
 

 

MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #1 

due: September 26, 2006 

 

 

 
 
 The goal of this assignment is to document the physical characteristics and flight 
behavior of a balsa wood glider.  Each of you has received your very own test aircraft, a 
Guillow Jetfire No. 30 Glider.  You can learn some of the history of this glider at 
http://www.guillow.com/GuillowInfo.asp?UID=2469491 (originally 10¢, they now cost 
$1.49 each).  You may discuss methods with other students, and you may help each other 
conduct flight experiments; however, the answers that you submit for this assignment 
must result from measurements that you make on your own glider.  Balsa wood is 
relatively strong, but it is soft and easily broken. It absorbs water and is even softer when 
wet.   Take care when you do your flight experiments, and be prepared to glue your 
airplane back together. 
 
1) Tell me everything that you know about the physical characteristics of the glider.  
Examples of what you might measure or calculate are weight, length, wing span, area, 
dihedral angle, and aspect ratio, wing loading, horizontal and vertical tail height, area, 
and aspect ratio, moments of inertia, center of mass, and so on. 
 
2) From experimentation, tell me everything that you know about the flight 
characteristics of the glider.  This could include maximum range and time of flight for 
various launch conditions, average gliding speed, average glide path angle, effect of the 
glider’s weight and wing position on these quantities, and so on. 



3) The glide path may oscillate about the average gliding angle.  Determine the 
period and approximate amplitude of the oscillation for various wing positions.  What 
effect does varying the launch speed have on this oscillation? 
 
4) Try some non-standard configurations, such as: 
 
 a) Insert the wing upside down 
 b) Remove the vertical tail 
 c) Remove the horizontal tail 
 d) Interchange the horizontal tail and the wing 
 e) Tape paper control surfaces to the wing and tail 
 f) Add weight to the fuselage 
 
Will the glider fly in any of these cases?  If so, how are the flight characteristics changed? 
 



 

 

MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #2 

due: October 3, 2006 

 

 
 
1) The inertia matrix of an airplane that is inertially symmetric about the body-axis 

x-z plane takes the form, 
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What is the inverse of the matrix?  Show that IB times its inverse is the identity 
matrix. 

 

2) The dynamic pressure, 

! 

q
_

= 1
2
"V 2 , varies with air density and airspeed. 

a) Plot the variation of dynamic pressure for altitude ranging from 0 to 15 km, 
with airspeed, V, fixed at 200 m/sec. 

 
 b) Starting from the same point at sea level, plot the variation of airspeed that 

would be required to hold dynamic pressure constant as altitude changes from 0 to 
15 km. 

 
3) An aircraft's inertial velocity is 
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 a) What are its velocity magnitude, vertical flight path angle, and horizontal flight 

path angle? 
 

b) Given roll angle, ! , = 30 deg, pitch angle, " , = 10 deg, and yaw angle, # , = 60 
deg, what is its body-axis velocity vector, vB?  Show that the original vI can be 
found from vB using the inverse of the rotation matrix. 

 



4) Assuming that the thrust, T, and drag, D, are parallel to the velocity vector and 
that lift, L, is perpendicular to the velocity vector, the flat-earth equations for 
motion in the vertical plane are 
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where m is the aircraft’ s mass, g is the gravitational acceleration, $ is the air 
density, S is the reference area, V is the airspeed, % is the vertical flight path angle, 
h is the height (or altitude), and r is the horizontal range.   
 
a)   Calculate the equilibrium (steady-state) rate of climb of an airplane having a 
thrust-to-weight ratio of 0.4, lift-to-drag ratio of 18, and airspeed of 100 m/s.  
Express your answer in m/s and ft/min. 
 
b)  The airplane is cruising at a height of 2,000 m toward an airport that is 20 km  
away when the engine fails.  With L/D = 18, can the airplane glide to the airport? 
 

