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A THEORETICAL LATERAT~STABILITY ANALYSIS
OF XC--120 ATRPLANE

By Leonard Sternfileld and Ordway B. Gates, Jr.

SUMMARY

A theoretical lateral—stability analysis of the XC—-120 airplane,
equipped with a detachable fuselage, was made to determine the effect on
the lateral stability of the high angle of wing incidence for which the
airplane was designed. The results of the investigation indicated that
the lateral stablility of the airplane 1s 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 alrplane was
carrled 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 -twin-engine cargo—type alrplane and is equipped
with a detachable fuselage which may be used for transporting cargo,
litters, or air-borme 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
stabillity 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 alrplane is presented in figure 1.

The lateral—stabllity calculations were made by use of the general
purpose computing system of the Bell Telephone ILaboratories for the
landing and crulsing condlitions and the results were analyzed in the
Stability Analysis Section.
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NACA RM No. SIBIOT
SYMBOLS AND COEFFICTENTS

angle of bank, radians

angle of azimuth, radians
angle of sideslip, radians
airspeed, feet per second

mags density of alr, slugs per cubic foot

dynamic pressure, pounds per square foot <%¢V%)

wing span, feet
wing area, square fest

distance from center of gravity of airplane to center of pressure
of vertical tail, feet

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

welght of airplene, pounds

mass of alrplane, slugs (W/g)

acceleration of gravity, feet per smecond 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,
feeot

radius of gyration in yaw sbout principal normal axis, feet

trim 11ft coefficient (W/qS)
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effective—dihedral derivative, rate of change of yawing—
moment coefficient with angle of sideslip, per radian

(3c,/o8)

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

(3cp/o8)

lateral—force derivative, rate of change of lateral—force
coefficient with angle of sideslip, per radian (BCY/aB)

damping—in-yaw derivative, rate of change of yawing-moment
coefficiegt with yawing-engular—velocity factor, per
C
radian —_
rb |
/

rate of change of yawing-moment coefficient with rolling—
%)
angular—veloclty factor, per radian —SE ‘
pb |
Py ¥t
v/

damping—in-roll derivative, rate of change of rolling-moment
coefficient with rolling-engular—velocity factor, per

/aCq
radian ( E
57
rate of change of rolling-moment coefficient with yawing—
oC
angular—velocity factor, per radian =
arb
av

time, seconds
real roots of characterlstic stablility equation

complex roots of characteristic stability equation

period of oscillation, seconds

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

Scope of Imvestigation

The osclllatory— and spiral-stability boundaries were calculated for
the airplane, 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 date furmished by the Fairchild Engine and Ailrplane
Corporation, and are presented in table I. Cases Ia and ITa represent
the airplane cruising at maximum speed at an altitude of 18,000 feet,
whereas In cases Ib and IIb the airplane was assumed cruising at the speed
and altitude necessary for maximum range. Cases IITa 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 alrspeed of the wing flap at sea level. Cases IIIb and IVb
are comparable to ITTIa and IVa except that the alrplane is assumed flying
at a speed near the stalling speed.

The period and time 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-stability
equation. The roots were calculated for each of the cases presented in
table I, using the estimated values of CnB and C-LB of the airplane as

presently desligned and also using the Cn[3 s Cq 8 values obtained from
wind—-tunnel tests of the C-82 airplame corrected to the XC—120 airplane.

For three of the cases presented in teble I, namely cases IIa, 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 made in order to determine the motion of the ailrplane in
bank, yaw, and sideslip, subsequent to an initial displacement in bank
or gideslip. ‘ '

Resultas and Discussiona

Stability boundaries.— Figures 2(a) and 2(b) show the neutral
oscillatory-stablility and spiral-stability boundaries for the cases of
cruising and landing flight, reaspectively, plotted as a function of the
directional—stability derlvative Cn‘3 and the effective—dilhedral

derivative C'LB' The R = 0 curves of each figure represent the neutral
ogcillatory—stablility bounderies and the E = O curves represent the
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spiral—stability boundaries. The QnB, CZB 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) and 2(b).
A primary purpose of this theoretical investigation was to determine
the effect of the T7° wing incidence of the XC—120 on the lsteral
stability of the airplane. Previous investigations (references 1
and 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 %n the gagnitude of the nondimensional
kyp = — ky
0

o)

2
for the cases considered in this investigation, the location of the
principal longitudinal axis varied from 6° above (cases ITIb and IVb)
to 7° 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 almost any comblnation of CnB and CIB in the first

product—of—~inertia parameter 8in n cos 7n. However,

quadrant. This negligible effect of the location of the principal
longitudinal axls with respect to the flight path on the osclllatory
stability of this particular airplane can be attributed to the small
value of the relative—density factor 1 and to the smsll value of

