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SOME THEORETICAL DEVELOPMENTS
IN AIRPLANE STATIC LONGITUDINAL
STABILITY AND CONTROL

SUMMARY

In.this report, theoretical methods are devéloped for
predicting-some static longitudinal stability and eontro}
characteristics of airplanes from their basic geometry.
The eoncepits of the'stick-fixed, stick-free, and maneuver-
ing neutral points are established and methods given for
their evaluation. Methods for finding these neutral
points from flight tests are discussed briefly, and the
results of some calculated propeller-off neutral points
compared against wind-tunnel tests, Finally, an ex-
ample is worked out in detail to demonstrate the methods
developed herein.

DATE AND PLACE OF INVESTIGATION

The investigation was conducted at Wright Field,
Dayton, Ohio, from 1 May 1944 to 1 June 1944,

OBJECT

To present methods for evaluating an airplane’s static
longitudinal stability characteristies from its basic
geometry.

INTRODUCTION

The static longitudinal stability and control charac-
teristics of auy airplane are made known to the pilot
through the variation of stick position and stick force
with. ifspeed in unaccelerated flight and in the variation
of stick position and stick force per unit normal accelera-
tion in accelerated flight.

It is the duty of the airplane designer to insure that
his airplane will have stability and control characteristics
such that the variations given above will be satisfactory
to the ‘pilot and that sufficient control is furnished for
achieving the design aerodynamie limits in the most ad-
verse configurations. The designer of military aircraft
is guided in this by the basic requirements set forth in
Army Air Forces Specification C-1815, “Stability and
Control Requirements for Airplanes,” which was written
after eonsiderable study correlating pilots’ opinions of
the airplane’s “fecl” and control needs with the quanita-
tive requircinents as laid down.

The design of the airplane for static longitudinal sta-
bility and control is related very elcsely to its anticipated
center of gravity travel and its position relative to the
wing niean aerodynamie chord. In order to position the
airplane’s c.g. range properly, it is imperative that the
airplane designer have some knowledge of the center of

gravity locations for whieh the airplane will be satis-
factory to the pilot. The most aft c.g. allowable is the
one at which the airplane’s stability vanishes, and it is
with this limit that this paper will deal.

The center of gravity positions at which the stability
vanishes is termed the “neutral point,” and for every
airplane there are four major neutral points. As it is
of considerable interest to the designer to be able to
prediet these for a new design, methods are developed
herein for their evaluation from the basic airplane
geometry.

An analytical treatment of the effects of the propeller
and power are not attempted as they are beyond the
scope of this paper. A statistically developad correetion
factor A P is given for the effects of propeller and power
for first estimate purposes ouly, These factors are
given with some reservations, as considerable error can
be involved in their use; but if they are considered quali-
tatively they can be very useful.

RESULTS AND DISCUSSION

1. A study of static longitudinal stability and eontrol
is a study of the moments about the airplane’s lateral or
Y axis and their variation with change in airplane lift
coefficient. The forces and moments in the airplane’s
plane of symmetry are depicted in sketch 1.

Taking moments about the center of gravity, the fol-
lowing equation is obtained after neglecting the moment
about the horizontal tail’s aerodynamic center and the
chordwise force component of the horizontal tail.

MC’.- N-xa+ C'}O.*MO‘ Mfus"Muc‘Nt'tt (l )

Dividing by gsc, we trunsfer the above equation to
coefficient form

C"’C.g-‘ “’.‘g +cxlé+ Cm°+Cn¥m+Cmu‘—C.‘t§§,!§ LN

(2
Differentiating this equation with respect to Cp yiells
the stability equation 3)

d £
gezer-15 B g Bt R v iR gER T
whieh on simplification and making use of the assumption
that C,~C_ areCuy= C,

nc o Xa0 G Gyl oo s o 4ome-38 8 L7, f-45)
(4
The first term of equation (4) is the major wing
contribution to the airplane’s static longitudinal stability.
It is the only tenn that is affected by a longitudinal shift
of the center of gravity and is consequently of extreme
importance, It is cqual to the difference in percent
ma.c. between the wing scrodynamie eenter and the
airplane’s center of gravity.
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The theoretical calculation of this contribution is as
accurate as is the theory on prediction of the aerodynamic
center location on any given wing. Unfortunately pres-
ent knowledge on this point is not very acrurate, and
the error involved in picking an aerodynamic center lo-
cation is usually found to be the largest error in these
calculations.