 
 
 
 



 

 

MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #3 

due: October 12, 2006 

 

 
1) The Guillow Jetfire No. 30 Glider was the topic of Assignment #1. 
 
 a) From the results of that assignment, what you have learned in class, the text book, 

and any other sources that you may wish to use (e.g., references cited on the course 
web page, http://www.princeton.edu/~stengel/MAE331.html), estimate and plot the 
variation of lift and drag coefficients, CL and CD, in the angle-of-attack range from 0 
to 20 deg.  Explain how you made your estimates. 

 
 b) What is the maximum lift-to-drag ratio (L/D) and corresponding angle of attack? 
 

 
 

Figure 1. Guillow Jetfire No. 30 Glider. 
 
 
 
 
 
 



 
 
 
2) The point-mass longitudinal motions of the glider are governed by four differential 

equations: 
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 where h and  r are height (altitude) and ground range.  The constant airspeed, V (m/s), 

and flight path angle, % (rad), for equilibrium glide can be found by simultaneously 
solving the first two equations with ˙ V = 0  and ˙ !  = 0.  Plot the equilibrium values of 
V and % for altitudes from 0 to 5,000 m, assuming that the L/D is maximized and held 
constant. 

 
3) The goal is to calculate flight paths for the glider using MATLAB's ode15s , 

ode23 , or ode45 . 
 
a) Calculate and plot V, %, h, and r for an equilibrium glide path during 50 sec of flight, 

with L/D = L/Dmax.  Assume that the initial altitude is 1,000 m, and that the initial 
airspeed and flight path angle are the equilibrium values found in (2).  Comment on 
your findings, including the nature and time-scale of the response. 

b) Repeat the calculation with the equilibrium value of airspeed but zero flight path 
angle. 

c) Repeat the calculation with the equilibrium value of flight path angle but with 
airspeed 50% higher than equilibrium. 

d) Beginning at the equilibrium glide altitude and flight path angle, increase the initial 
airspeed until the aircraft performs a loop.   

 
General Guidelines 
Be sure to explain what you did and to discuss the significance of your findings.  
Organize your homework with the same sections given above.  Give each figure a 
number and a title.  Take care that the individual traces of each figure are well identified. 



 
 

MAE 331 
AIRCRAFT FLIGHT DYNAMICS 

Assignment #4 
due: October  19, 2006 

 
 
 
 The Airbus A380 (Fig. 1) is the world’s largest commercial jet transport aircraft 
(The Antonov 225 is slightly larger, but only one example has been built).  This 
assignment is directed at developing a mathematical model of the rigid-body longitudinal 
dynamics for the A380.  The model should be compatible with the FLIGHT program 
found at http://www.princeton.edu/~stengel/FDcodeB.html.  We will focus on a single 
operating weight halfway between the empty and maximum T-O (Takeoff) weight in 
"clean" condition (flaps and gear up) and will assume that the center of mass is at the 
wing center of pressure.. The accompanying aircraft description is condensed from Jane's 
All the World's Aircraft, on line at http://www2.janes.com/. 
 

 
 

  Figure 1. Airbus A380. 
 
1) The first order of business is to calculate the moment of inertia Iyy, which is 
involved in the pitching response of the aircraft.  You must make engineering estimates 
of the weight distribution, size, volume, and location of the aircraft's components, 
including wings, horizontal and vertical tail, fuselage, fuel, fuel tanks, engine, crew, 
passengers, and subsystems.  Use the three-view drawing (Fig. 2) and tables included 
with this assignment as a starting point.  You may use common approximations for the 
moments of inertia of simple geometric shapes, as found, for example, in the appendix of 
the MAE 206 text, Engineering Mechanics, Volume Two, Dynamics, by Meriam and 
Kraige, (J. Wiley & Sons, 1992). (Most dynamics books contain similar information.)  
Alternatively, you may use Pro-Engineer or similar software. 



 

 
 

Figure 2.  Three-view drawing of A380. 
 



2) Next, develop a low-angle-of-attack, Mach-dependent model of the aerodynamic 
lift, drag, and pitching moment coefficients that is compatible with the MATLAB 
function found at http://www.princeton.edu/~stengel/AeroModelMach.m.  These three 
coefficients are modeled as  
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in the function, where the various symbols are identified in the code.  The assumed Mach 
effects are entirely contained within the variables WIngMach, PrFac, and 
HorizTailMach. 
 
