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FOREYORD

Comments are solicited on the nature
and contents of this Report, especially
from pilots and flight test engineers
concerned with determining the stabil-
ity and control characteristics of air-

craft by means of flight tests.

Letters should be addressed to:

Comaanding General

Army Air Forces

Air Technical Service Command
Wright Field

Dayton, Ohio

Attention: TSEAL-2C
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SUMARY

This report presents methods for conducting flight tests of
airplanes for the evaluation of their stability and control char-
acteristics. The flight tests discussed are those required to
demonstrate compliance with the AAF Specification ‘R-1£15A "Sta-
'bility and Control Requirements for Airplanes." Fach particular
flight test is discussed from the points of view of the reason
for the test, the airplane configurations to be investigated in
each test, the pilot technique required to make the actual flight
test, and finally the reduction of the data and the curves required
for the presentation of the data. Two appendices ars included
which give the types and accuracies of the flight test instruments

required for these tests, and a table for use in reducing the

flight test data.

DATE AND PLACE OF INVESTIGATION

The investigation was conducted at Wright Fleld, Dayton, Ohio

from 1 October 1944 to 1 February 1945.

OBJECT
To present information for flight test pilots and engineers on
methods for conducting flight tests for the stability and control

characteristics of airplanes.

INTRODUCTION
In the past few years a great deal of flight testing of the sta-

bility and control characteristics of varlous airplanes has been done




for the Army by the flight sections of the National Advisory
Committes for Aercnautics. This work has bean supplementad by
other atability and control flight taste conducted at Wrizht
Field by the Flight Section under the supervision of the Aero-
dynanics Branch o.f the Aircraft Laboratory. A direct result of
all this flight test work has been the development of a specifi-
cation on airplane stability and control, AAF Specification
R-18154, "Stability a;nd Control Requirements for Airplanes.” Tha
publication of this specification, together with a large increases
in the interest by the AAF in the airplane's stability and con-
trol characteristics, has led to an ever=increaring volume of
8tability and control flight testing in the Goverrmesnt agencies.
listed above and in the flight test organizations of the various
manufacturers. A great deal of this flight test work is done with
improper pilot technique, inadequate instrumentation, and faulty
presentation of data. An attempt has bsen made by the AAF and .
the MACA to outline satisfactory methods and procedures to insure
that adequate tests are run, with proper pilot technique and form
of data presentation. Although stability and control flight tests
may be parformed in many ways, the msthods and procedures presen-
ted in this report are in current use and are considered satisfac-
tory by the Army Air Forces.

The report is pressnted in the form of a manual, giving al1
of the flicht tests required to determines whether or not the
stability and control characteristics of an ‘:airpla.nc catisfy the

requirements of AAF Specification R-1815A. Each test is covered




separately by a discussion of the reasons for the test, the air-

plane configurations required for each test, the pilot teachnique

to be used to conduct the test, and finally the methods of data

reduction and proper presentation of results. In Appendix 1 the

proper.inatrunentation for these tests is discussed and the

required instrument accuracies are given, and in Appendix 2 a

data reduction table is presented for use in transcribing data

from the photo observer record. -
The various airplane configurations referred to throughout

this report are as follows:

Configuration A. Approach. 50% normal rated power, flaps
and gear down.

Configuration CR. Cruise. Power for level flight at
speed for maximum range (in most cases L/D max.),
flaps and gear up.

Configuration D. Dive. 25% normal rated power, dive
braking devices in operation, flaps and gear up
(unless used as dive brakes).

Configuration G. Glide. Power off, unless otherwise
specified, flaps and gear up. Power off is de-
fined as throttle closed, propeller windmilling.

Configuration L. Landing. Power off, flaps and gear
down.

Configuration P. Power-On Clean. ~ Normal rated power,
flaps and gear up.

Configuration PA. Power Approach. Power for level
flight at 1.155§L Tlaps and gear down.

Alirplane accessories such as cowl flaps, oil radiator flaps

and shutters, controllable wing slots, gun turrets, blast tube covers,
etc. should be in their necessary settings for the particular config-

uration; that is, for a fighter type airplane in Configuration L, the =




cowl flaps and oil shutters might be partially closed. Tests for
the stability and coﬂtrol characteristics of the airplane when
equipped with external fuel tanks shall be run with the airplane
in Configurations P and CR. Unless otherwise specified, the
center of gravity position and the airplane gross weight shall be
the normal center of graviiy position for the configuration and

the approximate design gross weight resnectively.
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A. DYNAMIC LOMGITUDINAL STARILITY

1. There are two modes of longitudinal pitching motion.
These are the long period and short period airplane oscillations.
The second of these is sometimes coupled with a very short period
control surface (elevator) oscillation. The long period mode of
longitudinal motion is an oscillation with a 20 to 60 second
period. This is the well known "phugoid" oscillation in which
the airplane goes through successive cyclas of climbing with de-
creasing speed and then diving with increasing speed. Graphicallys

/cor
PHUGOID OSCiLL-ATION
R /\ Vil
maw. ©°° 26 o 80
220F T ime
240}

The long period of this oscillation makes it very easy for the
pllot to control and it has been determinad through many flight
tests that the tendency of the airplane to stop oscillating
(damping) has no correlation with the pilot's judgement of the
airplane's handling characteristics, and therefore, NO FLIGHT
TESTS OF THIS MODE OF OSCILLATION ARE REQUIRED.

The second type of longitudinal motion is an oscillation of

much shorter period (approximately 2 seconds) than the long period




or phugoid mode. The pilot will fesl this motion as a rapid

oscillation of the normal acceleration, at constant airspeed.
With the controls held fixed, this oscillation always dies out
quickly (is heavily damped) and is of no importance; but with
the longitudinal controls free, the tendency of this oscillation
to die out can be reduced to a point where this oscillation

will continue and become objectionable to the pilot. The oscil-
lation manifests itself as a rapid pumping of the stick, as well
as a rapid oscillation of the normal acceleration. This mode has
been encountered on high speed airplanes and is referred to by
the pilots as "porpoising" or "elevator snake." It is required
that this mode of oscillation be completely damped in one cycle,
i.e. that it disappear by itself completely in one cycle. With
some airplanes, there may also be a very rapid oscillation of

the elevator about its hinge. This motion is s0 rapid that the
airplane does not respond to it. It is required that this oscil-

lation damp completely in one cycle.

2. Configurations.
1
The airplane configurations to bes tested for dynamic

Jongitudinal stability are as follows:

a. Long Period Oscillations

No flight tests of this mode are required.
b, Short Period Oscillations

: No tests of this mode are to be made with the longi-




4udiral control fixed, but control free tests should be made

with the airplans eet up ae follows:
Configuration (P) power-on, clean, with the airplane trimmed

at level flight speed and at 80 percent of the limit diving speed.

3. Pilot Techniqus,

Starﬁng in steady trimmed flight in the given config-
uration at the given trim speed, the pilot should abruptly deflect
and release the elevator in not more than .2 second. Continuous
photo-obeerver recorde ehould be taken during the whole maneuver.
The elavator should firet be given an abrupt dowrmard deflection
to an accelerometer reading of approximately 0.0 g. Following
this, the slevator ehould be given an abrupt upward deflection to

an accelerometer reading of 2.0 gz.

L. . Reduction of Data.

Theee data ehould be presented in the form of time
hietoriee of airplans normal acceleration and elevator angle.

The typical time histories of satiefactory and unsatisfactory

characteristics are ehomn in Figure 1.
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B. STATIC LONGITUDINAL STABILITY

1. Discussion

Among the most important handling qualities of the
airplane are it= static longitudinal stability characteristics.
The pilot feels these characteristica through the variations of
stick position and stick force required to fly the airplane at
different speseds throughout the speed range. An airplane that
is adequately stable longitudinally will require the simple con-
trol movement of stick back to reduce the speed and stick forward
to increase the speed, and if the stick forces are trimmed out at
a glven speed, the airplane will continue to fly at this speed
resisting all disturbances that terd to change it. The only way
the speed can be changed for this stable case is for the pilot
to supply force at the stick, a pull force to raeduces the speed
from trim and a push force to incrzase the speed from trim.

