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SYMBOLS AND ABBREVIATIONS

Symbol

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

DES Pitch control stick displacement, positive aft (inches)

Roll control stick force, positive right (ib)

Pitch control stick force, positive aft (lb)

Rudder pedal control force, positive right (ib)

Steady-state stick force per unit norm al acceleration, at

constant speed (lb/g)

• Acceleration of gravity (ft/sec2)

~.4p Pressure altitude (ft)

Moment of inertia about body x-axis (slug-ft 2)

Moment of inertia about body y-axis (slug-ft2)

1~. Moment of inertia about body z-axis (slug-ft 2)

Product of inertia in body axes (slug-ft2)

Steady-state gain of constant speed ei~ transfer function

(rad/ib)

L~ 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)
- 

= (
~ - I~j U~~

’ (L~5 + L~ N~~)
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• SYMBOLS AND ABBREVIATIONS (CaNT.)

Symbol

Aircraft mass (s lugs)

)t4 body axis dimensional pitching moment

2derivative (rad/sec per 0)

Yawing acceleration commanded by rudder pedals about z-body

axis (rad/sec 2 per inch)

Yawing acceleration commanded by rudder pedals about z

principal axis (rad/sec2 per inch)

= ( - ~~~~~~ )
~l

(
~~~ 1%~L~,,

)

Longitudinal body axis acceleration, positive forward (ft/sec2)

r~~(WZ) Norma l acceleration at c.g., positive for pull up; negative up

for identification records (g’s or ft/sec2).

Steady-state norma l acceleration per angle 3f attac k (g ’ s/rad )

NiP Normal acceleration at pilot’s station, positive for pull up

• 2(g’s or ft/sec )

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

s Laplace operator (1/5cc)

t Time , seconds

Td Time to double amplitude, seconds

T~~R Throttle position (inches ) • •
.
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SYMBOLS AND ABBREVIATIONS (CONT.)

Symbol

TRK Tracking needle displacement (inches)

U Velocity along x body axis (ft/sec)

Perturbation velocity from trim along x body axis (ft/sec)

Vind (VIAS) Trimmed indicated airspeed (knots)

VT 
Trimmed t rue airspeed (knots)

Perturbation velocity from trim along z body axis (ft/sec)

= L )X body axis dimensional X-force derivative

(ft/sec2 per ( ) )

Z .i IX body axis dimensional 2-force derivative
• 

( )  m~~~~( )
(ft/sec per ( ) )

• Angle of attack (deg or rad)

Angle of sideslip (deg or rad)

£ Roll stick deflection at grip, positive right (inches)

Pitch stick deflection at grip, positive aft (inches)

Aircraft elevator deflection , positive trailing edge down (rad)

• 
Rudder pedal deflection, positive right (inches)

Elevator actuator damping ratio

- 
• Dutch-roll damping ratio

~ Phugoid damping ratio
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SYMBOLS AND ABBREVIATIONS (CONT .)

Symbol

Short period damping ratio 
-Lp

Damping ratio of second (and fourth) order prefilters

Damping ratio of numerator of transfer function

9(THET) Pitch attitude (deg or rad)

Transport time delay ,e~
’ (sec)

Time constant of contro l 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 e/ ~~ transfer function (sec)

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

Bode frequency (rad/sec)

Undamped natural frequency of actuator (rad/sec)

• Dutch-roll undamnped natural frequency (rad/sec)

Undamped natural frequency (rad/sec)

Phugoid undamped natural frequency (rad/sec)
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SYMBOLS ANT) ABBREVIATIONS (CONT.)

S1!th~I

( )  Rate of change of ( ) with time ((  )/sec)

~ 
)
~ 

Initial or trim value of ( )

Abbreviations

cg. Center of gravity

EP Evaluation Pilot

ItS Instrument Landing System

• KIAS Knots, Indicated Airspeed

• ms Millisecs

PlO Pilot Induced Oscillation

PR Pilot Rating

SP Safety Pilot

~~~~~~~~~~~~~~~ • — -—— ... ~~~~~ 
• 

• 
- - • - - - • ~~~~~~~ ‘• - • -~~~~• • •1k~ — -~ 

-

— —~~~~~ —--~~ .• ~~~~~~~~~~~~~~~~~~~ .~~ ..



-- —5 -— —~~~

• Section 1
INTROWCTION AND PURPOSE

In recent years, the demand for increased fighter capability, in
combination with the demonstrated reliability of modern electronic systems,
has j i~ to more complex flight control systems . . For example, the latest
fighter aircraft designs include sophisticated digital flight control

concepts and revolutiouary fly-by-wire flight contro l systems. Th. additional

co~~lexity 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-P-8785 8 (Re ference 1) are not
adequate to evaluate the flying qualities of modern highly augmented fighter

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 ns.d, 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
fighter aircraft for maneuvering and tracking tasks (Flight Phase Category A).

Ref. 1. Anon, “Milita ry Specification, Flying Qualities of Piloted
• Airplanes: MIL-F-87858(ASG), ”August 1969.

2. Parrag, N. L. B., “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 Handl ing Qualities ,”

APFDL-TR-68-90, July 1968
4. Neal, T. P. and ~~ith , R. B ., “An In-Flight Investigation to Devsl.p

Control System Design Criteria for Pigh t.r Airpl ansa (Vol.1 I I ) , ”
• APPDL-TR-70-74 , December 1970 .

5. Booth., B. N.,  Chen , R. T. N., and Chalk, c. R., “A Two-Phase
Investigation of Longitudina l Flying Qualities for Fighters ,”
AFFDL-TR- 74-9 , April 1974.

1
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Ia partic~iLar, pitch maneuver response criteria which consider the total
aircraft dynamic system were developed by Neal and Smith (Reference 4) for
figkter aircraft performing tracking tasks . The closed-loop pitch attitude

tracking criterion of Reference 4 has, in fact, been used with good success
• as a fly-jag 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

(Re ferences 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 F33615-7l-C-
1254),” AFFDL-TR-72—4l, April 1973.

7. 1.~yhew, D. R., “A Proposal and Justification for Revision Selected
Portions of f4IL-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 .
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• 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-

elation 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-3 3A until satisfactory longitudinaly flying qüalitie.
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 observa t ions .

The purpose of the research program described in this report may

be summa rized as follows :

• To gather pertinent background data on the longitudinal flying

qualit ies of highly augmented fighter aircraft for the landing 
•

approach flight phase - including the flare and touchdown

• (Flight Phase Category C , Class IV.)
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• To s’ow 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 th. landing approach tasks which arc
applicable to aircraft with complex control systems , as
well as those whose dynamics can t~ descr ibed by classical

parameters.

• To gather data on pilot induced oscillations (PLO’ s) in

the landing task with which existing I’IO criteria can be

eva luated.

Details of the research program using the NT- 33A in-fli ght simulator
to study the effects of control system dynamics on landing approach longitudinal
flying qualities are presented in this report. The report is organized as
follows: a sumeary of the design of the experiment is presented in the next
section, followed by sections on the conduct of the experiment, a discussion
of the results , and finally the pertinent conclusions. Detailed background
material and data are presented in a series of appendices. This report is
Volume I of a two volume report on this research program; Volume II contains a
more complete presentation of the performance data and additional analysis of
the data.
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Section 2

EXPERIMENT DESIGN

The purpose of this section is to describe tne control system ~r .d
aircraft characteristics for each of the configurations evaluated during the
program . A discussion of the technique used to identify the longitudinal
cha racteristics of the evaluation configurations and a more detailed sunurtary
of the characteristics is presented in Appendix IV. The reader is referred

to Appendix V for a brief discussion c~f 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 OBJECT IVE S

The objective of the in-flight simulation program was to produce an

approach and landing longitudinal flying qualiti ~s data base from *irh a
suitable response criterion, applicable to highly augmented fighter airciaft,
can eventually ~e 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.E.
The following subsection is directed at the prima~ry evaluation configurations.

2.2 EXPERIMENT VARIABLES

Thc block diagram of Fi~ure 1 represents how the pilot would View

the total longitudinal pitch dynamic “package” which he flies.
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Ô

Figure 1: LONGI11JOINAL 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 digita l computational

delays- to produce a higher-order system. The term “higher-order system” is

used to describe a system with additiona l 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 :

• Airc raft short period dynamics

• Contro l sys tem dynamics

• Task
- Ful l 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 eva luation configurations are discussed in the
following s~~sections. Other important characteristics which are not
controlled variables in the experiment are discussed in the fina l subsections.
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2.3 AIRCRAF T S} )RT PERIOD DYNAMICS

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

K 
(T92

5..’. l)
6 / z

ES ~. f 5  
~ _ _ _ _

L~~~~~~ 1

‘ .5p 5 j0

Five combinations of ~~~~~ and 4’~~ 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:
• = 120 knots

• V,. = 205 ft/sec

• ‘~,/a. 4.5 g/rad

• = 1.4 sec

• I/t
9 

0.7 rad/sec

45g/nzdj
10
8 t---- f --~.-i-~-i-~-~ 6 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

::::x:: Plight Phase 
1-~ --4---1-54 4 - Category C 

~~~~~ ~-..f-”• ~~~~— Level 2

“SP 2 ~~~~ 
.~~.Q 

~~~~ 
d’1~~ (PR.6.5)

rad/sec ~~~ !~ : 4 1

1 :.~.......+14J ~~~~~~ ~a ~~~~~
0.8 - 

~~~~
--÷ 4-MW~ • -- - ‘ ---

~~~

• - - •

0.6
0.1 0.2 0.4 0.6 1.0 2.0

• 
•
‘

Figure 2 : COMPARISON OF PRIMARY SHORT PERIOD CONFIGURATIONS WITH MIL F 8785B
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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

specifically selected because it was predicted to be PLO-prone . Along with

those configurations in which the addition of control system dynamics produce

PLO’ s, this configuration was intended as an appropriate test of the PLO
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, _L__ 
, or

Z~2 s + 1

~- . s # f
• First order lead/lag, I , or

• Second order lag prefilter / 
, or

~~Z 
___ 5 -4 - 1

(4)
3

• Fourth order lag prefilter /

(3
2 

~ 24 ~~~~~~~~~~~~~
J\ i J,~ a)#

Ref. 9. Smith, R. B. , “A Theory for Lon~itudina 1 Short—Period Pilot
Induced Oscillations,” AFPDL—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 al l the

evaluation configurations are presented in Appendix III.

• Values of r, and Z~ 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 s
- 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.

• Val ues of ~iJ 3 in the second order prefilter were
selected over a wide range:

- When (1)3 is approximately the same magnitude

as the short period frequency, the shape of the

response to pilot inputs can be significantly

altered by the additior~ of this control system
element.

- When 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.

- ‘~ = 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 W3 = = 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 digita l flight control system

due to computational delays.

2.5 ADDITIONAL EVALUATION CONFIGURATIONS

Since the approach and landing results of the YF-l7 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 PlO

criterion suggested in Reference 9. In addition, inclusion of this case

affords the opportunity to evaluate thoroughly a significant anoma~y in the

world of simulation: the extreme PlO 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 
•

longitudina l static instability, three statically unstable configurations

10
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were evaluated. Essentially these configurations are Configuration 2-1 with
the center of gravity moved aft of the neutral point ~~~~~~~~~ These configura-
tions are representative of failure states which could possibly occur in highly

augmented aircraft like the F-l6 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:

e 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
IV .

2.6 CONF IGURATION SUMMAR Y 
-

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 ~i:alities 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. 5., “On the Evaluation of the YF-16 and YF-l7 Aircraft
Using Longitudinal Maneuver Response Criteria, Calspan FRM
No. 510, November 1975. -

5

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 susinaries 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:

PILOT 
___ H~

T T E.(~
z
~~~~ ,)F

CONTROL SYSTEM AUGMENTED AIRCRAFT
*Feel system and actuator dynamics were fixed ; details are in Subsection
2.7.

The value of K0 is a function of the elevator gearing selected by the
eva luation pilot as discussed in Subsection 2.8.

The CONTROL SYSTEM and AIRCRAFT D\L.AflICS fnz the primary evaluation
configurations are summarized in Figure 3; the important characteristics
of the additional configuration s are summarized in Figure 4. Remember
that the tota l configuration dynamic model for each configuration include s
the fixed dynamic contribution of the feel system and the actuator.
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SIDRT PERIOD DYNAMICS
(Nominal)

CONTROL
V. ,., = l2O KtSYSTEM

DYNAMICS — 4 .5 g/rad; Z 9t — 1.4 soc
____ _______  ________  _______

r2 ~~~~~~ 
“

~~~+ /~~~~

‘

+ 1 .0/ .7 4  2 . 3/ . 5 7  2 . 2/ . 25  2 . 0/ 1 .0 6  - 3.9/.54

0.4 0.1 - - 1-A 2-A

0.3 0.1 - - 1-B 
________ _________ ________ ______

0.2 0.1 - - 1-C 2-C 3-C 4-C 
______

0 0 - - 1-1 2-1 3-1(3-O)~ 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 - - -~ 1-4 2-4 4-4 

_____ 

5-4
1.0 

• 
- - 5-5

0 16/.? - 
‘ 

1-6 2-b 3-6 4-6 5-6
12/ .7 - 2-7 3-7 4-7 5-7
9/ .7 - 1-8—— 61.7 - 2-9 

_ _ _ _ _  _ _ _ _  _ _ _ _

4/. 7 - 2-10 440 
______

0 0 16/ .93 16/.38 1-11 2-11 4-11 5-li

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.

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

• Complete aircraft dynamic characteristics are presented
in Appendix IV.

Figure 3: Summary of Primary Evaluation Configurations 
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CONF IQIRATION CONTROL SYSTEM DYNAMICS &~~ p / ~sa’

(.$s # i’)(. ~3 s .,. t)
-‘ 6-1 

52 (7)  1.9/.65
(YF-17 Original) (.~~~#1)(f.!3#1)(~ y # 4

~, 54s f)

6-2 
(S,#/)(.~~.~3#~)(.065~-1) 1.9/ .65

(YF-17 Modified) ( .Zs÷1) ( I 5# 1 )  ( 1 . 7 5  - i - i )  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Time to Double Amplitude , T~ (Sec)
7-1 ____________________________________
7-2 

_ _ _ _ _ _ _ _ _ _ _ _ _  ________________________

7-3

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

• 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 lb/in was chosen and essentially zero breakout or friction forces were
present. The feel system transfer function is:

. F2 ~~ (Ln/ !b)
FES (.~! -~ 2(.~~)$

The NT-33 pitch actuator characteristics were essentially constant

for all configurations (see Appendix VI) with the following values: •

75 rad/sec -

- 0.7
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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 conf igurat ion, as
discussed in more detail in Section 3. Ideally each dynamic configuration
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. To minimize the effects of these weight variations on stall
margin and dynamic characteristics, the approach speeds were selected as a

• function of the fuel load or weight of the NT-33. The complete speed

schedule and associated variations in configuration dynamic characteristics

as speed and weight varied are presented in Appendix IV. Since these

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. Since the

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. Details of the effects of weight and speed variations are
presented in Appendix IV.

In su ary, the approach and landing speeds at the monimal weigh are:

• Approach : 135 KIAS

- 5.6 g/rad)
• Landing: 120 KIAS --

(Less than 50 ft above touchdown)
4.5 g/rad

a 1.4 sec
15
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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:

.17 rad/sec

.15

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 charac teristics 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.
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“
d ~ ~ 1.3 rad/sec

~~ 
0.2

~ 1.5

z 0.3

z 7S sec
I 2Nd, 0.2 rad/sec
RP in.

= 0.7 rad/sec
2

The following lateral-directional feel characteristics were held
constant for all the configurations eva lua ted .

25 
(

• 
f/b)FA~s 

- 

‘~~~~~# Z ~~~
7

~~~~t/)

~ RP 0/7
F4~p (s

2 
~~~ z �.~~s *i) 

(~~~ n. /Ib)

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 IJSAF 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
found in Reference 12.

3.1 1JSAF/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

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.

Ref. 12. Hall, G. W . and Huber , R. IV., “System Description and Performance
Data for the USAF/Caispan Variable Stability T-33 Airplane”.
AFFDL-TR-70-7l, Italy 1970.
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Figure 5 LJSAF/Calspan Variable Stability NT 33 Aircraft
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Figure 6 :  Evaluation Pilot Cockpit in NT-33 Aircraft

20

- - 

: —- - :  -. - - - - 
- 

~~~~
‘

~~~~
-‘ 

~~ 

-

;~~~~. ~~i: 
- 

“
.5-—
’

I —
. 

- — —5—-— — ~~~~~~~ —— _________________________________________ — —



- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ----- - -.---_-•----,-------

--— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3.2 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.

3.3 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 300 and speed brakes up at the approach speed
appropriate for the fuel weight (see Appendix IV) and 2000 ft

above ground.

• EP sampled the pitch sensitivity and made initial selection -

he could request a change at any time during the remainder of

the eva luation.

- 
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• 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 450 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.

• EP performed “take-off” after  touchdo wn (touch and go land ing),
climbed to downwind for visua l landing; visual landing
included an intent iona l la teral  sidestep maneuver; offset
wa s about one runway width at 0.5 mm from touchdown point ;
visua l procedure was repeated for second landing .

• SP then took control a fter c l imbout  from second visua l
landing whi le  EP assigned p i lot  rat ings for both overall
task , and approach task if possible , using appropriate p ilot
rating scales. EP then made comments using the comment card

and reviewed ratings and noted any changes if f inal  rating
was different than initial rating. (Sec Subsection 3.6

for details).

• EP was give n control again to perform LL~ c rete 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 SU*IARY
p

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.

F • ILS approach under simulated instrument conditions, down
to 200 ft above runway, followed by a visual landing, plus

• Two visua l close patterns and landings ,with an intentional —

offset maneuver on close final in each case.

