AD=A113 463 AIR FORCE HUMAN RESQURCES LAB BROOKS AFB TX F/6 18/2
MANUAL R$VERS!0N FLIGHT CONTROL SYSTEM FOR A-10 AIRCRAFT: PILOT=-ETC(U)
. MAR 82 H 6R
UNCLASSIFIED AFHRL=-TR-81-53




AL £
W ll22
b
= e
25 s e
= == ‘1

X MICROCOPY RESOLUTION TEST CHART _ |
{ NATIONAL BUE AU oF < TANDAR(®s 192 4 i
]




e e o

AFHRL-TR-81-53

AIR FORCE #

MANUAL REVERSION FLIGHT CONTROL SYSTEM
FOR A-10 AIRCRAFT:
PILOT PERFORMANCE AND SIMULATOR CUE EFFECTS
By
Thomas H. Gray

OPERATIONS TRAINING DIVISION
Williams Air Force Base, Arizona 85224

March 1982

AD A118463

Final Report

Approved for public release; distribution unlimited.

DTIC |

ELECTE

LNMOVCONM > C X

.- APR 151982
) LABORATORYT ™™™
p
. AIR FORCE SYSTEMS COMMAND
fﬁ BROOKS AIR FORCE BASE,TEXAS 78235

g2 04 15 031




NOTICE

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely Government-related procurement, the United
States Government incurs no responsibility or any obligation whatsoever. The fact that
the Government may have formulated or in any way supplied the said drawings,
specifications, or other daia, is not to be regarded by implication, or otherwise in any
manner construed, as licensing the holder, or any other person or corporation; or as
conveying any rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

The Public Affairs Office has reviewed this report, and it is releasable to the National
Technical Information Service, where it will be available 10 the general public,
including foreign nationals.

This report has been reviewed and is approved for publication.

MILTON E. WOOD, Technical Director
Operations Training Division

RONALD W. TERRY, Colonel, USAF
Commander




.
- !
: |
: H
1
: f
. [y
1
i
Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Dara Fntered)
READ INSTRUCTIONS
REPORT DOCUMENTAT|0N PAGE BEFORE COMPLETING FORM
T. REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
' AD-dil 5 4z
. 4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
MANUAL REVERSION FLIGHT CONTROL SYSTEM Final
FOR A-10 AIRCRAFT: PILOT PERFORMANCE AND
- SIMULATOR CUE EFFECTS 6. PERFORMING 0G. REPORT NUMBER
7. AUTHOR(S) 8. CONTRACT OR GRANT NUMBER(s)
Thomas H. Gray
3 PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT PROJECT, TASK
. e e AREA 8 WORK UNIT NUMBERS
Operations Training Division VR L
Air Force Human Resources Laboratory b""!)"’P
Williams Air Force Base. Arizona 85221 11231114
V1. CONTROLLING OFFICE NAME AND ADDRESS 12 REPORT DATE
- s March 1982
HQ Air Force Human Resources Laboratory (AFSC)
! Brooks Air Force Base. Texas 78235 13. ,:‘_';’MBER OF PAGES
t - T MONITORING AGENCY NAME & ADDRESS(If different from Contrafling Office) | 15. SECURITY GLASS (of this repor
1 N
Unelassified
L‘(’?E TDECLASSIFICATION DOWNGRADING |
SCHEDULE

16. OISTRIBUTION STATEMENT (of thix Report}

Approved for public release: distribution unlimited.

L LRILIRE anett s - AR

17. DISTRIBUTION STATEMENT (of the abstract enterad in Hlock 20, if different from Report)

18 SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse s*le if necessary and identify by block number)

. A-10 Aircraft Manual Reversion Flight Control
' high-order economical designs

simulation cue requirements

simulator training

skill acquisition

—————d

20 ABSTRACT rContinue on reverse side If necessary and identify by block rumber)

Xhe A-10 aircraft incorporates an emergency backup contral mode, the Mannal Reversion Flight Control System
(MRFCS). Maintaining effective control in this mode is a demanding pilot tusk. but it is not practiced in the flying
training syllabus. Because curremt plans call for training this skill using simulation. information was needed on
simulator cue requirements, Accordingly. the research objective was to determine the effectiveness of selected
simulator visual and force cues used by experienced A-10 pilots to maintain aircraft control and to land when in the
MRFCS mode. The study found that (a) a large field of view enhanced the pilot’s control of the aircraft. (b) plaform
moation had no influence upon aircraft control, (¢) aircraft control was more difficult in the MRFCS mode than in the
simple single engine failure state. (d) point of failure was a significant variable reliably affecting pilot control of the
aircraft, and (e) pilot performance improved as a function of practice {(trials).

DD ,"5n™, 1473  eoimion oF 1 Nov 68 1S OBSOLETE \ ,,,.|a,,in,;ﬂ

SECURITY CLASSIFICATION OF THIS PAGE (When Data Fntered)

i A =\ gymn -~
X PR TS T PRI R Ll e b -—‘ C/ \

. , . s




PREFACE

This rescarch was performed to satisfy requirements of Air Force Human Resources Laboratory
Technical Planning Objective 3, the thrust of which is air combat tactics and training. The general objective
of this thrust is to identify and demonstrate cost-effective training strategies and training equipment
capabilities for use in developing and maintaining the combat effectiveness of Air Force aircrew members.
More specifically, the research was part of that conducted under the Air Combat Training Research
subthrust, whose goal is to provide a technology base for training high level and quickly perishable skills in
simulated combat environments. Work Unit 11231114, A-10 Manual Reversion Flight Control System |
(MRFCS) Research, addressed a portion of this subthrust, namely, improved mission survival in combat. Mr. :
James F. Smith was the project scientist, and Dr. Thomas H. Gray was the principal investigator.

Accession For
-

NTIS GRA&I
‘ DTIC T\R
oA Unannounced 0

Justificoticn

By
L2}§tribution/
Availability Codes
“TAvail and/or
Dist Special




TABLE OF CONTENTS

Page
LooIntroduction . ..o e e 5
Background . .. ... e e 5
Objective and Study Rationale ... ... e 6
) . Methods and Procedures. . ... . 6
Subjects. .. e e 7
APPUaratus . .o e e 7
Simulated Failure States and Aireraft Conditions. ........ . ... . o i 7
Study Design . ..o e e 8
Study Procedures............ S 10
Data Analysis. . ... o e 10
TIL Resulls Lo e e 1]
Analysis of the Inflight Tasks Dava ... .o oo i 11
1 Analysis of the Landing Task Data ... ... oo o o oo oo 14
S Crash Data ... 16
‘ Analysis of the Questionnaire Data . ... . o o i 16
Training Value of Simulator Configurations. ... ..o oo i i i i 7
p:
1 IV DNSCUSSION. L e e e 19
! V. CanelusiOms. « .o e e e e e i i 19
Bibliography . e 2]
Appendix A: Inflight Main Effect Means . ... L o 23
Appendix B:  Landing Main Effect Means. ... ... o e 24
Appendix C: MRFCS Scenario. ... ... e 26
Appendix D: Questionnaires Aand B ... oo oo o o oo o o 27
.
LIST OF ILLUSTRATIONS
Figure Page
1 MRFCS mission profile . ..o e 9
! pecELHG FaOB BLNNK-NOT
T i

