P A

‘ED 077 230

AUTHOR
TITLE

INSTITUTION

.REPORT NO

POR' CATE

NOTE

.EDRS PRICE

DESCRIPTORS

ABSTRACT

COCUMENT RESUME

EM 011 144

Knoop, Patricia A., Welde, William L.

Adtomated Pilot Performance Assessment in the T-37: A
Feasibility Study. Final Report (May '1968-Arril
197%) .

Aixr Force Human Resources Lab., Wr1ght—Patterson AFB,
ohio. Advanced Systems Div.

APHRL-TR-72-6

Apr 73

454p.

MF-30.65 BC-$16.45 -

*Aircraft Pilots; *Automat10n° Aviation Technolcgy;
*Evaluation Téchniques; Feasibility .Studies; *Flight
Training; *Measurement Techniques; M1l1tary Tra1n1ng,
Student Evaluation

Air Force investigators ccnducted a three year

‘program to develop a capability for automated quantificaticn and

assessment of in-flight pilot performance. Such a capability enhances

pilot training by making ratings more objective, valid, reliable and

sensitive, and by freeing instructors from rating respcn51h111t1es,

- ‘allowing them to concentrate upon instruction and safety. Researchers

implemented instrumentation for recording T-37 flight data and.
develored hardware and software for measuring pilot performance using
recorded flight data. Flight data were then ccllected and measurement
techniques tested, the results of which indicated that autcmated

' measurement was feasible. The program alsc showed that additional
-data must be acquired for each student, that it is difficult to

prepare in-flight data, and that it is necessary to blend automated
proficiency ratings with subjective evaluations of students by
instructors in order to achieve an optimum evaluation. (PB)




3 m:‘zy

SE o e $T o N g e ey
A o, A s 5 g e, 1

;

-

D 077

.

TR e

,Am AR

pere

FILMED

Aruitoxt provided by Eric -







-—

LU Urrdou

AFHRL-TR-72-6

P—

AUTOMATED PILOT PERFORMANCE ASSESSMENT
IN THE T-37: A FEASIBILITY STUDY

PATRICIA A. KNOOP
WILLIAM L. WELDE

U.S. DEPARTMENT OF HEALTH,
EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS OOCUMENT HAS BEEN REPRO-
OUCEO EXACTLY AS RECEIVEO FROM
THE PERSON OR ORGANIZATION ORIG-
INATING IT. POINTS OF VIEW OR OPIN-
IONS STATEO 00 NOT NECESSARILY
REPRESENT OFFICIAL OFFICE OF EOU-
CATION POSITION OR POLICY.

Approved for public release; distribution unlimited.




AFHRL-TR-~72-6
- FOREWORD

This report descriﬁes.an‘in-house research program conducted between
May 1968 and April 1971 in support of the mission of the Advanced Systems
Division, Air Force Human Resources Laboratory, Wright-Patterson AFB,
Ohio.  This research was documented under the following projects:
Project 1710 entitied "Training for Advanced Air Force Systems" with
Dr. Ross L. Morgan serving as Project Scientist?;aﬁd Project 6114
entitled "Simulation Techniques for Aerospace Crew Training" with Mr. Carl
F. McNulty serving as Project Scientist. '

The efforts of several individuals who collectively were instrumental
in formulating and obtaining support for this program, establishing
initial design concepts, and managing the program during its early phases
are recognized. These individuals include Lt Col Melvin S. Majesty,

Dr. Donald E. Meyer, and Qr. Herbert J. Clark, all formerly with this
Division; and Dr. Theodore E. Cotterman of the Training Technology Branch
of this Division. '

Special recognition is,extended‘to Mr. Fred E. Kirk of the Test
" Instrumentation Branch, 4950th Test wigg for his invaluable efforts in
the instrumentation and maintenance of the data acquisition system.

Also, Mr. Eugene H. Guthrie of the Computing and Information Systems
Branch, 4950th Test Wing deserves special recognition for his contribution
in the development of computer techniques for the calibration and analysis
of the recorded data. '

Other individuals deserving commendation are Major Alan E. Walker and
Captain Richard C. Oliver of the Flying Training Division, Air Force
Human Resources Laboratory, for their dedication in conducting the student
data collection flights. The contribution of Major W. Neely Johnson
from the Air Training Command Pilot Instructor Training School for his
inflight demonstrations of the training maneuvers is gratefully
acknow]edged. '




AFHRL-TR-72-6

The authors appreciate the support and cooperation of the Di]OFS
from the Fighter Operations Branch of the 4950th Test Wing. The
efforts of Jean F. Hixson, Lt Col, USAFR, in preparing Appendix V of this
report are gratefully acknowledged. In addi;ion, the valuahla
contributions’Bf the Data Reduction Branch, 4950th Test Wing in
reformatting flight data for compatibility with data processing equipment
are appreciated. Finally, the authors extend thanks to Headquarters,
Air Training Command, Randolph AFB, Texas, for the preparation of
maneuver analyses and helping to define the requirements and scope of
this effort.

This report has been reviewed and is approved.

“" " GORDON A. ECKSTRAND
Director, Advanced Systems Division

Air Force Human Resources Laboratory

~

oy

-




-

0 i

AFHRL-TR-72-6
ABSTRACT

Research was conducted to develop a capability for quantification
and assessi-nt of in-flight pilot performance for utilization in Under-
graduate Pilot Training (UPT). This feasibility effort was directed to
overcoming the disadvantages of the traditional subjective rating of a
pilot trainee's performance by the instructor pilot. This was
accomplished through the development of an autémated, objective
performance measurement syStem that possesses the ‘characteristics of
reliability, -validity, and sensitivity. A T-37B was instrumented to
digitally record 24 flight and engine parameters. An extensive
computer software system was developed with which to reduce, calibrate,
and analyze the recorded data from the lazy 8 and barrel roll maneuvers,
and compute performance measures. Criterion values for the two
maneuvers .were developed by utilizing task analysis data, narrative
descriptions, and recorded in-flight maneuver performance of a highly
qualified Air Training Command instructor pilot. Utilizing recorded
data from 16 students and 4 instructors, experimental performance
measures were derived through an iterative analytic approach.

Study results indicated that lazy 8 performance assessment can be
accomplistied ysing the flight parameters of roll angle, pitch angle, and
airspeed in a single summary error measure. Barrel roll measurement ;
is dependent upon roll and pitch angle, acceleration (g force), and roll
rate. A definite relationship betwaen roll and pitch was determined to
be critical to measurement. Discussions of measurement validation
methods, debriefing plots, a sampling rate study, instrumentation
techniques, and problem areas are provided.
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SUMMARY AND CONCLUSIONS -

PROBLEM

Traditionally, pilot performance has been assessed by an instructor -
pilot applying a subjective rating scale which places the student in one
of several skill categories. Subjective rating is largely a matter of
judgment and-is subject to many sources of unreliability and invalidity.
In addition, it places an unnecessary burden on the instructor who must
apply it in-flight, and provides no way of assessing salo perfarmance of

‘Students or of pilots transitioning to single seat aircraft. The

purpose of this study was to develop improved methods 3f pilot proficiency
assessment which would produce more valid, reliable, and sensitive
measures of proficiency; and which would free the instructor from
responsibilities associated with in-flight subjective rating, that

detract from hic attention to instruction and safety. The particular
problem to which the study was addressed was T-37 pilot performance
measurement in the Undergraduate Pilot Training (UPT) program.

APPROACH

The approach was to develop and implement instrumentation for
recording T-37 flight data; and to develop technology and computer
software for automatically measuring pilot performance using the
recorded flight data. Twenty-four flight variables were recorded at
rates of 10 and 100 samples per second using appropriate sensors and a
data acquisition system which encoded the data in digital form on
magnetic tape. Software was. developed for calibration of the data and
for producing an initial condensed print-out for purpose$ of maintaining
a continual check on the instrumentation. Automated measurement
studies, addressing two representativé maneuvers, were conducted using
the calibrated flight data recorded for a number of students and
instructor pilots. The approach used was to compute measures that were
initially selected on the basis of Air Training Command maneuver analyses '
and which possessed content validity; then test and, as neéessary, revise
the measures based on experience with the data. Correlation between the
derived measures ard instructor pilot fatings was also investigated to -
address inter- and intra-rater re]jabj]ity and to identify measures which

v
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Consistently failed to reinforce the ordering of performances achieved
by the rating system.

RESULTS

A summary error measure for the lazy 8, based on the flight parameters
of roll, pitch, and airspeed, was developed. Criteria were based on
data from skilled pilots, and the measure accounted for 67% of the
variance in subjective ratings for the data used to formulate criteria.
In contrast, no significant correlations existed between the measure and
subjective ratings for student data. Upon investigation, this was found
to be primarily due to inconsistency between instructor pilots' rating
techniques and standards. Using validation techniques which do not
depend on subjective ratings, face-validity of the er}or measure as
applied to student data was demonstrated. Gooa validation was not
possible due to lack of sufficient data per individual student.

For the tarrel roll, the parameters of roll, pitch, normal
acceleration, and roll-rate were used as a data base for measurement.
It was found that the rol1/pitch relationship and not roll or pitch. as
single variables, is critical to measurement. The constancy of roll
rate and maximum excursions of normal acceleration are also critical.
Considerable difficulty was encountered in developing criteria for this
maneuver due to variance in performance technique.

Debriefing charts were developed for use in pictorially describing
the performance of each maneuver and conveying measures and diagnostic
comments to instructor and student. Central charts for both the lazy
8 and barrel roll consisted of plots of pitch versus roll.

During the effort, data were collected on the lazy 8, and barrel
roll (about 160 performances of each), and seven other UPT maneuvers.
With the major exception of ground-reference data, the variables
recorded appear to form a sufficient data base for measurement within
UPT. Teéhniques were developed for determining required, sampling rates.
For pitch angle, a rate of one per second was found to Be adequate for
both the lazy 8 and barrel roll.
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CONCLUSIONS

This study achieved its original goals of establishing feasibility
and develcping prototype techniques for automated measurement. One
disappointing aspect of the effort was inability to adequately validate
results (beyond the content validity inherent in the measures) due to ’ 3
lack of sufficient data per student. Future efforts should rely
heavily on within-subject sampling for validation of measures; however,
concurrent validation using subjective ratings is also worthwhile
investigating so long as it is applied as a necessary (not sufficient)

test and results are interpreced with the cautions identi®ied in the
report.

The most surprising aspect of the study, and one which essentially
caused it to require twice the time and effort originally estimated, was
the level of effort needed to acquire and prepare for use good in-flight

- data. In'part this was due to the prototype nature of the effort, and
many of the problems encountered can be prevented in future studies.
However, there are a number of types of problems characteristic of
in-flight data collection for which details cannot be anticipated.
Sufficient time and manpower must be procrammed to take care of such
problems on an as-required basis.

Automated proficiency assessment must be blended properly with
subjective evaluation of certain primary skills that do not lend
themselves to automated measurement. Such a system can provide more
valid and reliable measurement techniques than ever before empléyed.

This can greatly enhance pilot selection and training and will also lay
the groundwork for important research in such areas as simulator-to-
aircraft transfer*of training. Future efforts are required to expand
the technology to other maneuvers in the UPT curriculum and to develop
similar techniques for other aircraft.
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SECTION I
INTRODUCTION

This report documents a three-year exploratory development effort in
the area of quantitative assessment and automated measurement of pilot
performance. The effort involved the instrumentation of a T-37B aircraft,
collection and calibrdtion of student and instructor performance data,
and the development of objective measurement techniques for selected
training maneuvers,

The development of performance measurement techniques with aTl of the
approbriate characteristics (objectivity, ;e]iability,-etc.) is one of
those problems which has truly withstood the test of time. Witness the
following extract from a 1952 technical report (Smith, Flexman, and
Houston, 1952):

"An examination of the training program and a survey of
previcus research on pilot training 1ndicate that, for
the most part, objective standards did not exist and

that measures of pilot proficiency were not sufficiently
reliable or discriminating for use as effective criterion
measures for training research."”

The prevailing truth and existence of statements such as above attest
not only to the difficulty and complexity of (pilot) performance
measurement as a research problem, but also to its recognized importance
over the years.

The importance of measurement as a research problem is due to the
fact that measurement is a fundamental requirement which pervades all of
training, education, and any associated research. It is not possible
to perform good research in training innovations, for instance, unless a
valid method exists for measuring the results of training, Neither is
it possible to optimize training and achieve good quality-control in
pilot "production” if it is necessary to rely on rudimentary subjective
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judgments of performance which place a student in one of a few rating
categories. Much training oriented research of the future can benefit
considerably from the development of valid performance measurement
techniques; and some very beneficial research is strictly dependent on
such developments.

The above remarks hopefully help to place measurement, as a critical
problem, in its proper perspective. Despite its criticality, however,
measurement is largely a means to many ends and not necessarily an end

in itself. For this reason it is too often treated as a "nice to have"
but nonessential ingredient in a training or research system, and
attention is turned to more popular endeavors with more immediate and
visible dividends. The authors contend that this is why the measurement
problem. has persisted over the years — not because it is unsolvable,

and not because of its difficulty in the context of complex tasks such

as flying.

Traditionally, in an introductory section such as this, one would
address in detail three major topics: (1) the problem, why it is difficult
to solve, and what characteristics should exist in a good performance
measurement system; (2) why the problem is important and what the many
applications of its solution are; and (3) what, if anything, is different
about the approach used in this study from all of the previously tried
approaches.  The first topic has been discussed at length in literally
every measurement report published, beginning in the 1940's. (In fact,
in many reports, discussion of the problem is the essence of the text!)

It will be treated only in summary fashion in this report.

The second topic, if addressed completely, could result in another
technical report. The authors choose to categorize the applications of
measurement into two general classes and will present just a few
representative examples of each class.

The third topic, the approach, covers both the method of acquiring
data and the methods of treating it. It is the latter of these which
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is most controversial. The approach documented in this report is only
one of those being pursued by the authors. Therefore, in addition to
summarizing the approach in thi; Introduction, it is evaluated in Section
VIII and compared with another, more highly automated approach.

1. PROBLEM

From a historical perspective, interest in the measurement of the
proficiency of aircrew personnel can be traced to- the World Var I period,
and the work on the selection of military pilots. Even after these many
years of endeavor, the measurement and assessment of in-flight pilot
performance is a long way from being successfully achieved, and less than
complete information is provided by present measures and methods. The
measurement of pilot performance is sufficiently difficult due to the
inherent nature of the human and the environment in which he operates that
unfortunately, in many instances, the practive has been to obtain what is
measurable rather than what is desired or required.

There are two general methods or approaches in which performance
measurement can be categorized. The most common is the evaluation of
performance qualitatively — the subjective method. The second approach
represents a goal that is the subject of this report, and that is the
assessment of performance quantitatively — the objective method. These
two methods are not strictly a dichotomous classification, but rather
represent a continuum of performance measurement. On the one side there
exists the strictly personal judgment and rating of performance, and on
the other end of the continuum is a completely automated performance
measurement and assessment system. The middle area of this performance
measurement dimension consists of various techniques whereby the human
observer may record: performance and then compare this data with pre-
established standards to provide an evaluation of the quality of
performance. The desired goal of an effective performance measurement
system is to capitalize on the advantages of an automated, objective
system and yet retain some of the unique capabilities afforded by the
human evaluator so a comprehensive assessment of performance can be
achieved.
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a. Requirements of Objective Performance Measurement Systems

The s%gnificant problem in developing an objective pilot
performance measurement system consists of acquiring data and developing
analytic and software techniques which derive, from that data, measures
that are reliable, valid, and sensitive. Also, the practical aspect of
pilot acceptability must be addressed for such a system to be successful.
Each of these factors will be discussed in turn.

(1) Reliahility

Basically reliability refers *o consistency or stability in
the recorded data and computed measures upon repetition. Reliability
is essential in both the acquisition or recording of performance data and
in the measurement of performance using that data. When the
performance of the same individual is scored on different occasions,
reliability is the opposite of variabiiity.

Several sources of variability :nherent in customary measurement
situations, which hinder reliable measurement of pilot performance,
include the following (Reference 1): .

1. A major source of variability is a function of variations in
the environment in which performance is being measured. Variability
may be introduced in the in-flight environment by differences in traffic,
weather, amount of turbqlence, wind direction and velocity, visibility,
etc., producing "between-flying conditions" unreliability. In addition,
situational factors such as unexpected noise, extreme temperatures, g
forces, and other distractions may further affect performance scores.

.

2. A second source of unreliability is a function of fluctuation
associated with the operation of the system in which an individual's
performance is being measured. Variation in scores due to system
instability may reflect random fluctuations either in the mechanical
components or in other human components in the system.
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3. Response-evaluating instruments used and personnel participating
during proficiency assessment are a third possible source of unreliability
The equipment usad during measurement must be carefully calibrated prior
to testirg.

4. The fourth source of unreliability is a function of the particular
sample of items (parameters) selected for inclusion in the test instrument.

5. The complexity of the behavior being evaluated is a fifth type
of influence on the re]iaﬁi]ity of a proficiency measure. Since it is
possible that an individual's proficiency level may fluctuate considerably
from one dimension to the next and across time, each component element in
a sense represents a somewhat different test.

6. A sixth source of unreliability. is attributable to the change in
the physiological condition of the pilot himse]f: This includes
emotional state, motivation, susceptibility to fatigue and stress,
variation in the individual rate of adaptation, and many others.

To minimize unreliability in the data itself, the hardware and
software components of the performance measurement system require a high
degree of reliability or repeatability. Calibration of equipment nust
be conducted on a continuing basis to he able to determine inaccuracies
in the data or complete component failure. This includes checking the
reliability of the power supply output, parameter sensor operation
regarding resolution, range of values, response rate, and environmental
effacts, recording device operation, and any interface equipment. The
software processes involved in data reduction, conversion, analysis, and
plotting should be closely monitored to avoid data loss. Accurate
records of f]igﬂt conditions and mission requirements should be maintained
to facilitate the interpretation of the assessed pilot performance data
based upon the actual conditions under which the performance was flown
and recorded.
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The technique of performance measurement, which develops the final
measures, must (1) eliminate any remaining data unreliability and
(2) produce reliable measures. There is no standard technique for
eliminating data unreliability because each case must be treated
individually depending o,: the source of unreliability. One example is
in the recording of normal acceleration (g force) using an accelerometer.
The data are not reliable indicants of sustained acceleration, which
would expectedly be the focus of interest. Even with filtering, the
recording would pick up some instantaneous eftii:ts of gust loading.
Therefore it would not be acceptable to sample this data at discrete
points. Instead some method of smouthing should be applied to the data
through the development of appropriate software.

Of primary importance, ultimately, the measures that are developed
must be reliable indicies of performance. One example of when reliability
would not be assured is if unrealistic criteria were applied. A
derived neasure may be considered reliable in that it consistently
reflects a comparison with the criteria; but it could be an unreliable
{and invalid) index of performance due to the inappropriateness of the
criteria. Without proper precautions, it is entirely possible to
induce unreliability in the measures themselves through improper
treatment of, what is otherwise reliabl#, performance data.

(2) validity

This refers to the degree to which the measuring or testing
process correctly measures the variable intended to be méasured.
Validity can be categorized into various kinds, but the one that is
most appropriate to the problem of in-flight pilot performance measure-
ment is empirical validity. Essentially, this is based upon the
relation between pertorinance scores and a criterion, the latter being
a direct indication of performance goals. Criterion-refereaced
prof%ciéncy measures permit assessment of performance and provide
informaticn on the degree of competence considered independently of the
performance of others. Such measures perait one to determine whether an

individual has reached a given performance standard, hence, the tei .
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absolute scoring is sometimes applied. Perforﬁance is measured
against a definitive task specification that has previously been
determined either by analysis, subjective Jjudgments by a panel of

experts, or numerous successful performances, sampled from large
population.

& I
In addition tc a criterion-referenced measnre or performance standard,

proficiency measures can also be distinguished as norm-referencea
measures. A norm-referenced proficiency measure evaluates an individual's
proficiency in terms of a comparison between his performance and the

- performance of other members of the group. Norm-referenced measures
can be considered a relative scoring method since they are related to.
1evel of performance at a selected moment in time during the process of
learning a specified task. Such measures are of limited value in
measurements’ intended for quality control, because they are not referenced
to fixed performance stanJZ;ds: However, by employing an objective
measurement system, norm-referenced measures may be of significant
training value for improving the student's performance through more
feedback via class competition. Also, the average <lass performance
can be readily determined with a norm-referenced measurement system.

An automated performance measurement system inherently permits the
assessuent of pilot performance to be highly valid, since performance
can be recorded on-line for numerous system variables. In most in-flight
evaluations, performance data is seldom recorded until the flight has
been completed, which introduces inaccuracy simply due to the inability
of the individual to remember features of performance relevant to
success.  Furthermore, greater detail regarding the performance is
afforded with an automated system since more flight parameters can be
recorded and more data accrued per unit of time than is possible with
human observation., Because of multi-dimensional role of the instructor
in the in-flight training environment, a serious difficulty can frequently
occur whereby the instructor's ability to detect and assess subtle
differences in performance when they, in fact, exist is jeopardized.
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(3) Sensitivity

The reliability with which and method by which a measure changes
whenever tiie pilot's performance changes is known as measurement
sensitivity. This fundamental requirement for an objective pilot
performance measurement system pertains to the fact that performance
should be discriminated into as many categories of proficiency as possible
(Whenever feasible, continuous measures of performance should be
obtained), and the rate of change of the measures with respect to skill
acquisition must be known. Thus, the sensitivity of the measurement
system relates to (1) the resolution capability of the sensors to
discriminate each parameter into values that meaningfully reflect pilot
performance and (2) the development of measures to an acceptable
measurement scale; i.e., interval scale.

' (4) Acceptability

Pilot acceptability becomes a rather important fac:or when the
time arrives for making the decision to implement an automated pilot
performance measurement system that has been proved to possess reliability,
validity, and sensitivity. Too often, concern is expressed that the
instructor pilot will be replaced in the training environment by an
automated device. However, whatever the level of sophistication of
automated performance measurement, the human observer must always be an
integral part of the total measurement system. In the complexity of
flight environment, there are specific behavioral skills which do not
lend themselves to quantification or objective scoring. It is in these
areas where the human observer can make more subtle judgments and more
apppropriate evaluations than is possible with any electromechanical
device.

At least the following behavioral factors should and will continue
to be evaluated by the instructor:

1. decision making capability

2. ability to plan effectively
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3. coordination and simcothness of control

4. maturity — willingness to accepi responsibility, akii®ty to
accomplish objectives, judgment, and reactions to strass, unexsected
conditions, and aircraft emergencies.

5. confidence — proportionate with the individuai’s ieved of
competency

6. motivation (attitude) — the manner in which it afiacrs
performance )

7. ability to time share attention and efforts appropriaztely in
an environment of simultaneous activities

8 coordination with otner crew members
9. knowledge and systematic perfcrmance of tasks

10. fear of flying

11. motion sickness

12. air discipline — adherence to command authority and sssigned
tasks.

The presence of an instructor is required and reconmended Tor in-
flight training and evaluvation. The judgment of the instruvctor
regarding the student's total flying capability, however, caa be
supported by the objective assessment of psvchomotor skiils with an
in-flight pilot performance measurenent system.

b. Applications

The applications possible fo- an autumated, objective pilet
performance measurement system can be categorized in two nlaszes:
(1) applications which enhance flying training in its operaticnal
context; and (2) applications which make research possible.
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(1) Operational Flying Training

. Five examples of how operational flying training can be
enhanced with an automated measurement system are discussed:

(a) Inflight Evaluation Enhanced

The aircraft is a prime exampie of a complex system where
the Targe number of interacting elements lessens the chances of deriving
reliable and easily interpretabie performance measurement data. The
dynamics of the in-flight environment and complexity of flying, involiving
a large number of procedural, judgmental, and perceptual-motor activities,
imposes a tremendous burden upon the instructor to assimilate and
synthesize the student's performance'and provide a reliable and vaiid
evaluation. Any attempt at manual recording procedures ié fruitless
since the instructor is unable to effectively time-share the activities
of observing and recording multipie parameters at an adequate sampiing
rate and accuracy to provide the necessary pilot performance measurement
data. There are many subtle aspects of flying which do not lend
themselves to recording, and automated performance measurement systems
. normally permit assessment of only those actions by the pilot which
result in some effect on the aircraft. This permits the instructor to
concentrate on the evaluation of those qualitative behaviors reflecting
on the student's ability to effectively and safely cope with the flight
environment.

(b) Objectivity Achieved

In subjective evaluations, considerable variation occurs
in the performance ratings of the instructors as a function of:

(1) .judgments made without reference to a definitive standard since the
same maneuver may be flown satisfactorily in a number of different ways,

(2) different standards of performance which are employed due to
differences in the instructor's knowledge and proficiency, (3) operational
flight experience and training affecting the perspective and judgment of
instructor ratings, (4) performance ratings relating to what the
instructor deems are the critical aspects of the job, (5) possibility
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of bias and halo effects existing from the.instrhctor-student relation-
ship, (6) different corception of the specific grading system regarding
the flight parameters incorporated, weighting assigned, and the range of
the qualitative categories, and (7) difficuity of comparing actual
performance w'th what the average proficiency level should be at any
moment in time. Subjective measures generally lack the accuracy
and reliability needed for effective performance measurement because of
their dependence upon the judgment and veracity of the individual
observer. The antithesis of this is an objective measure that is founded
on data that is free from personal and emotional bias. The greatest
objectivity is attained when a permanent record of behavior is obtained
at the time of performance by an automated data acquisition system.

(c) Training Facilitated

An automated performance measurement system relieves the
instructor of the burden of in-flight evaluation, and permits him to
concentrate on the job for which he is most professionally qualified,
teaching flying.  The instructor can devote complete attention to
developing the_procedural, judgmental, and perceptual-motor skills in
the student during the flight, which maximizes the ‘effectiveness of the
training sortie. Additionally, the aspect of flight safety is enhanced
by reducing the in-flight tasks of the instructor and possibly
eliminating the requirement for the "head-in-the-cockpit" situation.

(d) Playback Capability Provided

Automated performance measurement also provides the means for
playback of critical mission phases for demonstration and instructional
purposes.  This playback capabiiity can be performed in the simulator
and even correlated with earlier simulator or aircraft missions.
Furthermore, it is an excellent method for quantifying the rate of
learning and affording the opportunity to diagnose consistent weaknesses
in performance.

(e) Solo Performance Assessec

It is also possible to record pilot performance during solo
flights, which provides the instructor a method whereby he can maintain

1




continuity and assess the stability of performance across dual and solo
flights. Without an automated measurement system of the type developed
in this study, it is not possible to assess solo performance, even though
it is an important criterion. This would include performance in single-
seat aircraft (e.g., A-7D) as well as regular student solo performance in
training aircraft. In-flight recording and subsequent automated
measurement of solo performance will enhance both basic pilot training

and transition training by providing the first and only means of measuring
performance of this type. ;

(2) Research

Following are selected examples of capabilities and/or new knowledge,
the research and pursuit of which will be greatly enhanced when sensitive,
objective measurement systems are developed:

1. Replacement of highly sophistibated and expensive simulators
with Tower fidelity and Tess costly simulators and trainers by having the
capability to definitively assess the transfer-of-training effects
(simulator to aircraft) with regard to the factor of simulator fidelity.
For example, it would be possible to determine if six degrees-of-freedom
motion systems and full color and/or field-of-view visual systems
contribute sufficiently to transfer-of-training to be cost effective.

2. Replace more aircraft time with simulator time, and know
the resuiting effects on training.

3. Develop adaptive training methods (impossible without
performance measurement).

4. Develop completely automated simulator instruction for use
in proficiency training.

5. Accurately predict operational and combat performance of
pilots based upon their in-training performance.

6. Improve pilot trainee selection and reduce the wash-out

12
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c. Immediate Application and Program Genesis

~

The need for objective performance measurement has been recognized
and continually advocated by the Air Force, one of the largest agencies in-
volved in pilot training. The recognition of this requirement culminated in
a research request (RTR-68-25-A) directed to the Advanced Systems Division
of the Air Force Human Resources Laboratory (AFHRL) at Wright-Patterson
AFB, Ohio, by the Air Training Command. A research project was initiatead
in 1968 entitled Pilot Performance Measurement System to develop an
in-flight data recording system and a ground-based automated performance
assessment capability for utilization in UPT.

2. APPROACH

The objective of this research‘effort was to develop prototype méthods
for quantitative assessment and automated measurement of pilot )
performance. The approach to achieving this objective was to (1) develop
methods of acquiring reliable and accurate in-flight performance data;

(2) develop methods of measuring pilot performance using the acquired
data; and (3) perform preliminary tests of the derived methods. In
scope, the acquisition of in-flight data was designed to be applicable to
all in-flight performance, but investigation of methods for measuring
performance using the data was limited to two representative maneuvers:
the lazy 8 and the barrel roll.

Before describing the approach in more detail, it is appropriate

and necessary to define and c]arif?\}he term "performance measure" as
used within the framework of this study:

A performance measure, as the term is used in this report, is a
number that is selected from or computed from recorded performance data,
and which, in itself, effects a comparison or directly contributes to
the drawing of a comparison between (1) actual performance and a
standard or criterion; or (2) actual performance and the normative
performance of a selected population.
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Recorded in-flight data do not necessarily constitute performance
measures.  Similarly, the act of recording in-flight data does not
constitute the measurement (assessment) of performance.,

With these introductory remarks, we will next describe in outline
form the approach that was pursued in this study. The approach
consisted of accomplishing the following tasks:

1. Developing thardware and software required for acquiring and
calibrating in-flight pilot performance data.

2. Developing performance measurement techniques and implementing
them in software.

3. Collecting extensive data on the lazy 8 and barrel roll and
some representative data on other maneuvers.

Testing the measurement techniques.
Each of these tasks will be discussed in turn.

Acquisition and Calibration of In-Flight Performance Data. This
required the development of hardware and software subsystems. From a
hardware standpoint, a T-37 aircraft was instrumented to record a
number of flight and engine variables, such as roll angle, pitch angle,
stick position, RPM, airspeed, altitude, and heading. This required
the installation and calibration of a digital flight recorder system
and parameter sensors such as gyros, tranducers, accelerometers, and
potentiometers.  In addition to initial-installation of the instrumen-
tation package, numerous modifications were completed during the first
several months of use as problem areas were revealed regarding flight
safety, electrical power distribution, resolution of recorded variables,
and recording reliability. '

From a software standpoint, computer programs were written to
(1) convert the ajrcraft magnetic tape to a tape physically compatible
with data processing equipment; (2) calibrate the data, or convert it

14
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to engineering units; {(3) produce a magnetic tape record of the
calibrated data for use in the measurement research; and (4) produce a
condensed print-out of the data for use in testing the accuracy and
reliability of. the in-flight recording system.

Development of Performance Measurement Techniques. This required
the identification of performance measures and the ‘development, testing,
and print-out of the measures using the recorded data. The approach to

accomplishing this was to (1) analyze each of the maneuvers to be
measured, with particular attention to the ATC published criteria for
performance; (2) develop a set of theoretical measures based solely
upon the information in the maneuver analyses; (3) compute the
theoretical measures for initial representative performances; (4) using
the initial data, develop a refined set of measures, called experimental
measures herein, for application to a broad spectrum of student and
instructor performances; and (5) test the validity of the experimental
measures and, from them, select final measures for future applications.

This approach is called (by the authors) an "analytic" approach
because it is based strongly on detailed analyses of the maneuvers to
be measured. During the period of the program, an alternative approach
that is more highly automated was pursued under contract using some of
the same data collected in this invastigation. For this reason, the
data collection effort, to be described next, was responsive to
contractual requirements in support of the alternative approach as well
as to the central requirements of the study as reported in this document.

Data Collection. The data collection was pursued in three phases.
Phase 1 consisted of collecting data to estubiish and verify the
accuracy and reliability of the in-flight data acquisition and ground-

based data calibration systems. For this phase, specific performance
requirements were outlined based on the parameters to be tested during
each flight. Flight test piiots then flew sorties in accordance with
the outlined requirements.
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Phase 2 was devoted to collection of data which supported related A
contractual requirements as well as the requirement for.representative
instructor pilot (IP) data for this study. For this, a highly qualified
IP frow the ATC Pilot Instructor Training kPIT) school flew a number of
lazy 8's and barrel »olis and provided subjective ratings for each
performance. As per request, he attempted to fly a variety of
parforpiances to jllustrate perfect performance as well as typical student
errors encocuriered during this maneuver.

Pnas2 3 was to collect data on students and instructor pilots at
Witliams AFB, Arizona. This data was required primarily to test and
vatidate measures, as described below.

Testing the Measurement Techniques. Content validity was built in to
the measures initially selected for investigation as a result of the
selection-method employed (i.e., Air Training Command training and
evatuation ¢riteria and maneuver analyses served as the bases for
selection}. Uhile content validity is a useful and necessary consideration,
it is not en apriority that it is sufficient in itself. Therefore, a
number of supplemental validation techniques that are more empirical in
nature wer? also considered.

One technique that constituted part of the original study design was
to employ within-subject sampling and examine "measure-progress" across
training. This would provide an additional necessary (but not sufficient)
validatior test in that candidate measures consistently exhibiting zero
or negative “siope" when plotted against trial-number, for example,
would be highly subject to question. Conversely, those exhibiting
opposite charecteristics would still be considered 1ikely candidates.

Due tc problems discussed elsewhere in this report, sufficient data per
student were not collected te permit pursuit of this test.

An alternative supplemental method that was applied in this study is
that of investigating concurrent validity, which means comparing the
experimentally derived measures with some other direct and independent
measure of proficiency. Again, within the context of the subject at
hand, this validation methed must be considered as another necessary
(with quaiifications) but nct sufficient test. The reason for this is

that although an independent measure of proficiency in UPT is readily
available, it is not as discriminating (sensitive) as the measures to be

developed; and, since it is based en human judgment, its reliability must
he considered subject to question.

16
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The independent measure most readily available for use is the instructor
pilot's rating of performance, generated on a four-point scae (excellent,
good, fair, unable). Because of the properties of these ratings, as
outlined in the preceding paragraph, their utility within the context of
concurrent validation is limited to distinguishing between new experimental
measures which (a) tend to reinforce the ordering dictated by the ratings,
and therefore should definitely be considered further, and (b) consistently
do not reinforce the orderir.,, and therefore should be considered highly
subject to question.

In this report, concurrent validation, in the context described above,
is explored by analyzing correlations between potential quantitative
measures and instructor pilot ratings. Summarily, this analysis serves
several useful functions: (1) it provides a preliminary foundation for
investigating inter- and intra-rater reliability; (2) it provides data
which coniributes to validity considerations by flagging measures which
should be considered highly questionable; and (3) it provides a basis
for demonstrating where/when derived measures do and do not reinforce the
ordering achieved by the existing ATC rating system. . (in this last regard,
where derived measures do not reinforce the ratings, other supplemental
validation methods that are applied should ultimately be, used to prove
the derived measures are "correct" -- if only for instructor and Command
acceptance of the new system.)

3. REPORT OUTLINE ‘ .

In this report, the four tasks briefly described above, are presented
in the order listed. Sections II and III present the hardware and software
subsystems developed for data acquisition and calibration, and the initial
tests performed on the system. Section IV presents a sampling-rate study
done to establish methodology for empirically determining required
recording rates. Section V describes the development of performance
measures and measurement techniques to be applied and tested. Section VI
describes the scope of and methods employed in data collection. Section VII
describes the analyses and tests performed on the measurement techniques
and presents the results derived. The last, Section VIII, summarizes the
findings.

For the casual reader interested in a good overview of the research
effort at the expense of all details, it is recommended that attention
be focused on Sections II, III, VII, and VIII.

17
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SECTION II
AIRBORNE DATA ACQUISITION SYSTEM

1. T-378 AIRCRAFT

A T-37B aircraft with a USAF tail number of 58-1948 (hereafter
referred to as 948) was bailed to the Air Force Systems Command (AFSC)
by the Air Training Command (ATC) to support the research requirements
of the AFHRL Pilot Performance Measurement System Program.

a. Aircraft Description

The T-378 is a low-wing, twin-engine jet trainer with side-by-
side seating (student pilot flys from the left seat). Manufactured by
Cessna, the aircraft has a gross weight of 6600 pounds and an internal
fuel load for a normal training mission duration time of 1 hour 15 minutes.
The aircraft includes full instrumentation for IFR flight. Figure 1
represents the cockpit arrangement of 948. The cual-control flight
control system is manually operated with an electrical trim tab system
for the ailerons, elevator, and rudder. The aircraft has full
aerobatic and spin capability with a g-load limitation of +6.67 and
~2.67 g's. (A +4g limitation was imposed during a large percentage of
the research program flights due to structural problems in the T-37 fleet.)
Airspeeds for the aircraft are: takeoff at 90 knots; a maximum of
382 knots; a final approach speed of 100 knots; and a touchdown speed
of 75-80 knots. Some of the noteworthy operational features the T-37
affords are excellent out-of-the-cockpit visibility, good handling
characteristics, and high reliability.

b. Role of T-37 in UPT

The T-37 has proved to be a valuable training vehicle in
Undergraduate Pilot Training (UPT). Introduced into the Air Force
primary flying training program in 1957, UPT students fly the T-37 for
approximately 90 hours. The performance and handling characteristics of
the T-37 provide an excellent medium through which UPT students can
progress from a low-performance and a simple-mission aircraft (T-41) to

18
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a high-performance and more operationally oriented mission aircraft
(T-38A) .

Utilized principally for contact (VFR) flying training, basic
instrument training, and some navigation and formation flying, the T-37
flying training curriculum outlines a total of 68 sorties (55 dual,

13 solo). The contact phase of the T-37, with which this research
program was solely concerned, specifies that 42 sorties (29 dual, 13 solo)
will be flown in 54.7 hours. The instructional units contained in the
contact phase include: aircraft familiarization, fundamental maneuvers
(stalls, spins, traffic pattern),'supervised solo flights, area checkout,
advanced (arobatic) maneuvers, night flying, and check flights.

The role of the T-37 in UPT is presently undergoing minor revisicn
through a reduction in emphasis and the number of flying hours in specific
areas of the UPT curriculum.

c. Flight Test Support

In May 1968, the T-37 (948) was transferred to Wright-
Patterson AFB, Ohio, and placed under the operational control of the
Directorate of Flight Test of the Aeronautical Systems Division
(currently designated the 4950th Test Wing). Flight Test responsibilities
for supporting the aircraft and the research program included:

1. Assigning a Test Director to coordinate all Flight Test
support agencies and AFHRL research requirements with regard to the
instrumented aircraft, '

2. Engineering design, installation, calibration, and
maintenance of the data acquisition system.

3. Maintenance for the T-37 aircraft.

4. Providing a qualified test pilot and a scheduling service
for the equipment calibration and data collection flights.
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5. Computer data reduction support by processing the one inch
aircraft magnetic tape and producing a one-half inch IBM compatible tape.

6. Photographic documentation of the project,

7. Radar flight following during the missions.

2. AIRCRAFT INSTRUMENTATION

The T-37 948 was instrumented with a data acquisition system by
Flight Test at Wright-Patterson AFB. This equipment installation was
considered to be a Class II modification, which is a temporary change to
the standard configuration of an aerospace vehicle that is essential to
the successful accomplishment of research, development, test, and
evaluation (RDT&E) program in compliance with AFR £0-14 and AFSCR 80-23.
However, the Class II modification did not place any restrictions upon
the operational capability of the aircraft with regard to IFR flight,
aerobatic maneuvers, or other UPT training maneuvers. A1l engineering
design, installation, maintenance, flight safety, and quality control
functions were accomplished in the same manner as if the data acquisition
system were a permanent installation in 948,

a. Recorded Parameters

Upon activation by the instructor pilot, the data acquisition
system recdrded pilot performance on 17 continucus and 7 discrete flight
and engine parameters. An additional 8 parameters were obtained via
computational techniques from the 24 recorded parameters. Table I
provides (1) a 1isting of each of the 32 recorded and computed parzmeters,
(2) the aircraft component or system from which the recorded values
originated, (3) the sensor that converted the ‘'various forms of flight
or engine data into the correlated changes in electrical output to the
magnetic tape recorder, (4) the range of values for each recorded

parameter, (5) sampling rate that the data was recorded, and (6) the
resolution or sensitivity achieved.

21
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Since the research program represented a study in feasibility
throughout, the parameters selected for recording do not necessarily
represent an optimum set to reflect in-flight pilot performance. Rather,
the instrumented parameters signify an initial attempt, based on
experience and intuitive judgment, at evolving a meaningful set of
variables from which performance measures could be developed to assess
actual pilot performance. To be precise, the parameters listed in
Table I have previously undergone several iterations of analysis and
modification. The effectiveness of these parameters with regard to the
characteristics of reliability, validity, and sensitivity in recording
in-flight pilot performance is contained in a later discussion that
conciudes Section II.

b. Sensor Systems

The selection of sensors for each of the recorded parameters was
based on the estimated resolution requirements for conducting pilot
performance measurement research. With the exception of the altitude,
g, pitch rate, and roll rate parameters, those flight and engine measures
have either equalled or exceeded the predetermined resolution require-
ments. It is necessary to point out at this time that some of the
recorded parameters were discarded by the authors early in the develop-
ment of performance measurement techniques as not being applicable to
the maneuvers being investigated. Thus, the determination of the
resolution achieved from these unessential parameters was not pursued.

The sensors and recording equipment were strictly off-the-shelf
components that had proved to be reliable in previous Flight Test
projects. Table II presents a description of the dimensions, weight,
power requirements, and cost of the equipment installed in 948 that
comprised the data acquisition system. The approximate physical
Tocation of the equipment installed in 948 is indicated in Figure 2.
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The following is a cursory description of the recorded parameters
including the components employed in the sensor systems and the displays
provided to the pilot in the cockpit:

(1) Heading

The T-37B aircraft normally contains a J-2 slaved directional
gyro system.  However, due to excessive precession errors and a basic
lack of responsiveness encountered during calibration flight tests when
performing high pitch and bank angle maneuvers (e.qg., lazy 8 and barrel
roll), a J-4 compass system was substituted in 948. The J-4 system
added the capability for (1) latitude correction, (2) a synchronizer
switch to provide a normal means of orienting the gyro to the signals
from the remote compass transmitter, and, most importantly, (3) a 15-
second fast slave cycle that could be induced whenever the function
selector switch was moved from the MAG (magnetic) to the DG (directional
gyro) position and returned to MAG by the instructer pilet. A synchro-
follower provided the signal output from the compass to the Pulse Code
Modulation/Data Acquisition System (PCM/DAS). The heading system was
excited by +5 volts DC over a range of 0-360° with approximately 0.0128
volts representing 1°, The effective resolution achieved was +1° from
the cockpit instrument, which consisted of a standard T-37 heading
indicator with a fixed card and rotating needle. A heading set knob
permitted the compass card to be rotated by the pilot.

(2) Altitude

A Model 7000 altitude transducer manufactured by Computer
Instruments Corporation provided a signal output to the PCM/DAS for
aircraft pressure altitude. The altitude transducer was linked directiy
with the normal aircraft pitot-static system. With a voltage output of
+5 DC over a range of 0-30,000 ft, each 100 ft was represented by
approximately 0.0150 volts. The effective resolution achieved with the
parameter of altitude varied between 139 and 189 ft error on the data
collection flights with a mean resolution of #1656 ft. A standard
three-pointer altimeter was located on the left side of the cockpit
with which the transducer was correlated. ‘
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(3) Airspeed

The airspeed signal to the PCM/DAS was transmitted by a
Model 7100 Computer Instruments Corporation airspeed transducer.
Connected to the pitot-static system of the aircraft, the +5 voit DC
transducer output covered 0 to 350 knots IAS with approximately 0.0118
volts representing 1 knot. The resolution achieved was a fairly constant
error of +2 knots from the standard airspeed indicator on the left side
of the cockpit.

(4) Pitch and Roll Angles

The T-37 has an attitude-indicating system consisting of a

" MD-1 vertical gyro and a MM-3 attitude indicator located on the left

instrument panel. Due to the possibility of affecting the safe
operation of this system by attaching a synchro-follower, a second MD-1
gyro was installed in 948 that provided a +5 volts DC output from the
synchro-follower directly to the PCM/DAS. Within the pitch limitation
of the gyro of £82°, an effective resolution of #1.5° of the pitch angle
as indicated on the MM-3 attitude indicator was achieved. Aﬁproximate]y
0.0144 volts represented 1° of pitch attitude. The roll angle parameter
had a full 360° capability from the gyro and a resolution error of +1.5°
from the indicated bank angle. A voltage outpu% of 0.0143 represented
1° roll angle.