The variaticn of sticke-position or elevator angle
with speed is a function of the airplane s stick-fixed stability.
An airplane that is longitudinally stable stick-fixed will raquire
up elevator to fly at lower sp=eds and cdown elevator to fly at
increazed spseds. The variation of stick force with speed is a
function of its stick-free stabilitv and an airnlane that is
longitudimlly stable stick-frae will require a pull force to
f17 at lower speads than trim and a push force to fly at increased

speeds from trim.




The static longitudinal stability of any airplane

varies rapidly with change in the airplane's center of gravity

position.
STICK-FIXED STATIC LONG!TUOINAL

%} UP 30L ST7ARABILITY
2 -
< |
N Ly ok 7;’645
P NEYTRAL
K R —
3 I gragl——
N =
WON. 39r  grjcu-FREE STATIC LONG!TUDINAL.

PULL STABIHNTY

50 ~

S TA8. & /

UNSTABLE .

Jo
PUSH

TP ETTT I

STICK FOPCE

/00 200 Joo
SPEED- M.PH.

As the c.g. moves forward the airplane becomes more stable, and

as the c.g. moves aft it becomes less stable. If for a certain
c.g. position, the airplane can be flown at speeds varying in
small increments from the original trim speed with the same eleva-
tor angle, the airplane is said to be nsutrally stable stick-fixed
and this c.g. position is referred to as the "STICK-FIXED NEUTRAL
POINT" for this particular trim speed and for that condition of
flight. If for a certain c.g. position (not necessarily the same)

-15 -




and trim tab setting for zero stick force at a certain speed,

it is possible %o fly the alrplane at speeds varying in small
increments from ths original trim spead -vith zero stick force
and with the same tab setting, the airplane is said to be
neutrally stable stick-fres and this c.g. is referred to as the
#STICK-FREE KEUTRAL POINT" for that particular trim speed and
for that condition of flight.

There are sevaral factors which complicats the simple
stability picture a* both the low and the high ends of the speed
range. These factors include compressibility effects at high
lach Numbers, distortion effsct= at high indicatad airspeeds,
and premature wing stalling at low speeds. Any of these factors
can stabilizs or destabilize the stick position and stick force
versus airspeed curves excessively for a poor design. For these
reasons the stick-force and stick-position curves varsus spaed
should be cbtained for a complete analysis of the longitudinal
stability characteristics over as wida a speed and altitnde range
as possible.

Static longitudinal =stability not only varies with
center of gravity position but with power, flying configuration,
and, in most cases, with speed. To establish the stability
characteristics of any airplane, flicht tests must be rur{ in all
of the critical flight configurations through the usable speed
range of each configuration. Flight tests to determine the stick

force and elevator position versus speed curves are essential and

-16 -




from thesa curves the airplane's stick-fixed and stick-free

neutral points can be determined.

2. Configurations
The airplane should be flight tested for its static

longitndinal stability characteristics in the following configura-

tions, for atleast THREE C.G. POSITIONS as widsly separated as

possible:
Configuration Trim Speed Speed Range
{A) Approach 1. Vs All permissible speeds down
A
te 1.2Vg, .
A
(CR) Cruise Speed for
maximum range 90% to 120% of speed for maxi-
mum range.
(D) Dive Trim for Dive High speed level flight to maxi-
at pilot!sdis~ mum permissible diving speed.
cretion 1/2
way betwaen Viuy
level flight and
MAX permisgible
diving speed sug-
gested.
(@) Glide p A Vsg All permissible speeds above
v L]
Sg
(L) Landing 1.4 Vg All permissible speeds above
L Vg o
L
(P) Power on 1.75 Vg All permissible speeds above
clean G .1l Vsg:

S Pilot Technigue

To start the test, the pilot stabilizes the airplane

at the given trim speed with the given power settings. The trim

tab is adjusted to trim out the atick force at this speed. Ornce

ths trim tab is set, it is imperative that it not be moved until

the run is completad. It is also essential to maintain the same

-17 -




sngine power throughout the run. The pilot stabilizes the air-

plane at each of a seriss of speeds above and below the trim

speed by movement of the control column only, keeping the air-
plane’'s wings lavel and the ball centered during the whole maneuver.
Records are taken at each stabilized speed.

As the airplane's spesed is reduced, every effort should
be made to obtain data at stabilized speeds. However, if it be-
comes impossible to maintain a stabilized speed, the pilot can
take continuous records as he zradually easas back on tha control
colum sc that the speed is reduced at a slow rate (not mors than
1/2 mph per second) until the slowest speed required or the stall
is reached. All control movements should he made as smoothly as
possible. This type of maneuver is usually resorted to only at

the low speed end of the speed range.

It is obvious that the airglans will not remaln at con-
stant altitude during this test. If tco much altitude is gained
or lost durinz a run causing considerable chan;ze in power, it will
be necessary to break the test up into several runs so that the
test altitude can be held more closely. However, if the test is
broken off to climb or dive the airplane back to test altitude,
great care should be taken to insure that this is done without

changing the trim tab setting.

A second method for conducting the static lengitudinal

stability flight tests is to determine the variation of stick-




force with tab-angle at given constant airspeeds throughout the
test speed range. These tests should be run in the same config-
urations and C.G. positions as those for the first method Just

discussed. This test takes longer to do but yields a tremsndous

amount. 6f data for analysis work.

W=200 V=250

PuLL 30r V=150 27/Ck- FQ_&E' STATIC
sTex 20F LONG. STABILITY =
FoRCE, 10 | V=100 ELEVATOR TIM THB
Fs, O} METHOD

(=8s) 10k

201
PusH 30+

GSE DowWN O NOSE TP

ELEVATOR 7TAB ANGLE
To.start this test, the pilot puts the airplane in

the given ni.ght configuration with the given power settings and
at the proper speed. The trim tab is rolled to approximately ten
different settings throughout its deflection range maintaining

the given speed. At each trim tadb setting, the stick force, eleva-
tor angle, tab angle, indicated airspeed and altitude are recorded
by running the recording instrument for a few frames. The stick
or wheel forces may in some cases become excessive at the higher
epeeds at full tab deflection. In these cases the maximum tab
deflection used should be limited to a corresponding control force

that the pilot can safely handle. When the variation of stick

-19 -



force with trim tab angle is completed at one airspeed, it

should be repeated at the next given test speed, Appreximately

ten test airspeeds should be ured for each configuration tested.

L. Reduction of Data.

The flight data should be presented in the form of
curves of elevator angls, elevator force, rudder angls, rudder
force, angle of bank and angla of sideslip versus calibrated air-
spsed. The table given in Appendix II can be used for transcrib-
ing and reducing the flight observer data. A certain smount of
judgement must be exercised in using this table. All of the
corrections indicated in determining preséure altitude, free air
ttamperature, and trme airspeed are necessary only in very accurates
work or where large corractions are ¥nown to exist, as, for ex-
ample, in teste conductad at very high speeds. In low speed work
with good instrumentation mor= approximate methods will give
sufficisntly accurate results. Tynical examples of thess curves
are shown in Figure 2 for three differant center of gravity posi-
tions for ons configuration. Similar curves should be presented

for each configuration tested.

The curves of Figure 2 should be replotted as elevator
angle ( B,) and stick-force divided by the dynamic pressure
(Fg/q) versus airplane lift coefficient as shown in Figures 3 & 5.

The siopses of these curves should be detarmined for every .l incre-

-20 -




ment in airplane 1ift coefficient, and plotted ae dab/acL and
d(rs/ha/ch vereus c.g. position as shom in Figuree L and 6.
The etick-fixed and etick-free neutral points occur at the c.g.

d(Fs/q)/ch respectively go to zero.

locations where dae/ch and
Finally, the center of gravity location for neutral stability
ie plotted vereus airplane 1lift ccefficient as shown in Figures
7 and 8. The process is repeated for each configuration under
teet until curves similar to those shown in Figures 2 - & are

obtained for all configuratione tested.

