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Technical Comments

2

Relationship between the Neutral Point,
Maneuver Point, and Center of Gravity
for Stability

Epwarp J. Ropcers*
Brown Engineering Company [ne., Huntsville, Ala.

Iniroduction

N 1965 the author presented a method he found useful
in discussing certain concepts and applications of the
linearized equations of motion of airplancs and missiles.:
Inadvertently, in one of the simple examples llustrating the
method, the statement was made, “On passing through air,
ihe density, and therefore the relative mass parameter, de-
creases by a factor of about 1,000  Obviously, from the
definition of the relative mass parameter, what was meant
was that the density would decrease and the relative mass
parameter would therefore inercase by a factor of about 1000,
This ervor was brought to the author’s attention by Roach.?3
The effect on stability of a dynamically stable configuration
having its ¢.g. forward of the neutral point, on passing from
water into air, was the simple problem being discussed.

Recently, in a private communication, S. ¥. Hoerner
questioned the author as to whether or not a vehicle could
become unstable on passing from water into air.  This note
claborates on the previous example showing the effect of the
neutral point c.g. and maneuver point relationship on the
dynamic stability.

As shown in the cited paper, the additional (or mancuver
foree and moment system acting on 2 vehicle in a steady turn
can be used o illustrate graphically the dynamie stability of
the short perted mode as given by the linearized equations oi
motion. This ts summarized by Figs. 11 and 12 of Ref. 1.
In the method, the acrodynamic forces and moments ex-
clusive of the control force are transferred to the neutral
point. If the sum of acrodynamic moments,; other than that
due to the control foree, and the moment due to the centrifugal
force, taken about the ncutral point, is such as to increase
the turning rate, then the vehicle will be unstable.  If the
unbalanced moment is in the direction to decrease the turning
rate, then the vehicle will be dynamically stable. The mo-
ments about the neutral point are funetions only of the turn-
ing rate. Before proceeding further, a few critical definitions
will be reviewed for the reader.

Definition of neutral point: that point on the vehicle
where the moment coceficient does not vary with angte of
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Fig. 1 Forece schematic, c.g. forward of neutiral point.
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Fig. 2 Force schemalic, c.g. at maneuver point.

attack. (For a given configuration and within the range of
the lincarized forees, this point is fixed and depends only on
the geometry of the configuration.)

Definition of maneuver point: that point on the con-
figuration where the location of the e.g. would result in the
control force required per g mancuver {o be equal to zero.
(The location would depend on the density of the medium
through the relative mass parameter g = m/pSl where m
i= the mass of the vehidle, p is the density of the medium,
S i the characteristic arca on which the aerodynamic co-
cfficients are based, and { iz the characteristic length on
which the acrodynamic coeflicients are based).

Tigure 1 is a reproduction of Fig. 12 of the initial paper,
modified to include the sign of the acrodynamic moment about
the neutral point.  {The stabilizing surfaces normally are the
largest source of the damping derivatives Cyy and Crj)  As
discussed 1 the original paper, the axial foree system is not
shown for simplification ol the sketch.

Center of Gravity Forward of Neutral Point
The configuration is dynamically stable since the un-
balanced moment about the neutral point due to the rota-
tional velocity ¢ (nondimensional) is acting in the diveetion to
reduce 4. I the configuration is stable in water, it will be
moere stable in air (Sne¢ pyaee = 1000 pui0.

Center of Gravity at Mancuver Point

Since the maneuver point ig that point where the ¢.g. loca-
tion will give a zero unbalanced moment due to the angular
veloeity ¢, the mancuver point will be aft the neutral point
(Fig. 2y. The configuration will be neutrally stable. If the
confieuration is neutrally stable in water, it will beeome un-
stable in aly because of the inereased relative mass parameter g
on passing into air.

Center of Gravity aft Neutral Point
and Forward of Maneuver Point

Il the c.g. is forward of the mancuver point but alt the
neutral point, then the configuration will be dynamically
stable since the unbalanced moment due {o the rotational
veloeity will be in the direetion to reduce ¢ (Fig. 3). 1If the
configuration is stable in water it will be unstable in aiv for
any significant distance of the e.g. aft the neutral point.
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Fig. 3 Force schematie, c.g. aft nealral point and for-
ward of mancuver point.
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Fig. 4 Forece schemalic, c.g. aft neutral point and man-
euver point.

Center of Gravity aft Maneuver Point

If the c.g. is alt the mancuver point, then the configuration
will be dynamically unstable since the unbalanced moment
due to the rotational velocity will be in the direction to
increase ¢ (Fig. 4). If the vehicle is dynamically unstable in
water, it will become more unstable in air.
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Summary

Application of the method presented by the author in
1965 to a simple stability problem results in a relationship
that can be summarized as follows: 1) If the c.g. is forward
of the maneuver point, the configuration will be dynamieally
stable; 2) a configuration that is dynamically stable in water
on passing into air a) becomes unstable if its c.g. s aft the
neutral point, or b) becomes more stable if the c.g. is
ahead of the neutral point; 3) a configuration that is dynam-
jcally unstable in water will be more unstable on passing into
air.
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