3) Finally, develop a thrust model that is compatible with 
http://www.princeton.edu/~stengel/AeroModelMach.m.  For this assignment, you may 
assume that thrust variation with altitude is the same as the model used for the business 
jet in the FLIGHT m-file.  We may change that for a future assignment. 

 
You may wish to refer to an aircraft design text, e.g., Raymer's Aircraft Design: A 

Conceptual Approach (AIAA Press, 1989), Torenbeek's Synthesis of Subsonic Airplane 
Design (Kluwer, 1982), or Anderson's Aircraft Performance and Design (McGraw-Hill, 
1999); however, you should be able to do the assignment without special information.  Be 
sure to state your assumptions in making the estimates.  There is no single right answer to 
the assignment.   

 
Your grade will be based on your approach to solving the problem and on your 

presentation of results.  You may work in groups of two and submit a single report for the 
group.  If you work independently, your raw grade will be multiplied by 105%. 

 
 

 
From Jane’s All the World’s Aircraft (on-line) 
 
Flying Controls 
Three-section, single-slotted flaps incorporate droop-nose device to improve climb performance. Three-
section ailerons and two actuators on each wing, plus eight spoilers with individual actuators. Leading-edge 
slats in two sections inboard of engines; three between engines; and three outboard, each side. Elevators 
have two panels and actuators on each side; rudder also has two panels and actuators. Flaps, ailerons and 
engines have all been specif ically positioned to keep wake vortex at a minimum. Tailplane incidence 
trimmable +2/-10º. Elevator travel +20/-30º, rudders ±30º. 
 
Power  Plant  
A380-800 is currently offered with a choice of 311 kN (70,000 lb st) Alliance (GE/P&W) GP7270 or 
Rolls-Royce Trent 970 turbofans; A380-800F with 340 kN (76,500 lb st) GP7277 or Trent 977. Thrust 
reversers on inboard engines only. Airbus Industrie and Rolls-Royce signed an MoU specifying the Trent 
as favoured power plant in November 1996; due for certification in 2005. Trent 970 will be initially 
certified at 311 kN (70,000 lb st) but derated to 302 kN (68,000 lb st), with eventual growth to 374 kN 
(84,000 lb st). FADEC for GP7270 under development by BAE Systems Controls and Hispano-Suiza. 
 



Alliance GP7200 series uses same core as power plants for Boeing 747X and long-range 767. Detailed 
design work was due to have started in August 2001 but slipped to early 2003, with a first run achieved in 
March 2004, certif ication due at 363 kN (81,500 lb st) in July 2005 and first f light in November 2005. 
 
Standard nominal fuel capacity of both versions is 310,000 litres (81,893 US gallons; 68,192 Imp gallons); 
increasable to 355,850 litres (94,007 US gallons; 78,278 Imp gallons) with optional extra fuel tanks in wing 
centre box for longer-range A380-800F. Pressure refuelling points below wing leading-edges, each side, 
between engines. 
 
