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I. Introduction

IN establishing the preliminary design configuration
of an aircraft concept, one of the first tasks is to

size the empennage. The horizontal tail is sized by con-
siderations of trim, stability and the required center of gravity
travel during flight, as illustrated in Fig. 1. The line AB
represents the forward limit on center of gravity from con-
trollability considerations such as trim or nose wheel lift-off.
The line CD is the locus of points of neutral static stability
and is the basis of the aft center of gravity limit. With some
margin from the neutral stability line, the required center of
gravity travel then determines the required horizontal tail
area. However, there is no specified requirement for any par-
ticular value of the margin from the neutral stability line, or
minimum static margin. The flying qualities requirement of
Ref. 1 is in terms of short period frequency and normal ac-
celeration response. For preliminary design applications an
arbitrary minimum static margin is usually assumed. The
longitudinal dynamic stability is evaluated later and if the
specified criteria are not met, then a design iteration is
created. The benefits of using specified requirements as a
design tool are obvious, and the objective of this Note is to
present such a technique.

II. Analysis
Ref. 1 gives maximum and minimum values of co,, ;/;

the short period frequency criteria for co/? >1.0. An ap-
proximate solution to the equations of motion gives

as
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The pitch damping coefficient can be approximated by
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and by definition
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The term un~p/na is known as the control anticipation
parameter, C.A.P., and Eq. (1) shows that this parameter in-
creases with increasing tail area and increasing static margin,
and is largely independent of the flight phase, with altitude
appearing through the density term. The other terms in Eq. (1)
are gross weight, moment of inertia, mean aerodynamic
chord, tail arm, and planform (lift curve slope) of the
horizontal tail which may all be considered constants of the
configuration.

To use this result in sizing the horizontal tail for the
minimum area, Eq. (1) is rearranged to give

PRELIMINARY DESIGN CONFIGURATION
2

= 0.28 (MIL-F-8785B)
MIN

.7

| .6
u

0

CONSTANT 3% MIN.—**-JJ

MIN. STATIC
I MARGIN

I
DESIGN VALUE
USING 3% fa
MIN. STATIC _T
MARGIN if

20 30

6 MAC

40

C.G. -

Fig. 2 Effect of minimum short period response on tail.
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Fig. 4 Effect of minimum short period response on C-5A horizontal
tail requirement.
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Reference 1 gives different values of the minimum u*n\pln^
depending on the flight category; however, the relevant one is

the largest one, i.e. 0.28 for Level 1, Category A. The smaller
required values of CAP are then exceeded automatically. It is
also recognized that just meeting this minimum requirement
does not guarantee acceptable flying qualities. It is believed to
be adequate for preliminary design use, however.

Figure 2 shows the use of the suggested procedure on a
fighter configuration needing a 20% C.G. range compared
with using an arbitrary 3% minimum static margin. For this
design there is only a small change in required tail volume
coefficient, but the minimum design static margin is indicated
immediately as 3.5% means aerodynamic chord. Figure 3
represents the results of a full three-degree-of-freedom
calculation of longitudinal dynamic stability for the same con-
figuration. Static margin was varied for power approach, low
speed, and high speed conditions. The results show that in or-
der to meet the minimum frequency criterion a minimum
static margin of 3.4 to 3.9% is required throughout the speed
range. Although another criterion is obviously required for
the region where a HS >1, these results are in excellent
agreement with the simple procedure proposed in this Note.

By contrast, Fig. 4 shows the results of the procedure ap-
plied to the C-5A configuration. Category A of Ref. 1 is
assumed not to apply to this type of aircraft, the appropriate
criteria are those of Category C (wn

2
sp/na of 0.16 for Level 1

and 0.096 for Level 2). It would obviously be impractical to
meet the Level 1 requirements without a stability augmen-
tation. Thus, in the earliest design phase, the procedure in-
dicates a requirement for, and probable level of, a stability
augmentation system.

III. Conclusions

A procedure is suggested for determining the aft center of
gravity limit required to meet the flying qualities specification
for short period dynamics. It is recognized that the procedure
does not necessarily guarantee acceptable flying qualities. It
does form a rational method for calculating the aft center of
gravity limit in the initial design phase of sizing the horizontal
tail of a new airplane configuration. For configurations where
this criterion is unduly restrictive, the developed procedure
immediately indicates the need for a stability augmentation
system.
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FILOTAS1 has given an explicit solution for the
case of a sinusoidally twisted elliptic wing using the Pran-

dtl lifting line equation in which the circulation distribution is
expanded in an infinite series of Chebyshev polynomials of
the second kind. The intention of this Note is to show that a
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simpler explicit solution exists for the conventional sine series
expansion for the circulation, F

T(8)= Ansinn6 (1)

where s is the wing semispan, U the freestream velocity, An
are constants, 6 = cos-] (y/s) measured from wing tip to tip,
and y is the span wise coordinate positive on the right wing.

In Ref. 2, an integral form of the solution is derived for the
general case of a twisted wing which reads [Ref. 2, Eq. (12)]
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