For those evaluations wh ich 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
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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.

+1 -

w
0

_ _ _ _  

- n  

_ _ _  _ _ _

° 1 
j  

U LI” ~~~~~~~~

-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 task 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. j

Ref. 13. Cooper, G. E. and Harper , R . P. Jr., “The Use of Pilot Rating in
the Evaluation of Aircraft Handling Qualities,” NASA WD-5153,
April 1969 .
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The pilot was also required to assign a PlO rating in accordance
with the scale shown in Figure 9 .

In addition to these ratings , the safety pilot assigned a pilot
rating before the evaluatior 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 spc,.ific items listed on the Pilot Comment Card, which is

reproduced below.

PILOT COMMENT CARD

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

2. Pitch attitude response to inputs required to perform
task.
- initial response
- predictability of final response
- spec ial pilot inputs?
- tendency towards PlO?

3. Airspeed Control?

4. Approach per formance:
- ILS -

- visual approaches (sidestep maneuver)

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

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

7. E ffects of turbulence/wind

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

9. Su ary (brief) : - - - -- major problems - good features
10. Cooper-Ikrper Pilot Rating (separate re.t ings for different

tasks if possible) - PlO rating.

26

5- 

L ____________ 

____

_ 5 -~~~~, . p .. 
- - 

-

—I .5- 
.p
.
—.~

-5 - — — - - - .~~~~~ . - —.~~—- ~~~~~~~~~ ~~~~~~~~~~~ 
- ~~~~~~~~~~ - -_ - _- - - - 5- --- - -

~~ --------- . . .  - . - -~ 
- — - —---—-.- -— .5— — -—--5---- --



~~~~~~~~~~~~~~~~~ 
-——--- — - -  -

__ ____ --5- __—— ~~~I I.E _ .  • ac~~ ~~~~~~ 
—- — 

~~~~~~~~
F(.csu.,. -

~~~~~~~1~~~~~

a ~~~ 
- ____  2

~~~~~~~~~~~~~~~~~~~~~ 1.w—esssai., -

I ” ’  - “a’. ~~~~~~~~ S
S 

~~~~~~~~~~~~~~~~~ 
_ _ _

U _ 
_

_

L_J 
~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “
VU 

~~~~~~~~~~~~~~~~~ I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~ ,S dli.c.s,.css W4l~~~~~ USIaS~S — ~~~~ JS~LIL~~~ 7
,. MM5-S’S - ~~~~~~~~~ ~~—~~~ ,~ O.I~SU~s

— 
______ 

•
~ ~~~~~~~~ 

R d .  — C~~~~ SRIdSR S IS~~~~Sd

~~,.. ~~~~~~~~~~~~~~~ 
I. I~_Sd~.

VU

~~~~~~~~~ }.....4 ~ ~~~~~~~~ 

d i  ~~~~ S~U

I • ~~ MSS5- •I .~~ *Sd U.r ~~ —...s.I. S ~~~ Is—. — 5 —
I ~~~ — I — -S ~~~~~~~~ —

Figure 8 : Cooper-Harper Pilot Rating Scale

NUM E RICAL
DESCRIPTION RATING

NO TENDENCY FOR PILOT TO INDUCE UNDESIRABLE I
MOTIONS

UNOESI RABLE MOTIONS TEND TO OCCUR WHEN 2
PILOT INITIA TE S ABRUPT MANEUVE RS OR ATIEMP TE
TIGHT CONTROL. THESE MOTIONS CAN SE PREVENTE D
OR ELIMI NATE D BY PILOT TECHNIQUE .

UNDESIRABLE MOTIONS EMILY INbUCE D WHEN PILOT 3
INITIATES ASRUPT MANEUVE RS OR ATTEMPTS TIGHT
CONTROL. THESE MOTIONS CAN BE PREVEN TED OR
ELIMINATED BUT ONLY AT SACRIFICE TO TASK PER.
FORMANCE OR ThROUGH CONSIDERABLE PIL OT
ATTENTION AND EFFORT.

OSCILLATIONS TEND TO DEVELOP WHEN PI LOT INITIATES 4
ABRUPT MANEUVERS OR ATTEMPTS TIG HT CONTROL .
PILOT MUST REDUCE GAIN OR ASANDON TASK TO
RECOVER.

DIVERGENT OSCILLATIONS TEND TO DEVELOP WHEN B
PILOT INITIATES ABRUPT MANE UVE RS OR ATTEMPTS
TIGHT CONTROL PILOTMU ST OPEN LOOP BY RELEASING
OR FREEZING THE STICK.

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

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

3.7 EVALUATION SUMMARY

Two evaluation pilots participated in this flying qualities

investigation; their backgrounds are as follows:

PILOT A - Caispan Research Pilot, limited experience

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

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 f l ights of

approximately 1½ hours each. The distribution of evaluations and flights

between the pilots is as follows:

PILOT A PILO~ _B~
Flights: 17

Evaluations with
Landings: 51 21

Evaluation with Low- 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 && o ,  ~~~ Category C

boundaries from NIL-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
Aircra ft~~ Control_System~

2
~ ______OVERA LL(

~

) APPROACHT3)
Config. 

~~~~~~~ PILOT A PILOT B PILOT A PILOT B

1-A 1.0/.74 0.4 0.1 - 6(4TD)
B 0.3 0.1 - 5
C 0.2 0.1 - 4 4

1— 1 - - - 4 4 2
-2 - 0.1 - 5
-3 - 0.25 - 9 10 6* 6*
-4 - 0.5 - 10
—6 — - 16 5 5*,2
-8 - - 9 8 5
—1 1 — - 16(4th) 9 5

2-A 2.3/.57 0.4 0.1 - 4 6 2 3
—C 0.2 0.1 — 1½~4,3,1!~ 3

2—1 - - - 2 2 3*
—2 - 0.1 - 4½ 4

10 

3*

— 11 — - 16(4th) 8

3-C 2.2/.25 0.2 0.1 - 2 5(4TD) 5
3—0 2.1/.14 — - - 5,4
3—1 2.2/.25 - — - 5(4TD)4 7(5TD) 5 7

1 .2 - 0.1 - 7 6*
- 3 - 0.25 - 10 7*

1 - 6  — — 16 7 6 5 5
-7 - - 12 8 5 

—
- — -- .5,-
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TABLE 1: PILOT RATING DATA SUMMARY (CONT.)

PILOT RATING
Al rcraft~~ Control_System(2) OVE ALL(4) APPROACH~

3
~~

No. ~~~~‘ 
_____ 

w5 PILOT A PILOT B PILOT A PILOT B

4—C 2.0 /1.06 0.2 0.1 - 3 3 1~ 2
4-0 2.1/1.23 - - - 6
4—1 2.0/1.06 - - - 2
—3 — 0.25 — 5,7 8 2 5
-4 — 0.5 — 7 6 5*,4 3
-6 - - 16 4 1½
—7 — - 12 3 3
-10 - - 4 9 6
— 11 - - 16(4th) 8 3

5—1 3.91.54 — — - 7 5 4
-3 — 0.25 - 4½,8 6 4* ,3 3*,2
—4 - 0.5 - 6 2
— 5 - 1.0 - 7 2
—6 - - 16 6 3
—7 — — 12 6 2
—11 - — 16(4th) 7 3

6—1 1.9 1.65 UnmodIfied YF-17 10
—2 Modified YF-17 2

Td (Sec )

7-1 ~ 6 - -. - 4
-2 ~- 4 - - - 3
—3 ~ 2 - - - 4 6(3TD) 2 6

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

V,. 205 ft/sec; ,
~~
/a 4.5 g/rad; 

; 
1.4 secs.

(2) Complete control system Includes feel system and actuator dynamics
(see Subsection 2.7); 16 rad/sec fourth order pref liter
designated : 16(4th) 

-

(3) Asterisk (*) Indicates evaluations for low-approach only task

(4) TD stands for “touchdown” ; pilo t 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 -87858 Level I 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 C~)~~ 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.

These comparisons with -8785B Category C flying qualities bounda-

ries serve two purposes: first, the reasonable correlation of several of the
configurations (2-I, 3-I 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
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
-87853 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
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.

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 peri od frequency. The results from this experi ment corroborate this
finding; for example, consider Configurations 1-2 and 2-ll In each case the

phase lag of the control system at the short period frequency is on the order
of 30 dog, 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 configu*-
tions are presented in Appendix III and illustrate the effects of th~ various
types of control system dynamics evaluated . The high fr.qu.ncy elements,
such as the “-6” cases , effectively preserve the shape of the short period
response but introduce a transport t ime 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 th . experi ment was to determine whether the
final stage of th, approach and landing task - the flare and touchdown - is
the critical piloting task. Evidence fro. the sja&l.tion of the if-li proto-
type with the origina l control system (R.f.rence 12) suggested that the maj or
pitch flying qua liti.s proble ms 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 SO 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 touchdown 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
PlO 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 
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system dynaai cs, th. pilots often coemented that th. flare and touchdown task
was seater than the approach task. Th. pilot could fly the aircraft better
in the flare than on the approach for reasons which further anal ysis will
hopefully expose. All of these configurations, except I-A , have a comeon
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. ~arin.g the less demanding approach task , the basic aircraft problems
are more apparent and therefore annoy the pilot.

The evidence fro. 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 significantl y by the demands of the landing task.
Two factors which must be considered , before the credibility of these observe-
tions is established, are:

• Influence of around effect: although no data was
taken to doc~~~nt the NT-33 ground effect, the
influence of ground effect in producing the severe
flying qualities degradation noted for certain
configurat ions 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-te rm
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

-.5-., ’
flying qualities were a result of significant changes 

- - -

in the pilot ’ a standard of performance near the grou nd.
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e 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 configuration 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 PlO’s near the ground, even

when the pilot fortuitously made the fla~re without a

problem, his next attemp t to correct pitch attitude would
cause a disastrous P L O . 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 l’IO 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 OP 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

tho task- perft.rmance time histories shown in Appendix 11 are in order.

• Configuration 1:

The base configuration for this set (1-I) 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 (1-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 PlO problems (PR=1O), as shown in the performance record s (Figur es
11-2,3). 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 lbs are evident. In contrast, for the low approach evaluation (PR=6),

only a “mild” PlO 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 control

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.

• 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, conf irms
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 ~~ 2.5 rad/sec, (~~~~~ 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 uninistakeable PlO (PR=9) 5-

is evident during the last 10-15 seconds of the task ( 50 ft to touchdown)

with stick inputs of + 10 lbs at 5 rad/sec present. Again, a similar PlO is

evident in the tracking task records. The low approach performance (Figure

18 ) is reasonable with no evidence of a similar PlO (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 -
. 

-

tendency to oscillate in pitch attitude but the stick force oscillations are
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only + 5 lb 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 lb 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 PlO’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 PlO’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 P10-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 PlO 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 lbs 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 5:

The overall pilot ratings for this set of configurations with high

ei~~ do not change significantly across the total range of control system
dynamics evaluated. In addition, there is some evidence that these configua-

tions were difficult for the pilots to evaluate consistently (Configuration

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 PlO (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 PLO 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 P10 problems .
The pilots specifically noted that the PlO was “high frequency” for these

- .5 
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configurat ions. Configuration 5-6 task performance records are shown in
Figure 29; no real evidence of a PlO 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-l7
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~lO) flown

- if such a distinction is permissible; the pilot suddenly found himself in

a startling divergent P10 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 PlO “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 YP-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~~~) 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

— ‘4) 7-

and , if &/a.’,, << F ,

(4W),,
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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cii,7 Control System Element ‘
~~e,4’iy (“fl)

16 “-6” 90

12 “—7” 120

9 “-8” 160 -

6 “—9” 230

4 “-10” 250

16(4th) “—1 1” 165

30 Feel System 4~ —

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 aircra ft 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 (PRz6). 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 (PRr8). This configuration

was apparently difficult to rate consistently, since the next evaluation by
the same pilot resulted in a PR of 4½. 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, “IS,.
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A complete listing of the values of pitch control sensitivity
selected by the pilots for each evaluation is given in Table 1-1 of Appendix
I. The basis for the pilot ’s sensitivity selection is of interest. If he

was attempting to hold i~~ /~ constant, fo~ example, the pitch sens itivity
must change as ~~~~ for th. 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 prop ortion to the change in ‘dsp

• Increases in prop ortion to 4, when &~~ is
constant

• Increases as the effective lag time constant increas es .

I t would appear , pending the necessa ry detailed analysis , that the
pilot selects the pitch sensitivity as a function of the predomina nt system
time constant ,which is an equivalent value of ~

‘cv . In other word s , he
appears to want a constant pitch attitude respo nse 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 mu3t 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.

CLOSED-LOOP RESONANCE (dB)/PHASE ANGLE OF PILOT COMPENSATION (Deg)

BANDWIDTH (rad/sec)

Config. No. 1.5 1 2.0 2.5 
- - - 

3.0 
- 

Average PR
-- - - 

2-i 
-- - 

31-25 
- 

31-6 5/20 6/42 2
2-C -2/-25 3/-li 5/8 5/30 2½

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/-S - 8/ 17 
- 

15/4 0 40/55 10
2-li 2/-17 5- -7/ 11 - 11/40 19/52 8

4-2 -3/27 -2/50 3/65 8/74 6½

4—10 -2/37 4/57 12/71 32/77 9
5-1 -3/-43 0/-30 3/-18 12/-13 6

— 5—5 -3/-35 2/-23 91-14 20/-8 7

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~

46

—
.
~~ 

-l ;~~~ . - — 
-

- 

~. : - . ‘
~~~~~. .- - • - -

~~~
-— -

~~~~
-— - 

~~~~~~~~~~~
--- -- --

~~~
. 

-
~~~~
__ _

3
— —



-~~~~~~~~ -- --- -5— -—,

• 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.

• The sensitivity of the configuration to bandwidth appears

to be a very important parameter. Note that all the
satisfactory configurat ions show small changes in closed-
loop resonance while each of the unacceptable aircraf t
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
suitable longitudinal control system design criterion , or flying qualities
isquirement. for highly augmented aircraft in the landing task will require
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careful analysis of the dat a base produced in this experiment. The Neal!

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 5
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
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 :

• 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 PlO’s in the
landing task but not in the approach task; basic aircraf t
problems such as low short period damping or low static —

stability do not create PlO’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
trackin g 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 t ime 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 ~‘w
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Section 6
RECON4ENDATIONS

- 
- The results of this experiment provide a suitable data base for the

development of longitudinal flying qualities criteria for the landing approach

t task which are applicable to aircraft with significant control system dynamics.

The following recomeendat ions 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 dtgit~r~flighi
control sy~tems, on flying qualities for both the
landing 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 CO(+IENTS 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:

ION

2-C = 2.3 0.57

0.2/0.1/--

z ; w 3

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. ~ is the lead time constant, ~ 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 :

_ ,z5
• Feel System, = 

___________________
~ I
(...X..~.. .~. ~~L 1 ~ .

~~ /
I..2~ 26

___— - 

~~~~~~~~~~~~~~~~~~~~~L —~~~ —~~~~~~
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~~~~
-
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• Elevator Actuator , /

S z 2(7)3 
~~,

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

are more co~nplex, 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 - 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.

• Approach - 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.

• PlO - Rating using the Pilot Induced Oscillation

Tendency Scale.

Note : The PlO rating given was
approximately ½ 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
after evaluation tasks .

- In effect , this rating represents an
evaluation of the task performance ; the
effects of the stick forces and motions

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, M~ç
in rad/sec2 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~ci~ed
comments made by the pilot during each evaluation with reference to the Pilot
Comment Card discussed in Subsection 3.6. Comments on the lateral-directional

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 : SUWIARY OF EXPERIMENT RESULTS

Pi lot/ Aircraft
Config. Flt. Dyn. (1) Control_Syst.’_‘ Pilot Ratings Turb.’ ‘
No. No. W~~p/ ~~~

’
~~p ?‘, 

_____ ______ Overall/Appro. Level 
_____

1—A A/1894 1.0/.74 0.4 0.1 - 6(4TD)/6 L 0.17

1—B A/l886 0.3 0.1 — 5/- L 0.17
1-C A/1889 0.2 0.1 - 4/- L 0.20

B/1895 0.2 0.1 - 4/— L’ 0.30

1-1 A/1887 - - - 4/- M* 0.30
B/1907 - - - 4/2 L’ 0.19

1-2 A/1883 - 0.1 - 5/- L 0.26
1-3 A/1886 - 0.25 - 9/- L 0.17

B/1892 - 0.25 - 10/- L 0.17
A/1885 - 0.25 - -/6 L 0.26
B/1898 - 0.25 - -/6 M* 0.14

1-4 A/1884 - 0.5 - 10/- L 0.26
1—6 A/1899 - - 16 5/2 M* 0.26

A/1899 - — 16 -/5 M* 0.26
1—8 B/1907 — - 9 8/5 L’ 0.14
1—11 B/1906 

— 

- - 
- 

16(4th ) 9/5 L 0.12

2—A A/1904 2.3/.57 0.4 0.1 — 4/2 L 0.26
B/1907 0.4 0.1 - 6/3 L’* 0.25

2—C A/ 1885 0.2 0.1 - 4/- L 0.34

A/ 1887 - - - 1½]- M* 0.43

A/1890 - - - 1½]- M 0.34

A/1897 — - - 3/3 M* 0.26

2—1 A/1884 — - - 2/- L 0.30

B/1892 - - - 2/- L 0.34

A/1883 - - - -/3 L 0.26
2-2 B/1902 - 0.1 - 4/2 L’ 0.29

A/1905 - 0.1 - 4½12 L* 036
2—3 A/1891 - 0.25 - ~6/- L 0.43
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TABLE 2- : SU*IARY OF EXPERIMENT RESULTS (CONT.)

