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This report was prepared for the United States Air Force by Calspan
Corporation, Buffalo New York, in partial fuliillment of Contract Number
F33615-73-C-3051 and describes the results of the flight program performed |
under that contract.
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The flying qualities experiment reported herein was performed by
the Flight Research Branch of Calspan under sponsorship of the Air Force
Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio, as part
of Project 8120, Task 16. Mr. G. Thomas Black was the Air Force Project
Engineer and Mr. Jack Barry was the Program Manager for AFFDL. The research
was conducted between June 1977 and March 1978, with this report submitted
in March, 1978.

This report represents the combined efforts of many members of the
Flight Research Branch. Rogers E. Smith was the Project Engineer for this
investigation and also served as safety pilot. The evaluation pilots, who
performed their important role in the experiment in a very professional
manner despite the trials of a concentrated flight schedule, were Michael
L. Parrag (Pilot A) and Robert P. Harper, Jr. (Pilot B). Ronald W. Huber
was responsible for the modifications, calibration and maintenance of the
NT-33 variable stability system. Dr. Philip Reynolds was the Program

Manager for the overall NT-33 contract. The outstanding contributions of
the following individuals are also gratefully acknowledged:
Messrs. Alva Schwartz and Raymond Miller- Aircraft Maintenance
B Messrs. Thomas Franclemont and David Begier - Electronic Maintenance
- Mr. Robert Ductor - Electronic Circuit Design
Messrs. James Lyons and Clarence Mesiah - Digital Data Analysis
Ms. Florence E. Scribner - Report Illustrating

g 4 Particular recognition is due Dr. K. S. Govindaraj who performed
the bulk of the digital identification for the program and contributed the

description of the procedure presented in Appendix IV.
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Symbol
dB

SYMBOLS AND ABBREVIATIONS

Decibel units for Bode amplitude, where amplitude in dB = 20
log10 (amplitude)

Pitch control stick displacement, positive aft (inches)
Roll control stick force, positive right (1b)

Pitch control stick force, positive aft (1b)

Rudder pedal control force, positive right (1b)
Steady-state stick force per unit normal acceleration, at
constant speed (1lb/g)

Acceleration of gravity (ft/secz)

Pressure altitude (ft)

Moment of inertia about body x-axis (slug-ftz)

Moment of inertia about body y-axis (slug-ftz)

Moment of inertia about body z-axis (slug-ftz)

Product of inertia in body axes (slug-ftz)

Steady-state gain of constant speed e/g“' transfer function
(rad/1b)

Rolling acceleration commanded by roll control stick about

x-body axis (rad/sec2 per inch)

Rolling acceleration commanded by roll control stick about
x-principal axis (rad/sec2 per inch)

= ( \ - Ix;/ LL‘).' ( L‘as o I._“l Nhs)
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: SYMBOLS AND ABBREVIATIONS (CONT.) .

Symbol

m Aircraft mass (slugs)
‘ M, Llj )_]_?‘('_\\ body axis dimensional pitching moment
* derivative (rad/sec2 per ())
’ N

Yawing acceleration commanded by rudder pedals about z-body

SKP 2
axis (rad/sec” per inch)

S Yawing acceleration commanded by rudder pedals about z j
principal axis (:rad/sec2 per inch) 1

2 -\
= G-Ty/LL ) (Ngo+ T ly) i
1,
Ny Longitudinal body axis acceleration, positive forward (ft/secz)

n,(NZ) Normal acceleration at c.g., positive for pull up; negative up

for identification records (g's or ft/secz).

! r\}/-g Steady-state normal acceleration per angle of attack (g's/rad) ;

NZP Normal acceleration at pilot's station, positive for pull up

(g's or ft/secz)

Q(Q) Body axis pitch rate (deg/sec or rad/sec)

s Laplace operator (1/sec)
+ Time, seconds
T d Time to double amplitude, seconds

THR Throttle position (inches)

xii

. B i L TR SRS . v .
1AW T "y « . d, b Wl .
SR iy 5 <
A T 3‘.’?;0" A, e
o & 2 o asA, N
RERFORR <0 1 o A




SYMBOLS AND ABBREVIATIONS (CONT.)

Symbol
TRK Tracking needle displacement (inches)
u Velocity along x body axis (ft/sec)
w Perturbation velocity from trim along x body axis (ft/sec)

Vind(VIAS) Trimmed indicated airspeed (knots)

VT Trimmed true airspeed (knots) ;
w Perturbation velocity from trim along z body axis (ft/sec) . 1
X() = ": )TZ(-) body axis dimensional X-force derivative ll :
(ft/sec2 per ()) é
{
Z « L 3}Z body axis dimensional Z-force derivative z
. ey . ?
(ft/sec” per ( )) ?
« Angle of attack (deg or rad)
) Angle of sideslip (deg or rad)
sas Roll stick deflection at grip, positive right (inches)
Ses Pitch stick deflection at grip, positive aft (inches)
se Aircraft elevator deflection, positive trailing edge down (rad)
3‘, Rudder pedal deflection, positive right (inches)
5h Elevator actuator damping ratio
gd Dutch-roll damping ratio
5'h Phugoid damping ratio
xidi
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SYMBOLS AND ABBREVIATIONS (CONT.)

Short period damping ratio

Damping ratio of second (and fourth) order prefilters

Damping ratio of numerator of 15/‘*5-

Pitch attitude (deg or rad)

Transport time delay ,€-$‘ (sec)

transfer function

Time constant of control system lead element (sec)

Time constant of control system lag element (sec)

Roll mode time constant (sec)
Spiral mode time constant (sec)

Airframe lead time constants in ©/§,

transfer functior (sec)

Absolute value of controls fixed roll-to-sideslip ratio at aJ,

Bode frequency (rad/sec)

Undamped natural frequency of actuator (rad/sec)

Dutch-roll undamped natural frequency (rad/sec)

Undamped natural frequency (rad/sec)

Phugoid undamped natural frequency (rad/sec)

Short period undamped natural frequency (rad/sec)

Undamped natural frequency of control system prefilters.

(rad/sec)

Undamped natural frequency of numerator of ¢ /Sas transfer function

(rad/sec)
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SYMBOLS AND ABBREVIATIONS (CONT.)

Symbol

(.) Rate of change of ( ) with time (( )/sec)
( )o Initial or trim value of ( )
Abbreviations

c.g. Center of gravity

EP Evaluation Pilot

ILS Instrument Landing System
KIAS Knots, Indicated Airspeed
ms Millisecs

PIO Pilot Induced Oscillation
PR Pilot Rating

SpP Safety Pilot




Section 1
INTROGUCTION AND PURPOSE

In recent years, the demand for increased fighter capability, in
combination with the demonstrated reliability of modern electronic systems,
has led to more complex flight control systems. For example, the latest
fighter aircraft designs include sophisticated digital flight control
concepts and revolutionary fly-by-wire flight control systems. The additional
complexity of these highly augmented aircraft designs is not a problem in
itself; however, significant additional control system dynamics are typically
introduced which can potentially alter the flying qualities of the aircraft ;
dramatically. Flying qualities requirements, or control system design criteria,
must account for the effects of these additional control system dynamics to be ,
of any value. Unfortunately, response criteria based on classical aircraft |
characteristics, such as those presented in MIL-F-8785B (Reference 1) are not
adequate to evaluate the flying qualities of modern highly augmented fighter ]

e b kit o i

aircraft.

A necessary first step in the development of suitable flying
qualities evaluation criteria for aircraft with significant control system
dynamics was the collection of applicable flying qualities data. In response
to this need, a series of research programs was conducted using the USAF/
Calspan NT-33A variable stability aircraft (References 2, 3, 4 and 5). These
programs concentrated on the longitudinal flying qualities of highly augmented
1 fighter aircraft for maneuvering and tracking tasks (Flight Phase Category A).

Ref. 1. Anon, "Military Specification, Flying Qualities of Piloted
Airplanes: MIL-F-8785B(ASG), ""August 1969.

2. Parrag, M. L. E., "Pilot Evaluations In a Ground Simulator of the
Effects of Elevator Control System Dynamics in Fighter
Aircraft," AFFDL-TR-67-19, July 1967.

3. Di Franco, D. A., "In-Flight Investigation of the Effects of Higher-
Order System Dynamics on Longitudinal Handling Qualities,"
AFFDL-TR-68-90, July 1968

f 4., Neal, T. P. and Smith, R. E., "An In-Flight Investigation to Develop
Control System Design Criteria for Fighter Airplanes (Vol.I § II),"
AFFDL-TR-70-74, December 1970.

S. Boothe, E. M., Chen, R. T. N., and Chalk, C. R., "A Two-Phase
Investigation of Longitudinal Flying Qualities for Fighters,"
AFFDL-TR-74-9, April 1974. |
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In particular, pitch maneuver response criteria which consider the total

aircraft dynamic system were developed by Neal and Smith (Reference 4) for
fighter aircraft performing tracking tasks. The closed-loop pitch attitude
tracking criterion of Reference 4 has, in fact, been used with good success
as a flying qualities evaluation tool for today's complex fighter aircraft.

In the absence of suitable flying qualities data for the landing
approach task (Flight Phase Category C), the concepts developed in Reference
4 were modified somewhat and extrapolated to cover this flight phase
(Referemces 6 and 7). Unfortunately, this attempt to provide a suitable
flying qualities criterion for this important flight phase which is applicable
to fighter aircraft with significant control system dynamics failed its first
real test.

Briefly the story of the test is as follows. Prior to their first
flights, both the YF-16 and YF-17 prototypes were simulated in the NT-33A
in-flight simulator (Reference 8); these aircraft are both highly augmented
and exhibit higher order responses to pilot inputs due to the presence of
significant control system dynamics. Of particular interest at this point
is the experience in the NT-33A with the landing approach simulation of the
YF-17.

Ref. 6. Chalk, C. R. et al, '"Revisions to MIL-F-8785B(ASG) Proposed by
Cornell Aeronautical Laboratory Under Contract F33615-71-C-
1254), AFFDL-TR-72-41, April 1973.

7. Mayhew, D. R., "A Proposal and Justification for Revision Selected
Portions of MIL-F-8785B," AFFDL Working Paper, February 1976.

8. Hall, G. W. and Harper, R. P., "In-Flight Simulation of the Light
Weight Fighters," AIAA Paper 75-986, August 1975.




[ First, the original longitudinal flight control system as
simulated in-flight, resulted in very poor flying qualities
in the landing approach task, particularly in the final
stages of the approach close to the runway.

® Second, this landing problem was not predicted by existing
pitch maneuver response criteria, including the extrap-

olation of the closed-loop Neal/Smith criterion.

@ Third, the very poor longitudinal flying qualities in the
landing approach were not observed during ground simulation
studies on a very sophisticated simulator; however, the
deficiencies were dramatically exposed during the initial

in-flight simulation sorties.

Control system modifications were then proposed, implemented, and
evaluated in the NT-33A until satisfactory longitudinaly flying qualities
were observed.

The lessons presented by the YF-17 landing approach simulation
experience, in combination with the previous research programs documenting
the significant effects of control system dynamics on longitudinal flying
qualities, clearly indicated the need for landing approach flying qualities
data applicable to highly augmented aircraft. Further, the evidence showed
that the tasks must include actual touchdowns. The research program

described in this report was conceived in response to these observations.

The purpose of the research program described in this report may
be summarized as follows:

® To gather pertinent background data on the longitudinal flying
qualities of highly augmented fighter aircraft for the landing
approach flight phase - including the flare and touchdown
(Flight Phase Category C, Class IV.)

e s

1
|
|
i




@ To show whether the flare and touchdown tasks are indeed
more demanding than the approach task alone and therefore
are the critical landing approach task.

® To lay the groundwork for the development of longitudinal
response criteria for the landing approach tasks which are
applicable to aircraft with complex control systems, as
well as those whosce dynamics can be described by classical
parametcrs.

° To gather data on pilot induced oscillations (PIO's) in
the landing task with which existing PIO criteria can be

evaluated.

Details of the research program using the NT-33A in-flight simulator
to study the cffects of control system dynamics on landing approach longitudinal
flying qualities are presented in this report. The report is organized as
follows: a summary of the design of the experiment is presented in the next
section, followed by sections on the conduct of the cxperiment, a discussion
of the results, and finally the pertinent conclusions. Detailed background
material and data are presentcd in a series of appendices. This report is
Volume I of a two volume report on this research program; Volume Il contains a

more complete presentation of the performance data and additional analysis of
the data.




Section 2
EXPERIMENT DESIGN

The purpose of this section is to describe the control system and
aircraft characteristics for each of the configurations evaluated during the
program. A discussion of the technique used to identify the longitudinal
characteristics of the evaluation configurations and a more detailed summary
of the characteristics is presented in Appendix IV, The reader is referred
to Appendix V for a brief discussion of aircraft longitudinal transfer
functions and equations of motion. A description of how the simulated
configurations were mechanized in the variable stability NT-33 is presented
in Appendix VI.

2.1 OBJECTIVES

The objective of the in-flight simulation program was to produce an
approach and landing longitudinal flying qualiti:s data base from which a
suitable response criterion, applicable to highly augmented fighter aircraft,
can eventually te developed. Accordingly, the primary evaluation character-
istics were selected using the rationale that a broad range of representative
aircraft and control system dynamics should be explored rather than specific
control system augmentation schemes. In addition, a small portion of the
flight program was devoted to the evaluation of configurations with special
features; the details of these configurations are discussed in Subsection 2.S.
The following subsection is directed at the primary evaluation configurations.

2.2 EXPERIMENT VARIABLLS

The biock diagram of Figure 1 represents how the pilot would view

the total longitudinal pitch dynamic 'package" which he flies.
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Figure 1: LONGITUDINAL RESPONSE BLOCK DIAGRAM

The primary variables in the experiment are the dynamic elements
in the heavy blocks: the control system dynamics and the aircraft dynamics,
One assumes that we are dealing with aircraft in which the desired augmented
aircraft dynamics are achieved, but additional dynamics are introduced-in
the form of prefilters, compensation networks, or digital computational
delays - to produce a higher-order system. The term "higher-order system" is
used to describe a system with additional significant dynamic modes in
addition to the classical short period and phugoid longitudinal response modes.
An alternate viewpoint would be that the aircraft dynamics, representing the
bare airframe, are combined with prefilter dynamics to produce a higher-order

system. The controlled experiment variables may be summarized as follows:

° Aircraft short period dynamics
Control system dynamics
Task
- Full task, including flare and touchdown, or

- Approach-only task with no touchdown

The details of the aircraft dynamics and control system dynamics
selected to form the primary evaluation configurations are discussed in the
following subsections. Other important characteristics which are not
controlled variables in the experiment are discussed in the final subsections.
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2.3 AIRCRAFT SHORT PERIOD DYNAMICS

In the absence of significant control system dynamics the constant
speed transfer function relating pitch attitude to pilot stick displacement is:

& . {792‘5+’)
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Five combinations of &g, and {5, were selected to span fairly wide ranges,
relative to the requirements of MIL-F-8785B (Category C). These configurations

represent the experiment base configurations; each set of evaluation configura-
tions consists of a base configuration in combination with a variety of control
system dynamics. The five base configurations (1-1 through 5-1) are compared
with the Category C MIL-F-8785B requirements in Figure 2 for the nominal

(see Section 2.9) landing flight condition, which is:

e V,, = 120 knots
e ¥ = 205 ft/sec
° 77,/@ = 4.5 g/rad
® taz = 1.4 sec
® //tez = 0.7 rad/sec
m/@ = 459/rad
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Figure 2: COMPARISON OF PRIMARY SHORT PERIOD CONFIGURATIONS WITH MIL-F-8785B




Since the speed was not constant during the complete landing task,
the selection of a nominal flight condition requires some explanation; more
details are presented in Subsection 2.9 and Appendix IV.

Configurations 3-0 and 4-0, shown in Figure 2, represent alternate
base configurations which were never evaluated in combination with additional |
control system dynamics. The very lightly damped configuration (3-0) was é
specifically selected because it was predicted to be PIO-prone. Along with
those configurations in which the addition of control system dynamics produce
PI0's, this configuration was intended as an appropriate test of the PIO
criterion of Reference 9. Configuration 4-0 was selected as a representative |
heavily damped configuration but was rejected as a base configuration in the

initial phases of the evaluation flying because it was rated unsatisfactory

by the pilot,

2.4 CONTROL SYSTEM DYNAMICS

Each base short period configuration was evaluated in combination

with a variety of representative control system dynamics. The various forms
; of the control system dynamics selected which are representative of typical

modern flight control system elements are summarized as follows:

!

) First order lag, iy , or
T, 5%
z
S
® First order lead/lag, EL__:;1 , OT
Zo5t7
® Second order lag prefilter 5 ! , Or
.._§?+2_g§_5+1
e, Wz
® Fourth order lag prefilter {
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Smith, R. H., "A Theorv for Longitudinal Short-Period Pilot
Induced Oscillations,” AFFDL-TR-77-57, June 1977.
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The exact values selected for evaluation are summarized in Sub-
section 2.6. Some general comments can however be made about the effects of

the various control system dynamics on the overall response of the aircraft

to pilot inputs.

For reference, step response time histories for all the

evaluation configurations are presented in Appendix III.

) Values of 7, and ?, were selected such that the

poles and zeros of these control system elements are

approximately the same magnitude as the short period

frequency of the base configuration,

The addition of these elements can therefore
significantly alter the shape of the response
of the base configuration to pilot inputs.
These elements introduce both phase and
amplitude distortion.

° Values of w; in the second order prefilter were

selected over a wide range:

When w), is approximately the same magnitude

as the short period frequency, the shape of the
response to pilot inputs can be significantly
altered by the addition of this control system
element.

When w, is much greater than the short period
frequency, the effect of the addition of this
type of control system element is to leave the

shape of the response to pilot inputs essentially

unchanged but to introduce an initial delay.

In this case, only phase distortion is introduced

by this control system element.

5; = 0.7 for all the prefilters evaluated.

Elements of this form are introduced to filter
the pilot's inputs or as prefilter models in
complex augmentation schemes such as in the
original YF-17 design (Reference 8.)
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® The fourth order prefilter selected was a Butterworth
filter with ¢, =.93, &, = .38, and ) = «wy = 16 rad/sec;
designated 16(4th) in the report. This prefilter was
selected partly for convenience since it was previously
used in Reference 3; but more importantly, the effect
' of the filter is to introduce a transport time lag.
Although effect of adding this element is to delay the response

to pilot inputs in much the same fashion that the pilot's
input can be delayed in a digital flight control system

due to computational delays.

235 ADDITIONAL EVALUATION CONFIGURATIONS

Since the approach and landing results of the YF-17 simulation
program conducted in the NT-33 (Reference 8) represent such a significant
example of the effects of control system dynamics on iongitudinal flying
qualities, the previously simulated original and modified YF-17 configura-
tions were selected for evaluation in this program. The original YF-17
landing case also represents an excellent data point for testing the PIO
criterion suggested in Reference 9. In addition, inclusion of this case
affords the opportunity to evaluate thoroughly a significant anomaiy in the
world of simulation: the extreme PIO problem was not observed during ground

simulation studies but was clearly evident in the in-flight simulation. The

configurations are identified as:

(] 6-1: YF-17 original control system
) ~ 6-2: YF-17 modified control system

In support of suggested revisions to MIL-F-8785B in the area of
longitudinal static instability, three statically unstable configurations
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were evaluated. Essentially these configurations are Configuration 2-1 with
the center of gravity moved aft of the neutral point (M,>0). These configura-
tions are representative of failure states which could possibly occur in highly
augmented aircraft like the F-16 which operate at negative static margins.

If the angle of attack feedback should fail in this condition the pilot could
be faced with landing a statically unstable aircraft. These configurations

are identified as:

(] 7-1, 7-2, 7-3

The detailed characteristics of these additional configurations are
presented in the next subsection, the configuration summary, and in Appendix
1v.

2.6 CONFIGURATION SUMMARY

A total of 49 configurations were evaluated: 44 basic control
system/short period configurations and 5 additional configurations, as
summarized in Figures 3 and 4. More details of the aircraft dynamic
characteristics of each configuration are given in Appendix IV along with a
summary of the variations from the normal dynamic characteristics with speed
and weight changes. Representative time history response plots for each
configuration are shown in Appendix III.

The existing Neal/Smith longitudinal flying «ualities evaluation
criterion (Reference 4) and the results of a study of the YF-16, YF-17
simulation program (Reference 10) were used to guide the initial configuration
selection; the digital computer version of the criterion developed by

Mayhew (Reference 11) was used in this process.

Ref. 10. Smith, R. E., "On the Evaluation of the YF-16 and YF-17 Aircraft
Using Longitudinal Mancuver Response Criteria, Calspan FRM
No. 510, November 1975.

11. Mayhew, D. R., "A Digital Computer Program for the Calculation of
Parameters Necessary to Satisfy the Closed-Loop Criteria of
T. P. Neal, Unpublished AFFDL/TM, August 1973.
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Before attempting to interpret the configuration summaries in
Figures 3 and 4, a brief review is in order. A typical evaluation
configuration consists of the dynamic elements of the feel system, control
system, aircraft and actuator in series. For example, the constant speed
transfer function of pitch attitude response to pilot stick force for
Configuration 2-7 is:

7? 523 23 5+7
CONTROL SYSTEM AUGMENTED AIRCRAFT

*Feel system and actuator dynamics were fixed; details are in Subsection

The value of Ky is a function of the clcvator gearing selected by the

evaluation pilot as discussed in Subsection 2.8.

The CONTROL SYSTEM and AIRCRAFT DY.ANICS for the primary evaluation
configurations are summarized in Figure 3; the important characteristics
of the additional configurations are summarized in Figure 4. Remember
that the total configuration dynamic model for each configuration includes

the fixed dynamic contribution of the feel system and the actuator.
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SHORT PERIOD DYNAMICS
(Nominal)
CONTROL
SYSTEM Vind = 120 Kt
DYNAMICS Vig/X = 4.5 g/rad; Ty, = 1.4 sec
—= l Wsp/ Csp
2.3/.57 2.0/1.06 13.9/.54
0.3 0.1 S 2 1-8 7
0.2 0.1 - - 1-C 2-C 3-C 4-C
0 0 - - 1-1 2-1 3-1(3-0)*| 4-1(4-0)*| 5-1
0.1 - - 1-2 2-2 3-2
0.25 - - 1-3 2-3 3-3 4-3 5-3
0.5 - 2 .jp_-l.'.i‘. 2-4 4-4 5-4
2L : S A Blagie. i s T
0 16/.7 S 2 xul 4-6 5-6
12/.7 i 2-7 3-7 4-7 5-7
9/.7 - 1-8 i
6/.7 - 2-9
T—.OL T 146;.;3 16; 38 1-11 :-i(l) ::::
3 " - - 5-11
a%,/S;, for Configuration 3-0 is 2.1/.14; for Configuration 4-0, 2.1/1.23

NOTES:

@ First number indicates base aircraft configuration simulated;
second number or letter identifies control system dynamics;
letters for control system lead; numbers for lag.

e Total configuration dynamic model includes feel system and
actuator dynamics (see Subsection 2.7).

e Complete aircraft dynamic characteristics are presented

in Appendix 1IV.

