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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 conditions, 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
camse serious flying qualities problems, even if the short-period mode is
well behaved. The data do not correlate with the cui.Lrol system require-
n~e~ts of MIL-F-376813. 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 shown to describe effec-
tively the pilot's difficulties in control of pitch attitude, providing insight
into how ithe 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 11 consists of the Appendices.
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LIST OF SYMBOLS

Equivalent time delay (sec)

8W Bandwidth; the frequency at which the phase angle

of the 4Wee transfer function - -90 deg (rad/sec)

(0 N)01 The value of the closed-loop bandwidth which the pilot is

trying to achieve in precision tracking tasks (rad/sec)

Wing mean aerodynamic chord (ft)

- Airplane lift coefficient

S = -4- (1/rad)

lse (I/ rad)U'

= Airplane pitching moment coefficient

s = (I/tad)

con (I/rad)

Cm = (I / wad)
4'

C" Particular blend of the airplane's n , 4 a-id d responses

(g'a) (Reference 15)

d6 Decibel units for Bode amplitude, where arnplitude in dB 8

ZO logui [amplitude]

•) •Rate of change of Bode amplitude with phase for the airplane

( plus pilot time delay at W r (BW) kin (dB/deg)

,:A Aileron stick force, positive to the right (1b)

ve, Rudder pedal force, positive fo- right rudder (Ib)

s Elevator stick force, positive for a pull (lb)

FL Steady-state stick force per unit normal acceleration change,

n at constant speed (lb/g)

FS Transfer function of the pilot model
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9 Acceleration of gravity (it/sec*)

h', Density altitude (it)

Pressure altitude (it)

I Moment of inertia about airplane qj axis (slug-ftl)

Pilot gain at W) (BW)min (lb/deg)

LL Total closed-loop gain, C. -- 'o Is (1/sec)

Steady-sta'e pilot gain (lb/deg)

Gain of airplane's 0/%j transfer function (d84/se

"" • f.- airplane's O/,i transfer function doe /see

4• Distance of the pilot's station ahead of the center of gravity (ft)

L Airplane lift, positive for positive angles of attaf.A (Ib)

L (I/sec)

L S (1/sec)
M r

m Mass of airplane (slugs)

M Airplane pitching moment, positive nose up (ft-lb)

a I, (1/secc )

M. ~ (1sec)

,•, 5 ,,•.c, ̀ 4 sec)
SSe (/seea)

Noirmial acceleration at c. g., positive for a pull up (g's)

( P! I for level flight)

4: Stetdy- tate normal acceleration change per unit angle-of-

attack change, khen the airplane is maneuvered at constant

speed (g's/radian) ft, ar i -L t
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= t
a "• , Period of equ~ivalent short-period mode (sec)

t Vp v, Dynamic pressure (ib/ft1 )

Airplane pitch rati about 9 body axis. For wings-level

flight 4 =

S Laplace operator (l sec)

S Wing area (YtA)

t Time (sec)

"Phugoid period (sec)

V,•d Trimmed indicated airspeed, (knots)

VT Trimmed true airspeed (ft/sec)

a Airplane angle of attack, positive for relative wind

from below (rad)

Airplane angle of sideslip, positive for relative wind
from right (rad)

'AS Aileron stick deflection at gri., positive to the right (inches)

4 Airplane elevator deflection, positive trailing edge down (rad)

S&P Rudder pedal deflection, right rudder is positive (inches)

is Ele 'ator stick deflection at grip, positive aft (inches)

(.ts 4 Steady-state gearing between elevator deflection and

$S elevator stick force (rad/ib)

N• Steady-state gearing between elevator deflection and

S(6$, elevator stick displacement (rad/in.)

Dutch-roll dAmping ratio

Equivalent short-period damping ratio

Phugoid damping ratio

Short-period damping ratio

Damping ratio of secotid-order control system lag

ix

I



r Damping ratio of second-order numerator term in banc-

angle-to- ille ron transfer function

AirplAne's pitch attitude with respect to horizon, positive

nose up (deg or rad)

0 Commanded change in airplane pitch attitude (deg or rad)

00 • ( q 0 ), Error between the commanded pitch attitude

.and the airplane pitch attitude (deg or wad)

O Constant-speed transfer function of 0 to P for airplane

plus control system

Open-loor transfer function of airplane plus control system

06 "plus pilot

toNO -k transfer function %*ith uncompensated pilot(/4 0S

0 Closed-loop transfer function of airplane plus control system

plus pilot

Magnitude of resonant peak in the 0/4 Bode cOmplitude

C " plot (dB)

Maximumn Bode amplitude of 61r, Ig

p Air density ,slug/ft 3 )

a, Real part of 5 = 0" + jo

let Time constant of control system lead element (sec)

Time constant ox control system lag element (sec)

_',. Equivalent lead time constant of airplane (sec)

Time constant of pilot's Lead element (sec)

Time constant of pilot's lag element (sec)

Roll mode time constant (sec)

_s • Spiral mode time constant (sec)

Ir Airframe Lead time constant in 9 / P transfer function (sec)

Absolute v:.ue of control-fixed roll-to-sideslip ratio evaluate.d

at ,"rI
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4) Bode frequency (rad/sac)

Ca'n crossover frequency, where the open-loop Bode

amplitude curve crosses 0 dB line (rad/sec)

4)d Dutch roll undamped natural frequency (radisec)

Cis Uidamped natural frequency of equivalent short-period

mode (rad/sec)

ov, Short-period undamped natural frequency (rad/sec)

W3s Undamped natural frequency of second-order control

system lag (rad/sec)

Undamped natural frequency of second-order numerator

term in bank-angle-to-aileron transfer function (rad/sec)

Signifies Bode amplktude of a transfer function

I. SignifiesBode phase angle of a transfer function

Ad Phaae angle of the airplane plus pilot time delay at

O = (BW)min (deg)

4,0 Phase angle of the pilot compensation at W (BW)min (deg)

'• ( ) First derivative ,%ith respect to time

() ( ) Second derivative with respect to time
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ABBREVIATIONS

FCS Flight control system

CAL Cornell Aeronautical Laboratory, Inc.

c.g. Center of gravity

HOS Hirher,-order-system program (Reference 6)

IFR Instrument flight rules

log Logarithm to base 10

norm. Normalized

PIO Pilot-induced oscillation

PIOR Pilot-induced-oscillation rating

PR Pilot rating ( Cooper-Harper scale)

USAF United States Air Force

VFR Visual flight rules
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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 t.
opposite page to the summarized pilot comments for each configuration.
Each configuration is identified by its number/letter identifier, for example
IA. The block at the top of the pilot commant page identifies the control-
system and short-period dynamics for the configuration. For example-

"0. /2163

Note that a dash (-) indicates that f/?* or t/l" 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 uwits are not included in the blocks but are given in the List of
Symbols.

The pilot comment summaries were prepared from transcription
of the recorded comments made by the pilot during each evaluation with
reference to the Pilot Comment Card discussed in Section 4. A. 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" anzd 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 comment 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

-- 1



than for the repeat evaluations of the configuration. The incompatibility of
these evaluations with later repeats 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 ecrfigurations, but in these cases no clear justification exists
for not including the results in the data analysis.

In the presentatioia of the open and closed-loop Bode characteristics,

for each configuration, three transfer functions are of interest: a/ F:5

1/19 and 0196,. The following diagram, representative of the closed-

loop pitch-attitude tracking task, can be used to understand these transfer
functions. SIMULATED FCS

PLUS AIRFRAME
04LOT S Fs

Figure I- 1 Block Diagram of Closed-Loop Pitch-Attitude

Tracking

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

(1) /IFS is the open-loop transfer function of the airplane

plus control system.

e9/ee is the open-loop transfer function of the airplane

plus control system plus pilot.

aloe 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 1-1. Any FCS
loops around the airframe are always assumed to be
closed when computing the 0/Fr characteristics.



(3) In the calculation of the Bode amplitude plots for e/lF
a nominal # /0 a 5 lb/g was used, and the unite of JG/O I
prior to conversion to dB were deg/lb. (Note that l/o

SThe 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 4., a + 80 deg for the analysis because values
greater than + 80 deg do not significantly improve the closed-
loop performance. This restriction on 4 f reduced the BW
achieved for Configurations IG and 6F and reduced the low -
frequency droop for Configurations IF. IG. 6F, and 7H.

(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 i-ach configuration are shown
in the lower left-hand plot. The first time history ;solid line) represents
the normalized open-loop 0 response to an As impulse input, for the air-
plane plus control system. This time history also represents the 0 response
to an Ps step input. The second time history (dashed line) represents the
normalized open-loop 0 response to a Oe 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 0 response tc a step 9 command ( *o. ). This closed-
loop time history w&us generated by mechanizing the closed loop of Figure I-1
on an analog computer. The pilot's 0. 3 sec delay time was simulated using

a fourth-order Pads approximation of e -0.3 This closed-loop time
history complements the frequency-response plots and gives a complete
picture of the closed-loop pitch-attitude tracking problems predicted for each
configuration.

3
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EE AidlUIANK PLUS
,h ",.2 ,"- - C]O SoSTM 4O.L.)

I.,- 4m -+mo . .J IANiPLUS CONTROL
VT 480 *L GE So ME PLUI PILOT (O.LJ

"_-. .• AIRPLAM E PLUS CONTROL
S. MS EM PLUS PILOT (C.LJ

20---!1t- .

Li .. ij

* ANGLE -4J

0.1 1.0 10.0 10&0 0.1 1.0 10.0 100.0

w-RAD/2SEC W -RADSEC
FREQUENCY RESPONS CIIARACTER(SICS

- .,- . . . .. .....-..

.. .. ... ...... . . . . . . ...

I ............. . .............. . .

... ,...p .... r -..-. ........ ...... .. I ....... ." ---... '-- -- .... I.... .... •..........". "..
......... . . ., . ....

, S ... '

--............. . .... . .. . ... .... ....

. *t1 : 4

4•- -...-,--4 .. +....... ... 4 ..... 4 4Pl.. -. p.q--,- - ..... .... ... -- 4

0 1 2 3 4 5 a0 1 2 3 4 5

TIME --SC T -
OfIf"OOP P4TCH ATTITUDE CLONSEOLOOP PITCH ATTITUDE
REPONSE TO AN Ps o 40 RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT COMMAND

',01
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STICK Of 14 1021AV I O U

IXTNAPOLATIWCt TO 70.
INITIAL FORCES HEAVY,
TININNO TO LIGHTEN UP.

PARWICTABILITY AAMPLANI TEX'rS TO 010 111
of AND LIOHTIENIN PONCE$
RESPONSE MAKE ITY OIVF1CULT TOFRIs

0,0? THE FINAL RESPONSE.
HOWEVER. WAS ABLE TO
ADAPT VERY WILL TO PRIWOIT
FINAL RESPONSE.

ArTIVUOS POON.VERYPOON GOTUSIO
CONTMOL, TO IT ANO DEVELOPED A
TRACKING TICHIOUIGU TO GREATLY IM,
CAPASILIVY PROVa Ty. suTrorSTiLLA

540 AIRPLANE. PRONLEM IS
A 040 TENDENCY IN TRACKINO
0O4 ATTITUDE CONTNOL.

PIOIMAL SUDRPRISINGLY 0000.
ACCELERATION
CONTROL

1PPECTS OF NO PROGILEMS WHICH WAS
RAAHc%0A SURPISIP4NG CONSIOafItew
DISTURBANCES THR Flo TENDOENCIES,

#F" REALLY ABLE TO 00 GUAIE A
PN0*LkWU G000 JO& BISTTEN THAY VOR.

WIDNT UBS MUCH TENDENCY
TO 040 IN 0.1. TRACKING TASK
AGAIN THINK VON TRACKING
TASK It MORE OEMANOINO.

GOO0 CAN PUL k. THE 0 1 WANT
FIATUNES FAIRLY WILL. FOORCES

LIGHTEN UP. ALLOWING
RIASCINABLS %TRACY STATE
STICK FORCI PenG,

OSJE1CTI0NAUlLt TENDENCY TO 040 WHEN ON
FtATUAIS TARGET. HEAVY INITIAL

fORICES AND THIN A ILIGH11-44
ING RECUlIRs COMPINETION.
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*~* A AIRPLANE PLUSS14.21 ow. a.7 VlCONTROL SYSTEM 1O.L.)
0.72 AIRPLANE PLUS CONTrmOLVT KL 01 .SYSTEM PLUJS 14LOT IO.L.)

SAIRPLANE PLUS CONTROL
20 ---. rr ILz 8 SYSTEM PLUS PILOT (C.L.)

j4 -DE

~4V
0...01. 000. 1,0 0.04 .10.0

AW u4/EC' 'RbIE

I... jf 4w - I 
" I . . . . . . . . . . U4--j I,--.-2r .4........ P.:

-pr -, - -I

†0 -- f -

............................
.I ........... U....

... ... .. I ....

oi .. .. .. .. .............
TIME -. S......E...

......L O PITC.............

R..ONS .TO .............. P.CH TTIUO

G P E - O P1 4 T H A n r C LSO NSE TOO A PIT C H A T T IT U D E
COMMAND
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PLIPOLOW *swIs"

PR#M 4 OH

10M1 4.4IZ 4,6110111

0 IN ow SZWflS I.M.11

STICK I4IAVINM THAN OINAND FOR
FORMS COMMENTS A PIOI4TIR A UT NECESCARY

LOST To polvail STRONG
TINOINCY TO-OVER 4L

PHSO4CTAbWYIV ALMOST 1001101101sL. IWTIAI.
OF 0111111O4S1 IS OWES DELAYED

"19001146S CoSmi'NTs AND711 THI TH A000PLANI
LOST MAISS OFF A~40 OVIIMMOOTS

IN A LOW PHIGUINCY OUT
PIANUSTNT MAW#NN.

ATTITUDE Vany. VERY POOR.
COW VNOL/ 01pINI tIL UNACCCSPTA8LU
,TRACKING. COMMINTI Vaoty EASY To of T we0 OUl
CWAUAII&TY LOST OF MNASS AND0 ORY A MQO4IM

PHIagUINcY PlO COULD OTwa
KEEP AINPLMId ON TANORT.

NORMAL 1IV1H661ILY -OH COULD
ACCELERATION comAINTs *40 LEAR#4NO " TO CHECK
CONTRHOL LOST HISPONS Ago0 asT attigo

0 LEVAL.

fiffiCYSP OF OMMINTI 04 WAPNEAL410 11011M.
MANO00 LSDISIUASNCISSOS

lt"N COMomENS MORE DiP*FICUL TV CON-
PROSI.ems LOST TROLLING ATTITUDES IPH.

PlATUmis LOST ftS VamTs UHNus PowlE.mE
VAT" 0 OVI!HSSOOTS.

ONJOCTIO*4AGLI CANNOT Of POHM 7146
FEATURE$ PIONT4IN NiSaN*. DE LAY

COMWNTS 4TWI10N CONTROL. INPUT
LOST A140 TH ATTO TUO1 C14ANCE

OF TIHI A11PLAN. KSYI TO
asTINTO A PO.
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.y-4 K N0.71 9 SYT2M PLUS PILOT (O.L.)
ARLANE PLUS CONTROL

'-I,.

* -+ -A .4 
-A4 

~
AWL + ,Z PHS

+ "'.4, .- .4.4

0 1 S01 2

AlUOSE T ~NFREUEC RESONS CHRACERISTICASTPTIUD

.....U..... ...P.............



FIV.DILOT Illo loit

PPon~ as/as 8.644

STICK WOULD HAVE LIKill) LIGHT[EN
FORCES FORCES TO MAKE ITI EAS/IN

TO GET AIRPLANE MOVING
COMMINTS INITIALLY. NUT THIS MADE. IT

LOST ESAIER TO OV9 RCONTROL
DIONT REAL LY LIKE THE
FORCES SELECTED out TtlaY
WINHE A II IASONASL I
COMPRNOMISE.

PREDICTASILITY VERY DIFFICULT TO PREDICT
of MANNED TENDENCY TO OVEN1

RESPNSECOMMINTS CONTROL. HAVE TO USE
LOIT LARGE INITIAL INPUT. AND

THEN IMMEDIATE LY TAKE ITI
OUT. USE FULSE-LIKE INPUJTS.

ATTITUDE VERY POOR. PRACTICALLY NIL
CONTROLI COMMENTS CAN NEVIR GET AIRPLANE TO
TRACKING LOST SETTLE DUW IRING TIGHT
CAPANILITY TRACK~rn CANNOT TRACK

NORMA ComakysALSO PRACTICALLY NIo.
ACCELERATION CMET

CON4TROL 4011T

EFFECS OFMARKED EFFECTS TEND& 70EFFECTS OF COMMENTSCAS140OFYUT 
ORANDOM CASLOSTF O TYT

DISTYURVIANCISl LOO GATE P.M. DISTUNSANCES

IFR NOINEWROBIMPS SLIGHTIF" SLEMSy TENDENCY TOWARD FIG ONPRILMLOST R.N. TRACKING TASK.

GOOD COMMENTS CANT THINK 00 ANY.
FEATURES * LOKT

OSJECTIONAGLE 010 INITIAL DELAY IN NE
FEATURES COMMENTS SWANS AND POOR PRE DICTA

LOST *li.TV. PIG0TEOEN0CIES
OURI1NG TIGHT TRACKING
AND IN R.N. DISTURSNA1CES
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L II OWt VCNTO SYSTEM (..
n/~1S AIRPLANE PLUS CONTROL

VT 480 KL -1.94 g .SYSTEM PLUS PILOT 1O.L.

-- I AIRPLANE PLUS CONTROL
80 SYSTEM PLUS PILOT 1C.L.1

20 a

- I4 Swi.-. .4" -9. 1 v4 j
4
r

AMPL. PHAS J. ýIN - -A

W ~ -DEG*,.b. -
-J A.-~

k p ;z4*i.1J 4j.~I ANGL -4 r~- -. '

-~~~- N2!.j'- rh,~1 ~ ~

0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0
w RAD/SgC W4 RACSSEC

FREQUENCY RESPONSE CHARACTERISTICS

............. ... ........................ L.. .

.2. .. ... . . ...... . .. L.... .......

.................... .................... I.........

...... -L .........

/5L . ..** . ....

... .... ........
.. ... I0.. . ..... .

0 1 2 3 4 5 0 1 3 4 S
TIOE-SEC TIME -SEC

OPEN-LOOP PITCH ATTITUDE CLOSEDLOOP PITCH ATTITUDE
RESPONSE TO AN Fs OR 0 RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT COMMAND
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PLTJPILOO. IsMom IISI
POSOW Ail *

VIfilik SW4 011.7

WIt0 /lW 1.41"? 1,2 10.16

STiCK ON THE HEAVY SIDE FOR HAPPV WITH MEAINON
POACl STIAO41N TRACKIN W -O O LICTOON.

SICODO THOUOHT1 FORCI S

TINO TO 00 0001 LIOHT TO
He AV Y,

PRAOOCTAULOiTY NOv TOSO OO, CONSIST. "llwePOPS TAN s OFF Wa4JEt
OF ENTLY OVE•S•O4 THE RAPIDLY AT FIRST, OUT NOT

NUPO4M~ TANGET. PLY IT 9MOOTH.V, TOO AP•LI.Y. NEiS 0J4TI

PRIDICTAULS. HAVE TO MAKI
ý 91 mom8 10FOCT to Keep

INPUJTO SMOOTH.

ATTITUOE CONSISTENTLY OVlElOOOT OUiTS 0000. SLIGHT

CONYTMOLU THE TA•NYO STRAOY ON TOiNOECY TOOVINIHOOT:
TINACKING TANPOT. gUy oY smOOTHNo, INOUYE
CAiAILiTV SLIGHTLY, ATTOIUME CON

TNOL ISUOTI ACCURATE

NORMAL TEND TO OVeNwHOOT MY a IESOCO ALLY 0000,

ACCELENATION NOTH VON ANO V001, ONLT AS

CONTROL YHOGH IT WOU.O OCiLLATEI
INPITCO. IUCM, MILE
TRACKING UWOIN G LOADS,

EfPCT Of NO PISOOLME.M VINV LITTLE IFFICT.
NANOOM
WSTUNEANCIS

IF" NO PN•OSLPE WOTH TRACKINO NONHEWPROULWMS TRACKING
PACOGILEW TAOOO EXCEPT THE V •. TAWKS AGAIN SHOWED UP

IHOOT MIUCH ALSO I1W011 O NSmOO?0N0 TENEoiNCY
UP VPR. WHIN FLOWN AOOOGISOVILY.

0000 STEADY ON TARGET, CAN 0000 WANEUVENIN CAMA.
FPATUNIS PULL 4 Oil VOICIVT OP iLITYV. TRACKiN CAPAVEL.

EiN04011 LEVEL OaiCXLY. iTY 00 NOT OUTSTANOING,
Ut Is 00000.

OOJlCTiONA"L! PONCKS0GTO4EAVY WMN"
FCATUMiS MANEUVENGoO. OVNS"HOOT

THE TANGET. 0 CONTROL IS
NOT PNOCIOO.E
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-_- _ k AIRPLANE PLUSia

SW 1 0COTO SYSTEM 4O.I..)I Itsil 401 -24 I I NM~.ANK PLUS CONdTROL
VT 41 KL 0 UhS Of SYSTEM PLUS PI LOT 1O.L.)

f AIRPLANE PLUS CONTROL
20 ;:r.,SYSEM PLUS PILOT (C.L.

Wo - 0,..j

AMPL. FNS r;:-

4 ~~VY - , -~ ~.-

b. -' -+A

*jq .19 -6

11ZJZ
4 .:gJ4

0.1 1.0 10. 100.0 01. 10.0 100.0
H-AOISUC -A/E

FRKEXJPikY RESPWKW CHANACTRISTlAICS

*4 ............ 
............. .

.. .. .. ... 4 4 
4  4 4  . 4 

............

..... ~~.. ..... ..... .... ............

2 3 4 5 
, 2 34,

TIM 4 4,:IM:-SI

OPNLO 44C 4TID 
CLSDLO4ITHATTD

*UN TO AN Fs ON, toRSOS4OATPATTD

4.--.K 
INU 

CM AND .4 4.4

. .. .".44..-..4 4 44194



•lo

wi~ i ! * +

t l .. .tl i

I
l i- 

-I~ 
1

."04-: I ++( 
I . ..

..,,i,;,+ IIl),i.. N,+ lii !
i'iI+II"_"______ I l ____: ; "

I- . i i+ : )lJ + i i i , w I

i 4"I+ 
1! 

1I 3+

IihI 
_ _ _

- - -____ ii 31 ___
"! u a

- -- V



1111 j__ AIRPLANE PLUS
fle a 1.26 OW a 2.0 F I CONTROL SYSTEM 1O.L.

viJ01& Psi It, - 20 AIRPLANE PLUS CONTROL

VT a n L go 0.8 o SYSTEM PLUS PILOT (O.L.)

I~ f AIPLANE PLUS CONTROL

eSYSTEM PLUB PILOT (CL.)

20 g~0

'j--o

#-,-roq

AML 4. -. A4 -1. +-. H S

.40 ~ ~ ~ .27 - A ~ ~ c

0.1 1.0 10.0 100.0 .1 10 100 10.

.20

ILI 1. 000.0 ý101. 0.

....... ................... v . ........... ....

0..........................
0 .... ... 2 .. .....0.....3....

T.. .. T..ME. ...... ......

OPEN.LOOPL PITC ATT...TU...E ....D....TC..~IT~

REPOS TOAoRnSOS T TPATTD
IMP....LSE. INUOM N

I .. . ......L ..... ....... .....



PLTImwT 18640M

iPA~po sit's

IP Mb/U 11110

ft 0 ISw

syleot AILI YO SELKCT MELATOIVLY
PONCE$ LIGHT IflCK POISCIL SECOND

THOUGHTS- AfTER SOME
OUSAT U, THINKING THAT
fONCIS MODULO H4AVS 0410
HIAVIEN. NONE.

PNKDtCTASILITY 0000, IONIIAL PONCIS ANDO
00 MOTIONS CONMEINGURATt
"#$SPON"E VNH THR STIADY STAYE.

ATTITUOS 0000 -COULD as I To 1wS
CONYPIDtI TARGET PAST Aft APTER ONE
TRACKING OR TWOG SMALL 0V13400UT
CAPAIRILITY SETYLE DOWONWICELY. STEADY

ON YARG@ T.
NORIMAL VoRY QUICK myH A SLIGHT
ACCELERATION TtNOENCY ToO 1CM.
CONTHOL.

I.rCSc OF NTON~Go On"u.
RANDOM
OISTURVANCES

op" NOTHINO" 1100.
PR00L EMS

a00 VERY A1EIPO1111Sya VI.fIGTER.
ftATuEs$ LINE AIRPLANE. CONPOPTASLE

POACK. RILATIVILV LOW F/IA,
PONDICTAKIE,

OSJECTIONAVILK WNW - SLIGHT TINOVINICY YO
VCATURES COCILLATt IN 04TCH WHLE

PULtLING 0 WHGHN DESNAOES
____________ TACKING GAPASILI TINS



E AIMRPLANE PLUS

""e- -aa* COo.lOL.SYSTEM(O.L)

Wna i10.1 4PM -1S AI RPLANEPLUSCONTIOL
VT .a0L de SYEA PLUS PILOT (1L1

AIRPLANE PLUS CONTROL
SYSTEM PLUS PILOT (C.L.)

20

+:

AMPL, i•.: rZ PHASE %sZs-.t.,- -'"4.' '-+ '-

-rAGL 1--: r9 Z'DG *:s
M*" • 4 ,-+-, *-,-q' .1 rk rrr'.,-- -, i+

*20 - -. A~

0.1 1.0 1a.0 100.0 .200.1 1.0 ito0 1o(
S- PADI/SEC W -RlA/SEC

FREUJENCY RESPONSE CHARACTERISTICS

*... .... .. .... ; ....... *. .-... ........
* ' * ,* ' * ' * *I l , ,

,,S * ** , , * * ,i:'"': ',+' • ... : ... :,....: ... :".".,.,.*... ....

. . . . . ......

• .:.. ........ •.. .. ..... Z"........ "....... " "+.... '........... .. .,".... ",.... ;
. 5 ~ 5 ... ... .... .*. ....

....... . .............

• S * ,

* 5 ;5 5 5 *e *S .* * 5 5 ,

... . . . "T..

•... ...... *,..*...,.. ,.....• -. •......'...... L-* +..... 4.... l ... . .... . .... .... q
............. . . .

....... .... ......... - . . . .0 . -...\ : i i i : • : ........... *''. .... ... . ........... ' - - +

.. ...•.. .. ... • ... .... L ... ! 0 ....•... ..... L.. . ... T,.,.... .... ... ; .............

. . .. . I,: : t ,i i ,

• , i * i* * i , S * S I

aTIMESEC 50 1 TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSUD-LOOP PITCH ATTITUDE
RESPONSE TO AN Fe On @a RESONS TO A STEP ATTITUDE

IMPUSE IPUTCOMMAND
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SIC IK. VERY COFRTBE A110 CO. ERAP0CUL O

FORCES COWNOMIS. BETWEEN T04ACK LIGHTER WITHOUT ANY
ING PO6ICIION AND UANIU- PGONLIM.
VINING FORCES OUT No
$11CONO THOUGHT&

PNOIICTAONLIPV 616 VAL NESPONSI SOMEWHAT 0000 FINAL AND INITIAL QUITE 0000 BOTH INITIAL.
OF ANNUIPT INITIAL NES8POkliE FORCES WNEA COMPATIBLE AND FINAL ME SPONSE
"[PSONS$ IS10000 INDICATION Of

FINAL RESPONSE

ATItTUDE G00D, OUT SMALL.OSCILLA G0OOD. VTENOENCS TOOVin GOOOL
CONTROL TiONS ON rANGET. SHOOT? TA/TOl At LEAST
TRACKING ONCE.
CAPAMIIIT V

NORMAL 0000, OUT SMALL O§CILLA- 0000. COULD GUITE QUICKLY G000.
ACC(Lt NATION 110009AROUNDOSTIAOV.STATI. AND ACCURAYELY PULL THlE
CONTROL. OSEINS0 G LEVEL.

