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ABSTRACT

Complex terminal-area flight maneuvers being considered for airline
operations may not be acceptable to passengers. To provide technology in this
area, a series of flight experiments was conducted by the National Aeronautics
and Space Administration using the U.S. Air Force Total In-Flight Simulator
(TIFS) Aircraft to obtain passenger subjective responses to closely controlled
and repeatable flight maneuvers. In 8 test flights, reactions were obtained
from 30 passenger subjects to a wide range of terminal-area maneuvers,
including descents, turns, decelerations, and combinations thereof. Analysis
of the passenger rating variance indicated that the objective of a repeatable
flight passenger environment was achieved. Multiple linear regression models
developed from the test data were used to define maneuver motion boundaries

for specifie” degrees of passenger acceptan.e.
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CHAPTER I
INTRODUCT ION

The successful development and operation of any passenger transportation
system involves many factors; principal among these is the system's accepta-
bility to its passengers. It would be senseless, for example, to double the
block speed of an aircraft by compromising its ride comfort or apparent safety
to the extent that few people will be willing to ride the aircraft. In-depth
field studies to define and rank the various factors influencing passenger
acceptance of transport aircraft have been conducted within the last several
years (refs. [1] and [2]). Findings of these studies indicate that air
travelers generally consider safety, reliability, time savings, convenience,
and comfort .. *hat order) to be more important than trip cost in determining
overall satisfaction with a given vehicle.

The development of passenger transport aircraft has historically included
simultaneous improvements in all five of the above key factors. However, as
in all design evolutions, a point of trade-off has been reached in the
terminal area where aircraft are operated at far-frow-optimum flight conditions.
For years, commercial passenger aircraft have taken off and landed along
straight, shallow, and unaccelerating flight paths, whilh have, as a side
benefit, ensured passenger comfort. Rapidly increasing fuel prices are,
however, demanding fuel conservation. To conserve fuel and to reduce air-traffic
congestion in the terminal area, system planners are considering complex ¥1'ght

maneuvers, including curved approaches, decelerations, and turns near the ground.
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In addition, some proposed aircraft noisesreduction procedures involve steep
landing approaches. Flight recearch to determine the feasibility (from the
vehicle/system standpoint) of incorporating such unusual flight maneuvers into
routine operations is part of NASA's Terminal-Configured-Vehicle Program
(ref. [3]). Such maneuvers, however, may not be accepta. ie to passengers since
certain combinations of linear and angular motions can be upsetting to the human
vestibular system (ref. [4]). As ride comfort is a significant factor in deter-
mining acceptance and use of air transportation, a need exists for technology
which will allow prediction of the degree of passenger comfort for terminal-
area flight maneuvers.

Ride-comfort research has been conducted both in the field, aboard
commercial and research vehicles, and in the laboratory using motion simulators.
Field testing and iaboratory experiments have provided substantial capability
in predicting passenger comfort in a vibrati:g flight environment (ref. [5]).
Several years ago, however, exploratory flight experiments concerning maneuver
effects on ride quality conclusively indicated that criteria are needed which
include more than just vertical and lateral oscillatory motions (ref. [6]).

Laboratory simulators lack motion capability sufficient to simulate
s.stained flight maneuvers; whereas, field tests aboard commercial vehicles do
not allow precise control and repetition of a given maneuver. A ve:'y limited
investigation of passenger comfort during turning flight maneuvers was conducted

in 1971, using a two-place Navion aircraft and two pilots as passenger subjects

(ref. [7]). Unpublished results of this study suggest a maxinum roli rate of
15 deg/sac for simple turns and 20 deg/sec for S-turns. However, tecinology
applicable to fligrht maneuvers in general and based on responses of typical

air travelers does ot exist.



To provide the technology from which ride-quality predictive relations
and criteria can be established for terminal-area maneuvers, the present flight
experiments were conducted by the NASA as part of a broader ride-quality experi-
ments program using the U. S. Air Force Total In-Flight Simulator (TIFS)
aircraft (fig. 1). For tnis experiments program the TIFS variable-stab:lity
flight control system was modified to accept aircraft motion-command signals
from a magnetic tape. The TIFS thus modified, was used to expose passenger
test subjects to closely controlled and repeatable flight maneuvers. This
thesis describes the experiments, the analysis applied to the data to produce
various ride-comfort models, and the maneuver-motion boundaries obtained
when the models were exercised for various degrees of passenger acceptance.

It is anticipated that results presented herein will be most useful in the
design of new, more complex approach and departure flight paths, as well as

of aircraft having such flight path capability.



CHAPTER 11

TEST VEHICLE
Basic TIFS Aircraft

The TIFS is a C131-H transport (similar to a Convair-580 commercial
transport) modified into a variable-stability research aircraft (ref. [8]).
Principal uses for the TIFS include handling-quality evaluation and pilot
training for advanced configurations prior to actual vehicle production. The
TIFS, for example, has been used to simulate the NASA space shuttle, the
USAF B-1 bomber (ref. [9]),and a Concorde-type supersonic transport (ref.[10]).
Figure 2(a) illustrates the distinctive features of the basic TIFS aircraft.

A simulation cockpit, mounted on the nose of the C-131, is designed to place
evaluation pilots (who are the aircraft motion command sources) in a cockpit
envivonment configured to closely duplicate that of the cockpit of the aircraft
being simulated. The flight motion characteristics of the aircraft being
simulated are also matched through use of special variable stabiiity features
of the aircraft which include special motion control surfaces and an analog
computer. Safety pilots, located in the original Convair cockpit, monitor the
simulation in progress and have the capability of disengaging the variable-
stability system and resuming control of the aircraft at any time.

The special motion control surfaces provide independent control of the
forces along and moments about all three motion axes. Included are aerodynamic
surfaces mounted vertically above and below each wing to provide side-force
variation with very 1ittle rolling or yawing moment, aileron-type flaps

4



5
immediately outboard of the engines to provide direct lift control, and servo-
operated throttles to provide longitudinal force variation. High-performance
electrohydraulic actuators drive the existing ailerons, elevator, and rudder
to produce rolling, pitching, and yawing moments, respectively. Inputs to the
analog computer come from the evaluation pilot's controls and airplane motion
sensors. To simulate the flight characteristics of another aircraft, the
analog computer circuitry is used to alter the stability and control charac-
teristics of the TIFS. With appropriate adjustments, the new stability and
control characteristics experienced by the evaluation pilots can match those
of the particular aircraft being simulated. A digital recording system
capable of recording 58 individual variables, such as airplane motions and
pilot control inputs, logs the test results for engineering evaluation of the
simulation. Further details of the basic TIFS aircraft can be found in

reference [ §].

Airframe and Cabin Interior Modifications

Figure 2{b) illustrates the TIFS modifications made for ride-quality
testing. The standard TIFS simulation cockpit was replaced with a nose fairing
to reduce weight. Aft-mounted ballast was also removed to accommodate the
additional weight required for cabin interior refurbishment, magnetic tape
recorder, increased number of passengers, and increased fuel loading (to
minimize ground delay time between flights).

The aircraft forward cabin section between the cockpit and computer
(fig. 3(a)) was outfitted with wood paneling, curtains, and a carpet to create
an airline-type environment. Five pairs of standard Convair seats (fig. 3(b))

were provided for the 10 test subjects. Each passenger seat was provided with
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a reading light, an adjustable outlet of conditioned air, a seat pocket with
airsickness bag, and an emergency evacuation instruction card. A restroom,
equipped with a marine-type toilet, was provided adjacent to the test subject
area. The TIFS hydraulic console area was soundproofed and trimmed with wood
paneling to muffle the sound of the cont’ ously-operating hydraulic boost pumps.
Al11 but one pair of test subject seats were adjacent to a window. For the
flight-test director, an additional double seat was provided immediately behind
the test subjects, together with voice communicacions to the pilots and test
engineer and a public address system for instructing the passenger subjects
during flight. A closed-circuit television camera was mounted ahead of the
seating area but behind a panel to record activity of a few of the test subjects.
The video image was both recorded and viewed on a monitor located at the

flight-test director's seat.

Variable Stabjlity System Modifications

General block diagrams illustrating changes made in the TIFS Variable-
Stability System (VSS) are shown in figure 4. For the basic TIFS system
(upper-block diagram), pilot control inputs are electronically converted by a
computer model of the simulaced vehicle into appropriate vehicle motion
response signals. These signals are then combined by a feed-forward system in
the computer to generate commands to the TIFS flight control surfaces necessary
to produce the appropriate aircraft motions. Feedback locps correct errors in
the resulting aircraft motiuns. For the ride-quality experiments (lower-block
diagram), the pilot-control inputs were replaced by magnetic tape command
signals. These command signals were then combined, with appr-priate filtering

and shaping, to generate commands to the TIFS flight control surfaces necessary
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to produce the desired aircraft motions. The response feedback system was
retained. 7:e general scheme illustrated by this block diagram was followed
for each ¢f the motion command signals: angle of attack, angle of sideslip,
pitch angle, roll angle, yaw rate, and true airspeed.

To illustrate the system approach as well as techniques used to cope with
various pro'-lems encountered, the detailed block diagram design for the roll
angle comma d is presented in figure 5. The blocks in bold outline identify
addi.'3ns made to the system. The motion command signals were initially
modifiad by a low-pass filter to eliminate signal content above 4 Hz which were
found to excite airplane structural modes and produce undesirable motion at the
passenger location. Spurious high-amplitude spikes in the motion command
signals, produced by the FM playback unit, caused automatic VSS disennagement.
This prot.lem was corrected by reducing the first-order low-pass filter corner
frequency tc 1 Hz, and by adding a fourth-order low-pass filter having a 5 Hz
corner frequency. To .emove signal transients during recorder start and stop
operations, a variable attenuator was added to linearly increase the motion
command signals from full attenuation to full strength over a 10-second interval
after the recorier was started. The same circuit also diminished the signals
back to full atienuatio. in the last 10 seconds before the recorder was stopped.
A sidestick contrc ler (which controlled pitch as well as roll) gave the
copilot the cawability of providing aileron trim and of maneuvering the aircraft
with the VS system engaged to avoid cloud formations containing turbulence and
to maitniain altitude and w1r traffic clearance.

An integral fe:ture of the TIFS variable-stability system is a provigion
to monitor spccific signal channels and to automatically disengage the VSS if

any une (1t the monitored channels exceeds a predetermined safe level.
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The pilots could also disengage the VS> at any time using either a control-

wheel-mounted switch or a center console switch.

