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FOREWORD

The work reported herein was undertaken as a joint effort among the
Air Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base,
Ohio; the Flight Research Center, NASA, Edwards, California; and the
Flight Research Department, Cornell Aeronautical Laboratory, Inc.,
Buffalo, New York.

The report was prepared by Cornell Aeronautical Laboratory in
fulfillment of Contract AF 33(615)-1253 S/A 5(65-1619), AFFDL (RTD)
Project No. 63920E0812. The work was sponsored by the Flight Research
Center, NASA and was administered by the Air Force Flight Dynamics
Laboratory. Mr. F. VanLeynseele was NASA project engineer for the
Flight Research Center, Mr, L.W. Taylor and Mr. K. W. Iliff designed
the experiment for the Flight Research Center. The program was monitored
for the Flight Dynamics Laboratory by Capt. J.R. Pruner and Flt. Lt.

T.M. Harris.

Evaluation pilots for the program were: F.W. Haise, B.A. Peterson
and M. O. Thompson, all from the Flight Research Center, NASA, and
R. P. Harper from the Flight Research Department, CAL. The safety
pilot on all flights was J. I. Meeker,

The program was conducted under the technical direction of
C.R. Chalk, project engineer for the Flight Research Department, CAL.
The following members of the Flight Research Department made significant
contributions to the engineering effort: B.H. Dolbin, who developed the
simulation methods and procedures for calculating variable stability gains;
R.W. Huber, who was responsible for modification, calibration and operation
of the T-33 variable stability system and ground simulation equipment;
G.W. Hall, who assisted in analysis of pilot comment data and in the report
preparation; D.L. Key, who authored the appendix on ground simulation of
the T-33 and contributed to the initial flight calibration procedures. The
following members of the Department's computing group were responsible for
the digital computer programming required for the simulation and gain calcula-
tions: V.D. Close, W. H. Shed and C. L.. Mesiah.
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ABSTRACT

The final results of a fixed-base and in-flight research program to
investigate lateral-directional handling qualities in the re-entry mission are
reported and discussed. Most evaluations were for the up-and-away phase
of the re-entry mission, but a small number of configurations were evaluated

in a spiral descent to a landing approach.

Three different groups of lateral-directional flight characteristics
were investigated and the results are presented in three parts. Partl
evaluation configurations were selected from a previous re-entry vehicle
evaluation program performed by Cornell Aeronautical Laboratory, Part II
configurations were based on a general lateral-directional handling qualities
investigation conducted by Flight Research Center, NASA, and Part III
configurations were directly applicable to lifting body investigations performed
by Flight Research Center, NASA. All-of the configurations were evaluated

for their suitability to the re-entry mission,

The vehicle used for both the fixed-base and in-flight simulations

was a three-axis variable stability T-33 airplane,

iv
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SECTION 1
INTRODUCTION

The specific mission of a manned space vehicle re-entering the
atmosphere is todescend and land safely without exceeding the limitations
of the vehicle or pilot. The lifting body is being studied as a possible
vehicle to accomplish this mission. The requirement for maneuverability
during the descent and landing gives increased importance to the stability

and control characteristics of the vehicle.

The research program reported herein was undertaken as a joint
effort to investigate lateral-directional handling qualities. This work was
sponsored by the NASA Flight Research Center and performed under contract
with the Air Force Flight Dynamics Laboratory by the Flight Research
Department of Cornell Aeronautical L.aboratory. An Air Force T-33 airplane
modified to incorporate a three-axis variable stability system was employed

for the handling qualities evaluations.

The principal objective of this investigation was to evaluate the
lateral-directional handling qualities for the re-entry mission of selected
ranges of dynamic flight characteristics. Three groups of configurations
were evaluated during the program and these are reported as Part I, Part II
and Part III configurations., The Part I configurations were selected from a
previous re-entry vehicle evaluation program performed by Cornell
Aeronautical Laboratory; Part II configurations were based on configurations
evaluated in a general lateral-directional handling qualities investigation
conducted by Flight Research Center, NASA; Part III configurations were
selected because of their application to lifting body investigations performed
by Flight Research Center, NASA. The same re-entry mission task was
used in evaluating the configurations in all three parts. The configurations
were evaluated with both fixed-base and in-flight simulation. One objective
of the program was to obtain data for a comparison of evaluation results
using in-flight and fixed-base simulation. The variable stability T-33 was

used for both fixed-base and in-flight evaluations., The same configurations

1-1



L e
R et )

were also evaluated in a fixed-base simulator using a contact analog display
at Flight Research Center, NASA. The results of the NASA simulation are
not included in this document but will be reported in a forthcoming NASA

report.

The major effort of this investigation was devoted to evaluating
vehicle configurations in the up-and-away phase of the re-entry mission.
However, some configurations were also evaluated in a spiral descent to a
landing approach. The longitudinal characteristics were held constant for
each part of the program so that the lateral-directional evaluations would
not be influenced by varying longitudinal handling qualities. Each evaluation
pilot was required to perform and evaluate the suitability of a series of
maneuvers which were representative of those that he might be called upon

to perform during an actual re-entry and descent,

For each configuration evaluated, the pilot recorded his observations
on the handling qualities and his subjective evaluation of the suitability of
these characteristics for the accomplishment of the mission. The pilot then
assigned rating numbers to the configuration. The evaluation was performed
a second time in the presence of a random noise disturbance, comments
recorded and another pilot rating assigned. The pilot comment data was

studied extensively and played an important part in the data analysis.

This report includes a detailed description of the experiment,
explaining the evaluation procedure, the test program and the equipment
used. It discusses the maneuvers performed, the airplane parameters
varied and defines the vehicles simulated. The results are presented for
both the fixed-base and in-flight simulations in the form of pilot comments

and pilot ratings.

A secondary objective of the test program was to collect data on
magnetic tape for the purpose of defining pilot describing functions for the
task of bank angle tracking with aileron. The airplane was disturbed by a
recorded signal consisting of the sum of ten sine waves which was injected
into the aileron summing amplifier during this tracking task. The analysis
of this data is being conducted by NASA Flight Research Center and by CAL

under separate contract and is not reported here. Results of the NASA

1-2



analysis were presented by Harriet J. Smith of NASA Flight Research
Center in a paper entitled "Human Describing Functions Measured In Flight
and On Simulators" at the MIT-NASA Working Conference on Manual
Control, Cambridge, Massachusetts, February 28-Mazrch 2, 1966.
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SECTION 2
DESCRIPTION OF EXPERIMENT

2.1 TEST PROGRAM

The test program included both fixed-base ground simulator and
in-flight evaluations of three groups of conﬁgurations,‘ Part I, Part II, and
Part III, The Part I configurations were selected from configurations
evaluated in a previous in-flight simulation program performed by the
Cornell Aeronautical Laboratory (Reference 1); Part II configurations were
based on configurations evaluated in a fixed-base ground simulation program
using a contact analog display performed by the Flight Research Center,
NASA (Reference 2) in a general investigation of lateral-directional handling
qualities; Part IIl configurations were selected because of their application
to lifting body investigations conducted by the Flight Research Center, NASA.
In most cases, ''good' longitudinal dynamics, i.e., well-damped, fast-
responding short period mode, were selected so that poor longitudinal handling
qualities would not contaminate evaluation of the lateral-directional handling
qualities. Spring-type feel was used for the pilot's controls. The configura-
tions, including the longitudinal and feel system characteristics, are defined

in detail and tabulated in Section 3.

The fixed-base evaluations were accomplished at Buffalo during
January and February 1965, All of the in-flight evaluations were flown at
Edwards AFB, California during February to May 1965,

Four evaluation pilots were used in the program. Pilots A and B
evaluated the Part I, II, and III configurations for both fixed-base and in-flight
simulations, Pilot C evaluated all of the Part III in-flight configurations and
Pilot D was used primarily for evaluating the Part III in-flight descent con-
figurations. A brief resume of each evaluation pilot's background is given
in Table 1.



Prior to his taking part in the evaluation program, the overall re-
entry mission was thoroughly discussed with each evaluation pilot. The
evaluation maneuvers, rating scé.le (Table 2) and comment card (Table 3)
were also discussed with each evaluation pilot in an effort to insure that

they all evaluated the configurations against a common criterion.

The evaluation pilots were given no prior information about the
configurations and had the configurations presented to them in a random
manner. Repeat evaluations were also included in the program for each

pilot, but here again, he did not know ahead of time if it was a repeat.

The comments recorded by the evaluation pilot each time he evaluated
a configuration were of major importance in this program. When transcribed,
the comments were generally three to six double spaced typewritten pages in
length for each evaluation of an in-flight configuration. The comments were
approximately 50 percent longer for the fixed-base evaluations where the
pilot could take all the time he desired. The comment data provided consider-
able insight in determining why a pilot liked or disliked a particular con-
figuration and why he rated it the way he did. The comments were examined
in detail and were given major consideration in arriving at the pilot rating
curves discussed in the Results and Analysis section. A summary of pilot
comments is presented for each configuration. The summary is an extract
of the significant comments of all the pilots who evaluated each configuration.
The correlation of the different pilots' comments on any particular con-
figuration was, in general, quite good with respect to describing its
characteristics. There was, however, less agreement on the pilot rating

numbers assigned to the configurations.

2.2 EQUIPMENT

The vehicle used for both the in-flight and fixed-base simulation was
a three-axis variable stability T-33. This airplane was modified by
Cornell Aeronautical Laboratory for the Air Force Flight Dynamics
Laboratory, Research and Technology Division, Air Force Systems Command,

The variable stability and variable drag equipment are described in



References 3, 4, 5, and 6. Details of the capabilities of this equipment as
a fixed-base simulator are given in Reference 7. Figures 1, 2, 3, and 4
depict the airplane in flight, the drag petal installation and the evaluation

pilot's cockpit for the fixed-base and in-flight simulations.

The airplane is a standard T-33 which has been modified so that the
system operator, who also serves as safety pilot, in the rear cockpit may
vary the handling characteristics about all three axes by changing the settings
of gain controls located on his right-hand console. The evaluation pilot in
the front cockpit has no knowledge as to how the gain controls are changed
to set up the desired evaluation configurations. The only information he has
concerning the configurations he is evaluating is the knowledge he obtains
from the evaluation maneuvers. This eliminates the possibility of biased
pilot opinion that could result from the evaluation pilot's prior knowledge
of the configurations being evaluated. The gain controls are varied as a
function of fuel load during the in-flight evaluation of a configuration to keep

the handling characteristics of the simulated configuration constant.

The fixed-base evaluations in this investigation were conducted in
simulated instrument flight with the cockpit canopy covered so the only cues
available were those displayed on the cockpit instruments. The same cockpit
displays were used for the in-flight evaluations in addition to the outside
visual observations and motion cues experienced by the evaluation pilot. The
variable stability system was used to vary the stability and control character-
istics on the fixed-base simulator the same as it was in flight. The essential
difference was that an analog computer was used to simulate the T-33 for the
fixed-base evaluations as described in Appendix D. The block diagrams in
Figure 5 illustrate the mechanization of the in-flight and fixed-base

simulations.

A conventional center stick and rudder pedals were used for control
inputs. Control feel was provided by electrically-controlled hydraulic feel
servos which provided opposing forces proportional to the control stick and
rudder deflections (i.e., a simple linear spring feel system). The feel

system spring rates and friction characteristics for the different phases of
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the program were as shown in the data. Control stick and rudder pedal
positions were used as pilot control inputs to the control surface servo

channels.

The normal T-33 throttle was used for thrust control for the in-flight
simulation with the tachometer and exhaust gas temperature gauges depicted
in Figure 4 for thrust indications. A special throttle lever (see Figure 3)
was provided for thrust control for the fixed-base simulation. This lever
controlled a voltage which was fed through a suitable lag to the X-force
summing amplifier of the analog computer. This voltage was also used to

drive a meter calibrated in percent rpm for a cockpit indication of thrust.

The cockpit display instruments used in this program were as

follows:

1. Lear remote attitude-direction indicator, type ARU-2/A,
This instrument presents pitch attitude as the rotation of
a sphere which appears as a vertical translation of a
horizontal white line with respect to the instrument case.
Roll angle is presented as the rotation of this same sphere
which appears as a rotation in the vertical plane of the
horizontal white line. Sideslip is presented as the
horizontal translation of a vertical bar. A rate-of-turn
indicator at the bottom of the instrument presents yaw
rate. Side acceleration as indicated by a displacement of
the black ball is available for in-flight simulation but not

for fixed-base operation.

2. Airspeed, altitude and rate-of-climb. The normal T-33
pitot-static instruments were used for the in-flight
simulation and electrical instruments driven by analog

computer outputs were used for the fixed-base simulation.

3. Normal acceleration was indicated by an electrical in-
strument which was driven by an accelerometer for in-
flight simulation and by the analog computer for fixed-

base simulation.
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4, Angle of attack was indicated by an electrical instrument
which was driven by an angle of attack vane for in-flight
simulation and by the analog computer for fixed-base

simulation.

5., Heading angle was presented on the radio magnetic
indicator (RMI) which was driven by a magnetic sensor
for in-flight simulation and by the analog computer for

fixed-base simulation.

The airplane simulated on the TR-10 analog computers for the fixed-

base simulation was the T-33 at 23, 000 feet, 250 knots IAS, and a weight of

12, 400 pounds. Two drag configurations were simulated -- drag petal
closed configuration for the level flight evaluations, and drag petal full-
open configuration for the descent evaluations. The airplane equations of

motion simulated on the analog computer are listed in Appendix D along with
the assumptions that went into the equations. Variation of the lateral stability
derivatives of the basic T-33 as a function of angle of attack was included in

the simulation.

A source of random disturbances was used for both the fixed-base
and in-flight simulations to provide a more realistic evaluation environment.
This was not a true simulation of turbulence. However it did provide an
external disturbance to aid the pilot in evaluating the configuration. The
random disturbance was obtained by driving the T-33 elevator, aileron and
rudder actuators by a random noise signal. The signal was generated by a
gas tube white noise source passed through a bandpass filter, The filter
had a frequency response as shown in Figure 6 with a first order break
point at 0.1 rad/sec and a second order break point at 1.7 rad/sec., The
amplitudes of the disturbance signal going to the control surface actuators
could be varied independently and this was done for both the fixed-base and
the in-~flight evaluations. For each configuration, the evaluation pilot was
allowed to choose the intensities of the disturbance signals that he felt pro-
vided a realistic external disturbance for evaluation of the handling

characteristics.
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2.3 EVALUATION PROCEDURE

The mission of the pilot-vehicle combination must be defined before
any meaningful evaluation of handling qualities can be accomplished. The
specific mission of a vehicle re-entering the atmosphere is to descend and
land safely without exceeding the limitations of the vehicle or pilot, This
mission may require many tasks but an evaluation of the vehicle handling
characteristics regarding their suitability for the mission can be accomplished
by having the evaluation pilot perform selected representative tasks. The
major effort of this investigation was devoted to evaluating configurations
in the up-and-away phase of the re-entry mission. The piloting tasks used
to evaluate the configurations in this phase were performed at nominal

flight conditions of 23, 000 feet and 250 knots IAS and consisted of:

1. Straight flight, including small turns and pitch corrections

about level flight.

2. Turning flight., Shallow (up to 30°) and medium (up .to 60°)
banked turns involving heading changes of at least 90° with
particular attention to the control of nose position with bank

angle while holding constant angle of attack.,

3. Rolling flight. Slow and rapid rolling maneuvers including

180° rolls when handling characteristics permitted.

The evaluation pilot performed these maneuvers in order, making
general comments as desired on the wire recorder. At the end of the
maneuvers, he completed his comments as called for on the Pilot Comment
Card, Table 1, and assigned a rating to the configuration. The random
disturbance signal was then turned on and adjusted to provide what he
believed to be a realistic disturbance level for the evaluation and the
maneuvers were repeated. Additional comments were then made with
emphasis on any significant changes of the flying qualities in the presence
of disturbances. Another rating was then assigned to the configuration for

the evaluation with disturbance inputs.



The other task employed to evaluate some configurations was a 270°
spiral descent and landing approach (see Figure 7). This maneuver was
performed at 250 knots IAS with the power at idle, and the drag petals ex-
tended. It started on a heading 90° to the left of the runway heading and
ended with the initiation of flare approximately 1000 feet above the runway.
The drag configuration provided an L/D of approximately 2. 5. A pilot rating
was assigned to each descent configuration and evaluation pilot comments
were recorded on the wire recorder. The pilot ratings assigned to the
descent configurations for the in-flight simulation were assigned for the
atmospheric turbulence that was encountered during the descent with no
attempt to extrapolate a rating for a smooth air environment. However,
appropriate remarks were recorded concerning the turbulence that was
encountered during the evaluation descent. Comments are found in

Table III-5,

A ten point rating scale, (see Table 2), was used to assign pilot
ratings to all configurations. The rating scale consists of numbers that
correspond to one or more adjectives., The evaluation pilots relied upon
the words completely to determine which numerical rating should be
assigned to the configuration. The numbers have meaning only because of
the adjectives associated with the numbers and are used in this report as

a convenient shorthand to discuss the ratings.

In order to arrive at the rating number, the evaluation pilot first
assigned the configuration to either the acceptable or unacceptable category.
If acceptable, it was then determined to be either satisfactory or unsatis-
factory and then further broken down according to the adjectives on the
chart. If unacceptable, it was then placed in either the flyable or unflyable
category with a further break-down within the unacceptable but flyable
category. If a configuration was judged to be unflyable, it does not nec-
essarily mean that the pilot could not keep control of the airplane but it does
meazan that it was unflyable while attempting to perform the tasks required

for the mission.
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The fixed-base simulation evaluations were conducted with
reference to instruments only and the in-flight evaluations were conducted
as visual flying but with the pilot paying close attention to the instruments.
The evaluation pilots were permitted to use as much time as desired to
evaluate the configuration during the fixed-base simulations. They took
an average of 50 minutes to an hour to evaluate and record comments on
each configuration. It was not feasible to allow that much evaluation time
for the in-flight simulations and complete the required evaluations. A time
limit was not set for the in-flight evaluations but they were generally

completed in 20 to 30 minutes for each configuration.

Smooth air and good initial trim conditions are essential for good
calibration records but it was not always feasible to use valuable flight time
to find a patch of smooth air and take the time required to get a good initial
trim (this was especially true of some of the '""wilder'" configurations). As
a result, readable records were not always obtained but enough records
were obtained for each configuration to insure identification of the configura-
tion. The valid in-flight calibration records were read and averages of the
readings are presented in the Section 3 as Nominal Measured Modes. Similar
records were taken for the fixed-base configurations and the data are also

presented.

Some of the characteristics could not always be directly obtained
from the calibration records. These included the numerator terms of the
aileron stick to bank angle transfer function which were calculated as shown

in Appendix B.

In addition to the in-flight recordings, transient responses were
generated by a digital computer for aileron stick steps, rudder pedal steps

and gust inputs. These responses are also presented in Section 3.
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Pilot A

Pilot B

Pilot C

Pilot D

TABLE 1
EVALUATION PILOTS

R.P. HARPER -- Cornell Aeronautical Laboratory evaluation
pilot. Over 3500 hours of diversified flying time. Extensive
experience as evaluation pilot in handling qualities investiga-
tions employing variable stability airplanes and ground

simulators.

F.W. HAISE -- Flight Research Center, NASA, research
pilot, Over 4900 hours of diversified flying time., Exten-
sive experience in the qualitative evaluation of airplane flying

qualities and ground simulator evaluation of space vehicles.

B.A. PETERSON -- Flight Research Center, NASA, research
pilot. Over 4200 hours of diversified flying time including
flight experience in the M2-F1 lightweight lifting body. Ex-
tensive experience in the assessment of airplane flying

qualities and ground simulator evaluations of space vehicles.

M. O. THOMPSON -- Flight Research Center, NASA, research
pilot. Over 3800 hours of diversified flying time including
flight experience in the X-15 and the MZ2-F1 lightweight lifting
body. Extensive experience in the qualitative evaluation of
airplane flying qualities and ground simulator evaluation of

space vehicles.
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TABLE 2
PILOT'S RATING SCALE

,,

AR

Category Adjective description within Numerical
category rating
Excellent 1
Satisfactory Good 2
Fair 3
Acceptablec--caca--- {(ask that it be fixed)--eccmcmmcm e eeea oo
Fair 4
Unsatisfactory Poor
Bad
-------------------- (won't buy it)--eemmmm e e e e e
Bad 7
Flyable Very bad
Dangerous 9
Unacceptable-=---~--- (won't fly t)mcmccm oo
Unflyable Unflyable 10

7~ required major portion of pilot's attention

8 ~ controllable only with a minimum of cockpit

duties

9 ~ aircraft just controllable with complete

attention
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II.

TABLE 3
PILOT'S COMMENT CARD

Make general comments as desired

Following maneuvers without random noise and again after

random noise

1.

Pilot's Controls
a. Aileron - feel-response to aileron
b. Rudder - feel-response to rudder

c. Elevator - feel-response to elevator

Roll Control
-- Maintaining ¢ , Changing ¢ , Techriques used.

Heading Control
-- Maintaining ¥ , Changing ¥ , Techniques used.

Pitch Control
-- Maintaining @ , Changing 6 , Techniques used.

Interaction
a. Control - roll due to rudder
- yaw due to aileron
b, Response - roll due to sideslip
- yaw due to roll rate

- roll due to pitch

Following Completion of Maneuvers -

il

O N p W N

Summarize major objections/favorable features.

Comment on primary instruments and information cues used.
Comment on any special piloting technique required.
Numerical/adjective rating.

Comment on adequacy of simulation.

Comment on existing atmospheric conditions.



Figure 1  Variable Stability T-33

Figure 2 T.33
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Flight Simulation T-33 Cockpit
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SECTION 3

ANALYSIS AND RESULTS

3.1 GENERAL

The results of this experiment were the pilot comment data and the
pilot ratings, These data provide the means for identifying handling qualities
parameters which reflect the pilot's control difficulties. The pilot rating is
interpreted as an overall measure of the acceptability or ''goodness'' of the
handling qualities for the defined task. In the case of lateral-directional
handling qualities there are a large number of effects which, depending on
the circumstances involved, can be troublesome. Thus, the pilot comment
data must be relied upon to provide insight into the difficulties experienced
and to help pinpoint the root causes of poor handling qualities which are

indicated by the pilot ratings.

The manner in which an evaluation pilot combines his impressions of
the handling qualities to arrive at an adjective description and pilot rating
number is not well defined. The pilot rating assigned a configuration is
primarily based on the amount of effort required to accomplish the mission.
He evaluates the effort, skill, concentration and the practicability of any
special control techniques required relative to the precision of flight path
control actually achieved. In arriving at the rating, the pilot considers the
response of the configuration to turbulence as well as to control inputs. The
rating also reflects whether or not a configuration possessed any characteristic
which the pilot considered potentially dangerous. In view of the complexity
of the process, some variation in the ratings can be expected when the same
configuration is evaluated by different pilots or evaluated more than once by

the same pilot. The individual pilot ratings of each configuration for each
time it was evaluated are presented in this section. However, composite pilot
ratings are used for the purpose of discussing the way in which the handling

qualities changed with variation of the parameters in the experiment.

3-1



A composite pilot rating was determined for each configuration, in
lieu of an average pilot rating, because of the limited number of evaluations
for each configuration. Since extensive pilot comments were recorded for
each evaluation along with the pilot rating numbers, it was possible to deter-
mine a composite pilot rating for each configuration that was more represen-
tative of the handling qualities than a simple numerical average. The composite
pilot ratings were determined after examining the pilot rating numbers in
detail, both with and without random disturbances, and the pilot comments

for each evaluation.

In arriving at the composite pilot ratings, consideration was given
to several factors: What was the evaluation pilot's confidence in his rating?
Was he rushed during his evaluation? Was the evaluation hampered by weather
or turbulence? Were system or airplane difficulties a factor? Was air traffic
a problem? Was this an early evaluation or had the pilot already evaluated
several configurations? Was his evaluation influenced by a previous con-
figuration which may have been exceptionally good or bad? Was this the
pilot's first evaluation of the configuration or was it a repeat? Was the
evaluation pilot generally optimistic or pessimistic? Was the pilot evaluating
the handling qualities for a specialized research vehicle role which would be
piloted only by a highly trained pilot under ideal conditions or was he con-
sidering it for an operational role which would be flown by pilots with less
experience under less than ideal conditions? All of these factors could
influence the pilots evaluation of a configuration and the composite pilot
ratings are the result of attempting to eliminate these factors. The composite
pilot ratings are based on all the available information and on the analyst's
judgement. They are, in his opinion, the numbers which best represent the
manner in which the handling qualities changed with the parameters in the

experiment.

The pilot comment data in general showed very good agreement
in the pilot's evaluations of the configurations. The agreement was good
not only for a single pilot's successive evaluations of a configuration, but
also for other pilot's evaluations of the same configuration., The comments

showed that the pilots were noting the same characteristics and were
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experiencing the same difficulties for a given configuration. The variations in
pilot rating numbers that were obtained for some configurations indicate that
all the pilots were not always weighting the observed characteristics in the
same manner to arrive at a pilot rating number for the handling qualities of

the configuration in the re-entry mission.

3.2 DATA

Discussion of results and test data are presented separately in this
section for each part of the program. The data format is generally similar

for each part, and is described below.

3.2.1 Table of Pseudoderivatives and Mode Characteristics

- 1 -

Ml ~ - A ~L & P e
4 ves Ul tile vellcie oxr Coll~-

iese tables include the stability derivati
figuration being simulated and the pseudoderivatives, i.e., the set of deriva-
tives that can be simulated with the T-33 and will match the important modes
of the configuration being simulated. The pseudoderivatives and the methods
used to obtain them are discussed in more detail in Appendix C. The lateral-
directional modes were obtained from a digital computer program for both

the simulated sets and the pseudo sets of derivatives and are presented in

the tables. Calibration records were generally obtained each time a configur-
ation was set up for evaluation. The mode characteristics were read from
these records and the averages are listed in the tables as the nominal
measured modes. (Usable readings could not be obtained from all of the
records because of turbulent flight conditions or difficulty in obtaining a good

initial trim condition. The obviously erroneous readings were excluded in

determining the nominal values.)

3.2.2 Table of Control Derivatives and Numerator Zeros

The control derivatives listed in these tables include the specified
values for the vehicle or configuration, the calculated pseudo values, and the
values that were actually set up for the evaluations. These set-up values

were determined from the control gain settings used in the evaluations and

3-3



the final revised T-33 control derivatives determined during the program.
They represent the best estimate of the control derivatives that were actually
set up for the evaluations., The aileron stick to bank angle transfer function
numerators were calculated as described in Appendix B for the in-flight and
fixed-base configurations. They were obtained from a digital computer pro-

gram for both the simulated vehicle and pseudo sets of derivatives.

3.2.3 Root Locus Diagrams

These diagrams show the poles and zeros of the aileron stick-to-bank-
angle transfer function and the locus of roots for a varying pilot gain closure
of the loop, i,e., the pilot moves the stick in direct proportion to the bank
angle error. The poles were obtained from the nominal measured modes of
the configurations and the zeros from the calculated numerator zeros as

described in Appendix B.

3.2.4 Transient Responses to Aileron Stick Step

These plots were either calculated or obtained from flight records as
specified on the plot. The calculated responses were generated and plotted
by a digital computer program using simulated airplane derivatives or the
pseudoderivatives and the actual in-flight or fixed-base control derivatives.
In-flight oscillograph recordings were made of the response to a sharp step
input to the T-33 ailerons and rudder equivalent to an aileron stick step.
These records were digitized on punched cards and fed into a digital computer
program which converted the sideslip vane recording to true /5 , scaled the

responses to an equivalent standard size input and plotted them.

3.2.5 Transient Responses to Rudder Pedal Step

These responses were generated and plotted by a digital computer pro-
gram using pseudoderivatives and the actual in-flight or fixed-base control

derivatives.
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3.2.6 Transient Responses to Side Gusts

These responses were generated and plotted by a digital computer
program as described in Appendix E. Simulated vehicle and pseudoderivatives

were used to obtain these responses,

3.2.7 Tables of Pilot Comment Data

The pilot comment data obtained for each evaluation of a configura-
tion was examined in detail and the significant comments are summarized in
the tables. All of the pilot's comments were used in making the summary
tablés and as might be expected, there were sometimes conflicting comments

which are reflected in the summary tables.







3.3 PART 1 EXPERIMENT

The purpose of this part of the experiment was to repeat a portion of
a previous lateral-directional handling qualities experiment which was done
under Air Force sponsorship by Cornell Aeronautical Laboratory in 1960
and to extend this work to include larger values of l¢/ﬂl . Some of the data
in Figure 5 of Reference 1 was selected to be repeated because recent
investigations, conducted mainly in ground simulators, had produced results
which were in disagreement with the data for |¢/ﬂ I =9 reported in Refer-
ence 1. It was of interest to determine whether the disagreement in results
was caused by the method of simulation (i.e., in-flight or ground simulation)
or whether the interpretation of the data in Reference 1 for |¢/,3 I =9 was

erroneous,

Thus, the configurations in this part of the experiment were evalu-
ated in the T-33, both as a ground simulator (where the information available
to the pilot was displayed on cockpit instruments) and in flight (where, in
addition to the instrument display, the pilot had available motion cues and

visual reference to the outside world).

There were three sets of configurations in Part I that differed
primarily by the roll to sideslip ratio of the Dutch roll mode. Within each
of the three sets, the ratio of yaw acceleration to roll acceleration for
aileron control, ngAs /ng as » was varied from large adverse to large
proverse. The roll acceleration due to aileron control, LISAS , was varied
to compensate for the change in (g—:)zand thus the uncoordinated steady state
roll rate per inch of aileron stick was maintained constant for all configura-
tions within a set. The configurations are defined in detail and the data are

presented in the data tables.
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3.3.1 Effects of N‘p

After the Part I configurations had been calibrated for in-flight
evaluation and the evaluations had been started, errors were discovered
in the roll and yaw rate channels of the T-33 variable stability system.
This did not have an effect on the mode characteristics which had been set
up by in-flight calibrations, but it did indicate that the mode characteristics
were being obtained with something other than the desired pseudoderivatives.
In view of these calibration errors and what was considered to be a refined
knowledge of the basic T-33 airplane derivatives, it was decided to recompute
the gains for the Part I configurations and to have at least one pilot evaluate
as many of them as possible. This was done and when in-flight dynamic
responses were obtained, it was found that the Dutch roll damping was much
too high and the roll mode was also wrong for the cases where |¢//7|= 9 and 13.
After some consideration, it was decided that the value of le used for the
T-33 airplane was probably inaccurate and could be the source of the errors.
The following approximations for Dutch Roll damping and the roll mode time
constant indicate the importance of /\/lf for configurations with a large value

of the ratio L/ﬂ /Nlls .

) L'g g
284 W4 = Nj-Ny=Ys- 2 (Ny- <) (1)
oyt s (N & 2
T = Lf,+~,A (Nf z (2)

When the calculated gains were again set up in flight and the 5%9 2ain
was varied, it was found that it did indeed have a very powerful effect on
the Dutch roll damping and the roll mode time constant. Thus, in setting
up the AA-4, 5, 6 and AA-7, 8, 9 series, calculated gains were used
as the starting point and the 5% gain was iterated to get the right



Dutch roll damping (the 5,/70 gain that gave the right Dutch roll damping

also improved the match of the roll mode time constant).

The "AA" configurations are identified in Tables 1-1, 2, 3, and 4.
These configurations were evaluated by pilot A, Pilot C also evaluated
AA-2A and AA-T7.

The above digscussion serves not only to identify the differences
between the two sets of in-flight configurations in Part I, but also serves
to point out the uncertainties in knowledge of specific derivatives, such as
/V7; ,/Vﬁ" ,Vr L'p and Z,, which were achieved in flight. This is not of
much importance if one is only interested in the values of the characteristic
roots because the characteristic roots can be determined quite easily from
flight responses to calibration inputs. These derivatives, however, affect
the transfer function numerator terms (such as 2}'¢ (4)¢ in the bank angle
to aileron transfer function) and it is not as easy to determine from the flight

records what values were achieved in flight.

Values of Wy and 2 5¢&)¢, were first calculated for the Part I con-
figurations by using pseudoderivatives and calibrated values of /V,;AS//V;AS ,
together with the approximate equations developed in paragraphs 2 and 3 of
Appendix B. However, when the time histories of the responses to aileron
stick inputs were examined it was obvious, from the amplitude and phase of
the Dutch roll excited by the input, that the calculated values of Wy and 2.3;, Wy
were not correct for the in-flight configurations. More accurate values of
Wy and 2 Iy Wy  were determined by matching the roll rate responses to
aileron stick inputs obtained in flight with responses generated by an analog
computer. The method used is described in paragraph 4 of Appendix B and
the values of Z“Z, and Wy determined by this method are presented in
Tables 1, 2, 3, and 4.

The incorrect values of ZZ¢ Wy calculated by the method of
paragraph 3 of Appendix B were the result of poorly known values of the
stability derivatives /V/é' , /V,;, . L';n . The incorrect values of Q)¢
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calculated by the method of paragraph 2 of Appendix B were the result of the
assumption that (Jy° = Vg This assumption is not valid when L/lg//v;g
is large. This was demonstrated by flight records taken for various values
of the 5,«/70‘ gain during the set-up of the "AA' configurations. From these
records, it was observed that the Dutch roll frequency and damping ratio
were both strongly affected by the variation of /» when L:@/ /Vlé was

large.

It is of interest to determine the conditions on the stability deriva-
tives that will cause the zero to lie on the Dutch roll pole in the ¢/5;;5 transfer

function.

The following expression for 2 3’¢ Ly of the {9/§A5 transfer function
is developed in Appendix B.