Dimensions, External 
Wing span  79.60 m (261 ft 13⁄4 in) 
Wing chord: at root  17.70 m (58 ft 03⁄4 in) 
mean aerodynamic  12.30 m (40 ft 41⁄4 in) 
Wing aspect ratio  7.5 
Length: overall  72.725 m (238 ft 71⁄4 in) 
fuselage  70.40 m (230 ft 113⁄4 in) 
Fuselage: Max width  7.14 m (23 ft 5 in) 
Max height  8.41 m (27 ft 7 in) 
Height overall  24.10 m (79 ft 03⁄4 in) 
Fin chord: at root  12.05 m (39 ft 61⁄2 in) 
at tip  4.70 m (15 ft 5 in) 
Tailplane span  30.37 m (99 ft 73⁄4 in) 
Wheel track, max (wing gear outer rims) 
 14.335 m (47 ft 01⁄4 in) 
Wheel track (c/l shock-absorbers): wing gear 
 12.455 m (40 ft 101⁄4 in) 
fuselage gear  5.265 m (17 ft 31⁄4 in) 
Wheelbase (c/l shock-absorbers): wing gear 
 33.58 m (110 ft 2 in) 
fuselage gear  36.855 m (120 ft 11 in) 
Distance between engine centres:    
inboard  29.60 m (97 ft 11⁄4 in) 
outboard  51.40 m (168 ft 71⁄2 in) 
Passenger doors (16, each): Height  1.93 m (6 ft 
4 in) 
Width  1.07 m (3 ft 61⁄4 in) 
Height to sill: upper forward  7.85 m (25 ft 
9 in) 
upper centre  7.90 m (25 ft 11 in) 
upper rear  7.92 m (25 ft 113⁄4 in) 
main front  5.07 m (16 ft 71⁄2 in) 
main No. 2  5.09 m (16 ft 81⁄2 in) 
main No. 3 (emergency)  5.13 m (16 ft 10 in) 
main No. 4  5.16 m (16 ft 111⁄4 in) 
main No. 5  5.18 m (17 ft 0 in) 
Upper deck cargo door (A380-800F, port):    
Max width  3.68 m (12 ft 1 in) 
Max height  2.23 m (7 ft 33⁄4 in) 
Height to sill  7.93 m (26 ft 01⁄4 in) 
Main deck cargo door (A380-800F, port):    
Max width  4.27 m (14 ft 0 in) 
Max height  2.61 m (8 ft 63⁄4 in) 
Height to sill  5.15 m (16 ft 103⁄4 in) 
Forward cargo hold door (stbd):    
Max width  2.79 m (9 ft 13⁄4 in) 
Max height  1.80 m (5 ft 103⁄4 in) 
Height to sill: A380  3.02 m (9 ft 11 in) 
A380F  3.05 m (10 ft 0 in) 

Rear cargo hold door (stbd):    
Max width  3.10 m (10 ft 2 in) 
Max height  1.80 m (5 ft 103⁄4 in) 
Height to sill: A380  3.12 m (10 ft 23⁄4 in) 
A380F  3.14 m (10 ft 31⁄2 in) 
Bulk cargo door (stbd):    
Max width  1.13 m (3 ft 81⁄2 in) 
Max height  0.90 m (2 ft 111⁄2 in) 
Crew door (A380F): as A380 passenger    
Height to sill  5.03 m (16 ft 6 in) 
Crew rest emergency exit (A380F):    
Height to sill  7.80 m (25 ft 7 in) 
Clearance beneath engines at max ramp weight: 
   
inboard  1.03 m (3 ft 41⁄2 in) 
outboard  1.88 m (6 ft 2 in) 
Pilot's eye above ground level  7.09 m (23 ft 
31⁄4 in) 
 
Dimensions, Internal 
Cabin, A380-800: Length  50.68 m (166 ft 31⁄4 
in) 
Max width: main deck  6.58 m (21 ft 7 in) 
upper deck  5.92 m (19 ft 5 in) 
Width at floor: main deck  6.20 m (20 ft 4 in) 
upper deck  5.33 m (17 ft 6 in) 
Cargo volume, usable (container/pallet):    
lower deck: forward  90.0 m3 (3,178 cu ft) 
aft  72.0 m3 (2,543 cu ft) 
bulk: A380-800  14.3 m3 (505 cu ft) 
A380-800F  18.4 m3 (650 cu ft) 
main deck (A380-800F)  508.0 m3 (17,940 cu 
ft) 
upper deck (A380-800F)  250.0 m3 (8,829 cu ft) 
 
Areas 
Wings, gross  845.0 m2 (9,095.5 sq ft) 
Fin  122.3 m2 (1,316.4 sq ft) 
 
Weights and Loadings 
Typical operating weight empty:    
A380-841  270,015 kg (595,275 lb) 
A380-861  270,281 kg (595,875 lb) 
A380-843F  250,560 kg (552,400 lb) 
A380-863F  250,826 kg (552,975 lb) 
Max payload: A380-841  90,985 kg (200,575 
lb) 
A380-861  90,720 kg (200,000 lb) 
A380-843F  151,440 kg (333,875 lb) 