{9) Acceleration (g Force)

Acceleration along the Z axis of the aircraft was sensed by a
separate accelerometer that was installed in 948 and correlated in-flight
with the standard g meter located in the center of the instrument panel.
With a +5 volts DC output from the accelerometer to the PCM/DAS,
approximately 0.140 volts represented 0.1g. An effective resolution of
+0.3g was obtained with the parameter system.
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(6) Pitch, Ro1l, and Yaw Rates

A single unit containing rate gyros for the pitch, roll, and
yaw axes was installed and powered by 115 voit, 400 cycle, single. phase
AC.  The outputs from the gyros were transmitted through a Signal
Conditioning Unit to the PCM/DAS. Pitch rate was represented by
approximately 0.0553 volts DC for 1° per second over a range of 0-90°
per second. Roll rate was represented by approximately 0.0259 voits
DC for 1° per second over a range of 0-180° per second. Yaw rate was
represented by approximately 0.0680 volts DC for 1° per second over a
range of 0-70° per second. The resolution achieved on these three
parameters was not empirically ascertained because of the lack of a
cockpit indication with which to compare the accuracy of the rate gyros
in~-flight.

(7) Longitudinal and Lateral Stick Position, Rudder Position

The pilot's movement of the aircraft control stick and rudder
pedals was recorded by Tinking "pots" (potentiometers) t/, the elevator
cable, Teft aileron cable, and rudder cable that produred a +5 voit DC
signal to the PCM/DAS. The longitudinal stick position had a range of
-15° for forward stick (elevator down) to +25° for aft stick (elevator
up) with approximately 0.1238 volts representing 1° of elevator travel.
The lateral stick position had a range of +16° in which 0.1526 volts
represented 1° of aileron travel. Rudder pedal input had a range of

#24° so that 0.1027 volts represented 1° of rudder travel.

(8) Engine RPM

The RPM of the Teft and right engines was recorded by
Tinking frequency converters to the tach generators.  Approximately
0.0500 volts represented 1% RPM for the Teft engine and 0.0400 volts for
the right engine over a range of 0-100%. A somewhat constant resolution
error of -1% RPM was achieved when compared with the two tachometers on
the center instrument panel in the cockpit.
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(9) Throttle Position

The left and right throttle positions were recorded by a
+5 volt DC output from pots linked to the throttle. With a range of
0-64° from the CUTOFF position to 100% engine RPM, approxim-~tely 0.0689
volts represented 1° movement for the left throttle and 0.0659 for the
right throttle. )

(10) Flaps

The position of thé wing flaps was recorded by a pot output
of +5 volts DC that was linked to the flap indicator signal to the cockpit
instrument. With a range of 0-100% (0-40°), 1% of flap movement was
represented by approximately 0.0475 volts within 1% resolution.

(11) Landing Gear, Speed Brakes, Thrust Attenuator,
F1¢ -ator Trim Tab Up and Down

rhe operations of these systems were recorded as discrete
events by 1inking the switch signal directly to the PCM/DAS.

A complete 1isting of the calibration data for the recorded flight
and engine parameters may be found in Appendix I.

c. Recording System !

The actual recording of the parameter data transmitted by the
various sensor systems was accomplished by two components, an analog-to-
digital converter and a digital tape recorder.

(1) Analog-to-Digital Converter

A Pulse Code Modulation/Data Acquisition System (Model 101)
manufactured by Brown Engineering Co. (Reference 2) converted the analog
signals from the sensors to a digital format and transmitted the output
to the magnetic tape recorder. The PCM/DAS possesses the functional
capability of (1) accepting up to 30 analog signals varying between
15 volts, (2) sampling 6 of these analog signals at 100 times per second
and the remaining 24 at 10 times per second, (3) converting these analog

i
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signals to a 10-bit digital representation plus a sign bit, (4) providing
an output format containing 98 data words and 2 sync words per master
frame (major cycle), and (5) generating a binary coded decimali(BCD)
representation of the elapsed time in hours, minutes, and seconds from a
stable time reference.

(2) Digital Tape Recorder

A 16-channel Leach tape recorder (Model MTR-3200) recorded
the PCM/DAS digital signals on a 1-inch magnetic tape. Powered by +28
volts DC, the tape reccrder was operated at a speed of 7-1/2 inches per
second.  The tape capacity of 3/4 mil and 2,400 feet loaded on an 8-inch
reel provided 60 minutes of recording time. The recorder unit was
Tocated in a lower fuselage bay area with a remote control unit in the
cockpit.

(3) Cockpit Recorder Control Panel

The acquisition of in-flight pilot performance data was
contr011ed by the instructor pilot (in the right seat) through the
operation of the magnetic tape recorder with the Recorder Control Panel.
This control unit shown in Figure 3 was located between the ejection
seats in én area formerly occupied by a map and data case. A description
of the Recorder Control Panel switch functions (]eft to right and top to
bottom) follows:

(1) MASTER SW (ON-OFF) - controls power to the entire data
recording system.

(2) INVERTER

(a) red FAIL light - illuminates to signal inverter
failure.

(b)  ON-OFF switch - 115-volt, 400-cycle, single-phase
AC power supply which provided § volts DC excitation for all the pots.

(3) COUNTER - three-digit counter that continuously codes
record number on the tape.

30
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(4) GROUND-TC-FLIGHT guarded switch.

(a) OFF (guard up) - permits local manual operation of
recorder on the ground for purposes of checkout, tape loading, and
maintenance.

(b) ON (guard down) - recorder in remote mode controlled
only by adjacent RECORDER POWER and CONTROL switches.

(c) green Tight - illuminates when recorder is set for
remote cock,it operation.

(5) TAPE RECORDER controls

(a) left amber light - illuminates when recorder is ready
for data recording énd extinguishes during tape operation.

(b) right amber 1ight - illuminates when recorder is
operating.

(c) POWER switch (ON-OFF) - provides 28-volt DC power to
wapl recorder,

(d) CONTROL switch (ON-OFF) - operates tape recorder for
data acquisition purposes. N

(6) PCM/DAS (ON-OFF) - provides 28-volt DC power to the Pulse
Code Modulation/Data Acquisition System.

(7) TIME CODE switch

(a) START - inputs a continuous time signal to the tape.
(b) OFF position resets the clock to zero.

(8) PILOT EVENT button - permits momentary coding on tape of
a significant event when depressed.

32
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(9) AUTO. CAL. button - initiates an automatic 300-millisecond
internal calibration program sequentially on each scoring parameter.

‘

(10} PCM/DAS POWER fuse - a 1-1/2 amp fuse protecting the system.
(11) RECORD NO. - advances counter one number when depressed. s

Just at't of the Recorder Control Panel is located the J-4 Compass
System Control Panel which contains the following switch functions:

(1 _DEC/SET/INC Synchronizer Syitch - permits manual slaving of
the gyro to the signal from the remote compass trangpitter by using the
MAG annunciator window as a slaving reference.

(2) DG/MAG Function Selector Switch

(a) operates in a non-slaved mode by selecting the DG position.

(b) operates as a slaved heading system in the MAG position
by using the signals from the remote compass transmitter located in the
left wing tip.

(c) a 15-second fast slaving cycle is induced when the
function selector switch is moved from the MAG to DG position and
returned to MAG.

(3) Latitude Correction Knob (LAT) - reduces the apparent
precession caused by the higher latitudes when operating in a nor-slaved
mode.

A J-4 POWER switch was installed adjacent to the J-4 Control Panel to
provide system power.
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(4) Audio Tape Recorder

A Norelco portable audio tape recorder (Model 150) was utilized
to record all interphone and UHF radio communications in the aircraft.
The transistorized recorder operated on five 1.5 volt (C cell) batteries
at a tape speed of 1-7/8 inches per second that provided 30 minutes'
recording time on each side of the C-60 cartriage. A holder was instalied
on the right sidewall of 948 (see Figure 1) in which the recorder was
placed during the flight. A "Y" cord was locally fabricated that would
interface between the normal aircraft interphone jack and the tape
recorder.

(5) System Effectiveness

The effectiveness of the data acquisition system must
ultimately be evaluated in terms of the capability it provided in the
development of measurement methods and the quantitative assessment of
in-flight pilot performance. This system effectiveness is directly
related to the three fundamental requirements of an objective pilot
performance .measurement system - reliability, validity, and sensitivity.

_ The data acquisition system.overall provided a degree of reliability
that was considerably better than was originally expected. Many of the
problems encountered early in the program during the calibration flights
were corrected by modifications and improvements to the sensor systems
and power supply. The subsequent data collection flights conducted at
Williams AFB, Arizona, with students and instructors were virtually
unhampered by equipment failure in the instrumentation package. The
Leach magnetic tape recorder did cause some difficulty occasionally that
was usually corrected by cleaning the tape head. At one point in the
student data collection phase, the tape recorder had to be returned to
the manufacturer's facility for overhaul.

A rather serious problem was experienced throughout the entire
Pilot Performance Measurewent Program with the heading parameter. As
stated earlier, ‘a J-4 compass system was substituzed for the normal J-2
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system in the T-37 due to excessive precession errors with the original
system. This change was quite valuable since the J-4 system proved to
be more stable and any precession encountered during the flight could be
quickly eliminated by manually inducing the fast slave cycle between
recorded maneuvers. However, inherent limitations uf the heading sensir
system with the synchro-follower permitted the accurate recording of
heading (+1°) only in the southeast, southwest, and northwest quadrarts,
or specifically between 090 and 360°. Anytime the aircraft turnes to
the northeast (360-090°), the recorded data was erroneous. This neading
restyiction could be compensated for somewhat by performing the maneuvers
on southern and westerly headings. Unfortunately this was not always
pcssible due to the constraints imposed upon the aircraft operations by
the ATC airspace requirements. Although the paraicter of aircraft.
heading was the primary reference variable in the lazy 8 maneuver, the
lack of full 360° recording capability inhibited the development of
performance measures and forced the authors to eliminate it as a measure-
ment variable. )

The sensitivity achieved from altitude waé somewhat 1ess than the
predetermined requirement of 50 ft, but the actual altitude error of
1166 ft wis still sufficiently accurate to permit meaningful measurement
research on the lazy 8 and barrell roll maneuvers. However, for other
types of maneuvers, such as the 360° overhead traffic pattern, the
altitude error would have to be reduced considerably before appropriate
performance measures could be developed. The altitude error encountered
appeared to vary to some extent from one day to the next, perhaps as a
function of temperature or humidity. Generally the altitude recorded
from the surface of 5500 ft was less than the actual mean sea level
altitude of the aircraft. At approximately 5500 ft, a crossover
occurred such that the recorded altitude became greater than the actual
altitude of the aircraft (positive error), and the error increased
slowly but progressively as a function of increasing altitude. The
altitudes between 2500 and 8500 ft resulted in the most accurate data on
aircraft altitude.
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Initially, it appeared the gyro Timitation of +82° would pose a
problem for the accurate recording of pitch angle; but, subsequent student
data collection flights revealed the maximum pitch angle for the two
primary maneuvers of interest did not exceed 70°. Thus, the attitude
gyro was quite satisfactory regarding the range of values sensed as well
as the +1.5° resolution from the indicated pitch and roll angle. In the
over-the-top maneuver such as loop, clover-leaf, Immelmann, etc., the
vertical Timitation of 82° affected the capability to accurately
reconstruct the actual maneuver. Of course, the 360° roll capability
of the MD-1 gyro and a resolution of +1.5° bank angle provided accurate
performance data on that parameter irrespective of the maneuver performed.
It was possible to experience some degradation in the accuracy of pitch
and roll data whenever insufficient time was allocated between maneuvers
with large pitch and roll excursions. An attitude fast erection system
switch cr the instrument panel could be activated within certain
operational Timitations by the pilot whenever the attitude indicator
was precessed excessively.

The parameters of acceleration (g force), pitch rate, roll rate, and
yaw rate were quite acversely affected by turbularce and gust loads.
Large spikes in the data indicated the sensor systems of these four
parameters were too sensitive for accurate recording of in-flight data.

With respect to the validity of the in-flight pilot performance Jata,
the basic philosophy adopted was that the recorded values should
correlate as closely as possible with the values displayed on the
respective cockpit flight or engine instrument from which the pilot
derived his information. Thus, there was less concern regarding a .
minimal error existing between the actual parameter value and instrument
reading than any error encountered between the instrument reading and
recorded value. However, the cockpit instruments of the more
significant parameters (e.g., neading, altitude, and airspeed) were
calibrated by bench checks, tower fly-bys, and pacer aircraft flights
to ascertain their real-world accuracy and the extent of inherent errors

existing that affect the instrument indications such as mechanical error,
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scale error, installation/position error, reversal error, and hysteresis
error.
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SECTION III
GROUND-BASED DATA CALIBRATION SYSTEM

1. OVERVIEW

Considerable data processing and logistics effort was required to
cenvert the recorded flight data into a form suitable for research and
analysis.  The physical characteristics of the flight recorder tape made
it incompatible with the data processing equipment available for extensive
data analysis. This necessitated an initial conversion of the data to
IBM-compatible tape. The operating system characteristics of the data
processing installation supporting the study made necessary a reformatting
of data prior to calibration. Also, the quantity of data involved
necessitated the development and rigid adherence to an extensive data-
cataloging system.

While these requirements are not necessarily unique to this particular
study, they were complicated by the fact that different sources had to be
used for various portions of the data processing effort. The initial
conversion of the data to IBM-compatible tape was accomplished by the
ASD Flight Test Data Reduction Branch, whereas all subsequent data
processing work was done by the ASD Computing and Information Systems
Branch using different equipment. Among other things, this amplified
problems inherent in reading and writing magnetic tape. In addition,
data analysis requirements, as anticipated, varied as the research
progressed, and several different programmers were subsequently involved.
This resulted in more data-passes than desired and, to enhance reliability
and simplify data handling, necessitated the transfer of individual flight
maneuvers data to cards. Figure 4 illustrates the general flow of data
and the order in which various processing and research tasks were
accomplished.
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2. TAPE FORMAT CONVERSION
a. Recorder Tape

The flight data, as it appears bn the recorder tape, consists of
successive frames of 100 words each. . The 1st and 100th words of each
frame are sync words, the 2nd through 97th words are data words, and the
98th and 99th are time words.

The tape is 1 inch wide and has 16 tracks (14 recorded). Figure 5
illustrates the information format and the order of the recorded
variables stored repeatedly in each 100-word frame. Each frame
represents 0.1 seconds of data. Since the recording speed of the tape
is 7.5 inches per second, the data density on the tape is 133 bits per
inch (BPI) per track.

The recorder tape is read on an Ampex FR-1200 recorder-reproducer,
processed through a DDP-24 system, and written on 1/2 inch processor

- tape.

b. Processor Tape

As it appears on the processor-tape, the flight data are
formatted in 1230-word records, each word of which has a parity bit
(bit 1), sign bit (bit 2), and ten magnitude bits (bits 3-12). There
are 12 frames of 100 words apiece, each preceded by 2 frame-delineation
words (77778’ 77778). The first two words of each record are the record
number, and the last four words contain all zeros. The record length
of 1230 12-bit words makes it possible to convert each record into 410
36-bit words for compatibility with the IBM 7094. The processor tape
density is 556 bits per inch (BPI).

c. Blocked Tape

A1l operations on the data subsequent to the conversion from
recorder to processor tape were accomplished using a 7094/7044 Direct
Coupled Computing System (DCS). In the DCS, the IBM 7044 computer
processes all input/output, and the system requires that magnetic tape

40
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input be blocked into successive 460-word records. Therefore, a
blocked tape had to be prepared from each processor tape prior to
beginning calibration and other computations.

To generate the blocked tape, the 12-bit words on the processor tape
were picked up thre: at a time to form 36-bit 7094-compatible words.
These words were written onto the blocked tape in binary records of 460
36-bit words at a density of 800 BPI.

3. CALIBRATION
a. Calibration Data and Procedures

Calibration of the flight data required a conversion of each
recorded digital number to volts, then a conversion from volts to
parameter values. For the conversion to volts, the following formula
was applied:

Voits = 0.0051281 (recorded number) - 0.1256

This formula was derived from data published in a Brown

" Engineering manual (Reference 2).

For conversion from volts to parameter values, calibration data
derived by instrumentation personnel were used. An attempt was made to
curve-fit the calibration data using (1) a single Tinear fit for each
set of calibration data as well as (2) a quadratic fit. The fits were
evaluated by a comparison with data obtained through Tinear interpolation.
Considering the magnitude of the errors obtained with either type of
curve fit (see Table III) and considering the Tikely (and eventually all
too true) requirement of frequent alterations to the calibration data,
it was decided that Tinear interpolation must be used.
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ERRORS OBSERVED IN TRIAL ATTEMPT TO CURVE-FIT
CALIBRATION DATA

TABLE III

Maximum Error

Word Quadratic fit Linear fit Units
Pitch 1.47 1.69 Deg
Ro11 .61 .58 Deg
Stick

Pos. (Long.) .48 1.54 Deg
Stick

Pos. (Lat.) .82 .87 Deg
Rudder Pos. 1.25 1.61 Deg
Airspeed 6.47 11.02 Knots
Ro11 Rate 2.04 23.80 Deg/Sec
Altitude 31.48 1672.07 Ft
Yaw Rate 15.45 15.45 Deg/Sec
Acceleration .62 .64 g's
Flap Pos. 2.58 4,95 Percent
Throttle (LH) 1.12 .99 Deg
Throttle (RH) 1.93 2.27 Deg
RPM (LH) .14 .34 Percent
RPM (RH) .53 .52 Percent
Pitch Rate 6.73 6.89 Deg/Sec
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Appendix 1 shows the calibration data and calibration block diagram
for all recorded variables except (1) discrete variables, (2) event
number, and (3) time.  The calibration data were stored on cards to
simplify updating and were read into the 7094 and interpolated linearly
to effect the calibration. Discrete variables were converted to 1 if
volts were greater than or equal to 2.5, and to 0 otherwise. No
calibration was required for the event number. Time is recorded on the
flight tape as a type of BCD quantity and required special treatment for
conversion to hours, minutes, and seconds. As recorded, time consumes
two 12-bit words, with individual bits therein weighted BCD as follows:

BIT: | 2 3 4 5 6 7 8 9 10 11 12
TIME WORD 1 :
WEIGHT ; 2010 8 4 2 | 402010 8 4
L v~ P & v
HOURS MINUTES :

BIT: 1 2 3 4 5 6 7 8 9 10 Il 12

TIME WORD 2. :

WEIGHT : 2,302 108 4 2 |
MIN, SECONDS

During the calibration run, time was converted to seconds by
appropriately adding products of weights and bits as indicated above,
multiplying the result by 60, in the case of minutes, and 3600, in the
case of hours, and summing.

b. Computed Variables

Some additional variables were computed from the recorded Flight .
data at the time of data calibration. The computed variables are
sumnarized in Table IV. The first five variables in the table were
computed because they were believed to be potentially useful in measure-
ment. Pitch, roll, and yaw angles were computed solely as a check on
the recorded pitch and roll values and the recorded body-axis rates.

Time was computed as a check on the recorded time and the sampling
frequency.
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TABLE IV

COMPUTED FLIGHT VARTIABLES

Varisble

Vertical Velocity

Longitudinal Stick Rate

Turn Rate

Lateral Stick Rate

Rudder Rate
Pitch

Roll

Yaw

Time

Computed
_From _

Altitude

Longitudinal Stick
Position

Heading

Lateral Stick
Position

Rudder Position
Pitch Rate

Roll Rate

Yaw Rate

Recording
Frequency

45
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Using

Numerical
Differentiation

Euler Angles &

Numerical
Integration

Cumulative
Summation
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Unfortunately, little use could be made of any of the computed
variables with the exception of time. The primary reason was because
spurious “glitches" in the data destroyed computational continuity. In
addition, numerical differentiation amplified all noise and thereby
rendered the variables computed useless. Some experiments with other
methods of computation were attempted. However, the importance and
urgency of other problems to be contended with and the main research to
te conducted quickly forced abandonment of the computation of additional
variables during calibration. It was decided that such computations,
if required, should be attempted only after smoothing of the data.

c. Calibrated Tape Format

As recorded on the calibrated tape, each data word is an
IBM 7094 36-bit floating point binary word, with a sign bit (bit zero),
8-bit exponent field (bits 1-8), and 27-bit mantissa (bits 9-35).
The data are recorded on 1/2 inch, 7-channel magnetic tape at a density
of 800 BPI. Record length is 460 words, with words 1, 2, and 460 used
as control words meaningful only in connection with the 7094/7044 DCS.

The dafa are placed on the tape in successive groups, each group
representing all data for 1.2 seconds of real time. The order of the
datasas it appears on the tape is illustrated in Table V. A1l data
recorded at a sampling rate of 100 per second appear first, e.g., the
first 1.2 seconds of pitch data,.or 120 samples of pitch, appear first,
followed by each of the remaining 100 per second sampled variables.

Data recorded at 10 per second follows. The tape format is illustrated
1n Figure 6. '

d. Tape Capacity

Each binary data word consumes 36 bits or 6 frames on the tape.
At a recording density of 800 BPI, this is equivalent to 6/800 inches
of tape per word. There are 9 words recorded at 100 per second and
25 words at 10 per second, for a total of 1150 words per second, or
1380 words in 1.2 seconds. At 460 words per record, there are about
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TABLE V
ORDER OF T-37 AIRCRAFT VARIABLES ON CALIBRATEC TAPE

1 No. of Consecutive
S Variable Units Samples in 1.2 Seconds

1. Pitch Deg 120

2. Roll Deg '

3. Long. Sﬁgk Pos. Deg

4. Lat. Stick Pos. Deg

5. Rudder Position Deg

6. Airspeed Knots

7. long. Stick Rate Deg/Sec

8. Lat. Stick Rate Deg/Sec v

9. Rudder Rate Deg/Sec 120

10. Thrust Attenuator Discrete 12

11. Roll Rate Deg/Sec

12. Trim Tab Up Discrete

13. Trim Tab Down Discrete

14. Altitude Ft

15. Heading ’ Deg

16. Yaw Rate Deg/Sec

17. Acceleration g's

18. Flap Position Percent

19. Speed Brakes Discrete

20. landing Gear Discrete

21. Throttle Pos. (L) Deg

22. Throttle Pos. (R) Deg

23. RPM (L) Percent

24. RPM (R) Percent

25. Pitch Rate Deg/Sec

26. Event Number | = e-ce-e

27. Time Sec

28. FJol 1-Computed Deg

29. Vertical Velocity Ft/Sec

30. Rate of Turn Deg/Sec

3. Yaw Deg

32. Pitch-Computed Deg v

33. Time-Computed Sec 12
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3 records per 1.2 seconds of data. Therefore, for each 1.2 seconds
(3 records) of data, we require

6
-——(1380) + 3(IRG) = 10.35 + 2.25 =~ 12.6 inches of tape,
800

where IRG = 3/4 inches = length of inter-record gap. With 2350 feet of
tape (standard reel, allowing for leader and trailer), it is possible to
store

12(2350)

—— (1.2) = 2686 seconds
12.6

worth of data, or about 45 minutes. Normally, 'this resulted in two
calibrated tapes per flight.

e. Print-Out Format

During the calibration run, an initial orint-out of the data at
one sample per second is produced. This print-out is used for quick
checks of the system (i.e., verification of revised calibration cata,
guarantee that total recording system is operating accurately, etc.)
and preliminary measurement research. The data are printed in columns
using three pages to represent 50 seconds of data.

An illustration of the print-out format is provided in Appendix II.
Recorded time is printed in the left-most column of all pages. Page 1
(of every 3 pages) is used tc .. »sent all variables normally associated
with movement about the lateral axis of the aircraft. Page 2 presents
variables associated with movement about the longitudinal or vertical
axes. Page 3 presents engine and discrete variables, the event
number, compvted time, and a record number.

f. Calibration Software

4

The caiibratior programs are listed in Appendix III. A main
program and saven subroutines were developed to (a) calibrate the data;
(b) write the calibrated data on magnetic tape; and {(c) print the
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calibrated data at one sample per second. The program's approximate
number of statements (including comments and data), and main functﬁon of
each are as follows: .

. PROGRAM LANGUAGE STATEMENTS FUNCTION
7
3
Main Fortran 108 Control program
Cyclex Fortran 60 1 Extract, calibrate,
Calbrt Fortran 43 and store data in
Aitken Fortran a1 100-word blocks
° it
Stores Fortran 19 Array-storage
Selecx Fortran 54 Arrays data for
printout and calls
print when page is
full
i ;
Prints Fortran 40 Prints data, 1/sec
Xtratc Map 87 )
1I0CS ‘Map i p Tape handling
Units Map 17 ) Routines
TOTAL: 711
50
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SECTION IV
SAMPLING RATE STUDY

1. INTRODUCTION

At the onset of this study, a decision had to be made regarding the
in-flight sampling rate which would be adequate for purposes of
performance measurement. Error in one direction would result in
redundant data, contributing to the a]keady difficult problem of data
handiing. Error in the opposite direction would result in a lack of
sufficient data to accomplish thé research.

The popular existing approach.to determining reqdired sampling rates
is to base the decision on sampling theoiy, which relates the worst case
natural frequency of the aircraft to the sampling rate that effectively
allows the entire "waveform” to be reproduced. This approach has been
employed for years in the area of flight simulation. However, it is
conceivable that such an approach would only guarantee the sufficiency,
not the necessity, of the amount of data to be recorded. This is
particularly true in light of the present intended use of the data,
i.e., performance measurement of selected flight maneuvers.

For Tack of better guidelines, the sufficiency of 10 and 100 times-
per-second sampling rates was intuitively assumed for launching the
present study. An investigation of the necessity for such rates for

those flight variables relevant to measurement on each flight maneuver
is required, however, before specification of an optimal recording
system can be made. ) In support of this, an initial sampling rate study
was conducted, the primary purpose being to establish a methodology for
suc investigations.
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‘2. APPROACH
a. Discussion

The. recorded data were sampled at a number of different sampling
intervals (e.g., every 0.05 seconds, every 0.01 seconds, etc.). For
each test run, or each sampling interval used, tests were made to
determine the errors that would result from generating the between-
sampling-interval data from the sample-points using linear interpolation.
In other words, the question addressed was, "If the only data available
were those values sampled at an interval of .n seconds, and intermediate
data were then generated using those sampled values, what errors could be
expected in the generated data?" Figure 7 illustrates %his concept.

Recorded doto‘

Sampling points

Line of linear interpolation

Sampled Volue of Recorded Data

Errors

fime

Figure 7,  Nature of Error Computation for Sampling Rate Study
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As a test case for the study, pitch angle was exam*ned during the
performance of (a). 46 lazy 8 maneuvers and (b) 44 barrel roll maneuvers.
Pitch was recorded in-f1ight at a sampling interval 0.01 seconds.

Sampling intervals of 0.05, 0.10, 0.50, 1, 2, 3, 4, and 10 seconds were
tested. An error distribution (histogram) for each maneuver and each
sampling interval was then constructed.

b. Software

Appendix IV presents the FORTRAN program listings of routines
used in the experiment. Portions of a typical print-out are presented
in Figure 8. In Figure 8a, the first seven columns present (1) the
event number (ENVO) of the maneuver; (2) sampling rate tested; (3) the
total numbgy of points comprising the maneuver as recorded on tape;

(4) the "resolution" error (RES) tested, which was the tolerance within
which an error was not counted and beyond which it was counted (RES set
to zero for this application); (5) the number of times a tested point
produced an error which exceeded RES; (6) the worst error (one with
largest magnitude) encountered; and (7) the time into the maneuver
(seconds) at which the worst error occurred. The remaining twelve

- columns present the number of errors whose absolute value lay in the
range indicated at the'top of the respective column.

Figure 8b summarizes the data in terms of fractional parts. The 3rd
column presents the part of all samples tested in which any error was
detected.  Subsequent columns present the part of all samples-in-error
in which error magnitudes fell in the indicated range.

Since the two types of maneuvers to be examined were intermixed on
several different tapes, it was most expedient to compu=e the summary of
all data by hand, following the several necessary computer runs. Each
computer run produced results as shown in Figure 3 for all lazy 8's and
barrel rolls on one tape, plus additional comput: tions which aided the
hand-summarization (by maneuver) of all data.
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3. RESULTS

Table VI summarizes the results obtained for the lazy 8 and barrel
roll pitch-angle sampling rate study. The heavy line indicates the
boundary which delineates the point in the error distribution where an
asymptote is apparently reached. (The results must be interpreted in
terms of this asymptote rather than solély in terms of the number of
errors within certain bounds because of the existence of data spurs, or
glitches.

Table VI suggests that for the lazy 8, little would be gained using
a sqmp]ing interval smaller than 1.0 seconds. Increasing the interval
from 1.0 to 2.0 would effectively double the worst-case error. For the
barrel roll, an interval sma]ier than 0.10 seconds would apparently be
unnecessary. A slight increase in worst-case error would be experienced
in a sampling-interval increase from 0.1 to 0.5 or 1.0. The real
breakpoint occurs with intervals at 2 seconds or larger.

It would appear, then, that, for pitch-angle, a sampling rate of
1 per second for both maneuvers would be optimal, with slightly improved
accuracy possible in the barrel roll by going to 10 per second. (Of
course this investigation considered only a discrete set of test intervals,
and a more thorough study may show a 5 or 7 per second rate optimal for
the barrel roll.) If the pitch accuracy tolerance were +2° for both
maneuvers, then a rate of 2 per second on the lazy 8 and 1 per second on
the barrel roll would probably be required.

This type of information is of some benefit both for specifying
recording systems and for performing measurement analyses. Figures 9
and 10 show how the data can be presented graphically to provide
immediate indication of the adequacy of any proposed sampling rate for
_various error tolerances. Using Figure 9, for example, it is easy %o
discern the sampling intervals which would provide comparable results
for, say, an error tolerance of +2°,
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TABLE VI

FRACTIONAL PART OF PITCH ERRORS € x FOR
VARIOUS X1 VALUES

Error Magnitude (x) Lazy 8 (N = 46)

A

0.5 1.0 | 1.5 ]2.0 } 2.5 |3.0 |3.5 |4.0 | 5.0 {10.0

SAMPLING INTERVAL (SEC)

.05 | .960 ] .9881 .991 .991} .991 | .991 | .992 .992{ .992 ] .993
.10 | .968 | .988] .990| .991] .991 | .991 29911 .991} .992 ] .993
.50 | .9421-.987% .990| .997|~.991 | .991 | .991} .992| .992 | .993

1.0 | .913|.984} .990| .991| .991] .991 | .992| .992] .992 | .993
2.0 | .71} .917] .971{ .986] .989 [ .990 | .991| .991] .991{ .99z
3.0 | .506[.731] .850 | .920] .956 | .972 | .980] .984] .989 | .0%0
4.0 |.376].580( .697 | .778| .844| .895 | .930| .049{ .967 | .987

10. | .121|.204] .27 .334| .387 | .432 | .471| .503{ .552] .753

"Error Magnitude (x) Barrel Roll (N = 44)

ANS(0.5 [1.0 [1.5 [2.0 2.5 [3.0 [3.5 [4.0] 5.0 [10.0"

SAMPLING INTERVAL (SEC)

.05 | .960} .985] .988| .989 .990| .990 | .991 | .991] .991 | .993

.10 | .961 | .983] .986) .987| .9838| .988 | .988 .989] .989 | .991

..50 9231 .974| .982) .985] .985| .986 | .986 | .986| .987 | .988

. .
o o o o

.861 ] .962| .980] .984] .985| .986 | .986| .987] .987 ] .989
.639 | .813| .8871 .926| .949] .963 | .974| .979] .983] .988
.477 1 .674] .768| .820] .855| .881].905] .924| .948 | .984
.361 | .538] .637| .703] .750] .784 | .811 .832 .871 | .967
-098 | .173] .239] .299] .353] .392 | .428 .460] .506 | .649

represents the error magnitude. The table shows the fractional
part (how many) of the total errors that were < x at each
sampling interval tested. For example, at A = 1.0 (lazy 8),
98.4% of the errors incurred were <1.0 in magnitude.
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Figure 9. Sampling Interval Plot for Pitch (Lazy 8, N = 46)
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Figure 10.  Sampling Interval Plot for Pitch (Barrel Roll, N= 44)
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In addition to developing the type of data presented here, the
sampling rate analysis could incluce ‘a matching of the error distribution
to the portion of ‘the maneuver being flown. For this purpose, maneuver-
sections could be delineated using a Boolean Time Function approach,
wherein necessary and sufficient conditions for each state or group of

states of the aircraft, relating in turn to sections of the maneuver,

are identified using logical operators (Reference 3). .This could lead

to an identification of the portions of the maneuver which, from a
sampling-rate stapggggnt, load the requirements most heavily. These
portions may or may not be critical in performance measurement and,

hence, the sampling rate may be adjustap]e for a reduction of requirements.
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SECTION V
BASIC PERFORMANCE MEASUREMENT SYSTEM

1. GENERAL APPROACH

The approach consisted of several distinct but interrelated tasks.
Summarily, these tasks were: '

1. . Perform analysis of the maneuvers to be studied in detail.

2. Develop theoretical measures based strictly on the resuits
of -the analyses.

3. Compute the theoretical measures for representétuve
performances to determine which measures have face-validity.

4. Develop experimental measures consisting of (a) those
theoretical measures which appear valid and (b) other measures derived
through examination of the data.

5. Compute the experimental measures for a broad sample of
student and instructor data and perform analyses to validate the measures.

The maneuver analyses were performed by Air Training Command.  The
analyses included (1) a maneuver deccription, (2) an jtemization of
maneuver elements, or separate portions of the maneuver, and (3) for
each maneuver-element, the primary pilot tasks, the knowledge and skill
required, and ‘suggested error tolerances on critical parameters.
Supplementing the information provided in the Primary Flying Manual
(Reference 4), the task analyses provided a fair “picture" of each
maneuver in addition to an indication of Air Training Command standards
of performance, insofar as it was possible at that time to quantify these

“andards.

Theoretical measures were then developed based on the maneuver- -
analyses. This was accomplished during the instrumentation/test flight
phases of the study, so that quite early in the preliminary data-
collection phase, measurement programs were available to enable data
analysis and research to be initiated.
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These preliminary measurement programs were applied to early
performances of the Flight Test pilots. The resulting data- were
analyzed to determine expected ranges of the critical flight parameters
and evaluate the face validity of the various theoretical measures.'“
Also, those portions cf the maneuvers and/or those pilot skills which
seemed the most feasible candidates for automated measurement were
identified.

Final measurement programs were then developed for analysis of each
student and instructor/pilot performance. These programs computed a
variety of experimental measures believed to be relevant to performance
evaluation. In addition, they produced automated plots of certain
combinations of variables to produce a "picture" of the most relevant
features of each performance.

The remainder of this Section is devoted to a description of how
each of the above tasks was accomplished and, where applicable, how
measurement programs were implemented.’

2. ATC MANEUVER ANALYSES
a. Llazy 8
(1) General Description

The lazy 8 is a maneuver requiring simultaneous turning
and climbing or descending so that 2 horizontal figure eight is described
about a selected reference point located on the horizon.

This analysis assumes that the aircraft is in the local flying area
in level flight between maneuvers.

Also assumed is that the'student is in a po+t-solo phase of the
T-37, is able to control the aircraft in turns of specified bank angles,
and to maintain straight and level flight.
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For analysis purposes, the heading indicated on the compass should
be used as a primary reference although the student will perform the
maneuver using cutside references.

(2) Maneuver Elements

S Figure 11 illustrates the nine maneuver elements of the lazy 8.
The element numbers coincide with the circled task analysis numbers
{Tabie VII).

~ (3) Maneuver Analysis

Table VII presents the analysis of the lazy 8 as developed by
Air Training Command.

b. Barrel Roll
‘1) General Descrintion

The barrel roll consists of an aerobatic roll maneuver of
360° bank about a selected reference point locaterd ahead of the aircraft.

The student must maintain a constant angle off a selected reference
point through the 360° of bank with consta”*1y changing pitch attitudes
and airspeeds.

Positive seat pressures must be maintained and roll rate must be
constant.

The student must corrdinate rudder, elevator, and aileron deflection
from no.mal.

(2) Maneuver Elements

The maneuver is divided into five segments (Figures 12a
through 12e):

1. Entry, which is not considered an integral part of the
:naneuver, but is important for identifying the reference point and
establishing maneuver orientation.
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Manguver Elements

1 Maneuver entry

2 45° turn point

3 90° turn’ point

4 135° turn point

5 180° tarn point (midpoint of maneuver)

6 135° turn point (direction opposite from 0.1-0.5)
7 90° turn point

8 45° turn point

9 Marteuver termination (straight and level flight)

Fiqure 11, Lazy 8 Maneuver Profile

63




AFhRL-TR-72-6

(R

' e

o0L*
ot
ot

0L+

obt

ob+

%0LF

W

ob+

%01+

: obt
' ob+

%01+

ot
b+

m.m 2=l

19y
10005 9A0Qe 3Ju3dSap
40 quild ulw/3 O+
5Lt

' SIY £+

s333tdwodul
40 SUOLSSLWO ON

Z

' apn333e
yo34d 3s3YBYY 40 £/1-
uany Jo o6/

AURq O oG/-(9-

apn3ille
yo31d 3saubiy 4o ¢/2-
uang 40 ,09-
jueq Jo ,09-€£G-
. 1yoead 03 '[IXS
| RUMON

s

. J9ANguURW ut
apn3t3ze ya3id 3saybyy

udny 4o oSp
Aueq jo oGy=-Ob-
apnilae
yoad 3saybiy jo g/2
uang 4o ,0¢
queq jo ,0¢ - /[2-
{(3utod omew
us34d 3sayoiy 4o g/
uan3 4o .61
queq jo ,Gl-g£l-
1yoeas 03 Li4s burhy4

+9bu¥ld ajeus jNueq u0j
‘uotzestidde sunssaud yoeq
48dodd  ‘ULNG €1 UOE3OBLLQ

+ "71°9°VY 34 0005
3yb}1 14 19A3L uamod %06
S34 00¢

b-19 WOLY

uL abpajmouy {eanpadoudd

“

apn3ily

‘jujod 06 3@ uozjsoy o3 {e4
03 9SOU MO||® 03 pasea|ad

S| a4nssaad ¥oeq awos

pue 3se34OUL 03 SBNULIUOD
a|bue jueg: ‘juiod aduaLajad
40 uoy3oaup uy (buiseasdap
S| apnjiije yo3d ybnoyyye)
us4n3 Bupquiid anuijuo)

‘jutod uany ,06 30 uoOZLd4OY
yoead 03 9SOU U04 LBPUO U}
pasuanas sy (A3L00|3A |BDL343A)
abueys apniiaje usjLd aya
Spayoeads st jurod uany Gp
sy -abueys yozid pue jyueq
8NULIU0D 03 PBsSeaUdU} St UOLY
~D3|49p UOLI[}R pue 403RAS(D
¢Sasevaudap paadsaie sy

*jquiod 3duaLIAL JO UOLIDAULP
ui uany buiqui|d anuijvo)

-jugod aduaudsaL 4O UOLIDAULLP
up usany buiquigd 3ue3s

3ubL1s [9A3| pue

jubyeass - (de3 Buim uo) juiod

3JU343434 404 UOLIPIUILLO puR
uoi{TLpuod 3jeuaduie dn 33§

*J3anauew

UM 3D011JU0d |{LM JjRad4LE

43Y30 ou SauAnsuad Aj|enstp

jurod uang .52 2°€

JuLod usanl o089 L°€
jutod uant 06

‘ juiod usang 5% €°2

jurod uuang

08 2°2

jutod uuny
jutod

oS1 L2
uang oS¢ 0°2

4

Jaanauew uibag -t

juiod asuaudjas 303135
Jamod 3as
paadsaLe 33g

N
——r—

edue 4By 'L

A43u3 a3Anauey G°L

- |L9M MO}
(214313140 ysRL)
aouedajol

padinbay Li1ys
pue abpajmouy

¢auop 3L sL Aup
$Op URWMALD 3Y} S0P 3eyM
tasodund

jsed-qng juawa|l
JUaWA (3 43ANaURY

P

N

s

SISATYNY ¥3AN3INYW 8 AZV1

Rorwa s vk Pl gt B v -

bt
RRCEA
ot ) s

ITA 378Y1

ean—

Q

64

Aruitoxt provided by Eic:

EE




AFHRL-TR-72-6

-y

) jujod
- uany oS¢ e Ysid = .
201+ apn3jize yd34d aajjebau -
obt uany 340 GgL - wnwyxew st
obt £'2 = 3 bue Yueq - A3190(3aA [©2}343A 3A}3ebaN jutod udn) GEL €'Y
jujod
uany Sp e apnyjlae
- Yoy 4d 3saybly 4o €£/2= .
Ol apn3t3ae yo3d aAapjebsu -
obt uany jo 02l = .
ob+ {'¢ 03 = a|bue jueq- jujod uany 021 2t
jujod *six@ Leujpnjjbuo| jo apis ©
udny o5p 30 apnijlae 33)s0ddo uo mou s} ujod ©
yoz1d 3saybiy jo ¢/L= 3%UaJaay  *sdaubap ouaz
. oOLF Jpn333e ys3d aApjebau - pJaemo} pabueyd buiaq
_ A{aueysuod sy atbue .
ob¥ uany 340 50l - | jueq pue 0432 ueyy ssI|
ob¥ 2°c 03 = 3|bue jueq - Mou s} apn3iie ys3pd ay) jujod udny 501 L't
. 1yoeau 03 . *u0}3da4ip swes
LLIAS LewdoN Y3 U} panujauod s} udang ayy jujod udny GEl O°Y
s3I G+ SY1 s33 00L- S/v-
apn3lije
oS% {043z = £3}90(3A )
obt L2 }3494) UbiLs Lane-
udny 30 ,06-
ob* jueq jo ,06-08- payoead si 3|bue jueq unujxew juted uanl .06 €°€
~LL3M MoH 43U0P 31 St AyM
(eLua3 pad ysey) padinbay (LIS JOp UBWM3AJD 3y3 SAOp JRYUM 34ed-qng Judud |3
asueda o) pue abgsiMouy :9sodung JU3WA | 43ANBURY
SISATYNY ¥3IANINVW 8 AZV1
1IA 378Y1
4

T

Q

paT Ty v e 151

PAFullToxt Provided by ERIC

E



AFHRL-TR-72-6

G St aueg
p se aweg
£ st aweg

2 se awes

m_m A

doudd yd34d €%
J0uud §/Y S} G4,

dOU4d UdNY p+
40443 WuURQ b+

Joadad yo3id R01%
Jd04U3 UNY bt
J404dd YURG ,be

dodud ya3id %01
NUNNE RN Sy
J0dJd Jueq b+

G se aues
p Se aues
£ Se aweg
2 SV awes

*abueys vivu

Jukq 404 u0}3Rd}(dde
aJnssaad %ovq 4ddouay
*uJdny 03 U0132344Q

apn3|33e ya3yd-

s3% 002 = paadsuly-
3403S JDANIURW WOAJ
208l 03 = Bujpeay-
jueg ,0-

Tz = 9pr3jaze
yo3id aAapiebau-
udng o589~

t*2 » jueq jo albuy-

2°'2 = 9pn3jaie
yoatd aap3ebau-
uang o061t~

2'2 = jueq abuy-
tbuimoy toy

Y3 yovad 03 [[1¥S
JOJOW 2UILILIINS

g se aweg
p se aweg

£ se awes

) 2 Sse aweg

* (49An3URW

30 ,08L 3S414 03 33ysoddo
3q || yueg) 3uiod
32UdUTJAL JO UOLIDBALP

uf uany Bupquild 3y3 uels

0492 S
9 bue jueq pue pala|dwod
Sy UJNY [43Un_ (A3}20[0A

1@213J49A 0432) 3IYDY(J [9AS| 03
Jﬂmwu.qqm.uﬂuw:. YY) ey}
S} 3UnO22% 03Ul U3 3G 03
osly 'UYsi(dwodde 03 333|
uany 4o junowe sa ajbue
jueqg ;O aJemMe 3q pLhoys
3UBpN3S  ‘eseaddu pinoys
§3040) b pue {syxe jeaae|
IN0QR JUBWBAOW 3SIAIR

© 03 d4nssaad yoeq-ewos
344nbad [|}M SIYL aseadsdap
03 pa3JeIs ATy pLNoYs

3jed Juadsap juiod ,0€L

Y ‘uoj3aaalp awes u}

uan3 Bugpuadsap anuiuo)

UOL3RULLIIY JIANBURY 076

jujod uang .6  0'8
.utod.uanl .06 0°L
jujod uang ,68L 0°9

sJuenu3uo0)
JaAnauey  p°g

jujod uang ,08L €S

jugod uany 691 2°§

ugod udng o051 L'

jujod uang 081 0°S

- LL3M Mo
(ejua3tad ysey)
aouedad(oy

pa4pnbay {L4¥s
pue 36pamouy

Lauop 34 i LuM
LOp URWMBUD 3Y] saop JRUM
. sasodunyg

4ed-qng JUdwa |3
JuUswWa|3 JaAnauey

SISATUNY

YIANINVW 8 AZV1

(papn(ou0)) 1A 378VL

66

Aruitoxt provided by Eic:

E\.




AFHRL-TR-72-6

Figure 12a. Maneuver Start

<5

Figure 12c. 180° Roll Point

Figure 12e.

Figure 12.

