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RESEARCH MEMORANDUM

FLIGHT INVESTIGATION OF LONGITUDINAI: STABILITY AND
CONTROL CHARACTERISTICS AND STALLING CHARACTERISTICS OF
A C-54D AIRPLANE

By Donald B. Talmage, John P. Reeder,
and Ruth G, Matthews

SUMMARY

The flying qualities of a C-54D airplane were measured as a
preliminary to an investigation to determine the necessity of additions
or revisions to flying-qualities requirements in view of the problems
associated with making instrument approaches to low altitudes. This
paper presents the longlitudinal stability and control characteristics
and the stalling characteristics of the test airplene. '

"The dynsmic longitudinal stability was considered good inasmuch as
the short-period oscillations with control free were well damped at all
speeds., Both the stick-fixed and stick~free statlic longitudinal
stability were also found to be satlsfactory over the test center-of-
gravity range (17.9 to 27.9 percent M.A.C.).

For two confilgurations tested with the center of gravity at the
most rearward posltion, the elevator force per g was approximately 30 per~
cent greater than the allowable meximum value specified in the Air
Force and Navy handling-qualities requirements. All other conditions
provided even larger forces per g throughout the center-of-gravity .

range. - .

The take-off characteristlcs were found Lo be satisfactory under
normel operations where no attempt was made to raise the nose wheel
until the minimum take-off speed had been exceeded. The elevator,
however, apparently was not sufficlently powerful to raise the nose
wheel during a take-off at 0.80 times the landing-condition stalling
speed with a forward center-of-gravity position. It should be pointed
out that the center-of-gravity positlon for normal operations is closer
to the regsrward limit where the nose wheel could be lifted from the
runway at a speed lov enough to meet the requirements.
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The elevator was sufficiently powerful to fulfill power-off
landing requirements at the forward center-of-gravity position, but
during such landings, the elevator forces were abcut 80 pounds as
compared with the maximum of 50 pounds specified 1n the Alr Force and
Navy handling-qualities requirements.

The trim characteristics were satisfactory throughout the speed
range in all conditions,

The stalling characteristics were good except that in the landing
and approach conditlons the sgtall warning in the form of buffeting did
not occur at a spzed sufflcieptly above the stall to meet the Alr Force
and. Navy handling-qualities .requirements. o

The control friction waes found to be approximstely twice that
gspecified by the Air Force and Navy requirements, but a large part of
this friction was caused by the servos in the autopilot system. The
effects of this friction have been previously investigated and reported.

INTRODUCTION

In connection with a study of the problem of meking instrument
approaches to low sltitudes in large airplanes, handling-qualities
investigations were made of a Douglas C-54D, the military cargo version
of the commercial DC-L4 Skymaster. The tests were conducted at the
Langley Aeronautical Laboratory in the latter part of 1946 and in the
early part of 1947. Reference 1 discusses the instrument approasch tests
and shows that no abrnormel flying techniques were used. It was con-
cluded that the present handling-qualities requirements do not need
addlitions or revisions in view of the necessity of performing precision
flying in connection with making instrument approaches tc low altltudes.
The lateral and directionsl stabllity and control results are presented
in reference 2. Reference 3 discusses the yartlcularly troublesome
effects of excessive friction in the control system. This paper presents
the results of the tests of the longitudinal stability and control
characteristics and stalling characteristics.

SYMBOLS
C.g. center of gravity, percent M.A.C.
M.ALC. mean serodynsmic chord
g acceleration due to gravity

n number of g acceleration

x|
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W eirplaene weight, pounds
S wing area, square feet
» 84

de impact pressure, lnches of water
Se elevator deflection, degrees from neutral
Fe elevator control force, pounds’

Wn
Cy normel-force coefficient ——————)

5.2ch

Fe/qc stick-force parsmeter, pounds per inch of water

dbe /dCN stick-fixed stability parameter

aF A

—E%LES stick-free stabllity parameter
N

RNRP normal rated power

RU ‘nose Up

ND nose down

DESCRIPTION OF THE AIRPLANE AND INSTRUMENTATION

The C-54D test airplane is described and the general specifications
are given in reference 2, The instrumentation is also described in
reference 2. A photograph and a three-view drawing of the C-54D are
glven in figure 1 and the control-linkage characteristics with no load
are presented in figure 2.