= R - - e+ —————————n e —




LIST OF TABLES

Table Page
I AT Control States ..o e et 8
2 Listing. Uiilization and Definition of Quantitative Variables .. ..... ... ... ... ... ... ... ...... 10
3 Listing of Results of Multivariate Analysis of Variance
1 for Inflight Tasks. . ..o e e 12
b Suatistically Significant Components From the Univariate Analysis
of Variance for Inflight Scores. .. ... . 13
5 Listing of Results of Multivariate Analysis of Variance for
the Landing Task. ..o e e 1t
0 Statistically Significant Components from the Univariate Analysis
of Variance for Landing Scores ... o 15
7 Mean Crashes Observed for Subjects. .. ..o e 16
8 Median Ratings of ASPT Simulation in Normal Flighv ... ..o oo o 16
9 Median Ratings of ASPT Simulation in MRFCS Mode, . ... ..o o o, 17
10 Median Ratings of Simulator Control Ability in MRFCS Mode ... ..o oo 7
11 Median Ratings of Training Value of ASPT Configuration. .. ... ... ... o o o L., 7
12 ASPT Configuration Training Value Ratings ... ... o o o 18
13 ASPT Visual Configurations Training Value Ratings. ... ... . 0 o o o o i, 18
It ASPT Motion Configurations Training Value Ratings . ... ... oo ool 18
. A-1 RMS Means for Full and Restricted FOV (Inflight) ... ... o 23
\-2 RMS Means for PM and No PM (Inflight) ... .o e 23
-t A-3  RMS Means for Single Engine and MRFCS Failures {Inflight) . ... .. ..o oL 23
1 A-1 RMS Means for Failure Points (Inflighd). ... .o o 23
B-1  RMS Means for Full and Restricted FOV (Landings). .. ..o oo 0 oo .. e 21
F B-2 RMS Means for PM and No PM (Landings) .. ... ... ... . 21
A R B-3  RMS Means for Single Fngine and MRFCS Failures (Landings). .. ... ool REY
! ’ B-1 RMS Means for Trials (Landings) ..o e 25
i
b
!




MANUAL REVERSION FLIGHT CONTROL SYSTEM
FOR A-10 AIRCRAFT:
PILOT PERFORMANCE AND SIMULATOR CUE EFFECTS

L INTRODUCTION

The definition of siinulator cue requirements is a topic of continuing interest to designers of aircrew Iraining
devices (ATDs). The lack of a comprehensive data base often requires that a specific study be performed 10
provide design data for a particular ATD development program. As an example, the present study was conducted to
produce information that could be used to develop cue requirements criteria for operational ATD specifications.

Background

The purpose of an ATD is to provide training that transfers positively to the aircraft. Although this training is
always intended to be efficient and effective. the ATD may not provide adequate training for some 1asks.
Normally. this situation is satisfied through instruction and practice in the aircraft. but in the case of training for
certain malfunctions and emergency procedures. the risks of training in the actual aircraft are too great (or too
costly). In these instances. the only viable training option is some form of simulation.

An excellent illustration of the case in point is found by consideration of the A-10 aircraft and its associated
subsystems. The A-10 was specifically designed for the low-level surface attack mission. Because of its potential
exposure 1o damage from ground countermeasures (i.e.. antiaircraft artillery and surface-to-air missiles). the A-10
has a manual backup to the ““power assisted ™ primary flight control system. This backup control mode. the Manual
Reversior Flight Control System (MRFCS). was designed as an emergency system that would enable the pilot 1o fly
a battle-damaged plane to a safe landing or ejection hehind friendly lines.

The inclusion of the MRFCS gives the A-10 an added margin for survival. but aircraft control in tite manual
flight mode 1s exceptionally demanding of piloting skills. In fact. as early as 1973. it was reported that there existed
an “unacceptable pilot workload for the landing task in the manual reversion mode™ (Papa. Douglas. Fortner. &
Markwardt. 1973. p. 7). As the flight testing of the A-10 continued. it was found that “the most significant
deficiencies noted were unacceptable load factor/pitch attitude excursions encountered during transition from the
normal flight controf systems 1o the manual system at high speed. . .”" (Papa & Bridges. 1974, p. 6). The final point
on A-10 handling qualities is summarized by Unitt. (1976, p. 31). who stated that “pilot initiated transition 1o
manual flight control mode and subsequent flight and landings could be accomplished. but not without an
excessive pilot workload.”

Because manual aircraft control is so difficult. a eritical requirement exists 1o train A-10 pilots in the
management of their aircraft under MRFCS operation. Such training. however. is extremely hazardous and is not
currently a part of the initial flight-iraining program. Fxplanation of the MRFCS is included in the academic
syllabus. but aireraft control in this mode is not practiced in the air until the pilot reaches the operational 'raining
unit (and then only to a very limited extent).

Since it was thought 10o dangerous to instruct MRFCS tasks in the actual aircraft. it seemed logical to transfer
this training requirement to an AT, For this approach 10 succeed. the simulation must provide the cues required
to teach the task. But at the time this study was initiated. a definition of adequate simulator MRFCS cue conditions
was not available. Therefore. the soundest method for determining cue requirements to satisfy this unique training
objective was deemed ta be an empirical test of candidate ATD configurations. The Aeronautical Systems Division
(ASD) of the Air Foree Systems Command addressed such a request to the Operations Training Division of the Air
Force Human Resources Laboratory (AFHRL/OT). Although the primary concern was with the impact of visual
(i.e.. field of view) and force cueing (i.e.. platform motion) variables on pilot performance. the progress and results
of training were also of considerable interest.

1 ’ While research had not been performed on field of view (FOV) and platform motion (PM) simulator cue
requirements for A-10 MRFCS applications. some relevant data did exist. For example, a recent review by Martin
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(1980) summarized the findings of a number of studies on PM effects in training. In general. for centerline-thrust
fighter and trainer-type aircraft. PM was found to have no significant positive impact on training. In one study
(Ryan. Scott & Browning. 1978) where PM was found to be beneficial. the effect was limited 10 performance in the
simulator phase of (raining. and the enhanced performance did not effect transfer 1o the aircraft. When
considering the visual cue component. for the tasks trained in the studies reviewed by Waag. the conclusions seem
10 follow a general rule: “visual tasks learned in the simulator show positive transfer o the aireraft” (Waag. 1981,
p- 17). Because of the role visual factors play in flying tasks. this is not a surprising conclusion. But the effects of
FOV (i.e.. wide versus narrow angle) on MRFCS-related tasks were unknown. Waag's report indicated that FOV
effects might be very modest: consequently. more relevant data were needed.

Objective and Study Rationale

The objective of this research was to determine the effect of selected simulated visual and foree caes
(specifically variations in FOV and PM) on the ability of combat-ready A-10 pilots to maintain aircraft control and
land when in the MRFCS mode. The research emphasized FOV and PM cue requirements for simulated flight in
the MRFCS mode: however. further consideration of the issues associated with the MRFCS necessitated an
expansion of the number of independent variables 1o be included in the study. Specifically. three additional areas
of interest were identified: (a) the similarity between pilot control performance in the MRFCS and simple single-
engine-out flight conditions. (b} the effeets of system failure on conirol performance as a function of occurence
when the aireraft is in different flight envelopes. and (¢} the ability of pilots to be trained 10 master the MRFCS.