I FiICTS OF DIDN' T seem to SHOW UP NOPOONLIM DON,'T 514DM MUCH
0HANOOW UNUSUAL PNOLIMS
DISTURBANCES

lif" NO OSCILLATIONS IFN4 NOTHING NEW NOTHINGNIWIN" Disc"EtE

PROOLIMS BECAUSE FLYING MORE ERROR TRACKING TASK
SMOOTH4LY. SLIGHT? TINDENCY TO OVER

SHOOT AND OSCILLATE JUST
A TINV NOT. BUT NOT A

00000 000 UMANSEUVENAVIL4T'V. NICE AINIPLAld, COMPONTASLl TNACKING CAPANILI TV.
FIATURNE9 G OATTITUDE ANOG FORCESGOW MANEUVEN4A LIGHT STICK FORCES AND

CONTROL. OLITY CH4ARACTERISTICS. MANEUVENABILI TY
0000 CONTRNOL HANMONY

OBJECTIONABll SMALL OSCILLATIONS ON COULD Of STIEAD4EN ON NOTHING MA.JON. CAN FEE L
ftATUNES TANGIT. TANGET. THIS I$ MINOR A SMALL GUMP IN4ITIALLY

OBJECTION. but DOESN'T OETMACT FROM
_________________ __________________AN VTH4ING



I0AIRPLANE PLUSIT 1... .GI &_0 ---- ", CONTROL SYSTEM 1O.L.)

LS , *. I AIRPLANE PLUS CONTROL

VT us 4a0 KL 0,84 " 8. SYSTEM PLUS PILOT (O.L.)

I AIRPLANE PLUS CONTROL
as SYSTEM PLUS PILOT (C.L.)

20. . .. ,L ,. . r.. 1S r--- ---- 0r ,.r ,

AWL. RAD/vECl• .;H PHASEr ,
-a Ett~tl~.tt$•~ ANGLE -iI4 f

-DE

1.0 Hz, 
10.

UREOUENCY RESPONSE CHARACTERISTICS

S..... . .... ; .... ,,.~~~ ~~~...;.. .. ;.. .. :.. •.... ,.............. •...............I.... •.... :..-.....

,2 .. L ... .,,.. ... ..'.'....4....,---.*' .. .. •, " .. •.........4 9 L .. •.....

I . .. ... . .

I- . I

......... . ...... ...... ............. ............... s" ...... ............ .... ........... •..... • . .................

L..I.: , , , • , * * .. • ... :, ... L.... .... ' .... . ... .... • ........ I ..

., .. I .. , S............. ... '..............
.. . .. . .. . .. ..... .. .. . .. . ........ .........

00 ...............
.. . .,. .. . .;............. . .... ;.... ,... ......... .... : .... ;... .... ,... •

S• .. . ...... • . .. . .. ... ' ........ . -- • .... . . . .. ,"' .... L : .......... ...., , • .... ,, .... ,

,,~~~~~~~~ .. ................ .. .. •*%

,. • . ... . ..... •....... . . .... .o ... . .. ..... :. .. . .. . .

0 1 2 3 4 5 0 1 2 3 4 5

TIME - SEC TIME - SEC

OPEN.LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ArTITUOE

RESPONSE TO AN Fs OR to RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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tsno~ 411

STICK51 COUPOPTAVIL I,
FORCE& SSLCTIO ON WIAVY 004 TO

RIOIJCK Jiff"SH00Y ON
TARGET.

0066CCTAIUITY HO? TOO SAD. INITIAL AND
of SYNADV POPISC68OMPATOL41.

ATTIYUOA A PR5004.11. NOY UmIOUS
CONTPOLI THO0UGH. CONTINUALLY
TRACKING OVIRSNOOT IN@ YAVOIT.
CAPASMLITY 00Ct ON TANGIT STEADY.

N4ORMAL 140T TOO PAICISS. COULD
ACCILtRATION PULL 0 OUICKLV SLIT THERES
CONTROL WAS A T1WWONeY 10 OVERN

54001 THE 0&

EUFFECTS OF WOlWY CREATE A 0403LIKU
RANDOM
OOSTUNfIANCIS ___________

iont NORMAL ACCKLBIATKIN P000
P011061,16 LIM H40MO UP MAINLY 10%.

CAN PUL L a WAITHOUIT OSCl L-
LA?100 LOOKING OUTSIDE .
MOT 30 ON INSTIPWUMINTS,

0000 NCIC. MANNUVE"Als.E
FEATURIS FORCES ANN 0. K., CAN PULL 0

G4UIT PRICINLY VITI4 IT
VISUALLY. SITACY ON
TARGET AN0 CAN GS? TONESE
PICLATIVELY 04JICKLY.

OSJtcCTONASI.3 NOT USIOu1 Y111O TO OVENft
FlAftUNE SHIOOT THES VARGAEI MUST

COMPUMOAT1 TO GE? IT ON
VANGST. OVERSHOT 00I 0U

L ON INSTqUMgNTS



Al. MIPANI PLUIS
Itro;t.U M (Ala CON4TROL SYSTW (OL.1

wloi a il 4om w 04 A AlRLANE PLUS CONTROL
VT in 400 K 0.L t9a SMIM~ PLUI PILOT (04..)

AIMPLANE PLtJSCOemOL
SSMEML~stO (C.L.)

200

.4 . V-4 .I .

AWL 4 r&r PHSE .4.

AN0 .fl0 0 4A
-DEG -I.

1.0 10.0 4 I W .. 11,10 0

.........................

. . ......... .

. . . . . . . . . . . . . . ............. .

0 ...........: ~ .. J.. dt.0 1 2 3 4 5 3 4
TIME - SEC TIME-SIEC

0P2N4.OOP PITCH ATT17UDG CLOSED.LOOP PITCH4 ATTITUDE
RMMET NF 040* RESPONSE TO A STEP ATMTUDE

IMPUSE I~uCOMMAND
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ICONFOIWMAVNMU

PLTJMLOT I*M/

IPfNMIIKt0LI.

KpMltoW 1,3I.6

11CM Q0000; NO SECOND THOUGHTL

PNSIWCTAIMLITY 0.
Of
NE SPONSE

ATTITU0E 0000. %LIOON TENDENCY TO
CONTIIOL/ OSCILLATE ON TARGET.
TRACNIINO
CAPABILITY

NORMAL 0000, SL.IGHT OSCILLATIONS
ACCELERATION OSUT NOT &AD AT ALL,

CONTaOL

19FECTS OF DIONT CAUSE A PM 600LEM.
RANDOM
DISYULONANCES

IFR NOTHING MgW,
PR(IEL IEM~S

GO4OD ITI A NICE FIC04TER TYPE
FEATURES AIRPLANE. NICE SNAPPY

RESPONSE& GOO CONTROl,
Of U.

Ol"ICTIONA411. TIlNI"NCY To 00"ILLlf ON
FKATUPIES TARGET A LITTLE iT.

CERTAINLY NOT SEDIOWS
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A- AIRPLANE PLUS

We- 1.2 0 Fs CONTROL SYSTEM (O.L.)

wae like 406 i+29 _j AIRPLANE PLUS CONTROL

VT 480 KL ,0.91 Os SYSTEM PLUS PILOT (O.L.)

I AIRPLANE PLUS CONTROL
do SYSTEM PLUS PILOT IC.L.)

20 0
• ', r'- t,, *¾-,-. e-+ -- -4 -

0~~~+ *0r.~44 b- r4¼J.4,

AWPL¶~4~rr P04ASE -.- 9 4
~4  

~~-- 1>

-dS! H..J . & i. ` ANGLE 4--.*¾

-DEC-

I..- .4,- r + _,
4

, .4 - ' .*..., ,,- -:. •,, e , :- -.- •H '- ,-r÷,". . • ::

• 0 - "'"• •'•J--, . •.•4 .,h4 -" -'• -.- •t .8 "-V .,- :- -~ ." r 4,t-I• - - '-' ',

-2 . i ,

0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0

W ,AD/SEC WA - RAD/SEC

FREOUENCY RESPONSE CHARACTERISTICS

........ ....... ............. .........

L• ....""* .... .... ".... '..... ?........... "' ..... •.... "...... .... ";.... ";...... ..... " ......... ". ..
2 ... ..,.. , I

--.-............................ .. .......... .. .

..... 1 ... . . . .. ... ... ... ,..... . . . . ............ ...... . .... i . .. . .... ....

""... ....

. .........................................

........ . . . ...... ....0. ........ ................... .
0 .... . . .-, .... ..... • ... ......... ".... ... . '0........ '....

0 1 2 3 4 5 0 1 2 3 4 5

TIME - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE

RESPONSE TO AN Fs OR so RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT COMMAND
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PLT*IMLOT 106"J

lock aOK. FORCES SELECTED TOSIN
POllCEs A SINT ON Twil "I AVY slog TO

"SINIM121 OVEMCONVAOL
TENDEN1CIES NO MAL
SECOND TbIOUOI4TS ON
MEANING SdLlCYIONj
CRANING DIDN'T MAKE A
WHOLE LOT Of DIFFERENCE.

PAIEICTASILITY VIRY POOR. OVENCON.
OF TROLLING ALL THE TIME.
RESPONSE F0OACIS SEEM HEAVY

INITIALLY- 2COME SOME116
WHAT LIGHT60N AS RESPONSE
DEVELOPS N4AVE TO OVER,
DRIVE IT SOMEWHAT.

ATTivTmD NXTNSM11101POOR. TENDolENy
CONTROL/ TOWARD P101Y DIFFICULT TO
TRACKING ACOIJIN A TARGET. AND
CAFASIILITY TAKES A LONG TIME TO

SETTLE DOWN ON 1ANOCET

NORMAL POOR. OVENINOUOTS SIRED
ACCELENATION 0. THEN TAKES A LONG TIME
CONTROL TO SETTLE DOWN.

SFPIICYS OF IMFW0AS0216SNO TINDPTMCIES.
NANDOM

01ST UN SANdC 5

IFII TRACKING TASKS EMPHASIZE
PRONLEMS, PIO, TENDENCIESL

GOOD NOT MANY. POAES O.K.
FEATURES

OlJfCTIONdASLE DlPPCULTY N ACOUINING
FVATUINES AND TRACKING TARGET.

0 CONTROL IS VERT POOR
MOULD E EIIASV TO OVENFl
STRESS AIRPtANE
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t AIRPLANI PLUI

1Xe;¶* - .10CONTROL SYSTE (O.LJ)

V 0 Ka0.015 So SYSTEMPLUSPILOT (O.L)
A AIRPLAN PLUS CONTAOL
.. SYSTEM PLUS PILOT (CL.)

•- -l. : -•+"•'t r "g - • r H'-t

>2>-t'r, H,-.-r,4"--"ztr--, t•'r --4, -:++

rrr -' t
4

r, -- r " DUG r' '-* " - • m--&rH'Th

m4"4 
tl*- 

ir I I *,I I+II

-.t ~ rrj --4-,$-r-rt-,

20-

'-H PI

-
- -r--t& ,r i r""..S...t

0.1 . tO, 10,0 100.0 " . 1.0 10.0 100.0

S-- RA/SEC (a)-RAD/SEC

FREOUENCY gIlPOWN CHARACTER•STICS

,. ......... : ... ,, ...,. ... ,....,... , ... +... .....,.........." : : i

o ,+4 0, oi + l + + + •

* : l + At At A + ,
. .' l .* , A*.. ' .. . A.. . . .•. . . . . . . .* . .A W:. -l. , , , .

' : , :.. . . . . . . . . i. .. .. :.. ........ .... 4....,...

A rt 1 .I + t" i

* 4 , , , , A A A

1 " AA AI _ A

.... I ,- --A .. . - . . .*

• • * ,,•, 
A A ,ss. ..... p...... ,....+

A, , A , . ,A .

* .- - l l - - - -- A,,--,

,, AA . A-1 A A i I

4.... A 
,l....... ..... .a ... ..4.. . . '** . . . . ...

404

T-IME-SEC TIM -MDSEC

FREOUERESPONSEOTOEACSTEPCATTITUDE..-....... ..... ......... ............ ... ...... ," "..... " .... . . .

............ .... .... i.... p.... .... <... . . . ... +
+.~~~~~~ 

1o ................................ 
''

"X . "................

....... : , :0 ,.. ,•.... .. .. .... ;.... ,....,,...." -+.. .............

... ... ... ... 4 ......... A . ...........

TIME "- SEC TIME "-SEC

OPEN.LOOF MITCH ATTITUDE CLOSED)-LOOP PITC14 ATTITUDE

RE•SPONSE TO AN Fo Oft, RefESPONSE TO A STEIP ATTITUDE

IMPULSE INPUT COMMAND
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E lVII I
PLT NILOV 1022/U 1040/ 021

PMR/PO 512.1 W2.6 S5,2

ip'l1/n 110 1# 2.10.4? 40/.9411 S Ito

NPKIM 10 I.Sf322 1.112.0 I 2/23

STICK aOK NOT MUCH OFA CONMFR COMPORTASI. HEAVY STE AOV FORCESIARi A IIIT
FORCES liSEi IN SELECTING GEARING. INITIALLY AND THIN TEND HIUH. SLY LIGHTEN IFORCE S

TOI.IGHTEN4* NOCSICOND WOULOINCRIIAS& TENDNCY
THOUGHT& TO OvE RICONVIROO.

PRIOICIAOILITYO FEWL LOIK f1r* DIGOING IN POOR IUCAUEI P006CESGO0 DIPPICULI TOOPREICT
OF HOT VINT PAEDICTAOE. HEAVY TO LIGHT MAKING If TENDS to OVERSHOO0T
RESPONSE HAVE TO OVE1ROIVE TO GEr DIFFICULT TO PREDICT FINAL DEiSIRED (I PUt IN ANINPEil

MOVINGINITIALLV THEN 14ESPONSE 1INITIAL RESPONSE THEN HAVIL TO I CAD STILk
THE foRCES R1111.14111 UlEm IS PERHAPS A LITTLE SLUG IN OPPOSITE DIRECTION ti)
TO LIGHTEN, THEM 04EAVY UP 019N OUT NOT A PROBLEM STOP AIR"PL AN& HINN HE
"AAIN IN THE STEADY STATE DSSIRID

AtTTITUD ADEQUATE SOME COMPOINS Not VERY 0000. POOR DOESN'T OSCIlLAtE
CONTROL TION REQUIRED 11ECAUSS OF ON IT'S OWN BUlT 1S f-IFfa
TRACKING DiffICULT11ES WIT0IP- CULT TO STOP NOSE ATI
CAPABILITY DICTABILITY OF RESPONSE. DESIRED AETI TUDE

NORMAL TfNOS TO OSCILLATE 0OR OVEIRNODYS INGQ POOR LACK OF INITIAL
ACCELERATION OVERSHOOT 1HE DESIRED a. CAN PULL MONE ACCURATELY RESPONSE LEADS 1OOViR
CONTROL WHEN LOOKING OUTSIDE. CONTROL IN 0

fopFcvs OF 01011:1 UNCOVin ANY New NOTHING PARTICULAR HERE DIDN'T SHO* MUCH
RIANDOM PIROBLEMS JUST EMPHASIZED
DISTURBIANCES THE ONES ALRN.AOY D15

CUSSED

IFII TRACKING TASKS SHOWED UP 000 TENDENCY CONUS TO NOT MUCH DIFFERENT FROM
PRON EMS MOR POO TENDENCIES THAN LIGHT. G OVERSHOOT NIORE VF"

VPIR TASKS TENOENCY TO EVICENI ofR,
O VER CNTN OL ____________________

GOOD CAN ADEQUATELY PERFORM FORCES ARE ACCEPTABLE. CONTROL IS 0000 FOH JUST
FEATURES ALL TASKS FOR FiGHTERII ONCE ON TARGET ITS% DRIVING AROUIND THE SKY

MISSON. OUT NO PARTICULAR PRE TTY STE ADY. SMOTH AND CTAFORTABLI
-OUTSTANDING FEIATURIE

ONJ[CtIONAHII SLIGHT DIFFICULTY WNITH POO TENDENCY ON TARCEY, OVERcONTP()L DUIRING
11ATU4ES PREIOICTABIILITY OF RE 00OOR G CAPABILITY. HOT TRACKING

SPONSE TENDENCY To PIRECISE DIFFICULT TO
OSCILLATE AROUND TARGET ACOUINPi A TARGET
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ii

L AIRPLANE PLUS

1PC0 1.26 BW '7 CONTROL SYSTEM 1OL.)

,j 15 It 4 -PC .1 AIRPLANE PLUS CONTROL

VT uKL 0.47 " SYSTEM PLUS PILOT (OL.)

SAIRPLANE PLUS CONTROL

0o SYSTEM PLUS PILOT (C.L.)

20 ~ 0r! f-•, r-_,•• -i..4 -- ,-'•---•'t--r'.,

-,.- -- '••. --- r -,°'r--• " 'r

AWL, c..4.:~: ~ANGLE

d l " - - =@ • ' -'• r4 - -. " • ' - - -- I -- ' ,=- -4 * I i i

-. ,. .•0 
-.

,s

.4.r-.;,, r4

0.1 1.0 10.0 100.0 0.1 1,0 10.0 100.0
WJ- RAD/SEC W •- RADISEC

FREOUENCY RESPONSE CHARACTERISTICS

• ..... .. •.....; .. . ...... .•.......... .* .. .... . .;: ...... . ...... . .. . . .... :.... ..... ;""l....

.. .... . . • . .•. . •" "i. . .. ... .... •.... ;.... •.. .

L..j 2.

............. ... ............... .............

..1............
S. ... ....................................

.... t. ' .. . . ... .... ........

... ... . ................. .............. .....I-A
S ........ ....... . . . .

0 1 2 3 4 5 0 1 2 3 4

TIME - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE

RESPONSE TO AN FS OR 00 RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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I a
PLT,4LOT 13i10 I lW

9NiIl 64,1 Ill

! UeMIIK*( 4.l'.M 461Bl.00,111,1011 ,10 |.6 WE•1

411mlk • . J 4.1146,S

tw. K IK o1.1341111.

lTICK HiAVY 7 LIGHT FORCE& SATISPACTONY, NO SECOND
*nc'sCIS COULD 4. LIGHT VTOtYOJT THOUGHTS, SILICTIONVIAS A

COWPRONSbING INA06KING COWROMIdK. ON THIS MkAVv
AMSUTV. WMIN NoGS OIT but, TO 11NII001 P4O
P1NNAPS SHOULO MAVC NIN TINOENCY.
MEAVOIN A C.O00 POO WAS
INCOUNT1`VNO.

PRIOICTAdiLITY POOR. 4UT CAN LSN•AN TO ViYM, VINtY P020NY LANGE
Of CowINiATi SOL AS NOT TO LAO THIN AIRPLANE TAKES"NISPOO41 OVIOSINIU IV. HEAVY OP. FINAL N0i "aIt SPOON

INITIAL PONCIS T4CMN UCAUI OF OVERNIHOOT
UiGHTIONO UP IN A ViEY 06PICULT TO FL V.
P4lCULIAN WA'!.

ATTtT-D& poor ViEY 0000. THE ViNY. VINy POOm . PalO'
C3NT70.) HANDS It YOU TRV THI RESULT PNOM ANY ATINIPT

TNAC0.MM. LONGOP, IT TAKES TO (Ila AT TiGOt T4ACNiNG.
CAPAOLISTY ON TARIET.

NOi4MAL NOT GOOD: VIAVlOCLLA- L.11140 , 0000. CAN "OLO
ACCIELIRATION ?')MY AOiOT THE 0i1111"1O0. THE 0 ONCE ISIA8tilHID
CONTROL IIV MWOOTH US Of

CONTROLS.

fFPCTYS OF TIoN4D T10 1MWAItI2I THE SANELY NOTICEAULS

NANDOM 0"O TINOINCY
04STYUNSANC IS

IFR VERY oDAMATIC POO PROM NOTHING NEW. 0 a TRACK.
PROBLEMS LIME IN ON TIACKINO TANK INt TASK SHOWED UP 0PO

INIAKIS UP ON YOU, i4AO TO TiNOENCIiEL RN TRACKING
LIT GO ON LOU CONTROL. TASK $"OWED UP PlO 011O1.
mOaWT HAVE THI PROiBLM LIM A4'L. iuT TO A
IN 0.9. TRACKING TAIU. LIBN DEGREiE.

GOOD 1AS A CIRTAIN STAIiLITY ON T ROM CADAS LI TV. - IN
OfAlUAIS TAMOIT SUTMNT MANIUVININ|GOOO.

PLOWN V6LYV iMODTY14LV TO
CiT THIEM PONChI AnI
PLEASANT

CoiECTIONAGL i lNSIwO..i14SEOICv TENDENCY TOWARDS PlO
FEATUolls TOAND PIO' A ^REAL WHO[N Tvia" TOAG404NG

WSLIEPN CHANGE OP POMCIS AlT&WTID LAARO( INiTIAL
WL.TH O APPLICATION Ri4SPONS DELAY.
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4.AIRPLANI PLUSAV - 3. COMTROL SYSTEM (01.1Wet 01&$ 4.. -+If~ ft AIRPLANIE PLUS CONTROLVT. a 40 XL. 00.83 009 SYSTEM PL.1) PILOT (O.L.
~ I AIRPLANE PLUS CONYROL

20 --- SYSTEM PLUS) PILOT (C.L.)
da P 0~,,

-74-j
fE4j 4

*as - ++.Ai

10.0 100.0 01 10 1. 0.HAANGLE RAýo~

4420 44Z4

4 4 4 4 4 4 4 4 4 . 4 4 4 4

... ......... 
.............. .... 4

... .. ... ...

"................4........

.................-... L

......................

0 .J....................
0 1 2 3 4 5 0 1 ..... 2 .... .... 4TIME -. SEC TIM.E - SEC

OPEN-ILOO PITCH ATTITUDE Cl.OSt0D.LOCW PITCH AT fITUV?
RUPONS TO A Fs o 00 MONSk TO) A STEP ATTITUDEIMPULSE IPTCOMMAND

IM



1.1111to -a.
11L0 FIPOT 10631m IaOU"

PIFP!IORN off.1 waSO

STICK SiCIED THE STEADY WOULD HAVE LIKE0 SOIME
00A(ICs FORCES LIC141 TO KEEP0 THE WIKAT CIGHYRA FONCES,

&NI TIAL FORCIS DOWN. NUT PONCIS USID 111411E
*UV MAYNE SH4OULD LIGHTEST ALLOWED.
HAVE SELECTED THEM FORICER WERE111 ACCEP"TALE
AfItY LIGHTSER V6ET H OWE VSA. AND NOY TOO

I'ORt DICIAdIIIIT VERly POOR. FORCAS ARE A110PLANE RESPON4SE IS
;fINITIALLY HEAVY. THEN VERY k1.W. HAVE To JU
At~~f LIGHTEN, RArIDLY AS LANGE0 INITIAL ITWUT, V04EN

0111SFOKNS DtVELOPS HAVE TAKE IT OUT IMFEEATELY
toOVI)JIDMOIV IT EVEN THENt, If IS DIFFICULT

TO STOP AT DESIRED
____________________STE ADY STATE

AT TI TUOI) YOU HAVE To OVERDRIVEI POOR. TAKES (.0o14 T1ME
CONtiloI. It HNEAVY INITIAL F`0111E015 70CHAHC1 ATTITU01,
TRACKINU TO ACQUIRE A tARGE1T. AMID Not VER011 PlECISE.
CAPA&ILI TV ANDqVEN THEN IT IS

DIFFICULT TO AVOID
OIVENCONTNO&. RE4LA-

T6V(LY STIAODY ONL__________ TARGET THOUGH.
N(JHMAJ @At) HAVE WOOVEN ovaERS1444O11S IFt YOU TRY
ALCCI (IIAT~iON DRIVE I It OGE T I T O 4APIOLY ANO ACCU*
(-ONt Hot MOvINC, VFR Yt OU CAr, RATELY ACQUIRIE 0, EUy

LEARN 1000 A CHREISLE RE1LAVIVELY 0000 IF YOUh
)ON &AS1E014THE 0.

I I ft C 1', OfI TOOK LARGE FONICES AND MAKES TRACKI"~ VERY
I4ANOON, A GREAT DEAL Of EFFPORT CIFFICULT.
CI%V1iIH~ANCI1 TO GET SACK ON TARGET

AFTER EACH 04STURBSANCE

1114 0 IF TRACKING TASK OFTEN NO Nww NO01LEMEII
0498NLI MS CAUSEDSOMEPIO'S RN

TRACKING TASK SHOWED
NOTHING Nkli. OUT *A&
HARD WON K

U('00 COULD PULL LIMIT LOAD ('000OVINALL MANIEU
I I A 111"I S I ACTO.II hITHOUV t. VtMAISLITY IF FLOWEN

CESSIVE FORCES PRETTY P*1OTH4LY
SITADY ON TARGEIT

4111U 1:?IO)NAHI I EI XRI MELY HIGH INITIAL VLAY SLOW INITIAL AE
II AT tit-, FORCE HAVE TU OVER tPOtg AND TaNOENCY

flnIVE Il DIFFICULT TO TO OV I CONT04"..
ACUUI A( A 1`AIGF. T NO
00H0BLINMS ON 0

TRC 01TASK______
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We 1.26AIRPI ANF PLUS
1.BW -. 1aP' OTO SYSTEM (O.L.)

wet, Its. 4o +7-1 AIRPLANE PLUS CONTROL
VT486 K 1.03 So0 SYSTEMKPUSPILOT (O.L.)

-- AIRPLANE PLUS CONTROL

20 0c SYSTEM PLUS PILOT W.CL.)

1-4 H i0

141 r- -d. -AF _

A

+ * ~ ~ * ~ + -+--' *

*A 0 --Dee

8.1 1.0 100 000 01 +. -A 0 io

f -A

† † † † † †,~A

....................... a.

........ *..............................
". .. . . .. . ," l - .. . . .

2* * " - ... ?- *........ .... ......
S. . . ........

...................7 T t .........
... ...... .................... ............ ~ .......

, I * I * ' I a . . . . ... ........

