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SOUE NOTES ON THE DEPERKINATION OF THE STICK~-FIXED
NEUTRAL POINT FROM WIND-TUNNEL DATA

By MHarvin Schuldenfrei
STUMMARY

' ' Two methods are presented for determining the hori-
zontal location of the stick-fixed neutral point from
wind-tunnel data. One method involves the solution of a
mathematical equation; whereas the other method is a
graphical solution for the same mathematical eguation. A
method is also included for determining the vertical vari-
ation of the mneutral point. The combined horizontal and
vertical variation of the neutral point completely describes
the stick~fixed longitudinsl stadility of airplsanes that
have large allowable center-of-gravity shifts,

INTRODUCTIOX

The concept of thre neutral Point has been treated in
references 1 %o 4, and its usefulmness in the analysis of
static longitudinal stability, especially with regard to
the effect of power, has been proved. The determination
of the neutral point from flight data is discussed in ref-
erence 3; whereas reference 4 presents the methods used
with wind-tunnel date. ’

The present }eport offers two simplified methods of
determining the horizontal location of the neutral point
from wind-tunnel data plotted as pitching~moment coeffi-
cient O, &against 1ift coefficient Cy, for several

stabilizer-setting tests with the elevator neutral; the
method applies equally .well to tests made with various
elevator deflections with the stabilizer setting fixed. &
method is presented for determining the vertical variation
of the neutral point. The combined horizontal and vertical
variation completely describes the stick-fixed longitudinal
stability of airplanes that have large allowable center-of-
gravity shifts.



The neutral point is defined as the location of the
center of gravity of the airplane when the airplane is
trimmed (Cp = 0) and when tha stick-fixed stability, as

measured by de/dCL about the center of gravity, is
ac
neutral (EEE = é). Data obtained from wind-tunnel tests
L

are usually plotted as 0Om against €61 for several sta-
bilizer settings at a specified center-of-gravity location.
The neutral point may readily be determined from thesge

data provided the assumption is valid that the rate of
change of the slope of the pitching-moment curve (atout a
given c.g. and at a given 1ift coefficient) is constant
with stabilizer setting i,. That this agsumption is valid

is proved in appendix A, in which the slope of the tail
1ift curve is assumed to be constant, a condition which
usually holds up to the region near the stall of the tail
surface. If the data are obtained for unstalled conditions
of the tail - which can be attained by prover choice of
stabilizer settings - the neutral-point determinations will
be valid. The symbols used in this paper are defined as
they occur in the texzt and are summarized in appendix B.

HORIZONTAL LOCATION CF NEUTRAL POINT

¥ethod I

Consider tke two arvitrary curves of OCp against (g
for different stabilizer settings shown in figure 1 and
suppose that the neutrai point of the airplane is to be
determined at some 1ift coefficient CL = 1l.2. It is appar-

ent that, at Cp = 1.2, the airplane is untrimmed (Cy # O)
for both stabilizer settings aed that, as is general for
power-on conditions, :dcmdeL;x at € = 1.2 depends upon
stabilizer settingi BEven 1if m vere zero, moreover, the
valune of dcm/dCL % would not indicate how far the, center
of gravity ‘might ¥e moved to obtain neutral stability be-
cause, when it is changed to retrim the airplane at a

new center of gravity, the value of <écm/dCL>x is changed.

The value of Cm/CL at Cy = 1.2 does represent the

distance the center of gravity may be moved parallel to
the model reference line in order to balance C, to zero.
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This movement also increases the stability by an amount
spproximately equal to Op/Cy. becawse of the shift in

centar of gravity. TFor each stabllizer curve, therefors,
the center of gravity for trim (Cp = O) .and the stability

. about this new center of gravity may te determined.

About a mnew center-of-gravity location x, such
that ) .

