i e S D

AD-A013 926
FLIGHT INVESTIGATION OF FIGHTER SIDE-STICK FORCE-

DEFLECTION CHARACTERISTICS
G. Warren Hall, et al

Calspan Corporation

Prepared for:

Air Force Flight Dynamics Laboratory

May 1975

DISTRIBUTED BY:

Natioral Technical Information Sarvice
U. S. DEPARTMENT OF COMMERCE



http://www.abbottaerospace.com/technical-library

245098
APFDL-TR-75-39

FLIGHT INVESTIGATION OF FIGHTER SIDE-STICK
FORCE-DEFLECTION CHARACTERISTICS

P. 0. BOX 235

CALSPAN CORPORATION ‘
BUFFALO, NEW YORK 14221

FINAL TECHNICAL REPORT AFFDL—TR-—756—39

MAY 1976 1 3

o —

c N
- i.ll-. )

’b’lm,wp

S S Y

' This report has been reviewed by the Information Office (Oi) and is releas-
able to the Nationwl Technicel Information Service (N'TIS). At NTIS, it i
R will be availablc to the: general public, including foreign astions. |

Reproduced by

HNATIONAL TECHNICAL
INFORMATION SERVICE

J S Department of Commaerce
Springfield VA 22151

AIR IFORCE FLIGHT DYNAMICS LABORATORY
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433

L s A————— B, it L+ U A AN 2S M, S T



http://www.abbottaerospace.com/technical-library

wm—

e

»w

bt

NOTICE

Nhen Government drawings, specifications, our other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
the United States Govsrnment tharedy iIncurs no responsidkility nor any obl:.gation
whatsoever; and the fact that the government may have formulated, furnisher, or in
any way supplied the said drawings, specifications, or other data, is rot to be
regarded by implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto.

-
>
P
~d
~

T e et e e e———

This technic . report has been reviewed and is approved for publicetion.

Sy 8. CRRA..

Capt. Jerry B. Callahan
Project Engineer

FCR THE COMMANDER

Evard H, Flinn
Chief Control Criteria Branch
Air Force Flight Dynamics '.aboratory

Copies of this report should not be returned unless return is regquired by security
considerations, contractual obligations, or notice on a specific document.

AIR FORCE/36780/4 August 1973 — 400

1] G

TG T T TTTEOTE TRRERm T SR WS WS aEeemyE e mme s e e e e e

avileh Mbsen,

et i ettt et B



http://www.abbottaerospace.com/technical-library

N P | Sy T A e T AT T TS T T — T T T T T

i UNCLASSIFIED

SECURMITY CLASSIFICATION DF THIS PALE (When Date Entered)

E REPORT DOCUMENTATICN PAGE BEFORE COMPILETING FORM
l 'r'nm'wmw 7. GOVY ACCESSION NO.| 3 RECIPIENT'S CATALOG NUMBER
AFFDL-TR-75-39
6 TITLE (and Bublitle) % TvPE OF AREPOART & PEROD COVERED
Flight Investigation of Fightur Side-Stick "FINAL'" 9/74-5/75

Force-Deflecti)n Characteristics

¢ PERFORMING ORGC. AREPORT NUNMBER

AK-5280-F-8

ek ot

E 7. AYUTHONM(,; & CONTRACY OR GRANT NUMBER(3)
P i G. Warren .iall F33615-73-C-3051
L Rogers E. Smith
f‘ . PERAFORMING ORCANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT. PROJECT, TASK
’ Cllspln Corporltion ARKA & WORK UNIT NUMBERS
: : P. 0. Box 235
| Buffalo, New York 14221 82190426 - Task 7
{ 11. CONTROLLING OFFICE NAME AND ADDRESS 12 REFOMY DATE
Air Force Flight Dynamics Laboratory May 197§ 4
: Air Force Systems Command 13 NYMBER OF PAGES
S Wright-Patterson Air Force Base, Ohio 45433 23 . .
. . MOMITORING AGENCY NAME & ADOAESS(/ ditlerent (rem Controlling Oltice) | 18, "URITY CLASS. (of this report)
i Unclassified ﬁ
%2 GECLASSIFICATION DOWNGRADING
1 . SCHEDULE
i ‘ T6. OISTRIBUTION STATEMENT (.1 this Report)
i This report has been raviewed by the Information Office (OI) and is
} ' releasable to the National Technical Information Service (NTIS). At NTIS, j
it will be available to the general public, including foreign nations.
; 17 DISTRIBUTION STATEMENT (of the abai-act entered in Rlock 20, il dillerent lrom Report) 1
i
:
10. SUPPLEMENTARY NOTES ‘
i
|
19 KEY WORDS (Continue on reverss side 1l necesssty and identtly h en Aumber) ;
Aircraft Flight Controller Handling Qualities i
q Side Stick Controllcr Variable Stability Airplane k
In-Flight Simulatior i ]
20. AGSTRACT (Continue on reverse side |l necessary and identily by bleck number) :

A flight investigation of fighter side-stick controller force-deflection

characteristics was performed using the USAF NT-33A variable stability ' 1
airplane equipped with a variable feel side stick. The simulated airplane .

and control system characteristics were representative of a modern high ; i
performance fighter employing a side-stick controller. Up-and-away tasks ' f

(Flight Phase Category A), including formation, air-to-air tracking and :
acrobatic maneuvering, and landing appreach tasks (Flight Phase Category c) ‘ ?

DD ,7on", 1473 eoimionor 1 novesis ossoLETE UNCLASSIFIED

' SECURITY CLASSIFICATION OF THIS PAGE (When Dara Entered)



http://www.abbottaerospace.com/technical-library

rw-—" - e T e T = x il T ST T T T T v/ = _—

5 UNCLASSIF IED

SECYUMTYY CLASUFILATION OF THIS PACE(Whan Date Bntered)
—

20, (Cont.)

were evaluated by two pilots. Four values of nonlinewr pitch and roll
side-stick force-command gain resulting in different i1esponse per force
ratios were ev-luated with different side-stick force-Jeflection gradients,
including a rigid side stick. Fr~r the particular airpline and control
system dynamics simulated, the b:st configurations evaluated for both
flight phases were those with high sensitivity of response to control
force and a small amount of side-stick motion. The rigid side stick was
considered satisfactory (PR 3.5) for the landing approach but not for the
up-and-away flight tasks. For the up-aid-away tasks, a small amount of
motion was beneficial in smoothing the initial respcnse and improving the
flying qualities of ar overly sensitive airplane.

T e
.

T

-

e
, LINCLASSIEIED
, SECURITY CLASSIFICATION OF THIS PAGE(Whun Data Eniered)



http://www.abbottaerospace.com/technical-library

- T T T Y P i e T S TR T e TN TN
1 '

e e —_—— = e -

b e ——_ e p———rtn +

FOREWORD

This report was prepared for the United States Air Force by Calspan
Corporation, Buffalo, New York in partial fulfillment of Contract F33615-73-
C-3051, Project No. 82190426, Task 7. Three prior technical reports have been
published under this contract which are corcerned with in-flight simulation !
investigations: AFFDL-TR-73-139, AFFDL-TR-74-9, and AFFDL-TR-74-110.

The program was performed by the Flight Research Department of
Calspan under the sponsorship of the Air Force Flight Dynamics Laboratory, Air
Force Systems Command, Wright-Patterson Air Force Base, Ohio. Captain Jerry B.
Callahan (AFFDL/FGC) was the USAF project engineer and Captain Richard E.

Ruffing was the project manager. The evaluation flying was performed at
Edwards Air Force Base in October 1974.

The work reported in this document represents the efforts of a
number of pev:ons whom the suthors wish to acknowledge: Major Fred Porter and
Captain Charles Walls, USAF, the evaluation pilots; Mr. Robert P. Harper, Jr.
who was the project safety pilot; and Mr. Ronald W. Huber who designed the
variable stability system modifications and, along with Mr. Thomas J.

Franclemont, performed the necessary calibrations and maintenance.

This report is being published separately as Caispan Report No.
AK-5280-F-8 and was submitted by the authors in March of 1975,
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GLOSSARY OF SYMBOLS

Alleron side-stick force, positive to the right (1b)
Elavator side-stick force, positive for a pull (1b)
Rudder padal force, positive for right rudder (Ib)
Acceleration of gravity (ft/scc'z)

Altitude (ft)

Nonlinear aileron force comaand gain (deg/lb)
Nonlinear elevatcr force command gain (deg/1b)

Steady-state feel system gain (deg or in./1b)

Nonlinear steady-state gain of #,7%, transfer fun:tion(zggéﬁffé

Nonlinear steady-state gain of n,/fks transfer function (~'s/lb)

Yaning acceleration per 1b of rudder pedal force (rad/sec‘/lb)

Normal acceleration at center of gravity,
positive {or a pull-up (g's)

Steaay-state normal acceleration change per unit angle of
attack change, for constant speed maneuvering (g's/rad)

Laplace operator (1/sec)

Trimmed true airspeed (knots)

Aiieyon side-stick deflection at palm, positive to the right

(deg or in.)

Ailevon deflection, radians

Elevator side-stick deflection av palm, positive aft (deg or in.)

Elevator deflection, radians

Rudder pedal deflecticn, right pedal positive (in.)
Dutch roll damping ratio

Phugoid damping ratio

Short-period damping ratio

Damping ratio of second-order numerator term
in p/F4s transfer function

Pitch attitude (rad)
Roll mode time constant (scc)
Spirzl mode time constant (s«c)

Airfrane lead time conscan® in &/F,, constant speed
transfer function (sec)
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GLOS3ARY OF SYMBOLS (cont.)