Fortunately. all of the desired data could be obtained from one economically designed study. This was
possible because the flight envelope of the A-10 aircraft when operating in a MRFCS mode is highly restricted.
Thus. it followed that the maneuvers. or piloting tasks. which needed 10 be investigated were limited 10 basic
aireraft control. It was also assumed that the most demanding pilot workloads occur immediately during and after
transition from normal control conditions to the MRFCS mode and in landing. Consequently. it was possible to
develop a short mission profile that could be flown in 6 (o 8 minutes and that would assess pilot performance in
these eritical periods of flight,

The rexcarch needed 1o be performed as quickly as possible. Eor this reason. the simulator selected on which
10 do the work was the \dvanced Simulator for Pilot Training (ASPT} available at Williams Air Foree Base.
\lthough some engineering effort was required on hardware and software components. ASPT capabilities were
successfully expanded to include the MRFCS flight dynamics. Onee this was accomplished. the effect of certain
simulator cues and aireraft states on experienced pilot performance could be studied in a straightforward manner.

1. METHODS AND PROCEDURES

The primary variables of interest in this study were simulator visual and force cue requirements. Two FOVs
and two PM force-cueing methods were employed. The two FOV conditions used were the full ASPT capability
(150 degrees by 300 degrees) and a restricted capability simulation consisting of a single window visual system
similar to the VITAL HI (45 degrees by 35 degrees). The two PM cueing conditions were the total ASPT six-
degrees-of-freedom PM system and a zero-degree of platform motion (fixed base) system. Because nearly all
current single-seat simulators incorporate g-seat and g-suit capabilities, these force-cueing techniques were present
in all ASPT configurations. Thus. the g-seat/g-suit force cueing constituted a fixed condition in the study.

The aireraft control and landing proficiency of combat-ready A-10 pilots were measured under two failure
states. The first was a “simple” single-engine failure: the second simulated a true MRFCS mode of flight. Piloting
performance was evaluated using a variety of quantitative measures of aircraft flight parameters and system states
as dependent variables. The measures were obtained from the ASPT data recording system. All subjects flew the
mission profiles under all experimental conditions. The mission profiles were developed by a team of Tactical \ir
Command pilots and AFHRL/OT instructor pilot personnel. These profiles were tailored to emphasize the unigue
skill requirements needed 10 fly the A-10 in the MRFCS mode. Effort was also devoted 10 testing the objective
measures of pilot performances for reliability and validity. The final step involved the use of a test pifor from
Fdwards AFB 1o evaluate the MRFCS simulation and 10 verify that it was representative of the actual aireraft.

0\ \ et < 7
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Subjects

Twelve TAC pilots from Nellis. Davis-Monthan. and Myrile Beach AFB were used as subjects. All were
qualified as “"combat-ready™ and had inflight experience with the MRFCS. These pilots had an average of 2.050
total flight hours. of which approximately 1,200 were in fighter-type aireraft. They had an average of 430 hours in
the A-10. with a range of 15 to 950 hours.

Apparatus
A detailed description of the basic ASPT system is contained in Cyrus and Fogarty (1978). The A-10 has two

hvdraulic power systems which are pressurized by two variable delivery. engine-driven pumps. The left hydraulic
system is pressurized by the left engine pump. and the right hydraulic system is pressurized by the right engine

pump. Pump delivery is a function of engine core revolutions per minute. Loss of one engine results in partial loss
of hydraulics. The fully boosted flight control system becomes a manual flight control system when all hydraulie
boost is lost.

If the left hvdraulic system fails. the following systems are inoperative: flaps. nosewheel steering. normal
landing gear operation, normal brakes. and anti-skid. If the right hydraulic system fails. the slats. slipway door.
and decelerons are inoperative. In addition. the auxiliary landing gear accumulator and the emergency brake
accumulator will not be recharged and the slats will close to a **fail safe”™ position. Powered control of both
elevators. both ailerons. and one rudder is retained after loss of either hydraulic power source.

Six additions 10 the basic A-10 ASPT configuration were required in order to develop an MRFCS capability:
1. An emergency flight control panel.

2. A stability augmentation panel.

3. A hydraulic centrol stick simulator.

4. Microcomputers to augment the hydraulic control stick electronics.

5. A software program for the central computer system.

6. An increased iteration rate for the central computer system.

The normal A-10 simulated control system is a fully hydraulically boosted. artificial feel. irreversible control
system where the control surface actuators absorb all the acrodynamic force changes. In reverting 10 a manual.
reversible control svstem. the characteristies of the control system in all three axes change dramatically:
consequently. a new math model was needed 10 simulate pilot control input and control surface response. This
math model was developed from wind tunnel and flight 1est data 1o faithfully simulate A-10 flight characteristics.
These aireraft flight control displacement and pressures were reproduced in the ASPT.

After development and programming. the flight dvnamies algorithms were loaded into the updated ASPT
computer system which had a 30-hertz computational iteration rate. This speed maintained visual control loading.
and flight parameter fidelity. 1t also permitied the communications with the microprocessor needed to accomplish
proper simulations of control loading using the programmable control—loading unit. A digital programming
approach allowed the simulation to change from one control-loading program to another almost instantaneously:
this was required for the transition from normal flight 1o manual reversion and then to sustain it.

Simulated Failure States and Aireraft Conditions

With two engines and dual hydraulic systems, the A-10 can suffer a number of failure states, Table 1 shows
the engine/flight control conditions which result in normal or failure states. The MRFCS modes are indicated with
an asterisk. However, the simulation did not include all these states or the dynamics associated with transition 10




these states because the probability of occurrence for some states is low. and the basic questions could be addressed
by an investigation of more limited scope.

Table 1. A-10 Control States

Engine Conditions”

Hydraulic System Both Engines  Right Engine Left Engine  Both Engines

Conditions Operating Fails Fails Fail

Both Hydraulie System Operating NS Fs-1 Fs-2 *Fs-3

Right Hydraulic System Fails Fs-§ Fs-5 *FS-0 *FS-7

Left Hyvdraulic System Fails Fs-8 *Fs-Y Fs-10 *FS-11

Both Hydraulic Systems Fail *FS-12 *FS-13 *FS-1 *Fs-15

NS - Normal State, {
' FS-Fadure State.

*MRECS Mades,

The actual/MRFCS failure state selected was FS-14. An engineering analysis supported the contention that

this failure state was representative of MRFCS flight conditiens and also gave realistic tasks for the pilot to perform.

- At failure onsel. the most critical parameters (i.e.. aircrafi center of gravity and gross weight). as established from

T engineering data. placed the A-10in a ““sensitive™ MRFCS envelope. The single-engine failure state selected was
FS-10.

Study Design

{- In order to produce data represemiative of real-world operational conditions. it was necessary to plan and
conduet a complex multifactor experiment. The experimental design that evolved was a higher-order multivariate
repeated measures design. This design was the most economical in terms of resources while still permitting a
complete analysis of the effects under investigation. The components of the research design were as follows:

. Independent Variables. Five different factors were used as independent variables:

a. Field of View. There were two levels of this variable: the ASPT full FOV capability (150 by 300
degrees) and a restricted FOV capability (35 by 45 degrees).

b. Platform Motien. Twe levels were studied: the full six-degrees-of-freedom synergistic platform motion
system and a stationary platform.