The theoretical location of the aerodynamic center
from wing theory is at the quarter chord position.
However, experience has shown that the aerodynamic
center may be actually as far forward as 20 percent and
as faraftas 28 percent. There have been several niethods
developed for prediction of the aerodynamic center lo-
cation, but none have been found “any more accurate
than the simple formula giv'eu below, which is used in

this report, 5
.(i.r.). xTeper Natio + (“%ﬂ,
Q.C. —%—{————-—& XYY

The second term of equation (+4) is the contribution
of the wing chordwise force component to the airplane’s
static longitudinal stability and is usually smalf compared
to the first term, It isa function of Cy and at the higher
lift coefficients tends to stabilize a high-wing airplanc

and to destabilize a low-wing airplane. .Its effect on
present-day airplanes is usually very small and is neglect-
ed in this analysis.

The third and fourth terms of equation (4) are the
stability contributions of the fuselage and nacelles.
These contributions are almost invariably unstable and
may be computed from the formulae given below.

2
(5&- )‘"" ":":.%'Ef
'de) KnWin3LaN
(73;._ AL = ‘-';:-1.—!\-. 5
The <oefficients K, and K, are functions of the air-
plane’s c.g. position with respect to the fuselage or
nacelles and are given in figure 7 as functions of the
position of the wing root !4-chord in percent body
length. Thesc constants were determined in systematic
tests run by the NACA and compiled in this form in
reference 1,
The slupe of the lift curve of the wing (a.) is obtained
by reference to figure 1. In this figure the lift curve

" slope is plotted versus aspect ratio for various values

of the section slope of the lift curve.
The fifth term of cquation (4) is the tail’s contribu-
tion to the stability. To evaluate this tenm, itis necessary
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to know the slope of lift curve of the horizontal tail.

This slope may be obtained by reference to figure 2.

It is also necessary to determine the rate of ehange of
{4

downwash witli wing angle of attack (g—-)

a
This characteristic may be evaluated from figures 3, 4,
S, and 6, obtained directly from reference 1. The tail
efficieney, 7, varies somewhat, but on the average may
1
tht

be takenas 9. The geonietric term (_SS._> is called
wC

the tail volume coefficient and is given the symbol V.
The tail contribution to stability is then a function of
this coefficient, the tail efficieney, the rate of ehange of
downwash and the ratio of the lift eurve slope of the
horizomtal tail to that of the wing, which in itself is a
function of the surface aspect ratios.

Equation (4) rearranged in the light of the above
discussion becomes

2 t

Cm Wils  KnthloN_ ¢
fEepegrcr i R -SVRCH)

With equation (5), the immediate question arises as
to what is the center of gravity position that corresponds
to neutral stability or the center of gravity position that
4G, equal to zero.

C.8

makes ( dC.
This c.g. position is readily obtainable from equation

(5) by equating ( dC,,,) to zero and solving for
g

dC,
the c.g. position. 6)
Kawa? LaN b
NO-@'q)‘d?-c.c_’B e a.c.-%’ - ﬁﬁ"_"%v% (1_&)
L

This center of gravity position in percent m.a.c., giving

(_(LC_‘-;) == O, is called the stick fixed neutral point
dCy /cg.,
and is referred to as N, in the rest of this paper.

Ouce the neutral point of any airplane is obtained, the
stope of the pitehing monient eurve may be determined

ut once from the very simple relationship

%%’f IC.%."‘NQ (7)

The slope of the pitching moment eurve versus lift
cocfficient is numerically equal to the difference between
the c.g. in question and the neutral point, where both
are expressed in percent m.a.c.