A380-863F  151,175 kg (333,275 lb) 
Max fuel weight: standard  247,502 kg (545,650 
lb) 
optional  284,108 kg (626,350 lb) 
Max T-O weight: A380-800  560,000 kg 
(1,234,575 lb) 
A380-800F, basic  590,000 kg 
(1,300,725 lb) 
A380-800F, optional  600,000 kg 
(1,322,775 lb) 
Max ramp weight: A380-800  562,000 kg 
(1,239,000 lb) 
A380-800F, basic  592,000 kg 
(1,305,150 lb) 
Max landing weight:    
A380-800, basic  386,000 kg (850,975 lb) 
A380-800F  427,000 kg (941,375 lb) 

Max zero-fuel weight: 
A380-800  361,000 kg (795,875 lb) 
A380-800F, basic  402,000 kg (886,250 
lb) 
A380-800F, optional  379,000 kg (835,550 
lb) 
Max wing loading:    
A380-800  662.7 kg/m2 (135.74 lb/sq ft) 
A380-800F  698.2 kg/m2 (143.01 lb/sq ft) 
Max power loading:    
A380-800  463 kg/kN (4.54 lb/lb st) 
A380-800F  433 kg/kN (4.25 lb/lb st) 
 
Performance (estimated, GP7200 series engines 
except where indicated) 
Max operating speed  M0.89 (340 kt; 630 
km/h; 391 mph) 
Econ cruising Mach No.  0.82 
Approach speed  141 kt (261 km/h; 162 mph) 
Initial cruising altitude  10,670 m (35,000 ft) 
Service ceiling  13,100 m (42,980 ft) 
T-O field length, ISA + 15ºC:    
A380-800, Trent 970  2,987 m (9,800 ft) 
A380-800, GP7270  3,030 m (9,940 ft) 
A380-800F  3,009 m (9.870 ft) 
Landing f ield length at MLW, ISA + 15ºC:    
A380-800  2,103 m (6,900 ft) 
Runway ACN  approx 68 
Time from brake release to FL330:    
A380-800, Trent 970  23 min 
A380-800, GP7270  25 min 
A380-800F, Trent 977  26 min 
A380-800F, GP7277  28 min 
Range:    
A380-800 with 555 passengers  8,000 n 
miles (14,816 km; 9,206 miles) 
A380-800F: basic, with 150 t payload 
 5,600 n miles (10,371 km; 6,444 miles) 
extended range mode, with 127 t payload 
 6,900 n miles (12,778 km; 7,940 miles) 



 
 

 

MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #5 

due: November 7, 2006 

 
 
 
1) Calculate the maximum cruise-climb range of the Airbus A380 for an initial mass 
equal to the value used in the last assignment and a fuel burn of 25,000 kg.  Assume that 
the maximum sea-level thrust for each of its four engines is 311 kN (70,000 lb) and that 
the specific fuel consumption is 10 (mg/s)/N, (i.e., milligrams per second of fuel burned 
per Newton of thrust).   
 

a) What is the optimal dynamic pressure? 
b) Assuming that the cruise-climb begins at an altitude of 10,000 m, what is the 

corresponding initial airspeed? 
c) What is the range covered during this flight segment? 
d) What is the final altitude? 

 
2) Calculate the flight (altitude vs. velocity or Mach number) envelope, corner 
velocity, and maximum sea-level climb rate for the A380 at the same mass and in "clean" 
condition (flaps and gear up).  Assume that the lift coefficient is linear in angle of attack 
up to an effective stall angle of 15° and that the maximum allowable load factor is 2.5.  
The Excel spreadsheet found at http://www.princeton.edu/~stengel/Example261.xls can 
be adapted to perform these calculations. 

 
Use the engineering estimates of the aircraft's aerodynamic and thrust properties that you 
developed for Assignment #4 (corrected, if necessary) for this assignment.  
 

 



 

 

MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #6  

due: November 27, 2006 

 

 
 The objective is to compute the longitudinal dynamic characteristics of a 
supersonic jet fighter.  Stability, control, and disturbance derivatives for the Lockheed F-
104 are given in NASA CR-2144, Aircraft Handling Qualities Data, R. K. Heffley and 
W. F. Jewell, Dec. 1972, and they are reproduced in the book, Flight Stability and 
Automatic Control, R. C. Nelson, McGraw-Hill, 1998.  See Note (g) regarding missing 
information in the reproduced data. 
 