Figure

3: Summary of Primary Evaluation Configurations
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CONF IGURATION CONTROL SYSTEM DYNAMICS
Is+7)(.93s+17)
6-1 ( )(51 2 7) 1.9/.65
(YF-17 Original)  |(2s+¢1)(1.15+1) (;-,— + €072 s+71)
e '(.5.s+1)(.4-.35+/)(. 045+ 1) 1.97 65
YF-17 Modified) (2s+ 1)1+ {138 +1)
Time to Double Amplitude, T4 (Sec) I
7-1 = 6
7-2 = 4
7-3 ~ 2

NOTES: e Total configuration dynamic model includes feel system and actuator

dynamics (see Subsection 2.7).
o Complete aircraft dynamic characteristics are presented in
Appendix IV.

Figure 4: Summary of Additional Evaluation Configurations

2.7 PITCH FEEL SYSTEM AND ACTUATOR CHARACTERISTICS

The feel system characteristics were held fixed for all the
configurations evaluated in the program; a representative spring gradient of
8 1b/in was chosen and essentially zero breakout or friction forces were
present. The feel system transfer function is:

125
SES = 2 (Ln//b)
Fes (s , 208)s ,)
26°% 26

7he NT-33 pitch actuator characteristics were essentially constant
for all configurations (see Appendix VI) with the following values:

a%z = 75 rad/sec
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2.8 PITCH CONTROL SENSITIVITY

The gearing ratio between the elevator and the stick position was
selected by the pilot for each flight evaluation of a configuration, as

discussed in more detail in Section 3.

should have-been evaluated with several values of gearing ratio, but this

procedure was beyond the scope of this flight program.
2.9 APPROACH AND LANDING SPEED CONSIDERATIONS

A given configuration was evaluated during the program at different
NT-33 fuel loads or weight since several configurations were evaluated during

each flight.

margin and dynamic characteristics, the approach speeds were selected as a

Ideally each dynamic configuration

To minimize the effects of these weight variations on stall

function of the fuel load or weight of the NT-33.

schedule and associated variations in configuration dynamic characteristics
as speed and weight varied are presented in Appendix IV.
variations are not considered to be significant to the results, the mid-

flight weight is considered the nominal condition,

In addition, during an evaluation at any weight the speed varied
during the landing approach task; the landing phase (50 feet down to
touchdown) speed was about 15 knots less than the approach speed.
results show that the landing phase is the critical task, the dynamic character-
istics applicable to the landing phase speed are the values quoted in the body
of the report.

presented in Appendix IV,

In summary, the approach and landing speeds at the monimal weight are:

Details of the effects of weight and speed variations are

Approach: 135 KIAS

Cn,/ﬁ = 5,6 g/rad)

Landing: 120 KIAS -

(Less than 50 ft above

nb/%z = 4.5 g/rad

:91 = 1.4 sec
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2.10 LONG TERM PITCH CHARACTERISTICS

For the majority of the Configurations (1 through 6) the phugoid,
or long term, response characteristics are those of the NT-33 as modified
somewhat by the longitudinal feedback gains used to achieve the short period
dynamics. A complete summary of the identified phugoid characteristics is
given in Appendix IV; for example, the values for Configuration 2 are:

uJPh = .17 rad/sec
;pb = .15
Zo, a 12 sec

For Configuration 7, where a specific degree of static instability
was simulated, the long term response characteristics were somewhat different;
the complete transfer functions are presented in Appendix IV.

From a flight path control viewpoint, all the evaluations were on

the "front side'" of the power required versus drag curve.
2.11 LATERAL-DIRECTIONAL CHARACTERISTICS

A ""good" set of lateral-directional characteristics was selected for
the evaluation program; these characteristics were mechanized with a constant
set of NT-33 feedback gains. Variations in the characteristics did therefore
occur due to changes in moments of inertia and approach speed as fuel was
used. However, since the characteristics were consistently evaluated by the
pilots as excellent and a positive factor in the evaluations, no attempt was

made to hold the lateral directional characteristics constant.

Approximate lateral-directional characteristics, obtained from in-
flight measurements representative of the nominal approach speed of 135 KIAS

are shown below.

16
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(278 o = 53 | |
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Ts = 75 sec
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The following lateral-directioral feel characteristics were held
constant for all the configurations evaluated.

i"s : o '2’('7) (in./18)
As s ;
> Sl - 5”) é
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2c* 26

¢ Essentially zero breakout or friction forces were present in the lateral-
directional feel characteristics.
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Section 3

CONDUCT OF THE EXPERIMENT

The control system and aircraft dynamics discussed in Section 2
were mechanized in the USAF variable stability NT-33, operated by Calspan
(see Figure 5 ). Details of this mechanization are contained in Appendix VI,
and a complete functional description of the variable stability system can be i

found in Reference 12.

3.1 USAF/Calspan Variable Stability NT-33 Aircraft

In the NT-33 aircraft, the evaluation pilot occupies the front
cockpit, which is shown in Figure 6 . The system operator in the rear
cockpit, who also acts as safety pilot, can vary the stability and control
characteristics about all three moment axes by changing the settings of the
response feedback gain controls in the rear cockpit, In addition, through the

use of switches and special cockpit gain controls, the safety pilot can select

the appropriate control system combination desired for a particular evaluation

configuration. It is important to note that the evaluation pilot cannot feel §
the control surface motions due to the actions of the variable stability i
system signals in the NT-33. During this experiment the evaluation pilot had |
no prior knowledge of the configuration characteristics.

The following subsections describe in detail the evaluation
procedures, including the tasks performed, the pilot comment card and the

pilot rating scales.

Hall, G. W. and Huber, R. W., "System Description and Performance
Data for the USAF/Calspan Variable Stability T-33 Airplane".
AFFDL-TR-70-71, Inly 1970.
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5 : USAF/Calspan Variable Stability NT-33 Aircraft
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5.2 SIMULATION SITUATION

For this program, the simulated aircraft was defined as an all-
weather, single seat, fighter aircraft (Class IV). The pilot was therefore
required to extrapolate to this environment which would include additional

duties such as navigation and communication.

Since inclusion of wind and turbulence as controlled variables was
beyond the limited scale of this program, flights were, of necessity,
conducted in a wide range of wind and turbulence; conditions encountered are
considered normal for typical fighter operations. The pilots were asked to
evaluate the aircraft in the conditions of the day, but to comment, if
desired, on the projected effects of different wind and turbulence conditions.

5.3 EVALUATION PROCEDURES

The configurations were evaluated in a generally random order,
either 3 or 4 evaluations per flight; the extra evaluation was performed by
adding more fuel and limiting the initial evaluation configuration to a
low-approach only task.

Each evaluation took approximately 25 minutes and was conducted in

the following sequence:

° Evaluation pilot (EP) was given control of aircraft with gear
down, flaps 30° and speed brakes up at the approach speed
appropriate for the fuel weight (see Appendix IV) and 2000 ft
above ground.

e EP sampled the pitch sensitivity and made initial selection -
he could request a change at any time during the remainder of
the evaluation.

21




@ EP went under instrument hood, followed radar vectors to

join ILS; performed ILS (2.5 deg glide path) at proper

approach speed, ''broke out" at 200 ft above runway. EP
went visual, selected 45° flap, speed brakes down and

—

performed landing task (or low-approach only task if

directed) making every effort to simulate a full-stop
landing in the designated touchdown zone, i.e. power

to idle, nose weel on runway before go-around initiated.

i

® EP performed ''take-off" after touchdown (touch and go landing),
climbed to downwind for visual landing; visual landing
included an intentional lateral sidestep maneuver; offset
was about one runway width at 0.5 nm from touchdown point; 1

visual procedure was repeated for second landing.

® SP then took control after climbout from second visual
landing while EP assigned pilot ratings for both overall
task, and approach task if possible, using appropriate pilot
rating scales. EP then made comments using the comment card
and reviewed ratings and noted any changes if final rating
was different than initial rating. (See Subsection 3.0

for details).

) EP was given control again to perform Jd.screte error tracking
task.
® Finally, the necessary calibration records of the base

configuration - control system dynamics removed - were taken.

Records were taken during the final phases of each approach using

the on-board digital tape recorder. In addition, digital records were taken
of the tracking task performance and the responses to the calibration inputs.
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3.4 EVALUATION TASK SUMMARY

Since the exact definition of the task is important to any flying
qualities investigation, the details of the tasks performed during each
evaluation are summarized below. These tasks, in combination, provide the
pilot with a solid basis for assessing the landing approach flying qualities
of an evaluation configuration.

e ILS approach under simulated instrument conditions, down

to 200 ft above runway, followed by a visual landing, plus

® Two visual close patterns and landings,with an intentional

offset maneuver on close final in each case.

For those evaluations which intentionally did not include a touch-
down, the same tasks were performed but a go-around was initiated at 50-100 ft

above the runway.

Great care was taken to ensure that the evaluation pilots performed
these tasks in a realistic fashion. For example, they were instructed to
consider each approach and landing as a final "must land" situation; the 500 ft
touchdown zone on the 9100 ft runway was clearly marked on the runway,beginning
approximately 1500 ft from the threshold for flight safety reasons. The pilots
were not allowed by the safety pilot to back out of the task and let
the touchdown point drift down the runway in an unrealistic fashion. These
instructions were not interpreted by the pilots to mean that the task was
treated as an unrealistic ''game' demanding unrealistic precision on the part
of the pilots. Touchdown with normal sink rates could be made in the NT-33.

3.5 DISCRETE ERROR TRACKING TASK

The discrete-error pitch-attitude tracking task was included in
each evaluation to give some insight into the pilot's ability to perform a




closed-loop task. It was hoped that the records from this task might assist
the analyst in understanding the pilot's ratings and comments if the per-

formance of this controlled task was similar to the performance of the real
landing task.

The task was mechanized by displaying the error between the actual
pitch attitude and a programmed pitch attitude command signal on a horizontal
needle on the attitude indicator. A complete cycle of the commanded pitch
attitude is shown in Figure 7. In the 3 minutes allocated for this task
during each evaluation, the pilots never learned the pattern of the commanded

signal.

+8
(<] T :
i i
0 |
g +4 + |
=]
= |
B s
e
° 1
3 20 . : A
g ¢ ’ P 60 80 100
§’ TIME ~ SEC

~4 4

Note: 5 deg of attitude equals 1 inch of needle deflection.

Figure 7: Discrete-Error Pitch-Attitude Tracking Task
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A command pitch attitude of + 5 degrees represented + 1 inch
deflection of the horizontal needle. The evaluation pilot's ta;k was to keep
the error to a minimum; the degree of aggressiveness with which he approached
this task is obviously a key factor in the resulting closed-loop performance.
He was instructed to accomplish the task - zero the errors - with the same
aggressiveness that he used in the landing task. Obviously, there was no
way to ensure that the two tasks were performed in the same manner, but at
least the tracking task was performed within some realistic guidelines.

After a brief period of familiarization, a 30 second record of the
tracking task performance was taken for each configuration.

3.6 EXPERIMENT DATA

The data from the experiment take three forms: pilot ratings,

pilot comments, and records of task performance, including the discrete

error tracking tasks. Examples of the performance records are presented in
Appendix II. The pilot ratings and comments are clearly tied together and
should not be viewed as separate data. At the completion of the evaluation
tasks, the pilot was asked to assign an overall pilot rating using the Cooper-
Harper Rating Scale (Reference 13) as shown in Figure 8 . In addition,

for the evaluations which included the complete landing task, the pilot was
asked to give a separate rating for the approach task alone (down to
approximately 50 feet above the runway). Only during the last half of the
program did the pilots feel confident enough to give both ratings. The
pilots were asked to assign the ratings before making detailed comments since

their task performance was then fresh in their minds.

Ref. 13. Cooper, G. E. and Harper, R, P. Jr., "The Use of Pilot Rating in
the Evaluation of Aircraft liandling Qualities,' NASA TND-5153,
April 1969.

|




The pilot was also required to assign a PIO rating in accordance

with the scale shown in Figure 9.

In addition to these ratings, the safety pilot assigned a pilot
rating before the evaluation pilot gave his rating. This additional rating
can be used to increase the credibility of the evaluation pilot's rating and

potentially to understand any rating discrepancies which may arise.

After the initial ratings, the pilot was asked to make recorded
comments on specific items listed on the Pilot Comment Card, which is

reproduced below.

PILOT COMMENT CARD l

1. Feel
forces, displacements?
- pitch sensitivity? - trim?

2. Pitch attitude response to inputs required to perform
task.
- initial response
- predictability of final response
- special pilot inputs?
- tendency towards PIO?

3. Airspeed Control?

4. Approach performance: |
- ILS ‘ |
- visual approaches (sidestep maneuver) ﬁ

5. Flare and touchdown performance:
- problems? - any special control techniques?

6. Differences between apprcach and landing tasks:
- significant? - most difficult task?

7. Effects of turbulence/wind

8. Lateral-directional characteristics: a factor in evaluation?

9. Summary (brief): ;\,
- major problems - good features i

10. Cooper-Harper Pilot Rating (separate ratings for different
tasks if possible) - PIC rating.
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Figure 8 : Cooper-Harper Pilot Rating Scale
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DESCRIPTION

NUMERICAL
RATING

NO TENDENCY FOR PILOT TO INDUCE UNDESIRABLE

MOTIONS

UNDESIRABLE MOTIONS TEND TO OCCUR WHEN

PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS
TIGHT CONTROL. THESE MOTIONS CAN BE PREVENTED
OR ELIMINATED BY PILOT TECHNIQUE.

UNDESIRABLE MOTIONS EASILY INDUCED WHEN PILOT
INITIATES ABRUPT MANEUVERS OR ATTEMPTS TIGHT
CONTROL. THESE MOTIONS CAN BE PREVENTED OR
ELIMINATED BUT ONLY AT SACRIFICE TO TASK PER-
FORMANCE OR THROUGH CONSIDERABLE PILOT
ATTENTION AND EFFORT.

OBCILLATIONS TEND TO DEVELOP WHEN PILOT INITIATES
ABRUPT MANEUVERS OR ATTEMPTS TIGHT CONTROL .
PILOT MUST REDUCE GAIN OR ABANDON TASK TO
RECOVER.

DIVERGENT OSCILLATIONS TEND TO DEVELOP WHEN
PILOT INITIATES ABRUPT MANEUVERS OR ATTEMPTS
TIGHT CONTROL. PILOTMUST OPEN LOOP BY RELEASING
OR FREEZING THE STICK.

DISTURBANCE OR NORMAL PILOT CONTROL MAY
CAUSE DIVERGENT OSCILLATION . PILOT MUST OPEN
CONTROL LOOP BY RELEASING OR FREEZING THE
STICK.

Figure 9: Pilot Induced Uscillation Tendency Rating Scale
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The final ratings assigned to the configuration after the detailed
pilot comments are the final data for the configurations; any changes from the ?
initial ratings were never significant.

3.7 EVALUATION SUMMARY

—— T T T

Two evaluation pilots participated in this flying qualities
investigation; their backgrounds are as follows:

PILOT A - Calspan Research Pilot, limited experience

g as a flying qualities evaluation pilot but

{ with extensive experience as a flying qualities
instructor at the military Test Pilot Schools.
His flight experience of 3000 hours includes

experience in a variety of fighter aircraft.

PILOT B - Calspan Research Pilot with very extensive experience

as a flying qualities evaluation pilot on a wide i

F range of flying qualities research programs. His
5000 hours of flight experience include 1500 hours
in fighter aircraft.

The two pilots performed a total of 83 flight evaluations of the
49 different configurations during the program requiring 24 flights of i

approximately 1); hours each. The distribution of evaluations and flights
between the pilots is as follows:

PILOT A PILOT B
Flights: 17 4
Evaluations with |
Landings: 51 21 [y
Evaluation with iow- 8 3 | ;
Approach Only: ¢
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Section 4
EXPERIMENT RESULTS

The results of the experiment described in the preceding sections
are in the form of pilot ratings, comments and records of task performance.
Since a complete analysis of the data and the development of appropriate
design criteria or flying qualities requirements is clearly beyond the scope
of this program, the discussion of the results in this section is centered
on the pilot rating and comment data; a limited discussion of the applicability
of the Neal/Smith closed-loop pitch attitude tracking criterion is, however,
included.

A complete summary of the important experiment data is presented
in Table 2 of Appendix I, which also contains the summarized pilot comments
for each evaluation configuration. Additional background information for the
discussion of the results is provided in Appendices II and III which contain
representative task performance records and pitch rate step response time histories
for the evaluation configurations. For reference, a summary of the pilot
ratings for each configuration is presented in Table 1.

4.1 CORRELATION WITH MIL-8785B

The overall pilot ratings for the base configurations from each set
of configurations - those with no significant additional control system
dynamics - are compared in Figure 10 with the wg., % Category C

boundaries from MIL-F-8785B (Reference 1). For these comparisons, the
nominal 120 KIAS data are used.
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TABLE 1: PILOT RATING DATA SUMMARY
PILOT RATINGS
aircraft(!) | control System( 2) overaLL(4) APPROACH' 3/
c°£§f9' “so /%50 Zt | % | « | PILOT A | PILOT B|PILOT A|PILOT B
1-A 1.0/.74 0.4 | 0.1 | - 6(4TD)
B 83161 T = 5
c O o e 4
1-1 ok 4 2
a2 S 0 o 5
-3 - sl 3L 9 10 6* | 6*
-4 Lithge 1w 10
o S RaE T 5 5% 2
-8 il s 9 8
-1 - | - |e(atn) 9
scid
2.3/.57 0.4 7oy . 4 6 2 3
6.2 (ot 1%,4,3,1% 3
A e 2 3
S R 2
o l0.28 | - 6
i 1 05 9 g | 3w
e Iy oaEs | 5 s
e 7 6 4 3
i e 10 5
i e 10
- | - le(ath) 8 4
2.2/.25 T 2 5(47D) 5
2.1/.14 ST G 5,4
2.2/.25 hEE o 5(4TD)4 | 7(5TD) | 5 7
R T 7 6*




TABLE 1: PILOT RATING DATA SUMMARY (CONT.)
Config. AE"}'?“) Control Systen(?) e T g
i No. Bl 7 7 Wy PILOT A (PILOT B|PILOT A |PILOT B
4-C 2.0 /1.06 0.2 | 0.1 - 3 3 1% 2 3
4-0 2.1/1.23 T8 A 6 |
4-1 2.0/1.06 - - - 2
-3 - 0.25 | - S5/ 8 2
-4 - 0.5 - 7 6 5%,4 3
-6 - - 16 4 1%
*? - - 12 3 3 |
-10 - - 4 9 6 l
[i -n - | - | 16(4th)| 8 3 !
|
i 5-1 3.9/.54 . . i 7 5 4 ]
-3 - |0.25| - 4%,8 6 4*,3 3*,2
-1 S e 6 2 |
-5 S O 7 2
-6 7 16 6 3 j
t i - - 12
% - s - 16(4th)! 7 3
6-1 1.9/.65 Unmodified YF-17 10
-2 Modified YF-17 2
7} (Sec)
7-1 ~6 - - - 4
-2 4 % o* 5 3
-3 4 - - - 4 6(3TD)| 2 6
NOTES: (1) Aircraft dynamics are for 120 KIAS nominal case:
V- = 205 ft/sec; n,/z= 4.5 g/rad; B 1.4 secs.
(2) Complete control system includes feel system and actuator dynamics
(see Subsection 2.7); 16 rad/sec fourth order prefilter
designated: 16(4th :
(3) Asterisk (*) indicates evaluations for low-approach only task
(4) TD stands for "touchdown"; pilot rating better for landing
approach in these cases.
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Figure 10 : Correlation of Base Configurations with MIL-F-8785 (Category C)

Although the quantity of data is hardly enough to allow definitive
comments, the following comments can be made. The pilot ratings for Configu-
rations 2-1 and 4-1 agree reasonably well with the -8785B Level 1 boundaries,
while the ratings for Configuration 1-1 indicate that the lower frequency
Level 1 boundary is too lenient. For Configuration 3-1, and the alternate
base Configuration 3-0, the ratings are somewhat less severe than the -8785B
boundaries would predict. Since all of these ratings were obtained in rela-
tively smooth air and turbulence effects would certainly degrade these configu-
rations, the correlation is considered reasonable. The results for Configu-
ration 5-1 indicate that the Level 1 upper boundary on @se is too lenient.
Although the configuration is likely only of academic interest since aircraft
are typically low frequency in the landing approach, the boundary in -8785B
does appear to be suspect. Evaluation of this configuration in moderate
turbulence would further emphasize the lack of correlation.
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The rating for the alternate base Configuration 4-0 should be
viewed with some caution. Although the pilot substantiated his rating on a
subsequent flight, the sharp change in rating between Configurations 4-1 and
4-0 is somewhat hard to understand.

i These comparisons with -8785B Category C flying qualities bounda-
: ries serve two purposes: first, the reasonable correlation of several of the
# configurations (2-1, 3-1 and 4-1) with the existing boundaries lends credi-
bility to the overall experiment; second, the lack of correlation with the
high frequency Level 1 boundary and the questions raised about the high { 5
damping ratio boundary indicate the need for more landing approach data in |
these areas. The fact that the majority of the original background data for
-8785B in the landing approach flight phase did not include actual landings
should not be forgotten. Since the landing task is clearly a "higher pilot
gain task" than the approach task, Category A boundaries may very well be

ot s e ettt

more appropriate for the approach and landing task requirements.

The general credibility of the pilot rating data for the base
configurations provides a solid base from which to view the remainder of the
pilot rating data for these same configurations evaluated with significant

additional control system dynamics.

4 MIL-F-8785B presently contains a requirement which is intended to
place limits on control system dynamics by restricting the phase lag, at the
short period frequency, between the stick force input and the control surface
response. Although the Category A substantiation data (from Reference 3)
used for the requirement were not really applicable to the landing approach
task (Flight Phase Category C), the requirement applies to this flight phase.
In light of the observations from this experiment, this previously unfounded

extrapolation has some merit since the two tasks are not apparently that
different. The original data suggested a limit of 30 deg of phase lag for
Level 1 flying qualities; as shown in Reference 4, this requirement, in its
present form, does not apply to aircraft with significant control system
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dynamic elements whose characteristics frequencies are close to the aircraft's
short period frequency. The results from this experiment corroborate this
finding; for example, consider Configurations 1-2 and 2-11. In each case the
phase lag of the control system at the short period frequency is on the order
of 30 deg, yet the pilot ratings are Level 3.

