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PREFACE

A paper entitled *“A revised pilot rating scale for the evaluation of
handling qualities' by G.E. Cooper and K.P.larper, presented at the
Stability and Control meeting organised v the AGARD Flight Mechanics
Panel in Cambridge, England in September 3966, was considered by the
Panel to offer a good basis for the production of a standard Pilot's
Handling Rating Scale. The present papar is a development by the
authors of the earliev paper, including additional explanatcry
discussion, and taking account of views and comments of other users of
rating scal-s in a sumber of NATO countries. The form of scale, and
the method c¢i its application prorosad iu this paper have now been
widely accepted s rspresentiay a suitable basis for a standard
rating scale. It has the efore been adopted by the Flight Mechaning
Panel as the standard AGAKRD Rating Scale, and its use is recormended,
to provude greater unifoonmicy of rating assessment of aircraft
handling qualities.
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THE USE OF PILOT RATING IN THE EVALUATION OF
ALRCRAFT HANDLING QUALITIES
By George L. Cooper
Ames Research Center
and
Robert P. Harper, Jr.

Cornell Aevonautical Laboratory

SUMMARY

Pilot rating scales and their use in assessing aircraft handling
quaisties are reviewed historically, and objections that have been raised to
limitations of earlier scales are considered in the development of a revised
scale. Terminology used in the evaluation of handling qualities is reviewed
and new definitions are proposcd to improve communication and international
understanding. Of particular significance is the new definition of handling
qualities, which emphasizes the importance of factors that influence the selec-
tion of a rating other than stability and control charactcristics.

The experimental use of pilot rating is discussed in detail, with special
attention devoted to (1) clarifying the difference betwven mission and task,
(2) identifying what the rating applies to, (3) considering the pilot's
assessment criteria, and (4) defining the simulation situatien. The immortant
elements of the report are then summarized in a suggested '"Briefing Guide,"
designed for guidance in planning and executing handling qualities
experiments.

INTRODUCTION

The widespread application of pilot rating scales in the evaluation of
aircraft handling qualities has confirmed their basic utility, but has, at the
same time, exposed some weaknesses of the scales as originally proposed. It
was therefore considered desirable to re-examine existing rating scales with
the purpose of developing a single improved scale and of clarifying its use in
the evaluation of handling qualities. In response to an invitation from the
Fiight Mechanics Panel, AGARD, a paper entitled, "A Revised Pilot Rating Scale
tfor the bvaluation of Handling Qualities,' was prepared and presented at the
september (9606 meeting {ref. 1). A longer verston of this paper (ref. o) con-
tains some additional explanatory discussion of the use of prlot rating scales.
Additional constructive criticism was then based on experience gained with
this revised scale.

PR




B —

In general, the rvevised scale was preferred over earlier sca.es, but
constructive criticism trom many research and development groups also
indicated the need for additional changes or clarifying discussion. Diffi-
culties, for example, were experienced with the semantics in that certain
words had rather differenc connetations in the United States, EIngland, and in
France. The purpose of this report, then, 1s to clarify and modify, as appro-
priate, the material presented in references 1 and 2. One of the first objec-
tives of the present report is tn define precisely the basic terminology and
explain the new features in the scale. The report goes on to discuss the more
important factors that are considered by the pilot in the selection of a rat-
ing or that will otherwise influence the rating. Throughout the discussion,
attention is directed to the questions: (1} what is the pilot being asked to
rate?, and {2) how will the experimental results be used? The answers to both
questions have important bearing on the interpretation of evaluations made by
pilets with different Lackgrounds, expericnce, and points of view. The final
section of the discussion is devoted to a review of certain other consider-
aticens that are helpful in the design >f handling qualities experiments and to
the use of pilot rating. The important elements of the report are summarized
in a condensed '"Briefing Guide™ for use in planning and executing handling
qualities experiments.

[*ISCUSSION OF HANDLING QUALITIES

Clarification of Terms

For a pilot rating scale to be universally acceptable and consistently
applied in the evaluation of handling qualities, the terminology must be
easily understood by all persons working in the field. Those terms requiring
specific attention are defined in appendix A, and several definitions are sug-
gested that may help clarify and standardize the terminology. Some of the
terms suggested in reference 3 have been adopted in this report. Those most
significant to a discussion of handling qualities are examined in considerable
detail in the following paragraphs. Others are discussed as the need arises.

Handling qualities.- The term 'Handling Qualities' requires a clea:
definition in order to emphasize that it includes more than just stability and
contrel characteristics. Other factors that influence the handling qualities
are the cockpit interface (e.g., displays, controls), the aircraft cnviron-
ment (e.g., weather conditions, visibility, turbulence) and stress, the
effects of which cannot readily be segregated. Thus in most tests, handling
qualities are really being evaluated 1n the aggregate.

In appendix A, "Handling Qualities" 1s defined as '"'those qualities or
characteristics of an aircraft that govern the ease and precision with which
@ pilot 15 able te perform the tasks required in support of an aircraft role."
The generally accepted meaning of "Flving Qualities' i1s similar te this deti
nition of "Handling Qualities,"” so only the latter term is used in this
report.




Figure 1 illust-ates _a¢ factors besides stability

influence handling qualities. Here the primary elements of the pilot contrel

loop are arranged to illustrate their relationship to the

pilot-vehicle combination.
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Figure 1.- Elements of control loop that influence handitng qualities,
Mission.- The term '"mission™ has been used in the United States rather
loosely, and may actually have several meanings, depending on how it is used.
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is that the pilot-vehicle comwination must be able to accomplish. As 4 rule,
the mission objectives (r quired operations) are cited in more detail as the
flight segment (rlight phase or subphase) of interest becomes more specitic.
The distinct differences °~ .ended between "mission' and "task" will be
clarified in the following paragraphs.

Task.- The term '"task' also has various connotations. We are concerned
here only with the pilot's task, which includes controlling the aircraft as
well as associated functions, not directly related to controlling the aircraft,
such as navigation and communications. A task in the sense that it is used in
handling qualities evaluations is defined as ''the actual work assigned a pilot
to be performed in completion of, or as representative of, a designated flight
segment." In being representative of a flight phase, for example, the impor-
tant pilot-vehicle functions required to fulfill the operational requirements
for that flight phase would be renresented in the tash. Use of "'task" and
"mission'' differs then, in that a task represents what the pilot is actually
asked to do (as in a simulation task) while a mission refers to all opera-
tional requirements the pilot-vehicle combination must be able to accomplish
if the "intended use' of the aircraft is to be fulfilled.

It is convenient to consider the complete task to be composed of (1} the
control task, and (2) auxiliary tasks. The control task reaquires actuation
of the principal controls and the selectors as required. The auxiliary tasks
involve the pilot in actions other than direcl control of the aircraft.

{ Flight phase.- The terms "flight,” "flight phase,'" and "flight subphase'
! denote the flight profile of an aircraft and its subdivision inte convenient
segments, The delineation of aircraft rcle and the division of a complete
flight into discrete segments tor more definitive examination is illustrated
in figure 2. Representative examples of what is meant by aircraft role, com-
plete flight, flight phase, and sul phase are given in this figure as well as
in appendix A. A subphase is defined as ''that part of a flight phase having
a single objective, and a single configuration or change in configuration."

! A subphase evaluation then would provide a direct correlation between z

i specific set of stahbility and control parameters and pilot rating.

; In summary then, the role of an aircraft defines its intended use onlv

in a general sense. The mission delineates this use 1n terms of specific
objectives, that is, the required operations of the pilot-vehicle combination.
The task delineates those aspects of the mission that are work assigned to the
! pilot.

Methods of Determining Aircraft Handling Qualities

The reiationthip between stability and control parameters and the degree
of suitability of the airplane for the miscion mav be examined by
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Figure 2.- The relationship berween role, flight segments, and task.
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1. Theoretical analysis

Experimental performance measurement
a. Pilot input

b. Pilot-vehicle output

3. Pilot evaluation

to

Each approach has an important part in the complete evaluation. One
might ask, however, '"Why is the pilot assessment necessary?” The answer must
consider the two alternatives, theoretical analysis and performance measure-
ment. At present, the applicability ot the mathematical analysis including
representation of the human operator is restricted to the analysis of speci-
fic simple tasks. Since the intended use {mission) is made up of several
tasks and several modes of pilot-vehicle behavior, it is difficult first to
describe accurateiv all modes analytically, and, second to integrate the qual-
ity in the separate tasks into a measure of overall quality for the intended
use. Theoretical aralysis is fundamental to the anaiytical prediction of
handling qualities, but cannot adequately treat the complex interactions that
are now investigated by means of experimental pilot evaluation.

The attainment of satisfactory performance in fulfilling a designated
mission is, of ceourse, a fundamental reason for our concern with handling qual-
ities. Why, then, cannot the experimental measurement of performance replace
pilot evaluation” why not measure pilot-vehicle output pertermance in the
intenled use? Isn't good performance consonant with good quality? Unfortu-
nately, the answer to the latter question 15 ''‘not always."
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A significant Jdifficulty arises here in that, first, the tasks selected
for measuring performance may not demand of the pilot all that the real mis-
sion demands, especially i1n terms of distractions, auxiliary tasks, and pilot
stress. In the second place, pilor performance must also be measured and
interpreted so that the pilot-venicle performance can be evaluated correctly.
The pilot is an adaptive controller whose goal (when he is so instructed) is
to achieve good performance. In a specific task, he is capable of attain-
ing essentially the same performance for a wide range of vehicle characteris-
tics, at the expense of significant reductions in his capacity to assume other
duties and to plan subsequent operations. Significant differences in his task
performance may not he measured when very real differences in mission suit-
ability do exist. The pilot's performance must be measured and analyzed |
properly to show these differences, and one nust have a clear appreciation of
what constitutes objectionable inputs.

In the third place, it is difficult, if not impossible, at the present
time to measure all important aspects of pilot performance. Encouraging ;
results have been obtained in specific instances (refs. 5-7) wherein good cor-
relation has been obtained between measurements ¢¢ the physical effort
exerted by the pilot (i.e., integral of pilot control displacement, force,
etc.) and pilot rating. In such cases, it must be assumed that differences in
mentcl effort and attention were not significant. Rather than attempt to pre-
judge the influence of mental effort and attontion, the term workload is
defined to include both mental and physical effort. The use of modifving
terms will be necessary then when a distinction is necessary between mental
and physical workload.

