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FOREWORD

This report was prepared for the United States Air Force by the
Cornell Aeronautical Laboratory, Inc. (CAL), Buffalo, New York in partial
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the first flight program under that contract.

The investigation reported here was performed by the Flight Research
Department of CAL under sponsorship of the Air Force Flight Dynamics Lab-
orawory, Wright-Patterson Air Force Base, Ohio, as part of Project 8219,
Task 821905, The Air Force Project Engineer was Mr. David K. Bowser
(FGC).
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the Flight Research Department. Fred D. Newell is the program manager
for the overall variable stability T-33 program. Ronald W. Huber is respon-
sible for modifications, calibration, and maintenance of the T-33 variable
stability system. The CAL project engineer for this investigation was
T. Peter Nezl, and the assistant project engineer was Rogers E, Smith,
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fully acknowledged.

This report was submitted by the authors in June 1970.

This report has been reviewed and is approved.
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Chief, Control Criteria Branch
Air Force Flight Dynamics Laboratory
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ABSTRACT

The effects of control system dynamics on the longitudinal flying
qualities of fighter airplanes were investigated in flight, using the USAF/
CAL variable stability T-33 airplane. Two pilots evaluated a total of 57
different combinations of control.system and short-period dynamics at two
flight condiiions, while performing tasks representative of the "combat"
phase of a fighter's mission, The pilot rating and comment data from this
investigation indicate that the dynamic modes of the flight control system can
cause serious flying qualities problems, even if the short-period mode is
well behaved. The data do not correlate with the cuutrol system require-
ments of MIL-F-3765B. In addition, the data demonstrate that the C*
criterion does not adequately account for the effects of control system dy-
namics. Pilot-in-the-loop analysis of the data is shosn to describe effec-
tively the pilot's difficulties in control of pitch attitude, providing insight
into how ihe pilot flies the airplane. A design criterion, based on this
analysis, is shown to be applicable to a wide range of short-period and con-
trol-aystem dynamics. A simplified version is also presented to provile
the designer with preliminary estimates of flying qualities. Volume I con.
tains the body of the report, while Volume Il consists of the Appendices.
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APPENDIX I

PILOT COMMENTS, BODE PLOTS, TIME HISTORIES
FOR EACH CONFIGURATION

Summaries of all the pilot comments and ratings, as well as the
pertinent open and closed-loop parameters, are presented in this appendix
for each configuration simulated in this experiment. The open and closed-
loop pitch-attitude Bode characteristics and time histories are shown on % 2
opposite page to the summarized pilot comments for each configuration.
Each configuration is identified by its number/letter identifier, for example
l1A. 'The block at the top of the pilot commant page identifies the control-
system and short-period dynamics for the configuration. For example:

CONFIGURATION
1A Wey * 22 {gp © 000

08/2/63

e

Note that a dash (-) indicates that #/7, or 1/2‘2 is oo , i.e., the lead or
lag term is not present, The block at the top of the page with the Bode
characte~istics and the time history plots for each configuration contains
the pertinent flight condition and closed-loop analysis parameters. For
clarity, the units are not included in the blocks but are given in the List of
Symbols.

The pilot comment surmmaries were prepared from transcription
of the recorded comments made by the pilot during each evaluation with
reference to the Pilot Comment Card discussed ir. Section 4.2. Referring
to the comment card, the pilot comments under the specific headings of
"ability to trim", "stick motions", and "lateral-directional control” indicated
that none of these areas was a factor in the evaluations, and therefore those
comments are not included in the summaries. Comments on "longitudinal
control in steep turns" were generally the same as those for "normal
acceleration control” and were deleted from the summaries, There was a
difference between the two evaluation pilots in their interpretation of what
was asked for under the specific heading of "special piloting techniques";
and therefore, to avoid confusion, these comments are also not shown in
the summaries,

There are 7 evaluations in the experiment, each marked by an
asterisk on the flight number at the top of the pilot cornment summary, which
are not used in the data analysis. Justification for this decision is based on
the following factors. Each of these evaluations was performed early in the
experiment and both the comments and ratings are appreciably less severe




than for the repeat evaluations of the configuration. The incompatibility of
these evaluations with later ropeats is probably attributable to the pilots

not organizing the evaluation tasks early in the program, so that bad charac-
teristics were sometimes overlooked, There are other evaluations in the
experiment that appear inconsistent with the trend of pilot opinion within a
given group of cerfigurations, but in these cases no clear justification exists
for not including the results in the data analysis.

In the presentation of the open and closed-loop Bode characteristics,
for each configuration, three transfer functions are of interest: o/ Fy
%, and 9/96 . The following diagram, representative of the closed-
loop pitch-attitude tracking task, can be used to understand these transfer

functions. SIMULATED FCS
PLUS AIRFRAME
mor f —
E
8, Le""s(%'“'\ KX K,(f.;so‘p)(q‘:or) e .
] .
- ’ 't‘ﬁsd) S(Lrﬁzsol)(ﬁf_,i,’_su)('l;sa)
- Vo Y I\ 4 ,

Figure 1-1 Block Disgram of Closed-Loop Pitch-Attitude
Tracking

When interpreting the Bode plots, the foliowing should be noted:

(1) ©/F4 is the open-loop transfer function of the airplane
plus control system.

9/ 6€p is the ogen-loup transfer function of the airplane
plus control system plus pilot.

9/95 is the closed-loop transfer function of the airplane
plus control system plus pilot.

(2) The terms "open-loop” and "closed-loop" are meant to
apply to the block diagram shown in Figure I-1. Any FCS
loops around the airframe are always assumed to be
closed when computing the O/F, characteristics.




(3) In the calculation of the Bode amplitude plots for 8/F
a nominal £ /7 = 5 1b/g was used, and the units of [6/F, |
prior to conversion to dB were deg/lb. (Note that kK, =
£ s’,’[&’,(ﬁlnﬂ). The Bode plots for the other two transfer

functions were taken directly from the pilot-compensated
Nichols chart overlays.

(4)  The pilot lead compensation was somewhat arbitrarily
restricted to &,. = + B0 deg for the analysis because values
greater than + 80 deg do not significantly improve the closed-
loop performance. This restriction on & g, reduced the BW
achieved for Configurations 1G and 6F and reduced the low-
frequency droop for Configurations 1lF, 1G, 6F, and 7TH.

{(5) The values of Kp. KBW' and KL were determined by the
methods explained in Sections 6.9 and 7. 4.

Two pitch-attitude time histories for each configuration are shown
in the lower left-hand plot. The first time history {solid line) represents
the normalized open-loop @ response to an £ impulse input, for the air-
plane plus control system. This time history also represents the 6 response
to an Fy otep input. The second time history (dashed line) represents the
normalized open-loop @ response toa O, impulse input, for the airplane
plus control system plus pilot. The purpose of this time history is to show
the effects of the pilot time delay plus the lead or lag compensation deter-
mined using the closed-loop analysis,

The lower right-hand plot for each configuration shows the normal -
ized closed-loop @ response tc = step @ command ( &. ). This closed-
loop time history wus generated by mechanizing the cloeed loop of Figure 1.1
on an analog computer. The pilot's 0.3 sec¢ delay time was simulated using

a fourth-order Padé approximation of e -0. 3¢ + This closed-loop time

history complements the {requency-response plots and gives a complete
picture of the closed-loop pitch-attitude tracking problems predicted for each
configuration.
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CONFIOURATION

AL g et PN )
2.0/8.0/08
sLr.mLoY 1008/ we W
RMON v - ne
ik g 008 oM
LR 13019 Y
sncx PORCES GO FROM MEAVY YO | MICE ANO LIGHT . MO SECORD
soncis LIGHY. ABLE YO SELECT LIONY | THOUGMTS.

ATICK FORCES. MO NEED YO
COMPROMIBE BETWEEN
MANEUVEMNG FORCES AND
SYEADINESS O TARGEY. AS
STICK FONCES ARE MADE
UGHTER, THE FIREY FAOBLEM
WAS A CONCERN ABOUY OVEN.
STRESHNG THE A APLANE,

NO SECOND THOUGH TS,

PREDICTAMILITY
or

QOO0 IN PITCH ATTITUDS,
POOR 1N Q. FORCEE GO WEAVY

INITIAL REMFONSE SLOWER
THAN DESIRABLE. PINAL

HESPONGE YO LIONY LEADING 7O QVEN RUIPONEL - AIRPLANE DIGS IN
H00TING THE DESIRED G, AND YENDS TO OVERCONTROL, -
NOY PREOICTABLE, PAST PULSE
TECHMIQUE UMD WITH SUCCESS.
AVTITUDE NEALLY GODO, EXCELLENY, RELATIVELY GO0D. CAN STOP
CONTROL/ CAN PUT 1T ONC ALY ON THE RESPONSE ON TARCEY
YRACKING TARGET AND THEN IV I8 BUY DOEEN'Y MOVE AS FASY
CAPAMLITY EYRADY A8 A ROCK. AS DESINABLE,
NORMAL A PROBLEM, TENO TO OVER. OVERSHOOYTS IN G, IGS IN
ACCELERATION SHOOY, WHEN FLOWN AGORESMVIELY:
CONYROL BRTYER WMTH SLOWER INPUYS
Precrs of DIDN T BMNG UP ANY PROS NO EPPECY.
NANDOM LEM,
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sTIcK HEAVIER THAN DEBIRED FOR
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Losy YO PAEVENT STRONG
YENDENCY TO OVER G,
PREDICTABILITY ALMOST IMPOSDIBLE. INITIAL
o¢ AESPONGE (8 OUITE DELAYED
AESPONSE COMM~NTS AND THEN THE AINPLANE
Loey TAKES OFF AND OVERSHOOTS
IN A LOW EHEOUENCY BUT
B PERBISTENY MANNER,
ATTITUOE VERY, VERY POOR.
CONTAOL/ OEFIN TELY UNACTEPTASLE;
|\ TRACKING COMMENTE VERY EASY YO GEY I80® OU”
CAPABILITY LOsY OF PHASE AND GEY A MEOIM
FREQUENCY MO. COULD NOT
i KEEP AIFPLANE ON TARGET.
NORMAL EXTREMELY POUR. COULO
ACCELERATION COMMENTS NOY LEARN HOW TO CHECK
CONTROL LO8Y RESPONSE AND GET DESINED
GLEVEL. j
::::cu or COMMENTS NG A NEAL BIG EPFEQY.
OoM LOSY
OIS TURBANCES
"R COMMENTS MORE DIFFICULTY CON-
PROBLEMS LosT TROLLING AYTITUDES 1PN,
a00p SLOWNESS OF RESPONGE
searunes mf“ PREVENTS SERIOUS PROSLEMS
WITH G OVERSHOOTS,
OBJECTIONABLE CANNOT PERFOMM THE
FLATUNES FIGHTEN MISSION. DELAY
“‘:‘o::“ SLTWEEN CONTROL INPUT

AND THE ATTITUOE CHANGE
OF THE AINPLANE. EARY YO
GETINTO A MO,
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svick WOULD HAVE LIKED LIGHYER
foRces FORCES YO MAKE |7 EASIER
TO GET AIRPLAYIE MOVING
COMMENTS INITIALLY. BUY THIS MADE 1T
LO8Y SABEN TO OVERCONTAOL
DION'T NEALLY LIKE THE
FORCES SELECTED BUY THEY
WERE A NEASONABL E
COMPROMISE.
PREDICTABILITY VERY DIEFICULY TO PREODICY
ot MAAKED TENDENCY YO OVER
nESPONSE COMMENTS CONTHOL. HAVE YO USE
LOSY LARGE IMITIAL INPUT, AND
. THEN IMMEDIATELY TAKE (T
) OUY. USE PULLE-LIKE INPUTS.
ATTITUOR VERY POOR, PRACTICALLY NIL
CONTROL/ COMMENTS CAN NEVER GET AIRPLANE TO
TRACKING LosY SETTLE DOWN DURING TIGHT
CAPARILITY TRACKIFG  CANNOT TRACK
NOMMAL ALSO PRACTICALLY Niv..
ACCELERATION °°‘:‘:""‘
ConTROL !
EFFECTS OF MARKED EFFECTS TENDS YO
NANDOM cownm::n CAUSE MO'S IF YOU TRY TO
OISTURBANCES NEGATE M.N. DISTURBANCES
™ NO NEW PROBLENS. SLIGHT
PROBLEMS °°'~m:,“" TENOENCY TOWARD PIO ON
A.N. TRACKING TASK.
Gooo COMMENTS CAN'Y THINK OF ANY.
FEATURLE . LosY
OBJECTIONASLE BIG INMTIAL DELAY IN RE
FEATUAES CONMENTS SPONSE AND POOR PREDICTA
o BILITY. MO TENDENCIES

QURING TIGHY TRACKING
AND IN A.N. DISTURBANCES
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sricK ON THE WEAVY 8IDE FON HAPPY WITH GLANING
roncis STEADIER YRACKING - NO SELECYION.
SUCOND THOUONTE. FONCES
TUND TO GO FROM LIONT YO
o | mavy, o
PAEOICTABILITY | NOY YOO GOOD. CONBIEY- NESPONSE TANES OFF OUITE
or ENTLY OVERSHOY THE RAMDLY AT FIRSY, BUT NOT

RESFONSE TARGEY, FLY IT SMOOTMLY. YO0 RAMDLY. SEEME QAT
PAEDICTABLE, HAVE YO MAKE
CONSCIOUS EFPOAY 10 KELP
INPYTE SIMOOTH,
AVTYITUOL CONMSYENTLY OVERSHOOY OWIYE GOOD. SLIGHY
CONTROL/ THE TARGRY. SYEADY ON TUNOENCY YO OVERIHOOY:
TRACKING TARGEY. BUY BY IMODTHING INPUTS
CAPARILITY SLIGMTLY, AYTITUDE CON *
TROL ISQUITE ACCURATE
NOAMAL TEND TO OVERSHOOT MY G EIPECIALLY GOOD,
ACCELENATION BOTH VPR AND IPR. FRLT AS
CONTROL THOUGH I T WOLWLD OSCILLATE
INPITCH, BUCK, WHiILE
TRACKING UNDIN G LOADE
EFFECYS OF NO PROSLEMS. VEAY LITTLE E#PECT.
RANOOM
ISTURBANCES
[11.] NO PROBLEME WITH TRACKING NO NEWPROBLEME. TRACKING
PROBLEMS TABKE EXCEPY THE OVER. TASKSE AGAIN SHOWED UP
SHOOY WHICH ALBO SHOWRO OVERSHOOYING YENDENCY
uP VPR, WHEN FLOWN AGANESSIVELY.
G000 AYEADY ON YARGEY, CAN QOO0 MANEUVERING CAPA.
FEATUNES PULL G 1N VICINTY O SILITY. TRALKING CAPABIL.
ORGIARD LEVEL QUICKLY. 1YY 1 MDY OUTSYANDING,
e BUT 18 GOOD.
ORJECTIONABL § FORCES GEY HEAVY MINOR

FLATUARS

MANEUVERING, OVERSNOOY
THE TARGEY. G CONTROL i3
NOT PAECISE.
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ADLITY. WERT MCE BUY
PEANAPS SHOULD HAVE S8EN
HEAVIER AS GOOD P10 wAS

-
COMPIOURATION
21 Wep ® 48 :' « 099
“2018
YpnoY 1008/ 1aarw
PRPION was o
T s asin 8
Huow 1020 19122
smick HEAVY ) LIGHT FORCES: SATISPACTORY, NO SHCOND
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EONPIGUAATION

INITIAL FOACES DOWN,
BUY MAYBE SHOULD
HAVE SELECTED THEM
ABIYT LIGHTER VEY

29 Wep* L)) {” - 09
-10.$/143
LY AILOY 1083/ 1000/W
PR/MON [ w2
(LRLTL Y 8 5/0.20 a0
LM PTY ) 1874 7 wu
STICK SELECTED THE STEADY WOUL D HAVE LIKED S0ME:
FOACES FORCES LIGHT TO KEEP THE WKAT LIGHYER FORCES,

SUT PORCES USED WERE
LIGMTERY ALLOWED.
FORCES WERE ACCEPYARLE
HOWEVER, ANO NOT 700
BOTHERSOME.