 Following the equations presented in class, the longitudinal linear system matrices 
are: 

 

 

 

!  

FLon =

" DV " gcos#N " Dq " D$

LV
VN

g
VN

sin#N
Lq

VN

L$
VN

MV 0 Mq M$

" LV
VN

" g
VN

sin#N 1" Lq
VN

% 
& 
'  

( 
) 
* " L$

VN

+ 

,  

- 
- 
- 
- 
- 
- 

.  

/  

0 
0 
0 
0 
0 
0 

!  

G
Lon

=

" D#E T#T " D#F

L#E /V
N

L#T /V
N

L#F /V
N

M#E M#T M#F

" L#E /V
N

" L#T /V
N

" L#F /V
N

$ 

% 

& 
& 
& 
& 

'  

( 

) 
) 
) 
) 

!  

LLon =

" DVwind
" D# wind

LVwind
/VN L# wind

/VN

MVwind
M# wind

" LVwind
/VN " L# wind

/VN

$ 

% 

& 
& 
& 
& 

'  

( 

) 
) 
) 
) 



1)  Calculate the equilibrium state response, ! x*,  at each flight condition for a steady 
elevator input of 1 deg.  
 
2)  What is the response to constant elevator control at t = 0 at each flight condition? 
 
3)  What is the state transition matrix for &t = 0.1 sec?  for &t = 1 sec? 
 
4)  Compute the time response to separate unit initial conditions at each flight condition.  
The longitudinal motions evolve on fast and slow time scales.  In order to see each effect, 
plot all responses for two time durations: 10 sec and 100 sec. 
 
5)  What are the phugoid and short period natural frequencies and damping ratios at each 
flight condition? 
 
6)  Summarize a few of the most significant differences at each flight condition. 
 
Notes 

a) The F-104 data includes 
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b) As discussed on pages 201-203, Flight Dynamics,  pitch rate derivatives are 
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c) The F-104 data also contains derivatives with respect to 
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as in (b).  You may ignore these stability derivatives for this assignment. 
d) The subsonic value of 
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Cmˆ q 
 scanned incorrectly and appears to have a positive 

value in the F-104 data.  It should be negative.  The rescanned version is OK. 
e) The F-104 is powered by a turbojet engine, whose thrust is approximately 

independent of velocity perturbations. The velocity perturbation effect on velocity 
dynamics is expressed by  
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lecture slides (on the Blackboard).  You may add them if you wish; however, the 
effects are minimal. 

g) Comparing the F-104 data presented in Nelson’s book with the source (NASA 
CR-2144) reveals that important information was left out.  In particular, the 
subsonic case relates to the “power approach” configuration, for which the flap 
setting is 45 deg.  The flap contribution is not described in the reproduction; 
hence, the nominal angle of attack cannot be determined.  NASA CR-2144 tells 
us that the nominal subsonic angle of attack is 2.3 deg.  At the supersonic 
condition, it is 4.8 deg.  You can find NASA CR-2144 on the Blackboard site as a 
separate entry in “Course Materials.”  

 



 

 

MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #7 

due: December 5, 2006 

 

 
 The objective is to compute the longitudinal transfer functions of an F-104 
supersonic jet fighter for two flight conditions (M = 0.257 at seal level and M = 1.8 at 
55,000 ft), using MATLAB for all of your calculations and plotting. 
 
 The longitudinal linear system matrices and vectors are: 
 
 

 

 
Numerical values to be used in the assignment are given below, using metric units, 
radians, and % thrust. 
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1)  Calculate and tabulate the fourth-order elevator transfer function matrices at each 
flight condition.  Factor the numerator and denominator polynomials to reveal the poles 
(or roots) and zeros for each scalar transfer function. 
 
1)  Calculate and tabulate the fourth-order thrust transfer function matrices at each flight 
condition. Factor the numerator and denominator polynomials to reveal the poles (or 
roots) and zeros for each scalar transfer function.  
  
