MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #1
due: September 26, 2006

Thegod of thisassignment isto doaument the physical characteristics and flight
behavior of abdsawoodglider. Each of you has received your very own test aircraft, a
Guillow Jetfire No. 30 Glider. Y oucan learn some of thehistory of thisglider at
http://www.guillow.com/Guillowl nfo.aspJ1D=2469491(origindly 10¢, they now cost
$149 each). Youmay discuss methodswith other students, and you may hdp each other
condud flight experiments;, however, the answvers tha you submit for this assignment
mug result from measurements that you make onyour own glider. Balsawoodis
relatively strong,butit is soft and easily broken. It absorbswater and is even softer when
wet. Take care when you do yourflightexperiments, and be prepared to glue your
airplane back togeher.

1) Tell me everything tha you know aboutthe phydcal characteristics of theglider.
Examples of wha 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 expearimentation, tell me everything tha you know abouttheflight
characteristics of theglider. This could indudemaximum rangeand time of flight for
variouslaunch condiions average gliding speed, average glide path angle, effect of the
glide’ sweight and wing postion onthese quantities, and so on.




3) Theglide pah may oscillate aboutthe averagegliding angle. Determinethe
period and approximate amplitudeof the otillation for variouswing postions Wha
effect does varying thelaundh speed have on this oscillation?

4) Try some nonstandad configurations such as:

a) Insert thewing upsde down

b) Removethevertical tail

C) Removethe horizontal tail

d) Interchangethe horizontal tail andthewing

€) Tape pape control surfaces to thewing and tail

f) Addweightto thefusslage

Will theglider fly in any of these cases? If so, how are theflight characteristics changed?



MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #2
due: October 3, 2006

1)

2)

3)

Theinetiamatrix of an airplanetha isinertially symmetric aboutthebody-axis
x-z planetakes theform,

0#/IXX 0 "Ing
l;=¢0 I, O E
gblxz 0 IZZ(

Wha istheinverse of thematrix? Showtha Ig timesitsinverse istheidentity
matrix.

Thedynamic pressure, q= %pvz, varieswith air dengty 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 thesame point at sealevel, plot the variation of airspeed tha
would berequired to had dynamic pressure congant as altitudechanges from 0 to
15km.

Anarcraft'sinetia velodty is

v, % " 100%
v, :gly- :% 200 m/sec
#.5 # 50&

a) Wha are its velodty magnitude vertical flight path angle, and horizontal flight
pah angle?

b) Givenroll angle, /, = 30deg, pitch angle, “, = 10 deg, and yaw angle, #, = 60
deg, wha isits body-axis velodty vector, vg? Show that theorigind v, can be
foundfrom vg usng theinverse of therotation matrix.




4)

Assuming tha thethrug, T, and drag, D, are parallel to thevelodty vector and
tha lift, L, is perpendicular to thevelodty vector, the flat-earth equaionsfor
motioninthevertical planeare

1

W . 1%, 1 " .
V:E(T D mgsm#ﬁza&'?' CD§$VZS mgsm#§

D 1% 1 "
#:W(L mgcos#):m&&iwzs mgcos#%

h=V sin#
r =V cos#
L/D=C_ /C,
T/W =T/mg

where mistheaircraft’smass, g isthegravitationd acceleration, $istheair
dengty, Sisthereference area, V istheairspeed, %sthevertical flight path angle,
histhehaght (or adtitude, andr isthe horizontal range

a) Calculate the equilibrium (steady-state) rate of climb of an airplanehaving a
thrug-to-weightratio of 0.4, lift-to-drag ratio of 18, and airspeed of 100m/s.
Express your answer in m/s and ft/min.

b) Theairplaneiscruising at ahaghtof 2,000 m toward an airport theat is 20 km
away when theenginefails. With L/D = 18, can the airplaneglideto theairport?



MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #3
due: October 12, 2006

1) The Guillow Jetfire No. 30 Glider was thetopic of Assignment #1.

a) Fromtheresults of that assignment, wha you have learned in class, thetext book
and any other sources that you may wish to use (e.g., references cited onthe course
web page, http://www.princeton.edu/~stengd/MAE331 html), estimate and plot the
variation of lift and drag coefficients, C_ and Cp, in the angle-of-attack rangefrom 0
to 20deg. Explain howyou madeyour estimates.

b) Wha isthe maximum lift-to-drag ratio (L/D) and corresponding angle of attack?