TESTS, RESULTS AND DISCUSSION

The discussion of results is based on the specification set forth
in reference k.

Similar tests were conducted on a C-54G airplane by the Air Force,
the results of which are given in reference 5. Comparison of the
results 1s made wherever possible.

Control friction.- The friction in the control system which existed
during these tests was measured and found to be as shown In table I.
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The measured friction was about twice that allowed by the specifications
of reference 4. This high friction was the probable cause of scatter
observed in the force data. A check wes made on the CAA requirement
relating friction and stetic stebility (reference 6) which states that
the airspeed shall return to within 10 percent of the original trim
speed when the control force is slowly released from sny speed within

the allowable speed range. At a forwerd center-of-gravity positlon the
airplane was trimmed for cruising at about 205 miles per hour. The
gspeed was then slowly increased about 30 miles per hour by moving the
control column forward; then, the wheel force was eased off gradually
until with the stick free the airplane again trimmed at a steady speed.
This speed was about 3 miles per hour higher than the initial speed,

well within 10 percent of the original trim speed. However, the friction
was considered exceseive by the pilots. This result indicates that the
specification for allowable friction should be given in terms of an
absolute value of force rather than in terms of the ability of the air-
plane to return to a trim speed. Some tests were made later with frictiom
amounting to approximately one-half that allowed by the specificetions of
reference 4. This lower friction wes obtained by removing the autopilot
servogs from the control system. The effects of this reduction in friction
were beneficial and are discussed in reference 3.

Dynsmic longitudinal stability.- The short-period longltudinal
oscillations were measured in the clean condition at 200 miles per hour.
The elevator was abruptly deflected in the up and down directions and
released and the motions of the control and the alrplane were recorded.
Time histories of a pull-up and release and a push-down and release are
presented in figure 3. It can be seen that the elevator returned
Immediately to a position close to 1ts trim position and did not
oscillate., The friction in the control system probably prevented the
elevetor from returning completely to trim.

The oscilllation of the alrplane, as shown by the curve of the
normel accelerstlon, demped out completely in less than one cycle. At
slower speeds the short-periocd oscillations were also very well damped
and therefore the requirements of reference 4 were met. The same
characteristics were reported by the Air Force in reference 5.

Static longitudinal stabllity.- The static longitudinal stability
was measured in stralght level flight for three center-of-gravity posi-
tions in configurations given in table II. Figure 4 presents the veria-
tion of the elevator stick force and elevator angle with caelilbrated air-
speed and figure 5 presents the corresponding variation of the stick- '
force paremeter Fe/qC and elevator angle with normal -force coeffi-

clent Cy at three center-cf-gravity positions covering the allowable
range in the listed flight conditions. Figure 6 shows a sample graphical
determination of the stick-fixed and stick-free neutral points. The
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varietion of the stick-fixed and stick-free neutral points with normal-
force coefficient is given in figure 7.

The stick-fixed stability was positive in 211 conditioms of flight
tested except the wave-off condition at the rear center-of-gravity
position at low speeds, where the girplane hecame neutrally stable.

The stick-free stability was positive in a1l conditions tested; there-
fore, the requirements for the static stick-fixed and stick-free
stability were satisfied.

Only fair agreement 1s found with reference 5 on the degree of
stebility Indicated by the peutrel-point varistion with normal -force
coefficient; however, small variations in the fairing of the curves
of elevator angle and Fe/qc with normal-force coefficlent can cause
comparatively large variations in the neutral point. Excessive scatter
of the force data due to high friction caused some uncertainty in
feiring the Fe/qc against Cyg curves in the present report.

