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ATEiEORETICAL -mm ANALYSIS 

OF XC-120 AIRPUN 

By Leonard Sternfield and Ordway B. Gatea, Jr. 

A theoretical la.teral+tability analysis of the XC-120 airplane, 
equipped with a detachable fuselage, was made to determine the effect on 
the lateral stability of the high engle of wing incidence for which the 
airplane was designed. The results of the investigation indicated that 
the lateral stability of the airplane is satisfactory with or without 
the detachable fuselage installed. 

INTRODUCTION 

At the request of the Air Materiel Command, U. S. Air Force, a 
theoretical lateral--stability analysis of the XC-120 airplane was 
carried out to determine the effect on the lateral stability of the 
high angle of wing incidence, for which this airplane was designed. 

The XC-120 is a-tti-engine cargo-type airplane end is equipped 
with a detachable fuselage which may be used for transporting cargo, 
litters, or aikiborne troops. Because of the rapid detachability of 
the fuselage, the'airplane has the advantage of not being delayed by 
loading operations. The XC-120 is intended to have satisfactory lateral 
stability with or without the detachable fuselage installed and there 
fore both configurations were included in the analysis. A three-view 
sketch of the XC-120 airplane is presented in figure 1. 

The lateral-stability calculations were made by use of the general 
purpose computing system of the Bell Telephone Laboratories for the 
lending and cruising conditions end the results were analyzed in the 
Stability Analysis Section. 

RFSTR1c!l!ED 
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mass density of air, slugs per cubic foot 

dymmk pressure, pounds per square foot 
( ) l&V2 

wing span, feet 

wing area, square feet 

distance from center of gravity of airj?lane to center of pressure 
of vertical tail, feet 

height of center of pressure of vertical tail above fuselage 
axis, feet 

mass of airplane, slugs <w/g 1 

acceleration of gravity, feet per second per second 

relative-density factor (m/pSb) 

angle of attack of principal longitudinal axis of airplane, 
positive when principal axis is above flight path at the 
nose, degrees 

angle of attack of fuselage center line, degrees 

radius of gyration in roll about principal longitudinal axis, 
feet 

radius of gyration in yaw about principal normal axis, feet 

trim lift coefficient (W/qs) 
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% 
effective-dihedral derivative, rate of change of yawin- 

moment coefficient with angle of sideslip, per radian 
@C,/aP 1 

directional-stability derivative, rate of change of yawing- 
moment coefficient with angle of sideslip, per radian 
@qJv 1 

lateral-force derivative, rate of change of lateral-force 
coefficient with engle of sideslip, per radian @c,//a)) 

damping-in-yaw derivative, rate of change of yawinvnt 
coefficient with yatiw *velocity factor, per 

““p 

GZP 

t,’ 

'% 

rate of change of yawing-moment coefficient with roll* 

angular-velocity factor, per radian 3% \ - 
&)I 

ad 

damping-in~oll derivative, rate of change of roll-nt 
coefficient with rollin~gul~velocity factor, per 

rate of change of rolling+noment coefficient with yawing- 

angular-velocity factor, per radian 

t time, seconds 

6 +2 real roots of ,characterlstic stability equation 

x3,4 complex roots of characteristic stability equation , 

P 'period of oscillation, seconds 

Tl/2 time for amplitude of periodic or aperiodic mode to change by 
factor of 2 (positive value indicates a decrease to half 
amplitude, negative value indicates an increase to double 
amplitude) 
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Cl/2 number of cycles required for amplitude of periodic mode to 
change by factor of 2 (positive value indicates a decrease 
to half amplitude; negative value indicates en increase to 
double amplitude) 

Scope of Investigation 

jc ‘1 i ', a 

., 

The oscillatory- and spiral-stability boundaries were calculated for 
the afrplane, with and without the detachable fuselage, in both the 
cruising and landing conditions. The calculations were based on the 
lateral-stability equations presented in reference 1. The values of the 
stability derivatives and mass characteristics used in the calculations 
were obtained from data furnished by the Fairchild Engine and Airplane 
Corporation, and are presented in table I. Cases Ia and IIa represent 
the airplane cruising at msximum speed at an altitude of 18,000 feet, 
whereas in cases 3% and Ilb the airplane was assumed cruising at the speed 
and altitude necessary for maximum range. Cases II3 and IVa represent 
the airplane with landing gear extended, wing flaps deflected 40°, 
80 percent of the fuel expended, flying at an airspeed in the vicinity of 
the design airspeed of the wing flap at sea level. Cases III3 and IVb 
are ccntrperable to IIIa and IVa except that the. airplane is assumed flying 
at a speed near the stalling speed. 