The questions that arise in using performance measurements may be
summarized as follows: (1) For what maneuvers and tasks should measurements
be made to insure fulfillment of the mission objectives? (2) How do we inte-
grate and weigh the performance in severai tasks to get an overall measure of
quality if measurable differences do exist? (3) Is it necessary to measure or
evaluate pilot workload for the performance to be meaningful? If so, how are
these factors weighed with those in (2)}? (4) What disturbances and distrac-
tions are necessary to provide a realistic workload for the pilot while his
performance in a specified task is being measured? The difficulties encoun-
tered in answering each of these questions provide some of the reasons why con- ’
tinued reliance upon pilot evaluation is necessary and why much of the
detailed discussion is included in this report. Although the use of measured
task performance is not discussed further in this report, continued efforts
to measure ard interpret both the pilot performance and the pilot-vehicle
performance should be encouraged. Such information is impertant to the under-
standing of pilot adaptation or 'learning curves," and to the interpretation
of pilot evaiuation data.

Pilov evaluation still remains the ouly method of assessing the
inceractions between pilot-vehicle pecrfermance and total workload in determin-
ing suitabilitvy of an airplane for the mission. It provides a basic measure
of quality and serves as a standard with which pilot-airplane system theory
may be developed, performance measurements mayv be correlated, and significant
airplane design parameters and characteristics may be determined and
correlated,
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Piiot evaluation data generally consists of: (1) the pilot rating, or
shorthand representation of the flying characteristics as they relate to mis-
sion accomplishment, and (Z) the pilot comments that identify those
characteristics that interfere with the intended use.

A pilot rating is a portion of the technical report of the evaluator, and
is the overall summation of the suitability of the vehicle for ithe spicified
use. The pilot rating scale is then a systematic means of denoting the qual-
ity of the pilot-vehicle combination in the accomplishment of its intended
purpose.

EARLY RATING SCALES

In early handling qualities research, each investigator tended t» develop
a rating scale peculiar to the needs of his specific pregram, or to medify an
existing one. With experience, certain pilct rating scales proved successful
and stimulated further interest in them. Two such early scales are discussed
h -e.

In reference 8 the original Cooper Scale (fig. 3) proposed the basic
framework of boundaries that is still the foundation of most pilot rating
scales, including the presently proposed one. This framework involves several
grades of quality pertaining to the intended use of the vehicle.

Acceptable and Satisfactory - sufficiently good

Acceptable but Unsatisfactory - not sufficiently good, but still usable
Unacceptable - not usable for missior

Uncontrelliable

A - T e IR ™\
a Ad ective Nunn e Primary mission ‘an be
i | Bescription . ,.
rating | rating accornphished randed
- . !
fxeeirert  acigdes ophimum ves ‘ Yes
NORMaAL vy N ua, preasant oty ey i Yec
Gotieda iy : i
OPERATION : satistaciory, bul with ,ome m.diy [
unpleasont characterstics X Yec I Yes
+ ‘ ‘ i - 4
- Alceptable, but aith unpleasont J
character st oo L ; Yes
EMERGENC Y . s : egoreptabie for Anrmas :
Cmnates gt ; ;
CRERATION o \ ireranion Doubth,l i Yes
1
(3 Loceptaoble for ernergency |
weron oanty W Dbttty ' res
+ 3 IS v S - e
Acceprtatie e o .
NO , emergone cordition® . N © Doub tud
R ) Craneprabie N i .
DPERATION ' & CAaceeptabie L angerngs . 'l N
" Cracceptaobie  Jncorr able n r
+ N t + B + 4
i . LY ERTY con bty w e " Tough te ! i
Croe s tobie ' WA tane oy hily et prough t !
R prevect piodt o esoanE i i
| R e ; e i . b
»
Fore Ul by g e ter

Figare 30 Origingt Coorer Reting Seole




Important contributions of the early scales were to emphasize pilot acceptance
of handling quaslities with respect to the intended use by:

a. Encouraging investigators to define adequately the program objectives
and the intended use of the aircraft.

b. Firmly establishing within the scale the acceptable-unacceptable, and
satisfactory-unsatisfactory boundaries.

c. Creating a logical basis that would enable the pilot to express his
assessment accurately and consistently.

The original Cooper Scale included too many different concepts. The '
introduction of stability augmentation and undefined failure modes, of normal
and of emergency operation, and the separation of the landing task from the
primary mission led to ambiguous interpretations.

| I h The CAL scale of figure 4 was
- ! Adjective description | Numerical . .
Categary ! witnie category ratin developed primarily because the
! 3 9
i ; Cooper Scale was confusing to some in
Acceplable e I that it could be interpreted as intro-
L samstacry o Fer : ducing an alternate mission concept.
Acceptanie ? For 3 Separate boundaries were shown in the
u ! ~oor .
unsatstactory | Bod S Cooper Scale fer normal operation and
- Bag® "7 7] for an undefined emergency condition.
Unaccepratie Cont o -8 By removing this doubt of mission
[ | - - . . . .
(" onryane P S cqmple;xon in the adjective descrip-
— . tions in the acceptable range, as
‘Req ires major portion of pints gttentian ' 3 . 3 E 3
eofEQures majcr porton of pots atlenton well as removing all consideration of
"Asrceaft just controtiable witn comgpiete gitentn an alternate mission from the scale
Figure 4.- CAL Rating Scale. itself, the CAL scale clarified this

situation. However, the very simple
descriptions of the CAL scale are not considered particularly helpful by many
pilots and the dual use of 'fair" and '‘bad" was confusing to some.

Having now identified certain deficiencies and objections to two rating
scales and clarified some of the terminology, we are in a posi*ion to
construct a revised scale.

REVISED PILOT RATING SCALE

Major Categories

Category selection.- The Cooper and CAL Rating Scales and the revised
scale proposed in references 1 and 2 have the same basic structure. The major
categories are 1identified as "satisfactory' and ‘'unsatisfactory," or "accept-
able,'" '"unacceptable ' and 'uncontrollable.'" Such terms relate only to the
tndiviaral pilot's assessment of quality relative to the int aded use of the
aircraft. The intenticn has heen to encourage the pilot ¢ ake the important
decisions identified with these terms. These cavegories svstemati~ally
arrangsd so that the pilot can choose between two alte m i, that lead to
the proper calegory.

T PR o N



9

S o This structure is illustrated by

i Cootollable ar "Uncon'volmble

b topeed the flow chart in figure 5, which
enables one to trace the series of
l ] dichotomous decisions the pilot makes
. , ! ‘ in arriving at the final rating. As
| Acceprotie ar [kwwwwmw ! a rule, the first decision is fairly
I obvious. Are the handling qualities
e e ‘ controllable or uncontroilable? To
HJ"WM~\ . l, determine whether this decision

3 ‘SmwMUmyJ:m§UMMWMMmy applies throughout the task or flight
co I"*‘— L 1 phase and in context of the defined
i L role may not be so obvious.

[ I 3 4 5 © 7 8 9 [}

Figure 5.- Sequential pilot-rating decisions. If the vehicle is uncontrollable,
it is rated 10. If it is control-

lable, the second decision is whether it is acceptable or unacceptable. If
unacceptable, the rating 7, 8, or 9 will be selected (rating 10 has been
excluded by the "controllable'" answer to the first decision). If it is accept-
able, the third decision is whether it is satisfactory or unsatisfactory. If
unsatisfactory, the rating 4, 5, or 6 will be selected; if satisfactory, the
rating 1, 2, or 3 will be selected.

Category definitions.- The dichotomous decisions outlined in the previous
paragraph logically lead to four categories of quality, some of which have
been difficuit to describe accurately by a single adjective. There are objec-
tions to the designation "'unsatisfactory but acceptable'" and "unacceptable but
controllable," but no simple adjective descriptions for these categories have
been found that will satisfy everyone. In spite of strong emphasis as to the
need tc establish clearly that the terms are related to the pilot's own
assessment vt acceptablility and not to any existing standards, specifications,
cer other Acceptance Criteria, objection to '"acceptable' and "uraccepiable" in
the scale remains.

Regardless of the terms used in a revised rating scale, it is necessary
to clarify the intended meaning of satisfactory, unsatisfactory, accoptable,
tolerable, unacceptable, controllable, and uncentrollstle. Let us examine,
first, what is meant by '"controllable," even though it has caused less diffi-
culty than the other terms. To control is to exercise direction of, to com-
mand, or to regulate. The determination as to whether the airplane is
controilable must be made within the framewerk of the defined mission or
intended use. An example of the considerations c¢f this decision would be the
evaluation of fighter handling qualities during which the eveluation pilot
enicounters a s.tuaticn in which he can maintain control only with his complete
and undivided attention. The vehicle is 'controllable" in this situation in
the sense that the pilot can maintain control only by restricting the tasks
and maneuvers he 15 called upon to perform and by giving the configuration his
undivided attention. However, for him to answer, 'Yes, it is controllable in
the tlight phase f(or task),” he must be able to retain control in all mission
oriented tasks and other required operations without sacrificing effort and
attention to his overall duties.
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Consider now the meaning of acceptable, the usage of which has been the
subject of some controversy, and the alternate suggested term ''tolerable."
The dicticnary shows 'acceptable' to mean that a thing offered is received
with a consenting mind; ''unacceptahble' to mean that it is refused or rejected.
Acceptable means that the flight phase (or task) can be accomplished; it
means that the evaluation pilot would agree to use it for the designated role;
that such deficiencies as may exist can be endured or tolerated. Use of the
term 'acceptable' does not say how good it is, but it does say the pilot con-
siders it good enough for the intended use. With these characteristics, the
flight phase (or task) can be accomplished with adequate precision. The task,
for example, may be accomplished with considerable effort and concentration
on the part cf the pilot, but the level of workload required to achieve this
performance is tolerable and not unreasonable in context with the intended
use. By the same token, ''unacceptable' does not necessarily mean that the
designated flight phase (or task) cannot be accomplished; it does mean that
the necessary performance cannot be achieved or that the effort, concentration,
and workload required are of such magnitude that the evaluation pilot rejects
the aircraft for this phase of its intended use.

Consider now a definition of '"satisfactory.'" The dictionary defines this
as adequate for the purpose, of a kind to meet all requirements or expecta-
tions. A pilot's definition of satisfactory might be that it isn't neces-
sarily perfect, or even good, but it is good enough that he wouldn’t ask that
it be changed. It meets a standard; it has sufficient goodness; it's of a
kind to meet all pilot demands for the intended use.