Y5 s
L%as

/ngs<, ,) ’ Y

z — L —-L : + L + /V N B

2 350p% o= \Frots o+ (Ve M) (3)
Comparison of Equation 3 with Equation 1, the approximate expres-

sion for ZZd C:Jd , indicates that both are a function of (/V’é'-ﬂ/,'»-),’@); however,

the Dutch roll damping is also a function of(Lb//Vt'g)( Np -j/v) and 2%, Wy

contains rolling moment and control derivatives not in the expression for

Dutch roll damping. From these approximate expressions it is evident that

W, will equal 4, w, if
p%e d “d
/V‘;As R (/V/,” —y/y) =0

The other condition that must be satisfied for the zero to lie on the
Dutch roll pole is that Cd¢ =Wy or ((.:.)95 /(,L)C{—‘/). It became apparent, from
examination of the in-flight recorded transient responses, that the following
approximation developed in Appendix B was not adequate for defining the

configurations,

/’/’ 7
(Wg/ )" =7 - e —L—A- (4)
Sas Np
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. /V‘;AS .
O.); Q«'(/V)@ + )Z/V,. - V& Lﬁ (5)
s
Wy = Ng+Yg Wi =Ny (6)

The expression for C«)¢ was valid for the Part I configurations, but Equation 6,

which is a common approximation for & ,, bears further examination.

For a neutrally stable spiral mode, the lateral directional character-

istic equation can be written as:

s(s+ng)(s+2,)(s+2,)= S(5*+a,5%+a,8+a,) (7)

where A,, A, are a coupled conjugate pair that represents the Dutch roll
mode and A, represents the roll mode. Expanding the left side of Equa-
tion 7 and substituting from the expansion of the characteristic equation in .

Reference 10 for stability axes gives:

(;)dz

Rp Ayhp= = =@y =WplLig=NgLin Y (WoLogs =N L 1o )o YV(Kpnlig Wi Liyily) (8)

N5 [’,6 and /l/lé" L/’. terms are normally small compared to Lk.; . When

these terms are removed (which was valid for this program), the expression

becomes:
(ud1 9
T, = Mot 1 (o Lip -1 130) (W5 =2 ) 255 (9)

If the assumption is made that /'/Z‘,'e = ‘L;o , the expression reduces to
Yo Ny Ly

wz r\/A/’.f)/ /V’_f_é_(/l/’ —-—-
d B8 ‘B Lo 7 Ly

(10)
Equation 10 shows that (.g)d'z —\“ﬁ/V/g’ +};3 /V,’, is not a good approximation if L;e

is large and (/V7'a "f/l/) is not zero, which was the situation with the Part I
in-flight configurations. Zero aileron yaw therefore did not produce(w¢/ (,‘_)d):/

and minimum Dutch roll excitation for aileron inputs.
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The following expression for ’che/G/é,q\S transfer function can be
obtained from page 99 of Reference 9 by assuming )ngs d, x o and by
noting that the sideslip response to an aileron stick step in Figures I-12 to
I-16 has a steady state. Since the spiral root was at the origin for these
configurations, the steady-state sideslip implies that the constant term in
the numerator cubic of the ﬂ/éﬂs transfer function was essentially zero
and thus we can write:

B WNp SrNG, Lot (We-5/v)
Ss B+2p)(5%+R 5 Wy S+ Wq?) (11)

From this expression, it is seen that the steady-state sideslip for aileron

inputs is zero for
Ve

Sps

s

AS

Ly :‘V’(’V;O -2/v) (12)

Equation 11 also indicates that the sideslip excited by aileron stick
inputs is zero for all frequencies when /1/5'5/75 =(/V,é - 9N)= )‘/5/’5 =¢-. For the
case of|¢/ﬁ| # O , this result implies that the zero lies on the Dutch roll
pole in the ﬁ/&s transfer function when /1/5/75 =(/V7’o ——y/t/)—‘ )3A5 =0,

In the following paragraphs, the results of Part I of the experiment

are discussed in some detail.

3.3.2 l,@/ﬁl Less Than One (Configurations A and AA-1, -2, -3)

The composite rating curves in Figure I-1 for low roll to sideslip
configurations, |¢//—)’| = .64 to .89, show good agreement for the in-flight
and fixed-base configurations. Reference to the pilot comments shows that,
for the adverse yaw case, the pilots object to the Dutch roll excitation of
sideslip with rapid aileron inputs and the difficulty in coordinating well; there
are no major objections for the near-zero aileron yaw case; for proverse
aileron yaw, the pilots object to the Dutch roll excitation of sideslip with
rapid aileron inputs and for large rolling maneuvers. The comments also
show that, for the fixed-base simulation of the proverse yaw case, there is

a tendency to set up a divergent sideslip oscillation with aileron control.
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The root locus diagrams, Figures I-20 and I-21, show that the light Dutch

roll damping becomes even lighter when the pilot acts as a high gain pro-
portional bank angle controller with proverse yaw. This tendency to oscillate
was not noted for the in-flight simulations, but the maximum in-flight Néﬂs/[,;;ﬂs
was only 85% of the maximum fixed-base value. This is reflected in the
higher (‘J¢/(‘)d value for the fixed-base proverse aileron yaw configuration,
Other factors to be considered are the additional motion and visual cues
available to the pilot in flight. There is also the possibility that the pilot

uses lower gain in the bank angle to aileron loop in flight. The comments

also showed that the steep turning performance was a good feature of the
proverse yaw case and, for the fixed-base evaluation, the sideslip oscilla-
tions would damp out when the pilot was controlling pitch attitude with bank
angle, Using bank angle to maintain a desired pitch angle is a common tech-
nique in steep turns, where the pilot maintains an essentially constant elevator
stick force and increases the pitch angle by decreasing the bank angle or
decreases the pitch angle by increasing the bank angle. It was also noted that
there was no tendency to ""dish-out" (i.e., for the nose to drop) when rolling
out of steep turns. This was considered a good feature for the proverse yaw

configuration.

The evaluation pilots noted the heavier rudder pedal forces for the
"A" in-flight configurations and objected to this for the adverse yaw case.
There was also an objection to the light rudder pedal forces for the adverse
yaw ""AA'" configuration. There was, however, nothing to indicate that the
rudder control characteristics were a major factor in the evaluation of this

group of configurations.

Examination of the transient responses to aileron stick steps,
Figure I-12, shows that there is very little Dutch roll oscillation on the bank
angle and roll rate responses. There is, however, considerable Dutch roll
oscillation on the sideslip and yaw rate responses, which becomes minimum
and reverses phase as the aileron yaw changes from adverse to proverse.
It is also apparent that the pilots prefer the configurations that have minimum

sideslip excitation with aileron control,
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The random disturbance input pointed up the lack of Dutch roll
damping and the attention required to coordinate the rudder with aileron
inputs. When the aileron yaw was proverse, the pilots noted that there was
often a conflict in use of the rudder to suppress disturbances and for coordina-
tion of aileron inputs. The following expression was developed in Reference 15
for the rudder pedal deflection required to coordinate, i.e., keep/j’ =0in a

rolling maneuver:

NS N . Vs,
gy .o 4 ’ ’, ’
Y OICoN o
L s, 945 Sas
Srp = W2 (13)
_ N’ - /7 ,'95 ’, ’,
Srp Y‘SRP Np # /'“5,95 Léﬁp # Ly ):fgp)
This expression was developed by equating ﬁ = 0 in the equations of motion

and eliminating the yaw rate and aileron stick terms. In developing the
expression, it is assumed that Y545 = oc,= 0 and that Y‘;RP ‘s-Rp can be
neglected. The expression indicates that N‘;:qs/z,;“ and (/V;,’, —\—/Z are impor-
tant factors in determining how the pilot must operate the rudders to keep

the aircraft coordinated while maneuvering the aircraft in bank angle. Coor-
dination can be a difficult process and depends upon relative magnitudes of the
coefficients of ¢., ¢ , ¢ and the pilot's ability to determine what should be
done. With proverse aileron yaw, opposite rudder pedal inputs are required
to coordinate aileron inputs., This is opposite to what pilots are normally

accustomed to doing and tends to make the coordination task more difficult,

3.3.3 |¢/,6l Between 9 and 10 (Configurations A and AA-4, -5, -6)

There is less agreement between these composite pilot rating curves
for the different simulations, Figure I-1, than for the low l ¢/ﬁ I configurations,
but they clearly show the trend that pilots do not like large yaw due to aileron

control, either adverse or proverse.

A basic complaint about all of the configurations in this group is the
large roll response to sideslip and the consequence of miscoordination., With
large adverse yaw, the roll response to aileron is 'jerky' and the Dutch roll
mode is excited. The pilot opinion improves as the adverse yaw decreases and

peaks after the aileron yaw has become proverse. As the aileron yaw is made
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more proverse, the pilot rating deteriorates with the major complaint being
a closed-loop oscillation when precise bank angle control is attempted. The
root locus diagrams show this possibility for closed-loop oscillation for
proverse aileron yaw when the pilot acts as a proportional controller in

closing the bank angle loop.

The transient responses to aileron stick step inputs, Figure I-13,
show that the minimum sideslip excitation occurs for the slightly proverse
aileron yaw configurations. This indicates that the instrumentation X axis

was not aligned with the flight path, i.e., &, # 0, or that (N;'p- Vy)was negative,

The configurations with minimum sideslip excitation also had the
best pilot ratings., The pilots considered the initial roll response abrupt and
too large for the adverse aileron yaw configurations. It should be noted that
as(u)¢//(;~)a/)2 became smaller (as the aileron yaw became more adverse)Z/;gﬁs
was increased to keep the steady state roll rate per aileron control input con-
stant. The abrupt initial roll response can be attributed to the larger /“;945

values for the adverse aileron yaw configurations.

The pilot comments are helpful in explaining the differences in the
in-flight pilot rating curves for the "A'" and "AA'" configurations. With the
high/ ;D/ﬁ/ , the configurations are quite susceptible to miscoordination and
the "AA'" configurations were considered to have far too much rudder sensi-
tivity for good control. This probably accounts for the generally better ratings
for the ""A' configurations for wy /GJJ near one. For larger and smaller
values of Wy /Gy ( Wy/Wy< .6 and /ey >1.3) the pilot comments show closer
correlation between the in-flight A and AA configurations than is indicated

by the pilot rating numbers,

Although the rudder sensitivity in the fixed-base evaluations was the
same as it was for the AA in-flight evaluations, it did not cause as large a
deterioration in pilot ratings. The major objection to the large proverse ail-
eron yaw configurations (fixed-base configuration A-6A and in-flight configura-
tions A-6B and AA-6) was the closed-loop bank angle oscillations. The
objections occurred at similar levels of sideslip excitation and values of Wy/Wy
for both the fixed-base and the in-flight evaluations, but ”%/L:f»s was more
than twice as large for the in-flight configurations. This can be attributed to

a difference in (/V)é-\—,z
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The random input again pointed up the lack of Dutch roll damping.
The roll response to sideslip disturbances was greatly increased relative
to the previous group. Mistakes in coordination caused large bank angle

responses.

3.3.4 l¢/ﬂl Between 12 and 13 (Configurations A and AA-7, -8, -9)

Only one in-flight pilot rating curve is presented in Figure I-1 for
these high |¢//j" configurations. Only one "AA'" configuration was evaluated
because of limited time in the flight program. The pilot rating curves show
that the best pilot rating occur near G)¢/(Jd = 1 for both the fixed-base and
in-flight evaluations. Reference to the transient responses in Figure I-11
and I-14 shows that the configurations with minimum sideslip excitation in
the Dutch roll mode for aileron stick inputs are also the configurations with
the best pilot ratings. The best ratings for the in-flight configurations were
experienced when the aileron yaw was proverse. This can be attributed to

(/V;c‘\;) making (g #G&y, and ;¢ # fa, with /V;,/;s zero.

A major objection to these configurations was the large rolling
response to sideslip disturbances from either rudder miscoordination or
external disturbances. For the large adverse yaw cases, the pilots object
to the "jerky" roll response to aileron. The response is initially abrupt,
but then slows down because of the sideslip generated by the adverse yaw.
They also note that the steady state roll rate is quite high when the sideslip
is kept at a minimum with rudder coordination, but is low without coordination.
A comparison of in-flight configurations A-7B and AA-7 shows that Z’[S,‘“
was 27% higher for AA-7 and the steady state roll rate per aileron input was
more than twice as large for AA-7. This is in agreement with the pilot
comments which were more critical of the initial abrupt roll response of
AA-7, Another factor that made AA-7 more objectionable was the
"tremendous decrease in apparent directional stiffness when going closed
loop' noted in the pilot comments. Reference to the ¢//<g,95 transfer function
zero locations of A-7B in Figure I-21 and of AA-7 in Figure I-22 shows the
possibility for a closed-loop low frequency oscillation at high airplane-pilot
gain. The airplane control gain was higher for AA-7 where the comments on

low directional stiffness indicated a low frequency oscillation.
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The pilot ratings improved as the adverse aileron yaw was de-
creased and reached a crest when sideslip excitation bec&#me minimum.
As the aileron yaw became more proverse, the pilots objected to closed-
loop roll oscillations and the pilot ratings deteriorated. They objected to
the oscillations more in the fixed-base evaluation than in the in-flight
evaluations. The objections also occurred with less proverse aileron yaw
for the fixed-base simulations than for the in-flight simulations. Reference
to the root locus diaérams in Figures I-20 and I-21 shows that the zeros of
the ¢/£45 transfer function pass to the left of the Dutch roll pole for the
in-flight configurations, which causes the closed-loop root loci to remain
in the left half plane until &g becomes significantly greater than Cdd
The zeros of the fixed-base configurations are farther to the right and the
closed-loop root loci cross over into the right half plane when (g is only
slightly larger than QJd . This is in agreement with the pilot comments
that indicated closed-loop oscillations in configurations with lower values
of Wy /tud for the fixed-base evaluations. The pilots also objected to the
low roll acceleration at large proverse aileron yaw for both the fixed-base
and in-flight simulations. They did, however, comment that the flight

characteristics of the proverse yaw configurations improved in steep turns.

It should be noted that the rolling moment due to rudder pedal was
not set to the planned value for the in-flight configurations because of an error
in calculating a gain setting ( L;",qp was slightly positive instead of slightly
negative). This was not, however, considered significant in the evaluations
because the pilot comments indicated that any L;RP effects could not be dis-
tinguished from the large L2 effects. The comments also indicated that the
rudders were objectionably sensitive in causing sideslip and thus rolling mo-
ments for the fixed-base evaluations. The in-flight rudder sensitivity, which
was only 40% of the fixed-base values, was considered about right. This
could help account for the difference between the fixed-base and in-flight

pilot ratings.

The random input again pointed up the lack of Dutch roll damping and
caused considerable roll disturbance. In natural turbulence the roll acceler-

ations were excessive,
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3.3.5 Summary of Part I Results

The longitudinal control characteristics were selected to provide good
handling qualities and were kept constant for the Part I configurations. Therec
were no significant objections in the pilot comments concerning the longitudinal
control so it can be assumed that the lateral-directional evaluation results

were not altered by longitudinal considerations.

The transient responses to a side gust shown in Figure I-19 are
essentially the same in sideslip and yaw rate for all three groups. The
magnitude of the bank angle and roll rate responses are proportional to
L;g or/ ¢//3’/ . This supports the pilot comment data where the pilots
objected to the higher roll response to sideslip disturbances with high L'ﬂ
or i ¢//3} and down-rated these configurations more after evaluating them
in the presence of random disturbances. See Appendix E for a more detailed

discussion of the roll response to sideslip disturbances.

Calculated transient responses for a standard rudder pedal step
are shown in Figures I-17 and I-18. These responses verify the pilot comments
that the high [#/8 | configurations were quite responsive in roll to rudder
inputs and that alarming roll response could result from miscoordination.
The responses also show that the rudder pedals were much less sensitive for
the "A'" in-flight configurations than for the "AA' and the fixed-base con-

figurations.

From the time histories of Figures I-9 through I-16 it is observed
that minimum sideslip did not occur at NéAS = 0 , particularly for the A-7,
-8 and -9 set of Figure I-14, It must be concluded that ( N;b - 5/\/ ), d, or

YéAS was not zero for these configurations.

A comparison of the results obtained in this program with those
obtained in Reference 1 shows reasonable agreement for the low l ¢/ﬁl con-
figurations (see Figure I-i, configurations A-1, -2, -3). The pilot ratings
for { ¢//:3[ X 9 obtained in this program do not agree with the data of Figure 5
in Reference 1 for \I(P/ﬁl ~ 9 . In attempting to resolve this disagreement,

the pilot comments and transient response records for configurations 67, 68,
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69 and 70 of Reference 1 were reexamined. It was found that the Dutch roll
damping ratio as read from the transient responses ranged from -;c{ = .06
to . 03 for these configurations. Thus the damping ratio values used to
identify configurations 67 - 70 in Reference 1 have been found to be in error
and direct comparison of the results of Reference 1 for | ¢//3 f % 9 with the
results of this program for I¢//3'l9v’ 9 cannot be made because the Dutch roll

damping ratio was much higher in the current program.

The effect of the lower damping ratio in the Reference 1 evaluations
would be to enhance the desirability of adverse yaw ( (A)¢/(4.)d < 1). The
improvement in closed-loop Dutch roll damping that is attendant to adverse
yaw due to aileron control is much more important when the open-loop Dutch
roll damping is low. For cases where the lack of Dutch roll damping is an
overwhelming objection to the configuration, one would expect the improvement
in closed-loop damping with small amounts of adverse yaw to be a more
significant factor to the pilot's rating than the detrimental effects of induced
sideslip and rudder coordination, Hence, the pilot rating versus (J¢/G)d
would be expected to reach a peak for (*)¢/(*)d < 1.0 when the Dutch roll
damping is quite low. Thus, the results of the present program are not in-
consistent with the results of Reference 1, once the error in indentification

of ;d in Reference 1 is taken into account.

From the pilot ratings and pilot comments obtained in this program
it is apparent that the pilots like the configurations best when the sideslip
excited by aileron control is minimum. When ‘Lyjj is large, they object
to the large rolling motions that resulted from sideslip rather than the sideslip

itself and to the consequences of miscoordination.

For configurations with the spiral root at the origin, a possible
handling qualities parameter which reflects the importance of sideslip to the
lateral directional handling qualities is the ratio of steady state sideslip
(under the assumptions of Equation 5) to steady state roll rate, for aileron

inputs.
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TABLE I-1

PSEUDODERIVATIVES AND MODE CHARACTERISTICS

Config. | A-1,-2,-3 A-4,-5;-6 A-7,-8,-9
B 9 | .0525 .0525 .0525
Lg -5.36 -77.1 -102.2
Lg 0 0 0
Lp -2.55 -3.26 -2.65
Ly . 203 1.55 9.24
N 5. 16 4.91 5,67
Pseudo- , 6 0
derivatives Vg -.041 .068
N -.00846 .0770 . 0608
Ny -. 374 -. 406 -.513
Ya -. 171 -. 167 -. 14
Yp
Yr 0 0 0
Wy 2.30 2,17 2,30
£, . 103 . 177 . 1305
Calculated "%I . 656 9. 19 13.00
modes 1% 44, 38 46.89 48.0
% . 389 . 331 . 370
7, 270. 5 11. 4 106
. @y 2. 30 2.11 2. 24
Fixed-base
nominal fd . 092 .18 .14
measured Ill .65 9.7 12.8
modes [}
Te . 35 .29 .53
In-flight Wy 2.20 2.35 2.61
nominal
measured 3y - 092 .18 .13
modes |_<L 64 9.6 12.0
"A" config- B :
urations Te 39 .298 .288
In-flight Wy 2.20 2.10 2.41
nominal
measured Zd 099 .18 .12
odes .7 14,7
'r'nA.A" config- ITI 221 ? e
urations e ’ 311 .
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TABLE I-2

CONTROL DERIVATIVES AND NUMERATOR ZEROS

2
N @ fos oM | ,
config. NS ’ —As (_4!15) (——2> a)¢ 4 E—” - /‘VS /.5 Y.
5AS 5‘5 543 L Bas Ly wd ¢ as  inck ({d RP 5(}'
A-1l -.120 .954 .. 126 . 858 .926 2.13 L1112 18.23| .60 | -.50 ---
Pseudo
config- | A-2 -.00668 | .782 -.00854 | .982 .991 2.28 .110 17. 12 -
uration | , 4 .0803 . 685 L1117 1. 10 1.05 2. 42 .110 16.83 —--
v A
Fixed | A-1 - 131 .974 .00134 .. 135 . 869 .932 2.14 . 109 17.0 604 |-.494 | -.00604
Ei;;g_ A-2 -.007 .789 | .0000906 | -.00888 | .991 | .996 | 2.29 | .110 | 15.7
uration | A-3 . 0862 .679 | -.000859 .127 1.123 | 1.065| 2.44 .110 15. 3 ! '
] N
In-flight | A-1 -.0798 | .867 .00116 -.092 .9099 | .953 2.099 | .100 | 19.2 |.235 | -.190 ] -.00293
config- | A.2 . 00355 . 709 .0000932 | .005 1,005 | 1.003 | 2,206 . 100 15.9
uratio
"olals L0717 . 664 -.00075 .108 1.106 | 1.05 2.313 | .100 16.4
b v
AA-1 -.0706 | .917 .00116 -.077 .870 .932{ 2.05 . 099 14.7 | .601 | -.502 | -.00748
Ic‘:)‘nf(l;ggf“ AA-2 .000778 | .788 | .000131 | .00l .965 | .977| 2.16 | .099 | 14.0
uration | AA-2A | .0283 .778 | -.000204 .036 1.00 1.00 2.20 . 099 14.3
AA-3 . 0685 .665 | -.000702 .103 1.06 1.03 2.27 . 105 13,02
! v




¢e-¢

TABLE I-3 CONTROL DERIVATIVES AND NUMERATOR ZEROS
: , N5as W—'_wg 2 (w¢> w Pov: Mfsee | L
Config. Sas Lgns Vsae L §ae <wd> oy ) ¢ 50¢ ‘Sas  inch | Y Ser | Liser Yser
. i
Pseudo |A-4 -.0245 1.09 -.0225 | .686 . 828 1.08 .1688 ' 14.18 . 60 -.50 .-
config- | A-5 1.00039 .861 .000453 | 1.06 1.03 2. 24 .143 17. 32 ‘ -
uration |4 _¢ -00766 | .706 | 0 .0107 123 111 2.41 . 137 ‘J 16.50 | | ! .
! | | |
| ! \ ‘ !
Fixed |24 ( .0257 1.10 ' .000286 -.0234 ' 582 . 764 1.61 . 181 10.62 ! .604 -.494 -.00604‘
base A-5 .00174 | .843 0 ' .00206 1. 04 1.019 |2.15 . 150 14.51 ;
config- | 5 _¢ L0131 ¢ .715 | -.000112 | .0183 1.33 1.15 2.43 . 142 15.71 Z
uration | i .
A-bA L0232 .532 | -.000218 , .0437 l 1.78 1.331 | 2.82 ; .133 i 15.75 |
T H ! 4 \ v j
! f ‘
A-4B -.0968 | 2.69  ,00179 | -.036 . . 166 .408 .960 © .53 7.68 234 -.191 | -.00299
{
A-4 -.00996 | .996 | .000334 -.01 . 469 .685 | 1.61 .31 8.00 '
In-flight | A_5 .0129 . 806 l-.oooo137| .016 . 843 -918 | 2.16 .22 11.65 |
config-
aration |A-6 L0214 . 668 -.000125 : .032 1.00 1.000 | 2.35 .20 11.42
A-6A .0298 . 497 -.00026 . 060 1.33 1.152 | 2.71 .17 11.30
A-6B .0318 . 303 -.000335 . 105 1.83 1.352 | 3.18 .17 9.50. | l
| ! N
AA-4 -.0828 2.30 .00161 -.036 .25 .50 1.05 .18 10. 23 601 -.503 |.-.00769
In-flight 81 18 10.5
config- |AA-5 0 .904 |.000207 0 . 656 . 1.70 . .53
uration |AA-5A | .0162 .579 | -,000112 | .028 1.20 1.095 | 2.30 .14 12.35
AA-6 .0341 .325 | -.000358 | .105 2.05 1.43 3.00 .11 11.80 y v
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TABLE I-4 CONTROL DERIVATIVES AND NUMERATOR ZEROS

. , , N'g w¢)2 a)a) Pss  deylsec ’ s
Config. IVSAS LEAS yﬁAs L’a:s Wy Wy 6()¢ f¢ Sas ~Tinck /VgﬂP L’EF yfgp
A-7 -.0255 1.34 0 -. 01855 722 .85 1. 955 . 1235 20.52 .60 -.50 ---
Pseudo
config- | A-8 -.00426 | .974 0 -.004375| 1.0 1.0 2.30 L1331 | 20.65 .-
uration A-9 . 00890 . 735 0 .0121 1.32 1.15 2. 645 . 1445 20.61 L ——
Fixed A-7 -.0264 1. 34 .000298 -.0197 . 609 . 780 1.75 . 127 24.8 604 -.494 -.00604
base A-8 -.00472 | .963 . 00007 -.0049 .903 . 951 2.13 . 141 26.4
config-
uration A-9 .0105 . 736 -.0000859 .0143 1.28 1.13 2.52 . 160 28.6
A-9A .0176 .616 -.00016 . 0286 1.57 1.252 2.81 . 170 29.3 l |, ‘L
A-7B -.0669 3.04 .00156 -.022 . 187 .433 1.13 .58 9. 40 238 .00252 | -.00299
In-flight | A-7 -.0026 | 1.30 |.000323 | -.002 .53 .728| 1.90 .37 11.40
config- | A_g .01348 | .898 |.0000304 | .0l15 .81 .900| 2.35 .29 12.02
uration |
iA-9 .0214 . 668 . 000315 .032 1.07 1.034 2.70 .25 11.80
;A-‘?B .0261 . 249 .000276 . 105 2.09 1.445 3.77 .19 8.58 | L, v
{
In-flight i
config-  AA_7 -.0851 | 3.87 00199 | -.022 . 255 .505 1.21 | .09 25.0 .601 -.503 | -.00769
uration i

i




TABLE I-5 CONTR‘OL FEEL AN].:)-.’_PITClH DYNAMICS

Fixed In

Base Flight
Aileron stick spring rate ~ lb/in 2.3 2.3
Aileron stick breakout force w 1b +.7 *, 71
Rudder pedal spring rate ~ 1b/in 190%* 180:%
Rudder pedal breakout force ~1b +11.7 +11.4
Elevator stick spring rate ~ 1b/in 40 40
Short period frequency, «), ~ rad/sec 2. 95* 3.8
Short period damping ratio, ¥ . 48* .6*
Stick force per 'g'" ~ 1lb/g 8 8
5 s may ~ in. +7.75, -3.5(+7.75, -3.5
Sas max ~ *6 +6
Srp pmax_~ 10 ) 4 4

*nominal values from flight and ground simulator records




. TABLE I-6 SUMMARY OF PI

LOT COMM

. FOR FIXED-BASE, CONFIGUF

ATLERON CONTROL

OBJECTIONABLE FEATURES

[CITED BY AILERON I1NPUTS.
—1

BETS EXCITED FOR RAPID MANEUYERING.
LOW R0LL FATE RESPOASE IF YOU DON'T
Ko INATE. ROLL REIPONSE YERY OF-
{PEMDENT UPON SIDESLIP, ROLL CORMTROL
LUGGISH.  DUTCH ROLL O3CILLATION EX-

e,

DIFFICULT T8 PUT IN.THE RIGNT AMOUNT,
UIED AUDDER TG GET DESIRED ROLL RE-
IPONN. W BLEN FOR SLOW NAREVYER-
NS, DESIRED FOR RAPID ROLLING.

NATE PRETTY EASILY. WA L
OREAXOUT FOMCE. LIGHT SRADIEMT.
G000 NARIDNY.

G000 FOR SLOW MAMBUYERING. B0 FO
L 1) NEADING ARD BANK ABGLE.

LARNSE, COMSEQUENCES 6 MIBCOORDI-
BATIOR ARE SEVERE 10 TEAMS OF BAMC
AARLE CRAORS.

CONFIG. F E FEATURES SPEL
GENERAL AILERON YAW COORDINATION . FEEL - . - - - -t
A=t TEMBENCY TO BXCITE SIBESLIP Wil | WITE & BIT OF ADVERME. B SATH COBIOINATIAG AN BOT COR- |PHIR EEOLUTION. ADEWATE FOR Wis3iom| some. o | e 1mecem o siLEmow wiics Y pam A
MARFUVER APRUPTLY. DIFFICULT TO DAMP - - BT A LITTLE o0 TWE SLGw 31 Lt R S0ES POT INTLRFERE CONTOOL OF STEAMY taby
T GSCILLATION WITN A(LCAON. SLIGAT NEQUINES CORCURTRATION AND LEAD WITW [;p00s quagianr. 4 SNALL 0EA0 RASD. A(OPLANE. CAMSOT COOOS(SATE (8 wIT evontey
BLFFERENCE 1R AUOBER -AILERON PuAS ING RUDDERS TO COMRSINATE WILL. CAA CO- o RAPID MLLIM.  WTCH FOLL WOOE WITH | w170 g TiCa
SEEWS Te EXCITE BUTCH BOLL. 0000 CON- VNATE SLOW SMLL INMNITS WELL, B . SIZABLE BIDEILIP (NDUCES BY RAPID O
TAOL WITH SHOOTH (HMITS. POOR NEARING : ‘ : - AILENN 1B,
CONTROL. 3IBESLIP INGNCED WITH EVEN o
SMALL 1RPUTS. . - .

A-2 €000 AILEROR CONTROL. GOOD ROLL NE- | AOVERSE BUT RELATIVELY SMALL, HOT | EASY T0 COONDINATE. TEWSEWCY 7O EX- FORCES AFFECT MY ABILITY T8 | THE SIDESLIP ORCILLATIONS TRAT BID | LIGNT BUTCH BOLL BDANPIDG. LATERAL | wse mwowey !
IPONIE.  SOME LOSWING DUTCH MOLL EI- | OBJECTIONABLE. NOT NOTICEABLE FOR  LCITE SIOESLIP WITH INPEOPER COOROINA- IFIND ZERS ROLL BATE. OULY SLIGNTLY | GCCUR BID BT CREATE BASK MISLE COB- | COMTROL BREAZONT PORCES. WITHONT Coot
CITATION WITH AILERON. QUITE ADE- BALL INNTS. TION. CAN'T COMMDINATE AEAL WELL FOR [OSJECTISMAMLE. BTICK DOESN'T CENYER | TASL PROSLEN. 8088 PITCH CHARACTEA- . To waTeE TE¢
QUATE FOR THE MIS3ION. RESPORSE 1S & RAPID BOLLING MANEUVERS. BY ITSELF GUT THIS IS WAT A PROSLEN. | ISTICI. . RAPID BEINGe
LITTLE S1T SLow ST THAT 13 8000, . .

4088 NEABING CONTROL.

A-3 BANK ANGLE CONTROL 6000 FOR 3LOW IN- | PROVEASE. OBJECTIONABLE DUT KAS SOME {CROSS COORDINATION WORKS IN KEEPINS 9080 Im STEEP TURSS. MGALL FPFECT BOT QUITE PERFECT CENTERIMA. ALl |EASILY imswcED v AILEMSR | AlLERSW emyy
PUTS. DUTCN ROLL EXCITED WITW LARSE | 600D FEATURES. SIDESLIP SMALL BUT | TEND TO DO TNE  loF 510esLIP o8 ROLL CONTROL. BATALOUT FORCE BUT DOE » CONTIOL AND TENPERCY 7SR PILOT T9 e pne Wi
IRPUTS. EASIER TO MIMIMIZE $10ESLIP WEGRS THING FOR SUDDEN AILEON INPUTS. [qese me mEsPOMSE. WICH. ATTDNPTS AT CHSS COMD ERFSRCE BINESLIP MCILLATION 1F M | imvense 4 -
WiTH ATLEMONS THAN WITH RUDDER. CAW 1 TESO TO IGNORE THE WALL SIRESLIP WATING BIFFICULT. ISE'T CAREFWL WITR AILERGS conTaoe. | Pusine Tee
MINIMIZE SIDESLIP WITH AILERON PULSES. OHSTUNBLHCES UNLESS | SEE THEN 1B - TRE DEGREE OF PAOVERSL YAW ROTED foR sIsEsLIP
SIDESLIP O3CILLATIONS DAMP OUT RAPID- PITCH ATT(TUSE AT LaRGE ENT ANGLEY. LATGE AtLEROW (00YTS, . PASSES TeEy
LY AT STEEP SANK ANSLES. | USE A1L- JEND NOT TO COORDINATE. PILOT 4%

ERON 1O MAINTAIN PITCH ATTITUDE I8 > [vewers av coompimation 010 T mgeT .
STEEP TURNS wWICH WITH PROVERSE &)L- WITH JUCCESS. -
ERON YAW DMMPS OUT SIDESLIP OSCILLA- .
TIONS. 800D FOR ROLLING OUT OF STEEP
B0 213K OUT. OSCILLATORY IN
MAINTAIN NEADINS BUT NO FRODLE X.
TEMOBICT FOR 31OESLIP OSCILLATIONS TO :
DIVERSE UNLESS YOU USE LEAD 1m APPLT-
JNS AILERON INPUTS. WOULD L)XE YO 3EE
MIGHER ROLL RATE FOR SIVEN (BPUT.
[WOULD BE SATISFACTORY FOR NOLLING Wi .
WEUYERS (F PILOT NEPT WIS CJsm 0wl
ANC MADE oMLY SMALL 3LOW imPUTS.
DUTCH BOLL READILY EXCITED AT AILERON
VIPUTS.  REZIOUAL OICILLATION FiOM
AILERON 1NPUTY DAMPS OUT BT ITIELF
UNLESS YOU TRY TO Fieat IT. o
OOD FOR LOW MANEUVE SIDESLIP | CAUSES SWALL AMOUNT OF ADVERSE SIOE- [BOESA'T TAKE MUCW RUDDER TO COORDIMATE.| cam THE POSITION FOR ZER® MOLL | FAIELY LOW ADYERSE YAW DUE TS AILENSS. | DOLL SWE TO SIDESLIP SAJLCTIOMABLY

CMOFR (K2

A-5

00 TRY 7O OAWP 1T ONT. BANK AKLE
POTICEABLY OSCILLATOAY AT ZEW G.
[TROL In STEEP TURNS (8 BETTER, WOULD
tll[ WIGHER ROLL RATE FOR AKLERON INPUT,
ERY LITTLE SIOESLiP GEMERATED.

