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PAPER PILOT PONDERS SUPEPSOMNIC TRANSPORTS
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ABSTRACT

This naper describes the application of the digital
program Fitch Paper i'liot to a presimulation anslysis
of a lar ;e delta wing aircraft similar to the Concorde
supersonic transport. Pilot accentance (in terms of
C «»per=-Harper ratinjs), pilot modei narameters, and pllote
vehicle performance were predicted by Paper Pilot and
~ompared to actual Inflight measures.
and lllustrate the

Repalts are good
talue of using the Paper Pilot concept
.arin: the plannlng st.ges of simulation,

I. INTRODUCTION

The technical community relies heavily on simulation

to test complex systems, New ideas can be examined

and juestions can be answered during simulation that would

crove very <Tostly to s*udy on a. tual systems. However,

€.r tr.- sinulation tc be most officlent careful planning

is necessary, This paper pres.-nts n example of an auto=
m.-ea analysils that can predict import:nt piloteaircraft

inrormation for pl nning purposes. The inrormation includes

predictions of pilotevehicle p-rformance, pilot rating,
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and pilot model parameterss in addition, critical experi-
mental parametars can be derived, The analysis is ac.uite,
fast, economical, and can accommodate complex systems,.

To test the presimulation planning capabilities of the
technique, which i{s based on the digital computer program
Pitch Paper Pilot (Ref, 1), data for «n inflight simu-
lation of a supersonic transport (Ref, 2) was analyzeo
before the results of the simulation were available, The

predictions were genasrated and then compdred to the actual
inflight measurements,
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I1, PRESIMULATION ANALYSI1S

PITCH TASK

The inflight simualtion modeled the landing approach
task of 8 supersonic transport., For this task it haes heen
vw8ll established that the primary pllot function for trans-
port-type aircraft is the maintenance of pitch sttitude
(Refs, 2 and 3), Thus, the use of the itch Faper Pilot
program, which only models the longltudinal pitch tracking
task, was reasonable in this investigation, especiatly
since the lateiral configuaration remained constant

A brief review of the Pitch Paper Pilot program shows
that the pitch tracking task is modeled by a singie closed-
loop system with pilot control of elevator (Pig. 1).
Included are a commanded pitch input, pllot model Yp.
airframe dynamics, and stability augmentation systam (SAS),
The commanded pitch input is generated by p.ssing white
noise through a first order filter with a breuk frequency
equal to one radian per second, The pilot model is of the
forms

. -Ys -
Yp kp‘TL' + 1e [ 4 fEE(TLl + 1)(s - 2/
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where

s = Laplace transform nctation

kp= pilot gain

Ti= pllot lead, seconds

¥ = effective pllot central proc 'ssing delay, seconds
The alircraft dynarmics are the standard three degree-of~
fr -adom iongitudinal e juations of motion with dimensional
stibility axis aerivatives,

CpO PeM Lokt LN
us+ *h~ Pitzh Paper l'ilot program the Aircraft
crabl Jty - L atives, longitudinal airuneed, ommanded {nput
e’ par:r ters, pllot time lJelay, initial guess of pilot
qain nJd wad, 3AS gains, control system laas, ani data

used in the minirization routines are laput. The first
c.mputational step in the Papcer Pllot rating scheme (inds
a stable set of pilot oaramete:s. The cost functional J
is minimized with respect to the llot (arameters; subject
to the constraint Ty = 5 secondu., J {s dven as

J = berf + Ry +» R, + 1,0

re
¢1/7(e974 = @),6¢.974
FPERF =
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«974 =622 3 x 107(.974 =6) + 3 x 10°,

. 62,974
S = °'o’°'1 = root mean square (rms) tracking error
normalized by the rms commanded input

=2.5T , T <O
R, =¢ 2.5Ty, 0& T
3.25, T, > 1.3

0, T, S 5.0
R 3
3 100(T; =5)°, T, > 5.0

< 1.3

The miniuwlzing pilot parameters are then used to come
pute a closed-loop Pitch Paper Pilot rating in Cooper
units as given by
{tlmzn.o, PERF + R, + 1 £ 10
PR =
10, PERF + Ry + 1 >10
where
Ry = ¢1/(,974 = &),
The Cocper ratings are converted to Cooper=Harper ratings
which wlil be used in this psper. A rating of one is
excellent; ten may be catastrophic,

APPLICATION OF PITCH PAPER PILOT

Pitch Paper Pilot was used v analyze ¢ ‘onnitudinal
flying qualities of fourteen superso: ic tranaport c.nfirfu-
rations in landing approach., The stability derivatives
were those used for the simulation, the break frequency
was selected to equal one radiaa per second, ani the pilot
time delay was chesen to be 0.s seconds. This value
includes a mental processing delay of about 0.2 saconds
and a neuromuscular delay of 0,1 saconds,