Motion Control System Performance

In general, the TIFS proved to be an excellent vehicle for providing
prescribed, closely controlled, and repeatable test motions. As iilustration,
figure 6 presents time histories of four appropriate motion parameters
measured during a particular maneuver flown on two different flights. The
maneuver shown is a turning deceleration with pitchover, which was probably
the most complex and extreme maneuver tested, and therefore, was one of the
most difficult to repeat. Differences in parameter values are relatively
minor between flights and are essentially constant over the time duration of
the maneuver for the three parameters (roll angle, pitch angle, and indicated
airspeed) which were specifically controlied by the motion command tape.
Differences could be expected to remain nearly constant during a commanded
maneuver because each of the three parameters was recorded on the drive tape
in terms of parameter deviation from a reference flight condition. The slight
shifts in parameters between tne two flights are associated with minor changes
in reference flight conditions by the copilot to avoid weather, to stay within
a certain test area, or to increase/decrease test altitude. The positive
shift in pitch angle (from fiight A to flight B) is accompanied by a positive
shift in airspeed because of a simultaneous positive shift in flight path

angle.



CHAPTER III
FLIGHT TESTS

Flight Maneuvers

Maneuvers investigated individually consisted of one of three basic
components (steady descent, simple turn, or longitudinal deceleration) of
typical terminal-area flight maneuvers. A few combinations of two or three of
these components were used to study subjective responses to more complex
maneuvers (for example, a turning deceleration with pitchover, etc.). The
ranges of maneuver motion parameters (for example, flight-path angle, roll
angle, etc.) were chosen to: (1) fall within the TIFS maneuver envelope and
(2) somewhat exceed the motion parameter ranges normally encountered during
terminal-area maneuvers of present commercial passenger aircraft.

The maneuver test drive tapes were generated by flying the TIFS through
the sequence of maneuvers. No two maneuvers of the same type were presented
sequentially. Several preliminary check-flights were devoted to determining
the aircraft configuration and piloting sequence necessary for the various
maneuvers and to practice execution of the maneuver sequence in a continous
and timely manner. This was found to be possible if the maneuvers were spaced
no less than 90 seconds apart. The entire 48-maneuver sequence required a
minimum of 72 minutes of flight time. Concern that the results of a single
test of this duration might be compromised by subject fatigue led to division
of the test sequence into two equal test tapes, each having 24 segments and

approximately 36 minutes in duration. In a few instances, flight envelope
9
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restrictions and inaccuracy of maneuver execution during tne drive tape prepara-
tion caused slight unintended motions in particular maneuvers; however, in
ceneral, this technique for generating a maneuver command tape was quite
successfu:.

A descriptive and parametric suumary of the maneuvers as recorded on the
two command tapes 1s presented in table I. Of the 10 motion parameters listed,
anly maximum pitch angle, maximum roll angle, and indicated airspeed were
<irectly specified by individual signals on the maneu-er command tapes. The
remaining seven parameters were free to vary from flight to flight. Witn the
exceptio> of pressure altitude (whose initial value varied from fliyht to flight)
repetition between flights ot parameter values for a given maneuver was
excellent. Very few of the actual test maneuvers were contaminated by undesired

motions due to atmospheric turbulence.

Passenger Subjects

Thirty passenger subjects were chosen from among NASA
employees, university students, anc the general public, to include a range of
age and previous flight experience and to represent air travelers in general.
-ach candidate subject submitted a completed health questionnaire (app. A,
quest:onnaire I) to the Langley Medical Officer for approval of his participa-
tion in the flight experiments. Passenger subjects thus approved completed a
bac“qround survey questionnaire (app. A, questionnaire II) which was used to
determine demographic characteristics and attitudes concerning flying
(table II(a)). Comparisons of the subjects' characteristics with those of
general air travelers (refs. [1] and [11]) are shown in table I1I(b) and

figure 7. The data in table II indicate that in the present study the air
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traveler was well represented, with the possible exception that the test

subjects fly more for nonbusiness reasons and enjoy flying more. Figure 7(a)
presents the importance of various factors determining overall trip satisfaction.
Both general air travelers and the maneuvers experiments subjects rank comfort
equal to or greater than cost in importance. The relatively greater impor-
tance to the maneuvers subjects of cost is prabably because a greater portion
of their flights are made for nonbusiness purposes and therefore at personal
expense. Figure 7(b) indicates the importance of various factors determining
passenger comfort; for the six most important factors, good agreement exists
between the maneuvers subjects and general air travelers. Agreement was not
good for the three lowest ranking factors: presence of smoke, li~“ting, and
workspace. Estimates of the importance to comfort of these three factors con-
trast with estimates of the relative importance of in-flight passenger
activities (fig. 7(c)): The maneuver test subjects appear more sensitive to
the presence of smoke, yet rank smoking greater in importance as an activity.
They also indicate a greater importance of lighting and workspace, yet indicate
an activity-preference for thinking, viewing, talking, and daydreaming rather
than reading, eating, or writing. This discrepancy may be due in part to
differences in passenger interpretation of the term "workspace" (perhaps
including equating with roominess in general). The subjects' stated preference
for viewing is in agreement with later findings concerning passenger subject
activities during test flights and may have influenced their ride comfort
assessments by providing increased visual motion cues. In summary, table II
and figure 7 indicate that with regard to demography, fiight experience and
attitudes toward flying, the 30 TIFS maneuver test subjects were reasonably

representative of air travelers in general.
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Test Procedure

Approximately 1 hour prior to a given test flight, 10 of the test subjects
were assembled and briefed on the purposes of the TIFS Ride-Quality Program in
general and of the upcoming flight in particular. The subjects were informed
of the types and magnitudes of motion to be experienced and of the ability of
any subject at any time to terminate the input motion by a simple hand signal
(such termination, in fact, occurred just once). After all questions were
answered, each subject signed the manifest, and boarded the aircraft.

Once all passenger subjects were aboard and seated with seat belts secured,
the TIFS aircraft took off and during about 15 minutes climbed to the appropriate
test area, altitude, and heading. The aircraft was then trimmed in straight
and level flight and the variable-stability system engaged. The motion-command
tape recorder was started and the motion command signals were brought to full
strength. For the next 30 to 40 minutes, the aircraft was piloted by the tape
recorder, with the exception of occasional pitch and roll trim changes by the
copilot to keep the aircraft within safe test airspace. As the various test
maneuvers were experienced in the aircraft, the beginning and end of each
evaluation interval (typically 30 sec) were announced over the aircraft's public
address system by the test direction. At the end of each evaluation interval,
each passenger subject recorded on a rating sheet (app. A, questionnaire III)
his estimate of his own total comfort on a 7-point rating scale employing
undefined descriptors ranging from "Very Comfortable" to "Very Uncomfortable"
(see table III). In addition, each subject was asked to report in a "Comments"
column any aspect of the passenger environment which he considered dominant in
his assessment of personal comfort. Upon completion of the entire set of

motion test segments, the motion command signals were atteriated, the tape
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recorder was stopped, the variable-stability system disengaged, and the aircraft

returned to the Langley Research Center and landed. During the return trip,

the passenger subjects completed summary questionnaires (app. A, questionnaire
IV) stating their assessments of the overall comfort (using the 7-point scale)
of the test ride and of specific aspects of ride comfort (for example, motion,
noise, seat comfort, etc.). Upon landing, the passengers deplaned and, after

a short debriefing, were dismissed.



CHAPTER IV
FLIGHT TEST RESULTS

The 2 motion command tapes contained a total of 48 unique flight
maneuvers (24 on each tape). Each command tape was tested 4 times for a total
of 3 maneuver test periods. Each of the 48 unique flight maneuvers was
therefore repeated 4 times. Each of the resulting 192 test maneuvers was
evaluated by 10 passenger-subjects. A grand total of 1920 individual ride-

comfort ratings were thus obtained.

Aircraft Maneuver Motion Data

A total of 58 aircraft motion, aerodynamic, and flight control variables
were measured and digitally recorded (at 50 samples of each variable per
second) continuously throughout each of the 8 maneuver test periods. For
example, the aerodynamic variables included such qualities as the aircraft
angle-of-attack and sideslip angle. Examples of the flight control variables
recorded are the aileron, elevator, flap and rudder deflections, and engine
throttle position. Of the aircraft motion variables recorded, the 13 variables
“listed in table V were selected for subsequent data reduction and analysis.

As pre: iously mentioned, the reason for using pre-recorded magnetic tape
signals to command the aircraft flight motions was the requirement that the
same flight maneuvers be evaluated by more than one subject group during dif-
ferent flights. Comparison of time histories of the 13 aircraft motion

variables during flight-to-flight repetition of any specific test maneuver

14
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indicates that this requirement was met. During the 8 test flights, the
maneuver-motion-variable values presented in table I were achieved to within
10 percent. The single exception to this was pressure altitude, which varied
considerably because of deliberate reducticn of initial (start of maneuver
tape) altitude as the flight program progressed and because of copilot controi
inputs between test maneuvers. Only during two test maneuvers did the air-
craft encounter noticeable atmospheric turbulence.

A minor malfunction of the data recorder caused distortion of low-
amplitude oscillatory motion tape signal content throughout 4 of the 8 maneuver
test periods. This distortion had negligible effect on the present analysis

but precluded spectral analysis of the motion data.

Passenger Subjective Response Data
To illustrate the range of ride-comfort ratings obtained, the 240 ratings

from the first test flight are presented in table IV. The mean of ten subject
ratings for a given maneuver ranged from 1.10 (very comfortable) to 5.60
(between somewhat urcomfortable and uncomfortable), while the mean of the
24 ratings given by a single subject during any single flight ranged from
1.50 (between very comfortable and comfortable) to 5.13 (somewhat uncomfortable).
Rating standard deviations were approximately equivalent in both cases (ranging
from 0.30 to 1.21 and from 0.50 to 1.90, respectively), suggesting that varia-
tion among subject responses to a given maneuver Or maneuver sequence was as

ignificant as variation in responses among maneuvers. A comparison of the
mean of a given subject's responses to the 24 maneuvers in a single flight with
his overail comfort assessment of that flight (from the post-flight question-
naire) is shown in figure 8. Those subjects whose mean ratings for the

24 maneuvers were on the comfortable side of neutral appear to have either
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forgotten or forgiven part of their experience in making an overall comfort
assessment. Conversely, those subjects whose mean ratings for the 24 man- .'ers
were on the discomfort side of neutral tend.d to give worse overal® comfort
ratings. In making overall comfort assessments, subjects avoided both rating
scale extremes .very comfortable and very uncomfortable) altogether and tended
to avoid the midpoint (neutral). Most subjects found ihe fiights to be slightly
on the comfortable side nf neutral (mean rating = 3.60). The standard deviation
of all the comfort ratings (1.513) is much larger than that of ratings obtained
while using a simiiar comfort scale in vibratcry motion experiments (For exam, les
see ref. [13]).