Figure 12b. 90° Roll Point

N
b
N

Figure 12d. 276° Roll Point

Maneuver End

Barrel Roll Positions
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2. First quarter roll (0 - 90° roll)

3. Second quarter roll (90 - 180° roll)

4. Third quarter roll (180 - 270° roll)

5. Fourth quarter roll (270 - 360° roll)
(3) Maneuver Analysis

Clearing the Area. This ensures visually that no other
aircraft flight path would be in a position to conflict with maneuver
area. It can be accomplished by a 180° turn or two medium (40°) to
steep (60°) banked turns in opposite directions of sufficient duration to
visually clear the maneuver area. s~

Selection of Reference Point. The reference point is usually an

isolated cloud formation of small size or a section line stretching to
horizon. The selected point must be easily identifiable and should
contrast enough with surroundings so the student has no difficulty in
keeping an eye on it.

Entry to Barrel Roll. After selection of the reference point, the
throttles are adjusted to 90%. The nose of the aircraft is then lowered
below the reference point to attain an airspeed of 200 tn 230 knots.

The aircraft is then rolled right or left with the aircraft continiing
the descent until 20-30° to one side of the reference point. The wings
are then rolled level to simultaneously allow the aircraft nose to come
to level flight attitude.

First Quarter of Roll. The student notes his angle off the reference
point. This angle alpha (a) is between a line parallel to the
Tongitudinal axis of the aircraft prochted forward from the pilot and a

line projected to the reference point.

This reference point should
remein in the same position on the windscreen throughout the maneuver
regardless of aircraft attitude. A climbing-turn is executed toward
the reference point to simultaneously reach 90° of bank when the nose
is alpha (a) degrees above the horizon. At this point, the
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lTongitudinal axis of the aircraft should be in the vertical plane which
passes through the reference point. Constancy of roll rate is the major
difficulty in this task segment. Control deflection must be increased
to compensate for decreasing aiFSpeed.

Second Quarter of Ro]]. The aircraft is rolled to an inverted level
flight position (180° bank, 0° pitch) to the angle a off the reference
point.  Although pitch attitude is decreasing, aircraft airspeed is
continuing to decrease. Increased aileron deflection is therefore
necessary to keep roll rate constant. Back pressure is still necessary
during the initial portion of this maneuver segment to turn the aircraft
to the proper angle off. As the aircraft.approaches 135° of bank,
elevator control deflection is now decreased since 1ift on the wings is
being exerted in- the same direction as the force of graviiy.

Third Quarter of Roll. The roll is continued from wings-level
irverted position to 90° of bank and a diving angle equal to angle a.
At this 270° of roll point, the longitudinal axis of the aircraft is
again in the vertical plane through the reference point. During the
roll of 135° of bank, back pressure is nominal because 1ift is still
being generated in a downward direction. As the 135° roll point is
reached, back pressure is slowly increased. Aileron deflection from
the 180° rol1 point is decreased as airspeed begins to increase to keep
roll rate constant.

Fourth Quarter of Roll. The aircraft is now rolled from 270° bank
and diving attitude to the crect position. The reference point should
again be equal to angle a. From the 270° bank point, aileron deflection
will continue to decrease while back stick pressure will increase to
decrease the dive angle. Roll out of bank and back pressure should be
coordinated to properly come to level flight and angle a, simultaneously.

.
]
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(a) Performance Tolerances

Following are estimates of realistic performance tolerances
for some of the more relevant variables of this maneuver:

Segment

1

*-5

-

(4-quarters)

Variable Tolerance
RPM 2 90% +1%
Entry IAS® 200-230 knots ) A
Minimum Altitude 5000 ft AGL -
Offset of nose from 20° >< 60°
reference point
RPM ' 90% +1%
g Force constant 1 >< 4g
Angle off (alpha) +10%

between nose and
reference point

(b) Significant Performance Factors

Quantitative Factors:

Variable Range
1. Airspeed 100 to 260 knots
2. Heading Entry Heading, 20 to 60° off
~ reference point
3. RPM 90% +1%
4. Degree of Bank 0 - 360°
5. Angie Off (alpha) Error  +10%
6. g Force 1<€g <4 ‘ .

-
.

2

Qualitative Factors:

Smoothness in coordinated control movement

Continuity of maneuver

‘

It is.mandatory that at least 200 knots IAS be attained for entry.

3Maneuver will not be started or terminated below 5000 ft.

70
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3. Quickness in discerning and applying the required control
movements in various aircraft orientations.

4. Confidence and positiveness in controlling aircraft.

c. Normal Landing

Although detailed analysis in the study was limited to the lazy 8
and barrel roll maneuvers, an analysis of the normal landing was also
developed.  Some preliminary work requisite to measurement research on
the landing task has also been accomplished. The task analysis and
preliminary follow-up analysis are documented below. ’

(1) General Description

A circular approach to the active runway consisting of:

1. An initial approach to the active runway 1000 ft AGL
(above ground level)

2. A level 180° turn with simultaneous reduction of airspeed
to a downwind position

' 3. Speed brake, landing gear, and flap lowering

4. A descending 180° turn to align with the active runway

5. A glide path to the touchdown point i1 the first 1000 ft
of the runway. ’

This analysis assumes the student is in early stages of aircraft
checkout through termination of T-37 flying.

Also assumed is that the student is capable of level flight, turning
level flight with airspeed changes, and descending turns while maintaining
airspeed.
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' Displacement from runway (ground track) cannot be ;aken from aircraft
ﬁnstrumentation4 and would necessarily be a result of ‘instructor verbal
input.

(2) Maneuver Elements

Figure 13 illustrates the six maneuver elements of the normal
landing.

(3) Maneuver Analysis

Table VIII presents the task analysis of the normal landing
as developed by Air Training Command.

(4) Extended Analysis of Normal Landing

By utilizing the maneuver analysis, information in the primary
flight manual (Reference 4), and personal knowledge of the normal landing
task, we developed an extended analysis of the task. This was
accomplished as a first step in (a) properly segmenting the maneuver:
for measurement purposes and (b) identifying basic ATC criteria as
they apply to various segments of the task. The results are presented
in Appendix V. ' -

3. THEORETICAL MEASURES

Theoretical measiires were developed using maneuver-analysis data for

" +12 lazy 8 and barrel roll maneuvers. These measures constituted a
"first guess” at an appropriate set of measures and were based solely

upon ATC criteria. Their computation was accomplished through the
development of appropriate software, which was then used to compute the
theoretical measures for a sample of flight test pilot performances.

The following paragraphs are devoted to a description of the -theoretical
measures and the rationale underlying their development, the implementation
of software for their computation, and initial tests.

2

4Instrumentation, for this study, did not include a means of determining
ground track.
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“Description

(1) Lazy 8

As suggested by—ATC the piihary‘reference variable in this ™

head1ng Cr1ter1a for most other var1ab1es were functions of heading. i
The criterion for ‘heading itself was computed as a function of the initial
head1ng selected by the:pilot upon entéring: the maneuver,

The 1azy 8 is & maneuver cons1st1ng -of. two symmetr1ca] ‘parts..
7Therefore, cr1ter1a and: 1n1t1a1 measurement methods were developed -only.
:for the first half- of the- maneuver, ‘but_were app11cab1e to- the second
‘half as well, Theoretically, we may. regard the 1azy 8:as- two
successive performances of a "half lazy 8," both done. in opposite
directions and with smooth transition and no hesitation between
‘performances. :

Figure 14 and Table IX together sketch the maneuver and the
-performance criteria suggested by ATC in their maneuver analys1s.
This information was used in developing mathemat1ca1 express1ons for
the criteria and tolerances for bank, p1tch vertical veloc1ty, airspeed,
altitude, g's, and RPM.  Then measures were developed based on a
comparxson of recorded data with criteria and, where applicable, with
to]erances. i

The following discussion presents, first, the individual
theoret1ca1 measures (denoted S ) developed for each aircraft variable.
These S measures indicate how much the performance differed from ATC
cr1ter1a, and where applicable, tolerances. - - L

Next, combined theoretical measures are described. These consist
of linear combinations of selected Si measures to provide a single
measure for each of several aspects of the performance. One
cumbination measure, for instance, reflects how well the pilot's
transition from descent to level flight at the 180° turn point is
synchronized with the transition to zero bank angle.
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Finally, a "total score" is developed from the combination measures
to provide a single indicant of total performance. This is a weighted
sum of the combination measures, with the weights consisting of "bést
guesses" for this theoretical measures development.

(a) Bank Angle A -

To express mathematically the criteria and tolerances
relevant to bank angle, linear relationships have been established
between Bank (B) and Turn (T) from the information in Table IX.

When turn is 15°, bank should be 13 - 15°; when turn is 30°, bank
should be 27 - 30°, etc. Since it is desirable to have a continuous
bank criterion, .and not just a check at discrete turn-points, a function
relating ‘bank to turn would'be preferable. This also simplifies
programming (easier to code one function than to do table look-ups and
interpolation). The functions: : .

Bank = Turn or B =T

|
—'

and Bank =-% Turn or B =

approximately represent the upper and lower bounds for bank angle for
all points of turn from 0 to 90°. Therefore, the criterion for this
region is:

8
) T<€BET

The tolerance for bank, as provided in Table IX, is +4°.  Therefore
(T +4) and Gg- T - 4) represent the upper and lower tolerances.
Similar analysis was performed for 90 to 180° turn region and the
following mathematical expressions for criteria and tolerances were
derived: “ ‘

For 0° € T € 90°:

L
s T-4

A
——
Wl

_'

IA

@™

‘A

_'
[

IA

_'

+

-+

——

——

A
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For 90°< T £180°:

Yelle

(175.5 - T) < {% (180 - T) < B 5180-T} <184 - T

where T = the degrees of turn made (i.e., degrees of heading-change) '

S and B = the anglie of bank.

In inequalities. (1)

above, the most extreme quantities

1reﬁresent tolerance Timits, while the criteria themselves are represented
by the portions of the inequalities within brackets.

‘The measures desired for bank_ang1e should refiect (1) whether or
not, and to what extent, the basic criteria are satisified, and
(2) whether or not, and to what extent, the tolerances are exceeded.
Separate measures are desired for each of these considerations, because

different weights may be required in performance evaluations depending
upon whether criteria are not satisfied, but tolerances aré; or whether

neither is satisfied.

Let5

.

B - T » T

(O , otherwise

< 90, AND B, > T,
8
5T, -8B ., T, < 90,AND B, <

M;=¢B, —180 + T, » T, > 90, AND B; > 180 - T,

$(80-T,) -8, , T, > 90,AND B, < &

where the subscript i refers to the value of the variable at the ith

sampiing instant.

A A
X ={Z’ 1s 1nterpreted as follows:
? K is true.

X=Yif L is true and X = 7 if
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Let

i

B-T.-4,T, < 90, AND B, >T, + 4
8t -4-8B T<9,AND B, <&71 -4
9 P - ! i- 9 Y
~,=Ja, - 184+ T, T, >90,AND B, > I184-T,

8 ur - 8 -
g I7T5.5-T) -8, T, > 90, AND B, < g (I75.5-T,)

0 , otherwise
]

The values Mi and N{ respectively provide theé amount_by which criteria

are exceeded and the amount by which tolerances are exceeded. Integrating
each of these, we obtain:

T
Sy = M dT
[+]

Sp = J N dT

[<)

Sy.is an integrated error measure showing the extent to which bank

criteria are exceeded; 52, similarly, shows the extent to which bank
tolerances are exceeded. o

- .

(b) Pitch Angle

s The required pitch angle has been established by ATC as a
function of thé maximum pitch angle attained in the maneuver (Table IX).
Call this maximum pitch angle H. As indicated in Table IX, pitch should
reach its maximum (H) at the 45° turn point, should then decrease to
zero by the 90° turn point, should reach its negative maximum (-H) at
the 135° turn point, and should then return to zero again-at the 180%-

turn point. The change in pitch should be a Tinear function of the
degree of turn.
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The foHowing criterion inequalities were computed from the
information in Table IX. As in the case of bank angle, the portions of
the inequalities within brackets represents the basic cmtema whereas
“the portions 'outside the brackets represent tolerances.

<

Pitch Angle

and T = Degrees of Turn:

For 0° €T < 45°:

0.9HT . {_ul = P,} < LIHT
45 - 45 - 45

For 45° < T £ 90°:

09H(90-T) {n(so_—r) - P}- < _LIH(90-T)
45 = 45 a5

For 90° < T £ 135°:

LIH(90-T) « [ H(90-T) _ P} < 0.9H{90-T)

45 - 45 - 45

For 135° < T < 180°:

IIH(T |30) { H(T-180) _ P} < _0.9H (T-180)
45 - 45

The performance measures desired should reflect the deviation from the
criteria plus any deviation outside the tolerance limits.

- ———
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Let

[

,P-H—Tl < 45 AND
]

as |, T !
O9HT . " ¢ LINT
as <P s 45

e - HIC=TI| 45 <7 <90 anp
L

AT-45)(5 ¢ 0.94) < (T-45)(5-1,IH)
obh + -y SP<LIH+ T

IP- H0-T) ) o5 c1 <135 anp
43 '

(T-901(0.9H +5) _ (T-90)IIH-5) _ -
45 SspPs 45 +3

p-H 7;;”’ T > I35 AND
]

(T-135)(3+0.9H)
-45

+09H SP S (T-iss“)és-l.in)

+LIH

For each sampling instant, i, the ]Mi above reflects the absolute value

of the difference between the actual and criterion pitch angles whenever
tolerances are not exceeded.
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Let

LT | 7 <45 anp p > LIHT

0.9HT _ 4 P 0.9 HT
er =Py T S45 AND P o 0.9H

- ‘- 4
p- LIMISO-T) , 25 <1 <90 anp

LIK(90-T)
P>

O9H(90-T) _p, 45 <7 < 50 AND
S
P < 0.9H (90-T)
45
43
C. p > _LIN(90-T)

45
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and

[ -
°’9"‘?.% T) _p, 90 < T < 135 AND

P < 0.94 ‘90 -AT!
43

LIN(T-180)

M=) P- as

» T > 135 AND

P>

LIK{T -180)
45

0.9H T;swo <P, T > 135 AND

p < 0.9 H{T-180)

493

3

For each sampling Enstant, i, the lNi above reflects the amount by which
tolerances are exceeded. Integrating, we obtain the following measures:

T
S3 :{'u, aT

T

9
Sy 8[", daT.
_§3 and S4 are integrated error measures showing the extent to which -

pitch criteria and tolerances, respectively, are exceeded.

(c) Vertical Velocity

Based on the information in Table IX, vertical velocity (V/V)
should be zero at the 0°, 90°, and 180° turn points. Further, V/y
should be positive from T = 0° to T = 90° and negative from T = 90° to
T = 180°. There is no tolerance for error.
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V/V when turn = Q°

n

Let R]

R2 V/V when turn  9G°

R3 = V/V when turn = 180°
Then one measure may be computed as:
Ss = |R | + |Ry| + |Ry]

This gives us the sum of absolute vertical velocity errors at the 0°,
90°, and 180° turn points.

Let
-
v7vl.0 < T < 90 2anp wv <o
Ri={ V/V,9 < T < 180 AND V/V > O
0, otherwise
L 57
Then

T
Se =‘j’R‘ d]?‘TIME
(] Where tine is number of

seconds, for that half of
the maneuver.

This gives the integral error on the V/V direction frcm T = 0° to T = 180°.

One other aspect of V/V needs to be chacked. The V/V should become
zero at the 180° turn point at the same time that the angle of bank
becomes zero. Neither should occur before the other.

n

Let T] = the time at which V/V first becomes zero when 135° < T < 180°
and T2 the time at which bank first becomes zero when 135° € T < 180°.

If either V/V or bank does not become zero within the period desiqgnated,
set T, (i=1290r2)too.
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Compute

I - |, T, # 0 AND T, #0
Sy =
- w2, =0O0R T,=0

_§7 tells-us the elapsed time, in seconds, betweer points where ¥/V and
bank become zero. If S7 is -1, this means the quantity was unmeasurable.

(d) Airspeed

Airspeed should be 200 knots on entry, i.e., at the 0° turn
point, with a tolerance of #3 knrts. At the 90° and 180°. turn -points,
airspeed should be 100 and 200 knots respectively, with a to]eraﬁce of
45 knots. At all other points in the maneuver, airspeed must be more
than 100 knots, and. Tess than 200 knots.

Let

r

A-200 , A> 200 AND 2

.100-A , A< 100 AND 2

| O y oOtherwise

where A = airspeed in knots.

Then compute

T LY
s,,=fmui af
[+
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§8 is an integrated error neasure showing how much the airsueed criteria
aré exceeded from 2 to 178° of turn. It checks for deviation below
100 knots or above 200 kxots.

To check airspeed at the 0, 90, and 180° turn points, we will compute:

Se = |a, - 200}
Sio = [Ago- 100}
Su = |Aie0=200]

where AK = ai}speed at T =K.
(e) Altitude

The main requirement on altitude is that the maximum altitude
attained in the maneuver (ALTMAX) should occur at the 90° turn point.
We can further hypothesize that altitude should be the same at the 0°
turn point as it is at the 180° turn point and the samé at the 90° turn
point as it is at the 270° turn peint, because this is a symmetrical '
maneuver. Further, altitude should e monotonically increasing from
T=0° to T =90° and monotonically decreasing from T = 90° to T = 180°.

First, a measure is needed to check that the maximum altitude is
attained at-the 90° turn point. Also, if ALTMAX is not attained at the
90° turn point, we should record (1) where ALTMAX is attained and
(2) how much ALTMAX differs from the altitude attained at 90°, 1In
monitoring altitude it will be necessary to check the entire maneuver
from start to completion rather than to check one j«a1f independent of

the other half.
Let AA] = maximum altitude obtained from T = 0° to T = 360°.
Let ALT,, = Altitude obtained at T = K°

K

TT] = Degrees of turn when AA] occurs.,
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Compute

S$12 = | AT gq - ALT, | How much does altitude at turn = 180° differ
from starting altitude?

S 3= 'I ALT360 - ALT0 l How much does altitude at turn = 360° differ
from starting altitude?

S., = | ALTgq = ALT,q0 ' How much does altitude at turn = 90 d1ffer

14 from altitude at turn = 270°?
3 | AA] - ALTg, I How much does MAX altitude differ from
altitude at turn = 90°? ]
l T, - 90 l How far off was the pilot from 90° when
MAX altitude-occurred?
» (f) Acceleration {g Force)

The main requirement on g force is that it be between 1 and
2 g's at the start (T = 0) and end (T = 360) of the maneuver.

Let
6 -2,6>2 ot T=K
6,={ 1 -6,6<1t at T=kK
l 0, othewiseat T = K
Then compute I
Si7 = Go
Sis = G360

This gives us absolute deviations outside criteria for g's at the start
and end of the maneuver.

(g) RPM

RPM must be 90% throughout the maneuver. A tolerance of
+1% 1is specified.
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Let
[ ReM, - 92 , RPM, > 92
AM, = 1 88 - 'Rmi , RPM, < 88
O , otherwise
Compute

T
Sie = f AM, dT
[

;59 is_an integrated error measure showing how much the RPM tolerances
were exceeded over the maneuver.

Table X presents a summary of the above measures S] - 519 (See Table
XI for a definition of terms used in the summary tabie).

Figure 15 is a maneuver diagram for the lazy 8 showing which portions
of the maneuver are checked by each experimental performance measure.
Continuous measureé, as depicted in Figure 15, are ones which monitor one
or more performance variables continuously for a discrete time interval.
Discrete measures monitor certain performance variables 4t selected
discrete points in the maneuver.

(h) Combined Theoretical Measures

For experimental purposes, the following scaled measures and
combinations the: of weke'computed and printed, in addition to the
individual S; measures. The assigned weights are based on the authors'
judgment as to measure-criticality. The scaling is based on the
expected ranges ir Table X and is designed to produce comdined measures
that range from 0 to 100 to standardize the measures. For example,

S] and 52 are the individual theoretical measures pertaining to degree
of bank. Their expected ranges are, for each, 0 to 3000 (See Table X).
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TABLE XI
DEFINITIONS OF TERMS USED IN TABLE X

T = degree of turn since start of maneuver
B = angle of bank
M = amount by which bank-angle criteria are exceeded

N. = awount by which bank-angle tolerances are exceeded

M, = absolute value of the difference between actual and criterion
pitch angles

]N. = amount by which pitch angle tolerances are exceeded

R = V/V when T‘= 0°
R2 =" V/V when T = 90°
R = ‘V/V when T = 180°

R; = erro: in direction of Vertical Velocity
T = time when V/V becomes zero at 135° € T < 180°
T2 = time when bank becomes zero at 135° £ T < 180°

A = airspeed
MMi = absolute value of airspeed error at 2° € T <€ 178°
AK = airspeed at T = K
ARy = maximum altitude obtained at 0 £ T £ 360°
° TT] = turn when AA] occurs

ALTK = altitude at T = K

= absolute value of g force at T = K

AM, = RPM error at “th sampling instant
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The weights assigned to them are 1 for S] (which tells how much c2jteria
are exceeded) and 3 for 52 (which tells how much tolerances are
exceeded). Therefore S] + ?Sz is a linear weighted combination of SI
and 52. Since both are expected to range from 0 to 3000, (S] + 352)
could range from 0 to 12,000. By dividing S] + 352 by 120, the range
would be from 0 to 100; e.g.,

S, + 35,

<€ —= g
0 < 120 -

100

Since this is-an error-measure (the higher the value the worse,
theoretically at least, the performance), we can convert it to a score
by substracting it from-100; e.g.,
S, + 3S
U S
120 -

* The combined theoretical measures, each derived as explained above, are

0 < 100-

100

presented below for each of several measurable characteristics of
performance. They are referred to as "scores" because of- the scaling
applied, but essentially they are measures of performance computed by
combining various individual theoretical measures.

Degree-of-Bank Score (DBS). Measure of how well the pilot's bank
angle compares with ATC criteria as a function of degrees of turn.
(Separate measure for each half of maneuver.)

. 100 SL* 38
pBS = 100 - ——r—2-

Pitch Angle Score (PAS). Measure of how well the pilot's pitch
angle compares with ATC criteria as a function of degrees of turn.
(Separate measures for each half of maneuver.)

Sy + 3S,
120

PAS = 100 -
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Vertical Velocity Score 1 (VVS1). Measure of how well the pilot's
transitions from-climb to descent,.and the reverse, are synchronized
with the 0, 90, and 180° turn points. (Separate measures for each half
of maneuver.)

Sg + 3Sg

VVSst = 100 - 225

Vertical Velocity Score 2 (VVS2). Measure of how well the pilot's
transition from descent to level flight (momentarily) at the 180° turn
poiﬁt is synchronized with his transition to a zero -bank angle. (Separate
measures for-each half of maneuver.)

VVS2 = 100 - 5.8 S,

Airspeed Score (ASS). Measure of how well the pilot's airspeed
at the 0,’90,’and 180° turn points compares with ATC criteria, and how
well his airspeed*ihroughout the maneuver remains within the bounds
specified by ATC.  (Separate measures for each half of maneuver.)

. . Sq + 4(Sq + S;n + S
ASS = 100 - —2 L’a o * Su)

Altitude Score 1 (AS1). Measure of the symmetry of the pilot's
performance of the maneuver'as Jjudged by comparing his altitudes at the
0 and 180° turn points, the 0 and 360° turn points, and the 90 and 270°
turn points. (One measure for cntire maneuver.)

ast = 100 - 22 2‘63-—* S1e

Altitude Score 2 (AS2). Measure comparing the maximum altitude in
"the entire maneuver with the altitude attained at the 90° turn point; |,
and comparing the degrees of turn achieved when the highest a]titdz;‘“ﬁ
was attained with 90°. (Separate measures for each half of maneuver.)

AS2 = 100 -
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g force Score (GrS). Measure of how well pilot's g force at start
and end of maneuver remained within bounds specified by ATC.  (One
measure for~entire maneuver.)

GFS = 100 - 5.5 (S,; + S;q)

RPM Score (RPMS). Measure of how well.pilot maintains the required
RPM on both engines throughout the maneuver. (Separate measures for
each half of maneuver.)

RPMS = 100 - 0.53 s,

" Total Score. Measure how well all of the criteria are satisfied.

|
TOoT*

+ S5(AS2) + 4(VVSt + vvS2 ™) + 3(ASS)

SCORE =

[7 ((0BS) + (PAS)) + 6(AS1)

"+ 2 (RPMS) + GFS](IOO)

" vVvs82 ,vvs2 € 100
where VVS2 =

0,vvs2 > 100

* 3900 , vvs2 < 100
ond TOT s )
3500 ,vvs2 > (100

Miscellaneous Data

1. Time to complete maneuver

Maximum and minimum pitch angles in each half of maneuver
Maximum altitude and corresponc_iing T

Number of data samples in each half of maneuver

Number of inflections in the roll and pitch curves

S N s W N

The Si measures averages over the entire maneuver.
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(2) Barrel Roll

In a manner similar to that for the lazy 8, individual

theoretical measures for the barrel roll will be described first, treating

each of the following measurement variables independently: attitude,
RPM, airspeed, g's, and roll rate. Following the iudividual measures,
combined measures will be described.

(a) Attitude

Possibly the most pertinent performance measure for this
maneuver is one reflecting the pilot's skill in attitude control, i.e.,
skill in maintaining a constant angle, 8 , between the pilof‘s line of
sight to the selected reference point and the pilot's line of sight
projected forward and parallel to the longitudinal axis of the aircraft.
This angle must remain constant throughout 360° of cont1nuous roll, the
suggested error tolerance being #10%.

The major difficulty-of measuring this aspect of the performance is
that no method exists, on the basis of the recorded flight data, for
determining the location of the selected reference point. Therefore,
the criterion angle, 8, and the criterion flight path are both nebulous.

Three approaches were developed for measuring this part of the
performance. One involves computing two projected criterion flight
paths on the bases of certain key measures taken at various points during
the maneuver. Measures based upon each projected criterion flight pati.
are made. The second approach involves taking a number of measures
throughout the maneuver which check the symmetry of the flight path,

The third approach involves computing a projected criterion flight path
based upon a type of "best fit" of a correctly shaped flight path to the
observed flight path. These three approaches are described below.

Attitude Measure A. This measure begins with the computation of
two projected criterion flight paths, each of which is based on the
assumption that two of the pilot's actual attitudes are correct.

101
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Let H] the pilot's initial heading

H2 the heading attained during the maneuver which differs most,
in absolute value, from H,

and P] the pilot's largest positive pitch angle.

It is hypothesized that in the perfect maneuver, a plot of heading
versus pitch angle, suitably scaled, should result in a perfect ciréle.
What we do not know aboui this criterion circle is its size, although
we know it must pass thruigh the point (H}, 0), i.e., the starting
position for heading and pitch angle.

To construct a prejected criterion circle, we may use the starting
position and oﬁe other position. For one criterion circle, we select
H] and “2' This assumes that the pilot's heading is correct at
(1} the start of the maneuver and (2) the end of the second quarter
of the maneuver. The criterion circle would thus have its center
heading at

¢ = & ([m+ne] moo 360)
and would have a radius of

[HM-¢] « |[H-¢| < 180

|360 -H, + ¢, |H -¢C | > 180

Let Xi

Y

sampled heading at T = i

sampled pitch angle at 7 = i

Then the criterion circle is

(x, - ¢)% + v = R} (3)

Now, to construct a second (alternative) projected criterion circle, we
may use the starting position, H], and the pilot's largest positive pitch
angle, P..  This assumes that (1) the pilot's heading is correct at
the start of the maneuver, and (2) the pilot's pitch is correct at the
end of the first quarter of the maneuver.
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This criterion circle would have its center heading at C2 = B, where
B is the heading held when P] is recorded. The radius of the circle

would be R2 = P].

Then the §econd criterion circle is
(X, - c)* + ¥ = R? (4)

The measure we want is the variance of the actual flight path ‘from
each of the alternative criterion circles:

T

s, =f-|a;" (% - )-v2]ar (5)
0
T

sz=[|nwzz - (% -2~ ] ar (6)
(/]

Attitude Measure B. This attitude measure checks the symmetry of
the performed maneuver. First we define the following:

H] = initial heading

H, = heading when bank first becomes 90°

N

= heading when bank becomes 180°

H3 ‘

H4 = heading when bank becomes 270°

H5 = heading when bank returns to 0°

P] = initial pitch angle

P2 = pitch angle when bank becomes 90°
P3 = pitch angle when bank becomes 180°
P4 = pitch angle when bank becomes 270°
P5 = pitch angle when bank returns to 0°
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For perfect symmetry in the maneuver, the following should hold:

—
.

|H] -H2| MOD 360 = |H3 -H2| MOD 360

2. H) = H
3. H,=H,
4. Py =Py =P =0
° 5. |P2] = |7
6. 20° < |H2 -H]| MOD 360 < 30°
7. Py > Py VP VP, VP
8. Py < PIVP, VP VP,
9.

ALT when H, is obtained = ALT when Hy is attained
10.  |ALT when H, is obtained - MAX ALT |’
= | ALT when H, is obtained - MIN ALT |

The specific measures to be taken to reflect the degree to which the
above criteria are met are given below:

i Y I LA

Checks for pitch symmetry.)

1. s, = “H - Hy| MOD 360 - |H, -H2|MOD360|
(Checks heading symmetry for half of maneuver.)
2. S4 lH -H' MOD 360
(Checks heading equality at start and end of maneuver. )
3. 55 IH - 4| MOD 360
(Checks heading symmetry at 90° and 270° Roll po1nts )
( 4 Sg= || + |P3] * |Ps]
(Checks that Pitch = 0 when it should.)
5. S
(

0, 20° < lH -H | MOD 360 < 30°
6. S, = “H-H]' MOD360-20| |H—H]| MOD 360 < 20°

“HZ-H]I MOD360-30|, IHZ-Hll MOD 360 > 30°

o«
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(Checks that reference point is initially 20 to 20° off the
longitudinal axis of the aircraft.)

7. Sq= | MAX (P) - P, |

(Checks that MAX Pitch is achieved at Roll = 90°.)

(i =1,3, 4,5 if MAX > PE; else 0)

8 Sig= | Pg-MINP | (i=1,2,3,5if MIN < P; else 0)
(Checks that MIN Pitch is achieved at Roll = 270°.)

9, Sn = | ALTa - ALT where ALTa = ALT at H

b | 1

and ALT, = ALT at H

b 3
{Checks for altitude symmetry.)
0. S,= | AT, - AT - AT, - A

where ALTx = MAX ALT

and ALTn = MIN ALT
{Check for altitude symmetry.)

e

Attitude Measure C. This attitude measure involves computing a
projected criterion flight path based upon a type of “best fit"’of a
correctly shaped flight path to the observed flight path. The major
assumption is that the starting point for the maneuver is accurate.
This is reasonable, since the pilot selects his own starting point in

“relation to-his-reference point, or vice versa. Surely, the true

criterion flight path is a circle passing through the starting point H].
Furthermore, a diameter of the circle passes through H] and is parallel
to the earth. Figure 16 illustrates some of the possible criterion
flight paths based on this information alone. The idea here is to
compute a single criterion flight path, and the method selected for so
doing is to minimize the integral error between the observed fligh path
and the criterion. Figure 17 illustrates several hypothetical observed
flight paths and the approximate criterion flight path that would be
computed in each case.
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Diameter
paraliel to earth

¢—T O =V —Pp

HEADING ————»

Figure 16.

Possible Criterion F1ight Paths for Barrel Roll
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——— Computed criterion path

_________ Actuol path

Figure 17.  Criterion vs Actual Flight Paths for Barrel Roll
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Let Xi = observed heading at T = i
Yi = observed pitch angle at T = i
H] = heading at start of maneuver

and R = radius of tne criterion circle.

Then the equation of the criterion circle is:

(xi ~[H, % R])znrf =ﬁ RZ .7

where R is unknown at the present and the + or - sign in the first term
is determined by whether the barrel roll is performed to the right (+) or
to the left (-). (In computing H, R, appropriate modifications would '
need to be made if a crossing of 0° heading occurs, i.e., use modulo

360°.) Now we shall expand the terms in Equation 7 and solve for R in

terms of Xi, Yi’ and H]:

2
X2 +[u,:a] -axi[n,:g]urf = R?
X{ + HZ + R® £ 2HR -2HX F 2X R +Y2-R% =0
t 2HRF 2X R = 2H X, - X2 -HE - v? (8)

2H X; -~ XE - RE - v2
2(¢ H,:-x,)

Now the integral equation we wish to minimize in order to arrive at a
value for R is

T 2H, Xy - X2 - HZ -v2
.[ l R - 1 i ) i l 4T
0

2 (£mFx)
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To do this, we select
2H X; - X - HE - v?
2 (£ 5x)

i 1]
R= — 1);. (9)

The measure desired is the variance of the actual flight path from the
criterion circle, now fully determined by the derivation of R:

S, :{Tle'—(X' - [m ¢ m])2 -v? | ar

This is an_integrated error measure of the deviation between criterion
and actual flight paths, as determined by roll and heading angles.

(b) RPM

RPM must be maintained at 90% (+1%) throughout the maneuver.
A straightforward measure may be taken:

Let |rem; - 90|, |meM, - 90| 21
M, =
o, |reM, =90 ]| <1

where RPMi is the actual value of RPM at T = i.
Then the RMS error is
. n %
- | 2
Si4 = (1? iz; "i)

where n is the number of samples taken in which Mi #0,

This measures the average RPM error when tolerances are exceeded.

(c) Airspeed

No definite restrictions are placed upon airspeed except
during entry to the maneuver. On entry, airspeed must be at least

109
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200 knots and should not exceed 230 knots. Straightforward measures
may be taken as follows:

Let T] and Tn represent the times at which entry to the maneuver is
begun and completed, respectively. Let

M, = MAx larsp - 200 |
1€ig€n ° i
My = MAX |alRsp - 230 |
1€i€n
Then compute
[0 , AIESP > 200  Entry airspeed deviation

i
Sis = 1 under 200 knots,

M, , AIRSR < 200

(0 , AIRSP 230  Entry airspeed deviation

Sig = | over 230 knots,

| Mz, AIRSE > 230

A

(d) g Force

.g-force is to be maintained at 1 € G < 4 throughout the
maneuver. The measure we shall take will reflect the integrated error

on g when it exceeds the bounds, i.e., when G < 1 or G > 4,

T
Sy =/ D dT
[
0,1 £6< 4
Where . = { 6-4, 6 > 4

(]
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(e) Roll Rate

Roll rate is to be held constant throughout the maneuver.
A measure of constancy may be obtained by differentiating Roll Rate (RR)
with respect to time. Thus, we shall compute

n .
< | dRR Measure of the constanc L.
Sis = “v:,l aT :

of roll rate.

(Note that the absolute value of the derivative is used to avoid term-
cancelling.)

Table XII presents a summary of the measures S] through 518 (See
Table XIII for a definition of terms used in the summary table.)

(f) Combined Theoretical Measures .

Figure 18 is a maneuver diagram for the barrel roll with
indications of the portions of the maneuver checked by each experimental
performance measure. The "continuous measures" indicated in Figure 18
are ones which monitor one or more performance variables every samp1ing
instant over a discrete time interval. Other measures monitor
performance variables at several discrete positions during the maneuver. [

For experimental purposes, the following scaled measures and
combinations thereof were computed and printed in addition to the
individual Si measures. As described in the section on the lazy 8, the

-weights were determined by the authors based on the judged criticality
of individual measures; and scaling was perfcrmed to produce combined
measures ranging from 0 to 100.

- Entry Airspeed Score (EAS). Measure of how well the pilot holds
the correct entry airspeed to the maneuver. Failure to hold at least
200 knots is weighted more heavily than failure to remain below
230 knots. '

3S,. + S -
EAS = 100- 13 L i

2
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ALTa
ALTB
ALT

ALTn

TABLE XIII

DEFINITIONS OF TERMS USED IN TABLE XII

radius of computed criterion circle No. 1
samp!ed heading at T = i
Eenter heading of computed criterion circle No. 1
sampled pitch at T = i
radius of computed criterion circle No. 2
center heading of computed criterion circle No. 2
initial heading
heading when bank becomes 90°
heading when bank becomes 180°
heading when bank becomes 270°
heading when bank returns to 0°
initial pitch angle
pitch angle when bank becomes 90°
pitch angle when bank becomes 180°
pitch angle when bank becomes 270°
pitch angle vhen bank returns to 0°
altitude when H] is obtained
altitude when H3 is obtained
maximum altitude obtained
minimum altitude obtained
radius of computed criterion circle No. 3
RPM; - 90 , | ReM, - 90 | 21
0 o [ ReM. - 00 [ <

MAX | AIRSP, - 200 |
1<i<n !
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TABLE XIII (Concluded)
DEFINITION OF TERMS USED IN TABLE XII

M3 = MAX | AIRSPi - 230 |
-181€n

0 , 1<€£6 £4
D, = G-4, G> 4
9 1-6, 6<1
-RRi = roll rate at ith sampling instant
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Attitude Score 1 (AS1). Measure of how weil, the pilot's flight
path compares with_p criterion flight path based on the assumption
that the pilot's aititude and position are optimum at the start of the
maneuver and at the end of the second quarter.

S
AS1 = 100: 300"

Attitude Score 2 (AS2). Measure of how well ihe pilot's flight
path compares with a criterion flight path based on the assumption that
the pilot's attitude and position are opiimum at the start of the
maneuver and the end of the first quarter.

- s
AS2 = 100 - 3—&,—

Attitude Score §_[§gadigg]_ (AS3H).  Measure of ‘he symmetry of
the pilot's performance of the maneuver as Judged by aircraft héading
at various points. This includes checks on (a) comparison of
heading change over first and second quarters; (b) comparison of
headings at start and end of maneuver; (c) comparison of headings at
"top" and "bottom" of maneuver; and (d) the pilot's reference angle
to the chosen reference point.

4Sy + 35, + 25 + 3,
4.5

AS3H = 100 ~

Attitude Score 3 Pitch (AS3P). Measure of the symmetry of the
pilot's performance of the maneuver as Judged by aircraft pitch angle
at various points. This includes checks on (a) zero pitch at 0,
180, and 360° roll points; (b) comparison of -pitch magnitudes at
"top" and "bottom" of maneuver; ({c) whether maximum and minimum pitch
angles are attained at the 90 and 270° roll points, respectively.

357 + 284 + 2S5, + S,

AS3P = 100 - 5

nz
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Attitude Score 3 [Altitude ] (AS3A).  Measure of the symmetry of
the pilot's performance of the maneuver as judged by aircraft altitude
at various points. This includes checks on (a) altitude at 0 and
180° roll points and (b) comparison of the maximum and minimum altitude
excursion with respect to the starting altitude.

S+ Si2

AS3A = 100 - 60

Attitude Score 3 [Total] (AS3T). Measure of the symmetry of the
pilot's performance of the maneuver as judged by aircraft heading, pitch
angle, and altitude at various points. This is composed of a scaled
combination of the preceding three attitude measures.

AS3H + AS3P + AS3A
3

RPM Score (RPMS). Measure of how well the pilot achieves and
maintains the required RPM on both engines throughout the maneuver.

AS3T =

RPMS = 100 - 10 S,,

g Force Score (GFS). Measure reflecting the amount by which the
pilot exceeds the g-limits during the maneuver.

100 S,

37
where T = total time to complete maneuver (seconds).

GFS = 100 -

Rol1 Rate Score (RRS). Measure of the constancy of roll rate
throughout the maneuver.

- Sie
RRS = 100 - s

Attitude Score 4 (AS4). Measure of how well the pilot's flight
path compares with a criterion flight path based on a "best fit" of a
correctly shaped flight path to the actual performance.

AS4 = 100 - —13
300
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Total Score. Measures how well all criteria are met.
SCORE = —5 [6(AS4) + 5 (AS3T) + 4 (RRS)

+ 4 (AS1) + 4 (AS2) + 3 (GFS) + 2 (EAS) + RPMS]

Miscellaneous Data:

1. Time to complete maneuver

2. Center headings of criterion circles 1 and 2

B 3. Radius of criterion c¢ircle 3
4. H] - H5
5. P1 - P5

b. Software Implementation

(1) Lazy 8 Program

A lazy 8 measurement program consisting of an executive
routine and a Targe subroutine was written in FORTRAN IV and §mplemented
on an IBM 7094 computer. The executive routine required approximately
300 FORTRAN statements and performed Zhe following major functions:

1. Search magnetic tape for the event number corresponding
to the maneuver to be analyzed.

2. Read the data.
3. Generate basic plotting data.

4. Print all pertinent data at intervals of 1/2 second.

5. Call the measurement subroutine that computes the
theoretical measures described previously.

A Tisting of the executive routine is provided in Appendix VI.
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The plotting data generéted were for producing plots of the

following variables:

1. Rol1l vs Pitch

2. Rol1 and Pitch vs Time

3. Altitude vs Time

(&2 B S

N

Airspeed vs Time
Heading vs Time

Approximate Ground Track6

7. Cockpit Stick Position

The data selected for prinf-out at two samples per second are:

“1. Roll
2. Pitch
3. Heéding
4. Altitude
5. Airspeed
6. Left RPM
7. “vyue RPM

8. Longitudinal Stick Position

9. Lateral Stick Position

10. Degrees of Turn into Maneuver

11. Approximate Ground-Speed

12. Vector for Computing Ground Track (ALTX)

13. Acceleration

~

6This plot was generated using heading and a computed, approximate

groundspeed (GS).

The GS was calculated using simple trigonometric

functions for the airspeed vector and pitch angle, and is accurate
only for no-wind, small-angle-of-attack conditions.
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The measurement subroutine required about 500 FORTRAN statements
and performed the function of computing and printing the theoretical
performance measures.

Program execution required setup of two magnetic tapes, one of
which contained the calibrated flight data and the other of which was
a scratch tape for plotting-data. Program execution resulted in
generation of (1) a plotting-tape, (2) data print-out, (3) theoretical
measures, and (4) an estimate of the time requirement for the off-1line
plotting job. Subsequeritly, a request for plotting had to be
submitted. Plotting timé for each of the seven plots averaged 10.8
minutes, using a Calcomp magnetic tape plotting system (30-inch drum).

(2) Barrel Roll Program

The barrel roll measurement program was implemented
analogously to that for the lazy 8. The executive routine was nearly
identical, the major differences being (1) a change in one of the
plots produced, i.e., heading vs pitch instead of roll vs pitch; and
(2) the variables were printed at 10 per second instead of 2 per second.

The measurement subroutine required about 300 FORTRAN statements.
The major functions of the subroutine are described in Appendix VII.

Program execution procedures were the same as those described for
the lazy 8 program.

(3) Initial Tests

Initial tests were made by analyzing the theoretical
measurement program results of approximately 30 lazy 8 and barrel roll
performances, flown by both Flight Test pilots and an instructor pilot.
For each performance, a condensed print-out of critical variables, seven
plots, and the previously described theoretically based measures were
generated. This data was used in making a decision about formal
analysis and measurement requirements for subsequent data to be collected
in the study.
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Appendix VIII illustrates representative print-outs and theoretical
measures from the lazy 8 and barrel roll measurement programs. In the
illustrated print-out for the barrel roll, the reader will note that
two columns are devoted to each of the angles roll, pitch, and heading.
This was done to provide space for printing both the recorded angles
and Euler angles, designed to be computed using recorded body-axis
rates. This was considered desirable to perform a dual check on the
recording of angular rates and the recorded angles. Unfortunately,
one of the rate gyros developed problems during the study, and the
Euler angles effort was abandoned to the priority of other matters.
In the print-out, the columns containing all zeros were the ones
intended to hold Euler angle data.

" Figures 19 through 32 illustrate the set of plots produced for
two sample lazy & performances. For each set of plots, indication is
given thereon of the subjective rating assigned in-flight to the
corresponding maneuver performance, the first having been rated a high
“Good" and "Fair" for the second one. The performing pilot (a PIT
instructor) illustrated typical performances and provided the subjective
ratings himself subsequent to flying the maneuver.

Two of the plots deserve special comment. The stick-position plot
emulates the movement of the control-stick as "viewed" from the pilot's
position in the cockpit. The plot is generated by graphing lateral
{right/left) versus longitudinal (fore/aft) stick posétion. The roll
versus pitch plot is overlaid on a linearized approximation of ATC
criteria, as specified in the maneuver analysis.

Early in the flight test and initial data analysis phase, it was
realized that recorded aircraft heading (See Figures 24 and 31) would
present problems. The directional gyro from which the recording was
taken had the normal precession and lead-lag errors to be expected in
an instrument of its type and age. As a result, true aircraft heading
could, at best, be only estimated during and immediately after aerobatic
maneuvers. In addition, the method of instrumentation technique for
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Figure 23.  Airspeed vs Time for Lazy 8

125




AFHRL-TR-72-6

I e o @w wn e

Figure 24, Heading vs Time for Lazy 8

Figure 25. Ground Track for Lazy 8
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recording aircraft heading (See Section II) with the inherent limitation

of the synchro-follower caused erroneous readings in the 0-90° arc.

Although the task-analysis data for the lazy 8 indicated that headiry
should be the basic measurement reference variable, we elected to omit
it from the 1ist of measurement variables for two reasons: (1) the

. problems experienced with its accurate recording, and the lack of time

and money with which to correct the problems; and (2) the denencent
nature of heading as a variable. We postulated that the variables
roll, pitch, time, and airspeed would provide performance-relevant
data which is inclusive of the information that aircraft heading
pruvides. (In part, this was a rationaiization of the problem at the
time the decision was made; after-the-fact, however, it appears o
have been a justifiable move considering the scope of the effort.)