I, = x - 25 (1)

where x 1is the oribinél center-of-gravity location in
chords behind the leading edge of the mean asrodynamic
chord, the pitching moment is trimmed -(Cp = O), and the

stability about this center of crav1ty is

ac ac C
<dcr£> (dcm> s (2)
‘ o/ Xy \&%L L
where gdcm/acg\x and Cy/Cy, are values taken from the
J .
a

origin data, as from fizure 1. For neutral stability,
therefore, .

ac
<___.£e_ =0 | (3)
iCL Xn o : ' .
and
(EEE\ = Cm (4)
dCL/x CL

It is hence apparent that, if <d0m/d01>x is plotted
against Cm/CL for two stabliligzer settinss at a given O,

(fig. 2), the location of the c nter f gravity for mneutral
atability 1s the pnoint where /dCQ\ is equal to © /CL,

that is, the neutral point is the D01nt of intersection

between a sﬁraight line connecting thesq two plotted points

and a line having the equation (;dcm/dC§>x = Cm/CL' In fig-
e

ure 2, the neutral point is giv in chords forward or
rearward of the center of gravity about which the data are
gilven depending upon whether Cm/CL ig positive or negative
at the point of intérsection. ‘
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If more than two stabilizer curves are available and
the values of gdcm/dczzx against Cy/Cy; do not form a
a

straight 1line in figlre 2, a curve must be fzired through
the poinjs to determire the intersection with the line

gdcm/dCL z = Cm/CL- In this case, the variation of tail
ift with tail angle of attack is not linear. All the for-
mulas presented kerein, however, assume the usual condition
that all points fall on a straigsht line.

It has been shown that the neutral‘point is the solution
of a set of simultaneous eguations, which are represented in
figure 2 by the tyo.straight lines. One line has

le/CL, de/dCI_;\.:S as the coordinates of one point and
'CmB/CL. de/dCL a as the coordinates of anotker point.

{See fig.“\l.) Thé equation of a line passing through
these points 1is

6m  Cm,
(ch <dCL CL Cy,

~ (5):
dcm> (dcm\ CmB Cnm
acy, - dcy, /1 Cyg, Cy

The equation for the other 1line is

(2 -

Bauations (5) and (6) are solved simultaneously %o obtain
- an expregsion for Cm/CL for neutral stability, which is

the equation for the "static margin" specified in refer-
ence 4. Substituting the ezpression for Cm/CL for

neutral stability in equation (1) yields

) &), - G >(ch>

Ko = X - . ()

[(Zij\ JE ARG

.
-
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where

Xo ' location of neutral point, chords behind leeding edge
of mean aerodynamic chord

Op, vntrimmed pitching-moment coefficient at. 0Oy for sta-
bilizer setting 1 (measured from (Cp = 0)

Cm untrimmed pitching-moument coefficient at C; for sta-
- bilizer setting 2 (measured from Cp = 0)

ac '
—JE> slope of stabilizer curve-1 at Cy, (measured from
ACy /4 horizontal)

ag ’ . |
<d m\\ 310pe of stabilizer curve 2 at 'CL -(measiared from
CL A horizontal) . A :

b center-~of-gravity location for which data are given,
chords pehind leading edge of ‘mean aerodynamic
chord

f - Method II

4 graphical mgthod of applying the same principles to

" find the nentral point may be designated method of inter-

Section of tengents., It may te shkown that, if the tangents
to two.or more stabiliger curves at a given 1ift coeffi-
cient are cxtended untili they meet (fiz. 3), the slope of
the line drezwvn vack through the origim of Oy and Cf

from tris point of iutersection gives the location of the
neutral poirt in chordis forwvard or.rearward of the center
of gravity aﬁou% vhich the data sre computed. -

if the gtébilizer curves are parallel, as for power-
off teets, tRE point of intersection would theoretically
be at infiﬁ*t ~enad . thee slope of tkhe stabilizer curve itself
may bhe used’ to:da%ermine the neutral point; this procedure
is customary for “indmilling or propeller—-off test results.

. If a tangent can be drawn to eny stebilizer curve pass-—
ing through the origin (Cy = 0, Cp = 0), the slope of this

line ig the distauce of the neutral point in chords forward
or rearwvard of the center of gravity about which the data
are given at the 1ift coefficient of tangency (fig. 3).
This method has been mentioned in reference 4 and is a
special case of the method of interssction of tangents.
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VERTICAL LOCATION OF NEUTRAL POINT

After the neutral points have been located along a
borizontal line parallel to the thrust or reference line,
the next step is the determination of the vertical varia-
tion of the neutral point.