CON-|

MOYEMERTS ARE LAROE.

Jevon 1arvr.

VERY LITTLE SIOESLIP (NDUCEG Y ROLL | SEENS NONEXISTENT. t WOULD CALL IT  |PRACTICALLY %O EUDDER REQUIRED FOR 1 WOTICE BREAKOUT FORCES ST THEY P LACK OF YAW DUE TO AILERGN. LACK OF |LARGE BOLL JUE TO S10ESLIP. WOWLO LIK
CONTROL. ROLL COMTROL SEEMS QuiTE 2ERO.  PRACTICALLY WO SIDESLIP 4ER- COOROINATION. OIDN'T L¥EN usL SINT %0 PROBLEN. (1GAT BREAKOUT SIDESLIP EXCITATION. 8088 PITCH A LITTLE LARBER ROLL ACCELERATION,  [Foe mesect .
4000.  AILERON ORDERS ROLL NATE. OLL | EAATED WITH AJLERON. susoER, FORCE, LIGAT GRADIENT, Q0O CENTERING, { CORTROL.
RATE A LITILE ON TME LOW SIDE BUT DE- 1 WOULD LIKE DETTER CEMTE
SIRASLE FOR THE MISSION. EASY 10
WA IRTAIN AND CHANGE SANK MSLE ARD J -
MEADING. * WOULD LIRE A LITTLE WORE ROL
POVER. JUST A LITTLE DUTCH ROLL EXC)-
TATON WITH 4(LERON, .
A-6 AILERORS iROUCE YERY LITTLE SIDESLIP. | ESSENTIALLY ZEAD. WWEN [ LOOX AT YAw |DION'T USE RUDDER PEDALS. $1NCE CRD3IS MAVE TO SEARCH FOR ZER® ROLL RATE M LITTLE SIDESLIP EXCITATION WITH &)L~ (LARSE DAIN ANGLE PESPONSE TO MVODER. larecoem om
400D ROLL PRECISION. QUITE 8000 FOR | RATE AFTER & SNARP AILEAON (WPUT, IT [COORDINATION WOULD BE REQUIRED, THE  [FION. CAN WOTICE BREAROUT FORCE OUT W ERON. 000 PRECISION 1B CONTROL OF  [LARGE BANE AMGLE PESPORDE TO 1BESLIP.[oveacomtaes
[CHARG ING BANK ANGLE ARD AT STEEP DANK {LOOKS PROVERSE. SMALL PROVERSE. SMALL SIDESLIP GEMERATED BT 41LERON WAYIT DOESA'T DOTMEA ME. LIGAT CONTROL. | BARK ARGLE AND MEADING. . DABE ARGLE SICILLATION TENSS TV PEA-
ARGLES.  DUTCH ROLL Q3CILLATIONS DANP MT SIGHIFICANT EMOUSH TO JUSTIFY CO- - S13T WMEN YOU TRY T8 B 1T &y
UT WHER | RECAT BUT PERSIST WHEN | OROIRATION. COSROINATIOR MAT REQUIRES.| WOULO LIKE DETTER AILENOR CERTERINS. -
TRY 70 CONTROL SANK SRLE £LOSELY. . WOWLD LINE NIGWER BOLL BATE BEOPOASE
ULD LIEE WIGNER EOLL RATE FOR SIYEN FOR AILEMS (NPYT,
LERON 1BUT,
A-64 ILEROW EFFECTIVENESS SEEWI SLOW SUT ) PROVERSE GUT APPEARS TO DECREASE AT  [NOT NECESSARY TO COORDINATE FOR SLOW | BREAKOUT FOACES BOTICEABLE BUT DOR'T JEASY TO FLY 1T, SLOW MAREUYERING JCLOSED-LOOP BARNK AROLE BICILLATIONS. [WABEUvER 5t
- QUATE FOR THE WISSSON. DUTCH ROLL |WIGHER ANGLES OF ATTACK, . ¢ ou T8 SEEH T0 SOTNER TO0 MUCH. MARNINY 13 | RATES WITHOWT D1STWRRARCES. [BANK AnaLE S8CILLATIONS ARt D1vERMENT [esciLLaTiON
S OUT BT (TSELF WHEM EXCITED BUT KEEP SIDESLIP ZERD 13 DIFFICULT, BOT TO0 00PS - ELEVATOR ITICK MOVE- WER | ACT AT PROFORTIORAL CONTROLLER. | A1LESN PR
:w WAYE 4 TEWDENCY TO PROLORS 1T IF WENTS ARL BWALL AND AILERSW STICK [WOULD LIGE WEGHER ROLL BATE FOR AlL- |SCILLATIG




1Y OF PILOT COMMENTS
:ED-BASE CONFIGURATIONS

OBJECTIONANLE FEATURES

SI0EILIP (NOUCED BY ASLERON WNICH
DOES MOT INTERFERE WiTH CONTRSL OF
CARMDT COOMDINATE N

. OUTCH BOLL MODE WiTR
S1ZABLE S1DESLIP VNOIKED BY N
AILEROR 1BPUTS.

SPECIAL PILOTING -
TECHW) QUES

CONTROL IN PRESENCE
OF DISTURBANCES

OVERALL OPINION

LATERAL-DIRECTIONAL
FREE RESPONSE

LONEITUD I AL
HANDL NG

FLY SARE ANBLE WITH AILERONS. SLow
STEADY 1NPUTI.

ZEEP SIBESLIP ZERO
CAM STOP SOCILLATIONS

COMSTANTLY ASARAYVATIRG PISTURBARCES
WITH ROLL COATAOL.

VRACCEPTABLE BUT FLYABLE.

LIGNT DUTCN ROLL SANPING.
CORTROL MAEAXOUT FORCEY.

LATERAL

EASILY (NOUCED 3IOESLIP wITH AILEROR
CONTROL AND TENDERCY FOR PILOT TO
ENFONCE SIDESLIP OSCILLATION 1F NE
JSBTT CAREFUL WITH AILERON CONTROL.
THE OEGREE OF PROYERSE YAW MOTED FOR
RAPID LARGE AILEROW 1mPUTS.

USE RUDBER FOR COORDINATION BT &K

WITHIUT CODRDINATION. YOU DON'T WAVE
TO WATCN TECHNIQUES. UIE RUBDER wER
RESPORSE 18 DE3

| WAS ABLE TO DO THE BEQUIRED MANEU-
CEAS 10 Te
LACK OF

G000 CONFIQURATION. ACCEPTABLE AND
SATISFACTORY. | WONLB LIXE T8 SEE 3T
VW THE AIR TO FEEL THE 81DT ACCILERA-
Tions.

WULO LIKE BEYTER FELL.
SRLAMIST FORCES ASYEMMELY AP-
FECT MY ABILITY TO COOROL-
WATE. WOOLB LiZE A LITTLE
NORE EFFECTIVEMSS. VERY
LITTLE BOLL SWE T9 RUSSER.

AILEROR OuLY. JAREUNER SLOWLY.

CAR DWW BUTCH ROLL O3CILLATION WITH
INVERSE ’- TECWNIQUE OB AILERON ).
PUL3ING THE A1LESOD 1B THE (1341 ]
OF SIDESLIP NEEDLE MOVEMENT AS IT
PASSES THROUGN 2€R0.

TEND
(Wi TR
e
™
NELP

TO REDUCE SIOESLIP BISTURBAMCEY
RUODERS WHICH 1§ 18 CORFLICT

REQUIREMERT TE CROI3 COMRD INATE
AlLERON TS M9 THIS BOESN'T
WATTERS. STEEP TUARS ROT 13 000

CORTBOL OF PITCH ANGLE M0 ROLLING SNT
OF STEEP TUMNS EASIER WiTh PROVENSE
YAW. THE SIDE ACCELERATIONG TMAT
wouLe Wwr FLIGNT FRON THE 08—
SERVED SIDEELIP ARGLE WOWLD PMOBAMLY
SOF UNCOMFORTABLE.

GINE FRICTION. 0000 MNCE
FEEDRACK FOR WAT 1'it PUITING
N, PEMALS QITE STIFI
FORCES NEAYY INT DESIRARLY 99,
1 BOR°T MATICE FRICTION L
ME ANY TROVOLE.

VEAY LUTTLL ROLL 180WCED &Y
MIBEILIP.  LIWNT BUTCH MOLL
PAPINS.  WTCE ROLL 18 AL-
VBOT ENTIRELY & SEAKING Ho-
TION. 0000 BOLL BAPiNA.

WSRENATELY $TIFF ByTCH MOLL.

| SREAKOVT FOSCE. FEEL SIEMS

STCIN PENCE 020D
1IAT SEEMS HIGNER Fom nioNER
ACToRY

WITE AT
WOT ENTER INT® LATERAL-
RECTIONAL PROSLEN. W09
FUEL ARD 0000 RESPORMIE.

ROLL DUE TO SIDESLIP OBJECTIOMABLY
LARGE, CORZEQUERCEI OF Wi3COORDI-
WATION ARE SEVERE (B TERME OF SAMK
ARGLE ERRORS,

LARGE ROLL DUE TO SIDESLIP. WOULD LIKH
A LITTLE LARSER ROLL ACCELERATION,

CAREFUL COMRD HIATION.

[ROLLING DISTURGANCES WERE QUITE LAMSE.
PIFFICULT To CORTEOL IN PRESERCE OF
SIPESLIP O1STURBANCES. BUTCH POLL
COBT IMVALLY EXCITED.

ACCEPTABLE OUT URSATISFACTIRY MR TRE
RE-ERTRY MIS3

AILERON GNLY. | FOUND LITTLE UL
FOR MODER PEDALS.

SIDESLIP DISTURBARCES PRODUCED SiI-
ASLE ROLL DISTURBARCEY. NAD T USE
LARGE AILERON DEFLECTIONS.

SATISFACTORY, @000. | WONLD LIKE TO
SEE 1T )N FLIGAT TO SEE IF THE ROLLING
D13TURBANCES BOTIER ME.

NEAYY BUT SIVES YOU GOOD FEEL
FOR WHAT YOU AE PYTTING IN.
WOULD BE BICER WITHONT THE
SREANGUT FORCES | FEEL. VENT
LARGE oL/ REIPOMIE TO
RUDDER. MMEAKOUT FORCES LOW.
QUITE SERBITIVE I8 THAT SMALL
1RPUTS QIVE LARSE ROLLING M9~
TIoNS., WOULD LIKE BETTER

LARGE DANT ARGLE RESPONSE TO RUDOER.
LARGE BASK AMGLE RESPONSE TO SIDESL)
BANE ANGLE OSCILLATI®! PER.
$IST WEN YOU THY TO DMWP T QUT.
WOULO LIKE BETTER AILERON CENTERINS.
WOULD LIXKE WIGHER ROLL RATE RESPORSE
FOR AILEMSR IRPUT.

CLOS ED-LOOP X ANGLE OSCILLATIONS.
BANK ANGLE O3CILLATIONS ARE O1VERQENT
WHER ¢ ACT AS PRGPORTIONAL CORTROLLER.
WOULD LIKE MIGNER ROLL RATE FOR AiL-
EXON NPT,

AILEROR ORLY, BE CAREFUL WOT TO
OYERCONTROL WITH RUDDER,

CAUSES LARGL ROLLING WTIONS.
QUIRES CLOSE ATTEATION TO FLY.
YO OVERCONTROL WITH RUDDERS WHEN

VS IRG THEM TG CONTROL 01STURDARCES

g~
TEwo

ACCEPTADLE AND SATISFACTORY.

In VIEW OF THE
LARGE ROLL REQPOMIE. TEWS TO
PUT 1R TO8 LARSE RUGDER
PUTS. MLL OUE TP RUODER
LARSE ARD INSEPARADLE FROM
MOLL WE TO s,

MAREUYER SLOWLY ARD LET DUTCN ROLL
OSCILLATION MAMP OUT BY ITSELF. UM
AILERON PULSES TD DANP ROLL
G3CILLATIONS,

OIVERGENT BANK ARGLE SCILLATION
WHEN | TAY TO COMTROL BANK ANGLE DIO-
TURBARCES WiTH AILERON. REQUIRES
MORE PILOT ATTERTIOM.

BAD CNARACTERISTICS SNOW UP PRUMAR-
ILY |8 TNE PRESERCE OF DISTURBANCES.

LAISE ML DVE TO SIBESLIP.
nien[@/8] . ADEQATE RoLL
DANPING.  DIRECTIONAL DM
16 LOV.  LOW BUTCH fOLL
BAPIBS. MSIERATE DIREC-
TIoNAL STIFFRESS.

6208 FEEL AND 6000 RESPONIE.
MELL PAPED SWORT PERIOD.

) SEE PITCNIRS MOTIOR OmLY
FOR ELEVATOR 1BPUT,




o TABLE'I s ‘SUMMARY OF PILOT ¢
- - _FOR INFLIGHT CONFI

TN

AILERON COMTROL

<< FAVORABRLE FEATURES

AILEROR. PULLING “6" SCEMS TO STABIL.
IZE THE DUTCH ROLL. ROLL CONTROL EF-
FECTIYE AND ADEQUATE FOR MI3SION.

) THINE PROVERSE. SUT THE 3IDESLIP
INDUCED |$ ESSENTIALLY ZERD.

WT REQUIRED.

THE CORFIQURATION 13 000D ERGUAN THAT
1 MOYICE ANO OBJECY TO THE BREAKOUT
FORCES. PRETTY 8000. TOO MUCH AlL-
ERON 3TICK MOTI FOR 0000 WARNOMY,

[000D ROLL COMTROL.

ARCES.

SUSCEPTIDILITY TO ROLLING BISTURD-

COKFIG. - "OBJECTIONABLE FEATURES
GEMERAL AILERON VAW COORDINATION FEEL oLt RS . - . - . -
A= OUTCH BOLL ALMDST CONTINUOUSLY EXCITED|LARSE ADYERSE YANW. AGGRAVATING. REQUINES NEAVY RUSOER PEDAL FORCES TO [LITILE 700 SEsiTivE. wase 10 Fine  Juow [W/@] or ource moLe esciuarion. | Lanee vaw ove 7o aiLEsen sqwining
BY S1LERONS. NELSPONSE VERY 400D EX- VES OUTCH BOLL O3CILLATION, COOROINATE. CAMST FIND THE RIGNT STICK POSITION FOd ZE : ST T - e aare T8
CEPT AILEROW STICK EXCITES THE DUTCN COMBIMATION. WAYE TO COORDINATE To -~ |WITA TME EX!STING SMEARSUT FORCE. = ° . . - WELL. § GOT TIRED OF STOWPIES OR
BOLL. | WAVE PLEATY OF &JTHORITY, 00 WAREUVERS. CAN MAKAGE PRETTY WELL |LISHT FORCE emABIENT, THE FVRBER PEDLS EYERY TINE | VSED
JUST A LITILE TOO MUCH FOR THE WISS1ON, IF 1 DO IT SLOWLY. UNIUCCEIIFUL IN : THE AILEROAS. .
SOTHERSOME DUTCH ROLL EXCITATION FOR COORBINATING FOR RAFID ROLLING AND -
ABRUPT AILEROR [RPUTS. STEEP Tuams.
— U
2 BOEIN'T ENCITE WUCH IR THE WAY OF S0ME ADYERIE - | COORDINATE BUDMER RUDOER FOACES WELL 1% LINE WITH €0-  |LIGATER THAN 17 MEEES T DE. NAMMGNY [CAN MAXE (T B8 WAT 7 WANT IT TO 80. | WO\tD LIKE & LITTLE BETTER AILERSN
SI0£SL(P.  PLENTY OF BOCL RESPONSE.  (WITH TNE RILEROW AND IT'S AT AN AC- | OROINATION REQUIZEMENTS. COSARIRATE [WITH ELEVATOR COULD BC GETTEN. QUITE {6009 LATIRAL CORTROL. WS PARTICH- | CENTERING. WOWLD LINL T4 MAYE 4
RAPID ROLLING WANEUYERS TENDED TO EX- |CEPTABLE LEVEL. JUST SLIGATLY 7O REEP SIDESLIP ZERG. [ASEQUATE FOR WISSIGN. BREAKOVT FENCES{LATLY URGESIRABLE DUTCN BOLL CARAC- LITTLE WORE KOLLING (N GUTCH ML
CITE SOME SIDESLIP. QUITE SATIIFAC- NEQUINES COORDIRATION FOR LARGE BOTICEABLE BT LOW. 8808 CENTER TERISTICS, SICILLATION, B9 MAJ0E GRIECTIONG.
TORY LATERAL CONTROL POWER. 3OME ABRUPT AILERDN 1NPUTS BUT COORD INATION . . ;
SUTCH ROLL EXCITATION. ) LIXE THE NORE DIFFICULT. . . R
LATERAL CORTAOL. R <
A-3 'um: CONTROLLABLE FOR SWALL MAWEU- OVERSE. OBJECT (OMABLY HigH IR SEDESLIP GENERATED BY WAPID OLLIMG  {A LITTLE SENBITIVE. WREANOU! FORCES [CORTROL OF WANK ABGLY QUITE G008 1N | ST SUCCESTFUL IN COORDIMATING P9~  JAiLEnem emqr
YERS. LESS DESIRADLE FOR RAPID ROLL- [LARSEM AOLLING WANEUVERS. MANEUVERY IS WOT TWE TYPE | CAN CO~ [WOT OBJECTIGWABLE. BIFFICYLT TO FiNg (STEEP TUINS. SIDESLIP BOESA'T B6 180 | VERSE YM. ERCITATION OF SISESLIP
|n8 WANEUYERS. WOT TOO 600D FOR A (A~ OMDINATE. WAIN'T VERY SUCCESIFUL AT OLL BATE POSITION. S$TICK WITH ALLEROW CONTROL Aed CAN'T D8 ‘
TAIBING WEAOINQ., TARES A LITTLE AM- CAD33 COORDIRATING. ARYTHING ABOUT 1T. ) !
TICIPATION TO S$TOP ON DESIRED SANMK T CE g
ARGLE WNEN CNANOING BANX ANQLE. ) - . f
A~ LANGE AMOUNT OF SIDESLIP WNEN YOU PUT [EXTREMELY LARGE AND ADVERIE. YoU THINK YOU CAM WAWOLE 1T WHEN YOU [VERY SERSITIVE, ABINPT 1MITIAL RE- Jeonsequences or miscosepimation ane A uer of (o
1% AILERON WITHOUT COORD(NATING. YOU WORK WARD ON THE NUDDER PEOALS ANO CO- [SPONSE, BAEAKOUT FRACES BOTMER ME. ALARMS AVERSE VM GLRCHATION [ BeTA AiiTh
TIALLY MET VERY W18M ROLLINS ACCEL- ORDINATE. OIFFICULT YO COORDINATE AILERON SAEATAUT FORCES HELP ME WhER WiTH AILEMSE (NPUTS. _
ERATION BUT THEN 1T SLOWS DOME AS 4 LOY] EXACTLY. VENY LARGE SIDESLIP SENEN- |1 USE NUDOERS FOR BOLL COATAOL. Lew ‘
BF, SIDESLIP COMES (N THE AILERON RE- ATED WNEN YOU MISCOORDINATE. orgaxout, FRIcTION, 1se FoMCE GaMDIENT.
JUIRED 1S YERY VERY SMALL WHEW YOU €O- R . -
DIOINATE.  ROLL CONTROL NOT TOO WIGH Y ‘
HLOMS 43 YOU DO TNIRGS SLowLY. TEl llﬁ B j
Fuu YSU TRY TO ROLL RAPIOLY. OUTCH - . . ;
OLL EXCITATION WITH AILERON 1NPYTS. . ‘
A4 |agsronse ety FAST. armTAINING ADYERSE. AEASORABLY MEAVY RUDDER FORCES RE- LIGAT BUT WOT TO# LIGNT. LISHT BREAX] WICE BANK ANGLE ANO WEADING CONTROL 4S[8IVES YOU & LITTLE 1T OF TROUSLE g E3TEPT
BANE ANGLE GOOD. ROLL ACCELERATION QUIRED TO COORDINATE BUT EASY 70 DO.  PUT FORCE, LIGNT FORCE GAMOIERT, M0 | LONS AS TOU COORDINATE WELL. IF YOU GOR'T CORRDINATE PRRFECTLY. -
LOOKS 000D BUT | WAYE & DEFINITE SLOW- YOU REALIZE WHEN YOU W13COORDINATE RPPRECIADLE FAICTION OMND, 800D 3TicKk LARSE RATHER OVERPOWERING ASLL DUE T§ )
Dowe w1 TH GERENATION OF SIDESLIP. CAUSE 1T NOLLY T0O FAST OR NOT FAST  KERTERIRA. SIBESLIP - WOCKED YOUR NEAD QUITE A
| EXCITATION OF DUTCH ROLL WODE. ENOUSW. ABLE TO KEEF SIDESLIP ZERO. DTN TURBLENCE.
A-5 RESPONSE TO ATLERONS IS PROMPT AND  |VERY LOW ADVERSE. NOT OBJECTIONABLE. | EASILY COORDIRATED. COULD COORRINATE [COULD STAND & LITTLE LESS CONTAOL €000 POSITIVE CONTROL. PREBICTASLE. [0 3TRONS ONES. RESPORSIVERLS: . MU
G00D. PRETTY 600D AT MAINTA(NING AND [ADVEWSE,JUDGING FACM COORDINATION RE- | WATURALLY. NOT SUSCEPTILE TO MiI3- {SENSITIVITY FOR THK MISSI0. OREAK- |6000 LATERAL CONTROL POWER Awe ROLL  JSANN sNGLE TO DISTURBABCES. Wisw
CHANGING SARE ANGLE. SOME DUTCH ROLL |QUIREMENTS BUT CAR'T SAY WHETHER IT'3 | COONDINATION. COORDINATION WOT RE- | OUT FORCES OBJECTIOMABLE SUT SOT [T [@/8] oF ouTCR BOLL WeOE.
EXCITATION wiTH AILERON INPUTS. SAT- |ADYERSE OR PROVERSE FROM YAW RATE QUIRED FOR ROLLING MANEUYERS. TASUEN TU BE CALLED UNSATISFACTO!
1SFACTORY LATERAL CONTROL POWER. NEEDLE RESPONSE TO AILEAON STEP.
ADEQUATE ROLL DAMP INU.
A-6 400D RESPONSE TO AJLERON. ¥ $1GW1s- | CLOSE TO ZENO WASED EMTIRELY ON SIOE- |WWEN | USED PUDDERS. | ENDED UP WITH { OBJECT TO AILEROR FAICTION. COMFORT- | PRECISENESS OF BARK ANOLE AWD NEADIWS [ROLLING MOTION BVE TS BISTURBASCES. AiLEms
VCANT DUTCH AOLL EXCITATION OF SIDE- | SLIP - DIOR'T LOOK AT YAW NATE WEEDLE.|PROYERSE SIDESLIP 1N MOLLS. 80 COOR- | ABLE ROLL SENSITIVITY. BREAROUY CONTEOL. ALL-A00UND 4000 LATERAL COW-|NO WAJOR ORJECTIONS. :
SLIP GENERATION WITH AILERON IRPUTS. NATION REQUIRED. FORCE LOW. FONCE GRADIEWT LIGAT. TROL. LACK OF YAW GENERATION AN
YERY SLIGHT DUTCH ROLL OSCILLATION WOULO LITE A LITTLE MOAE SOLL RATE FOW OUTCH ROLL EXCITATION WITH AILERSA
18 tRCuRRED. FOR GIVER INPUT. conTROL.
A-6A A LITTLE SIDESLIP 13 INDUCED WITH FULL Auemes ooy

20LL RATES IF COORDIRATED BUT LOW IF
ROT COORDINATED.

SMOOTALY. MORE SUCCEISFUL WHEN | USED
THE AILERON TO COOADINATE AUDDER IN-
PUTS RATHER THAN USE TME RUDDER TO €O-

THE CORSEQUENCES OF NISCHORDIRATION,

A-61 ROLL CONTROL BECOWES OSCILLATORY WHEW [SOME PROVERSE BUT SIDESLIP STAYS EAR | NAYE TO CROSS COONDINATE TO KEE® SIDE-[LOW $IDE O SERSITIVITY. LOW ROLL AC- | REASONABLE FLYINS AIRPLANE FOR 310  |OSCILLATION weER YOU TRY T9 wAINTA
| TRY TO MAIMTAIN A PAECISE DANK ANGLEJZERO FOR SLOW WANEUYER(NG. SLIP ZERD 30 | FLY WiTH AILENON ALOAE. [CELERATION FOR AILEROR (NPUT. WO LERON (NPUTS. PROVERSE YA NAS PRECISE MOLL CONTROL. Luw AILEROM
SETTER FOR SLOW MAMEUVERING RATES. IM- COORDINATION MAT REQUIRED. SISA(FICANT FRICTION, €000 FEATURE OF WOLDING TWE BOSE WP |comTaoL SERSITIVITY,
WEDIATE RESPONSE. CONTNOL IS OK WHEW FOR TOU WWEN YOU ROLL OUT OF STELP
PILOT IS RELAXED OR USING LOW GAIN, Turss. .
00D IF TOU DO THIKGS SLOWLY, SOME
OUTCH ROLL EXCITATION WITH AILERONS. .

A-70 1§ FELT A LARGE ROLL ACCELERATION WHEN {PRETTY LARGE MAGNITUDE ADVERSE. YOU WAYE TO USE QUITE A BIT OF RUDDER [ROLL SENSITIVITY TOO Wi6H. BREAKQUT |1T°S PRETTY 8000 If YOu COO ABRUPTRESS I8 ROLL RESPORSE ADD THE  [WSED AILLIDS
| USED THE ATLERONS ASRUPTLY. ABRUPT £02 COORD! M. ROY TOO DIFFICULT |FORCES DBJECTIONABLE FOR ADRUPT NE-  |PROPERLY.. ABRUPT MANBER VA WHICH ROLL GEIPOASE [1mPvTs. W3
IRITIAL SILERON RESPONIE.  VERY iGN WNER YOU LY AILERON SLOWLY AND SPONSE. WAS ALTERED IF | WISCOORDIRATED. ANERCE

YERY SRAPPY [N IMiTIAL ROLL RESPORSE
TKEW SUDDEALY SLOWS OOwm,
WAL WNENW | COORDINATE W{TH RUDDER.
AILERON IWPUTS EXCITE THE DUTCM ROLL
MOOE.

YERY Q000 (N STEEP TUANS.
CONTROL. ®0 TENDEMCY TO OSCILLATE.

B0 TOO0ROIRATION REQUIRED FOR SLOW
SHALL IWPUTS. OSCILLATIONS TNAT | SET
FOR ABRUPT INPUTS ARE ARNOY ING RATNER
THAN CAUSING A DETERIORATION IN
PERFORMANCE.

ZERO, SIDESLIP DUE TO ROLL CORTROL
ADYERSE. 1T SEEMS LESS THAM 1T 13
FROM THE STANDPOINT OF DUTCH ROLL EX-
CITATION.

COORDINATION TO KEEP SIDESLIP 2ERD.

SIGRIFICANT FRICTION DAND. FORCE
SRAOIENT LIGRT. A LITTLE 81T OF &
PROBLEN WITH STICK CENTE

TO 3IOEILIP,  EX

ADRUPT AlILEROR )

saetd nies (/41 uru wL v

ORDINATE AILERON IRPUTS.
LiovENSE 1N MODERATE AMOUNT. CAN FEEL |1 DO MUCN BETTER WHEN ) COORDIRATE.  [BAEAKOUT FORCE NOTICEABLE AND OBJECT- [NOT A S0 CORFIGURATION (F YOU COARI- [ABRUPT INITIAL BOLL RESPORSE TWAT COOLD IBATI®

FEELS MoR- 1T AS SI0E FORCE. QUITE & CHANSE I THE ROLL RATE YOU  [FONABLE OUE TO TNE ABAUPT AILERGR COM- (NATE ANS DO EYERYTNING SWOOTHLY. JUCOEALY JLOWE BOWN. JUSCEPTIOLE T® |APPLIER 41t
GET BETWEEW WKEN TOU COONINATE AND  |TROL. PRETTY SENSITIVE. LIGNT FomcE COORSIBATION ERRORS B9 THE PART &6 :
WIER YOU DORT. | TRY BASICALLY To  |emacigny. THE PILOT. TEO WUCH BOLL REIPOMSE
WAKE TME ROLL RATE COME QUT NIGRT N To OISTURRANCES .
COORDINATING.

0000 ROLL [YAW DUE TO ROLL CONTROL MOSTLY WEAR €ASY TU COGROTMATE, SEQUIRES A LITTLE/ 6008 FEEL. LOW BNEAKOUT FORCE, M9 9000 FOR MANEUVERING, OR°T LIKE THNIS .Cl o sesronse  mome tEQ ¢

CAN DO G000 STEEP TURNMS, Q00D POII-
TIVE CONTROL OF BANK ANGLE 1IN STEE®
TURNS. FRETTY SERSITIVE AROUMD LEVEL
FLIGNT. IWMEDIATE REIPONSE TO A1LERON,
ABRUPT USE OF AILERONS GIVES WALTING
FOLL RATE. SKALL OUTCH ROLL OSCILLA-
TION EXCITED WITH AILERON. DESIRE
EATER LATERAL CORTROL POWER,

REIPONSE TO AILEROR SEEMS QUiCK,
CILLATORY WHER TRYIRE TO MALA
BANK ANSLE - WORSE OF |NSTRUMENTS.
03CILLATORY WNER YOU TRY TO PIR BARK
ARGLE DOWA, BARK ANSLE COATROL TAKEY
FAIR MMOUNT OF ATTERTION.
YERSERT BANK ANGLE OSCiLLATION WHEN
TRYING TO TRACK BARK ANGLE. AILERON
PULSES WORRED PRETTY WELL. LESS 03-
CILLATION AT WtEM “8°. SLOWING VP OF
ROLL AATE. WIRG ROCKING.

SOT 1ATO D14

IF YOU LOOX AT THE SIDESLIP WEEDLE,
YOU COMCLUDE IT'S A LITTLE ADYERIE,
BUT IF TOU 100K AT THE YAw RATE NEEDLE
YOU CONCLUDE 17*3 PROYVEASE.
PILOTING ¥1EWPCIRT,
ZERG BECAUIE YOU DOR'T NEED TO COOR-
DINATE,

LOWER TMAR DEIIRED WHEW | TRY TO
COORDINATE.

IMREAKONT FOACE, FORCE SRADTERT Low,
SINSITIVITY Low,

conTRee.
POWER.  COA!
BOLLING MOTION

LACE OF LATEML ConTROL
STANT EXCITATION of mian
PUTCR ML,

CAN SPEED UP TME ROLL RATE §Y COOR®I- [A LITTLE SE "'l'l II LEVEL FLIGNT. VERY @000 1M STEEP TuRAS. T an
MATING BUT | DON'T WMEED TO. ISFACTORY USing ERAL CORTROL ll-lu.
OULY WIROR OUTCH ROLL EXCITATION W\TH
FAOM A AILERONS. . .
1T'3 ESSENTIALLY - .-
[N
COORDIMATION MOT REQUIRED. ROLL RATE |4 LITTLE ON TWE REAVY $IDE. -LOW OIFFICILT TO PLY TIONT BANK ABOLE AILERON O%t

3-28




MMARY OF PILOT COMMENTS
'R INFLIGHT CONFIGURATIONS

OBJECTIONABLE FEATURES

SPECIAL PILOTING
TECHNI QUES

CONTROL I® PRESENCE
OF DISTURBAMCES

OYVERALL OPINION

RUODER COI. TROL -

I.NGIT\DIIM.
BANDL I NO

. w0 sTROMG OMES.
WANR ANGLE TO DISTURBANCES.

LARGE TAW OUE TO ALLEROW NEQUIRING
CORDINATION AND MARD 10 COOMDINATE
WELL. | GOT TIRED OF STOMPIAS ONW
THE RUDDER PEDALS EVERY TIME | USED
THE 8 ILERONS,

WORKING TWE RUDDER PEOALS TO DAMP THE
OUTCH ROLL THAT*S EXCITED WiTN AILENON
INPUTS, A TECHMIQUE EFFECTIVE IN
STOPPING OSCILLATION.

SUSCEPTISLE TO SE1NG DISTURBED BY
WOISE AND BY WY CORRECTIVE INPUTS.
COONDINATION TAKES 4 LOT OF ATTENTION,
RESTRICTED FROM MAKING LARSE ADRUPT
ALLERON IRPYTS.

ACCEPTABLE BUT WMSATISFACT
TO POOR. ILOSHY-TYPE ALRPLAME.

‘FLIA

|SLL DUE T PUBBER E3SENTIALLY

SAEAKOUT FORCE TENDS T8 SOTME
ME.  FORCES PRETTY mEavY. .06
SPORSE TO MUOLR SICILLATIRY,

Zi¢. OET U008 FEEDRACK FRON
ROPOEn FORCES | MNT (v, Ml
FRICTION SAND. PRIMARILY B4R

NULD LIZE & LITTLE BETTER AILllDI
CEMTERING. ®WOULD LINE TO HAYE A

LITTLE WORE ROLLING IN DUTCH ROLL -
OSCILLATION. O MAJOR OBJECTIOMS.

NOME. A LITYLE BIT OF COORDINATION.

WOT SUCCESSFUL IR COORDIMATING PRO-
VERSE TAW. EICITATION OF SIDESLIP
WITH AILERON CONTROL aND CAN'T DO
ANYTHIRG 4BOUT 1T,

AILEROE OWLY.