Unsatisfactory implies that there is insufficient goodness to meet all
pilot demands; that it has deficiencies and objectionable characteristics
which he feels should be corrected. Unsatisfactory includes all that is not
satisfactory, just as acceptable includes all thut is not specifically refused
as unacceptable. A specific category is then that which is "unsatisfactory

but acceptable.'" This category has previously been referred to by the shorter
term ''acceptable' but could alsc be referred to as ''tolerable'" in the sense,
""capable of being bornec, supportable, bearable.'" As a result of the possibil-

ity of the misinterpretation in the use of "acceptable'" it has been found
preferable to use '"tolerable'" rather than 'acceptable' in the rating scale.

Thus, the quality is ecither:

a. Satisfactory - good enough without improvement, and, therefore, of
the best category, or

b. Unsatisfactory hut tolerable - just good enough, adequate for the
purpose but improvement desirable, and, therefore, of the next best category,
or

¢. LUnacceptable to the pilot - not suitable for the purpose but still
controllable, and in the third category, or

d. Uncontrotlable - unracceptable for the purpose and of the poorest
quality and 1n the fourth category.




11

fnasmuch as only four categories of quality are needed to identify and
describe handling qualities, it is possible to simplify the dichotomous
decision process illustrated in figure 5 and eliminate '"acceptability' terms.

By considering the following three decisions the pilot will arrive at one
of the four categories previously discussed:

1. Is the vehicle controllable?
2. s adequate performance attainable with a tolerable workload? :
3. Is the vehicle satisfactory without improvement? ;

(" ADEQUACY FOR SELFCTED 1ASK OR REQUIRED OPERATION ) Being able to designate a
S e - - category by a single adjective was
® Desred or clearty odequate considered less important than that
Y
| i s ationavie the definition of each category be
I"‘““"‘“ ® No signiticont def Cencies precise. The rating scale now pro-
:ffijﬁﬁfff?ﬂffff;ﬁL_ﬂ} posed is therefore based on the cate-
e — o wmmee o —ememe— —-—— - gory definitions provided in figure 6.
ea ® foeauote periormance s clionale These are reasonably concise and
< sgnslaclvso‘:y M but requires Dot ComMpeNsaton . . . ): l N
2 orovement o Has defiencies which worran) emphasize the pilot's dec15}ons
\,%// mprovement involved in category selection.
Yes e i e e
ﬂ;ofcew\i\\ s Performance s nodequote even with \\ Fundamental to this selection is
. pertor C QXL . . .
<atmanadte wih 0 toeroble™ woxmum toleroble piet compensolxn | the consic~ration of whether adequate
N {oad? -~ * Hy r geficiercies which r ire . . .
o womeet AT )] perforr.ice is attainable in the
\ééé e — e gelected task or required operation
Pl o [ 8 conror wii oe st g some (m1§sion) and whether or not qefici-
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N and pilot workload then enables the

pilot to decide whether the handling
qualities are good enough without
improvement, have deficiencies for
which improvement is desired, or have
deficiencies for which improvement is
essential,

bigure o.- Major category selection and detinition.

Individual Ratings

The complete revised rating scale’ in figure 7 includes further
subdivisions of quality within three of the four major categories with appro-
priate descriptions for each numerical rating to define quality differences.
These allow the pilot a sufficient range of handling quality descriptions for
most situations. Repetition of descriptive terms from the categury defini-
tions has all but been eliminated in the individual rating descriptors.

'Small and large copies of figure 7 are available. Send requests to
Technical Information Division, Ames Research Center, Moffett Field, Calif.,
54035,




12

e e e e e . . e R
- OUAC 5 SELE { DEMANDS OF THE PR Or 3117
ADEQUACY FOR SELECTED TAua OR i ~paf T . 1 PILon
L REQUIRED OPERATION® )L AIRCRAFT CHARACTERISTICS o | e TASK OR REQUIRED (PERATION® et i
e e e e . ,

Excelient m ot (ompﬂnsmu r not a factor for |‘ d
H‘QN) desitable : desired  performance i i
!
| P - |
» "00\” Pilot  (ompenschon not g tactor for ¥ L
l 4 Neq‘bqlb? deticiencies desred perfarmarce . ‘
- RS e
Fmr Some rrudlv Minimal ot compensation required  tor 5 '

unpleasani Jefic.encies dewred performance >

) . . . o

Yes [ Miror but anNOyng Desired performarce requires mcderate T 3

: N by
aeficiencies plol orwpensohon i :
Ist \ ¢ ———— T - A
lsfucvory wﬂhou' De;gf;ﬁ;“ 1 Maderotely ODDEC“O“ONE Qd?dume pertormance requires o
Iy m\owvemem?/ \mprovement deficiencies considerghle  piiot wmpensunon M
|~ o - S i
{ Very objechonable Du! Acequave pertormome requires extensive 6 !
tolerchle dehoemes ‘ pmol compenschon |
e e — - _ R _ R S S
D — o ———— o
Adeqdo!e permrmance nov uﬁomuble with ! \,
Major deficiencies . maxmum tolerable pilot compensction 7
sodequh\ i Contraliability mat 0 questicn g |
,,e formance No Deficiencies | e e T T - — Rt Ry -
mmmabie with aweble require Macor dehciencie Considerable p»«m compensohion g V@Q;l“‘d . a |
pilot workload? .- v " enCiEs ey A
“ /, improvement ‘ or control \l i
P J S .- - . - — ! 1

{ ﬁMOJO' deticencies [ntense pilot gompensabon s regquired ‘o N
| ; . i .

retqin rontrol

es N ! \ SR e I B ‘J
. e e . — - - - .
_// "Is“ e ? No !mplovememw Mo detcienc Comvul wiil be wo*' durning some oo('»(‘m of requrred { 0 |
o~ - K, L $.20nCH . ! H
< it conirollabie - mandatory J } encies operation l i
SR U G

-

L3 f
Definit:on of required operaticn invcives designaticn of #1-gnt phase and/or subphases with
nccompanying conditicns

Piiot decisions

Figure 7.. Handling Qualities Rating S3cale.

Considered desirable in simplifying the scale for the experienced user, this
arrangement, however, makes it mandatory that any user understand and utilize
the category def1n1t10ns and make the decisions outlined on the left. The
important 'boundary' decisions between pilot ratings of 3 and 4, 6 and 7, or
9 and 10 cannot be made by reference to the individual rating deSCrlptOTS
alone. It is emphasized that these descriptions supplement the sequential
decisions that lead the evaluation pilot to the particular category within
which the descriptions of the individual ratings are given. It was considered
fundamental tn a good, easily applied scale that the descriptions be both
brief and general. Key words and phrases were sought that wculd easily be
understood and yet sufficiently definitive so that each rating would be
clearly separated from every other rating. The following paragraphs discuss
and explain some of the factors related to the rating scale.

Performance and workload.- Consideration was given to dgacribing quality
in terms of both pcrformdnue (precision of aircraft contrel)  and workload
feffort and attentlon)‘ for each numerical rating. Upon closer examination,

“When applied to handling cualities, the term "performance’” alone is
intended to mean the precision of aircraft control attained by the pilot, that
is, the pilot-vehicle performance. The term "workload" is intended to convey
the amount of effort and attention, both physical and mental, that the pilot
must provide to attain a given level of performance. '"Pilot performance' may
be used to describe the measure of physical workload {eftfort and atrention)
used in performing a task.
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haerever, it was concluded that these factors were so interdependent and
subject to tradeoff by a pilot that it would be impossible to define non-
conflicting individual ratings. Precision of control could not be defined
independently of the amount of effort and attention required of the pilot for
any task.

The best category is defined as desired or clearly adequate performance
in association with a satisfactory level of pilot workload. The second best
category is defined by achievement of adeguate performance although the pilot
is required to compensate for deficiencies by increasing his workload. 1Tt is
tolerable to him but he desires improvement. The third category involves
major deficiencies because the pilot finds it impossible to achieve adequate
performance even though his attempt to compensate increases the tctal workload
te the maximum tolerable in context of the task or mission. Uncontrollable
obviates further concern with performance, but as in all previous categories,
must also be considered in the context of the selected task or required
operation (mission).

Compensation.- "Pilot compensation'" as used in the scale is intended to
indicate that the pilot must increase his workload to improve aircraft perfor-
mance, It relates the pilot's difficulty in completing a task with the
precision required for tiiat task. Stated another way, it is the measure of
additional pilot effort and attention required to maintain a given level of
performance in the face of less favorable or deficient characteristics. ‘The
total workload is then comprised of the workload due to compensation for air-

craft deficiencies plus the workload due to the task.

Referring to figure 6, we see that it is really onlyv necessary to define
that which constitutes adeguate performance when answering the second question.
The precision of control required for any task is most easily defined in terms
of the end result obtained. For example, the approach performance can be spec-
ified in terms of the threshold ''gate,” anrd landing performance is measured in
terms of vertical velocity at touchdown and dispersion about the intended
touchdown point. The necessity for holding airspeed, altitude, flight path,
or other parameters within specified limits throughout each flight phase or
subphase may also be specified, but the cause and cffect of occasionally
exceeding the limits may require pilot interpretation. The pilot must balance
both aspects of performance - maintaining precision of control and the end
result - against his own effort and attention in arriving at a rating.

The category definitions of figure & recognize the interaction between
performance achieved and the pilot workload required to compensate for defi-
cient characteristics. In the best category, no significant compensation, in
terms of added workload, is required by the prlot to achicve adequate perfor-
mance. In fact, adequate pertformance is clearly achievahble and it may just
as ecasily be possible to attain some higher level of pertformance, such as
might be designated broadlv as desircd performmes.  From the definition, it
may be deduced that Jea/red, or at least clearln odoguwite
trol can be obtained with relative ease or a low level ot efrort and atten-
tion. With deficiencies characterized by the secend category, considerably
more pilot effort is required and Jeo!red pertormance is not necessarils

precision of cons
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obtained. Now, however, a lower level of handling performance, but one
adequate for the purpose, can be achieved as long as the pilot will increase
his workload, even to the maximum tolerable for the selected task. If major
deficiencies exist, adequate precision of contrcl would require an excessive
level of pilot workload and even the maximum tolerable pilot workload will not
enable achievement of the level of performance that is considered adequate
for the selected task. In this category, the additional deficiencies that
increase demands on the pilot can only be expected to result in Znadequate
performance, and the primary question becomes one of controllability. The
manner in which precision of control may be traded off against pilot effort
and attention is complex and defies explicit definition for all flight phases
or specified tasks. However, such compensation is available to the pilot and
is probably involved in the evaluation of handling qualities.