The effect of the propellers on the statie longitndinal
stahility can be approximated roughly from the following
table which was developed statistically from flight tests
of numerous types of airplanes:

TABLE1

Tractor Airplanes aPp
Airplane Type Forward Shift of

Single-engine fighters Neatral Point (% ma.c.)
and attack airplanes ....ocervevresnnnnnne 650
Twin-engine fighters and

attack airplanes 10%
Multi-engined bombers ... wocvrrcrrenen 15%
Pusher type airplanes ...... anronencassssnararresnenens NO SHIft

2. The determination of the stick-fixtd neutral point,
N,, is of extreme importance in the analysis of any air-
plane design, as many other factors depend on this one
point. The movement of the stick to produce changes in
speed is definitely a finction of the distance of c.g. from
the neutral point. The latter is nsnally ealled the static
margin stick-fixed.and will be referred to throughout
this paper as Ho. The static margin then is also equal
numerically to the slope of the pitching moment curve
( ' dCau ) throngh equation (7).

dC, / eg

The variation of clevator angle required to change
the trim Cy, can be developed quite rapidly from the slope
of the pitching moment curve. The change in trim is
accomplished by an adjustment of equation (2) through
a variation in the tail term,

(Cmc.i)t =~CuVn ®

The variation of this term comes as tue result of the
ability of the clevator to rotate the tail zero lift line,
thereby causing changes in the tail lif¢ ceefficient.

The variation of tail angle of zero lift with elevator
deflection is a function of the area ratio between the
elevater and horizontal tail. The ability of an elevator to
shift the zero lift line is called the “clevutor effectiveness™
and is referred to by the Greek letter .. The variation

of + with the area ratio ( :‘ ) is given in figure 8.

13
The change in pitching moment per degree change in

clevator angle can be written as follows:

A Cmc?wl- -A ths.v e (9
o ACmcs,wl--OgTV’AAs. (10)

dCm
T TFe "~ TV (11

It can be seen from equation ( 10} that the change in
pitching moment with change in clevator angle is inde-
pendent of lift coefficient, Therefore, the slope of
Cr vs. Cp will not e changed by elevator deflection.

The variation of elevator angle required with change

o




in airplane lift coefficient ean be obtained from the com-

bination of the two derivatives (dC,,.) and
dCy Jcg.

(..‘1(_'2‘.) - as follows:
ds

B o
o 4302 (13)

This derivative, being a dircet funetion of the statie
margin H,, vanishes when H, == 0, or in other words,
when the c.g. is located on the airplane’s stick-fixed
neutral point. This relationship is used to determine
the stick-fixed neutral point by flight test. Measure-
ments of elevator angle versus Cy, are obtained for three
different e.g. positions as widely scparated as possible
and the slopes obtained plotted versus e.g. position and
extrapolated to zero. The e.g. thus obtained is the
stiek-fixed neutral point, N.

3. The second way that the airplane’s stability is
felt by the pilot is through the variation of stick force
with change in Cy, from a trimmed speed. In the case of

B e

shown to occur when (dCn/dCp) stick-fixed = 0.

This second stability, felt by the pilot is dF,/dCy, and
it .is. also eonsidered to be neutral when this deriva-
tive is zero, This condition does not depend on the
statie margin, H,, as ds./dCy, does, but is elosely asso-
eiated with the variation of dCr/dC,, with elevators free
to float with the wind. This derivative is termed the
statie longitudinal stability, stick-free, and must be ana-
tyzed separately,

1f left free, the elevator will float with or against the
wind, depending on its aerodynainie balance, and thereby
cause changes in the rate of the lift contribution of the
tall, ehanging its stability contribution.

The floating charaeteristies of the clevator ean be
determined from the elevator hinge moment coeffieient,
which is usually expressed as

Ch.-Cy,°+Ch‘.ds+Ch‘.x. 14)

The floating angle for the case where C,p= 0 can be

obtained by equating equation (i4) to zefo and solving
for the elevator angle

stick-fixed stability, the pilot feels the airplane to be o-Che o4
neutrally stable when d8./dC, == 0, and this was % CF, s (15)
SKETCH ® 2
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0
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ZERO LIFT LINE %e=0
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No attempt is made in this paper to present variations
of the hinge moment parameters with various types and
amonnts of acrodynamic balance. A typical variation
of the parameters Cu . and Gy with percent overhang
Dalance is given in figure 9.