PREOICTABILITY
L
AESPONSE

VERY POOA. FORCES ARE
INETIALLY HEAVY, THEN
LIGHTEN RAFIOLY AS
RESPONEE DEVELOPS HAVE
T0 OVLADRIVE 1Y

AIRPLANE RESPONSE (8
VENY SLOW. HAVE YO sk
CARGE INITIAL IMPUY, THEN
TYARE 1T OUT IMMENATELY
EVEN YHEN, IT 18 OIFFICULT
TOSYOP AY DESINED
STEAOY VAT

AT TITULE
CONTHOL
TRACKING
CAPAHILITY

YOU HAVE YO OVERDRIVE
1T (HEAVY INITIAL FORCES)
TO ACQUIRE A TARGEY,
AND EVEN THEN IT IS
OIFFICULY YO AVOID
OVERCONTHOL. RELA:
VIVELY STEADY ON
TARGEY YHOUGH.

POOR. YAKES CONG VIME
7O CHANCE ATTITUDE,
AND NOT VERY PARCISE.

NOHMA|
ACCHLEHATION
CONTROL

BAND HAVE YO OVER
DMIVEIT rOGETYiT
MOVING VER, YOU CAP’
LEANN TO DO ACREDISLE
s

OVEASHOOTS It YOU TAY
YO RAPIDLY AND ACCY-
RATELY ACOUVIRE @, DLY
RELATIVELY GO0 IF YOU
EASE OF THE Q.

FEFECTy OF
HAR DO
LISTURBANCES

TOUK LARGE FORCES AND
AGREAT OLAL OF EFFORY
TOGEY BACK ON TANGEY
AF TER EACH DISTURBANCE

MAKES TRACKING VENY
DIFEICULY.

1K

D E YRACKING TASK OF TEN

NQ MW PROBLEMS.

PHIOHLE NS CAUSED SOME #10'S NN

TRACKING YASK SHOWED

NOTHING NEW. BUT WAS

HARD WORK
UL COULD PULL LIMIT LOAD ¢ DOD OVERALL MANEY-
FEATURES FACTOR Wi THOUY €X VERARMLITY IF PLOWN

LESSIVE FORCES PRETYYY $MOOTHLY

STYADY ON TARQEY
R TIORNARL EXTREMELY HIGH IN! TIAL VEAY SLOW INI T AL AE _*
AT, FORCES HAVE TUOVER FPONLE AND TENDENCY

NFUVE 1T DIFFICULY TO
ACUUIRE A TARGET #1O
PROBLEMS ON D #

| THACHIDIG TASK

TO OVERCONTHO...
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FLY.AILOY 1048/M
PRMOR 4.8/
w.hﬂ/“ [’} 4.3/0.89
LLT 1.0/0.03
sTHCK GUQD. NOSECOND THOUGHTS
FORCES ON GEARING GELECTION. NO
SERIOUS COMPROMISES IN:

- VALVEO INSELECTION.
PRAEDICTABILITY NOY YOO GOOD TENDENCY
OFf TO OVERCONTAOL IN ATTY
NESPONSE TUDE USE SMOOTH INPUTS
AYTITUDE TENDENCY YO INITIALLY
CONTROL/ OVERSHOOQY TARQET, YHEM
THACKING OKE OR YWO BOBBLES IN
CAPARILITY GETVING SETILED DOWN
NORMAL QUITE GOOD.

ACCELERATION

CONYROL

EFFECTS OF NQPROBLEMS

RANDOM

DISYTURBANLES

FR NO A*PRECIANLE DIFFER
PROBLEMS ENCES FHROM VFR

GOoOD LIGHY FOACFS GDOD FOR
FEATURES MANEUVERING CAN ACOUIRE

A YARGET (SOM:Z PROBL EMS)

OBJECTIONABLE
FEATURES

BOBELING TENDENCIES ON
TARGET DIFFICULTIES IN
ACQUIRING AMD HOLDING
TARGET
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$TICH PROBABLY A LIYTLE ON THME O.K. COULD MAVE USED LIGNHTY
FORCES HEAVY SIDE SUT NO SECOND ER FORCES, BUT FORCES

THOUGHTS. IN.TIAL FORCES
COMPAYIBLE WITH STEADY
SYATE FORCES.

SELECTED WERE QUITE
SAVISFACTORY. REALLY NO
COMPROMISE INVOLVED IV
GEARING SELECTION.

PRECICTAMILITY
os

WAS GODO.

PRETTY GOOD. MINOR OBIIC
TIONS. SLIGHT YENDENCY

SLIGHT ORCILLATION IN
STEADY SYAYE G

NESPONSE Y0 DIG IN. OVERSHOOTS
ONCE 111 ACOUIRING A
TARGET CAN'T GEY RIO OF
"

TYITUDE TENDENCY TO BOBILE ON PRETTY AOOD, DIGS IN
CONTHOL! YARGEY, 20A ) OVERSHOOTS, | INITIALLY. THEN OVERSHOOTS
THACKING HOWEVER COULD GEY ON TARGEY ONCE.

CAPARILITY YANGET 1M AN ACCEPTABLE
LENGYH OF YiME. )
NOAMAL QUITE ADEQUATE; SMALL VERY GOOD.
ACCELERATION | AMPLITUOE SOBSLING.
CONTROL
EFEECYS OF DION'Y SHOW UP ANY THING NOTICEABLE, BUYT DID NOY
#ANDOM NEW. CAUSE ANY PROBLEMS
OISTURBANCES
A SETTER 1PN THAN VES. NO NO NEW PROBLEMS. PRETTY
PROBL ENE BOBBLE APPARENT: THINK 6000.
THE PRECISION REQUIRED
FOR VEK 1% GAEATER THAN
FOR IER,
Goon QUITE MANEUVERABLE. MANEUVER CAPABILITY AND
FLATUNES G CONTROL VEAY GOOD.
TRACKING CAPABILIYY I8
G000
OWECTIONABLE | FINITE TIME AEQUINED TO MINOR OIS (N ONE OVAR
FLATURES SETTLE DOWN ON A TAAGET. SHOOT ON TARGE T
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LY. AILOY 1088/0 1088w
PR/PION V] an
Finlik g s1/0rs LEY R4
"o/ % ran? 18
sYICK PRETTY COOD. A LITYLE NOT DUTSTANDING, BUT
fonces MEAVY, PERHAPS. NO OK ALITILE HEAVY, SUT

SECOND THOUGHTS ABOUY
GEARING SELFCTION.

SELECTED THAY WAY 1O
REDUCE YENDENCIES FOR
OVERCONTROL. NO SECOND
THOUCH T8 ON GEARING
SELFCTON

PREDICYARILITY

A BT ON APROBLEM STICK

ALITILE DIFFICULY THE

af FORCES LIGHTEN AS THE AIADL ANE HAS A VERY SLOW
AESPONSE AESPONSE DEVELOPS, RESPUNSE, WHICH MEANS
LEADING TOYSMALL PRDS. THAY YOU HAVE YO PU
LEMS IN ATTIYUDE AND G IN 4 VERY LARGE INPUY
CONYROL. INITIALLY AND THEN
RAPIDLY CHECK IW THE
00 FOBITE DIRECTION TO
S0P THE NOSE WHIERE YOU
(7731 4
ATTITUNE GET ONE RELATIVELY LANGE FAIR TARES ALOYOF ErpLAY
CONTROL OVERSHOOT, FOLLOWED BY TO CHANGF ATTITUDE ACC':
TRACKING ONE OR TWO SMALLER ONES, RATELY AND THERE 1S
CAPARILITY IN ACQUIRING A TARDEY USUALLY ONE SMALL OVE!!
PRETTY SYEADY ON TARGEY SHOOY INVOLVEDQ
YHOUGH
NOKMAL A 81T OF PROSLEM YO PULL QUITE GOOD FOR GROSS
ACCLLERAYION G QUICKLY AND ACCU MANEUVENING. *UT OVER
CONTRGL AATELY ONE OR TWO SHOOVS IF TAYING 10
OVERSHOOT. VE WONSE ACQUIRE A GIVEN O
1ER PRECISEL Y
CeEECTS OF NO NEW PROBL EMS HAD QUITE A NOTICEABLE
MANDOM CRFEC: EPECIALLY IN
DISTUNBANCES TRACK NG
1FR AIRPLANE 1S WORSE (FR NO NEWPROBLEMS 150
PHOBLEMY THAN VER OSCILLATES TRACKING ABILITY WAS
SEVERAL TIMES ABOUY ACTUALLY QUITE GOOP
OESIRED ATYIVUDE ON
O & YRACKING TASK
G000 CIWMPUMTABLE STICK GOOD FOM GROSE
FEATUNLS FORIES STEADY ON MANE UVERING

{ARGET GOUG FOR GROSS
HAAN L UVEMING

OEIECTIONAGLE
FLATURLS

HAVE TOCOMPENSATE A
LITILE TO ACQOUINE A
TANGLY SOME QSCilL A
TION 1Y PULLING G AC(IY
AATLL

TLOW INITIAL AESPONSE
ANO NEED TO FORCE THE
HESPONSE
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~/00/44
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l'.lalll 9 48/080 49/0.08
Ry e 29 21748
L3114 O KR FORCES GO # AOM HEAVY WOUL O LIKE SOMEWNHAY
SONCES TOLIGHY AS NLSPFONIE CIGHTER QUY GEAAING

OLVELOPE MIGHY HAVLE
SELECTED LIUMYER PONCES
EXCEPT YHAT SYLADY
FORCES WOULD UEY TO0
LIGHT NO SECOND THOUGHTS
ON GEARING SELECTION

SELECTED WAL THE LIGHTESY
ALLOWED FORCES AN
CENTAINLY ADEGUATE AND
NOT 100 BAD

PALOICTARILIYY
(s ]
ATSPONSE

ALITYLE PROSLEM, BUY NOT
TOO MAD FORCES GO FAOM
HEAVY TOLIGHT aNDIY
FRELE LIGHY ON YARGEY

QUITE GOOD SLIGHT HES
FATION IN 1M TIAL NESPONEE
WHICH CAUSES YOU YO rULSE
THE MRPLANE SOMEWNAT,
SUT NO REAL PROBLEM

ATHITUOL
CONTROL:
TAACKING
CAPARILITY

PRETYTY COOU COULD AC
QUINE A TARGETY RAPIDLY,
AL YHOUGH THERE was A
SMALL TENOENCY TO OVEN.
SHOOY NOT REAL STRADY
ON TARGEY

GOOD CAN STOP NOBE
PRETTY MULH WHERE YOU
WANY I¥ AL THOUGH YOUR
PRECISION IS SOMEWHA T
DEPENDENT ON HOW WELL
YOU JUDGE THE INITIAL
INPUT

NORMAL
ACCELERATION
CONTAOL

QUITE GOOD SMALL GICILLA
TION WHEN TRYING 10
MAPDLY ACOUIRE O

a0C0

EFPECTS OF
RANDOM
OISTURBANCES

HAVE TO WORK TO KEEP NOST
ON YARGET WITH WN DISTUNG
ANCES BECAUSE OF HEAVY
1N TIAL FORCES

NOTICEASLE EPSECTS, BUT
NO REAL DEGRNADATION OF
FLYING QUALITIES.

(1]
PROBLEMS

GOOU AINWPLANE I#R.
NO NEW PROBLEME.

NO NEW PROALEMS. TOUNK
SOME EFFONT 70 FOLLOW
0. 6. TRACKING TASK.

Gooo
FEATUNES

PRETTY GOOO FIGHTVEN,
OQUITE MANEUVERABLE
NOY YOO BAD FON TRACKING

TRACKING CAPARILITY 18
NOT QUTSYANDING. BUY IS
GOOD, 3 CONTROL i$ ALSO
GO00.