The period and Mm8 to damp to half amplitude of the oscillatory mode 
and the time to damp to half amplitude of the aperiodic modes of motion 
were determined from the roots of the fourth degree lateral-etability 
equation. The roots were calculated for each of the cases presented in 
table I, using the estimated values of Cna and CQ of the airplane as 
presently designed and also using the Cnp, C2 

B 
values obtained from 

tind-tunnel tests of the C-82 airplane corrected to the XC-120 airplane. 

For three of the cases presented in table I, namely cases Ilk, IIb, 
and IVb, selected from an analysis of the period and damping relationship 
of the oscillatory mode and the damping of the aperiodic modes, additional 
calculations were lnade in order to detezvnine the motion of the airelane in 
b-, WV, ~QI 
or sideslip. 

sideslip, subsequent to 821 initial displacement in bank 

Results end Discussions 

Stability boundsries.- -- --_-. Figures 2(a) and 2(b) show the neutral 
oscillatory-stability and spiral-stability boundaries for the cases of 
cruising and lauding flI&t, respectively, plotted as a function of the 
directional-stability derivative Ga and the effective-dihedral 
derivative C 

2P' The R = 0 curves.of each figure represent the neutral 
oscillatory-stability boundaries and the E = 0 curves represent the 
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spiral-stability boundaries. The cnp' c2 P 
combinations of the air- 

plane for the conditions described In table I are located within the 
region indicated by the hatched rectangles in figures 2(a) end 2(b). 
A pr3mary purpose of this theoretical investigation was to determine 
the effect of the 7O wLng incidence of the XC-120 on the lateral 
stability of the airplane. Previous investigations (references 1 
snd 2) have shown that positive wing incidence may have a pronounced 
adverse effect on the oscillatory stability. This adverse effect is 
due to the fact that for a given flight condition, the principal 
longitudinal axis of an airplane with positive wing incidence would 
be located below that of the airplane with no wing incidence. The 
effect of the location of the principal longitudinal axis on the 
oscillatory stability is reflected in the magnitude of the nondimensional 

product-of-inertia parameter @  ,"%'>sin q cos q. However, 

for the cases considered in this investigation, the location of the 
principal longitudinal axis varied from 60 above (cases III3 and IVb) 
to 7O below the flight path (case IVa) with no large destabilizing shift 
occurring in the oscillatory-stability boundaries. It is seen from 
figures 2(a) and 2(b) that the XC-120 airplane would be oscillatorily 
stable for aJmost any combination of Cn P and C2 

P 
in the first 

quadrant. This negligible effect of the location of the principal 
longitudinal axts with respect to the.flight path on the oscillatory 
stability of this particular airplane csn be attributed to the small 
value of the relative-density factor P and to the small value of 

the term 
kzo2 - k&2 

b2 .* 

Roots of the lateral-stability quartic equation.- For each of the .----.-- 
cases presented in tab18 I, root8 of the lat8ral+tability quartic 
equation were calculated by using the estimated vahues of C 

9 and C2 
and also by using the 

P' 
cn , c2 

P P 
values obtained from Wind-tUnne1 tests 

of the C-82 airplane corrected to apply to the XC-120 airplane. The 
roots of the stability equation for each of the cases considered are 
two real roots and a pair of conjugate complex roots. One of the real 
roots Xl corresponds to the heavy damping of the pure rolling motion; 
whereas, the other real root .x2, which is numerically small, corre- 
sponds to the spiral mode. The pair of conjugate complex roots with 
the real part negative X3,4 represent s the stable oscillatory mode.' 
The time to dsmp to half aplitude for the aperiodic modes 