Pilot / Ai rcraft ‘2’ 
- 

- ‘3’Config. Fit. Dyn. (1) Control_S~st.’_‘ Pi lot Ratings Turb.’ ‘
No. No. e..-sol~~, 7. T

~ ~“a Overall/Appro. Level -__

-

2-4 A/1888 2.3/.57 - 0.5 - 9/— 1* - 0.64
A/1889 - 0.5 - -/5 L 0.64
8/1892 - 0.5 - -/3 L’ 0.38

2—6 A/1900 - - 16 511½ 14* 0.37
2—7 A/1897 - - 12 7/4 14* 0.34

B/1898 - - 12 6/3 L* 0.34
2—9 8/1895 - — 6 10/5 M’ 0.26
2-10 A/1893 - - 4 10/6 L 0.26
2—11 B/1906 - - 16(4th) 8/4 L 0.34

3—C A/1889 2.2/0.25 0.2 0.1 - 
~ /- 14 - .31

B/1898 0.2 0.1 — 5(4TD)/5 14*
-3-0 A/1884 2.1/0.14 - - - 4/- L 0.26

A/1887 — — - 5/- L* 0.17
3—1 A/1883 2.2/0.25 - - - 4/- L 0.26

8/1892 - - - 7(510)/- 1’
A/1893 - - - 5(4TD)/5 L 0.14

3—2 A/1885 - 0.1 - 7/- L 0.26
A/1887 - 0.1 - -/6 M 0.26

3—3 A/1890 - 0.25 - 10/6 L. 0.26
A/1897 - 0.25 - -/7 14 0.26

3—6 A11900 - - 16 7/5 14* 0.26
B/1902 - -

- 

16 6/5 L’ 0.21
3—7 A/1904 - - 12 8/5 L’ 0.34

4.

~

C A/1899 2.0/1.06 0.2 0.1 - 3/1½ 14* 0.47
B/1906 0.2 0.1 - 3/2 1’ 0.38

4—0 A/1885 2.1/1.23 - - - 6/- L 0.85
4—i A/1889 2.0/1.06 - - - 2/- 14 0.51
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TA8LE 2 : SUMMARY OF EXPERIMENT RESULTS (CONT.)

PilotI Ai rcraft ‘2’ ~
‘3’Config. Fit. Dyn. (1) Control_Syst.’_ ‘ Pilot Ratings Turb.’ ‘ Y&.

No. No. G”s,/ so Z 2~~ ~~~~ _ Overall/Appro. Level 
____

4-3 A/1891 2.0/1.06 — 0.25 - 5/- L 0.60
B-/1895 - 0.25 - 8/5 L’ 0.51
A/1899 - 0.25 - 7/2 14* 0.60

4-4 A/1894 - 0.5 - 7/4 
i 

L* 0.60

8/1902 - 0.5 - 6/3 1’ 0.34
A/1894 - 0.5 - -/5 L* 0.51

4-6 A/1900 - - 16 4/1½ M* 0.51

4-7 A/1903 - - l~ 3/3 1 0.34
4—10 A/1893 - - 4 9/6 1 0.26
4—11 A/1905 — — 16(4th 8/3 L* 0.51

5-1 A/1890 3.9/0.54 - - - 7/- L 0.94
B/1901 - - - 5/4 L 0.60

5—3 A/1886 - 0.25 - 1 8/- L* 1.0
8/1901 - 0.25 - 6/2 Ls* 0.73
A/1904 - 0.25 - 4½]3 1’ 1.0
A/1890 - 0.25 - -/4 L 1.0
B/1901 - 0.25 - 6/2 11* 0.73

5—4 A/l903 - 0.5 
I 

- 6/2 L 1.19
5—5 A/1904 — 1 0 - 7/2 1’ 1.45
5-6 8/1901 - - 16 6/3 11* 0.77
5—7 A/1903 - - 12 6/2 1 0.89
5—11 A/1905 - I — 16(4th) 7/3 1* 1.0

6-1 A/ 1888 1.9/0.65 Unmodified YF-17 10/— 1 0.30
6—2 A/l898 Modified YF-17 2/— 1 0.34 J
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TABLE 2 : SUMMARY OF EXPERIMENT RESULTS (CONT.)

Pilot/ Aircraft ‘2’ 13~Config. Flt. Dyn. (1) Control_System’_ ‘ Pilot Ratings Turb.’ ‘
No. No. 

___________ - 

2
~g W~ Overall/Appro. Level 

_____

7-1 A/1891 7~~ô,ee6 sec - - - 4/- L 0.43
7-2 A/1894 4 sec - - - 3/- 1.. 0.34

7—3 A/1897 2 sec - - - 4/2 14* 0.26

7-3 B/1898 2 sec - - - 6(3TD)6 M* 0.21

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

V~. = 205 ft/sec

= 4.5 g/rad

= 1.4 secs

(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 taliwind ~.5 kts; asterisk (*)
indicates crosswind >5 kts .
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CONFIGURATION

1— A ~~~)~~~~p 
1.0 

~~ 
= 0.74 FLIGHT/PILOT

0.4, 0.1/ -- 1894/A

PILOT RATING: OVERALL 6 (4TD) APPROACH 6 P10 I SP 3
WIND/X-WIND: -05/0 TURBULENCE: Light 0.17

F EEL:
• Forces : Comfortable for ILS , higher for landing but okay.

• Displacement: No comments.

• Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
• Initial : Airplane got underway well.

• Predictability : Seemed to initially get desired attitude but then drifted
off. Okay visually but not good on instruments.

• Special Inputs: Had to pay attention to long term response drift on
instruments.

• PlO Tendency: None.

AIRSPEED CONTROL : Worked harder than desired on ILS ; okay on visual
approaches .

PERFORMANCE :
• Approach Tasks :

u S :  Okay but worked too hard.

Visual (Sidestep): Okay reduced workload ,

• Land ing tasks : High forces but predictability was good; comfortable
no special control technique required.

• Differences : ILS was the most difficult.

WIND AND TURBULENCE: No problem.

SUMMARY COMMENTS : Major prob lem was final attitude response on tnstruarn~ttask.
(SP: seemed like an extreme rating on th. basis of th.

• porformance.)
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CONFIGURATION

1 B 
R i o  

~ ~ / 
~~~ 

= 0.74 FLIGHT/:I1OT

PILOT RATING: OVERALL S APPROACH -- PlO 2 SP 4 
-

WIND/X-WIND : 09/03 TURBULENCE : Light M5 0.17

F EEL:
• Forces . Forces a little light initially, made heavier for last

approach .

• Displacement: No comments .

• Sensitivity : No comments.

PITCH ATTIT UDE RESPONSE:
• Initial: Reasonable.

• Predictability : Lacking somewhat in flare.

• Special Inputs : Desire to tone down inputs to prevent tendency to bobble.

• PlO Tendency: Sight tendency to PlO.

AIRSPEED CONTROL : Nut a problem.

PERFORMANCE:
• Approach Tasks:

11$: Reasonable.

Visual (Sidestep): Visual fairly good, sidestep puts higher workload on
longitudinal .

• Landing tasks : Ihanting , a problem . Holding what I had rather than going
aggressively for the touchdown point.

• Di fferences : Could fly smoothly on approach couldn ’t at touchdown .

WIND AND TURBULENCE : Not significant in spite of higher winds . - 
-
. -

SUMMARY COMMENTS: Temd.ncy to PlO not just a bobble.

_______________  -- 

- - - 
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CONF IGURAT ION

i C  ~‘~sp 1.0 
~~ 

~~~~~~~~~ 

FLI GHT/PILOT

0.2/ 0.1 , 
89/

PILOT RAT I NG : OVERALL 4 APPROACH -- PlO 1 SP 2 
—

~~~

WIND /X-W IND: 05/03 TURBULENCE : Light MbES 
= 0.20

FEEL:
• Forces : Comfortable but had a slight tendency to overcontrol so

increased forces which helped (for last two approaches) .

• Displacement:

• Sensitivity: No comments.

PITCH ATTIT UDE RESPONSE :
• Initial : Felt comfortable.

• Predictability : Fair to good, some lack of precision but couldn ’t isolate
it.

• Special Inputs : Had to tone down inputs on first approach .

• PlO Tendency : Never saw a tendency to PlO.

AIRSPEED CONTROL : No diffi culty.

PERFORMANCE :
• Approach Tasks:

ILS: Reasonable.

Visual (Sidestep): Went okay .

• Landing tasks: Only bobbled with initial high sensitivity, the others
were not a problem.

• Differences: Only on first approach was the flare a problem.

WIND AND TURBULENCE: No coements.

SUMMARY COMMENTS: Could not get desired sensitivity without bobbling in
flare.
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CONFIGURAT ION
— 

i— C  
R 1.0 tsp 0.74 FLIGHT /PILOT

0.2/0.1 /
PILOT RATING : OVERALL 4 APPROACH -- PlO 1 SP 3
WIND/X-bflI4O: -10/02 TURBUL ENCE : Light M

~
FEEL:

• Forces: Felt heavy at low speed but good compromise.

• Displacement: No co~~ents.

• Sensitivity : Good selection .

PITCH ATTITUDE RESPONSE:
• Initial : Slow.

• Predictabilit~y: Reasonable.

• Special Inputs: Had to provide lead .

• PlO Tendency: None.

AIRSPEED CONTROL: Better, okay but not ideal.

PERFORMANCE :
• Approach Tasks :

ILS : Moderately good.

Visual (Sidestep): Relatively easy.

• Landing tasks: Didn’t have good tight control; slightly behind in flight
path control. Had to anticipate.

• Differences: Not significant, touchdown task hardest.

WIND AND TURBULENCE: Small crosswind, not difficult.

SLN4ARY COMME NTS: Slow, sluggish flight path and pitch response a problem
but it was reasonably predictable.
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CONFIGURATION
FLIGHT/PILO1

1—1 ~~~ 1.0 
~~ 

= 0.74
-- / -- I - - 1887/A

PILOT RATING: OVERALL 4 APPROACH -- PlO 2 - SP-3

WIND/X-WIND : 15/11 TURBULENCE : Moderate N5 = 0.30

FEEL: 
-

• Forces: Moderató forces, comfortable.

• Displacement: No comments.

• Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
• Initial : Initial response reasonable. Final response looked good

at first but tended to drift.

• Predictability : No co ents. 
-

• Special Inputs: No special inputs.

• PlO Tendency: Slight tendency to PlO.

• AIRSPEED CONTROL: Airspeed problems due to drifting in long term pitch
response.

PERFOR MANCE:
• Approach Tasks:

ILS: Went fairly well.

Visual (Sidestep): Sidestep and visuals okay. Slight tendency to low
- frequency PlO near ground .

• Landing tasks: Near touchdown there was a slight tendency to PlO.
Backed off on inputs near the ground.

• Differences: Not a strong difference but different problems in each
task.

WIND AND TURBULENCE: Crosswind a slight attention diversion but not a major
problem.

SUMMARY COMMENTS: Problems not prominent but they were there as described.
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- 
CONFIGURATIO N

,. . ,. — - FLIGHT/PILOT
i—i WSP i.0 

~~~ 
— 0.74

--, ..-
/

-- 1907/ B

PILOT RATING : OVERALL 4 APPROACH 2 
- 

PlO 1 SP 4
WIND/X-WIPID: -8/0 TURBULENCE: Light N5 = 0.19

FEEL :
• Forces : Comfortable. -

• Displacement: Little large in flare.

• Sensitivity: Good choice.

PITCH ATTITUDE RESPONSE:
• Initial : Slow.

• Predictability : Pretty good, had to compensate.

• Special Inputs : Had to overdrive it in tight control situations such as
landing .

• PlO Tendency : None.

AIRSPEED CONTROL: Okay, not much airspeed feel .

PERFORMAN CE :
• Approach Tasks:

ILS: Quite good; felt unloaded.

Visual (Sidestep): Comfortable.

e Landing tasks: Little slow for tight control of pitch attitude and
flight path.

• Diffe rences : Noticeable difference landing more demanding.

WIND AND TURBULENCE : Smooth, no crosswind . - -

SUMMARY COMMENTS : No major problems.
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CONFIGURATION

1-2 o.~ / ~SP 0.74 
FLIGHTIPILOT

PILOT RATING : OVERALL 5 APPROACH -- PlO 2 SP 6
WINO/X-WIND : 0/04 TURBULENCE : Light N5 = 0.26

FEEL:
• Forces: Heavy initially then light .

• Displacement: Okay.

• Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
• Initial : Initial response slow.

• Predictability: Final response not predictable; get 2 or 3 overshoots.

• Special Inputs: High control activity.

• PlO Tendency: Some tendency to PlO, especially when aggressive.

AIRSPEED CONTROL: Not affected by bobbles.

PERFORMANCE :
• Approach Tasks:

ILS: Fairly good.

Visua l (Sidestep): No comments.

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

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

WINO AND TURBULENCE: No significant effects. Weather is marginal and some-
what distracting.

411*IY C~ SIENTS: Major problem was tendency to bobble in pitch because of
initial delay in pitch.
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CONFIGURATION

1-3 
~~~~~~~~ 

~sP 0.74 FLIGHT/PILOT

PILOT RATING : OVERALL 9 APPROACH -- PlO 4 SP 8 
—

WIND/X-WIND: 08/05 TURBULENCE: Light 145 5 
= 0.17

FEEL:
• Forces: Heavy then reasonable in steady state.

• Displacement: No comments.

• Sensitivity : No comments.

PITCH ATTITUDE RESPONSE :
• Initial : Lags.

• Predictabili ty : Nonexistent.

• Special Inputs: Had to stay out of loop.

• P10 Tendency : Definite PlO tendency .

AIRSPEED CONTROL: Difficult, distracted by pitch.

PERFO rMANCE:
• Approach Tasks:

u S: Reasonabie, but hard work.

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

• Land i ng tasks : Terrible performance . Try not to fly aircraft - can ’t
avoid a PlO otherwise.

• Differences: Yes, close to the ground was most difficult.

WIND AND TURBULENCE: Not a factor, although crosswind noticeable.

SUMMARY COMMENTS : Unpredictabl. pitch response and tendency to PlO a major
problem .
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CONFIGURAT ION
FLIGHT/PILOT

(i.) ~~~~ ~ ~~0.74
-—/0.25/--

PILOT RATING: OVERALL 10 APPROACH - PlO 4 SP 8

WIND/X—WIND: -04/02 TURBULENCE: Light M
~(S 

= 0.17

l EEL :
• Forces : Felt spongy, forces very light in steady-state, moderate

initially.

• Displacement: Large.

• Sensitivity: Low in that initial response was slow. Would like to
repeat with heavier forces.

PITCH ATTITUDE RESPONSE:
• Initial : Absolutely terribe. Initial response was slow , big

delay.

• Predictability : Very bad even in smooth air.

• Special I nputs : Had to try and guess when to- put an input in, used pulses.

• PlO Tendency : Large tendency toward PlO’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 :
• Approach Tasks:

u S: High workload, performance not too bad.

Visual (Sidestep): Always behind the airplane.

• Landing tasks: Got into a noticeable pitch PlO and could not control the
touchdown point . Had to force yourself to pulse aircraft ;
impossible in turbulence .

• Differences : Significant; oscillatory PlO in flare and touchdown.

WIND AND TURBULENCE : Smooth air.

SIJ4IARY 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
d tu iorat•d spo.d and flight path control u v.11.
(SP: very startling P10 on lift-off.)
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CONFIGURAT I ON
= — FLIGHT/PILO1

1—3 
1.0 

~~ 
- 
0.74

--/0 . 2 5 / - -  1885 A

PILOT RATING : OVERALL -- APPROACH 6 P lO 2 SP 6
WIND/X-WIND: 0/04 TURBULENCE: Light ~~~ = 0.26

FEEL:
• -Forces : High initial forces, comfortable in steady state.

• Displacement: Normal.

• Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
• Initial: Initial response sluggish.

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

• Special Inputs : Had to fly with small corrections otherwise easy to
overcontrol.

• P10 Tendency: No comments.

AIRSPEED CONTROL : Affected by control technique required by pitch.

PERFORMANCE :
• Approach Tasks:

ILS: Fairly good, had to pay attention to pitch.

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

• Landing tasks: Not performed.

e Differences : Not applicable. -

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: Tendency to overcontrol in pitch. Difficult to make
larg. corrections fut.
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CONFIGURATION

1—3 ~~~~ 
1.0 0.14 

FLIGHT/PILOT

-- /0.25 / --

PILOT RATING: OVERALL -_ APPROACH 6 
- 

PlO 3 SP 5
WINO/X-WIND: 13/15 TURBULENCE: Moderate M

~ES 0.14

FEEL :
• Forces : - Light initially, then heavy; selected on heavy side .

• Displacement: Felt large , spongy .

• Sensitivity: Desirable level.

PITCH ATT I TUDE RESPONSE:
• Ini t ia l : Very delayed.

• Predictability: Poor.

• Special Inputs: Keep your gain down and fly slowly like a big airplane .

• PlO Tendency: Definite tendency, tended to oscillate 2 or 3 cycl.s.

AIRSPEED CONTROL: Bothersome, poor, objectionable.

PERFORMANCE :
• Approach Tasks:

ILS: Not too bad, but heavily loaded.

Visual (Sidestep); Felt behind the airplane on sidesteps; approaches
better than on ILS .

• Landing tasks: — Not done .

• Di fferences : Not applicable.

WIND AND TURBULENCE : Moderate corsswind and turbulence .

SUMMARY COMMENTS : Hard to fly . Very delayed initial response made for a
high workload , particularly on the ILS.
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— CONFIGURAT I ON
w • 1.0 0.74 FLIGHT/PILOT

--
/
0.5

/
--

PILOT RATING: OVERALL 10 APPROACH -- PlO 4 SP 10

WIND/X-WIND: 0/0 TURBULENCE : None M6 = 0.26

— 

FEEL:
• Forces : Heavy initially but best compromise (need to tone down

inputs).

• Displacement: No comments .

• Sensitivity : Difficult to comment about.

PITCH ATTITUDE RESPONSE:
• Initial : Initial response lagged then took off.

• Predictability: Very unpredictable.

• Special Inputs : No comments.

• PlO Tendency : Strong tendency to PlO .

AIRSPEED CONTROL: Clearly affected by diversion of attention; hesitant to
make rapid corrections.

PERFORMANCE :
• Approach Tasks:

ILS: Could get the job done.

Visual (Sidestep): No comments.

• Landing tasks: Things were okay until I got fairly close to the ground,
then we went for a ride - unable to perform touchdown.

• On visual approach , aircraft was aanage.b1~ ‘mtil near
the ground then unable to land .

• Differences : Significantly different , flare the problem area.

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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CONFIGURATION

1— 6 CL)SP • 
~.o 

~~ 
= 0.74 

FLIGHT/PILOT

-- / -- / 16

PILOT RATING: OVERALL 5 APPROACH 2 
- 

PlO 2 
-
, 

SP 6
WIND/X-WIND: 17/06 TURBULENCE : Moderate M5 5 

= 0.26

FEEL:
• Forces: Comfortable until into the high workload task then a

little heavy.

• Displacement: No comments.

• Sensitivity : No comments .

PITCH ATTITUDE RESPONSE:
• Initia l : Not a noticeable delay.

• Predictability : Not a problem until the flare when there was a tendency
to overcontrol.

• Special Inputs : Had to tone down inputs in the flare.

• PlO Tendency: None but a tendency to overcontrol.

AIRSPEED CONTROL : Not a problem.

PERFORMANCE :
• Approach Tasks:

ILS : Went well.

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

• Landing tasks: Working hard to avoid overcontrol; had to tone down inputs.

• Di fferences : Clearly a significant difference; worst close to the
ground .

WIND AND TURBULENCE: Light to moderate turbulence.

SUMMARY COMMENTS : Didn ’t work hard until near the ground; then had a
tendency to overcontrol.
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- CONFIGURATION

1- 6 
W~p . 1.0 -~s~ 

0.74 FLIGHT/PILOT

PILOT RATING: OVERALL -- APPROACH 5 PlO 2 SP 6

WIND/X-WINO: 17/06 TURBULENCE : Moderate M5 0.26

FEEL:
• Forces: Moderate

• Displacement: No comments.

• Sensitivity : Best compromise.

PITCH ATTITUDE RESPONSE:
• Initial : A slight delay.

• Predictability : Impaired by mismatch between initial and subsequent
response.

• Special Inputs: Used ramp type inputs.

• PlO Tendency: Hone but a tendency to overcontrol.

AIRSPEED CONTROL: Not a great deal of difficulty; attention diverted
-5 somewhat by pitch problems.

PERFORMANCE :
• Approach Tasks :

ILS: Worked hardest, reasonable.

Visual (Sfdestep): Reasonable.

• Landing tasks: Not done.

• Differences: No comments.

WIND AND TURBULENCE: Some response to turbulence but not a problem; crosswind
from right.

SUMMARY COMMENTS : Major problem is 1~esitancy to use aggressive inputs due
to poor predictability.

- -— - - ~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ 

_

73 

-

~ 
- •

. :- - 
~~~~~~~~~~~~~