OBJECTIONABLE
FEATURES

NOY AS SYEADY ON YARGEY
AS DERINED SMALL OSCIL
LATION IN ACQINAING G

CAN'T FLY AIRPLANE AS
AGGRESSIVELY ASWOULD
HAVE L IRED BECAUSE O
INIYEAL DELAY
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LW IGUNA TN

W ONARGET SO COUWLD
HAVE QOML TO A SLIGHTLY
HEAVIEA STICK FORCE G0
FHOM LIGHT TOHEAVY BUT
SOt VERY PRONUUNCED

A ugp e g0
- N
LY PiLOY Hwpw 1 W
R PION 482 A
- LRI [RE X ) S0
"o en 22114 LY
e _— - - —— .
SHGLH NOTTOD SAD 1Mt T4 BOOD HOR NOHMAL MANI T
ronRces TENOEID TOOSCILLATE A VEHING 8L 0 100 e

FOM SMALL HARID INFLIYS

PHRIMCTAMILITY
O
et HHONSE

APROBLEM INITIAL Rt
SPONSE 1S QUITE RAPIOD aU/T
DS OVEREHOOT THE
TARGLY BE 1Y AGIVEN Q,
APITCH ATTIIUOE. OA &
YARGH Y

INLTIAL HESPINST SNAKPY
FINAL HESPONSE O it
AS GUUL tENF L T ) A
LITYLE 811 O%CH LATUNY

ATTITLOK
CONYAUL
THACKING
CAPABILITY

ALWAYE OVENSHOOT,
WITJUST ONCE WHICH
MAKES 1T NOY REALI Y GO0D
FOR TRACKING

TEND 1O OVEHCUNTHOL
JERK THE AIHIPLANE AL NG
FOR LARGE INPIIES Gt Y
BOPELE OR OSGHLL ATIONS
ONVARGE T CAN MANG
SMALL ATTITUDE ( HAMGLES
QUi it PRECISEL ¢

NOAMAL
ALCLLERALION
CONTROL

TEND 10 OVENSHOOT NO
MAJOR PROBLEM 2 THE
NEUATIVE DINGCTION
NOT GOOD BUT NO MEAL
PROBLEM CITHER

NOT AS GOO0 AL DD

EHPECTS OF
AANDOM
DISTURBANCEY

HURT THIS AIRPLANE. PILOY
IS NOT VERY GODL AY CON-
AECTING FOR DIBTURBANCES
SO 1T CREATES A LOV OF
WONK FOR HIlY

NOTICH AdLE AND CALISE A
PROULEM  THE ARP ANL
SLLMS JENKY

i*re
PROBLEV

OSCILLATOAY NATURE OF
THIS AVRPLANE WAS A LITYLE
MORE ACCENTUATED IN TiE
16N YASK

NOYICE THIS ABRURT DK
JERRY RESPONSE MONE
WD E TRACKING TASA
SHOWS UP THIS 8O8RLING
ENDENCY HN LHALRING
TASK EASIEA HICAUSE 1T 1S
SMOO TNER

LOOD
tEATUNES

HESPONDS WELL 1M TIALLY,
THEN OVERSHOOTS SUT 18
FEALLY NOT TOO BAD

MANLUVEHAY' E GOOD
CAPARILITY LANFLY
AGLALSHIVELY

OBIECTIONASLE
FEATURALS

OSCILLATES ON TARGEY
AND WHEN BAFIOLY PULLING
G YOU TEND 1C OVERSHNOY

SOBBLING TENODENCY WIEN
STOPPING LARGE PITCH
MATLS WHEN GETTING uN
TARGET INHOLIING ST
TUNNS THE AIRPYE ANE S6EMY
VERY JEHNY
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TIME ~ SEC
LGOP PITCH ATTITUDE

TIME ~ SEC
OPEN-LOOP PITCH ATTITUDE

RESPONSE TO A STEP ATTITUDE

CLOSED.
COMIAAND

OR#,

RESPONSE YO AN F
IMPULSE INPUT
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CONFIGUAATION
L] ] e * 40 (' (¥, ]
- 12:8)
Y Mot 1082'W
PAMOR 1.4
|'.Iﬂ'l“" s 4/0 88
LA 121092
STICK O® COULDN'Y GO QUIE AS
FORCLS LIGHT ON THE POACES AS

DESIACO acCAUSK OF TENLEN
CHES YOOVERCONTROL NO AEAL
SECOND THOUGH TS ON QEARING

PRECHCYABILITY NOTY VIRV COOD FaINLY

o SNAPTY INITIAL RESPONEL
AESPONEE SUT SEEMED TO BE A VENY
SLIGHT INTIAL MESITAYION
ALY WORET PARY WAR AN
OBCILLATORY VINAL AE
SPONSE A LIGHTYLY DAMRED

*o
ATTIVUDE VELLY, VERY PONR SOME
CONTROL/ TECHNIQUES HELP TRACKING
TRACHING MORE YHAN OTHENS SUT
CAPABILITY ODON'Y THINK TRACKING
PENRORMANCE 18 ADEQUATE
FON MIBHON
NOAMAL HOY TOO BAD £OR SMOOTH
ACCELEMATION INPUTS BUY OSCILLATES
CONTROL IN G QUITE BEVERELY I8 YOU
PULL G AGGRESSIVELY
EFFELTs OF TENDENCY 1O OSCILLATE
RaNOOM INSTEEP TURNS (VFR)
DISTURBANCES )
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CHEDICTARILITY

EXTAEMELY BAD VENY

ot HEAVY FORCES INITIALLY.

NESPONSL WHICH LIGHYEN DRAMA T}
CALLY AS MESPONSE
DEVELOPS

ATHiTUDE EXTREMELY POOR EX

CONTAOL/ YREMELY DIRFICULT TO PUT
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TRACK CANGETPRETTY
COOD PIO'S GOING
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STLECTION. BUT IMPROVED
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ALALLY APFECY THE
GEARING SELECTION,

41 ECTEO QL ANING 13 GOOD

PRLDICTABILITY

INITIAL RESPONSE 1S

or PRETTY GOOD MAYEE A
RESPONSE LITTLE SNAPPY. FINAL
RESPONSE MAB ALITTLE
BOSOLE INIT.
AYTITUOS IMPROVED WiTH PRACTICE
CONTROL/ BUY NOY VERY QO0O,
TRACKING TINDS YO BONBLE IN
CAPABILITY SETILING OOWN ON TAROLY
NORMAL WONEE YHAN ATTITUDS
ACCELERATION CONTROL. OVERSMOOTS
COMNYROL OESIRED O AND THEN
OSCILLAYES BEVEMAL TIMES
IN SEYTLING OOWN
EFFECTS QF EXCITES AMRPLAKE A GREAY
RAROOM OtAL. PMO'Ss OCCUR JUSTY
ISTURBANCES TRYING TO FLY ETRAIGHT
AMNO LEVEL IN THE AN
OIS TURABANCE.
(L4 ] THE TRACKING TASKS EM-
PROSLEMS PHABIZED THE SO8SLING
TENOENCIES WHICH SHOWED
UP IN VER TRACKING.
G000 OUITE MANEUVERABLE -
tEATUNES SNAPPY RESFONM
OBJECTIONANLE MAJOR OGIELTION 1S MO
FLATURCS TENOENCY DUNING AN

OISTURBANCES. BOBMLING
TENODENCY DURING YRACKING,
SENSI TIVE AROUND TRIM.

G RERPONSE IS NOY VENY
PRECISE.

NOTE(D FLOWN WiTH PORITION COMMANDS.
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sHeK STHAOY STATE FORCES ACCEPTABLL, SAYIB O K MAYSE A LITTLE ON
sONCLS HIGH, BUT ACCEPTABLE. PACTORY HEAVY SIDE. BUY THIS IS

O K SFCALMLITCUTS
OOWH SENSITIVITY
PLEALEO Wi YH GEARING
SELECTION.

PREOICTARILITY
of
RESPONSE

OUITE RESPONSIVE FINAL
RESPONSE 1S SOMEWNAY
OSCILLATORY

NO DELAY. COMES ALONG
AT RIGHY SPELD, OVEN
SHOOTS. INITIAL GO0V
FINAL  OVEASHOUTT THEN
OAMPE  FASTENR DAMPING
CLOSED LOOP BETYTEN THAN
OPEN LOOP LIKE INITIAL
RESPONEL, FINAL COULD
8€ BLYTER DAMPED

INITIAL NESPONEE QUITE
QOO0 FINAL NESPONLE NOY
100 GOOD WOULD OVEN
SHOOT AND OSCILLAYE,

BUT THRIN ENO UP BELOW
YHE TARG.Y SOME TROUBLE
PREDICTING WHERE NOSE
WOULD END UP USE
SMOOTM CONTAOL INPUTS

AYTituot
CONTROL
TRACHING
CAPASILITY

QVENEMOOTY TANGE Y,
THEN TAKES SEVERAL
SECONDS TOBETTLE DOWN
ON YTARGET EVENIN
SMOOTH AIR EXCEEOINGLY
OIFFICULY YO TRACK TAR
GEY IN TURBULENCE

FAIN. SLIGHTY TENDENCY
TO OVERSHOOY WiE N AC
QUINING A TARGET FOR
SMALL CORRECYIOND, CAN
TRACK REASOMANL Y WELL

NOT VERY GOOO FOR TIOMY
AYTITUDE CONTROL BECAUSE
OF OSCILLAYIONS ON TAR
cey

NOARMAL
ACCELERATION
CONTROL

OSCILLATORY WOULD sk
EASY 10 OVERSTRESS

FAIR, MNOT QUTETAMDING
SIMILAR TO MITCH ATTITUOK
CONTROL CiN SEE AN
QVERCHOOY iy G BUY
INCREMENTS ARE SAALL.

GOOD FOR GENERAL MANEY
VENING OSCILLATORY
TENOENCY WHEN TAYING TO
ACCURATELY PULL G MOAY
EVER THESE OSCILLATIONS
ARE NOY LARGE MORE

IN BOBBLING CATEGORY

FHFECTYS OF
RANDOM
OISTURBANCES

MO NOY CAUSE NEARLY THE
PROSLEMS EXPECTED,
ALTHOUGH THE SMOOTH
AIR PROBLENS WERE ACCEN
TUATED

ONLY BARELY NOVICEABLE
THOUGHY 1T WOULD 8L
WORSE OUE TO O3VIOUS
LIGHT DANPIN ;.

NOTICEABLE EFRECY
OISTURSS AIRPLANE QUITE
ABY

(14.]
PFROBLEMS

QISCHRIYE EANON TRACKING
SHOWS UP OVERSHOOTING
TENODENCIES SIMILAN 1O
VER TRACKING

-

OSCILLATONY TENDI NCY
SHOWED UP IN DISCRETE
ERAON THACK NG TASK

AN TRACKING TASX SHOWED
KOTHING.

EFFECTS OF AN OISTUNS
ANCES MORE PRONOUNCED
SMALL P10'S OCCURRED

[els ple
FEATUNES

RESPONSIVE

SASIC MANEUVERING I8
QUITE NOOD PULLING G 18
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oF DIKICULTY I8 TRACKING OR | INPGY, INITIALLY NOTHING
RESFONSE SULLING O HAPPENS THEN AIAPLANE TAKES
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YAACKING PROBLEM.
ATTITUDE ENTAEMELY POOR. PO EXTREMELY POOR. CAN'T EVEN
CONTYROL: TENDENCIES DUNING TIOHT DO A MEDIUM YIGHT TRACKING
TRACKING COMMENTS LOST TRACKING ARE BAD ENOUGH MANEUVER W THOUT GETTING
CAFARILITY TO & ON THE RAGGED EDGE INTO A MEDIUM ¥ HEGUENGY,
OFf LOBS OF CONYROL. LLRO DAMPED, IO
NORMAL NOY AS SAD AS A TITUDE FOOR. VERY DIEFICULT 1O PULL
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OISTURBANCES HARDLY NOTICKD. N B
) SYRONG FUNCTION OF PILOY A 31T MORE TENDENCY 10
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PRECICTABILITY NOY NEALLY VERY GOOOD.
o BINAL REPONEK 18 PRE
AESPONLE COMMENTS LORY INCTABLE BUT IN TIAL NE
SPONSE 1S YOO RASY OR
ABAUPY -
ATYITUDE Q00O FON SMALL ATTITUDE
CONTROL/ CHANGES WHENE ASRUPY NE
TRACKING COMMENTS LOSY SPONRE |18 NOY OBJEC TIONABLE
CAPABILITY OUT KON LARGE MANEUVER
ING 1Y (8 840
NORMAL ONLY FAIR; COMES ON YOO
ACCELENATION COMMENTS LOSY FAST.
CONTAOL B
EPFECYS OF O
NANOOM COMNMANTS LOBY NO COMMENTS.
OISTURBANCES N ~
(141 NOTHING SPECIAL TO I1FA
PROBLEMT COMMENTS LOST TENOENCY YO OVERCONTAOL
IN THE TWO YTRACKING YARKS.
SOTH AR BONE CAUSHERS.
Gooo THE CAPAMLITY OF MARING
statunes COMMENYS LOST SMALL ATTITUDE CHANGES
FON TRACKING.
OMETTIONABLE ABRUPTNESS OF THE INITIAL
FCATUNGY COMMENTS AESPONSE, 1T AKALLY HURNTS
Lost TO MANEUVER THE AIRPLANG
AROUND. ]
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CONPIONRATION
L1 W * 24 bop = 087
3i/8/63
LY MILOY 1047/ 1078/ 1074w
PRPION avre " ane
(PN g 2009 (XY 8 4/0.81
LWL P ne 24/28 ERYEY ]
snen VERY CLOBE YO OPTIMUM, VERY COMPORTABLE. NO $TICK KONCE LIMITED, HAD
tONCEs SECOND THOUGHTS ON GE AR CHOSEN LIGHTER FONCES. BUY
ING SELECYION. FELT HEAVIER FONCES WENE
CENTAINLY COMPATIBLE WITH
_ - THE CONFIGURATION
PREDICTABILITY | GOOO. aooc. QUITE PREDICTABLE INITIAL

or

AESPONSE A LITYLE BIY SLOW

NESPONSE FINAL RESPONSE SEEMED OKAY
AY FINBY BUT THEN TENOEO TO
WANDER OFF TARGEY
AYTtYUDE YERY GOOO. VERY GOOD O VEAY GO00. COULD VERY QUITE GOOD ONLY PROS
CONTROL/ TARGEY. QUICKLY MOVE YHE NOSE LEM I8 TENDENCY TO
TRACKING FROM ONE TARGRY YO WANDER OF# YARGE Y ONCE
CAPARILIVY ANOTHEN, NO BOSRLES WHMEN ESTABLISHED ON Y
YOU GEY THERE - THE NOSE
STAVS GLUED.
NORMAL TEND 70 OVEREHOOT G JIST QUITE OUTETANOING, G000.
ACCELERATION ALITYLE BIT; MORE PRO
CONTROL NOUNCLD IR,
CFEECTS OF NO PROSLEM. NO PROBLEM. NOTICEABLE EFFECT SOME
RANOOM DIFFICULTY COUNTERING
DISTURBANCES THE DISTURBANCES.
13 THE ABILITY YO PRECISELY WO PROBLEMS. SETYER VER THAN IFR
PROBL £ M CONTROL G IS NOYICEABL Y POON CONTROL IN STEEP
LERS (PR THAN VER. TURNS. TENOENCY TO
OVLRASHOOT IN D. €. TRACK
ING TASK BUY COULD LEANN
10 AVOID PROBLEM.
Qoo ~ 3000 FIGHTER MRPLANE, REALLY AN OUTSTANDING GOOD MANEUVE RING AN
FEATUNES ABILITY TO ACOUINE AND AIKPLANE. VERY RESPONSIVE; PLANE. EASY TO ACOUINE

AETAIN A TAKGEY ARE EX-
CELLENT. STICK FONCKS

NICE ARD LIGHT. G CONTROL

NOY PERFECY BUT STILL
PAETTY QOGO

WITHOUY BEING OVERLY RE
SPONSIVE CAN ACQUIRE A

TARGEY QUICKLY AMD CASILY.