Appendix IX illustrates nine additional sets of lazy 8 plots,
excluding heading versus time and the heading-based plot of ground
track. Again, the corresponding subjective ratings are indicated on
the plots, and they are arranged in order of decreasing skill, as
Jjudged by the instructor pilot.

The theoretical measures and plots, such as those in Appendix IX,
were used in making a number of the observations which helped to form
a basis for specification and development of a revised measurement
program.  No attempt was made to-thoroughly test the validity of the
theoretical measures other than to corrg]até them superficially with
the instructors' subjective ratings. Primarily, their usefulness
consisted of supplementing the plots to provide a better descriptive
indication of the nature of the performance and in providing a
preliminary indication of the utility of ATC-criterion-referenced
measures.  The observations that were made will be discussed now
through reference to the sample plots in Appendix IX, nuuiered
consecutively 1-45 for aid in reference.
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First consider the stick position plot. Selected plots of stick
position were annotated by hand to show where various events took place,
such as where the 1arge§t pitch angles occurred and where the maneuver
was half-completed. The most significant observation was that as the
aircraft initially approaches about 40 - 50° of turn in each half of
the maneuver, the direction of movement of the stick was reversed.
Apparently, thié illustrates the pilot's attention to the over-banking
tendency of the aircraft. A stick.position plot which annotates these
points could be of value in basic flying instruction. A slight
indication of increased stick movement as skill degrades was also
noticed. An example of this may be seen by comparing Plot 1 with
Plot 41 (Appendix IX). This trend was not always consistent, however,
and could easily be caused by varying environmental factors jp-flight.

~ The analysis of stick position resulted in the decision to abandon
its further consideration in this study. Without scientific evidence,
we propose that stick position analysis would be most applicable in
(a) basic flying training studies and (b) take off and landing
studies. or documentation and possible reader interest, several
additional stick position plots are presented in Appendix X:

The roll versus pitch plot proved to be the most singularly
informative plot of those considered. Consider Plot 2 in Appendix IX.
This performance began to the left (can be seen from the initial roll
direction in Plot 3). Initially, the pilot pitched up without rolling,
then completed a roll to -90° with relatively 1ittle change in pitch.

He 'reached -90° of roll and began a decrease in roll prior to attaining
his zero pitch position. In the roll-out of the first half of the
maneuver, he returned to zero pitch prior to wings level. In the
second half, he attained maximum positive pitch at roughly 30° roll and
held this pitch angle while he continued to roll through about 70°.
Again, he reached maximum bank and began to roll out prior to zero
pitch. Upon ending the maneuver, he reached zero pitch prior to wings
level. In both halves of the maneuver, he pitched up further than he
pitched down, which is contrary to the ATC criteria as presented in the
task analysis.
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The performance represented by Plot 2 was rated low “Excellent."
Comparing Plot 2 with Plots 12, 17, 22, 27, 32, 37, and 42 ("fair" and
"unsatisfactory" performances), one can gain some immediate insights to
measurement of the lazy 8 maneuver. For example, plot 2 exhibits
symmetry, about the same pitch excursions in each half of the maneuver,
and a relatively smooth, continucusly changing roll/pitch relationship.
A1l or some of these characteristics are lacking to some degre# in the
other plots. In plot 32, for instance, roll is held relatively constant
at the MAX-roll points in the maneuver, and pitch is allowed to reduce
from a MAX plus to a MAX minus all at once. In plot 37, very little
change in pitch is exhibited while a rapidly changing roll is evident.
In plots 12 and 17, lack of symmetry is obvious. In plot 42, uneven
change in roll with respect to pitch is seen at the end of the left half
of the maneuver. Additionally, by considering the roll-pitch plot and
the airspeed plot together, it is possible teo postulate precisely why
(or why not) the airspeed criteria are met by a given performance. As
will be discussed later, it appears likely that an individual trained in
interpreting the plots can accurately discriminate at least four skill
lTevels using only’ the roll-pitch and airspeed plots.

The plot of roll and pitch versus time provided little contributing
information relevant to measurement that could not be deduced from other
plots. The altitude plot was considered possibly relevant because in
the better perf rmances there was a consistent overall altitude gain
that was not observed consistently in the less skilled performances.
Also, the reason for this altitude gain in correct performance of the
lazy 8 was an intriguing question. Appendices XI and XII present
additional roll versus pitch plots and airspeed plots which represent
the same group of performances shown in Appendix X.

c. Summary of Theoretical Measures Investigatiox

Theoretical measures were determined using the ATC maneuver
analyses, in which criteria and tolerances were estimated for various
flight parameters. The measures consisted of comparisons of flight
data with these criteria and tolerances.

133




AFHRL-TR-72-6

Programs were written to (1) compute and print out the theoretical
measures; (2) print the raw data itself; and (3) plot selected
variables.  The programs were run using a small amount of flight test
and instructor pilot performance data.

Essentially, the theoretical measures investigation was an initial
"shot-in-the-dark" using, as a basis for trial measurement, the ATC
information available at the start of the program. For launching the
study and bringing to light both the operational and theoretical problems
regarding measurement of the lazy 8 and barrel roll, the investigation
was 100% successful. However, for demonstrating any kind of validity
of the theoretical measures (and, thus, encouraging the investigators at
that time), the results may be considered disastrous.

A serious problem occurred that was not originally anticipated with
regard to the use of aircraft heading as a primary reference variable.
Due in part to instrumentation problems, and due in remainder to the
lead/1lag characteristics of the heading gyro from which the reéording
was taken, heading itself was- unreliable. Therefore, any measure
which relied on heading as a reference was unreliable.

From the data plotted in the theoretical measures investigation, it
was possible to discern a number of questionable characteristics of the
ATC criteria that were applied. A prime example is the criterion that
maximum and minimum pitch angles be equal in magnitude. Other criteria
appeared to be valid and to represent a sound basis for measurement, e.g.,
the "circle" measures for the roll/pitch relationship in the barrel roll.

Based on observations such as these, it was concluded that textbook
criteria very definitely cannot be assumed to represent an adequate basis
for quantitative measurement, although it may provide initial guidelines.
Rather than pursue this avenue further, (i.e., attempt to legitimately
validate or disprove the original set of ATC criteria), the decision was

made to formulate a new set of measures. This new set was based not on
ATC criteria, but on (1) a logical aralysis of that criteria made
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possible through the initial application; and (2) insights irto the
performance of the maneuvers gained through examination of actual data.

The new set of measures and other related program cutputs considered
necessary to conduct the study constitute the measurement system
ultimately applied to a broad spectrum of student and instructor data.
This measurement system is described next.

4. MEASUREMENT SYSTEM

This subsection describes the measurement system designed for
analyzing performance and computing measures for a broad spectrum of
student and instructor lazy 8's and barrel rolls. Prior to the
specification of this system and the associated measures, an investigation -
was made of a set of theoretical measures based solely upon ATC criteria.
As discussed in the preceding summary, this investigation laid the
groundwork for identification of the measures and other desirable
program-outputs to be described below. To differentiate the measures
to be described below from the theoretical measures previously discussed,
the new ones will be referred to as experimental measures. (This name
also attests to the fact that the new set of measures is experimental
in nature.) The measurement system consisted of separate programs for
the lazy 8 and barrel roll which (1) computed experimental measures,
(2) plotted key performance variables, and (3) produced a summary
print-out of measurement-relevant raw data. In addition, initiating
programs were developed to record significant data on cards for each
maneuver, which was then used as input to the actual measurement
programs,

a. Punched Card Records of Maneuvers

Considerable difficulty was encountered in locating and reading
maneuver data on magnetic tape. This difficulty was attributed to three
factors: (1) the magnetic tapes were not new, (2) the ideatifying
event numbers for the maneuvers were often not recorded correctly on the
tape due to instrument errors, and (3) the data typically contained




AFHRL-TR-72-6

"glitches" apparently caused by intermittent noise on the-recording
channels. Because the data would require more than one "pass" for
analysis, and because it was to be retained for other future studies,
it was necessary to "deglitch" the data and store it on ptinched cards.
The variables to be thus recorded were selected on the basis of their
expected usefulness in measurement of,performpnce.

" The variables selected for stdrage on cards were as- follows (shown
in the order punched):

Lazy 8 Barrel Roll and Other Maneuvers
Roll Rol1l

Pitch Pitch

Heading Heading

Altitude Altitude

Airspeed Airspeed

Normal Acceleration

(AT = 0.5 secs) (AT = 0.4 secs)

The program which accomplished the punching and which, additionally,
printed out selected variables is listed in Appendix XIII. _.For the
lazy 8, 1.5 seconds of data could be represented on each punched card,
resulting in approximately 40 or 50 cards per performance. For the
barrel roll (and all other maneuvers), one card represented .8 seconds
of data, resulting in about 40 cards per performance of the barrel roll.

In addition to the recorded data, cards were punched to document the
month, day, year, and event-number of the maneuver, the total number of
data points punched, the subjective rating provided for the maneuver,
and, when applicable, the direction in which the maneuver was performed.
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Data "deglitching" was accomplished partly by the program and partly
by hand. The program, prior to punching, checked for obvious recording
errors (e.g., variables out of range) and corrected the dz*a at that
point by setting it equal to the preceding values. Hand analysis was
then required to remove "glitches" overlooked by the program and,
when_necessary, smooth out the step-function effect sometimes resulting
from corrective action of the program over a longer-than-ordinary time
interval. This process worked satisfactorily but was extremely time
consuming.

The format in which the cards were punched is as follows:

Card 1: Month, Day, Year, Event Number 315,F7.0
Card 2: Number of recorded points IS
Card 3: Rating, Direction 215
Remaining Cards: Data for lazy. 8 3(F5.0,F4.0,F5.0,
: F7.9,F5.0)
Data for barrel roll and others 2(F5.9,F4.0,F5.0,
F7.0,F5.0,F5.1)

b. Lazy 8 Experimental Measures

Following is a description of forty-one measures designed to be
computed for each performance of the Tazy 8 maneuver:

(1) MAX] Maximum positive pitch in First half of waneuver

(2) MIN] Minimum pitch in first half of maneuver

(3) MAX, - Maximum pitch in second half of mancuvér

(4) MIN2
(5-8) ROLLi (i=1,4)
(9-12) ARSPi (i =1,4)

Minimum pitch in second half of maneuver

Roll, airspeed, and altitude * °
change [since start of maneuver]
at points of MAX1, MIN], MAXZ,
and MINZ.
1,4)

(13-16) ALTXi (i
(17) MAX + ROLL - Maximum positive roll

!
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(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)

(28)

(29)

(30)
(31)

(32)

(33)
(34)
(35)

(36)
(37)
" (38)

(39)

MAX - ROLL - Maximum negative roll
Time Half 1 }

Time (seconds) required to perform
Time Half 2

each half of the maneuver.
Total Time - Total maneuver time

E] - Starting airspeed minus 200

E2 - First minimum airspeed minus 100

E; - MAX airspeed at middle of maneuver minus 200

E4 - Second minimum airspeed minus 100

m
'

5 Ending airspeed‘minus 200

S
Be = ) lE1|
i=1
3
7= 3 |§]
i=1
S
Eg= 2 [€5]
i=3
Eq 7
Absolute value of the airspeed-
E]O change between the five local
maxima and minima (e.g., E, =
q abs. val. of difference betwgen
E]] starting airspeed and first local
minimum airspeed).
Er2 ‘
Eis ' .
IChange in airspeed | divided by
E change in time over the four
14 { intervals of the maneuver
referenced above by Eg through
B Eya
B ]
'TI ) Time (seconds) during intervals
{ referenced above by Eg through
T
2 E]Z and E13 through E15°
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(40) T3 }

(41) 1,
In addition, measures of roll, airspeed, and altitude excursion
are computed at specified points throughout the maneuver. The points

are composed of all local maximum and minimum pitch values plus
intermediate points at multipies of 1/3 times the local extrema.

The measures program produces_for each performance of the lazy 8,
(1) a print-out of rol1, pitch, heading, altitude, and airspeed at
AT = 0.5; and (2) the experimental measures. In addition, the
prdgram computes means and standard deviations of all measures for selected
groups of performances. Sample output is shown in Appendix XIV.

. ¢. Barrel Roll Experimental Measures

Following is a description of thirty-six measures designed to
be computed for each performance of the barrel roll maneuver.

(1) Symmetry Measures

Let Xi = pitch values sampled at lroﬂ | = 10°, 20°, ..... ,
’ ]80°, ]7009 EREEE)
10°.
(i=1, 35)
! 2 2
M = 7 z |xi | - |xss-i|) Measures symmetry
i=1 of quarters iand 4
L/ 2
M= 3 z 'X‘l l x36-i|) Measures symmetry
i=9 of quarters 2and3
N /7 Measures symmetry
Ms= 17 2 l x“"'l) of halves |and 2
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(2) Roll/Pitch Circle Measures

Let Ro'l'li and Pitchi (i =1, 71) be the sampled roll values
and corresponding pitch angles at Roll = 5°, 10°, ...., 180°, 175°,

DY 50.

Let
| rowe, |- 90

x
[

. 90 (PITCH;)
[ | PITCHyax |

where PitchMAx = maximum absolute value of all Pitchi

2, = "Twaxl [ /ElNE o)

Then

M, = _16_ / si 22 Compares roll and pitch with
4 3 =1 3 circle criterion over half 1

M. = A / 72': 22 Compares roll and pitch with
S 36 i=36 i circle criterion over half 2

. 7

Mg = _# hX Zf Compares roll and pitch with

i=1 circle _criterion over maneuver

]
3) Constancy - Measures on Rates and g's

These measures check the constancy of roll rate, pitch rate,
and g's by computing regression coefficients and correlation.

Let Ro’l]i, Pitchi, and Gi be the values of roll (arranged to go
from 0 to 360°), pitch, and g's at time-increments of 0.4 seconds
(i =1, K). Using a 5-point Lagrange formula, compute:

Y'li = roll rate

Y

2 * pitch rate
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and denote

Y3; = 6
X, = Roll,

Define

“Qg X; ﬁﬁ‘(é N)(é i)
) (lg X) - (1)::. x')z

K K
Z Y- 8 X
i= i=1

K

K
) a)';:. oCI (1.2::- x')(lg w)

NZERIING:

K
Y - ('?‘ Ui )z

Then
Mz = A
b Roll rate regression coefficients
My = B
8 T
M9 = R] Rol1l vs. roll rate correlation
Mo = Ay ]
b Pitch rate regression coefficients
M,, =8B
1 2
M2 = Ry ' Roll vs. pitch rate correlation
Mg = Ay |
b Normal acceleration regression coefficients
My, =8B
14 3
P
; M]5 = R3 Roll vs. normal acceleration correlation
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Let M be the value of i at the point where RoHi first becomes 2 45°,
and let N be the value of i at the point where Rolli last is 2 45°,

Set j=1ati=M, and j = K = N-M+1 at i=N. Compute Mi’ for i = 16,
24 by replacing i with j in the foregoing analysis. Then M,. to M

16 —"24
are the same measures as M7 to M]5 over the interval | Rol11l 2 4s.

(4) Miscellaneous Measures

(1) M25 - Maximum g's in first half

(2) M26 - Maximum g's in second half
(3) M,, - Minimum g's in whole maneuver
27 <
(4) Myg - [Ro1T| at MAX positive pitch
(5) M,g - [Ro11| at MAX negative pitch
(6) M30 - Maximum roll rate
(7) My - Mininum roll rate
(8) Mgy
= MAX. and MIN. pitch rate
(9) M3
(10) M34 - Total time for maneuver
(1) M35
= Time for first and second ialves
(12) M36

In addition, measures of pitch, roll rate, pitch rate, roll-pitch
"error" (based on circle criterion), heading excursion, altitude
excursion, and airspeed excursion are computed for every 10° of roll.

The measures program produces, for each performance of the barrel
roll (1) a printout of roll, pitch, heading, altitude, airspeed,
and g's at AT = 0.4; and (2) al) experimental measures cescribed
ahove.  Sample output is shown in Appendix XV.
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d. Debriefing Plots

A debriefing plot, as the term is used in this study, 1is a graph

of one or more flight variables which, when supplemented by selected
performance measures, assists one in evaluating the performance
diagnostically. Through a select combination of debriefing plots and
measures, the authors' intent was to show that performance can be
evaluated after-the-fact more diagnostically and with better skill
discrimination than is possible (or at least feasible) in-flight.

Three such plots were developed for the lazy 8:
1. Airspeed vs time
2. Pitch vs roll
3. Altitude vs time

“In addition to generating the plots themselves, computer programs
also annotated each plot with measurement-relevant information. For
example, the airspeed plot was desigped to include the location and
value of local maximum and minimum pitch values.

Examples of these plots for four laxy 8 performances are presented
in Appendix XVI. In addition to the computer generated graphs and
annotations, additional comments are included on the plots to
(1) explain the annotations and (2) point out some highlights
illustrating the type of diagnostic information contained in the plots.

Eight debriefing plots were designed for the barrel roll:

1. Roll, pitch, airspeed, and altitude vs time
2. Heading vs time
g's vs tine

|Ro11| vs Pitch

(3, > w
. . .

Ro11/Pitch Polar Plot
8 = Roll
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R= |Pitch|

Plot X = Rcos@ vs Y = R sin 8
6. Pitch vs Roll
7. Altitude vs Roll
8. g's vs Roll

~ Examples of these plots for two performances of the barrel roll are

illustrated in Appendix XVII.

e, Summary of Experimental Measures

Section VIII of this report discusses the results of applying
the experimental measures to a broaa selection of student and instructor
performances.  For convenience in reference, the experimental measures
are summarized below:

(1Y Lazy 8

No. Units Experimental Measures

] Deg . Max. (positive) pitch in half 1 (max. 1)
2 Deg Min. (negative) pitch in half 1 (min. 1)
3 Deg Max. ' {(positive) pitch in half 2 (max. 2)
4 Deg Min. (negative) pitch in half 2 (min. 2)
5 Deg R011 at max. 1

6 Deg Roll at min. 1

7 Deg Roll at max. 2

8 Deg Rol11 at min. 2

9 Kt irspeed at max. 1

10 Kt Airspeed at min. 1
1 Kt Airspeed at max. 2
12 Kt Airspeed at min. 2
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No. Units
13 Ft

14 Ft

iS Ft

16 Ft

17 Deg
18 Deg
19 Sec
20 Sec
21 Sec
22 Kt

23 Kt

24 Kt

25 Kt

26 Kt

27 Kt
28 Kt

29 Kt

30 Kt

31 Kt

32 Kt

33 Kt

34 Kt/Sec
35 Kt/Sec
36 Kt/Sec
37 Kt/Sec
38 Sec

Experimental Measures

Altitude excursion at max. 1

Altitude excursion at min. 1

Altitude excursion at max. 2

Altitude excursion at min. 2

Max. posit{ve roll

Max. negative roll

Time to perform half 1

Time to perform half 2

Total time for maneuver

Start airspeed - 200

Ist min. airspeed - 100

Max. airspeed, end 1st half, - 200
2nd min, airspeed - 100

End airspeed - 200

Sum of measures 22-26 (all maneuver)
Sum of measures 22-24 (half 1)

Sum of measures 24-26 (half 2)
Airspeed excursi;n 1st quarter
ni:5peed excursion 2nd quarter
Airspeed excursion 3~d quarter
Ajrspeed excursion 4th quarter

Rate of change of airspeed 1st quarter
Rate of change of airspeed 2nd quarter
Rate of change of airspeed 3rd quarter
Rate of change of airspeed 4th quarter

Time 1st quarter
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"

No. Units Experimental Measures
39 Sec Time 2nd quarter
40 Sec Time 3rd quarter
4] Sec Time 4th quarter

(2) Barrel Roll

No. Units Experimental Measures
1 Non-Dim. Symmetry between quarters 1 and 4
2 Non-Dim. Symmetry betwee; quarters 2 and 3
3 Non-Dim. Symmetry between halves 1 and 2
4 Non-Dim. Comparison with circle - half 1
5 Non-Dim. Comparison with circle - half 2
6 Non-Dim, Comparison with circle - maneuver
7 Non-Dim. }
Rol1 rate regression coefficients
8 Non-Dim.
9 Non-Dim Correlation: roll vs roll rate
10 Non-Dim.
Pitch rate regression coefficients
N Non-Dim.
12 Non-Dim. Correlation: roll vs pitch rate
13 Non-Dim. ) )
1 Non-Din. } Normal acceleration regression coefs.
15 Non-Dim, Correlation: roll vs normal acceleration
16-24 Non-Dim. Same as 7-15, but for |[Rol1] 2 45°
25 - g Max. g half 1 ,
26 g Max. g half 2
27 g Min. g whole maneuver
28 Deg Rol1l at max. positive pitch
o l 146




AFHRL-TR-72-6

No. Units
29 Deg

30 Deg/Sec
31 Deg/Sec
32 Deg/Sec
33 Deg/Sec
34 Sec

35 Sz¢

36 Sec

Experimental Measures

[ ]

Ro11l at max. negative pitch
Max. roll rate

Min. roll rate

Max. pitch rate

Min. pitch rate

Total. time for maneuver
Time half 1 -

Time half 2
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SECTION VI
FLIGHT TESTING AND DATA COLLECTION

The calibration of the data acquisition system was conducted
principally at Wright-Patterson AFB, whereas the data collection flights
on maneuver performance were accomplished predominantly at Williams AFB.
Specifically, a total of 40 calibration flights and 51 maneuver data
collection flights were conducted throughout the program. However, 17
of the flights flown in support of the Pilot Performance Measurement
Program resulted in no useful data being obtained due to system
malfunction or weather. The total flying time on 948 was 114.7 hours
over 91 sorties.

Maintenance support for the aircraft and data acquisition system
was provided by Flight Test at Wright-Patterson AFB and by Air Training
Command technicians assigned to the Directorate of Maintenance at
Williams AFB. Pilots from the Fighter Test Squadron and AFHRL research
psychologists flew the calibration flights. A1l of the UPT student
data collection flights were flown at Williams AFB with one of the AFHRL
instrucior pilots.

1. OPERATING PROCEDURES

The procedures discussed in this section have evolved from
operational experience with the data acquisition system and resulted
in the development of the most efficient method of recording calibration
and maneuver data, within specific restrictions, for pilot performance
meas'irement research.

a. Tape Handling
Prior to each flight, the one inch mag tape was installed in

the Leach tape recorder according to the following procedures:

1. Check that ali cockpit switches on the Recorder Control
Panel are in the OFF position.
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2. Apply 28 VDC ground power to the aircraft.

3. Turn the recording system MASTER SW to the ON position
on the cockpit Recorder Control Panel.

4. Raise the guard on the GROUND TO FLIGHT switch and move
this switch to the GROUND position. 8

5. Turn the TAPE RECORDER POWER switch to the ON position.

6. Remove the cover on the Leach tape recorder located in the
lower fuselage bay area.

7. Check that the recorder POWER switch is in the ON position
(When power is on, the.STOP button will be RED).

- 8. Load the mag tape on the recorder with the supply reel on
the right and take up reel on the left.

9. Actuate the FAST FORWARD switch and allow the tape to run
for five seconds before activating the STOP button.

10. Place cover on tape recorder.

11. Return the TAPE RECORDER POWER switch to OFF position on
cockpit Recorder Control Panel.

12. Return the GROUND TO FLIGHT switch to ON position (guard
down).

13. Return COUNTER te zero.
14. Return MASTER SW to OFF position.

Subsequent to the flight, the tape was down-loaded and transported
to the Data Reduction Branch of Flight Test. At Williams, the tapes
were boxed and shipped via commercial air the same day of the flight.

It became imperative to reduce the tape and print-out the data as quickly
as possible in order to ascertain if all the parameter sensor systems

and the tape recorder were operating properly. A minimum of three days
was normally required between the student data flight at Williams AFB

and a check of the data that was performed by the authors at Wright-
Patterson.

-
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b." Recorder Operating Procedures

Upon taxiing to the number one position for takeoff, the data
acquisition system was turned to a standby mode and an automatic
calibration cycle initiated as foliows: ¢

1. MASTER SW - ON
2. INVERTER switch - ON, red light out
3. PCM/DAS switch - ON

4. RECORDER POWER switch - ON,
(TAPE OFF amber Jight on)

5. Check GROUND TO FLIGHT switch - ON
(guard down), green light on -

6. TIME CODE switch - ON
7. RECORDER CONTROL switch - ON

8. Complete equipment calibration check;
(rapid sequence)

a. Change record number
b. Depress AUTO CAL button

¢. Change record number

9. RECORDER CONTROL switch - OFF

After flying under radar control to the designated area where the
calibration tests or maneuvers were to be performed, the instructor
pilot commenced the data collection by turning the RECORDER CONTROL
switch to the ON position and changing the record number by depressing
the RECORD NO. button. The record number was changed at the beginning
and end of each maneuver in order to facilitate the visual examination
of the data print-out and provide discrete events for computer data
processing.  The recorder was turned off during extended periods of
time when data was not being scored, such as climb and descent. By
employing this method of tape conservation, the 60 minute mag tape
was of sufficient duration to record in excess of the ave age mission
flying time of 1.3 hours.
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Frequently the audio tape recorder was utilized on the mission.
It proved to be an effective method for obtaining the instructor pilot's
comments and critique of the student's performance narrative account of
a maneuver being demonstrated by the IP, weather information, system
malfunctions, and other qualitative data pertinent to describing the
quantitative recording of performance.

2. CALIBRATION PROCEDURES

Precise procedures were established for the calibration of the
flight and engine parameters with the corresponding cockpit'instrumeht.
The flight crew was briefed on the parameters and method of calibration
prior to each flight. A Test Data Card was used to indicate the
parameters to be calibrated and the value and record number of each data
point. Additional information that was written on the Test Data Card
included:

1. Aircraft type and number (T-37B/948)
2. Flight test project number (7184/604)

3. Date
4. Flight number

5. Pilot

6. Data recorder

7. Takeoff time

8. Landing'time
—— 9. Mission duration

10. Current altimeter setting

17. Auto calibration record number
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The basic parameter calibration procedures were provided to the

flight crew in the form of a checklist:
4

1. Set current altimeter setting in left altimeter and record
setting on Test Data Card.

~ 2. Prior to recording any calibration data, depress the AUTO
CAL. button for one second with the recorder on.

3. Turn recorder on for the entire period that one parameter is
being calibrated, so that data will reflect transition from one step to
another,

4. Obtain a minimum of 5 seconds' scoring for each incremental
step after the parameter is stabilized at the desired value.

5. Upon stabilizing at a new parameter step, depress RECORD NO.
button to advance the counter, which signals the beginning of a 5-second’
scoring period.

6. MWrite counter reading on Test Data Card for each parameter
step.

7. Complete the scoring in succession when two steps are
designated by a bracket.

.

8. Any deviations from normal calibration procedures should be
noted on the data card or audio tape recorder.

Checklist item number 7 refers to a procedure used during the calibration
of a parameter of reversing the established trend to determine if the
resolution of the sensor system would be able to identify a small change
in the opposite direction! Another technique used was to calibrate the
parameter entirely in one direction (e.g., increasing afrspeed) and
then repeat the same data points but proceeding in the opposite direction
(e.g., decreasing airspeed): Thus, two recorded data points could be
compared for the same parameter value so that an assessment could be

made of the reliability of the sensor system.
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Table XIV indicates those parameters that were able to be calibrated
in-flight, the range ov.r which the calibration occurred, incremental
steps established, and the magnitude of the reversal interjected in the
general trend of the parameter. ’

3. MANEUVER DATA COLLECTION PROCEDURES

F1ights conducted to gather maneuver performance date from insiructor
pilots and UPT students utilized the same operational procedures
previously described in this section, plus several additional procedures.

The AFHRL instructor pilots provided descriptive information
regarding the student on the Test Data Card as follows:

1. ATC Syllabus Instructional Unit flown (Sorties were all
from the Contact, Dual, Advanced Maneuvers Instructional Units).

2. Number of last Contact, Advanced Manzuver Instructional Unit
Flown, including date of flight, and whether flight was dual or solo.

3. Total hours of T-37Vf1ying time accumulated by the student
to date.

4. Prevailing weather: ceiling, visibility, turbulence.

5. Instructor comments on capability of student with respect to
the class norm at that stagé of training (e.g., Tlow average, outstanding,
solid and smooth student).

6. Mid-phase (contact) check ride grade.

7. Coded description of the maneuver performed such as L-8-L,
a lazy-8 initiated to the left; B-R-R, a barrel roll to the right;
PATT-L, a normal 360° overhead traffic pattern with a left break.

Instructor's grade on each maneuver performed by a student,
another instructor pilot, or a maneuver demonstrated by che AFHRL IP.
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The rating system employed on the maneuver data collection flights
was the standard ATC rating scale. This is an absolute rating scale
whereby the student's performance is judged against the perfectly flown
maneuver whether he is an experienced instructor or a neophyte student
pilot. No consideration is given to the type or amount of training the
student has received. The categories of the rating scale are:

Excellent (E) - The student performed the maneuver correctly,
quickly, and efficiently.

Good (G) - The student performed the maneuver with little hesitation
and no assistance.

Fair (F) - The student performed'the maneuver, but made some false
starts, repetitions, or minor errors of omission or commission.

Unable to Accomplish (U)] - The student lacked sufficient knowledge,
skill, or ability to perform the maneuver without assistance. .

Another procedure instituted for the maneuver data collection flights
was a brief calibration of several parameters during the climb or
immediately after level off. The purpose of this calibration procedure
was to ascertain, on a regular basis, that the more important sensor
systems and magnetic tape recorder were operating properly. The
instructor recorded a single data point and record number on the Test
Data Card while the student flew the aircraft in a steady-state condition
on the following parameters:

1. Heading
2. Altitude .
3. Airspeed

4. Pitch Angle
5. Roll Angle

]Sometimes referred to in the repcrt as unsatisfactory.

155



AFHRL-TR-72-6
6. g Force
7. RPH

Immediately upon receipt of the computer print-out from these
maneuver data flights, the authors would visually examine each of these
seven parameters at the specific record numbers indicated on the Test
Data Card. A comparison was made of the recorded data point and the
instrument reading to determine if the data point fell within the normal

"resolution capability for that parameter. Also, a flight-by-flight plot
of each parameter was accomplished to provide trend information on the
're]iabi]ity of the parameter sensor system.' If any malfunction was
revealed in the data acquisition system during these cursory calibration
checks, the data collection flights were temporarily suspended until
the equipment problem had been analyzed and corrected by the
instrumentation technicians. The infrequent system malfunctions
usually required the magnetic tape recorder head to be cleaned or the
tape drive unit to bLe repaired.

d. UPT Student Data

A total of 31 UPT student pilots from the classes of 7105 and
7106 flew aircraft 948 on maneuver data collection flights conducted by
the two AFHRL instructor pilots. Table XV presents a summary of these
flights.

The original plan developed for the UPT data collection phase was
that nine to twelve UPT student pilots would be randomly selected from
two flights from each of the two classes. The intent was to collect
mancuver data from these students at approximately four intervals during
their Contact, Advanced Maneuver phase of flying. In this manner, the
authors felt that representative data would be acquired to reflect the
learning process on the two primary maneuvers, lazy 8 and barrel roll.
However, as shown in Table XV, only six of 31 students f1eQ more than
one data collection flight in 948. Such factors as the rapid rate of
student progression in the T-37 phase, conflict in scheduling missions
for the appropriate ATC instructional units, turn-around capability
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TABLE XV
" SUMMARY OF UPT STUDENT DATA

COLLECTiON FLIGHTS

BARREL{TRAFFIC OTHER
STUDENT FLIGHTSJLAZY 8} ROLL |PATTERN MANEUVERS

1 2 4 5 2 ,

2 1 3 1 5

3 1 3 2 0

4 1 2 2 1 ImmeYmann - 2

5 1 2 2 4

6 4 10 8 4 Cloverleaf-2, Aileron Roll-1

7 1 3 3 ] Irmelmann -1, Cuban 8-1

8 ] 2 4 1 :

9 2 3 4 1 Cuban 8-1

10 1 3 0 1

1 1 3 3 i Inme 1mann--1

12 2 5 4 7 Inmeimann-1

13 1 ‘2 0 0

14 2 6 | 4 1 Loop-1

15 1 2 1 3 Cloverleaf-z, Impelmann-3

16 1 2 1 1

17 1 1 1 4 Inmwelmann--2

18 1 2 2 0 Loop-1, lawelmann-)

19 1 2 3 0

20 1 2 3 0

21 1 2 2 0 Imrelmann-?

22 3 .6 5 2 Vertical S, Demelmarnn-]

23 1 2 1 3 1 ‘

24 1 0 4 2

25 1 2 6 1

26 1} 2 0 4

27 1 2 3 1 Cloverleaf-1

28 1 2 4 1 Cuban 8-1

29 1 4 3 0

30 1 2 | 2 0

31 1 177 3 [cloverteaf-2, Iamelmann-1
TOTALS 40 87 86 52
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of 948, and the requirement to fly UPT students on a non-interference
basis all posed serious limitations to the achievement of the original
goals for student data collection. ' In effect, the data acquired
provided a larger sample size and thus a more representative range of
skill level of UPT student pilots, from which to draw lazy 8 and barrel
roll maneuver data for the analysis and development of performance

. measures.  However, measurement validation was hampered due to lack of
sufficient data per individual &tudent.

b. Instructor Pilot Data

Maneuver data was collected from five T-37 instructor pilots and
is summarized in Table XVI. A bhighly qualified instructor from the
T-37 Pilot Instructor Training (PIT) program was temporarily assigned to
the Pilot Performance Measurement System program for the purpose of flying
lazy 8 and barrel roll maneuvers that represented the range of skill
manifested by UPT student pilots on these maneuvers. The PIT IP flew
at least 10 lazy 8's and 10 barrel rolls for each of the four skill
rating categories - E, G, F, and U.  Additionally, the IP described the
maneuver verbally as he was performing it. Recorded on the audio tape,
the narrative consisted of pointing out the significant parameters and
criterion points utilized to teach the m?veuver in ATC, normal range of
values around the criterion points, facvors that affect the IP's rating
of the maneuver, and common errors experienced by UPT students.
cxamples of the IP's description of the maneuvers can be found in the
following Section.

Instructors 1 and 2 were the AFHRL IP's that conducted the student
data collection flights while Instructors 3 and 4 were line ATC IP's.
.The maneuver data from these five instructor pilots provided the
authors with base-line data with which to formulate performance measures
for the quantitative assessment of student pilot performance.
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c. Summary

' Several factors were encountered in the flight testing and data
collection phase that, to a certain extent, altered the design of ire 3
Pilot Performance Measurement System program. Primarily these factors
consisted of Timitations in the recording of the heading parameter,
reduced resolution capability for altitude, reliabi.ity problems
experienced with the magnetic tave recorder, and the difficulty in the

. timely scheduling of UPT student pilots. This in no way detracts,

however, frem the achievements and effectiveness of the program which,
in retrospect, s considered to have been quite successful.
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SECTION VII
MEASUREMENT ANALYSIS

™n this Sectiva, final measures are developed for recommended
applications in measurement of the lazy 8 and barrel roll. Also
included are some relevant observations that unfolded regarding
scandardization within and between instructors in both their
performance and rating of the maneuvers, performance criteria, and
methods that should be employed in developing and validating measures
in future efforts. :

The authors have elected to present these findings in the general
order in which they developed during the investigation. First, lazy 8
measures for the instructor pilot from the ATC Pilot Instructor Training
(PIT) school are summarized and discussed. The measures are correlated
with the subjective ratings, which were provided in-flight by the
performing pilot. This is done for the purposes detailed on pages 16-17
of this report. With the guidance of these correlations, and with the
added benefit of observing trends of the measurer (mean and standard
deviations) across differént skill levels, a simple combination of
selected measures is then developed and shown to account, in itself,
for at least 67% of the variance in subjective ratings.

The AFHRL instructor pilots' lazy 8 performances are then examined.
Due to a deficit in the amount of data collected on instructors as well
as a lack of even distribution of the performances across all four
subjective rating categories (as judged by the instructors themselves
in-flight), the only topic pursued is inter- and intra-instiuctor
variance in performance. For this investigation, the PIT instructor
pilot is compared with AFHRL and ATC instructor pilots. It can be
shovwn, for example, that if two different IP's demonstrated the lazy 8
for a given student, one could expect as much as 27 knots difference
in the value of airspeed at one critical point in the maneuver.
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Next, experimental measures for student performances of the lazy 8
are examined. As in the case of the PIT IP data, correlations are
computed between measures and subjective ratings. Contrary to the PIT
data, few of the correlations are sigrificant, and the simple combined
measure which discriminated skill levels quite well in the PIT case
appears worthless when applied to the student data.

At this point, the subject of va1ida£ion technique is addressad.
The authors propose f{and, but for lack of sufficient data, would have
used) within-subject samplin¢ as an ultimate basis for validation as
vell as development of measure=. This validation technique is
demonstrated by using data for one student, for which, fortunately,
sufficient data were collected to at least illustrate the concept.
Despite the complete lack of validity of the combined-error measure
seen in its application to student data and comparison with subjective
ratings, validity is supported by the trend o° the meaéure, as it
varies across one stu.ent's performances.

To further support the Tack of confideace that should be placed in
subjective ratings as evidence of measurement validity, a comparison is
made of instructors' rating standards. This is pursued by comparing the
correlations between measures and subjective ratings for one IP with
those for 2 second IP. It is shown that while the number of
significant correlations does not increase appreciably when considering
one IP at a time, the strength of the correlations for various measures
differs markedly between the two IP's. This suggests a difference in
emphasis that is placed by the twec IP's on various aspects of the
performance.

Finaliy, for the lazy 8 at least, a set of final measures is
recommended along with a summary of related findings.

The barrel roll is treated next, but not as extemnsively as the
lazy 8, due to lack qf sufficient data. The experimental measures
for student data are presented as well as their correlations with
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subjective ratings. The indications are that to a much greater extent
than in the lazy 8, standards must be determined for the barrel roll.
Based on the data examined, specific measures are reccmmended for
validity testing in future studies.

Finally, some plots of selected variables for other maneuvers are
presented. The maneuvers are:
Loop
Stall
Cloverleaf
Max. Performance Climbing Turn
ImmeImann

Cuban 8

These maneuvers were not addressed from a measurement standpoint, but

are briefly presented here merely for possible reader interest.

With this introduction, tie next topic presented is the measurement
analysis, beginning with the lazy 8.

1. LAZY 8
a. PIT Instructqr/Pi]ot

For 47 performances by a <in~7o PIT instructur, the exnerimental
measures were computed. The performances were rated in-flight by the
performing pilot, and the ratings are distributed across the four rating
categories as shown in Figure 33.

For each measure, the nean and'standard deviations were plectted as
shown in Figures 34 through 39. In addition, each measure was
correlated with the subjective ratings assigned to each performance.
The resulting correlation coefficients are presented for all
performances, all right performances, and all left performances in
Table XVII.
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20} (18)
..§ 10 (9) (10) (10)
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Figure 33.

’

Rating Category

[:::::] Lef?
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Distribution of PIT Instructor Lazy 8's Across
Rating Categories
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) TABLE XVII
e CORRELATIONS BETWEEN MEASURES AND SUBCZCTIVE - *
= ' RATINGS FOR PIT INSTRUCTOR LAZY 8 PERFORMANCES .
Correlation Coefficients
Measure AlT. Right Left 1
1. Max. 1 Pitch (1) -0.11 -0.16 -0.09 ¥.
2. Min. 1 Pitch (2) 0.51* 0.48 0.53*
3. Max. 2 Pitch (3) -0.29 -0.66 -0.15
4. Min. 2 Pitch (4) 0.46* 0.72* 0.40
5. Roll (1 -0.54% -0.32 -0.60*
P 6. Roll (2) ~ -0.60* -0.59 -0.73*
7. Roll (3) -0.74* -0.56 ~0.80*
8. Roll (4) -0.48* -0.52 -0.60*%
9, Airspeed (1) -0.06 0.17 -0.09
10. Airspeed (2) 0.00 0.24 -0.05
1. Airspeed (3) 0.09 0.67 -0.14
12. Airspeed (4) 0.25 0.64 0.14
13. Altitude (1) 0.27 -0.06 0.12
14. Altitude +(2) 0.15 0.05 0.18
15. Altitude (3) 0.31 -0.06 0.40
16. Altitude (4) 0.33 0.13 0.37
17. Max. Roll -0.64* -0.31 -0.72*
18, "Min. RoTl 0.60 0.66 0.56%
19. Time (half 1) 0.23 -0.33 0. 56*
20. Time (half 2) 0.60* 0.47 0.57*%
21. Total Time 0.61* 0.42 0.68*
22. Airspeed Error 1 -0.41* -0.47 -0.42
23. Airspeed Error 2 -0.62* -0.66 -0.62*
‘24. Airspeed Error 3 -0.43* -0.47 -0.43
5 25. Airspeed Error 4 -0.58* -0.87* -0.48*
26. Airspeed Error 5 -0.58* -0.70 -0.54*
27. Sum (1-5) -0.74* -0.87* -0.70*
28, Sum (1-3) -0.69* -0.74% -0.67*
29. Sum (3-5) -0.71* -0.87* -0.66*
30. Delta Airspeed (1) -0.09 -0.35 -0.02
~131. Delta Airspeed (2) -0.07 -0.28 -0.02
32. Delta Airspeed (3) -0.22 -0.59 -0.05
33. Delta .Airspeed (4) -0.05 -0.64 0.15
34, Airspeed Rate (1) -0.27 -0.33 -0.29
35. Airspeed Rate (2) -0.38* -0.47 -0.36
36. Airspeed Rate (3) -0.51* -0.63 -0.46*
37. Airspeed Rate (4) -0.40* -0.68 -0.27
38. Time {1 ©0.31 -0.04 0.40
- 139. Time (2) - 0.57*% 0.49 0.59*
7140, Time (3) 0.50* 0.05 0.67*
41. Time (4) 0.40* 0.36 0.44 ‘
*Significant to 0.01 Tevel
Q
!E]{J}: 71




%

AFHRL-TR-72-6

Debriefing plots for each performance were also produced and used as
an aid in the analysis. Where available the pilot's voice transcript
was attached to the appropriate set of plots. Sample piots for one of
the performances are presented in Figufes 40 through 42. (Refer to
Appendix XVI for interpretation of the plots.)

Using this data it was possible to make a number of general
observations that provide insight to general performance of the lazy 8
as weil as to its measurement. These observations are presented next.
They are based primarily on the data in Figures 34 through 39.

-n

(1) General Observations

The following observations are based exclusively on the PIT
Instructor performance data as shown in Figures 34 to 39, Table XVII,
and (although not shown) the debriefing plots. In the ensuing
presentation of the observations, this qualification prevails. No
use will be made of additional qualifiers (e.g., "“it appears...") as
is the normal tendency when presenting data of this type.

In performance of the lazy 8, positive pitch excursions exceed
negative pitch excursions by at least 10 (Figure 34, a-d). This is
not in accordance with the original maneuver analysis performed by ATC.
Since the airspeed should vary between 200 and 100 knots, the probable
reason for positive and negative pitch excursions being unequal is
(2) the pilot attends to a’rspeed and not to pitch and (b) the aircraft
accelerates and gains airspeed in a nose-down configuration faster than
it decelerates and loses airspeed in a nose-up configuration,

Generally, greater pitch excursions, both positive aud negative,
are experienced in tne poorer performances. Also much more variance in
pitch occurs in the second halt of the maneuver éhan in the first half
for poor performances. This is probably due to the accumulated effect
of errors on other par-meters incurred in the first half (especially
airspeed errors) and the ensuing attempt on the part of the pilot to
“make up" for these errors in the second half. Pitch variance
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} 1¢-19-69
ENVO- 70
{1 LEFT)
{12-19-69 EVNO 71 ) LEFT) .
©  The student pilot turns up almost to the north to do a lazy 8 to the
o left. This time the student is starting out almost exclusively with
@] pitch and very little bank change. Now with the pitch attitude of
about 60°, he is rolling into the bank, slicing the nose down through
after approximately 90° of turn, down below the point of the configuration,
rolls out, makes a straight-ahead pullup by proceeding to crme ‘.
- g through with approximately 200 knots. He is essen*~ially making the H
- o maneuver easier for himself by not changing all the parameters at once.
‘ pT That would have been an unsatisfactory lazy 8.
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Figure 41. Airspeed Piot
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ncticeadly increases as ski11 ratings decreasc (e.g., as ratings proceed
frow excelieni to unsatisfactory).

As skiil ratings decrease, there is a noticeable increase in the
value of rcl? angle achieved at the points of local maximum and minimum
pitch (Ficure 3%, c-h). Thus, beth roll and pitch exhibit wider
axcursions for lower skilled performances. .

Thera is a very evident increase in the variance on airspeed
ki1l ratings decrease {Figure 35, a-d). This is particularly
scriminating fair from unsatisfactory performance.

