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SOME THEORETICAL DEVELOPMENTS 
IN AIRPLANE STATIC LONGITUDINAL 

STABILITY AND CONTROL 

SUMMARY 

In this report, theoretical methods are developed for 
predicting some static longitudinal stability and control 
characteristics of airplanes from their basic geometry. 
The concepts of Jhc*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 Ü& 
results of some calculated propcller-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 characteristics from its basic 
geometry. 

INTRODUCTION 

The static longitudinal stability and control charac- 
teristics of any airplane are made known to the pilot 
through the variation of stick position and stick force 
witv. 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 tliat sufficient control is furnished for 
achieving the design aerodynamic 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-181S, "Stability and 
Control Requirements for Airplanes," which was written 
after considerable study correlating pilots' opinions of 
the airplane's "feel" and control needs with the quanita- 
tive requirements as laid down. 

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

gravity locations for which the airplane will be satis- 
factory to the pilot. The most aft e.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 
predict 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 arc beyond the 
scope of this paper. A statistically developed correction 
factor A P is given for the effects of propeller and power 
for first estimate purposes only. These factors arc 
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 control 
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 arc 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. 

Mcj-N-Xa+C-k+Mo^+M^-N^     (,) 

Dividing by qsc, we transfer the above equation to 
coefficient form 

(2) 
Differentiating this equation with respect to G, yielK 

(3) the stability equation 

^•äct£+i£¥*ä&<"+äcf" 
which on simplification and making use of the assumption 
tllat CM-Cu»w'CHt»Ci.t 

(4 i 
The first term of equation (4) is the major wing 

contribution to the airplane's static longitudinal stability. 
It is the only term that is affected by a longitudinal shift 
of the center of gravity and is consequently of extreme 
importance. It is equal U 
m.a.c. between the wing u. 
airplane's center of gravity. 

the difference in perrent 
rrodynamic center and the 



U.    3»«c|--a.c. 

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 accurate, 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 far aft as 28 percent. There have been several methods 
developed for prediction of the aerodynamic center lo- 
cation, but none have been found "any more accurate 
than the simple formula given below, which is used in 
this report. 

""" Tkfr Ratio* 1 

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 small compared 
to the first term. It is a function of CL and at the higher 
lift coefficients tends to stabilize a high-wing airplane 

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. 

(&»)fu.. K£ÜÖ Ut 

^W. fcffi"* 
The coefficients Kt and K„ are functions of the air- 

plane's eg, 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. These constants were determined in systematic 
tests run by the NACA and compiled in this form in 
reference 1. 

The slope 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 equation (4) is the tail's contribu- 
tion to the stability.  To evaluate this term, it is necessary 

X-AXIS- 

W 

Z-MS 



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 change of 

©• downwash  with  wing  angle of  attack | 

This characteristic may be evaluated from figures 3, 4, 
5, and 6, obtained directly from reference 1. The tail 
efficiency, 7)„ varies somewhat, but on the average may 

be taken as .9. The geometric term 
(ft) is called 

the tail volume coefficient and is given the symbol V. 
The tail contribution to stability is then a function of 
this coefficient, the tail efficiency, the rate of change of 
downwash and the ratio of the lift curve slope of the 
horizontal 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 

'C.JmC*-«.C+ ̂ äS^-S^*^ (S) 
With equation (S), the immediate question arises as 

to what is the center oi gravity position that corresponds 
to neutral stability or the center of gravity position that 

/ dC" \       equal to zero, 
makes V dCL /e.g. 

This e.g. position is readily obtainable from equation 

to zero and solving for 
'e.g. 

the eg. position. (6) 

CXL 

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

./eg 
o 

(5) by equating  (~)( 

O. is called the stick fixed neutral point 
'e.g., \dCL/c 

and is referred to as N« in the rest of this paper. 
Once the neutral point of any airplane is obtained, the 

slope of the 'pitching moment curve may be determined 
at once from the very simple relationship 

Sjg=.c.a,-.N0 {7) 

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

The effect of the propellers on the static longitudinal 
stability can be approximated roughly from the following 
table which was developed statistically from flight tests 
of numerous types of airplanes: 