Responses to the post-flight questionraire indicated that 6 of the
30 passenger subjects used airsickness medication in the past, although ncne
used it during these flight experiments. Seven subjects reportaed experiencing
some symptoms of motion sickness during the maneuver experiments. The pre-
dominant activities during flight were thinking, looking out the window, and
talking (in that order). Most subjects said the seats were comfortable. By
far the motion found most uncomfortable was the sudden descent (pitchover
following a longitudinal deceleration}. The non-motion factors fcund most
uncomfortable were the noise level, cabin pressure changes, and temperature
(in that .rder). Al1l other non-motion factors were rated as comfortatle.

The relationship between passengers' overall comfort assessments and
their sa. sfaction with the ride is shown in figure 9. Here a "satisfied"
pr~senger is one who at ihe end of the riue expresses willingness to take
another ride with no doubt or hesitation. DNata from the TIFS maneuver experi-
ments are compared with data from commercial airline flights (ref. [i]).

Beca'ise of the general agreement between the 2 sets of data and because the
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commercial flight data is based on a substantially larger sample, in subsequent
discussion the commercial flight relationship is used.

Analysis of variance applied to the passenger response data (detailed in
appendix B) confirmed that the objective of presenting a repeatable flight
environment to passenger-subjects on different flights was achieved. The par-
ticular maneuver being tested and the passenger seat location were found to
significantly affect tr subjective rating given, while the variation in ratings
given between repetitions of a given maneuver sequence were insignificant. Seat
location effects can be largely explaired by three seats which were non-reclining
and in a noiser location than the other seven. Significant multiple-factor ef-
fects exist which were not found to be explainable by kncwn passenger-subject

characteristics.



CHAPTER V

. MULTIPLE LINEAR REGRESSION ANALYSES

To determine the relationship(s) between passenger comfort ratings and
measures of the airfraft motion, the experimental data obtainea were analyzed
by uultiple linear regression. it should be elphasized that regression analysis
is sinply data-fitting (that {is, detenlining an enpir1cal equation which
characterizes the observed relationship between a dependent variable (the
passenger comfort rating) and one of more independent variables (the measured
afrcraft motion variables)). The basis for=detgrnining the most appropriate
equation is minimization of the mean square error, where error is the arith-
metic difference between a given comfort rating and the corresponding rating
predicted by the equation. Thus, the resulting equation is empirical and not
based on fundamental cause-effect relationships characterizing human response
to motion. This point is too frequently overlooked by those unfamiliar with
reqression analysis. Linear regression analysis was performed because of its
relative simplicity of interpretation, both in the analysis itself and in.
practical application of the analysis results.

Linear regression analysis was performed in two ways. First, all of the
data were analyzed as a whole to develop a comfort model (predictive equation)
based on maneuvering motions in general. The data were then subdivided into
individual maneuver types (turns, descents, decelerations, S-turns, and
turning decelerations) and a model developed for each maneuver type. The
predictive accuracy of the general model and of the particular model were com-
nared for each type of maneuver. In all analvses, individual subjective

ratings were used rather than the mean rating given a particular maneuver,
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A motion variable sampled across a finite time interval can have several
different measures (for example, mean nlue.‘root-nan-square value, mean
deviation, standard deviation, etc.). Which of these measures most closely
relates to passenger comfort during flight maneuvers has not been determined.
It might be that different motion variables have different most-appropriate
measures. » Therefore, both the general regression analysis and the partitioned
analyses were conducted employing five different measures of each motion
variable. A more detailed discussion of the regression analysis employed is
presented in appendix C.

Summary Regression Model

Table VI presents the order in which the 13 motion variables entered the
regression when the variables were measured in each of 5 ways (maximum deviation,
mean value, mean deviation, root-mean-square, and standard deviation) plus a
combination of root-mean-square and standard deviation. Also shown for‘ each
regression step is the coefficient of multiple determination (Rz) which is
the proportion of the total variation in individual comfort ratings accounted
for by the regression model at that regression step. None of the regression
models accounts for more than 40 percent of the variation in individual comfort
responses. The composite (rms and standard deviation) model is the best linear
model found after testing many possible variable and variable-measure combinations
(not presented herein). For a given model, R also provides an indication of the
improvement in model fit to the data obtained by adding another variable. As a
general guide, to merit inclusion in the model (thus increasing its complexity),
it was assumed that an additional variable should account for at least an addi-
tional 1 percent in the variation in comfort ratings. For the best model, 4
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variable measures %n,* Ony* Ony and & together account for more than 36

percent of the variation in individual comfort ratings. Adding §y; as a
fifth variable only accounts for an additional 0.8 percent. In fact, a
regression model employing all 13 variables, instead of just 4, accounts for
less than an additional 3 percent in rating variation. The most appropriate
sumary regression equation, then, seems to be one incorporating the first 4

variable measures in the last column, specifically

R ==' 1.477 + 12.3 °, * 32.8 o, * 11.6 o, * 0.0220 Eﬁ 1)

X y 2

Statistics for this model are presented in table VII. The model accounts for
36.3 percent of the variation in individual comfort responses. The remaining
63.7 percent includes 54.1 percent due to variation in responses by the 10
subjects experiencing any given maneuver (recall the large standard deviations
of responses to a single maneuver). The remaining 9.6 percent is error. While
the ms error with respect to individual responses using this model is 1.209,
when the variation in individual ratings for a given maneuver is accounted for,
the rms error with respect to mean ratings is only 0.469. While the correlation
between the regression model and individual comfort ra.:_ings is only 0.602, the
-correlation between the model and the mean rating given each maneuver is 0.951.
The regression has an F-value of 272 and is thus significant to at least the
0.0005 level; that is, there is less than a 0.05 percent chance that the
regression coefficients are in reality all zero and that the given equation
results by chance.

A 90 percent confidenc: interval for each coefficient is shown in table VII.

For example, although it is not certain that a repetition of the flight maneuver
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experiments and regression amalysis would result in a On, coefficient of 11.6
there is a 90 percent chance that the %y coefficient obtained would lie
between 10.5 and 12.7. Also shown is the portion of the average comfort rating
contributed by each variable. It is apparent from these data that O, is
not only ihe variable measure whose regiression ccefficient is most accurately

known, but also the largest single contributor to the average comfort rating.

Simple Turns and S-Turns

Simple turns (fig. 10) were flown at constant altitude and specified
constant airspeeds. The aircraft was rolled into & specified roll angle with
a specified maximm roll rate. After about 20 seconds of steady turning
flight, the aircraft was brought back to straight and level flight, with
approximately the same maximum roll rate. The maneuver evaluation interval
began approximately 5 seconds before the beginning of roll into the turn and
ended about 5 seconds after the return to straight and level flight.

Regression analysis was applied to the 68 individual turning maneuvers
(table VIII). The arbitrarily assumed requirement that an additional variable
increase' l!2 by at least 1 percent limited the choice of regression model to
one of two: efither a model including % and Ony Ora model including 00
and *ﬂy' There are only minor differences in the statistics for the two
models and the latter is chosen primarily because of its relative simplicity
of measure,

The maximum ny deviations always occurred during turn entry and exit
(that is, those portions of the turning maneuver were not fully coordinated
(n'y = 0)). Because tny was related to 4 (correlation = 0.77) and 4

p

was a primary test parameter, a regression was done using s and ¢, , which

p [}



resulted in the following model:
R = 0.395 + 0.0640 +4 + 0.0653 +, (2)

Statistics for this model are presented in table IX and are further discussed
later. Airspeed (which ranged from 138 kt to 214 kt) and altitude (which
ranged from 1400 ft to 10,900 ft) during simple turns had only secondary ef-
fects on comfort and their addition made little improvement in the above
regression model.

S-turns (fig. 11) were also flown at constant altitude and specified
airspeeds. About five seconds after the beginning of the maneuver segment,
the afrcraft was rolled to a specified roll angle. After a fixed time
interval (0, 10, or 20 seconds) at this roll angle, the aircraft was rolled
to an equal, but opposite, roll angle. After about 10 seconds at this roll
angle, the aircraft was brought back to straight and level flight and five
seconds later the maneuver segment ended. All roll transients were with a
specified maximum roll rate.

Analysis of the S-turn data (table X) in general produced an order of
variable and variable measure similar to that for simple turns. For this
reason, and to obtain a comparison between a simple turn model! and an S-turn
model, the foliowing S-turn model employing 4, and ¢y was developed:

R = -0.185 + 0.0765 44 + 0.0806 4 (3)

For statistics of this model see table XI. Figure 12, which 1s a plot of
the two models (eqs. 2 and 3) graphicaliy illustrates their similarity. A
statistical test of significance (t-test) indicated less than a 5-percent

chance that differences in regression coefficients between the two models
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were anything more than chance occurrences. Therefore a composite regression

model was generated using combined simple-turn and S-turn data:
R = 0.293 + 0.0665 +, + 0.0697 4, (4)

Statistics for this model are presented in table XII, including a comparison
of its predictive accuracy with that of the summary regression model developed
earlier. The above model is only slightly more accurate in its fit to the turn
and S-turn data than is the summary model but has the distinct advantage of
employing only the relatively simple measure of maximum roll angle and maximum
roll rate.

A plot of equation 4 and mean ratings for the 23 unigue simple turns and
S-turns are shown in figure 13. Each mean-rating data point shown i§ the
average of the 40 individual ride comfort ratings given one unique turning
maneuver, as that maneuver was repeated on 4 different flights. The corre-
sponding roll angle and roll rate for that point are the average maximum roll
angle and maximum roll rate over the 4 repetitions of that maneuver.

In agreement with the regression equation, these points indicate a
general trend for an increased roll rate to evoke a less favorable response.
For a moderate maximum roll rate (15 deg/sec) passenger ratings generally
became somewhat uncomfortable when the maximum roll angle exceeded 40°
Just as confidence intervals were developed for individual regression coef-
ficients, confidence intervals were developed indicating the probable range of
mean comfort ratings to be expected should the experiment be repeated.

Figure 14 presents 90-percent confidence intervals for the mean comfort re-
sponse during a turn made with a maximum roll rate of 15 deg/sec. The solid

1ine indicates the most likely linear variation of mean comfort rating with
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roll angle. Although one cannot guarantee that repeating the turns experiment
would result in mean comfort ratings falling on the solid line, one can pre-
dict, with a 90-percent probability of being correct, that the mean ratings so
obtained will fall within the l1imits shown. Also shown in figure 14 are mean
comfort ratings for turning flight obtained by the University of Virginia
during ride-quality experiments (ref. [12]) aboard the NASA General Purpose
Airborne Simulator (GPAS). These data are in substantial agreement with the
regression model, particularly at roll angles less than 40°.