Figure 1. Guillow Jetfire No. 30 Glide.




2) Thepoint-masslongitudind motionsof theglider are governed by four differential
equdions

1
V:!CDE”VQS/m! gsin#
#= 130 Log mi geos#&

VO;O:LZ . g 1
h = Vsin#
f =Vcos#

wheeh and r are height (altitude and groundrange Thecongant airspeed, V (m/s),
and flight pah angle, %rad), for equilibrium glide can be foundby simultaneoudy
solving thefirst two equaionswith V=0 and / = 0. Plottheequilibrium values of
V and %or atitudes from 0 to 5,000m, assuming that the L/D is maximized and hdd
congant.

3) Thegod isto calculate flight pathsfor theglider usng MATLAB'sodel5s ,
ode23, or ode45.

a) Cadculate andplotV, %h, andr for an equilibriumglide path during 50 sec of flight,
with L/D = L/Dax. Assume that theinitial altitudeis 1,000m, and tha theinitia
airspeed and flight path angle are the equilibrium values foundin (2). Comment on
your findings induding the nature and time-scal e of therespon.

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

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

d) Beginning at theequilibrium glide atitudeand flight path angle, increase theinitial
airspeed until theaircraft paformsaloop.

Genegal Guiddines

Be sure to explain wha 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 atitle. Take care tha theindividud traces of each figure are well identified.




MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #4
due: October 19,2006

TheAirbusA380(Fig. 1) istheworld’ s largest commercial jet trangport aircraft
(TheAntonov225is dightly larger, but only oneexample has been built). This
assignment is directed at developing a mathematical modd of therigid-bodylongitudind
dynamicsfor the A380. Themodd should becompaible with the FLIGHT program
foundat http://www.princeton.edu/~stengd/FDcodeB.html. We will focusonasingle
opeaating weight hdfway beween the empty and maximum T-O (Takeoff) weightin
"clean" condition (flapsand gear up) and will assume tha the center of massis at the
wing center of pressure.. The accompanying aircraft descriptionis condensed from Janés
All theWorld's Aircraft, onlineat http://www2 janes.conv.

»

130 \TRBUS, ot

Figure 1. AirbusA380

1) Thefirst order of busnessisto calculate the moment of inertial,y, whichis
involved in thepitching respon® of theaircraft. You mug make engineering estimates
of theweightdistribution, size, volume, and location of theaircraft's components,
induding wings, horizontal and vertical tail, fusslage, fud, fud tanks engine crew,
passenge's, and subg/stems. Use the three-view drawing (Fig. 2) and tables induded
with this assignment as a starting point. 'Y ou may use common approximationsfor the
moments of inertia of simple geometric shgpes, as found,for example, in the appendix of
the MAE 206text, Engineering Mechanics, Volume Two, Dynanics, by Meriam and
Kraige (J. Wiley & Sons 1992) (Mog dynamics bookscontain similar information.)
Alternatively, youmay use Pro-Engineer or similar software.



Figure 2. Three-view drawing of A380Q



2) Next, develop alow-angle-of-attack, Mach-dependent modd of the aerodynamic
lift, drag, and pitching moment codficients that is compatible with the MATLAB
fundion foundat http://mwww.princeton.edu/~stengd/AeroModd Mach.m. These three
coefficients are modded as

C =C_+ (CL" " +C,q+C, #5+ CL#E#E)WingMach
C, =C,, PrFac+$C?
Cn=C, + (cm,, " +C, q+C, #5+ C%#E)HorizTailMach

in thefundion, wherethevarioussymbols are identified in thecode Theassumed Mach
effects are entirely contained within the variables WingMach, PrFac, and
HoriZTailMach.

3) Findly, develop athrug modd tha is compaible with
http://www.princeton.edu/~stengd/AeroModdMach.m. For this assignment, you may
assume that thrug variation with atitudeis the same as the modd used for thebusness
jetinthe FLIGHT m-file. We may changetha for a future assignment.