TABLE I 

Tractor Airplanes & P 
Airplane Type Forward Shift of 
Single-engine fighters        Neutral Point (% m.a.c.') 

and attack airplanes   6% 
Twin-engine fighters and 

attack airplanes 10% 
Multi-engined bombers  15% 

Pusher type airplanes No shift 

2. The determination of the stick-fixUl neutral point, 
No, 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 function of the distance of e.g. from 
the neutral point. The latter is usually called the static 
margin stick-fixed.and will be referred to throughout 
this paper as H0. The static margin then is also equal 
numerically to the slope of the pitching moment curve 
(dCm\ through equation (7). 

dCjc.g. 
The variation of elevator angle required to change 

the trim O, 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. 

The variation of this term comes as tin result of the 
ability of the elevator to rotate the tail zero lift line, 
thereby causing changes in the tail lift coefficient. 

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

of T with the area ratio    I _ ?_ I     is given in figure 8. 

The change in pitching moment per degree change in 
elevator angle can be written as follows; 

AC-C,UI|—ACLtB.
9* «9» 

•* ACmc.J.t4il,-at-rv&A1>, (10) 

It can be seen from equation (10) that the change in 
pitching moment with change in elevator angle is inde- 
pendent of lift coefficient. Therefore, the slope of 
Cm vs. G. will nut be changed by elevator deflection. 

The variation of elevator angle required with change 

5 



biiiation of the two derivatives 

• as follows: / dC, \ , 
\clS„ ) 

/dCm\ 
Wcjcg 

in airplane lift coefficient can be obtained from the com-        shown to occur when  (dC^/dG.)  stick-fixed = 0. 

and This second stability, felt by the pilot is dF./dO,, and 
it is-also considered to be neutral when this deriva- 
tive is zero. This condition does not depend on the 
static margin, H0, as dS./dO. does, but is closely asso- 
ciated with the variation of dCm/dO. with elevators free 

"')        to float with the wind.   This derivative is termed the 
static longitudinal stability, stick-free, and must be ana- 

(13)        lyzed separately. 

If left free, the elevator will float with or against the 
wind, depending on its aerodynamic balance, and thereby 
cause changes in the rate of the lift contribution of the 
tail, changing its stability contribution. 

The floating characteristics of the elevator can be 
determined from the elevator hinge moment coefficient, 
which is usually expressed as 

£-£& 
-«•••** 

This derivative, being a direct function of the static 
margin H„, vanishes when H0 = 0, or in other words, 
when the e.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 O, are obtained for three 
different e.g. positions as widely separated as possible 
and the slopes obtained plotted versus e.g. position and 
extrapolated to zero. The e.g. thus obtained is the 
stick-fixed neutral point, N0. 

3. The second way that the airplane's stability is 
felt by the pilot is through the variation of stick force 
with change in O, from a trimmed speed. In the case of 
stick-fixed stability, the pilot feels the airplane to be 
neutrally  stable  when  dS./dCi. = 0,  and  this  was 

«VCh^Ch^-Chj.s, (14) 

The floating angle for the case where Ci^== 0 can be 
obtained by equating equation (14) to ze/o and solving 
for the elevator angle 

V-äS* (15) 

SKETCH* 2 

-*£flO LIFT 

ZERO LIFT LINE   5e=Q 



No attempt is made in this paper to present variations 
of the hinge moment parameters with various types and 
amounts of aerodynamic balance. A typical variation 
of the parameters Ct^ and ChJ. with percent overhang 
balance is given in figure 9. 

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

(aül!/tTKKFmI"VaCu/tTlCXFwto,'   vHcT/| KKKST 

(16) 
The stability contribution of the free elevator can be 

developed as follows: 

A^WT?TSS",N<? u/Ch.*0X   "«• 
(17) 

Ch,'0        Ctig 
(IS) 

S* M 
rdCm\ 

OUf TO F»«lINS      Chg .&MS)fcT** 
(19) 

(20) 

Substitution of equation (S) for (—-^-)   . 
\ dCL / stick fixed 

and rearranging gives 

(21) 

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

1 ?a_ T      1.   For an airplane whose horizontal 
( c. 
tail has no change in hinge moment with angle.of attack 
(C»$j:= 0), this term is zero, and there is no effect of 
freeing the elevator on the static longitudinal stability. 

p 
As the value of r is usuallv near .5, a ratio of -7^" =2 

can obviate the whole tail contribution to stability on 

freeing the elevators. For this reason, the importance 
of careful designof 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 throughout this report as No' can be obtained 
from equation (21) by equating it to zero and solving 
for the e.g. 