.. . . ... . . . .. . . . ..

o 1 2 3 50 1 2 3 4 5
TIME -SEC TIME - SEC

OPEN-LOOP P4TCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
RESPONSE TO AN FS ON Of RESPONSE TO A STEP ATTITUDEIMPULSE INPUT COMMAND
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Ia4116441 4004 law

I.4yIsMa 0.4411 KsIG0M6

*e1.649 IASIP $AV 1 406

OVqwawg W M IU 144404 ON4 "it HGAVY aml OH COMOOM4G 141111111ff OFAVII PRI6011400. NOT
Mawlit lIa 11 eVOiMSAA0 W040041 IuCAM Ahe S016G penal A~m Medleg "O01,1611 all

weavIivov ft*40l YOgIwowesve Mon0111&IN H MkICTIAG "AMI10NUCIIOGv
04TI&A flwl #4SI6YTM &AN IGN064.11, WI LICQII

11414citailtIv IMPOICUL TOPOUCI OMAAOW "Old 0140* AIGHT AWAY owfIII4?0ffUGO out

Op1011LL lT CON!41*0511 POEaO Go"44 OUT51 411411f0G GOO~lM, 01" "" M Is
OkU" A66810S 00 MWL GIAOISAI PINAPG. AttAVw A

AV*Aft# HMW 061"10OM1ON11I 1.1M? TOO 11114044TOP! A
VIII II0HflII 0160014 AIOAM IS0060.00

0140111 8100. guy 0"GM m~alwta
___________________is 460000

A?.uI C0ASHG6AI. OSCILA INSWACOA0 A1*?1M? GOODu?.OUTkey 10SAIM &At@ damo. "AV# to PLY
"COftwG0 IlEWIG*414 NOST 1101101 11 A46*A0 004. H"A. 00CICLATIO ON VAhI? 11 smlWA4AvoGift"Okv
Yaimika smoG 090 ON 0*41 MAY"Imp l00 a"110400111e ISITIOLY. OUT LiLA&WO TO WM M A 14640 0a. TOW
C*APAWLIty O* a ao NOT e10 11 O416" PLY? M100THLY Vol"4 IEIAUOM QPICLLAIIGH

"ONIA"* 00o" P"If?" 601A out a UIti "by 04011 As00o" Ai 0,000
miCCI4IAA 10GISS 01101111p 6 YON"5T0 OWEN

mi100001U4F0D11100
VATSl TOO 10ffI HELP#S
1054105 IGILATIVILY

___________ ILL

coficts Do eNP 409GE~U 811Y 4001141,11 LIMNITO W-1 601404C " 101411OV ASHOTICMCIAIL
amob"4 W1I4.11A100SSOI M lDNN ovIGoobtfvL.o4 0*0 HNM Opp TANOd 1. A "MafllS
010TIJMobeawa ItoutIM IHCNOOMO "A 04411 OP WALL 01101 1MM COG

AWOL MACIION 04 "MGIAGIG
TO0*14440 WIUomwaptOL

It" "Oh1oPPROML141 TGolooCY ToOVaINOOmmt to ISGIaPP.IMT 6CALU" *.OtIEPISGL
so"461 GOO 1 VN*M*Ift VAN GoWA. aC e

I&AMUVINIGA IWANG

GOON, *a" OAN" CC GIIPWIVG, dAIS 4L* O 600111kW I141INSHO.M MANI'lIGIo Noma *440
118*1T060 ILIVASTA DOWN"~ ON"I A RMAYIL 00o" Pon YNaClKO. 11E4?IT 0*4000

OVARALL. *111110 CONTROL AND0
vhlIACSiSCASLSII "al

MAICTMOGlAS tow40f WO PONI 00cs 4111000 ve 0611^8I OM 1110"a 1641141106 To 4 0oWe"lA0siI0,0mc

10404* SGGION 460000um""sY RAINOUA#UVGII THAT A pi"1HTIG 0060No1
400414 111010 MamI 00? NYIG GwiI mpocI HAVETO a, GI 100 HA
ON 1044" M 61014M1 May

01414 1101 PGINHC OP AS PEWM #WTfC 61WA140ftG OWILLATIO SIftA YCO4SPSO4001IHWAY 64va
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ito I AMMPL E PLUS(OL.

Il~ew 1.69. CONTROL SYSTE IO.(L.)

IAIRPLANE PLUS CONTROL
20* SWSTFM PLUS PILOT (C.L.)

RIX. o0 I~

AMgPl..4.fr. 
- -. &. PHAt-. O ANGLE ýA~

-40 .2ADSC .0RC/E

FRECUENCY RESPONSE CHARCTERISTIC$

.............. * ..*......

..................

.. *......... ...
.~.................. 

....... 9.....,%

........... ~...... 
............

0......... ................... L............ .........
TIME - EC TM t

OPEN-LOOP PITCH ATTITUDE1 CLOSED-LOOP PITCH AThrTUbERESPONSE To AN Fs OR of RESPONSE TO A STEP AltTITUDE
* iMPUL49 INPuT COMMAND
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I CONFIGURATION! 1 t• ,• ' - 0.1.1
Elp

FLT.NILOY 1041M

PNI~IOR4./

0./a

TICK 0000, NOIICONO THOUGHTS
FOpcIS ON GEARINOG ELECTION. NO

"piNIous COMPROMISES IN.
VOLVtO IN ISLICTION.

PNIDICTAUILTIY NOT TOO 0+000 TENENCY
OF TO OVEICONYNOL IN ATTI
RESPONJSE TUOL USE SMOOTH INPUTS

ATTITUDE TENDENCY TO INITIALLY
CONTROLI OVRASHOOY TARGET. THEN
TRACKING ONE OR TWO SOIALIS IN
CAPAVILIVY GETTING S*TI.LEO DOWN

NORMAL OUITE GOO0.
ACCELERATION
CONTROL

EFFECTS Of NOPROVIEMS
RANDOM

DISTURIANCES

IFR NO APIERCIANLE OIFFER
PROOILEMS iNCES FROM VFR

GOOD LIGHT FORCFS GOOD FOR
FEATURES MANEUVERING CAN ACOUIRE

A TAnGEY I1O,1- PROILFMIS)

OBJECTIONALE [ OSISLI4NG TENOENCIES ON
FEATURES TARGET OIFFICULTIES IN

ACQUIRING AND HOLDING
TARGET

40



[i.I .1 - ~ • AIRPLANIF PLUS
tr0 12f aw 3.0 Fe CONTROL SYSTEM 101.1

v 0Ss 4p -2 AIRPLANE PLUS CONTROLVT ft 4WLa -0.02 SYSTE PLUS PILOT (O.L.)

... AIRPLANE PLUS CONTROL

0, SYSTEM PLUS PILOT 1C.L,)
20 ..

a I I ' l • l -I I I I I - ' -- I ... -lq,
- - ' . ~ ? 4 n ~ . ~ H r - •. V T -- - ' -_ , -]i ~ ~ ._ • . - ' -

0. 101O010, 011,0 10.0 100.0SRAD/£C 
-1 -RAD/SEC

FRIEO'JENCY RESPONSE CHARACTERISTICS

'. .... : .... ; .... .... * .... :..... 
. ..k..

. . ..... ............. '........ .

''....... ..."• ;.... L.. ... ..' :

S... ?.•.... •.... :.... :.... :...............................
. . . . . . . .... .. ....... .. ... ... .. .. •..

•" , •!•i -• .... i ~~~~~~~~~ ~~~.... ... i..i...- - -o . . . . :.... ...... : •.... . .. •.. . .:.. .. ..

• -, A : • . . , ,

1:- ......•r •.... "'. ...-... !. . ..... ,...,
[] : • i .... i .... • .... i .... . .... ,.... •..... . .... / .... •.............. •.... :........ ,.....0 -ISO -. . 4 +

.1

.40

01 3 4 5 0 1 2 3 4 -

TIME - SEC TIME - SEC

OPEN.LOOP PITCH ATTITUDE CLOS&D-LOOP PITCN ATTI~rLJDE

RESPNSE ANF O REPNECARCEITC

RESPONSE T N FIr OR * RESPONSE TO A S;TEP ATTITUDE
IMPUSE IPUTCOMMAND

. ....................... .................'.



12 1J~ap 014 top0.632

OeRW I ?It? 1.211.2

STCKPROVABLY A LITTLE ON 115 U.K. COULD HAVE USED LIGHT
Dole[& HEAVY SIDE OUT NO0 SECOND got PoRca&, buIt FORCES

THOUGHTS. INJTIM PONCE$ SUECTID want QUITf
COMPATIULE WITH STEADY SATISFACTORY. RE1ALLY NO
STAYE FORCES. COMPROMISE INVOLVED IN

I ~GEARINGI SELECTION.

PREOICTARILiTY WAS 0000. PRAtTY 0000. MINOR 0autC.
Of TIONts. SLIGHT TENDENCY
RESPON11 TO DIG IN. ovERSIHOOTZ

ONCE Ill. ACOIN IRING A
TARGET CAN'TGET RID OP
it1.

A7TITUoE TENOEINCY To os0LEON PRETTYOO' w00,as0 IN
CONTROL, TARGET. 300 3 OVERSHOOTS, INITIALLY, THEN OVERSHOOTS
ltRA(rKING HOSVER COULODETlON TAROElT ONCE.
CAPAIIILITY TARGET INAN ACCEPTABL.E

LENGTH OF TINE.

NORMAL COUITE LOEGCUATI; SMALL Vol AT 0000.
ACCELERATION AMPLITUDE SOSLING.
CONTROL

gFraCTs or WION'T SHO* UP ANYTHING NOTICEASLE!, OUT DID NOT
RANDOM Naw. CAI.5 ANY PROOLIMS
04STURSANCIS

IFA UOTTER 00FR THAN VFN. NO NONEWPMIOIRLEMS. PRETTY
PNOOLEMS SOOOML &APPARENT; THINK 0000.

TIE PRECISION REOUIRSO
P0K VFA OR GREATER THAN
Pon if".

4000 OUIT* MANEUVERABLE. MANEUVER" CAPASOLI TV AND
FEATUIESa CONTROL VERY 0000.

TRACKING CAPAOILITY It
0000

aiuICTIOPOA81E FINITE TINE REQCUIRED 0 TOOI DIGS INlfk ONE OVER
FEATURES SETTLE DOWN ON ATANOET. SHOOT ON TARGET

SLIGHT OSCILLATION iNs
____________stEAOY sIArS 0
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I- i•,,. 1.• m - 3.o •. CO.TOL svm'm €OL.)

-- "/nllxU•llL6 a;lll "O -----...-- .• AIRPLANE PLU| CONTROL

I VT -410 KL -O.tl ee sYIri'EMPLUSlqLOTIO.L,)

• -- " +9 AIRPLANE PLUS CONTROL
S.....•. SVStB PLUS P, LOT mL.)

,.. - kF, •.•+t-- k +- ,+t+•r. -,--+. • •
Id• __Jml't.t ,l|• Ji I I.• t ;|1.• ;_ j ) • .l!*l
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4o • •. '__••,- :L-•+•, ..,,, ,._ + + + +...,,+_..,_._..,,...,,_ _,.,.. ;..,..+,:
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'A+A: : : : : i + + , : I ": .... i .... + .... • .... : .... • .... F"! .... "
;.1+'+.,..• .... .•...• .... • .... : .... ; .... : .... u..• : .... : .... • .... :..., .... •...: .... ;..: .... •...
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2"•-•'L-•-'-< .... " .... • .... ; .... • .... L .... •....+ ; .... ;....L .... • <.. ; .. ; .... ; ..........

, : , , : : , •! : : , , ,,
.. •.• .... ,•....: .... .' .... ; .............. ,• .... ; ; ......... , .... •...• .... .; .... ; .... ; ...............

'.l"• )x!"• .... ! .... i .... ;. .... i .... i .... i--! ! .... ! .... ! .... i .... ! .... ,+ .... i .... + .... • .... : "+
Si .... i .... ;.,..i...i_ .... ;..= :.:_::_

1 -. iOre

+..i: .... +....• .... , .... • .... :. .... • .... : ....... • ..... ...,.i.....+.+.'..•....; .... i .... : .... • ....
.i t... ![ :: : '. : : ,, : ,•" : : ..... i • i .................. ' ' , ;; : , : "
•'" '. .... .... ; .... '; .... • .... ; .... i .... • .... .... : ; ,I.,.:, ; :.

I TIME --- SIC TIME *- SEC

OPEN.LOO• PITCH ATTI'•'tJ+JE CP.CI41ED.LOOP PITCH ATTITUDE
RESPONIE TO AN Fe OR ee RESPONSE TO A STEP ATTITUDE
IMPULSE INIqJT COMMAND
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111674"tOv O I 1011111196,61110

0 1110 I 0 111 41 2 1 14 / O n

p *1.4/I 1 1.60111.

STICK PRETTY G00D. A LITTLE NOT OUTSTANDING, OUT
FORCES 049AVV. PERHAPS NO OK A LITTLE H4EAVY, OUT

SECOND YHOLUOHTS AMOUT U1L SCTEO0 THAT OVAVYTO
GEARI6NO SELF

1
CTIO. REDUCE TENDENCIVS FOR

OVENCONTROL. MNOSCOND
THOUC~HTS ON GNEARIING

___________ ____________________SELFC ?ION

PRoIocTAliciLtY AlIT 0/ APROSLEM STICK AL11`11,DiFfICULT T144
Of FORCES LIGHTEN AS THE A11401 ANE HAS A VERY SLOW
REiSPONSs MEAPON94 OEVELOPS. asE1# iNsf. WHICH meANS

LEADING TnOSMALL P11011 THAV YOU NAVA TOFU I
LMOSNATTITIJOE ANOG IN '. VERY LARIO( INPUT
CONTROL, INITIALLY AND THIN

R4API0LY CHICK IN INK
Op,*ITSIT IRECTIlON To
IvcP THE NOSE WHERE You
V4AN'T It

ATTITUDE GET ONE1 RELATIVELY LARGE FAIW TANI$ ALOYTOF 1F0/14T
CONTROL OVERSHOOT. FOLLOWED IV TO CIANGF ATTITUDE ACC'l
TRACK/INGT ONE OR T*O SMALLER ON141S. RArIELY AND THERE IS
CAPAOLITY IN ACQUIR14G A TARGET USUAL LY ONE WAAL L OVI

PRETTY SVC ACV ON TARGETI SHOOT INVOLVED
THOUGH

NONMAL AM OFT01 PROSIEM TO FULL QUIT 000 GOON F0 ROSS0
ACCELERAAiON GOGUIC KL VANO ACCU MANEUVERING. !PUT OVI A
CONTROL RIATELY COWNIOTWO SHOITS IFTIRVING TO

OVIRSNOOT.Vitl 1111RS111 ACQUIRE A GIVEN G
JINR PRECISELY

opterCsf NO N0E1111 1,061,Wl HAD WITE A NOTICIAOSL
RANDOM IFFEC'.EWEGCIALLV IN0
DISTURSANCES TRACK 40

litiR AlIROLANA ISI*ORSE IFNl NONEW1111PROO&EMS IF"
PI46L~b THAN VIR OSCILLATES TRACKING AgILITY WAS,

SEVERAL TiIEESASO.DT ACTUALLY QUITE GOO(%
DESIRED ATTITUDE ON4
0 ( TRACKING TASK

(,00D c:WEORIABLE STICK GOOD POOR GROSS
OEATURES filift'S STEADY DON 4AANIUVE RING

?AR110,1 (1010/I OR CROSS
MANtULVEINI.C

0111E01TIONANkE HAVE ?OCOMfENSATE A ý;%O*INITIAL RIESPONSE
IIIATURllS LITTLE T0A4:OUIPE A ANDONEEDY OPORLE THE

TAOI11.t.T SOME OSCIkLA RtESPONSE
TION 04 PUL LONG C ACCU
RNATE..

44



IZ t~AIRPLANE PLUS
lie1.25 sw a F0 CONTROL SYSTEM (O.L.)

I& .6. 400 0 AIRPLANE PLUS CONTROL

VT 480 KL 1.06 t* SYSTEM PLUS PILOT tO.LJ

g AIRPLANE PLUS CONTROL

o .. . . . .

__ ZZ~ANGLE

W~~~~ -- RA/E A/

FREQUENCY RESPONSE CHARACTERISTICS

........................... .................. .........

2......................2

...... ...... . ..... ... ..... . ..
...........

... ....... 2....................

.. .. . . . .. . . ... . . .

... .. .. ... ... .....

0 1 2 3 4 5 0 1 2 3

TIME - SEC TIME SEC

OPEN-LOOP PITCH ATTITUDE CLOSED LOOP PITCH ATTI TtICE

RESPONSE TO AN Fs OR So RESPONSE TO ASTEP ATT;TUDE
IMPULSEINPUT NCOMMAND



woo ? of op

PLY.#iLOV ledi/N 061

04/0,10" 4i1 1 4/1

IFIP/I/N t do/688 46/6015

stick ONK VOACEIGO FROM HEAVY 10100114 LI1M111 SOMEWHAT
00011CI TO LIGHT At MtVONSI LIGHTER 4 UT GEANING

ORVILOOES MIGHT HAVE UI1ICTILD *AS THU LIGHTEST
1SLICV111 LI4UHTEN PRCti ALLOWED FORCESA046
9XIICPT TI4AT STKAOY CERTAINLY ADEQUATE AND
FORCE$ NOULIJ Ul too~ Not too05*0
LI.ON? N40SECOND THOUG00S
ON GEAMING EEICVION

PR0O ICTAV L 11 A LITTLE PRGOSLM, NUT NO0T OU~lE 0000 SLIGHT HIMl
OfTOOUAD FORCESOOFROM TATION IN 1INITIAL RESPONSI

RISPONSI HEAVV TOLIGHT AND$? WHICH CAL41 S YOU TO PULU
#tits LIGHT ON TARGET t"H1 AIRPLAP4E SOMEWHAT.

BUT NON EAt PIRONLEM

ATTITUOE 000RETTYOOOO COULDOAC 0000 CAN$topEAosl
CooNVdLt OUIRE A tARIGET RIAPIOLV, PRETTY 0"1C4 WHoeR YOV
?RACKING ALT HOUGH4 THERE WAS A *ANY IT ALTHOUGH YOUR
CAPANII.ITY IMALL TINOINCY TO OVER. PREiCISION ISSOAGVWHAI

SHO40,0 NdOT REAL STEADY OSPENDENT ON HOW WELL
ON TARGET YOU JUDGE THE INITIAL

________________INPUIT

NOR1MAI, QUI TO 0000 SMA4 L SCILLA GOOD
ACCILER ATION FloN W941N TRYING TO
CONTROL APIA0DLY ACQUIPE 0

10 f1C I Of HAVE TO WORK TO 0401001O11 NOTICIASL.EEPPICT'l.inOUT
IIAP400M ON YANG# TWI TH"N OISTURUd NO REAL DEGRADATION OP
OOSTURBANCIS ANG1S BEC~AUSE OF HEAVY FLYING OUALI rIES.

INITIALFORCES _____________

OFN 000-0 AIRPLANE IPM. "ONEWPRORLEMS TOIUA
PROBLEMS No maw PROBL IMIL SO111E EFopRT To POLLOW

0. 1. TRACKING TASK.

0000 PRETTY GOOD FIGHTE". TRACKING CAPABILITYI IS
FE AYLURE QUITE MANEUVERABLE9 NOT OUTSTANDINGO. BUY is

P40T Too SAD Poll TRACKINO 0000. 4 CONTIROL IS ALSO
________ __ GO000.

OIJICTIONABLE NOT At STEADY ON TARGET CAN'T FLY AIRPLANE AS
FEATUORIS A& DESIRED SMEALL OSCIL AGGRESSIVILY ASWOELOD

LATION IN ACQUOIRING 0 I4AVA J61KEO BECAU161 OF
______________________________ INIIAL DELAY
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D31 A i RPtANI PLUS

f 1;,,1.I 2S a3.0 - CONTROL St ITEM IO L I

n| , .t.. 48ps " A'M --- 0 dASLAN1 PLUS CONTROL

VI . 0 -* 2.28 - o SYSTEM PLUS PILOT (O.Lb,

" I AIRPLANE PLUS CONTROL

-. SYSi EM PLUS PILOT IC.L),

0 #1.-. - " - 'l' " . 4 o J .' , ; I .
. . ..

20 , ;J . , , -f 0 v ,., 0. . .. I. .0

9.4•,r -t •l Ir-~, - .i *'** i.J
49

1 
19& • * * • * *

0 9- H. 
.9'

-. -RA IE - 9.". RADI99

FREQUNCY IPHASECAATEiT•

.0 -Igo -~ ,9 *999

P ,,, ,I~U , : : , , (I

2 ,6 _ , , , 
oil

-40---0 101
0.1 1.0 10.0 100.0 0.1 1.0 1. 0.

W JRAO/SEC W - RAD/SEC

FREQUENCY RESPONSE CHARACTERISTICS

. . . . . . . .. ........

. .... : .... :.... ... ,.... ,........ . 2 . . . .. . . . . . . . . . !. . .

.. . . . .... :.... . ..... L .... .... .... . . . . ........................... ' ..................... . ....... ........

• , , ,, , , , 9 , . 9. , ,, , . • .

', .. . .. • ..... ... ......... !.... :.....:.... .. L ... ..... :.... :... .... •. . . . .:. . .:-

S. . .. . .,. . .... ; ... ,... .... • ..... '.... . .. .. :.... :.... ,.... ,-
.... ...... .. ... ,

. ......... . . ............ ..

.d. ... . . .. "•..........' .... :.... ;...... . '" - " ...... ... ..... ..... . . . . . . . .
........... .... .

.. . . , .-........ .... .... .... ..... .. ..... .
~~~~~~~~~ ... ....... . . .. .... ... .. ... . .. i : ! :

0 1 2 3 4 0

TIME -- SEC TIME -- SEC

OPEN-LOOP PITCH ATTITUDE CLOSED.LOOF PITCH ATTITUDE

RESPONSE TO AN F$on soR RESPON'•SE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND

47



41,044000 fill 1%d

. bA 22114I 4M

%IICK 44601 IOU SAO 64 INC : 04(1011 6 (114 41N064AAI MIAN#II
S(1144 Is 111(0410 ?00t.CILiAlS A vi$41NU .I'l fll4 I.),) ".#I

of f 006 1 ANtut t I 406 OI W064 %MALI OAAP10INN IS14'
NAVE (10*4# TO ASLIGNIL V
HOW AVISI0 STICK FORC11 GO)
P640W LIGHT 10 NIAVY bIkt

I of va~ PlyP11001KUNCI o
p04 I'llttAollI VY A PE400.111EW INITIAL R11 NIIIA( NI46"SP~ I 1.NAf`6V
006 VON"4h IS OUITII N4A#PIIUT FINAl I 4*416#IN140-'(1l Is-II
R I St0614,1 DO$ S OYENIN41O) v144 ASLIUO0I.646I IPO t~iI A

TARGA.) NOV I A GIVEN 0. L1111OlE 646 %4:IlAl014S
A011CNAttitUO1.ON01 A

AV 1. 1100 ALWAYS OVININOW1. TillS) MOVIJVNC1140146

CONTMQ ((U JU,%y okCI W641CN AN tj64 41641-1I* AN& At I'lls,
I"AcEifta MAXIS I VNOT 041AL I V 0000 WON I A0l4( INP4I II% 1.1 t
6APAI1414?Y FOP064 N"tKiN0 000*kE 0040u;' I AlItIN4.

Oft IANGI I CAN MAKII
SMAi I AT I IUE I I U1IOfAl,, I S.
outtIL POO#C I4, S9I

.1014 ASOI MAJON PNolokI M N~ THE
iOtNI NOEGATIVE 0INCe irP4

______ PNOS( E111M EI1TNEN1

f#lICIT Of blUNT THIS AIR1PLANEi. PILOT N011CtAIIII ANUCSAIJ,6 A
mApIdom IS NOW1 VS64Y 0000 AT CON4 PEIOMI 4M 1441 A,.UPI ANL
DOUbTURAPOICSl 01ciSftINFORP) DiISIUNIANOCS SLIMS J11NNY

60 It ClitNIATE A LOT OF
WONIK P0ON Him*

if" 0SRLA?0NY 06ATUAll OP P441TIC4 164IS A1104101 OR6
p64OLE6(4101 TNI1 ASAPL ANE WOAS A LITTLC JIENMV NESPOSit M4)164ji

moms ACCSPITUATEO old THE1 $ill 0)1 F14ACkUNG IAS,
Opp TASK SHOW up UPtHiS Boom11 NI,

TASK EASIEM4 1,1CAlIS1 I I IS,

0000 N~ESPON011111WILLIP(ITIA6.LY. MANlEIUVEEIAV- ooom1)0.
filiAtuNEs 74N POVENSHOOT1SUUT IS CAPAIIILItY 4,AN Fij I4AkLLV OT TOO SAt) AC.C00SiQSSVI I V _ -
0111100IONAOLE1 OSCILLATESOPI TARGA! 1111,114111ING It NOTEPIY Woof11N

EEDNS AND *%64to lllifvOLPUL LONG STOPPING I ANG1 Pf VC4
O you It NO TCOVENS*4%H0TO NAILS W46446N (it T I11646, INII ~TARGET INH6016)q.161.,166

I TUANPS T~t AtN00i A00 sliI M%
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- --" v' Al Rpt %Nf PLUS

I'~, CO/¶14 RwOL SYSTEM 401.L.)

1%4 - 2ee Al 041AR. ANE PLUS CONTROL

41911 ".-0 t SYSTEM PLUS PILOT IJ.L.I
~,AIRPLANE PLUS CONTROL
u~SYSTEM PLUS PILOT IC.L.I

AML ' 4I4 4v6 : **~'

.4~~4,I~ f---. 444.%

"40 -27 -. 9'. * 44

............. ..AN LE....... : *~*

9.9 9 4 4................J
. .. .. .,... . .. ..

.. ... ... .. .. . . . . . .. . . .. .. .. .. .. .. L 9 ,

......... '.~.. ~444.9

$0. ... ... 4 * -6. - 9'" 270- . .....4.. A..........

o, 10 10. 100. 01 10 10. 100.0

TIAD/-SEC TIME- R/SEC

RESPONSE REOUENCY I R#ESPONSE CHARACTERISTICSUD
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IP.IANOIGUN6II6 N

0 m0 
0

STICK 0O0 COUL DOW GO QOMI I At
FORCES LIONT ON tHI POACIS As

04SIN(O4CAL/S1 OF TINIJIN
COGS TOOVIMCONVMOL N00N1AL
SECOND THOUGH TIS ON Of APING

PNEL'ICTABIII1V NOT I'INVGOOO FAIRLY
uip SNAPIIV INITIAL RESPONSE
NISPONS1 BUT IfIME 0 TO Of A VE Ny

SLI1414 INITIAL HIll TATION
sill WORS? PART WAS AN
OSCILLAIOPIY VIWAL NOl
SPOWIS ALIOIITLY OAM114
Poo

ATTITUDE Varly.VIly pop)" SOWI
CONTOOLf TICHNIGLUII HEILP TRACKING
IMACOIIIG 400011 THAN OTHERIS OUT
CAPASILITY DON'T TH4IPN$ TWACKIPIC

PINPFORNANCK IS AOIOUATI
__________Pop MISSION

NOUOMAL PlOT TOO 04AO0 0OW SMOOTH
ACCELERATIONi INPUTS OUT OSCILLATE%
CONTRWOL IN a OUIT ItSvoEk WLY PO YOU

PULL 0 AGOWIBSS'VILY

IPPELTS of TENDENCY TO OSCILLATE
RANDOM IN STEEP TUMWSIVFWI
OISIUMSANCIS

If" 611 IFTURNS *IINHAN
01101111.1110 DISTUMBAPECES CAUSID POO'$

0 £ YNACKI.G *A& V1 MY.
VINYPOOM VEWYOSC14.&A
WANY

04W0 GROSS MANSUVE MING CAPA
FEATURES BILITY G000

OBJE11CTIONABILE $LIGHT HI4SITATIOWf IN
FEATURES INITIAL RESPONSE OSCILLA

1IONS DURNING TIGHT
TRACKING PIG'S IN LEVEL
TURNS *IT" AN DISTRIJW
APICI
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aimt 10.5• PCW I _0
II *1.1, ' iW 30 17--- ., 4I**LANE *.. 'S C04i?AOL

Vy ,400 U. ". SYSTfM PLUS P4LOY (0 L

,• AIRPLANE PLUS CONTROL
oft SVSTIM PLUS PILOT IC L I

• r * • * • .* -* • * .

r t-t.A p4 * -4 1+6' r.~ -I ".y j h ~ .A .ý4A.#.,jI. J . W. I . j A
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4 4 *A t
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S,,- ,+, __ +~. . ... ? + .. . .. .

0.......................•,. -oo ..... ,.' .......... 4

0,1 1 0 1 4 0 01 1 ,0 3 . ,

1#4

d -- HADISEC W. • RAO/SEC

FREQUENCY RESPONSE CHARACTERISTIC-:
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O0 1 2 3 4 5 0 1 2 3 4 5

TIME -- SEC TIME -SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE

RESPO)NSE TO AN Fs OR 0,e RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND



P4,101011a W4

K' 0ov0121016

MIK LI

f(AN:U TOKAROH1AVIfA
1411 Ist 1NC'%to REDUCE Poo

flNogNcy. NOStCONo
THOUGHT& 0315 pmcGI
LGHlT TO HtAVY

I'm1 mrA"I ItV Fl 0POWN& so TH4AI Pat
III 0ACTAUILI.YIN TEAM 00.MO

III YSVONSI ACHIIVIN13 1141 0*111*0
ATTITUDE O 04 I. LfkL
IS Poo"

AITtUO 1101 THIMiI.Vpci0N. PIO

A.)IA041 FRO

A1(lIWA4 SAM( PROUI.*MS SffM$ TO
Alil II KATIIN DAMO OUT OUIC**A N N
( ONITtI TH4AN It 00*5 ON TAAOIT

i llit t%01~) CAUSISMOIII INTENSF 01l0

llWdtIIJ~AN' I%

.9 1 VINvP00 F0 TOqACKINO
144001, 1 m-i TASKS S&JTI G1 Tellt TTY

11 AV UI4(i

0"AlI lI NAIII 1 000 010111 (MS. VIRV P0014
1A I I i II ONTARGETTAND ING

PRIECeSAIN



4C,
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'1.2s 10 CONTROL SYSTEM '0 L I

nao - 1111.6 % Pme a 4 u AIRPLANE PLUS CONTROL

VT - "IO KL - 0.11 SYSTEM PLUS PitOT 0O L I

o AIRPLANE PLUS CONTROL
7)c SYSTEM PLUS PILOT (C.L I

20 - - -t . -,- : :, .

AMPL. 
PHASE. 

4

SI , I +t ,* , -DEG . a

* . 4"L *,.it 41* . 44lil * * 4 *. 4', I4-•ii+ii• t. * ,"-t * *

0 .. ..... ,+ p._- .J'_• +.¶ + ,.... ' * 4 - 9 • '4 + 4•%. .. 4- . ....

7U J,4-- I-! a .f b . 4

***.*. ,.. -. ,,, .4-, *i • .*.. . --.... 90~s in-+"..w*#9- & % 49 *

AMPL .. : £.. ;: . :--+ z: E :. tW P-.-'-' -, -- RAO/S.

• '" " ' • - • '+ • .• - •,•.'...t. . ........ ,- ' ; , .+.+• - ;.. ....... . . . . . .

4N.L ',- -. ;- + - ;-4.' .' . -+ *>" ' + 4 . . . . .

--dS tz,:: t .. ..... . . ... ...... N LE.._... ... . ...

.DEG .--... .. r.' -

+. -- +. ... .......!+ ,I - - - , -.......... .... 2-...... ... ...... . ... .. .-..p)# i . +. .* .

_ + + + + _ ++... ... ... ... .. .. . . . . . ... ..

.......... ... . .... ....... ...... . . " .. . .....

0 .t 2 3 4 
-0 1 2 34 --_ , . _., . + . -. . . +'- - - 4-+ + + r - ' . . .

.-- ';' 4 -.-r -'.-4* 4* I+J+- i.. .. - ... 4++ -+ 4 4+N . . : :

-0 . -• .... .J. -' - + - .r ,. r' - - - -• ... .. 0 .- - 4- 44-".
4

.s- -4 4-'-

0,1 1.0 10.0 100.0 0.1 1.0 ¶0.0 100.0

TE- RA-SEC TM "- RAD/SEC

FREOUENCY RESPONSE CHARACTERISTICS

S.... ...... ',: .............~~~~~~.......... : : ' :.... .... ' •.... °.... "......... •.... !.... i.... [.... !.... :....
S. ... :.. I.. .. , .. •.. "", .. ;;.. .. •.. .. ".. . . ;.. . .. 4 .. . .. '-

IMPLS INU COMAN

... ................. 
'....

+. |...•,.•....• ... ;... ! ... ... L ... .... •....... ,..................... .

+) .....~~...................... ... . . . .... 4-. ... . , ....... 4.. . .

0, .. .'., ...... ... ./.... \'N

' 1. .......... ..... i.,• ..

................. !l.....4... ".1.... ... ""

S... • i I• ... +... + ... ... p ... p.... +.... . . . . . . . . . . . . . . .

0 ..... ;...:.. :.. :.. .. . . .K..... 0 -" .. + ........ .

0 1 2 3 4 6 0 1 2 3 4 6

TIME"- SEC TIME-"SEC

OPEN.LOOP PITCH ATTITUDE CLOSED.LOOP PITCH ATTITUDE

RESPONSE TO AN P1 9, 0 RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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1d11,lo o

FL

VLf *41,Of I dilaM 1061 M

STICK COUJLD PERHAPS HAVE QC~W ESLIC710 FORCES ON4 THE
FORCES A LITTLE RIAVIER IO 011UCt HEAVY M/ot TO CUTDOV04

PlO PROU#.fEm INIliIAL FOVICES ONtPIO TENOINCIES No
CeimmENUR& N1404i VA4 I" IIAOY SECOND THOUGH1TS ON
FCIACES QEANING tIIICTiOh

IftlOICT~lt.Il~V NOT APN0004 fI.MIN TH4E VER4Y SAO
Of SliftE THAT of ItSA. Ffn
RSSPCAEE HE Re IT IIs VolRY FRUICT to

ATTITUDE VENY P001N 00NAYLY PRONEl IXTNEMEIL MAD FULL
CO~t$ROL/ To P1016, OWE ON TAACK I SLOWN PIC "41PJI Vil YOCi
TPACKING ITi RELATIVELY ITE SOY TRY TO A42009 IVIVLV OUT
,.A.PSUILITY THE NOSE ON TH45 TARGET

NORMAL IPOORN. viosmolloolUPI"4 6AO.VlRY AD OSCIILATEll
ACCELERATION PULLINOG.G IN
CONTROL j
OffECTS Of~ mocomFmikN. AJRPLANE OSCILLATES SO

RIANDOM SADIV THATIFIN DISTURB
ChITUASANCL.1 ANClS ARE NOT FiElALLY

N4OTICEABL.E

Ifo TENDENCY TO P05406H 50t FULL 11LOWNPI'I0R WHEN
PROBLEMS UP CLEANLY INOf TRACKING FLYING TRACK(ING TASK&

TASK WHEN I FLiW AlhILD.NE SOGRESSIVELY CANDO0
VfIIHfNEAIISlfC PILOT GAINS. TR4ACKING TASKS FIG AMON.
H4OWEVERN. COULDLOONATLY AIllt WILL IF YouA WKC OFF
IMFMOVI PIENPONMANCK BY ON YOUJR GAIN
NiCKING OFF IN GAIN.

WOOD ONCE ON ?ANGkT 11 WOULD NOT MANY.
FEATURES soIT THE NE.

OSJECtIONAMI VAIN1 REALISTIC PILOT OSCII.LATEl BAOLY DURIFNG
FE ATURES GAINS WOlULO GfEI PIC'S, TRACKING ANO GIOSS

101PIICH ATTITUDE ANDOINO ANIIUVERS
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It) ~.AIR~PLANE PLUS

FW -30 -- CONTROL SYSTEM (OL I
na .es * a #I AIRPLANE PLUS CONT4OL
vT *480 KL 0 091 . SYSTEM PLUS PILOT 40 L.)

. AIRPLANE PLUS CONTROL
P; SYSEM PLUS PILOT (C.L.)

-,,-- ,- 1-,J . * -,•- ,, - .- ) -J *rr -,-- S, --- • *% . J,4 -

-. 44 .t--.

F R S ON-E ::. :.A T

AM P . ... , .. .• . . , . ., .. .r. . . .;.. .•. . . . , .. -.. . . , -.. . . ., ... ; . .. .- •. .