Y ou may wish to refer to an aircraft designtext, e.g., Raymer's Aircraft Design: A
Conaeptual Approach (AIAA Press, 1989) Torenbeek's Synthesis of Subsnic Airplane
Design (Kluwer, 1982, or Ande'son's Aircraft Performanae and Design (McGraw-Hill,
1999) however, you should be able to do the assignment withoutspecial information. Be
sure to state your assumptionsin making the estimates. Thereisno single rightanswer to
theassignment.

Y our gradewill bebased onyour approach to solving the problem and onyour
presentation of results. Y oumay work in groupsof two and submit a single report for the
group. If youwork independently, your raw gradewill be multiplied by 105%

From Jan€'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. L eading-edge
dlats 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 specifically positioned to keep wake vortex at a minimum. Tailplane incidence
trimmable +2/-10°. Elevator travel +20/-30°, rudders +30°.

Power Plant

A380-800 is currently offered with a choice of 311 kN (70,000 Ib st) Alliance (GE/P&W) GP7270 or
Rolls-Royce Trent 970 turbofans; A380-800F with 340 kN (76,500 Ib 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 Ib st) but derated to 302 kN (68,000 Ib st), with eventual growth to 374 kN
(84,000 Ib 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 afirst run achieved in
March 2004, certification due at 363 kN (81,500 Ib st) in July 2005 and first flight in November 2005.

Standard nominal fuel capacity of both versionsis 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 extrafuel tanksin 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 134 in)

Wing chord: at root 17.70 m (58 ft 034 in)

mean aerodynamic 12.30 m (40 ft 41/4 in)

Wing aspect ratio 75

Length: overal 72.725 m (238 ft 71/4 in)

fuselage 70.40 m (230 ft 1134 in)

Fuselage: Max width 7.14m(23ft5in)

Max height 841 m (27 ft7in)

Height overall  24.10 m (79 ft 034 in)

Fin chord: at root 12.05 m (39 ft 61/2in)

atip 4.70m(15ft5in)

Tailplanespan  30.37 m (99 ft 734 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 1014 in)

fuselage gear 5.265 m (17 ft 31/4 in)

Wheelbase (c/l shock-absorbers): wing gear
33.58 m (110ft 2in)

fuselage gear 36.855 m (120 ft 11 in)

Distance between engine centres:

inboard 29.60 m (97 ft 1174 in)

outboard 51.40 m (168 ft 712 in)
Passenger doors (16, each): Height 1.93 m (6 ft
4in)

Width 1.07 m (3ft 614 in)

Height to sill: upper forward 7.85m (25 ft
9in)

upper centre 790m(25ft11in)

upper rear 7.92m (25t 1134 in)

main front 5.07m (16 ft 712 in)

main No. 2 5.09 m (16 ft 812 in)

main No. 3 (emergency) 5.13m (16t 10in)
main No. 4 5.16 m (16 ft 11174 in)

main No. 5 518 m(17ft0in)

Upper deck cargo door (A380-800F, port):

Max width 3.68m(12ft1lin)
Max height 2.23m (7 ft334in)
Height to sill 7.93m (26 ft 014 in)

Main deck cargo door (A380-800F, port):

Max width 427m (14ft0in)
Max height 261 m(8ft634in)
Height to sill 5.15m (16 ft 1034 in)

Forward cargo hold door (stbd):

Max width 2.79m (9ft 134 in)

Max height 1.80m (5ft 1034 in)
Height to sill: A380 3.02m(9ft1lin)
A380F 3.05m (10ft0in)

Rear cargo hold door (stbd):

Max width 3.10m (10ft2in)

Max height 1.80m (5ft 1034 in)

Height to sill: A380 3.12m (10 ft 234 in)
A380F 3.14m (10 ft312in)

Bulk cargo door (stbd):

Max width 1.13m(3ft812in)

Max height 0.90m (2ft1112in)

Crew door (A380F): as A380 passenger

Height to sill 5.03m (16 ft6in)

Crew rest emergency exit (A380F):

Height to sill 7.80m(25ft7in)

Clearance beneath engines at max ramp weight:

inboard 1.03m (3ft412in)

outboard 188m(6ft2in)
Pilot's eye above ground level 7.09 m (23 ft
314 in)

