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ABSTRACT

Lateral-directional handling qualities for Class IV airplanes in Flight
Phase Category A were investigated in the USAF /CAL variable stability
NT-33A airplane. The primary purpose was to extend the data base for roll-
sideslip coupling requirements specified by MIL-F-8785B(ASG) for this Class
of airplanes. Other purposes included evaluation of the minimum Dutch roll
frequency and damping requirements of MIL-F-8785B(ASG) for Class IV air-
planes in Flight Phase Category A and an investigation of the applicability of
MIL-F-83300 roll-sideslip requirements to airplanes in high speed flight
conditions. Maneuvering tasks representative of the fighter mission and a
precision bank angle tracking task were performed for evaluation, Eval-
uations were conducted at three Dutch roll frequencies, three roll-to-
sideslip ratios and at values of Dutch roll damping on either side of the MIL-
F-8785B(AS5G) boundary. Satisfactory flying qualities were not obtained for
any of the low Dutch roll frequency {wy = 1.0 rad/sec) configurations inves-
tigated in this experiment. The Dutch roll damping requirements were found
to be adequate, especially when the additional increment of damping as a
function of Dutch roll frequency and roll-to-sideslip ratio is added. The roll-
sideslip coupling requirements in terms of sideslip excursions were found
to be conservative, especially at low to moderate values of roll-to-sideslip
ratio. For the configurations evaluated, roll rate oscillations were quite
small, even when sideslip excursions exceeded the specified limits, therefore
the validity of the roll rate oscillations criteria boundaries was not sufficiently
evaluated. The roll-sideslip coupling requirements of MIL-F-83300 were
found to be generally not applicable to Class IV airplanes in Flight Phase
Category A and high speed flight. Volume I of this report contains the body
of the text; Volume II contains the appendices.
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SECTION I
INTRODUCTION

The primary mission phase of flight for fighter and attack airplanes
includes precision tasks such as the firing of air-to-air missiles and the
firing of guns at enemy aircraft and ground targets. To successfully accom-
plish these tasks, the pilot must have the capability to fly his aircraft on a
precise flight path and to precisely track an evasively maneuvering target
aircraft., During these very demanding operations, the handling qualities of
the fighter or attack airplane can directly contribute to or detract from suc-
cessful mission accomplishment., The military specification for the flying
qualities of piloted airplanes, MIL-F-8785B(ASG), Reference 1, attempts
to provide the necessary degree of flying qualities by placing requirements
on flying qualities parameters or, as in the case of roll-sideslip ¢oupling,
placing limits on unwanted responses.

During the recent revision of MIL-F-8785B(ASG) it was found neces-
sary to base the requirements for roll-sideslip coupling of fighter and attack
airplanes in their primary mission flight phase, that is,Class IV airplanes
in Flight Phase Category A, almost completely on the results of one in-
flight investigation, Reference 2. Also, little data were available from
which to determine minimum values for Dutch roll frequency.

Therefore, an in-flight investigation to extend the data base for the
roll-sideslip coupling requirements specified by MIL-F-8785B{ASG) has
been conducted in the USAF /CAL variable stability NT-33A airp:ane. The
data obtained apply only to the requirements of Class IV airplanes in Flight
Phase Category A. The investigation also included the acquisition of data
to evaluate the minimum Dutch roll frequency requirements of MIL-F-
8785B(ASG) and to briefly investigate the adequacy of the minimum specified
Dutch roll damping. The applicability of MIL-F-83300 roll-sideslip require-
ments to airplanes in high speed flight conditions was investigated as part
of the overall program objective.

The parameters varied in this program were: the Dutch roll fre-
quency, the Dutch roll damping and the roll-to-sideslip ratio in the Dutch
roll, The roll mode and spiral mode time constants were held essentially
constant throughout the investigation at values which would not degrade the
pilot rating of an evaluation configuration. The amounts of aileron and rudder
control inputs that must be used by the pllOt are largely determined by the
aileron and rudder control sensitivitiesZ%, and N;zprespectlvely Desirable
values of the control motion sensitivities have been shown, Reference 2, to be
functions of the lateral-directional dynamics present in the system. The eval-
uation pilot was required to select for each evaluation the aileron and rudder
control sensitivities at values that he considered as desirable in order to
minimize the detrimental effect of these meortant parameters on the overall
pilot rating. The aileron yaw parameter, N;“ /L S4s + was varied in order to
effect changes in the bank angle to aileron input transfer function zero location
in the s plane so that different degrees of rell-sideslip coupling could be eval~
uated for a given set of characteri stic lateral-directional parameters,
Longitudinal characteristics were held constant so that the evaluations of



lateral-directional dynamics would not be influenced by varying longitudinal
handling qualities.

The flight investigation was accomplished by having the evaluation
pilot perform maneuvers representative of the fighter task. The evaluation
maneuvers included a precision bank angle tracking task where the pilot was
required to follow programmed bank angle commands, Part of each eval-

uation was performed in the presence of random disturbance inputs to the
NT-33A airplane in order to assess the effects of turbulence on the pilot's
ability to perform the task.

An overall pilot rating was obtained at the end of each evaluation
which included the effects of the random disturbance inputs. A separate tur-
bulence effect rating was also assigned at the completion of each evaluation.



SECTION I1

FOUNDATIONS

2,1 BACKGROUND

The recently revised military specification of flying qualities of
piloted airplanes, MIL-F-8785B{ASG), Reference 1, places requirements on
both lateral-directional modal characteristics, and lateral-directional dy-
namic response characteristics as well as other lateral-directional con-
siderations. Generally, requirements are stated in terms of response char-
acteristics that are wanted; however, lateral-directional dynamic response
requirements are based on limiting unwanted responses. An obvious and
determined effort was made to specify the requirements in terms of param-
eters which could be relatively easily measured from flight data; that is,
from time histories of airplane responses obtained using simple inputs such
as rudder doublets and aileron steps. Hence there was the intent to specify
parameters which could be used to assure compliance with lateral-
directional requirements without having to resort to difficult analysis tech-
niques.

In order to make the requirements of Reference 1 applicable to all
airplanes, it was necessary to tailor them to the kind of airplane, the job
to be accomplished and how well it must be accomplished, or more directly
Class, Flight Phase Category and Level., The investigation reported herein
is concerned only with Class IV airplanes in Flight Phase Category A. Class
IV airplanes are defined as high maneuverability airplanes such as Fighter/
Interceptor or Attack. Flight Phase Category A is a nonterminal Flight
Phase that requires rapid maneuvering, precision tracking or precise flight
path control,

Three Levels of flying qualities are defined and are stated in terms
of three different values of the stability and control parameter being spec-
ified. Each value is a minimum condition to meet that level of acceptability,
Level 1, for example, defines flying qualities which are clearly adequate for
the mission Flight Phase. Level 2 flying qualities are adequate to accom-
plish the mission Flight Phase with some increase in pilot workload or
degradation in mission effectiveness or both. Level 3 flying qualities are
such that the airplane can be controlied safely, but pilot workload is exces-
sive or mission effectiveness is inadequate, or both. Complete definitions
of Class, Flight Phase Category and Level are presented in Reference 1.

In the development of roll-sideslip coupling requirements of Refer-
ence 1, it was found necessary to base these requirements for Class IV air-
planes in Flight Phase Category A almost completely on the results of one
in-ilight investigation, Reference 2. Since the publication of the revised
military specification on flying qualities, no additional data have been gern-
erated to substantiate these requirements.

It is interesting to note that the study of Reference 2 did not meet
Level 1 requirements for the Dutch roll damping specified in paragraph



3.3.1.1 of MIL-F-8785B{ASG); however, satisfactory pilot ratings were ob-
tained. This may indicate that the Dutch roll damping ratio required, %7 =
0.19, could be somewhat relaxed provided other requirements were met.

This may, however, depend on the establishment of a turbulence requirement.

Reference 3 states that little experimental data could be obtained to
determine the minimum values of Dutch roll natural frequency, « , and
therefore the requirements were selected on the basis of characteristics of
existing airplanes; hence, some investigation of the adequacy of this re-
quirement would seem desirable.

Subsequent to the publication of MIL-F -8785B(ASG), a military
specification for flying qualities of V/STOL aircraft was published, MIL-F -
83300, Reference 4. This specification defines lateral-directional require-
ments boundaries in terms of different parameters or different combinations
of parameters from those used in Reference 1. The application of MIL-F -
83300 roll-sideslip coupling requirements to piloted airplanes other than
V/STOL may provide further guidance toward the specification of roll-sideslip
coupling parameters and the necessary test inputs required to determine
specification compliance.

2,1.1 Purpose

The primary purpose of this program was to extend the data base
for roll-sideslip coupling requirements specified by MIL-F-8785B(ASG) for
Class IV airplanes in Flight Phase Category A. The acquisition of new
experimental data to extend the understanding of this particular area of
flying qualities is pertinent to the development of advanced vehicles and will
serve to aid in refining the requirements boundaries of MIL-F -8785B(ASG).
Other objectives of the program included: an evaluation of the minimum
Dutch roll frequency and damping requirements of MIL-F-8785B(ASG) as
they apply to Class IV airplanes in Flight Phase Category A, and the inves-
tigation of the applicability of MIL-F-83300 requirements to airplanes in high
speed flight conditions.

2.1, 2 Scope of the Investigation

Any investigation of lateral-directional dynamics must necessarily
be limited in the number of parameters that can be varied and the number of
variations that can be made. Therefore, it was necessary to select those
parameters which were considered most important to the concepts being
evaluated, It was likewise important to hold other parameters at constant
values for which there was confidence that the evaluations would not be
degraded. After analysis of available applicable data and a review of the
rationale of Reference 3, the parameters discussed below were determined
to be the most significant to the objectives of this program.



2.1.2.1 Dutch Roll Mode

The Dutch roll mode is not deliberately used by the pilot in normal
maneuvering of the airplane but it strongly affects the control techniques that
the pilot will employ and, under certain circumstances, it can seriously
interfere with precision of control of the flight path. The Dutch roll may be
excited whenever yawing moments, rolling moments or side forces are
applied to the airplane. The resulting motion generally manifests itself as
a coupled oscillation in sideslip and roll rate which may persist if the Dutch
roll damping ratio is low. If the airplane has yaw due to aileron deflection,

Néd » sideslip is developed with an aileron input and Dutch roll oscillations
may be excited every time the pilot attempts aileron inputs for roll control,
unless the yawing moments are perfectly countered with coordinated use of
the rudder. Yaw due to roll rate, NMp , will also excite the Dutch roll as
the roll rate develops. It is the purpose of paragraph 3.3.2 of MIL-F-
8785B(ASG) to place limits on these unwanted responses through the specifi-
cation of maximum sideslip excursion, 86msx , to an aileron step input
and the specification of maximum allowable roll rate oscillations as mea-
sured by the parameter g, /£,

Dutch roll frequency affects the pilot's ability to control heading.
It can be shown that the amount of sideslip caused by yawing moments is
inversely proportional to the square of the Dutch roll frequency, a)dz .
Hence, as @), is reduced, it becomes more difficult for the pilot to keep the
airplane pointed in the direction that the airplane is actually going.

If the areas of Level | roll-sideslip requirements are mapped on
an s plane plot in terms of the numerator zeros of the p(s) /a‘a_ (s) transier
function, it can be seen that the area of satisfactory flying qualities varies
with Dutch roll frequency, being larger at high &) and smaller at low ay .
Figure 1, extracted irom Reference 3, illustrates the effects of changes in
the Dutch roll mode on acceptable areas for p(s) /Sa (s) transfer function
zero locations. Hence, to evaluate roll-sideslip coupling phenomena it was
necessary to evaluate several values of ey . The values selected were based
on the minimum @)y requirements of MIL-F-8785B(ASG) and the character-
istics of current Class IV airplanes.

Values of Dutch roll damping ratio, % ,also affect the Level 1
area in an s plane plot as shown in Figure 1, Evaluation values of 3, were
selected so as to bracket the specified boundary of MIL-F-8785B(ASG).
Testing both sides of the boundary should serve to confirm or refute the

requirement, and aid in assessing the Level 1 s plane area, at least in the
vertical direction.

2.1.2.2 Roll-to-Sideslip Ratio

The roll-to-sideslip ratio, [8/8/y , strongly affects the manifesta-
tion of roll-sideslip coupling and the pilot technique used for bank angle and
sideslip control. For very low values of [@/& [, , little rolling motion



@y = 2 RAD/SEC _ @y = 2 RAD/SEC .
¥4 = 0.1 1@ %) = 025 j@
Te = 05 SEC Te = 0.5SEC ’
T = oo 130 Ty = oo 30

LEVEL 2
LEVEL 2

LEVEL 20 -1 §2.0
1
—-11.0 / 1.0

L ¥ 0 »* A ¥ 0
2.0 .0 , -2.0 0
- 4.0 4.0
@ =
@, = 1.0 RAD/SEC j@ Zd 3 RAD/SEC ) EvEL 2 j@
%4 = 01 o - 0.1
Te = 0.6 SEC -1 3.0 4 = 05 SEC 3.0
Z, = w 7, = o
d2o A
LEVEL 2
LEVEL 1 1.0 1.0
XN . »* 0 W 1 % 0
-2,0 1.0 s -2.0 10 &

Figure 1 Areas of Gb(s)/é:qs {s) Transfer Function Zeroc Locations for Flight
Phase Categories A and C (Reference 3)



occurs as a result of sideslip disturbance; that is, the Dutch roll oscillation
will occur mostly in sideslip and the pilot will tend to use little or no aileron
inputs to counter the Dutch roll. He will have to use rudder inputs to sup-
press the Dutch roll once disturbed., At high values of /#/4/s the Dutch roll
will appear more as a coupled sideslip and roll rate, or bank angle, oscil-
lation and the pilot will use aileron inputs and attempt to coordinate rudder
inputs to prevent or control the Dutch roll. The pilot may in this case find
it difficult to precisely control roll rate or acquire a given bank angle. For
very large values of /#/81; the airplane may become very sensitive to tur-
bulence disturbances and very sensitive in roll to rudder pedal inputs causing
it to never be considered as a satisfactory airplane. Three values of |#/3]y
were selected for evaluation; the lowest value, however, was limited to only
one Dutch roll frequency and damping ratio. The specific values selected
were based on the roll-sideslip coupling considerations discussed above and
on values found to be applicable to current Class IV airplanes.

2.1.2.3 Lateral-Directional Parameters Held Constant

The roll mode is the lateral-directional mode most closely asso-
ciated with intentional rolling maneuvers. It is usually a short term response
and strongly influences the pilot's control of bank angle. The defining factor
of the roll mode is the time constant Zg . Typical variations in this param-
eter for Class IV airplanes are presented in Reference 6. For this experi-
ment a representative value of 7, was selected and maintained through the
investigation. Reference 2 examined several values of 2, , however,the
basic value was % = 0.4 seconds, MIL-F-8785B(ASG} requires Zp £ 1,0
seconds for Level 1 flying qualities for Class IV airplanes in Flight Phase
Category A. Examination of data used as background for roll mode require-
ments indicates relatively little influence on pilot rating for values of 7,
between 0.3 and 1.0 seconds. Therefore the value selected for this experi-
ment was the basic value used in Reference 2, Z; =0.4 seconds.

The spiral mode is usually a long term response with little effect
during a continuous closed-loop tracking task. For the purposes of this
experiment the spiral root was held essentially at the origin of the s plane
resulting in a practically neutral spiral mode.

2.1.2.4 Control Sensitivities

Aileron and rudder control sensitivities, b’gﬁ,s and N‘;ep respec-
tively, largely determine the amounts of aileron and rudder control inputs
that must be used. Reference 2 shows that desirable values of control
motion sensitivity parameters are functions of the lateral-directional dy-
namics present in the system. To minimize the effect of control motion
gradients on the evaluation of the given airplane dynamics, and to provide
additional data on the selection of these parameters in this experiment as
in the study of Reference 2, the evaluation pilot was required to select both
the aileron and rudder sensitivities for each evaluation.



2.2 MIL-F-8785B(ASG) LATERAL-DIRECTIONAL REQUIREMENTS

The MIL-F-8785B(ASG) requirements on lateral-directional modal
characteristics are presented in terms of familiar parameters such as Dutch
roll frequency, Dutch roll damping, roll mode time constant and spiral sta-
bility., These requirements are stated (Reference 1) so as to assure suitable
responses to control inputs for various levels of acceptability.

Lateral-directional roll-sideslip coupling requirements, however,
are presented in terms of possibly unfamiliar parameters and place limits
on unwanted responses resulting from control inputs, The parameters used
to specify roll-sideslip coupling requirements include, but are not neces-
sarily limited to, Poce/Fay » Pose/Pav> 08 » Ys ,» and k . These
parameters are defined in the list of symbols of this report as well as in
References 1 and 3.

Roll rate oscillation limitations, fssc /#ar , and sideslip excursion
limitations, A#4,,,, /& , for small aileron step inputs are specified in terms

of requirements boundaries on plots of @, .. /p,, versus 1,06 and A/gm)‘,/é
versus 1%%? .

The plots from Reference 1 are reproduced below for the conve-
nience of the reader.
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¢0m/¢ﬂy versus ‘(45 for an aileron pulse input may be used in
lieu of #,,. /pas, versus Y, for an aileron step input. The parameter ’(/f,
is a measure of the lag between the control input and the sideslip response,
but more important, it is a measure of the difficulty of coordination. The
two scales for '% on Figure 2 are intended to account for positive effective
dihedral effect ( ¢ leads @ by 45° to 225°) and negative effective dihedral
(p leads @ by 225° through 360° to 45°).

It is not the intent here to carefully review the development of
these parameters and requirements, but merely to afford the reader some
familiarity., A complete analysis of the rationale and background is con-
tained in Reference 3.

2,3 MIL-F-83300 ROLL-SIDESLIP COUPLING

MIL-F -83300 specifies limits on bank angle oscillations, 65,,50/4?5”,
as a function of ¥4 for an aileron pulse input, a requirement very similar
to that presented in Reference 1. Sideslip excursion limitations, however,
are presented in terms of [A8/®,| versus Wﬂ and [AB/8, 1x |6/6]l4 versus ‘(@;
where the applicable control input is an aileron pulse. @, is the magnitude
of the bank angle at the first peak of the bank angle time history and A48 is
the maximum change in sideslip within a specified time as shown in the List
of Symbols of this report. {J4 retains the definition of Reference 1. The
requirement boundaries for sideslip excursion limitations from Reference 4
are reproduced below as Figures 4 and 5.
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SECTION III

DESCRIPTION OF EXPERIMENT

3.1 TEST PROGRAM

In order to develop a test program representative of Class IV air-
planes in Flight Phase Category A, the lateral-directional characteristics
of current Class IV airplanes were reviewed. The range of modal param-
eters selected was based on both the characteristics of current airplanes
and the need to extend the data base on MIL-F-8785B(ASG) roll-sideslip
coupling parameters. It was also desirable to obtain data to confirm or
refute the MIL-F -8785B(ASG) basic Dutch roll requirements by testing the

minimum Dutch roll frequency and damping requirements in a representative
fighter task.

Based on the above considerations, a matrix of basic evaluation
configurations was developed as shown in Table I. It should be pointed out
that the values of the modal parameters shown in Table I were target values
and were not the exact values realized during the evaluations; however, they

do represent nominal values. Each configuration is completely defined in
Appendix IV,

TABLE I

BASIC EVALUATION CONFIGURATIONS

@y 1.0 rad/sec 2.5 rad/sec 4.5 rad/sec
% 0.25 | 0.50 0.10 |0. 25 . 0.10 ] o0.25
IQ/(g;d % .5 1
ES He
(@/plg »1.5 2 3 4" {5, 5A 6 7
5B, 5ND
Bzl 4 5.0 8 9 10°| 11, 114, 12 | 13
11B %

Numbers in each box are identification number for configurations evaluated.

* Configurations 4 and 10 were not included in the evaluations since these con-
figurations were evaluated in the study of Reference 2.

#**% 5A, 5B, 11A and 11B represent configurations with the same Dutch roll
root as the basic configurations 5 and 11 respectively, but with different
values of the derivative N, . S5ND represents a configuration with essen-
tially the Dutch roll root of the basic configuration 5 but with negative
effective dihedral.
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The eleven basic evaluation configurations represent five Dutch roll
pole locations as shown on the s plane plot, Figure 6, and three values of the
response ratio [ ®/43 lg- Each of the basic configurations was evaluated with at
least five different locations of the zero of the bank angle to aileron input,

@(s)/8s(s) » transfer function. Changes in the zero location of the @(s)/Gs(5)
transfer function were effected by varying the aileron yaw parameter, Nés/b%-qs
while holding all other parameters constant. Two of the medium frequency
configurations, 5 and 11, were also evaluated at two additional values of the
derivative Ny and one configuration was evaluated with negative effective
dihedral. These configurations were identified as 5A, 5B, 5ND, 1l1A and
11B and were evaluated with at least three different locations of the zero in
the bank-angle to aileron-input transfer function, @(s) /8,s (57 .
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Values of Ns,,s//-:'gls to be evaluated were determined from
computer-generated time history data compared to the ©,.. /Py versus l//e
or Afuw/k versus 14, requirement boundaries given in Reference 1.

N’gﬂs /L5,s was selected such that the requirement boundaries could be pro-

perly tested. As a result the same values of Ngns/bg—/,s were not necessarily
evaluated for each configuration.

3.2 EQUIPMENT

Evaluations were conducted in the USAF /CAL three-axis variable
stability NT-33A airplane, Figure 7, modified and operated by CAL for the
AFFDL, Air Force Systems Command. A complete description of the
NT-33A airplane is contained in Reference 7.

Figure 7 USAF/CAL Variable Stability NT-33A

In the NT-33A variable stability airplane, the system operator
(who was also the safety pilot in the rear cockpit) altered the handling qual-
ities about all three axes by varying the settings of the response-feedback
gain controls. The evaluation pilot in the forward cockpit was unaware of
the control surface motions resulting from the variable stability system
signals since his controls moved only as a result of his own inputs. The
front cockpit was equipped with a stick controller which is representative of

Class IV or fighter type airplanes, The instrument layout of the evaluation
cockpit is shown in Figure 8.
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Figure 8 Evaluation Cockpit in Variable Stability NT-33A

3.2.1 Control System Characteristics

Control feel to the stick and rudder pedals was provided by elec-
trically controlled hydraulic feel servos which provide opposing forces pro-
portional to the control stick or rudder pedal deflections. The feel system
is, in effect, a simple linear spring feel system. The dynamics of the feel
systems for the aileron, rudder and elevator were held constant throughout
the experiment at the values shown below:

W = 25 rad/sec
Zes = 0.70

Control system force gradients were maintained at the following values:
Feo/5cs = 22 1b/in.
Fps/gﬂs

Fep/5ep

Maximum aileron stick deflection was % 5.5 inches at the grip. Elevator
stick deflection was limited to 4.5 inches forward of neutral and 5. 25 inches

4.0 1b/in.

120 1b/in.
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aft. Preload types of breakout forces were provided and set at constant
values of 1.5 lb for the elevator and 1.0 1lb for the ailerons. Rudder break-
out force was zero, however, the rudder pedals exhibited positive centering
because the feel system provided an opposing force proportional to the rud-
der pedal deflection from center. Control friction, or hysteresis, forces
were set at essentially zero for all three controls.

The control sensitivities of the aileron stick, L3, , and of the
rudder pedals, N,’;BP » were selected by the pilot during each evaluation at
the values he considered suitable for that particular evaluation. This pro-
cedure was chosen so that pilot rating would not be degraded because of con-
trol sensitivity. The values so selected are presented in Section IV since
they represent part of the data obtained from the experiment.

3.2.2 Loniitudinal Characteristics

Since the purpose of the experiment was to investigate lateral-
directional dynamics and roll-sideslip coupling, the longitudinal dynamics
were held constant throughout the program at sufficiently good values so as
to cause no degradation of pilot ratings. The longitudinal dynamics were as
follows:

s = 6,0 rad/sec g’sp = 0. 85
7/ = 18.5 g/rad /75, =1.07
F—Es/g = 6'5 lb/g VL‘T(JC = 556 ft;"'sec

The phugoid frequency and damping ratio, Wy and Zp respectively, were
essentially those of the T-33 airplane which has a phugoid period of TP # 65,0
seconds and a damping ratio of the order of 510 = 0,05.

3.2.3 Random Disturbance Inputs

In both the air-to-air and air-to-ground fighter tasks, the turbulence
encountered has a bearing on the ability of the pilot-airplane system to ac-
complish the mission. The NT-33A does not have the capability to vary the
lift response to gust-induced angle of attack changes, therefore the indepen-
dent heaving motion normally associated with vertical gusts cannot be
simulated. The lateral-directional responses to gusts, however, can be
more realistically simulated in still air since they primarily affect the angu-
lar accelerations of the airplane. Though not an exact simulation of turbu-
lence, random noise sources were used to provide disturbances to the air-
plane during the evaluations by driving the NT-33A control surface actuators
with filtered random Gaussian white noise signals. The filter character-
istics are shown in Appendix II,
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Four independent random noise sources were used in the system.
Three of the noise generators provided uncorrelated signals to the ailerons,
rudder and elevator servo actuators. Signals from a fourth noise source
were passed through a level sensing circuit which switched out all noise sig-
nals to the surface actuators when the signal from source No. 1 as shown in
Figure 9 dropped below a predetermined level. In this way it was possible
to simulate the "patchiness" of real turbulence. The amplitudes of the dis-
turbance signals were selected at levels determined to be representative of
turbulence of moderate intensity for Configuration 2 which had a Dutch roll
frequency, wy » 1.0 radian per second, and a roll-to-sideslip ratio, @/8l4 =
1.5. The signals to the rudder and ailerons were varied from those selected
values in proportion to the Dutch roll frequency and the roll-to-sideslip ratio
respectively. For example, for a configuration with &y # 2.5 radians per
second and [@/8]; # 5.0, the random disturbance gains to the rudder were
increased by a factor of 2.5 and the gains to the ailerons were increased by a
factor of 3.3 times those gains selected for Configuration 2. This, in effect,
scaled the random noise signals making them compatible with the lateral-
directional modal parameters being simulated.