1 WAD @O0D POSITIVE CORTOOL. KIND OF
ASGRAVATING BUT DOLSH'T REALLY JOSTLE .
THE & ANE THE WAY TURBULENCE DOED.
WAYE TO WORK & LITTLE BIT NANDER.

“. AINPLMIE - NARD TO FINS FAYLY
N 1T, ACCEPTAMLE SAYISFACTOAY
T0 a0e0.

EXCELLENT TO

JARLY M.

ERATE SIDESLIP WITH MOSERS.
O THE MEAYY § AR pESI-
LoN BREARSWT FORCED.
SNALL PROSLEN 1IN CENTERING,
ALY SHALL BANK ANGLE CRARMES
WITH RUDSER INPUT,

FOU SLOW SMALL MANEUVERIN 1HPUTS,
1773 4 6000 CONFIGURATION, WULD EATE
1T LOWER FOR MISSION IE“IIIIC ‘ll
"MANEUYER IS "

RATHER L1GNT DUTCH BOLL DM~
1M, BOLL DYE T SIDESLIP (8]
PRETTY SMALL. OSCILLATION

IS APPARERTLY SNAKING. MOb-
ERATELY STIFF BTCH BOLL.
PLAT DUTCH SOLL SICILLATION,
MQUATE DUTCH ROLL DAPIRS.
ML BAPING QUITE SATISFACT-
ORY. WS APPARENT DIMISEAL
[0 SN .

PITCE CBAMCTERISTICS gaee,
ELEVATOR FORCE3 A LiTTLE 08 |- -
TEE NEAYY 310E. WAL WITED
0 NISSISE. MEAVILY BNefd

SNORT PERIGD, BEAVIER THAR IT
NEEDS YO BE FOR TME MigSiW.

MAINTAINISG PITCE ABSLE EASY.

CONSEQUENCES OF WISCOORDINATION ARE
ALARMING. ADYERSE YAw GENERATION
WITH ALLERON 1aPWTS,

4 LOT OF COONDINATION AND MIGNTY
SMOOTH AILERON INPUTS, -

O1ITURBANCE IR RUCOER CHAWNEL QUITE
L] .

1 DOR'T LIKE IT. UNACCEPTABLE. |
THE WORST WHEN | WAS X1 OF EXC)TE

[HAVY FOICES PROVISE 0000
FEEDBACK BUT | WOULD PREFIR A
LITTLE LESY FORCE. WAVE 8000
RBLL MATE CORTIOL WITH WORTR
PECALS OUT CAN'T CONTIOL BAMK
ABOLE VERY WELL. OREAZONT
FORCE ANO FRICTION Low, CER-

NEAYY AND SATIS-
MOLL WE TO RBER
LiRsEPARABLE FRON 2OLL BUE T8
P AN QUITE LARSE.

GUIVES YOU & LITTLE 817 OF TROUMLE

IF YOU OOM*T COOROINATE PERFECTLY.
LARGE WATHER OYENPOWERING ROLL OUE TO
3IDESLIP - ROCKED YOUR MEAD QUITE 4
LA lulllll(lﬂ

WORE EXCEPT COORDIMATION.

BANK ANGLE QUITE RESPONSIVE TO TURD-
ULEBCE. OBJECTIONABLE 1R TURBULENCE.
MORE PILOT EFFORT REQUIRED FOR PITCH
CONTROL wITA MABDOW ROISE,

WICE A3 LOWS AS YOU COORDINATE
WELL,

RESPORIE TO RUDSER PREDICT-
ARLE.

RESPORSIVENESS 1N
Alen
18/8] OF buTek moLL MaDE.

MORE. WELPFUL TO COOMDINATE.

CREATED ROLL OISTURBARCES BUT WAS
ABLE TO COUNTER WITH AILERON. LEIS
DESIRABLE WITH AAMDOM ROISE. VERY
RESPORSIVE IN BANK AMLE TO 3I0EILIP
D1 STURBANCES.

A HROTH AICE FLYING AIRPLABE. 0000
FOR THE MiZ3 108,

ROLLING MOTION DUE TO D)3ITURSANCES.
B0 WAJOR OBJECTIONS.

SUSCEPTISILITY TO NOLLING DiSTuRs-
ANCES.

AILEROR ONLY FOR ROLL WAS BE3T.

A LOT OF ROLLING MOTION DUE T0 D13~
| TURBANCE, REQUIRES LARGE AlLERON
ATICK ODEFLECTION TO COUNTER.

ALL-AROURD $800 LATERAL CONTROL.

OSCILLATION wEN YOU TRY TO MAINTHIN
PRECISE ¥OLL COMTROL. LOW AILERON

RELAXING.

ANCES. TAKES LARGE AILEROW (WPUTS TO

AILERON ONLY. QUITE RESPONSIVE IN AOLL TO RANDOM ACCEPTABLE AMS SATISFACTORY F" ™e
DISTURRANCES. REQUIRES A LOT OF - Wission.
AILEROR TO COUNTER DISTURSANCES.

CAR GET £/0 OF OSCILLATION BY JUST A LOT OF ROLLING MOTION FROM OISTURS- [SEEM3 TO 8 A DIFFERENT AIRPLANE WNEN

¢ TRY TO PIN THE BANK ARGLE DOWS -

L0V UTEN MOLL BANPINA.
MERIU [f/s]. LARSE MOLL owe
BESLIP. FEELS STIFF
ECTIONALLY. [F/4)] ArrEaRs|
BE ABOVUT 10 TP 1. WELL
DANPED DUTCH ROLL. ©800 MLt
pAPING.

ELEVATOR FEEL s000. PITCN
CONTROL 13 OK. 000 suexT
PERIOD DAMPING.  ADEQUATE
CONTROL POWER, STICX CENTER-
INS 000, A LITTLE NEVY (N
NBS.  SPEED CONTROL 8009.

PORCES PRETTY NISH. MOLL
E 70 RUODER INSEPARARLE
FROW L OUE TO SIDESLIP AX|
RGE. A LITTLE DIFFICULT T
RESOLYE EXACTLY TWE CORRECT
IRPUTS | BEED ON THE RUDDER
PEDALS. SLIGAT FRICTIO
BARD CAUBES SNALL PROBLIN 1R

CORTROL CENTERING. WIHR
CONTROL JUST ADOUT RIGNT.

P |comTROL SERSITIVITY. GEYT DESIAED ACTION 1N RETURNING TO BECOMES OSCILLATOAY.
STRAIGHT AND LEVEL.
ARRUPTHESS 1M AOLL RESPOMSE SMD TME  |USED AILERON TO CODROINATE FOR RUDDER | MAS LANGE ROLLING MOTION FOR SIDESLIP |UNSATISFACTORY, FAIR TO POOR.
AAUPT MANNER 1N WHICH NOLL RESPONSE | INPUTS. USE THE BEST POSIINLE RUDDER-| DIITURRANCES.
wAS ALTERED 4F | MISCOORDINATED. AILERQN COGRDIRATION.
THE COMSEQUEACES OF MISCOORDINATION.

D1- [ABRUPY INITIAL POLL RESPONSE TwaT COORDINATION N THE DIRECTION OF AIRPLANE RESPORDS QUITE A BIT TO DI3- |MIS3I0N COULD BE PERFORME® OUT 1T I3
SUDDENLY SLOWY DOWN. SUSCEPTISLE TO [APPLIED BILEROM. TURSANCES, IT'S A ROUSH RJDE 1M ROT & 6000 CONFIQURATION. 6080 AlR-
COORDINATION ERAGRS ON THE PART OF TURBULERCE. ROLL ACCELERATION 1N PLANE 1R SNOOTW AIR.

THE PILOT. TOO MUCH ROLL RESPONSE TURSULERCE S SUBSTANTIAL. RANDOM

T0 DISTURBARCES , WOISE 13 HOT LINE TURBULERCE.

DON'T LIKE THIS MUCH POLL RESPONSE  |mONE NEQUIRED. CONTROL OF RESPONSE TO TURBULENCE 1178 PRETTY 608, ACCEPTANLE,
TO SIDESLIP, EXCITATION OF Low PRETTY Q00D. ROLL COMTASL (R PRE- ATISFACTORT,

0AMPED Mign (P78 ] ouTCK ROLL WiTK SENCE OF RANDOW NOISE INCREASED

ASRUPT AILENOR INPUTS. WORX LOAD.

“T- | MIGH ROLL RATES wnEN 3IDESLIP 13 0)S- | WOME. AILEROK OMLY. DISTURBANCES APPEARED PRIMARILY N ACCEPTADLE SATISFACTORY.

ME. | TURBED. DESIRE QREATER LATERAL COM- ROLL. REQUIAES INCREASED PILOT =

1TH ) TrOL POwEM, EFFORT. L.
OIFFICULT T8 FLY TIGHT BANK.ANSLE AILEROR QALY. ®OT TOO BAD. DEFINITE INCREASE N FLYASLE, SUT JUST BARELY. ALL RtGNT

CONTROL.  LACK OF LATERAL CONTROL

POWER.  CON3TANT ElCITlTIﬂ OF migh
ROLLING MOTION DUTCH ROLL.

PILOT WORKLOAD - WAVE TO MAKE ALMOIT
CONTINUOUS LATERAL I1#PUTS,

FOR TRE NiSSION. 1 Hup WP FIEDING
THE LATERAL OSCILLATION WRER | TAY
TO DANP T OUT.

VERY MigN ROLL TO $1DESLIP
RATIO. OUTCH ROLL O3CIlLA-
TION APPEARED TO BE LIGNTLY
DAMPED. DIRECTIONALLY STIFF,
008 ROLL DANPIRA.

A LITTLE DR THE WEAYY 3IDE
ARD €O0D. SATISFACTORY.
6000 REIPORIE TO ELEVATOR.
800D CONTROL POWER. BREAK-
OMT FORCE LOW, W0 SIGRIFICANT
FRICTION. SRORT PERIOD WELL
SMMPED.




AILERON

CONTROL

GENERAL

AJLERON

YAW

COORDINATION

FEEL

FAVORABLE FEATURES

OBJECTION!

ABLE FEATURES
be o . -

MOLL RATE ONDERING, PARTICULARLY IF I
KEEP SIDEILIP ZERO WITW RUDDER.

INPUTS. BANK ARGLE OSCILLATIONS DAMP
OUT WRER | FLY A TIGNT JANK ARaLE-
AILENON LOOF. €000 AESPONIE FON 000D
COORDINATION - POOR RESPONSE FOR POOR
COORDINATION. ADEQUATE ROLL ACCEL-
ERATION. ROLL EATE $LOWS DOWN A3
JIDESLIP BUILDS UP. TEMDERCY 70 OVER-
conTROL.

ADYVERSE AnD LARGE.

ROLL RATE QUITE LOW IF § DON'T C8-
OMDINATE. TEND TO COSRDIRATE TO GET
DESIRED ROLL RATE BECAUSE ORJEAVED
SIDESLIP DISTURBANCES ARE TDO SaALL
FOR 800D COORDINATION. LARGE SaEk
ANGLE ERRORS RESULT FROM M13COOAD)-
WATION.  SENSE OF NUDDER REQUIRED FOR
COBKDINATION 13 EASY TO DETEMMINE
BUT CORRECT MAGRITWOE OIFFICLT TO
ATTAIN,

WOTICEASLE SREAROUT FORCE CAUBES ME
TO Fisu FOR ZERD ROLL RATE. AiLENOR
FORCES LIGNT COMPARED TO ELEVATOR

FORCES W STEEP TURN!

IT'S NOT BAD WHER YOU MARIUVER SLBWLY
2000 FOR MAINTAINING BANK ANGLE.

L] 1 cARTT 30 mAP)
WiTe PRECISION

EXCITE
AMLE VITH THE

D MLLIBG MANENVERS
MECAUSE LARGE BABK

ARGLE BUTCH #OLL O3CILLATIONS ARE
) CAN'T comTRmL MANK

BESIRED PRECISION

BLOVITS DOWR OF BMILL RATE.

MODERATE BT DESIRABLE #OLL RATE RE-
SPONSE TO AILERON. LITTLE O MO $1DE-
SLIP (NDUCED BY SMALL AJLERON INPUTS.
CAR MAINTAIR OESIRED DANK AWSLE QUITE
WELL. LARGE DANK NGLE RESPORSE WHEN
SI0ESLIP 13 DISTURSED LA KAPID ROLLIZG
WAREUYERS,

TERDENCY TO OSCILLATE 1N BANE ANMGLE.
WHEN TAYING TO MAINTAIN A PRECISE
BANK AROLE - | TENO TO FEED TNE O3CIL-
LATION, | COULD DAMP IT OUT BY AP-
(S]] LEAD. AILENOR CAUSES OALY
SLIGHT SJCESLIP AND DUTCN ROLL EXCITA-
TION. OSCILLATIOR OAMPS OUT WNER |
REDUCE MY GA!A. 400D CONTROL FOR
SLOW (RPUTS, LEIS OSCILLATORY AT
STEEP SANK AWGLES. LONS ROLL MODE
TIME CORSTANT.

A-94

800D FOR SLOW INPUTS, MUCH LIHTER
OUTCH ROLL DAWPIXS CLOSED LOOP. 03-
CILLATORY, AILER TEXD TO EICITE
DUTCH ROLL QSCILLATION, ESPECIALLY IN
TRYING TO MAINTAIN ZERO RANK AXGLE.
.|LESS OSCILLATORY Im STEEP TURMS.
WOULD LIKE NIGNER ROLL RATE FOR @)VEN
AILEROR 18PVT.

VERY NEARLY IERO.

CAN KEEP BIDESLIP EVEN CLOSER TO

ZERD IF YOU APPLY A LITTLE RWDOER A
SHORT TIME AFTER YOU APPLY A(LERO®

WATING ANO GETTH
MOTION.  YERY LITTLE BEEQ FOR RUODER
conmoL.

BREAROVT PORCE IS A LITTLE BIT O3-
JECTIONABLE BECAUSE )T IS DIFFICULT
YO PIN DOWN ZERO mOLL RATE. LIGNT
FORCE 4RADIERT.

OF 310ESLIP 19D IC
THAT IT IS PROBADLY

SLIGHTLY PROVERSE.
STEEP TURNS.

RO SIGNIFICANT YAWING MOMENT IN TEMMS

ON THE TAW RATE NEEDLE.

. 1 WOULD 3AY
PROVERIE DASED

TERO ¥OT TO UL
TIOR.  WOT REQU

SLIGNT BAZAKOUT "lcl ﬂﬂlll 0
FIS A LITTLE TH E PoRITION
FOR Zn0 poilL ll"l. LIU' FORCE
SRADI ENT,

LESS PROVERSE I

CAN USE RUODERS TO DAMP SIDESLIP 03-
CILLATIONS IF AILERON CONTNOL PRODUCES
DIVERGENT O3CILLATION.
NOT DESIRED. EASY TO QYERCONTROL
WREW ATTEMPTING TO COOADIRATE.

WOTICEABLE BREAKOUT FORCES. STICK
CENTERIAQ POSES SMALL PROSLEM IR THAT
CORTINUAL JOCREYINS OF AJLERDH 3TiCK
RESULTS FRON TRYING TO MAINTAIN BANK
AWBLE.

OALY VERY SMALL SIDESLIP 13 INDUCED
BY ROLL COMTROL.

™

POsITION.

THAY RESULT WNLR SIDESLIP I3 013~
TURBED OURING MABEUVERING.
BARK ABMLE EFRORS TRAT REWLT AR
MISCOORDINATION.
LOCATIG ZERG MOLL RATE A(LERSE

LAME

BIFFICULTY 1M

LACK OF YAW OUE TO ROLL COMTROL.

080D FOR SLOW CAREFUL MAREMYERING
AILEROR IAPUTS. 800D IF SIDESLIP
DOES NOT RET DISTURDED.

CISELY. wiwLe
ACCELEBATION,

IRE BARE AMALE,

THE 08CILLATORY TEMDERCT.

TS FROM JMALL 313

GUE TS SIDESLIP PISTORBARCES.
T TEMGENCY TO OSCILLATE warlE
TRYING TO WAINTAIN SARK ANSLE PRE-

LIGE meR€ ROLL

TERDENCY TG OSCILLATE wan CONTROLL-

LARGE BOLL PG -
DISTURS-

WOULD LIKE MORE EOLL POWER.




UMMARY OF PILOT COMMENTS
OR FIXED-BASE CONFIGURATIONS

IURES

OBJECTIONABLE FEATURES

SPECIAL PILOTING
TECHNI QUES

CONTROL (N PRESENCE
OF DISTURBANCES

OVERALL OPINION

« RUDDER CONTROL

LATERAL-DIRECTIONAL
FREE RESPONSE

LONGI TUDINAL
WANDL 184

HEUVER SLowWLY.

K ARMLE.

1 CANTT DO RAPID MOLLING MANEUYERS
WITH PRECISION BECAUSE LARSE BANK
ARGLE OUTCH ROLL OSCILLATIONS ARE
EXCITED. + CAN'T CONTAOL BANK
ANSLE WITH THE DESHRED PRECISION,
SLOWING DOWN OF ROLL RATE.

WARE SLOW (WPUTS ARD DOR'T ATTENPT TO
WAREUYER RAPIOLY.

PITCH OISTURBANCES ARE AGSRAVATING,
SIOESLIP DISTURBANCES CAUSE LARME
OARE ARGLE €RRORS. (RCESSANT USE OF
AILERON WEQUIBED TO COMTROL BAEK
ASLE.

} DOB'T MAVE TRE PRECISION OF BAMK
ABSLE CONTROL THAT IS DEBIRABLE AN
BECEISANY.

13 INDUCED

THE LARGE BARK ANGLE D/STURBABCES
THAT RESULT WH{R $ICESLIP IS DIS~
TURBED DURIRG MANEUVER) LARGC
BAEE INGLE ERRORS THAT RESULT FROM
WISCOORDINATION, OIFFICULTY IR
LOCATING ZERO ROLL RAYE A(LEROM
mSiTIOR,

EISERTIALLY AILEROES ONLY. 3OWE
RUDDER COORDIRATION NELPFUL FOR
LARSE ROLLING MANEUYERS.

LARGE B ARGLE REIPOWSE FROM 34DE.
SLIP DISTURBANCES WWICH ARE DENARD NG
OF PILOT*S ATTENTION. SOLL CONTROL
MUCK NORE DIFFICULY. RUDDER PEDALS
CM BE USED TO MINIMIZE LARGE 310f-
SLIP DISTURBANCES.

A REASONABLY 0000 A1RPLANE.

CoNTROL.

THE O3CILLATOAY TENDENCY. TOO saxchw
20LL DUE 0 $IDESLIP DISTURSARCES,
TME TEROERCY TC OSCILLATE wHILE
TRYING TO MAINTAIN BARK ANALE PRE-
CISELY. WOULD LIKE MORE ROLL
ACCELERATION,

AILERON OALY. TRY TO DECAEASE MY
AN WHEMEYER (| SOT 1BTO THIS
OSCILLATION.

WALNTAINING BANK ABGLE QUITE OIFFECULT)
1N PRESEACE OF WOISE. BANK ANGLE
WITE osCILLATORY. .

ACCEPTADLE FOR TRE M138)

“NEUYER NG
F SIDESLIP

TEROERCY TG OSCILLATE wwENM CONTROLL-
186 BARK ABOLE. LANGE ROLLING WO-
MERTS FROM MMdLL SIDESL)P DISTURE-
ANCES. WOULD LIKE WORE ROLL POwER.

DEYELOP LEAD 1M USING AILERORS. USE
AILEROR PUL3ES TO DAMP DISTURBANCES.

TEBOED TO DEYELOP & DIVERQENT 03CIL-
LATION wWMEN | wA3 CONTROLLING SANK
ARGLE DISTURDANCES WITH AILEROR. VERY
NESPORSIYE TO RANDOM BOISE.

PRETTY 400D CONFISURATION FOR SMALL
SLOW AILERON INFUTS BUT AGRRAVATING.
FILOT SUSTAIMED OSCILLATION weks
SIDESLIP 19 DISTURBED,

ASLL W TO MUOBER AND MOLL
BUE TO BIGESLIP ARE LARGE
AND INSEPARABLE., MIT A
LITTLE 31T OF RUDDER CAVIES
LASAE MOLLING MOTIONS. RES-
OLUTION |3 NOT 6000 ENCUOA
FOR SSMLL BARE ANALE COR-
RECT1083. FEEL IS A LITTLE
N TRE MEAYY JIDE DUT QIVES
400D 1ROICATION OF YOUR 1WPWT)
WICH 13 REQUIRED. TEND TO
OYERCONTROL WITH RUDDERS 18
MININIZING BIDESLIP. WS-
OER PEBAL RESOLUTION 13 A
LITTLE 31T OBJECTIOMABLE N
TMAT IT AFFECTS THE APMAN
L AOLL TRIN.

WODERATE STIFFMESS. YERY
LARGE 20LL WE 79 SIDESLIP.
LIGHTLY DAMPED OUTCN BOLL.
TOLL DAMPING APPEARS ADE-
QUATE. WeLD L A SMORTER
AOLL WIOE TIME CORSTANT,

000 RESPONSE, 800D FEEL.
WELL OANPED SWORT PERIOD.
PITCRING WMENTS GSLY FOR
ELEVATOR 1BPUTS. MO INTER-
ACTION WITH LATERAL~
DIRECTIONAL WODES. FIQNTER-
LICE ITICR PORCES. EASY TO
WOLD ALTITUDE ARD AIRSPEDD
1N LEVEL FLIGNT, CASY T® °
WOLD & AND AIRSPEED 1N
TUARING FLIGNT.
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SUMMARY OF PILOT COMMENTS
FOR IN¥ LIGHT CONFIGURATIONS

OBJECTIOMABLE FEATURES

COORDINATION REQUIGEMENTS. SIDESLIP
THAD RESULTS FROM WISCOONDINATION
WITH LIGNT DUTCK 20LL DANP ING.
OIFFICYULT TO COORDINATE PERFECTLY.

TEMOERCY TO OICILLATE DIRECTIONALLY
WHEN O(STURSED REQUIX RJDOER
PEDALS FOR DAMPING. LIGRTLY DAMPED
DUTCK ROLL. AJLERGS MREAXOUT FORCES.
CAR DAMP O.R. ONLY WITH RUDDERS.

SPECIAL PILOTING
TECHK QUES

COMTROL IN PRESENCE
OF DISTURBANCES

OVERALL OPINION

RUDDER CONTROL

LATERAL-DI RECTI1ONAL
FREE RESPONSE

LONGITUD S RAR
~HANDL 1M

APPLY RUDDER WITH & (LEROA,
USE OF IUDDER.

JDICINS

DOESH'T RESPOND MUCH TO DISTURBANCES.

'
ACCEPTABLE T UBSATISFACTORY.

LENDE ONLY. DOA'T COORDINATE WiTH
AUDOER - TOU DON'T NEED TO.

OOES WOT CAUSE NE T8 DOWRRATE IT.

PRETTY 0000 CONFIGUEATINN, ACCEPT-
ARE MP SATIEFACTORY.
i .

i
1

WO SERIOUS OMES. LIGKT OUTCH ROLL
OAMPINE AND TERDERCY 70 EXCITE SOME
S10ESLIP IN RAPID ROLLING MANEUVERS,

AILENOS ONLY FOR ROLL CONTROL AND
USE RUOOERS TO DAMP THE QUTCN ROLL
WHER EXCITED.

DOESN'T RESPOND MUCH TO TURBULERCE.

ACCEPTASLE SATISFACTMY 008D,

H

AILERON CONTROL DOES EXCITE LIGNTLY
DAMPED DUTCH ROLL.

AILEROR OKLY, ATTEMPTS AT CROSS C9-
OGROINATION WERE SOMETIMES SUCCESSFUL.
SONETINES URSUCCESSFUL.

80T REIPONSIVE TO DIITURSABCES. RE-
SPORIE TO DISTURBARCES STAY BOUNDED.

ACCEPTAOLE, SATISFACTORY, FAI 0

i

FEEL 13 LIGNT Anp SEWSITIVE.
FEEL 18 ABEQUATE ST A LITTLE
OR THE LIGRT SIDE, 30ME TEM-
CECY TO BYERCONTAOL  FEEL
000, IRADIENT 0000, ABLE T8
SANP THE DUTCH AOLL WIEN IT
APPEARED. BOLL DME RUSDER
& BOLL DVE TO SIDESLIP MALL
Al

WSEPARABLE. OREARNT
ICES LOW, FRICTION BAND

L
WEBIUM TO Low, PEBAL CENTER-
ine 0000, -

LW ROLL TO SIBEILIP RATIS.
LIGHTLY SANPED DUTCH MOLL.
WHER DISTWROED N SIDESLIP,
JUST BeCILL LR AR

PORTR WITH VERY LITTLE IN-

SUCED ROLLING. OID WOT LiXE
PIRECTIORAL OSCILLATIONS
WEN EXCITED. AOLL SWE TO

SIGESLIP AUMST IERD.

o000 FITL, 0008 TORFONSE
AND G000 PITCH CONTML.
FOACES A LITTLE NEAYY BMY o
FOR MISEION. FORCE @RABILST
WEBINM, APPRBZIMATELY 7 LD
R DREAKSVT FORCESR Low,
SHALL FRICTION BARD,
9 STICK CINTIRIM.

BECESSITY FOR RUDDER COORDINATION.
CANMOT COOROINMATE WELL AMO EFFECTS

SMOGTH AILERON CONTROL.

OISTURSARCES 18 DANK ANGLE LARSGE In
MAGRITUDE MIO T FELT LIKE TNE S1DE-

IT'S JUST HOT A YERY 000D CONFIS-
URATION. ACCEPTABLE VT OEFIRITELY

QUOSER PEDALS TO® SERSITIVE.

LARGE ROLL TO SIGESL

PITEN CORTROL BASICALLY

OF MOT COOPDINATING SIGNIFICANT 8¢~ SLIP WAS GOINS NEAL FAR OUT WHEN | UNSATISFACTORY, WWER YOU DO SOWE- RATNER POON MUDDE 0L | LIGAT SAMPIRG OF DUTI 00D, A LITTLE BIT o0 THE
CAUSE OF LARGE EFFECT OW BARK ANGLE CORRECTED WITH AILEMON AND D) Y [THING WAONG, |T REIPONDS RAPIDLY. T CAR 00 MICE J ¥ REALLY| ROLL DUE TO PUDOER ANG ROLL | WEAYY SIDE. OK FOR TRE
conTROL. TNE RUDDER PEDALS WST RIGAT. ' l CODRDINATING. TOO SENSITIVE | DUE TO SIDESLIP VERY LARGL. | Wisgiom.
ALARMING. : 1N TEMWS OF SICESLIP THEY PROJ DUTCH REKL MODERATE TO
- - DUCE. TOU SOR'T NAYE WXCH | LIGNTLY DAMPED. DNMPISS OF
A PETTY USE OF AILERONS REQUIRES COORDINATION | EVTHER USING A LITTLE COORDINATION QUITE SUSCEPTIBLE TO RARDOM DISTURS- | SATISFACTORY FOR SLOW MAREUYERING, FEEDBACK OF THE RUDDER IRPUTS | DUTCH ROLL NOT TOO SAD.
TO GET A G000 PREDICTABLE ROLL R OF WOT COORDINATING AT ALL. COOM- ARCES. VRSATISFACTORY FOR RAPID MANEUYERING. | YOU ARE PUTTI M. MODER FAIRLY STIFF BIRECTIONALLY.
SPONSE.  RAPID MANEUYERS BECOME 08- DiNATION IN EAPID ROLLING WAWEUYERS. PEDAL FORCE T QUITE
JECTIONABLE. SENSITI¥ITY TO MISCO- STIFF T THET'RE PRETTY
ORDINATION, MIDOER PEDALS TOO LIGHT LIGHT IN TERWS OF ABILITY TO
FOR COORDINATION REQUIREMENTS. PRODUCE SIDERLIP CHANSES.
THE RUDDER PEDAL REQUIRED TO
H MAKE THE ROLL RATE WHAT YOU
| EXPECT TO GET FOOM THE AILER-
ONS 13 VERY TOUCHY. LOT OF
- ROLL RATE FO® A LITTLE 91T OF
ADEQUATE  [RESPONSE TO ATLERON JUST & LITTLE BIT | WOME. YERY RESPONIIVE TO RARDOM WOISE. BOES WOT EINIBIT WHAT YOU'D REALLY RUDDER PECAL. ROLL DUE TO
UNPRED ICTARLE. QEQUIRES LARGE AILEROR IWPUTS TO TERM GOOD FLYING QUALITIES BUT OK FOR | RUGDER AND $IDESLIP TORETHER
COUNTER. MIS3I08. ACCEPTABLE AND SATISFACTOAY.|WAS LARSE. :
i .
. i
1
AY DURING | TENDENCY TO OSCILLATE THE A1RPLANE | DID MOT COORDIMATE AT ALL. USED AOLLED SHARPLY ONE WAY OR THE OTNER | BORDERLINE DETWEEN SATISFACTORY AND
1FF FEELING | UNDER CEATAIN CONDITIONS 1N BANK AILERON TO CONTROL BANK ANBLE 1N TURRILENCE BUT MOT UKBOUSOED, VNSATISFACTORY. BBJECTIONABLY OSCIL-
ARGLE. o8CILLATIONS. YERY RESPONSIVE TO RAROOM NOISE. LATORY 1N LEVEL FLIGNT ANO SRALLOW
sasns,
TREMENDOUS DECREASE IN APPARERT D1- LOTS OF COORDIRATION AND SMGOTHNESS. | YERY RESPONSIVE T4 RANDOM NOI3E. £ILOT & - URACCEPTABLE FOR MISSION.  [FEEL 3 MOT TOO 94D, IT*S A | LARGE ROLL OVE TO SIDESLIP.. |ELEVATOR FEEL oK. PiTCR
RECTIONAL STIFFRESS WNEN 001N6 CLOSED LITTLE ON THE SERSITIVE SIDE. | NODERATE T0 L1GAT DUTCH ROLL | CONTAOL OK. WO PARTICULAX

LOOP.  ABRUPT I8ITIAL RESPOWSE.
OIFFICULTY 1N COORDINATING. YERY
MIGH DIMEORAL EFFECT.

PILOT ¢ - WOWEVER, A3 A NE-ENTRY VE-
RICLE IMITIAL FAR QUT AP-
PFROACH, 1T WOULD BE
ACCEPTABLE.

D IFFICULT TO PHASE THE RUODER
WETH SIOESLIP. ROLL OVE TO
SIDESLIP AND RUDDER EXTREMELY
LARGE. FRICTION BAND LOW,
PEDAL CENTERIRG 8000,

e PRETTY STIFF DUTCH
ROLL OPEW LOOP. VERY mIGW
L EFFECT WAKES IT YERY UN-
OE3IRABLE LATERAL-DIRECT IOR-
ALLY,

OBJECTIONABLE CRARACTERISTICS.
6000 LONGITUDINAL CONTROL
AIDY IN BEJNS ABLE TO SCCOM-
PLISN A RE-ERTRY MI3SIOM,
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TABLE I-9 SUMMARY «

AILERON CONTROL

GEMERAL

AILERON YAW

COORDINATION

OBJECTIOMAR: ¢

IDESLI? IMBUCED BY AILERON O13TURRS
AESPONSE (3 0D~

CONTROL OF LIRPLANE.

MECTIONADLE

(BANK ANGLE OSJECTIONABLE.

ADVERSE. FAIRLY LARGE.

DIFFICULT. S1ME3LIP GECONEE 21ZAME
IF YOU SON'T COMRDINATE. BASK ANOLE
DOES BOT PROYIDE SNFOMMATION TO AID

[COMMINATION. -

LITTLE INSENSITIVE DT SESIRABMLE for
NISTION.  BREARNT mcn ll.l““.'
-Ylln .

COORPINATION ¥EQYID{
THAG RESULTS Fiom w.
™ LIGET DOTTS 2,
BIFFICOLT TO CheRa o

AILERON 0ALY AIRPLANE.
OSCILLATIONS EXCITED IN SIDESLIP WITH
AILERONS. COULD CRANGE ANO MAIRTAIN
SANK ARSLE WELL. RESPORSE To AILEROR
OBBD. PRETTY WUCH ZERD SIDEBLIP DWE
TO ROLL coNTROL.

OELY SMALL B.RJ

ESSENTIALLY ZEMO

YERY LITTLE cOORDINATION REQUIRED 400
COULD T BE INPROVED BY g FUPRER.
SOME SIOESLIP TRBWCED OY ll'll MLLIN
MABEUYERD BT WOT ENGUSN Ylll' 1 wuLe
™ 'll CooAY!

on FRICTION MOTICEADLE ANp
OIJICTI.IAIL

TEMERCY T 83CHLLL
wotn BISTVRRED g
PESMLS FOR BewP g

000 COMTROL OF BANK ARBLE. 000D RE-
SPENIE TO AILEROW.

INOUCED BY AILERGN.

MULL SIpESLIP

ROLL CORTROL EXCITES DUTCN ROLL BT
IMPORTANT ONLY WREN MAREVYERING RAPID-
LY. DDEWN'T BOTHER ROLL CONTROL ST
EXCITES SIOESLIP. OYERINOOTS BURIM

| FAST Crange OF MEAD|NG.

PROVERIE AND OF SMALL MAGHITUSE.

WOT MECESSATY TO CMOSE COMRD

- WELL MAPTED TO
BIB NOTICE AILERGE BREAKOUT
FOACES - SLISATLY SBJECTIORABLE.

QITE 6009 % STIEP mu ™ u-
MLREVYERIDG.

SIPESLIP IN BAPID 5

PROYERIE. MOOERATE IR MAGNITURE.
SOMEWVNAT OBJECTIONABLE.