In all simulator configurations. additional force cueing was provided by the existence of g-seat/g-suit
simulation. All simulator configurations provided the same aircraft instrument displays and ambient aircraft
sounds.

¢.  Failure Siates. The two aireraft failure states studied involved failure of the left engine. In one
condition. only the left hydraulic system failed: in the second condition. both hydraulic systers failed. The second
condition simulates a true MRFCS mode. In both conditions. the failed engine “windmilled.™

d. Mission Profiles. In terms of specific piloting tasks. theee mission profiles were flown. but all three
were variations from a very hasic flight pattern. This flight pantern consisted of 1akeoff. climbing turn, cruise. 3g
turn (70-degree bank). descending turn. approach. and straight-in tanding. There were three failure points within
this profile. The first malfunction could occur during the climbing turn. the second could take place in the 3g turn,
and the third could be actuated in the approach (prior 10 lowering flaps). However. only one failure could occur per
trial. The pilot’s objective was to regain total aircraft control and safely land ax quickly as possible. therefore. this
procedure was viewed as producing three separate inflight control 1asks that tested pilot performance. Because of




its obvious criticality. the landing portion of the flight profile was isolated as an additional 1ask and separately
analyzed. Figure 1 shows the complete flight profile.
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Figure 1. MRFCS mission profile.

e. Repetitions. This variable is a measure of practice effects, or learning. Since the landing portion of the
mission profile was viewed as a separate task. this could be analyzed by considering each subject to have flown
three trials under identical simulator configurations and failure states. Three repetitions are. of course, a minimal
number of trials necessary to establish a learning curve. but the design permitted the acquisition of these training
data. and they provided a valuable addition to the research.

2. Dependent Variables. The study used two types of dependent variables. The first type was comprised of
objective measures of aircraft flight parameters and system state values. The aireraft flight parameters used were
bank angle. roll rate. piteh-angle. pitch rate. vertical velocity. airspeed. angle of attack. runway centerline
deviation, distance from runway threshold. and altitude. The system state values were related to the amount of
stress placed on the aircraft. The variables measured were positive and negative g-loading and force on wheels.

Of these 12 quantitative measures, 4 were used to measure the pilot’s control of the airceraft as a function of
the inflight point of failure. Ten were used to measure pilot control in the landing portion of the flight profile.
These dependent variables were unweighted for both the inflight and landing tasks. Table 2 lists these variables,
shows what measurement set they were used. and gives their ASPT physical definition.

9




Table 2. Listing, Utilization and Definition of Quantitative Variables

Variable Label U tilization Definition

Rolt Rare Taflight. Landing Radians/second about aireraft
(AC) N-axis

Pich Inflight, Landing + degrees from horizontal flight

Pitch Rate Inflight. Landing Radians/second about AC \-axis

Vertical Velociiy taflight. Landing Feet/seeond change in altitude

\irspeed Inflight. Landing Rnas indicated airspeed

Normal Force Landing Pressare tn pounds on wheels

Angle of Attack Inflight. Landing Angle in degrees hetween AC

wing chord and C
veloeity veelor

Centerline Deviation Landing Deviation in feet from
runway centerline
Distanee Down Runway Landing Distance in feet from end of
runway sarker
\ltitude Inflight Aitude in feet above ground level
g Load lafligh + g-lvading on AC
Bank Angle Inflight. Landing + degrees about AC N-anis

For inflight control tusks. thesr measures were sampled at a rate of 30 times per second. and a root mean
square (RMS) value was computed. The RMS was selected ax the most appropriate statistic hecagse it casify
accommodates positive and negative values and is sensitive o {and reflective of 1 extreme desiations from the
central tendeney in a distribution of numbers. The same was true for the landing portion of the mission with the
exception of foree on wheels and distance down runway. These variables were measured by capturing total values.

\ final bit of abjective data collected during the study dealt with simulator “erashes”” The ecrashes were
instances when a total loss of aiveraft control oceurred while the pot was transitioning o or landing under the

MRFES mode of flighs.

In addition 10 the objective measures just discussed, subjective measures. based o questionnaire data. were
also obtained. At the conclusion of the experimental trials. the subjects were administered a set of forms on which
they evaluated the importance and adequacy of the visual and force cues used i the simulation.

Study Procedures

Initially. the subjects were briefed as to the objectives and conduct of the study. a short simulator “safety™
course was given. and cockpit strap-in procedures were demonstrated. Each subject then received a training session
in ASPT prior to participation in the actual study. This training consisted of two flights (essentially expanded
traffic patterns as can be seen from Figure 1) which familiarized the pilot with ASPT characteristics and the
mission profile 1o be flown (see Appendix C). The ASPT was in a normal A-10 configuration. In the study proper.
each subject *flew™ three missions under four simufator configurations and two failure states. Consequently. there
was a total of 24 trials for each subject. The order of presentation of these trials was randomized (10 avoid
systematic learning or practice effects) and administered over a 2-day period (12 trials per day in blocks of 0). At
the conclusion of the experimentation. each subject completed the questionnaires and was debriefed.

Data Analysis

For the objective measures of aircraft control. the statistical model used was a five-factor multivariate analvsis
of variance with repeated measures on subjects. This 2x2x2x3x)2 design was convenient for analyzing hoth the
“inflight”™ and “landing™ daia. The same design was used to analvze each dependent variable by means of a

univariate analysis of variance. thus producing 9 additional analyses for the inflight data and 10 for the landing
data.
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The actual data computations were done on the UNIVAC 1108 at the Air Force Human Resources Laboratory.
The program used was a modification of the BMDX69 program. which performs a multivariate analysis of variance
or covariance for any hierarchical design with equal cell sizes. This included nested. partially nested and erossed.
and fully crossed designs. The program also performed univariate tests for each dependent variable. The “crash™
data were not statistically analyzed and are reported only in tabular form. The questionnaire data were analyzed by
using median rating values (o estimate central tendencies and then applying chi-square techniques. The level of
significance for all statistical tests was set at the 95 percent level of confidence (p < .05).

1. RESULTS

The analyses of the quantitative data coliected during the simulated flights are discussed in the first three
parts of this section. The first part deals with the inflight failure point data. the second with the landing data. and
the third with the “crash™ data. The fourth part of this section is concerned with the sumimary and analysis of the
questionnaire data.

As deseribed in the previous section. a repeated measures design was used to analyze the inflight and landing
data. For the inflight analvsis. the components in the design were: 2 FOVs x 2 PM Conditions x 2 Failure States x 3
Faure Points « 12 pilots. The design components for the landing analysis were 2 FOVs x 2 PM Conditions x 2
Failure States x 3 Trials x 12 pilots. The two sets of data were subjected 1o both mulivariare and univariate
analvses of variance,

Analvsis of the Inflight Tasks Data

Engine failures were initiated at three points in the flight profile: in the climbing turn. in the 3g turn. and in
the approach. Nine dependent variables were used 10 assess pilot performance on these inflight tasks. Table 3 is an
abbreviated listing of the results of the multivariate analysis.