Roll attitude (rad)

Absolute valus uf control fixed roll-to-sideslip
ratio evaluated st w = wy

Putch roll undamped natural frequency (rad/sec)
Phugoid undamped natural frequency (rad/sec)

Short period undamped natural frequency (rad/sec)
Undamped natural frequency of second-order numerrtor
term in p/#s transfer function (rad/sec)
Instrument landing system

Pilot-induced oscillation

Pilot rating (Cooper-Harpar Scale)
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Section 1

INTRODUCTION

Acceptance of the idea of using electrical commands as the prisary
or sole means for a pilot to control his airplan+ makes feasible the use of
small side-stick controllers in oporational aircraft. The use of a side-stick
with electrical commands, nonlinear gains, command prefilters, response feed-
backs and signal shaping gives the designer a iarge number of parameters to
manipulate to achieve good flying qualities. These options also present the
research community with a vast number of combinstions of system elemerts to

consider, especially if there are significant interactions.

In such situations economis considerations force experimenters to
limit the scope of any parvicular investigu.tion by selecting what are hoped
to be representative values of many of the system elements, which are then held

constant while parameters of primary interest are varied in the experiment.

The primary area of interest in this in-flight investigarion was
side-stick force-deflection characteristics. The major question was whether it
was necessary or desirable fur a8 side stick controller to have motion for goci
flving qualities, A sc¢condary question was: if motion was found desirable,
how much moticn is required and should the &ar.hunt of motion be different for
flight phases and piloting tasks?

A flight test program was designed using the USAF variabie stability

NT-33A airplane with its variable fvel side-stick controller. A configuration

representative of a modern high-pevformance fighter was used as the base for

eveluating several values of side stick motion and aircraft control gain values,
The up-and-away tasks (Flight Phase Cata2gory A} of formation, air-to-air
tracking and acrobatic maneuvering and the landing approach tasks (Flight Phase

Category C) were evaluated. 7Two experienced test pilort-s evaluated a total of
thirty-nine configuiations.
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This report includes a description of the experiment, evaluation
procedure, equipment used and the airplane and control system parameters varied.

The experimental results are presented in the form of pilot comments and pilct
retings

e e e m———— e abe
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Sectzion II

T..J7{ICAL DISCUSSION

e T

Several gquestions have arisen from current experience with fixed,
force-command side-stick controllers. Most notable of these is whether a fixed
side stick provides adequate cues to the pilot or if some displacement is re-
quired or desirsble in certain flight tasks. Thus the primary purpose of this
flight test program was to specifically evaluate force-deflection character-

A AT ng——

; istics of a side stick controller. The economic constraints of the program,
however, required that a number of airplane and control system parameters be
held constant during the evaluation program. Many of these parameters can have

a significant influence on the desired force-deflection characteristics. !

3 Pitch-roll harmony is one aspect that is a complex result of the i
4 controller's force and deflection characteristics in the two axes together

2 with the vehicle response magnitude and dynamics in both axes. Because of the

i é large interactions involved, which complicate experimental definition and design

o

specifications of control "harmony'", many different combinations of pilot-force
; airplane-response characteristics ir pitch and roll together with combinations
g of force-deflection characteristics would have had to be tested to define good
‘ and bad control harmony. Consequently, in this experiment the "'control harmony" |
was selected from previously evaluated configurations for a fixed side stick.
Two values of control stick deflection were selected for sach axis from pre-
viously flown configurations: a small motion value, selected to provide a
small but barely noticeable amount of motion, and a larger motion value

selected to provide a noticeable but not ovjectionable or unrealistic amount
of motion.

Nonlinear command-response rela:ionships are quite common in the

latest generation of fighter type airplanes. Thes~ nonlinear command gains

have been tried ir an attempt to avoid overs.acitivity for small inputs while
also making avai. able maximum vehicle maneuver capability without excessive
force requirements. Another way to alleviate the prcblem of high sensitivity
is by using command prefilters which limit the bandwidth of pilot commands.

EOSUT PRSPPI Y~ [V TIY Ve
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There may also be considerable interactions between the effects of nonlinear
gains and command prefilters in terms of their effects on the control semn-
sitivity charactaristics. For this program, a linear spring gradient in combi-
nation with a set of nonlinear command gains and two different pitch command
prefilters (one for up-and-away flight and another for the landing approach)
were used. A description cf the command nonlinearities and the characteristics
of the two comrand prefilters is given in Section III. Still another non-
linearity that can have a strong influence on the acceptability of the force-
deflection characteristics of a controller is the breakout force, and the slop

or hysteresis in the system. Again, a representative breakout force in each
axis was selected and remained fixed.

Force commands were used in this ¢xperiment even shen the side con-
troller had movement. This was purposely done to insure chat the control
command gains, i.e., airplane response per force input, remained constant.
Since the side-stick mass and damping effects were small when the stick was
allowed to move, i.e., the feel system dynamics were sufficiently '"fast", the
applied force and stick deflection are related essentially by the static spring
gradient. In this case it makes little difference to the open-loop dynamics
whether force or deflection is used as the command signal. Since the pilot is
capable of sensing force and deflection independently, the type of command
input could have an affect on the closed=loop dynamics. However, for the
relatively small stick deflections evaluated, the feel system dynamics were

not expected to have a major influence on this experiment.

The physical characteristics of the controller also can have an
influence on the pilots evaluvation of the force-deflection characteristics.
The pivot point about which the motion occurs has been found to be ‘mportant,
as well as the size and shape of the controller grip. The size and location
of the arm rest can limit the motion capability of the wrist, especially for
combined pitch and roll inputs. The acceptability of the force-deflection
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characteristics can also be influenced by the necd for trin and the tvpe and
location of the trim control mechanism. Several types of trim systems need to
be evaluated: autotrim, rate or position trim and series or parallel action.
In this experiment, the side-stick grip with an adjustable arm rest duplicated
one in a current high performance fighter airplane. A four-position trim
button provided rate trim. When the controller had motion, trim inputs were
r=flected in the controller position.

Controller-to-control-surface gearing, or control gain, can have a
major influence on the acceptability of the stick force-deflection character-
istics. Several values of control gain were evaluated; this was a major
parameter in this experiment. These con rol gearings were based on configura-
tions previously evaluated with a fixed side rtick and were selected to pro-
vide both overly sensitive as well as heavy control forces.

Another set of parameters known to be important are the airplane
dynamic characteristics. Of particular importance are the longitudinal short
period frequency and damping ratio and the lateral roll mode time constant.

In this experiment, the longitudinal short period and roll mode characteristics
were held constant at values which should give good flying qualities according
to MIL-F-8785B. One additional evaluation was performed with a reduced value

of short period damping ratio and one with an increased value of roll mode
time constant.

As evident by this technical discussion, a complete evaluation of
all the parameters having an irfluence on the pilot's assessment of the flying
qualities of a particular set of silde controller/airplane characteristics would
be a mejor undertaking. In order to design a manageable size expe .ment to
produce valid results, it was necessary to select evaluation parameters and
airplane-control system characteristics from past experiments or from known
characteristics of operating airplanes,
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Section 1I1

DESCRIPTION OF THE EXPERIMENT

The variable stability NT-33A airniane with its variable feel side-
stick controller was used to investigate the influence of side-stick motion
and force-response gain on the pilot's assessment of the flying qualities of
a high-performance fighter type airplane. The up-and-away tasks (Flight Phase
Category A) were acrobatics, formation and air-to-air tracking while the landing

approach tasks (Flight Phase Category () consisted of an ILS approach and touch
and go landings.

3 Confi‘uration Definition

Dynamic characteristics representative of a good high-performance
fighter airplane were implemented using the NT-33A variable system. The air-
plane dynamics are shown in Table 1 and the control system characteristics are
discussed in the next sections. The characteristics of the variable feel side-
stick controller were varied to allow evaluation of a fixed controller and two
sets of stick motion characteristics for Jifferent values of control force
command gain. Force commands were used in both tne lateral and longitudinal
axes. Therefore, force-response gains such as steady-state A“‘;_._.j/n3 and 4s/p
were unafXected by ct.anges in feel system force/displacement gradient. The
basic layout of the evaluation matrix is shown in Figure 1. Since the number
of evaluations that could be performed was limited by available funding, it
was decided to vary the longitudinal and lateral control force command gains
simultaneocusly while attempting to maintain control harmony between the two
axes. Ir addition to the basic airplane .onfiguration defined in Table 1, two
other up-and-away configurations were evaluated for the fixed and small-motion
side controller at the medium control sensitivity. One configuration included
a reduction in longitudinal short period damping ratio from o ® 0.6 to 0.25

and the other looked at an increase in the l_ateral roll mode time constant from
2; = 0.2 to 1.0 seconds.
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TABLE :.

DYNAMIC CHARACTERISTICS OF SIMULATED AIRPLANE

i Up-and- Away Tasks Landing Approach Tasks
I ‘ (Flight Phase Catagory A) (Flight Phase Category C)
§ vV ft/sec 300 145
L h  t 12000 4000
S ny/a girad 33 7 |
423 2.1 0.9 :
E Wy, rad/sec 5.0* 2.2
& 0.6* 0.5 g
é «p  rad/sec .09 .15 ‘
; 7 .05 .05 i
Ze sec Add 0.5
‘_ Zs sec oo oo 3
i wy , wy rad/sec 3.2 1.2
! Sut» Sy 0.4 0.25
| #/8]|, 0.5 3 ]
NOTE: *  reducel to &5, = 0.25, Wse = 3.7 rad/sec, :

for additional configurations _
(See Section 3.4) :
increased to 1.0 secs for additional
configurations (See Sectiorn 3.4)

"W

!

q

*** The values of modal parameters are strictly i
i

truc only at the refer:nce V and A4 . During
maneuvers the values vary with dynamic pressure.
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:
$ 1

} Side-Stick Motion

Motion Force-Response Gain L
deg/1b 1b/g, 1b/deg/sec :
Symbol 6ES/FES 8AS/FAS Symbol FES/N,» Fas/P
F 0 0 L
: S 50 77 : see sFigsures
é L .91 1.43 VH '

Figure 1. Configuration Matrix for Both the Up-and Away
and Landing Approach Tasks
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3.2 Cont-ol System Mechanization

The pitch and roll control systews for the simulated airplane were
mechanized as shown in Figures 2 and 3. Force commands were used in both axes
to command the appropriate contr~l surface servo and surfacs deflection. For
those configurations where side-stick motion was present, the feel system,
which will be discussed in the next section, was in paralle! with the force
command channel. In other words, pilot-applied stick force commanded stick
motion and also control surface motion. The stick force/deflection gradient

and the control surface deflecticn per force input were therefore independently
varisble in this experiment.