If the second method for running the static longitud-
inal stability tests is used as discussed in part 3, the flight
test data should be presented in the form of curves of etick-
force versus tab angle at constant calibrated airspeeds for the
three c.g. positions tested for each configuration. An example
of these curvee is shown in Figure 9. (Only two c.g. poeitions
are ehomn to avoid confusing the figure.) Theee curves can be
cross-plotted for stick-forca varsus calibrated airspeed for con-
stant irim tab setting selected to give zero stick force at the
required trim speed for the given configuration. These curves
will then be similar to those obtained directly for etick-free
stability in the first method, and the development of these curves
should continue as befors. An example of these cross plots ie

shown in Figure 10.

- 2] -




This second method will also yield data on elevator
position versus speed for various c.g. positions. These data
are used to determine the stick-fixed stability. However, the
reduction of these data and presentation of results proceeds
exactly as demonstrated for the first method.

The flight test curves of Figure 9 can be used for
analyzing the power of the elevator trim tab and yield directly
data for design of any installation (such as an elevator down-
spring and/or bob-weight) required to improve the curve of stiok-

force versus airspeed.
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C:  STICK-FORCES IN MANEUVERING FLIGHT

1. Discussion

The pilet effort required to accelerate the airplane in
banked turn or a pull-up is a measure of one of the most important
flying: characteristics of the airplanea. The stick-force required
to produce one "g" unit of normal acceleration is commonly referred
to as STICK FORCE PRR "5". For any given airplane the stick force
per "g" varies with the c.g position and with altitude, increasing
as the c.g. moves forward and decreasing as the z.pg. moves aft, and
decreasing as ths altitude is increased. For good flying qualities,
it 1s essential that these forces never ba so heavy that the pilot
cannot exart enough forcs to maneuver the airplane, nor so light
that 1t 1s possible to inadvertently place too high an accaleration
on the airnlane, causing possible structural failure, For airplanes
that, are designed for extreme maneuverability, such as fighters, the
stick forces per "g" must be kept within very narrow margins, and
this becomes one of the major design problems.

As the stick force per "gn varies with c.g. position it
is essential to find out its value at any balance point in the c.g.
range and for any altitude at which the airplane may fly. A typical
variation of stick-force per "g" (Fs/g) with Cege and altitude is
shomn in Figure 10 a. As the c.g. of the airplane moves aft, the

gradient is reduced until at some c.g. it will go to zero. This.c.g.

position 1s defined as the MANEUTRRING STICX-FREE NEUTRAL POINT.




Flying ths airplane balanced at any c.g. aft of this point would

be sxtremely hasardous; therefore, it is sometimes rsfsrrsd to as

the DANGEROUS NEUTRAL POINT.

ST/CK FORCE GRADIENT.

vs. € G._ POS/IT/ON

S7TICK FORCE GRADIENT
&

/0 20 70 P
C G. PosITioN, 7o MA-C
The stick-forcs gradient in accelsratsd flight is

usually independent of spesed and nearly constant over the test
Wg" rangs. Howsver, this is not always the case due to the air-
plane distortion sffscts, non-linear elevator hinge moments, stc.
In these casss the stick forcs per "g" at a givsn altitude varies
with spesd and with ths magnituds of the "g". Such non-linear
characteristics ars highly undesirable because the stick force
gradisnt may bo.como very low or even negative at high "g's",

This means that the airplans will become "very ssnsitive" and
very easy to pull up to a dangerously high "g" during the period

when the pilot is blacking out.
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Flight tests nf the charact=ristics of an airplane in

accelerated flight should be as coaplate as possible as they are
extranely important in the analysis of the flying qualities of

the airplane. This is doubly true for fighter types.

2. Configurations w
The gradient of elevator control force in accelerated
flight shall be investigated with the airplans in the following
configurations for at lsast 3 c.g. positions as widely separated

as possible:

Configuration Speeds Altitude
(P) Power-on At least 2 speeds, cne 10,000 ft. and
Clean above and on= telow 25,000 ft.

high spe=d level flight
() Dpive (for air- At the diving spesc 10,000 ft.
plares with
dive brakes)

3. Pilot Technique

The pilot first makes the proper power settings and trims
the airplane at the speed and altitude specified in the flight plan.
The airplane is climbed to an arpropriate altitude above the test
altitude withcut changing the elevator trim tab setting. The pilot
then puts the airplane intc a diving turn, maintaining the correct
constant airspeed. The turn is tightened until the requirad con-
stant acceleration in "g's" is being shown on a visual accelerometer.
The data are recorded as the airplane goes through the test alti-

tude at a constant airspmed and acceleration. It will be possible
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to use the diving turn technique only for acceleraiions up to
5 or 6 g. For higher accelerations the pilot follows the eame

trim procedure and then makes dives and pullouts so that the
airplane passes through the test altitude at the proper airepeed
while pulling out of the dive at a constant acceleration. The
pilot should maintain his wings lavel during these pullouts.

A second method for conducting these tests is known as
the "wind-up turn" method. In this test the pilot trims out the
airplane at the test altitude as before, and after climbing several
thousand feet over this altitude, placaes the airplane in a diving
turn at a given "g". This acceleration is held constant as the
speed is slowly allowad to fall off until the stall ie reached.

The acceleration should be held as nearly constant as possible, and
the speed should be reduced as slowly and evenly as possible. This
test can replace the diving turn test for accaleration up to about

5 mgh, but the higher accelerations must be tested for by the pull-
out method described above. The photo-observer ehould be run con~

tinuously during this maneuver.

L. Reduction of Data

The flight test data should be presented as plots of stick
force vereus normal acceleration for each c.g. and for each airspeed
and altitude tested. Typical curves are shown in Figure 1l. The
slope of these curves is the stick force gradient. This slope is
plotted against c.g. position for constant altitude. An example of
this curve is shomn in Figure 12, The c.g. at which this curve goes

through zero is the MANEUVERING STICK-FREE NEUTRAL FOINT.




Some airplanes have non-linear elopes of atick force
per "g". An example of the flight test results for euch an
airprlane ie shown in Figure 13. For thmse cases the slope,
etick force per "g", must be plotted against c.g. position for
constant valuss of acceleration. The curves yield maneuvering
neutral points that vary widely with the particular value of "g".
An example of this ie shown in Figure 1.

Caution must be exercieed when the values of Fa/g
are being determined from flight test data. It ie essential that
the proper stick fcrce be used with the proper acceleration. In
the diving-turn mansuvers, this is not much of a p.oblem as the
stick force and acceleration are held constant during the. time
the records are taken. However, in pull-upe an equilibrium can
only be established momentarily, and it is important that the
record be read at the point wheres both the stick force and ac-

celeration have assumed steady values.
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STICK FORCE GRADIENT
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D. LONGITUDINAL CONTROL (MANEUWERING)

1. Discussion

The acceleration that can or should be imposed on
any airplane is limited in two ways. The upper limit on the
allowable acceleration is the design structural limit load factor
for the airplane. In the lower speed range it will be impossible
for the airplane to reach the acceleration corresponding to the
1imit load factor as the wing will stall before sufficient 1lift
can be generated. The faster the airplane goes, the greater is
the acceleration that can be imposed on the airplane before the
wing stalls. At soms speed for a given airplane, the airplane
will stall at the limit load factor. Above this speed, the
possible acceleration is higher than the limit load factor and
the pilot must be careful not to exceed this value.

The envelope of limiting accelerations for each speed
is referred to as the V-( diagram, an example of which is shown
belows

70}

50

VELOCITY, V. BH.

- 20t LINIT DIVING
V-G DIAGRAM SPeep

NOCMAL ACCEL ERATION
~
Q
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One of the reaulre-ents on the longitudipal econtrol is that it
shall be poverful enough to allow the pilot to "oull-up™ to the
1imiting value of "g" at any airspesd in either straight pull

outs or in turns. This requirement on the elevator it hardly

aver a critical ona and complote tests for compliance are frsquent-
1v omitted unless other deficienciss in longitudinal control become

apparent from other tests.

2. Configuration

The configurations to be tested are the same as those

given in section C, "Stick Forces in Maneuvering Flight."

3. Pilot Technique

The data for these tests can be obtained from the tests

given in section C, as above, and therefors the same pilot tech-

nique applies.