Meneuvering stabillty.- The maneuvering stability was measured in
steady turns to the left and right at varying normal accelerations’ and
speeds, These tests were made at three center-of-gravity positions
covering the alloweble range in all the conditions listed in table IT
except the landing condition. Steady turns in the landing condition
would have required excessive flight time due to the large rate of
descent end necessary climb back to the test altltude. The variation
of the elevator force and the elevator angle with normal scceleration
in each of the tested conditions is gliven in figures 8 to 11. The
maximum desirable value for the force per g, as given in reference L,
is nléol pounds per g, where n 1g the 1imit load factor. The lowest
1imit load factor, corresponding to the minimum allowable gasoline in
the wing tanks at high gross welghts, is 2.33g. Therefore the maximum
desirable value of force per g would be 90 pounds per g. For normal
loadings with more than the minimum allowable gasoline in the wing tanks,
load factors up to 3g are permissible and therefore a maximum value of
force per g of 60 pounds would be more representative. The force per g
measured varied from about 160 pounds at the forward center-of-gravity
position in the clean, power-on, and the approach conditions to
TS pounds at the rearward center-of-gravity position in the wave-off
condition. The pilots considered the force per g to be undesirably
large in all conditions including the wave-off condition at the rear-
ward center-of-gravity position.

The altitude varied from about 7,000 to 11,000 feet for the tests.
No tests were made at 25,000 feet altitude since in airline usage the
altitude would rarely exceed 15,000 feet unless the airplane was
redesigned with a pressurized cebin.
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Although the limit load factor could not be reached due to the
high stick forces, extrapolation of the curves of elevator angle varia-
tion with normsl acceleration indicates that the elevator would probably ;
be sufficlently powerful to develop a load factor of 3g or meximum lift
coefficient, whichever is less, at all permissible speeds in the
configurations tested.

The .gseparation of the elevator angle curves for right and Jleft
turns was caused by the gyroscoplc action of the propellers. Turning
to the right causes a pitching down moment due to the propeller rotaetion
requiring more up elevator to hold the same normal acceleration.

The Air Force conclusions as to the maneuvering stabllity agree
with the findings In the subJject. tests.

Take-off and landing characteristicse.- Take-offs were made at the
forward center-of-gravity position (19.4% percent M.A.C.) to determine
the ease with which the nose wheel could be ralsed from the ground
during the take-off run. Figure 12 shows a time history of a take-off
in which the pilot attempted to hold the elevator full up so that the
nose wheel would leave the ground at the lowest possible speeds. The
nose wheel left the ground at about 17 seconds (76 miles per hour) and .
the airplane pitched up abruptly. The data show that the elevator
moved down about 4° by the time the nose wheel left the ground probably
because the wheel force became too grest for the pilot to hold. Control -
system stretch may also have been a factor contributing to the decrease
in elevator deflection. The pllot reported that the alrplene was in
the alr and flying by the time the abrupt pitching was checked.

Since 80 percent of the stalling speed in the landing condition is

66 miles per hour, the requirement that the pllot be able to ralse the
nose wheel from the ground at 80 percent of the stalling speed in the
landing condition apparently was not met. The force exerted by the
pilot during this take-off was about 160 pounds. Difficulty in raising
the nose wheel might be consldered obJectlonable for operation from
short runweays or rough fields. However, in normal operations where no
attempt was made to raise the nose wheel until minimum take-off speed
had been exceeded, the take-off characlteristics were found satisfactory.
For normal loading conditions the center of gravity 1s near the rearward
limit where the nose wheel could be raised from the ground below 80 per-
cent of the stalling speed in the landing condition.