~~~~~~180 - --- * 4 .

-#-- ~ ~ ................ • ......... ....... ,.... ...... i.........

2 .. 4 - -. . . . .,

• !..... .. • / .... ? .. ; ..

........ .1 . ................. .... ;......... ...

0 1 2 3 4 0 0 1 1 . 4 5

TIME - SE TIME ,- SEC

OP•N-;.OP PITCH AT'YVTULDE CLOSED-LOCP PITCH .ATTI1LhOERESPONS;E TO AN F, OR UE RESPONSE TC, C STEI ATTITUDE

IMPULSE INPUT COMMAND

.. .... . .. .. .. - . . ... .. . .. ..... ..... I .. ... .



Sp t 1 so. -o

PLY MOOT 1062/M

IP~/enI/K 0  
3.0/0Oh

OR 1"O

IfTCK INITIAL PORCM S IS X IEM (MEkY

FORCEl HEAVY RELATIVE TO THE
VERY LIGHT STEADY fORCES
ELIVATOR GEARING WAl6 A
GOMPROMISE IU TWEEP4

KEEPING INITIAL FORCES
LIGHT INOUGH ANO AVOID
INOk TENDEPNCIES TO OVER n
ANOOIGIN NORECAL
SECOND THOUGHTS ON
GEARING A SLECTION

,'IJEOICTAIIILIIV KTREMILYUBAO VERY
OF HEAVY FORCES INITIALLY.
"MESPONSt WHICH LIGHTEN DRAMATI

CALLY AS RESPONSE
DIVELOPS

ATTITUDE IXKTIMELY POOR CM
CONTROL TRIMILY IFFIiCULT TO PUT

TRACKING NOSI ON TARGET OSCILLATES
CAPABILITY ON TARGET IMPOSSIBLE TO

TRACK CANUGTPRETTY
GOO PiO'S GOING

NORMAL VERY POOR OETTER THAN
ACCtLIRATION ATTITUDE CONTROL. BUT

CONTROL STILL POOR REAL TENdOENCY

TO DID IN

a f 0CTS OF A GOOD PIO RESUJLT(D FROM
RANOOKE ATTEMPTS TO TRACK WITH

DISTURVANCES RN DISTURBANCES.

ItR TRACKING TAT KS CAUSED
PROiLEMS SOME REALLY STRONG PIO'S

UNLESS PILOT RE DUCES HIS

GAIN AN UNRE ASONAILE

AMOUNT

G000" DESN'T REALLY HAVE ANY
FEATURES

OBJECTIONABLE ETR(EMELY POOR TR4ACKING
FEATURES CAPABILITY. PIO TENDENCIES

VERY HEAVY INITIAL FORCES
VERY LIGHT STEADY FORCES
G000 CHANCE Of OVER

STRESSING IN MANEUVIR$
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LW__0 AIRPLANE PLUS

rt/TI - 1.26 BW - 3.0 - F CONTROL SYSTEM (C.LI

"n/a (1 .6 4PC - 67 _Q. AIRPLANE PLUS CONTROL

VT 430 - 1.86 '0 SYSTEM PLUS PILOT (OL.)

_I AIRPLANE PLUS CONTROL
SSYSTEM PLUS PILOT C.L.)