As observed in the previous control system dynamics experiment in
the NT-33 (Reference 4), the pilot evaluates the total response of the
aircraft to his inputs and is not concerned with, or even aware of, the
characteristics of the individual dynamic elements which combine to produce
that response. The step response time histories for the evaluation configua-
tions are presented in Appendix III and illustrate the effects of thg various
types of control system dynamics evaluated. The high frequency elements,
such as the "-6" cases, effectively preserve the shape of the short period
response but introduce a transport time delay; while the low frequency
elements, such as the "-4" cases, significantly alter the shape of the response
to pilot inputs.

Requirements are obviously needed for the landing flight phase
which are based on the characteristics of the total response and are not
dependent on identifying the response with certain modes of motion, such as
the short period response.

4.2 THE CRITICAL TASK: FLARE AND TOUCHDOWN

One of the objectives of the experiment was to determine whether the
final stage of the approach and landing task - the flare and touchdown - is
the critical piloting task. Evidence from the simulation of the YF-17 proto-
type with the original control system (Reference 12) suggested that the major
pitch flying qualities problems occurred close to touchdown.
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The pilot rating data for the majority of the configurations clearly

indicate that the landing task, which means the last 50 ft to touchdown, is
the critical task. For the approach task,that is down to 50 ft above the
runway, the pilot ratings are typically better than for the overall task
which includes the landing task; the difference is dramatic when significant
additional control system dynamics are present. Aircraft with good longi-
tudinal flying qualities, such as Configurations 2-C, 2-1, and 4-C, show
little difference in the pilot ratings for approach alone versus the overall
task with a landing. On the other hand, aircraft with significant additional
lag dynamics in the control system, such as Configurations 2-4 and 4-10,
show significant differences between the approach alone and overall pilot
ratings. The more stringent flare and touchdown task exposes the '"flying

qualities cliffs'" hidden in these aircraft.

For those approach pilot ratings marked with an asterisk, a go-
around was initiated 50 to 100 ft above the runway. The other approach
ratings represent the pilot's assessment of the approach portion of the
overall task while performing the complete iouchdown task. The approach-
only ratings confirm the same differences between the approach task and the
landing task observed previously, except that the approach pilot ratings for
a configuration tend to be worse when only the approach was performed. In
general, this difference is not significant except for the approach-only
rating given to Configuration 1-6 (PR=5). The configuration received a PR=2
when evaluated in the total task later on the same flight; this variation in
rating on the same flight tends to reduce the significance of this rating

anomaly.

The critical nature of the last 50 ft of the task environment is
dramatically illustrated in the task performance time histories for
Configurations 1-3, 2-4, 2-9, 4-10, 5-3, and 6-2 in Appendix III, where a
P10 suddenly develops at this point in the task.

Configurations 1-A, 3-0, 3-1, 3-C, 7-1, 7-2 and 7-3 represent
exceptions to the observation that the landing task is the more critical task.
For these configurations,which are essentially without significant control




system dynamics, the pilots often commented that the flare and touchdown task
was easier than the approach task. The pilot could fly the aircraft better
in the flare than on the approach for reasons which further analysis will
hopefully expose. All of these configurations, except 1-A, have a common
feature: the basic aircraft has a major problem. Configuration 3 has a
lightly damped short period response, while Configuration 7-1 through 3

are statically unstable. It could be that the initial response for these
configurations is quick enough to allow the pilot to perform the exacting,
fighter closed-loop, landing task more accurately than he can the approach
task. During the less demanding approach task, the basic aircraft problems
are more apparent and therefore annoy the pilot.

The evidence from this experiment indicates that the landing task

is clearly different and generally more difficult than the approach task. In
the landing task environment the pilot flies differently than on the approach -
the experiment results, in general, show that he has a different standard of
performance. The flying qualities of a configuration with a poor combination
of dynamics can be degraded significantly by the demands of the landing task.
Two factors which must be considered, before the credibility of these observa-
tions is established, are:

® Influence of ground effect: although no data was

taken to document the NT-33 ground effect, the
influence of ground effect in producing the severe
flying qualities degradation noted for certain
configurations is not considered to be a factor. As

a test, Configuration 3-1 was identified at 15 ft
above the runway using the digital identification
technique outlined in Appendix IV; the short-term
dynamics characteristics were essentially unchanged
from previous calibration tests. The dynamic system
which the pilot flew is therefore not believed to be
significantly altered by the ground effect; changes in
flying qualities were a result of significant changes
in the pilot's standard of performance near the ground.
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@ Flare requirement: since it is a requirement to flare

the NT-33 prior to touchdown, a valid question might

be - would the same flying qualities difficulties noted
for the poor cunfiguration occur if a no-flare "Navy"
landing was employed? Obviously, a definitive answer

is not possible; however, in the opinion of the safety
pilot, the difference would not be significant. For those
configurations with lurking PIO's near the ground, cven
when the pilot fortuitously made the flare without a
problem, his next attempt to correct pitch attitude would
cause a disastrous PIO. Since a no-flare landing is an
essentially constant attitude task, flight observations
from this program would indicate similar problems

even trying to hold the attitude constant. Indeed, there
is every reason to believe that PIO problems would occur
earlier in a Navy approach because the mirror approach
task is more exacting than the visual portions of the

task in this experiment.
4.3 EFFECTS OF CONTROL SYSTEM DYNAMICS
Although the results in Table 4-1 almost speak for themselves,
some comments on the effects of control system dynamics with reference to

the task performance time histories shown in Appendix Il are in order.

@ Configuration 1:

The base configuration for this set (1-1) is a low frequency
aircraft which requires some compensation on the part of the pilot (PR=4);
tracking task records indicate only a slight overshoot. Addition of lead-lag
elements to the control system (I-A, 1-B, 1-C), has little effect on the
flying qualities since the lead effects are at frequencies somewhat higher
than the short period. Even Configuration 1-A is rated the same as the base
configuration in the landing task. This circumstance was the result of an
implementation error and was not by design.
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The addition of a first order lag, Configuration 1-3, causes
significant PIO problems (PR=10), as shown in the performance records (Figures
1I-2,3). These problems occur in the last 50 ft before touchdown; pitch
oscillations at a frequency of 3.5 to 4.0 rad/sec and large pilot inputs of
+ 12 1bs are evident. In contrast, for the low approach evaluation (PR=6),
only a "mild" PIO is evident (Figure 14 ). Note that the tracking task

performance is similar to the performance in the landing task.

The important general observation is that the additional contrel
system dynamics have a significant effect on the longitudinal flying qualities
in the landing task; for the approach task the effects are noticeable but not

to the same degree.

e Configuration 2:

Configuration 2-1, the base configuration, and 2-A are both satis-
factory aircraft; the task performance record for 2-1, Figure 15, confirms
the pilot's rating (PR=2) and comments. The records show no large pilot inputs
and relatively smooth control of pitch attitude. Tracking task performance is

good, indicating a second-order like response with W & 2.5 rad/sec, 3 =~ 0.6.

The degradation of pilot rating with the addition of lag dynamics
is not as rapid as shown for Configuration 1, a reasonable trend since base
Configuration 2-1 is rated better than 1-1. Task performance records for
Configuration 2-4 are shown in Figures 16 and 17. An unmistakeable PIO (PR=9)
is evident during the last 10-15 seconds of the task ( = SO ft to touchdown)
with stick inputs of + 10 lbs at 5 rad/sec present. Again, a similar PIO is
evident in the tracking task records. The low approach performance (Figure
18 ) is reasonable with no evidence of a similar PIO (PR=3). Note: Care
should be taken to observe the scalings on the performance traces, particu-
larly for the stick force.

The records for Configuration 2-7 (Figures 19, 20) indicate some i
tendency to oscillate in pitch attitude but the stick force oscillations are
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only + 5 1b near touchdown. Apparently, the smaller magnitude of the pitch
oscillations and stick forces (compared to 2-4) were not as significant to the
pilot since his rating was less severe (PR=6). Configuration 2-9, which

has more lag, exhibits larger pitch oscillations and + 12 1b stick force

oscillations near touchdown (Figure 21 ); it is rated a disastrous 10.

® Configuration 3:

The interesting feature of the base configuration (3-1) and the
alternate (3-0) is that significant PIO's did not occur in the landing task;
in fact, the pilots typically commented that the aircraft were actually
better in the landing than on the approach. This result was certainly a
surprise since the light damping ratio of the short period was expected to
produce strong PIO's. Figure 22, a typical task performance record
for Configuration 3-1, does substantiate the pilot's comments. The bobbling
tendency on approach is suppressed in the landing task, PR=5(4TD), although
there is evidence of high frequency, moderate amplitude stick inputs near
touchdown. The pilot apparently felt that the aircraft was predictable
enough to be considered acceptable for the task. He recognized the light
damping of the aircraft ("aircraft bounce'') but did not get into closed loop
instabilities.

The addition of first order lag elements causes a degradation in the
pilot rating much the same as for Configuration 2 which has a quite different
base pilot rating. Task performance records for Configuration 3-6, which
has a second order prefilter are shown in Figures 23 and 24; the
records in Figure 24 are of particular interest. In this case, the pilot
appears willing to accept oscillations in pitch attitude near the ground
which are approximately the same magnitude as those recorded for PIO-prone
aircraft (PR=9) such as Configuration 2-4 (Figure 17). He is not as much

"in the loop" in 3-6, as evidenced by the lack of stick force oscillations;
apparently, since he knows that the response of this lightly-damped aircraft
is bounded, or predictable in the sense of not divergent, his rating is better
(PR=6). Clearly, full understanding of these results requires more detailed
analysis. This difference in pilot "loop closures', seemingly as a function
of the basic dynamics, will certainly challenge the development of suitable
flying qualities response criteria.
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(] Configuration 4:

The results of adding control system dynamics to the base Configu-
ration (4-1), which is an overdamped version of Configuration 2-1, are similar
to those previously discussed for Configuration 2. There is some evidence,
although hardly conclusive, that the increased damping is beneficial, i.e.

a given lag element is not as degrading as in Configuration 2. Again, the
task records for the configurations with significant control system lags
show spectacular PIO problems suddenly developing in the flare and touchdown
phase of the approach. Records for Configuration 4-10 (PR=9) are shown in
Figures 26 and 27. Large stick force inputs of + 12 1bs and associated
pitch attitude oscillations at about 3.5 to 4.0 rad/sec are again evident.
Again, the sharp change in rating between Configuration 4-1 and 4-0 is
difficult to explain.

. Configuration S:

The overall pilot ratings for this set of configurations with high
s
dynamics evaluated. In addition, there is some evidence that these configua-

tions were difficult for the pilots to evaluate consistently (Configuration

p do not change significantly across the total range of control system

5-3, for example).

The addition of lag elements to the control system improved the
approach ratings but problems with the flare and touchdown task remained
throughout the range of configurations tested. The problems with initial
abruptness and a tendency to PIO (Configuration 5-1) decrease as first order
lag effects are increased, but overcontrolling problems still remain in
Configuration 5-5 and the pilot rating is essentially unchanged. One evalua-
tion of Configuration 5-3 (Figure 28) shows a strong PIO near touchdown
with stick oscillations on the order of 6 rad/sec but of relatively low
amplitude (note scale).

Introduction of second order prefilters creates a noticeable
delay followed by a fast - mismatched - response which leads to PIO problems.
The pilots specifically noted that the PIO was "high frequency'" for these
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configurations. Configuration 5-6 task performance records are shown in
Figure 29; no real evidence of a PIO tendency is apparent but a major
complaint was the abruptness of the initial response.

Note that these configurations were intentionally evaluated in only
light turbulence conditions; the ratings would be somewhat worse in stronger

turbulence since they are all very sensitive to turbulence.

® Configuration 6:

Configuration 6-1 essentially represents the unmodified YF-17
as simulated in the NT-33 and described in Reference 12. For this program,
the damping ratio of the short period is somewhat less than in the previous
simulation but the evaluation results indicate that the difference is not

important.

This configuration was the worst of the bad aircraft (PR=10) flown
- if such a distinction is permissible; the pilot suddenly found himself in
a startling divergent PIO close to the ground. The performance records in
Figures 30 and 31 clearly illustrate the pilot's problems. It should be

emphasized that the pilot flew three approaches with each configuration
and, for poor aircraft like 6-1, he could not learn to avoid the PIO "trap"
in the landing task.

This configuration is a perfect example of the "flying qualities
cliff" analogy: the cliff is apparently only exposed in the task environment
near the runway. Since this problem was not evident in ground simulator
studies during the YF-17 development, it would appear that the essential
task environment can only be found, at present, in the real world.

Configuration 6~2, with the modified YF-17 control system dynamics -
the 4 rad/sec, second order prefilter was replaced by a first order lag-lead
network (lag breakpoint at 10 rad/sec) - is an excellent aircraft. The good

task and tracking task performance shown in Figure 32 corroborate this
statement.
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4.4 EQUIVALENT TRANSPORT TIME DELAYS

Since the use of digital flight control systems is now a reality,
it is important to understand the impact on flying qualities of the transport
time delays associated with the necessary digital computations. Unfortunately,
exact time delays, i.e. not lags but delays during which no response occurs,
were not included in this experiment. However, an equivalent time delay can
be estimated for the high frequency control system elements evaluated in the
program. These elements, such as '"-6'" and '"-11" for example, introduce phase
lag but do not affect the amplitude of the response for frequencies near the
relatively lower frequency short period. The effect of these higher frequency
prefilters is therefore similar to a pure time delay (e'Th) for frequencies
much lower than the prefilter natural frequency.

For a second order prefilter it can be shown, assuming small
angles and equating the phase angle to that of a pure time delay, that

2¥ (w/w,)

! - (w/wy)?

& e B

and, if a)/w,, <L,

72 o=

&

where & is the prefilter natural frequency and & its damping

ratio.
For example, consider a 6 rad/sec prefilter: at 3 rad/sec the difference in
phase lag and amplitude between the filter and a pure time delay of 230 millisecs
is only about 3%.

For reference, the equivalent time delays, in millisecs (ms), for
the prefilters simulated are:
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Wy Control System Element 7}zmv(9”3)
16 -6 90
12 sl aid 120
9 et 160
6 il o 230
4 "-10" 250
16 (4th) el 165
30 Feel System 45
75 Elevator Actuator 20

It should be emphasized that the effects of pure time delays will
very likely be somewhat different than for the prefilters. However, the
response to pilot inputs for the combination of these prefilters and the
simulated aircraft dynamics is delayed approximately the calculated equivalent
time delay. In fact, the equivalent time delay for Configuration 2-11 was
estimated to be 250 ms in Reference 3.

Although an experiment which directly explores the effects of
typical digital transport time delay effects is obviously necessary, the
equivalent time delay estimates for the prefilters can be utilized to gain
insight into the potential effects of digital time delays on longitudinal
flying qualities.

4.5 CONFIGURATION 7: STATICALLY UNSTABLE CASES

These configurations were included in the evaluation matrix as a
mini-experiment to gain some insight into the effects of static instabilities
on landing flying qualities. The increased capabilities of modern fly-by-wire
flight control system designs enable fighter aircraft to operate at more
efficient aft c.g. conditions. However, this condition means that the

unaugmented aircraft is statically unstable. An obvious question which then

arises is: If part of the augmentation system should fail and the pilot is
left with a statically unstable vehicle, can he land it safely?
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The evaluation results for these configurations are rather startling
in that the pilots could perform the landing task with relative ease (PR 3 to
4) even with rapid divergences as severe as 2 seconds to double amplitude. In
the tight-control landing task the static instabilities were not a problem
and, in fact, were not even noticed by the pilots. Only for the most
unstable case, Configuration 7-3, was a problem evident and then only to
Pilot B on the approach task (PR=6). It is reasonable that problems associated
with the divergence should surface during the approach task in which the pilots
control and attention is not as "tight'. Task performance records for

Configuration 7-3 (Pilot A) are shown in Figure 33.
4.6 TRACKING TASK RESULTS

In general, the performance on the pitch attitude tracking task is
representative of the actual landing task performance. For Configuration 2-1,
the pilot commented that there was a tendency to follow the tracking needle
more aggresively than the landing task was flown; however, the particular
tracking records look quite representative for the rating given (Figure 15).
In contrast, the tracking task performance for Configuration 5-3 (Figure
28) is much better than the landing performance (PR=8). This configuration
was apparently difficult to rate consistently, since the next evaluation by
the same pilot resulted in a PR of 4)%. In this case, the tracking task
results support the fact that this configuration is particularly sensitive
to the pilot's performance standard or degree of aggressiveness.

In summary, the tracking task records will be very helpful for
future analysis of the data from this experiment.

4.7 PITCH CONTROL SENSITIVITY

During the evaluations, the pilot was free to select the pitch
control sensitivity, Ms,q.
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A complete listing of the values of pitch control semsitivity
selected by the pilots for each evaluation is given in Table I-1 of Appendix
I. The basis for the pilot's sensitivity selection is of interest. If he
was attempting to hold £ /n} constant, for example, the pitch sensitivity
must change as %, for the constant speed case. Clearly, such a variation
is not evident in this experiment. A brief review of the data indicates that

the sensitivity:

Increases roughly in proportion to the change in «wjs,
Increases in proportion to 3 when wg is
constant

® Increases as the effective lag time constant increases.

It would appear, pending the necessary detailed analysis, that the
pilot selects the pitch sensitivity as a function of the predominant system
time constant,which is an equivalent value of S . In other words, he
appears to want a constant pitch attitude response in a given time after his
input.

4.8 EFFECTS OF WIND AND TURBULENCE

In general, no attempt was made in the conduct of the experiment
to control the atmospheric conditions for the evaluations by judicious
scheduling of flights. The exception to this rule was the evaluations of
Configuration 5 which were intentionally limited to light turbulence. For the
remainder of the evaluations none of the rating differences for specific
configurations can be explained because of different wind and turbulence
effects.

In summary, the effects of the realistic wind and turbulence
conditions encountered during the evaluations cannot be isolated since
consistent changes in the ratings are not evident. The effect of a cross-
wind was significant in one respect: the pilot is forced, in a realistic
fashion, to stay "in the pitch loop'". Since he must control bank angle
precisely to land in a crosswind, he cannot avoid also flying the pitch task
accurately.
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4.9 PRELIMINARY CORRELATION WITH THE NEAL/SMITH CRITERION

Although a detailed analysis of the data from this program using
the Neal/Smith closed-loop pitch attitude criterion developed in Reference 4
is beyond the scope of this report, some preliminary findings can be discussed.

The reader is referred to Reference 4 for details of the criterion;
the important parameters which come out of the analysis are the closed-loop
resonance and the pilot compensation at the bandwidth frequency. Recall that
bandwidth can be viewed as the degree of aggressiveness with which the pilot

makes changes in pitch attitude.

Data for selected configurations from this

preliminary analysis are presented below.
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CLOSED-LOOP RESONANCE (dB)/PHASE ANGLE OF PILOT COMPENSATION (Deg)
BANDWIDTH (rad/sec)
Config. No. 1.5 2.0 25 3.0 Average PR
2-1 3/-25 3/-6 5/20 = 6/42 2
2-C -2/-25 3/-11 5/8 5/30 2%
1 4-1 -3/6 -3/27 -3/45 -1/59 2
] 6-2 -1/2 -1/27 | 0/48 3/61 2
2-9 3/-5 8/17 15/40 40/55 10
2-11 2/-17 ‘7/11 11/40 ‘ 19/52 8
4-2 -3/27 -2/50 3/65 ' 8/74 6%
4-10 -2/37 4/57 ' 12/71 32/77
_ 5-1 -3/-43 0/-30 3/-18 12/-13
; 5-5 -3/-35 2/-23 9/-14 20/-8
6-1 0/27 . 6/53 16/67 30/80 10
_Assuming that the application of a closed-loop pitch attitude
criterion is valid - a point which must be demonstrated with more detailed
analysis - the following points can be made:
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® No single bandwidth yields reasonable correlation with
the flying qualities boundaries of Reference 4,

@ Lower bandwidths (1.5 to 2.0) are required for the
satisfactory aircraft (PR< 3.5) to correlate with the
3 db Level 1 boundary of Reference 4. The boundary
may indeed be different for the landing task where it
is reasonable that the pilot is more tolerant of

attitude oscillations than in the air-to-air tracking
situation.

° Higher bandwidths (2.5 to 3.0) are required to produce
closed loop pitch tracking performance consistent
with the pilot ratings and comments for the
unacceptable aircraft (PR >6.5).

® Although not listed, the results for Configuration 1
indicate that there must be a limit on pilot lead
capability (time constant less than about 1.0 sec for
acceptable ratings, PR < 6.5)to yield reasonable correlation.

o

° The sensitivity of the configuration to bandwidth appears
to be a very important parameter. Note that all the

satisfactory configurations show small changes in closed-
loop resonance while each of the unacceptable aircraft
show sharp changes in closed-loop resonance as bandwidth
is increased.

Obviously, this brief discussion is incomplete but it does indicate
that higher bandwidths than previously estimated (Reference 6) must be used
for the landing task and that the sensitivity of the aircraft to a range of
bandwidths may be an important correlation parameter. Development of a |
k. “,’:.;4' suitable longitudinal control system design criterion, or flying qualities i 3
£ 8 requirement, for highly augmented aircraft in the landing task will require {




careful analysis of the data base produced in this experiment. The Neal/ 3

' Smith criterion can potentially be used for this purpose but it is clear
that correlation cannot be achieved without some modification to the corre- |

lating parameters.
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Section S
CONCLUSIONS

The experiment described in this report utilized the NT-33 variable
stability aircraft which is capable of reproducing a wide range of aircraft {
and control system characteristics. Therefore, the results are largely i
independent of the actual aircraft employed and are restricted only by the ;
task, range of dynamics, flight conditions and aircraft and control system '
parameters realized in the experiment. Conclusions which may be drawn-from
this experiment on the effects of control system dynamics on longitudinal
approach and landing flying qualities are: * 1

@ For aircraft with significant control system dynamics,
the landing task, or flare and touchdown, is the
critical piloting task.

° The critical area is the last 50 feet of the landing
task; landing approach flying qualities evaluations must
therefore include actual touchdowns, in a realistic
environment, to be valid.

® Significant control system lags create PIO's in the
landing task but not in the approach task; basic aircraft
problems such as low short period damping or low static
stability do not create PIO's in the landing task.