Failures or emergency operation.- The revised scale contains no reference
to failure considerations or emergency operation. In effect, this means that
the pilot need not always concern himself during an evaluation with the prob-
ability of a failure, nor with the length of time he might be faced with
deficient handling qualities. The time (duration) during which particular
characteristics must be coped with is inherently defined by the role and the
flight phase or task being evaluated. For operation based on a normal air-
craft state, the duration can be based explicitly on the aircraft rcle. If a
failure occurs, however, it may be recessary to consider alternatives like
aborting the flight or changing the flight plan to permit retreat to a more
favorable flight condition; in either case, the length of time that the criti-
cal flight condition must be tolerated might be shortened. Unless such
alternatives are spelled out in the task definition, however, the pilot must
always treat a failure state as having to be coped with for the duration of
the task or flight phase, depending on which is being rated. Normal and
emergency states then will reguire separate evaluaticns.

There are environmental! conditions as well as minor failures which can
limit aircraft operation without being identified as an emergency. Excessive
turbulence or crosswind could preclude attempting a landing and thus require
that the flight plan be altered accordingly. Whenever limitations to the
operation are indicated or accepted in lieu of specifying a critical task this
fact should be clearly noted.

Pilot skill.- the pilot effort and attention required for a given task or
ok T R A - . N - - - .
flight phase will, of course, depend somewhat upon individual pilot skill and
state of training. [In the early versions ot the revised scale, the term

“"skill'" was used in the 8 and Y rating descriptions in consideration of the
role of pilot skill in the digree of controllability which could be achieved.
Further consideration, however, has led in the 8 and 9 rating descriptions

to the substitution of phrases reflecting pilot workload required to even con
tinve the task and the relative difficulty in maintaining control, 1n order to
reiain a consistency and compatibility with the rest of the scale. In this
manner, pilot shill becomes a consideration of the total program for which the
evaliuation 1s being made.




It is the opinion of the authors that as a general rule each pilot should
judge the suitability of any set of airplane characteristics in terms of his
own skill and training, and in terms of the required operations and circum-
stances as defined in the experiment. The effects of differing skills should
be determined from the results obtained from evaluation pilots of different,
but representative, levels of experience and training. ECxceptions to this
general rule have occurred, however, when the research or development test
pilot is asked to evaluate handling qualities with respect to his understand-
ing of the lowest degree of skill and training existent in a group of
operaticnal pilots,

Operating margins and safety.- The question of safety cannot be separated
from handling qualities because the precision with which certain parameters
are controllable determines whether available safety margins are apt to be
exceeded. The margins provided, as well as the consequence of exceeding them,
will certainly influence the effort and attention which a pilot applies. Oper-
ating margins with respect to such parameters as airspeed, angle of attack,
Mach number, and altitude then represent the constraints that define required
prerision of control, and thereby influence the rating selection. Operating
margins and safety should be recognized as constraints upon handling qualities
that are inextricably related to performance and workload.

Considerations Associated With the Structure of the Revised Scale

Why a 10-point scale?- In discussing the revised scale, one question
that might be anticipated concerns the number of individual ratings the scale
defines. Most simply, the number is related to the four categories already
selected. Separating each of the upper three categories into three subratings
appears to provide an adequate spread for pilot use. Additional ratings in
the fourth category (uncontrollable) would not appear to be of general value.
A change in the number of individual ratings for each category was not deemed
necessary or desirable when considered in light of the large amount of exper-
ience with the previous scales.

{dentifying the revised rating.- The oft-proclaimed criticism that the
scule should start with 10 and progress to 1 instead of from 1 to 10 may be
valid, but there are also examples that support the 1 to 10 logic. We are
reluctant at this point to suggest a change simply because of the widespread
use of 3-1/2 and 0-1/2 boundaries. To now reverse these would likely
introduce considerable confusion and would not necessarily have long-range
benetfits.

In proposing a revised scale, 1t was recognized that some confusion might
result from continued use of the same numerical scale that has been i1dentified

with both the Cooper and UAL bScales. In references ] and 2, the authors pro-
posed a modified identitication svstem usirg letters A and 1 oin conjunction
with the numbers | - 9. Subsequent experience and comment indicated this to

be unnecessary, av long as the rating numerals are assoviated explicitly with
the parvicular scale used.
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Linearity.- This is a desirable characteristic of any scale. A
temperature scale is linear with heat added for a material with constant spe-
cific heat, in that the temperature rise per unit quantity of heat added is
the same throughout the scale. Temperature is a normal and useful scale asso-
ciated with comfort. Even though temperature may be quite linear with heat
added, comfort is not linear with temperature. With what should the pilot rat-
ing scale be linear? Since it is purported to measure quality, it should then
be linear with the added quality of the pilot-vehicle combination in that the
change in pilot rating per unit quality addition should be the same throughout
the rating scale., The rating scale may possibly have this characteristic, but
to demonstrate that the scale is indeed linear would require an independent
measure of quality that does not presently exist. Since the basic merit of
the scale is not significantly atfected by the lack of demonstrated linearity,
this factor has not been considered further. McDonnell in reference 4
describes a study that establishes a correlation between the Cooper Scale,
the revised scale of references 1 and 2, and a linear scale.

Ordinal versus interval scale.- An interval scale is desirable, but the
proposed pilot rating scale cannct be shown to be an interval scale. The
authors have accepted it as being ordinal. It is, however, primarily an absa-
lute scale rather than a relative one. The pilot rating is given for a con-
figuration in the context of its acceptability to the pilot for the specified
flight phase {or task) and not in terms of its goodness with respect to a con-
figuration already evaluated. Fortunately, the concentration and effort
required in performing each evaluation tends to suppress in the pilot's mem-
ory the characteristics of preceding configurations, enabling him to consider
objectively each configuration on its own merits for the required operations
without continually making paired comparisons. Pilots are reluctant to rate
something as excellent or optimum for fear that a subsequent configuration
will be better than anything they considered possible.

Words versus numbers.- the basic structure of the rating scale is
completely dependent on worde and their explicit definitions. The numeral
associated with the cvaluator's final decision is an expedient, a shorthand
symhol. One risk associated with a numerical scale is that engineers will
attempt to treat the pilot rating data with mathematical operations that are
rigorously applicable only to a linear interval scale. Although some insight
1s sometimes gained, analysis of specific pilot rating data should not be
totally dependent on such mathematical operations.

Differing standards of acceptance for the same mission.- One difficulty
that has arisen in the use of pilot rating data can be illustrated by the tol-
lowing example. In an evaluation program for the landing approach tlight
phase of a commercial air transport the role and mission were carefullv
defined, the program was run, and the results were reported. One of the eval-
uation piiots, an airline pilot, subsequently remarked that his airline would
noet accept any alrplane with worse than a 4-1/2 rating for the landing
approach. However, using the generally accepted interpretation of the rating
scale, this pilot had said, as an evaluation pilot, that aircraft with worse
characteristics which he rated at 5 and ¢ could «<till he considered accentable
tor the intended use. In the ftirst case he was reflecting the viewpoint of




airline management and not speaking from the pilot's standpoint. It must be
recognized that the final determination of overall acceptability of an air-
craft for a given role may be influenced by factors other than just the
piioting rating of the handling qualities.

In decidiug what to buy, any customer considers what he will get in terms
of how much it will cost. It is easy to envision similar decisions being made
to buy only that which is above the 3-1/2 boundary. And similarly, one can
envision a reluctant decision to buy as low as a 6 rating, or to even accept
a 7 or 8 rating (if the rating applied to a flight condition or aircraft fail-
ure state of low probability), but only if all other possibilities for pur-
chase of a bettev aircraft had been excluded. The basic pilot rating data on
which these decisions are based, however, must be strictly mission-oriented if
the subsequent guality versus cost decisions are to be meaningful. That is to
say, the role must be understood and each flight phase adequately defined by
the piloting task(s) provided.

EXPERIMENTAL USE OF PILOT RATING OF HANDLING QUALITIES

In previous usage of pilot rating scales, too little attention has been
given to defining just what the pilot was rating and how the data were to be .
used. In defining the experiment and in reporting the results, it became
apparent that (1) the term "handling qualities" requires a tighter, less ambig-
uous definition, {2} an accounting is required for certain factors in addition
to stability and contrel, (3) a clearer understanding is needed of the differ-
ence between mission and task definition, (4) certain considerations relative
to the pilots assessment criteria must be understood, and {5} a simulation
situation requires special definition and consideration of the use of the
results and of the need for pilot extrapolation.

e R ——— S
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In the following paragraphs attention is devoted to certain aspects of
the design and execution of handling qualities experiments that are considered
particularly important to the production of good data and the further
| clarification of the aforementioned problems.

N

-
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Program Development

Fundamental to any handling qualities program is a clear definition of
the primary objectives of the program and of the role and mission of the air-
craft. Next is the designation of the tasks to be used in the course of the
evaluation, and what the rating applies to.

!
!
3

-
4

Program objective - Generally, it is expec.ted that the use of the data
will contform reasonably well with the objectives outiined for the program,
The primary objectives are related to either research, development, or accep-
tance but there may also be a number of special considerations. Theze
include whether the program is exploratory or expected to be highly definitive, -

etc.) 1t is essential to define whether stability and control characteristics
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or cockpit interface elements are the primary variables of investigation and
whether special conditions such as environmental disturbances, dynamic or
static failures, or stresses are to be included in the task or considered in
the rating. Of particular importance will be the selection of 2valuation
pilots and their indoctrivation with respect to the program. The particular
background, training, experience, and point of view of the evaluatioi pilots
selected for thes program may be uetermined by the program objective as well as
by the intended use of the resultant data.

Mission description.- The explicit description of the mission by
delincation of the 'required operations' is probably the most important con-
tributor to tne objectivity of the pilet evaluation data. 'the role must be
carefully analyzed and a clear description and understanding reached between
the engineer and the evaluation pilot as to their interpretation of the
required operations. This description must include:

a. What the pilot is required to accomplish with the aircraft, and
b. The conditions or circumstances under which the mission is to be
conducted.

Because of their importance in specifying '"what the pilot rating applies
to'" and in providing definitive guidance for the pilot in his evaluation, the
"required sperstions' may often have to be given in considerable detail. In
its simplest form, this consists of designating the flight phase or subphase(s)
of interest, and including such variations as are considered critical and
representative of actual operations.