The information in figures 9 (ref. [8] data) and 13 can be used to form
a linear relationship betwee _11ing motion in a turn and passenger satis-
faction, shown in figure 15. A pilot wishing to satisfy at least 95 percent
of his passengers {(with regard to comfort) will limit his roll angle during
turns (for a 10 deg/sec maximum roll rate) to 20°. Reducing the maximum roll
rate during the turn only slightly increases the allowable maximum roll angle.
Written passenger comments on individual maneuvers occurred quite consistently
when either the roll angle exceeded 40° (typically described as a "lightheaded
feeling" or a "sinking feeling") or the maximum roll rate exceeded 15 deg/sec
(typically described as "abrupt") This result should be used with caution,
however, as there may be a significant difference between the level of motion
at which a passenger first becomes uncomfortable and the motion level at which

he is uncomfortable enought to make a written comment.

Steady Descents
Steady descent maneuvers (fig. 16) were tested by gradually bringing the
aircraft to a specified pitch angle and flight path angle and announcing the

beginning and end of the evaluwztion interval before retrimming the aircraft
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for the next maneuver. On occasion, the exit from an unusually steep descent
was somewhat abrupt and immediately followed announcement of the end of the
evaluation interval. Subjects, however, had been specifically asked to evalu-
ate only what they experienced during the evaluation interval.

A preliminary examination of the subjective respcnses obtained during
steady descents indicated a definite symmetry about a zero pitch angle (that
is, that an aircraft pitch angle produced a similar degree of discomfort
whether the aircraft were pitched nose up or nose down). Because this symmetry
cannot be properly accounted for in a linear model employing the signed pitch
angle, prior to regression all mean and maximum pitch angle values were con-
verted to absolute values. Regression analysis of the resulting data

(table XIII) suggests the following model:

R = -0.1507 + 0.0981 [+4] - 0.118 ty + 0.0195 *"1 (5)

Statistics for this model are given in table XIV. Mean rating contributions
imply that for a given airspeed, aircraft pitch angle and flight path angle are of
equal importance. This finding contrasts with the fact that while few passengers
commented at all on the steepness of the aircraft pitch angle (up to 13.8° nose-
down), many passengers complained about rapid changes in cabin pressure. It is
expected that repeating this experiment in a pressurized aircraft would result

in a greatly reduced influence of flight path angle. Plots of ride comfort
rating versus aircraft pitch angle are shown for several flight path angles and
two airspeeds in figure 17. Also shown in the figure are the means of data
points obtained at flight conditions (flight path angle and airspeed) approxi-
mating those applicable to the regression 1ines. The relatively larger amount

of data scatter near zero pitch angle is due to passenger responses to factors
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other than aircraft motions (for example, noise, temperature, etc.). A
90-percent confidence interval for mean passenger comfort rating during steady
descents at an airspeed of 200 kt and flight path angle of -6° is shown in
figure 18. The most likely variation of mean comfort rating with pitch angle
is that indicated by the solid line. There is a 90 percent chance that repeti-
tion of any test point in this pa~t of the experiment (v; = 200 kt, y = -6°)
would result in a mean comfort rating falling within the limits (dotted lines)
showi.

As previously mentioned, passenger subjects were quite specific and con-
sistent in complaints of ear discomfort due to pressure changes during descents.
A plot of the percentage of passengers aboard who specifically commented on ear
discomfort versus descent rate is shown in figure 19. These data suggest that
in order to limit ear discomfort to only 5 percent of the passengers aboard,
descent rates in an unpressurized aircraft should be limited to 400 ft/min.

A crossplot of data from fiqgures ¢ and 17 yields the passenger acceptance
relationships shown in figure 20. As an example, a pilot of an unpressurized
aircraft making a 6° approach at 200 kt and a pitch angle of 2° nose down,
thus satisfying 90 percent of his passengers, could, by raising the nose
slightly and slowing to 150 kt, satisfy 97 percent of his passengers with

regard to comfort.

Longitudinal Deceleration With Pitchover
Longitudinal decelerations (fig. 21) were accomplished by placing the
aircraft in a slight climb, nose up, with near-maximum engine power. The
engine power was then abruptly reduced and the aircraft allowed to follow a

curved flight path as the airspeed decreased with pitch attitude held constant.
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As the airspeed approached a normal-landing final approach speed, the aircraft
was pitched over to a nose-down attitude. The average longitudinal deceleration,
the final pitch angle, and the pitchover rate were varied. The evaluation
interval began about 5 seconds before the engine power reduction and ended about
L seconds after obtaining the final pitch angle.

Regression aralyses of data obtained during longitudinal decelerations
followed by pitchover (table XV) suggest that the most appropriate model of
passenger comfort during that type of maneuver is simply

R=1.749 + 22.1 £, (6)
4

The fact that n, in this maneuver is typically zero except during the pitchover
agrees with the fact that subjects typically found only the pitchover at the end
of the deceleration to be uncomfortable, and that the discomfort of the pitchover
was due to the "heave" motion experienced. Subjects commented on the decelera-
tion itself only in terms of anxiety over the obvious (noise level) reduction in
engine power. The fact that the maximum longitudinal deceleration obtained
(0.188 g) stimulated no comment whatsoever, agrees with findings of the Japanese
National Railways that rail passengers made no objection to sustained decelera-
tions of up to 0.17 g (ref. [14]).

Statistics of the above regression model are given in table XVI. The
coefficient of E"z is known quite accurately. The model fits the mear rating
data to within an rms error of about one-third rating point, somewhat better than
the summary regressior model. The maneuvers themselves and the model together
account for approximately one-third of the individual rating variance, while

differences of opinion among the ten subjects evaluating any given descent

maneuver accounted for nearly twice as much rating variance.
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The deceleration model (eq. 6) was exercised by assuming an aircraft with
the TIFS wing-loading and 1ift characteristics. The maneuver was assumed to
include a smooth decrease in airspeed while at constant zero pitch angle, fol-
Towed by a smooth reduction in pitch angle. It was assumed that the
deceleration took 20 seconds and the pitchover 5 seconds. This maneuver time
history was synthesized on a digital computer by an iterative program having a
solution interval equal to the flight data sample interval (0.02 sec). The
resulting normal acceleration time histories, and hence rms values, closely
approximated those of corresponding experimenial maneuvers.

The variation of passenger comfort with average pitch rate during pitchover
predicted by the regression model is shown in figure 22 for three final pitch
angles and two values of airspeed at pitchcier. The final pitch angle and rate
at which the aircraft pitches over have dominant effects on passenger comfort.
The model also indicates that even a substantial longitudinal deceleration
(0.157 g average for the 140 kt case) results in a net improvement in passenger
comfort by reducing the airspeed, and hence normal acceleration, during pitch-
over. Each experimental data point shown represents an average of the
40 individual comfort ratings and four sets of motion meacure for one of the 10
unique deceleration-pitchover maneuvers tested. Agreement between the model and
experimental data is good.

A 90 percent confidence interval for the variation of mean comfort rating
with average pitch rate (final pitch angle of -10°, 200 kt airspeed) is shown in
figure 23. While the solid line indicates the most likely mean rating, there is
a 90 percent probability that repeating the experiment would result in mean
ratings falling within the broken lines. Cross-plotting the data of figures 9

and 22 results in the passenger-acceptance relationships shown in figure 24.
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Constant acceptance boundaries with respect to final pitch angle and average
pitch rate are shown for two airspeeds. For a small change in pitch attitude
(which would normally be accomplished with a small pitching rate) a substantial
average pitching rate is permissible. For large changes in pitch attitude
(where one might expect correspondingly large values of pitch rate) the allowable
pitching rate for a given acceptance level is sharply curtailed. Increased
airspeed moves the acceptance boundary curves toward the origin. At normal
approach speeds (140 to 200 kt), 95 percent passenger acceptance implies average
pitch races not to exceed 0.5 deg/sec for small changes in pitch attitude or

0.1 deg/sec for large changes in pitch attitude.

Turning Decelerations With Pitchover

Four different maneuvers of this type were tested. One ourpose was to
determine which of the preceding simpler maneuve . would have dominant influence
on comfort in a more complex maneuver. The second purpose was to determine if
the regression models developed for simpler maneuvers could be combined to closely
model the data obtained in a more complex maneuver. The maneuver (fig. 25) began
about 5 seconds after start of the evaluation interval with a roll (at moderate
rate) into a turn of specified roll angle and duration. During the roll into
t - turn, the engine power was reduced and the airspeed allowed to decrease with
pitch attitude maintained. Near the end of the deceleration the aircraft was
rolled out of the turn and pitched over to a steady descent condition. This
flight condition was maintained through the end of the evaluation interval.
Regression analysis (table XVII) of the motion data from the 16 unique maneuvers

and 160 individual ratings suggests the following model:

R =4.871 +0.225 0_ - 0.0557 o (7)
Y Vi
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Statistics for this model are given in table XVIII. The model fits the data
quite well (mean rating rms error of 0.278) and indicates that the pitchover
portion of the maneuver was the dominant factor influencing passenger comfort.
This finding is in agreement with the subjects' written comments in which the
pitchover was the dominant complaint, steepness of the turn was second , and
almost none complained of the deceleration. As in the simpler deceieration plus
pitchover (without turning) the longitudinal deceleration (proportional to ovi)
had a beneficial effect on comfort. The reason for this is probably the same
as in the case of the simpler maneuver: reduced airspeed at pitchover results
in reduced normal acceleration during the pitchover, and hence increased com-
fort. Although including o”z in the model increases the portion of rating
variance accounted for by the model from 13.1 to 14.8 percent, i* also greatly
increases the uncertainty of the cther coefficients. The F-statistic for this
model indicates only a 0.1 percent chance that the regression co 'fic
occurred by chance. However, because the model is based on such a siigll portion
of the total rating variance o' tained during this type of maneuver, no parametric
plots based on the model are presented. Estimating the comfort of these
maneuvers using the model developed for simple- and S-turns (eq. 4) resulted
in an average underestimation of 0.98 rating pnint, indicating that the subjects
were responding to more than just the turn. The same exercise using the simple
deceleration-with-pitchover model (eq. 6) yielded an average overestimation of
0.27 rating point, probably because the negative n, (passenger pushed into

the seat) during the turning portion of the maneuver is not nearly as uncom-

fortable as the positive n, (passenger 1ifted out of the seat) developed

2
during pitchover. In =nother analysis approach each turning deceleration motion

time history was divided into three segments: turn ent:y, steady turn plus
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deceleration, and turn exit plus pitchover. The four motion variables and
variable measures thought most appropriate in each segment were reevaluated from
the basic data tape. Regression analysis using the resulting data indicated
that the variable accounting for most of the discomfort was the pitch rate
during pitchover. With that portion of the variance accounted for, the next
most significant variable was the maximum normal acceleration during turn entry.
Again, these findings are in complete agreemen: with the subjects' written com-
ments. The mode! itself, however, failed to fit the rating data nearly as well
as equation 7. In summary, it was determined that in a complex maneuver of
this type, passengers react mostly to the pitchover, somewhat less to the turn,
and little, if at all, to the deceleration. The limited number of unique
maneuvers tested and the resulting limits on variable range so reduced the
rating variance due to the maneuvers themselves that no satisfactory regression
model could be developed. For this reason it is suggested that for this and
other compound maneuvers the summary regression model be used to predict

passenger comfort.