L. Reduction of Lata

The resullts of these tasts should te presented in the
form of plots cf slsvator angles versus Aairplane 1ift coefficiant
for constant values of airplane accelaration. Thess curvas
should be presented for each c.g. tested. The 1ift coefficient
used in this plot iz that dafined as follows: Cp = nW . An ex—

as
ample of these curves are shown in Figure 15. '
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E. LONGITUDINAL CONTROL (LANDING)

1. Discussion

When the airplane is flying close to the ground, the
dowmwash from the wing is reduced materially, requiring more up
elevator to trim at a given speed than is required in free flight.
The greatest up elevator will be required at the stall at the
most forward c.g. with the airplane flying close to the ground.
This, in almost all conventional airplane designs, is the criti-
cal design condition for the longitudinal control (elevator).

The tests should determine whether or not sufficient
elevator control is available to hold the airplane off the ground
in the three-point attitude for two wheel airplanes, or at the max-
imum allowable ground angle for tricycle gear airplanes. The tests
should also determine if the elevator control forces required dur-
ing the landing are low enough so that the pilot can safely handle

them.

2. Configuration
The airplane should be tested in the landing configura-

tion (L), at three c.g. locations as widely separated as possible.
The airplane should be trimmed at a speed of 1.4 vsl. in the approach.

3. Pilot Technique

The pilot should trim out the stick force with the air-
plane in a normal gliding approach at the specified trim speed
with idling or minimum power. The airplane should Be flared out

- 40 -




and held off the ground as long as possible by movement of the
control column. The hold off may be terminated as the stalling
speed is reached or when the maximum allowable ground angle is
obtained. The elevator trim tab setting should not be altered
from its trim position during the landing unless necessary due
to excessive forces. These tests can be combined with the tests
of Section B, "Static Longitudinal Stability", being run during

the landing after each flight.

L. Reduction of Data

The data from these tests should be presented in the
form of time histories of landings showing elevator angle, stick
force, indicated airspeed, and normal acceleration versus time.
A typical time history is shown in Figure 16. From these time
histories the maximum up elevator required at each test c.g. can
be determined and then plotted versus c.g. This curve of eleva-
tor angle versus c.g. position can be extrapolated to the design
most forward c.g. if the most forward c.g. flight tested is some-
what back of the design most forward c.g. It can then be deter-
mined if the maximum elevator deflection is adequate to land the
airplane at the design most forward c.g. A typical curve of
elevator angle and stick force required to land versus c.g. is

shown in Figure 17.
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F. LONGITUDINAL CONTROL (TAKE-OFF)

1. Discussion
The longitudinal control must also be powerful enough
to permit the pilot to hold the airplane in the proper take-off
attitude during the ground run. The pilot must have control of
the airplane's attitude by the time the airplane has reached a
spead equal to eighty percent of the powaer off stalling speed

with gear down and flaps in the take-off position.

2. Configurations

The tests should be made at the most rearward c.g. for
two-wheel airplanes and at the most forward c.g. for tricycle-
gear airplanes. The airplane should be in the take-off config-

uration with flaps set for optimum take-off.

3. Pilot Technique

For a tail-wheel airplane, the longitudinal control is
pushed full forward and held in this position during the take-off
run, being eased back as the airplane comes up to a level attitude.
For a tricycle-gear airplane, the longitudinal control is pulled
full back during the take-off run being eased forward as the nose
wheel comes off the ground. The pilot should start the recorder
at the beginning of the take-off run and turn it off as soon as

the proper take-off attitude has been reached.
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4e - Raduction of Duta

-

The recorded data should be examined to determine the
calibrated airspeed at which the airplane reaches the desirsd
attitude;
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G. IONGITUDINAL TRIM CHANGES

1. Discussion

When the airplane is trimmed for zero stick force
at a certain airspeed, changes in power, deflection of flaps
or dive brakes, and putting the landing gear down or up will
cause changes in the original trim of the airplane. To make
the airplane safe and easy to fly, it must be possible for the
pilot to maintain his original trim speed, after changing
power settings or gear or flap positions, without changing the
original trim tab setting ard without exerting a longitudinal
control force greater than 35 pounds for a stick control or

50 pounds for a wheal cortrocl.

2. Configurations
The test should be mads at the design most forward

CeZ. at close to the design gross weight., This test deter-
mines the variation in trinm with change in configuration as
follows:s

TRIM CONDITION

No, Speed Class Flap Gear Power Variable

1 1.L;v$G All Up Up 50f NRP  Gear Down

2 1.l;vSG Al Up Down 50% NRP  Flap Down

3 Llvg, All Down Down 50% NXP  Power~off

L l.hVSG I, III, Up Up (1] 44 Gear Down
‘ & IV

5 1.U4vg 1, III, Up?D Dewn Off Flap Down
G & 1Iv.
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MNo. Spaed Class Flap Gear  Power Variabla

6 1.hv5L All Down Dormm 0Off Take—off Power
7 1.15vSL Iv Down Down  level Take-off Power
-Flight

8 l.hVSL A1 Down Dowrn  Take-off Gear Up

9 1.LVSL AL Dowa Up Take-off Flap Up

10 1.2VsL All Take- Down Take—off Gear Up

. off

11 1.thL All Take= Up Take-off Flap Up

off

12  High A1l Up Up KRP Power Off
Lavel

13 High III, IV Up Up off Dive Flap Open
Level

3+ Pilct Technique
The pilot should trim the airplane as listed under

Trim Condition, No. 1, in the table given above. ;i short
r-;ord should be taken on the photo observer. ‘Tithout changing
the trim tab setting, the action listed under Variable in the
table should ba taken and the trim spased maintained by prorer
use of the longitudinal control. When the airplane is again

in aquilibriuvm another short record shculd be taken on the
photo observer. This process ehould then be repeated for test

No. 2 and 80 on down to test No. 13.

L. Reduction of Data

The results of this test can be presented in tab-
ular form listing longitudinal control force required to main-

tain the original trim speed with change in configuration.
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IONGCITUDINAL TRIMMING 'CEVICE

L]

1. Discussion

In orcder to relieve ths pilot of continuous applica=-
tion of force at the stick or wheel to maintain a given speed,
a longitudinal trimming device is provided. This device, which
is usually a trim tab on the.control surface trailing edge or
an adjustable stabilizer, should be powerful enough to trim
out the stick forces throughout the important speed and center
of gravity ranges. The trimning device should be irrasvsrsible,
maintaining a given setting indefinitely unless changed manual-
1y.

2, Configurations
Adequate trimming power should be tested for in the

following confizurations at the most forward and most aft cege

positions:

Class Airplane Configuration Spsed Range
A1l G (Clide) 1.15Vg, to max. permis-
sible
A1l P (Power On 1.157g, to max. permis-
. Clean) sible
All L (Landing) l.hvsL to max, permis-
sible
IIT & IV with D (Dive) Max. level flight speed

dive brakes to max. diving speed

with dive brakes open.

3. Pilot Technique
With the airplane flying in the given configuration,

the pilot should slowly change the speed, in approximatsly ten
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stepe, throughout the given speed range and at each speed
the pilot ehould trim out the stick force by means of his
longitudinal trimming device. When in equilibrium the

photo observer should be run for an instant to record the
data. This procedure ehovld be followad for each of the

test configurations given.

L. PReduction of Data.

The data should be presented in the form of plots
of,tab angle or stabilizer angle required to trim versus cal-
ibrated airspeed for each configuration and c.g. tested.

Typical curves are shown in Figure 13,
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I. LONGITUDINAL CONTROL AT HIGH SPEEDS

1. [iscussion

Compressihility can have serious effects on the longi-
tudinal stability and control of an airplane, One of thess effects
can place a serious limitation on the ability of the pilot to re-
cover from high speed dives with adequate acceleration. This leads
to a requirement that Class III and IV airplanes be tested for
their ability to recover from dives in the compressibility region.
All Class IIT and IV airplanes must demonstrate their ability to
recover from divas of at least 15,000 feet from service ceilings
at a flight path angle of at least 50 degrees to the horizontal,
with 2accelerations of at least 3 g and elevator control forces
not exceeding 150 pounds. This recovery can be obtained by using

a dive recovery device, if necessary.