VERY PLEASANT AND SMOOTH
TO MANEUVER. FONCES WERE

COMFORTABLE.

ATARGEY.

ORJECTIONABLE
FEATURES

YENDENCY TO OVERLMOOY IN

G, EPECIALLY IPK.

CAN'Y THINX OF ANY.

YENODENCY YO WANDER OF ¢
TARGEY LARGE RESPONSE
TO RANOOM DISTURBANCES
BOTH ARE MINOR OBJEC
TIONS.
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1 WOULO PROGABLY LIKE
SOMEWHAY LIGHTER FORCES.

CONFIOURATION
(14 Wep ™ 34 g0 = 09
_otein
LY. MLOY 1036/ 1oawerw 7w
PAMOA v YY) [V
18 imiin g ave s 100.70 $.4/081
" [y 1427 2.6/3.7
NCK HCKED HEAVY PFORCES TO OUITE ACCEPYABLE. OUiTE G000
ronces AVOID DIGAING -IN TINDEN:
CIES. APTEN LEARNING YO
ELY TMIB CONPIOURATION,

PRLOICTABILITY
oF

DIFFICULY YOPREDICY FINAL
ALIPONEE FACM 1M 1AL AN

OUITE FREDICTABLE, INITIAL
AESPONEL COULD BE A BHADE

NOY REALLY VERY GOOD.
THE AESPONSE 18 TOO SLOW.

FEATUNRE.

COMFONTABLE RIOING
QUALITHES.

RESPONSIE WOMIE (DIGS 1N} - IMPACYED SNAPPIER BUT THAYE VERY YOU HAVE YO USE PULSE LIKE
WITH PRACTICE. NEED TO MINOR. FINAL RESPONSE GOOD. | INPUTS YO SPEED IT UP. THIS
OVERORIVE 30 THAY FONCES RESULTS IN A FAIRLY SMOOTH
WERE INMTIALLY HEAVY, RESPONSE, BLY IT'S GALY TO
THEN LIGHYER, THEN MEAVY QLY MORE TMAN YOU EX.
ABAIN (N STEADY STATE. PECTED. WITH PRACYVICE,
YOU CAN LEARN TO STOP THE
AIRPLANE PRETTY MUCH
) WHERE YOU WANY IY.
ATYITUGSE PRARYTY GOOO, ENPECIALLY GO0, VERY S0L10 FRELING. ONLY FAIR; LEANIKG TOWARD
CONTROL/ IN SMOOTH AR, NO TENDENCY TO BOBSLE THE POOA RIDE. 18 YOU TONE
TRACRING GO0 TRACKING MRVLANE, DOWN YOUR INMUTS YOU CAN
CarABILITY STOP NOBS WHERE YOU WANT
1Y REASONANLY WELL, BUT
THEN YOU'RE NOT MOVING
THE NOSE AS RAPIDLY AS YOU
; WANY.
NORMAL OI0GING-IN TENDENCY AT GOOU, CAN PULL A VALUE OF NOY GOOD. DEFINITELY OVEA.
ACCELENATION FINSY . LEARNEO YOPULL O G AND HOLOD 1Y, CONTROL WHEN YOU KLY 1T
CONTROL PAIALY ACCURATELY WATH AGGRESUIVELY.
PHACTICE. STILL SOME OVER.
CONTROL TEMDENCY. MUCH
WOF S DURING PUSHOVERS
o THAN 1M PULLUP, )
€rrgCTs OF NO NEW PROSLEME. NONE. RN OLITURBANCE S MOVE THE
RANDOM AIRPLANE AROUND GUITE A
OISTURBANCES BT, AND 1Y S DIFZCULY TO
i o GEY NID OF THE EFFECTS.
1N SEEMEO BETTEN IFR THAN PLEASANT YO KLY, REASONABLE AIRPLANE KR,
PROBL EMS VER, PROBLEME DIDN' ¥ SEEM DIFFICULT TO KEEP LP WITH
TO $40W UP NEAR AS MICH AN TRACKING TASK.
AS WITH VER ELIGHT. )
G000 PREYYY STEADY ON TARGET, GOOD TRACKING CAPANLITY . CAPASILITY FOR PULLING
FEATURES WHICH IS AN PORTANT EXCELLENT. GOOD TRIM - LOYTS OF G 18 800D,

OBIECYIONARLG
EEATUAES

OIGGING 1N TENDENCY,
HAVING YO OVERDRIVE YO
GET NOLE AOVING. RESPONML

CAN SURPRISE YOU IN ABRLPY -

MANEUVERS.

NO MEAL GEMECTIONS . ONLY
MINOR , BUT WOULD LIRE TO
SEE SLIGHTLY FASTEN
INITIAL AEPONSE.

MAJOR UBIECTION 13 INABILITY
TO MANEUVER YHE AIRPLANE
BNAPPILY.

"nmmuor USED IN DATA ANALYSIS . SEE DVCUBBION AT THE BEGINNING OFf THIS APPENDIX.
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CONFIGURATION
0 Wep » 34 {up « 087
~1¢/8
LY. MLOY 150WM
PRAMMON 828
9l o a0 es
Ll o 1.0/4.8 )
SHCK LITTLE ON THE HEAVY SID* YO
sonces PREVENT INADVERTENT INFU TS,
PREDICTABMLITY | UNPREDICTABLE CANPUYIN
o INADVERTENT iNPUTS.
NESPONSL PARTICULARLY BAD FOR
NEGATIVE O MANEUVENRS,
NO1 YOO BAD WHEN PULLING
POSITIVE G BUT I8 NON.AIR.
PLANE LIKE WHICH MAKES 1T
DIFFICULY YO ADARY YO.
AYYITUDE NOT REALLY VIRY GOOD,
CONTROL/ HAS A TENDENCY YO P10
TRACKING LARGE AMPLITUDE. ONCE ON
carABILITY TARGEY 17 18 SYEADY AS A
HOCK
NOMMAL PALTTY GOOO.
ACCELERATION
CONTROL
€FFECTS OF SHOWE UP A P10 YENOENCY.
RANDOM
DISTURBANCES )
R POINTS UP PO TENDENCY -
PAONL £ VS PARTICULARLY THE AN
TRACKIHG FASK,
G000 COULD ADAPY AND FPULL G
FEATUMES FAIRLY WELL AND MANELIVER
weiLL.
OBJIECTIONABLE BEALLY HAD TO COMPENSATE
FLATUAZS POR THE DEFICIENCIES TO GEY

THE NOSE ON YARGET. COULD
ALY INTO A MO
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ASPOBBIBLE. NO SECOND
THOUGHTR 1M TIAL PO™ LS
HEAVIEN THAN STEADY
FOACKS

INPUTS: MO SLCOND THOUGH T3

COMPIOURATION
(13 Wep = 34 [ ARY T
-123/8
LY Moy 10409/ ori/M 101w
PAPON YT T e
LT P 22008 .7/0.40 sa0m
Ky o 8138 1.94.9 1280
LVICK ON THE HEAVY SIOE TO MINI ON HEAVY SDE ON PURFOSE CEATAINLY O K. SECOND
FORCES MIZE O TENDENCY AR MUCH TO HELP PAEVENY UNWANTED THOUGHTE . POSBIBLY LITTLE

HEAVIEN STICK PORCES
WOULD REDUCE TENDENCY
TOWARD PIO'S

PREDICTARILITY

GENAVES i A PICULIAR

VERY FOOR INDEED. LONG

INITIAL RESPONSE 1L
DELAVED EVER SOSLIGHTLY.

TENODENCY YO NG 1N
TENOENCY YO MO. RESPONES

1S NON-AIRPLANE LIKE,

HO'S

or FASHION THEREEORL NOY DELAY W INITIAL REWPONSE -
NESPONSE GOOD BUT COULD ADAPY TO LEADS YOPIOR FINAL AT THIS LEADS YO A PROBLEM
S0ME DEGREL. PONSE NOT FRECICTABLE. TAYING T STOP THE AIR.
KIND OF AP ANE THATY PLANE RESPONSE - BYARY
SCARES YOU. OOCILLATING ABOUT TARGET -
GET ACLABSICAL MO,
ATTITUDE YEND YO MO ON TARGEY PIO PAONS. ON TARGET IT I8 QUITE POOR WHEN AP.
CONTROL/ ARZGULAR MD, NOT PUALL SOLID. GEY LARGE AMPLL. PROACHED AGCRESSIVELY.
TRACKING BLOWN. TUOK OSCILLAYIONS ASOUY COULD ADAPT BY UBING A
CAPABILITY 18 PULSE TECHNIQUE BUT STILL
UNACCEPYANLE YO ME.
NONMAL ABLE TOPULL GPAIRLY WLL | POOR; HAVE TROUSLE TENOENGCY TO OVERCONTAOL.
ACLELERATION SUT $OME OSCILLATIONS PULLING ANY CONSTANT G THE G, BUT FOR GENENAL
CONTROL ABOUY T G. LEVEL. MANEUVERING I8 O.K. HAVE
A PROBLEM IN YIONT TRACK:
- ING,
EEFECTS OF NOTHING NEW. REALLY SCARED ME, VERY NOTICEABLE; HAVE TROUSLE
HANDGM LARGE AMPLITUOE G INPUTS. COUNTERING THE EFFECTS OF
ISTURBANCES THE OVSYURBANCES €998
o o CIALLY IPR,
1*8 NO HEW PROSLEM. WORKED KEPY MY GAIN OOWN BUY NOTHING NEW. TENOENCY
PROBL EMS HARD OM D. &. TRACKING COULDW'Y DO THE &8 TOWARD #O IN D. €. TRACK.
TASK BUY NEVER GOT iNTO W1 TH NORMAL PiLOT GAINS ING TASK.
ANYTHING THAT APPROACMED | cCOULD QT INTO BEAUTIPUL
A PULL-BLOWN PIO. Mo's.
G000 QCAPABILITY NOY YOO BAD. SON GENTLE MANEUVERS Q00D MANEUVER CHARAG:
FCATURES AND YRACKING 1T'8 REALLY TERISTICS.
GREAY.
CRJECTHIONABLE | LIGHTENING OF FOACES AS ANY AGGRESSIVE TRACKING TENDENCY TOWARD MO IN
FLATURES YOUGLT IN A YURN . OR MANEUVERING LEADS YO A TIGHY TRAGKING TASK -

CAMN 8L STOPPED BY BACKING
OFF IN GAIN OR RELEASING
THE STICK.

.QA"NOO NOT USED th DATA ANALYSIS . S£E DIMCULRION AY THE BEGINMING OF TiIS APPENDIX,
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e NOY REAL HAPPY WITH ACCEPYABLE. A LITYLE OM
ronRces FONCES. GEAMING SELECTION | YTHE HEAVY IDE. BUT HEAVI.

WAS COMPROMIEE BE TWEEN
STEADY PORCES AND TRACK.
NG FONCES. STEADY FONCES
AT HEAVY, BUT QEARING
SEEME YO B8 AR GOOD AS ANY
OYHEAS YRIED

NESS IS NECESSARY VO IM-
PROVE OVERCONTROL
YENOENCIES

PREDICYABILITY

WASH'Y VERY GOOD INITIAL
FORCES WERE LIGHY STEADY

RESPONSE 1S STRANGE NE
WONEE STARTS OFF SLOWLY

RESPONSE FORCES HEAVIER NOY A THEN PICKS UP, THEMN
VERY PRONOUNCED TENDEN FINALLY OVERSHOO TS,
CY, BUT THE RESPONSE WAS ALITTLE DIFRICULY YO
ABIY PECULIAN LEARN TOFLY SUT NOT ALL
8AD
AVTITUOL POOR OVERSHOOY TARGEY, FAIR HAVE YU PUT INPUY
CONTROL/ THEN SORT OF BOBELE OW IN THENSTANY CHECKING
THACKING TARGEY. BOBELE ON TANGEY WITH OPPOSITE DIREC TION
CAPABILITY IS PECULIAR, AND DIEFICULY WORST WiTH L ARGE INPUTS
YO DESCNIBE. COULD USE PULSES YO MAKE
SMALL ATTITUDE CHANGES
NORMAL NOT AS MUCH Of £ PROBLEM TENOENCY YO OVERCONTAOL
ACCELERATION AL WITH ATTITUOE CONTRAOL, UNLESS MANEUVEN IS DONE
CONTROL BT DOES TEND TO OVEN SMOOTHLY
SHOOY DESINED 4.
a:ncn o¢ NOTHING NEW. NOTICEABLE, BUY NO
OIS TURBANCES SIGNIFICANT EPPECTS.
"a SOME YENDENCY TOWARD NO NIWPROBLEME. SOME
PROSL EMS PO SHOWED UP DURING OVERSHOOTING TENOUENCIES
TRACKING TASKS, BUT NOY ON THE O. & TAACKING
VE 4Y PAONOUNCED.
GO00 NOT YOO BAD 0N MANEY MANEUVERABILITY AND O
FEATYURES VERING. OVERALL FORCKS CAPABILITY ARE GOOD.
NOT 8AD.
OWECTIONABLE REAL PROSLEM IN ACOQUIRING TENOENCY YO OVEN G AIR
FEATUNES AND TRACKING A TARGEY PLANE AND OVERSHOOY

RELPONSE YO PILOT INPUTS
18§ PECULIAR AND UNPRE
(ICTABLE SOME OVER
SHOOYING TENOENCY IN
MANEUVERNING

TARGEY
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sTicK ALITTLE HEAVY WOULD MIGHT HAVE LIRED THEM
FONCES HAVE LIKED FONCES SOME - JOMEWHAT LIGHTLN, BUY

WHAY LIGHTER, PERMAPS,
BUT GEARING USED WA THE
LINHTESY ALLOWRD.