CAR MININIZE SIDESLIP BY CROSS COOA-
DINATING OUT AFTER DOIRG RIGAT J SR &
TIMES, 1| TREN PUT IN WRORS RUSDER
e,

STICK CENTERING MOT QUITE 000D,

FOR Wi133i0a,

BASICALLY EASY TO COOTHEL. UG PF2O8-
LENS For SLbw “U'l.llll. LNl
STEEP TuRms. B

AILERDN CONTROL 3a¢ §
BAPED uTCR

INITIAL ROLL RESPONSE ABRUPT AND TOO
LARGE. FINE FOR MAINTAIMING LARBE

K ARGLEY BUT ABRUPT MD JENKY WNEW
EMANGIRG SARK ANSLES. OBJECT)OWABLE
FOR RAPID MANEUYERING. VERY SUSCEPTI-
BLE TO 310ESLIP DISTURBANCES,

CONSIOERABLE ADYERSE YAW,

NEED TO COGNDINATE WITH ROLL COBTROL.
EITHER UNOERCORTROL OR OVERCOATROL
WITH SUODERS, LARGE BOLL REIPOESE

TO SIOESLIP WHER NOT COO!
SUBSTANTIAL ROLL ACCELER
T COORDINATE WELL.

MRUPT AND SERSITIVE.

MECESSITY FOR DYCHND
CARSOT COORDINATE
OF BET COOMDINATImg
CASSE OF LARGE LFFEc
CONTROL.

AA-§

THE DUTCH AOLL 1S EXCITED 480 TWIS AL-
TERS THE way TRE ROLL QOE3 A3 A FURC-
TION OF AILERON INPUTS. YOU CAN MA-

MEUYER ILOWLY QUITE WELL. L
AND RAPID (NPUTS GET YOU 1R TROUBLE.

of JuPyTy

SOME AOYERSE AND MODERATELY LARGE N
178 EFFECT OW ROLL RESPOMIE.

REQUIRED TO MAKE ROLLIRG PEAFORNANCE
WHAT YOU WANT AN TO XEE BESLIP
TERC. IF YOU POR'T COORI -
ORDINATE IMPERFECTLY, TNE 31BE3LIP
THAT (3 INDUCED CAEATES 30ME LARSE
BOLL NG MOMENT WHICK NTEAFERES WITW
WHAT YOU EXIPECT THE AILERONS T#
PROOUCING. MISCOORDINATION 13 APPAR-
EAT IR BOTH 31p£ ACCELERATION AND 1N
ROLL CONTROL.

1 o0R|

ASLEROS FEEL 13 NEAYY IF YOU OON°T

LR

WATE.

Ah-54

AA-6

& LITTLE SQUIRMY 18 SANK ANGLE CON- |
TROL. A LITTLE UNPREDICTABLE. 1N
WAPID ROLLING T SLOWS DOWN. THEN
IPEEDY UP. DIDN'T ALWAYS 80 EXACT-
LY THE WAY | EXPECTED. SPENDIMG
MORE TiME AND ATTERTION THAN WORMAL

QUITE SMALL AND PROYERSE IN DIRECTION.

JEOUCES PROYERSE S1DESLIP wHel USING
RUDDERS FOR COORDINATION. YOU DOR*T
COORDINATE WITH THE RUDOER PEOALS NOR-|
MALLY BECAUSE SIDESLIP APPEARS TO BE
ZERS.  OT MUCH NISNER ROLL RATES IF

1 APPLIED RUDOE RADE ERROAS 1N
coon TION.

DINATE AND ALMBT TOS LIGNT IF TOU

[FOR 3LOW )BEUVERIES, IT°3 A PRETTY
OO0 CONFIGURATI

VEE OF AILEROES REQL
O GET 4 0000 PRED .
SPORIE. TAPTH ming,
JECTIONAME. 3EBS:
ORbIEATIM. WM

FOR COONPINATION 2 K

PAISCALLY PRETTY @000.

A YERY ROLLY TYPE OF CONF IGURATION,

IF TOU WAREUYERED SLOWLY 14 SMOOTN AlR
YOU DIOW'T EXCITE SIOESLIP AND DUTEN
ROLL ARD YOU COULD MAWEUYER QUITE WELL
OICILLATED IN SANK ANGLE WwEN | TRIED
TO KEEP 1T LEVEL. EXCITED O.R. WNEN

Ak-7

[PROYERIE - MOOERATE.

CAR'T COBRDINATE WELL EROUMN TO WART
TO ACCEPT THE RATHER STRONS ROLLING
ERRORS DUE TO MY COORDINATION AT-
TEwTS,

BASICALLY PRETTY 9000,

REYERS INQ A{LE PUTS.

STAYS URDER CONTROL MO 1S ADEQUATE
FOR THE WILSI08.

LATERAL OSCILLATION S0€S AwdY DURING
TEEP O, ARSLE TURNS. STIFF FEELIMG
DIRECT I0BALLY.

YIRY ABRUPT ROLL RESPONSE. TFEND TO
OSCILLATE 18 WEAD SHALINE FASHION,
(CONS IDERABLY IMPROYED BY COORDINATION.
IT'S YERY DIFFICULT TO MAINTAIN A PRE-
CISE BANK ARGLE EVEW THOUGN ROLLING
INTO SWALL AMGLES.

LARGE AMOUNT OF ADVERSE.

YOU BEED TO COORDINATE, VERY DIFFI-
CULT TO PWASE IT PROPERLY AND COOR-
OINATE WELL. MUDDER WORE POWERFUL
THAN AILERON 10 ROLL,

AILERQR FRICTIOR BOTNERED WE AND PRO-
BASLY MADE ME MORE ABRUPT. BREAKOUT
FORCES LOW, FRICTION BAND LOW, 3TICK
CEATERING G00D, FORCE OLADIENT YERY
LOW, SEMSITEVITY MUCH TOO NIGH

MESPONSE 10 AlLENOR
WHPREPICTARE.

TEI .m' ™ .*ILLA
. cons )"

TREMERDOVS OECREASE
RECTIORAL STIFFBESY
LOOP. ABRUPT 1EITTL
PIFFICULTY 1N CoORT
LILLN ] RAL EFFECT




. - ey CONFIGURATIONS A-1, A-2, A-3 GROUND SIMULATOR .. _ . .
e o e FA— dvieieed :
P i X
peoee R B S SR {» S A 5 &+
g ......... q:- ........ fommmeeen B O R LLLITE: SEEEEPTre Lormnonend [T R e R SO EEl
ol PILOT A Lg,s conFia
R S 8- | rum 7 A7% A1 (N0 mN)
2 R 20 789 A-2
--------------------------------------------- 743 RN 9 789 A-2 (MO RW) ¥
¢ RN S 788 A-2 (WO RN)
......... - A o 45 MNIS 679 A-3 i
6 ruN B .78 A3 (w0 R)
......... 4 B -
i
10 H g
S N,
-2 -.08 -.0% ° .ON .08 12 aus/Lises
T — B L4 (“‘k/“-’d)z
.809 NTIIN 1,129
........ .. CONFIQURATIONS A-1, A-2, A-3  GROUND SIMULATOR - ! -
PR i i / ! i :
VSR RIS QU S o] . | b PUOTS L5 as CONF 4.
4
o |oRUN 3 974 A=t (o W)
A S A Frovere A 3G=12 o "2 RUM 16 789 A-2 (MO RN)
20 3 RUN S 789 A-2
3 e - 4% RUN 8 78 A-2
5 RUN 13 (1 A-3
...................................... R 3 W -4 6 RUN & 679 A-8
boeenees SRRREEEL SELALLEEY SEELAEE RRREEELY p-- L IR LRl SR EE St +-
€ O~
[
@1 Toennen 5@
--------- - EEEETPTR oY PO EEFITEIY 3 EOEErer R T A s o
......... - 9--
10 ,
N, ’
T -.08 -.0% 0 .08 .08 12 Sas/L 55
— — v (we/wa)*
P 9917 1.0 1,123

Figure 1I-2 Fixed-Base Pilot Ratings
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TSHOOTH AIR RATING  §
ING
........ 4
........ o]
: L SRR R LR L L LY
i PILOT A Lsas CONFIG,
......... TURURNGE SURE RO AU SN 7 fee-e 1 RUN 1O 1.10 A-4 (WO RN) ...
2 RUN 12 A-5
: 3 RUN 21 4-6
--------------------------- O ITEAE LETTIDIES FOPETRIEE PRI B TERPN -4
v BUN IS A-6
5 RUN 26 A-6A
.......... S P SO 9 ooy B AMSRREL LILIEE
i N/l
~.12 -.08 -.04 0 .oy .12 2
Y " T - (wﬂ/“)d)
582 1.0 1.04 1.33 1.78
CONFIGURATIONS A~¥, A-5, A-6, A-6A  GROUND SIMULATOR P
PR
goeee i
. SMOOTH AIR RATING
------------------------- L SECTTER oo
: RANDOM NOISE RATING
! {
......... .'}..........p.........4}.........n._.......,..._.A?a - § B B EEEL LLTT TP ST
. [
L s PILOT 8 Lises CONFIG.
[ TR ] 1.10 A-4
"""""""""" 7 2 RUN {4 .843 A-5
3 RUN 9 .8u3 A-5
B s ponmnme SSRETEEY fonmened oe-- X SEERTERS Fy  RUN 22 .718 A-6
5 RUN I .715 A-6
] . 9 6 RUN 24 .532 A-6A _
; i i ; i iy
T -.08 _ 0% o o4 o8 12 4517 oas
r r—— v (@ /)
.582 1.0 1.04 1.33 |78

Figure I-3 Fixed-Base Pilot Ratings
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ey CONFIQURATLONS A-7, A-8, A-9, A-OA II_OUID Sll‘ILATOI ce ey e

i EURURO SO
: 2} SMOOTH AIR RATING
: i, RANDOM NOISE RATING
i 0 SNRRVREOS SO S
5 P
. PILOT A, Ligas CONFIQ.
T RE i.3¢ -7
............................................................... g b2 mum .983 A-s
3 W .83 A8 {80 B}
__________________ _— Lo o it 7 -9
5 L6186 A-9A
......... feennn - E—— Y ;\.....
10 i ; ’
— H : /V.‘ 1_"
-2 -.00 -.08 ° o 1) A i/ .
——r———r—— (wa/wa)
L6009 .903 (.0 1.28 1.57
CONFIGURATIONS A-7, A-8, A-9, A-8A  GROUND SIMULATOR
[4 ]
|
b 1'9"
30
2?- 3
................. '-
NsuooTH AlR RATING
......... S NS SR SR S S T 7luoou NOISE RATING.
b X: 2 [}
- I i 7 PiLOT 8 Lgas CONFIa.
I aun 10 1.3 A7
gf 2 M7 .983 A3
3 w2 .93 A-8 (WO RW)
v RON |2 738 A-9
""""" s 5 RUN 25 ) A-9A
i i i i i
10 H H H )
i 08 o4 0 oy 08 12 MaesLsas
=12 v (P fwar)?

Figure I-4 Fixed-Base Pilot Ratings
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CONFIGURATIONS A-1, A-2, A-3  IN-FLIGHT

[P,

.709 A-2

3 490-| .709 A-2
W use-| 664 A-3
------- - RRS ORI B SLRCRERr . A ) e
; ; i
S SO S -SSR S E
io i
- 12 -.08 -.04 [} .0% .08 12
r T v
.9099 1.0y, 008 1,108
i CONFIGURATIONS A-i, A-2, A-3  IN-FLIGHT :
| mo| | |
...... e St S ST S 4
| | v |
- SIS GRS SRS ;- --------------------- 2 R .
g SMOOTH A
RANDOM N
------ 3 : :
B - (O B NS S b
T ? ! 4 TR T 1
; FLT. Lsas CONF Q.
......... FR— JRRSUUN S S 5.1 uwes-t . 867 A0 L}
2 Wt .708 A-2
. 3 wel-l 709 A2
¥ 493-1 .709 A2
5  We5-1 664 A-3
............................ 4% "'""'"i"'"""i""""'i""'"" SRS S
---------------------------- Gl JITCERTET SRNNE B SPPRIRLEE PO -----i--------+--------+:----------s--------{p-----~---<
--------- B o Tt TYTTISRAR JYTECURES SEPRYRTES SRRSPN I EESSLOPES —:s-‘
10
-2 -~ 08 - 04 0 .04 .08 12
v Ty L
9099 1.0 1.008 1.106

Figure I-5 In-Flight Pilot Ratings
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CONFIGURATIONS A-M4, A-5

; , A-6, A-6A  (N-FLIGHT .
FO o] " IPR- -------- boonomennshomananendiaannenod IRLIREES b SRS §oeommeen .
PILOT A . 5
. FLT. L5 CONFIG
I ower-2 2.6 A-vp
2 ws-2 996  A-M 3
3 uee-1 .806 A5
T N T N oo I S I F— 3
5 u4s6-2  .668  A-6 ,
6 492-| 497 A-6A ?
S AT TN 3327 A-6B S S At S A .
.......................................... '8 TR S SR
SMOOTH AIR RATING
""""" RANDOM MOISE RATIN
--------- B ot Sauniiiil SLLLLLEEE
10
. - Mg [lsas
-2 -.08 - 0% 0 .04 .08 .12 .
— _— v - v v M ("’G/Ud)
186 e 3 1,00 1.33 1.8
CONF IGURATIONS A-4, A-5, A-6, A-68 IN-FLIGHT §
i ’ AT ;
4:_ - T u...; ........ [ U + ........ D 4
d LR S Tt I
................... 6 . em-wemman
1'— Feeneeees roeene- bonenneen +4--e- boeemnene
......... SRR SOOI S SRS SRSTONS SIOPY 3 PN R TS SO S S
PiLOT B ,
......... e S N N FLT. Lg,, CONFIG.
| S01-3 2.06°  A-w*
........................................................... I S B R (] 9% A4
, 1 Wi 808 A5
_____ L ¢ W2 N T I
SMOOTH AIR RATING 5 ¥3-2 . A-s
RAKOOM MOISE RATING s wWs-2 .03 A-e8
--------- +- R bl i SRR ] - . . . .
i * L,y LOW, SHOULD HAVE BEEN 2.69
J 10 2 2 2 Il — i Nk 1
;IS/LI‘S
-2 -.08 0 .08 .08 .12 4
- — \ 4 ™ v (wg/wa)
YT T 1) 88,100 148
Figure I-6 In-Flight Pilot Ratings



CONFIQURATIONS A-73, A-7, A-8, A<D, A-O0 |N-FLIGHT
PR
i
--------- -2 z---?s
60O
3
E2Y “EEEESTTRS +- 3 Q.o JF P e
PILOT A .

/
FLT. Lsas  CONFIG. 1? ______ T S S 7.
1 502-1 .08 A-78

SHOOTH AIR RATING™

2 uss-2 130 A7 6oen .
RANDOM NOISE
3 use-2 904 A7
4 496- 1,30 A-7 ,
5 492-2 898 A-8 .
6 490-2 668 A-9
S BT 249 A-gs T oo A S oo L AR osemee LA 1
* N"“ﬁ' OF A-7, 4 OF A 9
- Sas v L -8 - . i
i i i H ; 10
H 1 H H H ’ B
BT -.08 -.04 0 ) ) 2 NiaslLsas
v - ——— N ' (@ 2z
187 53 .81 107 2.0 (wg/wa)
T T  CONE 1GURATIONS A7, A-B, A-9, A-98 IN-FLIGHT .
. & . :
: PILOT 8 , R ; R ;
i FLT. Ly, CONFIG. : : i ;
: As B H H
L [ 3“‘?3"' S S M S
2 W83 1.3 A-7 : : | 5
B T 898 PO S SRR LR isnooru AIR RATING= oo o SRS joneeeeed
SR T 15 668 A9 I RANDON WOISE RATING
.5 w53 T I TR S RPN FRE S e N R
: aben - l [ T T T (RS SRR S
e mrmseeeegessacmae-gesmsceo - sgeseesfcmsqustaransageo—aassmaqe--asanan 7 ..............................
EEES REEEEt ILRLEREE pooneaeen L SRRt R SRRRLTN ERREIEES fooemeees R ARREEEL 4
- - SRR SRR PSR U SURTTUOL SRR SUOUUI ST
10 NI
12 -.08 -.0% o .oW .08 12 Sas; L Sas
— -r ™ T (“Jﬂ, fl)d)z
53 .8 Lo7 2.09

Figure I-7 In-Flight Pilot Ratings
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CONTIORATIOND Ad-i, Ad-1, W34, WACETTN-FLIGMT

§ Qe

,
Lg,, coFis.

N7 1
o T TR
778 »
. 888 ]
i i

L’," [T IT VS S

Nall 4
oo
L 1 D
o AL Vi /s,

(welug)?

1.066

COEFIGURATIONS AL-§, AA-6, AA-6A, AA-8 JN-FLIGIT
2]

p w

IR R LR I A T
e e g s

'
L PILOT A LY. L“’ conFIS. i .
' 08-2 .0 L]
1 w2 908 s
3 511-2 579 4
v s L328 [RNE B
i | i
S S i
i P
| 1o H L | o
T -0 IO KD "o T Sa3/ 8 00y
—— v T v {we/wa)?
.25 856 1.20 2.05
sy [ SUTRNE S = CORFIGURATION AA-7 IM-FLIGAT
4]
.......................... g
PR SO P I - T -
P SRR SOVRRNS SSTNIOS SUVUOE PO
......... [F - S
P
L L, corFie.
................. booeeneadpeine o e ceeerdper g B PILOT A O 1 511-3 .07 7
P LTTT - B TR N A A
i
-7
IMODTR AIR RATING”
RATING L
h -}
..................... of
10 .,
= N, L
-2 - -.08 ° .12 #a3;Lsas
(we fwg)?

Figure I-8 In-Flight Pilot Ratings
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¢ and G~ degrees
£ and 7 ~ deg/sec
345 Step =.5 inch

A-1 A-2 A-3
80 80 80
5o ®g0 #s0
40 40 40
20 20 20
0 0 a
0 40 40
P30 Pag P3p
20 20 | 20
10 10 _ 10
0 0 0
2.0 2.0 2.0
4,y 51 2,5 2,5
1.U 1.0 1.0
0.5 0.5 0.5
0.0 0.0 0.9
. . AN N
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Figure I- 9 Transient Responses To Aileron Stick Step Calculated For Fixed-
Base Configurations From Pseudoderivatives
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Figure I-10 Transient Responses To Aileron Stick Step Calculated For Fixed-
Base Configurations From Pseudoderivatives
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Figure I-11 Transient Responses To Aileron Stick Step Calculated For Fixed-
Base Configurations From Pseudoderivatives
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Figure I-14 Transient Responses to Aileron Stick Step From
Flight Records Normalized to .5-Inch 5,5 Step
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Varying Pilot Gain Closure of Aileron to Bank Angle Loop
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Figure I-22 Root Locus Diagrams of In-Flight Configurations






3.4 PART I EXPERIMENT

In Reference 2, a criterion for assessing the lateral-directional
handling qualities of an airplane is proposed which considers five primary
handling qualities parameters, The criterion was developed at NASA Flight
Research Center and was based primarily on experimental results obtained
from a fixed-base simulator which was equipped with a color contact analog
display. In Part II of this experiment it was planned to evaluate certain
configurations in the T-33 (both as a fixed-base simulator and as an in-flight
simulator) to verify the results obtained in the NASA contact analog simula-

tions which were used as the basis for the criterion proposed in Reference 2.

The configurations evaluated in this part of the experiments were
defined by NASA FRC as indicated in Tables II-1 and II-2. The five
configurations defined by NASA consisted of variations of CJ¢ and Wy
achieved by variations of the stability derivatives /V/:,v and /Va'rAS . The
spiral mode root,‘//z's , was zero and 7/1/ was zero. Since the design of
the NASA experiment precluded the use of rudder pedals, they were not

used in this simulation.

Because y//v was assumed zero and )//5 for the NASA configurations
was different from that of the T-33, it was not possible for the T-33 variable
stability airplane to simulate both the mode characteristics and the stability
derivatives obtained from NASA. However, by employing the method
described in Appendix C, a set of pseudoderivatives was determined that
matched the specified mode characteristics and could be set up on the T-33
variable stability airplane in flight, The NASA derivatives, the pseudo-
derivatives and the associated mode characteristics are listed in Tables II-1
and II-2.

The evaluation results are presented in the form of pilot comment

summaries and pilot ratings.
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The similarities and differences for the Part II configurations can
be summarized as follows: the values of ’fd Wqd and 6¢ wyg were held
constant while Sd , W4, 5’¢ and w,j varied; L’J’As was held constant while
Pos /§as varied; and L'y was held constant while ‘¢/,é ' varied. Several
handling qualities parameters (some of which are often used to correlate
pilot ratings) were varied in a prescribed manner from one configuration
to the next. The results are summarized in Figure II-1 where composite
pilot ratings are plotted for both the fixed-base and in-flight evaluations.
The variation of parameters is shown on the multiple abscissas of the
plots. Pilot rating points were taken from the summary pilot rating
prediction chart in Figure 14(b) of Reference 2 and are shown in Figure

II-1 for comparison. Figure II-2 presents all of the pilot ratings on similar

plots.

3.4.1 Configuration B-1

The pilots objected primarily to the large generation of sideslip
with aileron inputs and the extremely sensitive aileron control. They ob-
jected to the slowing down and, in some cases, reversal of the roll rate
because of the sideslip resulting from aileron inputs for the in-flight simula-
tion. In the fixed-base simulation, they objected to the lightly damped roll
oscillations excited by aileron inputs. In-flight transient response records
for aileron stick steps were not obtained for this configuration because it
was not possible to keep the airplane in a stable lateral trim condition long
enough to take a record. The transient responses generated from the
pseudoderivatives, Figures 1I-4 and II-5, verify the pilot objections that

there is large sideslip excitation with aileron control.
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3.4.2 Configuration B-2

The major pilot objections are still the large adverse aileron yaw
and the lightly damped Dutch roll oscillation with high l ¢/ﬂ| that is easily
excited by the aileron control. They also object to the high aileron sensitivity.
Configuration B-2A, which was the same as B-2 except that the aileron
sensitivity was 63% as large, was evaluated in flight to check the effects of
aileron sensitivity on the evaluations. This resulted in a significant im-
provement in pilot rating as shown on Figure II-1. The pilot comments
were essentially the same except that they no longer objected to high
sensitivity, The transient responses show good agreement between the
in-flight recordings and the calculated responses. They also verify the
high aileron sensitivity and large Dutch roll excitation. Note the change in
scales when comparing in-flight recorded responses with calculated

responses.

3.4.3 Configuration B-3

High aileron sensitivity was still the major pilot complaint for this
configuration. In addition, they objected to the Dutch roll mode which was
lightly damped and had a high |¢//5 l These objections were common for
both the fixed-base and the in-flight simulations. An additional objection,
which was stronger for the in-flight configuration, was the sideslip induced
by aileron control. The responses for B-3 in Figures 1I-4,-5 and -6 show
the large roll response and the large sideslip that was objectionable to the
pilots. The in-flight recorded transient response of yaw rate shows that the
aileron yaw was essentially zero. The sideslip response, however, shows
considerable sideslip excitation with the aileron input which confirms the
pilot comments. Since the aileron yaw was near zero, LU¢ /UJd was close
to the desired value of 1. 0 and the sideslip disturbance must have been
caused by (N/}o - % ). This would also cause a difference between % '
and 5 d + The values of 8;1 listed in Table I1-2 were calculated as
indicated in Appendix B and are largely dependent upon the values of the

pseudoderivatives, Discrepancies between the pseudoderivatives and the

3-55



4
derivatives actually simulated, especially Nf and /\/,/6, on the variable
stability T-33 could have a large effect on f # . Refer also to the Part 1
discussion, paragraph 3.3. The actual value of f;;j could not be accurately

determined from measurements of response records.

In-flight evaluation of configuration B-3A, which is the same as
B -3 except that the aileron sensitivity is only 31% as large, showed a con-
siderable improvement in pilot rating by merely reducing the aileron
sensitivity. The pilot comments were essentially the same except that they

no longer objected to the aileron sensitivity.

There were frequent complaints during the Part II evaluations
about the lack of rudder pedals, Rudder pedals were provided for one fixed-
base evaluation of B-3, The rudder characteristics set up, however, were
quite poor with an essentially zero force gradient and a N/gﬂp value of
.533 //seci.’ -in. The resulting rudder pedal forces were so light and the
sensitivity so high that they actually made the pilot's task more difficult,

It can only be concluded that bad rudder control characteristics can make
the pilot's opinion of a bad configuration even worse. Time did nof permit
a meaningful examination of the control improvements that could be realized

with good rudder characteristics.

The pilot rating numbers obtained during the fixed-base evaluations
were considerably lower than expected based on previous simulation results
at the NASA Flight Research Center. Configuration B-3 was simulated by
two additional methods to investigate this situation. This was accomplished
by setting up the NASA B-3 and Pseudo B-3 configurations directly on the
analog computer without using the T-33 variable stability system. The
cockpit displays, control feel system and longitudinal control characteris-
tics were the same as those used in the other fixed-base simulations of B-3.
The only difference was the manner in which the lateral-directional characteris-
tics were simulated. The pilot comments for both of these configurations
were essentially the same with respect to lateral-directional handling. They
objected to the high aileron sensitivity and noted that there was only very

little Dutch roll excitation with aileron inputs, They commented that the
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nose tended to rise in steep turns with the NASA B-3 configurations, but
this is expected with the % term in the side force equation set equal to

zZero,

A comparison of the pilot rating for the two configurations set up
directly on the analog computer with the composite pilot ratings would
seem to indicate that these two configurations exhibited more desirable
handling qualities. At this point, it should be noted from Table II-4 that
both pilots evaluated these two configurations and the standard B-3 in three
successive runs. These were all performed on one day at the end of the

Part Il fixed-base evaluations. The _results of these runs are as follows,

Pilot Rating

Pilot Run Configuration Smooth Air/Random Noise
A 39 NASA B-3 on Analog 5/5
A 40 Pseudo B-3 on Analog 5/6
A 41 B-30on V/S T-33 4.5/4.5
B 31 ];7-3 on V/S Tj33 6.5/8
B 32 Pseudo B-3 on Analog 4.5/5
B 33 NASA B-3 on Analog 4/5

It would be difficult to conclude from these successive runs by each
pilot that any one of the configurations is significantly better than the others.
From the trend of the ratings, it would probably be more appropriate to
conclude that the longer a pilot flies configurations that are essentially the
same, the less he tends to downrate them because of their objectionable

features.

3.4.4 Configuration B-4

Pilot comments verify the low frequency, high Ip/ﬂl , lightly
damped Dutch roll mode and the high aileron sensitivity. The fixed-base
comments noted slightly proverse aileron yaw. The configuration was

given a pilot rating number of 10 with the major objection being a divergent
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closed-loop oscillation and very high lateral control sensitivity. The
in-flight comments indicate that the yaw acceleration for aileron inputs

was essentially zero and the sideslip excited was quite small and adverse.
The configuration was given a pilot rating of 5 to 6. The in-flight transient
response records in Figure II-6 verify the small sideslip excitation for an
aileron step. A comparison of the in-flight transient responses of yaw
rate, » , shows that N’S As Wwas negative for B-2, essentially zero for
B-3 and positive for B-4. This was the planned variation of N/S as . JThe
sideslip excitation however is minimum for B-4. This is verified by the
pilot comments and B-4 is rated the best configuration of the three for the
in-flight evaluations. The pilot rating appears to be much more closely
tied to the sideslip excitation than to N/bAg. As was discussed in

Section 3.2 and when discussing B-3, the sideslip excitation is related

to (N/f- _ﬁ_\;) The Dutch roll excitation in roll rate for aileron inputs is
related to 75?5 and gg as well as Wy /W4 . It was pointed out in Section 3.2
that )§¢ and 6,{ can be different if ( '\llf" _3'\_/ ) is not zero.

The closed-loop oscillation which was a major objection with the
fixed-base evaluations of B-4, was not noted during the in-flight evaluations.
A difference in baﬂ; could account for the closed loop oscillations for the

fixed-base configurations while they were not experienced in flight.

The in-flight evaluations of configuration B-4A, with 15. 4% of the
aileron sensitivity of B-4, showed a significant improvement in pilot
rating. This eliminated the major objection to B-4, i.e., high aileron

sensitivity,and there were no major pilot objections to B-4A.

3.4.5 Configuration B-5

The major objections for the configuration were the high aileron
sensitivity, generation of sideslip with aileron inputs, and a divergent
rolling oscillation. The possibility of a divergent oscillation is indicated
in the root locus diagrams, Figures II-9 and II-10, and was experienced by

the pilots in both the fixed-base and in-flight simulations.
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The in-flight evaluation of configuration B-5X was the result of an
error in setting the aileron control gains, but it closely approximates B-5

in-flight characteristics, pilot comments,and pilot rating.

Thia ~mmnfiginratfinmnm twaa aviramnmialsr A3FFI -1+ +4 gat 111 30 Flicoch+ Tha
L LLLD bUllJ-LsLLJ-G-LJ.U 1 QAo CAaALlLCl J.C.Ly WililL UllL VOV O 19 HLJ ild .LLJ.BL.LL- 411
Dutch roll damping and roll mode time constant were very dependent on the

value of ( N'f- % ).

3.4.6 Summary of Part II Results

The longitudinal control characteristics were kept constant for the
Part II configurations with characteristics as shown in Table 1I-3, The
pilots objected to the large elevator stick motions in relation to the extremely

sensitive aileron control.

Transient responses to a side gust in Figure II-7 show that the
roll response to a given side gust increases as the Dutch roll frequency
decreases. See Appendix E for a discussion of the roll response to sideslip

disturbances.

