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Technical Comments.
Comment on "Offset Thrust Axes

and Pitch Stability"

A. W. Bloy*
University of Manchester,

Manchester Ml 3 9PL, England, United Kingdom

IN a recent Technical Note, Solies1 has considered the effect
of thrust offset due to low- or high-mounted engines on the

static longitudinal stability of an aircraft. At low speed and
with no thrust effect the condition for static stability is that the
pitch stability derivative Cma < 0, which is achieved by posi-
tioning the e.g. ahead of the neutral point of the aircraft. Etkin2

(p. 189) gives a more general criterion for static longitudinal
stability derived from the constant term E in the characteristic
quartic equation. Taking the derivative CZu as zero, this crite-
rion reduces to

E = -CL(2CmC, + Cm C, ) > 0 (1)

where the subscript zero indicates the trimmed reference flight
condition. Static stability then also depends on the speed sta-
bility derivative CMu. Since CZa < 0, static stability is dimin-
ished if Cmu < 0 with a divergent mode produced if E < 0.
Etkin2 gives" an example that shows the effect of Cma and Cmu
on the time to double for the divergent mode.

Now consider the effect of thrust offset on the speed stability
derivative Cmu. At the trimmed reference flight condition the
pitching moment coefficient due to the offset thrust is balanced
by an aerodynamic pitching moment coefficient Cmaero, so that
the pitching moment coefficient about the e.g. Cm is given by

(2)

where ZT is the distance of the thrust line below the e.g. The
speed stability derivative Cmu then has two terms associated
with the variation in dynamic pressure and thrust with speed
and is given by

dT

(3)

For turbojets thrust is almost constant with speed, whereas for
propellers or turbofans thrust decreases with speed, i.e., (dT/
du)0 < 0. A high thrust line for which ZT < 0 therefore gives
Cmu > 0 and enhances static longitudinal stability with the op-
posite effect produced by a low thrust line.

The conclusions made by Solies1 appear to be based only
on the effect of the variation of thrust with speed with no effect
on stability predicted for constant thrust jet aircraft. The same
incorrect conclusion is made by Raymer3 (p. 429). To predict

stability it is not necessary to make response calculations sim-
ilar to that made by Solies.1 Static stability or instability can
be simply determined from the sign of £, which depends on
Cma and Cmu as given by Eq. (1). E can be expressed as

E = -2ClQCZa[(CmJCZa) + (CmJ2CLo)} (4)

which in the case of a constant thrust turbojet and taking
— CLa reduces to

E = 2C2
LoCLa[-(Cma/CLa) - (5)

The term within the brackets is precisely the stick-fixed
static margin derived by Solies4 with the condition L = mg
imposed and as determined from conventional flight tests. It
follows that the condition for longitudinal stability is that the
static margin with L = mg is positive as opposed to the pitch
stability condition Cma < 0.
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Reply by the Author to A. W. Bloy

U. P. Solies*
University of Tennessee Space Institute,

Tullahoma, Tennessee 37388

BLOY'S comments are helpful in clarifying the role of the
speed stability derivative Cmu in conjunction with offset

thrust lines. Since he does not give a physical interpretation
of the equations, I offer the following in support of his
arguments.

The thrust moment MTo = TQZT of a constant thrust device
does not change with angle of attack nor with velocity, and
therefore does not directly affect longitudinal stability. This
view was expressed by Raymer1 (p. 429) and adopted in my
articles.2'4

This view, however, did overlook the role of the aerody-
namic moment,

= Cm_(p/2)u2
0Sc = -MTo (1)

Received May 13, 1995; revision received Oct. 3, 1995; accepted
for publication Nov. 30, 1995. Copyright © 1995 by the American
Institute of Aeronautics and Astronautics, Inc. All rights reserved.

*Lecturer in Engineering, Aerospace Engineering Division, School
of Engineering.

Received July 19, 1995; accepted for publication Nov. 20, 1995.
Copyright © 1995 by U. P. Solies. Published by the American Insti-
tute of Aeronautics and Astronautics, Inc., with permission.

*Associate Professor, Departments of Aviation Systems and Aero-
space Engineering, M/S 20.

455



456 J. AIRCRAFT, VOL. 33, NO. 2: TECHNICAL COMMENTS

which is required to balance the thrust moment of a vehicle in
steady free flight. This moment is positive (pitchup) for high
thrust lines (ZT < 0) and increases with speed (all else constant),
providing speed stability. Conversely, a low thrust line causes
a negative aerodynamic moment that is destabilizing.

This also explains the difference between pitch stability neu-
tral points obtained from a sweeps in wind tunnels and stick-
fixed neutral points obtained from conventional flight tests that
rely on data taken at steady flight conditions at various air-
speeds. The difference is often not known or misinterpreted,
with the expectation being that the points should be identical
and have the same significance,4 or that discrepancies are
solely caused by Reynolds number effects or other idiosyncra-
cies. As I have shown,2 flight tests of an aircraft with an offset
thrust line will shift the wind-tunnel neutral point by an ad-
ditional static margin

Min=-(T/Wcosy)(zT'c)

for jets [Ref. 2, Eq. (14)], and

A/irt = —1(77 W cos

or

(p!2)SCL ZT

(W cos y)3 c

(2)

(3)

(4)

for props [Ref. 2, Eq. (20)].
As to the definition of static stability, Etkin5 himself intro-

duces longitudinal stability as pitch stability at constant speed
(p. 13), which leads to the stability condition Cma < 0 and the

definition of a pitch stability neutral point hn (p. 23). He em-
phasizes that "the trim-slope criterion obtained in flight test
can be definitely misleading as to stability'* (p. 25).

As Bloy points out, Etkin later introduces a more general
definition of static longitudinal stability (p. 189), namely non-
divergence, characterized by the factor E > 0 in the linearized
equations of motion. E contains the speed stability term Cniu,
which relates directly to A/in.

Using this definition of longitudinal static stability, a high
thrust line aircraft would indeed be stable for e.g. positions up
to the stick-fixed neutral point h^ = hn + khn.

A warning must be issued, however, to not use this stick-
fixed neutral point as the rear boundary for the aircraft's op-
erational e.g. envelope. The additional static margin A/iM varies
with thrust, and the aircraft is unstable in pitch for T = 0 at
e.g. locations h > hn. If an engine failure occurs at such e.g.
locations the pilot faces a vehicle that is not only out of trim,
but also unstable in pitch. Unless artificial stability augmen-
tation is used, the aft e.g. limit should be based on neutral
points obtained in gliding flight, or in wind tunnels. If those
are not available, Eqs. (2) or (4) may be used to calculate A/z,,.
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