To evaluate the slope of the pitching moment curve
veith elevator free, power off, it is necessary to determine
the influence on stability of the free elevators.

( L)s'naumn (asm)m mn eim)mw;gslm

(16)

The stability contribution of the free elevator can be
developed as follows:

a (%%Lm) e ) T;:ttma' (ggf)ch‘-o & %%‘3

17)
R

(18)

e A(g—cc—m) QIR ERTIING " Cne (1-'&;) TV
19)

dCm =
f""l{f (dCL)sncx FRER (g%n)mcx nxr;ca‘s(i-%%) w' K
(20)
Substitution of equation (5) for (—3((—::3‘—) stick fixed

L

and rearranging gives

(%gﬂ)s'ncxml i B +E_L" x:w,it,, N-&tv,,t( dﬂ("ﬂ;‘ T)

@n

This is the cquation for static longitudinal stability
stick-free, power off. The effect of freeing the controls
.enters the tail stability term as the multiplying factor

(} ——_C—"‘l-r \ . For an airplane whose horizontal
Cbs

tail has no change m hinge moment with angle of attack

(Cig == 01, this term is zero, and there is no effect of

freeing the elevator on the static longitudinal stability.

. . .G
Asthevalueof r is usually near .5, a ratio of -—6«”“- =2

can abriate the whale tail contribution to stability on

freeing the elevators. For this rcason, the importance
of careful design-of the elevator aerodynamic balance to
insure adequate stick-free stability can be readily ap-
preciated.

The determination of the stick-free neutral point, re-
ferred to throughont this report as N’ can be obtained
from equation (21) by equating it to zero and solving
for the c.g.

'q’(i‘)w '“'é‘l’ -ty cws..(.., 5‘%(1 X"c"'T)
22)

The difference between the stick-fixed and stick-free
neutral points may be obtained by subtracting equation
(5) from equation (22)

No- = %VT"A@' )Ch‘
WFL (23)

In the discussion of stick-fixed stability, it was shown
that a very close correlation exists betyeen the slope
dCn
—(TE:) stick fixed
and the variation of elevator angle with lift coefficient
(equation 13). The second stability characteristic felt
by the pilot is the variation of stick force as the spaed is
changed away from some trim point. Unfortunately
dC,
-E)gticl-: free
) is not as simple as it was in the

of the pitching moment curve

the correlation between ( and the

variation (
L
dF,

stick-fixed case, since depends very closely

L
on the trim tab setting and the trim speed.

The pilot’s force at the top of the stick can he given
as the following function of the elevator hinge moment

st (24)

or FyxGbe g g 2y Cng
(25)

The hinge moment coefficient may be expressed as

c"e' Ch°+ Chq' ds+ Ch&.se-f Chxt- 5{

(26)
Adgmol, =€+ i,
(27)
C
and 5e=Jeqy” ( STICK FIXED EL,
(28)

whers Cfns = dC%s.




Substitution of (26), (27), and (28) into (25) gives

R TR N NS
(29

)
rrE 1w . en .
Substituting q = T = and differentiating with
L w

respect to Cy, yields the desired slope
45 AT (e O )

(30)

This brings out the fact that the rate of change of stick
force with lift coefficient is independent of ¢.g. position,
or the amount of static longitudinal stability when the
trim tab is held fixed. It also shows that the slope of

( dF') is a direct function of the trim tab setting.
dC.

A nose-up tab will give a more stable slope of stick-force
versus G, than will a nose-down tab.

From the above it is obvious that the variation of stick
force versus lift coeficient with fixed trim is indcpendent
of the stick free stability. In order to show the correla-
don between the stick-free pitching moment versus lift
coefficient curve and the stick-force versus lift coefficient
curve, it is necessary to do one of three things.

The first is to find the variation of ( F. )with Cr.
q
This can be obtained from equation (29) by dividing
out q and differentiating with respect to Cy, giving

dR2 6 2Cp, (dC
é"‘ —I’%."T‘}—‘h’ ac_:")s'ncn FRER
@n

L F, . . . .
The varation of { —* - )with Cy, is a direct function

of the stick-free stability and is independent of trim tab
setting.