Table 3 shows that there were significant main effects for the FOV. the Failure State. the Failure Point
(Tasks). and Subjects. Because individual differences were not of interest in the study. no subject effects or
subject-related interactions are discussed. The PM main effect was not significant. There were significant
interactions between FOV and Failure Point. Failure State and Subjects. and Failure Point and Subjects. From the
multivariate analysis. it may be concluded that in the simulator (a) the full FOV enhances performance. (b) the
MRFCS failure state results in poorer performance. (c) maintaining aircraft control in the 3-G turn is more difficult
than in the elimbing turn or the approach. and (d) the restricted FOV is particularly damaging to pilot performance
when the failure occurs in the 3g turen.

The main effect means for each dependent variable used in the analysis of the inflight data are listed in
Appendix A, To determine how each dependent variable was affected by the experimental conditions. nine
univariate analvses of variance were performed. The design was the same 2x2x2x3x12 paradigm used in the
multivariate analvsis. In condensed format. the significant sources of variance and their associated probabilin
levels are given in Table &
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Tuble 1. Statistically Significant Components From the
Univariate Analyses of Variance for Inflight Scores

Variable Significant Source of Variance Probability
Roll Rate FOV 01
Failure Point 6l
FOV X Failure Point 05
Pitch FOV 025
Fatlure State 01
Failure Point 0l
FOV X PM 025
Pich Rate Failure Stale K
Failure Poim 0l
Vertical Velocity FOV 025
Failure State 0l
Failure Point K}
\irspeed Failure Suate 0l
Faiture Point 0
Angle of \tack FOV 05
Failure State K1l
Failure Poim KU
Alitude PV 025
Failure Poim 01
g-load FOV 0]
Failure Siate 01
Failure Point 0l
Bank Angle FOV 0l
Failure Siate 05
Failure Point 0l
FOV X Failure State 01
FOV X Falure Point ol

From the univariate analyses summarized in Table 4 the following conclusions are warranted:

1. For the Roll Rate. the full FOV facilitates pilot control. Control is most difficult when failure occurs in the
3g turn. The FOV X Failure Point interaction shows that the large FOV is particularly beneficial for maintaining
control during failures in 3g turns (most difficult) and the approach (medium difficult).

2. For Pitch, the full FOV and simple failure condition allows better control. Control is most difficult when
failure occurs in the 3g turn. The FOV X PM interaction indicates that the presence of PM degrades performance
with a restricted FOV but improves it with a full FOV.

3. For Pitch Rate, the main effects of Failure State and Failure Point are the same as those found for Pitch.
4. For Vertical Velocity. the main effects are the same as those found for Pitch.
5. For Airspeed. the main effects are the same as those found for Pitch Rate.
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6. For Angle of Attack, the main effects are the same as those found for Pitch and Vertical Velocity.

7. For Altitude, the no PM condition produced better pilot control. The significance of this variable at Failure
Point is a necessary,experimental artifact produced by the flight prdfiles flown (i.e.. failures were programmed to
occut at different altitudes).

8. For g-Load. the main effects are the same as those found for Piteh. Vertical Velocity. and Angle of Attack.

9. For Bank Angle. the main effects are the same as those found for Pitch, Vertical Velocity, Angle of Attack.
and g-Load. The FOV X Failure State interaction indicated that the restricted FOV is tremendously disruptive of
bank control in the true MRFCS failure. The FOV X Failure Point interaction shows that the full FOV is highly
beneficial 10 control of bank for a MRFCS failure in the approach: but centrol of bank is so poor when there is
either a single engine or MRFCS failure in a 3g turn that variations in FOV had no effect.

Analysis of the Landing Task Data

Fach subject performed three landings under identical simufator and Failure State configurations. Ten

dependent variables were used o assess pilot performanee in the landing task. Table 5 is an abbreviated listing of
and shows that there were significant main effects for (a) FOV. (b) Failure
State. {¢) Frials {number of times that the landing was rc'pvalc“i). and. (d) Subjects. The PM main effect was not
significant. The only significant interaction was between Failure State and Subjects. From the multivariate analysis
of the landing data it may be concluded thar (a) the full FOV enhances fanding performance. (b) landing in the
MRECS mode is more difficult. and (¢) practice improves the pifot’s skill in tanding. The main effect means for
each dependent variable used in the analysis of the landing data are listed in Appendix B. :

the resulis of the multivariate analysi

Table 5. Listing of Results of Multivariate Analysis of Variance

for the Landing Task

Source of Variation Probability
FON 0*
PM 59
Faiture State AH0*
Trials RIS
Subjeers 00*
FOV \ PM 85
FOV \ Failure State 19
PM \ Failure State Tt
FOV \ Trials A3
PM X Trials b6
Fatlure State \ Trials o
FOV \ Slllljv'('ls 19
PM \ Subjects .00
Failure State N Subjects 05*
Trials N\ Subjects A2
FOV N\ PM N\ Failure Siate 62
FOV N PM X Trials 81
FOV N\ Failure Stare X Trials 01
M\ Failure Stave \ Trials 81
FOV N PM O\ Subjects 07
FOV N\ Failure State X Subjects 2
PM N Failure Stale \ Subjects A3
FOV N\ Trials X Subjects 32
PM N Trials \ Subjects 68
Failure State X Trials X Subjeets 18
FOV \ PM \ Failure State X Trials .66
FOV N PM N Failure State \ Subjects 95
FOV N PV Subjecis 96
FOV N Faddure State X Trials \ Subjecis 065
PM N Fadure Stote N Trials X Subjects R X]

¢ stanstically significant at the eequired level of confidence (p < 05
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Ten univariate analyvses of variance, one for each dependent variable. were performed. The design was the
same 2x2x2x3x12 paradigm used in the multivariate analysis. As in the inflight analyses. only the significantly
different sources of variation are shown in Table 6. From the univariate analyses. the following conelusions are

warranted:
Table o. Statistically Significant Components from the
Univariate Analysis of Variance for Landing Scores

Variable Significant Source of Variance Probability

Roll Rate FOV 0l
Failure State 025
Trials k(]|
FOV \ Trials 05

Piteh FOV X PM X Trials 05

Puch Rate FOV 05
Failure State ot
Trials K1)

Vertieal Veloeity FOV 05 ‘
Failure State 025 !
Trials m
FOV X Trials K(53 j

Air Speed Trials 025

Normal Force None -

Angle of Aitack FOV X\ PM X\ Trials 0

Centerline Deviation None -

Distance Threshold None -

Bank \ngle FOV 01
Failure State Ol

1. For the Roll Rate. the full FOV and the simple failure facilitate pilot control. Landing skill improves as a
function of practice. The FOV X Trials interaction shows that the rate of control improvement was greater with a
large FOV.

2. The higher order interaction for Pitch indicates that. in conjunction with the large FOV. PM has a
beneficial effect on performance. except for the second trial in the small FOV condition.

3. For Pitch Rate, the main effects are the same as those found for Roll Rate.

4. For Vertical Velocity the main effects are the same as those found for Roll Rate and Pitch Rate. The FOV
X Trials interaction is interpreted as for Roll Rate. above.