Xy @ — ky 2
the term M—.
b2 -

‘ Roots of the lateral—stability quartic equation.— For each of the
cases presented in table I, roots of the lateral-stability quartic
equation were calculated by using the estimated vallues of CnB and CZB,

and also by using the CnB’ CIB values obtained from wind—tunnel tests

of the C—82 ailrplane 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 Ay corresponds to the heavy damping of the pure rolling motion;
whereas, -the other real root. Ap, which is numericelly small, corre—
sponds to the spiral mode. The pair of conjugate complex roots with
the real part negative X3,h represents the stable oscillatory mode.
The time to damp to half amplitude for the aperiodic modes <?l/é>x
1

end @Jl /2>x , end the period P time to damp to half amplitude,
2 |
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(51/2) » and the number of cycles required to damp to half
A AY
X3’)+
amplitude 01/2 for the oscillatory mode are presented in table IT for
each of the cases investigated. The results of (il/?> clearly show
A1 .

that for every case this mode of motion is very heavily damped. In the
extrems case (case IVb), only 0.4 of a second is required for the motion
to damp to half amplitude. The excellent damping characteristics of

this mode are due to the large value of the damping—in-roll deriva—

tive CZP = — 0.49. From an analysis of the spiral roots A> it is seen

that for cases Ib, ITb, ITTb, and IVb the airplane is spirally unstable.
For the extreme cases, IIb (cruising) and IVb (landing), the times
required for the amplitude of the spiral divergence to double are
approximately 21 seconds and 8 seconds, respectively. The effect of
this spiral instability on the ailrplane motions is discussed in the
following section entitled, "Lateral motions of airplane." The period
and damping relationship of the oscillatory mode, ‘X3,h, appears to be

very satisfactory for every case investigated. The number of cycles
required for the oscillation to damp to half amplitude 01/2 varies

from 0.29 (case ITIb) to 0.85 (case IIa). '

Lateral motions of alrplane.— In order to present a more complete
stabllity analysis of the XC—120 airplane, additionsal calculations were
made to determine the motion of the airplane in bank, yaw, and sideslip,
subsequent to an initial displacement in bank or sideslip, for three of
the cases investigated, namely cases ITa, ITb, and IVb. These motions
were calculated by using the values of CnB and CIB obtained from

wind—tunnel tests of the C-82 airplane corrected to apply to the
XC—-120 airplane. Although the period and damping relationship of
cage Ila <p1/2 = 0.8?) was consldered satisfactory and the spiral

instabllity of cases ITb and IVb was not believed to be serious, the
motions for cases ITa, ITb, and 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 59,

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 comperison 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 Cy o> Values
for cases ITa, ITb, and IVb, figures 3(b), 4(b), and 5(b) show that the
damping of ths oscillation increases as 01/2 is reduced. The effect

of the splral instability is more clearly seen from a comparisgon of
figures 3(a), 4(a), and 5(a). As the spiral instability of the airplane
increases, the rate of divergence of the angles of yaw and bank also

increases. However, because of the slow rate of divergence, the pilot
should not find this type of instabillity difficult to control.
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CONCLUSIONS

The results of the theoretical lateral-stability analysis of the
XC—-120 airplane indicated that the lateral stability of the alrplane was
satisfactory with or without the detachabile fuselage installed. .

Langley Aeronautical Laboratory
National Advisory Committee for Aercnautics

Langley Field, Va.
| e

Leonard Sternfigfld
Aeronautical Research Scilentisgt

Ordlnsy B. Satie, 9

Ordway B. Gates, Jr.
Aeronsutical Research Scientist

Approved: n
. Thomas A. Harrils
Chief of Stability Research Division
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TABLE T