TIASUrES &35.s

3
ey

chvious in 4

" However, there is iittle change in the actual airspeed measures

themselves, the only pessible exception being in the fourth quarter of
the maneuver where the messures are lower for unsatisfactory
perfarmances.

Tirst half of the maneuver (Figure 35, é-n). In the second half, the
sams terdency is observed only from fair to unsatisfactory degradation.
Over the uhoﬁe’maneuver, an overall altitude gain ranging from 100 to
1000 ft iz ysually observed, but there is no apparent correlation
between aititude gained and skill Tevel.

The maximum positive and negative roll angles achieved in the
manzuver show a definite increase in value as skill ratings vary from
the excellent or good category'to fair and unsatisfactory (Figure 36,
a-b).  Again, this supports previously discussed observations regarding
greater parameter excursions in general as skili ratings decrease. The
variancz on maximum-roll angles shows an increase only from fair to
unsatisfactory perfermances.

There is 2 general decreasing trend in the time taken to perform

the maneuver as skill ratings decrease, but there is no significant
change in variance (Figure 36, c-e). This illustrates a tendency to
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perform the maneuver faster (and with wider pitch and roll excursions)
in the 1dwer skill categories; however, time as a mezsure is not
expected to be significqnt.

Airspeed errors and the varianc?s thereof show a noticeable increase
-as skill ratings decrease, particilarly at the points of maximum
positive or negative roll (i.e., at the ‘end of the first and third
quartérs of the maneuver, Figure 37, a-h)- '

Airspeed excursions show:an obvious increase in variance as skill
ratings decrease (Figure 38, a-d). This is particularly evident in
the second half of the maneuver from the excellent/good to the fair/
unsatisfactory categories.

The rate of change of airspeed with respect to time is generally
lower in the first and fourth quarters than in the second and third
quarters (rates begin and end slowly with respect to the middle portions
of the maneuver) (Figure 38, e-h). The widest variances occur as well
in the first and fourth quarters, particularly for unsatisfactory
performances.

Contrary to guidelines used by many instructors in teaching and
performing the lazy 8, the value of airspéed at points of maximum
positive and negative pitch does not appear to be 150 knots as judged
by the PIT Instructor data. Observation of this came first from
analysis of the debriefing plots and is substantiated by the mean-data
presented in Figure 35 (a, b, c, and d). Following is a presentation
of the first several lazy 8s flown by the PIT instructor and, where
available, his recorded comments. In addition to providing a number
of insights to the correct performance of the maneuver, this_
presentation will illustrate the errors incurred when the pilot
attempted to use 150 knots as a check point; and the improvement of

. the performances when he apparently abandoned its use.
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Performance 1 (11-18-69, event 4) Rating: Good
’ \ ,’ \
/4 \ V \
. \ /, \!
4 ) \ ’
Y \ s \
150 ¢ &hmﬁ//, ‘)/>
\ FE RS ’
N\ ’ \
’ - \‘ /
: N 7 \ ’
L N4
v v
AIRSPEED ' ROLL vﬂ,mrcn

Pilot's Commentary: “As you know, the lazy 8 is a maximum performance
maneuver where we will attempt to fly the. airplane through a wide range
of airspeeds, bank angles, and pitch attitudes. Power 'is 90%, our
entry airspeed is 200 knots; speed brake is up. To accomplish the
maneuver we will start a climbing turn very similar to a climb for a
maximum performance climbing turn, rp]anning to have our maximum pitch
attitude after 45° of turn, or right about now. Airspeed should be
approximately 150 knots. The nose begins to come down at this time.
Bank is still increasing. Nose through the horizon after 90° of turn,
down to its lowest point. You will notice that the airspeed was high
during the point the nose came through the horizon, down to the nose
lowest after 135° of turn. Back up to 200 knots and level flight now.
Try to correct the mistake I made during the first half of that one by
increasing my pitch more during the first half of this next maneuver and
getting my air;geed down, planning to come through after 90° of turn.
Airspeed still SﬁT?Tﬂge high, about 114 knots. Nose lowest after 135,
" back up to level flight after 180° of turn. End -of maneuver. I would

have graded that one about a low good or a high fair. Lets call it a
good maneuver."
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Performance 2 (11-18-69,

event 5)

150

AIRSPEED

Pilot's Commentary:

down to 100 knots,

Rating:

Good

ROLL v3 PITCH

"Ready to start into lazy 8 number 2.

and you will notice that I did not get it.

Continuing
the maneuver, trying to adjust my airspeed this time so that it comes

We will

come’ back to straight and level flight, 200 knots, and I will again
try to get the pitch up further so that I get down to 100 knots.

I am still coming through with 112.
good is that I have the basic nose track correct.
hitting the proper parameters.

have graded it good."

Performance 3 (11-18-69,

150

event 6)

AIRSPEED

179

Rating:

Good

And

Now the reason I am grading this
However I am not
This maneuver is complete and I would

ROLL vs
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.Pilot's Commentary: "Okay, I will again attempt to correct. Apparently
the cooler day has given me a good deal more aircraft performance than

I was expecting. I am starting the nese-up at a higher rate of chénge
than I have been doing, getting maximum pitch after 45°. Bank -,
continuing to increase. Nose-down through the horizon after 90° of

" turn, airspeed 98 knots. At its Towest after 135° of turn. I am not
getting the nose-down Tow enough; as a result I am coming back through'
with a Tittle Tower airspeed on this one... 95 knots at its lowest; now
Tet us go down a little lower as the bank decreases, -planning to come
back to level flight again at 200 knots and gtraiéht and level flight. -
End of lazy 8 number 3. I would have graded that one a high good or
Tow excel]en;. Call it a good. I'd Tike to get just cne excellent
while we are out here today!"

Performance 4 (11-18-69, event 7) Rating: Excellent

150

AIRSPEED

—T nd —

ROLL vs|PITCH

Pilot's Commentary: None recorded
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Performance 5 {(11-18-69, event 13) Rating: Good

150

v

AIRSPEED ROLL}s PITCH
Pilot's Commentary: "“Starting our pullup...get the p1tch attitude to
its h1ghest point at 45° of turn; and I'm through w1th high airspeed
again. Try to correct it on the second ha]f of this maneuver, nose
lowest after 135 with approximately 150 knots. Again I will attempt
to correct by pulling the nose up at a faster rate to begin with,

*a1rspeed at its lowest after 90° of turn, pitch at its lowest on 45°,

back to straight and level after 180%. That one I would have graded

-good.  The reason for the good is a low airspeed during the first half

of the maneuver. The second half I thought was a pretty good maneuver."
3

(2) Simplified Combination Error Measure

Based on the foregoing observations and analysis data, a
simple combination error measure was derived and computed for each
performance. The measure is based on criteria for roll, pitch, and
airspeed determined from the representative data. The criteria are:

M] = First max. positive pitch= 40°

M2 = First min. negative pitch =_26°

M3 = Second max. positive pitch = 40°

M4 = Second min. negative pitch = -26°
= " = o

%; 6,7,8 Ro11 at M], 2,.3, 4 45

M9, 10, 11, 12 = Afrspeed at M, 5 5, =133 knots
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The combined measure is

where Cy, = criterion Mi

1

and rM = precurded M,.
i

1

Figure 43 shows this computed measure for the 47 PIT instructor lazy 8s.

Note that the measure easily and clearly discriminates between
excellent and fair levels of performancé. Fair versus unsatisfactory
is also discriminated we]].i the only exception being a performance that
was judged to be unsa:isfactory by the instructor but which was
commented upon as ‘being "maybe a low fair" by the same instructor.
Similarly, other performances whose assigned ratings appear questionable
by standards of the measure were found to have associated instructor
comments supporting the measure's validity (Figure 43).

This measure alone accounts for 67% of the varia n instructor
ratings, considering all performances. If ratings for the three
performances footnoted in Figure 43 are changed as dictated by the
instructor's recorded comments, the measure would account for 72% of
the variance. ’

In light of the simplicity of the measure (sampling three variables
at four discrete points in the maneuver) and the fact that absolutely no
weighting was performed in its computation (straight error sum), the
results are quite remarkable. It is hypothesized that use of an
integrated error measure on the roll/pitch relationship and the
employment of linear weighting would easily improve the measure 20 to
25%, as evaluated by jts correlation with subjective ratings.
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Figure 43. Combination Error Measure for 47 PIT Instructor Lazy 8

Performances
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.(3) Debriefing Plots .

Figure 44 shows a smoothed mean roll-pitch profile for the
PIT instructor excellent left performances. Also shown for ‘comparison
is an example of unsatisfactory performance as it might be overlaid

and annctated in a finished debriefing plot.

b. AFHRL and ATC Instructors

Sixteen Lazy 8 performances by four different instructor pilots
were analyzed. = ‘Most of these were performed during student-instruction
to demonstrate proper performance of the maneuver: The performances
were rated by the IP's and are distribu.ed across the rating categories
as shown in Figure 45; some performances have ne rating associated with
them.

With so few samples per IP, Tittle could be géinéﬁ‘byqénalysis of
mean measures versus rating category or by correlations of measures with
subjective ratings. It is of interest, however, to examine intra- '
and inter-instructor variance and technique. For this purpose,
thirteen measures (numbers 1-12 and 27 in Table XVII) were selected

for analysis.

Since only one sample was obtained for one of the four instructors,
he was omitted from the analysis. Included, then, were three AFHRL
or ATC IPs and the PIT IP, the latter's performances being chosen as
all those rated excellent. Table XVIII shows the average standard
deviation for each measure, taken across all 4 pilots; and the
standard deviation of the average measures. The former provides some
indication of intra-instructor variance; the latter provides
indication of inter-instructor variance.

For most measures, the amount of variation between the average
performances of the IPs is roughly equivalent to the amount of variation
within a given IP. To interpret the meaning of these statements, we
shall use the example of measure number 9, the airspeed sampled in the
third quarter of the maneuver at the point of maximum positive pitch.
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8 Entry airspesd high ~ 220
Flat aree - change Ia rol!
but little change in pitch
@ high airspesd a1 end (st

qte.; Flet - change in 128 «xts
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{12-19-~69 - 68)

Figure 44. Sample Annotated Nebriefing Plot
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Figure 45. Distribution of Instructor Pilot Lazy 8's Across -
Rating Categories
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TABLE XVI.I

INDICANTS OF INTRA- AND INTER-INSTRUCTOR YARIANCE
-ON LAZY 8 PERFORMANCES

Intra-Instructor*’

Inter-Instructor**

Measure Units Variance Ind. Variance Ind.
1. 1st max. pitch Deg 6 1
2. Roll Deg 5 5
3. Airspeed Kts 7 6
4. st min. pitch' Deg 4 5
5'. Rol1 Deg 5 7
6. Airspeed Kts 10 7
7. 2nd max. pitch Deg 4 1
8. Roll Deg 6 , 5
9. Airspeed Kts 9 9
10. 2nd min. pitch Deg 4 6
11. Roll Deg 5 7
12. Airspeed Kts 8 8
13. Sum airsp. errs] Kts 10 4
*  Average standard deviation for 4 IPs
k1

Standard deviation of averages of measures for 4 IPs




AFHRL-TR-72-6

The statement implies the possibility that (1) a given IP's
demonstration of the maneuver could be expected to result in an airspeed
variation (on this measure) of 18 knots; and (2) 1if two different
IPs demonstrated the maneuver, the variation could be as much as 27 .
knots, considering all performances of both IPs.

Measures 1 and 7, the maximum positive pitch values in the 1st and
3rd quarters, show very little inter-instructor variance. Although
each IP could be expected to vary +4 to +6 degrees, the instructors are
consistent in that their average performances would probably vary by only
j]éu Similarly, measure 13, the sum of 5 airspeed errors, shows

consistency across instructors insofar as average performances are
concerned.

C. Students

Forty-two performances of 16 different student pilots were
analyzed, with the performances rated by the accompanying IP and
distributed across rating categories as shown in.Figure 46. Table XIX
Tists general data on the students comprising the sampling population.
Also shown in Table XIX are codes representing which of two IPs flew
with and rated each student.

[+
Figures 47 to 52 illustrate plots of .mean and standard deviations
for the 41 measures. Correlations between measures and subjective
ratings for all student performances are provided in Table XX.
Debriefing plots were also generated for use in the analysis.

Ro11 and pitch excursions and variances increase slightly as skill
ratings decrease. However, the amount of increase from fair to
unsatisfactory is noticeably less than for the PIT instructor data.
This could be due to different rating-standards between IPs.

Rirspeed values at points of maximum pitch excursion are notigeab]y
higher for students than for the PIT IP. Variances in the
unsatisfactory performances are less.
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Figure 46. Distribution of Student Lazy 8's Across Rating Categories
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" TABLE XX

CORRELATIONS BETWEEN MEASURES AND SUBJECTIVE RATINGS
FOR STUDENT LAZY 8s

Correlation Coefs.
Measure Number All Right Left
1. Max. 1 Pitch (1) “0.05 0.48 -0.12
2. Min. 1 pitch (&) 0.02 0.30 -0.03
3. Max. 2 Pitch (3) -0.28 0.02 -0.38
4. Min. 2 pitch (4) - 0.27 0.02 0.44**
5. Roll (1 -0.21 -0.04 -0.32
6. Rol 22 -0.17 -0.60** -0.02
7. Roll (3 -0.25 -0.12 -0.30
8. Roll (4 -0.17 -0.24 -0.16
9. Airspeed (1) -0.20 -} -0.44 -0.1
10:. Airspeed (2) -0.21 -0.54** -0.08
11. Airspeed (3) -0.07 «0.15 -0.05
12, Airspeed (4 -0.04 -0.10 -0.02
13. Altitude (1 0.29 0.20 0.471%*
14, Altitude (2 0.31*x 0.33 0.33
15, Altitude (3) 0.27 -0.02 0.39*%*
16. Altitude (4) 0.26 0.12 0.32
17. Max. Roll <0, 39** -0.45 -0.40**
18, Min. Roll 0.21 0.21 0.23
19. Time (half 1 0.02 - 0.45 -0.12
20. Time (half 2 0.07 -0.22 0.21
21, Total Time 0.13 0.20 0.10
22, Airspeed Error 1 0.03 0.01 0.04
23, Airspeed Error 2 -0.19 -0.30 <0.15
24. Airspeed Error 2 -0.16 -0.38 -0.06
25, Airspeed Error 4 -0.15 -0.11 -0.18
26. Airspeed Error 5 -C.14 0.03 0.25
27. Summary (1-5 -0.24 -0.34 -0.20
28, Summary (1-3 -0.19 -0.42 -0.1
29. Summary (3-5 -0.27 -0.32 -0.25
30. Delta Airspeed (1) 0.35%* 0.46 0.33
31. Delta Airspeed (2) 0.09 0.26 -0.00
32. Delta Airspeed (3) -0.16 -0.08 -0.22
33. Delta Airspeed (4) -0.06 0.15 -0.19
34. Airspeed Rate (1) 0.25 0.28 0.24
35. Airspeed Rate (2) 0.05 -0.07 0.
36. Airspeed Rate (3) -0.23 0.10 -0.44%*
37. Airspeed Rate (4) -0.06 0.09 ~0.15
38. Time (1) -0.05 0.34 -0.16
39, Time (2) 0.10 0.36 -0.1
40. Time (3; 0.10 -0.24 0.32
41, Time (4 0.00 -0.06 0.04

* Significant to 0.01 level
** Significant to 0.05 1evel
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Altitude excursions for students are on the order of 300 and 600 ft
less (in first and second halves of maneuver, respectively) than for
the PIT IP. This is probably due to the varying environmental conditions
(and, therefore, aircraft performance) in which the sorties were
flown. The AFHRL and ATC IP data shows altitude excursions similar to
those of the students, suggesting that it is not due to differences
between students and IPs as classes of subjects.

Maximum roll angles attained in the maneuver have greater variance
across all skill categories for students than for the PIT IP. Similarly,
the total time to perform the maneuver, while having about the same
mean, has much wider variances. '

Unlike the PIT case, airspeed errors appear to have no relationship
to skill category for the student data (Figure 50). It is strongly
suspected that this is due to a difference in rating-standards among
IPs, i.e., } difference in the assumed importance of airspeed in
grading the maneuver.. This is substantiated later in this Section
where we examine trends of measures for an individual student; it also
signals clearly one of the shortcomings of using IP ratings as a guide
in the development of measures.

Another major difference between the student and PIT data is the
airspeed vatlue at the points of maximum pitch excursion. Recall that
the PIT IP at first was striving for 150 knots at these points and was
forced to reduce this value to about 133 knots in order to accomplish
the maneuver correctly. However, 150 knots appears to work
satisfactorily as judged by the student data. It is suspected that
differences in aircraft performance §n different environmental conditions
is the reason.
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Correlations between measures and subjective ratings for students
are, 1in general, insignificant. This is in direct contrast to the
PIT case, where a number of significant coefficients were found.
Again, this appears to be due to the IP's ratiﬁg techniques for the
student data, and this will be further substantiated later in this
Section.

The combination error measure that discriminated performances so
well for the PIT data (Figure 43) was computed for the student data.
The results are shown in Figure 53. The complete lack of discrimination
is evident. -

d. Within-Subject Sampling as a Basis for
Measurement Development

Until now, we have referenced instructor ratings as a guideline for
the development of measures and for demonstrating their face-validity.
This approach, as the sole approach, has serious shortcomings because
it is based on the assumptions that (1) all instructors or raters
apply the same standards and, for the most part at least, are
consistent‘and reliable in their use of the (four) rating categories;
and (2) the standards that are applied are valid. The authors
contend that neither assumption is true.

This is not to say that the use of instructor ratings as initial
guidelines in the development of measures is not valuable. A great
deal of insight to the measurement of maneuvers can very definitely be
attained by examination of subjective ratings. However, the use of
subjective ratings in the-development of objective measures is in itself
a dichotomy, and such use must be made with caution and with the
understanding that both reliable standards and rating-standardization
can be expected to be lacking in the subjective system.
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Another approach is to accomplish measurement development and
(equally important) to validate measures using within-subject sampling.
With this approach, the major assumption is that learning occurs with
time and practice. of a maneuver. Individual measures that are developed
should reflect all or a part of that learning through their trends from
day No. 1 of instruction on a maneuver through the final day of training
for each student.

In the present study, -this approach was originally a part of the
experimental design; however, it was impossible to apply in toto due
to difficulties encountered in collecting a 1ot of data per student for
all students sampled. It was possible, however, to attain sufficient
data for one student to illustrate the approach. These results will be
discussed next.

(1) "Example for a Single Student

For student number 6 (Table XIX), eight performances of the
lazy 8 were recorded during three different sorties. The sorties were
separated by 1.5 and 17.2 flight hours and by 2 and 19 days, respectively.
For reference, the performances are numbered 1 to 8, with 1-3 flown on
the first sortie recorded, 4-5 on the second sortie, and 6-8 on the
third sortie.  (In order, the sorties were vated F, F, F, F, F. G, 6, F.)

Figures 54 to 59 show each of the individual measures for the
8 performances of this student. Figure 60 shows the combination error
measure for this student and for a second student (no.. 14) for which
6 performances were recorded on 2 separate sorties. One measure whose
trends are more obvious than others is the change in airspeed in the
4 quarters of the maneuver (Figure 58, a-d). Assuming the ATC '
excursion Timits of 100 to 200 knots is correct, this measure should
trend to 100 knots. The plots demonstrate this clearly. Also, the
airspeed error measures (Figure 57) show a distinct decrease in error
from early samples to later samples.
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Figure 59.  Time Measures for Single Student Performance of the Lazy 8
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Also relevant is the combination error measure of Figure 60.
Although there was little if any correlation between this measure and the
subjective ratings for all students (Figure 53), the trends of this
measure across singie student sorties show definite trends toward a
decrease in error, as would be expected. On the Figure 60 plot, the
measure is also shown for students numbers 6 and 14. Both students' -
data substantiates the validity of the measure despite its lack of
correlation with subjective ratings.

e. Comparison of Instructor Rating Standards

Because ‘of the Tow correlations between measures and subjective
ratings for the student data (Table XX), inconsistency between the
two involved IPs is suspect. To pursue this idea a little further,
separate correlations for each IP were computed and are shown in
Table XXI along with those for both IPs together.

The number of significant correlations (0.05 level or better) does
not increase appreciably considering one IP at a time. However, some
significant differences between correlations for the two IPs are noted.
For IP-1, a significant positive correlation exists for the first
maximum positive pitch, whereas only a small correlation (0.08) is
shown for IP-2. Also, for the value of roli at the first minimum
negative pitch, IP-1 shows a correlation of opposite sign and roughly
equal level of significance to that of IP-2.

For altitude variations, correlations for IP-2 are consistently
higher than for IP-1. At the point of first maximum positive pitch,
for example, correlations were 0.66 and 0.16 for IP-2 and IP-1,
respectively.

For time measures, correlations for the two IPs are generally small
but of opposite signs. The most significant difference is for time to
perform the second quarter of the maneuver, where the correlations are
-0.62 and 0.35 for IP-2 and IP-1 respectively.
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CORRELATIONS BETWEEN IP RATINGS AND MEASURES

TABLE XXI

IP-] Ip-2 Both IPs
Measure Number n=31 n=11 n=42
1. Max. 1 Pitch (1) 0.37** 0.08 0.05
2. Min. 1 Pitch (2) -0.10 <0.27 0.02
3. Max. 2 pitch (3) -0.1 -0.27 -0.28
4, Min. 2 Pitch (4) -0.09 0.37 0.27
5. Roll (1) -0.14 <0.01 -0.21
6. Roll (2) -0.28 0.33 -0.17
7. Roll (3) -0.34 -0.05 -0.25
8. Roll (4) 0.00 0.08 <0.17
9. Airspeed (1) -0.25 -0.40 -0.20
10. Airspeed (2) -0,37%* =0.23 -0.21
1. Airspeed (3) -0.14 -0.36 -0.07
12. Airspeed (4) -0.06 -0.25 -0.04
13. Altitude (1) 0.16 0.66** 0.29
14. Altitude (2) 0.27 0.48 0.31%*
15. Altitude (3) 0.19 0.54 0.27
16. Altitude (4) 0.16 0.60 0.26
17. Max. Roll -0.31 -0.26 -0.39%*
18. Min. Roll 0.03 -0.14 0.21
19. Time (half 1 0.29 -0.48 0.02
20. Time (half 2 -0.02 0.19 0.07
21. Total Time 0.27 -0.25 0.13
22. Airspeed Error 1 0.19 -0.22 0.03
23. Airspeed Error 2 -0.35 -0.27 -0.19
24. Airspeed Error 3 -0.25 «0.07 -0.16
25. Airspeed Error 4 -0.25 -0.74** -0.15
26. Airspeed Error 5 -0.03 -0.30 -0.14
27. Summary (1-5) -0.34 -0.44 -0.24
28. Summary (1-3 -0.30 -0.25 -0.19
29, Summary (3-5 =0.37%* -0.46 -0.27
30. Delta Airspeed (1) 0.48* 0.45 0.35%*
31. DNelta Airspeed (2) 0.24 -0.01 0.09
32. Delta Airspeed (3; -0.01 -0.30 -0.16
33. Delta Airspeed (4 0.16 -0.20 -0.06
34. Airspeed Rate (1) 0.38** 0.48 0.25
35. Airspeed Rate (2) -0.06 0.63** 0.05
36. Airspeed Rate (3) -0.03 -0.36 -0.23
37. Airspeed Rate (4) 0.14 -0.05 -0.06
38. Time (1) 0.01 -0.35 -0.05
39. Time (2) 0.35 -0.62%* 0.10
40. Time (3) 0.02 0.32 0.10
4. Time (4) -0.08 -0.04 0.00
* Significent to 0.01 level
**Significant to 0.05 level
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These and other differences between the signs and magnitudes of
the correlations substantiate the questionablie degree of consistency
between the two IPs insofar as ratings are concerned. This small sample
of ratings, particularly for IP-2, cannot be expected to provide a
basis for proof-positive statements regarding rating consistency, but
it certainly warrants raising a question and supports the contention that
IP ratings cannot be used as the sole basis for measurement development.

f. Summary and Results for Lazy 8 Measuremént

Based on the foregoing analysis of lazy 8 data from three
different sources (instructor of instructor-pilots, standard instructor
pilots, and students), the following recommendations are made for
me;shrement of this maneuver:

A summary error measure should be computed, using parameters of
roll, pitch, and airspeed. The measure used in-this study is

M= ;):l“i - ¢

where Mi and Ci are the recorded individual measures and the criteria
for pitch, roll, and airspeed sampled at the four points of Tocal
pitch extremes.

An improved error measure should be computed and evaluated based on
a continuous comparison between roll/pitch measures and criteria. This
can be accomplished using the formula

P r
M:[f]g-c| dr dp

P

where A and C are curves for actual (recorded) and criterion roll/pitch
relationship, p is pitch, and r is roll.

1>
PR R
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Debriefing plots showing roll vs pitch and airspeed should be
generated and annotated. On the plots, diagnostic aids should be
printed in the form of individual measures and comments. txamples of
such plots are shown in Appendix XVI.

Measures should be validated using repeatéd samples per student.
Little reliance, except for initial guidance, should be placed in
correlations between IP ratings and measures.

The criteria computed from the PIT IP data appear valid. However
a larger sample of data is required to ascertain true validity. (This
may result in slight alteration of the parameter criterion values.)

Environmental conditions (temperature and humidity) that
significantly affect aircraft performance should be considered in the
development of quantitative criteria.

2. BARREL ROLL
a. Student Data

Fbrty-eight student performances of the barrel roll were

_analyzed. The performances were rated by the accompanying IP and are

distributed across skill categories as shown in Figure 61. Figures 62
to 67 show the plots of mean and standard deviations for the 47 measures.
Correlations with subjective ratings are provided in Table XXII.

Most of the student performances (75%) were judged in the “fair"
category. This of course must influence our interpretation and reliance
upon data trends across skill categories as well as the correlations.
So although some insights to barrel roll measurement can be determined
using the existing data, tests will be necessary in future efforts
using (1) a better data sample with respect to each skill category
and (2) more samples per student.
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TABLE XXII

CORRELATIONS BETWEEN MEASURES AND SUBJECTIVE RATINGS
FOR STUDENT BARREL ROLLS

Correlation Coefficients

Measure A1l (N=48) Left (N=43)
1. Symmetry (1-4) -0.05 .05
2. Symmetry (2-3) -0.15 16
3. Symmetry (Halves) -0.32% J32%

Circle 1 -0.27 .27
5. Circle 2 -0.31* 31*
6. Circle Al -0.31* 31
7. RR Correlation Al 0.24 .24

PR Correlation All 0.1 14
9. g Correlation All -0.04 .06
10. RR Correlation R>45 -0.31% .33%
11. PR Correlation R>45 -0.01 .01
12. g Correlation R > 45 -0.06 1
13. Max g1 0.17 .18
14, Max g 2 0.19 .20
15. Min g 0.18 .19
16. Roll Max Pitch 0.21 .22
17. Roll Min Pitch 0.15 .15
18. Max RR -0.13 .15
19. Max PR 0.1 A2
20. Min PR -0.04 .04
21. Time (Total) -0.01 .00
22. Time 1 -0.19 19
23. Time 2 0.18 .18
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TABLE XXII

(Concluded)

CORRELATIONS BETWEEN MEASURES AND SUBJECTIVE RATINGS
FOR STUDENT BARREL ROLLS

Coreelation Coeff1c1ents

Measure A1 (N=48) Left (N=43)
24, P (R =10) 0.22 0.24
25. P (R = 50) 0.26 0.27
26. P (R = 90) 0.28 0.29
27. P (R = 140) 0.23 0.24
28. P (R =180) 0.24 0.26
29. P (R = 140) 0.09 0.09
30. P (R=90) 0.04 0.04
31. P (R = 50) 0.10 0.10
32. P (R=10) 0.22 0.22
3. A- AT (R =10) 0.02 0.03
3. A- AT (R = 60) 0.04 0.05
3. A- AT (R =120) 0.10 0.10
36. A- AT (R = 180) 0.11 0.13
37. A- ALT (R = 120) 0.05 0.07
38. A- AT (R = 60) -0.01 0.00
39. A- AT (R =10) -0.04 -0.04
40. A- ARSP (R = 10) -.08 -0.09
41. A- ARSP (R = 60) -0.06 -0.05
42. A- MRSP (R = 120) -0.13 -0.13
43. A- ARSP (R = 180) -0.15 -0.17
44, A- ARSP (R = 120) -0.06 -0.10
45. A- ARSP (R = 60) -0.02 -0.04
4. A- ARSP (R = 10) 0.14 0.14

*Significant to 0.05 level.
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There is a distinct increase in variance as skill ratings decrease
in the symmetry measure on quarters 2 and 3. No significant increase is
noted for quarters 1 and 4, however. This indicates that more variance
in the roll/pitch re]ationshiﬁ is exhibited in the inverted attitude,
as may be expected. A distinct increase in variance is also noted for
halves 1 and 2 as skill ratings vary from fair to unsatisfactory.

Circle measures, which are error measures, increase in value as well
as variance as skill ratings decrease. From this data and from the
debriefing plots, it is postulated that the circle measure will prove
to be one of the best single indicies of performance skill.

0f the constancy measures on roll rate, pitch rate, and normal
acceleration, only the roll rate measure for Iro]] I > 45 appears
significant from the standpoint of significant correlations. However,
the plot shows that as skill ratings decrease, the correlation
increases toward 1.0, indicating less variance in roll rate itself.
This is the opposite from that which was expected based on the maneuver
analy. ., and requires further investigation in future efforts. 1In
addition, variance of the correlation decreases as skill ratings
decreare, though -ne would expect an increase.

Maximum G ﬁéasures show a slight increase as skill ratings vary from
good to fair, but a decrease in value and increase in variance with
reduction to unsatisfactory. This may indicate that max. G measures
may discriminate higher-skill performances better than lower-skill ones;
or that lower-skill performance patterns are typically flatter on top and
dished-out on the bottom, resulting in much less normal acceleration on
the average. Minimum G measures show a decrease from fair to
unsatisfactory, indicating the known tendency to "get light" on top
when unskilled in performance of this maneuver.
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Roll at maximum pitch is approximately 60 to 62° for good .
performances and decreases noticeably as skill ratings decrease (with
an accompanying increase in variance). Th's suggests a tendzncy (as
skill degrades) to pitch-up, with relative:y litcle rolt  .hen roll
to the inverted position. This tendeﬁcy can also be clearly seen in
the debriefing plots and supports the validity of the circle measures,
which are based on a criterion of evenly and constantly changing roll
and pitch. A surprising point regarding roll at maximum pitch is that
theoretically it should be 90° to maintain a constant offset angle from
the reference point. However, none of the highly skilled performances,
including those of instructors, exhibit this. It appears that +ie
requirement for a constant offset angle may be an unrealistic c~i*er.un,
both from the standpoint of human ability, and perhaps, aircraft
performance abi]ity.8

The pitch measures at various values of roll are most easily anaiyzed
via the plot of Figure 68. The unsatisfactory performances exhibit a
smaller maximum positive pitch angle and pitch reduces to zero before
roll has reached 180°. A1l performances exhibit a linear as opposed {0
a smooth, curvilinear roll/pitch relationship in the second quarter of

- the maneuver.

Figures 69 and 70 show similar plots for altitude and airspeed
excursions. Little, if any, relevant measurement information can be
expected to exist in these measures.

The correlations between measures and subjective ratings (Table
XXII) indicate only four significant measures. Although any number
of alternative combinatory measures could be postulated, the data
are insufficient to permit validation, so none were computed for the
barrel roll in this study.

8P]ans exist to test the realism of this criterion using a flight
simulator. We attempted to test it in the aircraft, but despite
specific attempts on the part of the pilots, they were unable to achieve
90° roll at maximum pitch and still complete the maneuver satisfactorily
in all other respects.
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b. PIT Instructoi Data

Due to time limitations, barrel roll measures were not computed
for the PIT Instructor data. However, debriefing plots were generated
for 41 performances, and their analysis gives additional insights to
the measurement of this maneuver. Several plots are rresented in
Appendix XVIII, along with the transcribed pilot ccuments.

It can be seen, in viewing the plots, that the roil/pitch

relationship is very relevant to measurement.  This suplorts the trends -

indicated in the student data. Many of the conditions described in
pilots' comments are clearly demonc<trated by the roll/pitch piot, e.g.,
dishing out on the bottom, excessive pitch without sufficient roil,
"flat" portions of the maneuver, and too much initial back pressure.

€. Summary

Unfortunately, not nearly enough barrel roll data was collected
to form supportable recommendations abbut measurement of this maneuver.
The major deficit is successive samples per student needed to develop
and validate measures. Based on the data collected, it is theorized
that the following measures are valid and should be investigated further:

1. Roll/Pitch Circle Measures
. Maximum and Minimum G's

Constancy of Roll Rate

W N

. Symmetrv Measures

Further studies should also addiess the questions raised earlier
regarding roll value at maximum pitch, and whether or not maintenance
of a constant cffset angle is a realistic criterion. Further, the
autnors found a Jdistinct difference befween instructors in their method
of performing the barrel roll intofar as g ccntrol s concerned.
Realistic criteria on g's need to be determined.
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Measurement-wise, it is obvious that less was accomplished on the
barrel roll than on the lazy 8. This was due primarily to lack of
sufficient data; but contributing factors are (1) time limitations
on the study, with more emphasis having been placed on the lazy 8, and
(2) an apparent inconsistency in criteria for the barrel roll, and
subsequently, a great necessity for computing standards (which has not
yet been accomplished). :

3. OTHER MANEUVERS: TYPICAL DATA

Some represéntative data were plotted for maneuvers other than the

_ Tazy 8 and barrel roll. This data will be used to support follow-on
studies in this subject area. As a matter of interest and documentation,
typical plots of roll pitch, airspeed and altitude are presented for
several of these other maneuvers in Figures 71 through 76.
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SECTION VIII
DISCUSSION AND ADDITIONAL REMARKS

It is fortunate that at the onset of this program the authors were a
little naive about the problems and difficulties that plague collectors
of in-flight data. Otherwise, that which has resulted in an extremely
worthwhile and timely effort may have been put off had there been more
realistic original estimates of the time and level-of-effort required to
complete the program. As it turned out, only 30 to 40% of the total
effort (manhours) expended was actually devoted to the central issue,
e.g., development cf measurement techniques for two representative

__Mmaneuvers; the bulk of the effort was devoted to establishing the
machinery, so to speak, for data collection, reduction, calibration,
and analysis. In a way, the results and benefits of the effort are
therefore actually greater than originally anticipated, because in
addition to accomplishing the major goals related to feasibility of
quantitative measurement, (i.e., knowing what to do), the authors
have compiled an impressive 1ist of ‘“"what not to do" in the future.
So in addition to providing a summary of central results, this Section
will be devoted to some of the major problems encountered (and lessons
learned) in accomplishing an effort of this type.

1. PROBLEMS

It is not easy to obtain good in-flight performance data and reduce it
to a form suitable for analysis. Recognition of this, and provision for
sufficient personnel to handle problems as they arise, is necessary to a
successful conduct of related studies. In the study being reported, the
Timited availability of equipment and support personnel made it necessary
to obtain the needed support from two different data processing
installations. This complicated the already difficult job by requiring
inter-installation coordination and by creating additional problems
through the use of different tape units for producing and reading data.
In addition, control of persohne1 was not possible, and several
different programmers were assigned to the program over its tenure.
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This required almost continual education of these new people regarding
data formats and program objectives. Finally, no control existed over
the utilization of data processing equipment, and turn around time from
flight to calibrated data was considerably longer than it should have
been for efficient operation due to higher priority programs competing
for use of the equipment. '

The in-f1ight data acquisition equipment represented no exception to
"Murphy's Law," particularly because it was largely (off-the-shelf)
used equipment. Partway through the program problems arose with the
heading transducer that were never completely rectified despite several
recalibrations. (Later, it was determined that a new transducer is
required.) Other equipment malfunctions occurred from time to time,
seriously delaying data collection schedules and validating the
importance and necessity of establishing a rigorous periodic recalibration
and preventive maintenance program for the airborne equipment. This
would hopefully minimize the requirement for the unscheduled, on-call
type of maintenance that upsets schedules.

"Operational problems also confounded the problem. Despite planning-
precautions, f1igh2:iine personnel often failed to clean the recorder
heads as required, d data from several sorties were lost. This
occurred most often during the last several weeks of off-site data
collection and was in part the reason why sufficient validation data was
not successfully collected. Another operational problem regarded in-
flight use of the recorder through cockpit controls. Each instructor
was briefed on recorder operation, but evidently the briefings were not
thorough enough. On several successive sorties, the participating IP
turned the recorder off between maneuvers, and this resulted in losing
some data at the end or beginning of maneuvers. It also caused "glitches"

in the data at the time the recorder was turned off or on and destroyed

the continuity of the time-count.
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It is also important, in projecting schedules for studies 1ike this,
to consider not only anticipated aircraft maintenance downtime, but
special requirements for modifications and inspections. For example,
data collection was interrupted on two separate occasions for flap-hinge
mods and wing spar inspections. These sound innocent enough, but in
the case of this study the aircraft was bailed to Flight Test and they,
therefore, accomplished the mods. Scheduling of hangar space and
personnel to accomplish the work was perhaps more of a problem than it
would be with a regular training aircraft in the ATC fleet.

For student data collection, the arrangement with ATC included
assurance that normal schedules and curricula would not be interfered
with.  This made collection of large quantities of data per student
per maneuver difficult.

The effort was conducted 100% in-house and necessarily attempts
were made to minimize any direct costs. At the onset of the program,
some surplus recorders were obtained. These proved unusable. The
recorder and instrumentation gear finally installed was used equipment,
not in itself bad, but necessitating some additional test and parts
replacement early in the program. -

The effort was largely prototype and investigatory in nature and
considerable effort was experded on alternative solutions to problems as
they occurred:

2. EULER ANGLES COMPUTATION

One small side-effort concerned the Computation of Euler angies from
recorded rates. This was investigated for three reasons: (1) It
would provide an additional check on the relative accuracies with which
rates and angles are recorded, (2) It would allow angles through alil
attitudes to be generated without necessitating all-altitude roll and
pitch transducers, (3) It would provide the only good test conceivable
on the accuracy of rate information. Programs were written to compute
angles from rates. Results showed that recorded rate information was
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too noisy to produce good results and the effort was abandoned to the
priority of other problems.

3. MODELING OF NORMATIVE DATA

Another side-effort concerned taking a closer look at computation
of norms or standards. Although used to some extent in this study,
mean-performances are not believed to be infallible representations of
standards, any more than the mean is always a good representation of
any data.

In studying the formal description and ATC criteria for the lazy 8
maneuver, the idea occurred that functions representing both roll and
pitch versus degrees-of-turn may be easily approximated using
trigonometric functions. For example roll angle increases to a maximum
at turn = 90°, decreases to zero at turn = 180°; then repeats this
pattern. In simplest form, we could represent this motion by a sine
wave multiplied by the maximum roll angle attained in the maneuver
(80 - 95°). '

Pitch behaves similarly but has an amplitude equal to the largest
pitch angle attained in the maneuver and a frequency equal to twice that
of the » *1 Function.

An harmonic analysis of a function is a truncated Fourier Series
approximation to the function defined at discrete, equidistant points
over a finite interval. The function approximation is of the form

+ t [o,, Cos(nx) + b, sm(nx)].
n=i

F(x) = a,
In addition to providing a model of performances, the function's
coefficients (ai and bi) could provide useful measures. For instance,
in order for all a; coefficients to be zero, two characteristics must be
present in the data: (1) perfect symmetry and (2) zero pitch at 0 and
90° turn points. The farther from zero the a. are, the fqrther the

j
data are from having the above two characteristics.
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A program was written to accept as inputs the numi: Ff perfe  .nces
to be harmonically analyzed, the number of harmonics to be used in the
model, and the recorded data. It then printed out the derived Fourier
coefficients and the data generated by stepring the mode! . 0 to 16U°
turn by increments of 5°. Results indicate that this is an extremely
promising approach to modeling the data, resulting in much mnre
realistic and useful standards than can be represented by the mea:.

4. DEBRIEFING PLOTS ANALYSIS i

A respectable amount of time was devoted to conceptual analysis of
the debriefing plots. After becoming familiar with the plots and
learning to read them, * forty of the plots were shuffled and attempt:
were then made by the authors to judge from the plots alone whether cacn
performance was E, G, F, or U, Qut of 40 performances, only 8 vre
classified incorrectly. This was an insignificant test, done as much
out of idle curiosity as for any other reason, and not exactly
uncontaminated in design. However, it convinces the authors that a
properly indoctrinated instructor could evaluate performances using
debriefing plots alone and do the job at least as well and much more
diagnostically than he can on-site (in-flight).

Further experimentation was done in this area by devising plastic
overlays for the plots on which were sketched standard profiles tlo.
This is helpful in interpreting the performances and diagnosing errors,
The approach of using overlays instead of plotting the performances
against standards would be useful in analyzing the data and debriefing
the student based on his deviation from norms as well as his deviation
from standard criteria.

5. MEASUREMENT APPROACH

In this effort, the approach to the development of performance
measures was ‘“analytic" in that it involved and required considerable
desk-analysis of both the criteria (ATC) and the recorded data.
Maneuver analyses were performed, measures were postulated, results
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were examined, a new set of measures was postulated based on the initial
results, and finally, these measures were applied to a broad spectrum
of student and instructor performances. Analysis of the final results
included investigating correlations between the measures and subjective
ratings and then, to a more 1imited extent, examining the trends of
measures across individual stuident performance.

The result of this effort was that a good set of prototype measures
for the lazy 8 was developed, and a similar set for the barrel roll.
Unfortunately, the measures for the barrel role were less defensible

"than were those for the lazy 8, because of insufficicnt data. The
validation of these measures was somewhat hampered by such factors as
lack of IP performance standardization, 4questionable "text book"
criteria for the two maneuvers, lack of IP rating standardization, and
the necessity of using within-subject sampling as a basis for both the
development and validation of measures.

The approach itself was time-consuming to apply due to the need for
continual interaction with large quantities of data. It is a workable
approach given proper manpower support and it enjoys an affinity with
logical human performance aspects of the maneuvers that is perhaps lacking
in other more highly automated approaches. It lacks the desirable
characteristics of requiring less cffort to pursue the second time than
the first, because for each maneuver examined, new and different
problems arise and each must be treated individually.

It is appropriate at this point, to remark that throughout the
duration of this program, another entirely different approach to
developing measurement methods was pursued using some of the same data.

The alternate approaéh lies at the opposite end of the spectrum from

this analytic approach with respect to automation and global applicability.
To pursue the alternate approach, certain functions of the data had to

be determined and computed. Identification of these functions was
enhanced through results, as they unfolded, from the analytic approach.
Thus the two approaches were largely conducted in a complementary
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fashion, even though the results from each are reported independently.
References 3 and 5 document the alternate approach.

After having applied this "analytic" approach and, concuriently,

_a more automated approach (which is based on adaptive modeling), the
concensus is that neither suffices independently - at least now. The .;N"
analytic approach, although workable, - is simply too time-consuming to

be effective in, say, developing measures for an entire training

curricuium. Also, it suffers from a standardization standpoint in that

one is never really sure he is finished when using it. This is in turn

due to a fundamental weakness of the apprcach in that the types of

measures it addresses represent only a subset of all possible measures.

(Conversely, the alternate approach, References 3 and 5, addresses an

extremely broad spectrum of meacures.)

The analytic approach has several noteworthy merits, the main one
of which is the in-depth understanding one must obtain of the maneuver
and related performance techniques, and subsequently the application of
logic and judgment to the problem that wou'd be possible only through
the utmost in programming sophistication on an automated basis. -

The point to be made is that the analytic approach is too “manual”
to be efficient on a large scale application and does not address all
: types of measures. More automated approaches take the labor out of the
job, are widely applicable, and address a broad spectrum of measures,
but the. . :quire an element of human judgment to be practical. A blend
of the two types of approaches appears ideal.

6. MEASUREMENT RESULTS

For the lazy 8, measurement can be accomplished using roll, pitch, M
and airspeed. This was demonstrated in this study through the develop- ‘
ment of a simple error measure, with criteria consisting of values for ’7
the variables computed from skilled pilot's data. An improvement on
this error measure is believed possible through application of continuous g
rather than discrete error computations as discussed in Section VII. s
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The time and scope of this effort did not permit further pursuit of this
idea, however.

The above statements are made without the essential justification that |
good validation, beyond the content validity that existed, would provide.
When accomplished, validation should include the previously discussed tests
based on within-subject sampling. Concurrent validation using instructor
ratings, if conducted, should be pursued as a necessary (not sufficient)
test, and then oniy with the cautions previously identified.

The barrel roll measures could not be developed to the extent they
were for the lazy 8 due to lack of sufficient data. From the

information examined, however, it appears that roll,

pitch, normal
acceleration,

and roll-rate will provide the necessary data base. Roll
and pitch are not relevant as single-variable measures; rather, it is
their relationship that forms the essential measure.

criterion relationship could not be well defined;
criteria,

The nature of a

according to published
it appears to be circular, but the actual data of skilled
pilots does not support the validity or realism of this criterion. T
a greater extent than in the lazy 8,
this maneuver.