5. For Airspeed, the data show that it decreased as a function of increasing practice.

6. The Normal Force on wheels dependent variable did not show any significant differences.

1. When Angle of Attack is considered, one higher-order interaction is significant. The FOV X PM X Trials
interaction indicates that, although the combination of a large FOV and PM generates a condition that favors

superior control: under these conditions, repeated practice did not improve the pilot’s ability.

8. The Centerline Deviation dependent variable did not show any significant differences.




9. The Distance Threshold dependent variable did not show any significant differences.

10. For Bank Angle. the main effects for FOV and Failure State are the same as those found for Roll Rate,
Pitch Rate. and Vertical Velocity.

Crash Data

The erash data also provide evidence of controt mode differences and pilot learning. but since a “crash™ is an
all-or-none occurrence. these effects must be viewed in an absolute and discrete sense. Table 7 presents the mean
number of crashes per pilot at various stages of practice. The data in this table Wllustrate the difficulty of flight
control in the MRFCS mode. The effects of practice are also well portraved. The last entry in Table 7 points up a
lesson learned in the study. A pilot. no matter how skilled or confident. should never “sideslip”™ an A-10 in the
MRFCS mode to make a landing.

Table 7. Mean Crashes Observed for Subjects

Crashes per Pilot Crashes per
in Simple Failure Pilot in
Performance Period Mode MRFCS Maode
1. First Session (Trials 1-6) 00 83
2. Second Session (Trials 7-12) 00 : 33
3.« Third Session (Trials 13-18) 00 00
t. Fourth Session (Trials 19-24) 00 .08
Analysis of the Questionnaire Data H

The purpose of the questionnaires (see Appendix 1)) was to provide information that would supplement the
data recorded during the actual simulator flights. The nature of such information is highly subjective. but it was
believed that. by providing a forum where the pilots could express opinions about. and ratings of. the ASPT
MRFCS simulation. other dimensions of measurement could be added to the research. The content of the
questionnaires may be subdivided into open-ended queries and rating scales. The open-ended questions were
quite general and dealt with simulation “realism™ and task difficuliy. The rating scales were used 10 obtain data on ]
simulator handling qualities and the training value of MRFCS practice in the four simulator configurations studied.
It was possible to perform simple statistical analyses of these data.

Simulator Handling Qualities: The handling qualities of the simulator were evaluated for both normal and
MRFCS flight conditions, These evaluations were performed by 1he pilots using a five-point rating scale in which a
1 was “too sensitive”. a 3 was “like aireraft™, and a 5 was 100 heavy.” In summarizing the resulis. the median
value of these ratings (rounded to the nearest .5) was chosen as the statistie most descriptive of the central tendency
shown in the data.
1 Table 8 gives median ratings of the A-10 ASPT simulation in normal flight conditions. With the exception of
) being rated as slightly heavy in pitch for the takeoff and climbing urn. it can be seen that the simulation was
pereeived by the pilots as acceptably realistic,
Table 8. Median Ratings of ASPT Simulation in Normal Flight
Aireraft Axis
Maneuver Piteh Roll Yaw
Takeoff and Climbing Turn 3.5 3.0 3.0
3¢ Turn 3.0 30 3.0
Landing 30 10 3o
The information in Table 9 parallels that in Table 8. but the ratings in Table 9 are assessments of the A-10
\ simulation in the MRFCS mode. The median ratings assigned by the pilots indicate that the conirol feel of the
: MRFCS simulation was also aceeptable.
: 16
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Table Y. Median Ratings of ASPT Simulation in MRFCS Mode

Aireraft Axis

Mancuver Pitch Roll Yaw
Takeoff and Climbing Turn Jo 3.0 30
3g Turn 3.0 3.0 3.0
Landing 3.0 3.0 3.0

As the final part of the first questionnaire. the pilots were asked to rate their ability to maintain desired
control of pitch. roll. and yaw coordinates while in the MRFCS flight mode. The rating scale used ran from 1 (very
well) 10 5 (very poorly). A listing of the results (rounded as before) is presented in Table 10, These data show that
on the average the pilots felt they were able 1o maintain reasonable control of these aircraft flight parameters
during the execution of the three maneuvers.

Table 10. Median Ratings of Simulator Control Ability
in MRFCS Mode

Ability to Maintain

Maneuver Pitch Angle Rolt Rae Yaw Stability
Climbing Turn 2.5 25 3.0
3g Turn 3.0 25 3.0
Landing 3.0 3.5 3.5

Training Value of Simulator Configurations

There were four ASPT configurations: full FOV and PM. full FOV and no PM. limited FOV and PM. and
limited FOV and ne PM. Using a five-point scale (1 equals poor: 5 equals excellent). the pilots rated the value of
these four configurations for training the three inflight 1asks. The results of this evaluation (rounded to the nearest
.5) are shown in Table 11. As the table shows. the ASPT in the full FOV. PM condition was rated as a very good
medium for training the selected tasks. The full FOV. no PM configuration gave fair training. but the remaining
two conditions were rated as rather ““poor.”

Table 11. Median Ratings of Training Value of ASPT Configuration

Maneuver
ASPT Configuration Climbing Turn 3g Turn Approach
Full FOV: PM 1.0 1.0 1.5
Full FOV: No PM 35 3.0 35
Limited FOV: PM 2.0 1.5 2.0
Limited FOV: No PM 2.0 1.5 20

Chi-square analysis isolated the critical simulator configuration component. Table 12 reproduces the actual
ratings observed. (Ratings were collapsed into three categories to avoid small expected cell frequencies.) When the
chi-square statistical analysis was run on the data in the table the product was a value of 87.63. With six degrees of
freedom, a value of 12.60 is significant at the 95 percent level of confidence. Thus it could be concluded that there
was a reliable difference in rated training value as a function of ASPT configurations. To determine whether this
difference was the result of visual or motion cueing conditions, two additional analyses were required.




Table 12. ASPT Configuration Training Value Ratings

Obrersed Number and Categories of Ratings

Category Categors Category
ASPT Configuration | and 2 3 tand 5
Full FOV. PM 3 12 21
Full FOV, No PM 1 20 15
, Limited FOV, PM 27 8 |
Limited FOV. No PM 29 0 |

To investigate visual cue effects. Table 13 recombines the data from Table 12 while equalizing motion cues.
From the analysis of the data in Table 13. a chi-square value of 83.52 was obtained. With two degrees of freedom.
the critical value at the 95 percent level of confidence equals 6.0, Obviously. the full FOV was rated as vielding
significantly better training than did the limited FOV.