- rt , i l -l -, - .i!. •rI

20 - - .,.J -.1J¼ l .!. _ ,.-It -- tt 0 -, r, - "

~~~~-~~ t-,,4 -t * - .J .'r- 
4

:" .- , 9,

, , , L-- , ,, . ... 0.

- . .. . -. , - 4 + . -
4
r', ' ..-,.4 e ..,+ -! r : - 6

0 , ' --- 90.° ,- r" ",r ,r'r'

"''PHASEr- W 1iI

., ,., - .,.- ANGLE I-,-Jtr-r *t r - + '%dO ¼ +,_+ ',---+< • . ... , P ,. H-,r"r ir 'r •,, . ,-¼ - ,~- +++

,-'+r-r r & ,r -- O.u : 4 ,. 
-

.0. 1.-0.ISOR DIE

W RAD/CECW A/E

FREQUENCY RESPONSE CHARACTERISTICS
.. .... .. .... .. .. .. .. .... .. .. .....'' ... .. .. .. .. .. .. .. .. ...n -,.-.... , , •+t " "

- , , ...... .......... . . .............. ..... ......... .....

2 ,_ ,, .......- ......... . .....

2 ..... . 2

,-1-9• t T ......... .. " " _........... ... -..... - . ... .... .. ... .- + , .

A on

, _ + -s• -',-+/+.- .• ',+-t~l '...._... ,, ..-. ,- -,T r•• .. .' l ,

'- -',- '- • + ++:- .",- ..".. " - " - -.......... 0 . . .
.4n~.. .. _ .r '+ + ' .- .' ......"

TIM S-RA/EC TIME.- ADSEC

RESPONSEETOEAN O R ESOS H RACESPOSETOIC TESTTTD

.. ..... •.... •.... ,. ... .... , ... ,.... ,.... •.... , . . . . .... . .... : ...., ...• ... , .. •....,...

2 ' " " . ... ... i . .. .; ... . .. , .... ; .... ;.... t'. + ;. .. ". . . . . " " . . . . . . . . .

.lb: ... .... ...... •... •.. .. ;.. .. ,..

. . .•.. ... . . "; . ." .... ;.... i.. .. i......... ::.... :

.. I :, . ,+ ,. . .

IMPULSE INPUT 'CCMMAND
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COMPIOUNATION111 11 -1 -f
PLT /PILOV ?040 Di *

SICEI 0 14 SOME TE94ollfcy to

fONCEs 6SLE DUPING GEARING
StLEcTION. OUT IWNROVIO
WITH PAAClICl SO THAT
THIS TENDENCYV DID Not
RIALLIT APFECT THE
GE ARI NG SELCTION.

814104 CTOQEAMING It10000

PRIOICTANILITY INITIAL 141 PONSE IS
Of PRETTYGOOOO MAVISA
ft@SoNSE IITTLE SNAPOV. FINAL

NEEONW H AI A LITTLE
NOGGLI IN IT.

ATTITUDE IMPROV9D WITH PRqACTICE
CONTROL, OUlT NOT VINT 0000,
YNAC141" TaOE NON TO61141. IN
CAPASILIll? UTILING DOWENON TAPIGE?

NORMAL *008SE THAN ATTITUDE
ACCILINATIOF4 CON4TROL. OVIRS.400TA
CONTROL DESIRED 0 AND THIN

OSCILLATES SI VENAL TIMES
IN SETTLING DOWN

EFFECTS OF GMCITES AIAPLANE A 0G4AYA
RANDOM DEAL. F40oSOCCURJUST
DISTUO48ANCIS T04VING TOP PLY lTPIAIGHT

AND LEVEL IN THE AN
OISTUNOAl(l..

If" THE TRACKING TASK$ I*
PROSBLEMS PHASIEL THI 801O1LING

TENIOINCIEl WHICH SNOWED
WIN10 VPN TRACKING.

0000 OUITE MANLUVINASLl!
FEATURES SNAPPY PNSUONSE

OBJECTIONANL I MAMAR OBJE0CTION is glo
FEATURCS TENDENCY DURING 04N

DISTURGA14CEE. SMONL14G
TENDSNCY DURING TRACKING,
tENSITIVE[ AROUND TRIM.
G RESPONSE is NOY VIPNT

OO' LOWN WItN POSAITION COMMANDS
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ED AIRPLANE PLUS

Ilr- 1,25 - aw -. 0/ •CONTROL SYSTEM 1O.1

rid,16. 4 P .2 AIRPLANE PLUS CONTROL

VT 4IC 0.61 O* SYEM PLUSPILOT 1OoL.1

I AIRPLANE PLUC CONTROL
.. SYSTEM PLUS PILOT (C.L,)

20 -40 -

4
.-

5 ji* 
- 1

9- _ P , i t ! r ,• .• - - i f- , I

'-- r-' PHASE

.- - . .- 4 • .- - . 4 4• ;' 4.. * .-'• ." ." , = -: o - . - • • " " - - -• * -r "• ""_, 
;. _ • . , J - . l • , , - , r • , , ,. _ . + , , . + . , , , . . ,

.4 , _....& 4• . 4,.._, *'. ; .. _ i.;.JJ,.

(a) ,.RADISEC (•",RAOI'SEC

FREQUENCY RESPONSE CHARACTERISTICS

• ..•..•..'•.' .... :.... •.... :....~ r'"'r,-r"' ................... ... '"'"

.l I S ...

AML 4, t4t-

S .1 

.

, 5'

240 -2.0

AI 1010

!1 *:I I | t , I * I I I t

S.... 4 .. • .... * .... ..... - --- '

.• '•--.. --. -. " ... .: ...... .... - " .... 2 . ....... ,-' ... . .... :..... :.... •.. •

.. . .......... ..

S................. .......... .... .. ..

. .... ............ ... ... .. . . .... ..... ... •..

4 , ++~
* * 

iijt • i I

......... . . ..............................
0 ........ ... 0 . . . I ...

0 ¶ 2 3 4 E 0 1 2 3 4 5

TIME - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED.LOOP PITCH ATTITUDE

RESPONSE TO AN Fs On to RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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FLY /PILOT lOInim b 1061jW

11,1144011 7/3 viat 6/3

K"141NOR I I f-WE Noi 14OPE

STIC14 IIAVY SIATL FORCES ACCIPTA1114,1 SATII, 0 K MAYBE A LITTLE 0N
ponEis HIGH. OUT ACCIFIABLE. FACIONY HEAVY SIDE. Guy THIS Is

rNOS4 THEM HEAVY VO 0OK GFCAUIOI IT Icuts
*E10 OSC~ILLATORY 0004 EENSITvITY
T a D1 eNI aS UO0WI. PLgA310 WIHOENIO lAMNG

EsaLlem tI.

PHI DICI ANIL ITV OUItl 01EU'ONSIVI VINIAL NOOfLAY. COMESALOMG INtITIAl RESPONSE OUITS
of NISPONS96I IS SOMELWHA T At NIGHT SPat 0. avail G000 FINAL NISPON&E NOT
141 PONSI OSCILLATORY SHOO0TS. INITIAL G00D. tOOG0OI0 WOULOOVE01

PINAL OVENISHOOTITHEN SMOOT AND OSCILLATE,
DAMPS FASTEN DAMPING 1LIT THIN ENOUP ESLOW

CLOSED LOOP BITTEN THAN THE tAN(..-T SOME 714OUSLI
00P1N LOOP LIKE INITIAL FNEOICTINI1 WHINE1 NOSE
NESPOkSk. FINAL COULD WOULD END UP USE

___________________ 1 BITTEN DAMPED SMOOTH CONTROL INPUTS

AttitUOsl CIVt RHOOTt TANOETV. 0^AIN. SLIGHT TENDfNCY PNOT VENY 0000 FON TIGHT
CONTHOL THEN YAK&% IEV$NAL TO Ova NSHOOT *H0N AC ATTITUOf CONTROL BECAUSE
TRACKING SA1CONOS TO SETTLE DOWN OUIRIING A TANGGY FON OP OSCILLATIONS ON TAN
CAPABILItY ON TARGET. EVEN IN SMIAkL C0NNECTI0PN3. CAN Cat

SMOOTHAIN IXCEIC00OLV TRACK MEASONAOLTJ **LL
OIPFICULT TO TPIAC44 TAN4
GET IN TUNBULMENC ________

NORMAL OSCILLATORY WNOULDIN E AOIN. Hoo, OUrstANINGm 0000 PON OSNtNAL MAP4EU
ACCfktINAtION EASY tOOVENETNESS EiMc~IIN to ITcm ArviTuok VERING OSCILLATOMY
COTNIOL COiT440L CAN 41SE AN TENDENCY WHEN TNYINQ TO

OVINU4001TIN dBUT ACCUNIA"LY PULL 0. NOVIS
INCNSMS11NTS hllSSAALL. EVENI tHESE OSCILLATIONS

ANEiNOT LARGE MORN
IN 110O111LING CATEGORY

#PPECTS Of DIDNOYTCAUSENEAINLY THE ONLYISANELY NOICRIABLI NOTICEABLE EFFEICT
RNDO40M PNOB11LIMS EXPECTED, THOUGHT IV WOLD 911 DISTUNBS AINPLANE GUITE
DISTUNBANCES AL THOUGH4 THE SMOOTH won" out ToOSiVIOUS ABETV

AIR PROBLEMS WINE1 ACCEN LIGHT DANPII 1
fUATED

IF" oIEGNETE ENNON140 TNACKING OSCILLATONY TEN~DS NCY EFFECTS OF NN14OISVUNU
PNOBLE M% SHOWS UP Ova NEI40NGSHO WED w 10"0U IN DOIGNE T1 AINC E Ma N maaPrONOUNC 1

TENDENCIES SIMILAR TO ERNON TNIACK-NI3 TASKI SMALL P105S OCCUNNEID
VIAN TRACKIN4G NIN TRACKTING TASK SHOWED

NOTHING.

GNE 1SPONSIVE BASIC MANEUVERING IS G000 P~ON GONOS MANI U
FE ATUtIIS 4JUITE 0000 PULLING 615 VtNINO TtIM CHAOIAC

PINE NESPONSE SNAPPY TENISTICIOUITE GOOD
(AUT NOT ASNUPY

OB14tCTIONAG~t OCCILLATOPIY TlENDENCY MIND" OBJECTION It LIGHT FOON TRACKING OUT TO
fEAtulofs DAMPINGa WHICH SHO0WS1 G OCILLATORY TENOINCIeS

V1INY 09ANKOL Y IN THEI ONJECTIONABLE EFAECTS
DI'NIlya &010100 TRACKING OF PON OsITURNIAN0CIS
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0%A - _ AIRPLANE PLUS

_A , 1.sw BI 10 Ps CONTROL SYSTEM tO°LD)

wa/ . • It -. 35 .. AI RPtANC PLUS CONTROL

VT *460 KL 00.U? O* SYSTEM PLUSPILOTYOL,0

_--I AIRPLANE PLUS CONTROL
.. SYSTEM PLUS PILOT (CL,)

r-.• ' • 4r -- "r4 • _._ -_,. .J4, •"+ , *'•• " ' '`•- rij .4 -14-1 ,-+.

% 3 9i 4-_ ÷ r *,',, ' ' '

I.--,.J.4 '. . ,--.. ..J '+' • z-..4 ..'.4* .. . 4.4. ..

-r -4-a÷- 
., 

" 
.* ,At•

* . r ..

fl , , •...,,. ..- J-J.t-'r, •.-30.... ....... .. . ..4..
0.11. ýOO 100. 7. . 0. 0

AMPL -j:-ý-" &A/.:•"-RA/E

r -: r ,. -' ~r'-rj Ž' AN L

4 . .. ...-4 ~ 4 . 4" -.. .. . .... ... ... -%' . . . .P...*- - ' 4 r - . J , b"''.." - . ... ' "*.. . . . . . . . i ..4 . . '. ..a.. .

4 ...* 4* .4 ,

3-It

R AD/E - RAD/SE

FREOUENCY RESPONSE CHARACTERISTICS

4 , 4 ' :' 4 : 4
.. , .... ... ................... p....I --.. ......... ' " .... ......... . .............

. ..... ..... S .................. .........

' ................. 
... ........ .... .

... ... ... ... ..

.. ..... ..................... .
.. .. .. . ,.. . . . .. . + - ..... •.... L .... : ... . .... . .... +.... ,+. . . . .

Ty• ... ,..• . ..,.. ......... v .... ,....

S... .... ......... ,,. .;+ .. %. ........ .• "/ " ;. . ... ;..... .+ .

............', 4. .. ,, , \ 9. : '

i.j....4..... .... ..... .............. 

.... .... . ... ..... .... ..0 . .. . .. . .. . . .. . . '. .. ' f . .. ; ... ,... ......... :..... ......

0 2 3 4 5 0 1 2 3 4 5

TIME - SEC TIME - SEC

O N-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTI TUDE

RESPONSE TO AN FSOR to RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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*I1L0 t105,IW 1

WI MIG

STOCK 0 oc COVOAVIIUL 1 P00
FORMh SICONO THOUG0HTS0ON

GIAMIP4O SILICTION4

PRIDICYABILITY NoT vyin 0000 IN4ITIAL
Of of WONVA Is SNAPP'. guy
0146PONS1 FINdAL RESPONSE IS OICIL

LAT0NV ANDO LIGHL
DAIUSO *Him Tvallfm To
It TTLE 00*5*0*4 TAPIOET
USA %mooTIHw INPU tS

ATTITUDE POOR CANLEANNTODO
CON4TROL/ MRASONABLE JON ON
TRACKING SMALL COUNE1CT*0V45. OUT
CAPAOILITY CAN'T 00 VINY WELL FOR

kAAQE ATTITUOI CHANGES.
TooACKING CAIPABILI1TY NOT
ADEQUIATI FOR MISSION.

NORMAL soME PUOSIM CAN EAUA
ACCALfRATION ON4 THA 0 MAINLY ACCU
CONTROL MAV~kY. GUTI I OSCILLIAIS

if YOU 11KV TO ACQUIRE 0
AOGUIESSIVII.Y

IFVICTS OF GUMl' NOTICIABLI AIR
PIAH'NOU PLA141 OscILLATtVSWHEP1

OI~tuN~P~cSS TRACKING INi THE oppiBECo
OF 040 0111UMIUANCES.

If" EFFEacT op AN OSITrUN.
PRONAL1014 ANCES ANS MONOf 001MCKOUNcE

4101 THAN WIN 0 1
YRACKING WAA GUMT POON
VVNN*KOI OLA19601,1 UN
TRACKING WAS EVIN *00124

0000 UG65 4MANEuvKIINo WATH
01AT410411 1110001' IFCIJs is MITI

0000

OB.LTOPJAMLI LIG14TLY OANPIEOOCILLA.
FEATURES TOONE OUUI14G TIGHT

TRACKING CANNOTOAMAN
V(ItAt AGGNISMVILY All
flESIM1O IFFicTIoP moo
DISTUPOANCIS ARE 06JIC
TI ONAUL S

62U



4 AIRPLANE PLUS

rirr9  1.25 owa &0 r CONTROL SYSTEM 1O.0

IW i &$ itp *a .S. MRPLANEPLL,,CONTROL

VT 4" 0 * all - - SYSTEM PLUS PILOT lO.L

t AIRPLANIE PLUS CONTROL
- SYSTEM PLUS PILOT (C.L.)

200 -- --. , tl , * - n,- - " - -, .r l ,

o- . . , - -A r-:- , I .... .i .'

* 5- r'i ,'---_4i +ii ;A!, .:
do :.. A-I Ht'4 a 4 4ý

'...a- 4. < '€.• .i- -- r"ng '.-, '. . 4,- •"-J- -,' .... ,-4-
4

;-*.'••'..-÷•_-'.5 • '. -4-" ',,
* I, . , .t~~4l't.4 , 4 I

* ~ ~ ~ ~ -.- rW-,- 
~ s

0.1 1.0 10.0 100.0 0.1 1.0 1060 100.0
RAD/SEC W -RAD/SEC

F14EOUJENCY RESPO)NSE C14AIACTERlISTlCE

: . ... i' "',.... •.... *..... '.....•............ ..**''......".' .... ".... '...... ...... .... " ....

. ..'. ......J.. .....4 
4
.. r 1 O ~ % A 4 j..........

.. %: ....

•... 

.

........ 
...... .. .

-... -.. ...... ..''. ...... ....... ........ .... ' ..... ...

5.~' J~--.4'r r 44 4-r* * ', ' ,> .

:. . .... ..... . .. . ..... .... .. ,..... ,... . , , , ........ .........., ,.... ; . .,". .

S... : .,•... •.... .... •.... •.... . ... ............. ... ...... ";.. ...... '..... ,".... ;.. .

S.... •.... .... * . .-t .... .... .... •.... . .. ,-•-.

.. ......... ;.... , .. .-....... l l : '

... . . . . . . ... .....'...

.'' '1 .... ...... ."..... .... ... ,%........ ... .....

. ... .......... .... .. .... •... ... ........ •.....4 .... ..... .... r.... ... . , " ,- "0'

0 3 i.* * , '4 . -52 0 1 2 3 4 .

TIME - SEC IME HADSEC

OPEN-LOOP PITCH ATTITUDE CLOSEO-LOOP PITCH ATTITUDE
RESPONSE TO AN Fe OU EN RERPONNE TO A STEP ATTITUDE

IMPULSE INPUT commAN
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PLY /ELOT low 10dM

IP100111 ?1

STlick SELECTED ASHI4AVV AS I A WLI T 41 EAWVY. OUIIIING
1ONCEE COULD AND STILL PULL THE to LIO4tp A FORCEEPI pt

6 G THAT It A GNOUND OUCID WIILLATIONSIN10
RULE PRIONIPYYGIVINTO TRACKING NOSE1CONO
flaHIllNMANE U111NINGf TI40UGi4I6 ON aS A~lliks
NE1OUNEMINTS FORCES StLICTION
AMC LIGHT PON SMALL

PNEoIcTAuIIt 11 YOU CAN PNEOICT THAT ItIS Ou1Yt POOR INItIAL Oil AV
OF GOING 10OP'0 F(.LLOM 0 BY NE SPONSI

fitgookst DEVI LOPING SMAOITL LE&AII
TOOVINCONTNOL4 ICAN
PANTIALLV`OVSNCOME1 THIS
iT NDS NCV AV MAK ING
INITIAL INPUT. THEN MoV'NG0(
slick IN OPPOZITE OINEKCTION
ASNISPONIL CEVEILUPS
fW111ISO10P0ICULT FINAL
"NEEPONSO, IS OSCILI.AtON%
MONI OSCILLATORY THt
TIGH4TEN OUPLY 1$41,
AINPI .Nt

ATTITUDE ViNYv AGOO IPO0ED IF You POON DIFFICULT TO SIOP
CONYNOI. FLY If LIKIE AN4AlNPLA*49 ONTVANCET AFTENAON TAFT
TRACKING YOUCET INTOP1IOs 0ET. I) TENDSTO0910 ttCH
CAPABILITY NIOLIT HELPS SOME OUT NOT

MUCH.

NONMAL SURPRISINGLY GOODIN THE NOT10 VNY01000 OVEN
ACCELER ATION I'mS T11,I SESESI OUT $o I"# SHOTS09T IESINED G AND
CONTROL NEGATIVE SEkUhIGO0 OSCILLATES

tittler OP MAKES A SIAOCOP4PIGUNA OU4TI OSCItLA11rNY AND
NAP40OM TI0"ONNNE CAN GET INTO UNCOMPONIAWL OU04PNG
ONSWUNIIANCES 01110 TNOUBLI lid ASviaCo )NINIJTS

MUMNY TO COUNTI MAC T THE
DIE UILNANCEIS

IfN If YOU FLY It LIKE A PIGHTEN MANEUVENING IPAWITHANN
PROBELMS You MIGHT cost THE AIN INPUT& CAUSED OSCILLA

PLANE IF YOU FLY IT LOIK 11IONS ESPLiCALLY IN TURNS
AN OSCILLOSCOPC TYPE TASK. 01 TNIACICINCTASK 5140*10
ON THE GOnfUND. CAN 00 THE #AANMED TENDENCIES 1O
Joe GIVEN11,1400 AND OSCI LLA T1

01000 FOPI MODERATE MANEUVERA GROSSM1AN1 LVENIiNO OUIIt.
0 tATUNES ING THE PONCISAFIF NOT TOO G000

BAD CAN PULL I0SIT1ILE0
NELAtIVILLY ACCURATELY

O~jiCTIOP4A11LI VINY BAD T1NOINCY PON HESITATION IN INITIAL NII
OIATINEIS PfIOSO00TAPICET COT INTO 50000" TENDENCY TO

04IVEGENT OSCILLATIONS OSCILLATE DURING TIGHT
WHIM PUSHING OVW THE14 TOP TRACpKING EPEICySoP mN
HEAVY STICK POOIC PEN CT DISTURBANCES
SON L ANCE AMPLITIUDE
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ii;1" ,-- AIRPLANE PLUS
I f; 1.2. 5 -. 10 -.& Fs CONTROL SYSTEM O1..)W "T 4p4 a O.1- 1 AIRPLANE PLUS CONTROL

VT a 480 KL - 0.64 Of SYSTEM PILUS PILOT 1O.L.)

0 AIRPLANE PLUS CONTRO"L
O SYSTEM PLUS PILOT (CLo)

-. 44 • , *4• ,r.. 4.,1 + *..J+ *' 
*s•r--

4  
*• 

--
4*--.-- 4

46,q .. ' ' I''
-. +i * 4 * " +•- • +- * *4 ++ i ! +.4 +'*4

"+' * **, .. +. 4 *4l r'- 4 . 44 tl* ' - I *• -+ .Ii,0 4 
,4 -1'..4

.. .,. -- P-HASE 
+,,-,+*o

-din ~~ANGLE -..
'- - +**,"*' 

'.*A 
...

444,1,4. ~. 4.; .. ......... -
-- .4 J ,.. 

. .... , *. , .' 4, ... ..... ..... . . .. ..

-. * ,- *- .. ,.+-4+ ,i++ • .,ti' 
"-r-- '* '- "" - *, * • "-'

.20 .. .. .......... ... .- .... .. .. ...... ... . . . ; . .

...... -. . ...... . . . . .

..................................................
. ... .. ,... .. .. .. .

S...... . , . .

% T'

....... ... .... ... ... . . . . ,..• ---.. ...• , . . , + ,"- A ............... ,0.10 .00. 0

,.IiJ.L... . .. . .. .... : ... + ... I ... I.. : , ; : ' ' : : '

0 1 2 . ... ..... 2 3 . . 4
TIME - SEC TIME - SEC

OPEN.-OOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDERESPONSE TO AN its ont RESPONSE TO A STEP ATTITUDEIMPULSE INPUT COMMAND
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rI __ 
__MA!T

wap. u it to

STICK "IiC tIooFORCES ON I'E DESIRED LIGHTER STEADV
11O11CES 0EAVY SIDE TOCUT DOWN FORCES GUY GOOD compRD.

(NJ P40T1111101CIEs. FORCIS Most

comb" t ISOST KIEM TOM INITIALLY HEAVY.
THEN LIGHTER11, AND FINALLY
HEAVY AGAIN No SECOND
T"OUGHTS ON a&EAMONG
"SLECTION

FREDicTASILltY I1TMSM[LY POOR OREAT HARO TO PNEICT FOR A11TEP

OF DOIPICUL TV 160TACKINGO0R INPUT, INITIALLY NOTHING
1111VONS41 PULLING 0 I4APPENS THIN AIRPLANE VAIIES

COMMINTS LOST OFF THIN HANGS UP. THIN
TAKES OFFAGAIN THIS
RE ALLY COMPLICATES THE
TRACKING PROULIM.

ATTItUCE INVI[REMLYPOO.I P4O 1111REMELYP0O00. CAN'T EVOIN
CONTROL, TEMNOSCIEsoDIJING, TIGHT 0O A MEDIUM1 TIGHT TRACKING
TRACKING COMMENTS LOST TRAC KONG And 41A0 INOUGH MANIFUVFM WITHOUT GETTING
CAAP&I&ITY TOOK ON THS RAGGED EGG0S INTO A MEDIUM PREGOUENCY.

Of LOIS Of CONTROL. I nEo DAMPED. POO

NORMAL NOT AS SAD A" A or to Tua POOR. VERMY DIFFICUL.T TO PULL
ACCELtRATIOoN CONTROL. DUT STILL TO AND H4OLDS0 ANO 00 IT
CONTROL COMMENTS LOST I EKoVRMEEy POOR. MITH ANY AGGRESSI VENESS AT

ALL CAN DO THE4 JOS MY

I9ASY10IN UP UT THEN THIS
IS NOT A FIGHTER TASK.

EFFECTS OP AIRIPLANE WNASSOLOUJSY, NOTHING VOECIP IC STANDS OUT.
RANDOM COMMENTS LOST MAN OISTURIANCES WI0NS
04ITURGAOWCIS 14AROLY NOTICED.

IF14 IYPONG FUNCTION OP PILOT A SIT MORI TENDENCY To
104411161101 TECHNOU11. If FLOWN AS OSCILLATE IN THE NORMAL

TIGHT AS IT MIGPIT ES IN FLYING MANEVELVRS 0 9.
COMMENTS LOST RIAL LIPS, LOSS OP CONTROL TRACKING TAISK I KTRUMS LY

FRoomPo~osI LIKELY. CAN DIFFICULT TO DO. YIELDS
0O WILL IP YOU Fl~f THS ALMOST A CONtTIkUOUS CECIL
AIRPLANE IHOOTHLY, LATION SAME POR RON
HOWIEVERII. TRACKING TA*K

G00D NOT1 MUCH G000 TO SAY CAN STOP OSCILLATIONS MY
FEATURES COMMERTS LOST AbOUT AIRPLANE. STOPPING, WHAT I AM DOING

WHICH Is 0, RATHERA NEGATIVE
VNAY TO GET A 0000 POEATURE

OS1IECTIONAULE9 STRONG POO TENOENCIE COULD NOT PERMFORM TIlE
FEATURES DURING TIGHT TRACKING FIGHTER MISSION01 COULD NOT

O CONTROL IS ALSO VERY TRACK WTOTSTIGIT
COMMENTS LOST POO" ESCAUSEA OF OSCILLA A I 10. 111iNIT IAWL DILtAVY 1AND0 TYHyEt

TIONS. HANG UP IN4 ATTOITO1 CH4ANGE
MAO# THE FINAL RESPONSE
DIFFICULTI TO PREDICT
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Fe 7I AIRPLANE PLUS

i/To 1.25 BW - 3.0 Fe CONTROL SYSTEM (O.L.)

"/ia -is..6 4. -"21 .-- AJRPLANE PLUS CONTROL
vL w .. L a 0,O SYSTEMPLUSPILOT O1L.)

SAIRPLANE PLUS CONTROL
Oc SYSTEM PLUS PILOT (C.L.)

"20 - "*A,- 0 V. -' - - - *
, , i . *>....' • -'A- io4, * •. - v -:

0 "'r - ,." ,% - - r' * ',4 , 
4
- ,*r' *---' ..Ad-..E. ... .....

9g0

do-- 4.- ANGLE------- :'~~

•0 -2•_-

. . . . .. .. ., . -,: -•-~- 'rL'•':':.- -- ,- -• -........

0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0
W.0 RADISEC W- RAGSEC

FREOUENCY RESPONSE CHARACTEPISTICS

........ ...... ............. ........... ......... .................. ......... I.....

................... .......

. ......... .. ,........... 2 ........................

........ %. ........................

.. ... . ..... 4.... •.... •.... ;.... •.... •- "I..... .... .. ..... ,...... .. ............. -....

T :, . : ............................ .... ;• ..... , .. . ... .
• . .. .... r .... % ..... .. ... ......,.

......... u - -...

S.. . : 2,.. .. .. : . .. ~ , ...• ..i .. .... . ., . .... '... •

0 '" .. . •"" .. .. . . . .. . ... . .... '.... o .. .. ..... ... .. ... . .... ".....

0 1 24 5 0 1 2 3 4 5

TIME -SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
RESPONSE TO AN Fs ORa e RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT COMMAND
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1 - 1 , 16

PLTPLOT I0S0M 1001W

AP4IU6 /14 /14

IP*I111K a 11.3/04.61 4.446. f

STIC9( w"O MANGI OF STICK FOACKS
FOACt. COMMENTS LOST NONE OF WVICH I LIMINATE O

THE POO TENOENCY.

PfMEOiCTAIILITY VEYVEMY POON CAN'T
OF PMROICT INITIAL ON FINAL
MES1OP4ES MESPONSE AS WILL AS I WOULD

COMMENTS LOST LIKE. INITIAL MEIPON;ll IS
T00SLOW, FINAL MESPONS

ALSO TOO SLOW ANO OVEN
SH4OOTS. HAO TO TRY TO
ANTICIPATE REISONSE

ATTITU S OTH PMACTICALLY NIL
CONTROLf COMMENTS LOST ANY MiOOSMATE TMACKING
TRACKING GAIN UTS UP MILO BUT NEAN
CAPANILITY ItRO OAIMPO POO.

NORMAL VEMY P000W.
ACCELHMATION COMMENTS LOST

CONTROL

EFFECTS Ot A PMOVILEM IN STEEP TUMNI
RANOOM COMMIMNTS LOST AND IN iPM TASKS. i0 PIPONE
GISTUMiANCIS iPR WITH MN OISTUNINANCE.

iFfR WAS WO•*W THAN VII
PROVILIMS VeMY PMOtNE TO PIG0S,

COMMENTS LOST PARTICULARLY IN 0E.
TRACKING TASK. MN TRACK
ING TASK WAS ALMOST A
CONTINUOUS PlO

GOOD ONLY GOO FIATUMS WAS
FEATURES COMMENTS LOST THAT PIO OAMPENED OUT

OUICKLY I0 I LET 00 OF THE

STICK.

OBJECTIONADLE INARLIYV TO PREIOCT EITHER
IEATURES THE INITIAL ON TIOE FINAL

NEPONSE TN0*ENCY TOWAMO

COMMENTS LOST A PIO ;VEN FOR A MODERATE
THACKING MAI'IEUVEM ON
NORMAL MANEUVEM1, LIKE
3e lANK TbNNS IN MN
DISTURIANCES.
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. AIAPLANE PLUS
vt2 , 1.2 mw - 3.o F, CONTROL SYSTEM lO,.L,

n/a I-iu ,.t , -- , AIRPLANE PLUS CONTYCL
VT "480 KL "al, 0. SYSTEM PLUS PILOT IO.L,)

. . AIRPLANE PLUS CONTROL
0. SYSTEM PLUS PILOT (C.L,)

, •_ , •-, -, '-l v--r',r,4¾ . i r..... . : .- , r -. . .

.- - -l i +t - i - ., " +I--- , - J• I7 - -* 4%, 1J- . 4 4 4, -•t4,- - r *J. ,4, -. -* . --.- 4.

,,,,,,.. . +.. . .... +,I,,4,.
AMP" PHAS-E

114 4 1:1 1

ANGLE.. . . . . ...... ..................

, _, ,,.,zy~ :.+- ,'., ......... z~..:r.tfr .

, + * p-. .--. ,, . . .-...- ..- • ,. . ..... - +'*

*.. .... " ; 4•,, •+ - ,- +} -•+
., ?--,-...,- !-"-,.+4i•- •-r • ,'mr+-,. , ,.. .-.-.. +. . . .. ,

2 . . - -'..-..-- . +•*.2 0 -- - +' +..-.-.- 4

S4...4RDS C , "- A-/.4 j rre

FREOULENCY RESPW4N3E CHARACTERISTICS--

........................ ........... ................................ .... .. .. ............. ".. ...... ! .... ....... " .... ..... i ..... .... ...... ... ..... ! ' * . . ..

.......... ....... ... . ... .........................................

,4 , : : ! i.!

............................... ......... .•. .. .,+ . • .... .... ;.... .. .. . ... ._.... . .

: : : , , , , ... ....... + .

: . .• .. . .•.. ... .. . .i.... . ..... .... L. . . : . .

' : : ' ' ' i ....!'r '•+ .. .•'•'•' .... ' .... " .... i .... ! ... --
; .... . ......... ... . .... . .... ... ........ .. ....

0 ... -.. ...... ..... .. ... . 0 . .: .-. . . . . .•. . ... .... ; .. ..

o 1 2 3 4 50 1 2 3 4
TIME - SEC TIME - SEC

OPEN.LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
RESPONSE TO AN Fs OR , e RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT COMMAND
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JWE,.A rio

PILT.NfLOV 162vm IOUAVi

oft/01ON Sit 41

STICK OMM*NP"OT LIM. PINMAIS 1COULD
FORCIS NotIILS AVE Wilk1 A LITTLE WIAVIIEN.

PRIC"GYAUILIVV NOT 049ALLY VERY 0000.
of FINAL 111101110ft Is ot
Al9610046 COkwtNy LOOT OICIAKIE OUT INITIAL Ad

10,04111 IsToo P AST ON
£511UP T

AtTITUDE 0000 FOR1 WAALL ATTITUDE
CONTROL/ CHANGES V41N At ASUPT At
TRACKING COEMINTILST kWirONSE IS NOT OOJECTIOUIAOLI
CAPASIlITY fItl 0004 LARGE MANEUVI"

ING ITIE SA0.

NORMAL ONLYV FAIR; COMES ON TOO
ACCILINATION COSMENTI01 LOST PAST.
CONTRNOL

RANDOM COAlkENTS LOST NOC ET.
OOSTV140ANCES ______________ _______________

UN j NOTHING SPECIAL YO IF4N
PONOULt"E CoNWENTS LOST TlNO4NCV TO OVA NCONTNO4LI ~IN THE TWO TRACK(ING TASK&

O0TH APE gONE CAUSHE I.

GOOD THE CAPAVILITY Of MAAKING
fEAtuNEs COVAININ'l LOST SAALL ATTITUDE CHAMOIS

0sJ~I0NgLEAO"UPTNEE of THE INITIAL
OCOUISNS LOST 4404)MS IT REALLY H4UNTS

TO MAMIUVEN THE AIRPLANEI.___________________ AROUND.
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Sii a &16 AIRPLANE PLUS
so8 2.4 w 01s 

1 CON4TROL SYSTEM 401.

vI K p 4t~f AIRPLANE PLUS CONTROL
VT L &7 076 0. SYSTEM PLUSPI4LOT 1O.L.

---- -A AIRPLANE PLUS CONTROL
8s SYSTEM PLUS PILOT 1C.L.)

Pp"* t4 ~ -A -

-J'L

AMPAL.E PHASESE
+ROEC REZOS CHAACTRISIC

do -'A ,:Jjo - -1- '- " !' "' -:'%r........-...A .
, I ,,, ANGLE I -'.~~4*~~-? T ~ 6 '

* I I I ** ~ . . . . .

OA'
.......................

*20,, *j t J4A 1ý -J ý 1:ý *....,-A%

. h4.t

-A4-. &....,. ; ý

0c~ 1120.0 0. 1 .20. 100.5
TIM - SEC TIM - R /SEC

'RESPONSE TO AN NY ORPOS CHRACERSPONSETASTPTITD

IMPULSE.INP .T .CO.MA.

.. ...... ....



13 4J 3A116143

FLTP*LOY IWOIMI W16101114IY

ZuluII 14/011.5

KPIKW owu. 2,1/2.8 2.1128

STICK VINYV CLOK ToOPTIMUJM. VCRY COMPOPTASLEL POO STICK FORCE L IMI TED. HAD
FORCES "CafoNTHOUGH4TS 00GasAll CHOSEN LIGHTER FORCES. NUT

ING SELECTION. FELT HEKAVIER FORCES WERE
CERTAINLY COAWATfIUL9 WITH
THE CONFIGURATION

pRSOECIASIE.ItY 0000. 0000C. QUJITE PREDICYANLE INITIAL

of RESPONSE A LITTLE1 INV SL~OW
RESPONSE FCINAL RESPONSE SEEmED OKAY

AT FIRST BUY THIN TENOIO TO
WANDER OFF TARGET

ATTITUDE VERY 0000. VERY GOOD O0 VERY 0000. COUJLD VERY OulfIGO 0000 1ONLY PROSl
CONTROL/ TARGET. QUICKLY Move THE Nom JaM It TENDENCY TO
TRACKING PROM ONE TARalET To WAMNDER 00F TARGETI ONCE
CA8ILI1Y ANOTHER. NO SOMLIS WHEN 611TAX1.1904E0 ON IT

YOU GET THE*&E THE NOu
STAYS GLUID.

NORMAL TEND TO OVEAII400T 0 XAlT GUITS OUYITANOING, G000.
ACCELERATION A LITTLE MY; MORE POO
CONTROL NOLINCID IPA.

FFECTS OF NOPROSLEM. N"OFRLEM. NOTICEASLI EFFECT SOME
RANDOM DIFFICULTY COUNY1ERING
DISTURBSANCIS THE DISTURB1ANCE S.

lot" THE ABILITY TOP0ECOISELY No 10,0011,111111 11TY61RVFRtk AN IF1
PROULEEM CONTROL 0 IS N00OTICADLY POOR CONTROL IN STEEP

LESS IPA THAN VPR. TURNS. TENOfNC YTo
OV1LFSHO0T IN 0. 1. TRACK
ING TASK MIT COULD LEARSI

TO AVOID PROBLEM.

GOOD 3000 FIGHTER AIRPILANE, REALLY AN OUTSTANOINCI 0000 MANEUVE RING AIR-
FEATURES %WILITV TO ACQUIRE AND AiAIPLAW1. VIRY RESPONSIVE; PtANG. IEASY TO ACOU)IRE

RETAIN A TAIQGET ARE IX- "THOT S"ING OVERLYv "I A TARGET.
CELLEN4T. STICK FORCES WoP4NIVE CAN ACOUIPRE A
NICE AND LIGH4T. Q CONTROL TARGET QUICKLY APID EASILY.
NOT PERFECT SUiT STILL VIR Y PLEASANT AND SMOOTH
PollyTVYGO00 TOMANEUVIR. FOVICISMERE

COMFORTASILE.

OBEICTIONASLE. `ENDEN11CVY TO V664400T IN CAN'T TI4INX OF ANY. TENDENCY TO WANDER OFF