Another high spsed requirement is that the stick or wheel
force necessary to hold the airplane in high speed dives shall not
axceed a certain limit. With the airplane trimmad out in level
flight, excessive push forces should not be required on the con-
trol column to hold the airplane in high speed dives up to the
maximum pernissible airspesd. This requirement protects the air-
plane from structural failure in case the pilot inadvertently
releases the force on the control column, allowing ths airplane %o

ﬁull out by itself at a very high "g".
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2, Configurations
The tasts for recovery from high speed dives in the

region of compressibility shall be demonstrated hy Class III

and IV airplanes in Configuration (G) with power at the discre-
tion of the pilot, at the normal center of gravity position. The
trim tab setting is at the pilot's discretion but should be some-
where hetween the setting for zero stick force at mximum level
flight speed and the setting required for zero stick force at
maximum permissible diving speed.

The tests for stick forces to hold the airplane in high
apeed dives should be made on all classes of airplanes in Config-
uration (P) with the airplane trimmed for zero elevator control
force in steady level flight, at the normal centsr of gravity

position,

3. Pilot Technique

Before baginning any high Mach number dives, it is
important that the pilot familiarize himself gradually with the
high-rpeed characteristics of a new airplane, This can be done
by making a serles of dives of increasing steepness, starting
from an altitude near the aervice ceiling of the airplane. The
pllot should allow the airplane to reach higher indicated speeds
at higher altitudes during each successive divs, being careful to

note any abnormal characterisvics, serious buffetting, or other

unusual behavior. In this mamner, the critical test conditions

are approached gradually and with the assurance that if any diffi-




culties develop, it will be possible to terminite the dive
safely. Continuous records of stick force, elevatcr angie,
elevator tab angle, and normal acceleration should be taken
during each of the preliminary dives. These dat_.a will be use-
ful in helping the pilot determine the proper elevator tab

satting to be used during each successive diwm,

The test for recovery from a high speed dive should
be started by a rapid push-over from level flight at the air-
plane's service ceiling. As the dive is entered, the recording
instruments should be turned on and left on until the maneuver
is compl=ted. A dive ungle of at least 50° to the horizontal
should be established and the dive allowed to develop fou at
least 15,000 ft. A pull-out should be made by application of
force to the control column, or by application of any dive re-

covery device inetalled on the airplane.

The test for stick-forces to hold the airplane in high
indicated airspeed divas ehould be started at a lower altitude
than for the dive recovery tests as high indicated speeds are
required rather than high true speeds. The airplane should be
trimmed out in the glven configuration in steady level flight and
the photc-observer run for a few frames to record the trim condi-
tion. The airplane should then be pushed over slowly into a dive;
equilibrium speed points should be recorded every 20 miles per
hour between l.hvsp and 90 percent of the maximum permissible
diving speed. The elevator trim tab should not be changed during
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this mansuver from 1ts txriz peositicn, It may be necessary to

break this test up into two parts in order to get all the points

without going to a dangerously low altitude.

L. Reduction of Data.

The data from the dive recovery teste should be pre-
sented in the form of a time history of the dive, showing elevator
angle, elevator control force, elavator tab angle, calibrated and
trus airspeed, altitude, Mach number, normal acceleration,“and
dive recovery device position (if used). A typical time history

of such a test is given in Figure 19.

The data from the test for stick force to hold the air-
plane in a dive should be presented in the form of a plot of stick-
force and elevator angle versus calibrated airspesd. The results

of a typical test are shown in Figure 20.
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LATERAL STABILITY AND CONTROL




A, DYNAMTC LATFRAL STABILITY

1. Discussion

The heading "Dynamic Lateral Stability" includes all modes
of motion in the directional (or yaw) and lateral (or roll) planes.
There are four major types of lateral motion that have a bearing on
the flying qualities of the airplane, and it is up to the designer to
insure that these meet the minimum requirements of A.A.F. Specifica-
tion R-1815A. The types of lateral motion (modes of motion) that are
important include the following:

a. Spiral Stability

Spiral stability or the "spiral mode" is the motion of
the airplane that may be observed following a simple banking
(displacement in roll) of the airplane from a wings level
trim condition. If the airplane is spirally stable, it will
return to a wings level position on a new heading; if it is
spirally unstable, the airplane will go into an ever tighten-
ing spiral dive. However, the spiral dive tightens very
slowly at cruising speeds and can be controlled very easily
by the pilot. To design the airplane to be spirally stable
would require use of design parameters that would adversely
affect other more important flying qualities. There is,
therefore, no requirement for this type of motion to be stable.
If an airplane meets all the other requirements of R-1815A,
it will usually be mildly spirally unstable at cruising speed.

b. Dutch Roll

The second type of lateral motion is usually referred
to as the "Dutch Roll". This motion is a rolling and yaw-
ing oscillation with controls held fixed of short period
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and weak damping. This oacillation may be obsarved if

the airplane is yawed from a given trim position, the
controls then returned to their original position and

held fixed. This motion can be bothersome to bombers as
1% can interfere with the aim of the bombardier during
the bombing run, and also quite annoying to the pilots of
cargo and fighter airplanes. It is raquired that this
oscillation ghall damp to one-half amplitude in two cycles.

Ce Rudder and Aileron Snake

The third type of lateral motion is termed "snaking".
This motion is control free oscillation in yaw and roll
quits similar to the "Cutch Roll" but energized principal-
ly by the pvarticular floating charactaristics of the free
controls. The snaking motion has been encountared by
fighter aircraft at high speeds and by cargo and bombard-
ment type airplanes at cruising speeds. Lateral oscilla-
tions encountered at cruising speeds rmay be either control-
free or control-fixed oscillations. The two are often
quite undistinguishable from each other until the photo=
observer record is analyzed. It is required that all
snaking modes be damped to one-half amplitude in two cycles,
and that they disappear completely in no mcre than five>
cycles.

de Control Surface Oscillation

The fourth type of lateral motion is a pure rudder




2.

or ailercn oscillation following a disturbance from

a trim position. This oscillation is of much shorter
period than those discussed above, the motion being
merely a pure flapping of the control surface about
ites hinge. The frequency of this oscillation may be
so high that the airplane does not respond to it. It
is required that this oscillation of rudder and aile-

ron be completely damped in one cycle.

Configurations
a. Spiral Stability ‘

b. Dutch Roll

Class II Airplanes

1. (CR) Cruise at 10,000 feet or critical alti-
tude whichever is the lower.

2. Bombing, flaps and gear up, bomb bay doors
open, normal rated power, at speed for level
flight at 10,000 feet and at the critical
altitude.

Class III Airplanes

1. (P) Power-On,Clean, at the critical altitude.

C. Rudder and Aileron Snake

Class II Airplanes

1, Same as "Dutch Roll"

Class III Airplanes

1. (P) Power-On,Clean, at speeds in 50 m.p.h.



increments between 150 m.p.h. V4 and 0.8

limit diving speed or terminal Mach number.

d. Control Surface QOscillation

1. The configurations for this mode should be
the same as for section (c) above.

3. Pilot Technique

a. Spiral Stabllity

No tests to be parformed.
b. Dutch Roll

The airplane alould be trimmed in level flight with
power to maintain the given spead with the airplane in the given
fiight configuration. Yaw the airplane to a steady sideslip,
with wings level, of approximaitely five degreas nose left, by
means of spplying the necessary rudder and aileron forces. After
starting the recording instruments, the controls should be re-
turned rapidly to their trim position and held fixed. The record-
ing device shall be 1lafy on until the pilot feels that the ensuing
oscillation has been completely damped, or has completed five cyclss,
The procedure should then be rapeatad for an equivalant nose ripght
displacement. An alternate method for disturbing the airplane in
yaw may be used for a multi-sngined airplane. The contruls can be
held firsd in their trim position and the airplans made to yaw by
reducing power on one outboard engine. The photo-recorder can be
turned on and the power of the outboard englne reapplied. This pro-
cedurs has the advantage of not requiring ths ccntrols to be moved

during the maneuver,
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ce Rudder and Aileron Snaking and Control
Surface Oscilliatlons

Both of the snaking modes given in l.c. and the
control surface oscillation modes given in l.d. can be tested
for simultaneously. For Class II airplanes the test proceeds
exactly as for the "Dutch Roll" except that instead of return-
ing the controls to their original trim positions, they should
be abruptly released. For Class III airplanes, the disturbances
first in roll'and then in yaw should be started by abruptly de-
flecting and releasinz the aileron and rudder controls respec-

tively, records being taken continuously during the whole maneuver.