[} For the landing approach task (Flight Phase Category C),
the longitudinal flying qualities requirements of
MIL-F-8785B(ASG) and suggested revisions are not
applicable to aircraft with significant control system
dynamics.
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® In general, the performance on the pitch attitude
tracking task is representative of the actual
landing task performance.

!

; ° Pilot could perform the landing task with relative ease
? (PR 3 to 4) even with rapid longitudinal divergencies

; as severe as 2 seconds time to double amplitude.

® From cursory analysis, it would appear that the pilot
selects the pitch control sensitivity as a function
of the dominant system time constant which is an
equivalent value of Yw .
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Section 6
RECOMMENDATIONS

The results of this experiment provide a suitable data base for the
development of longitudinal flying qualities criteria for the landing approach
task which are applicable to aircraft with significant control system dynamics.
The following recommendations are therefore in order: °

A thorough analysis of the experiment data should be
undertaken to develop a suitable flying qualities
criteria for highly augmented aircraft.

As an initial step in this development process, the
available performance data from this experiment should
be analyzed to measure the characteristics of the pilot
when performing the longitudinal landing task.

Further in-flight research experiments should be
undertaken to study the effects of pure transport time
delays, such as those associated with digitdi~flight
contrel systems, on flying qualities for both the
landirg approach and fighter tracking tasks.

The effects of significant control system dynamics on
lateral-directional flying qualities should be studied.

Portions of this experiment should be repeated on a
modern, sophisticated ground simulator to document the
suspected differences between the in-flight and ground
simulator for the evaluation of landing approach
longitudinal flying qualities.
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APPENDIX I
PILOT COMMENTS AND DATA SUMMARY

Summaries of all the pilot comments and ratings are presented in
this appendix for each configuration evaluated in this experiment. The block
at the top of each set of pilot comments identifies the configuration by
number/letter and identifies the important control system and aircraft
characteristics for the configuration. Flight number and evaluation pilot
are also given; for reference, the first evaluation flight in the program was

Number 1883. For example, consider Configuration 2-C:

CONF IGURAT ION

= w, = =
2-€ sp = 2.3 4 = 0.57

0.2/0.1/--

g

4 7
T N w

In the configuration identifier, the first number refers to the
base aircraft dynamics; the second number or letter identifies the control
system dynamics. Letters are used for configurations with lead dynamics
(A indicating the largest lead time constant); the second number identifies
the lag control system dynamics for each configuration. For example,
Configuration 1-3 and 2-3 have the same first order control system lag but
different base aircraft dynamics. 7, is the lead time constant, 7; the
lag time constant and <« is the natural frequency of the second or fourth
order prefilter (see Section 2.4).

'

Note that a dash (--) indicates that that particular type of
control system element is not present in the configuration. The fixed
elements in each configuration control system are not included in the

heading block; dynamics of these elements are:
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® Elevator Actuator,

' R e w

1

i T
_.T+(_7).i + /
75 75

Since the control system dynamics for Configurations 6-1 and 6-2

are more complex, the details are

not given in the heading block; the

complete control system is described in Subsection 2.6. For Configuration 7,

only the times to double amplitude are presented; the exact aircraft character-

istics are given in Appendix IV.

Also included in the heading block are the pilot ratings:

® Overall -

° Approach -

Cooper-Harper Pilot Rating of complete
series of tasks, including touchdown.

In a few configurations the rating for the
landing task was different than the overall
rating; in those cases a touchdown (TD)

rating is also given.

Rating of approach task, down to 50 ft

above the runway.

The intentional evaluations of approach
task alone (no touchdown) do not have an

overall rating.
Rating using the' Pilot Induced Oscillation

Tendency Scale.

Note: The PIO rating given was
approximately % the pilot rating for
all the configurations evaluated with
the exception of Configuration 7. In
effect, the scale provides redundant
information already contained in the
pilot rating and comments.
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@ SP - Rating by the safety pilot immediately i
| after evaluation tasks.

- In effect, this rating represents an
evaluation of the task performance; the
effects of the stick forces and motions 5
experienced by the evaluation pilot are not
therefore incorporated in this rating.

For reference, the headwind (tailwind negative) and crosswind

magnitudes in knots are shown along with a qualitative assessment by the safety
pilot of the turbulence level. The selected pitch control sensitivity, ﬁtr
in rad/sec per inch completes the information presented.

For convenience, the important experiment data are summarised in
Table 2.

The pilot comment summaries were prepared from tape re.cided
comments made by the pilot during each evaluation with reference to the Pilot
Comment Card discussed in Subsection 3.6. Comments on the lateral-cirectional
characteristics are not included since the pilots consistently indicated that

these characteristics were excellent and therefore not a factor in the

evaluations.
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TABLE 2: SUMMARY OF EXPERIMENT RESULTS
Pilot/ | Aircraft (2) (3)
Config. | Flt. Dyn. (1) Control Syst. Pilot Ratings | Turb.
No. No. Wso /230 | 7 Z ws |Overall/Appro. | Level

1-A A/1894 | 1.0/.74 0.4 | 0.1 |- 6(47TD)/6 L
1-B A/1886 0.3 | 0.1 |- 5/- L
1-C A/1889 0.2 | 0.1 |- 4/- L

B/1895 0.2 { 0.1 |~ 4/- L
1-1 A/1887 - - - 4/- M*

B/1907 - - - 4/2 L
1-2 A/1883 - 0.1 |- 5/- L
1-3 A/1886 - 0.25 | - 9/- L

B/1892 - 0.25 | - 10/- £

A/1885 - 0.25 | - -/6 L

B/1898 - 0.25 | - -/6 M*
1-4 A/1884 - 0.5 |- 10/- L
1-6 A/1899 - - 16 5/2 M*

A/1899 - - 16 -/5 M*
1-8 8/1907 - - 9 8/5 L
1-1 B/1906 16(4th)
2-A A/1904 | 2.3/.57

B/1907
2-C A/1885

A/1887

A/1890

A/1897
2-1 A/1884

B/1892

A/1883
2-2 B/1902

A/1905
2-3 A/1891




TABLE 2. : SUMMARY OF EXPERIMENT RESULTS (CONT.)
Pﬂpt/ Aircraft (2) ‘ . (3)
Config. | F1t. Dyn. (1) Control Syst. Pilot Ratings Turb. Mses
No. No. Wso/3s0 | 7 7 ws 0vera‘ll[Aggro. |_Level )
2-4 | A/1888 | 2.3/.57 - |05 | 9/- L* - |0.64
A/1889 <" {'0uBl #8 < -/5 L 0.64
B/1892 SRS N8 o -/3 L 0.38
, 2-6 | A/1900 - - 16 5/1% M* 0.37
2-7 | AN8Y7 - - 12 7/4 M* 0.34
B/1898 . . 12 6/3 L* 0.34
2-9 | B/1895 - 3 6 10/5 M 0.26
2-10 | A/1893 - fsriil o4 10/6 L 0.26 |
2-11 | B/1906 - | - [16(4th){ 8/4 L 0.34 .
NERRRET Y dat |
3-C | A/1889 |2.2/0.25 | 0.2 | 0.1 | - /- M { .31
B/1898 g2 1 &1 5 5(4TD)/S M* 07
. 3-0 | A/1884 |2.1/0.14 a = - 4/- L 0.26
1 A/1887 - - - 5/- L* 0.17
i 3-1 A/1883 |2.2/0.25 | - % . 4/- L 0.26
i . B/1892 - 7(5TD)/- i+ 0.24
| A/1893 - - < 5(4TD)/5 L 0.14
3-2 A/1885 « 1@y e 7/- L 0.26
A/1887 < Y -/6 M 0.26
3-3 | A/1890 - |o.25 1| - 10/6 L 0.26 |
A/1897 - 170.28 |- -/7 M 0.26 ;
3-6 | A/1900 4 % 16 7/5 M 0.26
B/1902 - |- |7 6/5 s % 0.21
3-7 A/1904 . . 12 8/5 o 0.34
4<c | A/1899 |2.0/1.06 |0.2 |0.1 | - 3/1% M* 0.47
B/1906 0.2 |01 | - 3/2 L 0.38
4-0 | A/1885 [2.1/1.23 | - . - 6/- L 0.85
4- A/1889 |2.0/1.06 | - - - 2/- M 0.51

57




TABLE 2 : SUMMARY OF EXPERIMENT RESULTS (CONT.) :

Pilot/ | Aircraft (2) (3)
Config. | Flt. Dyn. (1) Control Syst. Pilot Ratings Turb. MS,e

No. No. Wer/Zso %7 73 ws |Overall/Appro. | Level

4-3 | ANN891| 2.0/2.06 | - | 0.25| - |  5/- L 0.60
B/1895 - |o2s| - I gs L 0.51
A/1899 = foaikiak M 0.60
a-4 | A/1894 - |os |- 7/4 L 0.60
: B/1902 - |05 | - 6/3 L' 0.34
‘ A/1894 = [0S |~ -/5 L* 0.51 ’
4-6 | A/1900 -1 - | e 4/1% M* 0.51
} 4-7 | A/1903 3 = A 3/3 L 0.34
4-10 | A/1893 ~idps e 4 9/6 L 0.26
4-11 | A/1905 e 16(4th1 8/3 L 0.51
5-1 | A/1890| 3.9/0.54 | - | - | - g 7/- L 0.94
B/1901 = b o bk a e L 0.60 !
5-3 | A/1886 - {025 - i 8- L* 1.0 f
: B/1901 - loes| - . e L' 0.23 |
A/1904 - lo2s| - = ay3 g 1.0 ;
% A/1890 - | 0.25) - ; -/4 L 1.0 |
B/1901 - |05l - | 6/2 e 10,73 §
A/1903 g el L 1.19 |
A/1904 Ry SRR E, 1.45
8/1901 wil el deg s L's  |0.77
A/1903 U VS i 6/2 L 0.89
A/1905 - | - |6(ath), /3 L* 1.0
l

A/1898 Modified YF-17 2/- L 0.34

A/1888 | 1.9/0.65 Unmodified YF-17 [ 10/- L 0.30
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TABLE 2 : SUMMARY OF EXPERIMENT RESULTS (CONT.)

Pilot/| Aircraft (2) (3)
Config. | Fit. | Dyn. (1) |Control System Pilot Ratings | Turb. Mses
No. No. Wsp/Ssp Z 7 wWs Overall/Appro. =“I_,evel
7-1 A/1891|7,,,.% 6 sec | - . - 4/- L 0.43
7-2 A/1894 4 sec | - - - 3/- L 0.34
7-3 A/1897 2 sec | - - = 4/2 M* 0.26
7-3 B/1898 2 sec | - = - 6(3TD)6 M* 0.21

NOTES: (1) Aircraft dynamics are for 120 KIAS nominal case:

Vy = 205 ft/sec
7y /& = 4.5 g/rad
; %o, = 1.4 secs
]
E (2) Complete control system includes feel system and

] actuator dynamics (see Subsection 2.7 )

(3) Turbulence level is based on safety pilot assessment;
prime (') indicates tailwind >5 kts; asterisk (*)
indicates crosswind >5 kts.
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CONFIGURATION sl smiet i
L IL
1-A Wep = 1.0 §SP = 0.74
0.4y 0.1, -- 1894/A
PILOT RATING: OVERALL 6(4TD) APPROACH 6 PIO 1 SP 3 |
WIND/X-WIND: -05/0 TURBULENCE: Light M5zs = 0.17 g
|
FEEL:
e Forces: Comfortable for ILS, higher for landing but okay.

o Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
® Approach Tasks:
ILS:

Visual (Sidestep):

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No comments.

No comments.

Airplane got underway well.

Seemed to initially get desired attitude but then drifted

off. Okay visually but not good on instruments.

Had to pay attention to long term response drift on
instruments.

None.

Worked harder than desired on ILS; okay on visual
approaches.

Okay but worked too hard.

Okay reduced workload.

High forces but predictability was good; comfortable
no special control technique required.

ILS was the most difficult.

No problem.

Major problem was final attitude response on instrument
task.

(SP: seemed like an extreme rating on the basis of the

performance.)
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e Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

o Special Inputs:

o PIO Tendency:
AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

e Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

Visual (Sidestep):

CONFIGURATION
1-B 1886/A
0.370.1 4 --
PILOT RATING: OVERALL S APPROACH -- PIO 2 SP 4
- : 09/03 TURBULENCE: Light M = 0,17
WIND/X-WIND / gh Bes AJ
FEEL:
e Forces: Forces a little light initially, made heavier for last

approach.

No comments.

No comments.

Reasonable.

Lacking somewhat in flare.

Desire to tone down inputs to prevent tendency to bobble.
Sight tendency to PIO.

Not a probiem.

Reasonable.

Visual fairly good, sidestep puts higher workload on
longitudinal.

Hunting, a problem. Holding what I had rather than going
aggressively for the touchdown point.

Could fly smoothly on approach, couldn't at touchdown.
Not significant in spite of higher winds.

Tendency to PIO, not just a bobble.
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CONF IGURATION
Gl ¥ 1889/A
0.2/ 0.1 /--
PILOT RATING: OVERALL 4 APPROACH -- PIO 1 SP 2
WIND/X-WIND: 05/03 TURBULENCE: Light Mg = 0.20

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

o Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Visual (Sidestep):

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

et o ot ol dics

Comfortable but had a slight tendency to overcontrol so
increased forces which helped (for last two approaches).

No comments.

Felt comfortable.

Fair to good, some lack of precision but couldn't isolate
it.

Had to tone down inputs on first approach.

Never saw a tendency to PIO.

No difficulty.

Reasonable.

Went okay.

Only bobbled with initial high sensitivity, the others
were not a problenm.

Only on first approach was the flare a problem.

No comments.

g;uld not get desired sensitivity without bobbling in
are.
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CONF IGURATION
4 i FLIGHT/PILOT
1-C Wep = 1.0 KSP 0.74
0.2/ 0.1 / -- 1895/8
PILOT RATING: OVERALL 4 APPROACH -- PIO 1 SP 3 g
WIND/X-WIND: -10/02 TURBULENCE: Light "555 = 0.21

FEEL:
e Forces:

o Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

Predictability:

Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Felt heavy at low speed but good compromise.

No comments.

Good selection.

Slow.

Reasonable.

Had to provide lead.

None.

Better, okay but not ideal.

Moderately good.

Visual (Sidestep): Relatively easy.

® Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Sels i " X sk i

Didn't have good tight control; slightly behind in flight
path control. Had to anticipate.

Not significant, touchdown task hardest.

Small crosswind, not difficult.

Slow, sluggish flight path and pitch response a problem
but it was reasonably predictable.




CONFIGURATION L e
= K 0
1_1 wsp 1.0 gsp 0.74
-] =) -- 1887/A
PILOT RATING: OVERALL 4 APPROACH -- PI0O 2 ; SP-3
WIND/X-WIND: 15/11 TURBULENCE: Moderate Mg s = 0.30

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

o Special Inputs:

e PIO0 Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Moderate forces, comfortable.
No comments.

No comments.

Initial response reasonable. Final response looked good
at first but tended to drift.

No comments.

No special inputs.

Slight tendency to PIO.

Airspeed problems due to drifting in long term pitch
response.

Went fairly well.

Visual (Sidestep): Sidestep and visuals okay. Slight tendency to low

e Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

frequency PIO near ground.

Near touchdown there was a slight tendency to PIO,
Backed off on inputs near the ground.

Not a strong difference but different problems in each
task.

Crosswind a slight attention diversion but not a major
problem.

Problems not prominent but they were there as described.

64

e ——————————




CONF IGURATION
a Y FLIGHT/PILOT
1-1 Wep = 1.0 $p = 0.74
==y === 1907/B
PILOT RATING: OVERALL 4 APPROACH 2 PIO 1 Pl A Ul
WIND/X-WIND: -8/0 TURBULENCE: Light "655 = 0.19
1
FEEL: ;
o Forces: Comfortable. g
1

o Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

® Predictability:

® Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
® Approach Tasks:
ILS:

Visual (Sidestep): Comfortable.

® Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Little large in flare.

Good choice.

Slow.

Pretty good, had to compensate.
Had to overdrive it in tight control situations such as
landing.

None.

Okay, not much airspeed feel.

Quite good; felt unloaded.

Little slow for tight control of pitch attitude and
flight path.

Noticeable difference, landing more demanding.

Smooth, no crosswind.

No major problems.




b

T FLIGHT/PILOY
Wep * 1.0 oo = 0.74
- sp sp
1-2 W ad g 1883/A
PILOT RATING: OVERALL S APPROACH -- PIO SP 6
WIND/X-WIND: o0/04 TURBULENCE: Light Mg s = 0:26

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Heavy initially then light.

Okay.

No comments.

Initial response slow.

Final response not predictable; get 2 or 3 overshoots.

High control activity.

Some tendency to P10, especially when aggressive.

Not affected by bobbles.

Fairly good.

Visual (Sidestep): No comments.

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMPARY COMMENTS :

Initial flare okay, but in final stages got a bobble
and had to concentrate to keep it under control.

On ILS had to work harder than for visual approach but
flare and touchdown required the most effort.

No significant effects. Weather is marginal and some-

what distracting.

Major problem was tendency to bobble in pitch because of

initial delay in pitch.
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: CONF IGURATION
| .' wSP = 1.0 §SP = 0.74 FLIGHT/PILOT
E ? 1-3 1886/A
; --I 0025, Lot &
E PILOT RATING: OVERALL 9 APPROACH -- PIO 4 SP 8
| WIND/X-WIND: 08/0S TURBULENCE: Light M5£S = 0.17
|
]
FEEL:
e Forces: Heavy then reasonable in steady state.
e Displacement: No comments. ]
e Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
e Initial: Lags.
® Predictability: Nonexistent.
o Special Inputs: Had to stay out of loop. j
e PIO Tendency: Definite PIO tendency. :
AIRSPEED CONTROL: Difficult, distracted by pitch.
PERFOPMANCE :
® Approach Tasks:
ILS: Reasonabie, but hard work.

Visual (Sidestep): Everything okay until later stages of final approach.

o Landing tasks: Terrible performance. Try not to fly aircraft - can't
avoid a PIO otherwise.
e Differences: Yes, close to the ground was most difficult. !
WIND AND TURBULENCE: Not a factor, although crosswind noticeable.
SUMMARY COMMENTS: Unpredictable pitch response and tendency to PIO a major
problem,
67




CONF IGURATION
FLIGHT/PILOT
3 Wep = 1.0 $sp = 0.74 2
1- --10.25/ -- -
PILOT RATING: OVERALL 10 APPROACH - P10 4 SP 8
WIND/X-WIND: -04/02 TURBULENCE: Light M6ES = 0.17
FEEL:
e Forces: Felt spongy, forces very light in steady-state, moderate
initially.
e Displacement: Large.
e Sensitivity: Low in that initial response was slow. Would like to
repeat with heavier forces.
PITCH ATTITUDE RESPONSE:
e Initial: Absolutely terribe. Initial response was slow, big
delay.
o Predictability: Very bad even in smooth air,
e Special Inputs: Had to try and guess when to put an input in, used pulses.
e PIO Tendency: Large tendency toward PIO's (even on take-off from touch
and go).
AIRSPEED CONTROL: No time to spend on airspeed and flight path control.
Both poor as a result. |
PERFORMANCE : |
o Approach Tasks:
ILS: High workload, performance not too bad.
Visual (Sidestep): Always behind the airplane.
¢ Landing tasks: Got into a noticeable pitch PIO and could not control the

| touchdown point. Had to force yourself to pulse aircraft;
impossible in turbulence.

e Differences: " Ssignificant; oscillatory PIO in flare and touchdown. E
WIND AND TURBULENCE: Smooth air. ?
' SUMMARY COMMENTS: Had to generate as much lead as possible, very difficult to

do and without scaring the backseat pilot. Major problem |
was lag in pitch response which made it unpredictable and ‘
deteriorated speed and flight path control as well.

(SP: very startling PIO on lift-off.)
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CONFIGURATION
= = FLIGHT/PILOY
1-3 Wep "4 §sp=0.74 e
--/0025/-" S/
PILOT RATING: OVERALL -- APPROACH 6 PIO 2 SP 6
WIND/X-WIND: 0/04 TURBULENCE: Light M5£S = 0.26

FEEL:
o Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

® Predictability:

o Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

High initial forces, comfortable in steady state.

Normal.

No comments.

Initial response sluggish.

Final response not predictable; tendency to overshoot a
couple of times.

Had to fly with small corrections otherwise easy to
overcontrol.

No comments.

Affected by control technique required by pitch.

Fairly good, had to pay attention to pitch.

Visual (Sidestep): Easy to overcontrol on final approach.

® Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Not performed.

Not applicable.

' Not a factor.

Tendency to overcontrol in pitch. Difficult to make
large corrections fast.
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S FLIGHT/PILOT
1-3 Wep = 1.0 $p = 0.74 ke
5 / 0. 25/ e
PILOT RATING: OVERALL -- APPROACH 6 PIO 3 SP 5
WIND/X-WIND: 13/15 TURBULENCE : Moderate "555 = 0.14

FEEL:
e Forces:

o Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

® Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Light initially, then heavy; selected on heavy side.
Felt large, spongy.

Desirable level.

Very delayed.

Poor.

Keep your gain down and fly slowly like a big airplane.
Definite tendency, tended to oscillate 2 or 3 cycles.

Bothersome, poor, objectionable.

Not too bad, but heavily loaded.

Visual (Sidestep): Felt behind the airplane on sidesteps; approaches

o Landing tasks:
e Difterences:
WIND AND TURBULENCE:

SUMMARY COMMENTS:

better than on ILS.

Not done.
Not applicable.
Moderate corsswind and turbulence.

Hard to fly. Very delayed initial response made for a
high workload, particularly on the ILS.
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CONFIGURATION
"/ 0-5 / ptinet /
PILOT RATING: OVERALL 10 APPROACH -- PIO 4 SP 10 1
WIND/X-WIND: 0/0 TURBULENCE: None MﬁES = 0.26
i
FEEL: v
e Forces: Heavy initially but best compromise (need to tone down
inputs).
e Displacement: No comments.
® Sensitivity: Difficult to comment about.
PITCH ATTITUDE RESPONSE:
e Initial: Initial response lagged then took off.
e Predictability: Very unpredictable.
o Special Inputs: No comments.
e PIO Tendency: Strong tendency to PIO.
AIRSPEED CONTROL: Clearly affected by diversion of attention; hesitant to
make rapid corrections.
PERFORMANCE :
e Approach Tasks:
ILS: Could get the job done. ;
Visual (Sidestep): No comments. |
e Landing tasks: Things were okay until I got fairly close to the ground, 3
then we went for a ride - unable to perform touchdown. {

On visual approach, aircraft was manage~bls until near
the ground then unable to land.