0
standards must be determined for
Ro11 rate measures should reflect the constancy of this
value after the maneuver is underway. Measures on g's should reflect

maximum- excursions, but here again criteria are lacking, and Tittle
standardization among IPs was found.

From a diagnostic standpoint, the debriefing charts would form an

appropriate media for conveying both measures and diagnostic comments to

the instructor or student. This would provide the necessary information

on not just how well the student performed, but why and where he
performed poorly,

i

It is compelling to bring out one final idea relating to
This idea is not original witkh the authors,
this study,

measurement.
and it was not pursued in
but it was so obvious in this study and is so central to any
final measurement design that this discussion would be incomplete without
mentioning it. The idea is that measurement of individual performances
of a maneuver cannot effectively be considered independent’y,

even if
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one is only concerned withone performance at the time. Rather, the
distribution of measures on successive trials, and if one desives, the
subsequent probability of successful performance based on that distribution
is the important consideration. Therefore, measures themselves should

ultimately beséxpresSed in terms of the resulting distribution. This
automatically takes into account both the measure(s) achieved and inter-

performance variance, both of which are considered relevant to pilot

evaluation.
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APPENDIX I

CALIBRATION DATA AND
CALIBRATION BLOCK DIAGRAMS FOR
RECORDED FLIGHT DATA
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Parameter: Heading

Units: Degrees

Parameter Transducer Parameter Transducer

Input Qutput Input Output
360 0 170 2.730
350 0.128 160 2.879
340 0.281 150 3.017
330 0.404 140 3.155
320 0.563 130 3.324
310 0.701 120 3.468
300 0.840 110 3.616
290 0.988 100 3.744
280 1.137 90 3.913
270 1.280 80 4,001
260 1.424 70 4,170
250 1.567 60 4,246
240 1.711 50 4,282
230 1.864 « 40 4,308
220 2.003 30 4,334
210 2.151 20 4,359
200 2.305

190 2.448

180 2.581

Calibration Block Diagram
SOURCE TRANSDU!:ER
J-4 Compass Synchro ‘ CONDITIONING
System Follower 1
EXCITATION INSTRUMENT
+5 VpC System Read-0Qut
Light Panel
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Parameter: Altitude

Units: Feet (X1000)

Parameter Transducer Parameter Transducer

Input Output Input Output
0.89 0.133

1.0 0.163

1.5 0.225

2.0 0.292

2.5 . .0.379

3.0 0.450
4.0 0.647

6.0 0.896

8.0 1.206
10.0 1.480
12.0 1.787

14.0 2.100
16.0 2.397
18.0 2.689
20.0 3.002
22.0 3.309
24,0 3.596
26.0 3.908
Calibration Block Diagram
SOURCE TRANSDUCER
Altitude Altitude CONDITIONING
Test Set Model 7000
EXCITATION INSTRUMENT
+5 \DC System Read-Out
Light Panel
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Parameter: _Airspeed Units: Knots
Parameter Transducer Parameter - Transducer
Input Output Input Output
0 0.49
60 0.7836
70 0.9065
80 1.091
90 1.152
100 1.310
120 1.585
140 1.864
160 2.165
180 2.438
200 2.723
220 3.006
240 3.267
260 3.529
280 3.790
300 4.025
Calibration Block Diagram
SOQURCE TRANSDUCER
Airspeed Airspeed CONDITIONING
Test Set Model 7100
INSTRUMENT
EXCITATION

+5 VDC

System Read-Out

. Light Panel
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Parametar: Pitch Angle Units: "Degrees
Parameter Transducer Parameter Transducer

Input Output Input Output
70 3.50
60 3.36
50 3.22
40 3.08
30 2.94
20 2.79
10 2.65
0 2.50
-10 2.36
-20 2.21:
-30 2.07
-40 1.93
-50 - 1.77
-60 1,63
-70 1.49

Calibration Block Diagram

SOURCE TRANSDUCER Synchro
Tilt ——A  Gyro Follower
Table MD-1 Pot
EXCITATION INSTRUMENT
+5 VDG Digital
Voltmeter
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Parameter: Roll Angle Units: Degrees
Parameter Transducer Parameter Transducer
Input Qutput Input Qutput
180 . 5.00 ‘ - 10 2.36
120 4.27 - 20 2.21
110 4,12 - 30 2.07
100 3.98 - 40 1.93
90 3.83° - 50 1.77
80 3.68 - 60 1,63
70 3.53 - 70 1.48
69 3.39 - 80 1.34
50 3.25 - 90 1.19
40 3.10 -100 1.05
30 2.95 -110 0.91
20 2.79 -120 0.84
10 2.65 -180 0
0 2.50

Calibration Block Diagram

Y
SOURCE TRANSDUCER Synchro '
Tilt — Gyro Follower ;

Table MD-1 Pot .
| ¥

EXCITATION INSTRUMENT
+5 VDC Digital
Voltmeter
Q 252
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Parameter: Acceleration Units: g's
Parameter Transducer Parameter Transducer
Input Qutput ) Input Dutput
-7 -4.9
+7 +4.9

Calibration Block Diagram

SOURCE TRANSDUCER _ CONDITIONING
B
]
h EXCITATION INSTRUMENT
y
. Y
' 253
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Parameter: Pitch Rate Units: Degrees/Second
Parameter Transducer Parameter Transducer
Input Output Input OQutput
90 4.98 -10 -0.53
80 4.47 -20 -1.08
70 3.92 -30 -1.635
60 3.36 -40 -2.21
50 2.79 -50 -2.77
40 2.23 -60 -3.34
30 ].66 -70 -3.90
20 1.095 -80 -4.45
10 0.545 -90 -4.99

0 0
Calibration Block Diagrom
[ & "gm:.m —
TRANSDUCER CONDITION%{!&<
Inland c Y
Rate Table - Rate o 47K o
No. 722 Gyro 0.2mfd

115V

EXCITATION
400~

INSTRUMENT
Honeywell 333
Voltmeter
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115V

EXCITATION

400~

EMN
Honeywell 333
Voltmeter

Parameter: Roll Rate Jaats: cearees, S¢ " nd
Parameter Transducer Parameter ‘ Transdu;:er
Input Output Input “itput
180 4,66 - 20 1.495
160 4,13 - 40 -1.C
140 3.595 - 60 -1.%°
120 3.07 - 80 -2.03
100 2.545 -100 -2.545
80 2.03 -126 -3.08
60 1.51 -140 -3.60
40 1.0 -160 -4.325
20 0.49 -180 -4,65

0 0
Calibration Block Diagrom
SOURCE TRANSDUCER
Inland
Rate Table Rate
No. 722
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Parameter: Yaw Rate Units: Degrees/Second
Parameter Transducer Parameter Transducer
Input Output Input Output

70 4.75

60 4,135

50 3.501

40 2.84

30 2.14

20 1.425

10 .705,

0 0
-10 -0.73
-20 -1.45
-30 -2.165
-40 -2.87
=50 -3.54 .
-60 -4.17
-70 -4.78

Calibration Block Diagram
SOURCE TRANSDUCER

Ratglgggle Rate

No. 722 Gyro

115V

EXCITATION
400~

INSTRUMENT
Honeywell 333

Voltmeter
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Parameter: Longitudinal Stick Position Units: Degrees :
Parameter Transducer Parameter Transducer . S
Input Qutput Input Output .
N
-14.9 0.16 X
-10. 0.60
- 8. 0.78 _ .
- 6. 1.00 ' S
- 4, 1.24 '
- 2. 1.45
0 1.66
2. 1.68 £
a. 2.14 | .
6. 2.36
8. 2.59 )
10. 2.84 ' -
12. 3.09 A —
14. 3.32
16. 3.57 _ .
18. 3.83
20. 4.10
22. 4,34 )
24.9 4.74 a
i |
Calibration Block Diagrom o
Prop. Pot
Protractor
;
EXCITATION INSTRUMENT b
+5 VDG Digital 5
Vol tmeter ‘
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-

- Parameter: Lateral Stick Position Units: Degrees
Parameter Transducer Parametesr 'Transducer
Input Output Input Output
15 0.27
14 0.45
i 12 0.81
0 1.1
8 1.43
6 1.69
4 1.94
2 2.24
0 2.48
-2 2.75
-4 3.00
-6 3.28
-8 3.61
-10 3.89
-12 4.23
~-14 4,59
~-16 5.00
-
Colibration 8lock Diagrom
SOURZE TRANSDUCER
: Prop. Pot
Protractor
EXCITATION INSTRUMENT
+5 VDC Digital
Voltmeter
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Parameter: Rudder Position Units: Degrees
Parameter Transducer Parameter Transducer
" Input Output Input Output

24 0.07 -2 2.80
22 0.4 -4 3.00
18 0.8 -6 3.20
14 1.18 -8 3.40
10 1.57 -10 3.60
8 1.78 -14 . 4.00
6 2.00 -18 T 4.40
4 2.17 -2 4.80
2 2.40 -24 5.00
0 2.54
Calibration Block Dlejmn
SOURCE TRANSDUCER CONDITIONING
Rudder Pot
Protractor
EXCITATION INSTRUMENT
+5 VOC Digital
Voltmeter
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Parameter: Engine RPM Units: Percent
Paramgter Transducer Parameter Transducer

Input Qutput Input Output
14.28 0.7

28.57 1.4 L

42.85 2.1

57.14 2.82

71.42 3.55— } T-

85.71 4.28
100. 5.00

14.28 0.56

28.57 1.12 R

42.§§ 1.69 I

57.14 2.27 G

71.42 2.87 H-

85.71 2.45 T

100. 4.00

Celibration Block Dlsgrom
SOURCE TRANSDUCER CONDITIONING
—
{
EXCITATION INSTRUMENT

260

@




5

AFHRL-TR-72-6

Parameter: Throttle Position Units: Degrees
Parameter Transducer Pe;rameter Transducer
Input OQutput Input OQutput

0 0.23
16 1.72 L
32 ~ 2.76 E
.48 3.72 F
64 4.66f T
0 0.39 R -
16 1.82 I
32 2.87 G
48 3.85 H
64 4.61 T
Calidration Block Disgram
SOURCE { TRANSDUCER CONDITIONING
Throttle Pot
| (2K)
EXCITATION INSTRUMENT
+5 VDC Digital
Voltmeter
f.
g i
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Parameter: Flap Position

Units: Percent -

Parameter Transducer Parameter Transducer
Input Qutput ~Input Output
0 4.86
20 3.76
40 2.85
60 1.90
80 1.00
100 0.1
Calibration Block Diagram
SOURCE TRANSDUCER ~——f_CONDITIONING
Cockpit Pot
Indicator
EXCITATION INSTRUMENT
Voltmeter
262
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APPENDIX II
ILLUSTRATION OF INITIAL PRINT-QUT FORMAT
Note: Three pages of computer print out

were required to represent approximately
50 seconds of data.
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APPENDIX III

SOFTWARE FOR DATA CALIBRATION
AND
INITIAL PRINT-QUT
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$J08

$SETUP A(D)
$IRJOR GUTHRE
$IRFTC T37DAT

04595000
MAP

X1895+X18564-9

BLOCK
2-8

69-026»GUTHRIE» ROOM 209
UNIT 14 22 OCT 70 FLIGHT

M94 9 XR7 s NODECK

C $SETUP A(1) RFAD THF RAW DATA (36 RIT WORDS WRITTFN AT 556 DFNSITY
c IN NON NDCS BLCCKING) FROM TAPF X189%5 AND SKIP AS MANY AS 9
C REDUNDANT RECORDS. ACCONMPLISH pcs BLOCKING AND WRITE Out THF RAW
C DATA AT DFNSITY 800 ON TAPF X1856 AND RFWIND.

DIMENSION A(410) :

INTEGER RECORD
C READ AND COUNT THE RECORDS WRITTEN ON TAPE X1856.

RECORD=0
C THE SYMBOLICS FOR SIO0.
1 CALL READ (14,A3KsN)
RECORD=RECORD+1
IF (MOD(RFECORD,100)+NEeD) GO TO 4
PRINT S+RE-ORD
5 FORMAT (8H RFCORD=,16)
4 N=N+1
GO TO (192+3) N
C CALL FXEM
C SYMBOLICS NOT INCLUDED
3 CALL FXFM
2 RECORD=RFCORD-1
PRINT 5¢RECORD

(CALL READ)

AND UNITS ARE IN THE MAIN DECK

GIVES AN ERROR TRACE AND RETURNS CONTROL TO THE SYSTEM

LR

Aruitoxt provided by Eric -

sToP
END
$IRLDR 510 25 ScP 67 $10.0000
$TFXT S10. ‘ $10.0001
AN "R RT(RT(®#T7-0 '75 T4 ' 549 7 '74074875974956976 5 976776 4M7'6 7 'S10.0002
ENQTP*RT7XSTV*X~)6 E 3764 2' $7' , 6 7~ 76776 74(S5M'447' (44 UYSM'76'510.70013
ENB()#" TYRTYRT 4 29 X' v vig 169G 05 Y5 (67 757'69) 07695 Y)I7 75'7'C  S10.,0004
ENGG(({X(*X(*T TE(O0 GT276 5 774 4 99M'S T+ (4 79M'5 7- 76776 447 )1aM'S10.0005
ENTG)(RT(RTIXHT 76 G6)T6%4 2' ) '* 16 169G 05 )1G7 757'69) O) 07695 Y)7 S13.3006
ENIRX)% THRTX®T 75 7%= 0 S 7- 76776 76'4 2' '' X7494M776 0677577'0 5 S10.0007
ANINX(RT7(RT(%T7 =695 7—- T'++ 5597* 0 559449' X 74-02X83" 25690 S10.0008
T VR (%77 *)Pp 9 8 S10.0009
$CNICT S10. S10.,C010
EN XZ%84 1'#)P84 #)P (' (PP Sr¥(P yrk( X1 (%*)-6 P¥)- ()¥- (*¥P- ((¥- SIC.001]
®19Z' ((%¥%¥- ()G~ 510.001?
$DKEND S10. S10.0013
$IRLDR UNITS 18 SFP 69 UNITSN00
$FILE UNITS 'UNIT1I4' A (1) INPUT »BINSRLK=410 UNITS001
SFILE UNITS TUNITIS'9A(2) s INCUT oBINJRLK=1080 UNITS00?
$FILE UNITS 'UNIT15%»A(3), INOUT ¢RINs»RLK=1080 UNEITS003
SFILF UNITS YUNIT17'9A(4)s0OUTPUTRINIRLK=1080 UNITS004
$FILE UNITS 'UNIT18'»A(5),0TPUT»BINIBLK=1080 UNITS005
SFDTCT UNITS UNITS006
%®J (('42¥  %(7PPPPPP72P  *('PPPPPP72P . *('PPPPPP72P  #{'PPPPPP UNITS007
%49P7P' 2P % (6PPPPPP UNITSNOR
$TEXT UNITS UNITSOWS
*T =®T®XG 1 H I G ) UNITSO10
$CNICT UNITS UNTTSCL
¥y (S 4 1'%(P 4 X! Xe' 9Xe' BXe' 9Xel 7 UNETSN1?
SDKEND UNITS UNITSN17
' END OF FILE CARD
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$J
$s

08 09555000

FIUP A(1) X1

SSFTUP A(2) X1

$SFTUP A(3)
3IRFTC T37DAT

C
C
C

[a¥a)

la¥a)

C

(s NaRaNa¥aVaNalaNala)

TAPE
M94 y XR7 yNODECK

8564,NORING UNIT 14
914 UyNIT 15

UNIT 16

69-026 GUThRIE ROOM 209 START

15 OCT 70 FLIGHT 2-5

EACH FOOT OF MAGNETIC TAPE AT 800 DENSITY WILL HOLD 1300 36BIT

FLOATING POINT WORDS INCLUDING DCS SLOCKINGe 1700 RECORDS REQUIRF
TAPEs 1700%((12%251+(120%9))/1200

THE WORD RECORD WHEN USEN IN R{FERENCF TO UNITS 15 AND 16 ™MFANS

1805 FEET OF

(CA260 (T 912141200 9J=19%) PLUS (LA24(T 25 1=1412)

$SFTUP A(1)
$SETUP AlZ)

$SETUP A(3)

X1856 DNDCS RLOCKFD RAW DATA

X1914 TAPE TO CONTAIN THE FIRST 1700 RECORDS OF
CALIRRATFD DATA

TAPE IF THFRE ARE MORE THAN

TAPE 1S REQUIREYD ON UNIT 16
DIMENSION A(&lO)yM(lCO)'WORDS(IOO)'TAPES(Z)

COMMON /A1/ N12.N120'RECORD.IUNITvN.TAPE.INP(lOO).JCOL(IOO).
JXARRAY(SIvlﬁ)'YARRAY(BI.IS)vJCAL(lOO)vIZ&.IZ«O

COMMON /A2/ leAza(Za'ZS)'A260(2&0'9)vCYCLE'SET-

INTEGER RECORDSET

NAMELTIST /NAM1/ ITAPELIP.IPD
RFARN (591) TAPF

TAPF THF RFEL NUMRFR 7O RF MOUNTFN ON A(1) UNIT 16

FORMAT (A6)

REAN (GyNAMT)

J1516=15
SFT=0
CYCLE=040

# RECORD=0

Z

97

98

99

J1=0
TUNIT=14

READ AND WRITF INTEGER CONTROL VECTORS

JCOL(100) CONTAINS THE COLUMN NUMBER (J)

(NP )

RFAD (592) (JCOLIT) +121+100)
FORMAT (2014)

INP{100) CONTAINS THF NUMBFR OF POINTS (NP) OF XARRAY(NP,J) AND

YARRAY (NP4 J)

RFAD (542) {INP(1)y151,100)

JCAL(100) CONTAINS THE COLUMN NUMBER OF THE CALIBRATED DATA TO BE
STORED IN A240(19J) AND A24(1,J-6)

REAR (5,2) {
WRITF (6297

JCALIT)141=14100)
(JCOL(T)sI=19100)

FORMAT (12HOJCOL VFCTOR/1X/(1X+2016)) !

WRITF (6,98)

CINPUT)yI=1+100)

FORMAT (11HOINP VECTOR/IX/(1Xy2016))

WRITF (6499)

(JCAL{T)91=14100)

FORMAT (12HOJCAL VFCTOR/1X/(1X+2016))

FTEAD AND WRITE THE CALIBRATION DATA

DO 3 J=1,418

269

1J=1425)=1380 wps

1700 RECORDS AN ADDITIONAL

MAINDO
MAINO1
MAING?

MAINO4
MAINOS
MATNDG

MAINOT
MAINOSB
MAINOS
MAIN10O
MAINT1
MAIN12
MAIN13
MAIN14

OF XARRAY(NPsJ) AND YARRAYMAIN1S

MAIN16
MAIN17
MAIN18
MAIN19
MAIN2O
MAINZ21
MAIN22
MAINZ23
MAIN24
MAIN2Z25
MAINZ6
MAIN27
MAIN28
MAIN29
MAIN30

MAIN3]

“~
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READ (5+4) LARFLXsLABELYsNP ’ MAIN32

4 FORMAT (A6+5Xs1AD5X912) : MAIN33

READ (5+5) (XARRAY(19J)yI=14NP) MAIN34

RFADN (595) (YARRAY(T4J) s I=19NP) MAIN3S

5 FORMAT (10FB43) ~ MAIN36

WRITF (6949) LARFLX sl ARFLYINP MAIN3T

49 FORMAT (1HOA6+5XsA695%X s 12) MAIN38

WRITF (6+50) (XARRAY(I14J) o121 ,4NP) MAIN39

WRITE (6+50) (YARRAY(I4J)sI=14NP) . MAINGO

50  FORMAT (1HO+10F12,3/(1Xs10F1243)) MAING1

3 CONTINUF . MAING2

s PRINT 13,J1516 MAING3
13 FORMAT (6H UNIT=,14) MAINGSG

N12=¢ MAINGS

N120=0 MAINGG

- CALL CYCLFS (AsMsWORDS) MAINGT
N12=32 MAINGS

N120=120 . MAINGO

9 CALL: CYCLFS (AsMeyORDS) ? MAINSO

C DIFFERFNTIATE VERTICAL VELOCITY=AZ6(1,21)4TURN RATE=A24(1422)49STICK
C RATE LONGITUDINAL=A240(147),STICK RATF LATERAL=A240(1+8) +RUDDER RATF
C =A2601{1+9)

DO 6 I=1412 MAINS]
A26(1+21,=DIFF (A24+24425+19640e1) MAIN52

6 A24(1+22)=DIFF (A26924425+19 74061} MAIN53
DO 7 1=1,120 : MA NS4
A240{1+7)=DIFF (A2604240+94193+0.01) MAINS5
A200(198)=DIFF (A240924099+149490e01) MAINS6

1 A240(1+9)1=DIFF (A2404240+9+7+540601) MAINS57
IF (RECORDeGTe2) GO TO 48 MAINSS
A24(1+20)2A2640(1,42), MAINS9
A24(149231=2040 - MAIN6O
A2L(1424)=A240(141) . MA1ING]

C  INTFGRATF ROLL=A24(1+20)sYAW=A24(1+23)4PITCH=A24(1,24)

48 NO 8 1224113 MAIN62
AL 71 T9201=A24(1-142C)40e 0GR (A24(] 4 2)14A24(1=192)) MAING3
A241(923)=A24(1-1423)+0.05%(A24(1+8)4A24(1-1+8)) MAIN6G
A2L11:261=026(01-1424)+0e05%(A24(14)1T7)4A26( 11,417} MAINGS

8 CONTINUE MAINGG
C WHFN 1 APFJNFe) WPTTF OUT CALIBRATFD DATA ON UNIT 158 (J1516=15) OR ON .
C UNIT 18 (J1816=14)

IF VAPESFQe0) GO TO 10 MAINGT
WRITF (J1616) ((A240(14J)91219120)4J=1,9) MATNGS
WRITF (J1516) ({A24(10J) 01=1412) 021,25} MAIN69
10 CALL SFLFCT (1P«1IPD) AINTO
¢ SUBROUTINE SELFCT SETS N=2 wHEN AN FND OF FILF IS ENCOUNTFRED j
GO TO (21 22)sN ‘ MAINT]
C  SHIFT THE CURRFNT CYCLE OF CALIBRATED DATA TO THE PREVIOUS CYCLE
C STORAGE AREA SO AS TO ALLOW THE DIFFERENTION AND INTFGRATION
C TO BF CONTINyYOUS
21 DO 15 113,24 MAINT2
. NO 15 J=1,25 MAINTR
1 A24(1=12,U0)=A26(114J) MAINTG
DO 16 1=121,240 MAINTS
PO 16 J=1,9 MA IN76
16 A240(1-1205J)1=A240(14J) MAINTT
IF (RFCORD-1701) 9911412 MAIN78
! 1 J1516=16 MAINT79
PRINT 13,J1516 MA INBO
GO0 70 9 . . MAINS]
17 I. (RFCORP=3401) 9,22,22 MAINB2
2?2  CALL PRINT MAINB3
STOP MAINB4
. END MAIN8S
Q 270
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$IOFET FYCLEX MO4 4 XR7WNFCK

[aRal

aEa¥s)

(g}

C
P

NN AN

e et e g tein n

CALL RFAD (IUNITsAWKNY THIS
FORTRAN Iv TO 10CS AND ALLOWS THE CALLING PROGR.M | e 1IN
CONTROL IF AN FND OF FILF OR PEPMANFNT RE'URNANCY Tr § 4000 7P A

SUBROUTINE CYCLFS EXTRACTSsCALI-R£T™ 5 AND STORES FOR
OF 100 WORDS

SURRCUT INF CYFLFS (A sMyWORNS
GAJOR U

DIMENSION A{410) +M( 100} ¢WORDS(100)

COMMON /A1/ N12+N1204RECORD TUNET oie  DFJINPIYOOY, 1
IXARRAY{51418) o YARRAY (97 4 183 o JOAL L100 * o 1244 1 00 )

SOMMON /A2/7 J15A26(26426) sh2640{2404: JCY(LF, 1

TATFGFR RFCORNySFT

RECORN=RECORN+1

SURROUTINF PFRMITS A" (a1 Le FROWV

CALL RFEAD (IHUNT (easK o)

NRITF QUT THE FIRST FNOUR RAW DATA RBINARY RECORDS.

10

4

w N

17

1R

7

8

IF (RFCORNGLTSS) WRITE {Ee17) (Al1)e7214410)
FORMAT (9HIA MATRIX/1X/(1Xe8016})

N=N+1

K=NOe. WORDS IN RECORD Ay
PERMANENT REDUNDANCY (N=3)
GO TO (1+243)0N -+

IF (KeFNeot&10) GO 10 7

WRITF (64¢4) KyRFCORDTAPF 4N

FORMAT (12HOTHFRE ARF  +1S43X 41 THWORNDE [N RFCORD 199 IxsSHC™ TAPF
1 sA693Xs2HNZ,15)

CALL FXF™

WRITF (6+5) TAPF +RFCORN,N

FORMAT (323HOEND OF FILF ENCOUNTERFD ON TAPE 4A6911H
13X92HN= 4 15

DO 17 1=13,24

nO 17 J=1,25

A24( 143712060 .

N0 18 1=121,240 \
NO 18 J=1,9

A240(19J)=0,0

RFTURN

WRITE (646) TAPF JRFCORNGN

FORMAT (42HOPERMANENT REDUNDANCY FNCOUNTFRED ON TAPF +A6,
J13H IN RFCORD  +1643Xs2HNz,165)

caLL PRINT

CAL. FXFM

124=N1?

1240=N120

GOOD READ (N=1)s FND 0 FILE (N=21),

IN RECORDs 10y

DO 12 MAJOR CYCLES WITHIN ONE 4.0 (36 ?!T WORD RECORDeFACH C\CLE HAS

100 (12 RIT) DATA WORNS
DO 9 1224276434
CYCLF=CYCLF+1.0
124=124 41

DO 8 J=14100
M(J)=0

CALL A MAP CODED SUBROUTINE TO EXTRACT THE MECESSARY 12 BIT DATA
WORDS AND € nVFRT THF fIMF WORDS TO SFCONDS

CALL XTRACT (A(T).M(2))

CONVERT THE 12 BIT INTEGER WORDS (STORED ONE PER 36 RIT WORD) TO REAL

FLOAT 'NG POINT WORDS AND PERFORM THE NECESSARY CALIBRATION
CALL CALBRT (MyWORNS)
CALL STORE (WORDS)
CONTINUF
RFTHRN
END

n
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SIRFTC STORES M94+XR74DECK

SUBROUT INE STORE (WORDS)

COMMON /A1l/ N124N12CRECORDs IUNIT oM, TAPESINP(100)4JCOL (100) o
"IXARRAY{51518) s YARRAY (5118} 4 JCAL(100),124,1240

COMMON A2/ J15A26(26425)98260026092) sCYCLESSET

INTEGER SET

DIMFENSION WORDSI{100)

00 ! L=1,100

J=JCALILY

IF {JeFQeD) GO TO 1 .

IF (JeGTe6) GO TO 2

IF (JeEQel) [240=1240+1

A260(1240+J)=WORDSIL)

GO TO 1

A26( 1244 J-6)=4ORDSIL ).

CONT INUE

A2411244251=CYCLE/10.0

RETURN

END

- N
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STRSTC SFLFCX DFCKsM944XR7
SUSRONT INF SELFCT (1,1ID)
C FROM THE CALIBRATED DATA STORED IN A24 AND A240 SELECT THE SERIES 1P,
C IP+IPDyIP+2IPD+eeeTO BE PRINTER
COMMON /A1/ N12+N120+sRECORDIUNIT N, TAPESINP(100)+JCOL{1GO) »
1XARRAY(51+18) s YARRAY(51418) s JCAL{10C) 9124, 1240
COMMON /A2/ J14A26(24+25) sA240(260 Q)9 CYCLF oSET
COMMON /A37 PAGE1(504+12) sPAGE2(50:13) +PAGEI(50+12)
. INTEGER RFCORNSET .
1 IF (1sLFel?) GO TO 2
I1=1-12
RFTURN . 3
2 J=10%[-9
. J1=J1+1 ) ~
T PAGF1(Jls 1)=824(1+19)
PAGF1(Jls 2)=A240(J,6)
. PAGE1(J1s 3)=A24(1+6)
- PAGF1I{Jls 4)=A24(1+21) : o
g PAGE1(J1s 5)1=A240(Js1) . . ) -
.- PAGEL(Jls 6)=A24(:1+24) - : s
- PAGEL(J1s T1=A24(1+17) .
T PAGF1(J1, 81=A240(J,3)
PAGEL(J1s 9)1=A240({Js7)
PAGF1(J1+10)=A24(1+4)-
PAGF1(J1+11)=A24(1+5)
PAGF1(J1+12)=A24(1+9)
PAGE2{J1s 1)=A24(1+19) -
PAGE2{ J1s 2)=A24(1+7)
PAGE2(Jls 3)=A24(1+22)
PAGE2(Jls 4)=A240(Js2)
PAGE2( Jls 5)=A24(1,20)
PAGE2{J1ls 6)=A24(1,+2)
PAGE?2(J1s TI=A240( Je4)
PAGF2(J1s B)Y=A240(J+8) .
PAGF2(Jls 9)=A24(1+3)
PAGF2{-J1+10)1=R24(1+23) -
PAGF2(J1+11)=A24(+8)
PAGF?2({J1+12)=A240(J+5)
PAGF2(J1+13)=A240(J,9)
PAGE3(Jls 1)=A24(1,19)
PAGE3(J1ls 2)=A24( 1513}
PAGF3(Jl,s 3)=A24(1+15)
PAGF3(J1ls 4)=A24(T1+14)
PAGF3{Jls 5)=A24(1+16)
PAGF3(Jls 6)=A24i1+11)
PAGF3(Jls T)=A24(1,10)
PAGF3(J1s 8)=A24(14+12)
PAGF3(Jls Q)=A24(191)
PAGF3(J1+10)=A24(1,18)
PAGE3(J1+11)=A24(1+25)

PAGE3(J1+12)=RECORD~-1

IF {JleLTe50) GO TO 35

CALL PRINT -
38 I=1+ID

GO TO 1

END
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SIRFTC PRINTS DFECKsM94,4XR7

14
n

41

32

42

33

43

SUBROUT INE PRINT

COMMON /A27 J13A24(C24+25)9A240(2404+9) 4CYCLESSET

COMMON /sA37 PAGE1(50+12) sPAGE2(50+13) +PAGE2(504+12)

INTEGER SET

IF (J1.EQ.0) RETURN

SET=SET+1

WRITE (6+31) QET

FORMAT (13H1PAGE 1 SFTs 15/ R
C 5Xs4HTIMES10H A IRSPEED,11H ALTITUDEs10H VFRT
1ICAL +5X oSHPITCHy TX s SHPITCH4X 4 SHPITCH,12H STICK POSes13H sTlCK
2RATEs11H ELEVATOR,11H ELEVATOR +8X s 6HNORMAL 732X » BHVELOCITY s 10H
% (ACTUAL) 312H (COMPUTFN) oSX 9 SHRATF 35X o THILOMG G ) 46X s TH{ LONGe ) 45X 46
4HTAB UP,s1llH TAR NOWNs14H ACCFLFRATION/1X)

WRITE (6+41) ((PAGEL(IRsIC)+FLAGI(IRSIC)+1C=1+12)51IR=1,41)

FORMAT (1XgF7-2.A1.F9.2.I\1.FlO.Z.Al.F9.2.Al.F9.2;A1.F11.2,A1.F8.2,
1A14F11e25A14F12623A1 4F10605A1sF10e0,3A14F1342,A1)

WRITE (6+32) SET

FORMAT (13H19AGE 2 SFT’!S/

4% 34HTIMES9H HEADING 94X s GHTURN » 6X s 4SHROLL » 8X 94HR
10LL.5X04HROLL,12H STICK POSes12H STICK RATEs 7XsTHLATERAL S X »3HYA
2“06X03HY»\H98‘4 RUDDER »9H RUDNDER/21X+s4HRATE310H  (ACTUAL)»12H (€
30MPUTED ) 95X s 4HRATE 9 12H (LATFRALY+12H (LATFRAL) 9X4H ACCFLFRAT!
4ONs1ZH (COMPUTED) s5Xs4HRATE s 13X s4HRATE/Z1X)

WRITE (6942) ((PAGE2(IRsIC)IsFLAG2(IRSIC)sIC=1513)91IR=14J1) -
FORMAT (1XoFT7e293A19FTe29A19FTo29A13FFa29A19F11629A19FB8a29A19F11.2s
1A19F11629A19F13,29A19F11e29A1sFBe23A14F7.29A1+F8, ?oAl)

WRITE (6+33) SET

FORMAT (13H1PAGE 3 SETs 15/
C 5X s 4HTIMES11H THROTTLE » 7Xs 3HRPM» 11H THROTTLE
197X +3HRPM,8H SPEEDsS5XsSHFLAPS10H LANDING» 7TXs 6HTHRUST 99X »
25HFVENT 9 9Xs4HTIME » TXs 6HRECORD/ 14X 96 HLEFT) 94 Xo 6HILEFT) 94X 9 Th{RIGHT
3)+10H (RIGHT) » 8H BRAKE+16X94HGFAR,13H ATTENITATOR ¢ 8X s 6HNUMBRFR
438X sSHCYCLEZ 1X)

WRITE (6+43) ((PAGF3(IRSIC)IsFLAG3(IRIC)»IC=1512)41IR=14J1)

FORMAT (1XoFTe29Al9F10e29A19F9.23A13510e29013FFe?23A1 sFTe0sAloF% 2
1A19F9e0sATsF12e03A19F13e09A13F12,14415F12eMN441)

J1=0 ~

RETURN

END
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$IRMAP XTRATC DECK

ERIC

XTRACT SAVE {19244)
CLA 394
STA N1
STA ~~N3
STA [ )
STA N1n
CLA 44
STA N2
STA N4
STA N7
STA N8
STA N12
N1 LNQ TER
ROL 25
" PXA 0
LLs 10
CHS
“N? STO *¥%
’ AXT =12
AXT =11
N3 LDQ LAER!
AXT 394
NS RQL 1
PXA +0
LLS 10
. CHS
N4 STO *¥y2
ROL: 1-
X1 *#4+1929~1
TIX N5s4 91
TXI *+1919~1
TXH N3s19~32
N6 LNQ #iky ]
RQL 1
PXA 0
LLS 10
CHS
N7 sTO *iky 2
RQL 1
T™XI %41 929~1
RQU 1
PXA 0
LLsS 10
CHS
N8 STO *¥ky2
PXA »0
AXT 094
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N9

N10

N11

N12

SFC1

SFC2

RQL
RQL
TQP
ADD
IX1
TXH
1.8
LDQ
AXT
RQL
RQL
TQP
ADD
19.81
TXH
X1

T 8TO

RETURN
DFC
NFC
DEC
DEC
DEC
DEC
DEC
DEC
DFC
DEC

DEC

DFC
PEC
DFC
DFC
DEC
DEC
DEC
DEC

DEC

FND

1

1

*42
SEC1+4
#+1ebs-1
N9s4s-11
*+1919-Y
*%g]

0s4

1

1

*42
SEC2+4
*+]1949~1
N1ls4s-10
*+]1429-1
g2
XTRACT
240
72000
3¢000
28800
14400
7200
3600
2400
1200

600

480

120

60

40

20

10

-
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SIRMAP S0, DECK SEPT NOWDFLL
TTL SIMPLIFIFD 10CS SUBROUTINE
* SIMPLIFIFD INPUT-OUTPUT CONTROL SYSTFM - 21 SFPTFMRFR
¥ THIS SUBROUTINE PERMITS DIRECT CALL FROM
* FORTRAN IV TO 10CS ROUTINES(OPENsREADSWRITEsCLOSE)

E 3

* THE VARIOUS CALLING SEQUENCES ARFE-
CALL CLOSE(NsM)
N=LOGICAL TAPE
M=(0=NO REWINDs NO FOF ON OUTPUT)
=(1=RFWIND, WRITE FOF ON OuTPUT)
=(2=NO REWINDs WRITE EOF ON OUTPUT)
=(3=REWIND, -UNLOAD, WRITF EOF ON ouTPUT)
MODIFIED SI0es TO ETURN THE WORD counr IN K
© CALL READ(NjsA3KsJ)
N=LOGICAL TAPE
A=LOCATION OF DATA AREA FOR READ
K=NUMBER™ OF WORDS TO BE“RFAD

CALL WRITE(NsA3K)
NSLOGICAL TAPE
A=LOCATION OF AREA FOR WRITE
K=NUMBER OF WORDS TO BE WRITTEN
CALL BKSFIL(NsM) .
N=LOGICAL TAPE
M=NO. OF FILES
SPACE 2
'READ CONTRL READXsREADY
WRITE CONTRL WRITXsWRITY
CLOSE CONTRL CLOSXsCLOSY
BKSFIL CONTRL ‘BKSFX»BKSFY

SPACE 2
REM SAVE AND EXIT FOR ALL ROUTINES
SAVE SAVEN (254) 41
SXA LKeDRs &
TRA 1,1
EXIT AXT %,y ] EXIT ROUTINE
RETURN SAVE
SPACF 2
REM CLOSF SUBROUTINE
CLOSX SXA EXIT»1 ‘ .
TSX SAVEs 1 SAVE ROUTINE
CLA® 454 SET REWIND OPTION
PAC 0,1 )
LbQ PREFIX ROTATE PREFIX CONSTANT
RQL 01 TO FORM DESIRED PREFIX
sSLQ CLOSF1+1 PZFwMZF PTWsMON ~
TSX FviO,1 FIND LOC(FCR)

2717

J=STATUS SWITCH(0=GOOD READ)s (1ZEND OF FILE) s (2= PERM REDUN)

s10. 000
S10Cs002

$10CS005
S10CS006
S10CS007
S10CS008
$10€5009
S10Cs010
S10Cs011
s1ocso12
$10C5013
siocsols

S10Cs015
SI10Cs016
$10Cs017

5$10Cs018 |

s10Cs019
$10€5020
$10¢5021
S10¢S022
$10CS023
s10Cs024
S10¢5025
$10Cs026
$10¢s027

S10Cs032

$10Cs034 .

$10€s035
$10Cs036
SI10CSs037
S10CSs038
S10CsS039
SI10CsS040

S10€S042
S10C5043
S10CS044
S10CS045
S10CS046
S10CS047
S10C5048
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CLOSE)

cLOSY

. READX

READS

READ1

QQ

READ2

REAVL3

RFADY

CLA
STA
TSX
PZE
TRA
BSsS
SPACE
REM-
SXA
TSX
SXA
CLA
STA’
CLA
STA
STZ*
TSX
CLA
STA
STA
STA
PAC
LDl
LFT
TRA
TRA
LFT
TSX
LDI
RIL
STI
TRA
LNT
TSX
TSX
PZF
PZE
TORT
LXD
SXA
TRA
AXT
CLA
STO*
TRA
XEC
CLA
STO*
TRA
RSS

Fe
CLOSE1+1
oCLOSE 94
* %

EXIT
0

2

READ SUBROUT INE

FX1Te1
SAVEsl
RFAD2 44
Lot
READ1+3
5¢4

QQ

6+4
FVIO,1
Ee
READ1+1
OPN+1
CLS+1
0,1
1,1
003000
*42
READS
040000
CLS»2
1.1
003000
1,1

*42
040000
OPN,y2
eREAD 44
* %
READ2,4 +READ3
LD
#-1,1
**,l
EXIT
**,l‘

=1

694
EXIT
READ2
=2

694
EXIT

0

STORE LOC(FCB)
CALL 10O IOCs

RETURN

SAVE ROUTINE

FIND READ ADDRFSS

2ERO FRROR SWITCH
FIND LOC(FCB)

FCB WORD ‘2

wAS PREVIOUS USF INPUT
NO» MUST RESET

YESs GO CHFCK OPFN

Is FILE CLOSEN

NOs CLOSE IT

SET TO INPUT {00)

I1s FILE OPEN
CALL TO 10CS

FOF » sREDUN

RESTORE 1IR4
SET EOF SWITCH

RETURN

RESTORE IR4
SFT PFRM RFDUN
SWITCH

RFTURN

278

S10€5049
S10€5050
$10Cs051
s10Cs052
s10C5053

s10Cs054
s10Cs055

S10Cs057
$10¢s058
$10¢s059
S10CS060

S10€5064
S10Cs065

S10Ccs066.

S10C5067
s10CS068
s10Ccs069
s10cs070
S10Cs0T1
s10¢s07?
s10Ccs073
~510C5074
- S10¢s075
s10Cs076
s10Cs077
s10cs078
s10Cs079
s10cs080
s10cs081
s10cs082
s10¢s083
S10CS084
5105085

s10Cs087
s10cso8s
s10cs089
S10Cs090
$10Cs091
s10Cs092
S10€s093
S10Cs094
S10¢s095
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WRITX

WRITES

WRITE]

WRITY

Bl &FX

RSKFL)

BKSFY

OPN

FvIvu

PREFIX
Ee
LK «DR

72-6

SPACE
REM “
sxa
TSX
cLA
STA
CLA®
PAX
SXp
TSX
cLA
STA
STA
STA
PAC
LD1
LFT
TRA
LFT
TSX
LDl
RIL
1
sTI
TRA
LNT
TSX
75X
P7E
10RT
TRA
ass
SPACE
REM
SXA
TSy
TSX
cLa
STA
STA
LXA
CLA*
PAX
TXL
TSX
TSX
pzE
Tix

I N R e S T S et

..-/’—/'j -~ - —f—-"/""f'h
2 : S10C5096"
WRITE SUBRQUTINE S10CS097
FXI1To1
SAVE ] SAVE ROUTINE swcso‘”‘
XY FIND*WRITE ADDRESS S10CS10
WRITE1+2 . $10Cs101
LX) FIND NO WORDS 510c5102
041 S106<102
WRITF14+2,41 | S10CS104
FVIOs1 FIND LOC(FCB) S10CS105
Fe . S10¢S106
WRITF1+1 N 510Cs107
OPN+1 R 510CS108
CLS+! . S10Cs109
041 slocsl1o .
1.1 FCB WORD 2 TO INDICATORS 510cS111
001000 EXAMINE FOR PREVIOUS ACTIVITY 510CS112
WRITES . PREVIOUS NOT INPUT S10CS112
040000 INPUT. IS FILF CLOSED S10CS114
CLSe?2 NO+CLOSF 1T S10CSs115
141 . S10cSlle
003000 SFT RITS FOR OUTPUT (01) S10€5117
001000 .. S1ocsils
1.1 N S10CS119 .
*+2 S10Cs120~=~ -+
540000 1S FILF OPFN 510Cs5121
OPN+?2 NOWOPFN FILF. 5$10csS122
WRITE 4 CALL 7O loCs 510€5123
e S10CS124
AP gt *
FXIT RETURN __ | 51005126
0
2 51065127
BACKSPACFE FILF ROUTINF \ S10cs128
FX1Ts1
SAVE 1 SAVE ROUTINE S10cs130
Fvi0,] FIND LOCIFCR) . 510¢S131
Fo . sS10¢s132
CLS+] S10CS1313
RSKFL 141 SINCS134
LKeDR s&4 S10CS135
4ot FIND NOes OF FILFS 510cs136
041 S10Cs137
FXIT+140 FXIT IF O 510Cs138
CLSs? CLOSF FILF S10c5139
«NRSFLy4 . $10€S140
LAY RACKSPACF | FILF SINCs14)
RSKFL1v 141 * CONTINUF FOR M FILFs 510c85142
£x17 COMPLFTF GO HOMF | S10C5143
0
2 S10CS14u
OPEN AND CLOSF ROUTINF S1Gcs145
«OPH N4 510CS146
" S10C¢S147
142 S10csS1a8
«CLOSF 4 51005149
" siocs1s0
142 510C515)
2 S10CS152
ROUTINE TO LOCATF FILF CONTROL BLOCK S10¢s153
344 FIND LOGICAL NUMRER $10CS5154
*44 S10c5155
FVIO (%8 ,F,) 51005156
1.1 =-FTY=N 510CS157
2 slccslss
CONSTANTS AND VARIARLFSs 5105159
1 S10c5160
THF FOLLOWING CONSTANT ycFD 7O FSTARL IgH s10cs161
OPEN AND CLOSF PRFFIXaBY SHIFTING s10ce16?
WITH THE DESIRFN OPTION cONEy THF NORMAL PREFIXES s10Cs163
OF =1442,=0y AND +0 CAN RF ORTAINFD 510Cs164
s1ocs16”
O S16CS166
. s1ncal6?
279
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¢ IRMAP UNITS
NTRY
olUNYlb4e PZE
UNIT1G FILE
ENTRY
sUN1Se PZE
UNIT1S FILF
EMTRY
sUNibe P2E
UNIT16 FILE

ENTRY

sUN1Te PZF

UNIT17 FILF,

ENTRY
sUUN1Be P2F
UNIT18 FILF

END

174M94 4DFCK

oUIN14e

UNIT14

+»AL1) s INPUT+BINsBLK=410
oUUN15,e

UNITIS

sAL2) 2 INOUT+BINBLK=1080
sUN16,

UNIT16

2A{3)s INOUT+BIN+BLK=1080
+UN17.