Since the gearing or gain between stick force and control surface was
nonlinear as shown in the schematic of the control system, the force-response
gain was nonlinear. The details of the nonlinear stick force gain in pitch

and roll are presented in Section 3.4 where the evaluation configuration char-
acteristics are summarized.

Two first-order 20 rad/sec filters were included in the roll axis to
suppress unwanted high-frequency 'noise' in the roll force channel. These
filter dynamics are felt to be far enough removed from the dominant roll dy-
namics so gs not to be a significant factor in the lateral control response:
however, they do attenuate high frequency force inputs and cause a small delay
and high frequency phase shift. In the pitch channel two different first-
order filters, one for each flight phase, were included as representative con-
trol system dynamics for a highly augmentel fighter airplane. A breakout force
of 1.0 1b was included in both the pitch and roll command channels.

The rudder command channel was mechanized in a simple linear fashion
using position commands with a very high force/displacement gearing to effec-
tively simulate a force command system. No additional control system dynamics
were intiroduced into the rudder command channel.
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3.3 Fesl Sraten Machapization

As discussed in rhe previcus section, the feel system was mechanized
in parsllel with the force command channels to the pitch and roll control sur-
faces. The simplifieu block diagram shown in Figure 4 illustrates rthis con-
cept and documents the force/displacement transfer function for the feel sys-

tems. Section 3.7.2 discusses the features of the tide-stick controller in
more detail.

The gradients of force versus displacement, F/f , used in this

experiment, along with the identification symbols used through this report,
are:

| /K s
Sywbol Fas/Ses Fas /8as ‘

F Fixed Fixed

s 2.0 1b/deg (27 1b/in.) | 1.3 1b/deg (17 1b/in.)

e bl it

L 1.1 lb/deg (1S 1b/in.) 0.7 1b/deg (9 1b/in.)

NOTE: Distancs from side srick pivot to ringer reterence = 4.25 in.

o

For the Rudder: Fep/dgp = 120 1b/in. ani Jgp limits & 0.5 in.

3.4 \umpary of Confisyuration Characteristics

Since nonlinear gearings were used in pitch and roll, the steady- !
state sirjlane responses are nonlinear functions of the st.ck force. The com- ‘
mand force per steady-state pitch and roll response are plotted in Figures 5
and 6, for the two flight phases, in the form of elevator stick force versus
steedy-state normal acceleration (rn /n’ ) and aileron stick force versus
stuady-state roll rrte (£ /p ). The symbols shown, L, M, H and VH, will be
used throughout the report to identify the levels of nonlinear commsnd forve-

o e o ook Wi ke e
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es* Fas

Pilot's

{Feel Systey Dynamics
Kes (18)

Irput

2 S %es, %s
S+ 2 (0.7)(18)s + {18)
8e. 08, Command
g;::::] . Simulated
Atrpl
Dynamics rplane Dynamics

Figure 4. Feel System Mechanization
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14, Up-and Away
300 kt. lz 000 f

FES' 1b

Breakout = 1.0 1b : ; ' :
0 | ' \ 2 N i . L

) 2 3 2 5
nys 9 (Steady State)

FAS’ 1b

Breakout =1, 0 1b

o 20 40 60 80 100 720 140 760
p, deg/sec (Steady State)

Figure 5. Control Force-Response Gains, Up-and-Away
(F1ight Phase Category A)
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14 1 ---{Landing Approach
145 kt, 4,C0U Tt

2
2
-
Bro;akout - 1.0:1b ‘ : _ :
0].0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.¢
n’. v 9 (Steady State)
7 --....---.: --------- E.... :
6
5
= 4
2
(Y 3 :
.| 5
1 F-- Brc.ldkout = 1.0 ]b.: o . ........ '\ ........ ,::

0 10 20 30 & S0 60 70 80
P, deg/sc~ (Steady State)

Figure 6. Control Force Response Gains, Landing Approach
(F1ight Phase Category C)
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response gains. These symbols refer to light, medium or nominal, heavy, and

very hoavy side-stick forces. The levels are for identification purposes within
this experiment and should not be considered as absolute indicators of control
force-response gain levels. For example, the configurations tdentified as H had
low values of control force gain and therefore the stick force required to

achieve a given steady-state response was heavy .

The rudder control sensitivity used was approximately:

gg-aud-Awa!

Ne ~ 019 rad sec2
ar, —1€-——

tach configuration consisted of a set of simulated airplane dynamics,
a selected pair of nonlinear pitch/roll command force-response gains (L, M

H or VH) and a level of side-st.ck controller motion (fixed, F; srill, S;
largs, L).

Landing Approach

R
.004 rad sec”

’

Nine configurations were evaluated at each flight condition, plus
four additional up-and-away configurations with changes in longitudinal short

period damping ratio, § . , or lateral roll mode time constant, T

Summarizing the information in Sections 3.1, 3.2 and 3.3, the approxi-

mate constant-speed normal acceleration and roll rate transfer functions for
side-stick force inputs are listed below:

Up-and-Away (Fligh* “hase Category A):

i g
Fas s \(52 2(0.¢)s )(s‘ 2(0.7)s
(a A AR A by~ “o +

CONTROL SvoRT PER/OO CONVT ROC SUVRLFNACSE
SYSTEN SCRVO DYNAMICS
»
K
P P
Fas 2 0.7)s \
AS (i + 7 25+, (5 y Z/ ) +
20 60
~ - - ~ N
gg;g: Roce ¢ YTROL SURFACa
FIeTER £100¢ SERVO DYNAMICS

16
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Two configurations with the nominal force-response gain (M), one with
a fixed stick (F) and the other with small stick motion (S), were evaluated with

Ly, reduced to 0.25 (from 0.6). In addition, the same two nominal configurations

were evaluated with 7, increased to 1.0 secs (from 0.2 secs). In each case, the
command channel gains were adjusted to retain approximately the nominal (M)

steady-state control force-response gains shown in Figure 5.

Landing Approach (Flight Phase Category C):

*

K,
n, ) : "y o
Fes s s® 2(0.5)s )sz 2(0.7)s
(4 +’)(2.2’ t 22 4 <452* ) + 7)
*'
F . Kp
Fas s 2 s? 2(07)s
(Fb*’) (~55+’)<601‘* 0 +/)

* steady-state nonlinear gain shown in Figures 5 und 6.

3.5 Evaluation Pilots

The two evaluation pilots vsed in the program were both members of
the U.S. Air Force Test Pilot School staff and have extensive flight ¢\ test
pilot experience. Pilot A had over 4000 ours total flight time with 550 hours
considered flight test experience. Pilot B had over 3800 hours with 800 hours
of flight test experience.

To ensure that the configurations were evaluated against a common
criterion, the pilots were briefed collectively on the evaluation tasks,

maneuvers, rating scale (Figure 7) and comment cards. Although the general

experimental design was discussed during the pre-evaluation briefing, the

17
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pilots were not given prior knowledge about the specific corfigurations to be

evaluated.

AMORAFY SUEANDS Ol THE PULOT o tid
CHARACTRRISTICS M SRLECTED TASK OR AUGVIRED SFAIRANON® MATING
Eacelnt ot COMPORSStor Ao\ & factor lor o
Highly des.sbie G080 POTiarmance
Good Priot compenastion not 8 factor for 0
Neghgibie delcences desed performance
Fay — Some midly N el POt COMpPEntahnon requited for b
ungiestant Selicnces @O0l Parioementc
Whnot but annoyIng Desirad pariormance requies MOderste
dehcrences piiot compenaation
Deficncas e
detiCrenc s peiot
Vety (7] do [ Koot @
tolasabie dahcuncies il Compensaon
nol with
Major detcencies prod
Deticrances Controtlabidity Aot 1n quosion
" C Dot " d
mprovement *_ ] Maor setcncien for control

Najor delhiciences

intense D1iot Compensation 13 requited 10
relan coniro)

! impeoveme
e n -{m:u dutiLiend e

Control wil b8 M Bl ing sowe povtion ol
10Qu100 0P8 BhON

J

.

Pilot comment data was the major source for determining why a pilot

Figure 7.

@ DOMIOR B 18QUntt DB ALOA 1AL BFLENATHW N1 gl (LIse An0 &

[ R et R TR Y

Cooper-Harper Filot Rating Scale

liked or disliked a particular configuration and therefore the reascns for his

pilot rating.

The pilots were instructed to make pilot comments at any time

they wished but were required to make specific comments about the items listed

on the comment cards. The complete pilot comment card is reproduced below:

18
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UP-AND-AWAY PILOT COMMENT CARD

A, Make any general comments pertinent to evaluation
; (task performance)

B. Mske specific comments about:
1) Ability to trim (did you trim?)
i 2) Stick forces
E 3) Stick motion
i 4) Control harmony

5) Predictability of airplane response to
pilot inputs

6) General airplane control (longitudinal and #
lateral-directional)

. a) During close formation, pilot rating

b) During air-to-air tracking, pilot rating

¢) During mansuvering flight, pilot rating

] N Effects of turbulence

3 c. Summary comments :
‘ 1) Good features ,
4 2) Objectionable features ;

] 3) Special pileting technijues
4) Pilot rating based on mission task
3 5) Give primary reasons for ratings

na mcata e St et

19
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LANDING APPROACH PILOT COMMENT CARD

A. Make any general comments pertinent to evaluation

(task performance)

B. Make specific comments about:
1) Ability to trim (did you trim?)
2) Stick forces
3) Stick motion
4) Control harmony

5) Predictability of airplane response to
pilot inputs

6) General airplane control {longitudinal and : : ’
lateral-directional)
a) During avproach to runway {
b) During flare and touchdown
c) On closed pattern

7 Effects of turbulence/crosswinds

C. Svmmary comments:
1) Good features
2) Objectionable features
3) Special piloting techniques

4) Pilot rating basec on mission task '1
5) Give primary reasons for ratings i
|
$
1
|

/ 20
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Pilot A evaluated all of the configurations and Pilot B evaluated 14
of the 22 configurations. Sufficient repeat evaluations were provided for both
pilots to dotermine pilot repeatability.