As an example of (b), the conditions or circumstances might include
instrument or visual flight, type of displays or controls in the cockpit, or
other 1nput information to assist the pilot in accomplishing the mission, ctc.
The environment in which the mission is to be accomplished must alsc be
defined and considered in the evaluation, and could include, for example, the
presence or absence of turbulence, day versus night, the frequency with which
the mission has to he repeated, the preparedness of the pilot for the mission,
and the p.lot's level of proficiency.

As noted under the discussien of the revised scale, it was recommended
that steady-state failure consideratiouuns, with the attendant questions as to
probability of occurrence, should be removed from the scale. This means that
separate ratings would be obtained for each failure mode. Steady-state fail-
ure modes would then norm:lly be considered as existiig throughout the cval:-
ation task or flight phase, unless, of course, & vpecific evaluation progran
s designed to consider them otherwise.

in evaluating the impact of transient disturbances caused by ecither
environmental condirions or system failures, tne pilot is still faced with the
basic decisivn of what tradeoff he will acceprt between performance and work-
ioad and houn long he must covne with the condition.

High probab:ility occurrences, such as low to moderate tuvrhuicnce, wind
shear. snd cross wind, can be vated separately, as if occurring throughout the
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task or flight phasc¢, but should be included in a composite rating or a flight
phase rating to convey the realistic situation. It is preferable to evaluate
separately such Jow probabi ty occurrences as severe turbulence so that the
pilot is not asked to weigh probability of occurrence and generalize a compos-
ite yating o the point that it loses value. For example, a pilot may prefer
to discuss a short duration occurrence of degraded handling qualities in the
pilot comment data rather than to make z radical change in the task rating ov
flight phase rating.

Such gquestions of probability of cccurrence and leveis of disturbances
must be resolved as part of the mission description in the design of the exper-
iment, with special attention often being required with respect to pilot
orientation and the reporting of results.

What the Rating Applies to

Task and flight phase terminology.- For a pilot to evaluatre the handling
qualities of an aircraft, he must maneuver it and otherwise use it for its
intended purpose. This purpese is given in a general sense by the role but
more specifically by the designation of th» required operations or mission,
Next, it must be decided whether the handling qualities are being evaluated
for a complete flight, a single flight phase, a subphase, or a specifically
defined task. In any event, a task or series of tasks must be specified that
will provide a suitable basis for pilot evaluation. The extent to which the
evaluation task selected represents all aspects of the aircraft mission will
depend upon several factors, the more important of which are progrem objective,
simulation capability, and certain pilot considerations. From the definitions
provided, it will be possible to establish conventional procedures for refei-
ring to task ratings in contrast to flight, flight phase, or subphase ratings.

General considerations.- To provide an overall pilct rating for a
complete flight or aircraft role would likely invelve so many situations that
little of the information would relate to specific stability and control char-
acteristics. For such a use, an overall rating would be of itile value
unless reference werc made to the detailed comments provided by the pilot for
each subphase. A flight subphase, on the other hand, is devoted to a single
objective ana has a single configuration or change in ceonfiguration. There-
fere evaluation of a flight subphase would enable more direct correlation to
b+ made between pilot rating and specific stability and controi
characteristics.

Should significant changes then occur in either the aircraft state, the
cockpit interface or the aircraft envirvonment during a given flight phase, 1t
might be desirable 1o confine the pilot rating to a flight subphase defined
Ly a single arrcraft state e¢ven though the task occurs in other subphases with
difi rent aircraft states.

If ar evaluatio 15 to apply to a flight vhase, the rating will tend to

be weighted by the more adverse subphase characteristics. On the aiher hand,
4 longer task representative of one or more tlight phases will provide a




better opportunity for the vilet to asseoss the workload invelved, the
adequacy of the information dispiaved, and the effect of unanticipated
environmental discurbances.

Short term mansuvers, particularly if deverwined to be the critical part
of the task, will be most useful when the effect of specific stabilivy aud
contyrol parameters are assessed, but their use To the exclusion of a long-term
mission-oriented task can reduce both zonfidence 1n and the fidelity of the
handling qualities evaluation. The inclusion of auxiliary tasks in za evalua-
tien task will depend upon the program objective, but may not bhe required for
handling quaiities studiss in which the control tesk 15 of primary interest.
Additionel workload imposed by the zuxiliary tasks can aciually irterfere with
the pilot's evaluation of the charvacteristics of greatest interast but, of
coirse, must ultimately be taken into account.

HNo hard and fast rule can be given for defining the 2valuation task
because it is obvious that the progrem cbjectives will play a significant
part, but the nearer the selected task represents ali the demands of the real
mission during the flight phase cr subphase bouing evaluacsd, the less will be
the extrapelaticn required of the pilot.

For pilot ratings that apply to a complete f'ight, flight phase, or
subphase, the rating must consider all disturbances specified for the mission
in the senre of being required operations. Thus, more extrapolation is
expected foi these ratings, placing greater reliance on the pilov's judgement
than for either task or composite ratings. On the other hand, task and com-
posite ratings must be reviewed with caution, as they m.v not include the most
critical conditions and, therefore, could be misleading.

The selection of a comnlete €1°yht, flight phase, ¢ subphase as the unit
to be rated will therefore depend upon the program objective, the character-
istics of prima.y interest, and the degree tu which it is desired to draw upon
the pilot's training, experience, and knowledge to assess and extrapolate
beyond ti. : . ecific task provided. Several aspects of task selection involved
in actual practice are discussed further in the following pa-agraphs.

Task 's. flight phase or composite ratings. - Te provide a ruting based on
the simulated task is, of course, the most direct approach and reduces the
uncertainties of as¥ing the pilot for extrapolation. It is weak, however, in
that the task selected may not reyvesent critical flight conditions, thereby
ailowing a nonconservative leniency in the interpretation of the pilot rating.
Obviwusly, the pilot wil. not be as influenced by missioan objectives if he is
told ro confine his rating to the evaluation task, aithough it may pe diffi-
cult for him to ~xclude considerations that he knows he would consider under
actusl operating conditions. If, however, all the separate tasks or subphases
needed to define a flight phase c¢an be provided, separate ratings may be
obtained for each task or subphase, and ¢ composite ratinyg then given for the
multiple tasks or -ubphases required io represcnt a flight ptase. Providing
all the separate tasks requived io define a flight phase nowever, is seldom

————




possible even by simulaticr,. Nor is it always possible in actual flight,
although its importance may dictate flving to remote areas to find
environmental conditions fur the actual tests,

If it 1s then not possibie to provide all the separate tasks required to
define a given flight phase, it may be desirable to base a flight phase rating
largely on the pilot's ability to draw on his knowledge, experience, and use
of pilor-induced disturbances or self-induced tasks. Such a procedure
utilizes the maximum capability of the pilot bur also introduces extrapolation,
with the inherent risk of his occasiornally overlooking a potential problem or
of being unduly critical of certain characteristics. The extent to which the
pilot is expected to compensate for limitations in the simulated situation
mnust be clearly understood at the start of a program.

If the time factor and probability of occurrence are the same for each
task, the composite rating will likely reflect the most critical task. If the
probability of occurrence is low for one of the tasks (as might be attribut-
abje to severe turbulence), it is still pcssible for the probability of
encounter to influence a composite rating in an undefined manner unless such
a task is excluded from the composite rating. The experimenter must decide
whether composite ratings, which include "probability of failure' or probabil-
ity of encountering '"unusual' environmentsl conditions, are to be assessed by
the pilot or someone else. There must be no doubt as to whose responsibility
this is, however,.

Transient disturbances.- When a steady-state failure is designated, the
pilot is exempt from considering the probability of a failure. However, some-
one must consider the probability of encountering transient disturbances from
engine or other failures, wind shear or other short-term environmental condi-
tions. In these cases, the pilot might have to consider the duration of the
disturbance as well as its level. 1If specified in the mission definition, the
pilot must consider disturbances whether they are provided in the task or not.

Admittedly, a rating that reflects extrapolation for the effect of an
undefined level and oxtent of a disturbance represents an approximation, but
this may often be re.ecrable to ignoring the disturbance.

T 2 effect of certai. disturbances, such as those induced by the
environment and the dynamics of failure, on pilot rating will depend heavily
upc the aircraft state. As a rule, transient disturbances from whatever
source will affect the pilot rating less if the handling qualities are good
rather than poor. For this reason, it becomes increasingly important to pro-
vide more accurate dynamic representation of transient disturbances as
handling qualities deteriorate.

Single axi» or single parameter evaluations.- Confusion can occur when

ratings are requested for specific parameters or for a single axis rather than
for the complete pilot-vehicle combination in performance of 1ts mission. [t
chould be handling qualit’es that are rated, with the influence of specific
parameters identified through changes, if any, in the pilot ratings and from
the pilot comment data
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Single-axis simulations can be of considerabie value in quick look
evaluations but should be clearly identified, so that the limitations of the
data can be recognized. The task that, for example, includes freedom for
maneuvering in pitch only cannot provide information on either total pilot
workload or control coupling. When a single axis or single paramcter is of
primary interest, it 1s preferable to incorporate the single axis characteris-
tics into a full multiple-axis {six degrees of freedom) task so that the
evaluation can be made in the full context of handling qualities.

Deficiencies evaluated in the longitudinal flight mede cannot be simply
added to deficiencies evaluated separately in the lateral-directional mode.
As a consequence, the most c¢ritical single axis task cannot necessarily be
assumed to be the most critical overall pilot-vehicle task.

A parallel situatiorn arises in the general application of quantitative
criteria for handling qualities. As a rule, such criteria are developed for
specific parameters with all other parameters at a satisfactory level. Such
is not necessarily the case in real life, so that one cannot expect to find
single parameter criteria that apply accurately to all aircraft with their
various roles, configurations, and operating environments.

Preoccupation with variations in a single parameter should not be allowed
to distract the pilot from the fact that his ratings apply to handling quali-
ties as a whole, for the task (or fiight phase) in context of the aircraft
role. Assessment of single parameters or single axis effects can be very
helpful to a designer, but special care must be taken in the development and
presentation of such data. Programs of such limited scope arec likely to
introduce considerable pilot extrapolation with a resulting low level of con-
fidence so that in some cases it may be more desirable to obtain only pilot
comment data or comparative results not asscciated with a handling qualities
rating.