¢ Differences: Significantly different, flare the problem area.
r
WIND AND TURBULENCE: Not significant. {
SUMMARY COMMENTS: Major problem is initial lag which makes the aircraft

totally unpredictable. No good features.
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CONF IGURATION divi
ke FLIGHT/PILOT
1- 6 Wep = 1.0 $p = 0.74 ‘ ,
AT e 1899/A
PILOT RATING: OVERALL S APPROACH 2 PIO 2 - SP 6
WIND/X-WIND: 17/06 TURBULENCE: Moderate MaES = 0.26
FEEL:
e Forces: Comfortable until into the high workload task then a’
little heavy.
e Displacement: No comments.
e Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
e Initial: Not a noticeable delay.
e Predictability: Not a problem until the flare when there was a tendency :
to overcontrol. j
® Special Inputs: Had to tone down inputs in the flare.
]
o PIO Tendency: None but a tendency to overcontrol. j
AIRSPEED CONTROL: Not a problenm. |
PERFORMANCE :
e Approach Tasks: ‘
ILS: Went well.

Visual (Sidestep): Okay except for overcontrol near ground.

o -Landing tasks: Working hard to avoid overcontrol; had to tone down inputs.
o Differences: Clearly a significant difference; worst close to the
ground.
i WIND AND TURBULENCE: Light to moderate turbulence. .
SUMMARY COMMENTS: Didn't work hard until near the ground; then had a

tendency to overcontrol.




CONF IGURATION
' . & FLIGHT/PILOT
148 Wep = 1.0 §sp = 0.74 iy
==f =="J16
PILOT RATING: OVERALL -- APPROACH 5 PIO 2 SP 6
WIND/X-WIND: 17/06 TURBULENCE: Moderate M5Es = 0.26
J
FEEL:
e Forces: Moderate
1
| e Displacement: No comments.
e Sensitivity: Best compromise.
PITCH ATTITUDE RESPONSE:
e Initial: A slight delay.
e Predictability: Impaired by mismatch between initial and subsequent
response.
o Special Inputs: Used ramp type inputs.
‘e PIO Tendency: - None but a tendency to overcontrol.
i AIRSPEED CONTROL: Not a great deal of difficulty; attention diverted
§ somewhat by pitch problems.
PERFORMANCE :
e Approach Tasks:
ILS: Worked hardest, reasonable. ]
’ Visual (Sidestep): Reasonable.
o Landing tasks: Not done.
o Differences: No comments.
WIND AND TURBULENCE: Some response to turbulence but not a problem; crosswind
from right.
SUMMARY COMMENTS: Major problem is hesitancy to use aggressive inputs due

to poor predictability.
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CONF IGURATION Ty
= LIGHT/PILOT
1-8 Wep * 1.0 $p = 0.74 :
a=q == /9 907/B
PILOT RATING: OVERALL 8 APPROACH S PI0O 3 SP 9
WIND/X-WIND: -08/0 TURBULENCE: Light M6£S = 0.14
FEEL:
e Forces: Felt heavy.

o Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Large.

Satisfied with selection.

Almost not there.

Poor.

Overdrive it, hard to stop.

Not as oscillatory as expected; others this slow were
less controllable. Strong tendency to PIO in landing
task.

Peculiar, thought it would be worse, fair overall.

Not a good approach.

Visual (Sidestep): Not difficult if you take your time.

e Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Get into a PIO in trying to control touchdown point.
Actually hit the stops once.

Significant, landing the worst.

Little turbulence but not a problem.

Confusing airplane to fly; really slow. Major problem
is sluggish pitch response which results in PIO on
landing and overrotation and oscillation on take off.




CONF IGURATION
¥ e L7 Eep = 0.74 FLIGHT/P1LOY
1-11 e o 1906/B
-/ -~ /16(4th)
PILOT RATING: OVERALL 9 APPROACH  § PIO 3% SP 8
WIND/X-WIND: -04/0 TURBULENCE: None Mg, = 0.12

T

FEEL:
e Forces:

e Displacement:

@ Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

e Special Inputs:

¢ PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Comfortable in steady state but heavy in transient.
Large.

Felt heavy forces selected saved it from being a 10 pilot
rating.

Quite delayed, slow.

Important to trim; poor predictability.

Used a dither type input; high frequency closure.
Exceedingly strong in landing; latent on approach but not

a PIO.

Fair.

Felt a little behind (Note: no glide slope), poor per-
formance.

Visual (Sidestep): Easy to perform until near the ground.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Had a pitch PIO close to the ground; tried to get on top
of it by using smaller, quicker inputs.

Significant; landing the most difficult because of the
PIO (convergent).

None.
A very PIO prone aircraft in landing task because of
delayed pitch resonse.
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CONFIGURATION
Gii g o ¢ o= 0.57 FLIGHT/PILOT
2-A SP S - 1904/A
004/ 001 /"'
PILOT RATING: OVERALL 4 APPROACH 2 PIO 2 SP 3
WIND/X-WIND: -02/02 TURBULENCE: None Mbcs = 0.26

FEEL:
e Forces:

o Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

e Landing tasks:

¢ Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Felt fine until the flare.

No comments.

No comments.

No lag.

Had a fast, staircase type approach to final response.

No comments.

No comments.

Not a problem.

Poor pilot performance, not airplane."

Visual (Sidestep): Could get it done; tended to have ratchety perform-

ance.

Abruptness a problem here; not a smooth response.

i

Flare and touchdown the most difficult.
No comments.

Hard to define but there must be some lack of predict-
ability. There was a high frequency hunting for the

ground.
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CONF IGURATION
- Wep = 2.3 gSP = 0.57 FLIGHT/PILOT
0.4/ 0.1 /-- 1907/B
PILOT RATING: OVERALL 6 APPROACH 3 PIO 2 SP s
WIND/X-WIND: -11/10 TURBULENCE: Light MSES = 0.25

FEEL:

e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

o Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

o Landihg tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Steady were heavy; initial light.

Small initially then larger.

Best compromise was in between values evaluated.

Abrupt.

Get a high frequency bobble in flare; final response
reasonably predictable.

Smooth inputs to avoid abruptness.

Very high frequency PIO evident in flare. Doesn't really
affect task much. Anroying.

Good‘

Good in smooth air of today.

Visual (Sidestep): All right.

Got into pitch bobble tendency here.

Better on approach because of bobble in flare but not a
big difference.

Smooth with a tailwind.

Abrupt initial response and tendency to bobble were major
problems. Suspect that ratings would be worse in turbul-
ence.
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s FLIGHT/PILOT
2-C Wep = 2.3 $sp = 0.57
0.2/ 0.1 /-- 1885/A %
PILOT RATING: OVERALL 4 APPROACH -- PIO 2 SP 3
WIND/X-WIND: 00/04 TURBULENCE: None Mg 0.34
FEEL:
e Forces: Comfortable.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :

o Approach Tasks:

ILS:

Visual (Sidestep):

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No comments.

Sensitive aircraft.

Good initial response

Predictability fairly good, except for a tendency to
bobble at high frequency.

Necessary to resist chasing bobbles.
No tendency to PIO.

Satisfactory.

Went well.
Went well.

Clearly a tendency to bobble but performance not affected.
Good touchdown control.

Had to pay more attention in flare. Flare and touchdown,

the most demanding.

Some crosswind but not a big factor.

A minor problem is having to think about bobbling
tendency.
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CONF IGURATION |
2-C Wep = 2.3 gs,, = 0.57 FLIGHT/PILOT ‘
0.2/ 0.1/-- 1887/A i
PILOT RATING: OVERALL 1% APPROACH -- PIO 1 P 2 S -
WIND/X-WIND: 11/11 TURBULENCE: Light to moderate "555 g |

FEEL:
e Forces:

e Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

e Special Inputs:

¢ PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Pretty comfortable.

No comments.

No comments.

Got what I wanted when I wanted it.

No comments.

No special inputs.

No PIO.

Went well.

Good.

Visual (5Sidestep): visual, sidestep: good.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

Satisfactory, no special control techniques.

No significant difference, landing the most difficult.

Turbulence evident; not a problem.

Enjoyed flying it.
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CONFIGURATION
Wep = 2.3 Esp = 0:57 S b o
2-C ,¥SP. 1890/A
0.2/ 0.1/ --
PILOT RATING: OVERALL 1% APPROACH -- : PI0O 1 SP 2
WIND/X-WIND: 03/04 TURBULENCE: Light to moderate HGES = 0.34

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

o Initial:

® Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Changed to lighter forces, worked well.
No comments.

Final sensitivity comfortable.

Good.
Predictable.
None.

No PIO tendency.

Normal.

ILS and visual approaches went' well,

Visual (Sidestep): Went well.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

No problem.
No significant differences.
Noticed turbulence but not bothersome.

Very comfortable aircraft.
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CONFIGURATION
' i A FLIGHT/PILOT ‘
0.2/ 0.1 4-- 1897/A |
PILOT RATING: OVERALL 3 APPROACH 3 PIO 1 SP 2 T ;'
4 WIND/X-WIND: 08/13 TURBULENCE: Moderate MGES = 0.26
FEEL:
o Forces: Not noticeable, okay. |
o Displacement: No comments.
e Sensitivity: No comments.

3 PITCH ATTITUDE RESPONSE:
e Initial: Good.

e Predictability:  Good.

e Special Inputs:  Nonme. é

e PlI0 Tendency: None. ”
AIRSPEED CONTROL: Difficult because of turbulence. 1
PERFORMANCE :

e Approach Tasks:

ILS: Okay.

Visual (Sidestep): Good control, except for occasional turbulence inputs.

o Landing tasks: Not a problem, felt comfortable.

o Differences: No difference.
WIND AND TURBULENCE: Strong effect; increased workload.

SUMMARY COMMENTS: No problems, a satisfactory aircraft.
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CONF IGURATION AR
- w - 203 - 0157 u
2-1 il gsp 1884/A
P AR R
PILOT RATING: OVERALL 2 APPROACH  -- PIO 1 SP 1
WIND/X-WIND: 0/0 TURBULENCE: None My = 0.30

b =

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

Predictability:

Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Forces a bit high but not a problem.

No comments.

Sensitivity good.

Good.

No comments.

No special inputs.

No tendency to PIO.

Easy.

Good. s

Visual (Sidestep): Good.

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Predictable, easy to make with no special inputs.

None.

Not a factor.

Good aircraft; easy to control; only noticed an overshoot
when following the tracking task aggressively (there is a

tendency to follow task more aggressively than in the

approach.)
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CONFIGURATION
= = FLIGHT/PILOT
2-1 Wep = 2.3 $sp = 0.57 ik
-f == }-
—
PILOT RATING: OVERALL 2 APPROACH -- PIO 1 b M
WIND/X-WIND: -04/0 TURBULENCE: Light "sES = 0.34
FEEL:
e Forces: Solid.
. o Displacement: Okay.
e Sensitivity: At approach speeds was satisfactory.
|
PITCH ATTITUDE RESPONSE: 3
e Initial: Prompt. 3
,i e Predictability: Good.
i
|
é o Special Inputs: No special inputs. 3
e PIO Tendency: No tendency to PIO.
AIRSPEED CONTROL: Strong float tendency at end of approach, must anticipate 4
, power reduction.
ﬁ PERFORMANCE :
f @ Approach Tasks:
‘ ILS: Easy, glide slope very good.

Visual (Sidestep): Okay, only a problem with airspeed control near
touchdown.

¢ Landing tasks: No pitch control problems but some effort required to pre-
dict touchdown point - not emphasizing this characteristic.

e Differences: No differences, no surprises.

WIND AND TURBULENCE: Smooth air.

SUMMARY COMMENTS: No major problems. Minor problem was prediction of touch-
down point due to tail wind. Discounted in evaluationm.
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CONFIGURATION L
A o FLI LOT
5 2-1 wSP 2.3 §SP 0.57
f -t == }~- 1883/A
| PILOT RATING: OVERALL -- APPROACH 3 PIO 1 P 1
WIND/X-WIND: o0/04 TURBULENCE: None "655 = 0.26
1
FEEL:
e Forces: Little heavy, not uncomfortable, okay.
e Displacement: No comments.
;
e Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
o Initial: Initial response okay, some tendency to overshoot, not a
problem.

e Predictability: Tendency to overshoot one time when changing pitch atti-
tude aggressively, For most of the task it was not a

problem.
o Special Inputs: No comments.
e PIO Tendency: No comments. ;
AIRSPEED CONTROL: Adequate.
i
E PERFORMANCE :
4 o Approach Tasks:
ILS: Satisfactory.

' Visual (Sidestep): No comments.

e Landing tasks: Not done.

o Differences: No comments.
; WIND AND TURBULENCE: Not a factor.
SUMMARY COMMENTS: Annoying overshoot tendency in pitch but this problem
b did not affect task performance.
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CONF IGURATION
229 Oasp = 2.3 §SP = 0.57 FLIGHT/PLLOT | ,

= __, ‘)ol /__ 1902/8 ,
PILOT RATING: OVERALL 4 APPROACH 2 PIO 2 SP 2
WIND/X-WIND: -07/01 TURBULENCE: None M5ES = 0.29 | :
FEEL:

e Forces: Lightened forces for last two approaches; Okay . @

e Displacement: Felt large.

o Sensitivity: A good choice.
PITCH ATTITUDE RESPONSL:

e Initial: Slow.

e Predictability: Little delay causes small bobble; fair to good predict-

ability on approach. Some tendency to overshoot in flare
? and touchdown,

5 ® Special Inputs: Needed to anticipate near the ground.
e PI0 Tendency: Very mild tendency to overshoot 1 or 2 times.
: i
AIRSPEED CONTROL: Fairly good.
é PERFORMANCE :
f o Approach Tasks:
] ILS: Good.

Visual (Sidestep): Comfortable - tended to be fast due to tailwind.

e Landing tasks: Problem was a tcndency to get too much response; could-
; n't control touchdown point accurately enough.
g o Differences: Yes - the landing tusk was more critical but not very
e difficult.
,§' WIND AND TURBULENCE: Very smooth day; tailwind which confuscd energy manage- ‘
; ment on approach. e
SUMMARY COMMENTS: Only problem was a small tendency to overcontrol in the
landing task.
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CONF IGURATION sl
LIGHT/PILOY
2-2 Wep = 2.3 $p = 0.57 aiy
"/ 0-1 /"-
PILOT RATING: OVERALL 4% APPROACH 2 PIO 1 SP 2
WIND/X-WIND: 01/07 TURBULENCE: Light Mg, = 0-36

FEEL:
o Forces:

o Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

e Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE. :
® Approach Tasks:
ILS:

Went from heavy to light.

No comments.

No comments.

Seemed sluggish.

Was able to predict final response but everything seemed

to lag.

High initial forces for large attitude changes suggest

overdriving or lead inputs.

No comments.

Not a problem.

Okay.

Visual (Sidestep): No visible change in performance.

® Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Lag tendency didn't lead to overcontrol but general

heaviness.

Only a problem in flare.

Not a factor.

No further comments.
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CONFIGURATION
23 Wep * 2.3 KSP = 0.57 FLIGHT/PILOT
--70.25 /-- 1891/A
PILOT RATING: OVERALL 6 APPROACH -- PIO 3 SP 4
WIND/X-WIND: 07/00 TURBULENCE: Light MGES = 0.43
§ FEEL:
e Forces: Comfortable.
e Displacement: No comments.
e Sensitivity: No comments.
PITCH ATTITUDE RESPONSE: !
e Initial: Had a little bit of a lag but not a problem.
e Predictability: Was a problem.
e Special Inputs: No comments.
e PIO Tendency: Marked tendency toward low frequency PIO. Not a solid
| feeling aircraft.
AIRSPEED CONTROL: Not a problem.
PERFORMANCE :
o Approach Tasks:
ILS: Went well, worked hard.
] Visual (Sidestep): Approaches OK.
® Landing tasks: Difficult in flare; problems. Had to try to hold what
- you had prior to touchdown. Incipient PIO in flare.
jgf ¢ Differences: Touchdown required the most attention.
£ WIND AND TURBULENCE: No effects.
SUMMARY COMMENTS: Difficult to set an attitude. Tendency to PIO in flare

and in lift-off.
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CONF IGURATION e
= . LIGHT/PILOT
2-4 Wep = 2.3 $p = 0.57
==/ 0.5 4-- 1888/A
PILOT RATING: OVERALL 9 APPROACH -~ PIO 3 SP 8
WINO/X-WIND: 06/05 TURBULENCE : Light M. = 0.64

FEEL:
e Forces:

8 Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Were a little high on approach but needed > he'p in flare
and touchdown.
No comments

No comments.

Delayed.

Not very good.

Worked to smooth inputs.

A tendency to PIO.

Not a problem.

Went well, could relax aggressiveness to achieve perform-
ance.

Visual (Sidestep): Okay until close to the ground.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Clearly a problem, tendency to PIO. Could get out of
loop sometimes and stop on attitude.

Flare and touchdown clearly the most difficult.

No effect.

Inability to achieve an attitude quickly and predictably
was major problem.




CONFIGURATION ?
= = FLIGHT/PILOT |
2-4 il Ll 1889/A
--/ 0.8 / --
PILOT RATING: OVERALL -- APPROACH 5 PI0 2 SP 3
WIND/X-WIND: 05/03 TURBULENCE: None MaES = 0.64
FEEL:
e Forces: Somewhat heavy, but didn't mind them.
e Displacement: No comments.
e Sensitivity: No comments. %

PITCH ATTITUDE RESPONSE: E

e Initial: Okay, no noticeable lag. |
e Predictability: Not very good. Very difficult to figure aircraft out. ! ;
e Special Inputs: No comments. |
e PIO Tendency: Tendency to overcontrol, no PIO.

AIRSPEED CONTROL: Had to work at it.

PERFORMANCE :
® Approach Tasks: 1

ILS: Was not outstanding. |

Visual (Sidestep): Approaches showed a slight tendency to overcontrol.

o Landing tasks: Not done.
e Differences: No comments.
WIND AND TURBULENCE: Not a factor.
SUMMARY COMMENTS: Little confused about this one, lot of distractions dur-

ing evaluations. Not a solid aircraft but not bad, un- |
certain of rating.
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CONF IGURATION :
2-“ wsp = 2.3 §SP = 0.57 FLIGHT/PILOT
—ef 0.5 /== 1892/B
PILOT RATING: OVERALL -- APPROACH 3 PIO 1 SP 4
WIND/X-WIND: -05/00 TURBULENCE: Light Mo = 0-38

FEEL:
e Forces:

o Displacement:
o Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:
AIRSPEED CONTROL:

1 PERFORMANCE :
e Approach Tasks:
ILS:

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

okay.

A little large.

Okay, detected a little lag.

Initial response was slow.

Good.

No special pilot techniques (perhaps a little lead.)

No PIO tendency.

Fairly good.

Was okay (bad pilot performance.)

Visual (Sidestep): Visual approaches fine.

Not done.
Not applicable.
Smooth air.

Minor problem was small pitch lag and a little more
motion than desired. Generaly a pretty good airplane.
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CONFIGURATION
~ A FLIGHT/PILOT
2-6 Wep = 2.3 $p = 0.57

-=f == /16 1900/A
PILOT RATING: OVERALL 5 APPROACH 1% PIO 2% SP 4 1
WIND/X-WIND: 16/06 TURBULENCE: Moderate MbES = 0.37
FEEL:

e Forces: Comfortable.

e Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Visual (Sidestep):

e Landing tasks:
o Differences:
WIND AND TURBULENCE:

SUMMARY COMMENTS:

-
>

No comments.

No comments.

Difficult to describe; only a problem near the ground.
Didn't see much of a delay at any time.

Reasonable but something not perfect for aggressive inputs.
Used several inputs to get desired response.

On one of the landings did get into an oscillation but

it was controllable.

No problems.

Went well.

Good, particularly side step.

Had to hunt to get desired response; got into a low

amplitude, damped PIO once.
ground.
Definite difference; landing the most difficult.

Had to be careful near the

Strong cross wind from the right which keeps you locked
in the loop.

Unsure of source of difficulties but touchdown required
a moderate workload.
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=
N FLIGHT/PILOT
2-7 Wep = 2.3 $p = 0.57 o
ssf -- 12
PILOT RATING: OVERALL APPROACH 4 PIO 3 SP 6
WIND/X-WIND: 08/13 TURBULENCE: Moderate "5ES = 0.34

FEEL:
e fForces:

9 Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

® Predictabiliﬁy:

o Special Inputs:

o PIO Tendency:
AIRSPEED CONTROL:

PERFORMANCE :
® Approach Tasks:
ILS:

Comfortable for combination of tasks.
No comments.

No comments.

Reasonable for non-aggressive inputs; lagged for aggres-
sive inputs.

Ressonable for ILS, not so for the flare and touchdown.
On close final must really concentrate on pitch attitude.
Tendency to overshoot on ILS, but tendency ¢o PIO on close

final.

Not really problem except for turbulence.

Okay .

Visual (Sidestep): Okay.

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Clearly where problems exist; have to tone down inputs.
On the go-around it wasn't as bad if I didn't look at

the ground.
Significantly more difficult close to the ground.

Significant offects of turbulence and crosswind. Flare
and touchdown more demanding.

Close in tendency to get into a low frequency PIO was
major problem; had to abandon task to get it on the
ground
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CONFIGURATION
FLIGHT/PILOT
Wep = 2.3 $cp = 0.57
- sP sP
2 7 --) -- J12 1898/B
PILOT RATING: OVERALL 6 APPROACH 3 PIO 3 SP 6
WIND/X-WIND: 10/11 TURBULENCE: Light Mg = 0.3¢

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
o Initial:

e Predictability:
e Special Inputs:
e PIO Tendency:

! AIRSPEED CONTROL:

i

PERFORMANCE :
: o Approach Tasks:
i ILS:

e Landing tasks:

o Differences:

WIND AN® TURBULENCE:

SUMMARY COMMENTS:

Visual (Sidestep):

Pleasant.
Okay except in the PIO.

Good.

Solid feel; approach was prompt; landing delayed initial
response.

On approach okay; poor on landing, would overshoot and
oscillate.

On landing had to generate as much lead as possible.
None on approach; definite tendency on landing but not
divergent.

md.

Best for this flight; in command.

No difficulty.

Problems, tendency to PIO near the ground (3 or 4 half
cycles). Tried to generate lead.

Approach was good but landing was PIO prone.

Light turbulence and strong crosswind.