Dimensions, Internal

Cabin, A380-800: Length 50.68 m (166 ft 31/4
in)

Max width: main deck 6.58m (21t 7in)
upper deck 5.92m (19ft5in)

Width at floor: main deck 6.20 m (20 ft 4 in)
upper deck 533m (17 ft6in)

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 gq ft)
Fin 122.3 m2 (1,316.4 sq ft)

Weights and Loadings
Typica operating weight empty:

A380-841 270,015 kg (595,275 Ib)
A380-861 270,281 kg (595,875 Ib)
A380-843F 250,560 kg (552,400 |b)
A380-863F 250,826 kg (552,975 Ib)
Max payload: A380-841 90,985 kg (200,575
Ib)

A380-861 90,720 kg (200,000 |b)
A380-843F 151,440 kg (333,875 Ib)



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

Max zero-fuel weight:

A380-800 361,000 kg (795,875 Ib)
A380-800F, basic 402,000 kg (886,250
Ib)

A380-800F, optional 379,000 kg (835,550
Ib)

Max wing loading:

A380-800 662.7 kg/m2 (135.74 Ib/sq ft)

A380-800F 698.2 kg/m2 (143.01 Ib/sq ft)
Max power loading:

A380-800 463 kg/kN (4.54 1b/1b st)
A380-800F 433 kg/kN (4.25 1b/1b 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 + 15°C:
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 field length at MLW, ISA + 15°C:
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 rangeof the AirbusA380for an initial mass
equd to thevalueused in the last assignment and a fud burn of 25000kg. Assume that
the maximum sea-level thrug for each of its four enginesis 311 kN (70,0001b) and tha
the specific fud consumptionis 10 (mg/s)/N, (i.e., milligrams per second of fud bumed
per Newton of thrug).

a) Wha istheoptima dynamic pressure?

b) Assuming tha the cruise-climb begins at an altitude of 10,000 m, what is the
corresponding initial airspeed?

c¢) Wha istherangecovered during this flight segment?

d) Wha isthefind atitude?

2) Calculate the flight (atitude vs. velodty or Mach nunber) envdope comer
velodty, and maximum sea-level climb rate for the A380 at the same mass andin "clean”
condition (flapsand gear up). Assume tha thelift coeficient is linear in angle of attack
up to an effective stal angle of 15° and tha the maximum alowable load factor is 2.5.
The Excel spreadsheet found at http://www.princeton.edu/~stengd/Example261 xIs can
be adapted to perform these calculations

Use the engineering estimates of the aircraft's aerodynamic and thrug propeties tha you
developal for Assignment #4 (corrected, if necessary) for this assignment.

sttt



MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #6
due: November 27, 2006

Theobijective isto compute thelongitudind dynamic characteristics of a
supeasonic jet fighter. Stability, control, and disturbance derivatives for the Lockheed F-
104 are givenin 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
informationin thereproduced daa

Following the equaionspresented in class, thelongitudind linear system matrices

are.
+" Dv " gcos#N " Dq " D$ C
] L/ g L/ L
- —=sin#, q L, C
Eo=- \N Vy N W Vi C
Lon =_ M, 0 M, Ms c
SOR S SR
- —=sin#Z, '1" ¢ 8
, Vi Vy N& VN) VN?
?L " D#E T#T " D#F ') 2 ! DVwind " D#wind ')
_ &L#E / VN L, / VN L, / VN ) L = &vaind /VN L;‘thind /VN )
o & M»ii M#T M# ) Lo & Mvwind M#wind )
S, v, "LV, "L, /VNz Bg/‘ol_vwm Ny "L, /VN)(




1) Cdculate the equilibrium state resporse, ! x*, at each flight condition for a steady
elevator inputof 1 deg.

2) Wha istherespong to condant elevator control at t = 0 at each flight condition?
3) What isthestate trangtion matrix for & = 0.1 sec? for & = 1 sec?

4) Compute thetime respon® to separate unit initial conditionsat each flight condition.
Thelongitudind motionsevolve onfast and slow time scales. In order to see each effect,
plot al responges for two time durations 10 sec and 100 sec.

5) Wha are the phugod and short period natural frequendes and damping ratios at each
flightcondition?