3.6 Evaluation Procsdures

T T

. 2 The evaluation mission was defined in the context of a high perfor-

i mance fighter including up-and-away tasks (Flight Phase Category A) of forma-
tion flying, air-to-air trackir . and acrobatics, and landing approach * ks
(Flight Phase Category C) consisting of an ILS approach and closed pati..m
touch-and-go landings.

aled ettt 0 ot et

i The up-and-awvay evaluations were performed about a nominal speed and
! altitude of 300 kts and 12,000 feet with a target airplane. Evaluation #
! - instructions were as follows: ' v

| (1)  Check ability to trim. B

PR

(2) Perform snall maneuvers about level flight or other
maneuvers to obtain familiarization with the configuration
and to investigate the acceptability of the control
system sensitivities.

e oo s

(3 Join on the target airplane and fly loose parade formation.
3 Tighten up the formation compatible with the airplane
nandling qualities and safety considerations. Drop back

}' and fly in trail formation during larger target airplane

BAneuvers.

T

(4) Assume a "perch' position above, behind and laterally
1 displaced from the target airplane. Close and track the

e i

terget airplane, at ranges between 1000 and 1500 ft, to |
obtain steady tracking information. Assume an offensive ]

role thile the target airplane performs defensive maneuvers.

21



http://www.abbottaerospace.com/technical-library

Ty —

T - —

e p

I T

v r—

(s)

(6)

)

Assume a defensive role as the target airplane assumes a
perch position and attempts to close and track the NT-33A,

Independent of the target airplane, perform sufficient
rolling and overhead acrobatic maneuvers to assess the gross
maneuvering capability of the configuration.

Relinquish control of the airplane to the safety pilot,
complete the pilot comment card and provide separate
Cooper-Harper ratings for the formation, air-to-air tracking,
and acrobatics tasks as well as for the overall configuration.

The landing approach evaluations were performed at a nominal approach

speed of 145 kts.

(1)

(2)

(3)

(4)

ot e AL A e e ML Ctmr s s s s+ ke 4 e et o S ettt e - e e . N

The evaluation instructions ware as follows:

Perform small maneuvers about level flight or other maneu-

vers to obtain familiarization with the configuration and
to investigate the acceptubility of the control system
sensitivities.

Perform an ILS approach to a touch-and-go landing.

Operating in a closed pattern, perform sufficient touch-
and-go landings to evaluate the configuration in the landing
approach phase.

Relinquish control of the airplane to the safety pilot,
complete the pilot comment card and provide a Cooper-Harper
rating for the configuration.

22
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3.7 Equipment
3.7.1 NT-33A Aircraft

The aircraft used for the flight evaluations was tha USAF variasble
stability NT-33A, shown in Figure 8 and described in detail in Reference 1.
Briefly, the NT-33A airplsne is an in-flight simulator capable of reproducing
with a high degree of fidelity the dynamic response and control system charac-
teristics of an entirely different airplane. The response reedback variasble
stability system modifies the static and dynamic responses of the basic NT-33A
by commanding control surface positions through full authority electrohydraulic
servos. The front cockpit controls are disconnected from the NT-33A control
system, and the evaluation conrigurations are flown from the front cockpit
through a fly-by-wire control system. A programmable analog computer,
associated aircraft response sensors, control surface servos, and an electro-
hydraulic force-feel system provide the total simulation capability. The
safety pilot can vary the computer gains through controls located in the rear
cockpit and thus change the airplane dynamics and control systea character-
istics in flight, -

3.7.2 Varisble Feel Side-Stick Controller

The electrohydraulic variable feel side-stick controller is shown in
Figures 9 and 10 and described in Reference 2. This side stick is capable
of operating as a rigid stick with force commands to the aircraft surface
servos or it can be operated as a moving control in both pitch and roll with
independently variable spring gradients in each axis. When stick motion is
permitted, the control surfaces can be commanded with either control force or
control motion. The characteristics of the side-stick controller can be varied
by the safety pilot in flight.

1. Hall, G.W. and R.N. Huber: '"System Description and Performance Datsa
for the USAF/CAL Varisble Stability NT-33A Airplane,'" AFFDL-TR-70-71,
June 1970.

2. Hall, C.N., R.N. Huber and W. Close: "Development of an Airplane

Electrohydraulic Varisble Feel Side-Stick Flight Controller,' Caispan
Report No. AK-5280-F-3, September 1974.

23
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Figure 8. NT-33A Variable Stability Aircraft
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Section 1V

DISCUSSION OF EXPERIMENTAL RESULTS

This section summarizes and discusses the effects of variations in
side-stick force-command gain and stick motion on the flying qualities of an
advanced fighter aircraft. The results of the experiment which was described
in the preceding sections are in the form of pilot ratings and pilot comments.
A complete summary of the pilot ratings and pilot comment summaries for all the
tasks evaluated in both the up-and-away and landing approach flight phases, is
presented in Appendix A.

For clarity in ascertaining trends, the results are presented in the
following sections in the form cof 'averaged' pilot ratings. The individual
pilot ratings are also shown on each figure. These "averaged' pilot ratings
represent the average of all the evaluations for a given configuration and are
therefore sinple averages. The first sections discuss the results for the up-
and-away tasks (Flight Phase Category A) followed by a discussion of the landing
approach evaluations (Flight Phase Category C). Two general observations are
worth making at this point: at no time dJdid the evaluation pilots notice the non-
linearity in their control force responses, and the results which follow were
all obtained in essentially smooth conditions with no crosswinds present.
Insufficient data were obtained in crosswinds and significant turbulence to
warrent inclusion in this report, however, it can be stated that crosswinds did
tend to degrade pilot performance and pilot rating.

4.1 Close Formation Task

As discussed in Section 3.6, the evaluation pilots were asked to give
separate pilot ratings (PR) for each of the up-and-away tasks as well as an
overall rating for the mission. The averaged pilot ratings for the close for-
mation task are presented in Figure 11 for each of the configurations evaluated.

For the configurations evaluated with a fixed side stick (F), there

is a sharp gradient in PR with variations in control force gain with the nominal
configuration (M) receiving the best rating. In each case, the introduction of

27
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Side-Stick Force-Response Gain

A e ey e ——T
Ty
- L

* Formation

LIGHT
A2
@ O Of& O
@ @) O
HEAVY RATING LEGEND
Rati Pilot A
| @ e
lar verage
vu@vv Rating
—

Side-Stick Motion

Motion Force-Response Gain
deg/1b 1b/g, 1b/deg/sec
F 0 0 :.'
see Figures
S .50 77 H 5. 6
L .9 1.43 VH

Figure 11. Pilot Rating Data for Formation Task
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soms stick motion (S) improves the rating, particularly for the case with the
lightest force-response gain (L). As previously explained, the force-response
gain and motion variations vere made simultaneously in both the pitch and roll
axes of the side stick. Although not specifically optimized, these variations
werc designed to retain good control harwony. The results further indicate
that for the formation task the pilot is insensitive to the amount of motiom

f present after the initial improvement shown with the smallest motion studied

(s).

4.2 Air-to-Air Tracking Task

The pilot rating results for the air-to-zir tracking task evaluations
are shown in Figure 12. This task was more demanding in terms of the aircraft
P flying qualities than the formation task. Again, the ratings for the fixed
stick (F) show a sharp gradient in rating with the nominal configuration (M) i
receiving the best rating. For this task the introduction of stick motion is
clearly beneficial for the medium (M) and lightest (L) force-response gain con-

figurations, while further increases in motion result in a degradation in pilot
rating.

- P

4.3 Gross Nhneuverigg;Task

} For the acrobatic or gross maneuvering ftask, the results are very
similar to those presented for the formation task and are shown in Figure 13.

4.4 Overall Up-and-Away Fighter Miss.on (Flight Phase Category A)

Each up-snd-away evaluation was summarized in the form of un overall
pilot rating for the mission which consisted of the three tasks previously pre- ]
sented: formation, air-to-air tracking and gross maneuveriny. These averaged
overall ratings are presented in Figure 14 for each configuration.
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Air-to-Air Tracking
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HEAVY RATING LEGEND

' Patings l;ﬂot A
’ Ratings Pilot B

E @ 0 | A7 Average

VERY NEAVY Rating

Side-Stick Force-Response Gain

- ;
‘ ® S, @,
i FIXED SMALL LARGE

Side-Stick Motion

i Motion Force-Response Gain
deg/1b 1b/g, 1b/deg/sec '
Symbol] 8 o/Feo Bug/Fyg | Symbo)| Fes/ny, Fyc/p |
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| s 50 77 : see SFizures i
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Figure 12. Pilot Rating Data for Air-to-Air Tracking Task
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\ ﬂ Gross Maneuvering

® O @ oL

MEDIUM

it g

Side-Stick Force-Response Gain

" Ad
@ ()i Ol
HEAVY RATING LEGEND :

b Ratings Pilot A :
& 1)/ a7 Ratings Pilot B
@ ' Average

y VERY HEAVY Rating ,1
1 — 3
,; G > D |
4 FIXED SMALL LARGE

E Side-Stick Motion

| « i
; Motion force-Response Gain [
‘ deg/1b 1b/g, 1b/deg/sec .i
]