The second method s to specify trim F, = 0 at a
partienlar Cp = Cy,,,,,, If C,,,,, is substituted in equa-
tion (29) and (Cy,Sl W) issolved for Fa=0at Cp

and also substituted in equation (29), the equation for
stick force becomes

e -?_0%3:&‘ (1'%:55) G%,)m RN

L
(32)
which upon differentiation with respect to G, gives
48 —GheTitese’ an[%]
ac ﬂ_c_—rl—‘——',,,‘ rt STICKFREX

33)

w

This indicates that if the airplane is trinnned by means
of the trim tab to a given trim C,, then the variation of

( dF, ) at any particular Cy, is a direct function of
daCu./

the stick:{rec stability.

The third method is to investigate the tab angle re-
quired to vary the trim Cy, at Fg = O. Solving equation
(29) for this condition and differentiating

;'c'sf ‘ET":&.' [ﬁccf] STICK FREK
) (34)

The variation of tab angle with trim lift cocfficient
then is a direct function of the stick-free longitudinal
stability, and therefore vanishes at the stick-free neutral
point.

From the development just given it can be seen that
there*is a very close refationship between the slope

(—d&) . and the variation of stick force
dCy, / stick free
with speed away from the trim speed. The relationship

. e C
is not as clean cut as it is between (—d—"‘

dCy )stick fixed
and the variation of elevator angle with speed, but it is

none the less important, and the stick-free neutral point
nust be determined or evaluated in any preliminary
design.

4. The third way in which longitudinal stability of
the airplane is felt by the pilot is in the stick forces re-
quired to produce nonnal acceleration on the airplane
in maneuvering flight. Certain airplanes are reqnired
to be highly maneuverable with their primary function
requiring nearly continuous accelerated flight. It is
obvious, therefore, that for these airplanes the maneuver-
ing characteristics may be all important and must be
carefully considered in the design.

The acceleration of the airplane, due to the unbalanced
lift forces perpendicular to the flight path, manifests itself
as a curvature of this flight path and a rotation of the
airplane about its Y axis. This angnlar velocity about
the Y axis produces damping moments due to the hori-
zontal tail and fuselage tending to stop the rotation.
These damping moments must be overcome by the ap-
plication of mwore up elevator and generally more stick

force than required to change the trim lift coefficient
in unaccelerated flight. This phenomenon gives rise
to a sort of pseudo-stability or apparent stability, for
when the airplane is balanced at either the stick-fixed or
stick-free neutral points, it will he necessary to deflect
the elevator and increase the stick force respectively in
order to increase the lift coefficient in accelerated flight.

As both the clevator angle and stick force variations
in aczelerated flight are directly affected by the airplane’s
stability and therefore the c.g. position, it becomes obvi-




ous that there is some c.g. behind the stick-fixed and
stick-free rieutral points respectively for which the ele-
vator deflections and stick forces in accelerated flight
vanish. These are called the maneuvering neutral points
and are termed N, and Ny’ respectively, The following
development will indicate the calculations required to
determine these neutral points.

The angular velocity about the airplane’s Y axis (Q)
is 2 function of the load factor, the airplane's speed, and
the type of accelerated flight. If the airplane is pulled

up in a vertical plane, the angular velocity about the Y
axis can be expressed as follows:

quu’up'-e-(n'i) (35)

In turning flight, the angular velocity of the airplane
becomes

Qrane ¥ ne
'H *) (36)
The expression for change in elevator angle to change
the trim fromn one Cy, to a higher Cy, at constant speed
and therefore at a particular normal acceleration is given
by the following expression

o%e-ateo 42 -05) g, 2

SMICK 'IXIB

(37)

which upon substitution of the pull-up value for Q and

letting po == becomcs:

pSeli

G- [“Mﬁ:____aﬁb_ﬂw]

(38)
or when the turning Q is substituted
(B e 51 [ ]
(39)

It can be seen from these equations that the elevator
angle per *g" variation is a direct function of the spced.
The faster thc speed of the airplane, the lower the
gradient of elevator angle required per “g.”