L. Reduction of Data

Time histories of rudder and aileron angle, angle of
sideslip, and angle of bank (or yawing and rolling velocities)
should be plotted versus time. Typical examples of satisfactory

and unsatisfactory time histories are shown in Figures 21 and 22,
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B. AIRPLANE SIDESLIP CHARACTERISTICS

1. Discussion

Flight tests of ths airplane in steady sideslip maneuvers
can demonstrate many of the airplane's static directional and
lateral stability and control features. The variation of rudder
and ailsron angle required to force the airplans to increasing
angles of sideslip can demonstrate the existence of static direc-
tional stability and static lateral stability or dihedral effect.
The exact magnitude of these stabilities cannot be dsterminec direc-
tly from these tests, as the rudder and aileron control powers are
tied up with the stabilities to give these variations. The magni-
tude of the rudder and aileron control forces required to produce
increasing sideslip angles gives a picture of the feel of these
control surfaces near zero sideslip and demonstrates the existence
or non-axistence of rudder lock or aileron force reversal at large
angles of sideslip. The elevator angle and force requirsd to maine
tain the given airspeed during these sideslip mansuvers gives an
indication of the change in trim with sideslip, while the angle of
bank required to maintain straight flight during these sideslip
maneuvers gives an indication of the airplane's side force character-
istics. The variation of rudder and aileron angle with steady side-
slip is nearly irdepandent of speed, but the angle of bank and control
forces in steady sideslips vary rapidly with speed. All of these

characteristics vary widely with power, altitude and configurations
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The directional stability of the airplane iz adversely affected by
the propeller, usually becoming more critical with increasing
altitude. The lateral stability of the airplane is usvally most
eritical with flaps down and with high power. Tlight tests, there-

fors, should include runs to cover these critical conditions.

2, Configurations Speads Altitude
a. L (Landing) 1.2 Vg, and 5,000 ft.
Li6vs,
b. A (Approach) 1.2 VSA ang 5,000 ft.
1. v
ce A (Approach) except with 1.2Vg and Sa
100 ¥ NRP . YA 1.6vsA 5,000 ft.
de (P) Power on Clean 1.2 Vg, to max. 5,000 ft.

speed Tevel
flight (5 speeds)

e. (P) Power on Clean 1.2 VSP to max. 25,000 ft. or
 highest practi-
speed level flight cag altigude

(5 speeds) below this.

3. Pilot Technique

The test is started by trimming the airplane for wings-
level flight at the glven trim speed and power settings. The air-
plane is placed in an equilibrium sideslip maintaining the same
course. It should be noted that the forward wing will have to go
down as the angle of sideslip is increased in order to maintain the
straight flight path required. The pilot should place the airplane
in a series of ever increasing equilibrium sideslips, both right
and left, holding very carefully the glven trim spesed. Records of

ruddsr, elevator and aileron deflections and forces, angle of bank,




and sideslip angle schould be taken at each equilibrium point.

An alternate method can be used, after some experience in this

type of testing has been acquired, This method consists of making
a slow continuous sideslip maneuver (rate not to exceed one degree
of sideslip per second), during which continuous instrument rscords
are taken, the speed and course being held constant as the angle
of sideslip is slowly increased until limited by full rudder travel

or maximum pedal force.

lLi. Reduction of Data

Plots of rudder, elevator and aileron angles and forces,
and angle of bank should be plotted against angle of sideslip.
Typical satisfactory and unsatisfactory curves of sideslip-charac-

teristics arc shown in Figures 23 and 2,
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C. DIRECTIONAL STABILITY, ADVERSE YAW AND RUDDER COORDINATION

1. Discussion

In any rolling maneuver, yawing moments are developed
dua to the aileron c~flaction and due to the inclination of the
1ift vectors on the wing during a roll which tend to make the
downgoing wing move forward and the upgoing wing move aft. In -
a right roll, for instance, the yvawing moments tend to produce
right sideslip (the nose will tend to move to the left) and it
is nacessary for the pilot to apply right rudder to offset this.
These yawing moments are termed adverse yaw, for as an airplane is
rolled into a right turn, thcee yawing moments tend to make tho
airplane turn to the left and right rudder must be carried to hold
zero sideslip or, to put it in other words, to coordinate the turn.
The amount of sideslip developed in uncoordinated rollinz maneuvers,
due to the adverse yaw, is a function of the airplana's directicnal
stability, while the adverse yaw itself is a function of the
aileron geometry, and power, and the airplane's 1ift coefficient,
If the airplane has high directional stability, the sideslip de-
veloped in an uncoordinated roll will ba small compared to that
for an airplane with low di rectional stability. Coordination of
the rolls, theresfore, is easier for the pilot if thes airplane has
high directional stability. Testa should be run on every airplane
to investigate both the sideslip developed in uncoordinated rolls
and ability of the rudder to overcom= the adverse yaw in coordinat-

ing the rolls. The critical conditions for maximun eldeslip in
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uncoordinated rolling maneuvers ars high trim 11ft coefficient

or low speed, and abrupt full aileron deflection. Tests shonld

be run with the airplare in this critical confipuration, firstly

to determine the sideslip developed and from this the directional
stability level of the airplane; and, seacondly, to determine the
ability of the rudder to ovarcome this acdversa yaw, as ona of the
basic requirements on the rudder design is thit it be able to
coordinate the rolls down to speads anproaching the stall. The
flisht tests should investipgate the sideslip developed in abrupt
f111 aileron rolls with the rudder locked in its trim position, and
then, in simllar rolls, the ability of the rudder to overcome the

adverse yaw and maintain zero sideslip.

2. Configurations
a. () Glide except with level flight power at l.thG

h. (PA) Power Approach except with level flight power

at 1.l VSRA

3. Pilot Tachnique
Tha airplane is to be trimmed at the given speead in a

steady l5-degras banked turn with the airplane in the given con-

figuration. With the rudder held locked in its trim position and

the photo-observer taking continuous recordings, the ailarons
ghould be abruptly given 1/4, 1/2, 3/ and full deflection to roll

out of the turn, tha roll being continued until 45 degrees opposite
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t
]

bank is achiaved. This test is to ba made for left and right
roll-outs. Following this, the test is to be repeated for the
same configurations, except that tha rudder shall be used in

an attempt to maintain zero sideslip during the roll-outs.

L. Data Reduction
Plots of rudder angle, sideslip angle, angle of bank,
and aileron angle shall be mads versus time. A typical time his-

tory is shown in Figure 25,

It will be noted that the roll-outs were made starting
in a banked turn of only 30 degrees. The flight engineer must
often use discretion in interpreting requirements; in this case,
a heavy cargo airplane was involved and it was considered inad-

visable to bank the airplane 5 degrees.
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D. ASYMMETRIC POWER

1. Discussion

In designing any multi-engined airplane it is necessary
to provide for the emergency f1light condition of a power failure
of one or more engines durin, take-off. The airplane must be pro-
vided with adequate directional stability and control to enable
the airplane to be flown safely at speeds close to the stall with
asymmetric power. One of the most important flight tests of any
multi-engine airplane is to determine the safe minimum speed at
which the airplane can be flown with one or more engines windmill-
ing and the others drawing full take-off power. The safe minimum
speed is the speed below which the airplane cannot be trimmed for
zero sideslip, either due to running out of rudder travel or due
to excessive pedal forces which make it impossible for the pilot
to deflect the rudder to the required angle. It is also required
that if an engine fails in cruising flight at the speed for maximum
L/D, the equilibrium angle of sideslip that the airplane will reach
with all controls left frees will be no greater than 20 degrees.
Finally, it is important to cetermine the speed below which it is
impossible to trim out the rudder forces by means of the rudder trim

tab.