(22) 

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

H?-N^.°tVTfr(i-|t)c^ 
au>chf (23) 

In the discussion of stick-fixed stability, it was shown 
that a very close correlation exists between the slope 

of the pitching moment curve       I )    . ,  ,.    . 
V dCL / stlck 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 speed is 
changed away from some trim point.    Unfortunately 

the correlation between and the 
/ dCm \ 
\ dO. / stick  free 

variation I -) is not as simple as it was in the 
V dCi. / 

VdCTJ 
stick-fixed case, since depends very closely 

on the trim tab setting and the trim speed. 
The pilot's force at the top of the stick can be given 

as the following function of the elevator hinge moment 

FS-G-HM, 

«rFj-GbecJ^Ch,, 

(24) 

(25) 

The hinge moment coefficient may be expressed as 

Q,e«C„o+ C»^.«<s+Chv5e+Ch^. 5t 

o/s-rfw-e+it 

(26) 

(27) 

am/ 5e = 5«0- (äcf/nie« FIXID" C£, 

uAfrr Cm. = dC^S« 

(28) 



Substitution of (26), (27), and (2S) into (25) gives 

(29) 

1    \V 
Substituting q =   ——j- and differentiating with 

G.   Sw 

respect to Q, yields the desired slope 

sg. J5S3JW (c^. c^. vc^. it+c*v VS^' yt) 

(30) 

This brings out the fact that the rate of change of stick 
furce with lift coefficient is independent of e.g. position, 
or the amount of static longitudinal stability when the 
trim tab is held fixed.   It also shows that the slope of 
/ dF. \  . 
I ——• I ' is a direct function of the trim tab setting. 

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 coefficient with fixed trim is independent 
of the stick free stability. In order to show the correla- 
<ion 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 off—— With G, 

This can be obtained from equation (29) by dividing 
out q and differentiating with respect to G> giving 

dCt*      C^      UC/STKKFnM 

(31) 

The variation o'f(-—— Jwith G. is a direcf function 

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

The second method is to specify trim F, = 0 at a 
particular G. = G,lrllll If G,,,,,,, is substituted in equa- 

tion (29) and (G*i iSl) is solved for F8 = O at G lrlm 

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

F,—syftWci.,. (i.e^c* 
Cm 

(32) 

which upon differentiation with respect to G. gives 

=i** ->»7t'»-«*»  M),M.-n«fiiq¥=| 
5Ct.      — £m   £ui WCtJ STICK FFM 

This indicates that if the airplane is trimmed by means 
of the trim tab to a given trim G, then the.variation of 

 —)       at any particular CL is a direct function of 
dG../" 

the stick-free stability. 
The third method is to investigate the tab angle re- 

quired to vary the trim G. at Fs = O. Solving equation 
(29) for this condition and differentiating 

«•a^Bö (TICKFMI 

and the variation of stick force 

(33) 

(34) 

The variation of tab angle with trim lift coefficient 
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 relationship between the slope 

(—) \ dG. / stick free 
with speed away from the trim speed.   The relationship 

is not as clean cut as it is between   ( —) 
\ dG / stick fixed 

and the variation of elevator angle with speed, but it is 
none the less important, and the stick-free neutral point 
must 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 normal acceleration on the airplane 
in maneuvering flight. Certain airplanes are required 
to be highly mancuvcrablc 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 angular 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 ot more up elevator and generally more stick 
force than required to change the trim lift coefficient 
in unaccelcrated 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 l>e necessary to deflect 
the elevator and increase the stick force respectively in 
order to increase the lift coefficient in accelerated flight. 