The stick-fixed maneuvering neutral point, Ny, can
be obtained by equating equations (38) and (39) to
zero and substituting cquation (7):

Npe Ny 0%;‘/_ ULL-UPS
(40)

sNo+ 2 +3 ) Tuans
NasNo+ 38 (149) .

The expressions for stick force required to produce

a one “g” change in normal acceleration is developed
as follows

F.iAq..S.c.gm K6 (n-1)
(42)
where K equals the elevator weight moment

and Acy. Crur 8% +Cpy- BT,

The change of angles of attack at the stabilizer can be
sritten as follows :

Doy = %%5(1-&2)«& 96&
Also from (38)

24 (d!
A%y = (n-1) %' [“'V 2:’ G mcxnx:o]

(43

(44
Substitution into (42) and rearranging gives:

P2 ittt v

(45)

In turns a similar development gives

Bl [ s batplve
(46)

These cquations give the stick force per “g * variations
for an airplanc in pull-ups or turis. The first term is the
:ontribution due to stability, the second ter is the con-
tribution of the airplane’s damping and the third term
is the contribution of any weight moment in the clevator
system.

As the first term is the ouly term which is affected by
the airplane’s stability, it is the only term affected by 1
shift of the airplanc’s center of gravity. It is convenient
and uscful to determine how the stick force per “g” varia-

tion changcs with shift in c.g. This can be obtained very
readily from cquation (45).

d(';gm) LKG Soce
d(%cg shift) g

(47)
At the stick-free neutral point, there is no stability

contribution and all the stick-force per “g” is contributed
by the damping term and the elevator \\cxght moment,

Ot 51 [en-5]

(%)vm norany " KO )

(48;

(49)
9




The stick foree per *“g" at any e.g. may be obtained
rather conveniently from an equation combining (47),

(48), and (49).

(F,‘)miﬂ-" GSe %%sa[cs.-s,y]m.#:‘:acn(c,...g
(30)

and the maneuvering neutral point in pull-ups is obtained
by equating (50) to zero and solving for the e.g.

N w4 S73CaslR ~Cag)e 8 )
ALt 1 ) =
51
5. A convenient chart may be drawn which shows
the whole longitudinal stability pieture. This ehart is
drawn with F,/g as the ordinate and e.g. position as
abscissa. The stiek-fixed neutral point, N,, is determined

from equation (6) which is rewritten here, plus the
effects of power determined from table I

Noe o.c.-.."f;‘%%t - Kn"a’ L?" ¢§V "t("‘a‘%) -AP
(52)

This c.g. is plotted on the eurve on the zero F,/g axis.

The stick-free neutrak:point N’ is next determined from
equation (23) using N, as determined above.

H-Hje ATTRG-H) c,, 3
w Thy

This point is also plottéd on the zero F,/g axis. Next,
the F,/g contribution due to damping -and weight
inoment, if any, are eomputed from equations (48 and
49), and these are added at the stick-free neutral point.
The change of F,/g per pereent c.g. shift is determined
from equation (47) and a straight line of this slope
drawn through the F,/g point determined from the
damping and weight moment contributions. \Where this
line interseets the zero ¥,/g axis is the maneuvering
neutral point stick-free Ni’. As a check, this point can
be obtained by using equation (§1) to ecompute the dif-
ference between the stick-free neutral point Ny’ and the
stick-free maneuvering neutral point N’. Finally, the
maneuvering stick-fixed neutral point is determined from
equation (40). A typical plot for an arbitrary airplane
is shown below.

The stick-fixed and stick-free neutral points (N, and
N,’) as developed are independent of altitude and lift

14 4

DAMPING
4{ CONTRIBUTION-—

’

Njo

2 1

SKETCH 3

VARIATION OF STICK FORCE PER"}"
WITH C.G. SHIFT

Now

20 22 24

—
26 28

No
- ®
\30 32 34 36

c.G.m%M.A.c.
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coefficient. The stick-fixed and stick-frec maneuvering
neutral points (N and Ni’) are independent of speed,
but vary with nltitude, the effect being that increased
altitude moves these neutral points forward, or in other
words for any given c.g. an increase in altitude rednces
bath the gradients of F,/g and 3./g seriously and is the
main reason for pilots’ complaints of loss of longitudinal
stability with altitude.