UNIT17

sAL4) yOUTPUTSRIN +BLK=1080
JIN18,

UNIT18
*A(5)sOUTPUT+RIN$RLK=1080

280
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' END OF FILF CARD
x1856 92 RFCORDS BY COUNT
SNAM] ITAPE=1,1P=1,1PD=10%
0 1 2 3 4 5 6 0
'0 1 2 3 4 5 6 8
12 1 2 3 4 5 6 13
18 1 5 3 4 5 6 0
V] 1 2 3 4 5 6 -0
(o] 15 27 19 17 19 16 =)
0 15 27 19 17 19 16 13
2 15 27 19 17 19 16 6
19 15 27 19 17 19 16 -3
0 15 27 19 17 19 16 o
0 1 2 3 b 5 6 7
V] 1 2 3 4 5 6 9
15 1 2 3 b 5 6 16
23 1 2 3 4 5 6 24
0 1 2 3 “ 5 6 0
WORDO?2 PITCH 15
3450 3436 3,22 3,08
2407 1.93 177 1,63
70, 60 50 400
-300 -‘00. “50. "600
WORDD 2 ROLL 27
5400 Lo 27 4el2 3,98
2495 279 2465 2450
1e4R 1634 1e19 1405
180 120. 110, 100,
30. 20 10, Oe
"70. "'8(‘. "90. "1009
WORDO4 STICKO 19
016 .60 .78 1.00
259 2484 3,09 3.32
~1449 =10, -Be ~6e
8e 10, 12. 146
WORDOS STICKA 17
«27 045 «81 1,11
3.00 3,28 3461 3.89
1J 146 124 10.
~b, -6 ~8e =10
WORDO6 RUDDER 19
«07 ol o8 1,18
2480 3,00 3420 3440
4. 22 18 14,
~2e -be -6 -8
WORNOT7 AIRSPD 16
e 491 ¢ 7836 «9065 1,019
2723 3.006 - 3,267 34529
Oe 60 e 80
200 220, 240, 2606

OO ODODIINDOOD O
&
- b b b Pt Bt
W

0
[ AW

2,79

200

3.68
2021
0484
80
=20
=120

1,45
3¢ 83
=2
18,

1,69
46459
be

~14e

1,78
4400,
8.
-1bo

14310
4,025
100,
IN0.

281

3453
207
Qe N0
T0.
=30
’1800,

le66
4010

2h,

194

" 5.00 ¢

Lo v
166

?" 00
e 0

-18.
14585

120,

3439
1493

604
=40,

1.88
4oL
20
226

2e24

2017
4489

~22e
leB64

140,

(L]

L i DTN =t DO e O
N > V]

[+ e B« i o o]
N O N
v oNn

2436
=10
3625
1,77
504

=50,

2ol
beTh
be

24,49

2448
O

7240

5400
2

-

-2
24165

160,

@

-~ pas

5]

DCN=OODOD U= DOD MmO
[N B -4

2021
=20,
3.10
1462
40,

=60
2436

XY

20432

1689,



Q

ERIC

PAFullToxt Provided by ERIC

AFHRL-TR-72-6

WORD18
devb

. ‘0595

180,
~20e
WORD28
?.09
052
Ze
~2¢0
WORD3E&
«133
16787
890
120000
WORD39
O
1,424
2.879
lig?246
360
2606
160
60,
WORD4O
475
~24165
T0.
~30.
WORNA4]
—[‘.(}
'7.0
WORN4S
Se 806
Oe
WORD3S1
023

0

»
WCRL 58
«39

Ue
WORDS59
o7
14,28
WORD6O
*56
14,28
WORNG6]

1‘098
-e53
90.
-lc.
]

ROLLRTY

bel3 34595
‘100 '1051
160, 1406
=406 =606
LATACC
1.9 1,74
0636 Ne?29
2¢5 oD
~2e% ~3eN
ALTITD
«163 0225
20100 24397
1000 1507
140004 16000
HEADNG
«128 0281
1367 le711
3,017 3.155
Le282 4e3N8
350 340,
250 2404
150. lan,
50, 40
YAWRTE
4e135 34501
-2.87 =3454
60 . 50
=40 -50.
NORACC
+4 09
#7.0
FLAPPO
3.76 785
20 40
THRCTL
1¢72 2e76
16 32
THROTR
1.82 287
16, 32.
RPMLFT
le& 2611
28457 42.85
<ROMKHT
1432 l1e69
28457 42,85
PITCHR
bLot? 392
-1.08 '10635
80 104
-2C ~30.

FND OF FILE CARD

19
307
'2003
120,
=80
12
1e57

1.5

18
«292
2589
2000,
18900

3e

e 404
le864
3.324
4e334
330,
230.
130,
30,
15
2484
-hel7
406
=60

7

7

3e36
~2e21
604
=40

24545
=2¢545
100,
=100

1.46

1.0

379
3,002
2500,
20000«

«563
240013
3,468
4359
320,
2204
120e
20

2014
~4¢78
30.
=70,

1400
80.

4Leb4
6he

Leb]
64e

3455
T1e4?

2488
Tle42

2079
-2.77
50
-50e

3,616

203 151
~3.,08 ~3e60
80. 60,
=120 =140,
1430 1e15
5 Qe

«450 o647

34309 3596
3000, 4000,
22000e 240006

« 701} ¢ 840
24151] 247305
3,700

3106 INNe
210 200,

110. 100,
14425 « 705
20 10.
o1l
100,

4428 500

85.71 100,00

3445 4400
85¢71 100400

2423 leb66

-3e34 ~3490
4o 30
~6Ce =TCe
282

160
~bel2%
406
=160

7499

~e5

«896
34908
6000,
26000,

«988
26748
34912

290,
190.
90.

Oe

Oe

1,095
~4 o &5
204

“80¢

1e206

80010,

14137
2581
4,00t

280,
180.
‘80,

~e73

~10.

¢ 545
~4e99

10.
-90.

Oe

(b7

"10’)

le480
10000,
1.280
2¢720
4517
270,
170,
T0.
~1le45

=700

Qe
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GUTHRE ’ 1714768
CALPTR EFN  SCURCE STATEMENT = IFN(S) -~

SUBRCLTINE CALERT (M,WCROCS)

CIMEASICN MOLLC),WCRES (1)

COMNMCN /AL17 NI24¢N12GIRECGRD IUNTT N TAPE JINP(LICC) 4 3COLELITOY
3 IXARRAY(51,18) ,YARRAY (51018 ¢JCALCINU), 12991240

CO 1 L=1,1CC

A= INP (L)

IF (NP} 2,743

7 WORLS{L)=0.0

Ge TC 1
: : 2 1G6C==AP
5, § ’ G0 TC (44546,8)016C
: 4 WORLS(L)=0.0

WORC=M (L)

VOLTS=2.n46512819aBSEWARD)I=(.1256
I7 (WCRC.LT.0.T) VCLTS==VOLTS
IF (VCLTS.CGZ.1.0) WORDSIL)=1.0 A
GC TC 1
s WORLS(L)=M (L)
0 TC 1
& - MLYz=N{L)
C EVENT NUMBER P S 200 ICO 8C 40 20 10 8 = 2 1 THAT IS BCD ANO KOV
C  BINARY CCUNT
Mlz(M(L)/256)%100
F22NCOIN(L)256)
MlaN1e(NV2/16)%1C+NCOIM2,10)
WORCE(L)=MY
G0 TC 1
[ WORE=N (L)
VOLTS =1, 9051281 2ABS (WORD ) =C . 1256
1F (WCRC.LT.%.2) VELTS==VOLTS
WORCS{L)=VCLTS
60 TC 1
3 WORL=¥V (L) -
VOLTS=C.06512619A8S (WORD)=C.1256
IF (WCRC,LT.0.0) VCLTS==VOLTS
J=JccLiny
CALL AITKEN (XARRAY(1,J)¢YARRAY(14J),VOLIS WORCS(L)DIF,51¢NP,1 KL
ledJd) 49
1 CONTIALS
RETLRA
ENC

283
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M=MAXINMUNM CIMENSICN OF X ANC Y VECTCRS

GLTHRE

AITKA - CEFN .

SCURCE STATEMENT

- IFN(S) -

SUBRCLTINE AITKEN (X)Y XIoYIsDIF My NyINTK1yJ)

CINENSICN X(M) ,Y(M)oXX(11)»YY(11)»CIFF(11)

CICK TC CRCP THE FIRST BAD PGINT FROM ZITHZR SIDE ANC CONTINUE

N=NUMBER CF PCINTS IM -THE X AND Y VECTORY, YHIS CALL

LEFT ANC CHANGE (LRS=1)

X=4 5 678

LEFT ALWAYS (LRS=3)
XI=5.¢

PARAFZTERS

9¢
50¢C

6CO

8CO
9C0o

160C
179¢C

180¢

1s0¢
20G%
210¢

X=INCEPENDEAT VARIAGLE
XT=GIVEN X
K1=POSITION CF THE LEFT MCST X USED

YI=REQUIREC Y

INTEGER Z

J=1"

CIF=C,$
CIFF{1)=1.CE37

Kl=

vi=¢,3

IF (N.GT.X) GC TC 99
WRITE (&,4) N

FCRMAT (3HIN=,112,2X,5CHTHERE ARE LESS THAN TWO POINTS IN THE (X,YAITKNGC23

1) TABLE.)

CALL FXEM

IF (XU1)eGTX(N)) €O TC 19062
IF (XI-X{1)) S5%5,654y8(3
K=} .

LRS=4

GO TC 283

Kl=1

YI=Y(1)

RETURN

IF (XI=-X(N)) 12€7,930,1100
Kl=N

YI=Y(N)

RETLRA

K=N

LRS=2

GC TC 285¢%

L=l -

LU=n

IF ((LU-LL).EQ.1) GO TC 1463
LI=(Lu+LL) /2

IF (xI-Xx(LI)) 1800,170C, 1620
testt

GG TC 1370

Kl=LI

YI=Y(L])

RETLRA

Lu=L!

GO TC 1332

IF (XI-X(1)) 2CCLy630,500
IF (XI-X(N)}) 11C5,900,210C0
L=l :

Y=DEPENCENT VARIABLE

284

RIGHT ANC CHANGE (LRS=2)
RIGHT ALWAYS (LRS=4)
K WOULD 8E 2

N=NUMBER POINTS

J=THE NUMBER OF POINTS USED

Q7714765

AITKNCS
AITKNG. 2
AITKNG33
AITKNCZ4
AITKNG.S
AITKNC:6
AITKNG.7
AITKNCS8
AITKNGZ9
LITKNClu
AITKNG11
AITKNCL2
AITKNC:3
AITKNC14
AITKNCLS
AITKNS16
AITKNCLT.
AITKNC18
ALTKNCL9
AITKNGZO
AITKNGZ1
AITKNC22 6

AITKNC24
AITKNC2S 7
AITKNC26
AITKNCZ7
AITKNCZB
AITKNCZ9
AITKNC3D
AITKNG31
AITKNC22
AITKNG33
AITKNC34
AITKNC3S
AITKNC36
AITKNC37
AITKN(38
AITKNC39
AITKNC4AZ
AITKNG41
AITKNC42
AITKNG43
AITKNC44
AITKNG4S
AITKNG46
AITKNC4T
AITKNC48
AITKN(49
AITKNCSO
AITKNISL
AITKNCS2
AITKNSS 3
AITKNG54
AITKNCS5S5
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Ltu=1.
2250 IR ((Le-LL).FC.1) 60 TC 16,
LI=(LL+LU) /2 -
IF (XI=-X(LI)) 2427,170C,252)
240C LL=L1
Ht TC 2223
250C LU=L1
6G 10 2227
14G6% «=(L
Les=2
280C Kl=K
IF (INT.3C.T) RETURN
[pg=C
LI=X(K)~XT
YY(J)=¥YiK)
290C -IPS=1FS+1
320 J=J+1}
IF (J6T411) GC T8 58.:¢
IF (J.LE.\) GO TC 3734
SEIT J=J-1
YI=YY(J)
CIF=CIFF(J)
TTLRA
37CC G0 TC (2R0C,41204355304223)4LRS
380C LQS=Z
350 K= -IPS
IF (X.GT.2) €0 TC 4533
IF (LRS.EC.3) GC TC S8
4C0C K=K+1FS
trs=4
12g=1
te TC 371
4107 Lus=l1
4Z2CC K=X+IPS .
IF (K.LZ.A) £0 TG 4530
IF (LRS.EC.4) GC 7TC sSHBC
4323C x=K~IPS
LRs=12
Ipe=t
Ge TC 370
453C XX J)=X(K)-XI
YW=y {¥)
tn=3-1
.0 2620 I=i,L0
Tl=xXx(J)-Xx(1)
IF (TL.NELS.7) GC TC 4&ul
WITE (£,3)

3 FORMAT (27 CIVISICN BY ZERC IN AITKEN)

WRITF (£el) XI'KIQJ'(X(Z,'Y(t,'l=1'N)

1 FIRNMAT (IHC,1PS27.6,2119/71X/7(LX,1P2E20.6))

CALL FX=¥

463 YY LI =YY (ID*XX(J))=(YY(I)#XX(TI)))/TY

EIFF(J)=ABRS(YY(J)=-YY{I-1))

[F (CIFFLJ).GELLIFE(I~-1)) GO TO 597,
IF INJLTKI) KI=K

IF (2-LRS) 3341,2972,290°

5L THRE

AfTEN - EFN SCURCE STATEMENT

285

AITKNGS6
ATTKNCS7
AITKNGS®E
ATTKNCS9
AITKNGES
LAITKNGEL
AITKNLG2
AITKNCE3
Al TKNCS 4

.ATTKNCES

AITKNCES
ATTKNLET
AITKENCSES
AITKNGE9
AITKNC7S
AITKNGTE
AITKNGT2
AITKNG73
LITKNGT S
AITKNC?S
AITKNGT6
ALTKNGT7
AITKNG78
AITKNGT9
AITKRGHY
LITKNCER
AITKNCB8Z
AITKAGES
AITKNL 24
AITKNCAS
AITKNCHO
AITKNCB7
AITKNC3S
AITKNLES
AITKNCSD
AITKNCS L
AITKNGSZ
AITKNCY 3™
AITKNLSS
AI TKNCSS
AITKNCS6
ATTKNCS7
LITKNCI8
AITKNCY9
LITKRN1ISO
AITKNLISL
AITKNIC2
AITKN1L3

ATTKNL.4
AITKNLICS
AITKNISO
LITKN1ST7
AITKNLICS
AITKNLZO

ST/14769

123
124
133
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03/726/10
RESOLV - EFN SCUKRCE STATEMENT = [IFN(S) =~

DIMENSICN ARAY(976GG)
NDIVENSICN TERR(12)
- DIMENSICN A(120,9)4,8(12,25) yEVNI{50),XCNT{50) ,DEL{10)
DIMENSIGN ARXZ(S50,1C),AR(50,19,12) ,ARTCT(SC)
DIMENSICN IRTF(S0 )y SUM(12) . P
COAMON AR AY  DELTA Vo RESCLyCCULNT W, TKEEF, L
CCMEIN TERR
REACIS5,57C) Ny ¥, IMCN,ICAY,IYR 3
WRITE(6,1GCT) [¥CN, [CAY, IYR
WRITE(6,12C2)
1773 FORMAT(13K VAR [S PITCH/IH /)
- REAR(S5,S01)(EVNDL T),1=1,N) .
REAC(S, 521 (XCNTIT)41=1,4N)
REACIS,EN2)(DEL(T )y I=1,V)
READ(S,T3C)LIRTF( 1) ,1=1,N)
737 FORMAT(1415)
- 5§07 FCRMAT{SIS) :
: 501 FORMAT(12FE,D) :
; SN2 ECRMAT{12FE,2) : :
513 EORMATIBFB.4)
WRITE(6,10C1)
70 20 1=1,M
22 QEACCLI6) L LALTIY,JY),o1Y=1,120),dY=1,9)
READ(LEIL(BITY W JY ), IY=1,12),45Y=1,25)
DN 21 J=1,12
T TX=ANOD{B(J18),10C. ")
TFIEVND(TI)-X)21,3,21
21 CCNTINUE
GN 10 22
3 [A=1
27 REACULIGIILACTIY 1 JY ),y 1Y=1,127),JY=1,9)
DEAD(LS)L(BLIYJY ), IY=1,12),43Y=1,25)
3G 5 K=1,129 .
IF(K=1)121,101,10¢C ‘
197 IF(A{K,6))820,801,RC]
N1 TF(A(K,6)~-250,)802,802,€0C
8n2 TFIARSIA(K,2))-36C,)8C3,823,800
23 1F(R(K,6))8C0,800,1C1
, RO ARAY(IA)=AREY(IA-1)
: GO 10 5
101 ARAY(TA)=A(K,1)
S TA=1A+1
X=18710
TF(X=XCNT(1))3746,46
6 1A=1A-1
RESCL="0
WRITE(6,1C19)
171 FORMAT(IH /)
NI 5N K=l ¥
DL.TA=0,71
V=DEL (K} . : .
L=14
CALL TSTRFE
17°17 FORMAT(IH1,5Xy32HSAMPLING ANALYSIS FGR FLIGHT CF  12,1H-12,1H-12/
114 /)
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RESOLYV ~ FEFN

SOURCE STATEMENT

IFN(S)

03/26/10

1001 FORMAT(1H 45X +4HSAMP,2X,3HNC.+,6X, 11HTIMES WORST/32H EVND RATE SAMP
1 RES, EXCECe ERR¢4Xe4HTIME ¢ 2X94HD~05y1X966H,5=10 1=1o5 1o 524 2-2
205 Z45-3 3-2,% 3,8-4 4-5 5-10 19~20 GR-20/1H /)

ARITEL6W1CECZIEVND (T ), Vo LyRESCLCOUNT o TKEEP, ( TERR(KL) yKL=1,12)

1nn2 FORNATIFG e DyFE a2y IS4)F5419F640)FB43,F642,12F6,0)

ARXZ( 1,K) =COUNT
AR(I,K,1)=TERR(1)
DO AND KL=Z,12
KM=KL -1
607 ARIToK oKL ) =AR{ I ,K ¢ KM)+ TERR (KL)
59 CCNTINUE
ARTCT(1)=L
27 CCNTINUF
00 €92 1=1,N »
DO €02 J=1,¥ .
00 601 K=1,12 ’
601 AR(T,J oK) =ARET,JyK) ZARXZ (1 4d)
602 ARXZ{1,J)=ARXZ (1, J)/ARTGT(I)
WRITE(6,6C?)
DO 605 I=1,N
WRITE(6,6C7)
DO 604 J=1,M

WRITE(645C6)EVNDL 1) 4DEL (J) g ARXZ(T yd) g (AR(T4J,K) 4K=1,12)

504 CONTINUE
695 CONTINUE

603 FORMATILIH /1H /6H EVNC,4Xe3HDEL, 4X4HGT C,4X,

ISHLE .5.3X.EHLE IOOZXQCHLE 1.513X.5HLE 2.'
22XeEHLE 24593Xy5HLE 2,4 2X,6HLE 3,5,3X,

35HLE 4.493X9SHLE 5,.42X,SFLE 10,
43Xy SHLE 2C43X96HLE INF/1H /)

606 FORMATIFS54C92KoF60292X9Fbely2Xy12(F643,2X))

607 FORMAT(IH /)
DO 759 LM=1,3
N0 752 J=14M
WRITE(6,6C7)
N0 751 tXx=1,12
751 SUMILX) =0,
00 753 1=1,A
IMT=IRTF( 1)
TF(TMT—LM) 783,754,752
754 DN 7155 K=1,12 ]
755 SUMIK)=SUM(K) +AR( 1,4 J,K)

WRITE(A,6C6IEVNDL 1) 4DEL {J) 9 ARXZ(I ¢ J) ¢ (AR(T,J,K) ,K=1,12)

753 CONTINUE
WRITE(6,78C){SUMIK) 4K=1,12)
789 FORMAT(23X,12(F7,3,1X))
152 CONTINUE
750 CCNTINUE
STae
END
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3
3

~N

2
2

o

TST - EFN

SUBRNUTINE TSTRE
DIMENSICN ARAY(97CO)
NDIMENSICN TERR(12)
DIMENSTON ANUM(13)

CCMMON ARAY ¢NELTAV,RESCLCCLNT, W, TKEEF, L

CAMMON TFRR

no 1 t=1,12

TERR(T) =],

ANUM(1) =9,

Ny 2 1=2,8

ANUM(T) =ANLNM([=1)¢,5
ANUN(9) =4,

ANUN(1C )=5,
ANUM(11)=13,
ANUN(12)=2D,
ANUM(13)=19000,
TKERP==1,0
W==1000,

A=V/DEL TA

CCUNT=N N

LFT= L=-M

N0 20 J=14LET M
P1=ARAY (J)

KT=J4M

D2=BRAY (KT}

NMR=j=1
T1=CMR*DELTA

DMR=K T-1
T2=CMR®DELTA.
XML=(P2-P1)/(T2~T1)
XLS=Pl=XML=T1
KAX=J+1

KAY=J4M=]

90 41=KAX,KAY
DMR=1-1

T=CMR*DELTA
TEST=XML*T+XLS
X=ARAY( [})~-TEST
X-X=ABS(X)-RESCL
TE(XXVY444,4¢
CCUNT=CCUKT+1.1

N0 2 K=1,12 ,
IF(XX=ANUN(K)})}3,3,3D
TF(XX~-ANUN(K+1))32,22,2
TERR(K)=TERR(K)+1.9
CCMTINUE
IF{XX=-W)446,456

W=XX

TKEEP=T

CCNTINUE

CCNTINUE

RETURN

END

SOURCE STATEMENT
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APPENDIX V
EXTENDED ANALYSIS OF THE NORMAL LANDING TASK
J. F. Hixson, Lt Colonel, USAFR
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1. INTRODUCTION

Measurement analysis of the 360° overhead traffic pattern involves a
sequential examination of the individual and combined aeronautical and
procedural skills incorporated in this maneuver. For purposes of
interpretation of data and analysis of skills involved, the flight
maneuver is broken into eight phases. This maneuver conforms to the
360° standard overhead pattern for the T-37 as outlined in ATC Manual
§1-4, (Reference 4).

The eight phases are as follows (See Figure A):

IA Entry

18 Approach to Runway (Overhead)

I1 Initial Overhead to Pitchout

II1 Pitchout and First Quarter Turn toward Downwind (0° to 90°

turn)
Iv Second Quarter Turn to Downwind (90 to 180° turn)
v Downwind

VI First Quarter Turn to Final (180 to 270° turn)
VII Second Quarter Turn onto Final (270 to 360 turn)
VIII  Final Approach

2. DISCUSSION OF MANEUVER SEGMENTS

a. Phases IA and B, Entry and Approach Phase of Normal

Overhead Pattern (See Figure B)

The student discerns a heading that is 45° to the heading of the
active runway (the runway to be landing on). He approaches the field on
this heading at an altitude of 1000 feet; airspeed 200 knots; RPM 80%
(approximately) t- a point where his 45° turn will place his aircraft on
a fligﬁt ggth that will begin at least two miles from the approach end of
the active runway and on a ground pattern that would describe a line
directly down the center line of the runway.
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Figure A. Task Segments for 360° Overhead Landing Pattern




AFHRL-TR-72-6

uIllleg PEIAYIAAD ,09¢ JO seseyd yoeoxddy pue Aajuz g dan3yl

,

(‘'x01ddy) % 08 WdY
$iN 002 Ppesdsiy -
14 0001 *PMINIY

SOlIN 2 wnuwiuinW

sy

U 19U O}
oSP WiDd b1 Lnu3

294




AFHRL-TR-72-6

b. Phase II, Initial Overhead to Pitchout Phase of

Normal Landiag (See Figure C)

The student maintains an altitude of 1000 feet; 200 knots;
RPM 80%, to a point at least 3000 feet beyond the approach end of the
runway, and not beyond the halfway mark of the runway. Some where
within this region the student executes his pitchout. At pitchout, he
banks the aircraft (not over 60°) and retards his throttle setting to
one of 50-60% RPM while maintaining pattern altitude (1000 feet).

c. Phases III and“IV, Pitchout, First and

Second Quarter Turns to Downwind of Normal

Overhead Pattern (See Figures D and E)

The pitchout initiates a continuous 180° turn by the student,
with consideration given to wind conditions. When properly executed,
rollout will be accomplished at a point even with the pitchout
initialization point and on a parallel path to the active runway. This
part of the flight path is called the downwind leg. Throughout this

“turn, an altitude of 1000 feet is maintained. Additional back pressure

(hence trim) 1is needed to maintain the altitude because of the decrease
in the power setting at pitchout (50-60%).

d. Phase V, Downwind Leg of Normal Overhead Pattern

(Figure F)

As rollout on the downwind leg is accomplished, the student
lowers the speed brakes to reduce the airspeed to 150 knots or lower.
As the aircraft passes below 150 knots, gear is dropped and airspeed
continues to drop off.  Throughout these operations, an altitude of
1000 feet is maintained and increased power setting may be necessary to
hold airspeed and altitude. An altitude of 1000 feet is maintained
throughout the landing pattern through the point ot flap lowering. At
no time on the downwind is the airspeed permitted to drop below 120 knots.
(Increased power setting may be necessary as‘drag increaes to maintain
airspeed and altitude.)
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Pitchout Poim/‘:\

Altitude 1000 f_t
Airspeed 200 Kis
RPM 80% (Approx.)

More Than 3000 1 Out
Less Than Halfway

Down Runway

Figure C. Initial Overhead to Pitchout Phase of 360° Overhead Pattern
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‘s

90° Turn

From Pitchout Point

Altitude 1000 1
Airspesd Decreasing
From 200 Kis
RPM SO-60%
Bank € 60°

Figure D.

Figure E.

Pitchout and lst Quarcer Turn Phasc of 360° Overhead Pattern

1

From Pitchout Point

90° Turn

< Roil -0ut Onto Downwind

Aftitude 1000 f1
Airspssd Deacreasing to
Approx. 150 Kts
RPM 50 -60%

2nd Quarter Turn to Downwind Phase of 360° Overhead Pattern
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Rollout Onto

Downwind Extend Speed Brckes

Altitude 1000 ft
RPM 30 -60%

Extend Londing Gear

Airspeed:

Point A: Under 200 Kts
Point B: 150 Kis or Below
Point C: 135 Kts or Below

Minimum Airspeed on Lower Flaps
Downwind Leg 120 Kts -
Initiote Turn Onto
Final To Provide
Rollovt +§ Mile From
End of Runwoy

Figure F. Downwind Phase of 360° Overhead Pattern
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e. Phases VI and VIII, First and Second Quarter Turn to

Final Phase of Normal Overhead Pattern (Figures G and H)

A descending turn is initiated with a decrease in airspeed to
110 knots. The student takes into consideration the wind and distance
from the runway so that rollout will be made at a predetermined position
at least one-half mile from the end of the runway with an altitude of at
Jeast 300 feet. At no time is the bank to be over 45° or the airspeed
to be less than 110 knots. -

f. Phase VIII, Final Approach Phase of Normal

Overhead Traffic Pattern (Pigure I)

The student will rollout on the final approach at least one half
mile from the approach end of*the runway at an altitude of no less than
300 feet. The rollout should be at such a heading as to result in a
ground path in line with the runway. Airspeed is lowered to 100 knots
during the final approach and letdown.

3. NARRATIVE DESCRIPTION OF THE 360° STANDARD OVERHEAD
TRAFFIC PATTERN AS OUTLINED IN ATC MANUAL 51-4*
Entry into the landing pattern is initiated at a 45° angle to the
aétive runway. A1l turns in the maneuver are in the same direction,
" depending on whether the pattern is a right or teft hand pattern. Initial
pattern altitude is 1000 feet and pattern airspeed is 200 knots
(approximately 80% RPM).

Initial leg of landing pattern is in line with and cver the center
line of the active runway.

After a position betweén 3000 feet from the approach end of the
runway and one half of the runway is reached, oitchout is accomplished.

*Throughout the entire flight pattern, the student will be expected to
execute coordinated flight maneuvers and evidence a smoothness in the
execution of procedures. Proper clearing of area, adjustments for
wind, traffic, and understanding of necessary cockpit preocedures are
assumed within the realm of capability and understanding of the student,
as well as the expected procedure for the 360° overhead standard pattern.
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Altitude 1000 ft; Begin Descent

Airspeed Between 120 and 135

Kts, Decreasing to 110
in Turn

Bank < 45°

Figure G. 1lst Quarter Turn to Final Phase in 360° Overhead Pattern

Altitude 300 ft at Rollout
Airspeed 110 Kts
Bank < 45%°

S~ Roltout onto

Final at Least
-%Milc from

Runway

Figure H. 2nd Quarter Turn to Final Phase of 360° Overhead Pattern
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Altitude 300 + ft
Airspeed Reduction
From 110 to 100 Kts

+ Mile

Roltout
Onto Final

Figure I. PFinal Approacﬁ Phase of 360° QOverhead Pattern
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This constitutes a nearly simultaneous bank in pattern direction, and
reduction of power to between 50 and 60%. (If one is to precede the
other, bank should precede reduction in power.) The bank is not to
exceed 60°.

In maintaining pattern altitude of 1000 feet, there is a continuous
180° turn designed to bring the pilot out on the downwind 1eg position
of the pattern. The rollout for downwind should be accomplished
approximately in Tine with the pitchout position to initiate a ground
pattern parallel to the active runway. During the turning interval, -
the pattern altitude of 1000 feet is maintained as airspeed decreases,
due to the reduction in power. )

After the roliout on downwind is accomp1ished) speed brakes are
applied to bring the ajrspeed down to 150 knots or below. The aircraft
should be approximately one half of the way on the downwind leg. Gear
should be dropped at this point, continuing the reduction of airspeed
to 135 knots of below (never below 120 knots). Pattern altitude of
1000 “eat above the terrain should be maintained at all times.  Power
necessary to maintain airspeed and altitude should be used.

Wing f'aps should L iropped prior to initiating turn that will
bring the aircraft out on final approach. THIS SHOULD BE DONE WHILE
AIRCRAFT IS STILL IN LEVEL POSITION, AIRSPEED LESS THAN 135 KNOTS, BUT.
NOT LESS THAN 120 KNOTS, AND ALTITUDE STILL 1000 FEET.

Initiate continuous turn onto final approach; bank-is not to exceed
45°.  Nose is lowered to begin descent, and airspeed is decreased to
110 knots in the turn. Turn and descent is Jjudged to permit aircraft
to rollout on final approach at least one half mile from the end of the
runway at an altitude of NOT LESS THAN 300 FEET.

A straight descent is maintained until touchdown. Airspeed is
decreased to 100 knots for final approach.
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4. Skills Required

Mastery of the 360° Standard Overhead Traffic Pattern is
mandatory prior to a student's ability to fly an aircraft solo. The
skills involved in this maneuver will have been presented .. the studeni
as individual skill techniques prior to accomplishment of the landing"
pattern. Measurement- of the.basic skills are of prime importance in
ascertaining proficiency. The skills in mention, and the areas of the
maneuver in which they are employed, are defined as follows:

Directional Control. The skill of being able to determine and
maintain a heading, determine and maintain proper ground track depending
on wind conditions, rollout on a predetermined heading from varying
degrees of bank from level, and ascending or descending f1igh£.

Altitude Control. The skill of being able to maintain altitude,
level off at a predetermined altiiude either from a climb or descent;
maintain altitude with varying airspeed or with varying degrees of bank,
and in a rollout from a banked turn within varying degrees of bank.

Airspeed Control. The skill of maintaining a desired airspeed,
or establishing a desired airspeed, the ability to change an airspeed,
then establish the attitude to hold the airspeed as in a descent, or
the skill to establish the attitude to attain a predetermined airspeed.

Rolling Into and Maintaining a Desired Bank (Without Varying).
The ability to make a coordinated turn without varying airspeed or
altitude, and the ability to roll into and out of this turn without
over-controlling. Also, the ability to rollout onto at a predetermined
heading.

The skill-composites and knowledges that need to be considered for
measurement are:
Straight and Level Flight. The ability to maintain the aircraft in

straight and level flight involving the maintenance of heading and
altitude.
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Level Turns. The ability to make a coordinated turn without losing
altitude or over-controlling to maintain proper bank.

Descending Turns. The ability to maintain the proper airspeed,
bank, and rate of descent without excess banking.

Maintenance of Altitude at Varying Airspeed or Power Setting. The
ability to maintain a given altitude while varying the power setting.
In the traffic pattern maneuver, this involves reducing the airspged
while holding altitude.

Straight Descent. The ability to maintain directional control of
the aircraft while losing altitude at a given airspeed and a constant
glide angle.

Varying Degrees of Bank. The ability to coordinate a roll into the
desired bank and maintain this bank without loss of altitude, unless so
desired. Also, the ability to determine and hold a prescribed degree
of bank.

Ability to Judge Rate of Turn. The ability to predetermine the
position to initiate a given rate of bank, or alter a rate of bank
within 1imits in such a manner that the rollout places the aircraft on
the desired ground path. .

AbiTity to Rollout Onto a Desired Heading, The ability to place
the aircraft on the desired heading after completion of a turn.

Abitity to Determine Wind Drift and Angle. Basic knowledge of wind
and wind drift angles that permits rolling out to a predetermined heading
that will effect the desired ground path.

Knowledge of Procedures. Basic knowledge of aircraft procedures
for landing and for the landing pattern that will produce dasired changes
in airspeed, altitude, direction, etc., at the prescribed position
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in the landing pattern are essential to accomplish the landing pattern
as prescribed.

The student is expected to execute coordinated flight maneuvers and
demonstrate a smoothness in the execution of procedures throughout the
entire flight pattern.

5. 'PRELIMINARY PERFORMANCE MEASURES FOR THE

NORMAL OVERHEAD 360° TRAFFIC PATTERN

Patterns will present different profiles because of the different
procedural requirements due to such variations as single engine landings,
touch and go landings, right or left hand patterns, and patterns
executed with varying degrees of flaps. In general, measures should
address at least the following parameters:

Altitude.  Measurement of how well the pilot's altitude compares
with ATC criteria throughout the maneuver. Measures ability to maintain
altitude through different power settings, while accomplishing cockpit
procedures. '

Airspeed.  Measurement of how well the pilot remains within the
ATC 1imits as he follows the normal procedure for the landing pattern.

Degree’of Bank. Measures the pilot's ability to accomplish a 180°
turn without exceeding a given maximum bank, and his ability to judge
the necessary angle of bank needed to complete the turn within a certain
area, rolling out at a prescribed position on a definite heading.

Vertical Ve]ocity. Measures the ability of the pilot to transition
from level flight attitude to a descending attitude and to anticipate the
required rate of descent.

Attitude. Determines the pilot's ability to hold altitude by
changing the attitude at different power settings.
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RPM. Measures how well the pilot conforms to ATC standards and
procedures throughout this maneuver for either normal or single engine
performance.
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APPENDIX VI
EXECUTIVE PROGRAM FOR LAZY 8

This program reads the calibrated data, performs
basic computations (estimated ground speed,
altitude-change, and degrees of turn), prints
data at a sampling rate of 2/second, calls the
measurement subroutine, and generates plotting
data.
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KNGOP .
LazZvy3 - EFN SOURCZ STATEMENT = [IFfN(S)

CPRINT M£2SUR® VARTABLES FUR LAZY 6 MANEUVER

601

200 WRITE (5,301) TXMEQA(XA02)QA(XAQ1)08(107)08(106)0‘(1‘06)08(1'15)'
IBCL,16) 0 ACTA,3) o ACTA,4) s TURNSGS o ALTX

201

~n

ERIC

Aruntoxt provided by Eric

DIM.NSION AR(104835)

OIMENSION 2(12099)038012+25)95VND(25)
DIMENSION XCNT (25)

DIM NSINON 2ZX(120),2Y(120),DATA(438)
COMMGN ARy L

CALL PLAOTS(DATA.438)

CALL pLOT(0.0'O.B."3,

ICOUNT=,

IEV=1

READ (5,500) N

RIAD (5,501) (ZVNO(1)s1=z1,N)
READ (59501) (XCNT(1)yI=1yN)
ITEYT=-10

RIALILS) ((A(T9J)0121,120)4921,9)
READ(LO) ((B(Lod)yl=1912)9021,25)
00 29 I=1,12
X=Ar0D(B(1418),100.0)
IF(=VNO(IEV)=X) 2932

IFCITESTY 495,45

WRITZ (443C0) 2ZVNO(IEV)

L=

TiMi=20.9

ITEST=

[A=10%(1~1)4]

L=L+l

AR(1yL)=A(1A42)

AR(2,L)=A(14,1)

AR( 24 L)=B (1,7}

AR(a,L)=B(146)

AR(Z L)=4(1A,46)

AR(£4L)2R(1415)

AR(74L)=B(1,16)

AR(SyL)=A(14,3)

AR(Y9,L)=8(1A,4) ‘
AR(10,L)=B(1,9)
ANL=3,14139265%AR(2,L)/7180,u
SXLR=SIN(ANL)

CXLK=COS(ANL)
ALTX=SXLR*AR(5,L)*6080.0/36J0,0
GS=CXLR*AR(5,L)
TURN=AES(AR(3,L)=AR(3,1))
IF(ICGUNT~4) 201,200,201

TIMz=TIME40.5
1COUNT=2

60_T0 600 o ‘
ICCUNT=1COUNT41 £
GO 10 60C

IFCITEST) 20,747

CONTINU?

CALL ELAZYS

_REAL(5,500) 1VPLOT

IF(IVPLOT) 7T00+82,82
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£STAR
82

90

92
91

93

94

KNLOP 15713769
LA7YYS - £EFN SUURCE STATEMENT =~ [FN(S) =~

T PLLT RUUTI NS

KK={

DI 90 IX=l,L,413

KK=KK+1

ZX(KK)=24R(1,EK)

ZY{KK)=AR (2, IK)

CALL SYﬂBQQ(“U.bv‘lova.l'£5HROLL VS, PITCH FUR LAZY 8,0,25)

CALL SCALE{ZXs10e0,KKy1910.2)

CALL SCILE(ZY99404KKols10.5)

CALL LIHE(LX9ZY9KKylololl)

CALL AKIS(3.04040414HRILL (OEGREES)'°14'10.O'DQCvZX(KKOI)'ZX(KKOZ)
1+10.0)

CALL AXIS(040,Ce0,ISHPITCH (DEGREES)v1509.0'90.531V(KK01)le(KK’Z)
1¢19.0) :
2X(1)=G,

IX(2)=40,

IX(z)=EG,

IX{4) =47,

X(3)1=7%,

WMX=0. UL .

D0 ol LA=1%KK

VSABS(LZY(LY))

IF{V=4AMX)9]1,91,92

MX=V

CONTINUR

Yily=n,

IY{Z ) =X

ZYi:) =y,

LY (4 )==iMX

A MRS RN

D0 93 Lazs,y1n

LR=|,4=5

IX(LA)==2X(LB)

ZyiLa)=zvyiLy)

IX(IU)=2X KK+ 1)

ZXL12)=7X(KK+2)

ZY(11)=2Y(KK+])

IYLL2)=2Y(KK+2)

CALL LINE(ZX42Y9104140,0)

CALL PLUT(1ZeCole9=2)

K=’ .

D) 94 IK=lebL,12

KK=kKe]

X (RK)=KK

Y (KK)="R(1,1IK)

CALL SY¥BOL(=UsSe=1,10C, 19 s4HROLL Anwh PITCH VS, TI¥Z FOR LAZY LY Y
134)

CALL SUALA(IX010eD9KKe1410402)
CALL SCALE(ZY19e01KKp141045)
CALL LI UIXgZYoKKyLlylyll}
Call. AXISU3.04Je0, 11T 1M (SECO“DS,'“IQ'IOQG'QQ)OZX(KKOI)'ZX‘KKOZ’
141%.9)

caLL AXI5(0.0'300'7HDEGREES'709.0'90.3:ZY(KK01).ZY(KKOZ)'IO.O)

KK =(

DN 95 Kslelely

KK=hK+]

®
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93

96

97

99

80

Q

RIC

EE

Aruitoxt provided by Eric:

RHCOP ' . 16/13/69
L-2YY8 - E£FN  SOURLE STATEMENT = IF(S) -

LY (AR }=2R(2¢1K)

CALL LINTULX92YoKKol gl ol)

CALL SYANOL(B.G9BeD Qe lo@HUILLYD %)

CALL SYNRUL(B.T9BaB90elolleliy=1)

CALL SY"BOIL(84 098459061 ¢5HPITLH,I,45)

CALL SYXBOL(ReT¢8e5¢Dalelyle=1)

KK=y

DI 96 IK=l,Ly10

KK=KK¢1

2Y(RK)z=aR (%, 1K)

CALL PLGT (124G 9D y=3)

CALL SYMBOL(=0eOv=loleo0ely25HalTITUDE VS, TIZE FOR LAZY 8,0+28)
CALL SCALE(ZY19499KKe1¢12,C)

CALL LINE(ZXe2ZYeKKo2 el 0ll)

CALL TAXIS(2,00000016HTIM: (SZCONDS) 9 =149100G90e39ZXIKKeL) o ZXIKK¢2)
1s1349)

CALL aXIS(3e090e00170A4LTITULE (FEET) 91599400904 Up2YIKK®L1)2ZY(KK¢2)
1410.0)

K=y

DO ST Ix=1l,L,10

KK =KkKel

LYLKK)=aR(3,1K)

CALL PLOT(12.340.04=3)

CALL SYVRUL{=UeHe=1019041,25HAIRSPRED VS. TIME FOR LAY 8,0428)
CALL SCALZ(2Y,9.00KKei9104D)

caLt Ll?E(lechKK'}clyll)

CALL AXIS(UeCsOeDpLaHTIMS (HELONDS) 9=14910eD90e092X KKeL) o ZX(KK¢2)
1,10,6) .

CaLllL AXIS(O4D40e0yLOHAIRSPESD (KNITS ) 01699609906 D 1LY IKKeL) o LY (KK2
1heliev)

KK 3¢

90 94 IK=1'L'10

KK=KK+1l

LY(KK)=:R({35,1K)

CALL PLOT(1245+040,4-3)

CALL SYYBROL(=Coeb69=10loTel s ZTHHEANDING VS, TIME FOR LAZY 899,27)
CALL SCALES(ZY29409KKypl910.0)

CALL LIS (ZXe2YeKKolololl)

CALL AXIS(3:090ed g boHTIME {S5SCUNNDS) e =149100090eveZXIKK®L) 9 ZXIKKe2)
1,10,2)

CALL AXIS(C 090000 1THHSADIGG (NDEGRT.S)91799601906002Y(KKeL) 2V {KKe
12) -10.0)

CALL PLIT(17eG90e0y=3)

IX(1)=0,C

Y(1)=C.D

KK=) .

D3 o) IksliLilG

KK=rKe]

ANGLE=3,154159205%/%( 3, 1K)}/ 16C,

SXX=SINIANGLF)

CXX=COS(ANGLT)

ANGL=3.14159265%82(2,4 1K)/ 130,

GS=2R(S4IK)2CIOS(ANGB)

IX(KK)S2X (KK=]1)+GS*5XX

LY (KK )=2Y(KK=1)¢GSsCX)

CALL SYMBOL(=0e69=1014Ge1y23HOROUND TRACK FIR L7V 890923)
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700

600

20

500
501
300

301

Q

RIC

ity e

EE

KNUOP

LAZYYS SOURCZ "STATEMENT

=FN = 1FNLS)
CALL
CaLL
cALL
caLl
catt
CALL
CAlL
CaLL
KK=7
DO &l IKk=1l,L,10

KKz¥rKe]

IX(KK)2AR(I9,1IK)

ZY(KK)=z=AR(P,IK)

CALL SYMBOL(=5eB9-1419041930HSTICK
CALL SCALEUIX410.00KK91,1047)

CALL SCALZ(2Y,9.0,KK¢1,104C)

CALL LIMECZX02ZY0KKe140,9)

CALL AXIS(Ze0490e40419HLAT. PJIS. (DEGREES) ¢~19410.00040,2ZX(KK¢1)42X{
1KK#2) 410,00

CALL anS(UOOQOOOQZONLONG. P05, (DEDREES’0&9090L093000ZY(KK01’olv(
1KK+2),10.0) -

CaLt SYMBOLIZX(1)oZY11)4Culy1490,=1)

CALL PLOT(12404040,4-3)

CINTIMUE

IFUIEV-"11)9,3,8

[5V=1Cv+l

[TZ3T7=-10

XXX=XCNT(IZV)

ALL=L

IFLALL=XXX)22,T07

CONTINUS

GO 710 1

CONTINUZ

FORYATLIS)

FORMAT(12F2,0)

FORNMAT (LN g 16HLAZY 8 NUMBER FaeU/1H /1H /56X ¢ 4HLEFT 3Xy SHRIGHT,
14X o SHL IGe ¢ 65Xy 4HLAT o ¢ 2X/EH TIME o Xy 3HIOLL ) 3Xy SHPLTCH2X,y

SCALE(IX99400KK91,010.0G)
scaLE(lYQQOo'KK"'IOQG’
LIRSUIXyZY KK o101 ,414)
SYMBOL(4459194249¢141HN,041)
SYMBOL(9.206.5000101“500'1’
SYM3OL(4459=0420041014i54091)
SYMBUL(=Ce204e5¢301slhielel)
PLUT(120000000ﬁ3’

POSITION PLOT FOR LAZY 8,0,25)

27““;301ISQEXOGHJLTITUUEQZX.d“AIQS"?-DQ3XQ3HﬂPMOQXQ3HRPMQQXO
33457, PDS.QBXQ&"ST. 908..3K.QMTUQN.BX.ZHGS.SX.QHALTXIIN /)

FOQMAT(F&.l.!X.FS.Qo3XoF5.Co4XoF5.Co6X.F7.Go5XoFS.0.2X.FS.G.ZX.
lFs.g'bx'FSJ1'6x'F5'l'Zx'Fs.&.lx'Fb.U'lx'FSOO’

CALL PLAT:

STOw

END
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APPENDIX VI

MAJOR FUNCTIONS OF
BARREL ROLL MEASUREMENT
SUBROUTINE
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Program

Subroutine Proper

Subroutine "read"

Subroutine "back"

Function "amod"

Major Functions

Computes maximum and minimum
points of selected arrays

Computes raw measures
Computes scaled combined measures
Computes "scores"

Calls subroutine "read"” and "back"
and function "amod®

Reads one record of calibrated data
(1.2 seconds)

Places variables in common

Backs-up magnetic tape to the first
record whose event number is specified
in the calling vector.