. Table 13. ASPT VYisual Configurations Training Value Ratings

Number and Categories of Ratings

Category Category Categors
. ASPT Configuration 1 and 2 3 tand 3
e Full FOV i 32 30
Limited FOV 56 1t 2
; The data in Table 12 were also used to determine if platform motion was viewed as improving training. In this
v case. the FOV conditions were equalized. Table 1§ presents the data used for this analysis. The chi-square analysis

produced a value of 1.72 which. with two degrees of freedom. was not significant at the required level of
confidenee. Thus the presence or absence of platform motion did not affect the rating of training value,

Table 14. ASPT Motion Configurations Training Value Ratings

Number and Categories of Ratings

Calegory Categors Categors
ASPT Configuration 1 and 2 3 tand 5
PM 30 20 2
No PM 30 20 1o

Open-ended Questions: The questionnaire comtained three open-ended items. To quote every comment in its
entirety would be much 100 repetitious, so onby the essenee of these statements is reported.

hem One. How realistie do you feel the simulation of manual reversion was in this studyv? The main themes
“very realistic” ... ASPT owtstanding™ . .. ““pretty good.
controls not sl enough™ ... “motion and full FOV gave valuable training™ . .. “think it was good™ ... “very good
with full FOV and motion™ . . .

of 1he pilots” responses to this question weree as follows:

lem Two.  List any difficulis vou encountered in fiving under the various simulation modes. Be as specific as
possible. The principal items mentioned were as follows: “small FOV™ || “stopping aircraft on runway with no
brakes™ ... “brakes squirrelly™ .. ~“poor ground handling characteristies”™ . .. “motion had no effect™ .. . “small
FOV meant instrument flight™ .. “motion did not appear 10 enhance or degrade™ .. . “"did not notice motion
difference”




Item Three. General Comments. The following were the major points given in answer 10 this item: “single
engine MRFCS would be rare. but two engine training would be good™ . . . “full FOV gives realistic training. small
FOV is an impossible task™ . . . "motion unnecessary™ . .. ““simulator convinced me that aircraft can be flown in
MRFCS™ . . . “big improvement in my performance after three hours of training™ . . . “overall. it was a good

learning experience™ . ..

IV, DISCUSSION

The primary objective of this study was 10 provide information on the effects of certain flight simulator cue
conditions and simulated aircraft states on pilot performance. However. it became apparent that. in addition.
information concerning the effects of practice on the acquisition of a skill “untrained™ in the aircraft was of at least
equal importance. In fact. this second aspect of the study may have the greatest significance in the long run.

The findings of this study have expanded the human factors data base on cue requirements for aircrafi
simulation. But a lengthy discourse on the importance of FOV and the impotence of PM (for simulator training for
an essentially centerline-thrust aireraft) would add little to the existing literature. Flving. as normally performed
in an aircraft, is visually oriented for both contact and “instrument™ flight conditions. In the contact realm. the
question of “How much visual simulation is enough?™ can be definitively answered only through costly and
‘more. with greater realism™ is

painful iterations. However. it is generally accepted that the general principle
usually better. At the same time. it must be remembered that in this study the smaller FOV was judged to have
some posilive training value. Practice under this condition did improve performance. The small FOV did make the
task more difficult but there is little doubt that control of the simulated aircraft in the MRFCS mode can be learned
{albeit with great difficulty} with a small FOV,

The fact that PM cueing did not significantly influence pilot performance in the simulator is not surprising. As
noted carlier. PM does not seem to play an important role in the simulation of centerline-thrust jet aircraft. The
present study provides further confirmation of these previous findings.

If the improvement in pilot skill occurring as a function of performing tasks in the ASPT transfers to the A-10
(as it should), the study may be interpreted as a successfu) example of a simulator training application. Obviously.
if the pilot’s capability to perform MRFCS and single-engine-related flight control tasks had not improved. seriov,
doubts would have been cast on the validity of the research.

The distinctive feature of this study is that the task performed in the simulator is one that will probably never
be realistically trained or practiced in the aircraft. Although an A-10 pilot might briefly **switch on™" the MRFCS
while in straight-and-level flight (when at safe altitude in some advanced phase of training). this is not
representative of the real wotld of MRFCS employment and may be of dubious training value. Although many
emergency pilot actions are trained in devices other than the aircrafi itself. in the majority of cases this training
deals only with procedures and not with the development of motor skill sequences. Thus, for the A-10 pilot. it
appears likely that his proficiency in the MRFCS mode will be developed and tested in the simulator. Under these
circumstances. the simulator is both training device and criterion vehicle. It is this facet of the study that. in large
measure. may make it a benchmark for future work.

V. CONCLUSIONS

Because the data analyses produced such clear-cut results unconfounded by complex interactions. drawing
conclusions from the study is a simple process. When reduced to its basics. the research may be viewed as
investigating simulator configurations. pifoting tasks. and practice effects. The findings related (o each of these
three areas may be succinetly summarized.

1. For simulator configurations and the A-10 failure states. it was found that

a. The large FOV consistently provided an environment in which the pilot’s control of the simulated
aireraft was significantly superior to control under small FOV conditions.

19

~ APPIRE s  p ST e - e e ---——---w“*—ﬁ—--——"ww(-—-r s *ﬁ—-‘: T memmm = e " ————
1 {\ \ <(:/ ' N -

f

- . <. - e o — —— e




oo T e ’ o R ?Wzﬂ

b. With g-seat and g-suit force cueing present, the addition of the six degrees of freedom PM system did
not improve the pilot’s control of the aircraft.

2. For piloting tasks. the study produced two very logical results:

a. After an engine failure. maintaining control in the MRFCS mode is more difficult than in a non-MRFCS

mode.

b. After an engine failure. maintaining control while in a 3g turn is a harder task than when the failure
occurs in a climbing turn or in a normal appreach.

3. The data from landings practiced under the same failure state and simulator configurations show that A-10
pilots can be trained to maintain adequate control and land in MRFCS flight modes as well as in simple single-
engine-failure flight modes.
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APPENDIX A: INFLIGHT MAIN EFFECT MEANS

Table 4-1. RMS Means for Full and Restricted FOV (Inflight)

Variable Restricted FOV Full FOV

Roll Rate 13695 1202
Pitch 8.69007 7.88251
Pitch Rate 06879 053331
Vertical Velocity 8.20441 715216
Airspeed 182.27250 184.460107
Angle of Attack 9.11427 8.11340
Alutude 2941.60779 2894.54008
G-Load 1.19778 1.16384
Bank Angle 2297178 19.23351

Table A-2. RMS Means for PM and No PM (Inflight)

Variable Platform Motion No Motion

Roll Rate 12218 12680
Pitch 8.33181 8.24077
Pitch Rate 06444 05766
Vertical Velocity 7.57597 7.780900
\irspeed 183.29812 183.435145
Angle of Attack 8.04597 8.58170
\litude 2056.12384 2880002 160
G-lLoad 1.17131 1.19032
Bank Angle 20.80275 21.1025%

Table A-3. RMS Means for Single Engine and MRFCS Failures (Inflight)

PR

Variable Single Engine Failure MRFCS Failure
Roll Rate A1792 3105
Pitch 7.22590 9340068
Pitch Rate 02117 08093
Vertical Velocity 5.36130 9.99451
Airspeed 187.69297 179.04160
Angle of Attack 7.80535 9.42232
Altitude 2880.16199 2955.98057
G-l.oad 1.15292 1.20870
Bank Angle 19.97979 22.22550
Table 4-4. RMS Means for Failure Points (Inflight)

Variable Climbing Turn g Turn Approach
Roll Rate 09200 17885 10201
Pitch 983162 7.56069 7.46356
Pitch Rate 03554 967 04794
Vertical Velocity 6.81709 9.52848 6.68973
Airspeed 187.41512 194.92847 167.75686
Angle of Attack 6.81427 9.39695 9.63029
Ahtitude 2084.44128 3607.75797 2162.02460
G-Load 1.03105 1. 41081 1.06457
Bank Angle 18.22932 30.70109 1437754




