LABORATORY WORK No 3

AUTOMATION OF TAKEOFF CONTROLLING

BACKGROUND

F-16 SIMULATION

The General Dynamics F-16 is a single-seat, multi-role fighter with a blended wing / body and a cropped delta wing planform with leading edge sweep of 40º. The wing is fitted with leading edge flaps and trailing edge flaperons (flaps / ailerons). Tail surfaces are swept and cantilevered. The horizontal stabilator is composed of two allmoving tail plane halves, while the vertical tail is fitted with a trailing edge rudder.
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Thrust is provided by one General Electric F110-GE-100 or Pratt & Whitney F100-PW-220 afterburning turbofan engine mounted in the rear fuselage. The aircraft was modeled with controls for δth, δe, δa, and δr. Aerodynamic force and moment data were derived from low-speed static and dynamic forced oscillation wind tunnel tests conducted on a 16% scale model of the F-16 flown out of ground effect, with landing gear retracted, and no external stores. Static aerodynamic data are in tabular form as a function of angle of attack and sideslip over the ranges–10° . α . 45° and –30° . β . 30°. Dynamic data is provided in tabular form at zero sideslip angle over the angle of attack range –10° . α . 45°. Each non-dimensional aerodynamic force and moment coefficient is built up from component functions. Aerodynamic coefficients are referenced to a center of gravity location at 0.35 
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. Corrections to the flight center of gravity position are made in the coefficient build-up equations.
The aerodynamic database was simplified slightly by dropping second order dependencies (e.g., dependence of longitudinal aerodynamic forces on sideslip angle). Throttle deflection is limited to the range 0 ( δth ( 1, elevator deflection is limited to –25° ( δe  ( 25°, aileron deflection is limited to –21.5° ( δa ( 21.5°, and rudder deflection is limited to –30° ( δr ( 30°. Lifting surface area S = 45 m2.
Weight is 100,000 N.
Engine thrust data is in tabular form as a function of power level, altitude, and Mach number over the ranges 0 ft ( h ( 50,000 ft and 0  ( M ( 1, for idle, military, and maximum power settings. Engine power level dynamics and gyroscopic effects9 are included for this aircraft simulation, in the manner described previously. Figure 1 shows a three-view of the F-16.
TASK

1) Calculate the lift-off velocity Vlift-off. Optimal lift coefficient cy(opt = 1.6.
2) Calculate the distance of takeoff run L. The average acceleration is 1.85 m/sec2. Wind speed is 3 m/sec.
3) Calculate the time of takeoff run The length of runway is 328 m.

4) Design Simulink Model for all three types of takeoff controllers. 
Example Controllers by velocity

The velocity (Subsystem VELOCITY) should be simulated by two sources: Ramp (parameters by default) and Sine (parameters: Amplitude = 2, Frequency = 0.2 rad/sec). Its signals are added in block Sum. The random disturbances are simulated by Band-Limited  White Noise (see Figure 2).
The velocity is integrated in order to obtain the distance, and then the distance and calculated average acceleration are applied to Subsystem Program. Here the program velocity is calculated from the following relationships:

S = Vt, V = at


[image: image2.wmf]aS

V

aS

V

V

S

a

V

V

S

t

=

Þ

=

=

=

2

,

,


In Subsystem Program the signals are multiplied and its product is applied to the block MATLAB Fcn (square root). From the output the signal of program velocity is compared with the real one, and then it is applied to the logical device (block Sign). 
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Figure 2

5) With the help of scope you should analyze the calculated parameters of takeoff run in paragraphs 1, 2, 3 with obtained time dependencies of velocity (real and program) and distance. Check the distance under the lift-off velocity and make the conclusion whether the distance of runway is enough to takeoff. 
6) Include in the model the influence of wind and analyze the quality of takeoff run with different signs of wind direction.
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Figure 1
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