7 -T 
- 

-
~ ~ _ .~:~y~~

.:- .-’). 
.

~~ . •
- •. - - -

- * - - - -“--5- - • ---5 -—_-_-.--_-
— ~——-------—•-— —-5— ~~~~~~~~~~~~~~ ~~~~~~~~~ a~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r — -‘v-—-- - - - . - - ~~~~~~~~~~~~

CONFIGURATION
• FLIG}IT/PILOT

1—8 ~~sP 1.0 ~~p 
0.74

0 / B

PILOT RAT ING : OVERALL 8 APPROACH S PlO 3 SP 9

WIND/X-WIND: -08/0 TURBULENCE: Light N5 = 0.14
- 

ES

FEEL :
• Forces: Felt heavy .

• Displacement : Large.

• Sensitivity: Satisfied with selection.

PITCH ATTITUDE RESPONSE:
• Initial : Almost not there.

• Predictability : Poor.

• Special Inputs: Overdrive it, hard to stop.

• Pl O Tendency : Not as oscillatory as expected; others this slow were
less controllable . Strong tendency to PlO in landing
task.

AIRSPEED CONTROL: Peculiar, thought it would be worse, fair overall.

PERFORMANCE :
• Approach Tasks:

ILS: Not a good approach.

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

-; • Landing tasks: Get into a PlO in trying to control touchdown point.
Actually hit the stops once .

e Di fferences : Significant , landing the worst.

WIND AND TURBULENCE: Little turbulence but not a problem.

SUMMARY COMMENTS : Confusing airplane to fly; really slow . Major problem
is sluggish pitch response which results in PlO on
landin g and overro tat ion and oscillation on take off .
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CONFIGURATION
= 

FLIGHT/PILO1
1—11 

1.0 0.74 
1906/ B-/  -- /16(4th)

PILOT RATING: OVERALL 9 APPROACH S PlO 3½ SP 8 
— -

WIND/X-WINO: -04/0 TURBULENCE: None N5 = 0.12

FEEL:
• Forces: Comfortable in steady state but heavy in transient.

• Displacement: Large.

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

PITCH ATTITUDE RESPONSE :
• Initial : Quite delayed, slow.

• Predictability : Important to trim; poor predictability.

• Special Inputs : Used a dither type input ; high frequency closure.

• P10 Tendency: Exceedingly strong in landing; latent on approach but not
a PlO.

AIRSPEED CONTROL : Fair.

PERFORMANCE :
• Approach Tasks:

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

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

• Landing tasks: Had a pitch PlO close to the ground; tried to get on top
of it by using smaller, quicker inputs.

• Differences: Significant; landing the most difficult because of the
PlO (convergent) .

WIND AND TURBULENCE: None.

SUMMARY COMMENTS: A very PlO prone aircraft in landing task because of
delayed pitch resonse.

_ _ _ _ _ _ _ _ _ _  

- L 

-.-“~--5 —-- —•--~~~~— - 
- - 

- - - - ~- - --5 
-

~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~_-~.- _ i~~_.~I.__ __~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~ -5- •--5— --~~-- -.~- - i ~~~~~~ . -



- —--- - 5 - — — - —  ——~~~~~~~
— -- - — - — - - — - —----5— - -- ——— -

CONFIGURATION

2-A ~~SP ~~~~ = 0.57 FLIGHT/PILOT

PILOT RATING: OVERALL 4 APPROACH 2 PlO 2 SP 3 
-— —

WIND/X-WIND: -02/02 TURBULENCE : None N5 0.26ES
FEEL :

• Forces: Felt fine until the flare.

• Displacement: No comments.

• Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
• Initial: No lag.

• Predictabili ty : Had a fast, staircase type approach to final response.

• Special Inputs : No comments.

• PlO Tendency: No comments.

AIRSPEED CONTROL : Not a problem.

PERFORMANCE :
• Approach Tasks:

ILS: Poor pilot performance, not airplane. -

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

-

ance.

• Landing tasks : Abruptness a problem here ; not a smooth response. 
- 

-

• Di fferences : Flare and touchdown the most difficult.

WIND AND TURBULENCE : No CO~~ents .

SUMMARY COMMENTS : Hard to defin , but there must be some lack of predict-
ability. Th.re was a high frequency hunting for the
ground.
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CONFIGURATION

2—A ~ o. o.i 
~~~ 

= 0.57 FLIGHT/PILOT

PILOT RATING: OVERALL 6 APPROACH 3 PlO 2½ SP 5
WIND/X—WIND: -11/10 TURBULENCE: Light MbES 0.25

FEEL:
• Forces : Steady were heavy; initial light .

• Displ acement: Small initially then larger.

• Sensitivity: Best compromise was in between values evaluated.

PITCH ATTITUDE RESPO NSE:
• Initial : Abrupt.

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

• Special Inputs : Smooth inputs to avoid abruptness.

• PlO Tendency: Very high frequency PlO evident in flare . Doesn ’t really
affect task much . Aiwoying.

AIRSPEED CONTROL: Good.

PERFORMANCE :
e Approach Tasks:

ILS: Good in smooth air of today.

Visual (Sidestep): All right.

L

• Landing tasks: Got into pitch bobble tendency here.

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

WIND AND TURBULENCE: Smooth with a tailwind.

SUMMARY COMMENTS : Abrupt initial response and tendency to bobble were major
problems. Suspect that ratings would be worse in turbul-
ence.

77

_ _  _  --_ --5- - -

,l

•_ 
••~~\~~~~~,~~

‘ 
— 

,__•._

• 
- - --- ---5-- -

~~~~~~
—-— --— -- ----5— -- 

~
_-5

~
-5*-5_ 

~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
—-5—• __••

~~
•— ~~~~~~~ ~ • - -- -----~~ l._~_~_ - _ - ~~~~~~~ - — — - ~-5__~_ — -

~~



_ _ _ _ _ _ _ _  ~~~~~~---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- --- - _ _ _ _ _

CONFIGURATION

2-C 
W 5p 2~~ 

0.1 ~s~’ 
a 0.57 FLIGHT/PILOT

PILOT RATING : OVERALL 4 APPROACH -- PlO 2 SP 3 ——
WIND/X-WIND : 00/04 TURBULENCE: None $5 5 

= 0 3 4

FEEL:
• Forces : Comfortable.

• Displacement: No comments.

• Sensitivity: Sensitive aircraft.

PITCH ATTITUDE RESPONSE:
• Initial : Good initial response

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

• Special Inputs: Necessary to resist chasing bobbles.

• PlO Tendency: No tendency to PlO.

AiRSPEED CONTROL: Satisfactory.

PERFORMANCE :
• Approach Tasks:

ILS : Went well.

Visual (Sidestep): Went well.

• Landing tasks: Clearly a tendency to bobble but performance not affected.
Good touchdown control.

• Differences: Had to pay more attention in flare. Flare and touchdown,
the most demanding.

WIND AND TURBULENCE: Some crosswind but not a big factor.

SUMMARY COMMENTS: A minor problem is having to think about bobbling
tendency.
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CONFIGURATION
— FLIGHT /PILOT

2—C 
2.3 - 0.57

0.2 / 0.1/-- 1887/A

PILOT RATING: OVERALL 1½ APPROACH -- PlO 1 SP 2 
—

WIND/X-WIND: 11/11 TURBULENCE: Light to moderate MbE . 0.43

FEEL:
• Forces: Pretty comfortable.

• Displacement: No comments.

• Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
• Initial : Got what I wanted when I wanted it.

• Predictability : No comments.

• Special Inputs : No special inputs.

• PLO Tendency: No PlO.

AIRSPEED CONTROL : Went well.

PERFORMANCE :
• Approach Tasks:

u S:  Good.

Visual (3idestep): Visual, sidestep: good.

• Landing tasks: Satisfactory, no special control techniques.

• Differences: No significant difference, landing the most difficult.

WIND AND TURBULENCE: Turbulence evident; not a problem.

SUMMARY COMMENTS : Enj oyed flying it.
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CONFIGURATION
• 2.3 1 = 0~S7 

FLIGHT/PILOT
2—C SP ~SP 1890/A

0.2/ 0.1 / --
PILOT RATING: OVERALL 1½ APPROACH -- PlO i SP 2

WIND/X-WIND: 03/04 TURBULENCE : Light to moderate TMbES 0.34

FEEL:
• Forces~ Changed to lighter forces, worked well.

• Displacement: No co~~ents.

• Sensitivity~ Final sensitivity comfortable.

PITCH ATTITUDE RESPONSE:
• Initial: Good.

• Predictability : Predictable.

• Special Inputs : None.

• PlO Tendency: No PIG tendency.

AIRSPEED CONTROL: Normal.

PERFORMANCE:
• Approach Tasks:

u S: ILS and visual approaches wenv well.

Visual (Sidestep): Went well.

• Landing tasks: No problel.

• Differences: No significant differences.

WIND AND TURBULENCE: Noticed turbulence but not bothersome.

SUIOIARY COP~IENTS: Very comfortable aircraft.
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CONFIGURATION

2— C *~~~3 
~~ 

= 0.57 FLIGHT/PILOT

PILOT RATI NG: OVERALL 3 APPROACH 3 PlO 1 SP 2
WIND/X-WIND: 08/13 TURBULENCE: Moderate M~ = 0.26

“ES

FEEL:
• Forces: Not noticeable, okay.

• Displacement: No co ents.

• Sensitivity: No co~~ fltS.

PITCH ATTITUDE RESPONSE:
• Initial : Good.

• Predictability: Good.

• Special Inputs: None.

• PlO Tendency: None.

AIRSPEED CONTROL : Difficult because of turbulence.

PERFORMANCE :
• Approach Tasks:

ILS: Okay.

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

• Landing tasks: Not a problem, felt comfortable.

• Differences: No difference.

WIND AND TURBULENCE: Strong effect; increased workload.

SUPWRY COMMENTS: No problems, a satisfactory aircraft.
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CONFIGURATION

2—1 2.3 • 0.57 FLIGHT/PILuI

-- 1884/A

PILOT RATING: OVERALL 2 APPROACH -- PlO 1 SP I 
— -

WIND/X-WIND: oio TURBULENCE: None No ~~~ j
FEEL:

• Forces: Forces a bit high but not a problem.

• Displacement: No comm ents.

• Sensitivity: Sensitivity good.

PITCH ATTITUDE RESPONSE :
• Initial : Good.

• Predictability : No coflutients.

V • Special Inputs: No special inputs.

• PlO Tendency: No tendency to PlO.

AIRSPEED CONTROL : Easy.

PERFORMANCE :
• Approach Tasks:

u S: Good.

Visual (Sidestep): Good.

• Landing tasks: Predictable, easy to make with no special inputs.

• Differences: None.

WIND AND TURBULENCE : Not a factor.

SUMMARY COMMENTS: 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

2—1 ~)~p 2.3 
~
‘
~
p 0.57 FLIGHT/PILOT

PILOT RATING: OVERALL 2 APPROACH P10 1 SP 2

WIND/X-W IND : -04/0 TURBULENCE: Light N5 0.34

FEEL:
• Forces: Solid.

• Displacement: Okay.

• Sensitivity: At approach speeds was satisfactory.

PITCH ATTITUDE RESPONSE:
• Initial : Prompt.

• Predictability: Good.

• Special Inputs: No special inputs.

• PlO Tendency: No tendency to PlO.

AIRSPEED CONTROL: Strong float tendency at end of approach, must ‘anticipate
power reduction.

PERFORMANCE :
• 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 chsrscteristic.

• Differences: No differences, no surprises.

WINO AND TURBULENCE Smooth air

SUMMARY COMMENTS: No major problems. Minor problem was prediction of touch-
down point due to tail wind. Discounted in evaluation.
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CONFIGURATION
= 2 3 — 0 57 FLIGHT/PILOT

2—1 WSP ~ sP
1883/A

PILOT RATING: OVERALL -- APPROACH 3 PlO 1 SP 1 
——

WIND/X-WIND: o/oI TURBULENCE: None N5 = 0.26

FEEL:
• Forces: Little heavy, not uncomfortable, okay.

• Displacement: No co ents.

• Sensitivity: No co nents.

PITCH ATTITUDE RESPONSE:
• Initial : Initial response okay, some tendency to overshoot, not a

problem.

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

• Special Inputs: No comm ents.

• PlO Tendency: No coimnents.

AIRSPEED CONTROL: Adequate.

PERFORMANCE :
• Approach Tasks:

ILS: Satisfactory.

V isual (S ides tep): No commnents.

• Landing tasks: Not done.

• Differences: No co entS.

WIND AND TURBULENCE: Not a factor.

SI1’8IARY COMMENTS: Annoying overshoo t tendency in pitch but this problem
did not affect task pirfo reance.
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CONFIGURATION

2-2 ~~~ 
~~ 0.1 ~~~ 

= 0.57 FLIGHT/PiLOT

PILOT RATING: OVERALL 4 APPROACH 2 PlO 2 S P 2 
- -

WIND/X-WIND: -07/01 TURBULENCE: None M5 0.29

FEEL:
• Forces: Lightened forces for last two approaches; Okay .

• Displacement: Felt large.

• Sensitivity : A good choice.

PITCH ATTITUDE RESPONSE:
• initial: Slow .

• Predictability : Little delay causes small bobble; fair to good predict-
ability on approach . Some tendency to overshoot in flare
and touchdown.

• Special Inputs : Needed to anticipate near the ground.

• PlO Tendency: Very mild tendency to overshoot 1 or 2 times.

AIRSPEED CONTROL : Fairly good.

PERFORMANCE :
• Approach Tasks:

ILS : Good.

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

• Landing tasks: Problem was a tendency to get too much response; could-
n’t control touchdown point accurately enough.

• Differences: Yes - the landing task was more critical but not vory
difficult.

WIND AND TURBULENCE: Very smooth day ; tatiwind which confused energy manage- - V . -ment on approach.

SUMMARY COMMENTS: Only problem was a small tendency to overcontrol in the
landing task.
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CONFIGURATION

2-2 
0.1 ~~~ 

0.57 FLIGHT/PILO1

PILOT RATING: OVERALL 4½ APPROACH 2 PlO 1 SP 2

WIND/X-WIND: 01/07 TURBULENCE: Light M6 5 
0.36

FEEL:
• Forces: Went from heavy to light.

• Displacement: No comments.

• Sensitiv ity: No comments.

PITCH ATTITUDE RESPONSE:
• Initial : Seemed sluggish.

• Predictability : Was able to predict final response but everything seemed
to lag.

• Special Inputs: High initial forces for large attitude changes suggest
overdriving or lead inputs.

• PlO Tendency: No comments.