6. The results of a comparison between caleulated
and wind-tunnel stick-fixed, propeller-off neutral points
has been mnade and the results shown in figures 10 and 11.
These comparisons indicate that the neutral point stick-
fixed, propeller-off, can be predicted with an error of
usually not more than 2 percent m.a.c. The biggest
sources of error are in the determination of the wing
aerodynamic center, and of ithe slope of the lift curve of
the tail. This last is affected by the low Reynolds number
of the model under test and the inaceuracy of the resulting
extrapolation to the proper Reynolds number.

ILLUSTRATIVE EXAMPLE

A typical example is presented using the methods
developed herein. The basic geometry of the airplane,
a single-engine low-wing fighter, is as follows:

Wing Area 213 sq. ft.
Weight 7847 1b.
Wing span 341t.
Airfoil section, root NACA 0015
Airfoil section, tip NACA 23009
Aspect ratio 542
ma.c. 6.72 t.
Taper ratio 1.97
Wing incidence to thrust ine 2¢
Horizontal tail area 400 sq. ft. .
Horizontal tail span 131t
Tail incidence from thrust line 214° up S
Elevator area aft hinge line 12.50 sq. ft.
Elevator balance area 3.65 sq. ft.
Tail length 16.2 ft.
Horizontal distance wing root chord

trailing edge to elevator a.c. 10,0 1t.

Vertical distanee wing root chiord
trailing edge to eleyator hinge line 3.4 ft.
Horizontal distance wing root %4

chord to elevator a.c. 16. 2 t.
Ratio tail span to wing span 383
Overall length of fusclage 30.1 ft.
Maximum width of fuselage 2014
Mean cliord of elevator aft of

hinge line 1134t

Suck, clevator gearing .607 rad/it.
Elevator effectiveness from figure 8 r=.51

Hinge moment parameters Cpg = —002
(from wind-tunnel test) C"S =—.0041
Elevator weight moment KG=0

1. Determination of stick-fixed neutral point (N,)
Use eqnation (6)

Now a.c-Yogit + 2. V4, (1-35) - P

a. Todetermine a, c.
Airfoil section data
Root NACA 0015
Tip NACA 23009

(a.c.),=.238
(a.c.)o=.241

=@} xTR.+(ac)

G.C‘m % -

. 230 X4.97 +.241
u.c.u,m’\- m‘ﬂ’%“—z. 2 =.239

b. To determine fuselage term
Location root 14 chord point in per cent body
length = .36
From figure 7, K,=.82
From figure 1, a, ==.072

=2
- Fusstaat nm-é‘g&ﬁ-_{ o :82%29°%30.2 o
SaX CX573 " OTIXSIBXIIONGTL '

c. To determine tail term
From figure 2, a, =.053

Ve g"”c‘ = .452
= Vert. dist. root chord tra.iling edge to lioriz. tail a.c.
- semi-span
x'__Huriz. dist, root chord trailing edge to horiz. tail a.c.
. semi-span
. Horiz. dist. root 14 chord point horiz. tail a.c.
053 semi-span
From figure 4—:—5 == .47 aspect ratio 0
T.R.2:1
From figure 5—;1-: ==.465 correct for taper
ratio
From figure 5-(k - 495 eerrect for aspect
" ratio *

From figure 6-d—‘ =45 correct for average
da

downwash

11




1. To determine AP NN+ 573 -
b aablel  AP=06 - paces (2900 %)
N=278¢ Wt(%ﬂmszm¢%])

Nov 239-,035+.180-.06=.324
. Npyn27+.018=.206
free neutral point () 5. Development of stability diagram.
N = No= 247 Tkét-qu)Cn., , e esecetllon-Gs] 573
* @y”)"‘”‘"‘é‘““"’) o CO7X12.8X 4 18XAX182XVE 2K COXEV.S

N;"io" OfgR. ABLX.S1X 985X =002
S7ER-.004 . w7650 s1.920% et senteve!