Pilot rating points were taken from the comparable pilot rating
of 17.15 sec”? (the
MAX

value of LISAS 545mxused for the Part II configurations) and plotted on Figure

chart, Figure 14(b) in Reference 2, for an L'ga_ o

II-1 for comparison with the results of Part II. The comparison is not very
good. The pilot ratings obtained in this program were largely downgraded
because of the extreme roll sensitivity and significantly improved ratings
resulted when the sensitivity was reduced by less than a factor of two. This
is not consistent with the referenced chart which indicates that the pilot
ratings are relatively insensitive to a factor of two change in l..ls",5 for
the values under consideration. Based on these observations, and the pilot
comments, the roll sensitivity appears to be a major factor in the discrep-

ancy between the results of this experiment and the reference chart.
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TABLE 1I-3

CONTROL FEEL AND PITCH DYNAMICS

Fixed In-
Base Flight
[ Aileron stick spring rate, 1b/in 2.8 2.8

Aileron breakout force, 1 .7 L. 71
Rudder pedal spring rate, Ib/in 250%* 250%*
Ele;étor s;ick srprr:rg rate, ~ 1lb/in 4.2 4.2
Short period frequency, «, ~ rad/sec 2.95" 3. 4"
Sho;-t period &amping ratio, ; .48 _4*
Stick forrc;e p;a_z; "3;', ~ 1b/g ) 5.2 5.2
b5 max ~ in. +7.75, -3.5 [+7.75, -3.5
Sas max ~ in. +6 +6
Sppmax ~ A0 +4 +4

“ nominal values from flight and ground simulator records

% rudder pedals did not drive control surfaces
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Pilot "A"

Pilot "B"

TABLE II-4 FIXED-BASE PILOT RATINGS

Configu-| Run Filot Rating 3 w _PS_SNJ?/S_H
ration Smooth Air/Random Noise ¢ d Sas

B-1 19 8/9 . 706 2.20 13.2

B-2 22 8/9.5 1.18 1.72 74.5

B-3 2 10/-- 1.55 1.58 163. 3
B-3 9/-- 1.55 1. 58 163, 3
B-3 24 6/7 1.55 1.58 163.3
B-3 41 4.5/4.5 1.55 1.58 163. 3
B-3(1 5 10/-- 1. 55 1. 58 163. 3
B-3(2) | 39 5/5 1.50 | 1.50 | 156.0
B5.3(3) 40 5/6 1.42 1.45 137.5
B-4 23 10/10 1.63 1.48 188.5
B-5 25 10/-- 2.04 1.18 699. 1
B-1 15 10/10 .706 2,20 13.2

B-2 17 9/9 1.18 1.72 74.5

B-3 20 5/7 1.55 1.58 163, 3
B-3 31 6.5/8 1.55 1.58 163.3
B.3@) [ 33 4/5 1.50 1.50 156.0
B-3G) | 32 4.5/5 1.42 | 1.45 | 137.5
B-4 21 10/10 1.63 1.48 188.5
B-4 23 9/10 1.63 1.48 188.5
B-5 19 10/10 2.04 1.18 699. 1

(1

(2)
(3)

with rudder pedals
but poor rudder control

NASA B-3 on analog

Pseudo B-3 on analog

3-6k



TABLE II-5 IN-FLIGHT PILOT. RATINGS

Cor}ﬁgu- Flight Pilot-Rating _ w¢ Wy Pis ’:{a%ﬂ
ration Smooth Air/Random Noise ' Sas
<| B-1 500-1 10/-= .905 | 2.23 | 27.2
S| B2 | 499-2 10710 .| r29 | 1.76 | 106.0
T B-3 499-1 8.5/9 : 1. 64 1. 69 151.8
B-3A | 514-1 - 5/5 1. 64 1. 69 47.0
B-4 500-2 6/5.5 1.75 1.56 171.9
B-5X | 503-1 9/9 - 1.71 1.13 306.0 .
B-1 501-2 9/10 . 905 2.23 27.2
B-2 498-2 8/9 1. 29 1.76 106.0
.| B-2a | 512-2 7/8 1.29 | 1.76 | 67.0
8l B-3 498-1 4.5/5 1. 64 1. 69 151.8
2| B-3 501-1 7.5/8 1. 64 1. 69 151. 8
&1 B-3 506- 1 ' ' 7/7.5 1. 64 1.69 | 151.8
B-3A | 512-1 4.5/5 1. 64 1. 69 47.0
B-4 498-3 | 5/5.5 1.75 | 1.56 171.9
B-4A | 512-3 2.5/-- 1.75 1. 56 26.4
B-5 506-2 8.5/8.5 1.90 1.13 460, 7







TABLE II 6 SUMMARY OF PILOT COMB
FOR FIXED'BASE CONFIGU

AILERON CONTROL - - . . N
CONFIG. - N N OBJECTIONABLE FEATY ;
GENERAL AILERON Yaw COORDINATION . . - FEEL : .
[ 21} YARING WOWENT 13 30 LARGE TwdT ANY QUITE STRONELY ABVERSE WOULS BOT BE ABLE TO “I. NATE EVEN LOW SREAKOWT FORCE, lﬂ islier, nont. EITREMELY SERS1TIVE AILUDEN tomTuey .
ODERATE INPUT SENERATES S(OESLIF AND WITH RUSeRe. ll('l' - LARGE MDYENSE YAW GUMERATED WTE Alg.
SOLL OSCILLATIONS THAT ARE INTOLENABLES : Jjusem 10ryT Ay THE ComwING LIGTLY
. CORTROL SEMSITIVITY IS INTOLERABLE. . . . . S ‘| DANPSD, LABGE MPLITWOE BOLL-viw
B GSCILLATIONE, LAMGE Yaw PUE W MOLL
s COUTROL &R0 LARSE BOLL 0OC 19 31003010
-2 A TERDERCY FOR GROSS CVERCONTROL WITH | GREAT WAGMITUOE OF AOVERSE YAW. RO COMMENT, LOW DUEAROUT FORCE, LOW PONCE ORAD- NEADIRG CONTROL NST DIFICULT. ABLE | GRUAT SEMSITIVITY OF LATERAL coutmer.
EVEN MOOERATE 18PUTS REIULTING 1 1ENTY, VERY SENSITIVE. . T0 00 STEEF TWARS PRETTY WELL, LARGE ADYERNE YAM BUE TO AlLENON WIB-
SIZABLE JIDESLIP AND ROLLING OICILLA- WATES LARGE 3IDESLIP ABGLES BMESLTIM
TIONS., CLO3ED -LOOP DAMPING BETTER o CXCITATION OF THE LIGETLY SlowrtD
THAR OPEN-LOOP WUT REQUIAES CAREFUL M DUTCH BOLL MODE SIVINE YERT SSCILLA-
PILOT ATTENTION, TORY BOLL REIPOSM. PLTCH CBATEMOL 13
3 BPEED OF RESPONSE |3 ADEQUATE BT PRE- |SOME ADVENSE YAW. OSJECTIONABLE, BUT [WOULD SE BETTER WiTH MUSDER PIDALS. TO0 SENSITIVE, LoW BREALOVT FOMCE, BEADING CONTROL IS 0000, RESPONIE CORF1OURATION THO ROLLY. LATEMAL
13104 1S TEARtBLE. CONTROL SENSITIV- | WOT TOO GREAT. EXTREMELY LIGNT FORCE GRADIENT, TO AILERON 13 OM0. CONTROL TOO SERSLTIVE WITH A TEEMEMLY
ITY POSES A PROBLEN. T FOSTEAS OVER- POOE STICK CENTERING. ™ WIS W NI TS |aAbYER.
KONTROL AND GENERATES DUTCH #OLL OSCIL ITEATLY. TR YAN AND DESVLTING 3IBE-
LATIONS WHICH ARE LOW TO DANP OUT. BLIP GIRERATED FOOM AILIRGE 0PyTS
EXCESSIVE ROLL RATE ACCELERATIONS. . TICITES THE MIGALY GSCILLATORY oW
[PAPLD PYTCH MLL WOOE. EXTREMELY
N SOLL DO TO S1DESLIP Cawagl
(WRACCEPTASLE SCILLATIONS W(LL
TRYING TO WA INTAIR BANT ABMLE.
B-3 WITH [ CONFIQURATION 8-3 WAS SET UP WITH AUDDER PEDALS TO 3EE IF TNEY WOULD AID TWE PILOT 1N CONTROLLING THE CONFIQURATION. OOTN TNE LATERAL-DIRECTIGNAL AND THE LONGITWOINAL CHARACTVERISTICS WERE THE .
RUDDER SAME A3 IW THE PAEYVIOUS 8-3 CONFISURATIONS. TNE RUDDER PEDAL SPRING RATE WAS ESSENTIALLY ZERO, (.E., VERY LIGRT PEDAL PORCES AN B oy WS 533 eec™ PER IBCH. THIS MESULTED 1B VERY POOR = - -
PEDALS RUDDER CONTADL WWICK YME PILOT DID MOT LIKE, TWE PILOT COMMENTS WENE:  RUSSER PEDAL FORCED ARE 35 LOW YOU POA'T BAVE NUCN PORCE FEEL, CAN'T REMLYE BMILL DGR INPUTY BEPWIRED T COWTROL
THE $IDESLIP. MAJOA OBJECTION IS THE VERRIBLE RUDDER PEDAL CHARACTERIITICY - WUCH TBO LIGNT 4 FOACE SRADIEAT, MUCH TO$ SENSITIVE WITH TOO MUCH FRICTION, VOE OF THESE MUDOER PUDALE DEGEAMS CONFIOWATION,
NASA B-3 (w ROLL RATE3 GENERATED WITH SMALL IYERY LITTLE PROYERSE. MOT REQUIRED, WOULD MOT USE RVBOLR SEMBITIVITY, NIOR CONTREL POWER, (06 NOT BAVE TO WOBEY ADOYT 3 T00 SERSITIVE LATERAL CONTOL. Twe
oN INPUTS. YERY SENSITIVE. MOWEYER, NO IF AVAILABLE. LoV BREAKOUT FORCE, LOW FORCE GRAD- SERERAT MUCH AILERON REBPOSSE FOR A SablL
AMALOG MORE THAN & COUPLE OF DEGREES OF 31DE- . 1EAT.  POOR CINTERING. EYER FOR AmmveT I"Yl. AN I INPUT CANBES S6CILLATORY Gidx ABOLE
SLI® ARE GEMERATED WITH ONLY WIRGK CONTROL MARCISE. 3|
DUTCH ROLL OSCILLATIONS, .
PSEUDO YERY ROLLY, REALLY SERSITIVE WITH ESSENTIALLY ZERO, %OT REQUIRED. OVERLY SERNIVIVE, POOR CINTERING, B APPRECIADLE ANOWNTS OF S10€ILIP SREAT BEBGITIVITY OF LATERAL CONTROL
8-3 ON MORE THAN ADEQUATE ROLL RATE ACCELER- LIGNT BREAKOUT FOBCE AN LIGAT FORCE |GENERATED 4RO BO PUTCN DAL OSCILLA- | PESULTING 18 A MOLLY COBFIGURATION.
AKALOG ATION, FOSTERINS OVERCONTAOL AND 03- SMBIENT. TIONS INCURRED. NEADING CONTRSL POOR LOWAITVRIRAL POACE FELL.
CILLATIONS 1A 8 ANBLE. oMLY A reeCist.
SWALL MAGRITUOE OF SIOESLIP |3 $€R-
ERATED WITH A SLISHT DUTCH ROLL
EXCITATION,
-4 CORTROL WEARLY INPOSSIOLE, TOO SEN3I- |SLIGNTLY PROYERSE. RO COMMENT, LOW BREAKOUT FORCE, EXTREMELY Low et DXTRDELY SENSITIVE LATERAL CONTRSL.
TIVE. MWODERATE TO LARGE {NPUTS RE- FORCE GRADIENT, POOR STICK CELATERING. BULL NIWNT OF Y CXCITUS A HIGMY
SULT 1M COMPLETE LOSS OF CONTROL T8 SENSITIVE. . SICILLATORY DUTCK AOLL WIRE wHICR,
THROUSH & DIVERGERT SIDESLIP ROLL CLOSER-LIOP, APPUANE TO GBIV DIVER-
OBCILLATION. SENT, BOTM iR BIDESLIP AN BANI MPLE.
-5 INPOSSIMLE TO PERFORM THE 3(MPLEST STROME ARD PROVERIE, WORE QUITE SENSITIVE, YEXY LOW MORCE Gahd- (moal. TWE MMALLEST MBUST OF AtLERON 100WT
TASK. 1ENT, BEBLISISLE SREAKOWT FORCE. MISVLTS 1B (NTOLERASLE YAy QENERATION
MRD ERSGIRG LABSL ROLL YA OSCILLAT IOV
THAT RESALTS IR OMPLETE b1 vERSEINCE
T4 18 meLL Mme PITCS.
-
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MARY OF PILOT COMMENTS
- FIXED-BASE CONFIGURATIONS

ABLE FEATURES

OBJECTIONABLE FEATURES

SPECIAL PILGTING
TECKNIQUES

CONTROL IN PRESENCE
OF DISTURBANCES

‘ovERALL ‘i;r'l

" LATERAL-DERECTIONAL
. FREE RES

RESPONSE

LOWG) TUD AL
. MANDLING

EITREMELY SENSITIVE AILEROR CHUTROL.
UARSE ADVERBE YAW QEMER, N AlL-
EROR 1RPUT AND THE ERDUING LIGNTLY
SMPID, LARSE AWPLITUBE ROLL-YAW
GSCILLATIONS. LARGE vaw DVE Yo ROLL
CONTAGL AND LARGE ROLL OUE TO SIDESLIP|

FLY SARC ARGAE.

IMPOSSIOLE T8 MAIATAIN STRAIGNT ANy
LEVEL WITHIN TOLERASLE YALUE! 310K
LIP AP BOLL SSCILLATIONS. PILMTY ‘TJ

TEWPTS TO STOP THE BOLL GENERATED,
USUALLY WAMRIFIED THE SIOHIL LT
ING 1t A DIVERGENT BOLL-YAW S8CILLA=
Tiea.

QITE LABMBE SIDESLIP GERERATED WITH
YAAY MEOEST CONTROL INPUTS. (NWLEN-
ART OF PILOT MISTAKES. WRSATIOFACTORY]
FOR BECOVERY FROW WRWINAL l"llfm-

wetutey ne [6/8]
LIGITLY B9 TD pyTen aotL
wer,

oL NOT DIFFICULT.
TURNS PRETTY WELL.

Ant

GREAT JEASITIVITY OF LATERAL CONTAOL.
LARGE ADVERSE YAW OVE TO AILEROR &EM-
DIATES LARGE SIOEILIP AROLES RESULTING
I8 EXCITATION OF THE LIGNTLY DANPED
DUTCH ROLL MOOE 2)viNa VERY 0ICILLA-
TOAY ROLL RESPORSE. PITCHN CONTROL 03
Lovsr.

USE WINIMA BARK ANGLE EXCUR!

FLYABLE IF PILOT CEEPS NIS GAIN GOWE.
WEADING CORTAOL (S TERRIBLE. CAN'T
CORTROL PITCH ATTITUBE 1M STEEP TwREA,

ML L TO0 SENSITIVE ABD INSWCES
EXCESSIVE SIDEILIP THAT EXCATES TWE
OUTCR BOLL QICILLATION. WoLs BC in-
PURIIBLE TO RECOVER FROM WNUSUAL AT-
TITURES. SINULATION 1S SAORSLY INAD-
CQUATE OV T8 THE LARGE ROLLING YELOC-
ITIEY ASD ACCILERATIONS WMiLR IF THEY
NS FELT MIGNT CRANGE PILOT

wion j9/8], Liear sures seie
Srina. EI -

SL 1S s00n,
2 600D,

RESPONSE

CANF (QUAATION TOD ROLLY. LATERAL
CORNTROL TO® SENSITIVE WITN A TENOERCY
Te BILD UP 18N BOLL RATES (RABYER-
TENTLY, THE Y. D RESULTING 3/DE-
SLEP CENERATED FROM AILEROW 1NPUTS
TICITES THE WIGWLY OSCILLATORY LW
DAMPED DUTCHN ROLL MODE. EXTREMELY
MiSN FOLL DUE TO J(DEILIP CAUSES
URACCEPTARLE OSCILLATIONS WNILE
TRYI2§ TO wh .

FLY BANE ANGLE TIGNTLY. WBRIFIED ‘
TECHRIQUE MELPS DANP OUT DUTCR ROLL
OsCILLATIONS.

INCREASED ILLATORY RESPORIE To
AILEROR CONTINVALLY EXCITE® OUTCN ROLL
1O REQUIRING COWSTART PILOT
ATTENTION.

SRSITIVITY OF AILERONS OFTEN GENER-
ATES NORE SOLL RATE THAW OEZIRED
CAUSIRG OVERCONTAOL AND CACILLATIONG
0 BANK ARALE. PoOR 8 CONTRO!
COPLICATES THE PILET TASK. WWTCH o
BOLL EASILY EXCITED CRIATING LANSE
SIDEILIP ANGLES. COMFIGURATION RE-
QUIRES CONSTANT ATTEATION, BSWNLA-
TION SEENED REALISTIC (N TNE ABSENCE
OF MaTION.

nm [3/8], Loy sen
BTN BOLL ook

BEAVILY BIPED SNORT PERIGS
WOOE. LIAAT BREABNNT FONCE,
LIGST FORCE RIS (CRT.

LA ANBUNT OF ATICK MB-
TION REQUILED 1S SSJECTION-
oL

KARACTERISTICS WERE TNE
SULTED 1N YERY POOR
3 RCQUIRED TO COBTROL

VBDER PEDALY DESRADES COMFigl

TO WORRY ABOUT SIDEILIP
s

R DUTCH ROLL OSCILLA
UPT 1mPyTs,
136,

MEADT MG

700 SERSITIVE LATERAL CONTMOL. To®
MUCH AJLEROEN SESPONSE FOR A SALL

INPUT CAVEED OSCILLATORY SABK ARSLE
CONTROL. 3IMULATION Poe
ROBE RISES IN STEEP TURRS.

nowt REQUIRED.

S1MPLY AN INCREASE 1N PILOT WORK LOAD.

CONTRDL PROBLENS. MO
DUTCH UL OSCILLATIONS
SIMAATION SEENS POOR,

TWL %03 TENDS TU CLINS I8 BTEEP TURAS.

nen [9/8]1 , Low sawees Low
FREQUEBCY LUTCN ROLL MDDE.

LE AMOUNTS OF 31DESLIP
© %0 GUTCK ROLL 0SCILLA-
ED. NEADING CONTROL

GREAT JERBITIVITY OF LATERAL CORTROL
ULTING I & ROLLY CONFIOUEATION.
POOR LORGITUD INAL FORCE FEEL,

NOME REQVIRED.

OAASTIC (NCREASE W WORK LOAD BUY COM-
TROL SERSITIVITY ALLGWS CORTROL OF
WOISK WITH SMALL STICK OEFLECTIONS.

MOT A WELL RARMOWIZED CORFIQURATION,
TOD MUCH ROLL BUE TO AILEROR LND MOT
EWOUSH PITCH SUE TS ELEVATOR SEFLEC-

TION. BANK ANGLE CONTROL TERDS TO BE
OSCILLATORY.  SIMULATION MUCH IN-
PROYED. - .

NIGHLY OSCILLATORY, LOW Fi
WENCY BUTCH SOLL MODE, Bign

joral.

EXTREMELY SERSITIVE LATERAL COMTROL.
SHALL AMOUNT OF vaw EXCITED & mIGALY
OICILLATORY BUTCH ROLL WOOE WNICH,
CLOSTD-LOOP, APPEARS TG QROW DIYER-
SENT, BOTH IN SIDESLIP ANO BANK ANGLE.

/3 TECWRIQUE SOMEWNAT NELPFUL (N
DME INS DUTCH ROLL SIDESLIP OSCILLA-
Tioas.

CONTROL 13 YIRTUALLY 1P03SIBLE.
SIDESLIP ARGLES T VEAY LARSE RE-
LT I% TRE HOSE MISING 1N STEEP
TURRS. YERY OIFFICULT TO DANP J(DE-
SLIP 03CILLATIONS.

LATERAL CORTROL TOO SENSITIVE. SOME
CONTRGL POISISLE WITH TIGNT BANK ANGLE
couTmL. GALY OBCILLATORY DUTCH
ROLL MODE EABILY EXCITED.

nim [@/A], LieaTLY shety
LOM FREQUENCY SUTCH ROLL
-.r. .

THE SMALLEST MeBUNT OF AJLEROR 1RPUT
FESULTS N INTOLERABLE TAW SERERATION
AD ENSUING LARGE ROLL YAW GSCILLATION
THAT RESATS IN COMPLETE OIVERSEMCE
SOTR Im MOLL AND PITCH.

IMPOSSIALE.

ABLE MASHiTUMS,

nen [@/M], Low sutca poLL
bArI9e.







SUMMARY OF PILOT COMMENTS
FOR IN¥F LIGHT CONFIGURATIONS

FAYORABLE FEATURES

OBJECTIONABLE FEATURES

SPECIAL PILOTING
TECHMIQUES

NI ADVERSE YhW RESULTING IN SIDE-
SLIP DISTURBANCES THAT CULMIRATE |
SIDESLIP DIVERBERCE WITK OVER 30° OF
BANE, LATERAL CONTROL AESTRICTED TO
SLOM SMALL (RPUTS.

WAKE SMLY VERY SMALL SLOW 1WPUTS.

—t

CONTROL )

] FIE!EICE.
OF DISTURBANCES

OVERALL QPINION

LATERAL-D! RECTIONAL .
FREE RESPONSE

LONG! TUDIRAL
NANDL iNG

DISTURBABCES WOULD SET OFF JIDESLIP,
FLY)

WRFLTABRLE m'n( MIBHION DUE TO THE
COMPLETE ZESTRICTION 88 LATERAL
ConTRIL.

LIGNTLY SANPED DUTCH BOLL,
TERS DMPED SIDESLIF B6CIL-
LTI, wpiw (¢/8] -

<ED NEADIRE CORTROL I3 QUITE

SENSITIVE LATERAL CORTROL, LOW ROLL
DAMPIRG, STRONG ADVEASE YAw AND RE-
SULTiNG NISNLY SSCILLATORY OWTCH ROLL
WODE. LACK OF DIRECTIOMAL STARILITY,

oW SULL LATERAL CONTML 1MPVTS.

CONTINYOUS BUTCH MOLL SSCILLATIONS.
[CLOSED-LOOP ATTENPTS T CONTEOL NEADIDG
OR B4uK ARSLE GREATLY (NCREAFES TNE
PRSOLEN.

AIRCRAFT EXMIDITS CL -LOOP BIVER-
GERT DIRECTISNAL BICILLATIONS.

CONTROL @000,

THE INTOLERABLE MAGEITUDE OF SIDEILIP,
VERY RIGN ADYEROE YAW WITW LATERAL
CONTROL 19PYT 4ND LARGE |/ @ | DUTCH
ROLL OSCILLATION. WiGM ROLL OVE TO
SIOESLIP,

“. TECHRIQUE WELPS STOP .lél!;LlIlOll.

WITE & BIT OF ACTIVATION THRGUGN THE
RUCOER CMANNEL. CONTINUOUS LATERAL IR-
JPUTS REQUIRED TO MAINTAIN 210° 3TRAIGNT]
AND LEVEL OR SIVEN BANK AAGLE. AT
TIMES 1NPUTS TENOED TO MASNIFY $IDE-
SLIP MAGNITUDE.

VERY MigM ADYERSE YAW ARG 1MTOLERABLE
SIDESLIP CAUSES CORTINUOUS BUTCH BOLL
OSCILLATIONS.

LW SMIPED DUTCH RELL MIOE,
L

M)0E SERITIVITY, AMUPY J1MITIAL
ROLL ACCELENATION AND UNDEF 1NASLE
ROLL BATES. OBJECTIONABLE AOVERSE
YAM, ALMOST COMPLETE LACK OF AOLL
DAMP NS, LARSE ROLL DUE TO SIDESLIP
AND LOW DAMPE® DUTCH MOLL WOOE.

V3E SMALL mwo0TH 1aPUTE. 4 TECR-
MIQUE NELPY DMeP 31DESLIP,

RABDON OSCILLATIONS MAKE ST BIFFICULT
TO MOLD 4 BANK AWGLE OR STRAIGNT AND
LEVEL.

ROLL RESPONSE )3 ABAUPT ABO UNPRE-
OICTABLE. DIFFICULT TO FIND THE AJL-
ERON (RPUT THAT WILL GIVE ZERS BOLL
WATE.

CONTROL NOT TOO 8AD. DESIN-
WTAOL POWER ARD IEXSITIVITY,

LARGE § SIDEALIF IBDUCED BT ROLL-
(NG MOMEATS THAT TRIOSERS OBJECTION-
APLE QUTCH ROLL OBCILLATIONS. STROWY
BOLL DUE TO BIPESLIP. SENERATION OF
ADVERSE ¥ RICTS USE OF LATERAL
CONTROL WITH RESPECT TO PRECISE WMA-
WEWER) LoV RISECTIONAL STIFFRI

cARRIES OVER 10 nien |@/@] cuamac-
TERISTIC AND CAUSES SANK ANGLE CONTROL
PRONLENS.

DIFFICULT TO ESTAGLISH A QIVEN BARK
ANSLE.

LOW DIRECTIONAL 3T)FFNESS.
LOW OMIPED DUTCH ROLL MBOE.
EDIUM TO iGN ROLL Dilerile.
e |@/8] .

ASONABLY WELL,

LATERAL CONTROL SENSITIVITY TOO WIGH,
TOO WUCH ROLL ACCELERATION AND ROLL
RATE FOR A GIVEN STICK DEFLECTION.

KEEP THE SAIN DOWN ON PILOT (APUTS.

NATING. WOT NOTICEABLY AFFECTED.

[ WOLL ACCELERATION IS QUITE ABRVPT,
BOLI RATE TGO MIGN. MOLL COATROL
OVERLY SENSITIVE, CORFIGMATION 18

LOW DAWPED DUTCH ROLL WODE.
nien | /4], Low DIRECTIONAL
STIFFNESS.

LARSE AOLL DUL TO SIDELIP. UNCER- WISTL For TRE MissioN.

TAIR SOLLING VELBCITY. NOT STIFF

ENOUAN DIRECTIONALLY.
. SANK ANSLE CONTROL IS QUITE | M0 MAJOR OBJECTIONS. wovLd LikE A  [WORE REQUIREM. RANDOM BO1SE EVALUATION 9T MAOE. wow-| SANE ASGLE ABO WEANIBN CONTROL GITE
NEADING CONTROL I3 QUITE 8000. | LITTLE WREATEN LATERAL COMTROL JEVER 13 LIGNT TR MOGIRATE TURBJLENCE | 8600, LOW ROLL DAMPINA FORCES ME TO

CONTROL SUFFICES QUITE WELL
T WORMAL MANEUYERING TAMKS.
ROLL EXCITATION 13 YERY SLIGAT,

SERSITIVITY,

[TRERE WERE RO NAJOR OBJECTIO

WARE AN OPPOTITE COMTROL IRPUT IR
STOPPING.  QUITE NigK ROLL OVE TO
VAW, ACCEPTABLE JATISFACTORY, FAlR
T0 000D,

PROVERSE 1AW THAT TRIGBERS WIgNLY
OSCILLATORY BUTCN BOLL MODE. MKE
TOO SERSITIVE LATESAL COMTROL, WIGH
ROLL DUE TO SIDEBLIP.

JEYERYTNIRS MuST DI DONE QUITE sSLOom Y
WITH SMALL INPUTS. IAVERSE & TECH-
MIQUE WAS USEFUL TR DECREASING AMPLI-
[TUDE OF RANDOM ©SCILLATIORS.

LEM NOT ALTERED 3)@WIFICANTLY §Y
RABOON MO 13E.

CONITANT ATTERTION REQUIRED TO NEEP
WINGS LEVEL. CAR 0O PRETTY $000 JOB
IN A STEEP TURN. WEADING CORTROL

FAIR,  WiGN ROLL DUE TO 31DESLIP.
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GROUND SIMULATOR CONFIGURATIONS
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Root Locus Diagrams of Fixed-Base Configurations

Figure I1-8
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3.5 PART III EXPERIMENT

In Part III, sp.ecific configurations were evaluated to supplement
handling qualities investigations of lifting body designs being conducted by
the NASA Flight Research Center. The flight program consisted of four
groups of three configurations each. The three configurations in each
group had the same characteristic equation and the same rudder control
but different aileron control derivatives. The four groups represented
different phases of the re-entry mission. One group was evaluated during
a steep spiral descent to a landing approach but the others were evaluated
in up-and-away flight under the same conditions as Parts I and II. All four
evaluation pilots evaluated the descent configurations and three evaluated

the other groups.

The fixed-base evaluation program was quite limited with only
four configurations being evaluated once by each of two pilots. The same con-
figurations were not evaluated in flight because there was more interest in
other configurations when the Part III flight program was conducted approxi-

mately two months later.

The results of Part III of the experiment are presented in the
Part III Data section, where individual pilot ratings and composite ratinge
are plotted and the pilot comments are summarized. In addition the response

of these configurations to side gusts is discussed.

3.5.1 Configurations 1-D, 1-E, 1-F' (Spiral Descent - In-Flight)

These configurations were evaluated in flight while flying the
profile shown in Figure 7 (Section 2). This consisted of a 270° turn during
a steep descent from 23, 000 ft. to 2,800 ft. The lift/drag ratio was
maintained at %::: 2.5 during the descent by using idle power and full ex-
tension of the T-33 drag petals., The random noise disturbance was not
used during the descent because of the limited evaluation time (less than
two minutes), The level of turbulence, however, was noted and recorded

Dy the pilots for each evaluation. The pilot rating numbers and comments
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control.!" Adverse aileron yaw and the associated Dutch roll excitation was
the major objection to configuration 2-D. Configuration 2-F was objectionable
because of its proverse aileron yaw and the resulting tendency toward a
lateral PIO and the large roll response to aileron control. Possibility of a
closed-loop oscillation for 2-F is indicated by the root locus diagram in
Figure III-15,

Reference to the transient responses to aileron stick steps in
Figure III-8 and 9 shows increasing roll response to aileron on the calcu-
lated responses as the aileron yaw becomes more proverse. This is in
agreement with the pilot comments. The roll acceleration due to aileron,
L % As » for 2-D and 2-E was within the optimum range previously noted
from reference 8. Configuration 2-F, with the large proverse aileron yaw,
had objectionably large rolling motions for aileron inputs even though the

L /5,\5 was lower than the optimum.

The pilots objected to the sensitive rudder control which, with the
large dihedral effect, resulted in large rolling motions. It should be noted
that the wrong rudder set-up was used for some of these evaluations. Transient
responses for a rudder step input are shown in Figure III-12. ILarge rolling
responses to sideslip disturbances was a common objection to all three con-
figurations. Reference to the pilot ratings in Figure III-5 shows a trend for all
configurations to be downrated to approximately the same level after being
evaluated with the random noise disturbance. This indicates that the other
objections to the configurations were masked by the greater objections to
their response to disturbances. The transient responses to side gusts shown
in Figure III-13 show that the pseudoderivative configuration has a much
larger response than the NASA configuration for the same velocity side gust.
This is because the same gust velocity produces a smaller/j disturbance
with the higher velocity NASA configuration. Whether the objectionable
response to disturbances would be valid for an actual re-entry vehicle
depends upon the disturbances that would be encountered and this has not
been well defined. See Appendix E for a discussion of roll response to

sideslip disturbances.

The pilots did not object to the longitudinal characteristics, and
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these characteristics did not influence the lateral-directional evaluations.

The longitudinal characteristics are listed in Table III-4,

3.5.3 Configurations 3-D, 3-E, 3-F (In-Flight)

The composite pilot ratings derived from the up-and-away flight
evaluations of these configurations are plotted on Figure 1II-2. The pilot
comments were in agreement with the specified lateral-directional modes.
Aileron yaw was correctly noted for the configurations but was not a major
objection except for 3-F where the proverse aileron yaw caused oscillations
when precise control of bank angle with aileron was attempted. The |¢/,B]
of 2.5, which is low compared to the other Part III configurations, tends
to make the aileron yaw less objectionable. Although the lightly damped
Dutch roll was almost continuously excited, it did not present a major
problem in control of the airplane. The major objection was the acceleration

ordering feature of aileron control with low sensitivity.

The low aileron sensitivity was especially objectionable during the
evaluations with random noise disturbances because of the large stick
deflections required to control the airplane, The L'g As values were lower

than the optimum values for acceleration control taken from Reference 8.

The rudders were used to help establish the desired roll rates but
the pilot comments indicate that they did not play an important part in the
lateral-directional evaluations, Again pilots A and B evaluated part of
these configurations with the wrong rudder pedal forces. The rudder set
up of Part I was used for several of the initial evaluations.

3.5.4

Configurations 4-D, 4-E, 4-F' (In-Flight)

The composite pilot ratings derived from the up-and-away flight
evaluation of these configurations are plotted on Figure III-2. They are
basically acceleration-ordering in roll control with a lightly damped, high

|¢/ﬁ‘ Dutch roll mode. These characteristics were verified by the pilot
comments. A major objection to these configurations was the acceleration-

. s . /
ordering aileron control with very low control power. L d As decreased
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TABLE III-4 CONTROL FEEL AND PITCH DYNAMICS
FOR IN-FLIGHT CONFIGURATIONS

Aileron stick spring rate, ~ 1b/in 2.8:5
Aileron stick breakout force, ~ 1b - +.71
Rudder pedal spring rate, ~ 1b/in 19*
Rudder pedal breakout force, ~ 1b +7.9
Elevator stick spring rate, ~ 1b/in - 4.2
Short period frequency, «/;, ~ rad/sec 3. 35>:<
Short period damping ratio, % .38*

Short period frequency for descents, W, rad/sec 2 4"

Short period damping ratio for descents, % 25"
Stick force per "§" ~ Llr/g. 5.2
2€5~ in. +7.75, -3.5
545~ ine +6

Sap in, +4

*nominal values from flight records
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Table 111-5
TURBULENCE EXPERIENCED DURING

IN-FLIGHT DESCENT EVALUATIONS

EVALUATICN | FLIGHT PILOT
CONF |GURAT LON PILOT NUMBER RATING PILOT COMMENTS ON TURBULENCE
A 528-2 9 FAIR AMOUNT, SOME PRETTY STRONG GUSTS.
A 529-2 5-1/2 SOME
B 532-2 3-1/2 LITTLE, DID NOT AFFECT RATING.

B 537-3 3-1/2 SOME GUSTING, CAUSED A % OF 20°.

) B BUS-1 2-1/2 LIGHT, CAUSED A @ OF 10°.
C 530-3 2 FAIR AMOUNT, LIGHT TO MEDIUM
c 538-4 3 LIGHT
D 54]-2 4-1/2 LIGHT
D 541-2 5-1/2 MODERATE
D 542-2 ! LIGHT
D BUY-1L 4 LIGHT
A 526-2 9 STRONG NEAR GROUND
A 227-2 7 LITTLE BIT, SOME
A 529-3 6 LIGHT
B 533-4 4 LITTLE ON LOW PORTION OF APPROACH
B 539-4 3 LIGHT, CAUSED A ¢ OF 10°

I-E c 531-3 6 QUITE A BIT
c 536-4 4 FEW GUSTS
c 546-3 3 VERY LIGHT
D 541-4 4-1/2 LIGHT TO MODERATE
D 542-4 3-1/2 LIGHT ONLY
D 5442 4 LIGHT
A 528-3 10 HIT TURBULENCE JUST PRIOR TO FLARE
A 529-4 10 3OME
B 535-4 5 LIGHT
B 540-U 4-1/2 LIGHT

I-F? B 545-3 4-1/2 LIGHT, CAUSED A ¢ OF 10°-15°

c 534-4 5 LIGHTER THAN USUAL
c 543-4 8 MODERATE NEAR GROUND
C 546- 4 9 MODERATE NEAR GROUND
D 542-3 4-3/4 LIGHT ONLY
D 54Y-3 5 LIGHT
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TABLE III-10 CONTROL FEEL AND PITCH DYNAMICS FOR
FIXED-BASE CONFIGURATIONS

Aileron stick spring rate,~ lb/inm | N 2.2
Aileron stick breakout force, ~ 1b +.7
Rudder pedal spring rate, ~ 1b/in 18. 8:
Rudder pedal breakout force, ~ 1b +9. 4
Elevator stick spring rate, ~ 1b/in 4.2
Short period frequency, &, -~ rad/sec 2. 4*
Short period damping ratio, ¥ 23"
Stick force per "§" ~ 1b/g 5.2
Sc5 max ™~ ine +7.75, -3.5
54 mx ~ in +6
Sep mAx ~ in, +4

#*nominal values from ground simulator records
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OBJECTIONADLE FEATURES

WPECIAL PILOTING
TECHNIQUES

CONTROL IN PRESENCE
OF Ot STURBARCES

OVERALL OPimION

RUDDER CONTROL

PIRAL DESCENT

LATERAL-DIRECTIONAL
FREE RESPONSE

LONaI TUDI
NANDLING

LITY. eeen PiTCR
LARSE CONTROL FORCEY (1]
aneLES.  TO0 mucE
SLFICIENCY 1N LATERAL
T MWBOLR POOM FORCE

u

ATION RUQUINED FoR ALL
WANEVYERS, 3T WOLM COMTROL
FORTES 1 Tyml

TG WUCH BVBOER 4iLENGE llwllll ™
COURTER D13TURBAACE
nAmMREY REBNCED.
TION 1k PEArOMMARCE.

wen lﬂu

CAB MOLL &

CRAFY wiTn RVDBER OF
CONTROL FORCES WUBT B
i wnin FOECES Ant
RELEASED. YINICLE ROLLS BACK T#
STEAIGAT AND LEVEL. LATERAL COBTROL
ot TED.  WARLUYERAGILITY
[ERELIM

Low SREAL GUT FORCE. LIGNT
FORCK SRADIERY, TOU WAVE TO

PRTSICALLY 2EPESITION THE
MUBSLY AFTEN USAGL. WERER
Y POMRFYL I
MLL.  CAm vSE

o ARGLE 1 YOU
WAST TO ACCEPT TAE SIDEILIP.
BLL OUE TO muMER JALLY
L2 IR THL OPPOSITE DInfc-
TIon 488 TWEN AEVERSES.