If the moments about the center of gravity are trans-
ferred to a center of gravity y chords below the orig-

inal center of gravity, Cn Jbecomes

my, = Cma +_Ccy (8)

where subscript b denotes the pitching-moment coefficient
about the lower center of gravity and gubscrint a, about
the upper center of gravity. Then

dCL> <§CL> dCL (9

vhere the chord-force coefficient
Cgc = Cp cos @ - Cy, sin «

or approximately

- - . O
O¢ = O = %1 573

and where CD is the drag coefficient. Then

cm Cm Cp a
2= 24—y ey (10)
Cy, Cy, CL 57.3
Because
d6g 40p o _  dg/acy

dcy dCp 7.3 b T57.3
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and

Equation (9) then becomes

ac 20 - ay

/dcm /de ) D o -
\““‘) =\“‘3 Yo “‘(‘ “)y (11)
ac ch' dCL 57.3
a .

If these values of dcm/dCL and Cm/CL are pubsti-~
tuted in equation (7), a new neutral point may be determined
horizontally at a center of gravity y chords telow the
original center of gravity. Subtracting from thig location
of the neutral point the location of the original neutral
point gives the horizontal changé in neutrsl point Ax for

a vertical center-of-gravity shift y. The expression may
be shown to be

( > ( 2]( \/10 ¢ P %o
.40y, dCy, 57 3/ 01 : GL/@CL 57.3 * 57.3 (12
() -]
dCy,/, - Cy, B Cr,
where
a angle of attack at given CL’ degrees

aLO angle of attack for zero 1ift, degrees

and where CD/CL and dCD/dCL are takeﬁ st the given Cy,

and are essentielly independent of stabilizer setting.
The directions in which Ax and §y are measured are
shown in figure 4.
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Equation (12) may, of course, be avoided by transfer-
ring the data vertically (mathematically) to another center
of gravity, plotting the results, determining neutral
points along the new level, and thus establishing two points
in the chart (fig. 4) through which the neutral-point line
may be drawn. *

If the method of interssction of tangents illustrated
in figure 3 has been used to determine the neutral point,
equation (12) may be simplified thus:

Let and CLP be the ordinste and abscissa of

CmP
the point of intersection of the tangents at any Cy, (fig.
3). Ferpula.(1l2) can be written

<dc,;,>" <de e
ac a ac 5 < CD _ _2a + a10>
“m,  ‘m, ac, 57.3  57.8

Az _ o . (13)
y

B dcm> acm\ |

(dCL A (dC;z

- -1
Cm_  Cm
. C1 C1, i

From figure 4,

1

Wn\  Om, - Cmp

and
<dcm Cme - CmP
EE; 3 - Cr, :—65;
Subtracting gives
dcﬁ\ dcm> _ Cma - le
aci/,  Naoy, o - CLp
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and

G gi) (dc L)

B
1

————— (14)
Oy - GLP .

If equation (14) is then surstituted in eguation
(13), equation (13). becomes, .

&Gy ' 2q Glo °D o ) (15)
15

- ..E — -
bx - dCL 57.3 57.3 GL . 53.3
v .

1~z

It is seen that only one slope dCD/dCL’ must be determined

graphically to find the neutral~point variatlon with verti-
cal movement of the cénter of gravity.

When the power effect is small or, in any case, when
the Cp-curves are parallel, the point of intersection is
at infinity and CLP = -, Because X goes to zero,

equation (15) simplifies to

2 o
bz _ D L (16)

Langley Memorial Aeronautical Labdboratory,
National Advisory Committee for Aeronautics,
Langley ¥ield, Va.
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APPENDIX- A

The variation.of the slope of the pitching~moment
curve may be shown to be constant with stabilizer set-
ting provided the slope of the tail 1ift curve is constant.
The proof follows:

If the pitching~moment coefficient of the airplane
about its center of gravity is given in terms of the

pitching-moment coefficient with tail off and the pitching~
moment coefficient contributed by the tail,

Cm = Cmo + ACn

or

wnich may be rewritten as

_ L . 46y g
Op = Op, = ¥V (@ - &) —E -t gy Lt (17)