The Alr Force made some take-off tests using different technique
than used by the NACA. They did not use full-up elevator during their
tests but extrapolated their results to cover the case of full-up
elevator and concluded that the elevator was sufficlently powerful to
raise the nose wheel at 80 percent of the landing condition stalling -
speed.
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Several power-off landings were also made st the forward center-of-
gravity position. A time history of a typlcal power-off landing is
showvn in figure 13. The airplane was trimmed at 120 miles per hour
with the fleps full down, gear down, and engines idling. Some power
was used during the approach but the engines were cut near the beginning
of the record. The minimum speed at contact, 85 miles per hour, was
easlly reached without using full-up elewvator. Therefore the require-
ment that the elevator be sufficlently powerful to hold the airplane
off the ground et 105 percent of the stalling speed in the landing
condition was fulfilled. The elevator control force, however, was
about 80 pounds as compared with the specified meximum of 50 pounds
for a wheel type of control.

The Air Force tests showed insufficient elevator control to meet
the landing requirements. Differences in technigue and alrplane test
center-of-gravity positlon were probably the factors responsible for
the different conclusions.

Effectiveness of the trim tabs.- The effectiveness of the elevator
trim tab to trim out the aerodynamic forces on the elevator was measured
with power on and power off in the clean condition. The varistion of
elevator force with tab deflection in steady straight flight et several
speeds throughout the speed range is shown in figure 14. The tab was
sufficiently effective to trim out the elewvator forces throughout the
speed range in steady straight flight in &ll1 conditlons.

Trim changes.- The longitudinal trim changes due to changing
configuration were measured in steady stralght flight at 140 miles per
hour. The airplane was trimmed at 140 miles per hour with the flaps and
landing gear up and with the engines delivering spproximately 1/2 power
(18 inches Hg. manifold pressure, 2550 rpm). Records were teken of the
elevator control force after vaerying the power, flaps, and gear settings
without sltering the trim-tab settings. The results of the trim-change
tests are presented 1n table IIT. None of the combinations tested
produced over 41 pounds of stick force and therefore it is believed
that the effect of changing any one varigble would not exceed the
specified limit of 50 pounds for wheel type of controls. However, in
the pilot's opinion, it is undesirable for trim changes, even of the
magnitude measured for this airplane, to be in the nose-up direction
for lowering the flaps and gear, because of the possibility of
inadvertent and rapid loss in speed. It should be noted that the trim
changes encountered in accomplishing a wave-off added up favorably,;
thet is, from an approach at 120 mlles per hour with partial power and
flaps and gesr down, it was possible to add power, retract the gear and
flaps, and be trimmed approximately for the climb-out without altering
the elevator-trim-tab setting.
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The trim changes were not measured in the same manner as in refer-
ence 5, but where comparison is possible, the agreement is very good.

Stalling characteristics.- Time histories of stalls in straight
flight 1n five configurations are shown in figure 15 at center of
gravity of 17.2 percent M.A.C., wheels up, and 19.5 percent M.A.C.,
wheels down. The margin of speed at which warning was noted was
taken from the pilot's notes.

In the clean condition with normal rated power, ilncreasing
buffeting began about 5 to 10 miles per hour sbove the stall, becoming
violent at the stall. Following the stall, which occurred in a steep
nose-up attitude, the airplane nosed down with no tendency to roll.
The force required to move the elevator up increesed rapidly following
the onset of buffeting.

With power off in the clean condition buffeting agein preceded the
stall by about 5 miles per hour. The stall was characterized by sudden
settling and was accompenied by heavy buffeting end mild nose-down
pltching with little tendency to roll. Although the elevator force
gradient below trim speed was positive, it was small.

In the wave-off condition buffeting began about 10 miles per hour
before the stall and became very severe with considerable forced motion
of the elevator. In the case of the time history shown the pilot did
not actually go to the stall because of the heavy buffetling., At the
stall the alrplane nosed down with no appreciable rolling and with
heavy buffeting. Longitudinal stick-free stabllity below trim was low
and the forces lightened before the stall.