Computes roll angle modulo 360 to
correct for instrumentation idiosyncracy
in 0 to 90° region.
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APPENDIX VIII

ILLUSTRATION OF QUTPUT FROM
EXPERIMENTAL MEASUREMENT PROGRAMS
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MANEUVER NUMBER  47. FLIGHT OF 11-20-69

PERFORMANCE ANALYSIS FOR LAZY-8 MANEUVER
I.  INDIVIDUAL MEASURES

S HALF-1  HALF-2 S HALF-1  HALF-2 S HALF-1  HALF-2
1 655.81 248.54 7 10.70 -1.00 13 521.62 521.62
2 521.33 144.52 8 0.20 59.78° 14 476.04 476.04
3 1.28 3.15 9 5.64 17.68 15 510.92 510.92
4 728,67 377.83 10 19,63 13.69 16 18.29 18.29
5 0. 353.66 11 17.24 3.86 17 0.

6 84.14 81.74 12 380.16 380.16 18 0. 0

19 4209 46.13

SCALED COMBINED MEASURES WEIGHTED
MEASURE HALF -1 HALF-2 HALF-1 HALF -2
BANK 81.50 94.32 45.51 41.66
PITCH 81.77 90.53 45.66 39.98
R/C 98.88 97.34
R/C 37.94 105.80
AIRSPEED 78.72 74.91 78.73 79.08
ALTITUDE 61.73 61.73
ALTITUDE 64.00 64.00
G-FORCE 100.00 100.00
RPM 77.64 75.55

I1. OVERALL SCORES

SCORE HALF-1= 73.64
SCORE HALF-2- 81.41
MANEUVER TIME = 72.00 SECONDS

MAX PITCH 1 = 38. MAX PITCH 2 = 45, MAX ALT = 12148. AT 72. DEG OF TURN
MIN PITCH 1 = -28. MIN PITCH 2 = -25,

ANALYZED 402.  SAMPLES 1st HALF AND 318.  SAMPLES 2ND HALF.

NO. RR REVERSALS= 12 NC. PR REVERSALS= 28 -
1.256 0.925 0.006 1.537 353.662 165.884
33.%%3 21,095 380.158 521.623 476.037 510.923
0.
9.700 0.083 23.325
18.294 0. 0.
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MANEUVER NUMBER 19. FLIGHT OF 12-17-69
PERFORMANCE ANALYSIS FOR BARREL ROLL MANEUVER

I.  INDIVIDUAL MEASURES

MEASURE S MEASURE MEASURE
16693. 30 7 25.82 13579.30
14042.13 8 16.24 2.07
3.76 9 0. 0.
5.30 10 0. 0.
0.34 1 1139.60 0.70
46.37 12 434.86 20.04

SCALED COMBINED MEASURES

MAIN PARAMETERS MEASURE
ENTRY AIRSPEED 100.00
ATTITUDE 44.36
ATTITUDE ( 53.19
ATTITUDE . 39.36
ATTITUDE 75.72
ATTITUDE . 73.76
ATTITUDE . 79.61
RPM 79.28
G-FORCE 99.06
ROLL~RATE 98.66
(ATTITUNE (3) 54.74
¥

IT. OVERALL SCORE= 71.99

MANEUVER TIME = 25.00 SECONDS

101.42 100.86 -99.64 104.28 100.52
100.52 100.17 98.98 8.89 21.18
"33072 “47.00 3076
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APPENDIX IX

INITIAL PLOTS GENERATED FOR )
NINE LAZY 8 PERFORMANCES
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90,00 70.00 90.00
~i

DEGREES
«30.00 -10.00 10.08 90.00
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90,08
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.
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Plot 3
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i
i
i
i

:

=T

Lﬁi?ﬁﬁﬁf&ﬁ e S8 &8 s

Plot 5
AP0 0. THE PO LAY 0

T 322




AFHRL-TR-72-6

<. b

3
¥ 12-15-69-35
% Good
Ay

8 g:

& ;

8

&t '

g

8-. ,L
AR TR T T LOTCTC I B R C R O B

8. STICK NRITION AT PR LAY PIOts

8T

g

—-\s.‘.

[72]

ul

ul

D

984-

X

=

“8)

o

g

gih

g

#t

8

2 -+ -+ + — —t — + — ——

'-100.00  -80.00 -60.00 -40.00 20..0 40.00 £0.00 80.00

AOLL VS. PITCH FOM LRZY 8

-20.00 0.0
ROLL (DEGREES)
Plot 7
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DEGREES
20.00 60.00 100.00  140.00 180,00
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25.00
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8
-
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D

8

.00 ﬁ.oo .00
TINE (SECONDS)

. Plot 8
AOLL AND PITCH VS, TINE FOR LAZY &
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190.00 180,00

DEGREES
00.00

*1.00 1,00 2000 .00 W0 51,00 61.00
TIME (SECONODS)

Plot 13
AOLL AND PITCH VS, TINE FOR LAZY §
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-5.00
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APPENDIX XI

ROLL VS PITCH PLOTS FOR REPRESENTATIVE
LAZY 8 MANEUVERS
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PUNCH AND PRINT PROGRAM

This program prints at At = 0.5 and punches cards at

0.4, Barrel Roll and Others
At =

0.5, Lazy 8

Input CrDS:

$ Setup i A(3) AAAA T37DXX, NERING

Month, Day, Year-

N
-+ lLazy 8
KODE =4 -
or other maneuver
0
evno
Duration

366 -
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KNCCP 27/ .0
LAZYYS ~ EFN SCURCF STATEMENT - [FKL(S) =~

CPRINT MTASURZ VARIARLES FOR 1 AZY & MAN:ZLVER
CIMEASION AR(,9,1500)
- 8 CINEASION [MV(25)
CIVIASION A(120,9),8(12,25),2VN0(23)
CIMEASION XCNT(25)
ICCUNT=4
[Ev=1
RZAC(5.5011) IM0ON, IDAY, IYR
- ) 5012 FCRMAT(313)
. REAC (5,50C) N
PEAC(5,1502) (IN%(1), I=21,N)
1501 FCR¥AT(L2I5)
REAC (5,30.) (EVYNI(I),I=t,0
601 REAC (5,50.) (XCNT(I),I=%,N,
4030 CGATINUE -

ITEST=="2
1 REAC(.6) ((A(190)yI=1,12C)yJ0=1,9)
REAC(.6) ((BOLI,J)sI=1y02),021,25)
CC 7C I=1,.2 |
X=AMCC(R(1,18),100.0) . ‘
IF(IT=5T)9710,3,5

971C COCNTINUE
IF(EVAO(EIEV)=X) 2Z,2,2
3 IF(IT2ST) 4,5,3
4 WRITE(5,350) I[MON,ICAY,IYR .
WRITE(6,300)EVNGIIEV) . / ’
ICCUAT=4
6751 WRITE(T,6TEO)IMON, ICAY,IYR,SYNO(ILV)
6760 FCRMAT(IS5,15,15,F7.0)
6750 CONTINUE
XERPT=EVNCIIEV)
L=0
TIME=5,0
ITEST=0
5 [A=1iCe{I-1)+1
L=L+!
6CU4 CCATINUE
IF{L-1)820,c¢20,321
821 IF(A(1A,6))872,826,826
826 IF(A(14,5)-750.)827,827,822 .
827 IF(ARS{A(IA,2))~%60,19611,9430,322 1
9411 IF(R(I,6))1822,82:,220
822 CC 822 MOM=1,10 .
823 AR(NMCNM,L)=AR(MOM,L~ 1)
GC TC 824
820 CCATIAUE .
AR{LsL)=A(LA,2) 3
AR(2,L)=48(1Ay.)
AR(3,L)=B(I,7)
6005 AR(4,L)=8B(I,6) S
ARIS,L)I=A(IA,6)
AR(6,L)=8(,15)
AR(7,L)=8(1,16)
AR(BQL)=A(LA13)
ARIS,L)=A(IA,4)

0 - 367
ERIC
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KNCCP . 07/.6/
LAZYYS - EFN SOURCE STATEMENT -~ IFft(§) -

201 FCRM‘T(F6.1p2XpF5.0'3X'FS.O,ﬁX.FS.O,éX,F7.C,SX.FS.CpZX'FS.O.ZX'
1F5.096XsFSel y8XgF50192XsF5.001XeF6e0731XeF5:092%,F642)
350 FORMAT(1H1,20X,29HCATA PRINTOUT FOR FLIGHT OF 13 +¢1H-13,1H-13/

118 /)
/ STGP
ENC
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APPENDIX XIV

SAMPLE QUTPUT OF LAZY 8
EXPERIMENTAL MEASUREMENT PROGRAM
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RECORDED VALUES' .

EVENT 47 (11-20-69)

TIME | RoLL | PITCH | HEADING | ALTITUDE | AIRSPEED

0 0 5 360 9586 200

5 -8 22 359 9940 185
0 | -2 36 358 10713 156
15 | -61 3 340 1153 | 118
200 -90 2 308 11772 101
25 -62 -26 251 | 11468, . - 132
30 -29 21 | 215 10677 169
35 -7 -3 201 10218 197
40 0 19 201 10324 182
45 21 46 218 11030 148
50 67 41 255 11806 103

. 55 82 2 304 12148 88
60 48 24 344 11772 124
65 18| -7 358 10996 167

70 3 -1 360 10465 193

]Recorded values shown here at 5 second intervals; actual print-outs

showed values at 0.5 second intervals.
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FLIGHT OF 11-20-59, EVNO 47
PITCH ROLL ARSP ALTX
5.00 -0, 200.00, R Qe
12:67 =2.30 197.05 177.89
Ce3 -10.23 179.60. 596.00
"33.,00 ~ -42.80 154.80 1517.40
25,32 -73.74 _106.14 2079,.19
~12.6T  -83.75  100.42 2175480
_ 06 =50.,63 _101.70.. 2186400
=9.00  -88.54  105.52 ~2206.45
~18.00. =79+46_ 115.07 2158434
=27.00 ~ =5L,00° 141,75 . 1646.00

=16:00 =-23,00 17500 . 914.01

<9.00 ~ -13.000  192.00  667.00
_ e =5450 197.86 59600
15.00 =0.57  18T.76  646.37
..30.00 9.00 162.99 1049.37
45.00 46.67  120.67 1985.33
_30.00 78 .37 92.62 2392.76
15,00 83,00 87.00 2557.92
- De 81408 85.79 2557.91
~16.67 66.97 105.10 2669.79
~25.00 " 40,00 135.00 2051.00
-8,33 8.37 186.00 1399,.56
200 2.00 195..00 879.00
373




- AFHRL-TR-72-6 .

ELIGHT OF 11720769

ENVO 47 (4,LEFT ) ’ ’ B -

AIRSPEED CCMPUTAT 10NS

" NG. ERROR g

18.00 - . -

0. SUM(1-5)

0.

o.

<13.00 7 ) ‘

1
2
3 0. SUM(1=3)
&
5

=5,00 SUM(3-5) = 18.00

EXCURSION TINME RATE

100.000 19.0 5.3

113.000 17.5 6.5

& W N e

108.000 18.0 6.0

——t

EEUU;‘ 374




-

4
'

AFHRL-TR-72-6

28°L
st°

Si1
(43|

ez,

L1'92
L9°L1
L9°L1
$°61
€Ly
08°'S
i8°s
£9°S
£9°z01
£9°96
£9°€01
£9°601
0Lt
{9'zz

€€ 1E

1338
£€°9
£€°8
0°21
£€€°2
0°18

£8' €y

T4 R4
26'68-
9h'48

L1411
L14zst
L€ €SI
(A ARAT!

ne: 6zl
Zhihel
9€*0€ |
£8°€z1
£2°95
L1*9y
194k
9094
00*l2-
€€°6¢
££°52-
£€°on
NV3W

*9X3-LHO 1Y
S dno¥y

gL*°91
(V10 % SN,
Sutht ¢
PN ¢ [ o o 2 SUUURURSL J.
ugeQ
pmr.m
Llti
7°.°9
02°601
= 00°¢2% . ___
09°L01
L 0L°11% €-°¢2 0201
00°%8 st*21 002z
0tz - AR U Rk X
91°:21 3,62 0L°9L
0°2g Gl . Gtel
uo°Le Lece A2°%¢e
Lo}V 5ok, WS, ¥ Ul U | Sl
0v°*24 1 <21 526l
———QENS O L 07 E
[Vl 1~ eh.w YRR ¥
el SLNR2 T A ... _uLcCE
29°%¢ e
00080 L.t%
vy l101 9.5
ll.b..- AR SR ARl L) WL A A |
22 °u0¢ ah*Hee 0G*1091
. RS A S THLY - B S S-S P LA
Lloesel 6L*997% 2°cge
—tS22T M2 Chcuil
23%<2l 9
— 20T T
LI XS | 9.
i!lrr.oo -*uqy
110 R 3
L ... e 0
806 °RS 22°%
- QQCLf= 2T L .:bs.own
U gy el Oy
MDD HLL . a1tug-
O1*3%9 6Ll , n4°*of |
LA *a‘s LLED
* LYSNN Y1y
h .dNoYD € dnowy

Sdfi0Yd 77V Y04 NY3IW ONV NOILVIA3Q QYVONVLS

Lavd

£€9°S go- 2z
(L 13 A
79°t 19°L1
99°2 6102
XA 06°y
26° 90°9
£6° £9°9
10°1 1°s
S8° £l €€ €0l
b €l 19740t
9¢°91 6'96
80,1 168° 101
9021 199°0¢€
S6°8 (AR XA
1R ££°9%
oh°8 6£°'6
06°L el £l
96°'S Ll YA
15°8 L€l
00°2 19°2
96°9 ze il
eLs Zh 6g
LTARY 18°L¢
L£°9 (V-]
£€8°y 16°18
16°892  €€'45L1
9£°082 16°6291
he-gee 01" 494t
€0'zle  l6°zlzl
488 6L gt
28°8 95 Lzl
66°6 18°LE1
7041 20" hEL
lz°§ L1 0s
£€9°n 59°hh
70°L 68°05
€6°S 06"tk
99°¢ 68'5e-
90°s 22°0h
18°s 8z°92-
88°9 ti-ge
ass NV3H
0009
2 . dnoys.

*SISATVNY 40 SLINS3Y

MANWOWND O OO N I~

PN WO O — OO M O

™~

sV NN INO OV WO ~— VO
OO OV M.T M M LN O T T

76°22
£€8°L1
tAANA
gl 02
184
®6°S
LLs .
€1°s
00401
8.°501
11201
££°501
19°61
Wyl
95°82
hh €
L£9°0l
95°§
4484
£9°1
226l
AL
s°g¢
‘16
29°28
19°08L1
9% 1291
19°0251
£2 2hEl
gz ezel
€0° /2t
19°HE1L
82 0¢1
64°84
6£°S4
99°09
80°94
00°92-
68°0%
8l Lz~
1oy
NV3HW

*IX3
dnoyo

ST ]

&

» 'L—-ﬁ <

ARV I-II

Ffv--:

3Wll V10l
- R A1)
T 47vH S5Wld
0M - Xy
1708 + XV
|lehK~£bu.lbnwwl

375

.4 A<*~ dsy~

;ﬁyh_a 2Nt

.:up~a -.»:”

Aruitoxt provided by Eic:

[E ©



AFHRL-TR-72-6

fo~2 67 o1 8.6 0502
St TLtEv _mete L LEESLY
6e°1 9RYET YR | ST
oL*c_ ____o00°cz_ _o0e°1 _el0¢e
3%9°1 L*¢ L2 g
K600 1I%e . 66°1 52°%
H0°1 LS S ) 25°¢
18°0, ____iSt% o 2rtd 6LY
WERE wZ 66 T w6 EC T99201
Je6°L2 0 FecuOl 1Lt 0 AR
sLeL2 PEEINE I EA L1°%6
e9TL2__ _ ¢5°201 § 0:°21 Tt h
sLgl 62%0% | ©0°11 SR
9u 92 .00y L 9CeNl_____ . 2922
th°92 c w2t i 926l PRI
g1l ......-.‘.p... *”1_1.80°5 _gz°nt
1641 D30Tl 60°61 AR
LGS Secil _R9rZl 2L
1591 o e
g2°¢ | £0*t7
1L°L. L1°9L
19° i OA.om:zFb o AR
1o°¢ 6L°CY 1 AL
Y ST ¥ A @..m AN Y
26°¢ ov°6e S5 PR
949%002 - _ 15°4%9S1__6%°69 ___  26°.291 280,21
£6°822 L5551 es°+0¢ 201591
£2°P6¢C =|.no.qmm~ _L3*shy L1*2:1t Sotll2 6697l

6:°9c¢ *L2ET  26°0€E L2°5007  05°562 ezl
A ....--;.o..".. ¢el  _10°21 <2s°¢2l | 0u°b Y S
313°6 w2l 4997 $9°Cetl QL t2*6dl
N1*91 _ €2°:c1 _1z°¢l R A R _0%Cul
&0°3 2isail Tgrel 0n.hnﬁ AR neeeT
§2°7 | ___aLltie 3
g wgesg 257y
R A (] _ueses
Ll ] TG gy
£2°9 0ceT_ ___ _ge2ee2-
geec 9l U0
2e°s 5 ¢ 00°:2-
3L L.%9 0c°i*

*yUcs JLoats Loy S (RFLE

¥1v4-1431 Y1v4-1H9 1Y 0009-1431
0l dnuyd 6 dnoyo 8 dnoyoy

61°S
98"

1S
SS* 1
09°

z6*

ol°!
98"

9401
12°81
95°g1
z€°91
20°61
9z°4
AT
1z

89°S
16°9
29°'8
15°1
25'9
§5°6
68°1
8L°S
€112

he* 682
e 1Le
04891
'6h €2

SE°6
L9'6
99°6
9k 2l
ilz
L5°¢
0Z'h
66'¢€
LEIRY
60°9
92°h

£9°52
£€°L1
£€° L1
0061
56°€
£9°S
§5°S
SL°S
LtL-66
00°66

*zol
00°601

00°'62
€842
00° 9%
9L

05°€l
£8°L

£€s1
£9°1

£€°6L
00‘€h

JE€°9€

S5°88
zL g

£6°12L1
£9° 4251
£€° 8641
92 hhe
96°££!
12 2€1
19°2€1
08" HZ!1

0l°SS

rolL°SYy
182y

lh'Sh

JARYAAS

L9°6¢

£8° 12~

8h'8 €€ 6¢
‘Q's NV3W
J009-1H9 1Y
L dnoyo

[(3-hM]
OV\ .o

Dpme Ny
b= e b

Z5°9)

Y

2:%N

Lo

!
i

n
Ve

1.
113
13
<13
A RN
AE
o3
6 3
373
ca
<3
T 32
HEER
1.2 :

MO TRRTTGEY
2 4717H aWll,

T 39940 1L
110d = XY

~ U VY N D
M= 140
ol o
e Y] [La R4t

TI0Y + XV

1L 9521 (2 NIW)_ 1%

(2 xvw) 13V
(T NiWw) tiv

(1 xvi) 2y

3

LIW) deNY

¥
s

mou oty

4

QL.
0

{
(™ XVv:) d5%v
(

NT)_dS9Y
w) d53%

(1
(> a1
(2

xv«) 110

(U NIW) 170%

(1T xvy) 0%
il ld (2)%1IW

Hitly (v

H3ilgd (TININ

I;h_z {IIXew

376



AFHRL-TR-72-6

alL°s €c*02 6<*H “GE Yyl 6 Yoo He hoth 95°91 “u 7 1
60°2 _ . _ 5151 _02°2__ : 10°L1 c12 ege =1 1L !
co*2 ELRECR 022 Y69l az*e LG =T Li*s 2 i
RS X DY 3 SRS ¥ S0 SR ~ Y ¢ Y AR T S 1226l 2122 1822 MRV 1 2
gu°t G - PR ey we*? Y07 FZAK) N 13
SRS SRS A R A Hpes €6t 26°L 6ty S13 )
PR ¢ €6° ¢ 2u°3 gl <12 21e¢ gL°C 2-°p -1z
FACRD SR A S -3 S DAL SIS Al €L*? 223 101 ¥
32*c2 12°¢01 Z01 D1°:2 CFRR S 8 breLs 00°66 1e°:1 21z
98 ¢l ... e F0L Qxt801 L. 8it0o L. LBlinll L0202 fx’c1l 92°21 212
ALY 5%°66 : 18°L6 1312 6L*Iol Teeee 00001 g2 23
Boreg 2L =20 . vr*101 *9? 2.0111 129y £6°001 coe22 b I
F0°2¢ Cs* 49 ALy L et g €G- 261~ -3 )
Betwr_ 27 cre 60 3% B £6°0% 20°21 z 3
226~ ¢ LS L2 62°6% 9¢°%92 ez y 3
LEECIT 12:°2.1 Lo 07 ze+l 6h° % z 2
c122 2z22 02 T2 2617 0t*ol v 3
_2LcL.. LEtt veoul 8356 sCee s
2061 Leel ol *0¢ 76°92 60°61 2
Rl YL L o . L l%2 2103 Heos 1.2
PR cee g 2L L2onL L% gL*? 3wIl viold
Le*Q o TLlY AREAS ee L2005 DL/ LLe 2w It R
0lec 61°6¢¢E 6% netig i0°9 SO 1 JIVvH 3w1d «”
_Lg0lL €96~ SG 96 1=%2r 21°%6~ Z9°11 0c* 611~ 108 - Xy

L1029
LYy°*TLe 9.°2¢€¢1
VA RV -SSP drA X A S
29°07< greeL21
cmzeer ___leseqer

1L°=1 _hn.nm—
70°n1 IR E N S
Q021 1¢°cel
1:°¢% Ly*2e T
.8°Q N {3
2006 o 1456
17272 L.
GL0a L 512
L® 11*°2%
L1¢e [N L
ageg SRS
*0°S... ... Kuua

, 1Y
SL dnowo

Ta

68 96*H 12*°% Y021 3E° 301
8L Ry 261629, 11202 . _1occzsl 2 104 . 9m*ilEX
16°€29 61°096G1 PX o ¥4 e¢tzlcet 6L°8LS cu*elll
_20%60% £loatRY __Lecul L. 82°09%]) LLTLe Retecdl

1T 14%% le°Ls21 Z:°2L2 s5Lewl<i 20°L6% g¢°eo1]
_onesl g1°2¢1 z =l 521 L2 RARTA
L1551 ov°*521t ve*32l Bi*ed 8v°* 2%
IRTIRAN YA AR % L 6% SURT-X VR SRR 1 Adt-4c 2 A
L& 1 £l Ll 6L L WAL YA Li°:2 10°0+1
mm.-::llcm.cqnl:,a..b?;.N;.»P nr.o

0¢° 1l 708+ XV
00°708_(<Z NIw)_ 17,
0C°CLOT (2 Xv«) 17V
€2°H2LT_ LU tdm) L
$2°6251 (1 xvw) 11w
fgovh (NIW) gSYe
L2 € (2 XvwW) do3-
Ceeuul ___(T_NIW) _dSyft
L9°201 (1 xvv) 4S9%
T ARAA (/7 NINI_T1 -

AL

208 L0098 P -] 12w+ . 00°3 L ze 0g* %9 (2 vyya)d 170%
158 Ch0hg 8¢ * .. ce 5y ol 4ocr §2055 (1 tdw)_330>
MERA 96y 6 °L Yy sL*S PR Y 21— Vil 313 {1t <v. ) 170y
3 EE TR A L R TR & LUCSm 12 Tl Co®¢f= A0 _00°7G=__HMId (ZINDW_
m¢.m PERRE ] L.°n VR X 00°S1 TCe g UL 0609 H2LTId (2)%9e
.80y . %91k~ .. .02 N CL*HC= | L€ Tt bl 00 i _HILTG (T)MIW.
10°+ J0°6¢ Qe nac6 6e°21 [T ARE ) 3. L 0803 HYTd (1)xv..

NS Ll A BV MUY LA B U 0 S

*LVSNN-LHO 1Y
It <noyd )

; 143
Hl  dnoyy

*1YSNN-1437
¢t dNo¥o

-
A ruiiText Provided by ERIC

E ©




AFHRL-TR-72-6

APPENDIX XV

_ SAMPLE OUTPUT OF BARREL ROLL
EXPERIMENTAL MEASUREMENT PROGRAM

- 379




3

AFHRL-TR-72-6
BAFIZL ROLL HEASURES
MO=-DA-YX tVYND 13, OIR=-RATING ___ _ .
7-31=7% -15 3
NOo. .. _. DSCRIMIION  _. . L HEASURE:
1 SYBRMITrY S ATESe 1,4 5,80 257962794 ctul. .
2 . ATRS. 243 1.1v «10979987E+01L {
B T .. HLVS. 1,2 J341i $31048217E+G1
b4 CIRGLE S HALF 1 1,46 «1461ub50EtUL
- U .. - . _.HLLF 2.. 1419 . e11868796E+01
o ALu 95 «95468536Evuy
7 RCG, CO:FS. AHD CORRIL, R-A -12.ub -+ 119972438432
8 8 ~ivl ' ~e140234I4E-31
- o e e e R o TeAS, -~ 16987401E+00
- 1lv A-ALL MANEUVER fR=A 6445 «66458338E£401
e i Al e LB R P Lo 42831953E-02
‘I 12 R oib S1UBLLLILEHDD
: i3 G4 _Ze2b W 2SBT5HI0EYIL -
14 8 ~euu -.12860ub2c=u2 . -
le_ JE ——— . [ e — ‘._K,._ P, - ,1‘015 '0151332‘)2&”93 ’
_ 15 : 3-ROLL > 45 WR=-A4 ~2L.35 ~e2335U959E402
A S _ LB UL . 48671433 E-02
18 R o5 +53653977E-31
19 FR-A _7.15 271233608 E41
Sl . . . .. R__.. . b JBG2BO3LLE-S1
22 G-i 2469 + 209455798+l
23 _ 3. ) o4l ~e6L383L11E~2
24 R ~eu7 “~o47196430E+30
25 MAX § HELE 3 3464 1 3690UGGLEr)L
26 HALF 2 4e1l 4130 uJduBELTL
27 AIN G . W20 0268UvudBitiu
28 ROLL AT MAX PITCH : 55,5 u 556000082
29 _ .ROLL AT 4IN PLTCH ) 81450, «B1JCGRI0EYE2
3y MAX ROu. RATE 2.32 + 291066067+
_31 MIN 0L, RATE, ROLL > 2C -29,58 ‘ ~0295633335402
32 MAX PITSA RATE lu.2t e1u2(8333c+uz
348 MiN PLIT3H RATZ, ROuL > 23 11467 ~411666667E+32
34 TIMc ALt 2hout 2LUCUGIUEHE2
35 HALF 1 12440 1203036308432
- Jpp— HLLF 2 12,49 eledluuductu2
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RIRSPEED (KNOTS)

LAZY 8 —

1P Rating: . Excellent

Direction: Left .
o 11-20-69 g
°© ENVO- U7
a (4 LEFT)
o~
o
o .
n .
N
~

ROLL 2 ~S
o
°© PITCH = 1
[~]
©
o~ ®
o ATC .
° CRITERION SHOWS POSITION AND
v LIMITS VALUES OF LARGEST
o PITCH EXCURSIONS IN

EACH QUARTER OF
MANEUVER
o
S.
o
2-
o
o
n
ﬁ-t
o
214
=4
ROLL = -8S PITCH = 16
PITCH = 11
o N
© SHOWS WHERE PITCH = 0
inN -
= VALUES OF ROLL AND PITCH
WHEN AIRSPEED REACHES LOCAL
MAXIMUM OR MINIMUM

o
o
o - T T N n 1 § -1
“5.00 16.00 32.00 48.00 64.00 80.00 96.00

‘ TIME (SECONDS)




—
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LAZY 8
) 1P Rating: Excellent
A Direction: Left
1§-2o-69
X S ENVO- U7
o (4 LEFT)
o .
o PITCH-UP TOO RAP:D AND TGO LARGE;
° CAUSED AIRSPEED TO DROP BELOW
4 .
o
Q
o .
wn
> - SLOW ROLL RATE
o | AT ENO OF
© | FIRST QTR. ATC LINEARIZED
S- CRITERION
o ESTIMATE
-w
w .

. 58 STOPPED ROLL
wed INCREASE T0
o~ SALVAGE
bu AIRSPEEO
e
:._)8
- 4
(%N

8
?; Vi ﬁ A
T /  wosg'tever N
PRICR TO \
WINGS LEVEL \
8 /
o | CONTINUED TO
? e
R
BECAME ZERO T RECov T
o
[~
o
(38
]

-
-120.00 -80.00

-40.00  0.00 40.00  80.00  120.00
ROLL (DEGREES)
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LAZY 8

IP Rating: Excellent
Direction: Left

11-20-69
ENVO- 47
(4 LEFT)

1240.00

1?00.00

A

1160.00

Difference in peak
altitudes during each
half of maneuver

ik
1120.00

-

1080, 00

ALTITUDBE (FEET)
1040.00

1000.00
A

Overall gain in
altitude

)
l
960,00

GRIN = 879 FT

920,00
o
[~]

16.00  32.00  48.00  64.00  83.00  9%.00
TIME (SECONDS) :
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LAZY 8
IP Rating: Good
Direction: Left
11-18-69
(=] -
e ENVO- Y
a (3 LEFT)
o]
= AIRSPEEO LOW AT
-« START OF MANEUVER
=" €N =
-
o ROLL = -7
< PITCH = 3
o
(=]
o~
: RAPID ROLL-OUT;
= FAILS TO RETURN
- TO ENTRY
—_—— AIRSPEED
m.-l
-
(=]
Zo
o
“o
_ U -
D—o
w
o
25!
= |
[« wgped
oL = -7 ROLL = 79
= PITCH = 2
= PITCH = 10
S
SHALLOW PITCH AND ROLL
CAUSES AIRSPEED TO FAIL
S| CRITERIA
13+
(=]
o
o B3 B R L] ¥ L]
“5.00 16.00 32.00 48.00 64.00 80. 00 96.00

TIME (SECONDS)
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LAZY 8
IP Rating: Good
DIRECTION: Left
* 3
11-18-69 .
S ENVO- 4
o- (3 LEFT]
(-]
[~
©
é.
ROLL/PITCH COORDINATION
NOT SMOOTH
o
o
o PITCH TOO SHALLOW;
n HIGH AIRSPEED
Iy
e
gq
Py LETS PITCH FALL
ul OFF TOO RAPIDLY
w
%S
wed
[en T
e o
tfg
=
a1
o \ 7 ) ) /
/ \
4 Ny \ /7
-4 \ /
o / \
CONTINUES TO INCREASE
S | ROLL AFTER ZERO-PITCH
55 ROLL-OUT RATE EXCESSIVE
1
[~
e
[~
"T ¥ R J LN L I S
-120.00 -80.00 -yG.00 0.00 y0.00 80.00 120.00

ROLL (DEGREES)
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LAZY 8

IP Rating: Good
Direction: Left

11-18-69
ENVO- 4
{3 LEFT)

720.00

680.00

1

640.00

x 1 1{
600?00

|

(FEET)
560.00

5?0.00

ALTITUBE

480.00

X

4ug,00

GAIN = 970 FT

400,00

.00 16.00  32.00  48.00  6U.00  80.00  95.00
TIME (SECONDS)
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250.00

1

225.00

LAZY 8

IP Rating: Fair
Direction: Left

12-19-69
ENVO- 65
(2 LEFT)

REACHES MAX PITCH TOO RAPIDLY: FINISHES
FIRST QUARTER WITH HIGH AIRSPEED

200.00

175.00

150.00
e

RIRSPEED (KNOTS)

125.00

.

100.00

7?.00

50.00
8

e v B
32.00 u8.00 64.00

FAILS AIRSPEED CRITERIA AT
MIDDLE OF MANEUVER AND END

TIME - (SECONDS)
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90.00

—

70.00

50.00

HOLDS NOSE UP WITH RUDDER WHILE
CONTINUING TO INCREASE ROLL

LAZY 8

fair
Left

12-19-69
ENVO- 65 -
(2 LEFT)

30.00

12.0&

\
ZERO PITCH
PRIOR TO
WINGS LEVEL

PITCH (DEGREES)

-10.00

PITCH BECOMES

-30.00

-50.00

CONTINUES TO INCREASE
ROLL AFTER PITCH

BECOMES ZERO

ROLL/PITCH COORDINATION NOT
SMOOTH; ROLLS OUT TOO RAPIDLY

-70.00

120.00

—T
-80.00

0.00 40.00  80.00
ROLL (DEGREES)

39
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1480.00

—

1440.00
.

LAZY 8

IP Rating: Fair
Direction: Left

12-19-69
ENVO- 65
(2 LEFT)

A

1400.00
- |

=10’
1360.00

1320.00

1280.00

ALTITUDE (FEET)

1240.00
- |

1200.00
1

o1160.00
o
o

32.00 48.00  64.00
T-IME (SECONDS)

GRIN = 872
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" LAZY 8
IP Rating: Unsatisfactory
Direction: Left

BEGINS WITH LOW AIRSPEED 12~19-69

o
° / ENVO- 66
b4 i (1 LFFTY
N -
ROLL = -1
8 PITCH = -7
w
:‘1
o
o
o
it
o
o
w
ae] 50 /
-
g -
8 54
~o
o= -33
w -51
w
L -
. Vo
: 4]
—y 3
@]
. EXCESSIVE PITCH EXCURSIONS;
AIRSPEED FAILS CRITERIA
o
o
21
ROLL = -108
) PITCH = 1t
- ROLL = 9t
o~ PITCH = 18
o
o
M —T Y =T T L T
.00 16.00 32.00 i8.00 64.00 806.00 96.00

TIME (SECONDS)
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LAZY 8
IP Rating: Unsatisfactory
Direction: Left
12-19-69
g ENVO- 66 v
i S- (1 LEFT)
* [- 2]
o
o
S- EXCESSIVE PITCH PITCH UP T0O RAPID & T0O STEEP
° /
o
31
b1
c51 REACHES
g MAX ROLL
«» AT 30°
W \ PITCH
FALL THROUGH
3: HORIZON AT
=3 NEARLY-CONSTANT \
- ANGLE OF BANK \
T
58 ;O\
-0 DECREASES ROLL
-1 WHILE PITCH IS
STILL POSITIVE
o
o
o
i
o
o
8
! -
o | ROLLS OUT WITHOUT SIMULTANEOUS ROLL APPROACHES ZERO
S| DECREASE IN PITCH WITH-30° PITCH
° x
'T . S R ¥ 2 L
-120.00 -80.00 -40.00 0.00 40.00 80.00 120.00

ROLL (DEGREES)
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1560.00

A

1520. 00

LAZY 8

IP Rating: Unsatisfactopy
Direction: Left

12-19-69
ENVO- 66
{1 LEFT) .

1480.00

=10°
1440.00

ad..

1400.00

1360.00

ALTITUDE (FEET)

1320.00

1

1280.00

—t

2124000
o
Q

32.00  48.00  64.00
TIME (SECONDS)

395

GRIN = 843 FT
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ROLL

PITCH

RIRSK

ALY.

7-10-70
ENVO- 1S
200. - (2 LEFT)
g. \\"
"'2000
50.;///;’\\\\
0. \\\\\\///////’N~
-£0. -
} PSR
150. +
110. —_—
13500. -
12700. /\
‘19000 B | R ¥ ¥ I 1 L
0.00 8.00 16.00 24,00 32.00 40.00 48.00

TIME
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7-10-70

ENVO- 15
{2 LEFY)

24.00 32.00 40.00 48.00
TIME

oo

k)
16.

8.00

-

(=]
o

r
00°0ne

00°061

00°0h1
ONIAQU3H
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00°06

00°01°
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40.00 60.00 . 80.00

20.00

7-10-70
ENVO- 15
(2 LEFT)

PITCH
-20.00 0.00

-40.00

-60.00

* 80.00

v
40.00

B
80.00

120.00  160.00
ABS-ROLL

a0

-
200.00

—
240.00
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ROLL = 90

7-10-70
ENVO- 15
{2 LEFT)

AROLL = 180 ROLL = O

ROLL = -90

ROLL-PITCH PLOT
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7-10-70
9 ENVO- 15
- {2 LEFT)
[ o]
o
o
o-
w
S tS
o-
=
[=)
o
o-
o~
I o
Qo -
o
—
a.
o
o
o
N -
}
o
o
o
=
1
o
o
o
D ~
}
o
o
o
‘? —T T T =T T T
v. 00 80.00 160.00 240,00 320.00 400.00 4{80.00
ROLL
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7-10~-70
ENVO- 15

00 °OREl

{2 LEFT)

80.00 160.00  240.00 320.00 400.00  480.00
ROLL

.00

Jantriay

00°0817°
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oo.omﬂ

oo.omﬂ

RRIL:
oo.omm oo.omw

oo.omm

oo.mo

00°Q,

(14371 2)
S1 -0AN3
0L-01-L

o8’

=

09°1

on°e
INTEA 9

-

0Cc°t

00°h
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6-22-70
ENVB- 16
200. ~ (3 LEFT)

RoOLL 0.

PITCH

2000'

AIASP 460, -

120,

12400, 1

ALT.  11g00. 4

10800. 1 4 IR R ¥ L RS 4
0.00 8.00 16.00 2%.00 32.00 40.00  us.ou
IME

406
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00 °8h
J

00°0h
|

go°2e
|

JHIL
00°hZ

00°91
|

00°8

(1437 €)
91 -DAN3
0L-22c-9
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o 6-22-70
8 . ENVO- 16
8- (3 LEFT)
3 -
(=]
(=]
o
[ -]
(=]
L °
o4
@w

10.00

PITCH
20.00

0.00

[~
o
o
o~ o
]
o
o
o
= -
’ [
(=]
o
o
? Ll T L ¢ v R
0.00 40.00 80.00 120,00 160.00 200.00 240,00
RBS-ROLL
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AOLL = SC
6-22-70

ENVO- 16

. (3 LEFT)

ROLL = 180 ARBLL = O

g
:

AOLL = -90

ROLL-PITCH PLOT




AFHRL-TR-72-6

6-2%-70

PITCH
20.00 410.00 60.00 80.00 100.00

0.00

-200 00

"“00 00
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(PILOT'S COMMENTS)

"This will be Barrel Roll No. 1, Event 36. The trouble in barrel rolls
is essentially the same troubles as we have in lazy 8's. Student _enters
with the nose Tow, gets the proper parameters, starts his turn off,
turns back up, 1is through straight and level flight with bank still in.
Way too much pitch during this half of the maneuver. Not enough back
pressure, too much bank. He is not very far off the point to the other
side, rolls back up and is back to straight and level flight near his
original point; however, if the whole maneuver were shifted up, that
would be a fair maneuver."
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(PILOT'S COMMENTS)

"Barrel Roll No. 6, event No. 59. The nose is below the point.

Turn off. Our reference point about 20-30°. Begin the maneuver
itself. This time, something that is fairly common for students to
do is not to make allowance for the change of airspeed in the rate of
roll that is required. Here 1 am not changing the aileron pressures;
as a result the rate of roll is slowing down, and as we come out of
the bottom of the maneuver the rate of roll increases and we wind up
making a bigger maneuver than we should have and kind of dishing out
at the bottom and that would have been a fair maneuver."




AFHRL-TR-72-6

12-19-69
ENVO- S9
- : (2 LEFT)

-

40.00 60.00 80.00
-

20.00

PITCH
-20.00 0.00

-40.00
b

-60.00

.00 40.00  80.00  120.00 160.00 200.00  240.00
ABS-ROLL




AFHRL-TR-72-6

AOLL

PITCH

AIRSP

ALT,

200.

0.

-200.

80.

Q.

"80.

240.

160.

80.

14000.

12000.

10000.

12-19-69
. ENVO- 59
- (2 LEFT)

-
4

4

-

-

>

L LA v B ] T
0.00 8.00 16.00 24,00 32,00  40.00 - 8,00
TIME




AFHRL-TR~72-6

(PILOT'S COMMENTS)

"This will be barrel roll 2, event No. 37. This one again has the

nose below the point, turns off a given distance, comes through straight
and level flight. Gets a pretty fair start of the thing, not enough
back -pressure during the first part, consequently the first half of the
maneuver is flattened out; he has to roll much too rapidly to get his
nose through at the proper attitude. He continues to roll too fast and
winds up flattening out the bottom part of the maneuver. He has basic
jdea that he is flattening it out too much."
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(PILOT'S COMMENTS)

"Barrel roll 5, event No. 40. Nosé below the point coming up on our v
entry airspeed; in this one again you have got the real tiger flying the

airplane. Basically a 1ittle too aggressive with it. He is pretty

smooth with the controls. But he flies a very tight, very aggressive

barrel roll which is fine as far as aggressiveness goes but it does not

quite look 1ike a barrel roll is supposed to look, and that would be a

fair maneuver."
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(PILOT'S COMMENTS)

"Nose below the point entering, turns off much too far, back through
not in straight and level flight, essentially winds up flying a loop
around his point. The nose is much too far off the point; a little
bit of burble on the top and we are back up. However we are about 60
or 70° off our point, and that would be an unsatisfactory maneuver also."
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P

(PILOT'S COMMENTS)

“Turn back around to the west. This will be barrel roll No. ©, event
No. 62. This is the student who makes a reasonably good entry for the
maneuver. Rolls the nose around his point, turns off, and then starts
to roll initially with way too much back pressure and then just rolils
easing up on the back pressure. As a result the nose never quite gets
back to the horizon at all and you wind up at the original entry point.
However, you have never descended at all and never made the lower part
of the maneuver Took anything 1ike it's supposed to look. That would
have been an unsatisfactory."
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(PILOT'S COMMENTS)

“This will be event No. 55, barrel roll 3. The nose is below the

point. A lot of times when the student knows the maneuver he will turn
off the point, do a pretty good job, look away for a minute and lose

his .reference point so that he winds up coming way over beyond the point
coming through level flight with the bank indication, and because of this
the nose comes well down below normal. He has to use a little higher
rate of roll to come out at the bottom. Little more g's than necessary, ,
way dished out. And that would have been an unsatisfactory barrel roll.
Turn around and work back up toward.the northwest momentarily."
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(PILOT'S COMMENTS) -

"This will be barrel roll No. 5, event 57. Nose below the point, off.
This time he rolTs much too fast to start with. He is flattening out
the maneuver much too much across the top. The nose is off the far side
about as far as it should be, however, in here he is not rolling off
nearly fast enough and 9 times out of 10 cases, he will wind up what we
consider to be a high speed dive recovery. That would have been
unsatisfactory."
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(PILOT'S COMMENTS)

“The barrel roll is much easier to mess up on the entry than even this

one is. This one will be barrel rol11 10, event 69, Driving around

he wants to do a barrel roll, again they just make up their mind. The
airspeed is already 230 knots as a maximum entry airspeed. They pick
out their point, lower the nose below the point. The airspeed is

already 240. Then they lower the nose, start to do the maneuver,

come up with much too much airspeed, 250, 260, 270, they worry about
the airspeed, getting the nose way up too high. Generally disorganized.
That would have been an unsatisfactory.” '
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(PILOI'S COMMENTS)

“The most common tendency on the barrel roll for an unsatisfactory
maneuver is what we are about to do, barrel roll No. 8, event No. 61,
and that is flattening out across the top 1ike we have shown before,
with the rate of roll a 1ittle too slow in the second quadrant, winding
up coming through the horizon with bank still and the nose coming much
too low. Winding up with essentially a high spred dive ricovery.

And I am getting myself into an area, headingwise, that I should not
be in on those."
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