MASS CHARACTERISTICS AND STABILITY DERIVATIVES

Cruising condition

Tanding conditicn

Fuselage on " Fuselage off Fuselage on Tugelage off
Case Ia ‘Case Tb Case ITa Cass IIb Cass IIIa Case IITb Case IVa Case IVb
Weight, 1b 64,000 64,000 52,k25 52,425 52,000 52,000 38,964 38,964
' Altitude, £t 18,000 10,000 18,000 10,000 0 0 0 0
'V, ft/eec 359 - 205 390 205 220 137.4 220 118.9
| 8, ft 1bh7 1hb7 Wy kb7 L7 1447 by 14h7
b, £t 109 109 109 109 109 109 109 109
TR 9.2k T1.17 7.58 5.87 k.29 k.29 3.22 3.22
Cr, 0.505 1.20 0.35 0.982 0.624 1.60 0.468 1.60
1, deg -3.1 479 -6.13 1.h7 -5.26 6.22 ~71.03 6.22
a, deg 2.0 6.2 .0 3.6 .75 6.75 6.5 6.75
/b 0.k0 0.40 0.40 0.4o 0.k .0.k0 0.4 0.40
/v 0.0b56 0.0456 0.0456 0.0456 0,0456 0.0456 0.0456 0.0k56
kx,. £t 15.k9 15.49 16.87 16.87 14,04 14,0k 15.98 15.98
kz, It 19.68 19.68 21,30 21,30 18.50 18,50 20,82 20,82
1 ¢, , per radian| -0.49 + ¢ -0.49 + C -0.49 + € -0.49 + ¢ ~0.49 + ¢ ~0.49 + ¢ ~0.49 + C ko4 C
b 7'!’(tau) 11’(*cau) z1’(1;.;11) z1’(1-.;11) IP(tail) IP(tau) Ip(tail) Z1’(1;a13.)
, per radian| -0.07 + -0.073 + -0.057 + 1-0.059 + -0.068 + -0.072, + ~0.055 + 06 +
g an(tail) cn"( ) cn"( ) cn"(mu) %B(tan) an(tail) cnﬂ(tan) cnﬁ(tau)
, per radian|-0,028 + ~0,067 + =0.019 + -0,055 + -0.03 + —0.084 + ~0,022 + 084 +
cnP cn1‘(1;:.11) cnP(tau cnl’('cau) ) cnp(tau) cnP(tau) cnP(tau) cnl’('cun) cnp(tan)
per radian|-0.006h4 + 0,012 + =0.0042 + -0.019 + -0.0054 + ~0,034 + -0,00% + C, |~0,03% +
Gy cn"(1-.;;11) cn"(tau) cn"(tau) . c”r(taﬂ) cn”(tau) cnr(mu) "Tltat1) | c”"(t;u)
s per radian |~0.502 + -0.502 + ~0.273 + -0.273 + =0.502 + -0.502 + 0,273 + 273 +
T o'ﬂ(uu) O'B( 1) c’*’(au) O’B(uu) oyﬁ(tm> c”B( ) olf'i(mu) c’B(mn)
Cy , per radian| 0.11 +C 0.27 + C 0.072 + C 0.225 + C 0.097 + C 0.319 + C 0,061 + C 0,319 + C
L zr(1;;11) zr(tnil) 11‘( ) lr(tail) zr(1;«11) lr(tnil lr(tail) 11'(1::9.11)

Tail contributions are determined from the following equaticms:

Y , Lok
c‘ﬁ(tau) b orp(tau)' c""(mu) €3 cnﬂ(tau)

. 2
. ik . lé_h. )
c"1’(1;.11)_ clr(tau) 2(* B a> c"’(uu)} czI’(t:au) RS T Rl cna(tw.)

LOIQIS °ON W4 VOVN



TABLE II

DAMPING OF APERIODIC MODE AND DAMPING-PERIOD RELATIONSHEIP OF

OSCILLATORY MODE OF MOTION

. Case Cng C14 %rg <T1/9>x1 <T1/2>>.2 a3,y <T1/2>l3,!+ @1/2>>~3,u
Egtimated values of an, CZB, and CYB
Ia 0.062 -0.089 -0.83 0.31 127.3 5.67 3.77 0.66
Ib .059 —.068 -.83 Jp -£3.1 8.05 3.85 A8
ITe .092 ~.089 -.65 .28 298.8 4.3k 3.7 .80
ITb .089 -.070 ~.6h4 A —20.7 6.82 3.95 .58
III= .063 -.097 -.83 .20 52.4 5.83 2.73 A7
IITHh .058 -.066 -.83 .32 —1k.5 8.52 2.4 .29
IVa. -092 '-0096 —.6]+ oll 87-2 h‘-82 3.23 167
IVb 088 -, 061 -6l .36 -8.8 7.95 2.47 .31
CnB’ Cz 8’ and GYB values obtained from wind—tunnel tests of C-82 corrected to the XC~120

Ta 0.059 -0.089 -~0.69 0.31 10k.k 5.79 4,05 0.70
Ib .070 -.068 -.80 “Jh2 -19.1 7.52 3.84 .51
IIa .08L4 -.089 -k .28 176.9 L.5k 3.85 .85
"ITb . 096 -.070 -.55 A -19.4 6.61 ko1 .61

ITTs .053 ~. 097 -.65 .20 34.0 6.27 2.66 JLo-
IIIb 070 -, 066 -.81 .32 -12.1 7.85 2,29 .29
IVa 079 -.096 -42 Jd1 51.6 5.21 4,09 .78
- IVb .10 —-.061 -.58 ] .36 8.1 T.54 2.47 33

oT

LOTIgIS °*oN Wi VOVN
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Figure 1.,- Three-view sketch of the XC-120 airplane,
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Figure 2.- Lateral-stability boundaries for the XC -120 airplane,
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Figure 3,- Lateral motions of the XC~-120 airplane, Case Ila,
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Figure 3.- Concluded,
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Figure 4,- Lateral moiions of the XC-120 airpiane. Case IIb.
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Figure 5,- Lateral motions of the XC-120 airplane, Case IVD,
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