A sample time history of aileron, rudder and elevator random dis-
turbance inputs is shown in Appendix II.

3.3 EVALUATIONS

3.3.1 Mission Definition and Evaluation Tasks

The general fighter mission comprises a large variety of specific
tasks including:

I. the delivery of air-to-air weapons for the destruction
of enemy aircraft,

2. the delivery of air-to-ground weapons, and

3. the associated tasks such as formation flying,
aerial refueling, and flight in instrument weather
conditions.

It was not feasible to perform tasks of the variety and magnitude indicated
above in one in-flight investigation. A set of evaluation maneuvers was
chosen, therefore, which was representative of the maneuvering require-
ments in the fighter mission. Specifically, the tasks included up-and-away
maneuvering requirements of the fighter mission in visual flight with a
brief look at ground attack tracking. Table Il is a list of the evaluation
maneuvers in the sequence in which they were performed.
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TABLE 1I
EVALUATION MANEUVERS

(1) Familiarization with the configuration and selection of
control sensitivities.

(2) Small maneuvers about level flight { @ » 10°) with particular
emphasis on the ability to maintain precise bank angles and
to re-establish level flight on a desired heading.

(3) Precision maneuvering during 30 and 60 degree bank turns
with particular emphasis on the ability to acquire and main-
tain precise bank angles and the ability to re-establish
level flight on a desired heading or track.

(4) Rapid maneuvering with large bank angle changes with par-
ticular emphasis on the ability to acquire a given bank angle
with bank angle changes of 30 to 120 degrees with »
ranging up to + 4 g, and ability to return to level flight on
a specific track.

{5) Bank angle command tracking task, using bank angle

steering information programmed on the vertical command
needle of the NT-33A Lear remote attitude director indicator.

(6) Ground attack (pullup, wingover, track, pullup). During

this maneuver the evaluation pilot shall track a pre-selected
ground target using a fixed reference on the NT-33A or a sim-
ulated reticle on the windscreen.

{(7) Maneuver the airplane with random disturbance inputs in
order to assess the effects of disturbance inputs on the
handling qualities.

The bank angle tracking task, item (5) above, required the evalua-
tion pilot to follow a bank angle command needle. This task is representa-
tive, in bank angle tracking, of the air-to-air intercept tracking task where
radar steering information is normally displayed to the pilot, In this experi-
ment, the center instrument in the layout shown in Figure 8 {a Lear remote
attitude director indicator) was programmed so that the vertical command
bar (which normally displayed sideslip angle) displayed bank angle command
tracking error during the tracking task - that is, the error between the com-
manded bank angle and the airplane bank angle. When the airplane bank
angle matched the commanded bank angle, the command bar was centered.
The programmed signal commanded various bank angles of up to = 60 degrees,
The changing bank angle commands were presented to the pilot as step inputs
passed through a first-order, one-radian-per-second filter. The pilot was
thus required to maneuver rapidly and precisely in order toc minimize the
error. The duration of the task was controlled by the evaluation pilot, but
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the programmed signals were repeated every 3.3 minutes. The repetition
period was long enough to prevent the pilot from anticipating the direction,
magnitude or rapidity of the commands. Figure 10 shows one period of the
bank angle step commands,
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Figure 10 Bank Angle Command Tracking Task

3.3.2 Evaluation Procedure

Three configurations were evaluated on each flight, After leveling
the airplane at the nominal evaluation flight condition of 17, 000 feet MSL and
250 knots, the safety pilot would set the variable stability gains for the first
evaluation. The evaluation pilot would then complete his evaluation. While
the evaluation pilot tape recorded his comments and ratings, the safety pilot
prepared the airplane for the next evaluation. This sequence was followed
until the three evaluations were completed. A total of 84 evaluations were
completed during the experiment.

3.3.3 Evaluation Pilot

The program was accomplished with one evaluation pilot. Of the 84
evaluations he performed, 9 were repeat evaluations. A summary of his
flight experience is presented below;
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CAL research pilot with over 3000 hours of
diversified flying time including 2200 hours in fighter
type aircraft. He has extensive experience as an
evaluation pilot in handling qualities experiments
employing variable stability airplanes, and has pre-
viously served as evaluation pilot in five in-flight
investigations of handling qualities of fighter aircraft
and several investigations of aircraft other than
fighters,

3.3.4 Pilot Comment and Rating Data

Pilot comments and ratings were the primary data source. The pilot
rating can only be properly interpreted and objections properly assessed if
good comments are obtained. Pilot comments were encouraged at any time
that the pilot felt it appropriate during the evaluation. For data consistency,
it was required that the pilot comment on the items listed in Table III either
during or at the completion of each evaluation. An overall pilot rating was
assigned by the pilot to each configuration in accordance with the Cooper-
Harper rating scale established and described in Reference 8 and shown in
Figure 11. The pilot rating assigned by the evaluation pilot to each con-
figuration included the effects that random noise disturbances may have had
on the overall handling qualities.

In addition, an alphabetical turbulence effect rating was assigned
which was solely an assessment of the effects on the handling qualities of
random noise disturbances. These ratings were established in accordance
with the turbulence effect rating scale, Figure 12.

3.3.5 Data Acquisition

Both an oscillograph recorder and a digital tape recorder were used
to document the airplane responses to a rudder doublet, an aileron step and
an aileron pulse prior to and immediately after each evaluation., Airplane
responses, pilot control usage, and tracking task error were recorded
during the bank angle tracking task. Pilot comments and ratings were re-
corded in flight on a voice tape recorder for later transcription. As a back-
up, the safety pilot manually recorded the pilot ratings on the flight card
which provided the variable stability gain settings for each configuration.
Control sensitivities, L%5,. and N3,, , that were selected by the eval-
uation pilot were also recorded by the safety pilot.
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TABLE IIl
PILOT COMMENT CARD

Make comments at any time desired.

Comment on initial impressions of the configurations and the
lateral-directional handling qualities in general.

Comment on the following specific items:

1.

Ability to trim
a) lateral-directional
b) longitudinal

Selection of aileron and rudder control sensitivities
a) explain selection

b) compromises

c} forces

d) displacements

e) harmony

Airplane response to pilot inputs (initial-final}
a) aileron without rudder

b) coordinated aileron and rudder inputs

c) oscillatory characteristics

d) maneuvering coordination requirements

Ability to achieve desired bank angle and the ease or
difficulty encountered.

Ability to achieve desired heading and the ease or
difficulty encountered.

Bank angle command task
a) ease of performance
b) problems encountered

Response to disturbance inputs - comment.

Longitudinal handling qualities, do they degrade or interfere
with evaluation of the lateral-directional handling qualities?

How suitable are the airplane's characteristics for the
fighter mission?

a) air-to-air

b) air-to-ground

¢) any special problems

Summary comments,

1,

2
3
4,
5

Good features.

Objectionable features.

Special piloting techniques,

Pilot rating and primary reason for it.

Turbulence rating.
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SECTION IV

DISCUSSION OF RESULTS

4.1 EVALUATION CONFIGURATIONS

Eleven basic configurations were evaluated representing combinations
of five Dutch roll pole locations and three roll-to-sideslip ratios. The eval-
wation matrix is shown in Table I and the Dutch roll pole locations in the s
plane are shown in Figure 6. The eleven basic configurations represented
variations in Dutch roll frequency and damping ratio and the magnitude of the
roll-to-sideslip ratio in the Dutch roll. Each of the basic configurations was
evaluated with at least five values of the aileron yaw parameter N'5,. /L5,s
Further, two of these basic configurations, 5 and 11, were evaluated at two ad-
ditional values each of the yawing moment due to roll rate derivative, Ny
resulting in Configurations 5A, 5B, 11A and 11B. One configuration, 5§D,
was evaluated with negative effective dihedral. These additional configura -
tions were evaluated at a minimum of three values of the aileron yaw param-
eter, N’Jns /l.:'g,,s . For all of the evaluations the spiral root was held essen-
tially at the origin and the roll mode was essentially maintained at Tg #

0.40 sec.

The results are presented in three major subsections corresponding
to the three values of Dutch roll frequency investigated. Since eight con-
figurations had in common the Dutch roll frequency, @y # 2.5 radians per
second, these configurations are further subdivided for discussion into sets
having the same value of roll-to-sideslip ratio, f@/ﬁfd . Following the dis-
cussions of pilot comment data, each set or subset of configurations is com-
pared to the MIL-F -8785B(ASG) lateral-directional requirements. The data
were also compared to MIL-F-83300 roll-sideslip coupling requirements.

It was found that the sideslip excursion requirements of MIL-F-83300 were
not discriminating for the data of this experiment. Therefore, a comparison
with MIL-F -83300 requirements is not discussed in detail in this section, but
is included in the Summary of Results, Section V of this report.

The equations defining the interactions of the stability derivatives in
forming the modal characteristics are presented in Appendix I. The meodal
parameters listed for each configuration are the average values obtained
from calibration records taken before and after each evaluation. The Dutch
roll frequency and damping ratio were measured from the airplane response
to a rudder doublet input. The roll and spiral mode time constants were ob-
tained by analog-matching of the airplane response to an aileron step input
using the technique presented in Reference 9. The short period longitudinal
characteristics were obtained by analog-matching the airplane response to

an elevator step and elevator doublet inputs by the technique explained in
Reference 10.

Transient responses, configuration identification and pilot comments
are presented in Appendix IV. The computer-generated transient responses
were calculated using the modal characteristics obtained for each configura-
tion. Selected transient responses cobtained from actual flight records are
also shown in Appendix IV.
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4,2 CONFIGURATIONS WITH LOW DUTCH ROLL FREQUENCY

Four configurations were evaluated with a Dutch roll frequency near
1.0 radian per second. Configurations 2 and 3 both had the medium value
of roll-to-sideslip ratio, 19/8|4 » evaluated in this experiment but differed
mainly by their values of the Dutch roll damping ratio. The values of %4
were 0.23 and 0.43 respectively. Configurations 8 and 9 both had the high
value of |#/#414 but differed mainly by their values of 3, = 0.25 and %, = 0,47
respectively. The results for each configuration are discussed separately.
Following the discussion of each configuration, the results for the low Dutch
roll frequency configurations are compared to certain MIL-F -8785B(ASG)
lateral-directional requirements.

4,2.1 Results for Low Dutch Roll Frequency, Medium [(¢/8}4
Configurations

The ¢(5)/<S‘“ () transfer function zero locations with respect to the
Dutch roll poles for Configurations 2 and 3 are shown on Figure 13. The
experimental results are shown on Figure 14. A detailed definition of these
configurations is given in Appendix IV where the pilot comment data and
transient responses are also presented.
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4.2.1.1 Configuration 2 - Lower Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 2
were as follows:

@y # 1,20 rad/sec Ty ~ 0,39 sec
%4 % 0.23 Ty 2 200 sec
198lg ~ 1.15 »

This configuration was not rated as satisfactory without improve-
ment at any value of N'Ziﬂs//h.'gﬂs tested. The pilot ratings, Figure 14, show
a rapid degradation with increases in N:;,,s /L's,, in either the adverse or
proverse directions. The best ratings, PR=4.5, were obtained at N5,; /L5,
=-0.02and + 0.01. With small adverse yaw due to aileron (N5,s /4%,s =
- 0.02), the pilot reported the bank angle controllability quite satisfactory
and the roll rate very smooth. Control of sideslip, however, was quite
objectionable and sideslip was easy to excite. Attempts to arrive at and
maintain a desired heading resulted in a nose oscillation about the desired
heading. Rudder coordination was difficult in that as a turn was initiated
there seemed to be little need for coordination but as roll rate developed
the requirement for rudder coordination increased. This resulted from the
adverse yawing moment due to roll rate, /V;, . Sideslip excursions in the
presence of random disturbance inputs were large and difficult to control.

In the most adverse aileron yaw case (N%g;/bggs = -0.06) the pilot
noticed some oscillation in roll rate, but found that he could perform the bank
angle tracking task reasonably well if he approached it in a very nonaggres-
sive manner, His main objections to the airplane characteristics were the
large amount of adverse yaw accompanying an aileron input and the slow
directional response of the airplane, Coordination efforts resulted in over-
control and the pilot had to direct most of his attention to the control of
sideslip. His concentration on control of sideslip detracted from his ability
to perform the overall task, especially the bank angle tracking task. Re-
sponse to disturbance inputs was not very significant and produced much less
sideslip than that caused by aileron inputs,

With small proverse aileron yaw (N5, /Atﬁﬁs = +0.01) the pilot had
difficulties with heading control. The nose would oscillate slowly about the
desired heading requiring rudder reversals for coordination. As yaw due
to aileron was increased in the proverse direction, the pilot reported in-
creased degradation in heading control. The heading control problems re-
sulted largely from sideslip oscillations. Sideslip generated with an aileron
input was in the wrong direction (rose into the turn) for normal coordination
to be of any benefit. The pilot commented that both the proverse sideslip and
the slowness of the oscillation contributed to his coordination difficulties.
Bank angle controllability was reported as good except in the most proverse
aileron yaw case where the pilot attributed bank angle control problems to the
fact that most of his concentration was required to control sideslip. Re-
sponse to random disturbance inputs was not noted as significant,
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The pilot based his selection of aileron control sensitivity on the fact
that the airplane could not be maneuvered rapidly and he selected what he
considered a low value of sensitivity in the most adverse aileron yaw case,
With proverse yaw due to aileron the pilot lowered his aileron control sen-
sitivity from that selected for the adverse cases in order to eliminate over-
control in roll, He also found that he could not fly the airplane aggressively
because of the large sideslip which accompanied aileron inputs. Therefore,
he accepted the heavier aileron control forces {which accompany the lower
control sensitivity) in order to improve bank angle control and to slow the
response of the airplane as an aid to sideslip control.

Rudder control sensitivity selection was a compromise in that the
pilot would have liked lower rudder forces but found that he could easily over-
control the sideslip. Figure 14 indicates that large values of rudder sen-
sitivity were selected where coordination requirements were the most de-
manding: the most adverse and most proverse aileron yaw cases, For
smaller values of aileron yaw, the rudder control sensitivity selected was
significantly lower, but the pilot still reported sideslip control difficulties.

4,.2.1.2 Configuration 3 - Higher Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 3
were as follows:

@y 2 1,18 rad/sec Ze # 0.42 sec
50 2 0.43 Tg # 115 sec
8/8lg = 1.20 '

The best pilot rating obtained was PR = 4.5 with N:';,,s /lf'a',qs = +0.02,
The pilot expressed one dominant objection to the configuration at all values
of N's,s /L's,4s tested: the control of sideslip. He found coordination difficult
and tended to overcontrol directionally. No problems were encountered with
Dutch roll oscillations. The pilot described the sideslip as a "slow sliding
maneuver." The buildup of sideslip during maneuvers was insidious, and
could get to quite large values unless the pilot made a conscious and con-
tinuous effort to control it. As a result of sideslip control difficulties,
heading control was poor at all values of Ns‘ns /L'gﬂs tested. The main
difference between the adverse and proverse N's s ifx;s cases was the char-
acter of the sideslip response and the resulting differing coordination re-
quirements.

With adverse yaw due to aileron, the pilot found that when he rolled
out of a turn he had to make a determined effort to zero the sideslip and get
the airplane headed in the desired direction. In doing so he ocften over-
controlled with the rudder. Because of the low directional stiffness and the
slow response of the airplane, the pilot was not always aware of the magni-
tude of the sideslip unless he made direct reference to the sideslip indicator.
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Thus sideslip control difficulties were compounded during the bank angle
tracking task when the pilot had no cockpit sideslip indicator.™

With proverse yaw due to aileron, coordination required rudder in-
puts opposite to the turn direction initially, but as the turn progressed,
rudder was required into the turn to the point that steady rudder was required
in a steady turn. This can be noted by referring to the transient responses
shown in Appendix IV. The sustained rudder input in a turn was required
because of the relatively large value of the derivative #» that was necessary
to obtain the high Dutch roll damping ratio and the essentially neutral spiral
mode root. This point is discussed further in paragraph 4.2.3.1. Hence
coordination was difficult and heading control was one of the poorer features
of the configuration.

The pilot's selection of aileron control sensitivity was generally a
compromise between light-enough forces for good maneuverability but heavy-
enough to prevent overcontrol., If the pilot selected light aileron forces, he
had more difficulty coordinating the large magnitude sideslips that were
generated with aileron inputs. Rudder control sensitivity selection was also
a compromise between heavy-enough rudder pedal forces for control of small
sideslip angles about zero, but light-enough to control the large excursions
that often occurred in sideslip.

4.2.2 Results for Low Dutch Roll Frequency, High M/ﬁ/d
Contigurations

The ¢(5)/CG;5 (3) transfer function zero locations with respect to the
Dutch roll poles for Configurations 8 and 9 are shown on Figure 15. The
experimental results are shown in Figure 16, A detailed definition of these
configurations is given in Appendix IV where the transient responses and
pilot comment data are also presented.

4,2,2.1 Configuration 8 - Lower Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 8
were as follows;

@y # 1,04 rad/sec Zg # 0.41 sec
34 = 0.25 Zs % - 450 sec
I@/8lg # 4.0

#*

The reader's attention is directed to the tiny side acceleration ball
near the bottomn of the attitude director indicator shown in Figure 8,
The small size of that ball was the main reason that the sideslip was
displayed on the vertical command needle.
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As shown on Figure 16 the best pilot rating received for this con-
figuration was PR = 4 at the smaliest values of Vg, /A'g,,s tested. The pilet
reported that the bank angle controllability and the roll contrel were satis-
factery. His objections to the configuration, and the primary reasons for not
rating the configuration as satisfactory without improvement, were as follows:

1, The tendency to generate large sideslip angles when
maneuvering.
. Attempts to contrel the sideslip through rudder

coordination citen led to overcontrol and the
re-excitation of sideslip.

3. The slow directional response or low directional
stiffiness of the airplane which interfered with the
pilot's ability to control the heading and the sideslip.

The pilot described the heading control in terms of "residual sideslip and a
slow oscillation of the nose.” When he would attempt to attain a desired
heading, he would have to position the nose of the airplane with the rudder
and then wait for the airplane to slowly oscillate through one or two over-
shoots. Because of the low Dutch roll frequency, it took a considerable time
for the oscillations to subside, too long for good performance in the air-to-
air mission.

Pilot comments for-the most adverse aileron yaw case (N,’;,,,,- /Lfns
- 0,05) were lost because of a voice recorder malfunction., With N,/
= - 0.03, the pilot reported bank angle control problems which he attributed
to the relatively high rolling moment due to sideslip. Attempts to establish
a desired bank angle resulted in an overshoct of the bank angle. The major
objection, however, still centered about sideslip excitation with aileron in-
puts and the overcontrol of sideslip when attempting to coordinate. It is of
interest to note that the pilot reported the Dutch roll as being well damped
and that oscillations in the Dutch roll were not a problem, even though this
configuration failed to meet the MIL-F-8785B(ASG) requirement that 34, =
0.35. Hence, as indicated by the commeants on sideslip excursions, the low
directional stiffness was more of a problem than was the lower value of &, .

[}

In the most proverse aileron yaw case, NéﬂS/lJ%As =+ 0.07, the
pilot noted a significant deterioration in the roll control and noted a tendency
to accelerate in roll rate. This resuit is expected with large effective dihe-
dral and proverse yvaw due to ailzrcn, His ability to achieve a desired bank
angle was poor, both because of the rull control characteristics and because
most of his efforts were required to control sideslip. Again the major ob-
jectionable feature of the airplane was sideslip, Proverse sideslip was
developed with an aileron input and it was difficult to coordinate since cross-
control was required.



Response to disturbance inputs was not a major factor in the eval-
uation of Configuration 8 at any value of N3, /L'gﬂs tested. The rating of "D"
for the foﬂs/é.'s“ = - 0.03 case resulted from bank angle control difficulties
in the presence of random disturbances. For all other points tested, random
disturbance inputs resulted in no more than a minor deterioration in task per-
formance.

The pilot's selections of aileron control sensitivity generally reflect
his desire to limit the airplane's response to aileron inputs so that he could
cope with the sideslip and accompanying rudder coordination problems. Hence,
he selected lower sensitivities than he might otherwise choose for a Class IV
airplane. The rudder control sensitivity selections were based on the need
to counter sideslip excursions. They were chosen at a level to try to prevent
overcontrol, while providing harmony with the aileron control.

4,2.2.2 Configuration 9 - Higher Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 9
were as follows:

&y = 1,14 rad/sec Te # 0.49 sec
4d 2 0.47 Ty ¥ 83 sec
f¢/ﬂfd % 5.0

This configuration, like the other low Dutch roll frequency con-
figurations discussed above, did not receive a satisfactory pilot rating at any
value of N5,. /L’ ,, tested. The pilot comments indicate that the major ob-
jections to the characteristics of this configuration were the control of side-
slip, or coordination difficulties, and the slow directional response of the
airplane.

The best pilot rating, PR = 4, was obtained with N5,5/45,5 =+ 0,06,
the case with the smallest value of proverse aileron yaw tested. Here the
pilot reported that both bank angle and heading control were good. The air-
plane was well damped in the Dutch roll and no oscillatory characteristics
were apparent. Coordination, however, required rudder opposite to the
direction of the turn initially followed by rudder into the turn and a sustained
rudder input in the direction of the turn. With direct reference to the side-
slip indicator the pilot found that, with concentration, he could coordinate
quite well. However, in performing the overall task, and in particular the
bank angle tracking task where the sideslip indicator wasn't available to the
pilot, coordination was almost invariably applied in the normal direction, i.e.,
into the turn, This caused acceleration in the roll rate and a tendency to over-
shoot the desired bank angle, resulting in a deterioration in task performance,.

When the yaw due to aileron was made more proverse, N:sﬂ,- /L’a'ﬂs =

+ 0. 14, the bank angle control deteriorated because the pilot had to devote
more of his attention to sideslip control, Most of the pilot comments for this
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case were lost because of a tape recorder malfunction; however, those avail-
able indicate that the major problem was the coordination requirement.

With adverse yaw due to aileron inputs, and also in the /Y‘;ﬂs /L;ﬁs =
0.0 case, the pilot's major objection was still the sideslip generated. Roll
rate was strongly affected by the adverse sideslip and the airplane displayed a
slight reversal in roll rate when attempting aileron-only turns. Coordination
of the rudder with the aileron allowed the pilot to obtain what he considered a
reasonable roll rate, however he commented: "Maneuvering coordination
requirements are quite large." The pilot found coordination difficult, even
though rudder was required in the direction of the turn. With the low direc-
tional stability of the airplane, coordination attempts frequently resulted in
eliminating adverse sideslip and producing proverse sideslip because of over-
control with the rudder. In other words, the pilot could not stop the sideslip
at zero. Heading control, as a result, was poor. With N% .. /15,5 = - 0.14
some of the VSS gain settings were in error because the safety pilot was pro-
vided with the wrong gain settings., The resulting configuration had a Dutch
roll frequency of ¢y = 1.3 radians per second and a Dutch roll damping ratio
of % = 0.34. The roll to sideslip ratio was [¢#/8]y4 = 4.0. As a result the
@(s)/é:qs(s) transfer function zero location is not shown on Figure 15, but the
pilot ratings have been shown with Configuration 9. It was decided to show
the data for this case because the parameters foso/ Pav s LBmax/t and (ﬂ/g
were measured directly from the flight data and can be shown as a valid eval-
uation for comparison to the MIL-F -8785B{ASG) roli-sideslip coupling re-
quirements,

The pilot's selection of aileron control sensitivity, L:’g,,s » in the
proverse aileron yaw cases was chosen so as to prevent overcontrol in bank
angle which occurred with high aileron control sensitivity. With adverse
aileron yaw, the pilot stated that there was no compromise in his selection of
aileron control sensitivity.

The selection of rudder control sensitivity, /V%gp ;, Was a Compro-
mise at all values of N5, [L's,s . Steady rudder force’s were required in a
constant banked turn. The pilot attempted to select ANsp; so that he would
have light rudder forces in the steady turn but then found that he over-
controlled sideslip around zero. With his final selections of N:’;ep » the rudder
forces were light for small bank angle turns and heavy during large bank angle
turns.

4.2.3 Comparison of Low Dutch Roll Frequency Configurations With
MIL-F-8785B(ASG) Lateral-Directional Requirements

In this section the low Dutch roll frequency configurations, ¢, # 1.0
rad/sec, of this investigation are compared to the following MIL-F -8785B{ASG)
requirements;
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al Dutch Roll Frequency and Damping Requirements
(Reference 1, paragraph 3.3.1.1).

b) Lateral-Directional Dynamic Response Requirements
Including:

1) Roll rate requirements for small inputs
{Reference 1, paragraph 3.3.2.2.1}

2) Sideslip requirements for small inputs
(Reference 1, paragraph 3.3.2.4.1)

4.2.3.1 Duich Roll Frequency and Damping Ratio

For Class IV airplanes in Flight Phase Category A, MIL-F -8785B

(ASG) limits the Dutch roll damping ratio, ¥, ,to a minimum value of %, =
0.19 or the total Dutch rell damping, 5; @, , to a minimum value of 5:/‘%’ =
0.35 for Level 1 flying gualities. The governing damping requirement is that
yielding the larger value of 5; . Levels 2 and 3 flying qualities requirements
specify a minimum Dutch roll damping ratio of 50/ = 0.02, In this experiment,
as shown on Figure 6, two of the @, 2 1.0 radian per second configurations, 3
and 9, met the Level 1 Dutch roll damping requirements of .'fg, 4y > 0.35 with

2 4), of 0.507 and 0.535 respectively. Configurations 2 and 8 failed to meet
the ¥, @ > 0.35 requirement with 5, «7, of 0. 276 and 0,260 respectively.
These values were chosen 80 as to bracket the MIL-F -8785B(ASG) Dutch roll
damping requirement boundary shown in Figure 6,

The minimum Level 1 Dutch roll frequency, ¢y , required by
MIL-F-8785B{ASG) for Class IV airplanes in Flight Phase Category A is 1.0
radian per second. For Levels 2 and 3 flying qualities &y may be as low as
0.4 radians per second.