FEATURES I ESPECIALLY IPR. TARGET LARGE RESPONSE

I TO AANOOM 01STUARANCIS
I MOTH ARE MINOR OSJtC
I ______________________ TIONS.



IF~I uwAIRPAE PLUS olo; 2. -e- 03.6 ICONR~OL S,,S"EM o.L.)
vi a 50 P +3S A - APLANE PLUS CONTROL
VT .. .. 10g SYSTEM PLUS PILOT lO.L.)

-.... I AIRPLANE PLUS CONTROL
9, SYSTEM PLUS PILOT ICL.)

r Oar -- - r i -6

Hrr #J-- r.4-kHf.4: -J -'-

r- - u-4 ,! ,,,, - . , i, I+- ,,++ .,,-,<+, • +. 4

- ~ ~~ A IA --44ý Ai H r&.!+-...-.40 90

CaJRADSE PHASEDSE

A *. .:.. . .-

2- [_ _ . _, . .;+ .. .. ,+m _ + ++''-+•• t,+",+ .- • , +,.

' - r,:O 
-A -A

*...............�...I.... . ... ' . .

' '."

0.1 1.0 10.0 100.0 0.1 1.0 1 0.0 100.0

W -RPAi/SEC W,-,RAOISEC

FflEOUENCY RESPONSE CHARACTERISTICSI

.. ..... ..... ... ... ............... ..
; ... " ... P ... '"• ... •''' ... .... P ... ; ... "" .............. +........ T..... : "r '. '

2 .. .. ... ; ...:.-. .... •.... :.... ;.... ..... 2'--. . .
.. .. . .. . ... ... ... .. .. .. .. .. . ... ; .... , .... ....... ; .- . . .....--.

2 i- ......... ., .. ... .... , .... ,....,+.... , . .:. . . .;.........

.. . . . .. .. . .. . . . L ... L s ... .... .... " .... ,.... ,

on .... ~i i i ! !••.......... . " . .... " •.... ....... :.... .... ;........

......... .. . . . . . ..
S ..... ..... ....... .... . . ..... .....................

0 1 2 3 4 5 0 1 2 2 4 5
TIME - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
R ESPONSE TO AN rFoe O RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT 73 COMMAND
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III CCNPIOUMATINM

*-W AS 2.5/.M 6,4/JIl

MitS 2,4444 1,4/2.7 2.C/2,7

STICK FtICK11ONCAVY FORCES 1O QUITE ACCIPTAII.AS. OuITS 0000.
FORMl AVOID 01041MG 411d 129010N.

OIL A0T10 LEARN$NG TO
FLY THIS CONiGWIUATiON.
I WOUL.D PROOSALY LOK&
SOMEWHIAT LIGHTER fONCES. __________

POIDICTANKLITV UI~tICULT TOPREOIC1 FINAL OUITE 006DICYAULK., INITIAL NOT KAALLY vinY 0000.
of NIPONS FROM 100TIAI. ME- ANE WONI COULD Ed A SHADE INK NISPONIS It TOO SLOW,
"REIPONSI SPONSE IS I0N1110 - ImPACYID SNAPPIER OUT HAT'S VERY YOU HAVE TO USA PULSE LIKE

WITH PRACTICE. NEED TO MINOR. Pik"~ REWONE 000D. INPUTS 10 WEED IT UP. ?Wig
OVERDRIVE SO THAT1 FORME RESULTS IN A FAIRLY SMOOTH
VAINE IM TO ALLY HEAV Y, RESPONSE. OlUT Oil. EASY To
THIN LIONTER, THAN MEAVY GET MORE THAN YOU IEX
"AAIN Ch $TO ADY-STATI. P111CYID. WITH PNAICE.

You CAN 466ANN TO STOP THE
AIRPLANE PRETITY MUCH

__________ ____________________________________ WHERES YOU WANT IT.

ATTITU01 01NI1TTY GOO0. EWEICIALLY GO0D. VEAY SOLID FEELING. ONLY PAIN; LEANINIG TOWARD
CONINOL, IN OOTH" AIR. NO TINOINCY TSOW 74141 H POO" SIDE. IF You TONE
TRACKIN*G GO-) TNACKIMO AIRPLAN4E. Dom0 YOUR INPUTS You CAN
CADA*ILITV STOP MOSSd WHERE YOU WANT

1T NEASONANLY WILL, OUT
THEN YOU'ANE NOT MOVING
THE NOSE AS RAPIDLY At YOU

_____________ _____________________ ______________________WANT.

N14ONNAL DOGGIMO-IM TENDENCY AT 0000, CAN PULL A VALUE OF NOT 0000. 0*01INITILV OVEN1.
ACC14.ENATION FIRST.- LEARNED TO PULL 0 G AND 44040 IT. CONTNOL WHENh YOU FLY IT
CONTROL. PAINILY ACCUAAT11L? WITH AGGRESSIVELY.

PRACTICE. STILL SOMA OVEN,
CONTROL. TeNOweN. AMUC
wwFI CURING FUSHOVdRs

___________THAN IN PULLUP6. ___________

EF011CTS oPr M NEW Pow"0011.1104. NONE114 Plo OI4TUNGSGCS MaVE THE
RANDOM AINPLANE ARO0UND QUITE A
DISTURSAMess Sit. AND I? S 0#0P-uIT TO

IPA SEIED "fTTEm IF" THAN PLEASANT TO PLY. NEASOPIASLI AIRPlANE ION.
"P004 AWE VPNA. PRODLEMS CHOWT SEEM DIFFICULT TO KEEP UP WITH

TO 11MO UPN1AftA$ AMUCH NM0 TRACKING TASK.
____________At WITH VPN PLIGHT. ___________

G000 PONTTY ZVI ACY ON TANGET. 0000 TRACKING CAPA11ILITY. CAPASILITY FON PULLING
PEATUNES 111"CH IS AN IMPORTANT EKCILLENT. 0000 TRIM. LOTS OF 04300(000,

PIATURE. COMPORTASOLE AIDING
_____________ ______________________OUALITIESS

ONJECTIOOASLi DIGG010iNOI TENDENCY. MO IIEAL ODJECTIONG ONLY MAJOR O.IECTION It INASILITY
PIATUNES HAVING TO OVERDRIVE TO MNOR, OUJT WOULD LIKE TO TO MNAIUVEN THE AIRPLANEI w GE OE OVING RESpoNSE SEE SLIGHTLY FASTIN SNAPPILY.

CAN SUNPRIEE YOU $IN AVALUPT -INITIAL RIPONEE

NIIATING1S NOT USED1500I DATA ANALYSIS. SEE1 DISCUSSION AT THES SIGIMNN111 Of THIS APPENDIX.
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S.... .u _.___ , AIRPLANE PLUS
INS; 2o, B 7&6Fs ~, CONTROL SYSTEM (OL.)
WatgU0 41 +0 , ?- AIRPLANE PLUSCONTROLVT -16 KL " 1.00 e SYSTEM PLUS PILOT (OL.

I AIRPLANE PLUS CONTROL
00 SYSTEM PLUS PILOT WC.I..)

-F 4 r-•.- t., it ,jJ4 , .. i_ .•.,.
'• " %'L'•'- *-r ''m - I-r'-:P• P ,. -{ T9" -; -. --- ,*. - -'-H • J;!

AMPL- 'I' •--,-,-,HASE • -'-• •"••-• -~ - --= .. '-'-J '

• -,0 ....- ,j4 - . _ . ... .,l. . L

0.1 1.0 10.0 100.0 0,1 '1.0 10.0 100.0

W. -RAD/SEC CA. "- RAD/SEC

FREOBUENCY RESPONSE CHARACTERISlTICS

.............. ....--- °q.°* ° °.. .. ,..•...

rH I' : ' I :S **

S ... I S...; . .. ....... "..4.. .. s.. ... I. .... ,

2 A , , , , , I

*'1...i.., .. ! .. i.. .. i.. ,L . '**.... ... ' " - "• ' •
S............................., ...... L...

, ,, , : , , , , . . . .

0 1.

*' ... '• " .... ,......... , *......... •.. .. : .. •° :.. " ;...;.. .. ;.. .. L..

S• .... •...• .... . .... ? .... . .... : .~... ....... , , ,-. . ........... •..... ..... •..

0 1 2 3 4 4 0 1 2 3 4 P

TIME "-SEC TIME ,-SEC

OPEN.LOOP PITCH ATTITUDE CLOIED)-LOOP PITCH ATTITUDE
RESPONSE TO AN F5 OR AC I•ONSE TO A STEP ATTITUDE
IMPULSE INPUT COMNMAND
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1ijp.3. toi.I
PL?.DILO? IOSS/

P 10 w tB/ES6

STICK LfTLI 0ON THE HEAVY 841)0 TO
00"cls PREVENT? INADVERTENT INPUlb,
PRAD*CAIASLITV UNPANDICYASLE CANPUTIM
Of INADVERTENT IftPUTIl
AlEVoN~ PARTICULARLV GAO FOR

NEGATIVE 0 MANIUVIAS,
NOT T00 BAD NE41N ULLiNG
POSITIVE 0 BUJTISNON.Alfll
PLANE LINE NP41C14 MAKI& IT
DIPPICULT TO ADAPT TO.

AYTITUOS NOT 111ALLV VINMY GO00.
CONTRNOL/ HAS A TENOENCY TO 010
TRACKING kANGE AMPLITUDE. ONCE ON
CAPASILITY TARGE? T hIVE ISYNk A$ A

____________ MOCN

NORMAL pNEI TV 0000.
ACCELERATION
CONTRI N.
EfFECTS Of SHOWS UP APIG 11ENOEN1CY.
0NAMOOM
OISTUNNANCEIS
IFN POINTSUPPIO TENDENCY
FNOstfM4 PANTICULARLY THI AN

TRACKING TASK.

GOOD COULD ADAPT AND PULL 0
FIATURES PAINLY WILL AND MANEUVER

____________ WELL,

OSJECTIONA.Il CEALLY HAD TO COMPENSATE
FIATUNT.I1 FO1 11Ht DEFICIENCIES TO GET

THE NOESE ON TARGET. COULD
__________ Of GT INTO A 040
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EDI 0. AIRPLANE PLUS

Wew2.4 VE m'55 - F I CONTROL SYSTEM (O.L.)

s/it tl so 4w- 47 AL AIRPLANE PLUS CONTROL

_VT P KL a0.02 00 SYSTEM PLUS PILOT (O.L.)

o AIRPLANE PLUS CONTROL
t SYSTEM PLUS PILOT IC.L.)

io0.

rJ tA t. ¼,.

-$L A 4.1 PHASEi

-* ~ ~ R1 '~:.t:~z ANGLE *.:. t: ::

1' .4

- . ...- -

.270,

0.1 1.0 Ito0 100.0 0.1 1.0 10.0 100.0

W .RAO/SEC WA -RAD/SEC

FREQUENCY RESPONSE CHARACTERISTICS

........ ................ . . .

.. . . .. . . ... ....

.......................... ...... I ............ .........

.............. .....

... ........

............... . ..- . ..

0 3 4 5 C 1 2 3 4

TIME--SEC TIME .SEC
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stick ON THE HEAVY WOE4 TO MIN4 ONH0E1AV V 6004 ON UPunOSE CIRVAINIV 0 N. SECOND
FORCES OMIS Poo TENfovNcY At MUCH 10 HELP PONVEW4T UNWANTED THOUGHTS POSLY LITTLE

AS POWILE. NOSCONO INUTS. "aS"COW OT1OUW~rL HIAVISHI STICK PVONCIE
THOU01H11 INITIAL POO-= WOUL RDUC slutENOENCYm
HEAVIERf THAN STEADY TOWARD PI905.
F ORCE S

PNEDICTASll~ITV NEHAVE$ I% A PE9CULIARl VINY PO0N I1aoflb. LONG INITIAL NEU'GbISES II
OF ASHION THNEPONI01 NOT DEfLAY IN1 INITIAL RESPOkSE DELAYED EVER gOtLICHYLY.

ReSPoNSE 0000 OUIT COULD ADAPT TO tIACS ToP40o POINAL iu. THIS LEADS TO A PNOU4EM
some 09(0119. Phoft NOT PRIOICTAOLI. TR4YING TO STOP THE Al".

NINO Of AlOPI.AMN IHAT PLANS RESPONSE -START
SCA144S You. OSCILLATING AGOUT TARGET

OfET A CL ASSIC AL 040.

ATTITUDE V10TO NOO1100f VARCE I 4 PRoNEilt. ON TAIrGE IT Is OUjTE P0014 WPIME AP.
CONTROLI A RE1GULAP1140. NOV PULL SO4LI0. GET LARGE AWPLI- 040AC410 AGGNEUIVALV,
TRACKING SLOW11. VUCE OSCILLATIONS ASOUT COULD ACAPT MY LUSING A
CAPASILITY I C1 PULSE TECHNIOUE OUT STILL

UNACCEPTAME TO Ml.

NORMAL ROLE5 TO PULL 0 PAINLY WELL POOR; 04AVE TROUSLE TENDENCYV TO OVINCONT00OI.
ACCELENATION mUT $0009 OSCILLATIONS PULLING ANY CONSTANT G THE 0. OUT 00N GENIRAL
CONTROL ABOUT THE C. LEVEL. MANEUVERING IS O.K. HAVE

A PRNOLEM IN TIGHT TRACK-
____ _ __ ___ ____ ___ ____ ___ ING.

EFFECTS of NOTHING NEW. REALLY SCARED ME, VENY moTiICAGLE; HAVE TAOUSLE
RANDOM LANIGE AMIPLITUCE 0 IMP4JTS. COUNTERING THE6 EFFECTS OF
bi$TUNUANCls THE IST08URU0ANCIS SepE.

CIALLY MRN,

9100 NO law PROIAOLr WORKED KEPT MY GAIN COW UT NOTHING New. VENDENCY
P00101L1,100 HANO ON0 0.51. IRACKING COOLDNT D0 THE 4&9 TOWARD 04O IN 0, 1. TRACK-

TASK EUT NEVEN GOT INTO VA TH PONOAIII PLOT GSAINS $NO TASK.
ANVYTHNG THAT AIPPOACHNO COULD GET INTO SEAUTIPUL
A PULL-LOWPOMM 040A.

000D 0 CAPASLITY NOT TOO SA. 'ON GIN VLS IAANEUVENSII 0000 MANEUVEN CHANIAC-
FEATURES Asia TRACKING ore REALLY TERISTICS.

GRE AT.

CUJECTIONASL LIGH14TENING OF $*flCESAS ANY AGGRE6SSIVE TRACKING TENDENCY TOWARDPOM IN
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TENDEN0CY TO two IlI 04018, CAN 111 STPE S Y SACKImN
TENOINCY TpO M. RESPoNS OPP IN GAIN ON NELEASING
It NOR.AIPIPLANE LIKE. ITHE STICK.

v PAYING$ NOOT USED INd DATA ANALYSIS SEWE OOSCtJS4IO AT THE SECINNOMMNG OP THIS APPINOIX.
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PLYMLtOV 1*"107/U 1024AV

STICK "AD TO PICK T"ON VERY HEAVY PRETTY 0000; OUWN COW. WUITS COMPORYAILL 40
POPICS TO "I DUCI UNWNANYID INPUYS, fORAOALS. VSLCT011 A LTYLS ISCOftO THOUGHTS

ANG COMPRSOMISE 0 " A him H& AV V Sla TO NIP U140.
IUVGNAMLITY. Ttvs-v o0owid No "Casio

T"OUOHwye 10W ANING

PWSWiCyAUILITY 0O0D; COULD PULLAOGIVIN 4 A LOY1LI*OVILIM. TINOITO INITIAL 01100P1106 SNAPPY,
upPRETTY WILL. INITIAL PONICI OVIIII84001 A all IN ATTITUDE MORI THAN NICISSA"Y

"SISPONS1 ANN QUIT2 LIGHT NUT MEAVY AND 0. TH4 INO VIAL FORCES FINAL MNIWN 0000OD
Pop 11ANSUVINMOG, VIRY "a. ANN WATI LOONY CONPAMNI CAN GI T ON TARGI T AND
WoNIV1 AINPLANS, VAINLY TO VMS STEADY "OChS. STAY THINK OUITI NICILY,
GET 1SIMAOINTINT SITSM THIN AIRPLANE I9 S VIY NII,

ATTITUOU P1l0rY 0000; COU7LD OUTON tINOS TO OVINdaNOOT IN Ac. QUITI GOO0.
CONjTMoL TARGllT AND TRACK WILL aUININO A TANGS T, AND YOU
TRACKING 14AVI To MOLD TH4U NOGI Oft
CAPASILITY THU TARGET PON A SECOND

To IAAtS SUVA IT STAYS "WINE
WMEN YOU MILSAI VTIl
POANCt. NOV REAL STEADY ON

_________TARGET.

NOAftAL 0OD000 THE SEIES THAT YOU A MY OF A PIWVIL161. TIMMS G000.
AccSltIKAVION COULD PULL 3 ON 40 QUITS TO aVINUIOT A LITTLE IN 0.
CONTROL. ACCURATELY Mly POOR II.

CAUSE OF IMAOVSINTSMT 0
1"IlPUV PARITSCULARNLY
SONATIVI INCRIAWNTS.

IPPICTS OF hIPOOMAM.& PIMTTY 000 iiN Piunme NOT A FACTOR IN THlE AVALUA,
RANDOM OPP ND11OITUNIACIIUON
ofavUNIANCIU

IfSl NOpAO"IEMS COULD 00 IfS lA~tS DINTS NOTHING maw.
PUOS1LEMs WILL.

0000 011POINSVII. OUWT A 116IWOFMIVA AIMPI.ADS PRIDICTAIILITY0000IVEN
FIAfUNKS RICKPost mANSUVOININO. CAN THOUGH IT ItA LITTLE TOO

CISTAJNLY PULL LOINT LOAD SNAPOV. HAHIIJVINAGILITY
FACTOR. CAN MOVE PROM CHARACTSIOSTICS AND TRACK.
TARGE1T To TAMUGSI QUIll INIS CA#AWLITIlIS AsSa 0000.

_________ ________________WILL.A

OSSCYIONAULI STSAOY.STATII #0015 TOO soeOME 0V4UIMOO IN MOVING NONE
FlAYUNIS HEAV`V INADVERTENT 0 INt '000111 TARSGEV To TAPIGIT.

PUTS, P"ARTICULAULY IN N(W4.L INITIAL PORCIS A LITYLK
RIVINSALS, Too "ISPAMSIVS. LIGHT STEADY CONChSA

_________________________LITTLE___ HEAVY._________________________ V I _______________________

____________------------ AIOWNUL O0
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wo.13 tgp *73

FLY ff11.0 1044/m

PRIPION 311 S

llp~ptev1.4114

STICK OlM0OIlAfE FORCES. HAD to

poNI:Is PICK A COMPNOWIS

I'MILDICIAMILITY UNPNEUICTAOLIE IN THE
Do NEGATIVE U DORErTION A
"IIETplopst LI tTLC SINT OF A NOW AMPILANE

11K1 MIESPONSE TEND to00f1
UNEXPECTED RESPONSE&
OVERALL IT WASPNEODICTAGLE.

ATTITUDI Vi MY NICE IN MANY *AYg
CONTROL, Of ANY THING, TOO MISPON
TR1ACKING sLIV HOLD THE STICK
CAPASIL.4tY LIGHTLY

NORMAL GOOD0. SOME ova 411114001
ACCOLINEAVION MIT NOT lAO.
C ONTR OL ____________

If 1 1CCTs Of TINDENCY TO 80SLt IN
RANDOGM ROUGH AIR.
015? URNAN.C S

IFM NNOTHING NEW~ COULD DO A
FROML EMS G000 Joe.

G~OOD 4NAP"Y PIOI4T11 MOU11MATE
F1,ATURES FORCES, PREETTYGOOD Cold

TAOL LIVER 0 AND TRACKING,

OJE1CTIOINA411,1 RELATIVELYMINOR LITTLE
IfEAlUREs TOO RESPONSVIV TENDENCY

TO PUT IN UNWANTED INPUTS.

WOULD so POOR IN ROUGHI __________ AIl%
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,Motto 13114

STICK P"ItTY 0000 GEAR4ING
FORCES SELECTION WASANTOF A

CGMPROMIW INSET IM STADY
PORICES AND TRACKING
CAPASILITY

P011EOICAGILITY NOT TOO G000
OF

ATTITUDE HAVE TO WORK TO ACQUIRE
CONTROOia TARGET ALSO CIPPICULT TO
TRACKING MOLOON TARGIT POT AS
ICAPASILITY ITEAOY ASIT COULD Of

SOME PIo TENDENCIES IF
YOUR GAIN iS HIGH4

FORMAL SalmEoodo. No REAL
ACCELERATION PUIONLIMS.
CONTROL

EPPECTS OF 0600000tems
RANDO0M
OISTURUANCES

PRt CLOSE to % PloO0N THE
PROL(MS RAMOOM NOISE I RACKING
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Go"0 OKIC TO MANEUVIR STEADY
PEATUMES FORCES ARE A LITTLE HEAVY.

OUT NOT TOO GAD

OlUJCTMOIABLE TENOENCY TO OSCILLATE ON
PEATUR&S TARGET

88



[III____ j. AIRPLANE PLUS
We 14 so S Fs CONTROL SYSTEM 1O.L1'V. -0 -+6 -----.1 ., A'"IPLANE PLUS CONTROLVT -eeS 0e SYSTEM PLUS PILOT IO.L.J

_I AIRPLANE PLUS CONTROL

20 . .08 SYISEM PLUS PILOT (C.L•)
F- '%r~4~rr~gp.*.J -f',i..kr t4i 

& -J :-4%

"--*- -.4 J--- 41•.- '',.,;l." .. tr r -- ,.4 .--.-J " i--*- 'i-4 r:4ir4 -i-e -•, -_t. ..t4 9 
0 , • •

, -A -,'• •ii - .

. . .. ,. ~ ~~- , ; 4. , : , . .. . .• ...AD~. ,--,- 4,,- PH .. •1•_, -I •i*- 3'••

-dr, 
Z 

ANGLE 't r tt

.0 '---. f$.4. . J .A.J z I f ,- rs-, r, , .- -.. r

-Oler

-40r
0.1 t 100.0  0.1;"- 1.0 Im 0.W0 - RAD/SEC W0 RAD/SiC00 10.

PREOUIJNCY RESPONSE CHARACTERISTICS

,. ---.... -..... ... ......... ..... ......•.. 1'1 ....'- 4 .......... .... •.... ,.....,. .... ..
, ... . -- ........ .... . .......... . . . . . ...i ... ............... . . .. . ...

, IT; . . .~~..... . . .. ...-• t " i-'.,, .... .,.... ,.... ... • ..
.. .......... ...

_
...........

4 .. . .. ... . . ........... .

on . ... ... ...... . ..9 . .... . . .4
* - • , 9 9 9 2 2 2i i . t i i i• * * 2 : 2 . * * 9 *

'.LL..l ... . . . .
S. . + -4...L ... . -... ....... ..... . . ..

.. .' .... - .- . .- ... 6.... .... .. ..... ..- ......... .,....... a ,. . . . . . . . .
0. . 0 . .. .

03* * t • e 9 9

I4 5 ; 1

TIME SEC TIME - SEC

OPEN'LOO PITCH ATTITUDE CLOSED.ILOOP PITCH ATTITUDERESPONSE TO AN FP OR do RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT COMMAND
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PLTy.ILOT 16m IOWA/w

PUIPO.N 6/3 0

IP*MI/56  s.uo w•

STICK NOT MEAL HAPPY VHAI ACCIPTAULI. A ITTYLI ON
FORCES PoEeS. GEANING SELECTION YHE iEAVY 5405, OUT HEAVI.

"As COMPROMISEIUITINEN NEaI"It NECESARY V0II I1
STEADY POOCdS AND TRACK. PROVE OVIRCONTROL
INCA FORCES. STIAO FORWCES TENOENCIES
ARIT HEAV., UTI GEANING
U9Sl TOSS AS 0000 AS ANY
OTHE S TRIED

PIEOICTAI1LITY W#ASN'T VERY GOOD INITIAL M4 SPONSE IS STiRANGE E
Of PORCSWINEI LIGHT STEADY wlO [ STiNTSO OFF SLOWLY
RNaspoiS POPCESHEAViEN NOTA THEN" C1 UP. THEN

VINY PRON1OEclo TEN1|0N FINALLY OVINSI4OOYS,
CY, OUT THI •lIp-ONU" WAS A LITTLE DIPPICULT TO
A i1t PECUL*IAR LEARN TO FLY SUt NOT ALL

ISAD

ATIOTUO4 POOR OVE IROOT TARGET. FAIR HAVIYUPUITIUFUT
CONrIOLo THEN 1160 Of ROWIL. ON IN THEN SITANT CHICKING
TRACKING TARGET, SOONLS ON TARGET WITH OST1 OINECTION
CAPAILITY It PECULIAR. AND OIPPICULT WORST WITHI LANCE INPUTS

TO DiSCNlIot. COULD US1 PULSES TO MAKE
SMALL ATTITUDE CHANGES

NORMAL NOT AS MUCH Of A PROBLEM TENOINCY TO OVERCONTNOL
ACCELERATION At WITH ATTITUCE CONTROL. UNLESS MANPIUVER IS DONE
CONTROL OUT Do0s TEND o OVEi. SMOOTHLY

SHOOT DESIRED G.

PFFECTS O NOTHING NEW. NOTICEABLE. OUT NOKlANOOM
ANOTUNGANCS_ 

SIGNIFICANT EPPECTs.

IPN SONS TINOENCY TOWARD NO NEW PROBLIM. SOME
ItOIWLEMS POO SNOWED UP OUNING OVENSHOOTINO TINOENCIts

TRACKING TASKS, •UT NOT ON THE 0. 1 TiACKING

Vf.4Y PNONOUNCID.

0000 NOT TOO SAD PON MANEU MANIUVEIAILIVTY AND 0
FEATURES VIaING. OVERALL FORCE|S CAAILIT• ARE GOOD.

NOT SADW

OSJECTIONAiLK MEAL PNOILIM IN ACQUiRINI TENDENCY TO OVa" N AIR
PEA'lUNES AND TRACKING A TANGEI PLANE AND OVEISHOOT

NEOPONSI TO PILOT INPUTS TARGET
It P9CULIAN AND UNPME
OCTASLI SOME OVER
SHOOTING TENOS NOV IN

_ MANEUVENING
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I/ve; 14 f W. AIRPLANE PLUS

402 -+36AIR"PLANE PLUS CONTROLVy $ 76 KL "i J.9. SYSTEM PLUS PILOT 1O.L.)

Al ARPL.ANE PLUS CONTROL
O, SYSTEM PLUS PILOT 1C.L.)

*sHt.444 i --1 -'I 'l'--

N 
i4

AMPL. _j_ 1_9 PHASE .4
-. S ---ý0~:~;H ANGLE -4 * rI 4

4.h64....

-1 
ý I I- -, J

~0.1 1.0 10.0 100.0 II1 e 0.
W JRADWSEC (A) RAMEC

FREOJENCY RESONSE5 CHARACT SRISrICS

.................... I..

... .....

....................L... .. .... . 4. ..........

0 1 2 3 4 6 2 3 4 5
VMS - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
RESPONSE TO AN Fs OR t EPNET TPATTD

OWULS INMYCOMMAND
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V 3,rI a° + + + I * V+

__________ t.i._< ____
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I I0 :

- Og
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tI aAIRPLANE PLUS
V8; 14 Ow ] Fe CONTROL SYSTEM (OL.I

I alat - 4'P * 7 .- .G . 0._ i AIRPLANE PLUS CONTROL

Vy 0' 47 KL (.1is SYSTEM PLUSPILOT (OL .)

-. AIRPLANE PLUS CONTROL.
Kc SYSTEMPLUSPILOT(C,L)

A *o 'A I.ji p . 4

0 ,,,'' r . ..t-- V r,-" *' -r"-, -• .4 r -- ,-,-,. '~ -" ....... . .

•,I• , .-.b.4.. -, r,. 4 * H 4' -• , * 4 ... . . . .,4 4S. . .. .•. .

"AL -- ... *--.r-.- .... . PANGE ....... 4,.

-do -- + j;;. - • . '• ANGLE
r.•-- ".-:-. - ".. •.'•..-....... . .0....... ..

b--A r- -r4 t- .- ,$ - . ... DEG.*.-

.,J0.:,:-t-:t ,- ;- ,; j-. --, .............. ... 1. 4,

A. t

-4 4A- 41 -J270I n0fl r'-....................................................................................

0.1 1.0 10.0 100.0 0.1 1.0 o0.0 Qco 0

(W - RAD/SEC W. -- RAD!SEC

FRE'QUENCY RES"ONSE CHARACTERISTICS

..... ... ... .. ... ..... .... ...,. ............. . .. . ....

- " ".. .. .... . . ... ....... .... ..............2

4 . , ..• .. .. .. : ....... : .... , .... L .... .. ..

.0 .. . . . . .. . .. ..... ..... . ... ... .. ....

.. '• '• . .... ' " ;.... 1 ......... ;...... .. " . . . .r " • •"

. . .. .... .... . . .... ; .... : ... ..... .. . .. . )o0 • .. .. i. . .... ;.... :.... ;...... ........... : - . .
o 2 3 4 5 0 1 2 3

TIME ,- SEC TIME SEC

" OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITC"H ATTITUDE

RESPONSE TO AN Fs OR of RE SPONSE TO A STEll ATT I TUDE

iMPULSE INPJT L..OMMAN D

*...44 L



PLT.DIOT lIau IWM

0"0010 4.32.

401M/I (WH I4#I0 NT

STICK ALITTLE HEAVY WOULO MIGHT H4AVE LIKED THEM
PO"Cal H1AVEI LIKED PNCESI SOME. 3IMKWH4AT LIGNTL I. WUT

WHAT LIGHTEN0. PERHAPS O EAINiG USED WAS THE
OUT Of ANINO IIED0 *A%1 THE LIGH1T EST ALLOWE D,
LIN.IfTST ALLOWED. CEN4TAINLY SATISPACTORY

HOWE VelN.

"PIfDICTASILITY A PNOOIEM THE FORCES GO A#01PLANES RIESONISE 1S
Of FROM HEAVY TO LIGHT TO V69Y SLOW ANOVOU
pitSPOSif HEAVY AGAIN AS 'H4 E At THEREFONE HAVE TO Ull A

SPONSE DEVtLopa GIVING LANGE1 INirIAL IPNPUT AND
P013111,111 N TLJLLING Q THIN TAKIE IT OUT 10111f
AN! %CQUIRNCa A TARGET DIATELY TOAVOIDOVIN.

CONTROLLING

ATTitUDE OVERSHOOTA "VENAL. FAIN TO POOR. HAVE TO USE
CONTROL, TIMES INACOUINING A (AN. SmNAM PULSE LINIE INPUI A.
TRACKING GET LANGE AMPLITUDE. PRECISION IS NdOT EAL A
CAPASILITY LOW0PREDUEPECY 'jOT A 0000. BUT IT it ACCEPTAGLE,

lWeLl. maT AS syTAov
Old TARGE T AS MIGHT LIKE,

___________ out lolot GOAD ____ ______

4ONMAt APNOOOIEM SEEMS TOS SOMIEWHAT 0DIFFICU# T
ACCELENATION AN INITIAL LAG2 WHICH LEADS HAVE TO USE PULSE LIKE IN1
CONTRO0L TO OVERCOAN'tOL 0010. I Q I' To CONTROL. a

SORT Of A GIGGING IN ftEASiOPASLY WELL. CAN'T
TENDENCY. BUT NO6T '1HE FLY IT AGONPESSIVELV.

CLASSIC TYPE. OVER
SHOOTING GOES NOT OfcuNl
IP YOU T)OoT HAVE TO AC.
04,0011 OPRECISELY. HOW

____________ EVEN.

EoPIECTS oP * Ei NOSP10OWI.E1MG NOTICEABL.E EPPECT a
NANDOM CAUSE! YO0U CAWT NEGATE
OISTUNS101ANCEIS THE EFFECTrS O1 THE Aft

INPUTS WHILE TRYING TO
________ __________________ CONTREOL ATTITUDE

IFA 1PA TRACKIN WAS COW, NONEWPROILEMS. OVEN.
PR4OWLEM$ SIDENAALY WORSE THAN V#R CONTNOLLING TENDENCIES

TRACKING, ESPECIALLY THE1 SHOWED UP ON0 THE NRACKING
O 1 TNACKING TASK TASKS. ESPECIALLY THE ANN

____________________ TNACKING TASK.
~ODGROSS MANEUIVENING It 0RO0S MANEUVERING CAPA.

0:1ATUNEIS FAIRLY 0000D SILITY is 0000.

OSIECTIONASI STEADY FORCE$ HEAVY SLOW INITIAL NESPONSE AND
PIATUNES FORCES 00143FROM HEAVY TENDENCY 1OOVERICONTROL

70 LIGHTM TflAVY LEADS IF PLOWN AGGRESSIVELY
TO OVERCONTNOL OP ATTI TýACKING CAPANILITY It
TUDE ANO G NOT NE AL POON AND RN DISTURNANCEIS
ST9 ADY ON TARGE T. - ANE A PROILPM.
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Z4 o sa & CONR4OL SYSEM OL.

a/& a so 4• +0 l ,.. AIRPLANE PLUS CONTROLVT an KL 0gg G* SVSTM•PLUSPILOT (O,L,I

_1 AIRPLANE PLUS CONTROL
. SYSTEM PLUS PILOT IC.L.i

2.0

I~ara

11911 *I &''rlI~ i - .--r' r
4

La

IH 
;

A ,-L. - + - +,..- PHASE r-•i:4. - -.S ' -*- ', - -J-,-, ,--. •'- , . . .,,ANGLE I- 44,4-
"-" r .••'-= .. ', r*% _, H_., r-' - r. -- ._•_ C"•• • * " - "-

.ýj, r--DEC 0 ~J-
'- '-'rj.4.- -~ • r_. , ,-.-,..- .. _..+g.,.J,

r---r •~-l4• k H •V k-, j- $ -7.*

::; ,r'Hi-4. n r'*sJ*lI *t~ I r1, P~ 
4

t.-

,. l&o 100.0 0.1 1.0 10.0 100.0
W (-RADISEC 1.0 1A00toC

FREQUENCY RESPONSE CHARACTERISTICS

..-- '......... ........... ..........

*............. ..................";it # l liilitV ~ I, iilIbt iil --I I I 4

2 '., ..... -... .... •.........,... .. .. ............ 2 ..... .......... . . ., I t • I

". ........ .. ..... ..
. .% .............. ...

, . . .. 4......................

....: } :1..... I ... .. .......... . •... •....... ....... ..... ' ...' ,

O ¶ i . . ....... ..._. I , I : , : , -4- -- 4 . ."t.. ..... ., . ... ,. t
.. .. . . . . ...... ... ... .. ..... . . . .... . , ,. . . .. . . . . . . . . . .

1 .. ... .. .. . . . . : , : . . .
:- -., .... : .... : .... : . .. :........... ....... ........ ......... •...;..... .... ..... ;.... •.... . ..... ;.... •......,

... 
- ......... .... . ....

*....

0 . ..... . . . ... .. .0 .... .......... .. j 0 . ........... ............................0 1 2 3 4 6 0 1 2 3 4 5
TIME - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDERESPONSE TO AN F019 Oe RESPONSE TO A STEP ATTITUDE
IMPULSE INPUT CO. lANO
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1 tt.1111611
PAMPON 1/2

IU,11/K 111 4 1/0U

Kol iK 21/11.1

STICK WOULD H4AVE LIKED LIGHTEN"
FORClg FORCh.ES, OUGEARING USED

WA" LIGHTEST ALLOWED
FORCE& ACCIPtAftlE NO

___________REAL PROBLEMS.
01111,4CIAM.IITY SLIGHTY INITIAL DE LAY.
O# CAUSENO YOU toOPUT IN
"llEsoN LAN01 INI1TIAL INPUT 7HEN

TAKA IT OUT IMMEDIATELY
CAN PRE OlCt FINAL RESPONSE
WITH SOME ACCURACY, out
NOT At 0000 A& WOULD HAVE
LIKED.

ATTITUDE ONLYFAift TENOTOOVElt
CONITROL, COWNTOL IT
TRACKING
CAPAVI LIlY

NORMAL AILATIVIIIY 0000 CAN
ACCtk(.IATION PULLG WITH REASONABLE
mCtO.~t~ ACCURACY If YOU EASE IN

___PUT IN

ElfP&T II d~CAL.NO[ NCY To
04ANDOM OVE NCONTROL
DISTURBANCES
'004OEWNuIM TCNDEN
PRNOLiMS cy TO OVF "CONTROL ON

____________ TRACKING TASKS
GOOD OVERALL MANEUVERABILITY
FlAtilIiLs Is OEJITE 0000

IIAVIIIII? THE &IEVONSL T(NDE~eCv
TO OVINCOPITNOI IN A fTI
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I'I - 4 AIRPLANE PLUS

Io; -4 &5 F, CONTROL SYSTEM (o.L.)

Ogf& 50 41 -+30 _ AIRPLANE PLUSCONTROL

VT- a - -- KL " 1.- ------ O SYSTEM PLUS PILOT IO.1

I. AIRPLANE PLUS CONTROL
go SYSTEM PLUS PILOT (CL.)

20- i t =Ab,&;r-A .• '•l- - :t' 4 Hr$ i' - I I. •t•

r I H

-J - Ai. *',--i- ;-•,• .,'- H,-• .- ", -,-A, ,•m- "• -

AMPL. .-•:--- 
*- .rHA-SE

O -. 45 %."%j_'_._ ... p s.-H• AGLE -jm-r', -ye .- t
;-- - rrlf,,,• r •' .• ,• - -,_• D IG r--+ ,sr--" ,- , '•'r' -- - " , ,

-J.A -A A

',- 4; - G cl • rj -rZ', - h- ' , *,••. . "• ,--- ";'a -~ -I ,,

0,1 1.0 10.0 1000 001.0 it 100.0

FREOPJENCY RE.SPONSE CHARACTERISTICS