GEANING USED WAS THE
LIGHTEST ALLOWED.
CEATAINLY SATISEACTONY
HONELVEN,

PREDICTABILIYY
O

APHOBLEM THE FOARCES GO
FAOM HEAVY TO LIGHY TO

MAPLANE'S NESPONSE |18
VERY SLOW ANO YOU

RESPONSE HEAVY AGAIN AS "HE AE THEREPONE HAVE TO USE A
SPONBE DEVELOPL, GIVING LARGE INITIAL INPUT AND
PADELEMS IN PULLING G THEN TAKE 1T OUT IMME
AN ACQUIRING & TARGEY DIATELY YO AVOID OVER.
CONTROL LING
ATTITUDE OVERSMOOTS SEVERAL FAIR YO POOR. HAVE YO USE
CONTROL. TIMES IN ACGUIRING & TAN. SHARP PULSE LIKE INPUN 3.
TRACKING GET LANGE AMPLITUDE, PRECISION IS NOT REAL
CAPABILITY LOW FREQUENCY WOT A GOOO, BUT IT (S ACCEPTABLE.
SONSLE. NOY AS STEADY
ON TARGET AS MIGHT LIKE,
W1 0T BAD
NORMAL APROBLEM SLEMS YO B¢ SOMEWMAT DIERICUS ¢
ACCELERATION | ANINITIAL LAG WHICH LEADE | HAVE YO USE PULSE LIKE tH
contaoL TO OVERCONTROL OF G. 1118 Y0 CONTROL G
SONT OF A DIGOING IN REASONASLY WELL. CAN'T
TERDENCY. BUY NOY VM8 FLY IT ACORESHIVALY.
CLASSIC TY?8. OVIR
SHOOTING DOCS NOT OCCUN
IF YOU NOMN'T HAVE 10 AC.
QUIRE G PRECISELY. HOW.
EVEN. 7
LHFECTS OF NO NEW PROSLEMS. NOTICEABLE EFFECT BE
RANDOM CAUSE YOU CAN'T NEGATE
OISTURBANCES THE EFEECTS OF THE AN
INPUTS WHILE TAYING TO
CONTROL ATTITUDE
R I1FR YRACKING WAS COM- NO NEW PROBLEMS. OVEN.
PROBLEMS SIDERABLY WORSE THANVER | CONTROLLING TENODENCIES
THACKING, ESPECIALLY THE SHOWED UP ON THE “RACKING
D & TMACKING TASK TASKS. ESPECIALLY THE AN
N ) ) TWACKING YASK.
2000 GROSS MANEUVERING IS GROES MANEUVERING CAPA.
EEATUNES FAIALY GOOD SILITY IS GOOO.
OBIECTIONABLE | STEADY FOMCES HEAVY SLOW INITIAL RESPONSE AND
FEATUNES FOMCES GOINS FROM HEAVY YENDENCY 0 OVERCONTROL

70 LIGHT TO MEAVY LEADS
TO OVERCONTAOL OF ATYT
TUDE ANOD G NOT REAL
STCADY ON YARGEY.

HF FLOWN AGARESSIVELY
YPACKING CAPABILITY IS
POOR AND AN DISTURBANCES
ARE A PROBLEM.
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108763
FLY MiLOY 1081 /%
ramon 82
LXLUL Y 47058
R o 220
srick WOULD HAVE LIKED LIGHTEN
FORCES FORCES, 8UT GEARING USED

WAS LIGHTESY ALLOWED
FORCES ACCEPTABLE, NO
AEAL PROBLEME.

PALDICTADILITY
[+ 13
RESPONSE

SLIGHY INITIAL DELAY,
CAUSING YOU TOPUT IN
LARGE INITIAL INPUY THEN
TAKE 1Y OUY IMMEDIATELY
CANPREDICT FINAL RESPONSE
WITH SOME ACCURACY, BUT
NOT AS GOOD AS WOULO HAVE
LIKED,

ATYITVUDE
conTROL,
TRACKING
CAPABILITY

ONLY FAIN TEND TO OVER
CONTROL IY

4

NOAMAL
ACCELEIDATION
CONTHOL

CFEECTS O

RELATIVELY GOOD CAN
PULL GWITH REASONAULE
ACCURALY If YOU EASE IN
PUT IN

HWOTICEABLE, TENDENCY TO

RANOOM OVERCONTROL

oisTuReances |

I NGO NEW PROBL EMS  TENDEN

PROBLEMS €Y YO OVF RCONTROL ON
TRACKING TASKS

@000 IVERALL MANEUVERABILITY

HEATURES 15 QUITE GOOD

OCILCTIONABLE | DIFFICULTY INPRECDICTING

CEATUNES TE RESFONSE  TENDENCY

YO OVERCONTROL IN AVTY
TUDE
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sTicK COMFONTABLE LIKED THEM
FORCES NO SECOND YHOUGHTS ON

GEANING SELECTION.
FONCES SEEMED SLIGHTLY
SENSITIVE ARDUND TRIM.

PREDICTABILITY
o

INTIALLY, TME AIRPLANE
SEEME YO MESITATE SLIGHTLY.

RELPONSE THE PINAL RESPONSE IS
QUITE GOOD ANO PAIRLY
PREDICTABLE.
ATYITUDE GOUO, QUY SOME TENDENCY
COMTROL/ 10 BOBELE. HAVE TO TAKY
TRACKING OUY SOME OF INITIAL INSUY
CAPARILITY IN ORDEN TO ACHIEVE D
SINED NESPONSE.
NORMAL SRIGHY TENDENCY TO OVER-
ACCELERATION CONTROL. BUY FAIN YO GODO
CONTROL
tERECTS OF VERY LITYLE ERRECT ON AIR
RANDOM PLANE, YENDED YO EMPHA.
OIS TURBANCES NLE LENBITIVITY ANOUND
- TRIM SLIGHTLY.
T DIDN'T SEE ANY NEW PROS
PROBLEMS LEMS.
GO00 GOOD G CAPAMILITY G000
FEATUNRES TRACKING CAPABILITY.
| wwoovm Yo KLY
OWECTIONABLE | WMINOR; SLIGHY NESITATION
tEATURES (N INITIAL AESPONSE.
NOTE. 1 FLOWN WITH POBITION COMMANOS.
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16K THAN VFR NOYNEW
PROBLEMS 1FR

SENSITIVITY ARQUND THIM
POINT SHOWS UP MORE FR
THAN VER BN TRACKING
TASK WAS A 81 OF A PROB
LEM BECAUSE OF SNAPPY
INIVIAL RESPONSE

TEND YO OVERCONTYROL
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[ AT

hu-n Y VTN
Fe st By

FAST AIRCRAFT G CONTRAOL
(1.3

| HEAVY FURCES 1 TU RE (;U_c.é -

HOHBLEY BOBBLES ON TAR

Wb T NO GDOU IN ROUGH AIR

| can 1 tuack enecisiLy

GOOD G CAPABILITY LOT OF
CONFIDENGE IN £ INAL RE
SPUNSE  NO BOBBLING
TENUENCY. EASY TO TRIM

INVTIAL RESPONSE YOO
SNAPPY
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ny.miov 10484
PAMION aws
LU P 32603
%/ %ow Y
AL HAD YO COMPROMISE A
FORCES LITYLE WY MINCE TH8 18
QLI TE A SOBELY SORY OF
AIRFLANE HEAVIER THAN
10EAL STICK PONCES YO
SUPPRERS UNWANTED 18
PUTE. MO RECOND THOUGHTS
PREDICTABILITY | FAIALY PREDICTANLE
o NOT OUYSTANDING. INITIAL
NESPONSE SOACES WENE OUITE LIGHY,
WITH A HEAVYING UP OF
FOACES WHEN YOU WENY
INTO YOUR MANEUVER
ATTITUDE COULD PUT THE NOLE ON THE
CONTAOL/ TARGLY O.K, BUY THEN HAD
YRACKING A VERY SMALL AMPLITUDK
CArABILITY HGH FREQUENCY O8C11LLA
TION ON TARGEY. A MINOR
) oERIcIENCY. 7
NORMAL FRETTY GOOD. SMALL
ACCELERATION | TENDENCY YO OSCILLATE
CONTROL ALITYLE ABOUT THE G
EFFECTS OF NOYMING NEW SHOWED UP.
AANDOM
OISTURBANC €S
" ACCENTUATED THE ABRUPY
PRORL IME NATYURE OF THE RESPONSE.
Gooo VERY NESPONGIVE AIRPLANE,
FEATUNES MAYSE TOO RESPONBIVE.

CANGEYIT OM YARGEY
PRETTV WELL CaNPULLG
HTE ACCURATELY

OBJECTIONABLE
FEATUNES

SMALL OSCILLATION. ON TAR.
GV AFTEN YOU ACGLINE A
TARGEY AND A SORT OF
ABRUPYNESS OF THE N
WONSE INPITCH ATTITUOR
AND NORMAL ACCELERATION
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svick STEADY.STATE FONCES WERT OUITR ACCEPTABLE AND
¢ONCES PRETTY HIGH TO HELP 1N COMFONTABLE ACCEPTASLE

PRECISION YRACKING FERHAPE
SHOUL O HAVE GONE LIGHTER
AND ACLEPTLO MOAE BOBSLE
ON YARGEY FORCES GO

LIGHT TO HEAVY

SAND OF ELEVAYOR CELNING
OQUITE LARGE  NO AEAL
COPMPADMISES INVOLVED IN
SELFCTION.

PREOICTABILITY
or

FORCCS GO FROM LIGHT YO
HEAVY WHICH SEENMS YO BE

QUITE GOOD LIKED SNAPPY
INETIAL MESPONSE  WASN T

NESPUONSE EASIER YO CONTEND Wi TH ASRURYT FINAL AESPONSE
THAN REVENSE S TUATION NOT GUTSTANNDING WUT
THINK THE FINAL RESPONSE GOOD . YENDENCY TOOVER
o 1S PREDICYABLE $HOOT SLIGHTLY
ATHITUDE CANGET TO TARGEY QUICKLY VERY GOOD SLIGHT OVEN
CONTRNAL/ THEN YOU HAVE A SMALL SHOOTING TENDENCY CAN
TRACKING SOBMLE ON YARGET, DIES FLY THE AIRPLANE AS
CAPABILITY AWAY OUIEKLY SO THAY AGONESSIVELY AND ABRULPT
TRACKING IS PAEYTY 500D LY AS DESINED
WHMAL VEAY GOOD EXCSILPNT GUN G CUN
ACCELERATION TROL
CONYTROL -
EFPECTS OF NO SPECIAL PROBLEMS. VERY LITYLE EFFECTY ON THE
AANOOM HANOLING QUALITIES
OIVURBANGSS |
"N NO SPECIAL PROBLEMS NO NEW PROBLEMS, LIKED
PROGL EMS FLYING 1T IF R
G000 COULD PULL G WELL, GOOD THACKIP'G. AT YITUOE CON
FEATUAES FON GENEAAL MANEUVERING. YROL AND G CORTROL ARE
ALL VER GOOO SKAPPY.
BUT NOT OVERLY ASRUPY
INVTIAL NESPONSE
OMECTIUNANLE BOSBLE ON TARGLY.STEADY A VERY MINOR ONE. VERY
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13 {13 ALITTLE HEAVY. WOULD NG COMPLAINTS ON GEAN.
rORCES HAVE LIKEO LIGHTER ING SELECTED. QUITE SAY

FONCES BUT GEARING USED
WAS LIGHTESY M.I.OMO

ISPACTONY.

PREDICTABILITY
o

VERY GO0D. INITIAL FORCES
WERE COMPAT'BLE WITH

INIVIAL RESPONSE 1S QUITE
CO0D, SNAPPY BUT FINAL

AEsPONSE $TEADY FORCES RELPONSE OVE RIHOOTS
HUBY ONCE WHENGVER YOU
- LV 1T AGGRESSIVELY B
ATTHITUDE NOY QUISTANDING. .27 GOOD WITH THE EXCEPTION
CONTHOL/ GOOD COULD 8¢ STEADIER OF THE ONE OVEASHOOT ON
TRACKING ON YARGEY TARGET.
CAPARILITY B
NONMAL VERY GOOD CAN SE€ AN OVEREMOOT IN
ACCELE AT IGH G CAN'Y LEANN 1O GEY HID
CONTROL i oF IV,
€FFECTS OF O NEW PHOBLEMS. NO MAJOR EFPECTS.
AANDOM
DISTUNBANCES
I NONE NO NEW PROBLEME  THE
PROSLEMS OVERBHOOT N VER TRACK
ING ALSO SHOWS UP I THE
0. €. TRACKING TASK.
go0D EXTREMELY GOOO FIGHTEA, MANEUVERING CAPABILITY
FEATUNES 18 GOOD. A VERY GOOD
o s HGHTER, )
ONJECTIONABLE | STEADY FORCES ARE A CAN'Y $TOP THE ONE OVER
FEATUNES LITTLE HEAVY NOT REAL SHOOY DURING TIGHY

STEAGY ON TARGEY

YRACKING, NOY THAT SAL.
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LR 2904 19m8 2984
EVICK INITIAL FORCES A LITTLE SEEMED O.K. - WAIN'Y Y00 HEAVY 1OR CIGHTER
sonces HEAVY. MIOHY RAVE PRE. ALALLY CONSCIOUS OF MISSION. WOULD HAVE

FEARED SOMETH NG
LIGMTER, BUT THE FORCES
USED WERE YHE LIGHTEST
ALLOWED.

THEM.