} F 0 0 'li

; S .50 77 H see Figures ]

5: 6 b

; L 91 1.43 VH ;
4

Figure 13. Pilot Rating Data for Gross Maneuvering Task

i s EREia e AN e

31

e e ia v s Ml Bk e s s it



http://www.abbottaerospace.com/technical-library

atlive S anlu i okt et i et g b AR s b Ll g e e | T R TR T O W T
rw,ﬁ I T v 3 s B o ek ™ T

Overall Up-and-Away Fighter Mission
’ (Flight Phase Category A)
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RATING LEGEND

Ratings Pilot A

Side-Stick Force-Response Gain

’ ! A7 Ratings Pilot B b
‘ @ ‘ . Average | |
VERY HEAVY ' Rating : ]

® ©) > -

: 3

FIXED SMALL LARGE | ]

Side-Stick Motion

r «,
- A
1
Motion Force-Response Gain f
deg/1b 1b/g, 1b/deg/sec | i
Symbo1 5ES/FES SAS/FAS Symbol ng/n,, Fas/P % 1
F 0 0 L | :
S .50 77 : see SH gsures |
L 91 | 1.43 | VH ' ]
o
Figure 14. Overall Pilot Rating Data for Up-and-Away Fighter Mission | 1
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The overall results for the fixed stick indicate that the aircraft
was unsatisfactory (PR< 3.5) for all values of force-response gain tested;
the best rating was again the nominal value of force-response gain (M). Although
this configuration does not necessarily represent the optimum force-response gain
value for the fixed stick, the data do indicate that the fixed stick is very sen-
sitive to the value of force-response gain selected. In other words, the range
of reasonable values of force-response gain is quite restricted for the fixed
stick. For the lighter force-response gain cases (L, M), the primary complaints
were centered around the oversensitivity of the pitch axis; whereas for the
heavier force-response gain cases (H, VH) the problems were related to heavy
forces and overcontrolling, particularly in the roll axis.

improved the PR, partichlarly for the lightest force-response gain configura-
tion (L) where the rating changed from PR = 6.5 to 3. In this case, the air-
craft was overly sensitive with the fixed stick but the small amount of motion
apparently smooths the pilot's input insufficiently to reduce the initial re-
sponse to a satisfactory level; the stick motion apparently acts like a filter
on the pilot's stick force input, much like an electronic prefilter would.

In all cases, the addition of a small amount of control motion (S) i ﬁ

it i i

Further increases in control motion for the two lighter force-resnonse
gain cases (L, M) result in a degradation in ihe flying qualities, although the : }
gradient of the changes in PR is small. This degradation is associated with a ; %
renewed tendency to overcontrol although the source of this problem is not : .
initial abruptness, as is the case for the fixed stick, but sluggish initial
response. The excessive motion apparently interferes with the pilot's force

input to the control surface to an extent that the predictability of the
response is degraded.

For a given amount of motion (S or L). the results indicate that there
is no gradient in PR with changes in force-response gain particularly for the two
higher force-response gains tested (L, M). This result is in contrast to the
fixed stick cases and indicates that with a little motion, a greater range of

o et oo R e e
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force-response gains can be used satisfactorily.

Typical pilot comments are presented in Figure 15 while the results

of the up-and-away evaluations (Flight Phase Category A) may be summarized as
follows:

i e  The fixed side stick was not satisfactory (PR< 3.5)
r for the up-and-away fighter mission.

» The two configurations with the lighter force-response
gains (L, M) were improved to a satisfactory rating
(PRs 3.5) by including a small awount of control stick motiom,

o Control stick motion reduced the abruptness of the initial
response and, used judiciously, can be beneficial in im-

proving the flying qualities of an overly sensitive airplane.

a fixed stick was more critical than when stick motion was
present.

o The air-to-air tracking task was the most critical of the

L
E
i ° Selection of the valu .1r control force-response gain for
E
E up-and-away tasks.

4.5 Additional Configurations

Two configurations with nominal force-response gain (M) and two levels
] of stick motion, fixed (F) and small (S) were selected for variations in short-
period damping ratio, ;},, and roll mode time constant, T} .  The results of
varying ¢’,, from the nominal value of 0.6 to 0.25 are presented in Figure 16;

Figure 17 shows the pilot rating change with a variation in Tk from 0.2 to
1.0 secs.

In both cases, the effect of the variation is most pronounced for the

fixed stick configuration (F) while the configuration with small motion shows

little change in piiot rating. While the data base is obviously limited, it

e s bl e amhanst.

appears that a fixed stick is more :ensitive to small changes in characteristics
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Typical Pilot Comments

, )
Good tracking.
Too sensitive, Very slight Motion too large,
@ C overcontroiling tendency to O Bobble 1n tracking.
: LGHT in pitch. PIO in
£ formation,
' 3
. Small tendency to
' g Bobbl1ng in Smonth in pitch. overcontrol in
: ® pitch during  Good aircrat ;
$ eyl tracking. aircraft. pitch.
? B
t S Bobble in roll,
e heavy, not Ro11 tracking
; = €Y satisfied with Odifﬂcult. heavy.
: “ HEAVY performance. |
8 |
- n Solid aircraft,
3 @ too slow responding,
! _ extremely heavy forces,
; VERY HEAVY sort of lateral PIQ.
o
z ® D O
i FIXED SMALL LARGE
| Side-Stick Motion i
; o
j Motion Force-Response Gain
1 deg/1b 1b/g, 1b/deg/sec |
3
Symbol| 8po/Fpol 8pc/F o | Symbol| FEs/ng, Fao/p !
F 0 0 :-'
S .50 .77 H see sF 196ures
L 9 | 1.43 | WH '

Figure 15, Typical Pilot Comments for Up-anu-Away Fighter Mission

b as ettt sited

35

[ U U RV JHV SR e e e e T e =



http://www.abbottaerospace.com/technical-library

oy L) S P PRV N B-TiE BB T T AL RS PADE
r“__' Al d e & o

Sp Changed to 0.25, Up-and-Away
| {sp =0.6 == §p = 0.25

© O O O

LIGHT
£
1 3
]
f P ® Omsx  Owss O
i’ & MEDIUM
[]
! g
i S
b ] c::>
: E NEAVY O
: &
) b
3 @ i
VERY MEAVY
.
' @ ) O
1 FIXED SMALL LARGE j
‘ Side-Stick Motion
] Motion . Force-Response Gain | 1
- deg/1b 1b/g, 1b/deg/sec '
[.
Symbo1 ‘SES/FES SAS/FAS Symbo1 FEs/n,. Fas/P
F 0 0 L ;
S .50 77 : see SF 196ures
L .91 | 1.43 VH ’

Figure 16. Effect on Overall Pilot Rating of Decreasing §SP
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n
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S .50 77 : see 5F1 gsures |
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Figure 17. Effect on Overall Pilot Rating of Increasing TR
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which affect the prucision of control. Increases in 7, impact on the precision

of bank angle tracking and a reduction in ¢, degrades the predictability of

the pitch response. A similar trend was discussed in the previous section

where the results indicated that ths fixed stick configurations are more sen-
sitive to variations in control gain.

In summary, then, configurations with a small amount of control mo-
tion are apparently less sensitive to small variations in parameters such as

C;F, » T and force-response gain than the same configuration with a fixed
side stick.

4.6 Landing Approach Tasks (Flight Phase Category C)

For the landing approach evaluations, each pilot flew an ILS approach

followed by several touch-and-go landings. A single overall pilot rating was

given for each configuration and the results -re presented in Figure 18.

Both pilots were highly critical of those configurations that were

considered to have heavy forces (low control gain). Two configurations with

heavier than the nominal force-response gain (H) were evaluated: one with a

2L oeontg stick (F) and the other for a small amount of motion (S). Both
».figurations were given a pilot rating of 6.
a factor in both ratings;
ferent problems.

The heavy control forces were
however, the pilot comments indicate slightly dif-

With the fixed controller there was a tendency to bobble the

airplane in pitch. With the motion controller there was also a pitch problem

but it was described more as a tendency to o.er-rotate and balloon during the

flare. With the motinn controller, the pilots complained about the sloppy

lateral ~~ny., . ap” sidered it a major objection while no mention was made

of a lateral control problem with the fixed stick and heavy forces.

One configy +“ion with very heavy forces (VH) and a fixed stick (F)

was evaluated. This .«iguration was rated unacceptable, with adequate

38
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Landing Approach
| (F1ight Phase Category C)

© i @14 ol

LIONT
£
3
A
:i @ O oL Ol
3 MEDIUM
]
, g
[V
-t ' A? AS
. o s ){ As [
: 8 .@ E Ok
3 é RATING LEGEND
o - Ratings Pilot A
i s A7 Ratings Pilot B
~ @ A7 Average
] VERY HEAVY Rating
=i
]
| D, O, ©
) FIXED SMALL LARGE
3 Side-Stick Motior
Motion . Force-Response Gain ; 4
E» deg/1b 1b/9, 1b/deg/sec x
F 0 0 'li F
t see Figures !
S .50 J7 H 5. 6 |
F L 9 | 1.43 | VH |
3 ;
1
Figure 18. Pilot Rating Data for Landing Approach Task }
{
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performance not attainable (PRe7). The major complaint was the extremely heavy
forces in both pitch and roll. It was considcred necessary to use trim just to
flare the airplane, and there was a problem predicting the response in pitch.
Lateral control was not particularly a probles.

For the nominal (M) force-response gain, three configurations were
evaluated: one with a fixed controller, one with a small amount of motion
snd 8 third with relatively large motion. With the fixsd stick (F), one pilot
noted that the control forces were a little heavy and thet there was a slight
tendency to PIO in pitch during the flare maneuver, particularly when one's
attention was diverted. With a small amount of motion (S), the pilots felt the
control forces were light with a slight tendency to over-rotate or overcontrol
in pitch during the flare. With the large stick motion (L), they felt the air-
plane was slow to respond because of the large motion. Although the control
forces were considered comfortable, the large stick motion was objectionable
but not as much in pitch as it was in roll.