( J %/2 
Al 

and and the period P time to damp to half amplitude, 
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“3,4’ 
and the number of cycles required to damp to half 

amplitude Cl/2 for the oscillatory mode are presented in table II for 
each of the cases investigated. The results of 

( J T/2 clearly show 
Al _ 

that for every case this mode of motion is very heavily damped. In the 
extreme case (case IVb), only 0.4 of a second is required for the motion 
to damp to half amplitude. The excellent deztping characteristics of 
this mode are due to the large value of the damping-in-roll deriva- 
tive C 

2P 
= - 0.49. From an analysis of the spiral roots A2 it is seen 

that for cases lb, IIb, IIIb, and IVb the airplene is spirally unstable. 
For the extreme cases, II3 (cruising) end IVb (lending), the times 
required for the amplitude of the spiral divergence to double are 
approxFmately 21 seconds and 8 seconds, respectively. The effect of 
this spiral Instability on the airplane motions is discussed in the 
following section entitled, "Lateral motions of a%rplane." The period 
and damping relationship of the oscillatory mode, .x3,49 appears to be 
very satisfactory for every case investigated. Tne number of cycles 

~ required for the oscillation to damp to half amplitude Cl/2 varies 
frcnn 0.29 (case III~) to 0.85 (case ITa). 

Lateral motions of airplane .- Ln order to present a more complete 
stability analysis of the XC420 airplane, additional calculations were 
made to determine the motion of the airplane in benk, yaw, and sideslip, 
subsequent to an initial displacement in bank or sideslip, for three of 
the cases investigated, namely cases IIa, l33, and IVb. These motions 
were calculated by using the values of Cn 

P and C2p obtained from 
wind-tunnel-tests of the C-82 airplane corrected to apply to the 
XC-120 airplane. 
case IIa 

( I cl 2 
Although the period and damping relationship of 

= 0.85 
> 

was considered satisfactory and the spiral 
instability of cases II3 and IYb was not believed to be serious, the 
motions for cases IIa, IIb, end IVb were calculated because it was 
felt that these cases would be indicative of the worst possible con- 
ditions likely to be encountered in any of the cases investigated. 
The magnitude of the displacement was arbitrarily assumed to be 5’. 
Since the lateral equations used in the calculation of the motion are 
linear, the amplitudes of the resultant motions are directly proportional 
to the magnitudes of the displacements. A comparison of figures 3 to 5 
shows that the oscillatory mode is predominant in the motions obtained 
subsequent to a displacement in sideslip. As indicated by the C l/2 values 
for cases IIa, IIb, and IVb, figures 3(b), 4(b), and 5(b) show that the 
damping of ths oscillation increases as Cl/2 is reduced. The effect 
of the spiral instability is more clearly seen from a comparison of 
fimes 3(a), 4(a), =iL5(a). As the spiral instability of the airplane 
increases, the rate of divsrgsncs of the angles of yaw end bsnk also 
increases. However, because of the slow rate of divergence, the pilot 
should not find this type of instability difficult to control. 

I  I I ImIII-11111 -11.11 I  I  I  11111I 11.1 1.111 I  I  I I  I I  I  , , .---. . I . . .  .,” .  .  .  .._--- - 
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CONCLUSIONS 

The results of the theoretical lateral--stability analysis of the 
XC420 airplane indicated that the lateral stability of the airplane was 
satisfactory with or without the detachable fuselage installed. 

Langley Aeronautical Laboratory 
National Advisory Commzittse for Aeronautics 

Langley Field, Va. 

Leonard Sternfi&d 
Aeronautical Research Scientist 

Ordway B. Gates, Jr. 
Aeronautical Research Scientist 

Approved: 

ThomasA.Rarris 
Chief of Stability Research Division 
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Figure l.- Three-view sketch of the XC-120 airplane. 
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Figure 4.- Lateral motions of the XC-120 airplane. Case IIb. 
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