CHAPTER VI
CONCLUSIONS

A series of flight experiments has been conducted using a variable-
stability research aircraft and a significant number of passenger subjects to
investigate the passenger comfort of terminal-area flight maneuvers. Analysis
of the variance in the comfort ratings obtained indicated that the objective
of repeating the passenger environment from flight-to-flight by magnetic tape
control of the aircraft was obtained. The same analysis and subsequent
analyses, however, indicated that the rating variance due to differences among
individual subjects responding to the same motion environment can be as large
as or larger than the rating variance due to differences in the maneuvers
themselves. The data obtained have been analyzed through multiple linear
regression to produce several ride-comfort moaels. Each model expresses the
passenger comfort rating of a given flight maneuver as a linear function of
one or more of the motion variables measured during that maneuver. Optimum
measures (mean value, root-mean-square, standard deviation, etc.) of the
motion variables were determined for each type of flight maneuver tested. A
summary model was cenerated using the entire data set collectively and is
recommended for predicting the passenger comfort of compou..d maneuvers, such
as turning decelerations

Modeling of simple turn and S-turn data indicated no significant differences
in passenger response to the two types of turn. The analysis w150 indicated

that passenger comfort was most closely described as a function of maximum roll
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angle and maximum roll rate, with little or no influence of airspeed or altitude.
A goal of 95 percent passenger satisfaction implies a maximum roll angle of 20°
and a maximum roll rate of 10 deg/sec.

The comfort model obtained for steady descents indicates a significant
influence of pitch attitude, flight path angle, and airspeed. However, it is
thought that the influence of the latter two motion variables was due to cabin
pressure changes during the descents, rather than the motion variables
themselves. A goal of 95 percent passenger satisfaction suggests a maximum
descent rate (for unpressurized aircraft) of 400 ft/min and a maximum nose-dcwn
pitch angle of 6° during normal 3° approaches.

Passenger comments and modeling of comfort ratings obtained during simple
decelerations followed by pitchover indicate that the normal acceleration
transient during pitchover was the dominant influence on comfort. Exercising
the resulting regression model with computer-synthesized maneuver time histories
indicates that a substantial longitudinal deceleration can actually improve
overall passenger comfort by reducing the airspeed, and hence, the normal
acceleration during pitchover. At normal approach speeds, a goal of 95 percent
passenger satisfaction suggests maximum pitch rates of 0.5 deg/sec.

Regression analysis of data from several compound maneuvers (turning
decelerations with pitchover) produced a model which fit the data quite well.
The data base for the model, however, was such that the model was based on only
a small portion of the tatal variance in individyal ratings. It is, therefore,
suggested that for compound maneuvers the summary regression mode] be used. It
was also determined that in a compound maneuver of the type tested, passenger
comfort relates most closely to the pitchover portion, next closest to the turn,

and little if at all to the longitudinal deceleration.



APPENDIX A

PASSENGER QUESTIONNAIRES

Questionnaire I (pp. 35 - 36) was completed by each prospective passenger-
subject and was the basis for approval or disapproval by the Langley Medical

Officer of that subject's participation in the maneuver experiments.

Questionnaire 11 (pp. 37 - 40) was completed by each passenger-subject prior
to his participation in the maneuver experiments, and was used to determine his

background, previous flight experience, and attitudes toward flying.

Questionnaire III (pa. 41) was completed by each passenger-subject aboard
each test flight and obtained that passenger's comfort evaluation of each of the

24 maneuvers tested during that flight.

Questionnaire IV (pp. 42 - 44) was completed by each passenger-subject
aboard each test flight and obtained that subject's evaluation or the comfort of
the test flight as a whole, and of particular aspects of comfort during that

flight.
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Questionnaire I

Approved

Office of Management and Budget No 29-R0191

REPORT OF MEDICAL HISTORY

1. LAST NAME—FIRST NAME—MIDOLE NAME

(THIS INFORMATION S FOR OFFICIAL AND MEDICALLY-CONFIBENTIAL USE ONLY AND WILL NOT BE RELEASED TO UMAUTHORIZED PERSONS)

2 SOCIAL SECURITY OR IDENTIFICATION NO

4 POSITION (Cnty, grade, component)

[~ 5. PURPOSE OF EXAMINATION

6 DATE OF EXAMINATION

7. EXAMINING FAGILITY OR EXAMINER, AND ADDRESS
(Include ZIP Code)

8. STATEMENT OF EXAMINEE'S PRESENT HEALTH AND MED{ICATIONS CURRENTLY USED (Fo“ow;y description of past history, if complaint sxists)

‘-13. WHAT IS YOUR USUAL OCCUPATION?

9. HAVE YOU EVER (Presss check each item) i T 77 7110 00 YOU (Please check each item) -
veS | NO (Check each rtem) ves o[ (Check esch item) 1
Livad with anyone mu»dit:;rculoch - o MT I ;Vuv gisssss or contact lenses )
Coughed up blosd T T _—;_: jERS Have visron in both eyes
Bled sxcessively after injury or tooth extraction e | Waesr 2 hesring sid
lAnompud sucide B o o . S or habd H ]
ALBoon a slespwalker L e N Wear a brace or P.d__;supm
11. HAVE YOU EVER HAD OR HAVE YOU NOW (Please check st left of each item)
[ DON'T Sl DON'T - I DON'T T
YES| NO |KNOW (Check each item) YESI NO | XNOW (Chech esch tem) YES| NO [ KNOW (Chack aach item)
s Scarlet fever, srysipelas Cramps in your legs “TAck™ or locked knee
Rheumnatic fever Frequent indigestion Foot trouble
Swollen or painful joints Stomach. liwer. or mtestingt trewble Neurttis
Fi or severs headach Goll bladder troxble uinllm Paralysis (inctude nfantile)
Dizziness or fainting speils Jaundice or hepatits Epriepsy or fits
| Eye trouble ) ‘— Adverse nig{n; 10 seruin, drug.| Car, train, ses or sir slclmn;"_‘
Ear. nose, or throat trouble ! or medicine Frequent trouble slesping
e Heaning loss i Broken Lones T Depression or excessive worry
! Chronic or frequent coids j_ Tumor, growth, cyst, cancer Loss of memory or amnesia
l Severe tooth or gum trouble X Rupturs/hemia Nervous trouble of sny sort
B ' Sir 'sitis Piles or ractal disesse Periods of unconsciousness
{Hey Fever . T Frequent or painfui urinatk T
B ! ' Head Injury ) Bed wetting since age 12 T
j I Skin dissases ‘l’“ Kidney stone or blood in urine Ji )
| T Thyrold trouble 1 Sugar or atbumin in urine T
: " Tuberculosis I VD—Syphilis, gonorrhea, etc.
' ! Asthma I Recent gain or loss of welght
[T shortness of bresth I Arthnitis, Rewmetism. o Bursitis B
s 1 { Pain or pressure in chest ! Bone, joint or other deformity
|| g - .Tgm:mlc cough ) Lameness o e
! Palpstation or pounding heart Loss of finger or toe 12. FEMALES ONLY HAVE YOU EVER
[~ * b ”f Ln"n troubie Paintul or "‘tnck’’ sheulder or eibew l:rtrvnld for a '—-T:d:l;n: n
L "High or low blood pressure Recurrent back pain “Thed e&n:._; " ;;um_l pettorn
IR 1 . ]
— —— - — - [u—

14. ARE YOU (Check one)

D Right handed

D Left handed

ORIG
OF pgg# PAgp 4

QUAL ITy
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LNO CHECK EACH ITEM YES OR NO. EVERY ITEM cNtCKﬂ) YES uusr BE FULLY EXPLAINED IN ILANK SPACE ON mcm'
_ e

5 1. Have you been rsfused emplo; t or
! o
|

uheble to hold a job or stay in

school because of:

A. Sensitivity to chemicals dust, sun-
light, etc.

8. Insbility to perform certain motiont.

1 C. Inabulity to cartain
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1 19. Have a patient in any type
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! why. snd name of doctot and complete

address of hospitel.)

20. Have you ever had any iliness or injury
mmmdwy noted? (if yes,
specify when, whers, and gwe details.)
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Have you ever been discharged from
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date, reason,
other

-N' ot‘” than honoua.

. is there p ..
or have you applied for %i0n_ OF
compensstion for sxisting disabiity? (if
yes, specity whet kind, granted by
and what amount, when, why.)

I certify that | have raviewed the foreguing information supplhc by me snd that it is true and complete o the best of my knowledge
1 authorize any of tha doctors, hospitals, or clinics mentioned above to furnish the Government a complete transcnipt of my medical record for purposes
of pi g My app for this employmaent or service.

|
|
ir'M. Have you ever
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Questionnaire 11

O. M. B. No. 104:S ysem:
APprovel Bapires 1-3193

Y

ACA >
NAS Labillp
g A 4

This questionnaire Is part of on effort by the National Aeronoutics and Space Administration
ond the University of Virginia to obtain information from the flying public to be used in the design
of future tronsportation systems. The goal is to identify the needs and desires of airline passengers
so that they can be sotisfied by future systems. Your cooperation in completing this form will be ap-
preciated and con only benefit you, the air traveler.

We would like only your first impressions on each question, and you need not answer any ques-
tions that offend you.

Thank you for your cooperation,

Age —— 2. Sex: [0 Male O Female

3. Occupation

In a sentence or two, how do you feel about flying? (Examples — 1 love to fly; | do
it whenever possible; or | hate to fly and do so only when forced to by my job.)

S. Primary purpose of most of your flights?

[0 Business O Personal O Other

6. Who provides the funds for most of your flights?

O Business {3 Personal O Other

7. How often do you fly? (Examples — Once a week, once a month, etc.)

37
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8. Place a check in the box which describes the importance of each of the following in
deter mining your satisfaction with an airplane ride.