6) Summarize afew of the mog significant differences at each flight condition.

Notes
a TheF-104daaindudes C, ,C, ,andC, . Notetha

Cp, ="Cp/"M="C,/"(V/a)=a"C,/"V, and o on, where a is the speed of
sound. Hence, C, ="C,/"V =("C,/"M)/a.
b) Asdiscussed on pages 201-203, Flight Dynarrics, pitch rate derivatives are
usudly expressed as Co, = "Cm/”?%v frather than C, ="C,/"q. To
N q
distinguish between thetwo, a carat (or hat) over q signifies the nomalized pitch
g = qC i =" "q=0g ! "q
rate, § oV, inthebook. Thus C, ="C/"q g%VNi&Cm/ g. Thevalue

given in the F-104 data correspondsto thebook’s Co, = "C,/"q.

. n =
c) TheF-104daaalso containsderivatives with respect to ” = %\/ , nomalized
N

asin (b). Youmay ignore these stability derivatives for this assignment.
d) Thesubnic value of Cma scanned incorrectly and appears to have a postive

valueintheF-104daa. It should benegaive. The rescannal versionis OK.

€) TheF-104ispowered by aturbojet engine whose thrug is approximately
independent of velodty peturbaions Thevelodty perturbaion effect onvelodty
dynanmicsis expressed by

"f, _ 1.%C "Cp { #Vy* /
—L=="_"Tcos#, $—2*—N S+ cos#, $C, |+V,S
"Vom&'yv N V) 2 (G, cos#u $Co, ), ¢

Because T =C;("V?/2)S=constan,
("T/"V)=0=("C;/"V)(#V*/2)S+C; #VS; hence, D, isnot zero.

f) Missingtermsin theexpressonsfor “f,/"#$ and "f,/"#$ relatingsubte thrus
effects have been addad in the“ Linearized Longitudind Equaionsof Motion”



9)

lecture dides (onthe Blackboad). Y oumay add them if youwish; however, the
effects are minimal.

Comparing the F-104 daa presented in Nelson’s book with the source (NASA
CR-2144)revealstha important information was left out In paticular, the
subsonic case relates to the“power approach” configuration, for which theflap
settingis45deg. Theflap contributionis notdescribed in thereprodudion;
hence, thenomnd angle of attack cannotbedeermined. NASA CR-2144tells
ustha thenomind subsonic angle of attack is 2.3 degy. At the supesonic
condition,itis4.8 deg. Youcan find NASA CR-2144ontheBlackboad siteasa
separate entry in “Course Materias.”



MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #7
due: December 5, 2006

Theobijective isto compute thelongitudind transer fundionsof an F-104
supeasonic jet fighter for two flight conditions(M = 0.257 at seal level andM = 1.8 at
55,000ft), usang MATLAB for al of your calculationsand plotting.

Thelongitudind linear system matrices and vectors are:

+"D, " gCos#, "D, " Dy C $ 0 -y
:L/ 8 sin# L/ Ly C T
A T Vi Vi c :§L.,E IV, og
Lon — _ MV 0 Mq M$ g Lon & M”E O)
-u LV n g : |0/0" L/ g " L/ %L /V
- 2_sin#, '1" 4 ¥ " 0
, %N v, & /W) Vif Mo
#x, & # Vé
% ( % ( 1
%%2( _% ( AT
%x,( %q( f)uz éo)T

NN

Numerical values to be used in the assignment are given bdow, usng metric units,
radians and % thrug.




1) Cadculate and tabulate the fourth-order elevator trander fundion matrices at each
flight condition. Factor the numerator and denominaor polynomials to revea the poles
(or roots) and zerosfor each scalar trander fundion.

1) Caculate and tabulate the fourth-order thrug trander fundion matrices at each flight
condition. Factor the numerator and denominaor polynomials to reveal the poles (or
roots) and zerosfor each scalar trander fundion.

3) Plot the frequency responses [amplituderatio (dB) and phese angle (deg) vs. log,,
inputfrequency] for both controls at the subnic flight condition. Identify the pole and
zero frequendes on each plot. Sketch the amplituderatio asymptotes on these plots (by
handisfine).