As both the elevator angle and stick force variations 
in accelerated flight arc directly affected by the airplane's 
stability and therefore the e.g. position, it becomes obvi- 



ous that there is some eg. behind the stick-fixed and 
stick-free neutral points respectively for which the ele- 
vator deflections and stick forces in accelerated flight 
vanish. These are called the maneuvering neutral points 
and arc termed Nm and N„' 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 a 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: 

SMIIA-UP»-*-^-1) (35) 

In turning flight, the angular velocity of the airplane 
becomes 

VTWW» 
•*M) (36) 

The expression for change in elevator angle to change 
the trim from one G, to a higher Q, at constant speed 
and therefore at a particular normal acceleration is given 
by the following expression 

^"«äs-fe-a&üft „4C 
FIXID 

(3?) 

The expressions for stick force required to produce 
a one "g" change in nonnal acceleration is developed 
as follows: 

liACh.St'bgG* K3(ni») 
(42) 

where K equals the elevator weight moment 

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

(43: 

Also from (38) 

AS. - (n-i) =k [«f-W&W*J «Tier«»! 

(44) 

Substitution into (42) and rearranging gives: 

(45) 

In turns a similar development gives 

L    •      • ,   u ,       ,      r,        , /M    «WSSjCj^jcfdCji] •57.3SS#c,£jcy!^fc _Chl]iK6 which upon substitution of the pull-up value for Q and V>-Vn>m**tA**T    [dCijnxKPmi   "" l»/l> ir\ 
m -  

letting n = becomes 
pS.l 

'mcxi'ixrp '] 
(38) 

or, when the turning Q is substituted 

(39) 

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

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

Nm*No*$l3. wu-un 

^.»«••$H0T 

(40) 

(41) 

(46) 

These equations give the stick force per "g ' variations 
for an airplane in pull-ups or tur is. The first term is the 
jontribution due to stability, the second term is the con- 
tribution of the airplane's damping and the third term 
is the contribution of any weight moment in the elevator 
system. 

As the first term is the only term which is affected by 
the airplane's stability, it is the only term affected l-y i 
shift of the airplane's center of gravity. It is convenient 
and useful to determine how the stick force per "g" varia- 
tion changes with shift in e.g. This can be obtained very 
readily from equation (45). 

d(Vn-i)     „^«fWj 
d(X&} shift)       lOOCnj 

(47) 

At the stick-free neutral point, there is no stability 
contribution and all the stick-force i>er "g" is contributed 
by the damping term and the elevator weight moment. 

m .        m S7.3 6 ., 
'MMMHffKU.-«*) #«•*»* pv%»] 

Oft VMHT HOMINT 
•KG 

(48> 

(49) 

9 



The stick force per "g" at any e.g. may be obtained 
rather conveniently from an equation combining (47), 
(48), and (49). 

(50) 

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

*:-N0* ^(MCvswHfcfcp) 
(51) 

S. A convenient chart may be drawn which shows 
the whole longitudinal stability picture. This chart is 
drawn with F,/g as the ordinate and e.g. position as 
abscissa. The stick-fixed neutral point, N0, is determined 
from equation (6) which is rewritten here, plus the 
effects of power determined from table I 

N»-*-«3&-$ **&£+& ^-&)-*p 

(52) 

This eg. is plotted on the curve on the zero F,/g axis. 

The stick-free neutraI=point N0' is next determined from 
equation (23) using N„ as determined above. 

(53) 

This point is also plotte'd on the zero F,/g axis. Next, 
the F./g contribution due to damping and weight 
moment, if any, are computed from equations (48 and 
49), and these are added at the stick-free neutral point. 
The change of F,/g per percent e.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 intersects the zero F,/g axis is the maneuvering 
neutral point stick-free N„,'. As a check, this point can 
be obtained by using equation ($1) to compute the dif- 
ference between the stick-free neutral point N0' and the 
stick-free maneuvering neutral point Nm'. 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 (N0 and 
N0') as developed are independent of altitude and lift 

SKETCH #3 

14 \ 

12 

10 \ 
r—VARIATION  OF STICK FORCE PER*9" 

WITH CG. SHIFT                                      ° 

A     6- \ V 

4- 
DAMPING 
CONTRIBUTION- 

2 

2 

N 
(J 

>                      \   N/»v                 N°                       N/m 

0        22        24        26        28   A.30        32        34  " 36 

• 

C.G.INVOM.A.C. 