Both the mediumlcﬂ/,é’]d configurations, 2 and 3, received a best
pilot rating of 4.5 for small values of Ngﬁs/b'g,,s where the roll-sideslip
coupling was minimum. However, as shown in Figure 18 and discussed in
paragraph 4.2.3.2, neither of these configurations met Level 1 A8, 4./ versus
V,g requirements. The pilot ratings for Configuration 2 (3; = 0,23} degrade
more rapidly with increases in [N}, /A5, | than do the pilot ratings of
Configuration 3 (2; = 0.43). This difference in pilot rating gradient can be
attributed to Dutch roll damping, since the two configurations differed mainly
by their values of 3; . The pilot comments indicate that the major problem
with both configurations was the control of sideslip. With Configuration 2
the pilot noticed some oscillation in sideslip while with Configuration 3 the
pilot described the sideslip as non-oscillatory and more of a steady "drift".
Configuration 2, with the lower Dutch roll damping, was also more suscep-
tible to the effects of random disturbance inputs as indicated by the turbu-
lence effect ratings on Figure 14.
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The high |@/#/4 configurations, 8 and 9, both received best pilot
ratings of PR = 4. The pilot ratings for Configuration 8 with 2y = 0.25 were
in an acceptable range (Level 2) for a small range of N5, /4"9’,45 . The faired
pilot rating curve, Figure 16, indicates that Level 2 flying qualities could be
achieved in the range - 0.04 < N5, /L"é‘,;s <+ 0.06, Cornfiguration 9 was
found to be acceptable (PR < 6.5) over a wider range of N s //—x's,,s. As shown
on Figure 13, proverse N5u5 /L', s as large as N, /L%5,45 = + .12 could result
in acceptable pilot ratings. On the adverse side, Configuration 9 is not de-
fined to a pilot rating of PR = 6.5, as indicated on Figure 16, however, the
faired curves of pilot rating show Configuration 9 with 3y = 0.47 to be
acceptable to larger adverse values of the aileron yaw parameter than Con-
figuration 8 with &y = 0..25, As a result of random disturbance inputs, neither
of the high |¢ /8 )d , low @y configurations showed more than a minor deterio-
ration in task performance,with a turbulence effect rating of C.

All of the low Dutch roll frequency configurations had considerable
sideslip excitation following an aileron step input even for those test values of
N L}gs where the zero of the @(s)/é};s(s) transfer function was nearest to

the Dutch roll pole. This caused a significant degradation in pilot rating.

With the zero of the Q'(s)/% (s) transfer function near the Dutch roll pole the
pilot ratings show little effect as a result of the Dutch roll damping ratio.

With the zeros of the ¢(s)/cf'ﬂsts) transfer function more removed from the Dutch
roll pole, the lower value of Dutch roll damping results in a more rapid deg-
radation of pilot rating than does the higher value. In this investigation no
difference could be detected between the Yy ey & 0.27 and Z,2y ~ 0.50 con-
figurations at those values of NQ},S/L}RS where roll-sideslip coupling was at
the minimumn tested, but still did not meet Level 1 requirements.

The required minimum level of total Dutch roll damping, 3y«
for satisfactory flying qualities may be more a function of Dutch roll frequency,
&)y, than of Dutch roll damping ratio 501 . If the minimum required Dutch
roll frequency were increased, then the time to damp would be shortened and
the total damping would be increased. Further, as mentioned in Section II of
this report, the Dutch roll frequency affects the pilot's ability to control head-
ing. The amount of sideslip caused by yawing moment is inversely propor-
tional to the square of the Dutch roll frequency, C%J‘e .

In the preceding discussions of each of the low Dutch roll frequency
configurations it was noted that for both values of {#/8[s and both values of %,
investigated in this experiment, the pilot had difficulties with control of side-
slip, and often tended to overcontrol with the rudder. Further, the pilot often
objected to the slow directional response of the airplane which made it difficult
to arrive at a desired heading. These objections were common to all the low
@y configurations, but the strongest objections always centered around side-
slip excursions or a slow buildup of sideslip. It was also noted that Configura-
tions 3 and 9 with higher Dutch roll damping ratio were not oscillatory in side-
slip, yet quite large sideslip was generated following an aileron input.
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During the planning stages of this experiment, computer-generated
time histories were run to aid in the selection of values of ‘Nﬁ-ﬁs/b's,qs to be
used for evaluation. For the low Dutch roll frequency, high Dutch roll
damping ratio configurations {3 and 9) none of the computer simulations met
Level 1 sideslip excursion requirements for any value of Nc?hs /["5};5 tried.
This was the case even when the zero of the ¢(5)/d;5(5) transfer function
numerator was superimposed on the Dutch roll pele. To satisfy the roll-
sideslip requirements of MIL-F-8785B(AS5G) at low Dutch roll frequency de-
mands very precise control over coupling derivatives such as (N‘;a- %) and

A/’:;ﬁ . Both these derivatives are notoriously difficult to identify and
equafly difficult for the designer to control. In addition, consideration must
be given to yawing moment due to yaw rate. In this experiment, 2, =~ 0,45
was obtained through use of #5.. As can be seen from the numerator of the
,6(5)/4"’45 (s)transfer function, Appendix I, the constant term depends on

N:;” Lo - ,(_;‘,v A’.}. For small N:f'ns the constant term can only be reduced
by reducing s/Y;. . Thus, to achieve both high :%, and low sideslip excitation
for cases with low @ » yawing moment due to yaw rate must be washed out
at low frequencies or the % must be achieved through some other means, for
example, sideslip rate feedback. The data of this investigation have shown
that the computer predictions of Level 2 roll-sideslip coupling at a Dutch roll
frequency of 1.0 radian per second were later borne out by in-flight evaluations.

4.2.3.2 Lateral-Directional Dynamic Response Requirements

Figure 17 shows the location of the low Dutch roll frequency con-
figurations in the -Posc./ﬁnv versus 1& requirements plane of MIL-F-.
8785B(ASG), Reference 1. Each point shown was measured from oscillograph
recordings of flight data and is representative of a given value of N5,./L%,. .
The pilot ratings are also presented on the figure as the number which
accompanies each point.

For the medium (@/8/4 configurations (2 and 3) -P,,.,-c/p,w was well
within the Level 1 boundary for all values of Nj5,5/l’5,; evaluated. The
pilot did, however, experience some difficulty with bank angle control at
the extreme values of Nj,5/L%, evaluated. For the high [@/d/y configura-
tions (8 and 9) only two points failed to meet the Level 1 p,qc /Py, versus
requirements, Configuration 8 with N%As/z’,&s = + 0.07 and Configuration’?
with Ngﬂ bt;ﬂs = + 0. 14. The pilot's difficulty with bank angle control often
stemméd from the fact that he had to devote most of his attention to sideslip
control. It would be expected that the pilot ratings would be degraded because
of sideslip and therefore the pilot ratings attained for the low Dutch roll fre-
quency configurations contribute almost no information which can be used to
evaluate the Pose /P4y versus ‘&5 requirements boundaries of MIL-F-8785B
{ASG).
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Values of A8y /€ versus ’{ég for the low Dutch roll frequency con-
figuration are presented on Figure 18 for comparison with the Level 1 MIL-
F-8785B(ASG) requirements boundary. Figure 19 presents the configurations
compared to the Level 4 requirements boundary. Values of 44 were mea-
sured from in-flight records as the maximum excursion in sideslip within
one-half the damped Dutch roll period. Values of ¥y were alsc measured
from the flight records. The parameter "# " for Level 1 requirements was
based on the roll performance requirements for air-to-air combat, Flight
Phase CO, that is, @ = 90° in 1.0 second, The l.evel 2 "£ " was based on
a roll performance requirement of Qﬁt = 90° in 1.3 scconds. It should be noted
that the Level 2 "# " for air-to-air combat is equivalent tc the Level 1 "£ "
for ground attack without external stores.

As shown by the time histories in Appendix IV, the sideslip response
to an aileron step input for the low Dutch roll frequency configurations often
appears more as a ramp or first-order divergence than an oscillatory mode.
This is especially true for the adverse ailercn yaw cases and for values of

N5 a5 /L's4s where the zero of the B(s)/S4s(s) transfer function numerator was
near the Dutch roll pole. For the proversec aileron yaw cases, the sideslip
appears oscillatory initially but finally ramps in the adverse direction. The
sideslip response may be more in the spiral and roll modes than in the Dutch
roll mode, especially when the @(s) /S45(s) transfer function numerator zeros
are near the Dutch roll pole. The pilot comments from this investigation
reveal, however, that the pilot is sensitive tc the total sideslip response and
how it affects his ability to perform the overall task. The ramping sideslip
response presents a problem to the analyst in the evaluation of 'Wﬁ which, for
a purely ramping sideslip time history, probably has little significance as a
measure of rudder coordination difficulties. In this investigation W/ﬁ» was
determined for an aileron pulse input. The equivalent 7}/9 for a step was then
determined from

%

STER

+90° + 5/’»"% = (éd

PULSE

As has been stated, none of the low Dutch roll frequency configura-
tions, at any value of N§,;/L%s,s evaluated, met Level 1 ABray (€ versus ‘
requirements for Flight Phase CO. That is, all points were above the Level 1
LBpx [t versus (4? requirements boundary. This is in consonance with the
pilot ratings since the best pilot rating for any of these points was PR = 4,
Thus, the Level 1 A8uay /£ versus W;a would properly predict that pilot ratings
would fall in the less than satisfactory range, PR > 3.5.

The Level 2 requirements plane for Afy,, /£ versus 1// ; Figure 19,

includes three evaluation points within the boundary which received PR > 6.5
and three points outside the requirements boundary which were rated PR < 6. 5.

38



(DSV)ESe8L8~-d-TIN Jo siuswaainbey 2/ *¥¥Wgly
[ 124977 03 paxedwo)) suoljeandijuo) Adsuanbar g j[oy y2Ing moT gl 2In81g

09t- 0zZE- 08Z- ove- 00e- 08l 174 % 08 ov- 0

H ' ' v
. i v
£ T B R shECEELEEE CEPFPPPERE

L13A3

N . v
T R =L mmpammmneeen

ONILYH 10T1d
310N30 SUIBWNN

B P SINIWIAHIND3IY . dooeeeooe ]
: ! . j SNIdWVYA 1704 HO1Na

; : | INO T73A3T LZIN LON QIQ
” {8 g SNOILVHNSIINDD

‘6 4NOD D
'8 4NOD Q
‘¢ 3N02 D
iz 4N02 O

e

r49

48

9l

XYW g9

39



. (Dsv)ds8L8-d-TIN JO
muﬂwgw.ﬂmﬂwwm w\ QE%\Q Z 240 03 @@HMQEOU muﬁOEOHwﬁvvm ﬂ.\ xt\_‘m\q

[ 12497 129 ION OPp jey], suorjeandiyuoy Adusnbai g [0y yoing morf g1 oandr g
530 ~ 54
09" 0ze: 08z ovZ: 002 09t 0ZL- 08 ot 0
N : ! ! y . . 5 _ T T ’ T . . . o
e ..:.....‘“ﬂ ....................................... PO [ P DI IR . ................ v Lm ......... m “““““ _.w “““““ e F4
“ L4
BEC S S S SR AR S S poenoees L . freneoee 9
............... 11.....|.1..|......m....:\:‘-w:..:.-.m,.-u:.:: 8
ONILYY LOTNd ~ - oL
31LON3a SYIAWNN :
" ! SIN3IW3IHINDIY m
prmeeeees feenee DNIJWYQ 1TOH HOLNA ING === 43
: m 13AITLIIWIONAID
; : 89 Z SNOILYYNDIINGD.

XV g

40



The three PR > 6.5 points which met the Level 2 requirements were
for configurations which had the lower value of Dutch roll damping, Con-
figurations 2 and 8, As pointed out in paragraph 4.2.3.1, the lower value of
Dutch roll damping, 34y # 0.27, investigated in this experiment had a
definite effect on degrading pilot ratings at the larger values of N, /L%ﬂs
evaluated. The three points in question here were as follows:

Configuration 2 with NQ—M /L’Ens =+ 0.06
Configuration 8 with N§,,/Lsss =+ 0,07
Configuration 8 with ~%,. L5, = - 0.05

The faired pilot rating curves, Figures 14 and 16, show that the above values
of N5,s /L5, were the extreme values evaluated for Configurations 2 and 8
and the previous discussion of these configurations shows that the pilot ratings
for these points were degraded as a result of the lower value of Dutch roll
damping.

The three points which received a PR < 6.5 and fell above the Level 2
ABmarlt versus ¢y boundary were evaluation points of Configurations 3 and 9
which had the higher value of Dutch roll damping $y«y %= 0,50, These three
points would indicate that the Level 2 88u4/# versus %)y requirements boun-
dary may be too conservative between Y, = - 200 degrees and ‘t/ja = - 270
degrees. These three points suggest that the boundary could be raised from

A Bax/t = 15 degrees to 48,,,, /* on the order of 17 degrees and still be valid
ior Level 2 flying gualities. _

In summary, none of the low Dutch roll frequency configurations of
this investigation received satisfactory pilot ratings and all evaluation points
were on the unacceptable side of the Level 1 A&uqy/¢ boundary. Hence, the
DBumpx/t versus ¥ criterion would successfully predict pilot ratings greater
than 3.5. The data therefore substantiate the Level 1 A8yay/# boundary.
The Level 2 Ab,,ay/# versus Y, boundary, however, erroneously rejected
three evaluation points. This suggests that the Level 2 boundary is too con-
servative in the %, = - 200 degrees to ¥4 = - 270 degrees region. The Poso/fhy
requirements boundaries did not erroneously reject any evaluation points.
Since the sideslip, or perhaps the low Dutch roll frequency itself, was the
reason for pilot rating degradation, the data do not substantiate the -10(,5&/104;,
requirement, but they do not refute it either.

4,3 CONFIGURATIONS WITH MEDIUM DUTCH ROLIL FREQUENCY

A total of eight medium Dutch roll frequency configurations were
evaluated for various values of the aileron yaw parameter N5, /L5zs. Al
eight configurations had in common the following nominal values of lateral-
directicnal modal parameters.

&y

%

2.5 rad/sec Te
0. 25 z,

0,4 sec
O

n
noi
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Configuration 1 was evaluated with ]¢/,6 Id z 0.36, Configurations 5,
5A, 5B, and 5ND with |4/ Jd # 1.6, and Configurations 11, 11A and 11B with
M/ﬁ]d:‘:(). 0. All configurations had positive effective dihedral except for Con-
figuration 5ND which was evaluated specifically to test for negative effective
dihedral. Configurations 5, 5A, and 5B as well as Configurations 11, 11A
and 11B differ amongst themselves in their values of yaw due to roll rate(N},).

The discussions of the various conﬁgurations are grouped in rela-
tion to their |¢/8], while the negative dihedral configuration (5ND} will be
treated as a special case at the end of Section 4. 3.

4.3.1 Results for the Medium Dutch Roll Frequency,
Low [g/8] ; Configuration

Only one configuration, (Configuration 1) was evaluated at the low
fé/ﬁ/d of this experiment. It was chosen to satisfy the Flight Phase Category
A, Level 1 requirements of MIL-F-8785B(ASG) on Dutch roll frequency, Dutch
roll damping ratio, and the roll and spiral mode parameters. Configuration 1
had the following values of lateral-directional modal parameters:

@y v 2.36 rad/sec % % 0.39 sec
b’d ~ 0.25 7 # 504 sec
{(p/gld = 0.36

The ¢(5)/6;5 () transfer function zero locations with respect to the Dutch roll
pole are shown on Figure 20. The experimental results are shown on
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Figure 21, Also shown on the pilot rating plot on Figure 21 are the data for
Configuration 5 to indicate the negligible influence of the I(ﬁ/ﬂ}d change in the
low to medium I¢/ﬁ)d range.

N,:g was chosen so that the locus of zeros of the ¢(5)/J' (s) transfer
function, with varying N5 /L7 is a curve passing through the Dutch roll
5 3 5
pole as shown on Figure %0. A’detailed definition of this configuration is
given in Appendix IV where the pilot comment data and the transient responses
are also presented.

With ”“;ﬁs /L;na = -0.01, the numerator zero is superimposed on
the Dutch roll pole and they cancel each other. As expected with, the low f¢/ﬂfd
the movement of the zeros is quite small with increasing N.;}g Lgns and this
is reflected in the almost negligible values of s /#sv for all the test points
of Configuration 1. However, N%, /{5, has a strong effect on the zeros of
the ﬂ(s)/&s(s)transfer function and the pilot comments center on the sideslip
generated for aileron inputs.

A fact that is immediately apparent from Figure 21 is that the pilot's

aileron sensitivity selection did not change substantially throughout, the

s J&%,, Tange evaluated. This however was not the case with A'sp . Dis-
counting the very low Lé’as peoint at near zero Né’ﬁs /f«; which was generated
in the early practice evaluation phase, the small apparent effect of /Yz;s//.; .
on the pilot's selection of 4‘:; , suggests that whatever problems aileron yaw4
caused with Configuration 1, they did not strongly affect his roll control be-
cause of the low /@/ﬂ/d of 0.36. At the most adverse /V,';;,s /L;“ of - 0.10,
the pilot did report that he strove for a compromise between "having aileron
forces too heavy for maneuvering" and having the aircraft too sensitive in roll.
Further, large values of Lg ; resulted in "very large" yaw (hence sideslip)
produced by a given aileron stick deflection, but there was no mention of this
sideslip affecting roll control authority. At the two less adverse Néﬂs /K-}Hs
cases, the pilot reported no compromises on his selection for "nice, light
forces", For the lesser proverse N5,c/A5,45 =+0.06 case, on the first
evaluation, the pilot had another aircraft to track and to {ly formation with.
He reported that he "toned down" his gearing selection from what it might
have been without this reference., On the repeat evaluation, for which he
did not have this reference, he chose a higher sensitivity suggesting that the
task that the pilot was actually performing was slightly different between the
two evaluations. Nevertheless, the latter evaluation task (without the target
aircraft) is more consistent with the rest of the evaluations of this experi-
ment and hence more weight is given to the higher L:’s,qs . The relationship
between these two evaluations of the same test point might however be a
factor to keep in mind, in comparing control sensitivities from this experi-
ment with those of other experiments. On the evaluation without the other
aircraft, the pilot commented that he was still limiting his sensitivity se-
lection because of the large proverse yaw, and hence sideslip, that was
generated resulting in a "scooping” in roll. Finally, for the most proverse
N ,s/L54s case, the pilot still chose the same moderately high sensitivity
as for the other cases despite his comment on "toning down his selection
due to overcontrol tendencies in tight tracking maneuvers".
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Pilot-selected values of rudder sensitivities varied considerably
with A’ /L . For the aileron yaw parameter near zero {and the small ¥/ Pk
the leot selected a relatwely low sensitivity, because he didn't need much
rudder to coordinate in maneuvers. For the largest adverse case he chose a
very high # ¢, in order to cope with the large sideslip due to aileron inputs
while still maintaining reasonable rudder forces. With the required coordina-
tion being in the normal direction and with the relatively small effect of side-
slip on bank angle, there were no control difficulties associated with coordina-
ting with such a high fo’?ﬂ For /Yon [4’p of -0.06, the selection was nearly
as high, but less rudder was requlred for coordination.

For /V Sas /L}gs =+ 0.06, pilot selection of /st;gp did not change from
that at Né’gs /L,;ﬂ =0 for the evaluation without the target aircraft, while it
increased substantially for the evaluation with the reference aircraft. The
pilot comments indicate that without the target aircraft, the pilot was more
conscious of the sideslip excitation because he was looking more at his instru-
ments, Therefore he concentrated more on coordination and selected the con-
trol sensitivity so as not to overcontrol the sideslip excessively. For the
other evaluation of the same test point, he stated "I didn't use rudder very
much and kind of accepted the initially selected sensitivity without much itera-
tion. " In other words, by having to look at the other aircraft, he wasn't fixing
his attention on the sideslip indicator and hence on the coordination problem.
Finally, for the most proverse # .5'“/4,; case, the pilot reported that there
was such la.rge sideslip generated by aildfon inputs "that it really needed
coordinating." But when he tried, the technique proved too complex in roll
maneuvering with normal coordination aggravating the situation. He ended up
not using rudder except to limit the sideslip "when it got too far away." The
rudder control sensitivity selection was probably compromised by the tendency
to overcontrol when rudder use was atternpted.

Configuration 1 had a flat Dutch roll where the bulk of the response
was in sideslip with very little in roll or bank angle. Therefore the pilot's
problem was primarily with directional control. His complaints centered on
the sideslip generated in maneuvers and the control thereof. In fact, if the
pilot did complain about roll control, it was primarily due to the heavy dis-
traction caused by directional control.

For Ngﬂs/‘(‘;ns = - 0.01, the pilot reported no problem with roll con-
trol and associated bank angle tracking even when he performed aggressively.
He was quite satlsfled with the roll performance. What little sideslip was
generated due to /V,; and /Y.p caused no problem and coordination, when re-
quired, was in the normal direction and easy to perform. The pilot stated
that yaw due to aileron was quite small, while yaw due to roll rate { Mz ) was
noticeably greater. He had to feed rudder in as the roll rate increased in
banking and recovery from a banked attitude, a slight coordination technique
modification which he didn't like. Heading control was no problem, since even
if Dutch roll was excited, time to damp (5&(%) was short.
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With Nfsns/z‘%‘,s = - 0.06, the pilot reported that the sideslip buildup
in maneuvers was quite significant without coordination, Dutch roll excita-
tion was also more noticeable because of the larger sideslip disturbance
involved but he added that with the "rapid damping" it was not objectionable.
Conscientious coordination was a requirement for maneuvering and he needed
to use a large amount of rudder but coordination was in the normal direction.
However, because of the sources of the sideslip, the resulting shape of the 8
time history for aileron inputs required some complicated rudder input shaping.
This occurred because N";-ﬁs produced immediate yaw while the /V;, effect came
later in proportion to roll rate. Thus, in quick maneuvers, sideslip control
was less than perfect.

With the more adverse aileron yaw case (NS—,,S /L'g,,, = - 0,10) side-
slip occupied most of the pilot's attention. In fact, he downrated bank angle
control and tracking due to the diversion of attention that sideslip control
caused. It is worth noting that due to the low [8/8 [y coupling there exists
essentially an independent two axis control requirement: aileron for roll
and rudder for sideslip., Aileron cannot be used to damp the Dutch roll
since there is very little Dutch roll in the roll response; besides attempts
in that direction may even aggravate the situation. Furthermore, oscil-
lations in heading make sideslip more noticeable to the pilot and the overall
control problem more difficult resulting in the PR of 6.5. This movement
of the nose without associated bank angle probably contributed to the pilot
report of poor heading control and interfered heavily with small cor-
rections in ground attack runs.

With N;AS/L'&S = + 0.06, the significant problem was again the side-
slip itself. On one evaluation of this test point the pilot had the normal task
references that he had for the rest of the experiment and he rated it a PR of 6,
On the repeat evaluation he had another aircraft to chase and fly formation
with, diverting attention from the ball or sideslip needle and he assigned a
pilot rating of 3.5. He evidently did different tasks on these two occasions,
since the flight data indicates that the airplane characteristics were the same.
With the other aircraft to chase, the sideslip excursions bothered him less.
Following aileron inputs, the sideslip went proverse and in a short time re-
verted to about an equal amount adverse so that coordination was indeed a
complex task. The resulting sideslip did not influence the roll control and the
Dutch roll that was excited was well damped. On the evaluation without the
target aircraft, the sideslip in itself bothered and distracted the pilot. When
he tried to coordinate while also trying to concentrate on the task, such as in
the bank angle tracking task, he would revert to coordinating in the normal
direction thereby aggravating the initial proverse sideslip. With the target
aircrait, the pilot found that he couldn't coordinate profitably and so he ac-
cepted the sideslip generated and the resulting "annoying" Dutch roll oscil-
lations.

For the most proverse N';ﬂs/‘{";ﬂs case evaluated (Néﬁs/b'gﬁ = + 0.09),
the large proverse yaw due to the aileron inputs dominated the generation of
sideslip such that the pilot was confronted with an initially large then dimin-
ishing proverse sideslip after an aileron input. The pilot commented that
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flying loosely, he could maneuver aggressively. However, in a tight aggres-
sive tracking situation, he encountered a strong tendency toward bank angle
oscillations. When largeabrupt aileron inputs were used, large proverse
sideslip was generated. Though the positive dihedral effect was small, it was
sufficient to accelerate roll rate enough to cause response predictability dif-
ficulties and a resulting mild lateral PIO. Attempts at coordinating ended up
aggravating the sideslip. Hence, the pilot didn't use much rudder "except to
make corrections on sideslip when it got too far away." In summarizing his
objections for this case, the pilot reported specifically that the large proverse
yaw was the major source of his problems. Heading control was degraded
far less than bank angle control, but bank angle corrections excited a heading
oscillation.

With the exception of the case for N,‘;M/AE,,S = - 0.10, there were no
significant effects of random disturbance inputs on the evaluations of Con-
figuration 1. With N5 S/Af;,,s = - 0.10 there was a moderate deterioration
in task performance in the presence of random disturbance inputs. The air-
plane response to the disturbance inputs was principally in sideslip, but with
some bank angle or roll rate disturbance. Because of the large adverse
yawing moment due to aileron inputs, when the pilot attempted to counter the
rolling disturbances with ailerons, large sideslip excursions were produced.
As a result the pilot had difficulty distinguishing between the directional re-
sponses to his aileron inputs and the effects of the disturbance inputs on the
airplane's directional response., In either case, the large sideslip angles
generated in the presence of random disturbance inputs were quite noticeable
and moderately objectionable to the pilot. o

4.3.1.1 Comparison of Configuration 1 (Low |&/8{;) With MIL-F -
8785B(ASG) Roll-Sideslip Coupling Requirements

Configuration 1 met the appropriate basic Dutch roll requirements of
MIL-F -8785B{ASG) for lL.evel | flying qualities of Class IV airplanes in
Flight Phase Category A. Degradation in pilot rating occurred primarily as
a result of the sideslip excursions. This section compares the data for Con-
figuration 1 with the roll rate and sideslip excursions for small input require-
ments of MIL-F-8785B{ASG).