Very Little  Somewhat Very Of Greatest
Unimportant  Importance  Important  Importont  Importance

Comfort - oo B PR I | I PR I [P O
Convenience . | [ P i [P [ O
Cost - O-comaem- I I R 8 [P 0
Reliability — oo oooeeeemem o [ PO | O i O
Safety - oo oo O-ceeee- I I 00— O
Time Savings ———_________ 0 [P, i [ [ | P, O
Ability to Work ___ . __ _—___ [ [ [ 1 [ o [ a
Serviceson Board __.__ . _____ I | | [ 1 [ |
Surroundings —_______________ i I [, o [P 0O
Services in Terminal . _________ i [ I [ P o [, 0O

9. Place a check in the box which describes the importance of each of the following in
determining your feeling of comfort on an airplane ride.

Very Liitle  Somewhat Very Of Greotest
Unimportant  Importance  Important Important  Importance

Pressure Changes . _________ I P 0 I P 1 [P O
NOISe e . ) [P, O---oemn | [P, O
Temperature _ o oo | I [P 1) [P I [ 0O
Lighting - e e O-ceeame- I 0 [P Oeeene-- O
Seat Comfort ____________..___ o [ 0 ) 1 0
Up & Down Motion (bouncing) -~ [J ~c—cc--- o o o [ ]
Side to Side Motion (rolling) ———- [ acacacan 1 [ I [P o . 0
Work Space and Facilities ._____ I | P, I | [ 0

Presence of Smoke oo e - o 0 o [ 0
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10. Which five of the following activities occupy most of your time in flight? Rank them
using the numbers from 1 to 5 to show the position of each, with 1 representing the most
time and 5 the least time. Use each number only once.

—— Eating —— Conversation —— Looking out the window
Drinking —— Writing —— Thinking

—— Sleeping —— Daydreaming —— Walking in the aisle

—— Reading —— Smoking

11. Below are some statements about air travel in general. Considering your overall flight
experience, place a check in the column which indicates the degree to which you
agree with each statement.

56 8 35 & 59

The ride is very comfortable ________________ O---0---0---0---0
Writing is difficult during flight ______________ 0---0---0---0---0
Service in the air is generally very good ________ 0---0---0---0---01
Flying is too expensive ______ o __ O0---0--.0---0---0
Service in the terminal is very good _________.. Jee-O---0---0---0
Reading is easy during flight - _______________ O---0---0---0---0
It is easy to sleep during flight ______________ 0---0---0---0---0
Conversation is easy during vlight ____ ________ O---0---0---0---0
Eating is easy during flight ______ . _________ 0---0---0---0---0
Airplane seats are comfortable __ ____ .. ______ O0---0---0---0---0O3
Concentration is difficult while flying _____.___ 0e--0---0---0---013
It is easy to relax while flying . _________ Q---0---0---0---0
| am more tired at the end of a flight

than at the begi*wning - ______ O0---0---0---0---0
Airplane interiors are in excellent condition .__._. [J - (0 --- O ---0 ---01

| feel cramped due to lack of seating space
onairplanes oo O---0---0---0---03
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12, If vou are going on a trip, what are some of the foctors you would consider in choosing
to go by air rather than by another mode of transportation (such as train, bus, car, etc.) ?

13. Please fill in the table below for your past few intercity trips, as best as you can re-

Trip | Route Mode Purpose of Trip Length of Stay
, i'i"'_ ----- 0O Automobile O 'froin O Business
To: T O Aiplane 0O Bus ] Other
, From- O Automobile [ Train | [ Business
w O Airplane ™ Bus | [ Other
3 From: O Automobile [j Train | [J Business
w ] O Airplane 0 Bus | O Other
. From: 0 Automobile [3J Train | [J Business
w ] O Airplane 0 Bus | 3 Other

From: [0 Automobile [J Train | [J Business
> w 7 0] Airplane 0O Bus | O Other

The success of this program depends on your understanding of the questions asked ond our
knowledge of your feelings. To accomplish this, we would like to discuss this questionr.aire in greater
depth with you. 1f you are willing, please put your name ond telephone number at which we con con-
tact you in the space below and we will make an appointment to talk to you at your convenience.

Name: Telephone Number:




Questionnaire 111

TIFS

Please indicate below your comfort assesment of each maneuver, as it

is announced. Please comment on any aspect of your comfort you find
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Questionnaire IV

1. Indicste your overall reaction to tkis flight:
Very Comfortable

Comfortable

Somewhat Comfortable

Neutral

Somewhat Uncomfortable

Uncomfortable

ODO0OO0OO0O0OOo

Very Uncomfortable
2. After experiencing this flight, I would: (chack only one)
(O be eager to take another flight
(O take another flight without any hesitation
O take another,flight, but with some hesitation
(O prefer not to take another flight
(O not take another flight
3. Indicate your reaction to the following motions of the aircraft:

Not Sorevhat
Uncomfortable Uncomfortable

Up and down (bouncing), . . 0
Backward and forward. ., . .
Side to side. « &+ s ¢ o+ ¢
Sudden descents ¢ + ¢« ¢ o o
Sudden joltse ¢ ¢« o ¢ s o
Turning « o+ ¢ ¢ o o ¢ 0 o o

General vibration , ¢« « ¢+ ©

D OD0ODO0O0oaao
OO0COOO0ODOOO

Other (specify):

Comments:

42
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4.0 Check the box which indicates your feelings about each of the following items on
this flight

Not Somewhat Very
Uncomfortahle Uncomfortable Uncomfortable
Lighting. . . . . . . . . .« ¢ 0 i ]
Pressure (on ears). . . . . . + O 0O -
Noise . . . . . . .. .. .. O . -
Odors (other than tobacco
smoke . . . . . . .. 4 . d (J (]
Presence of tobacco smoke . ] 0 .
Temperature . . . . . . . . O U ()
Ventilation ., T J i]
Workspace . L) o ]

5. Indicate your reaction to each of the following statements:

Strongly
Agree NDisagree Disagree
The seat has enough leg room, . . O - 0

The firmness of the seat Is
satisfactory. . . . . . . . . . U )

The szat is wide enough . . . . . 0 a

The shape of the seat {s
satisfactory. . . . « + ¢« .+ . . [ O

The seat can be adjusted to
your satisfaction . . , . . . . J a

o 0O C 0O

6. Check the box which indicates how much time during this trip you spent doing
each of the following:

Little or none Some Considerable
Reading « « o ¢ ¢« & o o ¢« &+ ¢ o 0O 0O 0O
Writdng . . . ¢ o o ¢ ¢ ¢ o o o
Ta lki“' . - L[] L Ll L) . L] ] L] L[] . L]

Looking ocut the window, . . . . .

0o0o0caag

Dozing., + « « « &« o ¢ ¢ 4 & o o

00 30

Thinking: « ¢« ¢ ¢ v ¢ o o « « o o [

wJ
0O 0000A0O0

Drinking or eating, . . . . « . . O O

If any of the above were difficult to perform, which one(s)?
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7. Specify your seat locatlont {check nej

il

8, ‘tHave you tsken airzickeess medication?

Previou ly No {1

This flight No {1

pr T

Did you experience any symptoms of airsickness on this fli

vee [ No [

COMMENTS




APPENDIX 8
RIDE COMFORT RATING ~..ALYSIS OF VARIANCE

An individual ride comfort rating, R 1° is identified within the whole

ijk
array of ride comfort ratings obtained by four factor indices i,j,k, ana 1,

which are defined as follows:

Factor A i=1,2 Maneuver motion command tape (Tape I or
Tape II) niloting the aircraft at time
rating was obtained

Factor 8 J=3,2,3,4 Repetition of Tape I or II during which
rating was obtained

Factor C k =1,2,...,24 Individual test maneuver for which rating was
obtained
Factor O 1=1,2,...,10 Seat in which the passenger giving the rating

was seated
Thuc, with two motion command tapes, each te.:ed 4 times, with each ..pe
repetition providing 24 individual test maneuvers, and each test maneuver
evaluated by 10 subjects, there are 1920 (2x4x24x10) individual ride comfort
ratings Rijk] . Each rating is uniquely defined by the 4 factor indices i, j,
k, and 1.

45
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Analysis of variance determines which, if any, of the 4 factors (A, B, C,
or D) or combinations of factors (e.g. A with B, B with D, A with C with D, etc.)
account for substantial portions of the statistical variance in the ride comfort

ratings obtained. This determination is equivalent to determination of which of

the 4 factors or combinations of factors exerted substantial influence on the ride
comfort ratings obtained.
Discussiorn of Mathematical formulas Employed

The mathematical formulas used in the analysis of variance (See table B - I
for numerical examples) are presented in this section. For an individual factor

(Factor A, for example), the rating sum of squares (S,; is determined as follows:
A

% 2
4
"
At

ref TZ
5o - 50.3
4 X 29x10 1920
4 24 10
where: 77 - \—EZ RHM
J..l Kel “1
l_‘ éi/o_
7' o \5 j; > Y> RIJK(

x

=)

-

(L3

L3

Similarly, the sums of squares for the remaining individual factors (B, C,

and D) are, respectively:
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Y.
STt
= -2
SB Py — haand h: é.?]
2Ax 24X 10 1?20
24
STt
ol 2
-
S 0= — - [=271.8]
2AX4X 10 1920
ST
rat 2 .
S = — - — = /43.7
° 2X 4X 24 1920 [ J

A two-factor interaction is the effect on the rating variance of a combi-

nation of two factors. For the two-factor interaction AB (motion command tape

with tape repetition) the rating sum of squares (SAB) is:
%,
Som?
5 2 (
3 = - 5 -5 - = 24, 8]
he 24X 10 A 8 1920
24 o
= \\ RXJKB
iJ L oy

where: iJ
Kol £:]



Similarly:
2 24 2
N T
g
See =
Hxio
a2 10
S T
e
5 =
" 4X 24
TS
BC X o
4 t1o 2
SN T
SEIR
S =
» AX24
P NLA 2
NN T
e L
k=1 L=i
o 2X 4
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A three-factor interaction is the effect on the rating variance of a

combination of three factors. For the three- .tor interaction ABC (motion

command tape with tape repetition with individual flight maneuver) the rating
sum of squares (SABC) is:

24

S8

T T2
rS;‘!Bc = 10 B 5;3"5ic"f£x“ii"5%’fi -:;;; Eﬁkléj
where: S <C Ruxz
’ £

Similarly:

2 3 __ 2

TS‘L Dy 2

?.»L:lel

Sasw T T

TZ
= S, S S 55 [=m.5]
24 1920

lh
»
.
S

1

"
>
L

T-Z
SACD = —T_— - "S‘M.— S»D"SD—S»"S:.—S» _:;2; [;}79"?]
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<‘ A 10 2
SN T
ETJ"E Tl r
Swo = T = S a5y 55— e d)
2 1920

The total variance sum of square (S) is:

ijK2
. 1930

"
|}
S
oy g
of g
[ %
\
\‘

1
[
i}
x
~
v

The error sum of squares is:

Sot S8,
Se = S - *5,,3*5,,(*5”**,5;‘?580*5@
* st Sﬁvn'fsncp 1 SBCO

The numier of degrees-of-freedom for a given factor is defined as one less

than the dimension uf that factor. Facter C, for example, has 23 (24-1)

degrees-of-freedom. The two-factor interaction BC has 69 [(4-1) x (24-1)]

degrees-of-freedom. The three-factor interaction 2D has 621

[(4-1) x (24-1) x (10-1)] degrees-of-freedom.
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The mean square for any individual factor or factor interaction is defined
as its sum of squares divided by its degrees-of-freedom. For example, the
mean-square value for the two-factor interaction BD is 13.3 (359.7/27).