AIRSPEED CONTROL : Not a problem.

PERFORMANCE :
• Approach Tasks:

ILS : Okay.

Visual (Sidestep): No visible change in performance.

• Landing tasks: Lag tendency didn’t lead to overcontrol but general
heaviness.

e Differences: Only a problem in flare.

WIND AND TURBULENCE : Not a factor.

SUMMARY COMMENTS: No further comments.

86

____________________ - 

~: ~~~~~~~~~~ 

--

~~~~~~~

- —‘~~ 
.. 

~V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
._ 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ V ~~~~~~~~~~~



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- CONFIGURATION

2-3 
(A)SP 

--/0.25/-- 

= 0.57 

[

FLIGHT/PILOT

PILOT RATING: OVERALL 6 APPROACH -- PlO 3 SP 4

WIND/X-WIND: 07/00 TURBULENCE: Light M6 = 0.43

FEEL:
• Forces: Comfortable.

• Displacement: No comments.

• Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
• Initial: Had a little bit of a lag but not a problem.

• Predictability : Was a problem.

• Special Inputs: No comments.

• PlO Tendency: Marked tendency toward low frequency PlO. Not a solid
feeling aircraft.

AIRSPEED CONTROL: Not a problem.

PERFORMANCE :
• 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 PlO in flare.

• Differences: Touchdown required the most attention.

WIND AND TURBULENCE: No effects.

1 ~~~~~~ SUMMARY COMMENTS: Difficult to set an attitude. Tendency to PlO in flare
and in lift-off
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CONFIGURATION

2—11 (A)~p 
a 2.3 • 0.57 FLIGHT/PILOT

--, o.s 
~~
-- 1881/A

PILOT RATING: OVERALL 9 APPROACH -- PlO S SP $

WINO/X-WIND: 06/05 TURBULENCE : Light M~ * 0.64

FEEL:
• Forces: Were a little high on approach but i*eded ~ h.~,p is flare

and touchdown.

a Displacement: No comments

• Sensitivity : No coilimentS.

PITCH ATTITUDE RESPONSE :
• Initial : Delayed.

• Predictability : Not very good.

• Special Inputs: Worked to smooth inputs.

• PlO Tendency: A tendency to PlO.

AIRSPEED CONTROL: Not a problems.

PERFORMANCE :
• Approach Tasks:

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

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

e Landing tasks: Clearly a problem, tendency to PlO. Could get out of
loop sometimes and stop on attitude.

• Differences : Flare and touchdown clearly the most difficult.

WIND AND TURBULENCE: No effect.

SUMMARY COMMENTS: Inability to achieve an attitud. quickly and predictably
was aa~or problem.
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CONFIGURATION

2—4 = 2.3 = 0.57 FLIGHT/PILOT

--/ 0.5 / -- 1889/A

PILOT RATING: OVERALL -- APPROACH 5 PlO 2 SP 3

WIND/X-WIND: 05/03 TURBULENCE : None H 0.64&ES

FEEL:
a Forces: Somewhat heavy, but didn’t mind them.

e Displacement: No comments.

e Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
e Initial : Okay, no noticeable lag.

e Predictability : Not very good. Very difficult to figure aircraft out.

e Special Inputs : No comments.

e PlO Tendency: Tendency to overcontrol, no PlO.

AIRSPEED CONTROL : Had to work at it.

PERFORMANCE :
e Approa~~ Tasks :

ILS: Was not outstanding.

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

a Landing tasks: Not done.

• Differences: No comments.

WIND AND TURBULENCE: Not a factor.

SIMIARY COMMENTS: Little confused about this one, lot of distractions dur-
- 

- ing evaluations . Not a solid aircra ft but not bad w~-certain of ratin g.

89

iT—.----- .--- 
, .

- - .

~

. 
-
~~~- 

.
‘

. ~~ : -  
. _ _ _ _

V 
V ~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~ ‘~~~~~ . ø~~~••.~ 

V - 
— - — ‘I . .

----- -V —--— —- ~~~~~~~~~~~ -~~~~~~-~~~- — .—~~ - -V - -V  - --.------- __g,-V_ ~~~~~~~~~~ -~



~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V . - . — -V.--- -

CONFIGURATION

2—4 “sp 
~ 0.5 ~~~ 

a 0.57 FLIGHT/PILO1

PILOT RATING: OVERALL -- APPROACH 3 PlO 1 SP 4

WIND/X-WIND: -05/00 TURBULENCE: Light H6 = 0.38

FEEL:
e Forces; uki~y.

• Displacement: A little large.

• Sensitivity: Okay, detected a little lag.

PITCH ATTITUDE RESPONSE:
a Initial : Initial response was slow.

a Predictability: Good.

e Special Inputs : No special pilot techniques (perhaps a little lead.)

• PlO Tendency: No PlO tendency.

AIRSPEED CONTROL: Fairly good.

PERFORMANCE :
a Approach Tasks:

ILS: Was okay (bad pilot performance.)

Visual (Sidestep): Visual approaches fine.

a Landing tasks: Not done.

a Differences: Not applicable.

WIND AND TURBULENCE: Smooth air. - . 
-

SUMMARY COMMENTS: Minor problem was small pitch lag and a little more
motion than desired. Gen.ra.ly a pretty good airplane.
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CONFIGURATION

2— 6 ~
)sp 2.3 

~sP 
= 0.57 FLIGHT/PILOT

-- /16 1900/A

PILOT RATING: OVERALL 5 APPROACH 1½ PlO 2½ SP 4

WIND/X-WIND : 16/06 TURBULENCE : Moderate H6 = 0.37

FEEL:
• Forces: Comfortable.

a Displacement: No comments.

a Sensitivity : No comments.

PITCH ATTITUDE RESPONSE :
a Initial : Difficult to describe; only a problem near the ground.

Didn’t see much of a delay at any time.

a Predictability : Reasonable but something not perfect for aggressive inputs.

a Special Inputs: Used several inputs to get desired response.

• PlO Tendency: On one of the landings did get into an oscillation but
it was controllable.

AIRSPEED CONTROL : No problems.

PERFORMANCE :
a Approach Tasks:

ILS: Went well.

Visual (Sidestep): Good, particularly side step.

• Landing tasks: Had to hunt to get desired response; got into a .low
amplitude, damped PlO once. Had to be careful near the
ground.

a Differences: Definite difference; landing the most difficult.

WIND AND TURBULENCE: Strong cross wind from the right which keeps you locked
in the loop.

SUMMARY COMMENTS: Unsure of source of difficulties but touchdown required V

a moderate workload.
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1 CONFIGURATION

2— 7 ~)~p 2.3 
~~~ 

* 0.57 
FLIGHT/PILOT

--/ -- / 12 89

PILOT RATING: OVERALL 7 APPROACH 4 PlO 3 SP 6

WIND/X-WIND: 08/13 TURBULENCE: Moderate = 0.34

FEEL:
• Forces; Comfortable for combination of tasks.

• Displacement: No comments .

• Sensitivity: No comments.

PITCH ATTITUDE RESPONSE :
• Initial: Reasonable for non-aggressive inputs; lagged for auras-

5 ive inputs .

• Predictability: Ressonable for ILS, not so for the flare and touchdown.

• Special Inputs : On close final must really concentrate on pitch attitude.

a PlO Tendency: Tendency to overshoot on ILS, but tendency ~~, PlO on close
final.

AIRSPEED CONTROL: Not really problem except for turbulence.

PERFORMANCE:
• Approach Tasks:

ILS: Okay.

Visual (Sidestep): Okay.

• Landing tasks: 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.

• Differences : Significantly more difficult close to the ground.

WIND AND TURBULENCE: Significant offects of turbulence and crosswind. Flare
and touchdown more demanding.

SI$~ARY COMMENTS: Close in tendency to get into a low frequency PlO was
major problem; had to abandon task to get it on the
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H
CONFIGURATION

a 3 a FLIGHT/PILOT
2—i l ~3-sr’ 2. 

~~ 
0.57 

1898 8
--/ -- /12

PILOT RATING: OVERALL 6 APPROACIt 3 PlO 3 SP 6
WIND/X-W IND: 10/il TURBULENCE: Light MbES 

0.34

FEEL:
a Forces ; Pleasant.

a Displacement : Okay except in the PlO.

a Sensitivity: Good.

PITCH ATTITUDE RESPONSE :
a Initial : Solid feel; approach was prompt; landing delayed initial

response.

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

• Special Inputs: On landing had to generate as much lead as possible.

a PlO Tendency: None on approach; definite tendency on landing but not
divergent .

AIRSPEED CONTROL: Good. V

PERFORMANCE:
• Approach Tasks : V

ILS: Best for this flight; in command.

Visual (Sidestep): No difficulty.

• Landing tasks: Problems, tendency to PlO near the ground (3 or 4 half
V cycles) . Tried to generate lead.

a Differences : Approach was good but landing was PlO prone.

WIND AW~ TURBULENCE: Light turbulence and strong crosswind.

SII~~~RY COMMENTS; Major problem was PlO tendency on touchdown. Very poor
for single pilot work. 
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CONFIGURATION

2— 9 2.3 — 
FLIGHT/PILOT

--I -- /6

PILOT RATING: OVERALL 10 APPROACH S PlO 3 SP 8

WIND/X-WIND: -08/02 TURBULENCE: Light to moderate M5ES 
0.26

FEEL:
• Forces ; Very spongy, heavy for maneuvering.

• Displacement: Large for rapid maneuvering.

a Sensitivity; Okay as is.

PITCH ATTITUDE RESPONSE:
a Initial : Slow.

a Predictability : Difficult to -predict; on approach where you could do
things slowly it wasn’t too bad.

a Special Inputs: Develop lead to prevent PlO from going divergent.

• P10 Tendency: Yes, in flare.

AIRSPEED CONTROL: Reasonably good.

PERFORMANCE :
a Approach Tasks:

ILS: Best performance of the day.

Vi sual (Sidestep): Not done.

a Landing tasks : Easy to over-rotate and get into damped PlO. Had to
put in an input and wait.

a Differences : Very significant; flare and touchdown very difficult.

WIND AND TURBULENCE: Very smooth, slight crosswind.

SUMMARY COMMENTS: Only one approach, got down to 20 feet, got into PlO
due to delayed response.
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CONF IGURAT ION
— 

FLIGHT/PILOT
— 1893/A

--/ - - / 4

PILOT RATING: OVERALL 10 APPROACH 6 PlO 4 SP 10

WIND/X-WINO: -01/03 TURBULENCE: None Mb s 
0.26

FEEL:
a Forces; Heavy initially, steady forces comfortable.

a Displacement: Okay.

• Sensitivity ; Unpredictable.

V PITCH ATTITUDE RESPONSE:
a Initial : Clearly a lagging response.

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

a Special Inputs: Must dramatically tone down inputs near the ground.

a PlO Tendency : Tendency to PlO at all times but is unavoidable near the
ground.

AIRSPEED CONT. .: Attention to pitch deteriorates speed control.

PERFORMANCE:
a Approach Tasks:

u S: Not good, hesistant to chase it.

Visual (Sidestep): Approaches were okay until latter part of final
V approach.

a Landing tasks: Definite problems; touchdown points are not predictable.
Tried to just hold an attitude but it ’s very djfficult
to do. Any small correction starts a PlO.

a Differences: Very difficult, can’t tone down inputs near ground and
therefore a PlO results .

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: PlO starts around 15 feet . Inability to get a pitch
V 

attitude predictably and quickly close to the pound was
a major problem. Occasional divergent PlO.
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CONFIGURATION

~ 2 3 
a 0 57 FLIGHT/PILOT

2—11 W $~) ~SP
“/ -- / 16(4th) 1906/8

PILOT RATING: OVERALL 8 APPROACH 4 PlO 3 SP 8
WIND/X-WIND: 05/01 TURBULENCE: None N6ES 

= 0.34

FEEL:
a Forces; Slightly heavy in steady state.

a Displacement: Felt a little spongy during oscillations .

• Sensitivity ; Picked good compromise.

PITCH ATTITUDE RESPONSE:
• initial: Delayed.

• Predictability : Poor in landing task where a damped PlO occurred.

• Special Inputs : Had to try and stay on top of aircraft .

• PlO Tendency: PlO in flare; occurred when attention was first focused
on ground (approximately 10 feet) .

AIRSPEED CONTROL: Good.

PERFORMANCE :
• Approach Tasks :

ILS: Very good.

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

a Landing tasks: Was a problem; on one landing had to abandon touchdown
point because of PlO.

• Differences : Significant; landing task the most difficult because of
plo.

WIND AND TURBULENCE: Noticeable at times but not a factor. V -

SUMMARY COMMENTS: Major problem was the PlO in landing in which controlla- 
V

bility was in question
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CONFIGURATION
C.t~~~~~~

p 
2.2 

~~~ 
= 0.25 

FLIGHr/PitOT

0.2/ 0.1 , 1889’A

PILOT RATING: OVERALL 2 APPROACH -- PlO 1 SP 4

WIND/X-WIND: 05/03 TURBULENCE: Light to moderate N61S 0.31

FEEL:
• Forces ; Fairly heavy at first, changed to li ghter; mot a fsctor.

• Displacement: No comments.

a Sensitivity : No comments .

PITCH ATTITUDE RESPONSE :
a Initial: Satisfactory.

• Predictability : Could get what was desired in final response.

• Special Inputs: No special inputs.

• PlO Tendency: No tendency toward PlO.

AIRSPEED CONTROL: OK.

PERFORMANCE :
• Approach Tasks:

ILS: OK.

V 

Visual (Sidestep) : OK.

a Landing tasks : No problem.

• Differences : No significant difference .

WIND AND TURBULENCE: Not a factor.

SII IARY COMMENTS: Satisfactory aircraft.
(SP: could see bobble on approach and lift-off)
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CONFIGURATION

3—i C (A)~p - 2.2 ~~~ 
- 0.2$ 

FLIGH1/~’iLO1

V 0.2/0.1 /--

PILOT RATING: OVERALL 5(411)) APPROACH 5 PlO 1½ SP 4

WINI)/X-WIPID: 13/15 TURBULENCE : Moderate. = 0.17

FEEL:
• Forces; Initiall y light, heavy in stfady state.

• Displacement: Loose.

• Sensitivity; Close to best compromise.

PITCH ATTITUDE RESPONSE~
• Initial : Not quick but gets there.

• Predictability: Response prompt and oscilliatory; disturbed by turbulence;
modestly predictable.

• Special Inputs : None.

• PlO Tendency: None.

AIRSPEED CONTROL: Lots of speed stability; control not good, fair.

PERFORMANCE :
• Approach Tasks:

ILS: Erratic and at best fair.

Visual (Sidestep): Little tendency to lose airspeed on sidesteps;
bobbled in turbulence.

• Landing tasks: Surprisingly good; good accuracy of touchdown.

• Differences: Landing was easier than the approach.

WIND AND TURBULENCE~ Noticeable, disturbed pitch attitude and flight path.
Needed increased sensitivity for rudder in the face of - - .

the st rong cross wind.
SUMMARY COMMENTS: Sensitive for small inputs, heavy in the steady sta te .

Major problems was a looseness in pitch and turbulence
response.

98

- -  -— V  

V

- 

~~ •-: -., -

— .. ..-~ — 
_ ., ‘I è 

~~~~~~~
_

~V~ _V_VVVVV .___ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .V-V~VVVjIA V~ 4 ~ •~~~~~••_ ~~~~ V J —~~ -~ h’—--



- 
_ _ _ _  V.
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CONFIGURATION
= 

FLIGHT/PILOT

3-0 1884/A

PILOT RATING: OVERALL 4 APPROACH -- PlO 1 SP 5

WIND/X-WIND: 00/00 TURBULENCE: None M5 0.26

FEEL:
a Forces ; Comfortable.

a Displacement: No comments.

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

PITCH ATTITUDE RESPONSE:
a Initial : Initial response okay.

a Predictability: Final response not perfect but fairly good, one or two
overshoots.

• Special Inputs : No conscious control technique on approach but must tone
down inputs in flare.

a PlO Tendency: No tendency to PlO.

V 

AIRSPEED CONTROL: Reasonably good.

PERFORMANCE:
a Approach Tasks :

ILS: Reasonably good.

Visual (Sidestep): No comments.

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

• Di fferences: More attention required in flare. Flare the most
difficult task.

WIND AND TURBULENCE : Noticeable.

SUMMARY COMMENTS : Not a bad airplane. More effort to get desired pitch
- 

V 
attitude than satisfactory . On the fence with rating;
3 initially.
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CONFIGURATION
— 2.1 = 0.14 FLIGHT/PILOT

3—0 
/ / 

1887/A

V 
PILOT RATING: OVERALL S APPROACH -- PlO 2 SP S
WIND/X—WIND: 08/13 TURBULENCE : Light MbES 

= 0.17

FEEL:
a Forces; Little li ght at first; changed to heavier for flare,

comfortable.

a Displacement: No co~~ nts.

a Sensitivity; No comments.

PITCH ATTITUDE RESPONSE :
• Initial: Initially quick.

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

a Special Inputs : Had to tone down inputs.

• PlO Tendency: No PlO, just an airplane bounce.

AIRSPEED CONTROL: Not affected, good enough.

PERFORMANCE:
a Approach Tasks :

115: Reasonable.

Visual (Sidestep): Okay.

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

a Differences: As explained above • touchdown the hardest part of
overall task. V

WIND AND TURBULENCE: Turbulence noticeable.

~~~~~~ SUMMARY COMMENTS: Bobbling attitude response a problem on landing, annoy-
-: ing otherwise. Observa tion: pilot was able to smooth out

bobbles for landing; tended to ride out the oscillations
on the approach.
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CONFIGURATION
— 2.2 = 0.25 FLIGHT/PILOT

3—1 Sp S 1883/A
--I -- ,--

PILOT RATING: OVERALL 4 APPROACH -- PlO 2 SP 4½
WIND/X-WIND: 01/04 TURBULENCE: None M6 0.26

FEEL:
a Forces; 

V - 
Okay.

a Displacement: Okay.

a Sensitivity; Fairly high, get more response than expected.