OANT ABALE AND AINSPELS COATMIL
19 QUITE 8008, wOMEVEN. A 0060
DUAL OF ATTIATION 13 SEQVIED
WITH RESPECT TO ALTITUSE.

ANOLE 9F ATTACE ABS fOR
CONTROL. PSSR LOMAITUBINAL
CONTAOL DEGRADES THE CONFIGWAA-
TIO8. WAJSR OBJLCTION 13 STHLL
THE LINIT 08 LATERAL CONTML.
CONRBINATION BLFINITELY RE-
WIAED FOR ALL MANFUTIRING.

M@ ISEET AL 08
ERATL rEAse:
TEYE QARY ARGLES QZEATER THAN |
BT LIKE TO NOLY THE LATIRAL FORCES
LITR An AL,
SHABMBNY SETWECH TRE PITCE AN

L CONTOELS. SOLL COMTESL CHARSCTER-
1C3 MY NEATY ONUSE THAT THEY TEM
Teaimg inPYTS

Teentes REWIRED P00 SaRL -ou.
VIR 20° TO OO S1D1-OLIP Me T
ACHIEYE GANT ANSLED SRLATER n- [t

LATERAL BIRECTIOAAL CHARACTERISTICS
AELATIVELY WEREIPORSIVE T TURMY-
LENCE.  GREATEST TOTAL EFFECT SEEN
1N THE PITCH CORTROL AND ADSEY
PILOT EFFOAT FOI GARE ARALE COMTROL.
NAMSSAT SLTWEEN PiTCn Aul
CHTENL A WEH

MAY BOT BE SPTIMM LATERAL DIRECTION-
AL CHARACTENISTICS. ST CERT
900 FOU THL MISSION ABD THE LARDING
MPmACH.  MIT QUITE EROU
MARETERARILITY .

e ACCERTER
RUSOLA POVER 13 000
TIVITY 18 JUST dBewT
CAN PLY BANE ANGLE
WITH RUBRED PIBALS. ) LIKE
ECTIONAL CoRTARL.

Biat ARKLE CONTRSL (5 6090.
IPLES CORTROL 13 400
.lll-ul uit OF HNIR ARD
of Tyl

"

LATERAL FONCE REQUIRED ARG

ACNLEVE STLEPER gama AmgLEM.
PLTCN CONTROL FORCE FEEL 13
PO0R.  DUSINE GREATEA LATERAL
CONTRSL PowER,

e F 18, NICELY sarID
BUTCH BOLL SE.  LOV DANPIBG

RATIO i THE ROLL BPLEAL.

K 8F LATERML COATROL POWEN. LINIT(D
ENLRANILITY.  LIGATLY S8R PiTCR
4CTLRIITIC TO WOLD EITI
£MAE 00 NUPDER FORCE N A TURD.

“runets costninaTioe SEWINED

LaRGL aiLLRER 1

uTs,

ST CH OLTERIONATION 1B GARN MGLE
comTROL T PITCH CONTML CoW-
PLICATES PILOT TASK.

LITY BT EICELLERT
ILITY, NISE AILEROD FONCES Q€-

VELESY S COPERAT
3 1STRODUCED AT WOL
l|‘l OT FUOOER PEBAL DEFLECTION. '
MCCEPTARLE THE LAl

LINITED MABEYTER,
)

MBI FEEL 1T "I'v e
ACCEPTASLE Al Dl -
llLl LEVEL. 5 ovT
500 IUDDEA CONTIOL

ITABILITY IR S4M ABOLE WAS
SEAUTIFUL. WBVLE L)KE DETTER
TCH BAMPIRG. COMZRINATION

OEFIMITELY REQUIRED.
WUDRER PEGAL FONCE GNAI
19 DESIREARLE.

THE Low
{14

EOLL DANPING SPPUARY 0400
WIDERATE ROLL DUE TO S10E-
SLIP. WTCH ROLL WICELY
BANPED ANp PEETTY STIFF,

TLY DAPED SUTCH MBLL OCILLAT

YARIAWE TWLL RATE ENCOUWTENED
N LARGE AILEMIE IWPYTS DUE TO MNL
2LIP OBCILLATION 1SCURNED THIUSH
SUTCH MLL FICITATION, SPOSBEY
SITURIEAL CONTERL. THE LOM BOLL

08 BOT FBECE PITCR/BANE 03CILLATIONS
THET WILL BIE OUT.

ENERALLY CORTISL IS QUITE PoRs.
AILESON AEIPORIE 13 BOT 1MMEOIATE
ENOUSH.  OUTCR BOLL CONTIRUBUILY
CICITED.  #ILOT TA ATLY 18-
CAEANRD.

LARSE MOLL DUL 79 319E3LIP wiRER
AUOMERY VERY DIFFICULT 19 VDL,
AILERSS RESPORSE URPRE®ICTADLE,

COUPLE OF FREQUERCIES. OWCE AT THE
WTCH SOLL FRIQUENCY AND ASAIN AT R
LOWER FREQUERCY.

THO SENIITIVE. PORCE FEEL
19T ADEQATE. TO8 mCH
AOLLIBG MOMAT FIR & AL
NEUST OF PEBAL FORCE.NOT
£N0UsH AE30LUTION.

DUCED OICILLATIONS REQUIREY
A WAJOR PORTION OF TRE
PILOT'S ATTERTION,

CLEANLY A COUPLED ROLL 3P4RAL
LISATLY DAMPED DUTCH ROLL
WROL, WODIRATELY STIFF,
FLItLY nign # /48

LOW BREAZOWT PORCE, VERY
LIGRT FONCE SNADICNT. TaE
SASIC D) MATMINY TEMAT EXISTE
SITWELE TBE BOLL AaP PITCH
FIEL )9 SECTIMNANE.
LISKTLY DASPID SBORT PEN)
MIBE. RWARIL TV ELEIVATR
13 T8O 8SCILLATONY, &
DEFIBITE TERMLECT T0 NOSMLE
niee.

3-97







CONF18.

Lo

AFLERON CONTROL

SUMMARY OF P
FOR FIXED-BAS

e &

OEFLECTION GIVES OULY W0* 97 paaL.
TN QUSSR COBEDINATION FULL A1LEMN
YES A0UT 60° OF BANE. T oLV

onE T

€3 CORYTANT PORCE TP

“"w
WOLO 4 NARE adCLE

CEEP AILENOR FORCES DO TO M KCCPT-
LEFEL. REGIRED POR ALL

SENERAL AILERON Yiw COORDINAT ION
FULL BEFLECTION REWLTY I8 3 SELATIVELY | ADVENSE Tiw BISPICULT TP COOMMINATE STEIPLY TymNS. | LOW SREARSWY FONCES, SLLSTIVLLY
LYW BELL AATE BEIRG ACMRATED. WITH- AUBIT FILL W SEPLECTION 18 ALAYY FRRCL MMM MRT. .
WY e cow FULL ALERME ATQIRED 1N & STEQP STEAKY TWE T8

.ﬂ" e, rin Il-

FAVORABLE FEATWRES

SRJECTIONANLE FEATURES

HP POTRIRMESE PUTLE BOLL GOCILLATIORD
Iyetiy MTE YO B mox 1M

OABE ABOLE ASS NLDISA CORTEM. IS
WITE PRECISE.

LACE O NABSUYERSBILITY. PESR PITER
CONTEOL. LADGL CONTISL FORCES REWINDD
T MILO STEANY 52N 4BOLES. OO WeCE

L1 NI MFIC) @Y AATERM
CORTROL POMES. LIGAT EeOR(R PEBAL PORCL
uamy

S3CILLATE GACK MO FORTR ABBUT THE
OLIIRED DANR AMLE AT & L EQNENCY.
STEEP TURNY ANE BETTER THAE MALLOW
TUENS [N YEMMS OF DARE MMGLE OFCIL-

A ML QAT OF ITLABY
9CL 13 REQIRED FOR &

YIRS DECAUSE THEY ARE TOO SEABITIVE
ARD POOSUCE TIO WUCH MOLLING MBMERT
ML L AL SEFLECT

cIatERIMg

W WYIRADILITY.

TAE YAMIART ROLL GATE ERCRUSTENTO
WITR LASGE A1LEMOR IWPYTS MWE T8 THC
MIMBLIP $CILLA
THE WWTCR @LL DICHYA

LRSI TURINAL CORTER. THU LOW SOLL
L 4L

-0 LATERAL CONTROL ACTS 43 4 BARN MSWLE SLIGATLY AsveRsE FOR B ABALED OVIR 2° Liemy
TOSITION CORTIOLLEN. CONTMRL APPRANS CINERALLY BEAYY. ™ »
VERY NEAYY 4SO SLUGHIMN. wyBT WALD - ACHIEVE BAS ASELES GEATER THAN-M°. MBI B
conTeeL MACES T0 TAIR JAAK ANGLE. TIN) 1NYMED WTH MW IMAEL 07 B0 SOT LIEK TP MOLO THE LATERAL PORCED
WEN CONTMOLS AAE RELEASED THE CRAFT MAKEYYER IR AL GO PAW IS4
ROLLY OUT STRAIGAT ANO LEWEL. FULL HATIS PO SN THE OWTCH MOLL 6O
SLFLECTION wiTh CODRDIRATED AUORER T PIRISD MR,
SIVEY €0° OF BAAI. . . ISTICS Mg
9 ILAYERTEIRY (HORCE PITCRING 1B0UTS
_ - 18 LLING NASRNYIRL
1-¢ LITAIMELY LaAGL ATLENN STICK PRRCE PIORMLY PRVEREE 6T ALQIAE FON THALL A1LLEBN IRPUTE BITE LW SREMONT ML PINCE ABELITY OF TNE PILOE 19 MAOT, LACE 8f LATIAML CONTIOL PowEl. LWITOD
RCWIRED TO MATHTAIN SMMK SNRLE.IF OUT FON LAME DABL ANLES NVOOIR SRADIGRT LIGHT T8 MEDIM BT B ARD BMIE ABGLE IS DICRLLMT. SARGNIEABILITY. LIGTLY BRPED PITCH
Ty DOITT COONDIBATE BV SET A COMBIRATION 13 ML 0 THE vERY CRAMACTAAISTICH. Riving T8 BOLD LITmER
STEADY STATE samK AGLE FOR 4 STEARY I BRL AILEI0N 0% MIISIR FlRCE 18 4 Twie.
STATE AILEBON IRPNT, LARSL DURLECT
ALQILES TH QERERATE EYER NOPEST MLL
TUIPORIE. VI TAUT COR P
SEFLECT
1-F AILENE RLIPOATE 1S A LITILE vePRE- WML MGURT O PRSTEN e USE UF NUMRD FUN COMDIRATION LImT SRLAEOIT FORCL. UITE LW BETTER CORTROL MARatwy BETWEEN LIGATLY DBOPES BUTTA ABLL ORCILLAT » e
CTABLE. TOU TEXD T8 BYEusmset MD YLD OE ALQINED.  CAMLD SOT VSL FRRCE GRADI DNT, 6089 BTICK PITCH ANS MLL, 090 amp Ty







CONF } BURAT 100
. - ’ Wy it

i

1-B.0=E,0-F0 |

© MOOTH AIR-TO LIGNT TURBULENCE ...2
) WOOERATE TURBULENCE

S 1-F
@

0.4

ot
A
2}

. A M543/l 525
0.085 - 0.580

A N (U‘ z
S L) . .07 Wy

............................. T pg 1 R R S R eeean
L - e 2 S EORIE .

CONFIGURATION | 2-0.2-E,2-F

Wy 3.
: : : H : $d 0.06! : :
. ......... ,\ .......,..........?_........'......' i . '/,d . 5.2 sepoasneseed }
: : te 5.53 :

H
: ' H H :
eoeeanan S deeenenes guemnmnns $emnee 9 oo reesdee- r, 3.9 R -
: H H .

”ils
Il J L
0.3 - 0.2 0.1 sas
Nias/ 5as

hd

A s A r'e
-.088 0 0.032 0.310
A A o

A (2 2
0.524 1.0 1.173 2.67¢ Wa

Figure III-1 'Composite Pilot Ratings

3-98







............................. 2 fecane
SRR IR SR . 3-E L} IRTIRNt SESECP
(<]
{gp s S & L R s -
@
......... - - [ S 5 ﬁa'F
P [ P Y "6 ......... S
CONF IGURATION | 3-D,3-E,3-F
............ B ety N T R it Ay
wy 5.23
! ¢4 0.042
o | %l 2.47 AR L) [ S S R
i 4as 0.708
oo Wes 0.089 bt 9 - fooermeees RRARLRRE S
-.08 -.06 -.0% -.02 ] 0.02 0.0%
A Il
0.2 0.1
A PO = — - A A '
0.322 -.120 [ 0.208
’'y i ' 'l
0.204 0.684 1.0 1.712
-------------------------- S CCCLEELEN o N L It Sl S St
bos-nnees B T SETTEERR SLLEEEEE T B S ;- ---------
--------------------------- e I A [ Ikt EELLCARES LR s .........:......_.._
........................... S, - Ak Sehauet SUURLC LR ALELAL A Sttt
........................... SN L S 2 NN U SRS SO SR S
--------------- e SCRLTCTTEY SEREREEEE N JEESEEE TLEE ik sabbbhh -
CONFIGURATION | 4-D,4~E,4~F’
7 S0 SN SOU SR S
Wy 2.28
4y 0.032
[#/s] 8.58 - R S A
0.712 o4
$hs % | o
Waos 0.080 9
S N B
-.03 -.02 -.0l [ 0.01 0.02 0.03
1 - 1 1
0.1 0.063 0.042
1 i L ]
T ° 0.2 0.518
! '] N 1
0.613 1.0 2.718 5.467

Figure III-2 Composite Pilot Ratings
3-99

N5as
Ls4s
NI‘"/ [A"ls

ek
wo




i CONFIGURATIONS 1-, 1-E, I-F¥ IN-FLIGHT |
________ L PR : : .L' : L H " : :
1 PILOT A FLT. Sas 540s/L30s  CONFIG.
L1 528-2 .01 - 144 -0 (%0 AN)
------- : 2b.. 2 s28-2 .591 -3 1-D (N0 MM}
3 5282 t .85 . 085 1-E (WO W)
3f.. & 5272 .388 . 065 1-E (N0 )
5 529-3 -385 - 065 1-E (N0 RN)
i . 6 528-3 .2i8 .580 1=F* (MO RN)
! 7 529-4 .215 .580 i-F* (MO RMN)
: : T RUDDER PEDAL FORCES HIGH BY A FACTOR OF 13
- SIS SR SRR SO
L IR * @l
-2 -.08 -.04 [} .04 .08 .12 JAs
—— v ?;4' a L5}5
.5 4 . . .
v - — M — NJAs,L:i.s
- 14 ) 065 .580 , .
(Do)
.238 1.0 .38y .07
CONFIGURATIONS 1-D, 1-E. )-F' IN-FLIGNT !
P @3 A S
P @2 -
S E [ 108 |
pree sy A A -
: : LOT B FLT Ly Nns /L.;‘, CONFIG.
i : T T 1 saz-a 601 ST 1-0 (WO RW)
; : : H 2 537-3 .601 -1 1-0 (MO RN)
! i A S [ {3 sus-u .60 . 1-0
: : { i i i 4 5334 .385 .065 1-E (N0 RN)
Breesen Feseeens goeeeenes rooeeenes foeaeenas deeenneeas deeeeees st- 5 539-y .385 .065 1-E (N0 RN}
; : : i i ; H & 535-4 .215 .680 1-F* (M0 RN}
O T ST TR SUUS SO o} T swo-¥ .218 .580 1-F* (N0 RW)
i ; ; i § i 8 545-3 .218 580 I-F!
i ; i i : P o : : ;
: ; H N
- 12 -.08 -.04 0 .04 .08 12 Lf"
6 5 . ] 3 has

Y
.065

1]
N‘u/“s“,

Figure III-3 In-Flight Pilot

1,344

%.100

Rati

ngs

(@pferg)?



COMFIGURATIONS 1-D, I1-E, I-F': IN-FLIGHT
1
PR
) - T R AP RN
1 ©4-memee 4. P SRUSNET SRR SO i s
€ 2 oot 3 £ T R
AU SO I ¥ 7~ NS SN SN SN SRS S
PILOT ¢ FLT. L} N[l CONF1g :
#s as/L5as Y DUV S S, U VS S 96 -
I 5%-3 .60 ™ 150 (N0 AN)
2 s34 .60l T 15D (N0 RN)
3 s53t-3 .35 .065 - (w0 aw) "Sf A R poeeenes bovereoeed oo A
v 53-8 .38 .085 I1~E (M0 aN)
5 5483 .385 .085 1~€ (W0 RM) 7| R T S L
6 sa-¢ .21s .580 I~E* (N0 RN) i : ;
7 583-u 215 .580 1-F* (o RN} g i i@ T
s Sue-4 215 .580 1~F' (WO RN) :
R R S o] ... o] - o I A ios-
: : 10 b
’ ~ Nigg
-2 -.08 - .0 0 .04 .08 12 ,
- y v v — L5,
.8 .5 - .3 -2 Y
v T r Y Nias/Lsas
T 0 .05 .580 (@)
>y g v @,
.23 ) [T 4.071 #/@d.
! CONFIGURATIONS  1-D, 1-E, I-F’ {N-FLIGHT i
H PR H
I3 R I ( -------- MAREEIED LLEEEEDN SARELRLEE LEERLEEEN T
---------------------------- eenannn S SETRER R SOUEESS SRR 2§ oeeeenes 4o s T SLLITUINE TRRRRS
| B Y SR SO SV N -
60 | i :
T ) NS NIRRT B A—
Os P o
-------- + R B enT = 3 -
PILOT D FLT. L'seg  Nig /Ly, — cowFiG.
| os4l-2 .60 " -0 (NO RN)
2 s41-3 .60} ™ 1-D (MO RN)
3 =22 .601 e 1-p ("0 hN)
" TR Y .01 AT -0 (%0 m)
IR .388 .085 -E (w0 )
6 5u2-y .385 .065 1€ (W0 M)
7 sw-2 .385 .085 1-E (NO AN)
8 5M2-3 L2185 .580 I-F* (m0 kW)
: 9 sa-3 .218 .580 1-F* (%0 an)
H L) : : : ; i : :
o - . N"“
-.12 -.08 -.0% 0 .0% .08 A2 ,
T T " 13 3 Li.;
.8 .5 . . : .
. 1y ' 06 & Nins, L
- [] 085 . 580 P 2
L, - we,'w,
1 10 e o7l (s, )

Figure III-4 In-Flight Pilot Ratings

3-101



CORFIGUEATIONS 2-8, 2-T. 2-F in-fLIGNT
)
rm

fidt

LN

FWTARL. O Ly Ni i, o

o 1 w2t g -.00 £ ]
1 Ut .am K *t
s s .o .02 2
7 . -2t .me e >F
rieT e 0
L] [ I} 11 .82 -
. t RUDDER PEDAL FORCES MWiGM BY A FACTOR OF 13
19
-0 -0 L] - -
v - A, = Lsay
"" .3 . .2 s 1 N'l../L""
- 032 il 2
Y ) M) 2.47¢ (wares]
CouFIouaiTIoN :-:. 2-E, 2-F IR-FLIGNT
S
, S Bt U S S
PSS SN0 S DR SN S
%) o[}
§: !
| . L Qs
1]
PR RUL Ly, N [Lp. R ""“/
oAt g o0 I | Y
1 ) an -.008 -0
1 W an -.008 F L I e -
+ sis-3 t ] .o €
[T . .09 R
[T K 092 2L
7 w1 1w .0 LI SRS ST S e - I S S
! oW R e L t RUDDER PEDAL FORCES WIGH BY A FACTOR OF 13
i i H i i i ile : A : : X : Ny
-.08 -.01 0 .01 .0y .04 L,‘"
O v as
3 1 i Nyl
one ¢ on o P 4
s1e 1.0 1173 2.670 Ll
COUF IGURATIORS 2-D, 2-E. 2-F IR-FLIGAT H
| D=
2 b foydd i i
3
PILOT ¢ FLT. L’,_' N;"/L"" [ LIT N SRS :
1 e .38 --088 2-0 5
[ N . -.00 -0 8 ] i
3 -2 an -012 - RABOGM BOISE RATING =
v - 1 .01z X SN 1 v M .."..__—16- .
5 M- e . 310 2-F
¢ w2 Bl BRI L LI U SO A
5
I o1 ) [ : :,"’
Tas
) .2 ] . * .
7] s .02 310 V"/’ L:”
) e L 2,676 (ig lugy)

‘Figure III-5 In-Flight Pilot Ratings

%.102



1 i i i CoRINNATIONS 3.0, 3-8, §-F IR-FLIGT
A '
i { . [
IR
MMTARLO Ly, N feh, W 1
1 T [} R
1 -1 g
’ Pt -t
. . r . OO ST S S
[} an »r
nwre 0
3
' LN -t ? .
oo
'"-;nu u:nu : ! s
bew moisE maTiNg z?
} ; ' : ' : [ OO A [FUR B
+ RUDDER PEMAL FoxcES Wied By A Factororis § | : i f
A
i ! i i i " Nise
- - -.0% -.01 L ] - L] %
¥ v ar
.1 A Nots
.. - 138 M an 43/% 80y
E1) ) X) R (wy/uw)?
CORFIOUSATIONS §-9, 3-8, 3-F IN-FLiGAT
]
V
------ ]
1
L} ] L] 1]
|
] . . USRS | NSO O
W AIN mATIAG
o 50188 AT IAS l"
H t t H L L
PiLeT 8 AT, 1.'," 'lq'./l.'., comeis.
[ i1 5] LN ) I o
1w dw -an *-»
-t oan e >t R e ?
TN g -am -t
S G B B N BN ] [ S N Py SO A e
Pooe et e s *r
7 et e am aF ~y].. 1. MUDDER PEDAL FORCES WiGN BY A FACTOR OF 13
" e .t .. - H H :
N NS S N ) S S P
B0 “on ] = ] = iy
1 A Las
S — - = = - N3 'y
T s 3 "in (‘:"g");'
e R e B #/a
|
‘ CORFIMEATIONS 19, 3-€, 1-F IR-FLIGAT
R
¢
3 : '
20~ L] [ o
_— INOOTH AIR RATING T i s
RAROON WOISE MATING |
....... PiLeT € FLY. Ly Nhaglisy SBFI8 . .§...
T T N -an )
,,,,,,, 2 m- v -, - ,
e e T *
S e -am w1 i
[T s-f
. e -
H t -4 ) FESCUSNE SPROY SNT S
—% = —— e Vins
n Ly
-2 . T = ;v as /b %
- [ K] ¥ “ofoor)

Figure III-6 In-Flight Pilot Ratings

3-103



GUEATIONS §-§, &£, %-F’ (a-FLIGT
" |

] ¢
1 ! 1Y

i 1
i i
tf- PUTAONY. LYy, Ni,/i'g, o888

1 el ™ -0 (%]
of. 1wt e . o€ (me 1)
1 -t Bt - [ 2 4
¢ et t 0 .1 (3
'_ Tme st o2 e -F
PILOT B O LT,
BN L] AT ) -8 -

?

+ RUDDER PEDAL FORCES MIGM BY A FACTOR OF 13

Y
ok
2 H P
~ov I -5 R Naay
A T “as
Noas/Ly,,
..o 0 FE ; i
A 2718 L (woram)
: : : CONFIOURATIONS §-D, B-L, W-F" IN-FLIGNT :
PILOT B FLT. L"‘” Niag/Lay comrie. ‘
'osna2 s -0 [ .
T w2 .160 -.0e LL I 2. H
2 szt om 100 s-E (@) :
LI -1 B .08 .20 -E [wooRN}: s
s -2 083 200 “E (0 mm)
. sw-2 .ou8 19 e (o)
1 s%-2 .0a2 818 -F SR
r w-) .02 420 -F 8°
10 .
* DM (M DECREAJED DURING EYALVATY 5 POIRT

N RATING
QISE RATING

..... o5 .
7 H
s - (A
| H o :
I i ,ﬂl -
— — 0 ® 3~} Nay
»
1 o8 o082 N,'”, ,
—owb 1 _in e Lf:'
e 2.7is S o v
CONFIGUaTIONS &0, E, Wf" IB-FLIGNT
4]
v
PUUTERS SHURINE SUTTINE SIOVTINE STRMUNE TN
| ’
........... .
______ k s SIN00TH ATR y
vasoen o1
MOTERIL Ly NGy, TS g
s .100 .o [ 1
1 53-2 .00 -. 08 (5] FE I T SO ?. [ P .
3 m0-2 .08y .20 -t ) :
LI LT N o885 ) L 2L PR O - N A i
LRI .00 KT - :
. W .on .s20 [ ;
+
'OAMPING NIGR BT BECREASED DORISG LYALWATION - ;
" roat ) : 19 ;
KT o) o .02 “on s
T M ¥ -3
.l .06y .01 NS
BT 2 s et
e g wis'?

19 10 n7is s.W7

Figure III-7 In-Flight Pilot Ratings

3-10k



86
Fe0

40

o T2 3 4 5 6
TIME-SEC

1601 I-€ 160 I-F
@ 1204 ®,20
80 (1]
40 40 4
0 0
80 - 80
Feo Feo
40 1 0
20 20
i 0
s s @ and B~ degrees
24.0] 2.0 p and 7 ~ deg/sec
0-3 0.5 5‘5 Step = 1.0 inch
0.0 0.0
-0.5 -0.5
12 12-‘
Ts rs
4 4
0 0
- el
¢ Smesec 0 ° 0 QTIHE?SEC‘ s
160 2-E 160+ 2-F
9120 9,20
LY 80
40 40
0 0
80 80
PSO PSU
4 40
2 2
0 0
1.5 1.5
2,0 8, 0
0.5 0.5
0.0 0.0
~0.5 -0.5 \/\
12 12
r [} r Iy
4 e
0 1} /_
-4 -
0 mtes.ec > 01 zmtascc‘ >

Figure III-8 Transient Responses To Aileron Stick Step Calculated From

NASA Derivatives

3-105



1607 1-pt 180 -~ 160 I-FI’
®120 @120 %120
20 80 1 80 1
40 40 | 40
0 0 0
80 80 80
Pe0 Feo P g0
40 4 10 1 40
20 20 20
0 0 o
1.5 1.5 1.5
2,0 2.0 2.0
0.5 0.51 0.5
0.0 0.0 0.0
-0.5 -o.sJ -0.5!
2 . 2 # and @~ degrees
T g g ra P and 7 ~ deg/sec
41 4 ‘1 SAS Step = 1.0 inch
0 0 0
P - -qd
LRI WO 0 mesec ° Ol s G
*Calculated From Pseudoderivatives (In-Flight Records Not Obtained)
160 160 180
® 120 2-0 @120 2-E €20 2-F
80 80 80
40 / 40 / 40
0 0 . 0
80 80 [ %0
Pgo P60 Peo
a0 0 %0
20 20 20
0 0 o
1.5 1.5 1.5
210 2.0 4,0
0.5 0.5 0.5
0.0 /\/\\, 0.0 0.0
-0.5 -a.s ~0.5
12 12 12
re reg rea
4 P/" 4 4
0 0 0
-4 -4 -
Ol s ° ° O T fhedect 5P Ol e’ 0P

Figure III-9 Transient Responses To Aileron Stick Step From Flight Records
Normadlized To 1. 0 Inch §44Step

3_.106



160

@120

ISD.‘
®;20
80

10

80
P e0
40

20

81 .04

0.5

0. o=

~ 0.5

o 7 2

TIME-SEC

3

180 160
120 3-E 0120 3-F
%0 80
40 | / 0 /
o o
0 #0 '
fso Feo
0 40
2 20 /
o 0
1.5 1.5
410 810
0.5 0.s
0. 0 e Yy 0. O~
0.5 0.5 # and M~ degrees
12 12 p and 7~ deg/sec
Ts e SAS Step = 1.0 inch
. 4
o F/_/ 0 ,/
. 4
LI . ¢ LRI J ©
e 4-E 160 4-F"
%120 %120
80 80
40 40
0 0
80 80
P g0 Pgo
40 40
20 20
0 0
1.5 1.5
%10 2.0
0.5 0.5
0.0 et o.c\/\
~0.5 -05
12 12
T g r 8
‘ 4
0 s 0
-4 -4
O T e’ ¢ o Smesect ° °

Figure III-10 Transient Responses To Aileron Stick Step Calculated From

NASA Derivatives

3-107



40

20

1.5
2,0
0.5
0.0

0.5

6 T 2

160; 4-D
® 1201

3
TIME-SEC

5

K3

1.5
%0
0.5

0. 0= pmme—

- 0.5

TIME-SEC

160 160
3-t . 3-F
@120 120
80 &
40 40]/
o 0
80 au]
P g0 Peo
%0 %0
20 20
0 0
1.5 1.5
2.0 LEAW!
0.5 0.5
0.0 FA WanS 0.0
0.5 0.5l @ and @ ~ degrees
12 21 p and ¥ ~ deg/sec
r r'eg R
& 5,,5 Step = 1.0 inch
. 4
N W
-4 -4
o I 3 4 '§5 ¢
TIME-SEC T1ME-SEC
160 150
y-E y-F
® 120 ®120
(%) ]
40 40
0 0 e
) 80
Fso Pso
40 0
20 2
0 0
1.5 1.5y
2,0 8.0
0.5 0.5
0.0 ————+ 0.0
-0.5 -0.5
12 12
re T8
4 4
o l 0 /—1—/
-4 — 4
¢ I 2 3 4 § 6
11ME-SEC TIME-SEC

Figure III-11 Transient Responses To Aileron Stick Step From Flight Records
Normalized To 1.0 Inch §,4Step

3-108



40 1

20
10 1

1-D, I-E, I-F' 2-D,2-E,2-F

£9.0

//_/

3-013'E13'F ll-D,ll»-E,ll-F'

0.5

Figure III-12 Transient Responses To Rudder Pedal Step Calculated For
In-Flight Configurations From Pseudoderivatives



{ 1-D, I-E, 1-F'

e

A

‘ VA
-20
-40

2.0

24,01

|

Vo

.
V

0 T 2 3 435

TIME-SEC

207 2-D,2-E,2-F

NN

Z":AQQ
D}\/\/\/

AV

'2.0

10
rs{f\
0 LN

|

=5

=10

0 172 3 4 5 6
TIME-SEC

Calculated From NASA Derivatives

20{ 1-D, 1-E, I-F'

~20

-40

21.0
0.0

/\[\/\-/E
\

-1.0

-2.0

2 3 4
TIME-SEC

20 2-D,2-E, 2-F

N VAAVARV/

-40 4

\ AWAN:
N AyavAY

-2.04

10
rs

. VANIVAN
N RVAAYARY
- 104

0 6

2 3 4
TIME-SEC

Calculated From Pseudoderivatives

—t .05 SEC

i

20 FPS

¢ and B~ degrees
p and 7 ~ deg/sec

Figure III-13 Transient Responses To Side Gust

5-110



3-D,3-E,3-F

@ “"Dv“"Ev“'F'

N

i

Calculated From NASA Derivatives

3-D,3-E,3-F

-2.0

A AAH
et
L

TIME-SEC

27 4D, 4=, 4=F'
%50
o a N
-10
-20 4 \/
40
P20
o |
-20
- 40
2.0
2.0
0.0{
-1.0
-2.0
104
s
imvanes
-5
- 10
T et ¢

Calculated From Pseudoderivatives

@ and 8 ~ degrees
p© and 7 ~ deg/sec

Figure III-14 Transient Responses To Side Gust

3-111



-

S R

P
-

P

AN

YN

2-E, 2-F L

figurations
to Bank Angle Loop

s

Flight Con

+-4=---

Am—————

(P
L10---
9--—

%.112

L

2

4-———
A

|

3-E
IO N S

#j0
o

(O S

3

Varying Pilot Gain Closure of Aileron

2

[
- S

PSR

3

e
e am

y

N

I-E,

qrm—————

Figure III-15 Root Locus Diagrams of In-

1-D,

[ I

B Y Tyt DI VO P, N,

L S

v
'
]
1
‘
'
'




1-A |-B
0 40
®3 ®3
20 20
10 10 /_—__
0 0
20 20
P.s Pis
i0 10
5 s
0 0
\/
3.0y 3.0
2.0 250
1.0 1.0
0.0 0. 0f—e—————
1.0 1.0
2 2
s Tis
1.0 1.0
0.5 0.5
L /—
o] 9]
@ and @~ degrees
0 ] 3 S 6 o 1 2”‘3 45
1rE-3¢C “SEC L and 7~ deg/sec
I-C I-F )
40 40 5‘5 Step 1.0 inch
®30 ®30
20 20
10 10 /\
0 o
F) 20
fis P15
10 10
5 s
0 o
3.0 3.0
220 2.0
1.0 1.0
0.0 0. O~ et
-1.0 -1.0
2 2
Tis Tis
1.04 1.0
.54 /“/_— 0.5
o o
] LI )

FE R
TIME- SEC

Figure III-16 Transient Responses To Aileron Stick Step Calculated For

Fixed-Base Configurations From Pseudoderivatives

3-115



o 1 Z\
0. 57

50,0—@—.—&——&—1
- 0.51

-1.0
- 1.5
1.5
T 1.04
0.5
Y AnS S e

o 1T 2 3 4
T1ME-SEC

20 1-C

@15

2 3 4
T1ME-SEC

Figure III-17 Transient Responses To Rudder Pedal Step Calculated For

2 34
TIme-sEC

& and A ~ degrees
20 I-F p and 7~ deg/sec

15 ; JRF Step .1 inch

Pis |

Fixed-Base Configurations From Pseudoderivatives

3-11k4



GROUND SIMULATOR CONFIGURATIONS

+jw

+jw

. S ST S - i {
[} 1l T 1 1 1
i 1 ! ! ' H
1
i i . 1 © -
[ N~ w 7] .wJ v
. 1
T 1 1 ' © + ) H
1 1 ] I i
1 i 1 ' '
i i : ! '
J 4 B Y P
; S : - A A G
e e T e e L kbbbl SLTEELLL EEEEE ' '
= [ | 1 1 ‘ ' 1 H ' ! i i
) i i H : 1 . H i i i
| ' | ¢ U ! ' ' H ! ! ! !
“ _ ‘ : ! boseee drmmeeas demeees e domeeeee - - [—
J I I J. JE S, o~ ! ' 1 1 i L H H
) + - 1 ) 1 ' M 1 [ 1 [l “ 1
1 : ' i ' 1 ' i H ! ! ! 1
A R A _ A R A A
“ P " " SRS S o SO " “ “ !
: i s i i ® : e T T - £
4 4 l_- * $ H ] ' i 1 H H H i H
1 1 1 1 [l ! [ 1 i H H " i
\ i i 1 | ) 1 i t H H ! '
: “ “ " " ; _ b ; | ;
S T S S SES IO [ A [ R [ [ —
i i i ) i =+ " " -
* S
3 ; T e I S
1 i i [ 1 1 [ 1
. . . . - . . -, ! 1 1 ' ] 1 ] i
r r I R F “ - ! _ _ : _ :
! 1 ! ) ' ! ' w w® ~ w0 w = o o~ -
1 + ' 1 . . " N "
. N . . ' v T T ! Y !
- 1
[l 1 t 1 ' A 1 1 i i ] H “ “ _ Vr
b 1 [ [l + 1 ] H ! ! 1 4 I 1
i H i ! | ! ] p v 2 i H i J
1 1 [l ' i 1 1 [ [t ro~-== [t ] i I =
) 1 “ u " " ' ' " “ " 1 ' '
tmm————— [ S P e ———— o Pmmmmmm I [ A - 1 ' i 1 | 0 1 ' Y
i 1 + 1 [ ) ' ) ) ' ! 1 Il 1 ! 1
_ : _ _ : " “ “ “ ; “ | “ " ;
1 ' .
: " : " : : : b — oo dmomeees $emeoes i . A [ E—
i i ) i ! ) , i : H i 1 : 1 1
R A I boeemeee SR A - o _ ; _ _ : : _ !
V [ ' ) ) ] ! ' ] ' t ' ) ' i
’ t ' 1 [} 1 1 i i 1 1 1
v 1 ' 1 ' ' ' ] 1 1 1 ]
' 1 ' ] } ' L D et LR pmm————— pos———=- Py ===== r-=
! “ P “ P “ ; A “ _ |
i | t ) [ A L 1 1 1 i 1 ] 1 1
||||||| o PN
v T : i H T ; ! ; i ) H i 1 i i A
' ) - | ' t ' 1 ' o ! 1 0 1 1 1
i i : i : : H D T e B A drmenes S
“ ; P " L | LT P _ A ¢
Jmmmr— - 4 P —d B dmmmm B ———— = 1 ] ] 1 “ ] 1 1
] ] 1 i 1 ' 1 ' 1
1 ] 1 ] [ ] T 1
] ] 1 ’ ] ] ) ]
s 4 J doeeneen -

POLES AND ZEROS CALCULATED FROM PSEUDODERIVATIVES

NOTE:

Figure III-18 Root Locus Diagrams of Fixed-Base Configurations

Varying Pilot Gain Closure of Aileron to Bank Angle Loop

3-115






SECTION 4
CONCLUSIONS AND RECOMMENDATIONS

The preferred configurations in this experiment were those for
which aileron control was; roll rate-ordering, had adequate sensitivity,
and did not generate sideslip or excite the Dutch roll mode. If these con-
ditions were not met, 'then "good'" rudder control was helpful to damp out
the Dutch roll oscillations, keep sideslip zero or to augment the roll

response to aileron.