At the lightest force-response gain (L) evaluated, the forces on the
fixed controller were considered very light with the comment that you had to be
very careful with your control inputs due to the high sensitivity. There was
also a little tendency to overcontrel in pitch during the flare. The high
force-response gain, small motion (S) controller was the best configuration
evaluated for the landing approach task. The pilots reported that they liked
the light stick forces and that there was no problem at all with the flare and
touchdown maneuver. They did note that the controller motion was more noticeable
in roll than it was in pitch. With large controller motion, the pilots com-
plained sbout the excessive stick motion and noted that there was a tendency to
put oscillatory inpurs into the pitch stick during the flare. This resulted in
a tendency to overcontrol in pitch.

In the landing approach, pilot preference favored the small motion

side stick with lighter than nominal force-response gain. All of the configura-
tions evaluated with the fixed side stick were noted to have some difficultey,
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usually described as a bobble or PIO tendency, in controlling the pitch re-

sponse during the flare and touchdown maneuver. This is indicative of a high-
frequency type control problem. For those configurations evaluated with motion
that had a pitch control problem, the description of the problem indicates more

of a low frequency control problem. It was also observed that any side stick
motion was always more noticeable in the roll axis than in the pitch axis.

Typical pilot commeits are presented in Figure 19. The results of

the landing approach evaluations (Flight Phase Category C) may be summarized
as follows:

° The fixed stick was considered satisfactcry for the

landing approach task {PR= 3.5), provided that the forces
were not too heavy.

° The configuration considered best had light force-

response gain and a small amount of control stick motion.

° All of the configurations evaluated with the fixed stick
had some degree of pitch bobhle during the flare and
touchdown.

° Large amounts of control motion were more objectional in
the lateral axis than longitudinal axis.

41
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Side-Stick Force-Response Gain
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' stick motion
E?:::: ::;ught' Forces okay. excessive.
to overcontrol in Motfon in roll Tendency to over-
@ Omn noticeable overcontrol.
LIONT pitch in the flare, than in pitch
Very sensitive. a pitch.
; Fg;'cos gomfort-
orces light able. Sloppy
Forces a 1ittle no problem. ! stick obJ.ct{on-
® heavy. Slight Slight ten- able. Afrcraft
PPIO in flare dency to over- slow to respond.
MEDIUM with any rotate and Motion in pitch
inattention. ratchet in the not as objection
flare. able as in roll.
Forces too heavy
in both axes. Ten- Forces too heavy.
D, C dency to bobble Controller too
HEAVY in the flare. viscous feeling.
Tendency to over-
Forces much too rotate in flare.
heavy. Used trim Sloppy lateral
® to flare. Tendency control a major
VERY NEAVY to overcontrol objection,
in pitch.
FIX8D SMALL LARGE
Side-Stick Motion
Motion Force-Response Gain
dag/1b 1b/g, 1b/deg/sec
F 0 0 L
S .50 77 : see 5Figsur'es
L .91 1.43 VH !

Figure 19. Typical Pilot Comments for Landing Approach Tasks
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Ssction V

CONCLUSIONS

The following conclusions are based on an in-flight investigation of
the effects of variations in control motion and control force-response gain on
the flying qualities of a modern fighter airplane employing a side-stick con-
i troller. These conclusions must be considered in the context of the particular
’ combinations of feel system, control system and airplane characteristics simu-

i lated in this experiment.

1, The best configurations evaluated for the up-and-away (Flight
Phase Category A) and the landing approach (Flight Phase
Category C) tasks were those that had low control force-

response gain and a small amount of side-stick motion.

2. The fixed side-stick controller was considered satisfactory

(PR<£ 3.5) for the landing approach tasks but not for the
up-and-away flight tasks.

3. For the up-and-away tasks, a small amount of side-stick motion
was beneficial in smoothing the initial response and thus
improving the flying qualities of an airplane that was con-

l sidered overly sensitive with the fixed stick. A properly

designed electronic prefilter could possibly achieve the
same result.

E 4, Additional research is required which includes more systematic
variations in the characteristics of the various elements in
the overall pilot-vehicle combinations, i.e., feel system,

{ control system and aircraft dynamics, before more general
conclusions can be reached about side-stick controller

| characteristics. %

vy
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Section VI

RECOMMENDAT IONS

The desirable force-deflection chcracteristics for a fighter side-
stick controller are influenced by many aircraft and control system parameters

Such factors as command prefilter dynamics deserve more systematic study than

was possible within the limited scope of this experiment. For example, the

up-and-away results for the fixed side-stick evaluations may well have been

improved with altered pitch command channel prefilter dynamics. In addition,

Jesirable control harmony characteristics for side-stick controllers are not

well documented and should be studied further. It is therefore recosmmended

that a more thorough in-flight research program be undertaken to provide a

more complete data base for the design of modern fighter side-stick controllers.
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Appenaix A

PILOT COMMENTS

This appendix presents the summarized pilot comments for each con-
figuration evalvated in this experiment. These pilot comment cummaries were
prepared from transcriptions of the recorded comments made by the pilot during
each evaluation in support of his task and overall ratings. Only the important
comment headings from the Pilot Comment Card discussed in Section 3.5 are
included in the comment summaries. In cases where comments were made on the
"Effects of Turbulence' or '"Special Piloting Techniques', these comments are

included under the ''Summary Corment' heading.

The control force-resporise gain/stick motion identifiers for each con-
figuration used in the heading block for each set of comments are consistent with
those presented in Section 3. The letters "A'" and "B'" after the configuration
number refer to the evaluation pilot, while "IJ'" indicates up-and-away (Flight
Phase Category A) and "L'" landing approach (Flight Phase Category C) evaluation
tasks. The pilot ratirgs (PR) for the up-and-away evaluation tasks are re-

ported in the same order as on the comment card, i.e.,
PR: Formation/Tracking/Maneuvering/Overall

For the landing approach evaluations, only a single overall rating was given.
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TRIM

STICK FOKCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION
AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

R e ST S T R, PR T R € TYPR T
o e ST T T g e i i

FLT NO.: 1553
CONFIG. : 1UA
FORCE/MOTION:  L/F
PR: 5/7/6/6

PILOT CUMMENTS

ne problenms.

aileron okay, pitch tor light.

no comments.

poor, can't avoid pitch inputs when rolling.

tend to overcontrol in pitch and lateral,
especially in turbulence.

overcontrol in pitch - not a real problem,
but more than annoying.

pitch control a problem; performance poor.

no problem with left rolls (using palm of hand)
but right can't roll as fast - must be careful.

pitch forces too light, overcontrolling.

too sensitive in pitch.
control harmony poor.

turbulence increases overcontrol tendency.
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FLT NO.: 1555

CONFIG. : 1UB
: FORCE ION: L/F
: PR: 7/8.5/ 6/7
PILOT COMMENTS
: TRIM - difficult to trim in pitch without
i inadvertant inputs.
; STICK FORCES - light in pitch.
| STICK MOTION - - not noticed.
i CONTROL HARMONY - not particularly good, too sensitive in pitch.
E PREDICTABILITY - pitch sensitive and roll a bit stiff.
E OF RESPONSE - unable to prevent inadvertant pitch inputs.
¢ - roll okay.
; FORMATION - difficult to hold position in pitch, tended to
4 overcurrect and get into a PIO.
b
: AIR-TO-AIR - control in pitch in question.
i‘: TRACKING
GROSS MANEUVERING - not as bad as tracking, but requires extensive {
compensation. k
3 SUMMARY - primary objection is oversensitivity in pitch. ,
1 - must fly very smoothly.
h

- difficult to trim in pitch.

e maha Lt
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FLT NO.: 1557

ﬁ CONFIG. : 2UA
. FORCE/MOTION L/S
PR:  3/3/2/3
PILOT COMMENTS
TRIM - no problems.
t STICK FORCES - good.
’ STICK MOTION - not noticed.
CONTROL HARMONY - real fine.
E PREDICTABILITY - good.
| OF RESPONSE
; ]
FORMATION - tend to PIO a little when attempting tight control. |
AIR-TO-AIR - best tracking te date.
TRACKING - some very slight lateral pipper oscillationms. ?
GROSS MANEUVERING - good.
v SUMMARY - good 'g" control.

- objected to slight tendency to PIO in formation.

o

[PPSR
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STICX PORCES
STICK MOTION

CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

PLT NO.: 1559
CONFIG. : 3UA
PORCE/MOTION: L/L
PR: 4/6/3/5

PILOT COMMENTS

no problea.
light.

excessive, felt like a "wet noodle",
didn't 1ike it.

no problem, both poor.

not as predictable as desired, response was
slow, seemod delayed.

almost in a lateral PIO.
tendency to ratchet in roll.

pitch was easy to control, no tendency to
overcontrol.

lateral PIO develops when tracking.
requires extensive compensation for adequate performance.

roll response was not as good as desired.

not a problem.

pitch control light and predictable.
aileron motion too large, tended to overcontrol.
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TRIM
STICK FORCES

"™ ¥YCK MOTION

CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION
AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY
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FLT NO.: 1565

CONFIG. : 3uB
FORCE/MOTION: L/L
PR:  2/5/3/4

PILOT COMMENTS

not required.
light to moderate, comfortable.

noticed, felt excessive at first, but
adapted well.

good.
good except for tracking.

little bit of looseness in the controls,
but nothing particularly bad.

could acquire the target, but could not
stay on, slight bobble in pitch.

little excessive on the amount of stick
motion.
felt comfortable and adapted quickly.

tracking at low speed was the only problenm,
feeling of sloppiness in the stick.

[P PFor
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMNONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

FLT NO.» 1558
CONFIG. : 4UB
PORCE/MOTION M/P
PR: 5/7/4/7

PILOT COMMENTS

- annoying lateral inputs when trimmed in pitch,
had to trim more than dosired.