~~~~~~~~~~~~~~........ ............... ,...•.... .... ..... .... •....:....... .... r.... . .... •.... ;.. .. :......--....•

"...•.... . . . . . . . .4 .... .... .... ,2;.. ; ... ;,'" , ,'. , -4 . i,

. . . . . .. . . . . ............ ................. ..--• .... ....... ....... ....... ....... ....... ..--.... :......~.... .. ..... ..... , .. :
, ,4,,t 1 .•.. . .

-A +1

-- " .. . •'" : ... • .. ...... *.... .j"""..... . . . .

". IM S NP

,:, d ,, , 270 , :

.. ; . .. . .. . . .•.. . . .•. . •.... ... ..... •..... .... .... • ... q.... ,.... •.... •......-- -

.........

........ ..... .; .......
2 2 .... ...- •'••• •.....,- . -. --......,.- ,

'. , , , .......... . . ... ... .. I.,,.. + .... ".... •. .. . .:. . . .

. . ., .., ... ............. .. ..... .. . • . ' . . . ... . .I ,

................. ........ .... .. ... .... ..... •. ..• . .,. . . . .
; .... ,.... :.... .... ..... • ... ; ... ....., ....,,, , ,,,

;~ ~ .... .........: : : i : ! i L ... :

F -. .. .: -'€ "•,.... i.... •...... .... ;.... ." " ." .. .. . .i. .. . . . .. . . . .. . ., :

_ I. .... • ...... . .. .-............. ...........

0 1 2 3 4 5 0 1 2 3 4 5

TIME SEC TIME •- SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-.LOOPI PITCH ATTITUDE

RESPONSE TO AN Fs OR 0o RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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PLTPILOT ISI

K*IKNW 2*02.2

STICK COMPOTAVAKE LIKED THEKM
0O"CEs 000 SECOND THOUGHTS ON

GEARING SELECTION.
FORCES 54MElO SLIGHTLY
SENSITIVE AROUND TRIM.

PREDICTAmeIut INITIALLY. 1141 AIRPLANE
00 MAWSl TO) HI4ESIAT SLIGHILV.

PHEFNAL 1111801146 It
GUI~l G000 AJIO FAIRLY

ATTIUDE 40000 OUT some TgNOSP40
CONYROL/ O6"d HV OTX
TRAC.N.Pi OTSOME Of INITIAL INPUT
CAPANILITY INd ORDER TO ACHIEVE Of

SIVIEO 1111 40141,11

NORMAL SUCH? VENOtNCY TO OVER.A
ACCILERATION CONTROL. OlUT PAIR TO00000
CONTROL_________

fFFECTS of VERY LITTLE EPPICT ON AIM
RANDOM PLANE. TEND@0 TO kMPI4A.

001TURSIANCES SIZ E NISITIVITY AROUND
TRlIM SLIGHTLV.

IF* DIDN'T SEL ANYNE Ol
PAOISLIMS ________________

G000 0000 GCAPAILIry 0000
FEATURES TRACKINGCAAIIILI6Y.

1MEOCT" TO PLY

coSJICylONALe MINDR; SLIG1YHT NSiIATION
IPCATQPIRS IN INITIAL REV11ONIE.

NOTE I FLOWN WITH POWYSON COM"ANOS
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[H l ~ NAIPLANE PLUSI
V i're; 2.4 :2.al 1 Fe CONTROL SVISTEM1 0.
a/, 41O 0+2 _& Al PLANE PLUS CONTROL
Vy ai KL a9.e 8 SYSTEM PLUS PILOT 1O.L.

_tAIRPLANE PLUS CONTROL
8s SYSTEM PLUS PILOT 1C.L.)

r-r~ r.r r~ - 4- l,

q r- -r

H-4 i-

OA.. r . .*.

A*V - * , I" HAI

A .1- 
9 1

* * I ?4
*d AN[GLE~ .. ~..4..""A* I ,

* I 4 4 9 , j

*. 1. It lat ILI 1. to &

......................T

.~~~~ ~~ .. . ... .... .

o 12 .. ..... 54 .. ... ... I ... ...... .. ..... ....
TiME-SECT21--iE

O N.L...O... .. ...T ... AT .T.. ......... O P... ATT.IT......

RESPONSE~~~.. TO.N.......ESPNSETO..SEP.T.IU.
IM...LS. I...T.CO.MAN

996



O I 111Ot MO~ M01r

"I'1N 41.1043 4 Vl'Q

I ~ W N11 K u COMpf40mt At N o PINMAps 61ICT11) IHIM IOU

MANI UVe 04IN fONCIS ANO LITTLE 0114AROUT FORCI TO

0141LINON TACKNG SALLNIWNSI

mme AVV

'41 lit tHf I V tIHAL VPnt NOS uN4 INItIAL RESPONSE 0

IC C041 HfOC14FI0 1NIJI A11111 f INA 111 1,141

A r.I I I14twt1f AtV PRORNCFMSV IN AtRILJC A INr GOOD ~ t

11(149C I moos UU SC ON TLAM GNAPP
I I II I P0 I I NSC 1,00 IN A OG AIR h

HOLAN R WAL SOACC4AC~IY ____________

cON AOLIS OOO PI ASt



lpto ~ ~ 0 R CONTROL SYSTEM 1O.L.Lag soi &I 1IJ ___ I ARPLANE PLUS CONTROL
VT MK. 1  1.43 0. SMtVIMPLUS 04LOT (O.LJ

Al AILANII PLUS CONTROL
-- - ~ SYSTEM PLUS PILOT (C.L.)

.'~dS'-'j4

"4Z Jh*~&q
4

q ~~~'r~- ~ .. a-

AMEOENO fEPHASEHAA1E~aI

* 4

4ý - P, +

*- S S*

I Ir I t

.. .... .... ..... .... .... . .. . .. .. .. . .. .. . . .

.........

.............

1 2 3 4 U 1 2 2 4 6
TIME SIC TM i

OPPEN.LOOP PITCH ATTITUDE CLOSED.LOOP PITCH ATTM VC(E
RENOWNS TO AN Fs OR so REPOPSE TO A STEP ATTIn~'Of
IMPULSE INPUT COMMAND
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I -IS of6

IPMUK6  13"63

STIC2 HAO0 T0COMPROMISE A
P-Oftg LITTLE 40T EdUCII THIS IS

OW Tl A GOWL V SOR T OP
AIUPLAAIt HEAVIER THAN
$DEAL STICK FORCES TO
SLIPMKSS UNWANTIO 104
,Ui Va.eNI SCON* THOUGH ts

0REO0CTASILITY PAIALY PRIDICTAIN.E
of NOT GUIstApdOINO INITIAL
"ausomil POORCIh W NG CUlTI LIGHT,

*ITH AIIAVYINO IWor
PORCh WHNIf YOU WENT
INTO YOUR MANEUVER

ATTITUOE COULD PUT THE NOBI ONTH
CONTROL, TARGATOýK. SLyimTo THNAD
TR4ACKING A VERlY WMALL AMPLITUO1
CAPASILIVY HIGH PAGU4NCY OSCIKLA

TION ON TARGET1. A MINO

NORMAL PUB I TV G000. SMAILLI
ACCILARATION tINOENCV TO OSCILLATE
CONTROL A LITML ASCUT TH4UG.

*PPICTs Of NOTHIN Nt* SHOWIEOUP.
RANDOIA

or" ACCENTUAVID IN$ ABRUPT
oftoALIMs NATURE OF THE 119SPONSE.

0000 v~yEW V1ONIW AIRPLANE.
OEATURES1 MAY" Too RW11ONS V9.

CAN GET It ONd TARGIT
PUETTY WELL ChN PULL 0

WIKACCURATELY

OJIACTIONASILE SMALL OECILLAtlO. q4 TAN.-
FEATURES CET AFtTER YOU ACOtVCIRE A

TARGET ANO, A BORT Of
"ANUPTNEUOf THE Pit

StOg IN PITCH ATTITUOB
ANO NORMAL ACC6ý.IRATION
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S * CONTROL SYSTEM (O.L.)le L4 3. .PLAPLUS

*/a so - AIRPLANEPLUSCONTAOL

%ioi &71 6. . Os SYSTEM PLUS PILOT 1044
_ -___-_______ -_ _ "_ I AIRPLANE PLUS CONTROL

of SYSTEM PLUS 04LOTEIC.L.)
0 0 .,t; - -0f

-i 3 Z I •.; j _ t--,. 0'- ,- .r-- 4 
" 'rjtj,4

~ ~ -AANGLE

- ,---,-•-, -"DEG ;A'- *rtip..

ý_. , i+ -7+++ t.

-. , ,- t, .. _
=' -- "- I - , - *' .- 

*.

0.1 10 10.0 10. 1 1.0 1060 1000o

PREOUENCY RESPONSE CH4ARACTERISTICS

... .. ... ... . . . . . .. .. .. . .. . .

...... .......... + . .................~.
,L*. b.....................

em--I-S 1 ? % r----9•L P,-"

.._- - ...... . . ..-. -......

.. . . . .. Lv_ . _ ,.. ..-...... ..............,÷--

,- -'-P •'"............/.ti .-l2 • .. .. .. ...'.t- - .-.+: .., .... ..... ',

00.. ........ .-.... . .". - , -.... .....

f3 2 4 0 0a 1 2 2 4 5

TIME,-1SEC TIME -ASEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
RESPONSE TO AN F, oneUE RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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IFItI~ %1/049 61010?

K /K INlftilol

"VYICK SVIIAOY STATE FORCESV4 (WE .ill ACCIPASLE &NO
FORCES PAITTY HIGH TO ELP IF COMFORTANLE ACCEPTASLE

PRECISION TRACK,NO0 (00RHAPS SAN0 Of ILE VA10 VON E.ING
SHOULo "Avg GONE LIGHTSR QUIVI LARGE NOREAL
AND ACCEPTED MORI 11001LE COPAPRIMISIES INVOL.VED IN
ON TARGET FORCESCO SELICTION

LIOHT TO HEAVY

PRIDICTAUILITY FORCES 0 FOPP LIONTIG QUITE 0000 LIKEC SNAIPPY
of HE AVY WHICH SE thid TO Of INITIAL RESPONSE PlASN T
RIIA)NS1 EASIER TO CONTEND WITH ANRUPT FINAL RESPONSE

THAN REVERSE SITUATION Noot Go~TsihfinmG out
THINK THE FINAL RIESPONS! 0000. TENDENCY loova"
ISPREOICIA114E SHOOT SLIGHTLY

ATTITUDE CAN Oil TO TARGET GUICKLV VERlY 0000 SLIGHT OVER
CONTROIL/ THIN YOU HAVE A SMALL SHOOTING TENDENCY CAN
TRACKING GIRI.I ON TARGET,. oils fLY THE AIRPLANE AS
CAPASILITY AWAY QUICKLY SO THAT AGGRESSIVELY AND ABRUPT

TRACKING 100111TTY .Z000 L e At DESIRED

44JNMAL aAVER GO00 i M1 ILr'- *.1010I,.iCUE.
ACCELERATION TROL
CONTROL

EFFECTS OF NO SPECIAL PROfIEBSLI. VERY LITTLE EFFECT ON THE

RANDOMA HANOLINO QUALITIES
OISI URUANCQ ____________

IFI 000 30CIAL PROtIES NONENIPROBLEMS. LIKED
PROGLEMS, FLYING IT IF04

GO00 COULD PULL 0 WALL. 0000 TRACKIFOG. ATTITUDE COld
FEATUNES 0PO1 QEMNIAL MANEUVERING. TROL AND 0 CONTROL ARE

ALL VIA GOOD SNAPPY.

OUT FE0? OVERLY ARUPT
INITIAL RESPONSE

OSUECTIONAILA 111011114E ON TANGIV.STIADY A VERY MINOR ONE. VERY
FEAtURs 0 FORCES QUITEa 1,145 1,V St IG4I OVERPSHOOV INt AtTO

TUDE COATROL
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"El - AIRPLANE PLU,

2.e 4 aw &S F. j CONTROL SYSTEM O.L.)

So E5014 AIRPLANEE PLUS CONTROL

VT *6m KL 1.27 0 SYEMPLUSPILOTIO.L.

- AIRPLANE PLUS CONTROL
e S•YSTEM PLUS PILOT (C.L)

+ i-A r#g I

:zrt-lPooPA-,SE :g:.-r- -A.- ÷a
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OPENLOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE
RESPONSE TO AN FI ORGE RESPONSE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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FLarO 1 SSSM tOSr 0

pAmpOI1 11/1 403

4fpsU hoi( 11,110 4.4,0.60

*0K SM 2-WS-4 22028

STICK A LIMES HEAVY. WOULD NO0 COMPLAINTS ON4 GIAN.
FORCES HAVE LIKED LIGIT410R ING SELECTED. OUITE SAT

FOCICIS SUY GEARING USIO ISPACTONY.
WAS LiGHTEST ALLOINED

"NUOICTAGILITY VERY UGOO. INITIAL. FORCES INITIAL RESPONSE It CUlTI

or Wind COWFATINLE WITH 0O0D, *NAPPY OUT FINAL
01E80004E YtIADY FOACIS RESPONSEt Ovc "a"0111

OUST ONCE *041 mg VIP You
FLY IT AGGRESSIVELY

ATTITUDE NOY OUTSTANDING. 2*.t? 0000 "ITH TNTI RCIFTIOF4

CONTROLI 0000 COULONE STEADIER op THlE ONE OVERSHOOIT ON
TRACKING ON TARGET TARGE T.
CAPAOILITY_____________

NORMAL VIRY 0000 CAN Sit AN OVERSHCOOT IN4
AkCCfLiMA4*,.,n G; CAN'T Li.ANN TO OfT HI1D
CONTOd~lo OF IT.

0FFECTS OF NONE*WFRIOULES. No MAJOR KFIOICTS,
RANDOM
0,11TURUIANCIS

IFR4 NONE6 NONEdWp"ONL(IMSI THf
PACOLIMS OVERS040OT ON VON TRACK

ING ALSO SHOWS UP ON THE
0.1E. TRACKING TASK.

0000 EXTREMELY 02000 FIGHTER. MANEUVEININOCAPASULITY
FEA74URES1 1000OO. A VERY G000

FIGHTER."

OSJECTIONjA~oL STKACY F0Rt'ES AfkE A CAN'T STOP THE ONE OVER
FEATURES LITTLE HEAVY NOT REIAL SHOOT DURING TIOHY

STIAOY ON TARGET TRACKING, NOT THAT SAU.
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a ] AIMPLANE PtLUS

lfle;t v-o as F8  CONTROL SYSTEM IO.1~

at/& -w0 4p +38 --- AML PLUS CONTROL
v7 - U *L -Am O "I-mE PLUS PILOTY OL.)

SYSlTEM PLUS PILOT (C.LJ1

rSjw 3 zS¶~5 fric
u .. . .r'-44urn

• .00m +.-, • • -• !, .J : "4•' 0N L ," ,.
AMPL rS. 4: PHASE ifg4 ,- i..rrti

d •,'- .- ANGLE -- i -. ,
I r- ,rr t r - i *. 4• .J-,4 r'.J

.20 itt*6 ~~z4~ rj:'
r4 •l ~'rt-r- 4 - F--• -•-- --•'r;"

-10-

~.~gz¶4~g t:

j.4 r -- r."24 470 I

"0.1 1.0 10.0 100.0 0.1 1.0 10,0 100.0

w--AD/SEC W -HADSEC
FREWJENCY RESPONSE CHARACTERISTICS
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* , , I,.o0 -,•- • .......... "............. ......... J :.... :.... !...
0 1 2 3 4 £ 0 1 2 3 4 6

TIME -SEC TIME--SEC

OPEN-LOOP PITCH ATTITUDE CLOSED-LOOP PITCH ATTITUDE

RESPONE TO AN P0 on RUSPONSE TO A STEP ATTITUDE
IMPULSE INPUT COiS#AN
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Fe ý 
-70

P~ 12.1011 ill sit

to0 0114 440.60 461060 4.640644

K a w1.618.. 21".6 2,616.6

STIC14 INITIAL FORCES ALITTLE SsmaEoo.m., WAMNT TOO 04AVV 00111 IGHTER
Ponca& HEAVY. MI04?HYAVE PNE OREALLY CONSCIOUS OF MISSION. WOUILD HAVEI

PKRRED SOMETHING THEM. SELECTED LIGHTER
LIGHTER. BUT THE FORCES OUT NOT ALLOW~fn TO 006$0.
USEDwm WEE 6l LIGHTEST

____________AL IOWE 0. ________________________

PNIDICVA*ILITV VINYV 0000. 1# IN GNER4L. SEEMED pollTTy 0000. AlRPLANE IS PRIOICIANILK
of AUSY A LITTLI LGIH FORCES SEEMED To GO EVEN THOUGH IT COMES
RESPONSE FROM H1EAVY TO LIGHT, ALONG $LOWER THAN

IF ANYTHING.OUT NOY DESIRA11LE. CANSTOPON
VI RY MUCH. TARGSET OV ADAPTING

PROPAR CONTROL. TICHNIOUX
OUT THEN TENDS V0

____________________ WANOKA OFF TAROET
ATTITUDE G000 OVERIAS00TSA 06EMSOG1600O. AkITTLE POOLS YOU ASIT IN THAV
CONTROL, LITTLE IN ACQUIRING A TNOUGLE ACOUIRING A ONCE ON TARGET ITl WILL
TRACKING TARGE T. OUT SOLID ASA TARGE1T SUT NOT MUCH. WANOEROFF CANEASILY
CAPA8ILITY 11OCII ONCE YOUR"s ON 09 NOUGHT 0APIO SUPRO&

TARGET. LIM It NOT A MAJOR ONt
NORMAL GOO,00Y NOT TH PRACIA4OFI 11WSD pasTyY 0000. PANTTY GOOD OJT NOY
ACCELERATION OF CONTROL THAT VOU RAPID ENOUGH.
CONTROL. MIGHT LIKE._____________

IF FICS Of NOmNEWPROSILEMIS iNDN 1 LOOK AT It. NO PROBLE6MS,
RANDOM
00STUAVIANCES

ONR NO NEW PROWLEI& WDIT LOOK AT IT. N0t HING NEW SOME TEND&N
PROBLEMS CY to Pilot off TARGE1T

SHIWS UP IN 0.51 TRACKING
TASK. SLOW AIRPLANE PiE
SPONSE MAKES PKRFORM
ANCI POOR ON RIN TRACKING

____________________TASK

4;000 VERY 0000 AIRPLA4E. OUITE MANEUVERiABLE. TRIM CONTROL. A*ILITY TO
FEATURiS CA14 MANEUVI;R QUICKLY COULD TRACK PRETTY WELL. STOP AmrF LANE ON TARIGET

AND PRICISALY. TRACkING FORCES PRETTY GOOD
____________ VERO000. PERHAPS A LITTLE HEAVY

OB.JECIIDNABI.E lONE INITIAL SLUOGISHNESI A LITTL9 PFrORLIM IN AC TENDS TO WANDER OPP
FEATURES INITIAL FORCES A LITTLE QUIRNING A TARO$ET TARGE T. HIGH STICK FORCES.

HEAVY. NOT REAL STEADY. SLOW* MANEUVERING CHAR
ACTERISTICS. MUST OVER
DRIVE AIRPLANE AND THIS

_____________________________ ____ _________ ACCENTUATES HEAVY FORCES

NOTE (D EVALUATION VINYRUSHED
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[Is]___________-AIR.PLANE PLUS

IN 124 ow03 OTO.SYSTEM (O.L.)

wag so 4" + I AIRPLANE PLUS CONTROL
vy an9.172 SYSTrEMPLUISPILOT (O.L.)

VT ~ AIRPLANE PLUS CONTROL
SYTE US PILOT 1(L.)

-~~~4 + 4p~ ~

0?r

'.A '-, ý -A - - -DEv

AMPL It-.4 HS

r ý~4.r4m.JI -A,

-I :~i~~$1 *m .a~h.A~-J.4 r,~**.I-~

0.1 1.0 10.0 100.0 W. 1.0 10.0 100.0

W H.-AD/SEC WA RAD/SEC

FREOJENCY 14h1PONSS CHARACTERISTICS

........ ............

.........

....................

0 ....... . L .. .

0 1 2 6 0 1 2 2 4 IS
TIME SEC TIME -SC

OPEN-LOOP PITCH ATTITUDE CLOUED-LOOP PITCH ATTITUDE

REWKONS TO AN Of O 041* REPONSIE TO A STEP ATTITUDE

IMPULSE INPUT COMMAND
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PI.Y*ILOV 100M119d)/

00101,1011 52 5/2

411,111111 3II-13 2.71AG

slick QUITE LIGHT. INITIAL FORCES STEADY PORCES ARE O.K.
Ponce& COY A LITTLE 041AVY AFTER NOW INITIAL FOACES AME

A WHILE. O OGHYNAVP GUITS HEAVY. WOULD HAVE
11LECTED LIGHTER FORCES LIKED FORCE& A SIT LIGHTEN.
OUT O1APRING SELECTED to
NOT F A" Off. ___________

PREDICTA11111101 NOT VIENY 0000 IN a. EXTREMELY fLUGaISH AIN.
of MIARKED LIGHTENING Of PLANE. PUS DICTABILITY NOT
RIESPONSE1 FORCES DU/RING PMANUVERS, TOO 00O0 SECAUSS THE

LSADING '0OVERCONTROL FORCES 010 PROM HEAVY TO
LIGIOT AS THE RESPONSE
DEVELOP'S BUT THE r#.CT
THR RESPONSE IS110 SLOW
001E GIVE "O4 TIMEl TO
FIGURE OUT WHERE1 THE NOSS
IS GOING, 60 THAT THE PRil

DICTASILITY SNOT TOO BAD
__________ _________EITHER

ATTITUDE NOT REALLY TOO SAO HAVE AWFUL LOT OF WORK TO AC
CONTROL TO NOT/EABSLY DRIVE THE CUIRS TARG& T BECAUSE THE
YRACKIRO AIRPLANE TONIOVE ROS, INITIAL FORCES ARE SO
CAPABILITY EVER THOUGH STEADY FORCES HEAVY AMD BECAUSE IT TAXCES

40R4 LIGHT. NOSE STAVS PUT SOL LONG TO OffV THEREt. OUT
ON TARGET ITS STEAUY ONCE YOU'RE ON

___________ _________________ TARIGET

NORMAL THEA! ItSA FROELEM 140E. IT'S HARD WORK, AND
ACCELERATION FORCES GO FROM VERY IHF'491 A TE040NCY TO DIG
CONTROL HEAVY TO LIGI4T. NAVE TO IN. YOU DIEFINITFIY OVER

CH4ECK FORWAFpO VERY P4400T THE DESIRED1 0
RAPIDLY AS RESPONiSE
DE~VELOP`S TO KEEP RoplM
OVERSHOOTING OSSIMED 0. ____________

11,FECTS OF DIDN'T SHOW UP ANY PROS NOTHING NEW HERE. JUST
RANDOM LEMSL MAKES A HECK OF A LOT OP
f)ISTURGANCIS WOR11K.

OF" NO NEWPON0LEMS. NORMAL CANDO04MYOST F HIEIFR
04ROBLEMS ACCELERATION CONTROL TASUS PRETTY WELL, BUT

AND TRACKING TASKS WERE HAVE MORE YROUBLE PULLING
SOMEWHAT MORE DIFFICULT 0 ACCURATELY IPA THAN VOR.

___________ THAN VWO TASKS.
GO0D STEADY ON TARGET. COULD CAN PULL LIMIT LOAD FACTO)Rk
FEATURES ACQUIRE A TARGET O.K. O.K. ITS PRIETTY STEADY ON

isom &FFoRmy REQUIRED I TA04017, ONCE YOU GET
STIEADY FORCES COMFORTA. H..

_________ 1114.B0

OB11JECTIONABLIE FOCEICSHEAVY INITIALLY. INITIAL FORCES FEEL VERY
FEATURES THEN LIGHTER HAVE fo HEJAVYINGEEO YAKESA

OVERDRNIVE TO GET AIRPLANE FAIN Time TO GET THE NOSS
I/OVIRO. TENDS TO CIG IN ONTO A TARGET. THE FORCES
WHEN MANIEUVERIONG. LiGHTEN CONSIOSERAGLY AS

THE SESPONSE CEVE LOPS,
SO THAT Y.-U HAVE rU CHEICK
FORWARD TO #AVOID OVERN.

NOTe (D FLOWN11WITHFORCIECOMIADDS.

NOTE 1 FLOWN WITHPOSITION COMMANDS. F/N
HIGH LIMITS INCORRECTLY SET.
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El~ AI RP'LANE PLUS
INS :1.25 .3.a0 CONTROL tYSTEM (O.L.1
ida I&5 40041 AIR MPLANE PLUS CONTROL

Wy 460 01.41 00 SMWA LUS PILOT (0.L)
& AARPLANS PLUC CONTROL

04 SY3TM PLUS 14LOT 4C.L.)

4-~

AMPL .J 4a.A4 PHASE
-C-~ Dma~ :~s--- Z,

Z.4 ''4.A54- pl:~-A Q

0.1 ~ ~ ~ ~ ~ ~ ~ ý- 1.r00 100 01 *e i~ 0.
W--20SE ,q RAIE

lot 1. It :

W A /C C 9 $SE

FREUECY REPNECARCEITC

4 ........ .. ...... t-...+... ... ....