The various test points of Configuration 1 are compared to the MIL-F-
8785B(ASG) requirements limiting roll rate oscillations (Ysse / £ ) on
Figure 22. Due to the proximity of all Configuration 1 zeros of the '¢(5)/é;5{5)
transfer function to the Dutch roll pole (Figure 20), the amount of Dutch roll
appearing in the roll rate response to an aileron step was small for all values
of N;‘,qg/L"'S‘s » resulting in negligible values of p,../@sv - Thus, Fose/Fav
is not a significant handling qualities parameter in regard to Configuration 1.

The only MIL-F-8785B(ASG) requirement parameter that provided
some stratification of the Configuration 1 test points in relation to pilot opinion
ratings was Afuuy/% . The corresponding plots against Level 1 and Level 2
requirements are shown on Figures 23 and 24 respectively. The Level 1
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boundary does exclude all data points rated worse than 3.5. However, only
the one clearly Level 1 test point falls well within the specification boundary.
The point at ¥g = - 330° had ratings of 3.5 and 6 although, as previously
pointed out, the 3.5 rating was for a slightly modified task with another air-
craft for reference. More weight is thrown in the direction of the clearly
Level 2 rating (PR of 6 on the repeat evaluation) since the corresponding tasks
were consistent with the rest of the experiment. Except for the one 3.5
rating (¢; # 200°) clearly above the boundary, the Level 1 boundary correlates
with the pilot opinion. As discussions in Reference 3 state, there is more
tolerance for sideslip in the range -330° < ?& < -130° because this is the range
of more natural coordination for turn entries and exits. The marginally sat-
isfactory point at ‘{eg % ~ 200° had N5, /L5,s = - 0.06 in combination with a
small proverse N'p . The pilot comments indicate that for this combination of
sources of sideslip, normal coordination technique worked quite well for con-
straining sideslip, although it did require abundant rudder. Since the pilot was
readily able to control sideslip and because what happened directionally did
not affect roll appreciably, the pilot accepted a higher A®8.,,/# at that ¥, than
the boundary would allow. For ’ﬂ?, in the vicinity of -200°, the Level 1 boun-
dary may be too conservative with the low [#/8],; of Configuration 1.

The Level 2 boundary on Figure 24 included all the test points of Con-
figuration 1. The Level 3 {PR of 7) point at ;ég # -360° is close enough to the
boundary that it can be said to support the existing boundary. The PR of 6.5
point at ‘;& # -200° which should have been on the boundary is below the boun-
dary to a degree unaccounted for by the accuracy of the flight data measure-
ments. The pilot comments indicate that the aileron yaw was so large in the
adverse direction that even with the low {6/8/; , if he didn't coordinate, roll
control was degraded. However, the dominant problem was still the large
adverse yaw which caused a degradation in heading control. As a result, the
pilot had to divert so much attention to control of sideslip that overall task
performance suffered to the point of being marginally acceptable.

4.3.2 Results for Medium Dutch Roll Frequency,
Medium |8/ Configurations

Three configurations were evaluated with the medium «y and medium
[8/8l4 of this investigation. The @(s)/5;s(s) transfer function zero locations
with respect to the Dutch roll poles and the respective values of A, for Con-
figurations 5, 5A and 5B are shown on Figure 25. The experimental results
are shown on Figure 26. A detailed definition of these configurations is
given in Appendix IV where the pilot comment data and transient responses
are also presented.

4.3,2.1 Configuration 5, N;, = +0.068 sec” !

Configuration 5 had the following values of the lateral-directional
modal parameters:;
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wy = 2.50 rad/sec Z. ~ 0.42 sec
2y, = 0.24 7, % - 100 sec
il = 1.61

The control sensitivities selected by the pilot are shown in Figure 26
as a function of /\/5,,5 /L4545 . In general, the pilot's dominant goal m selecting
an aileron sensitivity L%,, for any given test point was to generate ' good roll
performance with very light forces and very small displacement inputs.
Figure 26 shows the selected L;ns to start at a moderately high value for the
most proverse N, /L%, case decreasi ing monotonically towards the most
proverse case. For all the adverse cases, the pilot reported no compromise
on his /—‘5” selection due to aircraft characteristics and in fact the change in
L; from the most adverse to the smallest negative value of N5, /L%5,, was
small The decrease occurred because as N;,,s/é.g s became more adverse,
its effects decreased the roll performance for alleron inputs. The pilot made
up for this with increased Lj5,; . Any uncoordinated adverse yaw would re-
sult in sideslip into the turn which, when coupled with positive dihedral effect
at (@/8l; # 1.6, reduced the roll resulting from a given aileron input. However,
even for the most adverse aileron yaw case, the pilot reported that the Dutch
roll excited by an aileron input did not affect roll very much supporting the
small change in L“SAS . For the proverse Nﬁns /5. cases, the pilot claimed
no compromise on his L’,, selection at N,q/l5,s = + 0.05, but some com-
promise between. "nice, light forces for maneuvermg and a tendency to over-
control in roll for the most proverse case (Nsﬁs /4'sas =+ 0.08). The actual
sensitivity selections reflect this. The pilot selected lower values of L-f,sﬁs
with proverse aileron yaw because the sideslip generated in these cases aug-
mented roll rate through the positive dihedral effect.

The rudder sensitivities, Nggp » selected for the various Ns,,,/b;,,s
cases form a shallow bucket-shaped curve as a function of Na’,,.,-/A;,,s with the
adverse side steeper than the other as shown on Figure 26, Minimum sen-
sitivity was selected for the proverse N3, /1-‘5,45 of + 0.05. The pilot com-
ments indicate that this sensitivity selection was governed by the need to
control sideslip excited by aileron inputs as balanced against his ability to do
so. For N;As }zsﬂs = - 0,01, the pilot reported a little sideslip generated
with aileron inputs, however, the sideslip didn't tend to build up to large
values. The pilot was willing to tolerate some uncoordinated Sl.df‘sllp and
he didn't feel a need to control, so he picked a relatively low N5ep . Fora
more adverse Na-ﬁ, /—as,,s , the sideslip generated was outside his band of
acceptability, so the pilot chose a higher Na'ep in order to control sideslip
with acceptable rudder forces. For the most adverse case, sideslip excur-
sions were quite large with aileron inputs. The pilot compromised his selec-
tion so as not to overcontrol the sideslip. Time histories of # response to an
aileron step from trim, show # to be small initially and then to build up fairly
rapidly to significant values. This type of initial to later response relation-
ship leads to predictability problems which was apparently the source of the
pilot's overcontrol tendency. In fact, he reported that the £ seemed initially
slightly proverse followed by sizeable adverse. With proverse Ng,,s/bgﬂs
(Ngﬁs /L'54s = + 0.05) the pilot reported slight amounts of proverse yaw for
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aileron inputs but it never amounted to unacceptable sideslip. If he tried to
control it (with normal rudder technique), he made things worse because of
the requirement for a complicated rudder input which he couldn't do in the
task. So on the balance, the pilot decided that things would be better overall
if he just accepted the # that was excited since it didn't affect roll control
much anyway. His corresponding choice for N.’;ep is essentially the same for
the N},,, /A:s,qs = -0.01 case, i.e., relatively low. For the most proverse
M'sas/L's,s case, he definitely felt the need to coordinate but he was faced
with the requirement for an "abnormal" rudder input shape. So, although his
choice for N'ggp is a bit higher in this case, it was compromised by his
inability to perform the coordination in the context of the task without over-

controlling.

In general, pilot comments for the various Configuration 5 test peints
speak favorably about roll controllability in terms of roll rate response and
in terms of ability to control bank angle quickly and precisely. This indicates
that whatever problems were caused by Nj,s /L5as they did not degrade
the roll control to the point of producing major deficiencies. The pilot
comments on the smoothness of roll rate response to aileron-only inputs
were consistent with the varying amounts of roll rate distortion produced
by the sideslip due to varying N3,s /4545 values. The pilot's opinion of bank
angle control followed a corresponding trend with V5,5 /4545 . For the
aileron sensitivities he selected, the pilot repeatedly listed the roll control
capability and performance under good features. Thus, it becomes evident
that the primary reason for degradation of pilot opinion with M545 /4545 was
the amount of sideslip generated for a given input along with the pilot's
ability to put in the correct rudder inputs to keep it as small as possible
under the task circumstances. He had two motivations to keep sideslip down,
one being its effect on roll control and the other being the desire to have the
airplane pointed in the direction it is going. The first motivation was not
predominant for any Configuration 5 test point, A running comment was that
the "sideslip generated and permeated by the Dutch roll mode did not seem
to feed into the roll response," i.e., undesirably distort the roll response
via the dihedral effect. For the most adverse Nz, /Af;ﬂs » the pilot re-
ported that the Dutch roll oscillation when excited via the sideslip "showed
up almost exclusively in sideslip and very little in roll." Since (&/9/4
was 1.6, there was some roll response distortion which increased with
N54s /4’5 4s but never enough to be unacceptable, Furthermore, with %y =
.44 and wy = 2.5, the time for a given Dutch roll oscillation to damp out was
sufficiently short that the distortion did not strongly interfere with roll control
at any N545 /4’545 . Another way to put it is that the transient in the roll re-
sponse did not significantly degrade the pilot's ability to predict what final
response he would obtain for a given input. Consistent with all these comments,
the pilot reported, "not much task performance degradation or workload in-
crease in turbulence. "

S0 the problems with Configuration 5 centered primarily on excita-
tion of sideslip per se and the pilot's ability to coordinate it while performing
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the task. The degradation due to these problems was therefore directly re-
lated to the magnitude and sense of aileron yaw and correspondingly exhibited
by the pilot rating variation with N5ss/45,s . By habit, pilots are accustomed
to manipulating rudder in what is considered normal or natural ways in order
to coordinate aileron inputs. If the sideslip response requires substantial
modification to these techniques then the pilot has difficulties controlling side-
slip. Controlling the sideslip was clearly a predominant objecticon to this con-
figuration. The pilot could not coordinate the sideslip quickly and accurately
with this configuration as required in the maneuvering tasks. With the smaller
adverse Nju [L54c case, this inability to coordinate was due to the form of
sideslip development in response to aileron inputs which made it difficult for
the pilot to anticipate coordination. The shape of the sideslip response re-
quired that the pilot either delay his rudder inputs a little after the aileron
input or feed in rudder as a function of increasing roll rate. In the proverse
aileron yaw cases, this inability to coordinate was due to the unnatural cross-
control coordination requirement. Where he felt the need to coordinate to
prevent the sideslip from building beyond some level of acceptability, the
pilot degraded his rating for the configuration as in the most adverse and most
proverse alleron yaw cases. Where he could accept the levels of uncoordinated
sideslips generated without compromising task performance significantly, the
pilot wouldn't coordinate since he couldn't do it well. In these cases, however,
he did not degrade his pilot rating.

4,3.2.2 Configuration 54, N;o = +0.164 sec™?

Configuration 5A had the following values of the lateral-directional
modal parameters:

w, ® 2.50 rad/sec Tz # 0.42 sec
gd = 0. 26 TS - OJ
(¢/8ly = 1.60

The characterizing feature of this configuration was the moderate
amount of proverse yaw due to roll rate. This caused the locus of zeros of
the @(s) /5,,5(5) transfer function to lie to the right of the Dutch roll pole as
shown on Figure 25. One significant aspect of yaw due to roll rate is the
phasing of the resulting sideslip in relation to an aileron input. The yawing
moment, and hence sideslip, build up in proportion to roll rate. To the pilot,
it appears that the initial sideslip response is delayed, following the input,
and then grows with roll response. This type of sideslip response is difficult
for the pilot to coordinate.

With N5,,/L5,, of - 0.08, there was sufficient adverse yaw due to
aileron to overwhelm the proverse N resulting in an adverse-only net side-
slip for an aileron step input. The sideslip time history (on flight records)
does clearly show the N’; proverse contribution. The pilot apparently was
not specifically aware of this proverse contribution other than to say that
"coordination was more difficult than he would like." He did mention the
large adverse sideslip for an aileron input and correspondingly selected
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relatively high N:sep to deal with it. He also chose a relatively high 1--’5,,s to
overcome the roll rate reduction due to adverse sideslip in the larger, more
abrupt maneuvers where he couldn't coordinate as readily. Despite this, he
still complained of limiting his L%, selection because of the large sideslip
that it would excite. With N5, /45,5 = - 0.04, the adverse Nigs/l54s nearly
balanced the proverse #,, at least enough in the longer term so that the
pilot claimed no compromise on the L5,; selection. He chose the aileron
control sensitivity high to maneuver the airplane aggressively with light forces.
His selection of N5,, was however limited because of a problem of over-
controlling sideslip. There wasn't much rudder required since the generated
sideslips were quite small in the adverse direction (normal coordination) and,
in fact, the pilot reported that coordination was ''not absolutely necessary."
However, attempts to coordinate were difficult because of the complicated
rudder inputs required due to the Ny contribution. With the proverse V5,./tls,s
of + 0.04, the sideslip for an aileron step input was essentially proverse. The
pilot selected the lowest L', of Configuration 5A for this test point, but still
noted some oversensitivity and a resulting slight tendency to overshoot in roll
control. Proverse sideslip if uncoordinated will augment roll rate via the
positive dihedral effect. The pilot did report that he couldn't crosscontrol
well, particularly in an aggressive task., This led to the selection of the low
Ng.ep because any inattention on coordination would result in the pilot reverting
to normal technique thereby aggravating the proverse sideslip. The pilot
stated that, therefore, he did not use the rudder very much.

With N;-A5/L’5ﬁ5 of + 0. 13, the large proverse N’g,,s /L’gﬂs combined
with the proverse N;, produced a tendency for the airplane to accelerate in
roll rate for aileron-only inputs. Nevertheless, the pilot picked a sur-
prisingly high aileron sensitivity possibly contributing to the roll accelera-
tion difficulties he experienced. Yet he stated that he might have selected
higher aileron control sensitivities were it not necessary to limit the side-
slip produced by aileron inputs. His choice of rudder sensitivity also was
high in relation to the poirnt with Ng o /Lf;ﬂs = + 0. 04 but he justified this
by his need to combat the excessive proverse sideslip even though it is very
difficult because of the crosscontrol requirement.

. r ’ . . .
With N5, /‘é‘@os = - 0.08, there is sufficient adverse aileron yaw to
more than swamp out the proverse N,,. The pilot's complaints centered

heavily on the large amount of adverse sideslip that was generated with an
aileron input and the associated sideslip oscillations (Dutch roll), The oscil-
lations damped quickly but the pilot described them as uncomfortable,
Coordination was in the normal direction but required "lots of rudder."
There wasn't a large effect of sideslip on roll rate, but coordination did
improve the roll performance. Large rolling maneuvers definitely required
heavy coordination and that was more difficult than the pilot would have liked.
Abrupt maneuvers produced noticeable side acceleration which was
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uncomfortable. Random disturbance inputs didn't affect matters significantly.

With N%ns/z’i&s = -0, 04, the adverse yaw due to ailerons came close,
in the longer term, to balancing the proverse yaw due to roll rate. Notwith-
standing the phasing of these two effects, the result was relatively small

amounts of sideslip generated for aileron inputs. Coordination was in the
normal direction and the pilot found it easy to accomplish since relatively

small sideslip developed in maneuvering. Aileron-only roll rate was re-
ported as very smooth (note the proximity of this test point zero to the Dutch
roll pele on Figure 25). If Dutch roll was generated, it was primarily in
sideslip. Hence, ability to damp this mode with ailerons only was not a con-
sideration, The pilot suggested that any problems that arose in aggressive
bank angle tracking were due to the high control sensitivities that he selected
on both the rudders and ailerons.

For Nlﬁﬂs/!-”e;,qs =+ 0. 04, the proverse N{;,,s supplements the proverse
N, to give an essentially all-proverse sideslip for a step aileron input. With
the positive dihedral effect, the proverse yaw has an effect of augmenting roll
rate. The pilot reported that for uncoordinated aileron inputs, the airplane
rolled quite rapidly, but added that "the proverse yaw didn't seem to affect
roll control all that much." He did admit that he was unable to coordinate by
crosscontrolling; he would tend to coordinate normally, if at all, which would,
of course, aggravate the situation. Dutch roll when excited damped out quite
rapidly. Hence, the pilot tended to fly the bank angle tasks without using the
rudder for coordination and accepting the attendant sideslip.

For ngs/[-”éas =+0. 13, the proverse sideslip generated for an aileron
input was reported as "quite excessive.” There was a tendency for the air-
plane to accelerate in roll rate. As a result, bank angle control was poor
with a tendency for the pilot to overshoot the desired bank angle, and for the
airplane to oscillate about the desired bank angle. Coordination required
crosscontrol with the rudder and a conscientious effort on the part of the pilot.
Therefore coordination was very difficult in a distracting, aggressive maneu-
vering task. The effect then of the proverse sideslip was, through augmen-
tation of the roll rate, to cause the final bank angle to be unpredictable. The
pilot stated that heading control was not difficult because the Dutch roll

frequency and damping were high enough for heading oscillations to quickly
subside. Response to random disturbance inputs was not a significant factor
in the overall rating of this test point, but the pilot did state that the effects
were noticeable,

4.3.2.3 Configuration 5B, N;o = -0.073 sec”!

Configuration 5B had the following values of the lateral-directional
modal parameters:
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&)y = 2.52 rad/sec Te = 0.41] sec
%y »0.25 Ts ® - 50 sec
18814 = 1.55

The distinguishing feature of this configuration among the medium
, medium |®/8[4 configurations was a moderately adverse value of yaw
due to roll rate (N, = - 0.073). The locus of the @#()/5,,(s) zeros with varying
yaw due to aileron (Ng,; /1_1545 ) passes to the left of the Dutch roll root as
shown on Figure 25,

Figure 26 shows that with this configuration the pilot selected the
lowest aileron control sensitivities in the medium «y , medium (@/8{4 con-
flguratlon series. This was a little surprlsmg in that with the larger ad-
verse Np in conjunction with adverse Néns 4's,s » there was a reduction in
roll rate with positive dihedral effect since the net residual sideslip was
adverse. Hence, one might expect the pilot to select higher aileron sensi-
tivities to maintain light forces for desired roll rates. For all evaluations
of this configuration, the pilot reported no compromlses on aileron sensi-
tivity selection. Pilot-selected values of ‘!‘545 decreased from the more ad-
verse sideslip case, as N5,5/4%5,s; became more proverse. The /-:5,,5 curve
reaches 2 minimum expectedly where proverse ~%,. /L%54s counteracts ad-
verse N in the longer term and hence there is minimum reduction of roll
rate by uncoordinated adverse sideslip. In the most proverse case, the pilot
reported that the aileron forces were nice and light, as he liked them. No
compromise was indicated.

Rudder control sensitivity (N;EP ) selections, also shown on Figure
26, form a shallow bucket-shaped curve with N;,,g/b.s,,s variation, the low
point bemg in the reglon where proverse M5,s /45,5 generally counteracts the
adverse N, resultmg in relatively low residual sideslip after initial transients.
With proverse /\/5,,5 S 545 the pilot selected lower values of rudder control
sensitivity so that during maneuvering, when he would revert to normal co-
ordination through habit, his tendencies to aggravate the proverse sideslip
situation would be reduced. For adverse aileron yaw, coordination was in
the normal direction and for larger rolling maneuvers, required quite large
rudder inputs. The pilot chose rudder sensitivity to provide light rudder
pedal forces for large rolling maneuvers. The high sensitivity, however,
resulted in overcontrol tendencies during small maneuvers about zero side-
slip. Therefore, the rudder sensitivity selection became a compromise
between light enough forces for large maneuvers and heavy enough forces to
prevent overcontrol during small maneuvers.

Pilot ratlngs for this configuration varied little from a 3 at Ngﬁs/lxgﬁs =
- 0.02toa 4 at N5,./ls,. =+ 0.10 and then decreased toa b at Ngﬂs/bgﬂﬁ =
+ 0.15. The turbulence ratings also follow the same trend. The pilot's
complaints for all values of aileron yaw centered on the sideslip generated by
aileron inputs and his difficulties in controlling it. He repeatedly reported
relatively little carryover from sideslip disturbances into the roll response.
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Effects of turbulence were not very significant for any of the evaluations and
were more noticeable in the sideslip response if anywhere,

For N5gs/L'sss = - 0.02, the sideslip response to an aileron input
started off in the adverse direction but then picked up considerably as roll
rate developed. The pilot evidently found the rudder requirement somewhat
more difficult as compared to situations where the initial sideslip is the
dominant factor in coordination. The pilot reported no difficulties with roll
control itself or with its associated evaluation tasks. Heading control was
reported as good despite the sideslip problems. The sideslip could be co-
ordinated well enough to point the aircraft in the desired direction and the
Dutch roll was well damped. The most bothersome aspect of this test point
was the pilot's inability to coordinate as well as he would have liked and the
associated initial overcontrol of sideslip. More rudder was required as the
roll rate increased and the pilot selected light rudder forces to be able to
meet this requirement. Because of the light rudder forces, however, there
was a tendency to overcontrol with the rudder during the initiation of maneu-
vers.

With N54s/L54s =+ 0.01, the predominant problem again appeared
to be with the time history of the sideslip growth following an aileron input,
The result is a similar difficulty with coordination as discussed above
{(changing requirement for rudder with roll rate) except that the pilot seemed
more conscious of it here, since the sideslip stayed near zero or very slightly
proverse on initial appearance and then built up as roll rate developed. Roll
control was again deemed satisfactory. The Dutch roll, when excited, was
mostly in sideslip and the pilot reported it as relatively well damped. The
complaints for both evaluations of this test point centered on the sideslip and
on the pilot's inability to coordinate. The pilot would often revert to normal
rudder-aileron input phasing when distracted by a task and consequently
aggravate the initial sideslip generated. Hence, he would have sideslip oscil-
lating through small excursions about zero causing a distinct annoyance, As
a result, the heading controllability was considered to be only fair. Random
disturbance inputs aggravated the sideslip problems, though not significantly.

With !\:':5,,5/.&’5,95 = + 0. 15, the sideslip generated by aileron inputs
was predominantly proverse. The pilot reported coordination requirements
to be excessive and in the wrong direction., Consequently coordination was
difficult to accomplish. Despite the fact that the pilot indicated little effect
on the roll response due to sideslip, he did report a particularly noticeable
tendency to overcontrol and oscillate about a desired bank angle when he tried
to acquire and hold one, These are typical problems due to oversensitivity
of roll control for small bank angle corrections where the pilot probably
doesn't even attempt to coordinate the proverse sideslip. Though the dihedral
effect itself was fairly small, large sideslips would produce significant modi-
fication of the roll response. The bank angle control problems in turn deteri-
orated heading controllability as well as causing difficulty in performing
the bank angle tracking task. In the more abrupt maneuvering tasks, the pilot
reported that "it was easy to have the airplane pick up excessive sideslip
angle" and a "tendency to lose the airplane in sideslip." These problems
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would strongly compromise both the air-to-air and air-to-ground fighter tasks.
Response to random disturbance inputs was not very prominent other than to
cause a minor deterioration from an already poor performance.

4.3.2.4 Comparison of Medium Dutch Roll Frequency, Medium [@/8/y
Configurations With MIL-F-8785B(ASG) Roll-Sideslip Coupling
Requirements

These configurations met the basic Dutch roll frequency and damping
ratio requirements for Level 1 flying qualities of Class IV airplanes in Flight
Phase Category A. Degradation in pilot rating was primarily a result of
sideslip and coupling thereof into the roll response. This section compares
the data for the medium &y , medium |¢/8l4 configurations with the require-
ments on roll rate oscillations and on sideslip excursions for small inputs of
MIL-F-8785B(ASG).

Figure 27 compares the values of f,4./#, obtained with the MIL-F-
8785B(ASG) requirement on roll rate oscillations for small inputs. With the
medium value of [#/8/a4 (l@8ls#1.6) of this investigation, Frs./#y was small
for all test points, in fact well within the Level 1 boundary regardless of the
associated pilot ratings. In all cases, the pilot reported relatively little effect
on roll rate due to Dutch roll oscillations in sideslip. Only three points rated
between 5 and 6 approached the Level 1 boundary and they were downrated
primarily because of sideslip per se. Hence, these configurations do not pro-
vide sufficient information to verify the location of the 7005&/10,;, boundaries.

The Level 1 sideslip excursion parameter (88uer /%4 ) is plotted
for all the test points of the medium «J , medium [@/8],y configurations
against the corresponding MIL-F-8785B(ASG) requirements on Figure 28,
One aspect is immediately apparent; the Level 1 boundary appears too
conservative in the -240° < ¥4 < - 360° range, while it appears too lenient
in the vicinity of 146 = - 180° for the medium [@/8/4 of this experiment, With
all the configurations under question here, the predominant problem that the
pilot reported was the sideslip that was generated by aileron inputs. There
was, of course, some effect of sideslip on the roll response, but with|@/4 |4 #
1.6, this was small. Hence, it would be expected that the sideslip excursion
requirement of MIL-F-8785B{ASG} would stratify the test points in accordance
with the ratings. This test does in fact do that but in a manner which suggests
some boundary shifting, The 5ND test points are discounted from this dis-
cussion; they will be handled in a separate section.