10 



coefficient. The stick-fixed and stick-free maneuvering 
neutral points (Ns and N„') 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 eg. an increase in altitude reduces 
both the gradients of F,/g and 8.,/g seriously and is the 
main reason for pilots' complaints of loss of longitudinal 
stability with altitude. 

6. The results of a comparison between calculated 
and wind-tunnel stick-fixed, propeller-off neutral points 
has been made 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 jthe slope of the lift curve of 
the tail. This last is affected by the low Reynolds number 
of the model under test and the inaccuracy 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 lb. 
Wing span 34 ft. 
Airfoil section, root NACA0015 
Airfoil section, tip NACA 23009 
Aspect ratio 5.42 
m.a.c. 6.72 ft. 
Taper ratio 1.97 
Wing incidence to thrust line 2" 
Horizontal tail area 40.0 sq. ft.. 
Horizontal tail span 13 ft. 
Tail incidence from thrust line 2% " up 
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 ft. 
Vertical distance wing root chord 

trailing edge to elevator hinge line 3.4 ft. 
Horizontal distance wing root J4 

chord to elevator a.c. 16.2 ft. 
Ratio tail span to wing span .383 
Overall length of fuselage 30.1 ft. 
Maximum width of fuselage 2.9 it. 
Mean chord of elevator aft of 

hinge line -1.13 ft. 
Stick, elc\atur gearing .607 rad/ft. 
Elevator effectiveness from figure 8 r = .51 

Hinge moment parameters Cta = —.002 
(from wind-tunnel test) Cs- = —.0041 

Elevator weight moment KG = O 
1.   Determination of stick-fixed neutral point (N„) 

Use equation (6) 

a.   To determine a. c. 
Airfoil section data 
Root NACA 0015 (a. c). = .238 
Tip NACA 23009 (a. c). = .241 

q-cMfcw.fr3wxT.w. * ft-c^, 
*•          T.*.+ i  

b.   To determine fuselage term 
Location root J4 chord point in per cent body 
length = .36 
From figure 7, K, = .S2 
From figure 1, a» = .072 

.*.FUMLAUTflim< 
°««s«xcx«7.j    'Onxtzixza.oxt^i 

• 82 »t» «10.1 

c.   To determine tail term 
From figure 2, at = .058 
TT S,l, 

S»c 
= .452 

Vert. dist. root chord trailing edge to horiz. tail a.c. 

=.2 
semi-span 

Horiz. dist. root chord trailing edge to horiz. tail a.c. 

= .588 
semi-spar. 

Horiz. dist. root J4 chord point horiz. tail a.c. 

= .953 
semi-span 

From figure 4 — = .47 aspect ratio 6 
da 

T.R.2:1 

From figure 5—- = .465 correct for taper 
da 

ratio 

From figure 5 .495 correct for asnect 
da ' 

From figure 6—^ = .45  correct for average 
da 

downwash 



<1.   To determine &P 
From fable I M? = .06 

No* .239-.03S*»0-.O»».32* 

2.   Determination ot stick-free neutral point (N,,') 

ll'.N      .OM».*»tx.»ix.»x.»x-.oo?. 

N^.SM— .04-S-.S76 

3.   Determination of stick-fixed maneuvering neutral 

point—(pull-ups) (Nm) 

N»"N0
+^       H»JkffM.7att*tAtt>t/ 

" ****       I x».7 
N,Ä.3i4-*.02S«.3«-9 

4.   Determination of stick-free maneuvering neutral 

point—pull-ups (Nm') 
C„J«-<ltT9ft«-.05«X.«lX.4.5SX.9»-.Oia7 

M„«.r7+.oi«".to* 
5.   Development of stability diagram. 