...... ~... ... ... ...... .. . . ...

.. *- .. . ...... *... ..L ........ . . ...

... .. . C .. . .. . . . I . . . . .. . . .

.......... .......

0 2 3 4
TIME - SEC TIME -SEC

OPEN-LOOP PITCH ATTITUDE CLOSUD-LOOP PITCH ATTITUDE
RESPONSIE TO 4A FeoRl8 RESPONSIE TO A STEP ATTITUDE
IWPULKIINPUT COMMAND



II IwoNp - 0.3 1.2

FI.WPILOT I04M ( I-OM

tIION4 4/15

I lK 0 2.41112?1 I.1.4E

KoiKiw .74117 2.114.9

STICK LIGHT ENOUGH. NO SICONO INITIAL FONCES ANE A LITTLE
FORCES THOUGHTS ON GEARING HEAVY, IIU LIGHTEN

SELECTION. FORCES MIGHT MAKE THE
AlRPL AN NOT W ISTEAOY
ON TANOLT 90 THE .ONCIS
MIGHT HAVE bEEN SELECTED
A SIT LIGHTE, N.UT IT'S A

PNEOICTASILITy NOT TIRRiftLY 0000 NOT TOOGOGO IHE INITIAL
OF HEAVY INITIAL FORCES FORCES FEEL INITIALLY
N1EPONS6 FOLLOWED 8Y LIGHTER HEAVY, THEN GO LIGHTER

FOorES SOME TENDENCY AS THE NESPONSE DEVELOPS.
TOOVERSHOOT, DIG IN. CAUSING YOU TO OVENSHOOT

IN G AND MAKING THE NE
SPCMSI SOMEWHAT UNNFlE
_ICTAILE.

ATTITUDE STEAOY ON TANGET., SUT NO TtOODAO ASAMATTIE
CuNrNOL N110UINEI EFPORT TO MOVE Of FACT ITIS QUITiE 0000
TRACKING FROM ONE TARGET TO YOU HAVE TO WORK ANO
CAFAIIII ITY ANOTHER. OVERORIVE IT TO MOVE THE

NOSE. BUY ITSETTLES DOWN
QUITI OUICKLY ANO IS VENY
STEADY ON TARGET

NORMAL MARKIED TENOENCY TO OVEN NOT VEIY INllCiSl THIS IS
ACC.LERATION SNOOT EINt6EGG O[UT CAN MAIN PROSLEM WITH AINPLANE
CON1NOL LEARN TO COMPENSATE FOR TENDS TO OVENSHOOT AND

IT PR1ETTY WILL DIe IN

EFIFECTS OF NOY TOOMUCH SH EDUL NOPNOdSLEMAI ALL
RANOOM HilN
0ISYUNBANCE _

rIl NOTHING REALLY SNOWED COULDN'T DOIFN TRACKING
PNoL EMS UP 4NEI TASKS VERY WELL

GOOD VENY STE ACY ON TARGET VENY STEAOY ON TARGET
F*ATUNES NOT TOO AOD F1N ACQUIRINO CAN MOVE FROM TARGE I TO

A YARGET IAITOf APRO0* TANGETOUITE WELL STEADY
LEM THOUGHI FOeCiS ANE FORCES ARE QUICK,
LIGHT CAN•UtLLO COMFONTABLE

0dIICTIONAmLl ACOUIRING TANGII ISA Sit INITIAL FONCESANE QUITf
FEATURES Of APNOILIM HEAVY GIFFICULT fOPULLG

ACCURATEL¥ YOU OVER

, _________SHOOT sOMEWHAT

NOTE '0 FLOWN WITH FORCE COMMANDS

NOTE ,•) FLOWN WITH X$STlION COMMANOS F.N
4ID' LIMITS INCONNECTLY SET
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a ] _- AIRPLANE PLUS
iv 6 -1. o - 3.0 FP CONTROL SYSTEM 1OL)

I es 4i * +63 A RPLANE PLUS CONTROL
VT 4W L a 1.01 8o SYEM PLUS PILOT O.L.d

. .j AIRPLANE PLUS CONTROL
8* SYSTEM PLUS PILOT (C.L.)

R-• zz-ni nf lnr'•'- -r--,-f'u , z!;r- i"n'"-*r",i,' O-.+j, "l. - ",-;--i•~ , - r "• • ',414r rADrAjr - t -. RA4I tC

' . ... J . q.. j.. .. . . - . . * .... ..... a . . *..

AWL.. I .... ;.. .a. -,A, PHASE : ..

-Ai , , -, ,- +: r4 P-,

-a ...do--.. .- •Z. .ANGLE - --. ',"

I AA

.a, t'rl . 4 f . . . .*A !

A -Jý 4-:- f;::'

-4.44. . . . ,444.p. .o

0 .. Z .tZ

0.1 1.0 10.0 100.0 0.1 1.0 10.0 100.0

W -f HAD/SEC WJ - RAC/SEC
FREOUENCY RESPONSE CHARACTERISTICS

_e.~ ~ ~ . .. ......:.",•" ' •.... ;...............: ' '" ........... r .... . -. .... "............... .... : ... y•"
. . . . . . . ..

.... 
. . . .. .. ..

. -.. ... . ... . ........................... ,. ............ ... L..........................

. .... ....... . . .--'

...... 
..........4 *

.. ..... . . ............ .......... ........

... .4 ..-... .*. ........

.... . .. , . ......... .

+,, -. . ....... ......... .. . ..... . .,. . .. . . ... .... •.... !......... ....... ...

*: 9 a , , :
... ... ... ... ... ... .. ... .. .. ..

L ... L .,... . . ......... . ........... ..........

,... -....-. . . .... . .

0 1 2 3 4 S0 1 2 3 4 5

TIME -- 3EC TIME - SEC

OPE[N.LOOP PITCH ATTITUDOE CI.OSED.LOOP PITCH ATTITUDE
RESiPONSE TO AN FsO ont0 RESPONSE TO A STEP ATTiTUOE
IMPULSE PT COMMAND

i11. ....................
I I.I'II I I I I I I



-21 1"1LO1 IObNADM i~madi

FORCES COULD HAVE POMSOLY No0t. *O10 AHAVE POAl
SELECTED LIGHTSEA PORCIII P161111110 LIGHTNIII, fOmdesR
@UT NOT MUCH LIGHTSEA

PNEOICYAGOILITY 101l TIY 0000. POOPIER KI1M 0000. AIRPLANE NOT 016111
DoTO LIGHTEN11 AS miaboNk As "fIeftSiva As IOU

111111011111 DEVELOPS, INDICATING I AM MIGHT HAVE LIKED0. A MINOR
OV111011A1WOVdINS H AIRPLANE COMPLAINT
A Got.

ATTITUDE VIAY 0000 OUTIVANDIft2 COULD ACQUIRE TARGET
CONTROL. FEATURE OP AIRPLANE OUIlE MILL ASGOODAS
TRACKING CAN ACWUIN TIA1NGET YOUICOtDLDIMPICT

LAVIIIW EASILY SOMEESMALL OVIN
DRIVING NICEISSANY. OUT
4S A MINOR FACTOR I/EATV
STITEOY ON TARGET

NORMAII POE YYY GO00. SOME *MALL VERY 00OD
ACCE.1111IA7ION OVINSWOOTING TINOENICY
CONTOOL IN PULLING G.

ifD"TcS OF NO PNOSIEM111111 NO P04OftIMS AT ALL
AAND3M

IF" NO NEW P11101111114 VENYGOODINO0 a oAACIt
FROWSLM INC0 TASK

C000 PRETTY NOCI PIGAVIENI. mict n0 SOLID AINPL A4&
FL4TUAPI 16I0HT POAICK ATTITUOK ovaIO~ ACV au 111111

CONTROL OUTSTANDING CAN ACQUINI 10AAUIJ-1 1011ALLY
kMiftiUVIASIY 10141111611 V GQU UITE RAPOOLV CAN T11ACK1

MI LL AND PULL 0 0UICK(LV

1ONIECTIOWSLIB HAVEI To OVIONIDRIVE It A PONOCEE SoMSMIAY HE AVY
FEATURES LITTLE 10 lT IT MOVING

INITIALLY MNO400 GOJC

NOYE SLOW WlRIN*T POSITION COMMANIDE, PIN6
HIGH LIANYS 14CONA(ICLY SIT

14



[El - AIRPLANE PLUS

IN 1.25 OW F1 CONTROL SYSTEM (O.L.)

01 -t I -4e I---- A$ ARPLAhE PLUSCONYROL
| T -. 0 .64 STEM PLUS PILOT Of.

gAIRPLANE PLUS CONYIROL
.. SYSTEM PLtJ PILOT 1C.L.)

20 ~ ~ q Cts! -4;~ - 4 -ZZV 84~

f-- ANiL ,-.

i~t ; t i , ' r• + 4- -
v. o- " * • -'. i

th - r r- 41, - . ,0-----.-------,," t 1;, 0., I.,- - 1-. 0 100. 0

SRAO'A.NCY REPOECHARATRI*C

............................................ ;.... .....

S.I. ?.

- , - , .........4 ,, . ....

I 4 *...l• - - -. t . - -
.4 .J- 9:4

•.11.0 1010 100.0 0.1 1,0 1&.0 100.0

W HADISEC W RAO/W
FREQUENC:Y RF.StPONSK CHARACTERISTICS

............... ....... ...... . ... ............ .... . ..... .. ,. .

,........,
.-. 'J. --.. -. ... -. . .... ... •....... .. ,-.... ...".... ".... L ..- .... •.. .. ..... . ".... •.. .

....: , + . ...... . .. .... . . .... . . . . .

.....p'"" " .... .... .... . ...... I*'-"A .... ,L.... . .- . ... .........

,t , . ; ; ; . . . .. . •...... +. .; .... .............

...... "., , , .. , .. t.. .. ; ... " "+", , ..... ... .. ... ......... .. .. .

+ .... .o . .. ...... + .o +.. I.o... ... .. o + .. .. . . .. . . . . . L...

... .... ..... .... - ...- . .. .. .. ........ , ... .... 4 .... + ; .t' .'.~ ... ,k, "- A

0 1 2 3 4 50 1 2 3 4 5
TIME - SEC TIME - SEC

OPEN-LOOP PITCH ATTITUDE CLOSIEO LOOP POT(LH ATTITUDE
RESPONSE TO AN f, on RESPONSE TO A STEP ATTITUDE

TMPULSE INTUT COMMAND

__________N_ ______ESPNETO___TPA TI_ A



OLT IPILOT ioue ol _2 1 ,oia(?1

10410114 4.01 S IAI-3 8./31

10. NOW 22/2 13 V/W1 3.7/3.16

STYICK ~ HEAV. BUIT SELECTED TNA1 HEAVY HIAVV CANPULL 44EAVIEN THAN DESIRE 0
00ONcis *AV TO HILO TMACKIOiJ NEIC-01144001OAo, SONIAY AOMITTIOLY. 1649 FONCES

ABILITY GEANOOINGSLl CTED el IT'S THE ESOT& COMPRO ALLOWVIOMAOE AU TIE

644MEDNEAONAULi iBEUAVAILABLE. CONSIDER TRACKING A101PL ANE BUIT
IPNG THE ABRUPT INITIAL MANEUIVENING Is JIPPICULT.

POICICTANIIITY FOMCES ANE INITIALLY LIGHT LARGE PITCH NATO OVEN INITIAL N(SDONSS PAETTY

oil %ON&[ SPONS1 04VILOPS, PREDICT VICHSE THAN fl a N PR4ORLEM ALTIAVIOClT ON
AGILI TVYOf MEWN40 IS TMN4MLV LIGHT1 INITIAL 4 OSCILLATIONS ABOUT THE
GOOD footNaCONTROL. FORCE& V141NHEAVV VANCE I
v,3I011 FOR ATTITUDCE 14MILOT P WHIN PULLING G
CO%'NOL

AtTItLIOI v6VNYP0EW VINY DIpPI VERY POOM OCT 3.4 S FAIR TO KID$N BUT CAN STILL
CONVAGI, CULT? TO AC04.110E VAROET. OVERSHOOTS 116000 00 TH4 JOE, CAN GT ITIHE
TRAL"INIZ LIG6T ON TARGET NOV BOTTLING DlOWN 00N1 TARGET. AINPI 411* ON TANOCPT

CAPASILITY ? 5TACVOil TANG*IT THIN NUL PAIN ON

NORMAL PAI4TTY0000 CAN SNAI GOTTEN TH4AOOOYCH ATTI 0 K. WHALL TEPECINCY TO
rAcCO, INIATION OOGoOUICIcKY. VATILITTLI I TUCE. 00*LYOVENSH00S OVSNIHOO7TH 7146DSOINE
CONtNOL OVEPESHOOY PC PERPAft 0 4 0 VALUE ON THE AN rifN

SOIT NOYVS501 IN GNO MAL
MEANEUVE RING

tfoiCTsoP NO PARTICULANRO.E 111161 WVOULDSOS AISAi AINPLA"L NOTiICABLE. GUT NOT A
RANDOM JUST IMPIWASIRID PR0SLINS IN TUNSULENCI amEL
Distu"GANCIS IN ATTITUDE CONITNOL.

441N PRETITY00400 I. NO10111P11100PNIRMNI' NOTHING NOW1 somLiNG
PNOBLEMS, VIA TRACKING PROSMSk ON TIACKNOG TAWN WAS ITENDENiCi too"6 cup loN THE

SEEM to Do"0 UiP OFN. 000D 0. TRACKING TASK

Grob CAN M4ANEUVIR AN#O PULL 8 0000 ON PFUL LONG 0. GENCOIAL MANEUV94NGN
PEaTuNfis ACCUNAVILY. CHARACTERISTICS AND

CAPAUNLI ViES ARE OVIJIT
GOOD.

OUJOCTIONASL I VtNY 04PFICULT TO ACOUIMI PITCH4 ATTOTU04 CONTROL &OEL ING '19FL'E"cY WVHENI
T0A,0N1GINCE. NOT1 TOO S7EAWY VINAV POOR, GEf LARGE TIIVINO TO STOP ON TANGO T
Off TARGET STEADY $OWCES OVER4AWOOT ACOUININGQ A *"$1CHIN T14O VIEWI lING
OUITEl 01044. INITIAL FDORCES VARG11' THIN OSCILLATE 5SEINED SAO dNOuG'4 TO SO
LIGHT ANOUT TARGET. NOT STEAGY A POO jut RAPIDLY AkAPT10

ONTANGtl STEADY TO THIS6 COMOPIGUNATION
1O00"s WIG"1. STICK PORCE TO INHE XTNTEN THAT V1,16
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APPFNDIX 11

ANALYSIS OF DATA USING EQUIVAILENT DYNAMICS

Early in tktc data a~ialysis of the results of this experiment, it
became civdent that direct correlation of the pilot ratings with any of the
rnodal p.rarneteri ,n the airplane-plus-control-system transfer functions
was not prs•fble. Accordingly, the equivalent system approah. used with
some success in the HOS program (Referenre 6), was applied to the basic
FCS/short-period configurations of the present exper-iment.

For these basic configurations, the normalized 01/r transfer
function is:

_ ('rot +f'(r,

In the oquivalent system approach, the G step response of this transfer

function is analog matched, as closely as possible, with the 0 response of
a less complex, equivalent transfer function. The equivalent system has
the form of an unaugmented airplane's transfer function plus a time delay-

SI (or, 3 ,f)

•Both the complete and equivalent transfer functions were mechanized on an
analog computer. The 0 step responser of tho equivalent system were then
matched to the complete 6 step responses of the airplane plus contrr.l sys-
tern dynamics. by varying a , .'* , W arid r. until the best "eyeball"
fit was obtained. In the majority of cases, ?, vias held fixed at the appro-
priate T-33 value of 2'r. . However, for those configurations with appre-

ciable values of Z (large control system lead), "'r was also varied in
order to achieve a reasonable match of the 0 time history.

The analog matches which were obtained with the equivalent transfer
function were good for most of the configurations. with many showing near-
perfect matches. ror those configurations having large control-system lags,
however, the match is somewhat poor for the initial portion of the response.
For examp!e, the following szep time responses show the match used for
Configuration ZH.
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... ..... ... •.... .. . ... ..... . ......... , .... .. •....

S.. .. ... • ... ,' . ...................... . . . .... , '- - - o p e e r s o s
2 -..... Matchl

S.. ... ..... •.... 4.... ;.....; ......... . . .. o C n ig r t n -* .. - - Complete response

S.... i .... .... .... !.... i.... i. .

0 1 2 3 4 C;

TiME -* SEC

A summary of the equivdlent system parameters, •' T
Sand • , obtained for each of the basic FCS/short-periof configurations

in this program is shown £n the accom•panying table, along with the pilot

ratings. The pilot rating data for Pilot M and Pilot W arc presented in

Figures II- 1 and 11-2 on a plot of cdZ• versus *= The corre±lation 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 tipper 6.5 pilot rating boutndary is shown as a dauhed line to reflect the
fa.ct that this part of the bourndary is pooi'ly substantiated. It is interesting
to note that piiot ratings do not appear to be a function of equivalent time
delay for . .< 0. .second.

It should be mentioned that the data for Configurations 4A through
5E a.te not shown on Figure~s 11-1 and 11.-2. The reason for this is that the
pilot ratings for these configurations are consideiably worse than the values

of e.) • and 4#would indicate. It is obvious, therefore, that the bound-

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

The pilot rating data from the HOS program for Pilot B and Pilot H
a.re presented in Figures 11-3 and 11-4, for comparison with the PR boundaries
eztablished with the data from the present experiment. Agai&, only the data
for good damping ( • > 0.4) are plotted. 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 P.R data is only fair in some areas, but the same trends are uhown for
both prograrns.
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DATA FOR EQUIVALENT SYSTEMS

elf I .- P
JMRico l L ' 30Sc - ~itC PILOT III PILOT1

.61 .6 *.6.'
2.9 .1% G.66 2.6 3A 3

:1 26IS 103 29 ,1, 6 '4

2 A .026 6.6 A12 1.00 S.6 %4.SI
3 .12 6.6 .62 1.02 60 441.

C .010 4.0 .66 .AS S.1 3

0 0 4.6 .70 .61 4.0 2.ý. 3 2.S
. Is5 1.7? .63 .76 3.6 11

IF JS5 3.6 .67 .?5 2.6 3
* .21 3.6 .70 .711 301 7

'1 .21 5.2 1.00 .$1 2.6 , .
.26 3.0 .62 .66 2.066

J .20 1.4 1.34 .61 1.166

a 0 6.2 .67 .76 6.2 4.5
C 41 .3 1 .7'4 5.1 4 3

O 10.1 6 .61 1.S 4 '4 1
E .11 2 1 2.00 .81 1.6 4'

66 .01 3.6 .04% 1.34 5.0 6

C 0 3.4 .67 0.42 1.4 '4
o .15 3.0 A6T 0.42 1.3 .55
£ .20 2.6 .76 0.412 1.1 .6.7

IF .16 I.5 1.11 O0.111 0.63 6 .6.5. 10
7 A A211 3.2 .61 .61 '4.6 %,5
8 INS5 3.2 .?2 .45 %.1 5

C?070 .73 .112 $01 1.5 1.11.
of.0 6.6 .71 .417 U.0 5.S

E .*1 S.6 .66 .36 2.0 6
F .11 6.1 .66 .2k 1.1 ,4 7.7.7

* :,10, 18l1.2 J 3.2 1.10 .412 1.3 4 16
6* 0. MIS .63 .4 6.3 '

: 100 '12.6 .65 .112 4.1 3.63
0 ~~~ .6 . 10 2 2.6 2 '

C 05 2 .7 1.45 .'12 1.1 2.S, 3

14 0 .0 .26 .66 6.0 1.
6 12 5. 26 .?$ 2.3

c N2 5.1 .31 3C3 5.2 6.-

0 .26 5.0C .36 AS6 1.1 6.,,
It - UMTM6I - 7.6

S A 0 S, .6 I6 . .

1 .10 ý.2 .67 4.1
C .18 S.1 .19 .63 3.2 9
a .2S 6.1 .22 .30 I1 6.51,6
I - UWATCNASLE- -
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Thus, it would appear thLt the parameters a) 2s and a, tend

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

into iso-opinion regions, for configurations having good I'sp . There are
two fundamental problems with this approach however. The first is the prac-

tical difficulty of measuring time delays as Small as 0. 1 sec. The second

problem is the fact that when W, Tg is small, it can often be changed by

factot . of two or more and, with compensating changes in 9. , Zr and !r

equally good analog matches can be obtained. For example, the above time
history for Configuration ZH can bo rematched with the following results.

. ............................
... ~........
... ....... ........ .....

.............. -Match
......... .......... .

C-omplete response
Oof Configuration 214

* 4 1

1 ...... . ... .e e V s '• e s * • e ' '• ' * ee ''m

"* , . 4, 4 , .

S.. .. .. .....

. ....... ... ... ... .................

0 1 2 3 4 S
TIME -SEC

Match AW ____

Original .21 3.2 1.00 .81 2.6

Rematch . 15 3.5 .70 46 1.6

Thus, it is difficult to obtain a unique set of Wg, 4 , and f for

a given cornfiguration.
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APPENDIX III

COMPLETE CO TIME HISTORIES

According to Reference 15, the C* response to a pilot force input
is:

-, 4/• 40"f/l

where Jo is the distance of the pilot's statiotn ahead of the.center of gravity,
in feet. CC/F and 0I/F have the units of g/lb, while 0 /F has the
units of rad/sec per lb.

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

C4 $afcC]I
T, 7s Lr

where /As is the transfer function of the simulated control system.

CC, JF is the CC transfer function of the simulated airframe.

.[FS , 1- $

For the simulated control system:

F. = _____, r

For the simulated airframe (see Appendix IV
vy I )Ir S.

- ..... . 131
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and

"2 /

Substituting, and normalizing with respect to the steady state. yioids.

~~~A #; =t.0 e

For thie T-33: .,v 7 it, Y.L4j/Af = 3 ft

Vind 250 knots: Vp. = 480 ft/sec

;, =0, o sec

Vind 350 knots: V,-- 675 ft/sec

Or = 0.4Z sec

The C numerators becnme:

Vind =250 knots. (.36s + 1) (.0110 11 + 1) ( 2+ s V 1)

Vind a 350 knots: ('158+ 1) (.01024 + 1) ( S' *+ 1)

The normalized C* response to a step force input was calculated £or
each of the configurations evaluated in this experiment. These responses
and their asoociated pilot ratings were then compared with the C.:, time-
history boundaries of Reference 15,and the results are shown in the plots
which follow.
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APPENDIX IV

LONGI'TUDINAL TRANSFER FUNCTIONS

In this appendix, several simplified longitudinal transfer functiontn
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 constant speed and neglect incremental effects of gravity.

The equations imply that the reference axes are stability axes and that the

wings are always level so that 0 = and 0(G) r. - 9 (s) . The variables

0 , o , n , and . are Incremental valuoar from the reference con-

dition.

The following transfer functions in Laplace notaticn arise from the
above equations:

S L M #, -. M ) S -( A, 4 L a • )

"•" • y•~,0•L -•.M'*) -(Me .0 M'ý I ,_-

'1 g 4 L4 S'(LM*M)+/ 4 -A 5 )

4I

Assuming that the product of smali terms is negligible (L5 r M / ")

atv ~
A 

U

1 . v. _ ___,_ _.._153
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The short-period natural frequency and damping ratio can be expressed as:
4UO•. A -MeV-AfJk4

ZU~Si ds a -M) , A

SS -

ard:

l A_•elI"/a ¢

Making these substitutions and rearranging,

Ali,

Sm

's _ & ( I W', +:, (+," w-a,zJ- / '

For most conventionai airplanes, the numerator time constants in the yI
M

and •"transfer functions are negligible. However, for airplanes having

a tail Ilength which is quite short. these numerator terms can be important.

The following• relationships can be derived from the above transfer
iunctz~ns:

ForfV a\ ste inu, 4 (V
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therefore.

4)- 0- /661

.a s

and Moe a M4~

therefore, 0E =

(3) 0/F. transfer function (negligible control system dynamics):

a . 0 H ._I (t.. S-- 1)

where KO

WS', ,. /*t

Note that A as defined above is the same as the steady-state
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(4) dJO/Fr~la (neg.gible control. . tm , dynamics):

i .6 K 0 St*,I-
~K A ." "_ JUt.•

For s > 0.7, and /7T. ,

Substituting expreasion for e.4,
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APPENDIX V

DETAIlS OF SIMULATION MECHANIZATION AND

DATA REDUCTION TECHNICUES

This in-flight experiment was performed in the three-axis variable -
stability T-33 airplane, modified and operated by CAL for the USAF. The
desired FC, dynamics were simulated by altering the T-33 control syst~em
with suitable electronic circuits. The variable-etabiiity response-feedback
system of the T-33 was used to simulate the desired airplane dynamics.
The mechaniration of the airplane plus control-eyesoes~ longitudinal dynamics
for this experiment is summarised in Figure V- 1 using constant-speed
airplane dynamics.

,ced, Sya.•&e,

(w"k, 4fsI '(asusui4~t r-33 A4 vsae X~.umrai

Simulated FCS Dynamics Simulated Airplane
Short-Period Dynamics

Figure V - I Mechanization of Airplane plus FCS
Longitudinal Dynamics.

The feel system characteristics shown in Figure V-I were mech-
anized using an electro-hydrauLic feel servo, with position and rate feedbacks
to control the frequency and damping. Experimental frequency responses of
the feel system, obtained during ground calibrations. show that the dynamic
characteristics presented in the figure approximate the measured phase
within Z degrees and the measured amplitude within 5%, for frequencies 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 show near perfect c,4rrelation of amplitude and
phase with the FCS transfer functions used in this report. for frequencies as
high as 60 tad/sec.

The desired short-period dynamics were achieved by feeding back
is .i and q signals to the T.33 elevator actuator with the appropriate

feedback gains. It is important to remnember that because response feed-
back@ are used, the numerators of the longitudinal transfer functions remain
those of the T-33 airframe. Figure V-Z shows a simplified block diagram
of the mechanization for the airpilane dynamics.

tee 4000W~

Simulated Airplane Short-Period Dynamics

Figure V-Z Mechanization of Airplane Longitudinal Dy",mics

The circuit cards for simulating the FCS dynamics all contaired, a second-
order L.cro (shown in Figure V-Z ) designed to cancel the T-33 actuator
dynamics. With the response -feedback loops closed, the T-13 actuator roots
will migrate somewhat; but since the roots are at high frequency, the

ISO



movement will be small. The T-33 actuator can therefore be considered
cancelled by the second-order zero, as far as the airplane's response to

Ps inputs is concerned. For the configurations evaluated with f aI t-I
"r. n o0 , the force command signal went directly to the elevator

summing amplifier. In these cases the ( Wos , * ) dynamics were those

of the T-33 actuator. The six additional short-period configurationes ( 9 to
14) simulated in this experiment had the feel system dynamics iri series
with the simulated airplane plus T-33 actuvator.

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

The feedback gains 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 tken of

each configuration evaluated in order to identify cJ,, , . n/a and

the selected F.s/n . To determine W,,, and r,,, , in-flight recordings

of either 6 or a to a manual elevator doublet were at.alog--matched.
This method proved to be both accurate and repeatable. Records of the air-
plane's * and n response to a sories of automatic electrical steps (fed
directly to the elevator summing amplifier) were used to determine n/a and
F's /n . To obtain P In from these records, the measured value of (n/4),,

was combined with the value of (S& /J% ),s gain selected by the pilot. Sev-
eral F: /# measurements using out-of-trim manual elevator steps were
taken to confirm the accuracy of the above technique.

The values of , and •' used in this report represent the

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

values of w and Z measured in the course of the experiment, were

a 10% for W and* 5% for • " The values of n,/ and F./, used in
this report similarly involved the use of averaged calibration data, and the
maximum variations from the averages were * 10% for both #7/a and F. /m
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