The F statistic for any individual factor or factor interaction is defined
as the ratio of the mean-square value for that factor to the error mean-square
value. For example, the F statistic for the three-factor interaction ABD is
17.7 (15.9/0.9). The F statistic for any individual factor or factor interaction
can be used together with a tabulation of the statistical F-distribution to
determine the probability that variations in the ride comfort ratings obtained
were influenced by that particular factor or combination of factors. This is
done by scanning F-distribution tabulati ns to determine the minimum significance
level (a table parameter defined below) for which the tabulated F value (having
paired cegrees-of-freedom equal to those of the analysis-of-variance error
term and of the factor in question) does not exceed tne F statistic for the
factor in question. The significanc: level (a) thus deter..ined is the
probability that any apparent effect of the factor in question occurred, in
fact, merely Ly chance. Subtracting this probability from unity ‘1-a) yields
the probability that the factor in question had significant influence on the
variance in ride-comfort ratings obtained. For example the F statistic for
Factor B is 2.6 with 3 degrees of freedom. The error term has 621 degrees-of-
freedom. Examination of F - distribution tables at a combination of 3 and 621
degrees-of-freedom yields tabulated F values of 2.08 for a = 0.13, 2.58 for
a = 0.05, and 2.79 for a = 0.025. Therefore, there is at least a 5-percent
probability (o = 0.05) that the factor B did not infiuence the ratings obtained.
Conversely, there is somewhat less than a 95-percent probability that the ratings

were influenced by repetition of a given maneuver mction command tape (Factor B}.
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Discussion of Analysis Results

It can be said with a 0.1 percent chance of error (0.001 significance
level) that among the individual factors the maneuver tape, maneuver segment,
and passenger seat affect subjective responses. Only by accepting a 10 percent
probability of error can one say that repetition of a given maneuver tape
had an influence on the subjective responses obtained. This result is gratifying
because it indicates that the objective of repeating the flight maneuver
sequence through magnetic-tape control of the aircraft was achieved. The
dominant main effect appears to be the individual maneuver segment (as was
intended). The two maneuver tapes were so individually structured as to
present two approximately equivalent series of maneuvers.

Employing the procedures defined previously and sub-factors, the sum of
squares attributed to seat location (Factor D) can be further partitioned in
several ways, as shown in Table B-II. In this table, the partial sum of
squares for each sub-factor is that portion of the sum of squares due to seat
location (143.7) which is in turn due to the particular sub-factor. Whether a
seat was next to a window or on the aisle, and whether the seat was in the
forward or aft cabin had little apparent effect on the subjective responses
given by a passenger in that seat. The sub-factor accounting for 84 percent
of tne sum of squares due to seat location seems to be whether or not the
seat could be reclined. Seats 3 and 6 were prevented from reclining by a wall
parel immediately behind, while the same was true of seat 10 because of a video
recorder mounted immediately behind the seat. Another possible reacon for this
contrast is that the noise level measured at th~ 1less comfortable seats
exceeded the level at the other seats. Althougn the noise-level difference

appeared to the minor, the noise at seats 3 and 6 included a high-pitch whine
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trom the hydraulic equipment behind the paneling. The difference in mean

subjective response between the reclining and non-reciining seats is 0.55.

Although four of the six two-factor interactions (tape/repetition, tape/
segment, tape/seat, and repetition/seat) are significant at the 0.001 level,
the tape/seat and repetition/seat interactions are dominant, together accounting
for 71 percent of the two-factor sum of squares. The magnitude of the tape/
repetition interation could be expected as the two tapes and individual segments
Within a given tape contained widely-varied maneuvers. The substantial
repetition/seat interaction was also expected, as repetition of eltwiar tape
sequence was preceded by at Teast a shuffling of subjects among seats and most
often by a change of subjects altogether.

The tape/repetition/seat interaction was found to be significant at the
0.001 level. The interaction sum of squares (which spans the data obtained from
the entire passenger subject population) can be partitioned among various
passenger-subject characteristics as shown in Table B-III. Data for defining
these contrasts were obtained from the test-subject schedule and personal
background questionnaires. The partition according to general attitude toward
flying was determir..1 by whether or not the subject included any expressions
of apprehunsion describing his general attitude toward flying. The partition
according to previtus maneuver experiments experience was determined by
whether or not the subject had flown on a previous maneuver experiment flight.
While none of these sub-partitions accounts by itself for a substantial portion
of the tape/repetition/seat interaction, all except sex indicate effects on the
interaction which are significant at the 0.001 level. The mean subjective

rating given by males was 3.57 while the mean rating given by females was 3.63.
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In summary, analysis of variance applied to the passenger response data

indicates that the objective of presenting a repeatable flight environment to
passenger-subjects on different flights was achieved. The particular maneuver
being tested and the passenger seat location were found to significantly affect
the subjective rating given, while the variation in ratings given between
repetitions of a given maneuver sequence were insignificant. Seat location
effects can be largely explained by three seats which were non-reclining and

in a noisier location than the other seven. Significant two and three factor
interactions exist which were not found to be explainable by known passenger-

subject characteristics.
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Table B-1 - Comfort Rating Analysis of Variance

Source of varijation Sum of squares D.0.F. Mean Square
Main Effects:
A (Maneuver tape) 30.3 ] 30.3
B (Tape Repetition) 6.9 3 2.3
C (Maneuver Segment) 271.8 23 55.3
D (Seat) 143.7 9 16.0
Two-factor interactions:
AB 24.8 3 8.3
AC 534.7 23 23.2
AD 81.0 Y 9.v
Be 74.7 6y 1.1
BD 359.7 27 13.3
ch 104.6 207 0.9
Three-factor interactions:
ABC 73.5 69 1.1
ABD 428.5 27 15.9
ACD 179.3 207 0.9
BCD 464.3 6z1 0.7
ERROR 539.4 621 0.9
10TAL 4397.2 1919

F

25.8
10.0

14.8

17.7
1.0
0.8
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Table B-11 - Analysis of Variance - Seat Location Effects

Location Effects

source of variation Sum of squares D.U.F. Mean square F
Seat Location (D) 1£3.7 9 16.0 17.8
Window-Aisle (3.1) (1) (3.1) {3.4)
Front-Rear (0.6) (1) (0.6) (0.6)
Reclining-Fixed (120.6) (1) (120.6) (134.0)
Table B-111 - Analysis of Variance - Effects of Passenyer Characteristics
Characteristics Effects
Source of variation Sum of squares D.0.F. Mean square F
Tape/Repetition/Seat
Interaction (ABD) 428.5 27 15.9 17.7
General Attitude
Toward Flying {79.9) (nm (79.9) (88.8)
Previous Flight
Experience (37.3) (1) (37.7) (41.4)
Maneuver Experiments
Experience (27.0) (M) (27.0) (30.0)
Age {13.9 (N {13.9) (15.4)

Sex (5.2) (1) (5.2) (5.8)



APPENDIX C
MULTIPLE LINEAR REGRESSION ANALYSIS TEChHNIQUE

Present Regression Analysis Technique

The stepwise linear regression analysis computer program used in the
present analysis is so named because it develops linear regression equations
in several steos. The first step determines the coefficients of an equation
expressing the ride comfort rating as @ linear function of one of the 13
measured aircraft motion veriables (Tabi: V). The variable which is chosen
{through logic routines within the program) is that variable which minimizes
the root-mean-square (rms) error between the actual ride comfort ratings and
corresponding ratings predicted by the regression equation. An equivalent
expression of this criterion is that the variable chosen is that variable
which maximizes the regression coefficient of multiple determination (Rz),
which is the proportion of the total variance in individuval ride comfort
ratings accounted for by the regression equation. The next step in the step-
wise regression analysis program is expansion and modification of the regression
eguation to express the ride comfort ra*ting as a linear function of two of
the measured motion variables. Again, the variable added to the regression

equation is that variable which makes the greatest increase in the regression
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coefficient of multiple {etermination (RZ). This stepwise process reprats,
with the regression equation growing to include ore more motion variable at
each step, until either the regression equation includes all 13 measureu motion
variables, or no further improvement in R2 is possible. As an example. consider
the data presented in Table VI. The first column simply indicates the 13
possible regression steps. The remaining 12 columns are in 6 pairs. Each
pair describes the order in which the 13 motion variables were incorporated
into the regression equation when these 13 variables were measured in one or
6 ways (mean value, mean deviation, standard deviation, root-mean-squire,
maximum deviation and a combination of root-mean square and standard deviations).
For example, the first column pair indicates that when the 13 _tio.. variables
vere measured in terms of their mean values (u), the first variable chosen
(Step 1) by the stepwise regression program wac the mean value of pitch rate

2

(u.). The resulting R® is 0.046; that is, 4.6 percen* of the variance in

q
individual ride comfort ratings is accounted for by &an appropriate equation
describing ride comfort ratings as a linear function of pitch rate only.

When the mean value of longitudinal acceleration (un ) was included as a
X

second term in the regression :quati n (Step 2). R2 grew to 0.174. This large
Jump in R2 is due to a svnergistic effect whereby two variables can together
account for a proportion (R2) of the rating variance which is larger than the
sum of the Rz for e2ch variable considered individually. The stepwise process
of adding variables to the regression contirues until beyond Step 10 no
further improvement in R2 is possible using any of the three variavles thus

far left out of the -egression.