4) Compae and comment on the frequency respongs presented in (3) with frequency
respongs for the second-order phugod and short-period approximate modds, which are
obtained by neglecting the coupling terms contained in the off-diagond blocks of F.

5) The aerodynamic paameters tha have principal effects on the modes of motion and
ther stability are D, L\/Vy, M,, L./V, M., and M,. Condud a preliminary examinaion
of parametric effects on theaircraft's modes by daing thefollowing:

a) Compute theeigenvdues of F for thenomind subsonic case.

b) Separately vary each of the six parameters by £10%, +20%, £50%, and £100%
holding al remaining paameters at their nomind values, and compute the new
eigenvduesof F.

c) Tabulate or plot your results, and comment on any trendsin root location tha you
see.

Subsonic Model (metric units)

#70.0694 "981 0  "507& # 0 00008
g %
__oD.00238 0 0 0.489E_ o o087 0 E

% 0 0 "0302 "20( = %456 0 (

0 0,

0.00238 0 1 048  @oose7 o0
Supersonic Model (metric units)

# 00106 "981 0 "197& # 0  0.0008
_opoo0o04s2 0 0 0199 G_Oﬁg).osoz 0 |
T9%"0.000471 0 "0.183 "181( ~ %'139 0O E

0

0.00000482 0 1 "0.19¢ 0.0502



MAE 331
AIRCRAFT FLIGHT DYNAMICS
Assignment #8
due: January 12, 2007

Theobijective isto compare thelatera-directiond dynamic characteristics of a
pog-WWII jet fighter with a WWI fighter. Datafor the Douglas A4D and the Bristol
F.2B are taken fromthebook Aircraft Dynanics and Automatic Control, D. McRuer, 1.
Ashkenas, and D. Graham, Princeton University Press, 1973. U.S. Cugomary Unitsare
used; distance is measured in feet and angles are measured in radians

Following the equaionspresented in class, thelinear system matrices are:

FNGONGON, 0
3, . Y Y, geosy
FLD—-% % V, V, V., C
- L L L oC
- C
JHsin*, 0 1 0 7/
N, Ng8
5 vl
Gip :(% VN(
% L”R(
%o o

where g = 32174 f/S, the State vector isAx=[Ar AB Ap Ag¢]’, and the contol
vectoris"u=["#A " #R]T.

1) Calculate the equilibrium state responsg, ! x*, as a fundion of the steady input ! u*,
for each aircraft. Wha are the separate effects of alleron and rudde onthe steady state?

2) Wha istherespong to congant control at t = O for each aircraft?

3) What isthe state trangtion matrix for & = 0.1 sec? for & = 1 sec?



4) Compute the time respon® to separate unit initial conditions for each aircraft. The
lateral-directiond motionsmay evolve on different time scales. Be sure tha your plots
show details of al of themodes.

5) Wha are the roll, Dutch roll, and spiral time congants or naura frequendes and
damping ratiosfor each aircraft?

6) Plot the following frequency respongses [amplitude ratio (dB) and phase angle (deg)
vs. log,, inputfrequency] for both aircraft:

Ar(s) . Ar(s) . AB(9
ASA(S)" ASR(S)’ ASR(9
Ap(s) . Ap(s) . Ag(s)
ASA(S)" ASR(S)’ ASR(9

Identify the pole and zero frequencdes on each plot. Sketch the amplituderatio
asymptotes on these plots (by hand isfine).

7) Summarize afew of the mog significant differences in respon of thetwo aircraft.

Douglas A4D

V, =952ft/s ", =0.7deg; #,=0deg; h, =15000ft
Y =945 Y,=0; Y, =0

L, =987.2 L,=%.5 L, =139

Ny, =46.4 N_ =0.124; N, =9%.957

Yo =95, Yy =52.3

L =371 Lg=21.9

Ng, =2.81 N =9%16.6

Bristol F.2B

V, =138ft/s ", =3deg; # =%$10deg; h, =6000ft
Y,,=$24.3 Y, =0, Y, =0

L,=%$4.5 L,=%$7.17% L, =2.06

N,=1.55 N, =$0.436 N, =%$0.341

Yo =0, Y =0

L, =26.3 Lg =0

Ng, =$1.66 Ng=1.3