For configurations where the aileron stick was roll rate-ordering
and the control sensitivity was adequate, the pilot ratings and comments
were found to be related to the amount and the sign of the sideslip that
was caused by aileron stick control together with the magnitude and phase
of the Dutch roll excitation appearing in the bank angle response. The Dutch
roll excitation parameter, (A)¢/u)d, by itself, was not adequate to correlate
the pilot rating and comment data. Rather it appears necessary to con-
sider the residue of the Dutch roll mode in the bank angle response to
aileron stick inputs, together with the magnitude and sign of sideslip

excited by aileron stick inputs.

The results of the fixed-base and in-flight simulations were in
general quite similar; however, the time histories of responses to aileron
stick step inputs indicate that there were differences in numerator factcers
between the fixed-base and in-flight simulations which frustrate detail

comparison of the results.

The configurations evaluated in the program demonstrate the effect
of rolling moment due to sideslip, L;é , the Dutch roll mode, a)d 3 6:! and
the roll mode time control, TK , on the roll response to sideslip disturbances.
The response at all frequencies is proportional to L’,d while the response at
low frequency is inversely proportional to W4 and Az . When the Dutch
roll damping ratio is low, the response at the Dutch roll frequency is
dominant and the roll response to sideslip disturbances is indicated by the

magnitude of the roll-to-sideslip ratio in the Dutch roll mode.

.1



Evaluation of the configurations in the presence of random noise
disturbances proved to be a valuable part of the investigation, It often
emphasized objectionable handling qualities that were not obvious in the
smooth air environment, Although the random noise disturbance, as
employed in this investigation, showed the effects of an external disturbance
on the handling qualities, simulation of actual turbulence would be more
desirable, It is recommended that techniques be developed to (1) determine
characteristics of the turbulence that is representative of the mission
environment, (2) determine the responses of the actual vehicle to this
representative turbulence and (3) simulate the significant responses to

turbulence for the evaluation,

The results of this program indicate that pilot rating of the
lateral-directional handling qualities is noticeably influenced by aileron
control sensitivity. It is recommended that further investigations be
performed to establish the range of values and the relationships of the
aileron sensitivity, maximum deflection and force gradient desirable for
the re-entry mission, Investigations are especially needed for acceleration

ordering aileron control,

Lo
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APPENDIX A

LATERAL-DIRECTIONAL EQUATIONS OF MOTION

The lateral-directional equations of motion may be written in

stability axes as follows (from References 4, 1, and 9).

A N Vo A
/V,+/V‘-'s Ne-s /V,;S ri{= _/!/r‘fs 'M,‘:, JAs
La+ljs Ly  (lp-S)s b S Pl i

er (A-1)

The aerodynamic side force derivatives Y; , Y» and Y, were ne-
glected because they had only a small effect on the side force equations for

the configurations evaluated in this program. They were present only be-
cause the rudder was driven byﬁ. , P and r signals to match the
yawing moment pseudoderivatives. The bank angle per aileron stick trans-

fer function can be written as follows:

ﬁ = #{[L_’w Y, L] s* +[/‘£s (Lp=Lg) =L (N5 - N+ %) + Y, (W L+ Lg-NpLi))s
(L Wi ) A, (o o £) + ) (Mo s -M45)) ] (A-2)
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(A-3)
This transfer function could be written in one of the three following forms

for the configuration in this program:

_@ - /(¢Jns (w¢ é).:1 $+/) (A-4)
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This form was valid for Parts I and II of this program where the spiral
mode was essentially at the origin (i.e., 75 was large) which is true for
g ' ’ r Yo
v (Nela-Naly)® o

PR (AL @ Ylo)« X (Nolin MLy
Ui Wby~ Nelp+ Yo (Wolr - W] L)+ (MoLg-NiLy- Ly )

(A-5)

The spiral mode was not at the origin for the Part III configurations and
the transfer function could be expressed by one of the following forms depending

upon the characteristic modes.

K¢J‘ —z 2—4'5 +/) (A-6)
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APPENDIX B

CALCULATIONS

B.1 STEADY STATE ROLL RATE PER AILERON STICK STEP
Equation A-2 of Appendix A can be rewritten in the following form:
¢ _ Ag (s2+25,wg5+0?)
" f
g e

s

(B-1)

_ ’ (B-2)
Ag = [L545 ’ sts /",:9]

For Parts I and II, the spiral mode is essentially at the origin, i.e.,

7, is large, and B-1 becomes
¢ A¢ (SZ+ZZ¢Q)dS#(IJ¢z) (B_3)
S s (se )2ty s )
or
2
S 2;4 )
’ z _ s+
¢ _F Ag (5528, wy s +a2p?) Ag g (C%z Wy (B-4)
P = B-4
) 3 1 s? z wy® s , 2%
S AS (S+Te )(s +2%,6) 5 +a)y?) . (T,5+1) a)dz+ 2 S+1

Thus the steady-state roll rate per step aileron stick input becomes:
—pss _ A¢ (l)¢ 2 ’ ’ ajd z
= — [l ey un ]z (2 -
Sas > @y AS As B @y (B-5)
e

was small compared to L:.;-ls for the configurations in Parts I and 1I,

’
54s Lg

and the following computing equation was used for the fixed-base and in-flight

evaluation configurations:

wy |2

fes Ly Ty /_‘”) (B-6)
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[_,g-‘s values were obtained from system gain calibrations and basic T-33 con-
trol derivatives. Te values were obtained from nominal measured values of
ground simulator and in-flight data. (&J¢/a)d)z values were calculated as

shown in paragraphs 2 and 4 below.

B.2 CALCULATION OF wg

The following expression for a)¢z comes from Equation A-2 in Appen-
dix A.
’ ’ ’ ’ ’ ’ ’ ’ ’ ’
5 2 Ei5as (/Yﬂ")ﬁ/v".)-Naﬁs .{L./‘*).:’/"T')“ 545 (No by -Nrlh)

aJ, =
(4 ’ ; (B-7)
Lsns ’ YS‘S LF.

The two Y5, terms, Y5, (I\/;, Ly - N;.L,';) and Y, /_.;é were always small
compared to the terms they were added to in this program and could be neg-
lected. \/’aL;, was also small compared to L;q and could be neglected. a)¢2
now becomes

Ns
2 , s
Q)¢ x (NL+\I/€N',)—2—'S—— L/; (B-8)

AS

The following approximation from Reference 10 was checked and de-

termined to be valid for the pseudoderivatives simulated in this program:

w2z No+sY, N = V.
A (B-9)
. Ng Ly b
@ L’ Lt 2
o 1+ “p
4
Ns

The N/Ig L',-/Lf',z term in Equation B-10 is small compared to unity and

the equation can be simplified to:

!’ y 2 \—
.iﬂ_ I~ _9 !+ LP
or, since N/; was always positive and L,’, negative
L, @ L!2 4
A -~ | X P ) (B-12)
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Substituting Equation B-9 into B-8 and B-12 and rearranging yields:

2 ’ ’
@ N, L
e L q- Sas A (B-13)
@y’ Ls,s Np

Ls |2 [n (_f_u )2}% (B-14)
Ng s Dy

Substituting B-14 into B-13 yields:
f
7 \2
2 l ;+(Lf’) z (B-15)
A Do

i
(wd)z / Nigs
— = I+
@y L
NISAS/LIE‘)S values were obtained from system gain calibrations and

Sas

basic T-33 control derivatives. /¢//3 I and @y values were obtained from
nominal measured values of ground simulator and in-flight data, L;o values
were obtained from the pseudoderivatives. Equation B-15 was used to com-
pute g for the fixed-base and the Part Il and III in-flight evaluations. Equa-
tion B-13 was found to be inaccurate for the Part I in-flight configurations be-
cause of the a)dz approximation and wWg was determined as described in

paragraph 4 below for these configurations.
B.3 CALCULATION OF Zg

The following expression for 2 g’¢ @y comes from Equation A-2 in

Appendix A.

’
Ngﬂ

. (L5 L)L, (Np-Ng+Ya)s Ve, (N5 Lytly-Ny
2wy = — M S O ——

L‘ﬂ') (B-16)

’ 7
Lsﬂs ¢ Ysﬂs L',é

Since N,ﬂ° A'r and Ny /_:;5' are small compared to Z.-/'e and sts L.,;-, was small

compared to L '545 , they can be neglected and Equation B-16 reduces to

N}As Ys
w ’ As (B-17)
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The rudder was driven by the aileron stick to obtain the desired Néﬂs

for the evaluation configurations which introduced the ngs

AP
Njﬂs

and

o Sy
YS”S Ys" /sﬂs )

Ysr = -.0128 Ng—r for the T-33 and therefore Ysps//\/a—;sx-.OIZS. When

’

)

r SHS

this substitution is made, Equation B-17 is reduced to:

NI
25,0y = — 22 (Ll -L) -.0128L5)- (N N+ Ye)

f

L’
%45

This equation was used to calculate 254wy. Values of L}, L/,
N/Z , and ):4 were obtained from the pseudoderivatives.

the Part I in-flight configurations where Z¢ was determined as described in

paragraph 4 below.

B.4 ADDITIONAL DETERMINATION OF wg ANDIyk

The values of @y and §¢ calculated for the Part I in-flight configura-
tions, using the equations in paragraphs 2 and 3 above, did not show good "
agreement with the recorded transient responses.

therefore determined by matching the recorded transient responses with re-

sponses generated using an analog computer.

The following sketch can be drawn using Equation B-7, assuming Yg‘s =

2
Wy

steady state
roll reversal

-—slope = —(L

’

’

v

zero yaw acceleration

// for step 5;;5

’L/j

*%

0
(-) a (+)
N )
--L-'-;L =L System Gain
Jas a2 Sas

B-4
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’
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It was not used for

Values of wj and 7, were
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The intersection of the line in the above plot with the abscissa defines
the Nfsﬂs /L'gﬂs ratio required to make a)q,z equal to zero, and therefore, from
Equation B-6, #s¢ /é},s equal to zero, The T-33 variable stability system

has a gain control which sets the ratio of rudder deflection relative to aileron

or
Sa
also has the capability of putting simultaneous step inputs into the aileron and

stick inputs, Sas which sets Ns',cs//-:f;ns for the configuration. The system
rudder channels. The magnitude and sign of these inputs can be varied inde-
pendently for each channel. This is equivalent to changing Nla‘“ /Z'«;‘,;s for a
5,5 step input. For each group of configurations (such as A-4, A-5, A-6
where only the control derivatives were varied from one configuration to the
next), a series of transient responses was recorded for simultaneous aileron
and rudder step inputs where only the rudder input was varied from one record
to the next. The magnitude and sign of the rudder input was adjusted to pro-
vide the equivalent N5, /Lj,; for each configuration. For the higher |@/3/
groups of configurations, N;—M /L 3/)5 was made increasingly negative until
steady state roll reversal was encountered. This fixed the intercept of the

straight line with the abscissa.

In addition to the step input transient responses, records were made
for rudder doublet inputs for each group of configurations. Values of wy

and §d were obtained from these records.

Values for 7, and 7; were determined by selecting the step response
record with minimum Dutch roll response from each group of configurations
and matching the roll rate response with the roll rate response generated by
an analog computer. The &/§,; transfer function (Equation B-1) was set up
on the analog computer and the only restraint in matching the record to deter-
mine 'Z's and 7, was that «y and Za’ were set to the values determined
from the rudder doublet records. With 75, %5 , «Jy and J, now fixed, wy
and g’¢ were determined for the configurations by varying @, and ¥y on the
analog responses to obtain the best match with the recorded in-flight response.
In matching the responses, the best set of matching responses were selected
with the constraints that: (1) a)¢z values should fall on a straight line plot
of wdz vs. Négs/LS—‘s and (2) the location of the transfer function zeros defined

by Z’¢ and Wy should follow a regular path on an s-plane plot as Na’—“/LS—ﬂS was



For the purpose of calculating the variable stability system gains, it
was convenient to express the stability derivatives in primed, dimensional
form, referenced to T-33 body axes. It was, therefore, necessary to compute
the stability derivatives in the same form for the airplane to be simulated.
Since the data supplied were in the form of nondimensional derivatives
referenced to body axes, it was necessary to transform them to stability
axes, convert to the desired dimensional form and prime. (The T-33 body

axes and stability axes were coincident for the nominal flight conditions.)

C.2 REPRESENTATION OF THE SIMULATED VEHICLE

Except for the Part I configurations, it was not generally possible to
select a flight condition where the speed of the T-33 could match the speed
of the vehicle being simulated. It is also beyond the capability of the T-33
to independently vary the side force derivatives. It was, therefore, necessary
to select which parameters were to be matched and which were not. In this
case, it was decided to match the important mode characteristics of the
simulated vehicle. This required that a set of stability derivatives different
from the actual set be used to calculate the variable stability system gains.
These derivatives are termed pseudoderivatives in the sense that they result
in flying qualities that are closely similar to those of the vehicle being simu-

lated,

When the true speed could not be matched, it was not possible to match
both bank angle and steady yaw rate in a steady coordinated turn. These

quantities are approximately related by:
N
re=v f#
It was decided to attempt to match the bank angle response to aileron

control and to scale the yaw rate response proportional to 9/\/

The equations of motion for a coordinated ( &§=4 =0) turn are:
7

/- ==

(=0 )r =5 0+ 4 Bas T, Irp

/ / ’

N7 = ~Nays Oas = Moge dar

L7 ==Ly o L) 4

7 JAS AS JRP RF
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If the side force terms YY v o, Jd rp are neglected, the

Y
Irp

side force equations become:
v =

<l .)Q;<

Substituting this expression for the yaw rate, 3, in the two moment
equations, an expression for rudder pedal deflection as a function of bank

angle can be written:

d, L' N =N
RE 9 T dps — T

¢ - %4 / ] / /
N L - L N
Tus Orp “das dpp

/ i
From this expression it can be seen that by matching 79-/\/? and —Vi— L 5
/ '
rather than NV and [ 4 it is possible to match the steady rudder deflection
required as a function of bank angle in coordinated turns when the control

derivatives are matched.

Since the roots of the characteristic equation were to be matched, the
following equation was obtained by equating the last coefficient of the quartic

with the product of the roots:

2
Ay ) { ‘ ! / ! ]
= - L. N_-N_,L
¥ [Ty
Tr s v ©
. C . g9 7
From this expression it can be seen that matching v N, and v Ly
permits satisfying this equation by matching the sideslip derivatives [',IG
/
and Nﬁ

At this point it is in order to look at how many parameters are required
to describe the dynamics of an airplane and to see how many are controllable

using the T-33 variable stability airplane.

An airplane, when considered as a rigid body with conventional rudder
and aileron controls, is adequately described as a three-degree-of-freedom,

fourth-order system for fixed elevator controls.

The total number of independent coefficients in the uncontrolled or

homogeneous set of equations is:

c-3



C.3

CALCULATION OF THE GAINS REQUIRED

The variable stability system gains required to match the pseudo-

derivatives were calculated from the following matrix equations using the

information obtained in steps 1l and 2.

-1

e

A [ , [ ;o
Za o 2z 2 L L AL, ALy AL’ 4
A 4 p % 7y e
o o A a,
v I r 7 / ! 4 I '
—_ —_ — —_— N N AN AN, A AN
I 4 VA A | %] [P 4Ne ANp
h £ le L. Ly +aLl =L, +L e + L' %
where i0or exam [ = = e -
P Besevpo A3z B Prs; J,T_33 s Ty a3 V<
da 02. LI Ll W -1 L/ L/
s O p % % Tas Jep
0/‘ d l / !
r 7 / /
. -z w L N Ny
| as 2 | % % | i Iy s RP |
where
L=
Tas Tas
PSEUDO

C.4 DEFINITION OF VARIABLE STABILITY SYSTEM CHARACTERISTICS

The following variable stability system characteristics had to be
considered before the gain calculated in step 3 could be converted to knob

settings,
A, Sensor Characteristics
B. Channel Lags

C. Control Systerm Compliance

Cc-6
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C.4.1 Sensor Characteristics
The equations of motion used for the simulation are written in
terms of 8 , 3 , ;; , and 7 measured with respect to an axis system fixed

to the airplane with the origin at the c.g. Since the airframe is a reasonably
rigid body, the rate gyros measure ;o and » without correction. However,
the sideslip probe is mounted on the nose of the airplane and therefore, senses
components of the angular rates proportional to the probe distance from the
c.g. In addition, the angle sensed by the probe is influenced by the local

flow of air around the fuselage. The following equation was used to represent

the output of the sideslip probe:

ped
| " PRoBE r . rx /5}
< prog E” s TRUE v v,
MEAS vE @C?

6.9.

where X and ; are coordinates of the probe in the reference axis system

Brrose
and | ————— |is a gain factor due to the local air flow around the fuselage.
STRUE ¢.g.

For the flight condition used in the simulation program, the following numerical

values were used in this equation:

= 2.1 - .
8 ot £ 0| B o e *-02%T 00318 #

MEAS @c.y,

C.4.2 Channel Lags

The sensors, the electronic components, such as filters, and
the servos all contribute lags between the airplane response being sensed and
the control surface deflection that is supposed to be proportional to the response.
These lags must be considered in the calculation of the variable stability
system gains. The technique used is to treat each channel as having an
equivalent first order time constant and to compute a new set of gains that
are compensated for the effects of sensor characteristics and channel time
lags. The equivalent time constants measured or estimated for the variable

stability channels are tabulated below in seconds.

C-7



an matched., Measurements can be made for the records of Wy o j’d R T/?

Pss

P 5/?5 , l/—g—' = , etc. If satisfactory agreement between the
A5

sired and the measured responses is not obtained, it is necessary to
>xamine the calculations and make required revisions. It may, for example,
necessary to check system calibrations, revise estimates of the T-33

bility derivatives, or revise the time constants used to represent the

stermm dynamics.

It is often informative to take a series of response records for variations
a single channel gain and to examine the effect this has on the measured
sponse parameters of a configuration. These in-flight checks are a very
~essary step in the simulation procedure and cannot be by-passed if one is
have confidence in the results of the experiment. There are a large number
calculations involved, many system components to calibrate and maintain,
I many operations by the test crew which are subject to error. ZFor these
:sons, the in-flight check of system response to specific inputs is an

ispensable step in conducting the experiment,

The T-33 has been equipped with a device for injecting sharp step or
nmetrical doublet signals directly into the control surface servos for this
‘pose. Calibration records were taken for each in-flight evaluation to

ify that the desired configuration was set up.

) SETUP OF FEEL SYSTEM AND COMMAND GAINS

Although the T-33 feel system has provision for using response
ameters such as 77} and dynamic pressure as inputs, this simulation
uired only the simulation of a spring feel system. This allowed the feel
tem to be set up on the ground. The spring rate or force gradient for

h control in terms of pounds per inch of stick or rudder pedal deflection

simulated.

The friction characteristics existent in the T-33 feel system are
roximately the same as those estimated for realistic re-entry vehicle

‘rol systems. Special effort was therefore not required to simulate

tion characteristics.,

C-10



The signals used to command the control surfaces were proportional

to both the stick and rudder pedal positions.

were available to set up the control derivatives:

The aileron control derivatives were simulated using the following relation-

INPUTS

The following four gain controls

g, (f, ) Iy )
L ’ s [ =
0//4 S of/f'P 0’0— JA S 9 r d./? I

INPUTS

ships:

L' = | y L jdd %

J - d c% d, J

AS | SIMULATED 2 7 33 " y-33 Y% /Nﬁirs AS
AIRCRAFT -

; . o 1 o,

N = N + Ny i -

AS | SIMULATED Ar-33 Fr-33 0'21 s %s
AIRCRAFT INPUT S

Rudder pedal control derivatives were simulated in a similar manner.

C.10 GROUND SIMULATOR MECHANIZATION

The ground simulation program was accomplished by mechanizing
TR-10 analog computers to represent the basic T-33 plus the characteristics
of the sideslip probe. The T-33 feel system and variable stability system was
then used to simulate the desired configurations. The feel system setup was

identical to that used for flight.

The command signals to the analog were taken from the surface servo
feedback potentiometers rather than from the actual surface position pickoffs,
This was done because the control system has slop and compliance which
causes different surface motion to result on the ground without air loads than
occurs in flight with air loads. Since the analog computer is a d-c machine
and the variable stability system is an a-c system, it was necessary to have
demodulators for the control signals from the airplane into the analog and to
have modulators for the response signals generated in the analog and used as

inputs to the variable stability system.

C-11




The 50 channel oscillograph was used to record responses to control
inputs. In addition, a direct writing recorder was used to record 8 , y AR
# and the command input. These records were used to check the configuration

dynamics before each evaluation,

C.11 GROUND SIMULATOR CALIBRATIONS

The T-33 variable stability system was used in conjunction with the
analog computer in the same manner that it was used in flight. There were,
however, enough differences, such as the airplane/computer interface
equipment, to require calibration of the variable stability channels for the
fixed-base simulation in much the same manner as was done for the in-flight

simulation.

The time lags were also measured for each channel and used for

calculating the compensated gains,.

The dynamic and static characteristics of the simulated configurations
were checked for the analog setup in much the same manner described in

paragraph C.8 for the in-flight simulation.
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APPENDIX D

FIXED-BASE SIMULATION OF THE T-33

This Appendix defines the equations of motion and aerodynamic data
used to represent the T-33 airplane for the ground simulation.

Full six-degree-of-freedom equations are quoted from Reference 13,
These are in terms of body axes for the moment equations, stability axes
for the force equations and body axes-referenced Euler angles. This choice of
axes systems is the most economical in the amount of analog equipment
required for simulations incorporating the small perturbation approximations
and not requiring all three earth-referenced velocity components. For more
sophisticated simulations it may be advantageous to use wind axes for the
force equations instead of stability axes, see Reference 13.

The simplifications assumed for the simulations are listed and the
resulting approximate equations are given.

Because of the confusion which exists regarding the various types of
axes systems these are defined as follows:

Axes Systems

X4
-
V-
15 \}w’?’s
v}
b



Body Axes X, ,¥4 . 7,

These are a right-handed orthogonal triad with origin at c.g. They
are fixed relative to the airplane with the %, and 7 axes in the plane of
symmetry of the aircraft.

The alignment of the x, axis within the plane of symmetry is
arbitrarily fixed in relation to the fuselage reference line. In this study
the x, axis is taken to be parallel with the x, stability axis in the steady
state flight condition.

Wind Axes Xy , 94, Fu
A right-handed orthogonal triad with origin at the c.g.

The X, axis is coincident with the relative wind and the ;waxis is in
the plane of symmetry of the aircraft.

Stability Axes Xg ,4s13s

A right-handed orthogonal triad with origin fixed at the center of
gravity.

The X, stability axis is coincident with the projection of the %, wind
axis onto the plane of symmetry and rotates with the wind axis in relation to
the airplane.

The 3¢ stability axis lies in the plane of symmetry and is coincident
with the 3, wind axis. The Y4, stability axis is coincident with the ¥ body axis.

Note that the X;and ;s'axes rotate relative to the aircraft but remain
in the plane of symmetry.

Moment Equations -- in Body Axes
Ly=Ixpy +(ZIy-14) 9, 7 —Izg (,bé g, + r'é)
=1, g, (1 L) Ay = Tay (74~ H°)
M= I, Py (LT ) A 2y~ Tay (By= 7y 2)

Where L, , My , N, are the aerodynamic rolling, pitching and yawing
moments about the x 9b " ;b body axes respectively.

These are the complete equations, It is assumed that there are no
gyroscopic effects or moments from thrust misalignments.
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Euler Angles

Euler angles describing the orientation of body axes relative to the

earth axes are shown above.

Displacements are in the order: yaw |78 pitch

In terms of the body axes angular rates we get:

b, = A, + tan & (g, scn Ty + vy cos By)
éb = 9, c¢os ¢é -7y scm ¢£
2 sin ¢A + #y  cos ¢b

Cos &y

7 =

Earth Referenced Velocities

% ) roll ¢b .

For this simulation, only the height above the earth is of interest.

This is given by:

~h W= -Ug COSA SLh6y + Uy SknP cosO+ug Sscn & cos P cis 6

However, for completeness,the two translational components of velocity are

given by:
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Ue = Ug cos & cos B cas ¥y + zrs(szn ¢6 54'}795 eos ;/z/)— cos¢é szn;éb)

* Ug SLh & (sz'n ¢A Stn ¥ + cos ¢A cos ¥, sin 6y )

Ve = Us COSp Cos6y s¢n sbé + v, [cas ¢6 cosyy + Scn ¢A Sih 8, Sn 32)

+ U, stna [cosP, sinB, Sin¥, — scn@; cosY, .
S b 6 6 b b

Force Equations in Stability Axes

X = m [LZS—?/S {1’6 eos & — py stn k}«— 9(.55)796 Ccos &

s
— cos 62(05 ¢b sdna,)] - p a:s/&+6t7/

)’S =m [7}54'“5(’"6 cos & - Py sc‘nar)—g cas 6, 5L'n¢6]

Zs = m[?fs(ﬁb eos & + rbs[na’)— Ug (gé—d’)

— 9 (cos 6, “5¢b Cos & + scn &y sum cr):! +/szn(zz+cr7)

Where Xs , ); and Z_ are the aerodynamic forces along the x A
and }6 stability axes respectively and P is the engine thrust, 5

These equations are complete, (i.e., they have no approximations)
and include gravitational and thrust components.

Simplifications Assumed for Simulation

(1) Assume a4, 8 , & are small so that
Stn & = a&, stnd>pB, Stn G =6

cos @& = casﬁx cos 8 =~ f

(2) Products and squares among & - 2 » are negligible,
3) Assume Usz Y and -éanﬂﬂ:ﬁ
ﬂ'; P

so that —=2 =
ds

(4) Thrust component Psin(a+ QT} is negligible.
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Mo( Collection of Simplified Equations Used in the Simulation

M. Moments:
T Vo e ks
4 i - f; — 12— 7:1
"q Iy b I, b
Mo, Moo=
& z b
[ y I)‘(
Ng _ .
Co I - 7"‘ — —1-—;2 /lD
CLA, Forces: X
_ s _
- I ICEP R Vs
Ys
V/,&+r£ —ﬁbd/ == — g Stw ¢b
/e Z
V/ a - = = 4 cos
where ( gé) m 7 ¢A

‘ By = #y + 0, ¥y
By = 9,695 ¢é —r.sénﬁé

¥ =2y sth ¢A+ Tcasﬁé

_— i~

Height:

G V(os-a cos By S 5ing,)

Non av = /L} Jz

For the T-33 airplane an adequate representation of the aerodynamic
forces and moments is given by the following expressions:

Aerodynamic Moment Equations -- Body Axes

L 74
b _ A JL
Cr,» Ix_L/S/G+ da xSt Lh ﬁ+er+ﬁar+Ld’a Oﬁ°+i‘frd;'
0
C' N, aNp N p o"Nd'a
. 5:/\/,6/3*/";97"*7&“2"* F7 tNg +/VJ*J"_+J1 ad,
My _ R
T; _Maa'-t-M“a: +M7¢ +M5e d‘e
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APPENDIX E

RESPONSE TO SIDE GUSTS

There were frequent references in the pilot comment data to the aircraft

response to turbulence or disturbances. The major complaint voiced was, the

large roll response for sideslip disturbances experienced for some configura-
tions. Transient responses to disturbances were generated as indicated below
to obtain a measure of the susceptibility of a configuration to turbulence.

The input disturbance used was equivalent to a gust along the aircrafty
axis.
Equation A-1 from Appendix A is shown below for the control fixed,

i.e., no pilot inputs case:

— 9 - S
Yo =S -1/ -
3 v, s
N/ig +N/g s N;—s N},s r| =0 (E-1)
] 1, ! 4

_L,d""l'/i"s L, -(L}b-s)s ] _¢J

The assumption that the air mass is nonaccelerating, i.e., the air mass is

a satisfactory inertial reference, is implicit in the equation. When the air

mass is allowed to have motion along the aircraft ¥ axis, this must be

accounted for and the equation can be written as the following set:

Yo Ba =5 (Ba-8s) -7 */—é)¢ =0
(MG + N 5)"’/1 #(Ny-s)r *(”,25) g =0 (E-2)
(L,ﬁ +Lg s)/;A +L;,r +S(L'ﬁ—5)¢ =0

ABa - the aerodynamic sideslip angle or 7/- times the velocity of
o

the aircraft with respect to the air mass along the ¥ axis.

(This is the sideslip angle displayed to the pilot.)



some ¢

Neglec

» la

or

A, - the sideslip gust or V/Z times the velocity of the air mass with

respect to the earth along the negative ¥ axis.

4 disturbance gives a positive 8,

(A positive

indication to the pilot.)

The set of equations can be replaced by the following equation where 5,

appears as an input.

- —
Vg =5 -7 7’: A -5
/ J ’ ‘
N‘ "’N‘ 4 Nr"s Nf‘ r o ﬂG (E-3)
Lé-ﬁL,'s's 1_"_ (Llﬁ-s)s ] o
i 4 L7 L

This equation was solved on a digital computer for the side gust input
shown below to generate the gust responses presented in this report. It
should be noted that the sideslip angle ﬂg is the same angle that would be
sensed by a sideslip vane for display to the pilot.

|‘__ .05 SEC

'6& 20 fps

l

t —a

The transfer function for bank angle response to aﬁa input deter-

mined from equation E-3 is shown below.
¢ _ 1 )2 N Y R rogt
g— —A—(—s) [L/.?S +(Lr N"—L‘- Nr"'L/G)S*(LrNA—LANr)] (E-4)

- L { 2 . .
a g (Si-,r‘)(si.ﬁ)(s +2 !d “)ds*'wd‘) and is further defined by
equation A-3 in Appendix A,

The spiral mode root was essentially zero for Parts I and II configura-
tions which means that the term ( L',,A/A; —L/'g A/', ) was also near zero.Ljé' was
also zero and [,',3 was large compared to Ly /Vﬁ' for these configurations.

For these conditions, the transfer function becomes:
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The following sketch illustrates the bank angle response to sideslip

disturbances for the configurations in Part III:

PART 101 - i
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