Major problem was PIO tendency on touchdown. Very poor
for single pilot work.
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b o FLIGHT/PILOT
2-9 Wep = 2.3 $p = 0.57 ks
-=/ -- /6
PILOT RATING: OVERALL 10 APPROACH 5 PIO 3 SP 8
WIND/X-WIND: -08/02 TURBULENCE: Light to moderate "8ES = 0.26
FEEL:
e Forces: Very spongy, heavy for maneuvering.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :

o Approach Tasks:

ILS:

Visual (Sidestep):

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Large for rapid maneuvering.

Okay as is.

Slow.

Difficult to predict; on approach where you could do
things slowly it wasn't too bad.
Develop lead to prevent PIO from going divergent.

Yes, in flare.

Reasonably good;

Best performance of the day.

Not done.

Easy to over-rotate and get into damped PIO. Had to
put in an input and wait.

Very significant; flare and touchdown very difficult.
Very smooth, slight crosswind.

Only one approach, got down to 20 feet, got into PIO

due to delayed response.
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§

et e FLIGHT/PILOT
= 2.3 Ccop = 0.57
2-10 Wgep sp A
s 1893/,
PILOT RATING: OVERALL 10 APPROACH 6 PIO 4 SP 10
WIND/X-WIND: -01/03 TURBULENCE: None Mp.g = 0.26

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONT:...:

PERFORMANCE :
o Approach Tasks:
ILS:

Visual! (Sidestep):

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMCNTS:

Heavy initially, steady forces comfortable.

Okay .

Unpredictable.

Clearly a lagging response.

Not bad for nonaggressive inputs, but poor for inputs
required in landing.

Must dramatically tone down inputs near the ground.

Tendency to PIO at all times but is unavoidable near the
ground.

Attention to pitch deteriorates speed control.

Not good, hesistant to chase it.

Approaches were okay until latter part of final
approach.

Definite problems; touchdown points are not predictable.
Tried to just hold an attitude but it's very difficult
to do. Any small correction starts a PIO.

Very difficult, can't tone down inputs near ground and
therefore a PIO results.

Not a factor.

PIO starts around 15 feet. Inability to get a pitch
attitude predictably and quickly close to the ground was
a major problem. Occasional divergent PIO.
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Sl

v ey FLIGHT/PILOT
2-11 wsp = 2.3 KSP - .
--, - , 16(“!‘) 1’06/'
PILOT RATING: OVERALL 8 APPROACH 4 PIO 3 SP 8
WIND/X-WIND: 05/01 TURBULENCE: Nonme "655 = 0.34

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

¢ Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Slightly heavy in steady state.

Felt a little spongy during oscillations.

Picked good compromise.

Delayed.

Poor in landing task where a damped PIO occurred.

Had to try and stay on top of aircraft.

PIO in flare; occurred when attention was first focused

on ground (approximately 10 feet).

Good.

Very good.

Visual (Sidestep): Good; small bobble with gear and flap changes.

¢ Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

WNas a problem; on one landing had to abandon touchdown
point because of PIO,

Significant; landing task the most difficult because of
PIO.

Noticeable at times but not a factor.

Major problem was the PIO in landing in which controlla-
bility was in question




s FLIGHT/PiLOT
1
3-.C Wep * 2.2 Esp = 0.25 /
: 0.2/ 0.1 /-- 1889/A
PILOT RATING: OVERALL 2 APPROACH  -- PIO 1 P4
WIND/X-WIND: 05/03 TURBULENCE: Light to moderate "5ES =0.51

FEEL:
o Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Visual (Sidestep): OK.:

e Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

Fairly heavy at first, changed to lighter; not a factor.
No comments.

No comments.

Satisfactory.

Could get what was desired in final response.
No special inputs.

No tendency toward PIO.

OK.

0K.

No problem.
No significant difference.
Not a factor.

Satisfactory aircraft.
(SP: could see bobble on approach and 1ift-off)
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CONFIGURATION — 1_7
P1L0
Wep = 2.2 $sp = 0.25
0.2/0.1 / -- 1898/8 ;
PILOT RATING: OVERALL S(4TD)  APPROACH S PIO 1% SP 4
WIND/X-WIND: 13/1S TURBULENCE: Moderate. "553 = 0.17 i
FEEL: i
e Forces: Initially light, heavy in steady state.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

® Special Inputs:

o PIlO Tendency:

AIRSPEED CONTROL:

PERFORMAMNCE :
o Approach Tasks:
ILS:

Visual (Sidestep):

¢ Landing tasks:

e Differences:

WIND AND TURBULENCE @

SUMMARY COMMENTS :

Loose.

Close to best compromise.

Not quick but gets there.

Response prompt and oscilliatory; disturbed by turbulence;

modestly predictable.

None.

None.

Lots of speed stability; control not good, fair.

Erratic and at best fair.

bobbled in turbulence.

Little tendency to lose airspeed on sidesteps;

Surprisingly good; good accuracy of touchdown.

Landing was easier than the approach.

Noticeable, disturbed pitch attitude and flight path.
Needed increased sensitivity for rudder in the face of

the strong cross wind.

Sensitive for small inputs, heavy in the steady state.
Major problems was a looseness in pitch and turbulence

response.
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o Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :

e Approach Tasks:

ILS:

No comments.

Pitch sensitivity seemed okay initially; but sensitive
for aggressive inputs.

Initial response okay.
Final response not perfect but fairly good, one or two

overshoots.

No conscious control technique on approach but must tone
down inputs in flare.
No tendency to PIO.

Reasonably good.

Reasonably good.

Visual (Sidestep): No comments.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Did not have significant problems; had to tone down
inputs a bit. Smooth inputs; tended to bobble with
aggressive inputs.

More attention required in flare.
difficult task.

Flare the most

Noticeable.

Not a bad airplane. More effort to get desired pitch
attitude than satisfactory. On the fence with rating;
3 initially.
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CONFIGURATION o i ool

LIGHT/PILO
Wep = 2.1 = 0.14

--l - /--
PILOT RATING: OVERALL APPROACH  -- PI0O 1 SP §
WIND/X-WIND: 00/00 TURBULENCE: None "555 = 0.26
FEEL:

o Forces: Comfortable.




CONFIGURATION
! 2 FLIGHT/PILOT
3-0 Wep = 2.1 gs,, 0.14 A
--/ - /--
1
PILOT RATING: OVERALL S APPROACH  -- P10 2 SP 5§ ,
WIND/X-WIND: 08/13 TURBULENCE: Light M5ES = 0.17
FEEL: :
e Forces: Little light at first; changed to heavier for flare,
comfortable.
o Displacement: No comments. '
o Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
e Initial: Initially quick.

e Predictability: Final response predictable since bobbles were relatively
quick; annoying, not bothersome. |

e Special Inputs: Had to tone down inputs.

e PIO Tendency: No PIO, just an airplane bounce.
j
AIRSPEED CONTROL: Not affected, good enough. '
PERFORMANCE : |
e Approach Tasks: |
ILS: Reasonable.

Visual (Sidestep): Okay.

o Landing tasks: Bobbling only bothersome close to the ground, had to
smooth inputs (higher forces helped to do that.) ;

e Differences: As explained above, touchdown the hardest part of |
overall task.
: ; WIND AND TURBULENCE: Turbulence noticeable.
SUMMARY COMMENTS: Bobbling attitude response a problem on landing, annoy-

ing otherwise. Observation: pilot was able to smooth out
bobbles for landing; tended to ride out the oscillations
: on the approach.
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CONFIGURATION d
--/ - /-- 1
PILOT RATING: OVERALL 4 APPROACH  -- PIO 2 SP 4% i
WIND/X-WIND: 01/04 TURBULENCE: None MbES = 0.26 :
ﬁ
FEEL: ‘
b e Forces: Okay.
o Displacement: Okay.
® Sensitivity: Fairly high, get more response than expected.
PITCH ATTITUDE RESPONSE:
e Initial: Initial response fast.

® Predictability: Could never get final response in one try; predictability

poor.
e Special Inputs: No comments.
! e PIO Tendency: Tendency to oscillate on its own.
AIRSPEED CONTROL: Went fairly well, except for turbulence effects. ;
i
PERFORMANCE :
® Approach Tasks:
; ILS: Went well, any pitch difficulties did not affect per-
p formance.

Visual (Sidestep): No comments.

® Landing tasks: Tendency to set attitude and wait to avoid makiag inputs.

Tended to bobble if changes required near the ground.
Could settle down before touchdown.
¢ Differences: No significant difference. Flare was the most difficult.
WIND AND TURBULENCE: Some turbulence noticed in airspeed; not a big factor.
SUMMARY COMMENTS: for quick responses, tended to bobble.
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by gk FLIGHT/PILOT
Wep * 2.2 = 0.25
3-1 sp $sp 1892/B
- ’ - / -
PILOT RATING: OVERALL 7(STD) APPROACH -~ PIO 3 SP 6
WIND/X-WIND: -05/00 TURBULENCE: Light "BES = 0.24
FEEL:
e Forces: Very light for initial inputs.

e Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Visual (Sidestep):

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

Okay .

On high side.

Okay.

Poor.

Special technique was to put inputs in carefully.

More tendency to PIO on approach than near touchdown.

Generally degraded by attention required in pitch response.

Was uncomfortable, didn't have it under control.

Visual approaches were better but still not tightly
connected to aircraft.

Problems, tendency to overshoot attitude but it was easier
to predict near the ground. Had to be more careful to use
smooth inputs on approach.

Reversed normal situation, approach more difficult either
visual or ILS.

Not a factor, would be more difficult in turbulence.
Major problem was oscillatory pitch response. Increased
predictability of flight path and pitch attitude near the
ground was an interesting feature.
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CONF IGURAT 10N A
L
Wep ® 2.2 $cp = 0.25
b il - 1893/A
-] =-- /--
PILOT RATING: OVERALL 5(4TD)  APPROACH s PIO 2 SP s
WIND/X-WIND: 01/04 TURBULENCE:  None Mpeo = 0.14

FEEL:
o Forces:

o Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Were comfortable on approaches but high in flare.

No comments.

Some trim problems, tended to drift (a system problem.)

Bobbled in turbulence and to pilot inputs, required a
fair amount of attention.

Bobbled in steady-state, required a lot of corrective
inputs.
No comments.

No tendency to PIO.

Long term attitude problem degraded airspeed control.

Average.

Visual (Sidestep): Went well, with moderate workload.

® Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Trim changes were a problem, heavy forces. No overcontrol
or PIO. Seemed to have to hold inputs in for a long time.

Worked harder on ILS; heavy forces in flare. ILS was most
difficult.

Aircraft responded to turbulence and was noticeable.

Problems were a drift and bobble on ILS and heavy forces
in flare.
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CONFIGURATION SRR
3-2 wsp = 2.2 gSP = 0.25
--/0.1 /-5 1885/A
PILOT RATING: OVERALL 7 APPROACH -- P10 3 SR
WIND/X-WIND: 00/04 TURBULENCE: None M6ES = 0.26

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
® Approach Tasks:
ILS:

High initially, but steady-state comfortable.

No comments.

Selected sensitivity intentionally on the heavy side to
reduce overcontrol tendency.

Initially lagged.

Moderately predictable for non-aggressive inputs but in
flare there was a tendency to overcontrol and PIO.

No comments.

In flare a tendency to PIO.

In the process of trying to smooth out inputs airspeed
control was difficult.

Went fairly well.

Visual (Sidestep): Tendency to overshoot on side step maneuvers.

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Flare and touchdown performance deteriorated. Had to
try to tone down inputs.

Significant difference, ask for changes more precisely
and quicker in flare; PIO results - most critical task.

Not a factor.

Could not acquire a desired attitude quickly and precisely.

Poor predictability. No good features.
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CONFIGURATION = et
IGHT 0
39 Wep = 2.2 Csp = 0.25 e
R W 1887/A
PILOT RATING: OVERALL -- APPROACH 6 PIO 3 SP s
WIND/X-WIND: 11/10 TURBULENCE: Moderate M5ES= 0.26
FEEL:
o Forces: Forces fairly light, greater tendency to overcontrol with

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Visual (Sidestep):

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

heavier forces.

No comments.

No comments.

some lag but not significant.

Initial response:

Final response predictability was poor.

No comments.

No comments.

Reasonably good.

Could correct large errors, some tendency to PIO on
breakout.

PIO on side step maneuver. Tendency to PIO on

go-around.
Not done.
Not applicable, but worst in later stage of approach.

Crosswind requires extra attention.

Difficult to acquire an attitude quickly and predictably.
Tendency to PIO.

105




CONFIGURATION :
3-3 ODSP = 2.2 gSP = 0.25 FLIGHT/PILOT 1
--/10.25/ -- 1890/A
PILOT RATING: OVERALL 10 APPROACH -- PIO 4 SP 9 j
WIND/X-WIND: 03/04 TURBULENCE: Light MaES = 0.26 b
FEEL:
e Forces: Heavy but intentionally selected because of PIO problem.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Visual (Sidestep):

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No comments.

No comments.

Initial lag apparant.

Not predictable.

High workload, even on the ILS.

Tendency to PIO,

Not good because of attention required in pitch.

Not really bad but very hard work.

Sidestep was a distraction.

Problems really magnified in this area. Attempt to be

less aggressive, very hard to do.

Significant differences; the landing was clearly the
worst.

Aircraft responded to turbulence which compounded
problem.

Inability to control attitude quickly and precisely
out getting into a strong PIO.
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CONFIGURATION ,
it = FLIGHT/PILOT
3-3 Wgp™ 32 $sp = 028
--/ 0.25/-- 1897/A
PILOT RATING: OVERALL -- APPROACH 7 PIO 34 SP 7
WIND/X-WIND: 11/10 TURBULENCE: Moderate Mbrs =0.26
[
; FEEL:
e Forces: Comfortable, perhaps a bit light.
o Displacement: No comments.
o Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
e Initial: Not matched with response after input.
® Predictability: Poor; aircraft bounces in turbulence plus a tendency to
PIO.
e Special Inputs: Had to spend a lot of time on attitude.
§ . ® PIO Tendency: Yes, had to work hard.
AIRSPEED CONTROL: Not bad but worked hard.
i PERFORMANCE :
i o Approach Tasks: i
| ILS: Reasonable but hard work.
, Visual (Sidestep): In a constant oscillation which was largely pilot
f , induced.
f e Landing tasks: Not done.
o Differences: Definite difference between instrument and visual
approaches., More PIO tendency on visual.
WIND AND TURBULENCE: Aircraft responded which compounded difficulties.
SUMMARY COMMENTS: Tendency to bobble and to PIO were major problems.
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CONFIGURATION baiiipis
T/PIL
3.6 Wep = 2.2 {SP = 0,25 P
--/ == )16 /
PILOT RATING: OVERALL 7 APPROACH 5 PIO 3 SP 6
WIND/X-WIND: 15/09 TURBULENCE: Moderate "555 = 0.26

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

o Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :

e Approach Tasks:

ILS:

Visual (Sidestep): Fairly good until the flare.

® Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Appropriate for the situation.

No comments.

No comments.

Didn't notice a lag but there was a mismatch between initial
and final response.

Had a low frequency oscillatory response to turbulence or
pilot inputs; was able to contain oscillatory tendency
until near the ground.

Had to try to suppress the oscillations with complex inputs
near the ground.

Near the ground there was a tendency to PIO; controllable.

Difficult to get a final attitude and therefore airspeed
control deteriorated.

Not as good as desired; had to work hard.

Clearly where the difficulties occurred; a combination of
pilot closed-loop problems and an oscillatory airplane.

Landing was more difficult because one couldn't let the
airplane go near the ground.

Annoying turbulence response; crosswind increased workload.

Oscillatory airplane response and tendency to couple with
it near the ground were major problems.
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CONFIGURATION
g W, = 2.2 Cep = 0.25 FLIGHT/PILOT
R T 1902/B
PILOT RATING: OVERALL 6 APPROACH s PIO 3 SP 6
WIND/X-WIND: -08/00 TURBULENCE: Nome HaES = 0.21
FEEL: ¢
e Forces: Comfortable.
e Displacement: OK, but had significant displacement at times.
® Sensitivity: Good compromise.
PITCH ATTITUDE RESPONSE: 4
e Initial: Delayed and slow.
o Predictability:  Oscillatory but could control it in smooth air.
o Special Inputs:  Had to provide the damping which can be done in smooth air.

e PIO Tendency: Definitely there, but could damp out oscillations in
smooth air.
AIRSPEED CONTROL: Fairly good.
.
PERFORMANCE :
, e Approach Tasks:
: ILS: Suprisingly good, wents to oscillate.

Visual (Sidestep): Went pretty well but intermittently bursting into a
series of pitch oscillations.

e Landing tasks: Had a closed-loop oscillation which could be damped with
extra pilot effort.

| o Differences: Approach and landing problems were about equal.
WIND AND TURBULENCE: Smooth day, tail wind.
SUMMARY COMMENTS: Initial comment: was worse in the approach than in land-

ing; would be worse in turbulence. Major problem was the
tendency to oscillate but could damp it today in smooth
air., (Would be a 7 in turbulence.)
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CONF IGURATION ® Ees ,
37 Wep = 2.2 $sp = 0.25 ux oiALm :
-/ - 12 904/
PILOT RATING: OVERALL 8 APPROACH s PIO 4 SP ¢
WIND/X-WIND: -06/03 TURBULENCE: None "5£S = 0.34
FEEL:
e Forces: Felt spongy, didn't like the whole thing.
o Displacement: No comments.
e Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
e Initial: Lag evident.

e Predictability: Poor for all parts of task.

e Special Inputs: Try to anticipate but not really possible to do it.

e PIO Tendency: Yes.
AIRSPEED CONTROL: Not good because of attention required in pitch.
PERFORMANCE :
o Approach Tasks:
ILS: Went okay but had to work hard.

Visual (Sidestep): Oscillating in side step.

(] Landing tasks: Oscillations became more intense near the ground.
~ e Differences: Clearly more difficult near the ground.
.ﬁ WIND AND TURBULENCE: Some effect of turbulence, but not a factor.
i
SUMMARY COMMENTS: Poor predictability lead to overcontrolling and a strong 1
PIO near the ground.




e N PO o A AL S

| CONF IGURATION
; ¥ 2 FLIGHT/PILOT
: 4-C Wep = 2.0 $sp = 1.06
| 0.2/ 0.1/-- e
|
i PILOT RATING: OVERALL 3 APPROACH 1% P10 1% SP 4
‘ WIND/X-WIND: 16/09 TURBULENCE: Moderate "525 = 0.47
F
FEEL:
e Forces: Changed to heavier forces for last two approaches, not
ideal.
] e Displacement: No comments.
e Sensitivity: A compromise.
PITCH ATTITUDE RESPONSE:
e Initial: Fast, abrupt.
@ Predictability: Jumpy response in flare and touchdown, good predictability
in general; some deterioration in flare.
e Special Inputs: Must tone down inputs to counteract abrupt initial response.
e PIO Tendency: None, bobble disappeared with heavier forces.
AIRSPEED CONTROL: Good.
, PERFORMANCE :
5 e Approach Tasks:
ILS: Good.
Visual (Sidestep): Very good.
o Landing tasks: Only problem was in final part of task because of abrupt
response.
o Differences: Some, not really significant; landing most difficult.
WIND AND TURBULENCE: Aircraft jerky in turbulence; crosswind evident.
SUMMARY COMMENTS: Abrupt pitch response was a minor problem in landing.
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s ki FLIGHT/PILOT
4- C Wep * 2.0 $p = 1.06
0.2/ 0.1/-- 1906/B
PILOT RATING: OVERALL 3 APPROACH 2 PIO 2 P2
WIND/X-WIND: -05/00 TURBULENCE: None M5 = 0-38

FEEL:
e Forces:

o Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:
Initial:

Predictability:

Special Inputs:

¢ PI0 Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Perhaps a little heavy in steady state; light initially.
Small.

Best compromise but too abrupt initially.

Abrupt then slowed down.

Felt peculiar at first - abrupt then slowed down;
predictability not a problem.

Little smoothing necessary.

Not a PIO that affected the task; had a little bobble in

flare.

Good.

Comfortable, good (Note; no glideslope).

Visual (Sidestep): Large aggressive side step because of good character-

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

istics.

Little uncomfortable because of initial response
Some, because of bobbling in landing task.
Very smooth, slight tailwind.

Only problem was high frequency pitch bobble; no major
problems. Note: is the easiest aircraft yet seen in the
tracking task (PR = 1),
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CONF IGURATION FLIGHT/PILOT
= = L
4-0 Wep = 2.1 gs,, 1.23
S 1885/A
PILOT RATING: OVERALL 6 APPROACH -- PIO 3 SP 4
WIND/X-WIND: 00/04 TURBULENCE:  None MGES = 0.85
FEEL: |
e Forces: Okay for overall task. é
e Displacement: No comments.
e Sensitivity: No comments.

=

PITCH ATTITUDE RESPONSE: :
e Initial: Tended to bobble with aggressive inputs. Must fly smoothly
but close to ground unable to avoid bobbles.

o Predictability: Poor in flare but reasonable on ILS.
® Special Inputs: No comments.
3
e PIO Tendency: No comments.
AIRSPEED CONTROL: Had to pay attention but performance reasonable.
PERFORMANCE :
o Approach Tasks:
ILS: Went well.

Visual (Sidestep): Visual approaches okay. Sidestep maneuvers moderate

workload.
b o Landing tasks: Problem area. Hunting for ground but worked hard. Had
to check aggressivenesss.
e Differences: Flare and touchdown most critical.

WIND AND TURBULENCE: No comments.

SUMMARY COMMENTS: Very objectionable aircraft. NOTE: evaluation repeated
on flight 1889 and some observations and deficiencies
were noted - an unsatisfactory aircraft.
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CONFIGURATION PR
= LOT
e = f) e 1889/A
PILOT RATING: OVERALL 2 APPROACH -- PI0O 1 SP 3
WIND/X-WIND: 05/04 TURBULENCE: Light to moderate "5ES = 0.51
FEEL:
e Forces: Acceptable.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

® Initial:

e Predictability:

Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

No comments.

No comments.

Good response, steady.

No comments.

No special inputs.

No tendency to PIO.

Adequate.

Good.

Visua) (Sidestep): Good.

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No problems.

No differences.

Not a factor.

Good aircraft, liked it.
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CONF IGURATION
5 = FLIGHT/PILOT
-0.25 ) -- 1891/A
PILOT RATING: OVERALL APPROACH  -- PIO 2 4
WIND/X-WIND: 07/00 TURBULENCE: Light M6ES = 0.60

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

® Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :

¢ Approach Tasks:

ILS:

Forces high initially but comfortable in steady state; best

compromise.

No comments.

No comments.

Lagged a little initially.

Predictability affected by lag.

Important to keep errors small; overshoot on sidestep
maneuver.

Slight tendency to PIO in flare and go around; not solid.

Not a problem.

Was Okay.

Visual (Sidestep): No problem until close to ground.