The data points which received pilot ratings of 3.5 or less and fell
outside the Level 1 boundary in the 300° < 7/;}5 < 360° region represent situa-
tions where the pilot had a slight amount of proverse aileron yaw ( + .01<

N’g,q,s /;‘3,45 < + .,05) in combination with various values of N% . The side-
slip generated in each of these cases for aileron inputs was reported "not to
be too large", evidently within the pilot's band of tolerance. Since there was
little effect of these relatively small amounts of sideslip on roll rate, the
pilot was satisfied not to coordinate at all or apply little coordination effort
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since unnatural rudder inputs were required. Hence, these points correctly
fall outside the easier to coordinate hat section of the boundary. These
evaluation points do, however, have a common characteristic in that in all
three cases, the sideslip went initially proverse then reversed through zero
and ramped off slowly in the adverse sense. A problem with using A,é’m,qx

as an indicator of pilot tolerance of sideslip is that the pilot may be more
tolerant of a given magnitude of sideslip excursion if that excursion has a
mean value near 4 = 0 than if it is all on one side of § = 0. Furthermore,
he might be more tolerant of a given 88max if he knows that it will reverse
and go or cross through # = 0 in a short time. The pilot ratings, in this
case, show that despite the fact that the pilot is unable (technique-wise by
habit} to coordinate the sideslip, he tolerated more sideslip than the Level 1
boundary permits for the specific range where small proverse aileron yaw
exists. This may be because soon after the aileron input, the sideslip crosses
through zero and the pilot would likely notice this directly or indirectly on the
larger amplitude roll maneuvers where he waits a longer time after inputs
before the next input, The effect of this initial proverse sideslip on small
corrections where the pilot would likely operate on the initial portion of re-
sponse to aileron input would be to affect preciseness by reducing predict-
ability of response to input (proverse sideslip with positive dihedral
accelerates the roll), thereby causing mild overcontrol for the test points

in question. However, this overcontrol was small enough not to compromise
satisfactory task performance.

There were two Level 2 data points which fell on or within the Level 1
ABax [# boundary in the ’% 2 180° to 210° region. The Configuration 5ND
point will be discussed in a separate section on that configuration. For the
Configuration 5A point, rated PR = 6, and lying on the boundary, the pilot's
difficulties were focused on the large adverse sideslip for aileron inputs
that caused noticeable side accelerations for abrupt maneuvering and which
"were uncomfortable.” This test point had N3, [Lisas = - .08, causing the
substantial adverse sideslip very shortly after the roll input which was com-
pensated some time later by proverse yaw due to roll rate if the pilot waited
that long. The large aileron yaw impeded the pilot's ability for making small
bank angle corrections where roll rates did not develop enough to show the
effects of N,;;, . Either 1, did not account for this factor or the accuracy with
which ’(f could be measured from in-flight data was such that the data point
is too far to the right on Figure 28,

The medium wy , mediu.m,](é'/ﬁ{d configurations are compared to the
Level 2 (ABmax/t ) requirement in Figure 29, The Level 2 boundary for the
air-to-air fighter task predicts quite well the goodness of flying qualities for
situations where sideslip is the dominant problem. Generally the location of
points in relation to the boundary corresponds with the associated pilot rating,
The two exceptions are the points with PR of 6, one on and one slightly above
the boundary. The point on the boundary can be considered to support the
boundary when the accuracy with which 44,,,/#4 can be measured from flight
data is considered. For the other PR = 6 point, the pilot stated that adequate
performance was very marginal but he thought he could attain adequate per-
formance if he could learn to control the "miscoordinations.” Because of the
marginal character of this point, it is not considered to refute the boundary.
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4.3.3 Results for Medium Dutch Roll Frequency, High /#/8/s Configurations

Three configurations were evaluated with the medium « and high |@/sly
of this investigation. The @(s)/8s(s) transfer function zero locations with re-
spect to the Dutch roll poles and the respective values of Mg for Configura-
tions 11, 11A and 11B are shown on Figure 30. The experimental results
are shown on Figure 31. A detailed definition of these configurations is
given in Appendix IV where the pilot comment data and transient responses
are also presented.

4.3.3.1 Configuration 11, N«,; = +0.013 sec” !

Configuration 11 had the following values of the lateral-directional
modal parameters:

&y = 2,44 rad/sec Lo ® 0.42 sec
0.22 Ty > o0 sec

iy =
J¢/ﬁr:{ % 5,7

The pilot selected aileron and rudder control sensitivities for Con-
figuration 11 are shown on Figure 31 as a function of N,é-gs {L's 4s. The plot
of L4 reveals relative invariance with aileron yaw for negative values of
N's,,s /L5, + With adverse aileron yaw, the pilot reported choosing sensitiv-
ities that did not excite excessive sideslip with aileron inputs. The adverse
sideslip, however, if not coordinated would decrease the roll rates attainable
with aileron inputs. The pilot therefore compromised his selection of aileron
sensitivity so that aileron forces were light in coordinated rolling maneuvers
but not so light as to easily excite large sideslip excursions with aileron only
inputs, With proverse aileron yaw, the pilot clearly reported a compromise
in selecting aileron control sensitivity. With aileron inputs, proverse side-
slip was excited, which in turn modified the roll response to result in closed-
loop control difficulties when tracking bank angles. The pilot commented on
tendencies to both overshoot the desired bank angle and to develop an oscil-
lation about the desired bank angle. Some of the oscillatory tendency was
alleviated by the selection of a lower aileron control sensitivity but this re-
sulted in higher than desired aileron stick forces in maneuvering.

The rudder control sensitivities (N%ep on Figure 31) varied con-
siderably with N'g,qs/l_,'gﬂs on the adverse aileron yaw side and not at all on
the proverse aileron yaw side. The specific values of Ng}ep selected by the
pilot were tied strongly to the requirement to coordinate sideslip and aug-
ment the roll response from ailerons in cases where he was able to do this,
With N, /b5,s = - 0.06 the need for rudder to get adequate roll performance
from the ailerons was strong and since coordination could be accomplished
with the normal or natural technique, the pilot picked a high value of V5., .
With N's,,s /L'gﬁs = - 0.03, coordination was again easy to do but the require-
ment was reduced from that above and so the pilot chose less sensitive
rudders. With zero aileron vaw, N,;'P_p was the minimum value selected for
this configuration because coordination requirements were not strong but in
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addition because the delayed appearance of sideslip due to N} following an
aileron input made coordination slightly more difficult. As N3,s/L54s in-
creased positively from zero, A~5,, did not change from the value with zero
aileron yaw despite the fact that the need for coordination increased. The
reason is that the pilot can't coordinate since coordination requires an abnor-
mal rudder technique which he can't learn to apply when he is concentrating
on a demanding task. The more proverse aileron yaw became, the more
detrimental to the overall control task were the effects of not coordinating
perfectly with the abnormal technique. The pilot therefore chose to simply
not coordinate, particularly in the larger roll maneuvers. Hence the pilot
settled on low values of N;"'ep , resulting in heavier rudder forces but mini-
mizing the detrimental effects of miscoordination.

The curve fitted through the pilot ratings for Configuration 11,
Figure 31, falls roughly halfway in "goodness" of handling qualities between
Configuration 11A (more proverse‘N' ) and Configuration 11B (adverse /V;a )
in the N’é-,qs /"-"fns = 0 region. The three pilot rating curves tend to coalesce
as N5, /L's,s increases on both sides of zero. Except for one point (PR = 7
on Configuration 11B), these trends hold generally for both numerical ratings
and turbulence ratings. The best rating for Configuration 11( at N.’sﬁs/b:f,qs
= 0) was on the borderline between satisfactory and unsatisfactory (PR = 3.5]}.
Since the Dutch roll characteristics remained constant for the various test
points, the open-loop effects of random disturbance inputs also remained
constant, However, pilot opinion of random disturbance input effects was
heavily swayed by his ability to counteract these effects in a closed-loop situ-
ation primarily through the ailerons. As that ability was impaired both over-
all pilot ratings and turbulence ratings were degraded.

With the moderately large value of the coupling between sideslip and
roll, |®/Bl4 , certain predominant aspects emerge from all the Configuration
11 evaluations. First of all, anything that happens in B4 has a large effect on
the bank angle response and hence on roll control. The pilot seldom com-
plained about sideslip in itself. In fact, he commented favorably about head-
ing controllability for all values of N g4s //_;:5‘45 , adding that the generated
sideslip was not excessive while maneuvering in the first place, but also one
mechanism whereby sideslip might linger on, namely the Dutch roll mode,
was of sufficiently high frequency and damping ratio that the time to damp
{ Zda)d) was acceptable in his time scale of control. Only with the most pro-
verse N5as L"égs , where he had particularly big problems with bank angle,
did he allude to minor heading control difficulties. So, the problems with
this configuration were not in the directional control per se but in what dif-
ficulties any imprecision in yaw control caused in the roll or bank angle con-
trol due to the large coupling [#/@]4 in the Dutch roll, For even a small
amount of sideslip, there was a large corresponding bank angle response
through the Dutch roll mode. This sideslip could be excited in many different
fashions: from yaw due to aileron (Nszs ), from yaw due to roll rate (N;,, ):
from yaw due to rudder inputs, from yaw due to side gusts. The pilot's
inability to keep sideslip precisely zero under all conditions was the source
of his problems.
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Not surprisingly, therefore, the most prominent effects of the high
|@¢/8l4 were felt in the bank angle control and the associated ability to track
bank angle, roll performance, and turbulence response. The bulk of these
detrimental effects are transient ones associated with the Dutch roll. How-
ever, what causes a large |%/8/4d when the Dutch roll frequency is of moderate
value is the large positive dihedral effect (L:, }. What this means is that the
rudder becomes very effective at producing rolling moments, and conversely
any sideslip that goes unchecked produces rolling moments that either augment
or detract from aileron authority,

' '
Unfortunately, the comments for N5,y /55,;5 = 0 were lost due to a
recorder malfunction. The pilot rating was on the borderline of being unsat-
isfactory., Likely, an important downgrading factor was the roll response to
turbulence and the pilot's inability to help that situation as evidenced by a
TR of C.

With the adverse N%ﬂs/é"%ﬁs = - 0,03 case, the pilot reported a no-
ticeable amount of roll rate distortion for uncoordinated aileron inputs. Hence,
he called it a definite advantage to coordinate with rudder, both to augment
roll rate (note that both initial and longer term sideslip are adverse) and for
smoothing it out, Unfortunately, he had trouble controlling the sideslip pre-
cisely to zero and the dihedral effect would then cause an undesirable modifica-
tion to bank angle response. As a result the pilot reported the bank angle con-
trol and tracking as only fair to good. Also, he reported a slight oscillatory
tendency trying to settle on a bank angle, probably because he couldn't co-
ordinate on small bank angle corrections. Turbulence bothered him more in
this case (TR = D) because in trying to suppress its effects, he induced some
additional sideslip with ailerons. Again, as mentioned earlier, the above
factors evidently did not downgrade his heading control. However, besides
bank angle control problems for the air-to-air task, the pilot claimed that
the turbulence problems "would tend to degrade air-to-ground capabilities
quite noticeably."

For the most adverse aileron yaw case, {N5,5 /Aﬁ—“ = - 0.06) the
pilot voiced one of his few complaints about directional trim, because of its
large effect on the lateral trim (via é:;‘ ). He commented, however, that when
he had achieved good directional trim, the lateral trim was easy. There also
was sufficient adverse yaw due to ailerons that he had to coordinate to get roll
rates that he considered to be compatible with input size, otherwise the ad-
verse sideslip would significantly reduce roll performance. The pilot reported
that, although the Dutch roll itself damped out reasonably quickly he would still
set up some bank angle oscillation going from one bank to another simply be-
cause he couldn't coordinate well enough on both roll entry and recovery. In
the bank angle tracking task, he claimed good performance, suggesting when
he didn't try too hard (lower gain), he coordinated better. Examination of the
flight record subjectively confirmed the pilot's tracking task comments. RMS
tracking task error was not, however, computed for this particular case.
Again, heading control was no problem. Any situation where the pilot was
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required to control bank angle in an unprogrammed manner, such as in air-
to-air tracking or in turbulence, coordination requiring a precise combina-
tion of aileron and rudder inputs was too difficult and he would have problems.
In the higher lead time ground attack situation, these problems would be less
severe, In summary, this situation was clearly unsatisfactory to the pilot.

In turbulence, the combination of direct effects of sideslip disturbances and
the additional problems caused by the pilot fighting these effects caused the
turbulence effect rating of D.

For the smaller proverse aileron yaw case (Nfs,,,/bfn.s = + 0. 03), the
sideslips generated were never large enough that the pilot couldn't accept
them in terms of their effect on roll control. This, coupled with an inability
to coordinate properly led the pilot to fly essentially with his feet on the floor.
The consequences were not too harsh because as the pilot stated, " the Dutch
roll was reasonably well damped and fast enough." There was a slight tenden-
cy to overcontrol and to overshoot bank angle. There were no difficulties with
heading control. However, trying to track or control the bank angle in the
presence of random disturbance inputs merited a rating of D and would com-
promise the pilot's ability to do the job even in ground attack.

With the most proverse aileron yaw case (Nsqgs /L35 = + 0.08), the
pilot reported a "quite dramatic tendency to overshoot, overcontrol and oscil-
late in bank angle." In maneuvering, he would overcontrol when trying to
coordinate normally making things worse than if he maneuvered with his feet
on the floor. In fact, the pilot reported that he couldn't coordinate and there-
fore, he had to accept the roll rate distortions caused by the sideslip. This
impaired his ability to predict input size or shape to achieve a desired goal
and led to lateral pilot-induced oscillations. So bank angle control and track-
ing were both poor since the pilot could not perform aggressively (high pilot
gain) or precisely without having an unacceptable situation (PR of 7). Heading
control deteriorated only insofar as it was tied to bank angle. Dutch roll oscil-
lations in @ had little effect on heading. Random disturbance inputs were
detrimental (TR = E) in that when the pilot attempted to suppress the effects,
lateral pilot-induced oscillations were developed. The pilot reiterated that
trying to coordinate the sideslip "only made things worse."

4,3.3.2 Configuration 11A, N;, = + 0.109 sec-l

Configuration 11A had the following values of the lateral-directional
modal parameters:

@y % 2.46 rad/sec Z, # 0. 37 sec
3, % 0.23 2, = 29 sec
1#/ély = 5.7

Looking at the Laf;‘ selections on Figure 31, there is remarkably
. . . S . . . 7 ’ .
little change in aileron sensitivity with varying Ns,s /L;A5 . The pilot com-
ments associlated with the selections do, however, change. For Niss/[Lsgs =
-0.06, aileron only inputs generated a lot of adverse yaw which, coupled with
the large positive dihedral effect, caused a reduction in net roll rate for the
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given aileron input. The pilot stated that the aileron forces were a little
higher than he liked but were still satisfactory. For M3, /Aff,,s = - 0.03,

the pilot reported that he chose the aileron control sensitivity to give him the
aileron stick forces that he liked. He reported no compromise with aircraft
characteristics for N.?,,s/bfp’,,, =+ 0.01. For N5us /545 =+ 0.03, he referred
to his final L{;M selection as a definite compromise between a real strong ten-

dency to overcontrol on bank angle and just having uncomifortably heavy ailerons
to maneuver in roll.

Rudder control sensitivity selections, /V:;"ep » {(Figure 31) varied con-
siderably with the changes in yaw due to ai’leron; particularly for the adverse
or negative values cf Ngﬁs/bﬁﬁs . With NJ,H/L'J.qs = - 0.06 in combinati’on
with the proverse N, aileron inputs produced adverse yaw which the M
merely limited in amplitude. The sideslip was such that the pilot could co-
ordinate it with normal technique. The high rudder control sensitivity he
selected was undoubtedly to maintain reasonable rudder pedal forces for ma-
neuvering coordination requirements but it was compromised by a tendency
to overcontrol on small sideslip corrections if Ném, was too high. Coordina-
tion here also served to significantly increase and smooth out roll rate due to
ailerons, For Nﬂgﬂs/b'ggg = - 0.03, the pilot selected a considerably lower
NSep » giving him sufficiently light rudders to coordinate the small amount
of adverse sideslip in roll maneuvers and yet sufficiently heavy to alleviate the
tendency to overcontrol on small sideslip corrections about zero. With
N5as/lisas = + 0,01, the net sideslip generated by aileron inputs is initially
proverse but of small amplitude and later crossed back through zero to a
small adverse value. The pilot noted the initial sideslip but the longer term
quantity was undistinguishably small. Consequently, he didn't really need to
coordinate. In any case, if he tried, the initial crosscontrol requirement was
difficult to satisfy and he would tend to overcontrol. Hence, his choice of N3
was not very consequential other than being low to alleviate the overcontrol.
With N;—ﬂs/béﬁs = + 0.04, the sideslip was again proverse initially but then
settled at a small adverse value; it didn't cause much problem in roll, Be-
cause of the difficulty in accomplishing crosscontrol coordination, the pilot

simply did not coordinate; he did not use the rudder. The gearing selection
was therefore again inconsequential.

Inspection of the pilot rating vs. Néﬁs/é's,gs relationship on Figure
31 reveals that this configuration received higher pilot ratings within a small
band of N, /b5,s about zero (approximately -0.03 to + 0.03) than either of
the other two high [@/8/; configurations (11 or 11B). Although not clearly
defined, the optimum rating would appear to correspond to aileron yaw param-

eter values near zero and ratings drop fairly quickly with increasing aileron
yaw on both sides of zero,

For N;Rs/b%ﬁs = - 0.06, the pilot objected to the large amount of
adverse yaw generated by aileron inputs. Every excitation of sideslip occur-~
ring with aileron input in turn resulted in Dutch roll with the high roll to yaw
ratio which modulated roll rate response ("roll rate was noticeably ratchety"),
Being adverse in the steady state, this sideslip further caused a significant
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reduction in roll rate for the aileron input. These characteristics made co-
ordination with rudder essential for the fighter tasks. However, when the
pilot coordinated, he had a tendency to overcontrol the sideslip, which caused
him to report "a funny sashaying feeling" about the airplane, and that it was
in a "combination of roll and sideslip most of the time when maneuvering."
As a result of all this, bank angle control and the associated tracking task
were compromised. Instead of being able to roll right up and stop on a bank
angle he had to either work up to it or back down to it from an overcontrol
with rudder. He would, of course, use rudder to augment roll rate {rem
ailerons, which actually meant cancelling out the adverse sideslip that caused
the roll rate to be reduced or creating proverse sideslip which would augment
roll rate through the positive dihedral effect, With the given damping in
Dutch roll, heading control was not much of a problem. The actual sideslip
excursions which would affect heading control were in themselves not large.
Most of the problems arose from the large effect on roll of small sideslip.
Random disturbance inputs produced quite noticeable roll response requiring
"almost continually fighting the ailerons” {(Turbulence Rating of E). Using
ailerons to quell turbulence effects on bank angle would compound Dutch roll
problems because of the aileron yaw which would further induce roll response
because of the dihedral effect,

With the reduced aileron yaw at NMius /11;;,,5 = - 0.03, there was only
a small amount of net adverse yaw generated by aileron inputs with its atten-
dant smaller Dutch roll oscillation. Dutch roll modulation of the roll rate
response was, therefore, also small and the pilot reported the roll rate re-
sponse to he smooth, The pilot evaluated this test point twice, in one case
rating it 2 2 and in the other, a 4.5. For the rating of 2 the pilot reported
that the bank angle controllability was quite good. He could roll to, and stop
on, a desired bank angle quite well. Roll control was listed as a good fea-
ture of the airplane. For the rating of 4.5, bank angle controllability was
reported to be less predictable. There was a tendency to overshoot bank
angle and for the airplane to oscillate for one or two overshoots about the
desired bank angle. In both cases, the pilot complained about the "marked or
crisp" roll response to turbulence. Coordination was not required for roll
rate smoothness but could be used to noticeably augment roll rate from
ailerons in the larger roll maneuvers. Thus, there appears te be an advan-
tageous effect of the proverse A, in limiting the longer term adverse side-
slip buildup. The fact that the pilot could use rudder effectively to help roll
performance allowed him to select less sensitive aileron control; this was
an advantage for small bank angle corrections. Ewven then, on small bank
angle corrections with ailerons, such as alleviating the effects of random
disturbance inputs, the pilot reported some tendency to "couple with the re-
sponse every now and then." In general, as was remarked earlier, the com-
ments for the two evaluations were similar in nature, but differed in degree
consistent with the pilot ratings.

With N;'As/b;’/;s =+ 0.01, very little sideslip was excited and what
little there was seemed to be initially proverse and unnoticeable to the pilot
in the steady state. The pilot reported "doing just as well or better keeping
his feet off the rudders and simply not coordinating" than trying to
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crosscontrol to cancel the initially proverse sideslip. Except for a slight ten-
dency to overcontrol on bank angle, he commented quite favorably about bank
angle control tasks. With the given damping in the Dutch roll, heading control
was good. The most prominent objection was some "roll rate nonlinearity"

on large alnplitude rapid roll reversals. These are the situations where large
roll rates will, in fact, produce proverse sideslip via 4, and result in a ten-
dency "for the a;.rplane to take off a little bit right in the middle of the roll."
Hence, when Ngﬁs/zl, S4s 18 near zero, the effect of Mgy becomes more noticeable
in large amplitude maneuvers., The pilot did not mention effects of random
disturbarice inputs on roll response and this was somewhat surprising, since
one would expect open-loop turbulence response to be the same as for other
test points. The pilot comments on that, however, in relation to his ability

te alleviate its effects with ailerons. With /‘/545 /4545 =+ 0.01, that task,
namely, small corrections with ailerons, was not a problem.

With N:;AS/A:;AS = + 0.04, the pilot commented that "a fair amount of
proverse yaw was generated for each aileron input." The resulting sideslip
would result in "a noticeable speeding up effect in the middle of an aileron
roll." The combination of proverse N, /45,5 and proverse /\/;, had its maxi-
mum effect on roll rate sometime after the aileron input and, therefore, was
particularly prenounced in the larger amplitude rapid roll reversals using
large aileron inpute. The aileron yaw was, however, now sufficiently large
in the proverse sense as to cause a noticeable tendency to overshoot (over-
control} on bank angle. In small bank angle corrections with ailerons where
the pilot operates more on the initial roll rate and sideslip response to aileron
inputs, he commands relatively low roll rates and hence is more affected by
NJAS/L;“ than by N . Random disturbance inputs aggravated the bank
angle control problems. The pilot did suggest that the severity of these prob-
lems was a function of his aggressiveness (pilot gain). With the given Dutch
roll damping { 5,4, ), heading control was again no problem.

4,3.3.3 Configuration 11 B, Nf,? = - 0,035 sec~!

Configuration 11 B had the following values of the lateral-directional
modal parameters:

&y = 2,46 rad/sec Te = 0.43 sec
%4 = .23 Ts = 100 sec
1881y = 6,2

Pllot ratings and lateral-directional control sensitivity selections
( /_.5 and Né,ep ) are presented on Figure 31, Aileron sensitivity (L:;,,,J )
selectlon followed the patterns of Configurations 11 and 11A for adverse
aileron yaw in that they were all of about the same value numerically and
relatively invariant with N5z /45,. . For the proverse aileron yaw case with
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Configuration 11B, the pilot chose a significantly higher L5,5 . For N':;qs/bf;ﬁ
= 0, the pilot reported a compromise between sufficient sensitivity to over-
come the high aileron forces for longer rolling maneuvers, and over-
sensitivity which would cause noticeable overcontrol and oscillatory ten-
dencies on small bank angle corrections. The heavy aileron stick forces
were due to the significant adverse sideslip produced proportional to roll
rate which through the large dihedral effect ([J’é } reduced the net roll rate
commanded by an aileron input. This occurred in the large amplitude maneu-
vers for which the pilot both utilizes large roll rates and waits sufficiently
long for this effect to take place. It would appear that the pilot was forced

. . . . I . [] !

into a similar compromise on L5 ,, selection for Nsgs/ls,s = - 0,05, How-
ever, pilot comments were lost for this case due to a voice recorder mal-
function. With N3,; /05,5 = + 0,08, the pilot selected a relatively high Lspe
which he claimed to have done with no real compromises involved, however,
he cormmented that perhaps the lightness of the aileron stick forces created
some of the bank angle tracking problems that occurred with the evaluation of
this particular test point.

Rudder sensitivity (N}gp ) selections (¥Figure 31) decrease almost
linearly with Nfqs/l5,4s from a relatively high value at M., bk, = - 0,05
to a quite low value at Nf;,,s/b'g,,, = + 0.08. In the former case, the adverse
aileron yaw combined with adverse yaw due to roll rate to produce a large ad-
verse sideslip buildup for aileron inputs, but one that the pilot could cecordinate.
The pilot could, with rudder, significantly augment the roll rate from the
atlerons. In order to do the above and keep pedal forces reasonable for large
maneuvers, he selected a high M5, . With N§4e/b54s = 0.0, the pilot reported
that for aileron inputs, the sideslip response seemed initially proverse then
became a significant amount in the adverse sense. What he really had was
essentially zero sideslip initially followed after some time by the large adverse
amount. He reported some difficulty in coordinating this sideslip because when
he used "normal" aileron-rudder technique he would overcontrol the initial
sideslip, in fact, producing some in the proverse sense. This imprecision in
coordination had large effects on the roll control. These problems, therefore,
compromised selection of a higher N;',ep which he would have preferred to
counteract the longer term adverse sideslip due to A, . At N;-ﬂ5//-::;,,5 =
+ 0.08, the proverse aileron yaw may help to reduce the effect of the adverse
N/ in the longer term but it produces a more nonlinear buildup of sideslip,
being proverse initially and then coming back in the adverse direction, This
caused the pilot considerable coordiration difficulty. In fact, when he reverted
to "normal coordination” he would aggravate the initial proverse sideslip. So
he chose a low N‘;'.ep to minimize this problem.

Inspection of the pilot ratings for the various test points of Configura-
tion 11B (Figure 31) shows that in the vicinity of N5as /454 = 0.0, this con-
figuration received the lowest ratings of the high |¢/8/y series. In fact, they
were rated unsatisfactory (PR = 4.5 or 5) at best, which was at N’gﬂs/L'sﬂs =
0.0, and unacceptable (PR of 7) at N5,s /l54s = + 0.08. There was essentially
no degradation in overall flying qualities with the given sizeable adverse N;J
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going from zero aileron yaw to adverse aileron yaw at Ns,5/L%54s = - 0.05.
However, there was a significant degradation going to proverse aileron yaw
at N%ﬂs/blgﬂs‘ =+ 0.08.