C pitching-moment coefficient, tail off

ACy pitching-moment coefficient contributed by tail

v - tail volume ( t. Lt}

S¢ t‘ho*izontal tail area‘
S ing area
Ly tail arm
c mean aerodynam;c~qh§£d

Uy angle of attack of horizontal tail with respect to
relative wind at tail, degrees :
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€ ansle of dowawash at tail with resvect to undisturbed
stream, degrees
dCLt
in glope of tail 1ift curve, per degree
<t

T.-34h

q;/q, dynamic pressure at tail with respect to free-stream
dyramic pressure

Bouation (17) may be dlfferentiated with respect %o
Cy, to sgive )

dqt . . .
?‘_9_-”-1='<§?.E‘1> i R ?‘i-ii)
dCL dCL dmtdCL dat 94 dCL dCL
94
dec, 4q~
- Tig T'L -0 (18)
acy des,

Lt a given Cy. all values in eguaiion (18) are
fizel ezcept the valuve of

it. - The expression at a given
Cy, then tecomes

asp '
EE}; = Co - Cl - 8a = O3 1
or
Som _ 4 G i
ga; = Ug 3 1t (19)

vhere the C's =re constants,

Differentiating equation
(19) with respect to iy gives -

@,

Cq (20)

it

. it r— e e ame Ly m W Y s A = s e s Y aee———— D T s
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which indicates that the rate of change of slope de/dCL
is constant with change in iy 1if the slope of the tail
1ift curve is constant.

It may also be noted, by a similar procedure, that

dCp

it, = -0 (21)

S

It is then apparent that a plot of dC,/dC; against Cp
or against Cm/CL will be a straight line at a given Cj
for various values of it

APPENDIX B
SYMBOLS

pitching-moment coefficient
Cy, 1ift coefficient

8gs elevator deflsction with respect to stabilizer chord
line, degrees (vositive with T.E. down)

ig engle of incidence of stabilizer (stabilizer setting)
with respect to horizontal reference line of model,
desrees {positive with T.B. down)

<de/dCL>x slope of curve of Cp against (3 at any Cj
and stabilizer setting for center of gravity
at =X

x original center-of-gravity location about which data
are given, chords behind leading edge of mean
aerodynamic chord

Zn new center-of-gravity location about which Oy = 0,

chords bebind leading edge of mean aerodynamic chord
x location of neutral point, chords behind leading esdge’
of mean -serodynamic chord

TR =
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,<dcm/dci>a slope of curve a%b Gma

T T e e e b o can e % - o o e ——— — s pern
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(dcm/dcﬁ>xn slope of curve of C, agaiast C; for cen-

ter of gravity at =xp

<d0m/d0#> slope of stabilizer curve 1 at 07 (meas-
1 ured from horizontal)

<d0m/d0#> slope of stabilizer curve 2 at Gy, (meas-
2 ured from hérizontal)

vrtrimmed pitching-moment coefficient at € for

m
1

stabilizer setting 1 (measured from Cp = 0)

Crm,y, voetrimmed pitching-moment coefficient at € for
stabilizer setting 2 (measured from Cp = 0)

Cma pitching-moment coefficient at original center-of-
gravity level for a given set of conditions (Gm1'
Cm . etc.) )

Cmb Gma‘ transgferred vertically (w1nh respect to horizon-

“tal reference line of model) to a lower
‘center of gravity . -

(dcm/dci>b_“ slope of curve at Cp
Ca chord-force coefficient (GD cos 0 = Cp sin )
CD drag coefficient

g vertical center-of-gravity movement, chords downward
from original center of gravity

Q angle of attack of horizontal reference line of model,
degrees

a angle of attack for zero 1ift, degreses

aCp/dc;, rate of change of drag coefficient with 1ift

coefficient

Ax horizontal change in neutral point for a vertical
shift in center of gravity of y chords, chords

LT

Y e ® e = . — — — Y~ < o e an
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Cp.s Cp coordinates of point of intersection of tangents
3 to a series of stabilizer curves at a given
C1,
c
E= b
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Figure 3.~ Graphical determination of horizontal location of neutral point by intersection method.
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Figure 4.- Locus of center—of-gravity locations for neutrel stzdilityy
that is, locus of neutral points.
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