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

Overcontrol problems seemed to occur very close to the
ground.
Touchdown was most difficult task (and take-off).

Not a factor.

Moderately hard to achieve desired performance.
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CONF IGURATION Z FLIGHT/PILOT
4-3 Wep = 2.0 $sp = 1.06 e }
-=/0.25 ) -- ]
PILOT RATING: OVERALL 8 APPROACH 5 - ° PIO 3 SP 3
WIND/X-WIND: -08/00 TURBULENCE: Light MaES = 0.51
FEEL:
e Forces: Seemed appropriate.
e Displacement: On the large side.
e Sensitivity: Adequate statically but because of delay in response not
adequate dynamically (spongy).
PITCH ATTITUDE RESPONSE:
e Initial: Delayed.
o Predictability: Poor in tight tracking situations.
8 Special Inputs: Tended to overdrive it and try to stop it. j
e PIO Tendency: Yes, definite tendency towards PIO which lead to poor
precision of control.
i AIRSPEED CONTROL: Bothersome, concentrated too much on pitch.
PERFORMANCE :
o Approach Tasks:
T ILS: Poor quality, behind the aircraft.
Visual (Sidestep): Better but airspeed control still a problem.

o Landing tasks: Had the problem that flight path couldn't be controlled
properly; tried to back out of loop but one couldn't do
it in turbulence or crosswind.

3 o Differences: Significant, better in approach.

f; WIND AND TURBULENCE : Nil.

A5 |
SUMMARY COMMENTS: Would like to evaluate in turbulence and crosswinds. §

Major problems was pitch response, delayed, tended
to oscillate.
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CONF IGURATION > o
= = LIGHT/PILOT
y-3 Wep = 2.0 $cp = 1.06
w0 P e 1899/A
PILOT RATING: OVERALL 7 APPROACH 2 PIO 3 Sp 7
WIND/X-WIND: 15/09 TURBULENCE: Moderate MGES = 0.60

FEEL:
e “Forces:

e Displacement:

o Sensitivity:

e Initial:

e Predictability:

e Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

| o Landing tasks:
o Differences:

WIND AND TURBULENCE:

PITCH ATTITUDE RESPONSE:

Comfortable in all the nonaggressive tasks; little heavy
in flare.

No comments.

No comments.

Seemed okay.

All right until near the ground, then a problem.

Only in flare.

Only near the ground and occurs with any corrections; not

divergent, low amplitude.

Not a problem, some turbulence response.

Pretty good.

Visua) (Sidestep): Good until near the ground.

With everything set, could get down okay, but with any
corrections a PIO results.

With crosswinds one is unable to get out of the loop and
avoid PIO, Clearly close to the ground is the most
difficult task.

Turbulence was noticeable, crosswind was a significant
workload.

SUMMARY COMMENTS: Tendency to PIO near the ground is a major problem.
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T FLIGHT/PILOT
y-4 Wep = 2.0 Cp = 1.06 A
--’ 0.5 }'
PILOT RATING: OVERALL 7 APPROACH 4 PIO 3 SP 7
WIND/X-WIND: 00/05 TURBULENCE: Light Mg * 0:60

FEEL:
e Forces:

e Displacement:
® Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

o Special Inputs:

e PIO Tendency:
AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

High but didn't want them lighter.

No comments.

No comments.

Initial lag then moved somewhat slowly.

Mismatch betwen initial and final response lead to over-
controlling.

Had to tone down inputs. Fly less aggressively for landing.
Tendency to overcontrol on ILS but on landing and go-

around there was a tendency to PIO.

Not too much of a problem.

Once on I did pretty well.

Visual (Sidestep): Went well until the final part of flare and on go-

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

around.
Trouble in setting a predictable attitude near the ground.
A significant difference; flare and landing the problem.
Can't reduce aggressiveness.
Noticed, did complicate ILS task somewhat.

Major factor was inability to get a quick, precise attitude
for landing task, PIO resulted.
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CONFIGURATION
- ) FLIGHT/PILOT
4-4 Wgp = 2.0 §SP =1.06 psbies

--/ 0-5 / -
PILOT RATING: OVERALL 6 APPROACH 3 PIO 3 SP S
WIND/X-WIND: -08/00 TURBULENCE: None M6ES = 0.34
FEEL:

e Forces: Reasonable in steady state; transient forces heavy.

e Displacement:
e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

]

t
o Special Inputs:

e . PI0 Tendency:
AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Large, heavy in transient inputs.

A good choice.

Very, very delayed.

Didn't seem to have as much problem as anticipated; did
PIO but predictability was good enough that it was clearly
bounded.

Had to overdrive it and remove input.

Could anticipate final response even though some tendency
to PIO was evident. Closed-loop oscillation was control-
lable. Couldn't hurry response much.

Fairly good.

Good.

Visual (Si&estep): No problems.

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Easy to overshoot, especially on takeoff. Was a problem
very inert and couldn't achieve touchdown points as
desired.

Landing was the most difficult.

None, smooth day, tailwind; turbulence wouldn't be a
problem anyway.

Almost inert at slow speeds. Bothersome in landing -
like flying a large transport. Couldn't precisely
control pitch attitude near the ground.
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CONFIGURATION FLIGHT/PILOT
4-4 Wep = 2.0 $cp = 1.06
=ed Q.55 1894/A
PILOT RATING: OVERALL -- APPROACH 5 PIO 2 SP 3
WIND/X-WIND: 00/0S TURBULENCE: Light M8£S = 0.51
FEEL:
o Forces: Fairly high but wouldn't want lighter.
3
e Displacement: No comments.
e Sensitivity: No comments
* PITCH ATTITUDE RESPONSE:
e Initial: Lagged.
® Predictability: Wasn't very good but not too bad either. 4
? o Special Inputs: Necessary to try to anticipate, reduce aggressiveness.
e PIO Tendency: Tendency to overcontrol.
AIRSPEED CONTROL : More attention required because of lags in pitch but
never bad.
PERFORMANCE :
o Approach Tasks:
ILS: Able to do it.
Visual (Sidestep): Approaches went fairly well.

e Landing tasks: Not performed.

o Differences: Not applicable.
WIND AND TURBULENCE: Not a factor.
SUMMARY COMMENTS: No comments.
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o Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
| o Approach Tasks:
| ILS:

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

CONF IGURATION
od ol 190
-4 -- /16 900/A
{ PILOT RATING: OVERALL 4 APPROACH 1% PI0 2 SP 3
WIND/X-WIND: 15/09 TURBULENCE : Moderate M5ES = 0.51
i FEEL:
o Forces: Comfortable.

No comments.

No comments.

No comments.

Seemed reasonable enough but flare and touchdown was
puzzling; higher workload and reduced predictability.

Hunting for touchdown point because of problems in the
pitch response.
No tendency to PIO just not precise near the ground.

No problem.

Good.

Visual (Sidestep): Good until near touchdown.

Surprising problems near touchdown; had to work harder.
Clearly landing was the most difficult.
Changing crosswind on. approach required special attention.

No major problems but hunting in the flare and waveoff
was bothersome.
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CONFIGURATION
" Wep = 2.0 gSP . 1.06 FLIGHT/PILOT
w7 i .- 1 1903/A

PILOT RATING: OVERALL 3 APPROACH 3 PI0 1 SP 3
WIND/X-WIND: -01/0S TURBULENCE: None MGES = 0.34
FEEL:

e Forces: Comfortable.

o Displacement: No comments.

e Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
e Initial: No delay; initial impression was that it was going to be

trouble but didn't materialize.

e Predictability: Felt worse on the ILS than on visual approaches.

e Special Inputs: None.

o PIO Tendency: None.
3
AIRSPEED CONTROL: Not a problem.
PERFORMANCE : :
o Approach Tasks: é
ILS: Went well.

Visual (Sidestep): Okay.

o Landing tasks: Did have a minor hunting tendency in the landing, not a 3
big problem.

e Differences: No real differences. ]
WIND AND TURBULENCE: Not a factor.
SUMMARY COMMENTS: Some worry about a final pitch attitude on ILS but a

minor problem. Some hunting in pitch attitude; again a
minor problem.
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CONF IGURATION
> = FLIGHT/PILOT
4-19 Wep = 2.0 $sp = 1.06
S 1893/A
PILOT RATING: OVERALL 9 APPROACH 6 PIO 4 P9
WIND/X-WIND: -01/04 TURBULENCE: None Mg, g = 026

FEEL:
e Forces:

@ Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

o Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Visual (Sidestep): Could do sidestep and visual approach reasonably well.

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Quite high maneuvering, comfortable on ILS.
No comments.

No comments.

Felt like it was glued in concrete.

Reasonable on approach but not near the ground.

No comments.

Could control level of PIO until very close to the ground.

Reasonable.

Couldn't chase it otherwise overcontrolling resulted, had
to work hard.

Got into PIO near the ground, not divergent but large
amplitude. Attempt to limit aggressiveness but cannot do
that near the ground.

Had to work hard at all times but very difficult to con-
trol near the ground.

Not a factor.

Tendency to overcontrol on ILS but at 10 feet a full PIO
developed which was the major problem.
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CONFIGURATION
Wep = 2.0 §sp e FLIGHT/PILOT
4-11 1905/A
-/ -- /16(4th)
PILOT RATING: OVERALL 8 APPROACH 3 PIO 4 SP 7
WIND/X-WIND: 01/07 TURBULENCE: Light "555 = 0.51

FEEL:
e Forces:

e Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

® Predictability:

Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL :

PERFORMANCE :
o Approach Tasks:
ILS:

Okay in ILS but very spongy in landing PIO.

No comments.

No comments.

Clearly some lag, spongy.

Some mild predictability problems on ILS; real problem
close to the ground.

Try your best to tone down input.

Strong tendency near the ground where aggressiveness

cannot be avoided.

Some difficulty because of poor control of attitude.

Okay, but working at it.

Visual (Sidestep): Okay until near the ground.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Strong PIO near the ground was a problem.

Flare and touchdown the most difficult task.

No problem.

A big problem in the touchdown phase.
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CONF IGURATION BaE
LIGHT/PILOT
5-1 Wep = 3.9 $p = 0.54
- 1890/A
PR ey
PILOT RATING: OVERALL 7 APPROACH .- PIO 3 SP 4y
WIND/X-WIND: 03/04 TURBULENCE: Light Mg = 0.94

FEEL:
e Forces:

e Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

® Predictability:

o Special Inputs:

e PIO Tendency:
ATRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Comfortable on ILS but appeared overly sensitive; changed
to suit needs of flare.

No comments.

No comments.

Tendency to bobble.

Not predictable enough, hard to define. Must tone down
inputs with jumpy airplane.

No comments.

Tendency to PIO in flare, low frequency hard to understand.

Fairly reasonable.

Went well.

Visual (Sidestep): Approaches okay.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

sl ) o st o i PR

Clearly different - demanded aggressiveness which
resulted in PIO,

Landing the worst.

Turbulence noticeable, a factor.

Overly sensitive airplane, got into a low frequency
PIO on landing. Hard to evaluate.
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CONF IGURATION —
L
w - 3'9 L 0.54
5-1 sp Ssp 1901/8
- I - / -
PILOT RATING: OVERALL APPROACH 4 PIO 3 P 4
WIND/X-WIND: 05/06 TURBULENCE: Light Mg = 0.60

FEEL:
e Forces:

o Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

e Special Inputs:

o PIO Tendency:
AIRSPEED CONTROL:

PERFORMANCE :
@ Approach Tasks:
ILS:

Little heavy.

Perhaps a little large.

Good, on the heavy side in turns, sensitive on landing.

Quick, abrupt and objectionable.

Pretty good on approach but on landing predictability
deteriorated. Tended to oscillate in flare.

Had to smooth inputs near the ground.

Of the order of 4 half-cycle oscillations near the
ground when a change in attitude required.

Good feel for airspeed changes, stiff in terms of
airspeed, not a problem.

Pretty good but not as good as desired.

Visual (Sidestep): Comfortable; some evidence of very small amplitude

® Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

pitch oscillationms.

Tendency to oscillate; oscillations were bounded.
Yes, PIO problems only evident in flare and touchdown.
Strong pitch response to turbulence was bothersome.

Tendency to PIO in flare and touchdown was the major
problem. Secondary problems were high initial pitch
response and abrupt response to turbulence. Note:

could do the tracking task without any PIO tendency.




; CONFIGURATION
; --/10.25 / -- 1886/A
§ PILOT RATING: OVERALL 8 APPROACH -- PIO 3 SP
WIND/X-WIND: 07/06 TURBULENCE: Light M5ES = 1.0
FEEL:
e Forces: Felt okay, good compromise.
e Displacement: No comments.
® Sensitivity: No comments.
PITCH ATTITUDE RESPONSE:
o Initial: Felt okay on ILS, but not so at other times.

e Predictability: Required double input to get desired attitude.
Not required.

¢ Special Inputs:  No special inputs on ILS (hard work), but at other times |
was confusing. 3

e PIO Tendency: Tendency to PIO in flare.
AIRSPEED CONTROL: Airspeed bounced around, some difficulty.
PERFORMANCE :
e Approach Tasks:
ILS: Okay.

Visual (Sidestep): only a problem on touchdown.

o Landing tasks: A problem, working really hard to remain safe.
o Differences: Significant increase in workload near touchdown.
WIND AND TURBULENCE: Really felt turbulence.

SUMMARY COMMENTS: Previously discussed.




CONF IGURATION
5 Wep = 3.9 gsp % 0.5 FLIGHT/PILOT
i 1901/B
--/0.25 / --
PILOT RATING: OVERALL 6 APPROACH 2 PIO 3 G . 4
WIND/X-WIND: -08/08 TURBULENCE:  Light : "555 = 0.73
FEEL:
e Forces: Comfortable.
e Displacement: Okay.
e Sensitivity: Good.

PITCH ATTITUDE RESPONSE:
e Initial: Smooth, reasonably prompt on approach; in landing and take-
off initial response mismatched with final response.

® Predictability: Good on approach; unpredictable in flare and touchdown.

o Special Inputs: None mentioned.

e PIO Tendency: Only near the ground.
ATRSPEED CONTROL: Stiff but couldn't guess that by the control response to
E _ pilot inputs; good.
1 PERFORMANCE :
3 o Approach Tasks:
] ILS: Great except for some problem with turbulence response.

Visual (Sidestep): Only problem was in take-off after landing.

o Landing tasks: Tended to land long with tailwind problem; when flown
accurately, tended to get a mild PIO on landing and lift-

off. .
e Differences: Landing the most difficult task; very sensitive tc the *
tightness with which you do the task. :
WIND AND TURBULENCE: Strong pitch response to turbulence. .
i

SUMMARY COMMENTS: Couldn't see any initial abruptness until turbulence
was encountered. Tendency to PIO on landing and lift-
off was major problem.
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]
CONF IGURATION
= = FLIGHT/PILOT
5-3 Wep = 3.9 $sp = 0.54
~=/0.25/ -- . 1904/A

PILOT RATING: OVERALL 4% APPROACH 3 PI0 2% SP §

WIND/X-WIND: -06/02 TURBULENCE: None MGES = 1.0

FEEL: |
e Forces: Not noticeable. ;

s
e Displacement: No comments.
\

o Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
e Initial: No special problem.
@ Predictability: Couldn't really define the problem.
e Special Inputs: No comments.
e PIO Tendency: Did oscillate near the ground, but hard to define.

AIRSPEED CONTROL: Had some difficulties on the ILS, not great.

& PERFORMANCE :
' o Approach Tasks:
ILS: Fair.

Visual (Sidestep): Okay.

o Landing tasks: Some difficulties, got into a slight oscillation.
e Differences: Most difficult near the ground; not really strong
g differences.
w WIND AND TURBULENCE: Noticed the turbulence but not a major problem.
SUMMARY COMMENTS: Confused about the airplane; had to work too hard on I
: landing. |
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o A FLIGHT/PILOT
5-3 Wep * 3.9 {sp * 0.54
-=/0.25/ -- 1890/A
PILOT RATING: OVERALL -- APPROACH 4 PIO 1 SP 4
WIND/X-WIND: 04/03 TURBULENCE: Light MGES = 1.0

FEEL:
o Forces:

e Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
@ App;oach Tasks:
LS:

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS :

Comfortable forces.

No comments.

Sensitivity okay.

Responded in desired fashion.

Predictable enough.
Very responsive to turbulence, annoying, increased
workload.

No special inputs or PIO tendency.

Pretty good.

Went well.

Visual (Sidestep): Appears okay.

Not done.
Not applicable.
Turbulence noticeable and is a factor.

Annoying aircraft to fly, hard to evaluate. Tendency
in pitch to wander off a problem, tended to come back.
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CONF IGURATION
% & FLIGHT/PILOT
5-3 Wep = 3.9 $p = 0.54
--/0.25/ -- 1901/B
PILOT RATING: OVERALL -- APPROACH 3 PIO 1 SP 4
WIND/X-WIND: -05/06 TURBULENCE: None MbES = 0.85

FEEL:
e Forces:

o Displacement:

o Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

e Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Visual (Sidestep):

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Good.

About right.

Appropriate.

Quite prompt.

Good.

None.

None.

Easy, tended to fly slow.

Quite good in smooth air.

than normal.

Not done.

Not applicable.

Equally good, easy; could fly more aggressively

Smooth generally but did see a pitch bucking which was

undesirable on occasion.

Suspect that it would be unsatisfactory
turbulence; only problem was turbulence
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CONFIGURATION
= - FLIGHT/PILOT
5-" wsp 3.9 ‘sp 0.54
RS i 1903/A
PILOT RATING: OVERALL 6 APPROACH 2 PIO 2% SP s
WIND/X-WIND: -05/02 TURBULENCE: None MaES = 1.19

FEEL:
o Forces:

o Displacement:

® Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
® Approach Tasks:
ILS:

Comfortable on ILS; little high on visuals.
No comments.

No comments.

Some initial lag.

Some problem which was very apparent in the flare; not
a factor on the approach.

None on ILS. Had to reduce aggressiveness in landing
task.
A mild tendency in landing task.

No difficulties.

Went well.

Visual (Sidestep): okay.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Not good, had a tendency towards a low frequency PIO.
Had to work hard to achieve desired touchdown point.

A significant difference; clearly the landing task was
the most difficult.

Not a factor.
Had difficulties in the landing task with a tendency

to PIO.
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CONFIGURATION
- : FLIGHT/PILOT
5-5 Wep = 3.9 Csp = 0.54

--/ 1.0/-- 1904/A
PILOT RATING: OVERALL 7 APPROACH 2 PIC 3 SP 4
WIND/X-WIND: -06/02 TURBULENCE: None M5ES = 1.45
FEEL:

e Forces: Comfortable.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

e Special Inputs:

o PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :

o Approach Tasks:

ILS:

No comments.

No comments.

A mismatch with final response.

No problem for non-aggressive inputs. Near the ground

it was a problem,

Try to reduce aggressiveness.

Near the ground it was there in the form of a large over-

control tendency.

Not a problem.

Good.

Visual (Sidestep): Good until near the ground.

e Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Obviously a problem; tendency to PIO.
Flare and touchdown the most difficult.
Turbulence noticed but not bothersome.

In aggressive situations, such as near the ground, there
is a mismatch between initial and final response which
leads to a strong tendency to overcontrol.
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CONFIGURATION e oo
0
Wep = 3.9 Cop = 0.54
5-6 sP sP
72 1901/B
PILOT RATING: OVERALL 6 APPROACH 3 PIO 3 SP 6
WIND/X-WIND: -08/09 TURBULENCE: Light Mses = 0-77

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

o Predictability:

® Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Light then heavy in steady-state.

Okay.

Selected a compromise.

Sensitive, quick; sensed a lag when flying close to the
ground.

Adequate.

None.

Same tendency to oscillate in flare and touchdown.

Good; tended to be fast due to tailwind.

Good.

Visual (Sidestep): Good, except for pitch response to turbulence.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

b

Problems: bothered by tailwind and tended to oscillate
near the ground - just didn't like the configuration.

Didn't like it for either one in turbulence; landing
was more demanding.

Turbulence response was objectionable.

Pitch oscillation was bounded but uncomfortable and tend-
ed to downgrade aircraft accordingly. Abrupt initial re-
sponse and strong turbulence response were objectionable.
Should likely be a 5; confused about rating. In smooth
air approach would be a 3.
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CONFIGURATION e
% . LIGHT/PILO
5-7 Wgp = 3.9 $p = 0.54
-/ -- J12 1903/A
PILOT RATING: OVERALL APPROACH 2 PIO 3 SP 7
WIND/X-WIND: -02/0S TURBULENCE:  None Mpes = 0.89

FEEL:
e Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

e Initial:

e Predictability:

o Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Comfortable.

No comments.

No comments.

Something confusing there but not identifiable.

Only a problem with aggressive inputs used in landing task
then a high frequency PIO resulted.

No comments.

No direct comments.

Not a problem.

Went well

Visual (Sidestep): Went well

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Was the problem area; got into a relatively high
frequency PIO.

Significant differences; landing task the most difficult,

Not a factor.

Major problem was high frequency oscillation in landing
task.
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CONF IGURATION R
= = LIGHT/PIL
-4 -- /16(4th) ks
PILOT RATING: OVERALL 7 APPROACH 3 PIO 3% SP 9
WIND/X-WIND: 01/07 TURBULENCE: Light MbES = 1.0
FEEL:
e Forces: Comfortable, except during speed changes.

o Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

o Initial:

e Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

Visual (Sidestep):

e Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No comments.

No comments.

Delayed, than a fast response.

Okay for approaches but poor for aggressive parts of task.

Try to get mean of PIO under control.

High frequency PIO occurred in flare and touchdown.

Bothersome, tend to wander with turbulence.

Okay.

Okay .

Get into high frequency PIO near the ground; said control-
lability was in question then decided that it was not.

Yes, clearly more difficult in landing.

Noticeablé on approach but not a factor in landing task.

Responds to turbulence and, in tight situations, there is
a tendency towards a high frequency PIO. PIO is major
problem,
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rotagergena FLIGHT/PILOT
6_1 wsp = 1.9 ;SP = 0.65 1888/A
(Unmodified YF-17 Control system)
PILOT RATING: OVERALL 10 APPROACH -. PIO 4 SP 9
WIND/X-WIND: 06/05 TURBULENCE: Light MﬁES = 0.30

FEEL:
e Forces:

o Displacement:

@ Sensitivity:

PITCH ATTITUDE RESPONSE:
o Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

o Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

T

Heavy initially, comfortable during ILS.

No comments.

No comments.

Lags.

Very poor predictability.

Had to use slow smooth inputs on ILS.

Definite PIO.

A lot of attention required.

Went fairly well except near the end lateral directional
performance deteriorated.