As already mentioned, the pilot comments for Négs/ﬁ':ﬁqs = - 0.05
were lost, but, based on the pilot's numerical and turbulence ratings and on
knowledge of the characteristics simulated, it is probable that the nature of
the pilot's difficulties for this test point were similar to those at the aileron
vaw value of zero. In the latter case, the pilot complained about a rudder
requirement to coordinate sideslip which was difficult to satisfy because the
situation warranted abnormal rudder technique. With adverse aileron yaw
(N,’gﬁs/b,'ggs = - 0.05), the adverse sideslip buildup probably lent itself better
to normal coordination technique but this advantage was likely offset by the
requirement to use sensitive rudders in order to cancel the large longer term
sideslip in large rolling maneuvers. This would, in turp, lead to overcontrol
an initial sideslip or about zero sideslip. For the Né',gs Lsss = 0.0 case, the
pilot's complaints focused on problems with bank angle control caused either
by what he did with the ailerons directly, or by the effects of imprecision in
coordinating the sideslip, which through the large dihedral effect would alter
the roll response. He complained of a tendency to overcontrol and overshoot
on bank angle tracking which was aggravated in the presence of random distur-
bance inputs. This tendency was also a function of aggressiveness or pilot
gain in the bank angle to aileron closed-loop task, The comments suggest
that some of these overcontrol tendencies were due in part to overcontrol of
sideslip when the pilot tried to coordinate, These bank angle control diffi-
culties also appeared when the pilot attempted to abruptly acquire a given bank
angle., "Abruptness" implies large roll rate changes in a short time which, with
the considerable adverse N;, » would excite the Dutch roll, In fact, the pilot
said that the oscillatory tendencies appeared to be more due to Dutch roll
rather than being pilot induced.

At N5,.s /Lfgﬁs = + 0,08, the bank angle control problems resulting
from the pilot's previously discussed difficulty with coordination were fur-
ther increased by the proverse aileron yaw. This additional factor com-
pounded the oscillatory bank angle problems, which were primarily from
Dutch roll for the other test points of 11B, with definite PIO tendencies. This
resulted in a situation making bank angle control and the associated tracking
task very difficult for the pilot and also in turn degraded the heading control.
The proverse aileron yaw directly affected the pilot's difficulties in the closed-
loop bank angle tracking loop with ailerons. He could not really utilize his
rudders to help, because the required input time history was too complicated
for the pilot to be able to do consistently. If he inadvertently reverted to
rnormal rudder technique, the pilot aggravated his bank angle control prob-
lems. Hence, the initial proverse sideslip generated each time he put in
aileron inputs so modified the roll rate response as to lead to PIO's on small
bank angle corrections or when attempting to acquire and hold a bank angle,
The severity of the PIO's were, as expected, a function of aggressiveness
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(closed-loop pilot gain), an aspect unacceptable for the air-to-air fighter
tasks. The only good feature that the pilot reported for this test point with
PR of 7 was that the airplane was "really maneuverable in roll." With the
proverse aileron yaw to offset some of the adverse yaw due to roll rate, on
the larger roll maneuvers, uncoordinated ailerons would give better roll per-
formance. Perhaps, for gross maneuvering, the additional initial roll accel-
erations from proverse aileron yaw might even be an asset. Although the
pilot commented that more effort was required in the presence of random dis-
turbance inputs, he did not consider this to increase the difficulty of the task.

4.3.3.4 Comparison of Medium Dutch Roll Frequency, High [#/8]y
Configurations With Roll-Sideslip Coupling Requirements of
MIL-F-8785B{ASG).

These configurations met the Dutch roll frequency and basic Dutch
roll damping ratio ( %y > 0. 19) requirements of MIL-F-8785B{ASG) for Class
IV airplanes in Flight Phase Category A. However, since oy* @&/ = 37,
there is an additional Level 1 requirement for &y« to be 0.47 + , 014(@,{3}@/5/4-20)
or 0.71 rad/sec resulting in a required 44 = 0.28, The 3;5 for the three
configurations were indeed very close to this Level 1 boundary damping ratio.
For the test points that received Level I pilot ratings (PR< 3.5) as well as
for others in the medium &y, high |¢/8|4 series, the pilot reported the Dutch
roll to be reasonably well damped. Furthermore, there appeared to be no
direct indication of unsatisfactory Dutch roll damping from the pilot's com-
ments on the effects of random disturbance inputs. However, there is a sug-
gestion {rom such comments as "it really moved around in roll in the tur-
bulence, " that additional damping might certainly have been beneficial., This
implies support for the existing requirement for additional damping (AZ ) )
over the basic Dutch roll ¥; requirements for airplanes with high [@/8/4 .

Wi % relates to the time for a Dutch roll excitation to damp. The larger that
wy44 is, the shorter the time period over which the Dutch roll meculates roll
response to an aileron input, especially for airplanes with large roll-sideslip
coupling, and directly affects such tasks as heading control.

Figure 32 compares the test points for the medium «y , high |®/8/d
configurations to the P, /ﬂ,qy versus 1@, requirement of MIL-F -8785B(ASG).
With the high [@/8/4 , these configurations possess a substantial value of
Do sc /Pm/ in relation to the other medium frequency configurations. As seen
from the plot, the Level 1 boundary encloses the bulk of the test points in-
cluding many rated worse than 3.5. There is one Level 1 point (PR = 3. 5)
cutside the Lievel 1 boundary. If a given test point was not downrated for
reasons other than, or in addition to, ;ﬁg.sc/ﬁm/ » the Level 1 boundary ap-
pears to be too liberal. Hence, one has to look at all characteristics of a
test point before judging suitability of a given requirement.
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The sideslip parameter (A& umax /# ) for Level 1 and Level 2 was
computed and plotted against the corresponding requirements of MIL-F -
8785B(ASG) on Figures 33 and 34 respectively. Starting with the Level 2
plot, the boundary is seen to contain all test points including two Level 3
points (PR = 7)., One of these Level 3 points, that for Configuration 11, was
downrated because of strong PIO tendencies which were significantly aggra-
vated in the presence of random disturbance inputs (TR of E ). The other
point (for Configuration 11B) was also downrated due to substantial PIO ten-
dencies although here random disturbances did not affect matters much (TR
of B). Looking at the Level 1 ABuy/#£ plot, the boundary is seen to contain
all Level 1 points but one (a 3.5 rating for Configuration 11A). The Level 3
point for Configuration 11B lies well above the boundary while the Level 3
Configuration 11 point also lies above but by a much smaller margin, perhaps
due to the turbulence effects on that test point, It is generally true that Level
2 points within the Level 1 Pose. /[Fav boundary were accounted for by not
meeting Level 1 Ay /[t requirements and were downrated due to the heavy
coordination requirements. The two Level 3 points (PR of 7) are within the
Level 2 f,5./fav boundary as also they are within the Level 2 4fuex/£ boun-
dary. Perhaps one explanation is the fact that being Level 2 on two counts
caused them to be rated Level 3. One data point, Configuration 11A with PR
= 3.5 was Level 2 in both the £, /ﬂw and the 84y, /# requirements planes.
This point had a small amount of proverse aileron yaw with substantial pro-
verse yaw due to roll rate. The pilot complained of tendencies to overcontrol
and overshoot in bank angle. Evidently the phasing of the proverse sideslip
effects on the short term roll response to ailerons has a strong influence on
their severity in terms of closed-loop control. The Pose /By V5. Iég and the
ABuarflvs. ;fe plots evidently did not stratify this phasing difference.

4.3.4 Results for the Medium Dutch Roll Frequency Configuration
With Negative Eiiective Dihedral {(5ND)

Configuration 5ND had the following values of lateral-directional
modal parameters:

Wy # 2.40 rad/sec 7, » .48 sec
%, = .25 7, = 100 sec
;¢/,g]a,z 2.14

This configuration possessed negative effective dihedral as shown by
the value of £d/4 = - 132° in addition to the signs of 44 (now positive) and L
(now negative) (see Appendix IV). The ¢(5J/5ﬂ5(s) transfer function zero loca-
tions with respect to the Dutch roll pole are shown on Figure 35. The experi-
mental results are shown on Figure 36 along with the results for Configura-
tion 5 for comparison. Configuration 5ND differs from Configuration 5 essen-
tially in the sense of dihedral effect only. The small difference in [@/8/y is
not very significant for this comparison. A more detailed definition of this
configuration is presented in Appendix IV along with the pilot comments and
transient responses.
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Figure 35 @(5)/@,5(5) Pole-Zero Locations for the Medium @y
Medium |¢/8/,4 , Negative Effective Dihedral Configurations

Unfortunately, the overall scope of this experiment permitted testing
of this configuration at only three values of N's5,5/L%,,= + 0,05, - 0.02, and
-0.06 in combination with a constant value of Np (+ 0.055) which put the locus
of zeros of ®(s)/84s(s) with varying Nfsﬂs /L‘;‘,qs through the Dutch roll pole
(Figure 35). It is immediately noted that the shift in the sense of dihedral
effect has changed the phase of N5,s /L%4s effects on the zeros of @’(5}/5,;5(5) by
180° i.e., adverse aileron yaw puts the zeros above the Dutch roll root and
vice versa.

From Figure 36 it can be seen that pilot opinion sensitivity to the
aileron yaw parameter does not differ significantly between Configuration 5
and Configuration 5ND. In fact in both cases pilot opinion sensitivity is rela-
tively small in a small region about N’gﬁs/bf;,,,s = 0 and increases very quickly
as aileron yaw increases beyond this range on both sides of zero. However,
for N’gﬁ,s/b‘}gs = - 0.06, Configuration 5 was barely unsatisfactory (PR = 4)
while Configuration 5ND was almost unacceptable (PR = 6). Pilot selection of
aileron sensitivity, /5, , and of rudder sensitivity, N5, , follows similar trends
of changes with N5,; /45,, although the changesin Niew are slightly more pro-
nounced for Configuration 5ND. At the relatively low |@/4/, ,» although the
coupling between # and ¢ was reversed, the effect itself was small enough at
the tested N.g‘,,s//—"cyﬂs values so as not to strongly influence the control sen-
sitivity.
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The faired curve through the pilot selected values of aileron sen-
sitivity L's,s on Figure 36, indicates relative indifference of aileron sensi-
tivity with N'JAS/ZJ';“ variation for this negative dihedral configuration. In
fact, the variation is significantly less than for Configuration 5, the positive
dihedral counterpart. For the larger adverse N5,5/L’5,45 , the pilot reported
a definite compromise between light forces to generate large roll rates for
larger maneuvers, where he tended to coordinate with rudder, and the ten-
dency to overcontrol in roll on small corrections, where he didn't coordinate.
The /_Jt;“ he finally chose still gave him aileron forces that were "a little
heavy for large maneuvers and a little light for small bank angle corrections. "
For the smaller adverse N5,5/Li5,s , the pilot comments suggested a prob-
lem similar to that above but to a far lesser degree. However, on a repeat
evaluation of the same test point, he reported no compromise. For the pro-
verse Nfgﬂs/bfg” condition, the pilot reported picking aileron forces as light
as he wanted.

The rudder sensitivity selection N.;f.ap (Figure 36) was, however, a
different story. It varied from a relatively high value on the adverse Né,s/bf;ﬂ‘s
side to a relatively low value on the proverse side. For sizeable adverse
N5.5 /L5, in combination with small proverse Np , coordination was in the
normal direction. The pilot reported a definite requirement to coordinate,
particularly on large maneuvers, otherwise a large sideslip angle would
develop. Of course, when he cut down adverse sideslip by coordinating
he also cut down on his roll rate, due to the negative dihedral effect. He
picked Ns,r for light forces when he did coordinate on larger maneuvers. For
Nfg,,s/b:s.qs = - 0.02, on one evaluation he picked "a little heavier rudder" to
keep sideslip where he wanted with an airplane that "didn't need an awful lot
of coordination, " and for which he "was reasonably good at coordinating."” On
the repeat evaluation, there was another aircraft which was used as the eval-
uation task reference. It would appear that the pilot's attention was less oc-
cupied by perfection in coordination and that, having picked a higher L:’;,,s s
he didn't worry about overcontrol in coordination, which would cut down roll
rate. For the proverse N5, /Ls,s case, there was very little sideslip excited
in aileron maneuvers, therefore requiring little coordination. So coordina-
tion was not a necessity. Hence, the pilot picked heavier rudder forces or
low N5, and, therefore he wouldn't overcontrol if he did coordinate. He
couldn't use rudders in the normal manner to augment roll rate,

, , Configuration 5ND received its best pilot ratings for values of
Ni,qs/lré,qs which resulted in the lowest amount of sideslip excited by an aileron
input keeping in mind the constant small proverse N% . Deterioration of pilot
opinion was swift with increasing N5, /54 . As evidenced by the pilot com-
ments, a prominent reason for this was the negative dihedral effect with its
attendant unnatural phasing between roll and yaw in the Dutch roll. Also, the
reversed effect of sideslip on roll rate resulted in the pilot's inability to aug-
ment roll control with rudder. There was a significant effect of sideslip on
roll rate even with the low to moderate value of Z_.:g (@@l g = 2.12).
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For the larger adverse Ni',gs//.:'g,,s » the above mentioned problems
associated with reversed effects are clearly evident from the pilot's com-
ments. First of all, the relatively low initial sideslip (though adverse)
followed by a substantial amount, necessitated a complicated rudder input
time history which was very difficult to accomplish. But, the pilot needed to
coordinate particularly on larger maneuvers simply to confine sideslip build-
up. However, coordinating tended to cut down on roll rate (negative dihedral
effect with reduced adverse sideslip). For small corrections in bank angle,
whether to try to maintain a particular bank angle or during the bank angle
tracking task, the pilot normally would not coordinate. However, lack of
coordination meant some adverse sideslip which, in turn, augmented roll rate
resulting in overcontrol or mild PIO tendencies for the small corrections,
much like proverse N:f,,s/l..'s,,s would cause with positive dihedral effect. When
he would allow sufficient sideslip buildup to excite a noticeable Dutch roll, the
strange out-of-phase feeling of heading versus bank angle motion was a de-
grading factor. This same problem impaired his ability to control heading.

It furthermore degraded his ability to alleviate the effects of random distur-
bance inputs resulting in a turbulence rating of D. All this would reflect
strongly on the air-to-ground task in turbulence where the pilot normally would
use rudder to help put the nose on a target. Finally, the pilot remarked that
when using normal coordination, the effects of aileron and rudder control in-
puts on roll rate were working against each other.

For the small amount of adverse aileron yaw (N;As/bfs,qs = - 0.02),
there were two evaluations, one rated a 3 and the other a 2, but for the PR=
2 the task included a reference aircraft. Interestingly, the pilot comments
for the two evaluations differ but are in harmony with the ratings. For the
evaluation with the other aircraft, he had generally favorable superlatives for
such tasks as bank angle and heading control. The only significant complaint
was the turbulence response (TR of C) which showed up more noticeably in
roll than sideslip (|@/8/y # 2. 14). Coordination requirements were small and
the pilot reported that coordination was easy and natural to perform. On the
other evaluation, he was somewhat more critical of the same test point. He
still commented favorably about bank angle and heading control. However,
he seemed more aware of sideslip per se (watching sideslip needle instead
of another airplane), and that appears to be the primary reason for the rating
difference. Also, he reported that the primary effect of turbulence was on

sideslip (as opposed to primary effect on roll in other evaluation) resulting
in the TR of D,

For the proverse N,';Hs/L'g,,s case, the pilot reported very little side-
slip with aileron inputs resulting in very little coordination required. In the
ground attack task, he didn't use rudder to move the nose onto a target, thereby
bypassing the unnatural effects of negative dihedral. From the pilot comments,
it was noted that the rating of 3 was due principally to the inability to augment
roll with rudder despite the [d/4[; of 2.15 and to the fact that over-coordination
tended to cut down roll rate.
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4.3.4.1 Comparison of the Medium Dutch Roll Frequency, Negative
Eifective Dihedral Configuration (5ND) With MIL-F -8785B{ASG)
Roll-Sideslip Coupling Requirements

Configuration 5ND was intended to supplement a scanty amount of
existing data on aircraft with negative effective dihedral. [t was chosen with
essentially the same characteristics as Configuration 5 discussed in Section
4,2.2.1 except for 5ND having a slightly higher |@/8{4 (2. 14 vs. 1.61) and, of
course, the required numerical sense of L-;é. and !";- to give the negative dihe-
dral effect.

This configuration did not meet the requirements of MIL-F-8785B(ASQ)
paragraphs 3.3.6.2 and 3.3.6.3. These paragraphs respectively require;

(1) that right bank angle shall accompany an increase in right
sideslip and vice versa,

{2) right aileron-control deflection and force shall accompany
right sideslips and vice versa.

However, the configuration did meet Level 1 requirements of MIL-F-8785B
(ASG) for Dutch roll frequency and damping (both damping ratio Z; and total
damping %4z ) for Class IV airplanes in Flight Phase Category A. However,
the evaluation comments for the test points in which the Dutch roll was sig-
nificantly excited during task performance indicate that additional damping

in Dutch roll would have been beneficial, The pilot reported that "the air-
plane had a funny out-of-phase feeling between sideslip and roll in the Dutch
roll" which made heading a bit difficult to control and added to problems with
turbulence. Hence the X@/4 in the Dutch roll is bothersome to the pilot as
contrasted with an equivalent situation with Configuration 5. Clearly one way
to limit the Dutch roll motion is to require increased damping (in this case in the
form of ‘éd ) for aircraft with negative dihedral. The amount of this increase
would require further study.

The only accommodation present in MIL-F -8785B(ASG) specifically
for negative effective dihedral is in F,s./ -2y vs. V,d requirement. This is
to account for the change in ?ﬂfs for which closed-loop bank angle control dif-
ficulties would occur and results in a 180° shift in the ‘W,e scale of the 70a5¢/704y
versus ’446 requirement. The three data points for Configuration 5ND are
compared to the W.sc /104,/ versus ‘(ﬁ/g requirement on Figure 37. The medium
1@/814 of 2. 14 and the relatively small values of N54s /L5,s for which this con-
figuration was tested resulted in a relatively small spread of zeros of @(5)/3ys(s)
transfer function (Figure 35) about the Dutch roll pole and consequently small
magnitudes of 10050/—;0,41/ . In fact, the I.evel 1 boundary included all these
points and this suggests that W,s./ #4 as a parameter was not the problem
indicator with this configuration. The pilot comments confirm this.

The sideslip excursion parameters ( 88y, /#) for Levels 1 and 2 are
plotted against the MIL-F -8785B(ASG) requirements on Figures 28 and 29,
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repeated in this section on pages 89 and 90 for the convenience of the reader,
These parameters do provide some stratification with pilot ratings but not as
much as might have been expected. As seen from the Level 1 plot (Figure 28),
the boundary includes a Level 2 rating while it excludes by a wide margin a
Level 1 point. There is not much difference between the é\/@’M,;,/f values for
the three test points, at least as 48 yax is defined by MIL-F-8785B(ASG).

The distinction is that for the Level 2 point (N34 /lbsgzs = - 0.06), AB,,, {or
maximum change in g in a specific time period) is the actual magnitude of

the unidirectional sideslip buildup from trim (adverse sense) as shown in
sketch 1 below.

’ / /
/3 AﬁMﬂr AfMax
: —-_/ - - - e ——m
t f
%as
i [
¢ 4
Sketch 1’ Sketch 2
Adverse Sideslip Proverse to Adverse Sideslip

For the NC;‘QS-/ZJZSRS = + 0. 05 points, DB yuax was the maximum J-)
change from proverse to adverse as shown in sketch 2. In the latter case,
the actual excursion from trim was therefore of much smaller magnitude.
Since, from the comments, one of the primary problems with this configura-
tion stemmed from the reversed effects of sideslip on roll, the difference in
ratings despite the values of 44,,,/4 becomes more understandable. This
suggests that for airplanes with negative effective dihedral, the requirement
ought to be based on a 44/# parameter where# is defined as presently but A%
is maximum excursion of & from trim in some specified period of time,
instead of the maximum change in that period.

The pilot comments for the Level 2 point (N«f?ﬁs /'1.,’;‘45 = - 0.06) indi-
cate that his ability to control heading and to use his controls to damp out
Dutch roll oscillation, however they may be excited, is strongly impeded by
the unnatural motions of the Dutch roll., The almost equivalent magnitude of
proverse Ngﬂs//.ﬁfg s (+.0,05) evidently was no problem to the pilot (rating of
3) because in comgination with adverse sideslip contributed by the spiral
mode it produced a sideslip time history of the shape shown in sketch 2 where
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the sideslip never became appreciable in the time period that the pilot waits
after an aileron input. As a result, the pilot reported that very little co-
ordination was required. Furthermore, the Dutch roll when excited was of
low amplitude (since it is a function of the sideslip disturbance). Although ﬁ{/‘
put the test point in an area of difficult coordination, it didn't bother the pilot.

The point is somewhat inconclusive in terms of suggestions to better define
the Level 1 boundary.

The Level 2 plot of Figure 29 includes all Configuration 5ND points
as expected. The PR of 6 point is, as explained earlier, likely downrated for

reasons other than 44,,,/£ causing the point to be so far below the Level 2
boundary.

4.4 CONFIGURATIONS WITH HIGH DUTCH ROLL FREQUENCY

Four configurations were evaluated at a Dutch roll frequency of
approximately 4.5 radians per second. Configurations 6 and 7 both had the
medium value of roll-to-sideslip ratio (/g/4/; # 1.6) of this experiment,
but differed by their values of the Dutch roll damping ratio, Z; (0.10 and
0.23 respectively). Configurations 12 and 13 both had the high value of roll
to sideslip ratio (/@/#/y » 5.0) but differed by their values of 3y = 0,095 and
%, = 0.24 respectively. The results for each configuration are discussed
separately. Finally, the results for all the high Dutch roll frequency con-
figurations are compared to certain MIL-F-8785B(ASG) lateral-directional
requirements.

4.4.1  Results for High Dutch Roll Frequency, Medium /$/8/; Configurations

The ¢(SJ/§A5 (s) transfer function zero locations with respect to the
Dutch roll poles for Configurations 6 and 7 are shown on Figure 38. The
experimental results are shown on Figure 39. A detailed definition of these
configurations is given in Appendix IV where the pilot comment data and
transient responses are also presented.

4.4,1,1 Configuration 6 - Lower Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 6
were as follows:

Wy # 4,5 rad/sec Te = 0,42 sec
%4 ~ 0.10 T, # 35 sec
[¢/t5/d % 1,68

The pilot ratings for this configuration show that the best rating
occurred with Néﬁs/b’éﬂg = 0. This value of the aileron yaw parameter was,
however, evaluated twice receiving pilot ratings of 4.5 and 2.5. Accom-
panying the two ratings are apparent differences in the pilot's assessment of
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the airplane's response to random disturbance inputs and differences in the
pilot selection of both aileron and rudder control sensitivities, L’s5,s and N;—ep
respectively, With the rating of 2.5, the pilot assigned a turbulence effect
rating of D and with the rating of 4.5, the pilot assigned a turbulence effect
rating of E, This difference in turbulence effect rating, as can be seen on
Figure 12, indicates a substantial difference in pilot effort from "more effort
required" to "best efforts required" which was reflected in the overall pilot
rating.
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Figure 38 ¢(5)/5A5 (s) Pole-Zero Locations for High «y , Medium
18/8 | 4 Ceonfigurations

The pilot selected value of aileron control sensitivity was 380 deg per
sec®-in, for the 2.5 pilot rating, and the pilot reported that perhaps he had
selected too sensitive a value since in a constant banked turn the airplane
would oscillate a little in roll, However, he reported his bank angle tracking
task performance as good; and reported the roll control as a good feature of
the airplane. For the 4.5 pilot rating the pilot-selected value of aileron con-
trol sensitivity was 430 deg/(sec®-in.) and the pilot reported his bank angle
tracking task performance as only fair. He also listed poor bank angle con-
trollability as an objectionable feature. Hence, the higher value of aileron
control sensitivity for the PR = 4.5 case probably aggravated the pilot's bank
angle control problems and therefore contributed to the poor pilot rating.
With both of the above cases, heading control was reported as good. The dif-
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ference in the selected values of rudder control sensitivity probably did not
contribute to the difference in pilot ratings. In both the above cases, the pilot
reported that coordination really wasn't a factor. Therefore, his selected
values of rudder sensitivity had little meaning since he didn't use the rudder.

With adverse aileron yaw (Ngﬁs/z":fas = - 0.06) the pilot objected to

the lightly damped Dutch roll oscillation, primarily in sideslip, that was
excited any time the airplane was maneuvered abruptly. His heading control
suffered as a result. It would take some time for the airplane to settle on a
heading. He found he could not coordinate well enough to prevent exciting the
Dutch roll. The major objection, however, was the airplane's response to
disturbance inputs., Random disturbance inputs produced large and persistent
excursions in the directional response which deteriorated an otherwise rea-
sonable performance. Pilot comments for the most adverse aileron yaw case
were lost because of a recorder malfunction,

The evaluations with proverse aileron yaw presented the pilot with a
difficult coordination problem and in the most proverse case he reported very
poor bank angle control, and poor heading control. The coordination difficulty
resulted from the high frequency Dutch roll and the requirement to cross-
control with the rudder. The pilot stated that he "didn't stand a chance of
coordinating" so he didn't use the rudder. Because of the high frequency
Dutch roll he couldn't keep up with the oscillations and found that rudder used
in coordination attempts only served to further excite the Dutch roll and
severely reduce his precision of heading control. Again, the airplane's re-
sponse to random disturbance inputs was objectionable to the pilot being
classified as severe and causing a continuous directional oscillation in the
most proverse aileron yaw case.

The consistent objection to this configuration at all points tested was
the airplane's response to random disturbance inputs causing the airplane to
react primarily directionally with a lightly damped oscillation of the nose.
The larger the aileron yaw became in either direction, the more objectionable
the random disturbance responses became as was reflected by the pilot com-
ments. Although the turbulence response of the open-loop airplane is inde-
pendent of aileron yaw, the pilot rated the closed-loop pilot-airplane com-
bination which is affected by aileron yaw.