2. Configurations
The. airplane is to be tested in the take-off configuration,

with the flaps in their best take-off setting, gear down, with one




'r moro outboard ongines windmilling (low pitch) and all other

ngines developing full take-off power.

3. Pilot Technique

To dotermine tho airplane's asymmetric power character-

stics, tho following tests should be made. The airplane should

e trimmed out at a speed approximately 1.l; times the stalling
spoed, with all engines drawing full take-off power. Without
changing the trim tab setting, the airplane's speed should be in-
c;eased to approximately 1.8 Vg at which point the throttle of
one outboard engine should be closed and the engino allowed to
windmill. By means of the lateral and diroctional controls the
airplane should be brought into equilibrium straight flight at
zero sideslip. With the airplane in equilibrium, records should
bo taken of rudder pedal force, aileron wheel force, rudder, rud-
der tab, and aileron deflection and angle of sideslip. The speed
should thon bhe reduced in convenient steps, records being taken
at each step, until eithor the rudder reachos full deflection, the
rudder pedal forces become too high, or the stall is reached. This
tost should then be repeated with two engines on one side windmill-
ing, and so on until full asymmetry (all the engines on one side
windmilling, all of the engines on the other side drawing take-off
power) is achievgd. The same test should then be run again, but
this time tho trim tab should be used in an attenpt to trim out the

ruddor pedal forces at each equilibrium speed. Finally, the air-~
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plane should be trimmed out at the speed for L/D max and, with
.the rudder.left frea, one outboard engine should be rapidly
throttled and continuous records taken as the airplane responds
and reachos an equilibrium attitude. The ailerons should be
used to hold the wings level during this maneuver.

-

L. Reduction of Data

Plots of aileron, ‘rpdder and rudder trim-tab angle,
angle of sideslip, rudder and aileron force and angle of bank
should be plotted versus calibrated airspeed. There should bo

one plot for each of tho configurations tasted.

A time history should also be plotted showing the
motion of the airplane and its controls following the closing
of the throttling of an outboard engine at a spoed corresponding
to that for L/D max with the rudder left free. Plota of rudder
angle, aileron angle, sideslip angle, and angle of bank should

be given versus tima.

Typical examples of these curves are shown in figures

26 and 26a.
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E. RUDDER PEDAL FORCES IN DIVES

1. Discusston
All airplanes required to make high speed dives as a

tactical mansuver (Class III and IV airplanes) should not en-
counter excessive rudder or aileron forces that require the
pllot to constantly retrim z;s the dive progresses. On all normal
airplanes with single rotation propsllers, the vertical tail can
be set to counteract the slipstream rotation at one speed only.
This is usually at the airplane's cruising spesd. As the speed of
the airplane changes the slipstream rotational velocity also
changes, which alters the angle of attack of the vertical tail
and will cause the airplane to slip unless corrected by the rudder
and the aileron. The rudder and aileron force required by the
pilot to hold the wings level and the ball centered as the airplane
is pushed over into a dive should be low snough so that is is not

necessary for the pilot to resst ths rudder or aileron trim tab.

2, Configurations
Only Class III and IV airplanes are to ba tested for

this characteristic. The airplane is to be tested in one or two
configurations as listed balow:
a. (P) Power on Clean

be (D) Dive

3. Pilot Technique

The airplane is to be trimmed at 10,000 feet, in the

given configuration. The airplane's apeed is then increased in




steps by diving, without changing the rudder trim tab setting.

At each equilibrium spead instrument records are to be taken.

It ic not necessary to fly at the maximum permissible diving
spsed, as it w¥ill be possible to extrapolate the answers to this
apsed. It is suggestsad that at least ten squilibrium speeds be
recorded above the 1~vel flight trim epeed with the highest spsed
in the neighborhood of 80 percent of the limit diving speed, and
that about fiva equilibrium epeeds be rocorded at speeds below

the initial trim point.

i« Reduction of Data

The flight test data should be presented as curves of
ruéder and aileron deflection, rudder and aileron forces and angle
of sideslip versus calibrated airspeed for sach ot the configura-

tions tested. A typical curve is shown in Figure 27.
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F. LATERAL CONTROL

1. Discussion

The airplane's lateral control is probably the most
difficult to design. The aileron has a number of major functions;
one of these is that it shall be big enough to give sufficient
control to pick up a wing at low epeads, another is that it give
adequate rolling velocities at high speeds without exceeding cer-
taln stick force limitations. A third function is that it must
balance the rolling moments during sideslip mansuvers, and a
fourth, that 1t must crim the airplane laterally in asymmetric
flight conditions. Of these requirements, the ones on the rolling
velocities are the most important and it is with these character-
istics that this section will deal.

The tsctical requirements on available rate of roll for
2 ziven alrplane have become much more severe durling the parct few
years, for it has bsen fcund that a slight advantage in rate of
roll can be a declsive factor in combat. The flight tasts of any
airplane should determine the aileron control characteristics so
that the airplane's tactical advantage or disadvantags can be

avaluated.

2. Configurations
In order to determine these alleron characteristics it

1s necessary to flignt test the airplane in the following configu-

ratione:
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a. (L) landing at 1,10 and 1.50 VSL at 10,000 feat.

be P (Power—on Clean) excapt with power for lavel
flight but not exceeding normal rated power in
about seven specd staps from 1.2 VSP to approxi-

mtely 80 percent 1imit diving speed at 10,000
faet.

5. Pilot Technique
The test should be started by trirming out the airplane

with wings level in the given configuration at the ziven speed,
Abrupt aileron rolls should be macde hoth to the leaft and right with
rudder held fixed. Continuous photo-observer records should be
taken throughout each rolling maneuver, Rolls should be macde at
each speed with 1/4, 1/2, 3/l and full aileron deflection applied
abruptly. If a gZyro-horizon is used as a recording instruaent,
cara shculd te taken not to roll past 70 = 80 degrees in these
maneuvers to vravent dumping the gyrc. If a rate of roll indica-
tor is being used the airplane can be rolled past the vertical,

In order %o facilitals abrupt deflections to a given setting, it
is recomiended that a chain or similar device be installed at the
side of the cockpit with stops to limit the deflections to those
required, During the higher speed rolls, full aileron deflection
will be impossible due to force limitations, and the deflections

ussd should be respaced to obtain four deflections up to the
liniting deflection obtainable,



L. Data Reduction

The flight test data should be presented in the following
curves?

a. Time histories of aileron angle, rolling velocity and
angle of sideslip for the power-on configuration for left and right
rolls at 1.2 Vsp and at the speed for level flight with normal
rated power. It is not necassary to present time histories for all
th2 rolls made; however, the maximum rolling velocities and total
aiiz;on angles should be obtained at each speed to allow suumary
curves.

b. Plots of change in aileron force with change in aileron
angle at the various trim speeds for each configuration tested.

c. The rolling velocity in radians/second should be com-
bined with the airplane's forward velocity (v) in ft/sec and the
wing span (b) in ft. to form the non-dimensional ratio pb/2V.

Curves of pb/2V versus variation of aileron angle should be presented.

d. Curves of rolling velocity (degrees par second), total
aileron angle and the helix angle pb/2V versus calibrated airspeed in
mph for 10,000 feet altitude and a force limitation of 50 poundas for
a stick or 80 pounds for a wheel.

e. For Class II airplanes a curve of pb/2V versus wheel

throw, at 70 ¥ maxinum indicated level flight speed in configuration
(p).

Typical curves are shown in Figures 28 through 30.
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G. RUDDER CONTROL IN TAKE-OFF AND LANDINGS

1. Discussion

For all airplanss it is necessary to provide sufficient
directional control to maintain straight g;ound paths during the
take—off and landing runs. The diractional controls availables to
the pilot during these runs are the rudder, the brakes, and the
throttles (for twin-sngine airplanes). At the slower speeds just
as the airplane starts to roll the brakes are usually used as the
major directional control, and as the airplane picks up speed the
rudder becomes more and more effective. Qualitative tests to de-
tarmine these control characteristics should be made., Instrumented
tests are not essential, as ths tast pilot can quickly determine

the extent of this control.