PITCH ATTITUDE RESPONSE:
• Initial : Initial response fast.

a Predictability: Could never get final response in one try; predictability
poor.

a Special Inputs : No comments.

a PlO Tendency: Tendency to oscillate on its OWfl. V

AIRSPEED CONTROL: Went fairly well, except for turbulence effects.

PERFORMANCE:
a Approach Tasks:

ILS: Went well , any pitch difficulties did not affect per-
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.

a Differences : No significant difference. Flare was the most difficult.

WIND AND TURBULENCE: some turbulence noticed in airspeed; not a big factor . V

V 
SU~~ RY COMMENTS: For quick responses, tended to bobble.
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CONFIGURATION
(.~) — 2.2 

~SP 
— 0.25 FLIGHT/PILOT

3—]. 1892/B

PILOT RATING: OVERALL 7(5Th) APPROACH 
V 

PlO 3 SP 6

WIND/X-WIND : -05/00 TURBULENCE: Light MÔES 
= 0.24

FEEL:
a Forces; Very light for initial inputs.

a Displacement: Okay.

a Sensitivity; On high side.

PITCH ATTITUDE RESPONSE:
a Initial : Okay.

a Predictability : Poor.

• Special Inputs : Special technique was to put input s in carefully.

a PlO Tendency: More tendency to PlO on approach than near touchdown.

AIRSPEED CONTROL : Generally degraded by attention required in pitch response.

PERFORMANCE :
• Approach Tasks :

ILS: Was uncomfortable, didn’t have it under control .

Visual (Sidestep): Visual approaches were better but still not tightly
connected to aircraft.

• Landing tasks: 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.

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

WIND AND TURBULENCE: Not a factor, would be more difficult in turbulence.

SUMMARY COMMENTS: Major problem was oscillatory pitch response. Increased
predictability of fli ght path and pitch attitude near the
ground was an interestin g feature .

- 
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CONFIGURATION
~. 

- 
FLIGHT/PILOT

2.2 sp 0. 5
3—1 -- 1893/A

PILOT RATING: OVERALL 5(411)) APPROACH 5 PlO 2 SP S

WIND/X-WIND: 01/04 TURBULENCE: None M5ES 0.14

FEEL:
a Forces; Were comfortable on approaches but high in flare.

a Displacement: No comments.

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

PITCH ATTITUDE RESPONSE:
• Initial : Bobbled in turbulence and to pilot inputs, required a

fair amount of attention.

• Predictability : Bobbled in steady-state, required a lot of corrective
inputs.

a Special Inputs : No comments.

a PlO Tendency: No tendency to PlO.

AIRSPEED CONTROL: Long term attitude problem degraded airspeed control.

PERFORMANCE :
a Approach Tasks:

ILS : Average.

Visual (Sidestep): Went well with moderate workload.

V a Landing tasks : Trim changes were a problem, heavy forces. No overcontrol

P. 

or P10. Seemed to have to hold inputs in for a long time. 
V

a Differences : Worked harder on ILS; heavy forces in flare. ILS was most
difficult. - 

-

WIND AND TURBULENCE: Aircraft responded to turbulence and was noticeable.

SUMMARY COMMENTS Problems were a drift and bobble on ILS and heavy forces
-~ - V~ in flare .
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CONFIGURATION
- 0 2 FLIGHT/PILOT

3—2 ~~~~~ 
— 2.2 S~ p
--/0.1 

~~~~~~~~ 

1885/A

PILOT RATING: OVERALL 7 APPROACH -- PlO 3 SP 7

WIND/X—WIND : 00/04 TURBULENCE: None M6ES 
0.26

FEEL:
• Forces; High initially, but steady-state comfortable.

a Displacement: No comments.

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

PITCH ATTITUDE RESPONSE:
• Initial : Initially lagged. —

• Predictability : Moderately predictable for non-aggressive inputs but in
flare there was a tendency to overcontrol and PlO.

a Special Inputs : No comments.

a PlO Tendency: In flare a tendency to P10.

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

PERFORMANCE:
a Approach Tasks :

u S: Went fairly well.

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

• Landing tasks: Flare and touchdown performance deteriorated. Had to
try to tone down inputs.

a Differences : Significant difference, ask for changes more precisely
and quicker in flare; PlO results - most critical task.

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: Could not acquire a desired attitude quickly end precisely.
Poor predictability. No good features .
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CONFIGURATION
- ~

. 
= 

FLIGHT/PILOT

3—2 2.2 sp 0.25

—- /0.1 / 1887/A

PILOT RATING: OVERALL -- APPROACH 6 PlO 3 SP S

WIND/X-WIND: 11/10 TURBULENCE : Moderate M~ 0.26

FEEL: 
-

a Forces; Forces fairly light, greater tendency to overcontrol with
heavier forces .

• Displacement: No comments.

a Sensitivity: No comments.

— PITCH ATTITUDE RESPONSE :
• Initial : Initial response: some lag but not significant.

a Predictability : Final response predictability was poor.

a Special Inputs: No comments.

• PlO Tendency: No comments.

AIRSPEED CONTROL: Reasonably good.

PERFORMANCE :
• Approach Tasks:

ILS: Could correct large errors, some tendency to PlO on
breakout.

Visual (Sidestep): P10 on side step maneuver. Tendency to PlO on
go-around.

• Landing tasks: Not done.

a Differences: Not applicable, but worst in later stage of approach.

WIND AND TURBULENCE: Crosswind requires extra attention.

SUMMARY COMMENTS: Difficult to acquire an attitude quickly and predictably.
Tendency to PlO.
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V.

CONFIGURATION

3-3 W SP 
- !:~ 0.25/ 

~~~ 
0.25 

FLIGHT/PILOT

PILOT RATING: OVERALL 10 APPROACH -- 
V 

PlO 4 SP 9

WIND/X-WIND: 03/04 TURBULENCE: Light M6 5 
0.26

FEEL:
a Forces; Heavy but intentionally selected because of PlO problem.

a Displacement: No comments.

a Sensitivity: No comments.

PITCH ATTITUDE RESPONSE :
a Initial : Initial lag apparant.

a Predictability : Not predictable.

a Special Inputs : High workload, even on the ILS.

V 

a PlO Tendency: Tendency to PlO.

AIRSPEED CONTROL : Not good because of attention required in pitch. V

— PERFORMANCE : V

a Approach Tasks:
u S: Not really bad but very hard work.

Visual (Sidestep): Sidestep was a distraction.

a Landing tasks: Problems really magnified in this area. Attempt to be
V less aggressive, very hard to do.

• Differences: Signific~~t differences ; the landing was clearly the
worst.

WIND AND TURBULENCE : Aircraft responded to turbulence which compounded
problem.

SL!II4ARY COMMENTS: Inability to control attitude quickly and precisely
out getting into a strong PlO
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CONFIGURATION

3.3 (&)~p — 2.2 
~~ 

= 0.25 FLIGHT/PILOT

--/ 0.25/-- 1897/A

PILOT RATING: OVERALL -- APPROACH 7 PlO 3½ SP 7

WIND/X-WIND: 11/10 TURBULENCE: Moderate M6 ~0.26

FEEL:
• Forces; Comfortable, perhaps a bit light.

a Displacement: No comments.

a Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Not matched with response after input.

a Predictability : Poor; aircraft bounces in turbulence plus a tendency to
PlO.

a Special Inputs : Had to spend a lot of time on attitude.

• PlO Tendency: Yes, had to work hard.

AIRSPEED CONTROL : Not bad but worked hard.

PERFORMANCE :
a Approach Tasks: -

ILS : Reasonable but hard work.

Visual (Sidestep): In a constant oscillation which was largely pilot
induced.

a Landing tasks: Not done.

a Differences: Definite difference between instrument and visual
V Vt~ approaches . More PlO tendency on visual.

WIND AND TURBULENCE: Aircraft responded which compounded difficulties. V

SUMMARY COMMENTS: Tendency to bobble and to PlO were major problems.
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CONF I GURAT ION
— C~

) = 2.2 0.25 
FLIGHT/PILOT

-- /16

PILOT RATING: OVERALL 7 APPROACH 5 PlO 3 SP 6

WIND/X-WIND: 15/09 TURBULENCE : Moderate MbES 
= 0.26

FEEL:
a Forces; Appropriate for the situation.

• Displacement: No comments.

a Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE :
a Initial: Didn’t notice a lag but there was a mismatch between initial

and final response.

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

• Special Inputs : Had to try to suppress the oscillations with complex inputs
near the ground.

a PlO Tendency : Near the ground there was a tendency to PlO; controllable.

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

PERFORMANCE :
• Approach Tasks:

ILS : Not as good as desired; had to work hard.

Visual (Sidestep): Fairly good until the flare.

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

a Differences : Landing was more difficult because one couldn’t let the
airplane go near the ground.

WIND AND TURBULENCE: Annoying turbulence response; crosswind increased workload.

SUMMARY COMMENTS: Oscillatory airplane response and tendency to couple with
it near the ground were major problems.
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CONFIGURATION
= 2.2 

~~ 
= 0.25 FLIGHT/PILOT

3—6 
--/ -- /16 1902/B

PILOT RATING: OVERALL 6 APPROACH S PlO 3 SP 6
WIND/X-WIND: -08/00 TURBULENCE: None 

- ~~ES 
= 0.21

FEEL: V

a Forces; Comfortable.

• Displacement: OK, but had significant displacement at times.

a Sensitivity; Good compromise.

PITCH ATTITUDE RESPONSE:
a Initial : Delayed and slow.

a Predictability : Oscillatory but could control it in smooth air.

a Special Inputs: Had to provide the damping which can be done in smooth air.

• P10 Tendency: Definitely there, but could damp out oscillations in
smooth air.

AIRSPEED CONTROL: Fairly good.

PERFORMANCE :
a Approach Tasks:

ILS: Suprisingly good, wants to oscillate.

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

a Landing tasks: Had a closed-loop oscillation which could be damped with V

extra pilot effort.

a Differences: Approach and landing problems were about equal.

WIND AND TURBULENCE: Smooth day, tail wind.

SUMMARY COMMENTS: Initial co ent: 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.)

_ _ _ _- -- V  - 
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CONFIGURATION

3- -- ~
‘
~
p 0.25 

FLIGHT/PILOT

PILOT RATING: OVERALL 8 APPROACH ~ PlO 4 SP 6

WIND/X-WIND: -06/03 TURBULENCE: None ~~~ 0.34

FEEL :
a Forces; Pelt spongy, didn’t like the whole thing.

a Displacement: No co ents.

a Sensitivity; No co ents.

PITCH ATTITUDE RESPONSE :
• Initial: Lag evident.

a Predictability: Poor for all parts of task.

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

• PlO Tendency: Yes.

AIRSPEED CONTROL: Not good because of attention required in pitch.

PERFORMANCE:
a Approach Tasks:

ILS: Went okay but had to work hard.

Visual (Sidestep): Oscillating in side step.

a Landing tasks : Oscillations became more intense near the ground.

a Differences: Clearly more difficult near the ground.

WIND AND TURBULENCE: Some effect of turbulence, but not a factor.

SL$IARY COMMENTS: Poor predictability lead to overcontrolling and a strong
PlO near the ground.
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CONFIGURATION

4—.C — 2.0 
~~ 

1.06 
FLIGHT/PILOT

0.2/ 0.1/-- 1899/A
V 

PiLOT RATING: OVERALL 3 APPROACH 1½ PlO 1½ SP 4

WIND/X-WIND: 16/09 TURBULENCE: Moderate M~~ 0.47

FEEL :
a Forces; Changed to heavier forces -for last two approaches, not

ideal.

a Displacement: No co ents.

a Sensitivity ; A compromise.

PITCH ATTITUDE RESPONSE:
• Initial : Fast, abrupt.

• Predictability: Jumpy response in flare and touchdown, good predictability
in general; some deterioration in flare.

• Special Inputs: Must tone down inputs to counteract abrupt initial response.

a P10 Tendency: None, bobble disappeared with heavier forces.

AIRSPEED CONTROL: Good.

PERFORMANCE :
• Approach Tasks:

ILS : Good.

Visua l (Sidestep): Very good.

• Landing tasks: Only problem was in final part of task because of abrupt
response.

• 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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V
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CONFIGURAT ION

4— c (a)Sp 2.0 1.06 FLIGHT/PILOT

0.2/ 0.1/-- 1906/1

PILOT RATING: OVERALL 3 APPROACH 2 PlO 2 SP 2

WIND/X-WIND : -05/00 TURBULENCE: None = 0.38

FEEL:
• Forces; Perhaps a little heavy in steady state; light initially.

a Displacement: Small.

• Sensitivity: Best compromise but too abrupt initially.

PITCH ATTITUDE RESPONSE:
a Initial : Abrupt then slowed down.

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

a Special Inputs: Little smoothing necessary.

• PlO Tendency: Hot a PlO that affected the task; had a little bobble in
flare.

AIRSPEED CONTROL: Good.

PERFORMANCE:
• Approach Tasks:

115: Comfortable, good (Note; no glideslope) .

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

• Landing tasks : Little uncomfortable because of initial response

a Differences: Some, because of bobbling in landing task.

WIND AND TURBULENCE: Very smooth, slight tailwind.

SUMMARY COMMENTS: Only problem was high frequency pitch bobble; no major V

problems. Note: is the easiest aircraft yet seen in tb. —

tracking task (PR • 1).
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CONFIGURATION

4—0 ~“SP 2.1 
~~ 

• 1.23 FLIGHTIPILOT

—-/ -- / —- 1885/A

PILOT RATING: OVERALL 6 APPROACH -- PlO 3 SP 4

WIND/X-WIND: 00/04 TURBULENCE: None M6 S 
0.85

FEEL:
• Forces ; Okay for overall task.

• Displacement: No comments.

a Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE: -
• Initial : Tended to bobble with aggressive inputs. Must fly smoothly

but close to ground unable to avoid bobbles.

• Predictability: Poor in flare but reasonable on ILS.

• Special Inputs : No comments.

• PlO Tendency: No comments.

AIRSPEED CONTROL: Had to pay attention but performance reasonable.

PERFORMANCE:
• Approach Tasks:

ILS: Went well.

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

• Landing tasks: Problem area. Hunting for ground but worked hard. Had
to check aggressivenesss.

• 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 
V

4—1 ~~~ 2.0 
~~~ 

1.06 FLIGHT/PILOT

/ ,  1889/A V

PILOT RATING: OVERALL 2 APPROACH -- 
V 

PlO 1 SP 3

W IND/X-WIND: 05/04 TURBULENCE: Light to moderate MbES 
= 0.51

FEEL:
• Forces; Acceptable.

a Displ acement: No co ents.

a Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Good response, steady.

a Predictability: No comments.

• Special Inputs : No special inputs.

a PlO Tendency : No tendency to PlO.

AIRSPEED CONTROL: Adequate.

PERFORMANCE :
a Approach Tasks :

ILS: Good.

Visual (Sidestep): Good.

a Landing tasks: No problems.

a Differences: No differences.

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: Good aircraft, liked it.
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CONFIGURATION
(A)SP 2.0 

~sp 
1.06 FLIGHT/PILOT

--/0.25/-- 
1891/A

PILOT RATING: OVERALL S APPROACH -- PlO 2 SP 5
WIND/X-WIND: 07/00 TURBULENCE: Light M6ES 0.60

FEEL:
a Forces; Forces high initially but comfortable in steady state; best

compromise.

• Displacement: No comments.

• Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Lagged a little initially.

a Predictability: Predictability affected by lag.

a Special Inputs: Important to keep errors small; overshoot on sidestep
maneuver.

a PlO Tendency: Slight tendency to PlO in flare and go around; not solid.

AIRSPEED CONTROL: Not a problem.

PERFORMANCE: 
- 

V

a Approach Tasks:
u S: Was Okay.

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

a Landing tasks: Overcontrol problems seemed to occur very close to the
ground.

e Differences: Touchdown was most difficult task (and take-off).

WIND AND TURBULENCE: Not a factor.

SUMMARY COPBWNTS: Moderately hard to achieve desired performance.
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- CONFIGURATION

4—3 ~~~~ 2.0 
~~p 

1.06 
- FLIGHT/PILOT

—- /0.25/-- 1 9 /

PILOT RATING: OVERALL 8 APPROACH s PlO 3 SP 3
WIND/X-W IND: 08/00 TURBULENCE : Light N5 = 0.51

FEEL:
a Forces ; Seemed appropriate.

• Displacement: On the large side .

• Sensitivity: Adequate statically but because of delay in response not
adequate dynamically (spongy).

PITCH ATTITUDE RESPONSE:
a Initial : Delayed.

a Predictability : Poor in tight tracking situations.

s Special Inputs: Tended to overdrive it and try to stop it.

a PlO Tendency: Yes, definite tendency towards P10 which lead to poor
precision of control.

AIRSPEED CONTROL: Bothersome, concentrated too much on pitch.

PERFORMANCE:
a Approach Tasks:

ILS: Poor quality, behind the aircraft.

Visual (Sidestep): Better ~ut airspeed control still a problem.

a 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.

a Differences: Significant, better in approach.

WIND AND TURBULENCE: Nil.

SUMMARY COMMENTS: Would like to evaluate in turbulence and crosawindi.
Major problems was pitch response, delayed, tmidad

V to oscillate .
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CONFiGURATION

4—3 ~~~~ 
g 2.0 

~~~ 
= 1.06 FLIGHT/PiLOT

--/0.25 /--

PILOT RATING: OVERALL 7 APPROACH 2 PlO 3 SP 7

WIND/X-W!ND: 15/09 TURBULENCE: Moderate M5 0.60

FEEL:
• ‘~Forces; Comfortable in all the nonaggressive tasks; little heavy

in flare.

