AFFDL-TR-65-218

ESTIMATION OF FLYING QUALITIES
OF PILOTED AIRPLANES

ROBERT ]. WOODCOCK, AFFDL

DOUGLAS E. DRAKE, DOUGLAS AIRCRAFT CO.

TECHNICAL REPORT AFFDL-TR-65-218

APRIL 1966

Distribution of this document is unlimited.

AIR FORCE FLIGHT DYNAMICS LABORATORY
RESEARCH AND TECHNOLOGY DIVISION
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO



NOTICES

When Government drawings, specificstion®s, or other data are used for any
purpoas other than in connection with a deflinitely related Government procure-
ment operation, the United Statea Government thereby incurs no responsibility
nor any obligation whatscever; and the fact that the Government may have
formulated, furnished, or In any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as in any
manner licensing the holder or uny other person or corperation, or conveying
any rights or permiasion to manufacture, ume, or sell any patented Invention
thet may in any way be related thereto.

Copiea of thia report should not be returned to the Reaearch and Tech-
nology Division unless return is required by security considerstions,
contractual obligstions, or notice on a specifie document.

100 = June 1968 - TTI-44-959



AFFDL-TR-65-218

ESTIMATION OF FLYING QUALITIES
OF PILOTED AIRPLANES

ROBERT ]. WOODCOCK, AFFDL

DOUGLAS E. DRAKE, DOUGLAS AIRCRAFT CO.

Distribution of this document is unlimited.




AFFDL-TR-65-218

This material is an extensive revision of work at Douglas Aircraft Company,
Long Beach, California, Contract AF33(616)-6460, intended originally to be published
as part of the USAF Stability and Control DATCOM, That volume, however, has grown so
full of aerodynamic data that it seems more appropriate to issue the flying-qualities
estimation methods as a separate report. The work, spanning the last several years
as time has been available, has been conducted under Project 8219, Stability and
Control Investigations, by the authors. The manuscript was released by the authors
in December 1965 for publication as an RTD technical report.

FOREWORD
This technical report has been reviewed and is approved.

g’? %:s/m;koox

Chief, Control Criteria Branch
Flight Control Division
Air Force Flight Dynamics Laboratory
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ABSTRACT

Methods, ranging from rigorous and complicated to simple and approximate, are
presented for estimating flying qualities in accordance with such specifications as
MIL-F-8785 (ASG). Aerodynamic and inertial data are assumed to be known. Intended
mainly for design use, the report gives enough detail to indicate derivations and
conditions for validity. Topics include the static and dynamic, controls-fixed and
controls-free aspects of aircraft stability, control, and trim. Although emphasis
is on linear analysis, methods are given or indicated for such nonlinear problems
as drag, pitch-up, inertial coupling, and spinning. Appendixes give an introduction
to aeroelastic effects, ways to analyze control tabs, a derivation of the controls-
free equations of motion, and an introduction to root locus analysis.
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SYMBOLS

(Ft-1b-sec units; one can hardly go wrong inusing radians for all angular measure. Directions
are generally from the pilot’s viewpoint. See Figure 1.)

a

b

ol

cg

Acceleration, ft/sec?

Wing span, ft

control-surface hinge moment (total)
control-surface hinge moment (pilot effort)

Boost ratio =

Reference chord, ft

Mean aerodynamic chord (of wing, unless subscript), ft
Center of gravity, percent m.a.c.

Drag, Ib

Exponential base = 2,718

Equivalent airspeed, V «/I_DTp—S—E

Stick or pedal force, 1b (positive when tending to move the stick aft or right, or
right pedal forward)

Acceleration due to gravity, 32.2 ft/ sec? at aircraft altitudes

a3
Surface-to-stick (or pedal) gearing,——d—Ajﬂic—c—e , rad/ft (See Figures 4 and 7).
G. = —93a G = - 93r stick
a ans ' r dAp
Altitude above sea level, ft

Hinge moment, 1b-ft; generally aerodynamic hinge moment (same sense as 3).

Incidence of horizontal stabilizer to a = 0 reference line, rad (positive trailing
edge down)

Horizontal stabilizer deflection from incidence for trim, rad

Thrust-line inclination to a = 0 reference line, rad (positive in direction of
positive a ).

X <. 2 . .
Moment of inertia in roll, slug ft [ I, = prcoszn + Izpsmzn where subscript

p denotes principal axes and 1) is the principal-axes inclination in the sense of a .
See Reference 6, ]

PR 2 s 4 , ]
Product'of inertia, slug ft [ I 7 pr- Izp) sin2n. See L above.
Moment of inertia in pitch, slug ft2

Moment of inertia in yaw, slug f2| 1, = 1 cosz +1I sin2 . See I_ above.
4 Zp N Xp n p.4