2, Configurations
The airplane should be tested in the takea-off and the

landing configurations. Tests should be made in cross-winds of
such velocity that its component at right angles to the airplane

is approximately 204 VSL

3. Pilot Technique

The pilot shall make cross-wind take-offs and landings
with the wind coming from the critical side. During the -take-off

run the pilot shall try to maintsin a straight ground run bty use of

rudder, brakes or throttles. If instrument records are taken during




this test, they should be taken continuously from the start until
the airplane leaves the ground. The pilot then makes normal land-
ings in the same cross-wind again attempting to hold straight
greund paths. Any instrument records should be continuous during
the whole landing from a time when the airplane is approximately

20 ft. off the ground until the airplanre stope.

L. Reduction of Data

Flipht test curves are not essential for this tast. The
pllot can rapldly determine if the airplane will meat this require-
ment. If the airplane is marginal in this respect, then instrumented
flicht tests will be necessary. Plots of rudder angle, rudder force,
elevator angle, sideslip angle, and calibrated airspesed are then
plotted versus time. Typical time histories cf a landing and take-

off are shown in Figures 31 and 32,
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H.  MISCELLANFOUS KEQUIREMENTS

1. Discussion and Configurations

There are several requirements for satisfactory flying
qualities that can be investigated hy the pilot without the
necessity for making.special instrumented flight tests. These
requirements are as follows:

a. The diractional (rudder) and lateral (aileron)
control shall give sufficient control to trim
the airplane in steady flight with the wings
level in all configurations, at all permissible
speeds.

be The rudder and aileror trimming devices shall
maintain a given settirg indefinitely.

ce The lateral trimming device shall be capable of
rimming out the aileron control force, with the
airplane in its most severe design asymmetric

loading when in the cruising configuration.

2. Pilot Technique

a. Data for demonstrating compliance with requirement
{a) above can be obtained from the records taken
while performing the tests for static longitudinal

stability. This requirement on directional and

lateral control is nearly always easily met and does




not warrant a complets inetrumented inveetigation
unless the pilot finds that during the longitud-
inal rune mentioned above, he finds hinself running
out of rudder or ailsron.

b. Any creep of the rudder or alleron trim tabe can be
noted by the pilot during the running of the rest
of the teet progran.

c. The teet for requirement (c) above is to be made by
loading the airplane in a condition that gives it
the most extrame lateral asymmetry. The taet pilot
should place the airplane in the crulsing configura=-
tion and then attempt to trim the airplane laterally
throughout the speed range required for the cruising

configuration.

3, Reduction of Data

No epecial flight test records are to bs taken for these
teets unless a critical condition is found during the tests as
given abovae. A statement should be included in the flight test re-
port stating whether theee requiremants have been met on the particu-

lar airplane under test.
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It is also required that it shall be possible to prevent com-
plete stall by normal use of the controls immediatelv after a
stall warning occurs. Finally, it is required tha® no severe
roll-offs occur in the straight flisht stalls nor that excessive

altitude be lost in recovarins from *he complete stall.

2. Configurations

Straisht Flipght Stalls Stalls out of Turns
(&) Approach (A) Approach
(CR) Cruise (CR) Cruise
(L) Landing (L) landing
(P) Powar on Clean (P) Power-on Clean
(D) Dive
(G) Glide

(PA) Pouwer Approach

3« Pilot Technique

The pilot, in straight flizht stalls, chall trinm
the airplane in the proper configuration at the given trim speed,
With the photo-observer rumming continuously, the airplane's

spead should be reduced as slowly as possible (rate not to exceed

1/2 mph per second), the wings baing held level by the use of the
appropriate control. The speed should be reduced until) the com-
pleta stall is obtained. Complete stall for straight flight is
defined as that flight condition in which the airplane bescores

longitudinally uncontrollable as evidencerd by an abrupt downward

pitch of the nose, or laterally uncontrollahle as svidesnced hy an




abrupt downward pitch of the nose, or laterally unccntrollable
as avidenced by an abrupt fropping of the wing.

After all the wings-level stalls are made, the stalls
from turns should be investigated. In thia teat the airplane is
trimmed in the propar configuration ai the given trim speed.
Holding this speed, the airplane is to be placed in an accelera-
ted turn which is slowly tightened until a ccmplete stall is
obtained. In a turn, the stallinz speed is that at which the
normal aceelsration decreases abruptly, or the airplans becomes

laterally uncontrollable, usually resulting in a snap roll.

L. Data Reduction
e S —————
The data should he presented in the form of time

histories of control forcss and/ordsflectians,rolling and pitching
velocities, angle of sideslip, normal acceleration, and indicatec
airspeed. Typical.time histories of a stall in straight flight

and a stall out of turns are shown in Figures 33 and 3L.
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APPENDIX 1

INSTRUNENTATION

All of the flight tests described in the body of this
report require the measurements of control surface angles, con-
trol forces, velocity, altitude, accelerations, atc., either as
functions of time during certain mareuvers or as an instantaneous
picture of a steg?y state cgndition of the airplane. It is just
as essential that this instrumentation be installed properly and
of sufficient accuracy as it is for the pilot to perform the
correct maneuver. For this reason considerable care should be
taken prior to any of these flight tests to insure that the air-
plane is equipped with the proper instruments for the test and
that they have been properly calibrated.

There are several systems in use at the present time
for measuring and recording the airplane functions mentioned
above. These will be briefly discussed and their advantages and
disadvantages described.

The first of these systems to be discussed is the one
in the greatest usa by the various flight-test organizations at
the present time and is also the method used by the USAAF at
Wright Field. This method requires the installation of an illum-
inated instrument panel in the body of the airplane which contains
the indicating dials. These dials are photographed by means of a
moving picture camera that can be set to run at different camera

speeds depending on the type of test to be madc. The camera is

operated by a switch located in the pilot's cockpit. To reduce




the data obtained by this recording system, it is necessary to
read the instruments frame by frame and the results obtained

by recourse to the instrument calibration curves and plotted up as
required by the particular test.

A second method of recording is used by the National
Advisory Committee for Aeronautics. This method requires the
separate recording on continuous f£ilm of each separate function,
all synchronized by a mster timer. The results are therefore ob-
tained as continuous records on many film strips which can be re-
duced by means of the calibration curves and plotted as required.

A third method is to design instruments to give electri-
cal outputs which can be recorded on a multichannel opeillation
with a timing channel. The results then all appear on one wide
strip of film or sensitized paper, which can then be reduced in the
standard way, employing calibration curves.

It is not important which of these systems is used as
long as the proper instrument dynamics and accuracies are obtained.

The necessary instruments and their required accuracies are
1isted below in Table I, together with the type of instrument used

by the USAAF at Wright Field.

TABLE I
Measured Quantity Type Inst. Required Accuracy
Elevator angle Geared up D.C. selsyn * ,10°
Elevator tab angle " £ .10°
Rudder angle ) + .50°
Aileron angle L) t .5°
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Msasured Quantity

Sideslip angle

Elevator stick or
wheel force

Adleron stick or
wheel force

Rudder pedal force
Rate of roll

Normal acceleration
Angle of bank
Indicated airspeed
Altitude

Tinme

Rate of ‘pitch

Iype Inat.
Yaw vane

Force indicator

Force indicator

Angular velocity
indicator

Accelerometsr
Gyro-horizon
Airspeed indicator
Sensitive altimeter
Stop watch

Angular velocity
indicator
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% ,5°

$ 1/2 1v.

i+

1 1b.

t 2 1b.

% 1° per sec.

t 5g
«5°
% .5 mph
4+ 100 ft.

I+

2 .01 sec.

1

1° per sec.




APPENDIX 2

DATA REDUCTION

The following table may be used as an aid in reducing

the recorded data:

1.
2.
3.
L.
5.

6.
7.
8.
9.

Altimeter reading, ft.
Instrument correction, ft.
Speed correction, ft.
Pressure altitude, ft.

Observed air temperature,
°c

Instrument correction, °C
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