Visual (Sidestep): Visual approaches deteriorated rapidly near the

ground.

No compensation possible to resist PIO near the ground.
WNorked intensely to prevent PIO (managed one landing).

Significant differences, performance worst close to the
ground.

Not a factor.

Tendency to lag and then take off - very unpredictable
in pitch. Not controllable.
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r o T e e Ve
IR AT FLIGHT/PILOT
6-2 Wep = 1.9 $sp = 0.65 pdin
(Modified YF-17 Control System)
PILOT RATING: OVERALL 2 APPROACH -- PIO SP 1
WIND/X-WIND: 06/0S TURBULENCE: Light "ﬁgs = 0.34

FEEL:
o Forces:

o Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
e Initial:

o Predictability:

o Special Inputs:

e PO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
ILS:

Comfortable.

No comments.

A little high but not a problenm.

Good, prompt.

Predictable.

No special inputs.

No PIO tendencies.

Good.

Okay.

Visual (Sidestep): Visual approaches good.

o Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No problems.

None.

Not a factor.

Comfortable to fly,
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CONF IGURATION g
1891/A
PILOT RATING: OVERALL APPROACH -- PI0O 1 - |
WIND/X-WIND: 07/01 TURBULENCE: Light Mg s = 0.43

FEEL:
o Forces:

o Displacement:

o Sensitivity:

e Initial:
® Predictability:
o Special Inputs:

E e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

® Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

PITCH ATTITUDE RESPONSE:

Kind of heavy but didn't want any lighter forces.

No comments.

No comments.

Funny pitch attitude response: felt spongy, drift in
steady state. Couldn't define problem, something
mismatched.

Not predictable in the long term.

No comments.

No tendency to PIO.

Went pretty well.

Went well, had to pay attention to attitude because of
long term difficulties.

Visual (Sidestep): Went fairly well.

Worked harder than desired and didn't understand why.
Performance was satisfactory.

Not much difference, worked equally hard on both. Flare
seemed slightly more difficult but not a big difference.

No comment.

Problem was getting a good steady-state response quickly
and reliably.
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CONFIGURATION o
L LOT
7_2 Tdoublo x 4 sec /

1894/A
PILOT RATING: OVERALL 3 APPROACH  -- PI0 1 P 3
WIND/X-WIND: 00/05S TURBULENCE: Light Mg = 0.34
FEEL:

o Forces: Bit high, aircraft felt spongy.

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:

o Initial:

o Predictability:

e Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
e Approach Tasks:
ILS:

No comments.

Would have preferred more sensitivity.

Okay .

Fairly predictable but some sponginess in attitude
response.

None.

None.

Pretty good.

Went well.

Visual (Sidestep): Went well.

e Landing tasks:

e Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

Maybe the sponginess was more bothersome in flare but
no obvious difficulties.

Not really much; landing was a little more difficult.

No comments.

Spongy feeling was there but didn't really affect
performance.
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CONF IGURATION
T o5 5 FLIGHT/PILOT
7-3 double 1897/A

PILOT RATING: OVERALL 4 APPROACH 2 PI0O 1 sp. 8

WIND/X-WIND: 08/13 TURBULENCE: Moderate "555 = 0.26

FEEL:
e Forces: Comfortable except a little high for touchdown.
e Displacement: No comments.
e Sensitivity: No comments.

PITCH ATTITUDE RESPONSE :
e Initial: Seemed okay. §
o Predictability: For aggressive inputs wasn't as good as desired. ;
¢ Special Inputs:  None. f

E e PIO Tendency: None.
' AIRSPEED CONTROL: Turbulence was a factor; couldn't identify an airplane f
related problem. 1
PERFORMANCE : ‘
& Approach Tasks:
ILS: Good.

Visual (Sidestep): Okay.

o Llanding tasks: Had to work too hard to make pitch corrections. Not as
crisp as desired.

o Differences: Flare and touchdown was more difficult but not a great
difference.
WIND AND TURBULENCE: Moderate crosswind and turbulence increased workload.
SUMMARY COMMENTS: Airplane was somewhat confusing; couldn't get precise
control in landing task.
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bt g FLIGHT/PILOT
T < 2 sec
- doubl
7 3 a 1898/B
PILOT RATING: OVERALL 6(3TD) APPROACH 6 PIO 1 SP s

WIND/X-WIND: 10/11

TURBULENCE: Moderate Mg = 0.21

FEEL:
o Forces:

e Displacement:

e Sensitivity:

PITCH ATTITUDE RESPONSE:
o Initial:

o Predictability:

® Special Inputs:

e PIO Tendency:

AIRSPEED CONTROL:

PERFORMANCE :
o Approach Tasks:
iLS:

Somewhat light at first, selected heavier.
Okay.

Ended up with a good level.

Little slow.

On approach: poor, wanted to keep going, not solid.
In landing: with higher gain could control attitude
surprisingly well.

Could use high gain effectively, almost with a
dither type input.

Not seen on approach.

Average on ILS; Okay.

Very poor, not an instrument airplane.

Visual (Sidestep): Better.

¢ Landing tasks:

o Differences:

WIND AND TURBULENCE:

SUMMARY COMMENTS:

No great problem. Used tight attitude control.
Significant difference; worst on ILS approach.
Not much turbulence but significant crosswinds.

Very confusing to evaluate since landing was much
better than approaches. ILS approach was very
demanding, high workload.
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APPENDIX II
TASK PERFORMANCE RECORDS

The purpose of this appendix is to present task performance records
for a representative sample of evaluation configurations. On each evaluation,
performance records were taken for the last 60 secs of each landing approach
task. The data were recorded on a 28 channel digital tape reporder and a
back-up oscillograph recorder; unfortunately, undetected problems within the
tape recorder resulted in the loss of the data from 9 of the 24 flights.
However, the remaining data provide a reasonably complete coverage for the
range of configurations evaluated during the program.

Since a complete presentation and analysis of the performance data
gathered during this experiment is beyond the scope of this volume, the data
from selected configurations are presented as background for the discussion
of the results in Section 4. More detailed performance records and additional

analysis of the data are given in Volume II.

The variables selected for presentation of approach, landing, and
tracking task time histories are:

HP - Pressure altitude ~ ft
(runway elevation was 590 ft mean sea level but,
of course, pressure altitude at touchdown varied).

NZP - Normal acceleration at front cockpit (6 ft ahead of
c.8.), positive for pull up~rg's. (In several
cases NZ, normal acceleration at the c.g. is
presented instead.)

THET - Pitch attitude, positive nose up -~ deg.

FES - Cockpit pitch stick force, positive aft =~ 1b.
VIAS - Indicated airspeed =~ knots.

THR - Throttle position ~ in.

TRK - Tracking needle, pitch attitude error = commanded

pitch attitude minus pitch attitude ~» in.
(1 inch = 5 deg pitch attitude).
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The approach and landing performance data presented are for
nﬁproxilltely the last 30 seconds prior to touchdown (T.D.). Also presented
are 15 second records for the pitch-attitude error tracking task discussed in
Subsection 3.5 along with the associated record of pilot stick force input for
the tracking task. For example, consider Figure 11 which presents the ILS
and tracking task records for Configuration 1-1. The sharp vertical lines on
the tracking needle record are the commanded pitch attitude changes; the pilot
then attempts to return the needle to the zero position by changing the
aircraft's pitch attitude. In this case he can do so with little or no
overshoot.

Unfortunately the scales for key parameters, like stick force, are
not always the same. Care should therefore be exercised when comparing
configuration performance records.

Note that the 1P, VIAS and TIIR records wcre filtered with a 3rd
order, 0.5 cycles per second digital filter (zero phase lag) for clarity.
The combination of a very poor selection of scale factor and a problem with
the static pressure transducer necessitated this step.

The following records are presented in this appendix.

CONFIGURAT ION TASK FIGURL
1-1 ILS and Tracking 11
1-3 ILS and Tracking 12
1-3 Visual and Tracking 13
1-3 ILS (Low Approach) 14
2-1 ILS and Tracking 15
2-4 ILS and Tracking 16
2-4 Visual and Tracking 17
2-4 ILS (Low Approach) 18 e
2-7 ILS and Tracking 19 3
2-7 Visual 20
2-9 ILS 21
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CONFIGURATION TASK FIGURE
3-1 ILS and Tracking 22
3-6 Visual 23
3-6 ILS 24
4-3 ILS and Tracking 25
4-10 ILS and Tracking 26
4-10 Visual 27
5-3 ILS and Tracking 28
5-6 Visual 29
6-1 Visual 30
6-1 ILS and Tracking 31
6-2 Visual and Tracking 32
7-3 ILS 33

Note: Pilot ratings shown on t_itles are for the overall task
and the approach aione: OVERALL/APPROACH.
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APPENDIX III
CONFIGURATION TIME HISTORIES

The purpose of this appendix is to provide a picture of the effects
of the control system dynamics on the response of the aircraft to pilot inputs.
Time histories of the normalized constant speed pitch rate response (Q) to a
step stick force input are presented for all the configurations evaluated in
this experiment. For comparison, the response of the base aircraft, that is,
the configurations without additional control system dynamics (Configurations
1-1, 2-1, 3-1, 4-1 and 5-1), are included as a dashed line on each time
history. Note that the feel system and actuator dynamics are included in all
cases.

For all the time histories, the unity gain form of the transfer
functions was used and ( K;- Bas )Ss was held constant at 0.75. Therefore,
all the time histories have the same steady-state value to facilitate
comparisons. A time scale of either 3 or 6 seconds was chosen depending on
the response shape of the configuration.
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APPENDIX IV

PARAMETER IDENTIFICATION TECHNIQUE
AND CONFIGURATION CHARACTERISTICS

One purpose of this appendix is to present a brief outline of the
parameter identification procedure used to identify the characteristics of
the base aircraft dynamics for each set of evaluation configurations. In
addition, an outline of the calibration procedures is presented along with
a summary of the detailed dynamic characteristics of the identified
configurations. Finally, the approach speed schedule employed in the
program is presented, along with a review of the effects of these approach
speed variations on the aircraft dynamics.

[} DIGITAL PARAMETER IDENTIFICATION PROCEDURE
by Dr. K. S. Govindaraj

During the past ten years, techniques to identify the stability
and control derivatives of a rigid body aircraft have been developed and
steadily refined. The iterated Kalman filter and the maximum likelihood
techniques have been extensively used for time-domain identification of the

St et = S

s e ot it e

é stability and control derivatives. (For example, References IV-1, 2). The
3 transfer functions may be determined once the stability and control

, derivatives are identified. Since the transfer function coefficients

i determined are more closely related to flying qualities parameters, it is

i desirable to identify the transfer function coefficients directly.
E Ref. IV-1. Chen, R. T. N., Eulrich, B. J. and Lebacqz, J. V., '"Development
- of Advanced Techniques for the Identification of V/STOL Aircraft
;; Stability and Control Parameters", Calspan Report No. BM-2820-F-1,
§§ﬁ August 1971.
£
i

IV-2. EBulrich, B. J., Mesiah, C. and Lyons, J.R., "F-106A Models for
Use With the BML and LS Parameter Identification Computer
Programs: Description and User's Guide", Calspan TIFS Memo No. 823
July 1977.
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The equations of motion may be transformed, by a linear transforma-
tion into the transfer function form. This special form for identification
is called the phase variable form (Reference IV-3). The numerator and the
denominator cocfficients of the transfer functions of the states representing
the equations of motion are the parameters of the phase variable form. The
stability derivatives may be determined once the phase variable parameters
are identified. A brief description of the phase variable form for identi-

fication is given in this subsection.

The equations of motion that are used for identification may be
described by a set of first order differential equations of the form

: e () « Falét) + Gu (¢)
(1)

4 (¢) = Halt)

where ¢ is an »xg1 state vector, « is a scalar input, and 4 is a por’

measurement vector.

With the transformation

£ =Ty (2)
] the transformed equations are given by
l g ehytGpu
(3) 3

r 5= 4y

Ref. IV-3. Govindaraj, K.S. and Rynaski, E.G., "Parameter Identification
Using Canonical Transformations", Calspan Flight Research f

B Memorandum No. 524, November 1977.
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The elements of the last row of the

(s)

F, matrix are obtained from

the coefficients of the characteristic polynomial # |

” »-4
|s1-F| = s"+ a,, s
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The rows of the transformation matrix are obtained from the
coefficients of the numerator polynomials of the transfer functions of the
states of Equation (1). For instance, the numerators of the transfer
functions «,/« and «,/u are

”(%4‘) = Ly s+ t:,” s 2, S+ 2y
(7N
¥(2) = tm S G by ST 1y Sty

The stability and control derivatives are obtained from the phase
variable form by transforming back into the equations of motion form (1):

F=rErt
@~ 76, )

The advantages of the phase variable form for identification are ;
significant. The transformation is canonical, which means that we obtain
the minimum number of parameters required to define the dynamic characteristics , |
of the airplane completely. This tends to eliminate the problem of linear '
dependency among parameters and enhances identifiability of parameters. Both
stability and control derivatives and flying qualities parameters a.e obtainec,
so the data are in the correct form for aerodynamicists, flying qualities
engineers and flight control system designers.

An additional technique has been developed by Calspan for the
identification of unstable aircraft characteristics; this technique was used
successfully in this program to identify the characteristics of Configurations
7-1 and 7-3,both of which were statically unstable aircraft. Simply stated,
the method involves a translation of all the characteristic roots such that
the unstable root is translated into the left half-plane, i.e. to a stable ;
location. The identification procedure is then employed; the characteristics
are identified and then the roots are translated back. Thus the unstable |
characteristic root can be successfully identified,which would not be the '
case using standard digital identification procedures.
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The flight calibration records and the match produced using the
identified digital characteristics are presented for all the basic aircraft
dynamic configurations in Figures 41 through 50 . Note that the calibra-
tion data were obtained by having the pilot simply fly the aircraft in a manner
which provides sufficient variation in the response parameters and a range
of input frequencies. The initial pitch doublet was included for reference
and is not a requirement of tne calibration procedure. Typically, 30 second

records were analyzed; only 24 seconds are shown in the figures.

For the figures, the following units apply:

THET - pitch attitude ~ deg

Q - pitch rate ~ deg/sec

W - body axis vertical velocity (c.g.) ~ ft/sec
DES - longitudinal stick position ~ inches

(aft positive)
U - longitudinal true velocity ~ ft/sec
NX - longitudinal acceleration ~ ft/sec2
(forward positive)

NZ - normal acceleration ~ ft/sec2 (positive down)

In comparing the quality of the match between the flight and

identified data for different configurations, care must be taken with the

scaling of the plots; through the magic of digital plotting routines the
scaling is not always the same.

Configuration 7, the configuration with an increasingly unstable
characteristic root, was by far the most difficult to identify consistently.
In fact, Configuration 7-2 could not be satisfactorily identified because
E' the available flight record was of poor quality. Since it was not possible
to repeat the flight records, the characteristics for this configuration were
estimated using the results from Configurations 7-1 and 7-3.
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The identified characteristics for each aircraft dynamic configura-

tion are summarized in Figure 51 through 61 which are discussed further
in the next subsection of this appendix.

L) CONFIGURATION AIRCRAFT DYNAMIC CHARACTERISTICS

The detailed dynamics characteristics for each base aircraft
configuration (1-1, 2-1, 3-0, 3-1, 4-0, 4-1, and 5-1) plus Configurations 6,
7-1, 7-2, and 7-3 are presented in Figures 51 through 61 for the
nominal 120 KIAS landing task speed. These summaries present all the
longitudinal dimensional stability derivatives relative to body axes, the
solution to the characteristic equation (typically into short-period and
phugoid modes), and the transfer functions of « , « and & with
respect to ;¢ . The dynamics of the high frequency elevator actuator
are not included in these summaries. Some of the stability derivatives
require special definitions because of the nature of the identification
procedure; see Appendix V for details.

For the summaries, velocities are in ft/sec, angular rates are in

rad/sec, trim pitch attitude (THET) is in degrees, and Ses (D1) is in
inches. Format is outlined on Figure 51 . The definitions of the deriva-

tives are given in the list of symbols.
] CALIBRATION PROCEDURES

The electronic filters which represented the simulated control
system dynamics for each configuration were calibrated on the ground by
standard frequency response and step response measurements.

The augmented aircraft dynamics for Configurations 1-1, 2-1, 3-0,
3-1, 4-0, 4-1, 5-1, 6, 7-1, 7-2 and 7-3 were identified from special calibra-

tion records taken in flight at the nominal weight conditions (135 KIAS approach

speed, flaps 45 deg) using the digital parameter identification technique
described in the first subsection. These identified characteristics were then
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extrapolated to the appropriate landing task speed, which for the nominal case
is 120 KIAS. As shown in the final subsection in this appendix, the changes
in the dominant dynamic characteristics, such as the short period dynamics,
with changes in approach speed and weight, are not large. Further, after

each flight evaluation, short-period calibration records were taken (where
appropriate) to ensure that the correct base configuration had been evaluated.

® APPROACH AND LANDING SPEED SCHEDULE

The approach speed was varied with changes in fuel remaining or
aircraft weight to maintain approximately the same stall margin at all times. ]
The following schedule was used:

Wei
Fuel Remaining (Cals) ?15:; Indicated Approach Speed, Kts
150 (+ S0) 11,700 125
250 1 12,350 130
350 i 13,000 135*
450 < 13,650 140
550 i 14,300 140

*Nominal Case, Iy ~ 22, 800 slug-ft2

The speed appropriate to the last 50 ft prior to touchdown, or the
landing task, was approximately 15 knots below the appropriate approach speed.

Accordingly, for the body of the report, the dynamic characteristics
appropriate for the nominal landing speed of 120 KIAS are used. Since a
configuration could be evaluated at different weights and therefore approach
speeds, the dynamic characteristics did vary somewhat. These variations are
discussed in the next subsection.
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® EFFECT ON LONGITUDINAL CHARACTERISTICS OF SPEED VARIATIONS

As discussed in the previous subsection, a given configuration
could be evaluated at different aircraft weights and approach speeds, depending
on when the configuration was evaluated during a flight. The longitudinal
characteristics quoted in the report are for the nominal aircraft weight at
the landing task speed of 120 KIAS. When flown at other weights, the
landing task speed could vary from 110 to 125 KIAS. Fortunately, because
the speed and weight both varied when a configuration was flown at off-
nominal weights, the longitudinal dynamic characteristics did not vary more
than + 5% with the range of off-nominal speed and aircraft weights encountered
during the program. Essentially the tasks were flown at constant angles of

attack.

For a given configuration, the approach speed was approximately 5
15 Kts faster than the landing task speed, i.e. between 125 and 140 KIAS.
When a heavy weight, approach-only, evaluation was performed the speed was ;
145 KIAS. For the approach task, the dominant characteristics, such as short
period frequency and pitch control sensitivity are about 20% higher than the
landing task values. The value of 1;h is about 10% less and the short
period damping ratio is unchanged. The phugoid characteristics can be viewed
as essentially unchanged, considering that the overall accuracy with which
these characteristics were identified is somewhat less than that for the

T —

short-term characteristics.
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APPENDIX V
LONGITUDINAL TRANSFER FUNCTIONS

In this appendix, the longitudinal transfer functions are developed
in support of the discussions in the text. The equations of motion applicable
to the identification procedure and the detailed summaries of configuration

characteristics discussed in Appendix IV are:

& qu. -9 cos &, -4, ! -a' : —X‘-“ ]
Sas
o 2, L. -9sing 4, w %5,
= +
9 M, Mo o My »
8 o 0 o ! 0
s Al 1 ] St £ =

These equations imply that the reference axes are body axes and
For small angles, &, = V,, the trim
true airspeed, and &£, ~ -‘% ’ «, w(x), & and §,; are
incremental values from the reference trim condition.

that the wings are always level.
The variables

Note that the equations do not contain the derivatives ¥, and
Mz . These derivatives cannot be derived separately from the identified

transfer function coefficients - recall that the parameter identification
procedure identifies the transfer function characteristics directly.
M..y is effectively included in the identified derivatives in the above matrix.
(%, assumed zero). For example, the identified M" is really the basic 110
«, M“., , and Mv is the basic Mw' M" Z,_ . This definition of the
derivatives does not affect the accuracy of the identified transfer functionms.

The transfer functions for longitudinal stick inputs which follow,
written in "lumped" derivative form, are representative of the transfer
functions presented in Appendix IV for each configuration (except Configuration
7 which all have an unstable root). The specific derivatives which comprise
each lumped parameter can be derived from the equations.
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where
Ka = X Ses
£y, = 35“
£ = Ms,

If the assumptions of constant speed and 6, = 0 are made,
and small terms are neglected, then the following transfer functions result:
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; The following relationship can be derived from these transfer
f functions.




APPENDIX VI
SIMULATION MECHANIZATION

This in-flight experiment was performed in the three-axis variable
stability NT-33 aircraft, modified and operated by Calspan for the USAF.
The desired control system dynamics were simulated by altering the NT-33
"fly-by-wire" control system with suitable electronic circuits. Aircraft
dynamic characteristics for each simulation configuration were achieved by
using the variable stability response feedback system in the NT-33. As
previously discussed in Section 2, the feel system characteristics were
held fixed throughout the experiment; the feel system dynamics were
mechanized using an electrohydraulic servo with position and rate feedbacks
to control the frequency and damping. Although available, no friction or
breakout forces were included in the simulation.

The desired short period dynamics were achieved by feeding back
@ and ¢ signals to the NT-33 elevator actuator with the appropriate
feedback gains; these gains were determined during special calibration
flights. Unstable « feedback gains were used to produce Configuration 7.
It is important to remember that because response feedbacks are used to the
elevator, the numerators of the longitudinal transfer functions remain
those of the NT-33 airframe. Specifically, 25, is therefore the same

for all configurations. Figure 62 shows a simplified block diagram of the
mechanization of the aircraft dynamics. Figure 4 in Section 2 shows the
complete longitudinal block diagram for the evaluation configurations.

Dynamics of the sensors and filters used in the NT-33 are defined
in Reference 12. For this program a first order filter, 7T = .03 secs,
was installed in the « feedback to the elevator to reduce the high
frequency control surface activity in the turbulence when high « feedback
gains were used to achieve Configuration 5 short period dynamics. For the
& gains used in this program, the effect of this filter is not considered
to be significant; reference the excellent identification matches presented

in Appendix IV.
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Figure 62: SIMULATION MECHANIZATION

With the response feedback loops closed, the NT-33 actuator roots
will migrate somewhat; but since the roots are at high frequency, the move-
ment is not of consequence and the characteristics can be viewed as fixed.

The lateral-directional characteristics simulated in this experi-
ment were achieved using the appropriate response feedback gains in a manner
analogous to the longitudinal characteristics.
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