- heavy in pitch and quite sensitive laterally.
- not noticed.
- lack of harmony was objectionable.

- not too bad, but had a tendency to overcontrol
in roll for small inputs.

- quite jerky in formation, particulerly in roll.

- had to be very careful of pitch inputs, strong
tendency to bobble.

- roll was too sensitive and had to work too hard
in pitch.

- bobbling in pitch during tracking was a problea.

= hard to get smooth rolls, was jerky, tended to
have a step response.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

e S o g R g e T A (8 TR

PILOT COMMENTS

- no problem.

- slightly light in ritch,

- not noticed.
L nveblem.

gunnt,

iy e g gy R v ——

FLT.NO.:
CONFIG. :
PORCE/MOTION:
PR: 3/5/2/4

- sensitive in pitch with a tendency to PIO.

- using nose down trim tended to reduce the
tendency to overcontrol in pitch.

- good in pitch, but trouble with aileron

control.

- rolls pretty nicely.

- can't roll as fast to the right - perhaps
due to hand geometry.

- tendency to rock the wings during tracking

and overcontrol in pitch during close formation

unsatisfactory.
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TRIM

STICK FORCES
STICX MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

PORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

PLT NO.:
CONF1G. :
~tada V7 B
PILOT COMMENTS
no prodblems.
good.

none noticed.
no problems.

okay.

easy to fly formation.

could hold it well laterally, had to
work to hold it in pitch.

overshoot about 0.5 g.

couldn't roll right and pull at the same
time easily.

don't like the configuration.

ailerons were a little bit heavy.

1iked the pitch control.
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STICK PORCES

E
f
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t

STICK MOTION
CONTROL HARMONY

| PREDICTABILITY
| OF RESPONSE

;? FORMATION

k AIR-TO-AIR
TRACKING

GROSS MANBUVERING

SUMNARY

FLT NO.:
CONFIG. :
PORCE/MOTION:
PR: 2/5/%/4

PILOT COMMENTS

- easy.

- no problem, good.

- not noticed.

- no comments initially.

- NO comments.

- real nice, smooth.

-~ very smooth in pitch, problem in holding
lateral position - almost a lateral PIO.

- sasy to coordinate, aileron control is
a bit of a problenm.

- hard to get a good right roll.
- aileron control a problea.
- harmony a problem.

- no problem with turbulence.
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TRIM

STICK PORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING
SUMMARY
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FLT NO.: 1558
CONFIG. : sSuB
PCRCE/MOTION: N/S
PR: 2/3/1/2

PILOT COMMENTS

occasional inadvertant pitch input with
lateral trim.

good.
not noticed.
good, rudder too sensitive.

pitch and roll good, rudder too sensitive.

satisfactory.
use of rudder to hold position dumped
the systenm.

directional control of the pipper
& problem.

no problems.

good harmony in pitch and roll.

only objection was the sensitivity of
the rudders.
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PLT NO.: 1567
& mlco H SUA
3 PORCE /MOTION: N/S ,
b PR: “2/2/%/3 J
PILOT
m" - .lly.
STICK .PORCES - okay.
STICK MOTION - no comments.
OONTROL HARMONY - okay.
PREDICTABILITY - okay in pitch.
OF RESPONSE - had a feeling of apprehension about the roll, but
didn't have the expected PIO prodlem in tracking.
PORMATION - no problems.
AIR-TO-AIR - good.
TRACKING

! GROSS MANEBUVERING felt appreshensive about the ailerons.

problems with using thumb for roll control
during asneuvering.

.
]

SUMMARY

good pitch comtrol.

light but noticeable turbulence in air-to-air
{ tracking.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMAT ION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING
SUMMARY

PLT. NO.:
CONFIG. :
PORCE/MOTION:
PR: 3/4/3/4
PILOT COMMENTS
good.
okay.

never noticed what stick motion was.
good.

real fine.

same workload evident in pitch.

tended to overshoot slightly.

had to watch the pitch a little.

had to think about flying it in pitch.
small tendency to overcontrol in pitch.
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FLT NO.: 1885

CONF1IG. : TuUB
FORCE/NOTION: H/F
PR: 4/7/8/7
PILOT COMMENTS
TRIM - no problenm.
: STICK PORCES - heavy in pitch, light in roll.
STICK MOTION - not noticed.
CONTROL HARMONY - not bad, pitch a little stiff.
g PREDITABILITY - tough tire holding a constant "g" but
; OF RESPONSE not bad in the tracking task.
FORMATION - tendency to bobble in roll.

- not really satisfied with the performance.

AIR-TO-AIR - hard to control lateral-directional oscillations.
TRACKING

GROSS MANBUVERING - could not hold "g'" constant.

SUMMARY - some difficulty in roll.

- tired arm in pitch.
- lateral-directional overshoots were objectionable.

o et b

B S R T P
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FLT. NO.: 1557
CONFIG. : 7UA
FORCE/MOTION: H/F
PR: 5/6/5/5
PILOT COMMENTS
: TRIM - okay.
! STICK FORCES - pitch okay, but lateral heavy.
5 STICK MOTION - none noticed.
CONTROL HARMONY - okay.
PREDICTABILITY - good.
OF RESPONSE
} FORMATION - heavy aileron force a problem. 1
AIR-TO-AIR - trouble longitudinally holding on the target.
TRACKING
GROSS MANEUVERING - forces too high.
SUMMARY - arm gets tired from heavy lateral forces.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

PORMAT ION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING
SUMMARY

35 e i TR P S T e A% 8 B 9T T LS O T T T 7 Ty

FLT. NO.: 1561
CONFIG. : 8UA

PORCE/MOTION: H/S

PR: 3/4/4/4

PILOT COMMENTS

easy, used in formation and maneuvering.
right roll forces high.

not much, okay.

ailerons too hesvy, real good.

overcontrolling in roll.

heavy lateral forces.

heavy lateral forces.

heavy lateral forces.

heavy lateral forces tiring.
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TRIM

STICK FORCES
STICK MOTIONS
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

CROSS MANEUVERING

SUMMARY

[ VUL NP U STV U U PR S OVSR

s e e e satineld

PILOT COMMENTS

good.
comfortable.
not noticed.

no complaints.

P R T aiiie]

very good in all but tracking.

v - T g T

FLT. NO.: 1565

CONFIG. : 8UB
FORCE/MOTION: H/S
PR: 2/6/2/5

tires the arm but very good generally.

difficult to keep pipper directionally on
the target - roll control problem.

good but tiring on the arm.

only objection was roll control difficulties
in tracking - directional pipper problem.

little tiring on the arm in maneuvering.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

FLT. NO.: 1554
CONFIG. : 9UA
FORCE/MOTION: VH/F
PR: 7/7/7/7

PILOT COMMENTS

~ no problem.

~ heavy.

- not noticed.

- not a factor.

heavy lateraily, but steady.

can trim it, works fine.

steady, but not quick en~ugh in rolls.

lateral position a problem, sort of a
lateral PIO.

lateral forces too high in rolls, heavy in general.

solid airplane.

extremely heavy both lateral and longitudinal.
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: TRIM

STICK F.RCES
STICK MOTION
CONTROL HARMONY

: PREDICTABILITY
L OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING

GROSS MANEUVERING

SUMMARY

.

St Er el il ia ki) et

FLT. NO.: 1564

CONFIG. : 10UA
FORCE/MOTION:  M/F (£, -25)
PR: 5/7/3/6 /F Csp

PILOT COMMENTS

easy to trim.
not a problem.
not noticed.
no problem.

okay.

unsatisfactory in pitch because of PIO tendency.

PIO tendencies in pitch a problem.

too sensitive in pitch.

sensitive in pitch but ailerons okay.
problems with thumb in pitch-roll maneuvers.
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TRIM -
STICK FORCES -
STICK MOTION -
CONTROL HARMONY -
PREDICTABILITY -
OF RESPONSE

FOPMAT ION -
AIR-TO-AIR -
TRACKING

GROSS MANEUVERING -

401 o

SUMMARY -
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FLT. NO.:
CONFIG. :
FORCE/MOTION:
PR: 4/4/3/4

PILOT COMMENTS

easy.

no problems.

stick moved a little in rolls.
good.

good, save ratcheting in right rolls.

some tendency to PIO at high speeds, aileron okay.

little PIO.

easy, some slight ratcheting in rolls.

easy to handle and maneuver.

minor deficiencies are tendency to PIO in pitch
and ratcheting in right volls.
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-‘ PLT. NO.: 1564
CONFIG. : 12VA )
PORCE /MOTION : M/E(r_ = 1.0)
', PR: 3/7/3/6 R
PILOT COMMENTS

} TRIM - easy to trim.

STICK FORCES - light, liked them despite lateral PIO problem.

STICK MOTION - not noticed.

CONTROL HARMONY - no problen.
. PREDICTABILITY - okay.
% OF RESPONSE

FORMATION - tend to wing rock, ratchet in roll, lateral PIO.
i AIR-TO-AIR - pitch control okay, but lateral positioning
E TRACKING was difficult, lateral PIO present.

GROSS MANEUVERING - thumb gets sore in combined pitch-roll maneuvers

to the right.

SUMMARY - tendency to PIO in roll, pitch no real problem. 1

| J

—
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

FORMATION

AIR-TO-AIR
TRACKING
GROSS MANEUVERING

SUMMARY

FLT. NO.: 1566

CONFIG. : 13UA

FORCE/MOTION:  M/S(r = 1.0)
R

PR: 1/2/3/3
PILOT COMMENTS

- no problens.

- light, good,

- noticed in the ailerons, but it's not bothersome.
- didn't like stick for rolling.

- good.

- good.
- wasn't perfectly steady but good enough.

.
- disliked stick grip for rolling which
degraded configurstion.