• Displacement: No comments.

a Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE :
a Initial: Seemed okay.

• Predictability : All right until near the ground, then a problem.

a Special Inputs : Only in flare.

a PlO Tendency: Only near the ground and occurs with any corrections; not
divergent, low amplitude.

AIRSPEED CONTROL: Not a problem, some turbulence response.

PERFORMANCE:
• Approach Tasks :

u S: Pretty good.

Visual (Sidestep): Good until near the ground.

a Landing tasks: With everything set, could get down okay, but with any
corrections a PlO results.

a Diff erences : With crosswind s one is unable to get out of the loop and
avoid PlO. Clearly close to the ground is the most
difficult task.

WIND AND TURBULENCE: Turbulence was noticeable, crosswind was a significant
t workload.

SUMMARY COMMENTS: Tendency to PlO near the ground is a major problem .
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CONFIGURAT ION
4.4 • 2.0 • 1.06 FLIGHT/PILOT

-.1 0.5/--

PILOT RATING: OVERALL 7 APPROACH 3 SP 7¼
WIND/X—WIND: 00/05 TURBULENCE : Light M6 = 0.60

FEEL:
• Forces: High but didn’t want them lighter.

a Displacement: No comments.

a Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE:
• Initial : Initial lag then moved somewhat slowly.

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

• Special Inputs : Had to tone down inputs. Fly less aggressively for landing.

a PlO Tendency: Tendency to overcontrol on ILS but on landing and go-

V 
around there was a tendency to PlO.

AIRSPEED CONTROL: Not too much of a problem.

PERFORMANCE:
a Approach Tasks:

ILS: Once on I did pretty well.

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

a Landing tasks: Trouble in setting a predictable attitude near the ground.

a Differences: A significant difference; flare and landing the problem.
Can’t reduce aggressiveness.

WIND AND TURBULENCE : Noticed, did complicate ILS task somewhat.

SUMMARY COMMENTS: Major factor was inability to get a quick, precise attitude
for landing task, PlO resulted.
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CONFIGURATiON
- 1 06 FLIGHT/PILOT

4—4 ~~~~ ~SP -

--1 0.5/-- 
i902/B

PILOT RATING: OVERALL 6 APPROACH 3 PlO 3 SP 5

WIND/X-WIND: -08/00 TURBULENCE : None 145 0.34

FEEL:
• Forces; Reasonable in steady state; transient forces heavy.

a Displacement: Large, heavy in transient inputs.

• Sensitivity ; A good choice.

PITCH ATTITUDE RESPONSE:
• Initial : Very, very delayed.

a Predictability : Didn’t seem to have as much problem as anticipated; did
PlO but predictability was good enough that it was clearly V

V bounded.
• ,Special Inputs : Had to overdrive it and remove input.

a PlO Tendency : Could anticipate final response even though some tendency
to PlO was evident. Closed-loop oscillation was control-
lable. Couldn’t hurry response much.

AIRSPEED CONTROL : Fairly good.

PERFORMANCE :
a Approach Tasks:

u S: Good.

Visual (Sidestep): No problems.

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

a Differences: Landing was the most difficult.

WIND AND TURBULENCE : None, smooth day, tailwind ; turbulence wouldn ’t be a
problem anyway.

SUMMARY COMMENTS: Almost inert at slow speeds. Bothersome in landing -

like flying a large transport. Couldn’t precisely V

control pitch attitude near the ground.
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CONFIGURATIONV 

W~ p 2.0 1.06 FLIGHT /PILOT

-- / o.s,__ 1894/A

PILOT RATING : OVERALL -- APPROACH 5 Pl O 2 SP 3
WIND/X-WIND: 00/05 TURBULENCE : Light MSES 

= 0.51

FEEL:
a Forces: Fairly high but wouldn’t want lighter.

a Displacement: No comments.

• Sensitivity ; No comments

PITCH ATTITUDE RESPONSE:
• Initial : Lagged.

a Predictability: Wasn’t very good but not too bad either.

a Special Inputs : Necessary to try to anticipate, reduce aggressiveness.

a PlO Tendency: Tendency to overcontrol.

AIRSPEED CONTROL : More attention required because of lags in pitch but
never bad.

PERFORMANCE :
• Approach Tasks:

ILS: Able to do it.

Visual (Sidestep): Approaches went fairly well.

a Landing tasks : Not performed.

a Differences: Not applicable.

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: No Comments.
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CONFIGURATION

4—6 C4)sP 2.0 
~~~ 

= 1.06 FLIGHT/PILOT

-1 -- /16

PILOT RATING: OVERALL 4 APPROACH 1¼ PlO 2 SP 3

WIND/X-WIND : 15/09 TURBULENCE : Moderate M5 0.51

FEEL :
a Forces; Comfortable.

a Displacement: No Comments.

a Sensitivity; No comments.

PITCH ATTITUDE RESPONSE:
a Initial : No comments.

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

- 

• Special inputs : Hunting for touchdown point because of problems in the
pitch response.

a PlO Tendency: No tendency to PlO just not precise near the ground.

AIRSPEED CONTROL : No problem.

PERFORMANCE :
• Approach Tasks:

ILS: Good.

Visual (Sidestep): Good until near touchdown.

• Landing tasks: Surprising problems near touchdown; had to work harder.

a Differences : Clearly landing was the most difficult.

WIND AND TURBULENCE: Changing crosswind on approach required special attention.

SUMMARY COMMENTS: No major problems but hunting in the flar . and wav off
was bothersome .
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CONF IGURAT ION

4.. 
~ 

~,sp 2.0 

-- ~
‘
~
p 1.06 FLIGHT/PILOT

PILOT RATING: OVERALL 3 APPROACH 3 PlO 1 SP 3
WINO/X-WII%D: -01/OS TURBULENCE: None M~ = 0.34

FEEL:
a Forces; Comfortable.

a Displacement: No comments.

e Sensitivity: No comments .

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

trouble but didn’t materialize.

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

a Special Inputs: None.

• PlO Tendency : None.

AIRSPEED CONTROL: Not a problem.

PERFORMANCE :
• Approach Tasks :

ILS: Went well.

Visual (Sidestep): Okay.

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

• Differences: No real differences.

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: Some worry about a final pitch attituda on u S  but a
minor problem. Some hunting in pitch attitud ; again a
minor problem.
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CONFIGURATION
FLIGHT/PILOT

4— 13 (i~~p 2.0 Ssp 1.06
.
~~, 

-- /4 1893/A

PILOT RATING: OVERALL 9 APPROACH 6 PlO 4 SP 9

WIND/X-WIND: -01/04 TURBULENCE: None N6 
= 0.26

FEEL :
• Forces: Quite high maneuvering, comfortable on ILS.

a Displacement: No comments.

• Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Pelt like it was glued in concrete.

• Predictability : Reasonable on approach but not near the ground.

a Special Inputs : No comments.

• PlO Tendency: Could control level of PlO until very close to the ground.

-

V 

AIRSPEED CONTROL: Reasonable.

PERFORMANCE :
• Approach Tasks:

u S: Couldn’t chase it otherwise overcontrolling resulted, had
V to work hard.

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

a Landing tasks: Got into PlO near the ground, not divergent but large
amplitude. Attempt to limit aggressiveness but cannot do
that near the ground.

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

-
~~~~~ WIND AND TURBULENCE: Not a factor.

V SUMMARY COMMENTS: Tendency to overcontrol on ILS but at 10 feet a full P10
developed which was the major problem.
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CONFIGURATION

4-u ~~~~ 
2:0 

-- 
1.06 FLIGHT/PILOT

PILOT RATING: OVERALL 8 APPROACH 3 PlO 4 SP 7

WIND/X-WIND : 01/07 TURBULENCE : Light M6ES = 0.S1

FEEL:
a Forces; Okay in ILS but very spongy in landing PlO.

a Displacement: No comments.

a Sensitivity : No comments.

PITCH ATTITUDE RESPONSE :
a Initial : Clearly some lag, spongy.

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

a Special Inputs : Try your best to tone down input.

• PlO Tendency: Strong tendency near the ground where aggressiveness
V cannot be avoided. V

AIRSPEED CONTROL: Some difficulty because of poor control of attitude.

PERFORMANCE:
• Approach Tasks:

ILS: Okay, but working at it.

Vis ual (Sidestep): Okay until near the ground.

• Landing tasks : Strong PlO near the ground was a problem.

• Differences: Flare and touchdown the most difficult task.

WIND AND TURBULENCE: No problem.

SUMMARY COMMENTS: A big problem in the touchdown phase.
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F CONFIGURATION
- FLIGHT/PILOT

5—1 ~‘sp ~~~~~~~ S~ p - 0.54
-- , . .  1890/A

PILOT RAT ING : OVERALL 7 APPROACH -- PlO 
~ 

SP 4½
WIND/X-WIND: 03/04 TURBULENCE : Light MbES 0.94

•FEEL :
a Forces: Comfortable on ILS but appeared overly sensitive; changed

to suit needs of flare.

a Displacement: No comments.

a Sensitivity ; No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Tendency to bobble.

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

• Special Inputs: No comments.

a PlO Tendency: Tendency to PlO in flare, low frequency hard to understand.

AIRSPEED CONTROL: Fairly reasonable.

PERFORMANCE :
a Approach Tasks:

ILS: Went well.

Visual (Sidestep): Approaches okay.

• Landing tasks: Clearly different - demanded aggressiveness which
resulted in PlO.

• Differences: Landing the worst.

WIND AND TURBULENCE: Turbulence noticeable, a factor.

SUMMARY COMMENTS: Overly sensitive airplane, got into a low frequency
PlO on landing. Hard to evaluate. 
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CONFIGURATION
(a)~p 3.9 

~~ 
0.54 FLIGHT/PILOT

5—1 -- 1901/B

PILOT RATING: OVERALL S APPROACH 4 PlO 3 SP 4

WIND/X-WIND: 05/06 TURBULENCE: Light MbES 0.60

FEEL:
a Forces; Little heavy.

a Displacement: Perhaps a little large.

a Sensitivity ; Good, on the heavy side in turns, sensitive on landing.

PITCH ATTITUDE RESPONSE:
a Initial: Quick, abrupt and objectionable.

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

a Special Inputs : Had to smooth inputs near the ground.

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

AIRSPEED CONTROL : Good feel for airspeed changes, stiff in terms of
V airspeed, not a problem.

PERFORMANCE :
a Approach Tasks:

u S: Pretty good but not as good as desired.

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

a Landing tasks: Tendency to oscillate; oscillations were bounded.

• Differences: Yes, PlO problems only evident in flare and touchdown.

WINO AND TURBULENCE: Strong pitch response to turbulence was bothersome.

SUMMARY COMMENTS : Tendency to PlO 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 PlO tendency.
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CONFIGURATION

5 3 
Ca)~p a 0.54 

FLiGHT/PILOT

PILOT RATING: OVERALL 8 APPROACH -- Pl O 3 SP 7

WIND/X-WIND: 07/06 TURBULENCE: Light MaEs 
1.0

FEEL:
• Forces: Felt okay, good compromise.

• Displacement: No comments.

• Sensitivity; No comments.

PITCH ATTITUDE RES PONSE :
a Initial : Felt okay on ILS, but not so at other times.

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

• Specia’ Inputs: No special inputs on ILS (hard work), but at other times
was confusing.

a PlO Tendency: Tendency to PlO in flare.

AIRSPEED CONTROL: Airspeed bounced around, some difficulty.

PERFORMANCE:
• Approach Tasks:

ILS: Okay.

Visual (Sidestep): Only a problem on touchdown.

a Landing tasks: A problem, working really hard to remain safe.

• Differences: Significant increase in workload near touchdown.

WIND AND TURBULENCE: Really felt turbulence.

SUMMARY COMMENTS: Previously discussed.
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CONF IGURAT ION
r “s~ 

a 3••9 0.54 
FLIGHT/PILOT

~~~
— 3 1901/B--/0.25/--

PILOT RATING : OVERALL 6 APPROACH 2 Pl O 3 SP 7

WIND/X-WIND: -08/08 TURBULENCE: Light MbES 073

FEEL :
• Forces : Comfortable.

a Displacement: Okay.

• Sensitivity; Good.

PITCH ATTITUDE RESPONSE :
a Initial : S ooth, reasonably prompt on approach; in landing and take-

off initial response mismatched with final response.

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

a Special Inputs: None mentioned.

• P10 Tendency: Only near the ground.

AIRSPEED CONTROL: Stiff but couldn’t guess that by the control response to
- 

pilot inputs; good.

PERFORMANCE:
• Approach Tasks :

ILS: Great except for some problem with turbulence response.

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

• Landing tasks: Tended to land long with tailwind problem; when flown V

accurately, tended to get a mild PlO on landing and lift- - - -

off.
• Differences: Landing the most difficult task; very sensitive to the

tightness with which you do the task.

WIND AND TURBULENCE: Strong pitch response to turbulence. 
- 

V

SUMMARY COMMENTS: Couldn’t see any initial abruptness until turbulence
vu encountered. Tendency to PlO on landing and lift-
off wu major problem.
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CONFIGURATION

— 
a 3~9 ~ 0.54 FLIGHT/PILOT

-- /0.25 / --

PILOT RATING: OVERALL 4½ APPROACH 3 PlO 2½ SP s

WIND/X—WIND: -06/02 TURBULENCE: None H6 1.0

FEEL :
• Forces : Not noticeable.

• Displacement: No comments.

a Sensitivity; No comments.

PITCH ATTITUDE RESPONSE:
a Initial: No special problem.

• Predictability: Couldn’t really define the problem.

a Special Inputs: No comments.

• PlO Tendency: Did oscillate near the ground, but hard to define.

AIRSPEED CONTROL: Had some difficulties on the 11$, not great.

PERFORMANCE:
a Approach Tas ks:

11$: Fair.

-Visual (Sidestep): Okay.

a Landing tasks: Some difficulties, got into a slight oscillation.

• Differences : Most difficult near the ground; not really strong
differences.

WIND AND TURBULENCE: Noticed the turbulence but not a major problem.

SUMMARY COMMENTS: Confused about the airplane; had to work too hard on
landing. V

V 
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V 

CONFIGURATIONI 0SP 
a 

~~~~~~~~~~~~ 

a 0.54 FLIGHT/PILOT

PILOT RATING: OVERALL -- APPROACH 4 Pl O 1 SP 4½
WIND/X-WIND: 04/03 TURBULENCE: Light M

~ES 
= 1.0

FEEL:
a Forces~ Comfortable forces .

• Displacement: No Comments.

• Sens1tivity~ Sensitivity okay.

PITCH ATTITUDE RESPONSE:
• Initial: Responded in desired fashion.

a Predictability: Predictable enough.

• Special Inputs : Very responsive to turbulence, annoying, increased
workload.

a P10 Tendency: No special inputs or PlO tendency. 
V 

-

AIRSPEED CONTROL: Pretty good.

PERFORMANCE:
a Approach Tasks :

u S :  Went well.

Visual (Sidestep): Appears okay.

a Landing tasks: Not done.

a Differences : Not app1icable~.

WIND AND TURBULENCE: Turbulence noticeable and is a factor.

SUMMARY COMMENTS: Annoying aircraft to fly, hard to evaluate. Tendency
- ~- 

in pitch to wander off a problem, tended to come back.
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CONFIGURAT ION

5~3 
a 

~:~~O.25/~~~~ 

a 0.54 FLIGHT /PILOT

PILOT RATING: OVERALL -- APPROACH 3 Pl O 1 SP 4
WIND/X—WIND: -05/06 TURBULENCE: None M6 = 0.85

FEEL:
a Forces; Good.

a Displacement: About right.

a Sensitivity: Appropriate.

PITCH ATTITUDE RESPONSE :
a Initial : Quite prompt.

a Predictability: Good.

a Special Inputs: None.

a PlO Tendency: None.

AIRSPEED CONTROL : Easy, tended to fly slow.

PERFORMANCE:
a Approach Tasks :

ILS: Quite good in smooth air.

Visual (Sidestep): Equally good, easy; could fly more aggressively
than normal.

a Landing tasks: Not done.

• Differences: Not applicable.

WIND AND TURBULENCE: Smooth generally but did see a pitch bucking which was
undesirable on occasion.

SUMMARY COMMENTS: Suspect that it would be unsatisfactory in moderate
turbulence; only problem was turbulence response.
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CONFI GURATION
a = FLIGHT/PILOT

5—4 (Isp ~~~ 0.54
-- /0.5 / - -  1903/A

PILOT RATING: OVERALL 6 APPROACH 2 PlO 2J~ SP s
WIND/X-WIND: -05/02 TURBULENCE : None 116 1.19

FEEL:
a Forces; Coafortable on ILS; little high on visuals.

a Displacement: No comments.

a Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Some initial lag.

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

a Special Inputs: None on ILS. Had to reduce aggressiveness in landing
task.

• PlO Tendency: A mild tendency in landing task.

AIRSPEED CONTROL: No difficulties .

PERFORMANCE :
• Approach Tasks :

V 
ILS: Went well.

Visual (Sidestep): Okay.

a Landing tasks: Not good, had a tendency towards a low frequency PlO.
Had to work hard to achieve desired touchdown point.

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

WIND AND TURBULENCE: Not a factor.

SI*ARY COMMENTS: Had difficulties in the landing task with a tendency
to PlO.
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CONFIGURATION
- FLIGHT/PILOT

5— 5 ~~sp 
a 3~9 ~~ 

- 0.54

--/ 1.0/-- 1904/A

PILOT RATING: OVERALL 7 APPROACH 2 PlC 3 SP 4

WIND/X-WIND: -06/02 TURBULENCE: None 1.45

FEEL:
a Forces; Comfortable.

a Displacement: No comments.