SELECTED LIGHTER
BUT NOY ALLOWED T0 DO SO

PREOICTARILIYY

VERY GOOO. IN GENER AL,

SEEMED PRETYY G000,

AIRPLANE IS PREDICTABLE

os JUSY A LITTLE SLUGOISM, FORCES SEEMED 10 GO EVEN THOUGH 1T COMES
NESPONSE FAOM HEAVY YO LIGHY, ALONG ELOWER THAN
I ANY THING, SUY NOT OESINANLE CAN STOP ON
VERY MUCH, YARGET BY ADAPTING
PROPER CONYROL TECHNIQUE
BUT THEN TENOS YO
WANOEN OFF TARQEY
ATYITUDE QOOD OVEREHOOTS A SEAMED GAOD. A LITTLE FOOLS YOU A BT IN THAT
CONTROL/ LITYLE IN ACQUIRING A THOUSLE ACOUIRING A ONCE ON TARGET 1T WiLL
TRACKING TARGET. BUT BOLID AS A TARGET BUT NOT MUCH, WANOEN OFF. CAN EASILY
CAPABILITY AOCK ONCE YOU'NE ON S BACUGHT NAZK S0 PROS
TANGEY. o LEM 15 NOT A MAJOR ONE
WORMAL GOOD. NOY THE PRECIEION SEEMED PAETTY GOOD. PRETTY GOOD BUTY NOT
ACCELENATION OF CONTROL THAY VOU RAPID ENOUGH.
CONTROL MIGHT LIKE.
CFFECTS OF NO NEW PROSL EME. OIDN'Y LOOK AY Y. NO PACBLEMS,
AANDOM
DISTUNBANCES _ - B
FR NO NEW PROBLEMS. DION' Y LOOK AT (T, NOITHING NEW. SOME TENDEN
RONLEMS CY TO MIOE OFF YARGE Y
SHOWE U IN 0. . TRACKING
TASK. SLOW AIRPLANE RE
SPONSE MAKES PENFORM.
ANCE POON ON AN TRACKING
3 o - o TASK
Goon VERY OO0 AIRFLANE. QUITE MANEUVERABLE. THIM CONYROL, ABILITY TO
sCATUALS CAN MANEUVL R QUICKLY COULD TRACK PHETYY WELL. SYOP AINFLANE ON TARGEY

AND PRECISELY. TRACKING
VERY GO0D.

FORCESPRETTY GUOD
PERHAPE £ LITTLE HEAVY

OBJEC TIONABL E
FEATUNES

SONE tNITIAL SLUCGISHNESS
INITIAL FORCES A LITTLE
HEAVY.

ALITTLE PROBLEM IN AC
QUIRNG A TARGEY
NOT REAL $TEADY.

YENDS TO WANDEAN OF ¢

YARGE Y, HIGH STICK FORCES.
SLOW MANEUVERING CHAR
ACTERISTICS. MUY OVER
DRIVE AIRPLANGC AND THIS
ACCENTUATES MEAVY FORCES

NOTE () EVALUATION VERY RUSHED
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AWHILE, SO WGHT MAVE
SELECTED LIGHYRR FORCLS.

CONMGURATON
L W ¢ 13 fop v 17
A
LY MOV 10000 mem
samon w2 v
(’.IQVI [} AN 9.7/40
%ot uw 1.08/2.8 e
| 1[4} QUITE LIGHY. INITIAL FORCES SYEADY FORCES ARE O.K.
fONCES COYALITTLE MEAVY APTER BUT INITIAL FORCES ARE

CUITE HEAVY. WOULD HaVE
LIKED FORCES A 81T LIGHTER,

(SOME EFEORTY REQUIRED )
STEADY FOACES COMEORTA.
oLe

BUT GEARING SELECTRD 18
NOY FAN OFF,
PREDICTABILITY | NOYT VEAY GOOD ING. EXTREMELY SLUGQISH AIR.
o MARKED LIGNTENING OF PLANE. PREDICTARILITY NOY
RESPONSE FONCES DURING MANEUVERS, YOO GOOD RECAUSE THE
LEADING YO OVERCONTROL FORCES GO FROM HEAVY TO
LIGHT AS YHE RESPONSE
OEVELOPE BUT THE FuCY
THE RESPONSE (8§ S0 SLOW
DOES GIVE 'OV TIME TO
FIGURE OUY WHERE THE NOSE
18 GOING, 8D YHAY THE PRE
DICTABILITY IS NOT TOO BAD
EITHER
ATYITUDE NOT REALLY TOO BAD HAVE AWEUL LOY OF WORK TO AC
CONTROL TO HOTICEABLY DRIVE THE OUINE TARGIT SECAUSE THE
TRACKING AIRPLANE YO MOVE NOSE, INITIAL FORCES ANE 30
CAPARILITY EVEN THOUGH STEADY FORCES | HEAVY AND BECAUSE IT TAKES
WAE LICHT. NOSE STAYS PUY $O LONG YO GF T THERE. QUY
ON TARGEY 178 STEADY ONCE YOU'NE ON
) TARGETY o
NORMAL THERE IE A PROBLEM K0 NE. 178 HARD WOANX, AND
ACCELERATION FORCES GO FROM VERY TYHEAE'S A TENOINCY TO NG
CONVHOL HEAVY TOLIGHY. HAVE TO IN. YOU DEFIN'TELY OVER
CHECK FORWARD VERY AHOOT THE DESINED G
RAPIDLY AS RESPONSE
DEVELOPS TO KEEP FNOM
OVENSMOOTING DESIREDG. )
EFFECTS OF DION'T SHOW U ANY PROS NOTHING NEW HERE . JUST
RANOOM LEMS. MAKES A HECK OF A LOT OF
HEYURBANCES WORK.
"n NO NCW PROBLEMS. NORMAL CAN OO MOSY OF THE 1£N
PROBLEMS ACCELERATION CONTNOL TAEKS PRETTY WELL, BUY
AND TRACKING TASKE WEAE HAVE MORE TROUNBLE PULLING
SOMEWKAT MORE DIFEICULY G ACCURATELY IER YHAN VER.
THAN V7R TASKS. o
aoon STEAOY ON TARGETY. COULO CAN PULL LIMIT LDAD FACTNR
FEAYUNES ACQUIRE A TANUET O.K. O.K. ITSPAETTY STEADY ON

YAKGET, ONCE YOU GEY
THEARE.

OBJECYIONABL £
FEATURES

FOMCES MEAVY INITIALLY,
THEN LIGHTER HAVE 70
OVERORIVE TO GET AIRPLANE
MOVING. TENDS TOCIG IN
WHEN MANEUVERING.

INITIAL FORCES FEEL VERY
HEAVY INCEED TAKES A
FAIR YIME YOGEY THE NOSE
ONTO A TARGET. YHE FORTES
LIGHTEN CONSIDERAGLY AS
THE ZESPONSE CEVE LOPS,

$0 THAY YU HAVE Tu CHECK
FORWARD TO AVOID UVER.

COWImgY.

NOTE (D FLOWN WITH FORCE COMMANDS.

NOTE D) FLOWN WITH POSITION COMMANDS, F/N
MIGH LIMITS INCORRECTLY SET.
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CONFIQURATION
10 Wep * 23 IR
—iul?h
FLYMLOY 104D vors @
PAMION s e
w,/ni% ) ey (R1XY]
Ky Kgw - NNY e
STICK LIGHY ENOUGH. NO SECOND INITIAL FORCES ARE A LITTLE
tONCES THOUGHYE ON GEARING HEAVY, BUY LIGHTER

SELECTION.

FORCES MIGHT MAKE THE
AIRPLANE NOY SO STEADY
ON YANGLT £0O THE -ORCES
MIGHY HAVE WEEN SELECTED
ABY LIGHVER, AUTIT'S A
"RADEOFF

PRECICYARILITY

NOT YEARISLY GOOD

NOY 10O GOOD THE INITIAL

ATARGEY 1A T OF A PNOS
LEM YHOUGH! FORCES ARE
LIGHY CANPMALG

oF HEAVY INITIAL FONCES FORCES FEEL INITIALLY
RESPONSE FOLLOWED BY LIGHTER HEAVY, THEN GO LIGHTER
FONCES SOME YENDENCY AS THE RESPONSE DEVELOPS,
YO OVERSHOOT. DIG IN. CAUSING YOU TO OVERSHOOT
IN G AND MAKING THE AE
SPONSE SOMEWHAT UNPAL
. OICTANLE.
ATTITUOE STEADY ON TANGET, SUY NOT 100 BAD AS AMATTEN
CUNTROL/ REQUIREY EFFORT TO MOVE OF F&CT IT'S OUI TE GOOD
TRACKING FROM ONE YARGET TO YOU HAVE TO WORK AND
CAPARILITY ANOTHER. OVERDRIVE 17 TO MOVE THE
NOSE. BUY 1T SETTLES DOWN
QUITE OUICKLY AND IS VERY
e _ STEADY ON TANGEY
NORMAL MAAKED TENDENCY TOOVER | NOT VEAY FRECIBE THIS IS
ACCELERATION SHOOY DESINED G BUT CAN MAIN PROBLEM WITH AIRPLANE
CONTAOL LEARN YO COMPENSATE FOR VENDS 1O OVERSHOOT AND
1Y PREYYY WELL OIC IN
EFFECTS OF NOY 100 MUCH SHOWED L# NOPHOBLEM AT ALL
RANOOM HERE
DISTURBANCES .
1*n NOTHING AEALLY SHOWED COULON'T DO IFR TRACKING
PRONLEME P HENE. VASKE VERY WELL
G00O VERY STEADY OM TARGEY VERY STEADY ON TARGET
FEATUNES NOYT TOO BAD O ACOUINING | CANMOVE FROM TARGET TO

TANGET QUITE WELL STEADY
FORGES ARE QUICK,
COMFORTABLE '

UdILCTIONAEL Y
FEATUNES

-
ACOUIRING YARGEY 1S AMT
OFf A PROELEM

INITIAL FORCES ARE QUITE
HEAVY DIFFICULY TOPULLG
ACCURATELY YOU OVER
SHOOT SOMEWHAY

NOTE -1} FLOWN WITH FONCE COMMANDS

NOTE J) FLOWN Wi TH 20SITION COMMANDS F'N
WIGH LIMITS INCORRECTLY SETY
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SELECTED LICHYEN FONCES,
BUY NOY MUCH LICHTER

CONPIGURAY ION
" wep * 3 fop o 10
] “ixim
LY. MLot 100600/ ol
PA/MON V) n
W.IMI“ 0 [RIE,] 1040
" ] 13818 1:/20
STICA QOO0. LIGHT. PLEIASANY. ALITILE ON THE NEAVY
FONCES COULD HAVE SOBSIBLY BI0E. WOULD HAVE PaE

FERAEO LIGHYVER FORCES,

PAROICTABILITY

PRETTY GOOD. FORCES REEM

GOO00. AIRPLANE NOY OUITE

COMYROL OUTETANDING
MANGUVERABILITY 18 LLLOD

ot YO LIGHTEN AS ALIPONSE AL RESPCNBIVE AS YOU
ALSPONSE DEVELOPS. INDICATING | AM MIGHT HAVE LIKED. A MINOR
OVENDRIVING THE AINPLANE COMPLAINT
Alt
ATTITUDE VEAY GOOD OUYEYTANDING COULD ACOUIRE TARGEY
CONYROL. FEAYURE OF AINPLANE QUITE WELL ASQOOD AS
TRACKING CAN ACORHNE TARGE Y YOU COULD EXPECY
CArasILI e Y CASILY SOME SMALL OVER
ORIVING NECESSANY, BUY
1§ A MINOR FACTOR VERY
SYRADY ON YARGEY
NORAMAL PRETYY GOOD. BOME SMALL VEAY o0
ACCELERATION OVERSMOOTING TENODENCY
CONTAOL INPULLING G.
CFROCTS OF NO PROBLEM NO PROBLEMS AT ALL
RANDOM
OIS TURBANCES o
Ldo) NG NEW PROBLEME. VIRY GOOD IND € YRACK
PACBLEMS NG TASK
L0000 PREYYY MICE FIGHYEN. NiCE GOOD SOLID AIRPL ANE
FLavunts LIGHT PORCES. ATHITUDL STEADY GUN PLATFORM,

CAN ACOUIRE TARQET REALLY
GUITE RAPIOLY CAN TRACK
WELL ANO PULL G QUICKLY
AND PRECISELY

FEATURES

olECTIChaBLE

HAVE TO OVERDAIVE 1T A
LITTLE YOGET 1 MOVING
INETIALLY  MINON OBMC
TION

FONCES SOMEWNAY MEAVY

NOTE D FLOWA WITH FONCE COMMANDS

NOYE T)  SLOWN WITH POSI TION COMMANDS, &/N
HIGH LIMIVE INCORRECTLY SUY
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RESPONSE YO A STEP ATTITUDE

COMMAND

CLOSED-LOOP PATUH ATTITUDE

RESPONSE TO AN £, OR 0,
IMPULSE INPUT

OPEN-LIOP PITCH ATTITUDE

S ———
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ABILITY GEAMING S2L1CTED
SEEMED NEASONABLE

L IT'S THE BESY COMPRO
B AVAILABLE, CONBIDENR
NG THE ABAUPY INMTIAL
ARSPONSE

: | CONPIGURATION (1)
' Wy 10 (' P
..4 LYV |
LY Aoy " wn D vora (1w
PRPION w28 PYY 3
LXL UL X7 .y (E1R})
L PRLE) PNy 21134
STICK HEAVY. BUT SELECTED THAY HEAVY MLAVY CANPULL HEAVIEA THAN DESINGO
sORCLY WAY TO HELP TRACKING RECLHRED G LOAD, SOMAY ADMITTEDLY, THE FORCES

ALLOW(ED MAOE ABETTIR
TRACKING AIRELANE BUY
MANEUVERING IS DIFFICULY.