An evaluation may often involve comparisons or relative assessment of
specific characteristics, but the evaluation pilot should not become so
engrossed in comparisons that he loses sight of the absolute aspects of per-
formance and workload in the context of the role and mission requirements.

The use of an entirely separate rating scale, specifically for relative assess-

ment of individual stability and control parametors, has been considered but
abandoned because of possible ronfusion introduced by a second scale,

Pilot Assessment Considerations

Pilot rating.- As a shorthand representation of the handling qualities of
an ai???ﬁ?fuTﬁ_Yéb performance of a defined mission and tusk, a pilot riting
will be meaningful on!y in proportion to the care taken in developing © e pro-
gram (defining objectives, the role and mission, the evaluation task, :hat the
rating applies to, the simulation situation and extent otf pilot extrapolation
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involved). Unless a common basis is established and any criteria used are
clearly indicated, one cannot expect to achieve reliable data and comparable
ratings among pilots. Large disagreement between pilot ratings is usually
traced to incomplete program development.

There tends to be some disagreement among pilots as to how they actually
arrive at a specific numerical rating. Some pilots lean heavily on the speci-
fic rating description and look for the description that best fits their over-
all assessment. Other pilots prefer tc make the dichotomous decisions
sequentially, thereby arriving at a choice between two or three ratings. The
decision among the two or three ratings is then based upon the adjective ‘
description. In concept, the latter technique is preferable since it empha-
sizes the relationship of all quality decisions to the aircraft role and
mission requirements. With the final version of the revised scale, the pilot
decisions shown must be concidered in order to define the category boundaries.

The actual technicue used is probably somewhere between the two tech-
niques discussed above and is not so different among pilots. In the past, the
pilot's choice has probably been strongly influenced by the relative useful-
ness of the descriptions provided for the categories on one hand, and the _
numerica. ratings on the other. The evaluation pilot is more or less continu- )

i cusly considering the rating decision process during his evaluation. He pro-
ceeds through the dichotomous decisions to the adjective descriptors enough
| times that his final decision is a blend of both techniques.

lialf ratings (e.g., rating 4-1/2) generally indicate reluctance of the
evaluation pilot to assign either of the adjacent ratings to describe the con-
figuration. Any finer breakdown than half ratings is hardly ever justified
since any number greater than or less than the half rating implies that it
belongs in the adjacent group. Any distinction between configurations
assigned the same rating must be made in the pilot comments. Use of the
1 3-1/2, e-1/2, and 9-1/2 ratings is discouraged because they represent impor-
tant ''boundary' conditions and the decision as to which category is selected
may be significant even though hard to make.

As a general rule, pilot ratings and comments are preferably given on the
spot when the characteristics, performance, and workload are fresh in mind.
It the pilot should later want to change his rating, the reasons for the ,
change may be of interest. In some cases, an attempt should be made to repeat
the configuration later in the evaluationr program.

o=+

PMilots!' comments.- The use of a rating scale considered for universal
hand! ng qualities application leads to the assumption that the numerical
pllet vating can represent the entire gualitative assessment. Extreme care

must be taken against this oversimplification bhecause the numerical ratings do
not constitute the complete results of the data gathering process.

As one might expect, the evaluation data most often neglected are the

prlots!' comments, either because they are not recorded or because they are »
often difficult to deal with because of their qualitative form, and perhaps
their buik.  Qften the nature of the experiment allows the pilot neither the
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time nor the opportunity te identify the cause of his objections. Ratings,
without the pilot's obijections, are only part of the story. Only if the defi-
cient areas can be identified, can one expect to devise improvements to elimi-
nate or attenuate the shortcomings. The pilot comments are the means by which
the identification can be made.

The pilots’ objections to the handling qualities are important therefore
to the airplane designer who is responsible for improving the handling qual -
ities and to the engineer who is attempting to understand and use the pilot
rating data. If ratings are the only output, the engineer has no real way of
assessing whether the objectives of the experiment were actually realized. A
pilot's comments supply a means of assessing whether his objections (which
lead to his summary iting) were related to the mission, to some extraneous
factor in the execution of the experiment, or to his inaccurate interpretation
of varicus aspects of the mission. For pilots' comments to be most useful,
several details must be kept in mind.

Generally, pilots should comment in the simplest possible language.
Attempts to translate the observed characteristics or responses into engineer-
ing terms should be avoided, unless such terms accurately supplement the
pilot's cbservations given in descriptive terms. The pilot should report what
he sees and feels, and describe his difficulties in carrying out whatever he
is attempting. It is then important for the pilot to relate his difficulties
in executing specific tasks to their effect on the accomplishment of the
required operations.

The pilot should be encouraged to make specific comments when evaluating
each configuration. These comments generally are in response to questions
developed during discussions of the mission and simulation situation. The
pilot must also be encouraged to comment regarding his difficulties over and
above the answers to the specific questions asked of him. 1In this regard, the
test pilot should strive for a balance between a continuous running commentary
and only occasional comment in the form of an explicit adjective. The former
often requires so much editing tec find the substance that it is often ignored.
while the latter may add nothing to the numerical rating itself.

The pilot's comments must be collected during or immediately after each
evaluation. If the comments are left until the conclusion of the evaluation,
they are often forgotten. For both in-flight and ground simulator evaluations
this means that provision should be made for wire or tape recording. The
immediate recording of key words or phrases on a kneepad can often be easily
expanded te the full content after the task or evaluation is completed. [t
has been the experience of the authors that the best voluntary comments are
often given during the evaluation. A useful procedure is to encourage volun-
tary comment and note-taking during the evaluation and to require answers to
specific questions in the summary comments at the end of the evaluation.

Questionnaires or erplicit check lists ensure that: (&) all i1mportant or
suspected aspects are cor.-idered and not overlooked, (b) the reason for a
given rating 1s specified, (¢) an understanding is provided of the tradeoffs
with which pilots must continualiy contend, and (d) supplementary comment that

’
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tion for pilot rating.

Simulacion Situation

A pilot evaluation is seldom conducted under the full circumstances of an
actual flight. It almost always involves simulation tc some degree because of
the absence of the real situation. As an example, the evaluation of a day
fighter is seldom carried out under the circumstances of a cembat mission
where the pilot is not only shooting at real targets but is being shot at with
real bullets. Therefore, after the program has been defined and the decision
made as to what is being rated, the relationship of the simulation to the real
situation must be explicitly stated for both the engineer and the evaluation
pilot so that each may clearly understand the limitations with respect to what
is provided in the task, the environmental disturbances, the cockpit interface,
and the completeness of the simuiation of the stability and control
characteristics.

The pilot and engineer must know not only what is left out of an
evaluation program, but also what is ir that should not be in. The fact that
the anxiety and tenseness of the real situation are missing, and that the air-
plane is flying in the clear blue of calm daylight air instead of in the icy,
cloudy, turbulent, darkness of the real mission could affect the results and
should be considered during the program development and the interpretation of
the results.

Cockpit interface.- The cockpit interface must be specified, at least to
the extent necessary to identify any factors that influence handiing qualli-
ties. As a rule, once this i1s done for a given program 1t remains fised and
1s merely reference intformation. When stability and contro! characteristics,
for vxample, are the primary interest, features pertaining to the flow of
information to and from the cockpit probably would not be considerca as vari-
ables in the study, but thev must be noted with sufficient deta’l to vstabl.sh
at least any possible qualitative influence on the results,
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The individual cockpit features, such as control system characteristics
and instrument display, may, however, often include the specific variables to
be studied. In some cases, these variables will ke made known to the evalua-
tion pilot, while in others, it will be more important that he assess only the
overall handling qualities with respect to task accomplishment.

Uniess control system characteristics are a variable to be studied, it 1s
desirabie to prcvide an accurate representation of the anticipated vehicle
control system. Such factors as centrol system break-out force, friction,
inertial characteristics, or system gearing and sensitivity may significantly
affect pilot rating. 1If it is not practical to represent the vehicle control
system characteristics accurately then system characteristics should be pro-
vided that are at least satisfactory to the evaluation pilots and do not
introduce unwanted problems. It is often desirable to allow evaluation pilots
to establish comfortable levels of control sensitivity, for example, before
beginning an evaiuation program. This procedure has distinct advantages in
reducing the number of uncontrolled variables that may enter into an evalua-
tion programn. Care must be taken, however, that this procedure is not used
when the control sensitivity is a variable,

Renositioning any of the selectors available to the flight crew to change
aircraft configuration will depend on the flight phase or task being evaluated.
Visual information available to the pilot is defined by such features as the
cockpit cut-off angle, the simulator system for providing external information,
and the types and locations of the cockpit instruments.

Aircraft environment.- The extent to which aircraft environmental factors
are included in the simulation must be described. 1t is important that the
level of such disturbances be related to the length of time they are to be
coped with  This is usually for the duration of a flight phase, or specified
task, but if it is to be considered as a transient condi<ion, this should be
noted.

Should the evaluation be conducted under actual flighut conditions, it may
be desirable to secure a turbulence classification based on the standardized
scale from the FAA Airman's Information Manual {(fig. 9), or to relate to other
documentation as may be available.

The probability of occurrence of various levels of turbuience is an
importan. cvonsideration, but is much too complex fcr the pilot to consider
during an evaluation.

The influence of e vironmental disturbances varies inversely with the
level of nandling gualities; that is, in general, the poorer the handling
yualities, the more they are influenced by adverse disturbances. There is no
sinple rule, nowever, for translating ratings obtained in smooth air to
ratings appiicable to rcugh air.

Envirormental disturbances with some undefined probability of occurrence
can strongly 1nfluence the aircraft design and its handling qualities. VFor
this reason, their inclusion can be essential to the conduct of handling qual -
ities experiments.  wWhon no provision 1s made for actual or simalated
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Figure 9.- Turbulence criteria.
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Therefore, such occurrences must originate with the program objective and be
documented in the test plan as to how they will be executed; that is, whether
they will be included in a task or left to the pilot's individual assessment.

Pilot extrapolation and confidence.- The question of simulation enters
into nearly everv evaluation program to some degree. Previous studies
(ref. 9) have shown that sophistication is not necessarily the key to simula-
tor usefulness although it can extend the range of application. Deciding
"what a pilot rating applies to'" (specific task or flight phase), and the
completeness of the simulation will determine the degree to which piiot
extrapolation is to be relied on. Neither the pilot nor the engineer retuzins
confidence in the results if the need for extrapolation of observed results
becomes toc great. Guidelines have been drawn in this report to guard against
this problem while at the same time encouraging full utilization of the
trained and experienced test pilot.