• Sensitivity; No comments.

PITCH ATTITUDE RESPONSE:
a Initial : A mismatch with final response.

a Predictability : No problem for non-aggressive inputs. Near the ground
it was a problem.

a Special Inputs: Try to reduce aggressiveness.

a P10 Tendency: Near the ground it was there in the form of a large over-
control tendency.

AIRSPEED CONTROL: Not a problem.

PERFORMANCE :
a Approach Tasks :

ILS : Good.

Visual (Sidestep): Good until near the ground.

a Landing tasks: Obviously a problem; tendency to PlO.

• Differences : Flare and touchdown the most difficult.

WIND AND TURBULENCE: Turbulence noticed but not bothersome.

SUMMARY COMMENTS: 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

5-6 (A)Sp a 

~~~ -- 
~~p 

- 0.54 FLIGHT/PILOT

PILOT RATING: OVERALL 6 APPROACH 3 PlO 3 SP 6

WIND/X-WIND: -08/09 TURBULENCE: Light - MÔES 
0.77

FEEL:
a Forces: Light then heavy in steady-state.

a Displacement: Okay.

a Sensitivity ; Selected a compromise.

PITCH ATTITUD E RESPONSE :
a Initial : Sensitive, quick; sensed a lag when flying close to the

ground.

a Predictability: Adequate.

• Special Inputs : None.

a PlO Tendency: Same tendency to oscillate in flare and touchdown.

AIRSPEED CONTROL: Good; tended to be fast due to tailwind.

PERFORMANCE :
a Approach Tasks:

u S: Good.

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

• Landing tasks: Problems: bothered by tailwind and tended to oscillate
near the ground - just didn’t like the configuration.

e Differences: Didn’t like it for either one in turbulence; landing
was more demanding.

WIND AND TURBULENCE: Turbulence response was objectionable.

SUMMARY COMMENTS: Pitch oscillation was bounded but uncomfortable and tend-
ed to downgrade aircraft accordingly. Abrupt initial re-

V 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

5 7 
(A) 5p — 3.9 a 0.54 FLIGHT/PILOT

- -/  -- /12 19031*

PILOT RATING: OVERALL 6 APPROACH 2 PlO 3 SP 7

WIND/X-WIND: -02/05 TURBULENCE: None M
~Es 0.89

FEEL :
a Forces: Comfortable.

a Displacement: No comments.

a Sensitivity : No comments.

PITCH ATTITUDE RESPONSE:
a Initia l : Something confusing there but not identifiable.

a Predictability : Only a problem with aggressive inputs used in landing task
then a high frequency PlO resulted.

a Special Inputs : No comments.

• PlO Tendency: No direct comments.

AIRSPEED CONTROL: Not a problem.

PERFORMANCE :
a Approach Tasks:

ILS: Went well

Visual (Sidestep): Went well

• Landing tasks: Was the problem area; got into a relatively high
frequency PlO.

• Differences : Significant differences; landing task the most difficult.

WIND AND TURBULENCE : Not a factor.

SUMMARY COMMENTS: Major problem was high frequency oscillation in landing
task.
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CONFIGURAT ION
= FLIGHT/PILOT

5—11 (A)~p 3.9 
~~p 

0.54

-1 -- /16(4th) 1905/A

PILOT RATING: OVERALL 7 APPROACH 3 PlO 3½ SP 9

WIND/X-WIND: 01/07 TURBULENCE : Light M6 1.0

FEEL:
a Forces; Comfortable, except during speed changes.

• Displacement: No comments.

a Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Delayed, than a fast response.

• Predictability: Okay for approaches but poor for aggressive parts of task.

a Special Inputs : Try to get mean of PlO under control.

a PlO Tendency: High frequency PlO occurred in flare and touchdown.

AIRSPEED CONTROL: Bothersome, tend to wander with turbulence.

PERFORMANCE ;
a Approach Tas ks:

ILS: Okay. -

Visual (Sidestep): Okay.

a Landing tasks: Get into high frequency P10 near the ground; said control-
lability was in question then decided that it was not. 

V

a Differences: Yes, clearly more difficult in landing.

WIND AND TURBULENCE: Noticeable on approach but not a factor in landing task.

SUMMARY COMMENTS: Responds to turbulence and, in tight situations, there is V 4a tendency towards a high frequency P10. PlO is major - -

problem .
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LV.
~

COME IGURAT ION
— a • FLIGHT/PILOT

6—1 (I)~p 1.9 Ssp 0.65 
888/A(Unmodified YP-17 Control system)

PILOT RATING: OVERALL 10 APPROACH -- PlO 4 SP 9
WIND/X-WIND: 06/05 TURBULENCE: Light MbES 0.30

FEEL :
a Forces; Heavy initially, comfortable during ILS.

a Displacement: No comments.

a Sensitivity: No comments.

PITCH ATTITUDE RESPONSE :
• Initial: Lags.

a Predictability: Very poor predictability.

a Special Inputs: Had to use slow smooth inputs on ILS.

a PlO Tendency: Definite PlO.

AIRSPEED CONTROL: A lot of attention required.

PERFORMANCE :
a Approach Tasks:

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

Visual (Sidestep): Visual approaches deteriorated rapidly near the
ground.

a Landing tasks: No compensation possible to resist PlO near the ground.
Worked intensely to prevent PlO (managed One fending).

V a Differences: Significant differences, performance worst close to the
ground.

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: Tendency to lag and then take off - very unpredictable
in pitch. Not controllable.
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CONFIGURATION
C&) • 1.9 0.6$ FLIGHT/PILOT
(Nodified YF-17 Control System)

PILOT RATING: OVERALL 2 APPROACH -- PlO 1 SP 1

WIND/X-WIND: 06/os TURBULENCE: Light MbES 0.34

FEEL:
a Forces; Comfortable.

a Displacement: No comments.

a Sensitivity: A little high but not a problem.

PITCH ATTITUDE RESPONSE:
a In itial: Good, prompt.

a Predictability: Predictable.

a Special Inputs: No special inputs.

a PlO Tendency: No PlO tendencies.

AIRSPEED CONTROL: Good.

PERFORMANCE:
a Approach Tasks:

u S :  Okay.

Visual (Sidestep): Visual approaches good.

a Landing tasks : No problems.

V • Differences : None. 
V

WIND AND TURBULENCE: Not a factor.

SUMMARY COMMENTS: Comfortable to fly.
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CONFIGURATION

7—1 ~ 6 sec FLIGHT/PILOT

1891/A

PILOT RATING: OVERALL 4 APPROACH -- PlO 1 SP 3

WIND/X-WIND: 07/01 TURBULENCE: Light NbES 
0.43

FEEL:
V a Forces; Kind of heavy but didn’t want any lighter forces.

a Displacement: No comments.

a Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Funny pitch attitude response: felt spongy, drift in

steady state. Couldn’t define problem, something
mismatched.

a Predictability : Not predictable in the long term.

a Special Inputs: No comments.

a PlO Tendency: No tendency to PIG.

AIRSPEED CONTROL: Went pretty well.

PERFORMANCE :
a Approach Tasks:

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

Visual (Sidestep): Went fairly well.

a Landing tasks: Worked harder than desired and didn’t understand why.
Performance was satisfactory.

a Differences: Not ~~ch difference, worked equally hard on both. Flare
seamed slightly more difficult but not a big diffarenca.

WIND AND TURBULENCE: No Comment.

SUMMARY COMMENTS: Problem was getting a good steady-state response quickly
- 

- , - and reliably.
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- CONFIGURATION

7—2 
1’doubla ~ 

FLIGHT/PILOT

- 1894/A

PILOT RATING: OVERALL 3 APPROACH -- PlO 1 SP 3

WIND/X-WIND: 00/05 TURBULENCE: Light 0.34

FEEL:
• Forces: Bit high, aircraft felt spongy.

a Displacement: No comments.

a Sensitivity: Would have preferred more sensitivity.

PITCH ATTITUDE RESPONSE:
a Initial : Okay.

a Predictability: Fairly predictable but some sponginess in attitude
response.

• Special Inputs: None.

a PlO Tendency: None.

AIRSPEED CONTROL: Pretty good.

PERFORMANCE:
a Approach Tasks :

ILS: Went well.

Visual (Sidestep): Went well.

— a Landing tasks : Maybe the sponginess was more bothersome in flare but
no obvious difficulties.

a Differences: Not really much; landing was a little more difficult.

WIND AND TURBULENCE: No comments.

SUMMARY COMMENTS: Spongy feeling was there but didn’t really affect
performance.
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I CONFIGURATION
— 

FLIGHT/PILOT

L ~~~~~~~ 
— 2 sec 

1897/A

PILOT RATING: OVERALL 4 APPROACH 2 PlO 1 SP $

WIND/X-WIND: 08/13 TURBULENCE : Moderate M6 0.26

FEEL:
• Forces: Comfortable except a little high for touchdown.

• Displacement: No comments.

• Sensitivity: No comments.

PITCH ATTITUDE RESPONSE:
a Initial : Seemed okay.

a Predictability: For aggressive inputs wasn’t as good as desired.

• Special Inputs : None.

V 
S PlO Tendency: None.

AIRSPEED CONTROL: Turbulence was a factor; couldn’t identify an airplane
related problem.

PERFORMANCE :
• Approach Tasks:

ILS: Good.

Visual (Sidestep): Okay.

• Landing tasks : Had to work too hard to make pitch corrections. Not as
crisp as desired.

• Diff erences : Flare and touchdown was more difficult but not a great
di fference .

~~~ WIND AND TURBULENCE : Moderate crosswind and turbulence increased workload.

SUMMARY COMMENTS: Airplan. was somewhat confusing; couldn ’t get precise
control in lending task.
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CONFIGURATION
FLIGHT/PILOT

7 3  T&,~,1. — 2 s a c
1898/B

• PILOT RATING: OVERALL 6(3TD) APPROACH 6 PlO 1 SP S
WIND/X-WIND: 10/11 TURBULENCE: Moderate Mb 0.21

FEEL:
• Forces; Somewhat light at first, selected heavier.

- • Displacement: Okay.

• Sensitivity: Ended up with a good level.

PITCH ATTITUDE RESPONSE:
a Initial : Little slow.

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

• Special Inputs : Could use high gain effectively, almost with a
dither type input.

a PlO Tendency: Not seen on approach.

AIRSPEED CONTROL: Average on ILS; Okay.

PERFORMANCE :
a Approach Tasks:

u S: Very poor, not an instrument airplane.

Visual (Sidestep): Better.

a Landing tasks: No great problem. Used tight attitude control.

a Differences: Significant difference; worst on ILS approach.

WINO AND TURBULENCE: Not much turbulence but significant crosswinds. 
V

- 

- SUMMARY COMMENTS : Very confusing to evaluate since landing was much
better than approaches. ILS approach was very
demanding, high workload . 

V
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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.g.), positive for pull up-s g’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 .~ lb.

VMS - Indicated airspeed knots.
THR - Throttle position ~~ in.
TRK - Tracking needle, pitch attitude error commanded

pitch attitude minus pitch attitude ~~ in.
(1 inch - S deg pitch attitude).
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The approach and landing performance data presented are for
approximately 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.

IJnfortunately 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 liP , VMS and TI1R records were 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.

CONFIGURATION TASK FIGURE

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 11.5 and Tracking 16

2-4 Visual and Tracking 17
2-4 ILS (Low Approach) 18

2-7 IL.S and Tracking 19
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 titles are for the overall task
and the approach alone: 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 conf igurations 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 S-i), 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 I
functions was used and (K ~ ~~ 

) 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 CONFIGURAT ION 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 schedu le employed in the
program is presented, along with a review of the effects of these approach

speed variations on the aircraf t 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 aircraf t 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

stability and control derivatives. (For example, References IV-l, 2). The

transfer functions may be determined once the stability and control

derivatives are identified. Since the transfer function coefficients

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

desirable to identify the transfer function coefficients directly.

Ref. IV-i. Chen, R. T. N., Eulrjch, B. J. and Lebacqz, J. V., “D.v.iop.ent
of Advanc.d Techniques for the Identification of V/STOL Aircraft
Stability and Control Parameters” , Caispan Report No. 14-2820-F-i,
August 1971

IV-2. Eulrich , 8. J . ,  t4esiah, C. and Lyons , J.R. , “F-106A Models for
Use With the BML and LS Parameter Identification Co~~uter
Programs : Description and User ’s Guide”, Caispan TIPS $1.0 No. 823
July 1977.
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Th. squations of motion may be transformed, by a linear transforma-
t ion into the transfer function form . This special form for identification

is called the phase variable form (Reference IV-3) . The numerator and the
denosinator coefficients of th. transfer functions of the states representing
the .quations of motion are the parameters of the phase variable form. The
stability derivatives may be determined once the phase variable parameters
at. identified. A bri.f description of the phase variable form for identi-

fication is given in this subssction.

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

~~ct ) ~~~~~~ ) ,t Qa (t )

(1)

i~’~

where ~ is an s ti  state vector, u is a scalar input, and is a pal
measurement vector. -

With the transformation

(2)

the transformed equations are given by

g # c4a

(3)

I
R.f. IV-3. Govindaraj , k.S. and Rynaski , E.G., “Parameter Identification

Using Canonical Transformations”. Caispan Flight Research
N.aorand, No. S24, Novs~~~r 1977.
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where
~~~~~~

=

~ r 1Q (4)

o i a . .. 0 0

0 0 .1 . . .  0 0

~~0~~~~~~~~

:
ao —a, . • • — a,,, 

- -

— 

~~gJ ~I2 
. f

/I, 

— 

(5)

7 =

~~I ~,,Z • trn.?

The elements of the last row of the ~ matrix are obtained from
the coefficients of the characteristic polynomial r

-

~ ,m~- 
f s z ~~j S #  a,,, S 14~ 4~~~~ 3~’~~~ 4’ . . . 4 S..~4 (6)

ii
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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 t~, / ~t and t~ /u are

N (
~) ~~~ g

1~I 
~1 • • •  i,, S

(7)

~ ~~~~~~~~~~~~~~~ • •

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

F ~ T1

Q~ r4’0 (8)

The advantages of the phase variable form for identification are
significant. Th. transformation is canonical, which means that we obtain
the minimum number of parameters required to define the dynamic characteristics
of the airplane co~~1etely. 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 aL-a obtaine~,
so the data are in the correct form for aerodynamicists, flying qualities
engineers and flight control system designers .

An addi tional technique has been developed by Calspan for the
identification of unstable aircraft characteristtcs ; 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 loft 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 digi tal identification procedures
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The flight calibration records and the tch produced using the
identified digital characteristics are presented for all the basic aircraft
dynamic configurations in Figures 41 through SO . 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 the 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
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 si arized in Figure 51 through 61 which are discussed further
in th. next subsection of this appendix.

• 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 tL. , ~ 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 S’~ (Dl) 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

L 
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extrapolated to the appropriate landing task speed, which for the nominal case

is 120 KIM. 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:

Weight
Fuel Remaining (

~ !~ 
(lbs) Indicated Approach Speed, Kts

150 (± 50) 11,700 125

250 “ 12,350 130
• 350 “ 13,000 135k

450 “ 13,650 140

550 “ 14,300 140

5Nominal Case, ~~ &‘ 22 , 800 slttg-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 gary from 110 to 125 KIM. Fcrtunately, 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
15 Kts faster than the landing task 5peed, i.e. between 125 and 140 KIAS.

When a heavy weight, approach-only, evaluation was performed the speed was
145 KIM. 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 2 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

short-term characteristics.

H
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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 suamaries of configuration
characteristics discussed in Appendix IV are:

~~~~ ~45V ..g c.s P, -~~~~~ ~& ig6, 

~~~~~Z1~ .9 Si~1O5 11,
= +

I a

0 0 0 I 9 o

These equations imply that the reference axes are body axes and
that the wings are always level. For small angles, t~~ ~~ V1. , the trim

true airspeed , and i, ~~ 
±~~. - The variables ~~~, ~~‘(a ), 9 and $,, are
14..

incremental values from the reference trim condition.

Note that the equations do not contain the derivatives Z~,. and
M~ . . These derivatives cannot be derived separately from the identified

transfer function coefficients - recall that the parameter identification
procedure identifies the transfer function characteristics directly.

is effectively included in the identified derivatives in the above matrix.

( Wa, assumed zero). For .xa~~le, the identified is really the basic +

~ / ‘1,, , and M, ii the basic M
~

# Ma, Z~~~, • This definition of the
derivatives does not affect the accuracy of the identified transfer functions .

The transf.r functions for longitudinal stick inputs which follow,
written in “l~~~.d” d.rivativ. form , are representative of the transfer
functions presented in App.ndix IV for each configuration (except Configuration

- 
- - 7 which all hav, an mstabl. root). The specific derivatives which co~~rise

each li~~.d parsa.t.r can be derived from the equations.
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If the assumptions of constant speed and 9~ ~ 0 are made,
and small terms are neglected, then the following transfer functions r sult:

-
, .

- .
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The following relationship can be derived from these transfer

functions.

= ~~~~~ 
_L

I: a

— 

fl’i~~ ~
‘V”

~ 

‘

and 
I~f s~

‘~~ 14. 95

-
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APPENDIX VI
SI*JLATION )~ CHANIZATION

This in-flight experiment was performed in the three-axis variable
stability NT-33 aircraft , modified and operated by Caispan 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 WT-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 a

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 x 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, 4~ 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 def ined
in Reference 12. For thjs program a first order filter , t - .03 secs,

was installed in the a feedback to the elevator to reduce the high —

frequency control surface activity in the turbulence when high ~ feedback
gains were used to achieve Configuration S short period dynamics . For the

a gains used in this program, the effect of this filter is not considered
to be significant; referenc. the •xcellen t identification matches presented
in Appendix IV.
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Figure 62: SIMULATION MECHAN I ZATION

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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