7
324--.045% .27
No= =278 d((:_yﬂ . .ﬁechgs. ce
3. Determination of stiek-fixed mancuvering neutral 4%y J ]
-Eg%-.gg&xs.nxn.u

2. Determination of stick-

p(\int-—(pull-ups) (Nm)
N No*ﬂ Hefyg= 297 at see feve/ "'m‘/’&c.n}. SHIFT
- 088 X.482x873
Nem=324-+ AR
Ny=.326+ 0280349 NOMENCLATURE
4, Determination of stick-free maneuvering neutral M — Moment, ib. {t.
C — Chordwise foree, 1b.

N — Normal foree, Ib.

point—pull-ups (Nr')
1 — Liit foree, 1b.

c,,.-mvh. —058X.81X.452X.0n ~0127

8l skeTCH ¥ 4
7t
6 F
5 L
1,02 #/g/ %MAG.
ol .
F
S
/ﬁ' 3}
2
| DAMPING
CONTRIBUTION )
o is2wg N No ~ Ne |
22 24 26 28 32 34 36
C.G. IN % MAC.
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S, — Wing area, sg. ft.,
¢ — Mean aerodynamic chord, ft.
a.c. — Wing acrodynamic center
(ac.), — Airfoil section aeredynamic center
¢.g. — Airplane center of gravity
x, — Horizontal distance a.c. toc.g.
z, — Vertical distance a.c. to c.g.
A — Aspect ratio
T.R, — Taper ratio
1, — Distance c.g. to a.c, of horizontal tail
S, — Area horizontal fail, sq. {t.
L — Fusefage length, ft,
L, — Nacelle length, ft.
N — Number of nacelles
we — Maximum width fuselage, ft.
w, — Maximum width nacelle, ft.
K, or K, — Fuselage, nacelle factor
b, — Elevator span, ft.
S. — Elevator area aft of hinge line, sq. ft.
¢, — Mean chord of elevator aft of hinge line, ft.
p— Air density, slugs/cu. ft.
q— Dynamic pressure, 16/sq. t.
V — Free stréam velocity, ft/sec.
m — Mass of airplane, slugs
g — Acceleration due to gravity, ft/sec?
n — Airplane load factor
Q — Airplane angular velocity about Y axis,
radians/sec.
p— Airplane density factor
K — Elcvator weight nioment, 1b. ft.
V — Tail volune coefficient
AP —-Neutral point shift due to propeller and
power
F, — Force applied at top of stick, Ib.
G — Stick, elcvator gearing, radians per ft.
ay — Slope of lift curve of wing, per degrce
ay — Slope of lift curve of horizontal tail, per
degree
aw — Geometric wing angle of attack, degrees
a; — Tail angle of attack from zero lift, degrees
a, — Wing angle of attack for zero lift, dcgrees
iy — Incidence of horizontal tail from reference
line, degrees
o, — Angle of attack of stabilizer, degrees
¢« — Downwash argle, degrecs
3, — Elevator deflection, dcgrees
8,0 — Elevator angle for airplane trim at zero
lift

8, — Elevator tab angle, degrees
n — Tail efficiency
Cam — Moment coefficient
C, — Normal force coefficient
Cy, — Lift coefficient
Cr¢ — Tail lift coefficient
HM, — Elevator hinge moment, 1b. ft
Cy, — Elevator hinge moment coefficient
Cs,,— Elevator hinge moment coefficient,
8 =0,a,=0
K — Elevator weight moment, 1b. t.
t— Elevator effectiveness

G, — (%—S?-) 5 50 per degree
Chs — (-gg’i) ooy per degree
C"Sx — (-g%) Suas per degree
Cingy — (jsc"‘ per degree

N, — Stick-fixed neutral point

N,’ — Stick-free neutral point

N — Maneuvering stick-fixed neutral-point
N’ — Maneuvering stick-free neutral point

Vertical distance root chord trailing edge

to horiz. taila.e.
m,—

semi-span

Horizontal distance root chord trailing
edge to horiz. taila.c.

Xy~ -
semi-span

Horizontal distance root ¥4 chord to hori-
zontal tail a.c.

X - -
semi-span
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