It is felt that careful planning and agreement on program objectives,
mission definition, what is being rated, and the execution of the experiment
can limit the uncertainties of extrapolation.

In order to provide a means for expression, on the part of pilots in
particular, a confidence factor could be introduced into programs in which
simulation is involved. A definition might be ''the ratic of the information
available (to the pilot) in the simulation situation to the information
required to derive a realistic pilot rating." While provision is made for the
use of such a confidence factor, no recommendation as to its use is given in
this report. If used, care must be taken to insure that the confidence factor
does not inhibit or otherwise confuse the actual pilot ratings assigned. As
reference information, a confidence factor could help a pilot focus his com-
ments on the adequacy of the simulation, but questionnaires could serve the
same purpose.
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The Briefing Guide

In order to summarize the content of this report in a form which may be
applied directly to the execution of handling qualities experiments, a
"Briefing Guide' has been assembled in appendix B. The purpose of this guide
is to outline a format to insure that all pertinent documentation is covered
for each evaluation program. Only in this way can the evaluation pilots be
sure that everyone is talking about the same thing. Subsequent analysis of
the data, reporting, and ultimate comparison with data from other sources is
then materially aided.

The briefing guide enables the pilot and engineer to know what is missing
from an evaluation program, as well as what is provided.

Cnce the information is tabulated, it should be apparent just what is
being evaluated and rated, what the task is, the cenditions under which the
evaluation is performed, and the applicability of the data. With the impor-
tant information provided in a Brierfing Guide, it should be possible to
evaluate handling qualities mcore effectively and to improve communication
not only between pilots and engineers, but between various research and
development groups as well.
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APPENDIX A

DEFINITIONS

COMPENSATION - The measure of additional pilet effort and attention
required to maintain a given level of pesrformance in the
face of deficient vehicle characteristics.

CONFIGURATION -~ The aircraft geometry as established by the actual
position of movable portions and surfaces controllable
by the selectors, and the state of operability of
on-board systems.

Examples: Auto-throttle on, flaps at 15°, wing sweep
at 45°, etc.

, COCKPIT INTERFACE - The means provided for the flow of information to and
‘ from the pilo:. These irclude the display of informa- i
tion availabile to the pilot as well as the type and

characteristics of the cockpit controls.

? Examples: Description of cockpit instruments and layout.
Description of control system (i.e., stick,
wheel, force - deflection gradients, sensi-
tivities, primary, secondary controls, and
selectors provided).

CONTROLS - A distinction is made between the types of controls in
| the cockpit according to their function. Principal con-
‘ trols are the primary and secondary controls.

Primary - Those controls used by a pilot to continuously modify
the movement of the aircraft.

i : . -~

; Examples: Pitch, roll, yaw controls, tnrottle, LLC.

Secondary - Those controls used by a pilet to make discrete changes
in the novement or balance of the aircraft, thereby modi-
fying the need for actuation of the primary controls.

IO

ExampJes: Pitch, roll, and yaw trimmers, aerodynamic
braking devices.

Selectors - Those cockpit controls available to the crew for
changing aircraft configuration.

Examples: Flaps, slats, wing sweep, BLC.




FAILURE STATE -

FLIGHT or SORTIE -

FLIGH! PHASE -

FLIGHT SUBPHASE

HANDLING QUALITIES -

3

A steady-state failure characitecized by the various
failed systems that axfect the handling qualities. Tne
dynamic effect of a fai' 're is c.iled a change of state
and should be noted separate.y.

Examples: Any failure resuiting in loss of selected
function. Eu, ne failure, augmentation sys-
tem, failure in scakility, autothrottle, pri-
mary flight control system (power boost,
electric sticx, servo control “ucl, evc.) or
secondary flight control system (trim, aers-
dynamic brake, etc.).

A complete sequence of fl.ght phases of an airciaft
within one of its roies. Full or compl-te mission,.

Example: The composite of takeoff, climb, cruise, com-
bat (or other special phase:, descent,
approach, l:nding.

A designated portion or segment of a complete flight. A
mission phase. A flight phase may be represented by one
or more separat- tasks.

Examples: (a) tommor phases - takeoff, climb, cruise,
descent, approach, and landing.

(b) Speci:. phases required by role -
formation, refueling, air-lo-air or air to-
ground combat, weapon delivery, emergency
conditions (i.e., 2Z- or 3-engine operation,
emergency descent, etc.), VIOL transition,
VTOL hover, STOL takeoff, and STCL spproach.

That part of a flight phase having a single objective,
and a single configuration or change in a configuration.

Examples: Air-to-air tracking, terminal area holding,
glide slope capture, localizer capture, ILS
tracking, wave-off.

Those qualities or characteristics of an aircraft that
govern the ease and precision with which a pilot 1s able
to perform the tasks required in support of an aircraft
role.




MANEUVER - A pianned and regulated wovement of an aircrafr for the
purpose of aiding the completion of a given contrel task.

Examples: Bank, turn, dive, pullup, turn reversal, roll
12versal, rolling pullup, steady sideslip, !
return from sideslip, control steps and !
pulses, maintenance of a steady condition.

MISSION - The comnosite of pilot-vehicle funcrions that must be
performed to fuifili operational requirements. May be
specified for a role, complete flig. . flight phase, or
flight subphase.

PERFORMANCE - The precision of certrol with respect to aircreft move-
ment that a pilot i+ able to achieve in performing a
task (Pilot-vehicie performance is a measure of
handling performance, Pilot performance is a measure
of the manner or e¥ficiency with which a pilot moves
the principal controls in performing a task.)

ROLE - The tunction or purjose that defines the primary use of
an aircraft.

SPECIAL CONDITIONS - The special circumstances pertinent to the evaluation ’
(i.e., aircraft environment and pilo* stress). i

Examples: Speci:! conditicns of weather and environment,
turbulence, wind shear, ceiling, visibility -
night, etc. Pilot awareness, surprise, or
distrection with respect to impending failure
or Zisturbances.

STATE -~ The mass distrivutiocn cnd Ffailure situarion that deter-
2ine completely the behavior characteristics of the
aircraft. A state without 3 failure is a normal state.

TASK - The actual work assigned a pilot to be performed in 0
completioci of or as representative of a designarted
fiight segment,

Centrol - That parft uf a task which requires continuing actuation
cf the principal controls and use of the selectors (see
"CONTROLS") as required.

bxamples: Movement Letween specified points, tracving
N 1

nart of weapcn delivery, [LS or VUi trackirg.
p g




Auxiliary -

WORKLOADL

Physical

Mantal

33

That part of a task which involves the pilot in actions
other than direct control of the aircraft.

Examples: Navigation, communication monitoring, and
selection of systems,

The integrated physical and mental effort required to
perform a specified piloting task.

The effort expended by the pilot in moving oxr imposing
forces on the controls during a specified piloting task.

Mental workload is at present not amenable to quantita-
tive analysis by other than pilot evaluation, or indi-
rect methods using physical workload (input) and the
task performance measurements. An example would be the
improvement associated with flight-director type dis-
plays which reduce the mental compensation normally
required of the pilot.
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APPENDIX 8
BRIEFING GUIDE AND RATING INFORMATION FOR HANDLING QUALTITIES EXPERIMENTS

PROGRAM DBEFINITION
Objiectives
General:
Research[ | Development[ ] Acceptance[ | Other[ ]

Aircraft role

Flight segment of interest

Parameter or varicble of primary interest

Mission description:

General statement of the required operations for the flight segment
of interest in context of aircraft rcle.

1. What is pilot-vel:ricle combination required to accomplish?

2. What are the conditions under which these required operations are
te be carried out (i.e., aircraft state, environmert, and cockpit
interface)?
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Scope
Short look (guide to further tests)[ ]
Long look (definitive as possible)[ ]
Task related only (minimize pilot extrapolation)[ ]
Mission or flight segment related (pilot extrapolation encouraged){ ]
Nature of task or tasks provided:[]
Short term[ ] Long term [ ]
Critical task(s) inciuded?{ ] Or left for pilot extrapolation? [

Identify:

Are simulated disturbances provided or to be supplied by pilot?

Use of pilot-initiated or self-imposed tasks, disturbances, or short-
term maneuvers.

Provision for familiarization:

Measured performance:

Is performance to be measured?

Pilot-vehicle {output)( ]

Pilot werkload (input)[]

Other measurements?[ ]

Additional provisions:

SN
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Are additicnal runs allowed for evaluation? . bExplain:

RATING INFORMATION

What is to be rated? ]

[JHandling qualities [ ]Other

E] Task

(] Flight segment (flight phase or subphase)

[[] Composite of tasks (specify tasks included in composite rating)

[] composite of subphases (specify subphases)

What is provided?

Test vehicle: (aircrafi, spacecraft, simulator, etc.)

Aircraft state:

Normal[] Emergency'[] ldentify failure:

Configuration:

Gross weight:

Mass distribution:

Changes in aircraft state:

Configuration changes (during task or designated phase)
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Transient failures (unanticipated failures to be introduced into task
for pilot reaction to and correction of resulting disturbance)

Cockpit interface:

(Brief descriptio. of important items uoting unusual or detracting or
limiting characteristics in particular)

Principal controls:

Primary contrels:

Secondary controls:

Selectors:

Cues an:t disturbances provided:

Moti&ni_

Visual:
I[nstrunents: Conventienal D Novel [__J

. 1
Furl panel D Part panel [__.

(Briet statement of instruments or charoacteristics which
atfect the eval ation)

may




External vision:
External visual display VFR providedD not provided ]

TFR only [}

(Brief description of information provided)

Task (s):

Control task description:

Auxiliary tasks? Yes D NOD
Aircraft environment:

Day [ ] Night [ ]

Visibility conditions:

Turbulence ]

Wind shear [“] B

Crosswind Ej

Other weather conditions:
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PTLOT EVALUATIGN DATA

Form of results

Pilot ratin Comments Questionnaire Oral debriefin
g (. |4

Othex‘[j

Pilot rating scale:

Principal items for comment:

Program assessment:

(Comments and recommendations on validity, effectiveness, etc.
Confidence factor - if used)

2% e

- S——— -

B

Wl et 2 s

e
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APPENDIX B - Example 1
BRIEFING GUIDE AND RATING INFORMATION FOR HANDLING GUALITIES EXPERIMENTS

PROGRAM DEFINITION
Objectives
General:
Research[:] DevelopmentEg Acceptance [j Other []

Aircraft role Commercial transport

Flight segment of interest Landing approach

Parameter or variable of primary interest [ mgitudinal stability

Mission description:

General statement of the required operations for the flight segment
of interest in context of aircraft role.