APPENDIX B: LANDING MAIN EFFECT MEANS

Table B-1. RMS Means for Full and Restricted FOV (Landings)

Variable Full FOV Restricted FOV
Roll Rate 04354 05904
Pitch 5.49833 5.61618
Pitch Rate 01885 02009
Vertical Velocity 2.53890 2.82079
Airspeed 14492545 146.16489
Normal Force 17513.95508 17281.28979
Angle of Attack 7.46288 7.54355
Centerline Deviation 287.73039 721.18256
Distance Threshold 5122.11676 5578.89551
Bank Angle 3.45431 4.60061
Table B-2. RMS Means for PM and No PM (Landings)

Variable Platform Motion No Motion

Roll Rate 05106 05152
Pitch 5.44809 5.60642
Pitch Rate 01943 01950
Vertical Velocity 2.65348 2.70620
Airspeed 145.57050 145.51934
Norm Force 17365.61304 7429.63208
Angle of Attack 7.43701 7.57142
Centerline Deviation 164.94418 543.90867
Distance Threshold 5338.82129 5362.19104
Bank Angle 3.82878 4.23213

24
A I

Rl e T T g

B PSP




PN B A e A st oftOlanga Tl .

Table B-3. RMS Means for Single Engine and MRFCS Failures (Landings)

Variable Single Engine Failure MRFCS Failure

Roll Rate 05615 01643

Pitch 5.58407 3.53015

Pitch Rate 01607 02287

Vertical Velocity 2.10139 2.95829

Airspeed 145.18868 115.60166

Norm Foree 17522.24878 17272.99585

Angle of Antack 7.53821 7.47022

Centerline Deviation 368.64095 6140.27181

Distance Threshold 5307.64095 3303.04911

Bank Angle 3.61328 111761
H
i
i
{

Table B-t. RMS Means for Trials (Landings) ‘

Variable Trial 1 Trial 2 Trial 3

Roll Rate 05929 05011 K(ZR2*)

Piteh 5.65119 5.51100 5.50919

Pitch Rate 02110 01920 01780

Vertical Velocily 297116 2.73151 2.33385

:\irsp(‘(’d 118. 10395 145.30156 142.93008

Norm Force 16312.91028 17673.36523 18206.59985

Angle of Attack 7.41819 7.54157 7.51989

Centerline Deviation 776.9359) 381.87199 351.5616

Distance Threshold 5745.01978 5180.94061 5125.56042

Bank Angle 1.6835 103257 3.3753
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APPENDIX C: MRFCS SCENARIO

THE SCENARIO IS AS FOLLOWS:

1.

TAKEOFF.

2. CLIMBING LEFT TURN TO HEADING OF 300°

Nou-uw

A. MAINTAIN 200 KNOTS AIRSPEED IN CLIMB.

B. LEVEL-OFF AT 6000 MSL. o
PERFORM 3-G, 90'RIGHT TURN: GREATER THAN 60 BANK.
LEFT TURN TO HEADING OF 300°
LEFT TURN TO FINAL AT 7 DME.

MAKE LANDING APPROACH AT MINIMUM GOF 150 KNOTS AIRSPEED.

LAND.
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{OR TC EACH TRIAL:

SPEED BRAKE CLOSED.

FLAPS SET AT 7°

GEAR HANDLE DOWN.

AUX GEAR EXTENSION HANDLE FULL IN.

EMERGENCY BRAKE HANDLE IN.

MRFCS SWITCH NORMAL.

SET HSI COURSE SELECTOR TO 125.

SPEED BRAKE EMERGENCY RETRACT SWITCH IN AFT POSITION.
FLAP EMERGENCY RETRACT SWITCH IN AFT POSITION.

ALL SAS SWITCHES ON.
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APPENDIN D: QUESTIONNAIRES A AND B

MRFCS Study Questionnaire A

Name Rank
1D Number Organization
Administration: | 2

Previous Flyving Experience {as pilot. private and military)

Aircraft Type Number of Hours

L A-TOASPT simulation in normal flight conditions:
Rate simulator control feel for:

Too Like Too
Sensitive Aireraft Heavy
a. Takeoff - Turning Climb
Pitch | 2 3 ) )
Roll 1 2 3 t >
Yaw 1 2 3 t 3
b, 3g Turn ]
Pich 1 2 3 ! )
Roll I 2 3 1} >
] Yiaw i 2 3 ! 3
.
e Landing
Pitch 1 2 3 { 5 1
Roll t 2 3 ' 5 i
Yaw I 2 3 ' 5 !

k- J .n _.»}.._‘.\Z:/‘,.‘.w_._ ) =




Y L I L L T S LT I T . - - 1

2. A-10 ASPT simulation is MRFCS flight conditions.
Rate simulator control feel for:

{
)
Too Like Too %
Sensitive . Aireraft Heavy ‘
a. Takeoff - Turning Climb }
Pitch 1 2 3 t 3 )
Roll ] 2 3 1 5 J
Yaw 1 2 3 1 3 i
b. 3g Turn {
Pitch ] 2 3 1 5 :
Roll | 2 3 t >
Yaw 1 2 3 H 3
e.  Landing
Pitch ] 2 3 1 5
Roll 1 2 3 1 >
Yaw 1 2 3 t 5
3. In manual reversion. how well were vou able to maintain vour desired pitch angle during each of the ]
following: fv
- '
5 Very Very }
j Well \cceprable Poorly
Climbing Turn 1 2 3 t 5 i
3g Turn I 2 3 ! 5 i
Landing 1 2 3 1 5
L In manual reversion. how well were vou able to maintain vour desired roll rate during each of the following !
tasks?
Very Very
Well \ceeptable Poorly i
Climbing Turn 1 2 3 1 5 )
3¢ Turn 1 2 3 t 5 i
Landing 1 2 3 t 3 s !
i
5. In manual reversion. how well you were able to maintain your stability in vaw during each of the following 1
tasks:
Very Very
o wepls N )
Well Aceeplable Poorly
Climbing Turn 1 2 3 1 3
3g Turn 1 2 3 3 > }‘
Landing ! 2 3 t 3
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MRFCS Study Questionnaire B

Name Organization

. How realistic do you feel the simulation of manual reversion was in this study?

2. Using the attached sheet. circle the number that best rates the training value for each of the modes of

simulation flown.

3. Listany difficulty you encountered in flying under the various simulation modes. Be as specific as possible.

4
t. General comments,
5. Have you experienced manual reversion in an aireraft?
Climbing Turn 3g Turn Approach
L P A E P A E P A E
i Full FOV Motion 12 3 t+ 3 I 2 3 t 5 P2 3t 5
Full FOV No Motion 1 2 3 t+ 3 1 2 3 ¢+ 5 1 2 3 ¢+ 5
Limited FOV Maotion I 2 3 t 5 1 2 3 ¢+ 5 1 2 3 ¢+ 5
Limited FOV No Motion 12 3 t+ 5 1 2 3 t+ 5 1 2 3 ¢ 5
Note
P - Poor
\ - Aeceptable
F. - Exeellent
.S GOVERNMENT PRINTING OFFICE:1OH2~ 1 (u-"n 9
20
L R D Tt SRR g v e e e -

alabiabe;