At each regression step, the program determines not only the coefficients

of the appropriate regression equatirn, but also various statistical parameters
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which allow evaluation of: the degree to which the regression equation as a
whole fits the experimental data, the relative importance of individual terms
in the regression equation, and the accuracy to which individual coefficients
in the regression eqiation are known. For example, consider the data presented
in table VII. The "model" shown is simply the reqression equation which developed
in the fourth regressior. step in the last column pair of table VI, discussed
previously. The variable coefficients in this equation amount to a least-
squares-fit of a finite sample of experimental data. If the maneuvers experi-
ments were to be repeated and the same analysis technique employed, there 1s
practically no chance that exactly the same regression coefficient values
would pbe obtained. Based on the analyzed data, the regression analysis
program determines for each variable coefficient a numerical confidence interval
within which that coefficient would fall with a given probability if the
experiment were repeated For example (taple VII), although it is not certain
that repetition of the maneuver experiments and data reduction would result
in a coefficient of o equal precisely to 12.3, there is a 30 percent proba-
bility that the coeffiéient of o, would fall between 3.4 and 15.2. A
corresponding confidence interva]xfor a higher probability would be wider and
for a lower pri.ability would be more narrow. These confidence intervals tell
the user of such a regression equation how accurately the individual regression
coefficients are known. The "Mean Rating Contribution" (table VII) for eacr
motion variable is simply the product of that variable's regrassion coefririent
and the mean value of the variable over &’ "le experimental data on which
the model is based. The sum of the mean rat:ng contributions by ‘ndividual
terms in the regression equation is equal to the mean ride comfort rating for

the data on which the model is based. "Correlation with individual ratings"



60
is the simple correlation coefficient between individual ride comfort ratings
and corresponding ratings predicted by the regression equation. "Correlation
with mean ratings" is the simple correlation coefficient between the mean of
the 10 individual ratings given individual maneuvers and the corresponding
ratings predicted by the regression equation. Because the regression predicts
only one rating value for any given maneuver and cannot account for differences
of opinion among the 10 subjects who evaluated the maneuver, the correlation
with mean ratings is always greater than or equal to the correlation with
individual ratings. For the same reason the "rms error with respect to
individual ratings" is always greater than or equal to the "rms error with
respect to mean ratings." Here error is again defined to be the arithmetic
difference between an experimental ride comfort rating and the corresponding
rating predicted vy the regression equation. The "Regression F" value is a
statistical quantity which indicates the probability (however small) that the
entire reqression equation resulted by chance. The Regression F thus is
indicative of the confidence to be placea in the regression as a whole.

The total ride comfort rating variance can be divided into portions
(expressed as percentages) due to several factors as shown at the bottom of
table ViI. The first portion is that portion (36.3 percent) which is due to
differences among the various flight maneuvers tested and which is thus
explained by the regressior model. This percentage is identical to R2
discussed earlier. The renmaining error variance (63.7 percent in this example)
is mostly (54.1 percent) iccounted for by the differences of opinion amonrg
the 10 subjects evaluati g any particular maneuver. The first two portions
thus indicate the relative influences of differences among test maneuvers and

of differences among test subjects on variance of the ride comfort ratings
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obtained. The last porticn is that rating variance which could not be

explained and is thus considered to be error.

Regression Analysis Formulas
An experimental data variable can be related to one or more other

variables of the experiment through the linear equation:

R=ax, + a;x; +----- + a, X,
(c-1)
n
=2 5% = AX
J=1
where R is the data variable of interest (in this case the predicteu ride
comfort rating); X 1is the vector {xl, Xoseuses xn]T of independent motion

variables (here the vector of aircraft motion variables); A is a vector
[al, ps Bgs.n-rs an]T of coefficients determined through multiple linear
regression analysis of the experimental data.

Basic Procedure.- The experimental data are obtained in data sets having

one value of the dependent variable (Ri) paired with one set of independent

motion-variable values (X..) such that:

iJ

— 4 c-2
R, = a,t Ea,jx,.j + e (C-2)

Jel

where e; is a random residual equal to the arithmetic difference between
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the experimentally observed Ri and the calculated sum:

n

PRl

The regression coefficients A = [aj] are determined by using least-squares-

analysis to minimize the error sum-of-squares:

: (C-4)

N3
i)

-
.

The procedure for doing this is as follows:
A leading column of ones (unity values) is appended to the m x n matrix

of experimental motion-variable values X = [Xij] to create the matrix X':

F Xy Xg "7 X,n
f ?2' fl? o o9 ¢ v oo ¥1n
Y4 . L » - .
xX = Do Do : (c-5)
l xm. Xm; ..... . Xﬂl'l
L_ —

Least-squares-analysis results in the following expression for the regression

coefficient vector A:

A= [xXTxTxR (e
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The vector A has dimension (n + 1) and includes the constant coeffi-
cient a,-

The stepwise line .~ regression analysis computer program employed in the
current analysis (Subroutine G2.3, SWRA, in the Langley Research Center
computer library) employs the above technique with one significient refinement.
Instead of immediately determining coefficients [aj] for an n-term regression
equation, the program first determines the two coefficients most appropriate

(in the least-square-error sense) for a two-term relationship:

R = a, + a,x, (C-7)

where Xk is tnat single motion variable which, in the regression ecuation,
minimizes the mean-square residual. In other words, Xy is that single motion
variable whose observed values can best account (in a two-term-linear expres-
sion) for the observed variance of the dependent variable R. With this partial
variance removed from the total variance of ﬁ, the program then expands and
adjusts the regression equation (matrix A of regression cr:fficients) to
include an additional term. The next term added, once again, is chosen from
among the remaining variables to be that variable whose observed values best
account for the remaining variance of the dependent variable R, This process
is repeated until either all available independent variables have been included
in the regression equation or until no further significant reduction in

mean-square residual is possible.

Confidence intervals.- A 100(1 - a)% confidence interval for the

regression coeff .ient aj is defined as:

+
% = tapy mener S (c-8)
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where aj is the coefficient value as determined by linear regression;
ta/2, m-k-1 18 the value of the statistical parameter t at the a/2
significance level and with m- k-1 degrees-of-freedom (m 1is the number of
data points on which the analysis is based and k is the number of variables

in the regression equation); Sa is the standard error of the regression
J

coefficient aj which is defined as follows:
Say = S\/ mc_-,;_ (C-9)

In equation (C-9) €3j is the jEﬁ diagonal element of the matrix B, defined

as:

B = [ XX

(c-10)
and S s the regression standard error-cf-estimate:
F 3
e.
E;‘ - ' ' (C-11)
men -}

A 100(1 - a)% confidence intervel for the mean rating is given by:
R, + ¢t SV, B, (c-12)

where Ro is the rating predicted by the regression equation for the matrix

of flight variables, and all other guantities are as previously definea.
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Correlation.- The correlation coefficients r are determined by the

simple correlation relationship:

1 —-—
r= (C-13)

is the 1'£ﬂ observed experimental rating and RC is the corre-

where Ri
i
spondiny rating as predicted by the regression equation.

Re~t ~edn-square (rms) error.- The root-mean-square (rms) error € ms

is defined by the relationship:

2

C'ms -

ie;‘ (C-14)

|
m-k-1 .
'

Regression F-value.- The regression F-value is defined as the ratio

(v to the error

of the rating variance accounted for by the regression R)

vay ia”ce S .
C-li

where

(C-16)
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Partitioning of rating variance.- The total rating variance V can be

partitioned as follows:
Vo=V, + V.t Ve (Cc-17)

where VR is the rating variance accounted for by the regression equation

and is as previously defined; V is the rating variance accounted for by

subj
differences in subject ratings given any particular maneuver:

v;ub;, = zi (R'-i - ﬁ.) (C-18)

TV EL

In equation (C-18) Rij is any one of 10 individual ratings obtained during
the ith test maneuver; ﬁi is the mean rating obtained during the ith test
maneuver, and m. is the number of test maneuvers on which the regression
equation is based. The Verror term is the error variance (due to lack-of-fit

of the regression model).
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Table II - Passenger Subject Characteristics

(a) Responses to background questionnaire

FLYING
FREQUENCY  USUAL USUAL ANY

SUBJECT AGE SEX OCCUPATION (flights PURPOSE -- FUNDIMG  ANXIETY?
per year) (Personal, Business) (Yes, No)

1 21 M student 2 P P N
2 38 M engineer 100+ B P N
3 30 M bus driver 1 p p N
4 20 F student 12 o P N
5 36 M  comm. pilot Tud+ P&b B N
6 53 M engineer 12 B B N
7 23 M sales mgr. 3 P P N
8 20 M student 4 P P N
9 36 F secretary 2 P P N
10 25 M military 12 P P N
N 20 M student 0 B B8 N
12 22 F secretary 1 P P Y
13 28 M engineer 100+ B B N
14 44 M professor 3 B B N
15 5 M mechanic 40 P&B P N
16 42 F professor 3 P P N
17 19 M student 2 P P N
18 24 1 student 4 B B N
19 55 F secretary 0 P P Y
20 54 M mechanic ! B B Y
21 35 F librarian 2 P P N
22 33 F homemaker 1 P P Y
23 32 M engineer 30 B B Y
24 27 M data mgt. 3 P P N
25 35 F d ta mgt. 6 P P N
26 35 F data mgt. v B B N
27 43 F  homemaker 0 P P N
28 20 F student 1 B B N
29 54 M contractor 1 P P N
30 32 M engineer 12 B B N
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Table Il - Continued

(b) Comparison with air travelers in general

General Air Maneuvers
aracteristics Travelers, percent Subjects, percent

Age: (refs. [1] and [11])

20 yr. and under . . . . . 16 17

21 toa0 yr. . . . . ... 45 5h

41 to 60 yr. . . . . . .. 32 2

61 yr. and over. . . . . . 5 0
Sex:

Male . . . . .. ¢ .. 75 63

Female . . . . . . 25 37
Frequenc¥ of fiying:

0 (flights/year) 2.3 10.0

1-5 379 53.3

5+ 6b.7 36.7
Purpose of trip:

Business 15 4n

Personat 25 60
Attitude toward flying:

Enjoy flying 60 24

Have no strong feelings 35 16

Dislike flying 4 0
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Table III. - Ride iom.:ur. Rating Scale

| I Very Comfortable

Y S Comfortable

K Se.ewhat Comfortable

4. ... ....... Neutral

Y, Somewhat Uncomfortable
6. Uncomfortable

N Very Uncomfortable
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Table V. - TIFS Motion Variables Chosen For Analysis

Normal Acceleration
Transverse Accelcration
Longitudinal Acceleration
Rol11 Rate

Pitch Rate

Yaw Rate

Roll Angle

Pitch Angle

Heading

16 Flight Path Angle

11 Altitude

12 Climb Rate

13 Indicated Airspeed

WORONONEWN =
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Figure 10 - Example simple turn maneuver.
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Figure 15 - Passenger satisfaction during simple turns and S-turns.
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Figure 20 - Passenger satisfaction during steady descents.
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Figure 21 ~ Example longitudinal deceleration with pitcnover.
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(a) Airspeed at pitchover = 200 kt.
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Figure 24 - Passenger satisfaction during longitudinal decelerations with pitchover.
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Figure 25 - Example turning deceleration with pitchover.