3)  Plot the frequency responses [amplitude ratio (dB) and phase angle (deg) vs. log10 
input frequency] for both controls at the subsonic flight condition.  Identify the pole and 
zero frequencies on each plot.  Sketch the amplitude-ratio asymptotes on these plots (by 
hand is fine). 
 
4)  Compare and comment on the frequency responses presented in (3) with frequency 
responses for the second-order phugoid and short-period approximate models, which are 
obtained by neglecting the coupling terms contained in the off-diagonal blocks of F. 
 
5)  The aerodynamic parameters that have principal effects on the modes of motion and 
their stability are DV, LV/VN, MV, L' /VN, M' , and Mq.  Conduct a preliminary examination 
of parametric effects on the aircraft’ s modes by doing the following: 

a) Compute the eigenvalues of F for the nominal subsonic case. 
b) Separately vary each of the six parameters by ±10%, ±20%, ±50%, and ±100%, 

holding all remaining parameters at their nominal values, and compute the new 
eigenvalues of F. 

c) Tabulate or plot your results, and comment on any trends in root location that you 
see. 

 
Subsonic Model (metric units) 

 

!  

F =
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Supersonic Model (metric units) 

 

!  

F =

" 0.0106 " 9.81 0 " 19.7
0.00000482 0 0 0.199
" 0.000471 0 " 0.183 " 18.1
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MAE 331 

AIRCRAFT FLIGHT DYNAMICS 

Assignment #8 

due: January 12, 2007 

 

 
 The objective is to compare the lateral-directional dynamic characteristics of a 
post-WWII jet fighter with a WWI fighter.  Data for the Douglas A4D and the Bristol 
F.2B are taken from the book, Aircraft Dynamics and Automatic Control, D. McRuer, I. 
Ashkenas, and D. Graham, Princeton University Press, 1973.  U.S. Customary Units are 
used; distance is measured in feet and angles are measured in radians. 
 
 Following the equations presented in class, the linear system matrices are: 
 
 

 

 
 
where g = 32.174 ft/s2, the state vector is 

! 

"x = "r "# "p "$[ ]T , and the control 
vector is 

!  

" u = " #A " #R[ ]T . 
 
1)  Calculate the equilibrium state response, ! x*,  as a function of the steady input, ! u*,  
for each aircraft.  What are the separate effects of aileron and rudder on the steady state? 
 
2)  What is the response to constant control at t = 0 for each aircraft? 
 
3)  What is the state transition matrix for &t = 0.1 sec?  for &t = 1 sec? 
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4)  Compute the time response to separate unit initial conditions for each aircraft. The 
lateral-directional motions may evolve on different time scales.  Be sure that your plots 
show details of all of the modes. 
 
5)  What are the roll, Dutch roll, and spiral time constants or natural frequencies and 
damping ratios for each aircraft? 
 
6)  Plot the following frequency responses [amplitude ratio (dB) and phase angle (deg) 
vs. log10 input frequency] for both aircraft: 
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"r(s)
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Identify the pole and zero frequencies on each plot.  Sketch the amplitude-ratio 
asymptotes on these plots (by hand is fine). 
 
7)  Summarize a few of the most significant differences in response of the two aircraft. 
 
Douglas A4D 

 

 

!  

VN = 952ft /s; " N = 0.7deg; #N = 0 deg; hN =15000ft
Y$ = %345; Yp = 0; Yr = 0

L$ = %87.2; Lp = %2.5; Lr =1.39

N$ = 46.4; Np = 0.124; Nr = %0.957

Y&A = %5; Y&R = 52.3
L&A = 37.1; L&R = 21.9
N&A = 2.81; N&R = %16.6  

 
Bristol F.2B  

 

 

!  

VN =138ft /s; " N = 3 deg; #N = $10deg; hN = 6000ft
Y% = $24.3; Yp = 0; Yr = 0

L% = $4.5; Lp = $7.17; Lr = 2.06

N% =1.55; Np = $0.436; Nr = $0.341

Y&A = 0; Y&R = 0
L&A = 26.1; L&R = 0
N&A = $1.66; N&R =1.3  

 
 