- didn't like using thumb in rolls to the right.
- got a sore thumb from flying.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY

vt —rr | Y T Y v - a

FLT. NO.:
CONF1G. :

PORCE/MOTION:

PR:
PILOT COMMENTS

easy,
not too heavy, about right.
none.
good,
good,

easy to fly the 1LS.

liked it, just a little bit of a tendency to
overcontrol in pitch in the flare.

overcontrolled in pitch on the touch and go.

forces good,
no noticeable objectionable features.

felt close to a problem with overcontrolling
in pitch.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY

FLT. NO.:
CONFIG.:

FORCE/MOTION:
PR.

PILOT COMMENTS

could be faster (1.0 setting used), okay,
very light.

none.

okay, heavier aft, easier to roll left.

good.

very sensitive, must be careful onlapproach

. flare was natural.

rudder too stiff, would like some motion.

quick response in all axes was good.
little wobbly and at times tou responsive.

primary deficiencies were the rudder and
inadvertant inputs in pitch and roll.
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TRIM
STICK FORCES

STICK MOTION

CONTROL HARMONY

PREDICTABILYTY
OF RESPONSE

GENERAL AIRPLANE
CONTROL
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FLT. NO.: 1563

CONFIG. : 2LA
PORCE /NOT ION : L/s
PR: h ]

PILOT COMMENTS

easily trimmed.
okay.

didn't notice much in pitch, but quite a bit
in the lateral for larger turns.

stick moved too much in roll as compared to
the pitch.

some difficulty getting the proper pitch response
to coordinate with a roll input.

no problem with the flare or touch down.

needed to pull the nose up before commencing
to roll during the closed pattern.

liked the light stick frrces, was easy to flare.
there was too much lateral motion in the stick.
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TRIM
STICK FORCES
STICK MOTION

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO.: 1565

CONFIG, : 2LB
FORCE /MOTION : L/S
PR: 2

PILOT COMMENTS

- okay.
- comfortable, between light and moderate.

- more noticed longitudinal than lateral, no problem.

- no comments.
- no problems in smooth air.

- very comfortable, easy to adapt to.

e —— e r
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FLT. NO.: 1556
CONFIG. : LA
FORCE/MOTION: L/L
PR: 5
PILOT COMMENTS
TRIM - no problems.
STICK FORCES - okay.
STICK MOTION - noticed but not a factor.
CONTROL HARMONY - no problem.
PREDICTABILITY - poor feel in pitch, tendency to overcontrol.
OF RESPONSE
GENERAL AIRPLANE - flare was the major problem where there was
CONTROL a tendency to overcontrol in pitch.
{ - tendency to overbank in left turn was bothersome.
f
b SUMMARY - primary deficiency was associated with overcontrol
E in pitch in the flare.
I
3
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TRIM

STIC} FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO.: 1560

CONF1G. : 3LB
FORCE/MOTION: L/L
PR: 4

PILOT COMMENTS

good.

light and comfortable.

excessive, a lot of motion for a response.
good.

good.

top aileron requireda on turns to final.

hand moving back and forth in tue flare -
oscillatory type inputs to get desired response.

comfortable to fly, forces light.

too much stick motion, not enough direct control of
aircraft.

noticed a hunting motion in pitch sometimes.
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TRIM

STICK FORCES
STICK MOTION
CONTRCL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTRAL
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FLT. NO.: 1554
CONFIG. : 4LA
FORCE /MOTION: M/F
PR: 3

PILOT COMMENTS

no direct problem.

little heavy.

not noticed.

no problem.

no problems.

PIO in flare wher attention diverted to trim,
mist concentrate when trimming or it would PIO.

easy to fly the ILS.

had to cempensate just slightly or you could
get into a pitch PIO,
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO.: 1567
CONFIG. : 4LA
FORCE/MOTION: M/F
PR: 3

PILOT COMMENTS

- easy to trim.
- fine.

- not noticed.
- okay.

- nc¢ comments.
- ILS not a problem,

-~ main objection was rolling right,
required too much strength in the thumb.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY

= 0 agits Mt e Aun i it e i e ~ -

PILOT COMMENTS

easy to trim.
light, no problem.
none, okay.

good.

gocd.

FLT. NO.:
CONFIG. :
FORCE/MOTION:
PR:

a little bhit of overcontrolling in pitch.

small problem with rotation.

objected tc slight tendency to over-rotate in
the flare and ratchet the flare just a little bit.
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FLT. NO.: 1566

: CONFIG. : 6LA
§ PORCE/MOTION: M/L
: PR: 4
' PILOT COMMENTS
|
TRIM - easy to trim.
% STICK FORCES - very light, good.
: STICK MOTION - noticed slop in the ailerons, not desirable -
: some in pitch but not as much of a problem.
E CONTROL HARMONY - no problems.

PREDICTABILITY - little slow to respond, too much motion required.
OF RESPONSE

GENERAL AIRPLANE - had to work quite a bit, particularly in the flare, f
CONTROL

SUMMARY - easy to fly ILS. i
- no trouble with thumb.

- sloppy stick was objectionable, especially laterally.
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8 |
: FLT. NO.: 1555
{ § CONFIG. : 6LB
! ‘ FORCE/MOTION: M/L ‘
PR: 2 ?
F : .
PILOT COMMENTS
i i
!
TRIM - okay. :
| STICK FORCES - low and comfortable.
i STICK MOTION - large, but not a problem in pitch and roll. '
CONTROL HARMONY - good. ;
PREDICTABILITY - toward the sloppy side. :
’F OF RESPONSE - no tendency to overshoot.
’ GENERAL AIRPLANE - good.
E CONTROL
h
. SUMMARY - a little bit sloppy or sluggish but not
E‘ objectionably so.
» - no objectionable features.
- easy to fly with no special thoughts.
i
3
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FLT. NO.: 1561
CONFIG.: 7LA
FORCE/MOTION: H/L
PR: 7

PILOT COMMENTS

TRIM - fly it with the trim,

STICK FORCES - too heavy in both axes.

- R e T e T R T ESTR
N ! s
T '
;
|
E
I
3
I
L
|
{
2

STICK MOTION - didn't notice any.
CONTROL HARMONY - both heavy, okay.
PREDICTABILITY - predictable, but too much work.
OF RESPONSE
1 GENERAL AIRPLANE - tendency to PIO.
‘ CONTROL

E - seems to require large force to hold bank angle

in a turn - wants to overturn. {
‘ SUMMARY - instrument flying no problem. :
- flare and touch down were problem areas
X due to high forces.
i - must use trim because of heavy forces.
3 3
b
b 4
}
& 3
| -
i
i
; i
i
a3
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TRIM

STICK FORCES

STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO.: 1563

CONFIG.: TLA
PORCE /MOTION : H/L
PR: 4

PILOT COMMENTS

easily trimmed.

higher than desired in both axes, but especially
on the ailerons.

not noticed.
okay, equally heavy.

good.

flew pretty well, especially on the ILS approach.

flare and touch down were pretty easy.

aileron forces were too high.

difficult to hold aiiz2ror forces in the outboard
direction with the normal motion of the hand.

Py
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TRIM

STICK FORCES
STICK MCTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSES

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO,: 1560

CONF1G.: 7LB
FORCE/MOTION: H/F
PR: 6

PILOT COMMENTS

used trim more than normal, okay.
heavy.

not noticed.

good, both heavy.

not too good, a lot of force required to get
the aircraft moving.

slight tendency to bobble in pitch in
the flare and touch down.

large force required in pitch for the closed pattern.

felt "stiff" in pitch and roll.
required lcts of trim due to heavy forces.

a lot of effort required to get the desired
initial response.
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TRIM

STICK FORCES
STICK MOTION
CONTROL HARMONY

PREDICTABILIT.
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY

FLT. NO.: 1556

CONFIG. : 8LA
FORCE/MOTION: H/s
PR: 6

PILOT COMMENTS

- good.

- pitch okay, but ailerors t - heavy.

- noticed in roll.

- poor, coulu no> seem to apply simultaneous inputs.

- aileron response too slow and sloppy.

- easy to balloon in the flare because of the
attention required in roll.

- poor harmony and heavy, sloppy, lateral control
was major objection.
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TRIM
STICK FORCE

STICK MOTION

T T ey T

CONTROL HARMONY

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO.: 1558

CONFIG. : 8SLB
FORCE/MOTION: H/S
PR: 5.5
PILOT COMMENT
not used.

heavy.

noticed heavy ''glue pot" type motion, moved a
little but required a large force,

good,

relatively good, a little tendency to overshoot
in pitch.
easy to fly ILS.

tendency to overrotate in the flare and bobble
as well as balloon.

touchdown predictability was poor,
liked the side stick motion - seemed to
harmonize nicely with the traffic pattern.

control forces were too heavy and controller
too viscous.

had to compensate for the tendency to over-
rotate a little in the flare.
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TRIM -
STICK FORCES -
STICK MOTION -

CONTROL HARMONY -

PREDICTABILITY
OF RESPONSE

GENERAL AIRPLANE -

CONTROL

SUMMARY -

PILOT COMMENTS

no problem.

FLT NO.:
CONPIG. :
FORCE/MOTION:
PR:

too much force in roll and pitch.

no comments.
both bad, no problem.

okay, too heavy.

ILS no problenm.

forces objectionsble, had to use trim to flare.

critical task is the flare and touchdown.

stick forces are heavy, heavy.
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TRIM

STICK FORCFS
STICK MOTION
CONTROL HARMONY

PREDICTABILITY
OF RESPONSES

GENERAL AIRPLANE
CONTROL

SUMMARY
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FLT. NO.:
CONFIG, :

FORCE/MOTION:

PR:
PILOT COMMENTS

okay, used a lot.

pitch and roll forces too high.
not noticed.

no comments.

good, but forces too high.

very stable aircraft.

a lot of trim required to get a gcod flare
and touchdown, otherwise overcontiolled.

ailerons were not much of a problenm.

1559
9LA
VH/F

stick forces too lLeavy - had to use trim to flare,
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