For all values of Né',,s /A;’#S tested, the pilot selected quite large
values of aileron control sensitivity, L’gﬁs » basing his choice on the ability
to have light forces and good roll capability without a tendency to overcontrol
in bank angle. The selected values of 45,5 were relatively insensitive to
variations in Ng‘”/[,’;m » however, the pilot's selection of large values of
L’:‘ﬂs may have contributed to his bank angle control problems. The selec-
tion of rudder control sensitivity, /\/35,9 » has little meaning except for the
adverse N:?As//-'%,as cases where the pilot selected rudder forces compatible
with the coordination requirements., For the zero and proverse aileron yaw
cases, the pilot stated that he didn't use the rudder and, therefore, he at-
tached little meaning to his selection, '
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4,4,1.2 Configuration 7 - Higher Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 7
were as follows:

Wy = 4,30 rad/sec Tz = 0. 38 sec
%4 = 0,23 %5 = 136 sec
Iola ~ 1.78

This configuration was found to be quite satisfactory at N;ﬂs/ér},,, =
0.0 and at N5, //4,'5,4s =+ 0.07 receiving a pilot rating of 1.5 in both cases,
The pilot objected somewhat to the response to random inputs for the eval-
uation with Ng“/bfs,,s = + 0.07, but listed no objecticnable features for the
zero aileron yaw case. Good features of the airplane included negligible side-
slip generation and therefore no need for rudder coordination, precise bank
angle control and smooth roll control.

Figure 39 shows that for this configuration the pilot was more
tolerant of proverse yaw due to aileron inputs than he was for adverse. For
N545/b54¢ = + 0.07, the pilot noticed the proverse yawing moment generated
with aileron inputs but stated that it didn't make much difference. He also
noted that the airplane was quite stiff directionally and that the Dutch roll was
very well damped. Reference to the time histories, Appendix IV, shows that
proverse sideslip indeed developed with aileron inputs, but, because of the
high Dutch roll frequency, the proverse sideslip was limited in magnitude.
Also the time to damp for this configuration was quite short. For an aileron
step input the sideslip, after going proverse, was back to zero in less than
two seconds and thereafter remained adverse and quite similar to the sideslip
response of the N.’;;,,/Af:ﬂs = 0 case. It can also be noted from the time
histories for both the M54¢/%45,5 =+ 0.07 and N'gﬁs/b’gﬁs = 0.0 cases that the
yaw rate was non-oscillatory and that there was no tendency for the airplane
to begin turning in the direction opposite to the aileron input. This supports
the pilot's comments about good heading control. The results for this con-
figuration indicate, therefore, that moderate proverse aileron yaw is accept-
able for an airplane with the characteristics of Configuration 7 - that is a
well damped, high frequency Dutch roll with a relatively low value of .'(Mtﬂ'/d.

In the most adverse aileron yaw case (N;'As/z-'ifﬂﬁ' = - 0,20) a large
amount of sideslip was generated to an aileron input and a persistent oscil-
lation would develop both in roll and sideslip. Because of the high frequency
Dutch roll the pilot was unable to phase his rudder inputs and found he could
not dampen the oscillations with the rudder. As a result, heading control
was degraded. Attempts to coordinate with the rudder required large rudder
inputs and heavy rudder forces, even with the relatively high rudder control
sensitivity that was sgselected, In the presence of random disturbances the
airplane exhibited high frequency oscillations in both bank angle and sideslip.
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With less adverse aileron yaw, N5us/45,s, the handling qualities
were considerably improved over those of the most adverse aileron yaw case.
The configuration was evaluated twice at this value of aileron yaw and re-
ceived pilot ratings of 3 and 5. In both cases the pilot objected to the sideslip
generated with an aileron input, but with the pilot rating of 5 he objected to
the amount of rudder and the high rudder forces required for coordination.
His selection of rudder control sensitivity, N.&g? = 45,0 deg/secZ in., for the
PR = 5 case was quite low compared to the PR = 3 case where he selected
rudder control sensitivity at N5es = 72.0 deg/sec®in. The airplane still re-
quired rudder coordination for the PR = 3 case, but the pilot found it to be in
the proper direction and easy to accomplish, The rms values of the pilot's
rudder pedal force inputs were computed and it was found that 16.4 lb rms
was used when the PR = 5 but only 7.4 lb rms was used for the PR = 3 case.
The rms error in the bank angle tracking task was 7.2 degrees for PR = 5
and 6,2 degrees for PR = 3. Hence, there is evidence that the pilot had to
work much harder with the rudder in the PR = 5 case to achieve approximately
the same performance that he achieved in the PR = 3 case. This factor may
account, at least partially, for the difference in pilot ratings.

The evaluation of the most proverse value of Ngﬂs/z_l{iﬁs for this con-
figuration presented the pilot with a difficult coordination problem requiring
rudder inputs initially in the direction opposite a turn and then into the turn.
The high Dutch roll frequency of this configuration compounded the difficulties
of the coordination requirement forcing the pilot to attempt rudder inputs in
one direction and then very quickly in the opposite direction. Still, the pilot
reported that heading control was not really difficult because of the high
directional stiffness and good damping of the Dutch roll.

The pilot's selection of aileron and rudder control sensitivities shows
definite trends with Ngﬂs /4545 except for the rudder sensitivity selections
7 [ . .
at Ngﬁs/bgﬂs = - 0.10 which was discussed above,.

The aileron control sensitivity, L’éﬂs » was chosen generally for light
maneuvering forces in roll, In the most adverse aileron yaw case (Nggs/lf;’ﬁs =
- 0.20}, the pilot chose less sensitive aileron control in order to limit the
excitation of sideslip with aileron inputs. In the more proverse aileron yaw
cases, the aileron control sensitivity was selected at relatively low values to
prevent overcontrol of bank angle. In these cases the proverse sideslip
generated with aileron inputs augmented roll rates and control of sideslip was
difficult because it required awkward, crossed control rudder inputs. The
selection of rudder control sensitivities reflects either the need for rudder
coordination of aileron inputs or the pilot's ability to coordinate. With the
adverse aileron yaw cases the pilot chose light rudder forces in order to more
easily control the adverse sideslip generated with aileron control inputs. For
the cases with proverse aileron yaw, the pilot chose heavier rudder pedal
forces to prevent overcontrol and the aggravation of roll acceleration re-
sulting from the roll rate coupling with proverse sideslip. During maneu-
vering the pilot would inadvertently revert to normal coordination techniques
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(rudder into the turn) which would increase the already proverse sideslip
generated with aileron inputs. The heavier rudder pedal forces helped al-
leviate this difficulty.

4.4.2 Results for High Dutch Roll Frequency, High |#/8/, Configurations

The @(s)/&s(s) transfer function zero locations with respect to the
Dutch roll poles for Configurations 12 and 13 are shown on Figure 40. The
experimental results are shown on Figure 41. A detailed definition of these
configurations is given in Appendix IV where the pilot comment data and tran-
sient responses are also presented.
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4.4.2.1 Configuration 12 - Lower Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 12
were as follows;

@y = 4,5 rad/sec Te = 0.41] sec
% = 0,095 Ts # o0 sec
]Q%é’fd %= 5,6

This configuration was never rated as satisfactory. The best pilot
rating of 6.5 was obtained with Nj,s L;—As = 0. In smooth air with aileron
yaw at zero, the sideslip disturbances were small, no coordination was re-
quired and roll performance was good. There was a tendency for the pilot
to overcontrol bank angle and for the airplane to oscillate about the desired
bank angle. Heading control, however, was not a problem since the oscil-
lations were fairly symmetrical. The encounter of any natural turbulence
deteriorated the bank angle controllability, and the introduction of random
disturbance inputs caused a major degradation of the handling qualities. With
random disturbance inputs the pilot reported "quite high" side accelerations,
The response to random disturbances was the pilot's major objection to the
configuration. He also stated that a reasonable job could be accomplished with
the airplane in smooth air.

With increases of Nfs,,s/b';“ in the adverse direction, the handling
qualities deteriorated quite rapidly from an already unsatisfactory condition.
The pilot listed no good features for the airplane. His objections to the air-
plane included:

(1) Extreme side accelerations to an aileron input.

(2) Imprecise bank angle control and a "rachety" type
roll control which affected the heading control.

(3) Excitation of the lightly damped, high frequency
Dutch roll when trying to maneuver.

(4) The large deterioration in his performance when
the airplane was subjected to the effects of random
disturbance inputs.

In the most adverse alleron yaw case, N%,qs /K-’%gs = - 0.10, the pilot found
that the bank angle tracking task was nearly impossible because of high fre-
quency roll oscillations that appeared nearly divergent during the closed-loop
tracking.
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With proverse yaw due to aileron inputs, bank angle controllability
with any degree of precision was very difficult, The pilot found that he in-
duced bank angle oscillations when trying to precisely control bank angle,
The harder he worked at precise control the worse the PIO would become.
Hence, performance during the bank angle tracking task was quite poor.
Attempts at rudder coordination were not successful in that they seemed to
further deteriorate the performance of the ajrplane. Rudder coordination
required rudder out of the turn which is unnatural for the pilot. Also, the
high frequency of the Dutch roll prevented the pilot from damping the roll
oscillations through rudder coordination because he simply couldnot phase
his rudder inputs with the relatively fast oscillations.

At all values of N5,. /L%,s tested for this configuration, the air-
plane's response to either natural turbulence or the random disturbance in-
puts was very objectionable and showed little variation with aileron yaw.
This can be principally attributed to the low Dutch roll damping and high roll
to sideslip ratio; a combination of parameters known to be highly susceptible
to turbulence upsets {Reference 3),

The pilot's selection of aileron control sensitivity, b'g,;.s s generally
decreased as aileron yaw became more proverse except in the most proverse
aileron yaw case (N,’sﬁs//i/:;ﬂs = + 0.20) where aileron control sensitivity was
chosen at a value almost as large as that chosen in the most adverse aileron
yaw case. In the most proverse aileron yaw case the relatively high value of
L5,5s may have contributed to the bank angle PIO problem., The pilot stated
that he selected what he considered rather low aileron control sensitivity in
order to reduce the bank angle oscillation tendencies and to reduce the side
accelerations that accompanied aileron inputs.

Values of rudder control sensitivity, Nf;e » were selected at large
values for adverse N;ﬁ,s/l.:fs,qs and decreased as Ng,gg//_,fs,,s was made more
positive. The pilot based his selection on rudder coordination requirements,
choosing lighter rudder forces in the more adverse aileron yaw cases, In
the proverse aileron yaw cases the pilot stated that he didn't use the rudder
and therefore accepted a lower value of rudder sens itivity.

4.4. 2.2 Configuration 13 - Higher Dutch Roll Damping Ratio

The lateral-directional modal characteristics for Configuration 13
were as follows:

@4y = 4,34 rad/sec ZTe = 0.40 sec
54 = 0.24 Z, = 40 sec
18/8ly = 5,3

This configuration was found to be quite satisfactory for Nf',,s/bégs =
0 where the zero of the @(s)/8,5 (s) transfer function was very close to the
Dutch roll pole. The pilot reported that the airplane had smooth roll control,
very little need for rudder coordination and apparently a well damped Dutch
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roll. The small amount of rudder coordination required was in a direction
that was natural for the pilot to perform. Bank angle control was reported

as good and the airplane could be flown aggressively without encountering

any significant bank angle oscillations. Hence, there were no difficulties
encountered during the bank angle tracking task. Response to random distur-
bance inputs were reported as certainly noticeable, but not a degrading factor.

As shown on Figure 41, the pilot rating for Configuration 13 degraded
rapidly as N,’;ﬁs /L5 45 was increased in either the adverse or proverse direc-
tion. For small adverse aileron yaw (N;Azs/é;{sﬂs = - 0.04) the most objec-
tionable feature of the airplane was the response to random disturbance in-
puts. The pilot still reported good bank angle controllability and easy to
achieve coordination of the adverse aileron yaw, but the airplane was rated
as unsatisfactory because of the response to disturbance inputs. Further in-
creases in N"é'ﬂs/bif,qs in the adverse direction led to poor bank angle control
and a tendency to oscillate about a desired bank angle. The pilot had little
difficulty, however, with heading control. There was a marked tendency to
overcontrol bank angle. The airplane was oscillatory in sideslip and bank
angle during a closed-loop tracking task. Response to turbulence or to dis-
turbance inputs was quite objectionable in that large, rapid roll disturbances
and quite large side accelerations were produced.

As aileron yaw was increased in the proverse direction from the
Ng,qs/zl.’s,;s = 0.0 case, bank angle controllability became more difficult. There
were tendencies to overshoot the desired bank angle and for the airplane to
oscillate about the desired bank angle. The bank angle oscillations were more
associated with the closed-loop pilot-airplane combination than with the open-
loop airplane. As a result, the pilot's bank angle tracking task performance
was degraded. An increase in proverse aileron yaw to Nk s /L5, = + 0,12
further degraded bank angle controllability to the point that the airplane was
even difficult to {fly straight and level. Attaining a given heading was also
quite difficult because of the bank angle control. Attempts to track in bank
angle resulted in continuous pilot-induced oscillations. The pilot stated that
as he approached the desired bank angle he had to ease up on the controls,
(lower his gain) and let the airplane seek a nominal bank angle. With proverse
aileron yaw, response to random disturbance inputs was quite pronounced in
roll excursions and side accelerations causing task performance to deteriorate
more severely as aileron yaw was increased in the proverse directions.

The pilot selected the aileron control sensitivity so that he could
maneuver the airplane rapidly with small force inputs. His selection was
generally a compromise such that he could limit bank angle oscillations and
not overcontrol in making small bank angle corregtions while retaining light
forces for large magnitude maneuvering. With Ns,ss/4%545s = 0, he selected
the aileron control sensitivity based on his personal preference for light
forces since no oscillatory tendencies in roll rate or bank angle were noticed,
Rudder control sensitivities were selected, in the case of adverse aileron yaw,
to allow the pilot to coordinate with light rudder forces. With proverse
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aileron yaw the pilot found that coordination either was not necessary or that
he was unable to coordinate because of the high Dutch roll frequency and
having to use rudder opposite to the turn direction. In these cases he accepted
lower rudder control sensitivity, or simply accepted the starting value given
to him.

4.4.3 Comparison of the High Dutch Roll Frequency Configurations
With MIL-F -8785B(ASG) Lateral-Directional
Requirements

In this section, the high Dutch roll frequency configurations (ey =~
4.5 rad/sec) of this investigation are compared to the following MIL-F -
8785B(ASG) requirements:

(a) Dutch Roll Frequency and Damping Requirements
(Reference 1, Paragraph 3.3.1.1).

(b} Lateral-Directional Dynarmic Response Requirements
including:

(1) Roll rate requirements for small inputs
(Reference 1, paragraph 3.3.2.2.1)

(2) Sideslip requirements for small inputs
(Reference 1, paragraph 3.3.2.4.1)

4,4.3.1 Dutch Roll Frequency and Damping Ratio

MIL-F-8785B(ASG) requirements on minimum Dutch roll frequency
have already been discussed in paragraph 4,2.3.1. There is no direct re-
quirement limiting the maximum Dutch roll frequency, however, Reference 3
points out that a degradation in performance and, therefore, in pilot ratings
may occur with high wjy airplanes in the presence of atmospheric turbulence.
Hence, an indirect specification limiting maximum &} has been made through
the requirement for additional damping, A%, 2} , as a function of the param-
eter wy?[@/8ls when wy?[@/8/4 > 20 (rad/deg)®. For a given ay and |#/8l/
this increment in Dutch roll damping serves to improve controllability in the
presence of atmospheric disturbances,

From MIL-F-8785B{AS5G)}, the minimum Dutch roll damping ratio
( 8y ) for Class IV airplanes in Flight Phase Category A is 0.19 for Level 1,
and 0,02 for Levels 2 and 3. With the additional damping required when
wy?|@/8 |4 is greater than 20 (rad/sec)® included, the minimum 3, cor-
responding to various levels of handling qualities for the four configurations
under discussion were determined as shown below:
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where %, is 0.19 for Level 1 and 0,02 for Levels 2 and 3
and AZywy = C (ey? |@/8l4-20) . From Reference l, the

constant € has the following specified values:

C = .014 for Level 1
. 009 for Level 2
. 005 for l.evel 3

Using the above expressions, the required Dutch roll damping ratio for the
high wy, configurations is

3, for 34 for gs for

Configuration Level 1 Level 2 Level 3
6 0.23 0.048 0.036

7 0.23 0.047 0,035

12 0.48 0.21 0,123

13 0.48 0.19 0.112

From this tabulation, it is apparent that with the actual %; the
above configurations possessed, the following handling qualities Levels would

apply:

Configuration Level
6 2
7 1
12 3
13 2

Referring to the faired pilot rating curves on Figures 39 and 41, it
is seen that in terms of the best pilot ratings that were assigned to any cf the
four high frequency configurations, the experimental results generally con-
form with the MIL-F-8785B(ASG) Level criteria listed above. Configuration
7 {(Figure 39} with g; = 0.23 and medium |@/8(4 was rated Level 1 (PR < 3,5}
for the range of aileron yaw parameter of - 0.08 < Nbys/hs .5 <+ 0,12, On
the other hand, Configuration 6 with Zy = 0,10 and also medium [@/8/g was
rated marginally Level 1 (PR = 3,5) with N5,s/05,s = 0 and worse than
Level 1 at all other points tested. Figure 41 indicates Level 1 handling
qualities for Configuration 13 with %, ~ 0.24 and a high [8/8/J for only a very
narrow range of the aileron yaw parameter N5,5/4%45s . Actually, only one
test point (Nfs,gs/é:s,qg = 0.0} was rated as satisfactory, PR < 3,5. In contrast,
Configuration 12 with 8; = 0.095 and also a high |#/8]4 was never rated better
than Level 3, PR 2 6,5, Thus, the evaluation results correlate guite well
with the appropriate MIL-F-8785B(ASG) requirements on Dutch roll damping
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including the additional increment 8% ey when wy? [#/8]J > 20. Further-
more, the data for Configurations 6 and 7 with medium {$/4/4 tend to con-
firm the basic Level 1 Dutch roll damping requirement ( 3y > 0,19) of MIL-
F-8785B{ASG). The data for Configurations 12 and 13 with a high [8/8/4 ,
however, neither confirm nor refute directly this requirement. But the re-
sults for all four configurations support the imposition of additional damping
(AZjay ) as a function of the parameter «y? |@/8/; .

4.4.3.2 Lateral-Directional Dynarnic Response Requirements

Figure 42 shows a comparison of the high Dutch roll frequency con-
figurations for the various values of Nfa,;s/lrfsis tested, with the 0,.. /&, versus
12? reguirement of MIL-F-8785B(ASG), Reference 1. Except for those points
indicated as having been derived from computer generated data, the param-
eters o, . /#, and 145 were measured from actual flight data. For these
configurations, Hosc/ Fay 15 not an effective discriminator of the airplane
handling qualities, largely because only one of the configurations met Level 1
Dutch roll damping requirements when the additional damping as a function
of wy?|d/8/y was considered.

The medium [@/4/y configurations (6 and 7) met Level 1 Prce! Fay
requirements at all values of N";ﬂs ,éf;/)s tested. For these configurations the
pilot had scme complaints about bank angle control, especially at the larger
values of M5, /L%s,. , but generally reported good roll control, Major ob-
jections, other than response to disturbance inputs, centered around control
of sideslip, that is, the difficulty of rudder coordination.

For the high f¢/,€]d configurations (12 and 13} some dominant ob-
jections on the part of the pilot were poor bank angle controilability, roll
rate oscillations with adverse N3, /LJ’;AS and pilot-induced bank angle oscil-
lations with proverse Nj g /L;f;“ . In the two most proverse aileron yaw
cases, Configuration 12 was Level 3 in terms of -pgsa/'ﬂ”/ versus %,5 and
commensurately received Level 3 pilot ratings. In the zero and adverse
aileron yaw cases, fysc /f4y WwWas not a good discriminator of handling quali-
ties, again, largely because the airplane's response to disturbance inputs
caused the degradation in pilot rating, but the pilot did have strong objec-
tions to the roll characteristics in these cases. Configuration 13 failed to
meet Level 1 pﬁ”/ﬂw requirements only in the proverse aileron yaw cases
where one point was on the Level 1 border and the most proverse point was

clearly Level 2. Both these points received pilot ratings greater than
PR = 3.5.

It is significant, and defensive of the p,s./ ¢4 boundary locations,
that none of the points which fell outside the Level 1 boundary received satis-
factory pilot ratings. Further, points which fell outside the Level 2 boundary
received pilot ratings greater than 6.5, Hence, the Pouse [Fay Trequirement
did not erroneously reject any of the test points.
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The test points for the high Dutch roll frequency configurations are
compared to the Level 1 A8,,, /£ versus ¥s requirement on Figure 43, Those
points which failed to meet Level 1 Afy, /£ requirements are compared to
the Level 2 A8y, /# versus ¥; requirement on Figure 44, As in the case for

»pasc/-p,qy » none of the points which fell outside the Level 1 boundary received
satisfactory pilot ratings, Neither the Level 1 nor the Level 2 boundaries
erroneously rejected any of the test points. Configuration 7, the only high
frequency configuration which met Level 1 Dutch roll damping requirements,
received only one PR > 3.5 that fell within the Level 1 8 8umsx /£ boundary.

This same point was, however, evaluated twice receiving pilot ratings of 3
and 5,

As was pointed out, none of the requirements to which the data for the
high «j; configurations was compared relegated any test point to Level 2 when
the point received a Level 1 pilot rating, or to Level 3 when the point received
a Lievel 2 or better pilot rating. Many of the pilot ratings within a given
Level 1 boundary represented less than Level 1 flying qualities because of
some reason other than the requirement to which the data were compared. The
major pilot objections to the high @)y configurations were low Dutch roll
damping or the airplane response to random disturbance inputs, For the data
to refute the requirement boundaries it would be necessary for points receiving
satisfactory pilot ratings to be above or outside the Level 1 boundaries, Level
2 boundaries would likewise be refuted by test points falling outside the Level
2 area which received pilot ratings in the range 3.5 < PR £ 6.5, Hence, the
data for the high &}y configurations of this investigation supply no evidence
that the roll sideslip coupling requirement boundaries are inadequate., The

data do serve to verify the imposition of additional Dutch roll damping as a’
function of @wy? [@/8]4 .
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SECTION V

SUMMARY OF RESULTS

5.1 GENERAL

The experimental results of this investigation have been discussed
in detail in Section IV of this report., In this section the results are sum-
marized and discussed briefly. Figures 45 through 48 present data in the
MIL-F-8785B(ASG} requirements planes for roll-sideslip coupling., The
pilot ratings shown on these figures were taken from the faired pilot rating
curves of Section IV. The data points plotted on Figures 45 through 48
have been selected so that comparison can be made with a single require-
ment of MIL-F-8785B(AS5G) in so far as possible. For example, a given
point must have met Level 1 Dutch roll frequency, Dutch roll damping and

Posc /Py versus Y requirements in order to appear on the summary
plot of & &4y /£ veréus s requirements. In this way the pilot ratings
shown on the plot of Ad,,, /¢ versus ¢, should reflect the effects of
sideslip excursions and should not be degraded by some other factor, Regard-
less of this procedure, however, it was found that pilot rating was sometimes
degraded for other reasons and these points are discussed. This same
procedure has been followed for the other requirements planes summary
plots as is indicated by the titles and notes shown thereon.

Figure 49 presents a comparison of the data with one of the roll-
sideslip requirements planes of MIL.-F-83300. Finally, Figures 50 and 51
show a partial mapping of the areas of Level 1 and Level 2 flying qualities
in the s plane in terms of the cﬁ(s)/é}w(s) transfer function, On these plots
pilot rating boundaries of 3.5 and 6.5 are shown where there were sufficient
data to establish a boundary.

5,2 DUTCH ROLL FREQUENCY AND DAMPING

Three nominal values of Dutch roll frequency were evaluated: 1,0
rad/sec, 2.5 rad/sec and 4.5 rad/sec. MIL-F-8785B{ASG) requires a
minimum Dutch roll frequency of 1.0 rad/sec for Level 1 Class IV airplanes,
Four configurations in this investigation, Configurations 2, 3, 8 and 9, had
a Dutch roll frequency near 1.0 radian per second, None of the four configura-
tions received a pilot rating of PR = 3.5 or better at any value of N}AS/L:;HS
tested. The most common objections, by the evaluation pilot, to all of the
evaluations with low Dutch roll frequency were sideslip excursions and the
difficulty of control of sideslip. It was also determined, Figure 18, that
none of the configurations with @y © 1.0 rad/sec met the Level 1 z‘.‘w/fw,/i
versus %5 requirements of MIL-F-8785B(ASG). Further, the slow
directional response of the &)y = 1.0 configurations made it difficult for
the pilot to arrive at and maintain a given heading.
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The pilot did notindicate that he had much difficulty with roll or bank
angle control. The response of the &y # 1.0 rad/sec configurations to
random disturbance inputs was generally mild.

Two values of Dutch roll damping, Zy«y # 0.27 and 4yey # 0,50,
were evaluated at the low Dutch roll frequency of @y # 1.0 rad/sec,
MIL-F-8785B(ASG) requires that 3, wy, 2 0,35 for Class IV airplanes in
Flight Phase Category A, When the zero of the @ (s) /J‘ﬁs (s) transfer
function was nearly on the Dutch roll pole, there was no significant difference
in pilot rating between the two ¥y &, values. However, as the & ()] &, (s)
transfer function zero was moved away from the Dutch roll pole, the pilot
ratings for the lower 4, &, cases degraded more rapidly with increases
in A% /L%,, than did the pilot ratings for the higher damping cases.

The réquirement %, &), = 0.35 is adequate provided that there is
compliance with other provisions such as roll-sideslip coupling requirements
of MIL-F-8785B(ASC).