) PRALICTARILITY

FONCES ARE INCTIALLY LIGHY

LARGE PITCH RATE OVER

INITIAL RESPONSE PRETYTY
GOOD PINAL AESPONSE IS A

o SECOMING HEAVY AS RE. SHOOT VERY BAD INPITCH
e SPONSE SPONSE DEVELO?S. PREDICT WORSE THAMING. €X PROBLEM  ALWAYSULTION
ABILITY OF RESPONSS (8 YREMELY LIGHT INITIAL 4 OSCILLATIONS ABOUT THE
GOUD FOR G CONTROL, PORCES. THEN HEAVY TARGEY
I FOOR FOR ATYITHOE RIGHT UP WHEN PULLING G
CONYROL
ATTITUDE VEAY PO VEAY DiFRl VEAYPOOR GET 3.4 8 FAIR YO POOR QUT CAN STILL
CONTROL CULY TO ACOMRE TANGEY. OVERENOOYS BE+ORE 00 THE JOB, CAN GEY THE
, TRALKING LIGKRT ON TARGR Y  NOY SEYTLING DOWN ON TARGEY, AIRPLANG ON YANGE Y
B CAPABILITY STEADY GN TARGEY THEN ONLY FAIN ON
WANDE AR TARGEY
NORMAL PRETTY GOOO CAN SNAS GEYTHR THAN MTCH ATT) O K. SMALL TENDENCY 1O
ACCELLERATION ON O QUICKLY, WITH LIVTLE YUDE., OMNLY OVEASHOOTS OVEREHOOT THE OLSINED
CONTROL OVERSHOOTY GREE, PERHAPS 04 C G VALUSE ON THE METER
BUT NOY S0 IN GENERAL
MANEUVERING
EFFECTS OF NO PARTICULAN PROLL EN WOULD 88 A BAL AIRPLANE NOTICEABLE. BUT NOT A
RANDOM ART EMPHASIZED PAOBLIME IN TURBULENCE PAOBL EM
ISTURBANCES INAYTITUOE CONYROL.
(L) PRETTY QOOD IFR. NONE OF NOPADBLEMS: PEAFORMANLS NOTHING NEW BOBNLING
PRO®LEVS VER TRACKING PROSL. LMS ON TRACKING TASKS WAS TENDENCY SHOWED UP IN THE
SELM TO BHOW UP IPA. G000 O 6 TRACKING TASK
GO0 CAN MANTUVER ANDPULL G GOO00 ONPULLING G. GENENAL MANEUVIRING
FEATUNES ACCURATELY. CHARALTERISYICS AND

CAPABILITIES ARE QUITE
G000

OBJECTIONASLE
FEATUNLS

VERY DIFFICUL T YO ACOUING
TARGEY. MOT YOO STEADY
ON YARGEY STLADY tORCES
QUITE MGH, INITIAL FORCES
LignY

PITOH ATTITUOE CONTRNOL
VERY POOR; GET LARGE
GVERBHOOT ACOUINING A
TARGEY YHEN OBCILLATE
AROUY YARGEY. NOT STEADY
Ol TARGEY SYEADY

FORCES HIGH, SYICK FONCE
PER KNOY HICH

BOBBLING TENLENCY WHEN
THYING TO SYTOP ON TARJE Y
WHICH IN THE BECHMMING
SEENEO BAD ENOUGN TO &
APIO BUY RAMIDLY ACAPTED
10 THIS CONFIGUMATION

YO YHE EXTENT THAT Yeiig
PROBLEM WAS NOY SERIOUS

NOTE 1) ALL FLOWN WITH POSITION COMMANDS
NOYE . T) P/N MIGH LIMITS INCORRECTLY SUT.
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CONPIGURATION -

AVALUATION ON # ACH GEAR
ING TRILD IN ORDER TO
SELECY INE ENDID WP
SELECTING SOMEWNAY HEAVY
$Y{AD ¢ FORCLS TO IMPROVE
THE RATHER AURIIPT ATT)
TUDE MESPONSE NO REAL
SECOND YMOUGHTS ON
GEARING SELECTION

' wee* N fgp * UM
=1ty
LT PILOY 1053/ B es Dim i
PR/MON 12 ] s4/29
IO.IMIG" Y} 21/ 34
K™ aw 2028 1134
STICK VERY OIFFICULY TO SELECY ON THL HEAVY SIDE  HIGH
FORCES ALMOST HAVE YO DO fULL STICK FORCE PP & KNOT

LLADS YO VERY HIGH MANED
VERNING FORCES

SHEOICYARLLYY

NOY VER'Y? QOO0 AS FAN AS

OVERSHOOTS TANGEY

CUL: YO ACQUINE A TARGEY
wAMIDL'Y ESPECIALLY IN
THE FRESENCE OF THE AN
INSYURBANCES

[+ 1 ATTITUGE RESPONSE 18 CON BOBULE BAOLY ON TARGET -
MESFONSE CFRANELD NOSE VERY SELCOM ARECAL ¥ 0MLEM
GOES WHENE YOU WANTY I T
YO INITIAL AND SYEADY
FORCES SLEM COMPAYIBLE
ATTITUOL IF YOU MOVE THE NOSE APROSLEM - TEND YO
CONTROL. SMOOTHLY AS YOU WGNTY OVENSEMHOOT YARGEY AND
TRACKING DOFA Tt ATTITUDE CON BOBBLE ARQUNDIT QUITE
CAPAQILITY THOL 15 PRETYY GOOO rHGH FREQUENCY ONCGE
BUT FOR THE TIGHWT AYY SETTLED DOWIN IT'S AELA
IYUDE CONTROL NEODUIRED YIVELY SYEADY ON TANCET
OURING VER TRACKING NERVOUS AINPLANE -
17°8 A OIFFERENTY AIRPLANE SOME THING | CON'Y LIKE
YOU JUST CAN'Y TRACK AV
LIy
NORMAL NOT ALL THAT BAD, CAN PRETTY GODO. VENY SMALL
ACCLLEMATION PULL G PRETTY WELL OVERIMNOOTSE, 1T FEELS NICE
CONTROL TOMANEUVER LEXCEPT SOR
HIGH ST ADY FORCES)
EFrLCYS OF GREATLY EMPHARIZES SHOWE D UP SOME THING
RANDOM TRACKING PROSLEMS CLOME YO A PO
DSTURBANCES
(LY PRETTY GOND 4100 ANE IFN - MO SHOALEWS KERE
PROBLEMS UNSATISFACTOAY, BUT
ADEQUATE
G000 FRETYY GOOD $ON GALSS COOD FOM MANEUVERING
PEATURES MANEUVERING TRACKING ONCE ON TARGE T 11°$ MOT
CAPANILITY IS NOT YOO BAD BAD CAN *ULL SMALL
1# YOU FLY 1T VERY INCREMENTAL Gy
\ SMOOTHLY QUICKLY AND PRECISELY
OBICTIONABLE SYEADY FONCES WERE ON YOO R SPONSIVE INIYIALLY
beAtuRes HEAVY SIDE VEAY DIFRY YEND 1O OVENSHOOT YWHEN

VOU'RE ACQIHAING A
TARGE T ANO BOMSBLE QUITE
ABIT BEFORE SETTLING
OOWN STEADY ZOACES YOO
HEAVY

NOTE . 3) ALL FLOVIN WITH POSITION COMMANDS

NOTE 1) FIN IIGH LIV S INCORRECTLY SEY
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STEADY FONCES HEAVY
SHOULD HAVE SELECTED
LIGHTER FONCES PERNAPS
HUT NOT MUCH LIGHTER

\ CONPI JURATION 1)
4 ~op < %e c” «n
RN A
LY PiLOY 1028 1044 M
PAPION X% 63
LRCTL N sus sas
LRI et B 20123
SHCK STEADY FONCES ARE HEAVY STEAUY PORCES ARE
FONCES INITIAL FORCED ARE LIGHT SOMEWMAT HEAVY dUT

THIS GEAHING HELPS THE
TRACKING PHOBLEM NO
SECUND THOHUHTS UN
GEARING SELECTIUN

PREOICTAMILITY

UREAT EOR PULLING N

INITIAL FORCE S ARE COM

OISTURBANCES

i e

OF SUT TENOS TO OSCILLATE PATIBLE WITH STLADY

AESPONSE INPITCH FONCES YHE PHEDICTABILITY
Of THE RESPUONSE WAS NOT
100 cool

ATTIVUODE OIFFICULY TO ACQUINE TAR A REAL PHOBLEM IN ACOUIA

CONTROL GET NOTSTEADY ON TANGEY ING A TAHGE T OSCILLATES

THACHING OVENSHOO TS AND O8CIL. AHOUT TARGET NOTSTEADY

CAPAMILITY LATES FAIALY POON ON TARGEY EITHER

NORMAL QUITE GOCD CANQUICALY PARETYY GOOD COULDOPULL G

ACCELINATION AND ACCUNATELY PULL G QUICKLY AND ACLURATELY

CUMTAOL

EHILCTS OF NO NEWPROB| EMS HAD SIGNIFICANT FFFECTS

RANDOM HEALLY BRINGS OUY #10

VENDENCIES

R WO NEW PHOBLEMS NUT TOO HAD IFR

PROBL | MS

Goob GOOO G CONYROL NOT 100 HAD FOR PULLING G

$EATURLS o

OBJECTIONANLE | yyppiCULT TO ACOUIRE OSCILLATES WHEN ACOUIRING

FEATURES YARGE Y AND NOT STEADY ON A TARGET MOTSTEADY ON
TARGEY STEADY FONCES IN TARGEY VERY BAD IN HN
MANLUVERS ARE QUITE DISTURBANCES ST¢ ADY
HEAVY INITIAL FORCES FORCES ARE SOMEWHAT
QUITE LIGHT HEAVY

NOTE 1) ALL FLOWN MITW POSITION COMMANDS
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APPENDIX U

ANALYSIS OF DATA USING EQUIVALENT DYNAMICS

Early in th= data asalysis of the results of this experiment, it
became cvident that direct correlation of the pilot ratings with any of the
modal parameters n the airplane-plus«control-system transfer functions
was not nossibile. Accordingly, the equivalent systemn approach. used with
some success in the HOS program (Referenre 6), was applied to the basic
FCS/shorteperiod configurations of the present experiment,

i

For thede basic configurations, the normalized 9/‘-’5 wransfer
function is;

L

T

I ; (Tog+1)(T,547)
rarm ("—r +-—1Csol)('—r‘+ 2y s*l)(fs’ /)

-
N

u\“ﬁ 0'4

In the equivalent system approach, the 6 step response of this transfer
function is analog matched, as closely as possible, with the & response of
2 less complex, equivalent transfer function. The equivalent system has
the form of an unaugmented airplane's transfer function plus a time delay:

é] -a,s (Tgs+?)

Fy | nerm 2 4y

8 3+ 2%Mg4y
(37 e )

Both the complete and equivalent transfer functions were mechanized on an
analog computer. The @ step responser of thu equivalent system were then
matched to the complete step responses of the airplane plus contrcl sys-
tem dynamics, by varying a, » % 4 and ¢, until the best "eyeball"
fit was obtained, In the majority of cases, 7, wac held fixed at the appro-
priate T-33 vaiue of 'Z' . However, for thoae configurations with appre-

ciable values of 7 (large control system lead), 2Z; was also varied in
order to achieve a reasonable match of the § time hxstory.

The analog matches which were obtained with the equivaient transfer
function were good for most of the configurations. with many showing near-
perfect matches. For those configurations having large control-system lags,
however, the match is somewhat poor for the initial portion of the response. .
Yor example, the fnllowing step time responses show the match used for

Configuration 2H.
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. . ' . ' '
IR L L LR E T LA TR YRRy PYRRY PRTES TYRR
B ' . . v v H

L == — Complete response

of Configuration 2H

TIME ~ SEC

A summary of the equivalent system parameters, «, , 7, ,
4 and 3"_ , obtained for each of the basic FCS/short-period cunfigurations

in this program is shown in the accompanying table, along with the pilot
ratings. The pilot rating data for Pilot M and Pilot W are presented in

Figures II-1 and II-2 on a plot of ), {, versus &, . The correlation of

the PR data plotted with thece equivalent system parameters is reasonable
and allows determination of the 3.5 and 6.5 pilot rating boundaries shown.
The upper 6.5 pilot rating boundary is shown as a dashed line to reflect the
fact that this part of the bourdary is poorly substantiated. It is interesting
to note that piioi ratings do not appear to be a function of equivalent time
delay for g, < 0.1 second,

It should be mentioned that the data for Configurations 4A through
S5E are not shown on Figures [1-1 and [I-2. The reason for this is that the
pilot ratings for these configurations are considerably worsc than the values

of &y 2, and g, would indicate. Itis obvious, therefore, that the bound-

aries shown apply only for good values of 5 (say, Z >0.4).