1. What is pilot-vehicle combination required to accomplish?

Conduct VFR and IFR approaches and landings, either Day or Night,

with an accuracy *50 ft from desired path and +6 k airspeed. Ninety

percent consistency 1s allowable 1f pilot can execute wave off safely

or make an acceptable landing. (5 ft/sec at touckdown, within 50 7t

i of centerline, with side velocity less than 5ft/sec)

! 2. What are the conditions under which these required operations are
to be carried out (i.e., aircraft state, environment, and cockpit
interface)?

Both normal and emergency state with pitch SAS failed . Approach

5

econfiguration, Light-Moderate turbulence, Night or Day, 0-20 k

eroggwind, 10 k per 100 ft windshear. Cockpit i(nterfuc,

items must not be considered limiting or to {ntroduce olgud Mlemiti

obgectionable charasteristics to the evaluation pilots.




Scope
Short look (guide to further tests)| )
Long look (definitive as possible) X!
Task related only (minimize pilot extrapolation) (]
Mission or flight segment related {(pilot extrapolation encouraged) @Q
Nature of task or tasks provided:
Short term [ Long term @Q

Critical task(s) included? [] or left for pilot extrapolation? X

Identify: Consider effect of higher level of turbulence on instrument

approach.

Are simulated disturbances provided or to be supplied by pilot?

Light turbulence and wind shear provided.

Use of pilot-initiated or self-imposed tasks, disturbances, .r suort-
term maneuvers.

During familiarization runs only.

Provision for familiarization: F've runs at becinning of eacn

3E38 Lo,

Measused pertormance

Is performance to be measured! Yes

Pilot-vehicle (output){}g ILS tracking error

e e e e e g g
_ Comtra ] molumn il chirottle actrorly

- - IR . .
Pilnt workload (inpur) X reversals aned wort)

.

Other measurements? QQ Altitwleo aad ciwsprcﬂ error

. N e . .
v Sl arTaation ruas wsed only to

i
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H
!
Are additional runs allowed tor evaluation? Yeo . Explain:

Filot may make nonperformance evaluation runs as time allowe after

completion of all data runs.

RATING TNFORMATION

What is to be rated?

X Handling qualities ] other

Ej Task

X Flight segment (flight phase or subphase) Landing approach

OJ Composite of tasks (specify tasks included in compousite rating)

Composite of subphases (specify subphases)

What is provided?

a

Test vehic e: (aircraft, spacecraft, simulator, etc.) S-16 Movwir

Base_SimuZator

Aircraft state:

Normal [ ] Emerpency X Idertify failure: Fiteh JAS failed.

I

Configuration: Approach conrfiguration, geur \ , ltap v 407, leading

ey P e P I A e e
clgo oextended, wita oo 7 et
N Ler i ot B A A
(SN ‘A‘(lgnt. RO NRNRAC It IS b S B N SR P F A
. N - e

Mase distribution: .. 10 008 Die)

Changes 1n alroyatt -tate:

Contipuration changes {during task or designated phase;
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Transient failures (uranticipated failures to be introduced into task
for pilot reaction tuv and correction of resulting disturbance)

Pitch SAS fullure to be introduced unexpectedly onm two SAS on runs.

Cockpit interface:

s

(Brief description -7 wportant items noting unusual or detracting or
limiting characteristics in particular)

Principal controls:

Primary controls: Conventional wheel and yoke with 707 fezl

characteristics; single-throttle control for all engiies.

Secondary controls: Electric trim switch on wheel for piicn and

roll, ya trim - not provided; spoiler actuation not provided in

eockplt, but available on veice command.

Selectors:

Cues and disturbances provided: Piteh anl roll cues with turbulence

n vertical motior.

Motion:

Visunl:

ICtal
|

Inctruments:  Conventional (X Nove l

Full panel Purt ;unu‘l‘)¥

{(Rriet statement of instruments or characteristics which mav
attect the evaluation)
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External vision:
External visual display VFR provided (X rot nrovided (]

I[FR oniv D

(Brief description of information provided)

1500 ft to ground accurate 14° vertical (dowwward) cutoff angle

provided, but lateral view restricted to 40° angle. [rominen:

horizon provided. Fairly good picture resolution enables

3 ft/sec touchd m to be made consistently, but not good erougr:

for much less,

Task(s):

Control task description: a. Viswal approach ‘rom crosswinl Les,

NG e

7000-ft altitude at recommended approach speed to lani at L00

elevation. b. IFR-ILS apjrouch, capture aul track 3° TLD from

OM. No offset crocswind or turbulence 000 7t RVK., <. Jame o

b., except with Li-k crosswind, Light turbulones, mod rat:

windshear at 100 [t above grownd. L2000 1 «VR

Auxiliary tasks? Yes [_] No
Alrcraft environment:

Day @ Night [3]
.4

Visibility condit ons: Zvot variaw 1o

Turbulence IX]
Wind shear [X] I RS S T R G TV R LS A R

Crosswind D@

Other weather conditions:




PILOT EVALUATION DATA

iform of results

Pilot rating X Comments {_J Qurstioanaire (] Oral debriefi g X

Other Ej

Pilov rating scale: Cooper-idarper

Principal items for comment: Airspeed and flight-path contrcil. Pitch

response. Pilot workload. . _

Program assessment:

{Comments and recommendations on validity, effectiveness, etc.
Confidence factor - if used)

Validity of task. Adequacy of display.




APPENDIX B - Example 2

“

BRIEFING GUIDE AND RATING INFORMATION FOR HANDLING QUALITIES EXPERIMENTS

PROGRAM DEFINITION
Objectives
General:

Research Development (] Acceptance (] other [}

[

Aircraft role Long-range attack bomber

Flight segment of interest In-flight refueling

Paraneter or variable of primary interest Lateral control

Mission description:

General statement of the required operations for the flight segment
of interest in context of aircraft role,.

1. What is pilot-vehicle combination required to accomplish?

By visual references, attain .amd maintain resition relative to

tanker within presented bounls for period of 10 min.

-

2. What are the cenditions
o He carried out (i.e
intertace)”?

under which thee reguired operations are

L, oalrcratt state, environment, and cockpit

amocti arr e Tlahe ot




Scope

Short look {(guide to further tests)

Long look (definitive as possible)

Task related only (minimize pilot e

Mission or flight segment related (

Nature of task or tasks provided:
Short term [ ] Long term

Critical task(s) included? [X)

Identify: JSuccess or faillure to

47

[

. ~
xtrapolation) il

pilot extrapolation encouraged) X

X

Or left for pilot extrapolation? C)

establish and maintain position with

respect to tavker with light tu

rbulence and occassional disturbance

of ite tanker,

.

Are simulated disturbances prov

Provr ded

ided or to be supplied by pilot?

Use of pilot-initiatoed or self-
term maneuvers.,

Ol Jurivng familiarization or
e,

imposed tasks, disturbances, or short-

subseguent to noti fleation of test

L

drreetonr,

Provision for fam:liarization:

As Jeelreld by rilot,

Measured pertormance:
I's performance to be measured?
N . i
Prlot vehyole (cuatput) XK
Pilot workionad (i”]‘”(‘/
Other measurement <7

Addntional provisions

P
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Are additional runs allowed for evaluation?

Yes .

Lxplain:

RATING INFORMATION

What is to be rated?

X Handling qualities Other Adequacy of simulation.
—
0J Task

X Flight segment (flight phase or subphase) Special phase - refueling.

(] Composite of tasks (specify tasks included in composite rating)

- Composite of subphases (specify subphases)

What is provided?

Test vehicle: (aircraft, spacecraft, simulator,

r-

etc.)

imulator

Aircraft state:

'

—
Normal (X Emergency {_J Identify failure:

Configuration. teofueling

Yy Lo . . S0 PR ; B Ara
Gross V\t‘ight- SOU 00 cprd 400,700 Lh

Mass diatribution: dAprropelate

Charges 1t oaireratt states

Contrguratron changes cdiaring shoor designated phase)

s e e+ Lt

s et iyt e+ o
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Transient failures (unanticipated failures to be intrcduced into task
for pilot reaction to and correction of resulting disturbance)

Yaw damper

Cockpit interface:

(Brief description of important items noting unusual or detracting or
limiting characteristics in particular)

Principal controls:

Primary controls: Control stick with light control forces, good

centering and low friction. Conventional rudder pedals having

light forces but objectionably poor centering. Requires pilot

adaptaticn and special constideration.

Secondary controls: Trim noi provided.

Selectors: Not provided - configuration wunchanged.

Cues and disturbances provided:

Motion: L 2k, roll, wund yas (£45°). Accelerations attenuated by

Uimited tpans atior (06 't vertically, +10 fr laterally;

g B3 . v
107 fore aond aft).

Visual:
Instruments:  Conventional IX] Novel | )

Full panel o Part panel L

(Briet statenent of inctrouments ov characteristics which may
affect the cvaluation)

R e oy prrirnirn 2Ll

S T
(R AN




External vision:
External visual display VFR provided X not provided ()
TFR only (—J

(Brief description of information provided)

Clogsed circuit T.V., enabling visual formation [luing wiih

stationary model of tanker aireraft.
Task(s): !
Control task description: (1) Cloce on tanker, ectablich contact, ;
maintain hookup for lurution of refucling operation wlthout
turt ulence. () Sume ae (1), cxeeps oy alendated Tisht )
turbulenee and occoaeiona atrupt Deplacoment o fanley o
similate diceonnoot, 7 - »
Auxiliary tasks? Yes { J NoO \}Z‘,
Alrcratt environment:
L]
Day Xl Night
Visibility conditions: "olareero fo vy cne
AREY Jy."".'."t ! fv Z?‘]v Tt P LN i
furbulence e ]

Viind shear

Crosswind oo

Othey weather condr cons




PILOT EVALUATION DATA

Form of results

Pilot ratiag @Q Comments [j Questionnaire @Q Oral debriefing [j

Other L;] Questionnaire will be made available after cormpletion of test.

Pilot rating scale: Cooper-Harper

Principal items for comment: Pilot workload. Influence of control

system characteristics, if any.

Program assessment:

(Comments and recommendations on validity, effectiveness, etc.
Confidence factor - if used)

Realism of task. Adequacy of simulated motion.
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