Eight configurations were evaluated at the medium Dutch roll frequency
of this experiment, &)y # 2.5 rad/sec,and a Dutch roll damping ratio of
¥, =~ 0,25. Both these values meet the Level 1 requirements of MIL-F~
8785B{ASG). There were no objectionable features of these configurations
which were directly attributable to the Dutch roll frequency or damping
characteristics, In fact, the pilot often commented that the Dutch roll was
well damped and that the configurations had good directional stiffness.

The highest Dutch roll frequency evaluated was &7 & 4.5 rad/sec.
Of the four configurations evaluated at @y = 4.5 rad/sec, Configurations
6 and 12 had a Dutch roll damping ratio of 4; ~ 0.10 and for Configurations
7 and 13, ¥, » 0.25. At the medium value of /@#/8/4  evaluated, |¢/8/a &
1.7, Configuration 7 was twice rated PR = 1.5, the best in the entire investiga-
tion. However, the other «y # 4,5 configurations, 6, 12, 13, with low
Dutch roll damping, Configurations 6 and 12, or high [#8/4 , Configurations
12 and 13, were very susceptible to the effects of random disturbance inputs,
A common objection by the pilot to all these configurations was the response
to random disturbance inputs or natural turbulence, if it was encountered.
MIL-F-8785B(ASG) does not directly address a requirement to limit the
effects of atmospheric turbulence but it does require an additional increment
of Dutch roll damping when @y% [#/8l7 > 20 in order to improve flying
qualities in the presence of atmospheric turbulence. Configurations 6, 12
and 13 would all have required an additional increment of Dutch roll damping
in order to meet Level 1 requirements when the effects of wy? |@/8]y were
considered, Configuration 12 met only Level 3 ¥, requirements when the
requirea damping specified through 43, @, = ¢ [4,%/¢/5/,-20) was computed.
In fact, the @, = 4.5 rad/sec configurations were found to meet Levels of
fiying qualities, based on the required additional increment of Dutch roll
damping, as listed below:
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Configuration Level

6 2
7 1
12 3
13 2

Configuration 7 received Level 1 pilot ratings, PR £ 3.5, through
a wide range of the aileron yaw parameter Ny, /4’5, . Configuration
12 generally received Level 3 pilot ratings, PR > 6.5, being rated once
PR = 6.5, Configurations 6 and 13 were generally rated PR > 3.5, each
being once rated at PR = 3,5. This correlation of pilot rating with the
Levels derived from the requirement based on &y %/#/¢/4 and listed above,
supports the specification of additional damping as a function of the parameter
wy?|0/@la . Further investigation of this requirement is warranted,
however,

5.3 LATERAL-DIRECTIONAL DYNAMIC RESPONSE REQUIREMENTS

Figures 45 through 48 summarize the data obtained in this investiga-
tion in the MIL-F-8785B(ASG) requirements planes for sideslip excursions
and roll rate oscillations for small inputs. Those configurations which did
not meet Level 1 Dutch roll damping requirements are not shown on the
summary plots since the pilot rating was degraded for reasons other than
s ideslip excursions and roll rate oscillations per se. The high Dutch roll
frequency configurations, for example, received poor pilot ratings largely
as a result of their response to random disturbance inputs. This can be
seen by referring to the turbulence effect ratings shown on the pilot rating
plots in Section 4.4. The low Dutch roll frequency configurations with the
low value of Dutch roll damping showed no effects of the low damping near
the best tested value of V%, /4%, . But, the pilot rating degraded as a
result of low Dutch roll damping as N%,s /4%5,s was increased in either
direction from the value receiving the best pilot rating. Hence, the pilot
ratings for these configurations may reflect degradation for reasons other
than roll-sideslip coupling.

Figure 45 compares the data of this experiment to the Level 1 A,é’,,.,q,/t
versus 1.% requirements plane for those data points which met the Level 1
Fose /Pay versus ’;// requirements, The pilot ratings shown are from
the faired P.R. curves of Section IV, Since these data points also met all
other requirements of MIL-F-8785B(ASG) the pilot rating assigned should
reflect the effects of sideslip excursions.

Reference to Figure 45 shows that six points rated as satisfactory
without improvement, PR £ 3,5, fall above the Ievel 1 £ Buuyx /#£ versus
W,g boundary indicating that these points, though Level 1 according to
pilot rating, would be rejected from the Level 1 area by the sideslip
excursion criteria, It should be noted that all but one of these points are
members of the family of Configuration 5,
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There are also four points falling within the Level 1 ABuax /%,
versus ’W boundary which received pilot ratings greater than 3.5, One of
these points fell on the boundary receiving PR = 6. 0.

' Each of these anomalous points has been discussed in detail in
Sect1'on IV of this report, however, a review of their salient features is
considered in order here. Beginning with those points which were rated
PR £ 3,5 and fell above the Level 1 é\/fyﬂy/%: boundary, the following

tabulation furnishes the necessary identification for the convenience of the
reader,

4

Coni, P.R. —*/\i';‘i “Mﬁ 'W
5 45 % 7~
1 3.5 -0.06 7.8 -200
5 3,0 +0.05 3.9 -320
5A 3.5 +0. 04 4.1 0
5B 3.0 -0,02 6.9 -215
5B 3.5 +0,01 6.2 -300
SND 3.0 +0, 05 4.3 -010
Configuration 1 with A5,5 /L5, = -0.06 was considered "marginally

satisfactory and slightly on the satisfactory side'' by the evaluation pilot, but
not to the point of requiring moderate pilot compensation, The pilot liked the
maneuverability and reported the bank angle control as good., The only
objectionable feature reported was the large sideslip generated with aileron
inputs, requiring a lot of rudder for coordination. Coordination, however,
required rudder in the direction of the turn and the pilot found this to be
natural, Because of the very low value of [#/8/, , the sideslip generated
had little effect on the roll or bank angle controllability. Hence the pilot

was willing to accept the rudder coordination task even though he stated

that it required a "conscientious effort to coordinate, "

Configuration 5 with N5, /5,5 = +0.05 was evaluated twice and in
both cases received a PR = 3 and a TR = B, The pilot noted that for an
aileron input, the airplane exhibited a small amount of proverse yaw
followed by adverse yaw, but the Dutch roll frequency was high enough that
the sideslip centered itself before the pilot could compensate with rudder,
He found rudder coordination quite difficult and became satisfied to keep
his feet off the rudder pedals and just accept the sideslip excursions. The

M

" The parameter 4 was determined using Level 1 criteria,
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roll capability and maneuverability were reported as quite good. In this case,
the pilot also considered the airplane as marginally satisfactory. It is of
interest to note here that a 0,1 sec difference in the measurement of 7,

for the determination of ¥, , could have changed the value of 1& from
-320° to -305° which would have put this point on the Level 1 8840, /€
boundary. This may be within the expected degree of accuracy that can be
obtained by measurement from in-flight recorded data.

For Configuration 5A with N;-AS/ZJ';AS = +0. 04, the airplane had good
roll performance and quite good bank angle controllability., The only objection
the pilot stated was the substantial proverse sideslip generated with an
aileron input. However, the sideslip seemed to have little effect on the roll
control and the airplane was stiff enough directionally so that the sideslip
was of short duration. As a result, the airplane was assessed as marginally
satisfactory.

Configuration 5B with Niﬁ,,s /L'SAS = = 0,02 was reported to have quite
good bank angle controllability, good heading control and good roll performance.
The pilot stated that he could "really fly the airplane aggressively'. His only
objection was the "fair amount of adverse sideslip generated' for an aileron
input, He found coordination somewhat difficult with a tendency to overcontrol
with the rudder but found these deficiencies only mildly unpleasant requiring
minimal pilot compensation,

Configuration 5B with Na";;s /ééﬂsz +0.01 was also considered to have
good roll control, fair to good heading controllability, but difficult to coordinate
with a changing requirement for rudder as the airplane rolled. However, the
sideslip didn't strongly affect the roll performance or bank angle controllability,
So again, the airplane was assessed as marginally satisfactory.

With the negative effective dihedral case, Configuration 5ND with
Ni’ﬁs /L'gﬁ,s = 40, 05, the pilot had no major objections to the airplane but
stated that he did dislike the inability to augment the roll rate with rudder,
Although, in terms of 4846« /¥ , this configuration was definitely Level 2,
the pilot noted that very little coordination was required, The coordination
required was in the normal, into-the-turn, direction. As discussed in
Section 4. 3, 4, 2 the character of the sideslip, proverse then adverse and
continuing adverse, presented the pilot with little difficulty since he saw
the sideslip as generally adverse and easy to coordinate.

In all of the cases above, except the negative effiective dihedral case,
the pilot was well aware of the substantial amounts of sideslip generated
with an aileron input and in each case commented on the sideslip as an
objectionable feature of the airplane. However, since the sideslip did not
adversely affect the rolling performance or bank angle controllability and
since he found the configurations quite maneuverable in spite of the sideslip,
the pilot was willing to accept these evaluation configurations as marginally
satisfactory assigning pilot ratings of 3.0 to 3,5. FExcept for the negative
eifective dihedral case, these configurations had a roll to sideslip ratio of

168 ,Ja, < 1.60. Hence, it appears that as long as }¢/B _ is small enough
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such that sideslip has little coupling withthe roll response the pilot is willing
to accept more sideslip than is allowed by the MIL-F-8785B(ASG) A 5,,,”/7&
criterion provided rudder coordination is relatively simple or can be neglected,
Configuration 5ND also had medium [#/81,, I¢/#{ = 2.14. Again the pilot
found little coupling of sideslip with roll response and accepted more total
sideslip excursion than would be expected from the above cited criterion.

Considering those data points which fell within the Level 1
boundary but received PR > 3,5, the following tabulation furnishes the
necessary identification for the convenience of the reader,

Nias AbBuyan "
Conf, P.R. T B —_—

L’éﬂs £ %
5A 6 -.08 4,7 -178®
5ND 6 -. 06 5.7 -210°
7 4 -0, 10 3,6 -193°
11 4 -0.03 5.5 -215°

Configuration 5A with N'g,,s /b:s,,s = -~0,08 presented the pilot with
what he considered to be a difficult coordination task even though the side-
slip response to an aileron input was adverse requiring coordination in
the normal or natural direction. The pilot categorized the sideslip
response as ''very objectionable' requiring considerable pilot compensation,
It is difficult to assess from the data why this point was so much more
objectionable than neighboring points receiving better pilot ratings, It
should be recognized that a small shift in ¥4 could place this point well
into the Lievel 2 area of the AB,,,/£ requirements plane, but a recheck
of the flight data showed no cause for changing ‘(ﬂ/g

Configuration 5ND with N’g,}s /Z.,’g,,s = -0, 06 was very objectionable
to the pilot; not because of the magnitude of the adverse sideslip per se,
but because of the general "out of phase feeling" of the airplane, Because
of the negative effective dihedral, attempts to coordinate with the rudder
reduced the attainable roll rate, The pilot felt that his aileron and rudder
controls were working against each other and he had difficulty phasing his
rudder inputs to his aileron inputs.

Configuration 7 with !\/’5,,5/11’5;;5 = =0, 10 was originally rated PR = 3
and repeat rated a PR = 5 resulting in a pilot rating of 4 from the faired
curve of Figure 46, The primary difference in the two evaluations was
the pilot's selection of rudder control sensitivity, The pilot also found the
response to random disturbance inputs more objectionable during the
repeat evaluation and had more objection to the amount of sideslip because
he had to work harder with the lower rudder control sensitivity, Hence
there is doubt as to whether this data point actually defies the Aﬁmx/t
versus ¥y Level 1 boundary since the repeat pilot rating of 5 may be
attributable to deficiencies other than sideslip excursions,

1s

* The parameter£ was determined using Level 1 criteria.
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Configuration 11 with Ns,; /4%s,c = 0,03 appeared to have a
combination of minor objections which required a moderate amount of pilot
compensation. The small amount of sideslip generated with an aileron
input caused small roll rate oscillations. Coordination of the sideslip
helped, but also led to some oscillation in bank angle. The pilot could not
precisely control sideslip which contributed to bank angle control problems,
The response to random disturbance inputs was found objectionable to the
point that the pilot assigned a TR = D. Although the configuration met
Level 1 requirements, including 7005&/19,4,/ and 88mgy /£, the pilot found
the overall configuration requiring more than minimal pilot compensation,

All of the configurations which received PR > 3.5 but were Level 1
in the A4 4. /4 versus ¥¢ requirements plane, with the exception
of Configuration 5A with N’ __ /L5, = -0.08, were, in all probability,
assigned PR3 3.5 for reasons other than sideslip excursions or roll rate
oscillations per se. However, these configurations also met all other
Level 1 MIL-F-8785B(ASG) requirements. But, as a result of the pilot
comments briefly summarized above, there is no evidence that these
configurations lend themselves to conclusions suggesting specification
revision, Configuration 5A with N%AS/L':;,;S = -0.08 is a very marginal
point that should probably be considered Level 2,

Although the data are sparse, the pilot ratings and comments for the
configuration with negative effective dihedral provide evidence that the
present sideslip excursion specification is inadequate to predict the flying
qualities for configurations with negative effective dihedral. The negative
effective dihedral configuration did not, however, satisfy the requirements of
MIL-F-8785B(ASG) which specify that right bank angle shall accompany an
increase in right sideslip and vice versa and that right aileron control
deflection and forces shall accompany right sideslips and vice versa, Further
study of this phenomenon certainly appears warranted.

Figure 46 shows the locations in the p, . /10,9,/ versus ¢/‘5
requirements plane for those data points which met the Level 1 A max [t
requirement. All of these points were well within the Level 1 area of the

Fose/ Pav rTequirements plane, For the configurations evaluated, even
the (/814 = 6.0 cases, roll rate oscillations were minimal or even
zero when sideslip excursions approached or exceeded the allowed limits.

Figure 47 compares the data of this investigation to the Level 2
ABmax I #£ versus ¢/ requirements plane of MIL-F-8785B(ASG)
for those data points whichfail to meet Level 1 Afmay /4  versus
requirements but do meet Level 2 Lose/Pav versus ¥ requirements,
In this case there were five points for which PR < 6.5 which fall outside
the boundary, Four data points which fall inside the boundary received
a pilot rating of PR> 6.5, all four of which were rated PR=7.
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For the points rated PR < 6.5 and falling outside the boundary, a
review of the pilot comments indicates that the pilot's problems with
coordination and bank angle controllability were simply not as severe as
would be predicted by the Level 2 Afqx/*t Dboundary, These points will
not be discussed in detail in this summaty as were similar points on
Figure 45,

The points which fell within the Level 2 boundary and were rated
PR > 6.5, however, may deserve more scrutiny. The Configuration 7 point
received a turbulence effect rating of TR = E, Though the pilot objected to
the sideslip and the coordination difficulties at the high Dutch roll frequency,
the response to random disturbances further degraded the overall pilot rating,
The Configuration 1 point is very close to the boundary so PR = 7 is really
acceptable as far as fitting the requirements plane is concerned. Furthermore,
the pilot objected mainly to coordination difficulties and bank angle oscilla-
tions and not sideslip per se, He discussed at some length whether to rate
the airplane a 6, 6.5 or 7.

For the Configuration 11B point, the pilot objected mainly to poor
bank angle controllability, especially during the bank angle tracking task
even though the configuration met Level 2 ©,;. /€av requirements as well
as Level 2 AgZ pyqr/# Tequirements, There was a tendency during the
tracking task for the pilot to induce bank angle oscillations. Perhaps being
Level 2 on two counts degrades the pilot rating to Level 3. The Configuration
11 point f{its the description given above for the Configuraticn 11B point with
the pilot encountering the same difficulties.

Therefore, the PR > 6,5 for two of the above cases is either due to a
cause other than sideslip excursion, €.g., response to random disturbance,
or a very marginal configuration relative to the Level 2 boundary. The other
two points represent cases of the configurations being Level 2 in more than
one respect, This situation has not been studied and may indicate that a
greater than Level 2 pilot rating is warranted., Also, all four of the test
points under discussion were rated only one half pilot rating higher than
Level 2 which is within the degree of pilot rating variability normally expected.

In consideration of all the anomalous points on Figure 47, and based
primarily on the five points rated PR < 6.5 and failing Level 2,it appears
that the Level 2 848 ,,0./4 versus ’Wﬂ requirement of MIL-F-8785B(ASG)
is too conservative., It should be noted, Figures 17 and 27, that the five
points falling outside the Level 2 A8 mex /£ boundary and rated PR < 6.5
were all within the Level 1 ﬁ,,ﬂ,/-pm, versus % boundary,

Figure 48 shows the location in the Fose /ng versus % require-
ments plane of MIL-F-8785B(ASG) for data points which met Level 2 ABrax /£
versus 7/; requirements butnot Level 1. Five of the points which met
Level 2 Af, 4 /£ versus ¥, did not meet Level 1 Zog /#ay versus ¥s
requirements. Two of these points, Configurations 11 and 11B with PR = 7,
have been discussed above. The other three points' whic:,h were Level 2 in
both £, /ﬂ;y and Aﬂ”ﬁx/{: were Configuration 11 with /\/,5};S / L S5 - -0, 06
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and +O.,O3, w,ith pilot ratings of 5 and 4, 5 respectively and Configuration 11A
with Ng.‘,?s/l Sqss ~ T0.03. Even though the two Configuration 11 points were
Level 2 in p " /g,y the pilot had little difficulty with roll rate oscillations or
bank angle control, His problems were primarily concerned with sideslip
and rudder coordination. So, although these two evaluation configurations
were technically Level 2 for two reasons, the pilot objected only to the

sideslip difficulties and expressed in both cases that the roll response and
heading control were good,

The Configuration 11A data point at (J,d = =5 degrees and PR = 3,5
was Level 2 in both the A8 yuy /£ and L,.. /L4y requirements planes,
The pilot's major objections were a tendency to overcontrol bank angle and
the proverse sideslip which he found difficult to coordinate, However, he
found the rolling maneuverability quite good and stated that the side slip was
not excessive and sideslip oscillations damped quite rapidly. Hence this
point rather defies the requirements boundaries with the marginal pilot
rating of PR = 3.5, but also lends some further credence to the apparent
conservative nature of the 44,,,, /¢ criteria,

As may have been noted in the above discussions, evaluation configura-
tions which satisfied Level 1 AB8,4, /4 versus %e requirements were
generally well below the Level 1 p,,. /£, versus %s boundary. Likewise
evaluation configurations which satisfied Level 2 ABuay/# versus
requirements were well below the Level 2 Paso/ﬁey Versus “@  boundary and
were frequently even Level 1 in the Posc /Fu, Tequirements plane., From the
pilot comments it is evident, for the configurations evaluated in this investiga-
tion, that the pilot was usually more concerned with sideslip excursions than
he was with roll rate oscillations. Hence, for values of !@/5 {Bf = 6, it
appears the sideslip excursion requirements are such that, if complied with,
roll rate oscillations will not be a problem to the pilot, It is likely therefore,
that if a particular configuration fails to meet Level 1 Pose/fhvrequirements,
it will also generally fail to meet Level 1 4844,/# requirements. The inverse
however, is not true., To adequately evaluate the £, /Aevversus 4 require-
ments plane, values of jﬁ/@]d greater than those evaluated in this program
would have to be investigated, Hence, the results of this program do not
attest to the proper location of the 4. /y Levels 1 and 2 boundaries.

Figure 49 compares those data points of this investigation which met
Level 1 @ose /A4 requirements of MIL-F-8785B(ASG), and also, therefore
the Level 1 ... /& av versus % requirements of MIL-F-83300, with the
(882 x|3/8 |4 versus % requirements of MIL-F-83300, This require-
ment was not very discriminanting for the data of this experiment and therefore
was not presented, in detail, in Section VI '""Discussion of Results''. All of the
moderate and low /@/8[4 configurations were within the Level 1 area of
the [44/8,|x|®/8|s requirements plane regardless of pilot rating with the
exception of one point for Configuration 7 which was rated PR = 7. Five
points for the high |@/8/4 configurations were above the boundary all of
which received a pilot rating of PR > 3.5, The data is not shown in the fA,é’/d,{
versus ¥g requirement plane of MIL-F-83300 since all of it was well within
the Level 1 area, Therefore, at least for the data of this investigation, the
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roll-sideslip coupling requirements of MIL-F~83300 are not applicable to
high speed Class IV airplanes in Flight Phase Category A,

The areas of Level 1 and Level 2 flying qualities are shown partially
mapped into the splane in terms of the @(s) /5y5(s) transfer function in
Figures 50 and 51. Because of the design of this experiment it was only
possible in most cases to show pilot iso-opinion boundaries in terms of
PR = 3.5 and PR = 6,5 in a very limited area of the s plane, i.e.,along a
single line of zeroes of the @(s)/S,.(s) transfer function. For the families
of Configuration 5 and 11 a wider area is shown since three values of N;a
were investigated in these cases. Comparison of the s plane plots of
Figure 50 for Configurations 3, 5 and 7 shows how the Levels 1 and 2 areas
of flying qualities increase with increasing Dutch roll frequency at a [g/8/;» 1.5.
The data shown have been taken from the faired pilot rating curves of Section IV,

For «y#» 1,0 rad/sec (Configuration 3 with «y= 1, 18 rad/sec on Figure
50) the Level 1 area is nonexistent: but it must be remembered that these
configurations did not meet Level 1 sideslip excursion requirements. The
Level 2 area is indeed small when compared to the «jy =2 2,5 and «y # 4,5
cases,

Comparing the plots for Configurations 7 and 6 indicates the change
in s plane area for different Dutch roll damping ratios, Configuration 6
with 47 = 0,10 was rated Level 1 only when the zero of the @) /5:45 (s) transfer
function was nearly on the Dutch roll pole while Configuration 7 with %, =0, 23
was Level 1 over a relatively wide range of d(s)/é,,s (s) transfer function zero
locations, The Level 2 area in the s plane also changed commensurately with
changes in g,

Figure 51 shows the Levels 1 and 2 areas for [#/&ld # 6 and
Wy # 2,5, Comparison with the Configurations 5 on Figure 50 shows that
the high [#/8l4 expands the Level 1 s plane area considerably, however, it
should be recalled that the range of Nfs,,s /‘L”S,@s is much smaller for the high
1 B/8 14 cases since the distance of the #6)/5.(s) transfer function zero
from the Dutch roll pole is scaled by L{fg

From this summary of data in the s plane of the ¢(s)/5,;s(s) transfer
function it is seen that the s plane area of Level 1 and Level 2 flying qualities
is a function of at least Dutch roll frequency, Dutch roll damping and roll to
sideslip ratio in the Dutch roll. These results agree with those of Reference
2 and the rationale of Reference 3. It must be noted that the primary pilot
objections to the configurations evaluated in this investigation were, however,
sideslip excursions or the response to random disturbance inputs. Therefore
the iso-opinion boundaries shown in the s plane plots of the $(s)/g(s)transfer
function do not reflect limiting values of the parameters g, ./ #;, or ”c/d;w-
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SECTION VI

CONCLUSIONS

An investigation to extend the data base for roll-sideslip coupling
requirements specified by MIL-F-8785B(ASG) for Class IV airplanes in
Flight Phase Category A was conducted in the USAF/CAL variable stability
NT-33A airplane. The investigation also included an evaluation of minimum
Dutch roll frequency and damping requirements and the applicability of roll-
sideslip coupling requirements of MIL~-F~83300 to Class IV airplanes in
Flight Phase Category A, Conclusions resulting from this investigation
were as follows:

1. Satisfactory flying qualities were not obtained for any of
the low Dutch roll frequency ( @y ~# 1.0 rad/sec) configurations
investigated in this experiment. This result was primarily
due to the sideslip excursions during lateral maneuvering.
Higher Dutch roll frequency is effective in reducing the
sideslip excursions during lateral maneuvering.

2. Dutch roll damping ratio of 3y #« 0.19 is adequate
provided the parameter ¢y% |&/@ |4 is small,

3. The specification of additional Dutch roll damping as a
function of &y ? |@/# |4 was found to correlate with pilot
ratings obtained in this investigation and therefore appears
to be an effective quantitative requirement to limit response
to atmospheric turbulence,

4. At moderate to low roll to sideslip ratios, |@/4 Ja < 1,6, the
results of this investigation indicate that the pilot is willing
to tolerate larger sideslip excursions than are allowed by the
Level 1 ABuax /4 MIL-F-8785B(ASG) criteria provided
rudder coordination is relatively simple or can be neglected.

5. Further study is necessary to determine the applicability of
MIL-F-8785B(ASG) sideslip excursion requirements to
configurations with negative effective dihedral or to determine
if a separate specification is desirable for these conditions,

6. The Level 2 A8,y /4  versus ’C@g requirement appears
to be too conservative, especially in the range of ‘W/g = - 200°
to ¥e = - 270°.

7. The roll-sideslip coupling requirements of MIL-F-83300 are

not applicable to high speed Class IV airplanes in Flight
Phase Category A.
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10.

il1.

The combination of high Dutch roll frequency, &y # 4,5 rad/
sec, high roll to sideslip ratio, /4 |42 5.0 and low to
moderate Dutch roll damping, 2%y < 0,25, was found to be
unsatisfactory in the presence of atmospheric turbulence,

The combination of high Dutch roll frequency, @o =~ 4,5
rad/sec, medium roll to sideslip ratio, [#/8/y = 1.5 and
low Dutch roll damping ratio, 3y = 0,10,was found to be
unsatisfactory in the presence of atmospheric turbulence.

For |8/8l4 £ 6.0,sideslip excursions appear to be the

more important roll-sideslip coupling parameter rather than
roll rate oscillations. In this investigation most configurations

which met AB ., /% versus 1//5 requirements easily met
Pose /Pgy VErsus g requirements also. The inverse,

however, was not true,

Some configurations of this investigation which were Level 2

in more than one respect, for example in both A Byey /£

and ©ssc / #py , received Level 3 pilot ratings in this experiment.
Further study is necessary to determine the efiects of an
airplane being Level 2 for more than one reason and Specification
requirements should be established to take this factor into
account,
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