(3

The pilot rating data from the HOS program for Pilot B and Pilot H
are presented in Figures I1.3 and II-4, for comparison with the PR boundaries
ectablished with the data from the present experiment., Agaii, only the data
for good damping { ¥ > 0.4) are piotted. Note that because of the arrange-
ment of the feel system dynamics in the control system of the HOS configura-
tions, all the values of @, were greater than 0.1 seconds. The correlation
of the PR data is only fair in some areas, but the same trends are shown for
both programs.
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DATA FOR EQUIVALENT SYSTEMS

g e s o e e
| CaomEig, j '.:"- ‘[ ‘QJ‘ {‘, T‘t by ?} ({] -T ” II
LMJ!‘E& 1~ StS I~ A0/ 8€C ~ 5t¢ PILOT W l PiLOT W ,
| ta 2.4 N1 1.4 5.0 L )
s O 2.9 T4 0.08 2.8 s 1
¢ C 0 2.4 78 1,03 2.9 3.8, 8 | .
) 0 2.2 K1) N1 1.8 “s, s e
£ A2 2.0 .40 40 1.2 ) -
' .28 I 4 Y 1.2 . ' |
% A8 1.4 1,00 N1 N 0.8 v
24 028 5.0 .52 1,00 5.8 .“s ‘. |
1 N 5. .82 1.02 .0 0. .5
t 010 6.0 .48 .08 8. . l
) 0 ") ,70 .8 %.0 2,8, 3 2.8
t N1 .7 T e .6 . -
¢ 8 N} 7 R 2.8 ’ -
) 2 1.0 70 2 2.1 ? -
Y .21 1.2 1,00 Y 1.4 5,6 LI B
{ 25 3.0 K1) .40 2.0 1 ' '
J .20 14 1,30 .8 1 ¢ ¢
3 A 0 %7 Y XY 7.8 4.5 .4
i o .2 7 e 8.2 U5 -
¢ .10 'R o 7Y .1 ‘ )
0 A9 1.9 100 8 1.5 . '
3 R 29 2,00 .4l 1.4 . ‘.
6 A .05 3.8 .64 1.34 5.0 ) ¢
] .028 3% 10 0.57 2.2 1, 2.8 Y l
¢ 0 1.4 .87 0.42 N Y s
° 5 2.0 .87 0.42 1.3 L -
€ .20 2.4 T 0.42 Vol (K 7
¢ o7 1.8 1.1 0.41 0.83 '] 8.5, 10
7 2% 8.2 XY .50 . 'K '
] 028 "2 a2 ") N ] .
¢ 0 7. .1 82 31 1.2 1.5, &
) .00 (WY T K12 3.0 5.9 -
€ ol .4 .48 o 2.0 ¢ 5
¢ o 5.0 .60 2 1. 1,4,4 1.7.7
[ N 3 1.10 ' Vo3 5 )
" 10 1.8 1,28 . ¢ . 5
. 0 . 16,6 N WY 'K 5 .
’ 0 4.0 7 ™ .2 3.9 . _
¢ 0 12.9 .. N LN L ? |
) .10 " 1.00 K 2.4 2 v '
3 .08 2.7 1.5 N2 1. 2.8, 3 5 i
4 0 $.0 .20 .0 .0 5.9 5 j
] 2 5.0 .20 .70 1.9 - 1
¢ 2% s, BT .0 1.2 05 - ‘
0 .28 .0 .38 .38 Wi .9 .
£ e | s UMMATCHABLE — | e | e 1.5 -
54 ° N e K . 14 5,4
] 0 %.2 e 1 .. . ’
¢ e N e .43 3.2 ) 7 |
) .28 S| 2 .30 1y .5, ¢ ’
£ - UNMATCHARLE = | o | ——— s .
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Thus, it would appear thet the parameters a, % and 4, tend

to roughly group the data from the present experiment and the HOS program

into iso-opinion regions, for configurations having good Tew - There are
two fundamental problems with this approach however. The first is the prac.
tical difficulty of measuring time delays as amall as 0.1 sec. The second

problem is the fact that when &} 7 is smail, it can often be changed by
factor. of two or more and, with compensating changes in 4, , % and 4

equally good analeg matches can be obtained, For example, the above time
history for Configuration 2H can be rematched with the following resulis.

v.;)'
grevige spueapeieaprinsgeneyiesy
; . — Match
’ ggnl-? -‘:- !
A ‘! = == = Complete response
_é.. " ‘ -+ of Configuration ZH
0,, Y TR SO P ARSI
1 T SO 3 i ; : : - 4:
. + oesd ' fneseoed
epesrbann OV PR TOTRE SO0 SOPRE SO SO
U U OURE OO0 SOV OO OO SO
S T S B R
TIME ~ SEC
Match ay W 4 Ty ) %
Original .21 3.2 1.00 .81 2,6
Rematch . 18 3.5 .70 46 1.6

Thus, it is difficult 10 obtain a unique setof &, , %« ,» 4 , and % for
a given configuratioa.
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APPENDIX 11

COMPLETE C* TIME HISTORIES

According to Reference 15, the C* response to a pilot force input
. ..
..E.. = .:.’.. + 4 ( ) (
Fe Fs 9

:.:,(_-":,,1':)_)
Fe 9 9 Fo

where 45 is the distance of the pilot's station ahead of the center of gravity,
in feet. Ct/r and n/l-‘ have the units of g/lb, while @ /F has the

units of rad/uc per lb.

To conform to the manner in which the present simulation wase
mechanized (Appendix V), this can be expressed as:

¢t fer]
Fe Fs L3,

where &, /F; is the tranéfer function of the simulated control system.
C¢/ 5, is the C* transfer function of the simulated airframe.

o.o —g—tgi l—*(-&&-‘&ﬂ é
Fs Fs | % 9

For the gimulated control system:

J,
s [B),@m
3 27 1
Fe (T,su)(ir*—#s-f/
For the simulated airframe (see Appendix LV

LA U’v:)[(;.”,..)..,]




and '
o My (’5—:) (Foy3+1)
T w0 (_',T 2 o, r)

Vo Wy

Substituting, and normalizing with respect to the steady state, yields;

V, be,
bor =ut) , [ 4,440, T P
c' 1 ?.' i P + P e sl (",,'//
—_— =_'.'_./ - _L_" Vi +400 Vy +400 |
3 Fslwm

1‘ 2(.0 ) 5’ 23, ) .
—y— 54/ o Lgat \[Tyset
( or K a"r Wy ( : )

For the T=33: £, =71, V& /M, = - 31

Vi,g © 250 knots: V; = 480 f2/sec

2;‘ = 0.80 sec
Ving & 350 knots: V., =675 {t/sec

7, =0.42 sec

2

The C* numerators hecome:

de = 250 knots: (368 4+ 1) (LOLOYA 4 1) (7, s+ 1)
vind = 350 knots: (158 4+ 1) (.01026 + 1) (7, »+ 1)

The normalized C* responese to a step force input was calculated for
each of the configurations evaluated in this experiment. These respouses
and their asnociated pilot ratings were then compared with the G time-
histor; boundaries of Reference 15 and the results are spown in the plots
which follow.
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C*® TIME HISTORIES
=== C* BOUNDARIES (PR = 3.8)
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C* TIME HISTORIES

wwe C* BOUNDARIES (PR = 3.5)
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== BOUNDARIES (PR = 3.5}

C* TIME HISTORICS
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C* TIME HISTORIES
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C* TIME HISTORIES
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C* TIME HISTORIES
o= G* BOUNDARIES (PR = 3.5}
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C* TIME HISTORIES
<= = C* BOUNDARIES (PH + 3.5)
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APPENDIX 1V

LONGITUDINAL TRANSFER FUNCTIONS

In this appendix, several simplified longitudinal transfer functions
are developed in support of the discussion in the text. The following equa-
tions of motion are used to represent the airplane for this purpose. They
assume conatant speed and neglect incremental effects of gravity.

§ = Myb *Mys v MoarMb

@+ 6-Llga-byds
n e = li-d)

The equations imply that the reference axes are stability axes and that the
wings are always level so that é = 4 and o(s) = ‘;" 9(s) . The variables
6 , « , n , and & areincremental values from the refercnce con-

dition.

The following transfer functions in Laplace notaticn arise from the
above equations:
(Mgy * LMy )8 +7(‘,s1,, Ly = Mylp)
St lla-My-My)s = (M + Mg L)

n

chgs+ (Ngg * Mg L)
she(L=Mg=Myg)s ~(My+ My L)

[

s“'& & x.

n e ;‘I VL“S‘*(“VLQN‘:'L‘. ”d)‘f(H&L“~‘L4)

—

& 9 8 (Lo=Mp-M )5~ (Mg rMg L)

Assuming that the product of smali terms is negligible (L;‘ My L;‘ M, u0)

‘”IE"’ (M‘CL‘ '". L&!]
859 (L =My -Mg)s = (My+ Ny Lg)

é
=
& . (lgt * Mg)
& S Ly My My )= (MM Ly)

% [L‘,s‘*(m,n.,—n.t.,_)]
de 9 S e (Ly MMy )5 (My> MyLy)
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The short-period natural frequency and damping ratio can be expressed as:

“"u‘ : "Md"'“ti"a

2:.’ Dy = Ly ~M, Mg

L‘ "M -N“'
gSp = %

2‘/ -N. "M' L. ' A

and:
! . Ml M by,
3 Mg
Making these substitutions and rearranging,
é M 1 (Toy s+1)
el o T T PP
. » LN (74 We,
4
_ [ 3 - M -"&', - !
; The ( M )
: o en (e, )
» Wep
(7, - Lé '
_yL My, (_‘ﬁ’_ _L\ o My ¢ :» f) »
-
ée @ws '3 f‘g (—2‘; -o._,ﬁg.z’, s ff)
C Y

. = -
For most conventional airplanes, the numerator time constants in the *g
" 4
and 7;‘ transfer functions are negiigible, However, for airplanes having
a tail length which is quite short, these numerator terms can be important.

The following relationships can be derived from the above transfer

funciacns;
(1) nje:
For a step input, (51) . N . Ma ( v 1 \
L be lgwp wb \g ‘Z;‘,
(i) = & = M
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therefore,
A . Was Ve 1
a (a/60)ss 9 ‘t"‘
{2) II::
() (:) (i
Fy i ‘l /Y &
and Mg = M“ (_‘t.)
Fo /st
-t 2)8
therefore, . Fi. ( L ) P Do
n ' Folw M‘("/‘)
(3) 6/Fy transfer function (negligible control system dynamics):
L, ..2.(_4‘:\ My ( ,) (toy5 - 1)
Fe /88 2 \ 2, ) sf3, 2w g
4 b \F ot \ T, ”f- o *)
or & . F(‘to “’)
£ S+ T sey)
where K' . M& - g
d’:‘ t& Vp(’rs/ﬂ
Note that k, as defined above is the same as the steady-state

value of 8/ F, .




(4) l'dlrdm (negligible control-systum dynamics):
S(Tog £+1)

4

i IQ:

0

= $ . K
r

s w.'

For ¥,, >0.7, and //%, < ¢y,

19 a
.9_. » l ¥y - K‘ f;‘ W,
Fo |max F. @ ep
Substituting expraasion for &, ,
w3 oy Wy

R

e (FENR T EDE)
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APPENDIX V

DETAILS OF SIMULATION MECHANIZATION AND
DATA RECUCTION TECHNIQUES

This in-flight expariment was performed in the three-axis variable-
stability T-33 airplane, modified and operated by CAL for the USAF. The
desired FCS dynamics were simulated by altering the T-33 control system
with suitable electronic circuits. ‘The variable-stability response-feedback
sydtem of the T<33 was used to wimulate the desired airplane dynamics.

The mechaniration of the airplane plus cmtrol—nyotom longitudinal dynamics
for this experiinent is summarigsed in Figure V-! using constant-speed
airplane dynamices.

Feal Sys"lm
E '(’O | PO &

Airplane
. _ ) _ ) Response

5 (&/‘3)“ fts+1) ‘(MM T-33 ﬁiffum Numerator a

L~ Y St S——

(f 4’, o5 _6-):.!*’) ( "") "

Simulated FCS Dynamics Simulated Airplane

Short-Period Dynamics

Figure V.1  Mechanization of Airplane plus £C$
Longitudinal Dynamice.

The foel aystem characteristica shown in Figure V-1 were mech-
anized using an electro-hydraulic feel sorvo, with position and rate feedbacks
to control the frequency and damping. Experimental frequency responses of
the {eel system, obtiined during ground calibrations, show that the dynamic
characteristics presented in the figure approximate the measured phase
within 2 degrees and the measured amplitude within 5%, for frequenciec as
high as 30 rad/sec. Electronic circuit cards, designed to represent the
desired FCS dynamics, were carried in the noso of the T-33 and could be
selected by the safety pilot for each evaluation. Experimental frequency
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responses of these circuits ehow near perfect ¢cHrrelation of amplitude and
phose with the FCS transfer functions used in this report, for frequencies as
high as 60 rad/sec,

The desired short-period dynamics were achieved by {eeding back
& , & and g signale to the T.33 elevator actuator with the appropriate
feedback gains. It is important to remember that because response feed-
backs are used, the numerators of the longitudinal tranefer functions remain
those of the T-3) airframe, Figure V-2 shows a simplified block diagram
of the mechanization for the airplane dynamics,

-
Hetuater P | ‘
Cancelling 3“::/-9 v.33 Metuats ] | Airplams
] tero Amplid ar Aaspomse
4 (s latled) — 4 “" ) ! &
BTRDS O SRy 17 1/ PO T P I : T3 L - §
| 7 ,,) r{i"r *Tyg S -/ Airérame | g
| |
! riabie !
Staniliy
l System Gaias {
- Sansneg
| i! n.ﬁ. ..ﬁ. ~
c 4

e e —

e e e e e e m e e e e e e e e o - o ——

Simulated Airplane Shost-Period Dynamics

Figure V<2  Mechanization of Airplane Longitudinal Dynazmics

The circuit cards for simulating the FCS dynamics all contaired a secend-
order vcro (shown in Figure V-2 ) designed to cancel the T-33 actuator
dynamics. With the response-feedback loops closed, the T-33 actustor roots
will migrate somewhat; but since the roote are at high frecuency, the
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movement will be small. The T-33 actustor can therefore be considered
cancelled by the second-order zero, as far as the airplane's response to
F, inputs is concerned. For the configurations evaluated with "z":" =
?L, = 00 , the force command signal went directly to the elevator
summing amplifier. In these cases the ( @, , {, ) dynamics were those

of the T-33 actuator. The six additional saort-period configurations ( 9 to
14) simulated in this experiment had the {ael system dynamics in series
with the simulatad airplane plus T-33 actuator,

The lateral-directional characteristica simulated in this experi«
ment were achieved using the appropriate response-feedback gairs in a
manner analogous to the longitudinal characteristics. The rudder and
aileron feel system were in series with the simulated airplane so that posi-
tion commands went to the control surface actuators.

The feedback gaine required to achieve the desired airplane short-
period dynamics were determined during the calibration phase of the flight
program. During the evaluation phase, calibration records were taken of

each configuration evaluated in order to identify @y , &g n/a and
the selected Fg/n . To determine w,, and ¢, , in-flight recordings

of either @ or « to a manual elevator doublet were analog-matched.

This method proved to be both accurate and repeatable, Records of the air.
plane's « and 77 response to a saries of automatic electrical steps (fed
directly to the elevator summing amplifier) were used to determine n/& and
Fs/n . To obtain Fy /n {rom these records, the measured value of (n/g),,
was combined with the value of (J, /5, )¢y gain selected by the pilot. Sev-
eral F;/n memsurements using out-of-trim manual elevator steps were
taken to confirm the accuracy of the above tachnique.

The values of @, and ?” used in this report represent the

averajge values determined from the calibration records for all the eval-
uations of that configuration. The maximum variations from these average

values of @y, and 5” +» measured in the course of the experiment, were

& 10% for @,, and & 5% for ZsP . The values of n/e and e /r used in
this report similarly involved the use of averaged calibration data, and the

maximum variations from the averages were & 10% for both nfe and £, /7 .
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