\7»WM»£UU.-II$ «.«iTxn.txi.axi^n.ixw.ax.ooww« 

«T»5 /> • i.ttoyj- tt3HtM»e/ 

d0VB     .,    ,Vj(tGChtS«c, 

-10»%4c».»Hirr 

NOMENCLATURE 

M —Moment, lb. ft. 
C — Chordwise*force, lb. 
N — Normal force, lb. 
L—Lift force, lb. 
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s„- 
c- 

a.c.- 
fac.).- 

eg." 
x»- 
z." 
A- 

T.R.- 
li- 

S,- 
L,- 
u- 
N- 
W|- 

w„- 
K,orK.- 

b.- 
S.- 
c.- 
P- 

q- v- 
m- 
g- 
n- 
Q- 

K- 
V- 

AP- 

F,- 
G- 

o, • 

if 

8.- 

- Wing area, sq. ft. 
- Mean aerodynamic chord, ft. 
- Wing aerodynamic center 
- Airfoil section aerodynamic center 
- Airplane center of gravity 
- Horizontal distance a.c. to e.g. 
- Vertical distance a.c. to e.g. 
- Aspect ratio 
- Taper ratio 
- Distance eg. to a.c. of horizontal tail 
- Area horizontal tail, sq. ft. 
- Fuselage length, ft. 
- Nacelle length, ft, 
- Number of nacelles 
• Maximum width fuselage, ft. 
- Maximum width nacelle, ft. 
• Fuselage, nacelle factor 
- Elevator span, ft. 
- Elevator area aft of hinge line, sq. ft. 
- Mean chord of elevator aft of hinge line, ft. 
- Air density, slugs/cu. ft. 
- Dynamic pressure, lb/sq. ft. 
- Free stream velocity, ft/sec. 
- Mass of airplane, slugs 
- Acceleration due to gravity, ft/sec.2 

- Airplane load factor 
-Airplane angular velocity about Y axis, 
radians/sec. 

- Airplane density factor 
- Elevator weight moment, lb. ft. 
- Tail volume coefficient 
• Neutral point shift due to propeller and 
power 

- Force applied at top of stick, lb. 
- Stick, elevator gearing, radians per ft. 
- Slope of lift curve of wing, per degree 
- Slope of lift curve of horizontal tail, per 
degree 

- Geometric wing angle of attack, degrees 
-Tail angle of attack from zero lift, degrees 
- Wing angle of attack for zero lift, degrees 
- Incidence of horizontal tail from reference 

line, degrees 
- Angle of attack of stabilizer, degrees 
- Downwash argle, degrees 
- Elevator deflection, degrees 
• Elevator angle for airplane trim at zero 
lift 

1i — 

C — 
C- 
Cu — 

CM- 
HM.— 
C,- 

K — 

Elevator tab angle, degrees 
Tail efficiency 
Moment coefficient 
Normal force coefficient 
Lift coefficient 
Tail lift coefficient 
Elevator hinge moment, lb. ft 
Elevator hinge moment coefficient 
Elevator hinge moment coefficient. 
S. = 0, a, = 0 
Elevator weight moment, lb. ft. 
Elevator effectiveness 

cv 
/3C„.\ 
\ 3<». / S«> St 

per degree 

s ,_ /3C>.\ 
\3&. /«.«St 

per degree 

<S. 
/SUN 
\38t /8..a. 

per degree 

C«V -m per degree 

N. — Stick-fixed neutral point 
N„'- — Stick-free neutral point 
Nm- — Maneuvering stick-fixed neutral point 

Nm'- — Maneuvering stick-free neutral point 

X,- 

X- 

Vertical distance root chord trailing edge 
to horiz. tail a.c. 

semi-span 

Horizontal distance root chord trailing 
edge to horiz. tail a.c. 

semi-span 

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

semi-span 

REFERENCES 

1. Gilruth, R. R., and White, M. D., Analysis and 
Prediction of Longitudinal Stability of Airplanes, NACA 
T. R. 711. 

2. Ames, M. B., and Sears, R. I., Determination of 
Control-Surface Characteristics from NACA Plain-Flap 
and Tab Data, NACA T. N. 796. 

3. Sears, R. I., Wind-Tunnel Data on the Aero- 
dynamic Characteristics of Airplane Control Surfaces. 
NACA A. C. R. 3108. 
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