In the landing and approach configurations heavy buffet began
almost simultaneously with the stall. The alrplane nosed down with
very little tendency to roll. The elevator force gradient below trim
was low. The stall warning in these configurations was considered
insufficlient. In the landing condition closing the cowl flaps from the
trail position resulted in less nose-down pltching and less buffeting
at the stall.

In all caees recovery from stalls was easily made by normal use
of the controls, but 1t was usually necessary to increase speed about
10 miles per hour over stalling speed to complete the recovery.

Staells in turning flight were generally similar to those in
straight flight. The airplane nosed down with no appreciable roll,
and buffeting during the stall was severe In most cases. Time histories
of stalls from turns in the clean, normsl-rated-power and the approach
conditions are given in figure 16.
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CONCLUSIONS

Longitudinal stability and control tests of a C-54D airplane led
to the following conclusions:

1. Both the dynemic and static longitudinel stebllity were found
to be satisfactory.

2. The elevator force per g in turning flight exceeded the maximum
allowed as specified in the Al? Force and Navy handling-quelities
requirements in all conditions.

3. For normsl operating conditions where the center of gravity is
neer the rearward limit, the take-off characteristics were found to be
satlsfactory. The elevator, however, apparently was not sufficiently
powerful to raise the nose wheel during a take-off at 0.80 the landing-
condition stalling speed with a forward center-of-gravity position.

k. The elevetor fulfilled power-off landing requirements at the
forward center-of-gravity position, but during such landings, the
elevator forces were about 60 percent greater than the specified
maximum of 50 pounds.

5. The trim characteristics were satisfactory throughout the speed
range in gll conditions.

6. The stalling characteristics were good except that, in the
landing end the approach conditions, the stall werning (which was in
the form of buffeting) did not occur at a speed sufficiently above the
stall to meet the Air Force and Navy handling-qualities reguirements.

‘f. The control friction was found to be approximately twice that
specified by the Air Force and Nevy requirements, but a lerge part of
this friction was caused by the servos in the sutopilot system. The
effects of this friction have been previously invesiigated and reported.

8. The airplane was designed as a commercial airplane prior to the
release of the present Air Force and Naevy handling-quallties requirements
and CAA asirworthiness requirements. Although the airplane dces not meet
all the stability and control requirements of the Air Force and Navy, it
does meet the requirements of the CAA.

Langley Aeronautlical Laborstory
National Advisory Committee for Aeronautics
Langley Alr Force Base, Va.
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TABLE T
Control friction
Control On ground In flight Requirementst
(1v) (1p) (1p)
Elevator 1k £ 1.5 15 £ L4 8
Aileron 13 £ 1 12 £ 2 6
Rudder 22 £ 3 30 x4 15

lReference k.

~%E
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TABLE IT
Flap Landing-gear

Configuration . Engine wer position position
Clean, normal 41 in. Hg, 2550 rpm up up

rated power (Normal rated power)
Clean, powér off Idling up up

41 in, Hg, 2550 rpm o

Wave off (Normsl rated power) 4o® (full down) down
Landing Idling 40° (full down) down
Approach 20 in. Hg, 2550 rpm 20° down
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TABLE IITY

Elevator force

Trim, 140 mph; 18 in. Hg, 2550 rmm, 0

flaps and gear up
140 mph, normal rated power, flaps

and gear up 22.5 push
140 mph, normasl rated power, flaps

up, gear down 30.5 push
140 mph, normal rated power, 8

flaps 20° down, gear down 30 push
140 mph, normal rated power, "

flaps 40° down, gear down 1 push
140 mph, power off, flaps 40°,

gear down 30.5 push
140 mph, power off, flaps and

gear up 32.5 pull

13
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7° dihedral angle

(b) Three—view drawing.

Figure 1.— Concluded.
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(b) Approach condition; flaps 20° down; gear down; engine power 20 in. Hg;
2550 rpm; center of gravity at 30.1 percent M.A.C.
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