of the plane as a small light airplane.  Category B refers to nonterminal flight phases that do not require rapid maneuvering rather gradual maneuvers. The longitudinal Phugoid and short period modes were used to determine dynamic longitudinal stability. The pure pitching motion dampening ratio and frequency were evaluated to ensure the aircraft was not under damped. The dampening and natural frequencies for the Phugoid and short period modes can be seen in Table 6.2. 

The lateral dynamic stability was determined by the spiral mode and Dutch roll. Our aircraft does not have spiral stability. This however, is typical of most aircrafts. Our aircraft has a long time to double amplitude allowing for the aircraft to be controllable even though it’s not spirally stable. The time to double amplitude for stability was twenty seconds as given by reference [1]. The current aircraft has a negative time to half which is also acceptable. The dampening and natural frequencies for the Dutch roll can be seen in Table 6.2.
Table 6.2: Longitudinal and Lateral Dynamic Stability Components
	
	Phugoid 
	Short Period
	Pure Pitching
	Dutch Roll

	Required
	0.04 < 
	0.35 < < 1.3
	1.0 < 
	0.08 <  0.4 < 

	 (1/s)
	1.459
	8.773
	3.706
	3.5

	
	0.08
	1.10 
	1.185
	0.94


1.2 Control System

The radio control system is built around a Futaba 9CAP controller and receiver unit. Separate servos were chosen for the left and right ailerons to eliminate long control linkages. The large size of the aircraft configuration and limited space for transportation to the flight line required the wings of the aircraft to be removed and stored parallel to the fuselage. Due to separate segments, a control linkage system design was needed to limit the fieldwork necessary to assemble the aircraft for flight. The left and right halves of the wing contain the servos for their respective ailerons. Similarly, the vertical and horizontal tail sections contain the rudder and elevator servos. In order to have the most robust and rigid control linkage possible four main control surfaces (left and right ailerons, elevators, and rudder) are connected to their respective servos using “horn” linkages and short rigid push-rods. This arrangement is typically found on the aileron linkages for smaller R/C aircraft. The forward fuselage contains the receiver, the battery pack, the nose gear servo, and the engine throttle servo. The nose wheel and throttle are controlled using flexible rod linkages. The required torque for control surface deflection of these servos can be seen in Table 6.3.

Table 6.3: Required Servo Torque

	
	Ailerons
	Rudder
	Elevator

	Required Torque (oz∙in)
	123
	20
	33
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