IIX, SIMULATION

FLYING QUALITIES EXPERIMENT

In the summer of 1972 an inflight simulation program
was conducted by the Air Porce Flight Dynamics lLaboratory
(AFFDL) and CALSPAN Corporation to establish flight character-
istics criteria for airworthiness certification of supersonic
transports during landing apyproach (Ref, 2)., This program
de 1t specifically with the static longitudinal stability
of the bare unaugmented airframe and reguired nilot ratings
of the alrcraft's handling qualities, and, thus provided
an excellent example to test the Paper Pilot concept as a
presimulation analysis tool. The m~thod for obhtalning



the needed inflight handling qualities data to fly actual
landing approaches in the Total In-Flight Simulator (TIPS)
(Fige. 2) on which were programmed the equations that des-
cribed various longitudinal configurations of & large
delta-wing jet transport of the Concorde class, The simue
lation included statically unstable configurations (Cmg0),
and those on the backside or bottom of the thrusterequired
curve (1/Th1<0). In most cases the short period mode had
..egenerated to two real roots, one of which was unstable,
Three stable confiqurations with conventional dynamics
ware also tested. The Paper Pilot program was able to
accurately rate the flying qualities of twelve uf the
fourteen unconventionai configurations inspite of the fact
that no written specificaticns exist for such configurations.
After all, to define the specifications was the purpose of
the TIPS exneriment,

PILOT DESCRIBING PUNCTION EXPERIMENT

To help validate the praedicted pllot model parameters
and performance, a limited pilot descridbing function experi-
ment wis performed. Two pillots were instructed to fly
a stable configuration of an inflight compensatory pitch
tracking task with simulated turbulence, After a brief
tralning period (bot~ pillots were already familiar with
the configurations because of the earlier TIPS evaluations),
five experimental runs of one hundred-second duration were
analyzed using a Describing function Analyzer [Ref, 4°
The pilot describing function and piiot performance data
were than compared to the predicted values., The pilots
also gave comments which were helpful in comparing the
describing function experiment to the flying qualities
experiment,

It is important to note the differences betwaen the
vertical gust input used in the describing function experi.
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ment md the companded input used in the Paper Pilot
predictions., First of all, the gust input entered the
system directly through the alrcraft equations, cConsequ~
ently, the aircraft equations appeared as a higher order
filter cperating on the gus:t, Futhermore, the gust input
was shaped to resembls the Dryden gust spectrum, with a
break frequency of about cne=half radian per second, On
the other hand, the Paper Pilot commanded input was gener=
ated by passing white nolse through a first order filter
with a bresk frequency of one radian per second. Thus,
the Paper Pilot predictions, compared to the describing
function experiment, were based on in input which had a
higher break frequency and energy content for the same
tracking task. Inspite of these differences, both inputs
approximated heavy turbulence,

As a footnote to the pilot describing function experi~
ment, the digitally recorded inflight data is currently
being analyzed at APPDL with a parameter identification
routine based on L, W. Taylor's work (Ref, S5). Pilot
parameters identified with Taylor's method should provide
interesting comparisons to those measursd with the das-
cribing function analyzer.

IV, RESULTS

The findings of the TIFS study indicated that the
pilots rated the configurations differently depending on
the amount of training and the gust level., Consequently,
the TIPS reseazrchers attempted to eliminate training and
gust effects and tharaby derived "compensatad" pilot
ratings. Table 1 siows the very good comparison of the
Paper Pilot predictions to the compensated ratings, as well
as to the "raw" pilot ratings., In only two cases, where
the actual ratings wers 10, were the predictions notadly
different,



The pllot describing function experiment ylelded
measurements to valiiate the predicted performance and
pilot model parameters. Table 2 shows good comparison
between predictions and measurements, except for pitch
rate., And the Bode plot of Figure 3 indicates that the
predicted pilot model is very similar to the models of
the actual pilots, especially in the vicinity of tne
crogsover frequency which is about five radians per second.

The above results in terms of pilot rating, performance,
and model parameters can indicate good and kad aircraft
configurations which should be known in plarning a simu-
lation. However, additional Information in terms of
critical experimental parameters should also be known.

The use of the Paper Pilot program indicated that the
important parameter was the static stabllity Cm,, the
induced drag Cp,and the pitch damping (Cmq + Cmg) were not
as important. The inflight ev«liations confirmed these
predictions.

In summary the P‘tch Paper fillot program, which was
developed from -~ bese of fighter data, can analyze the
handling cuJalities of large transport-type aircraft.
terhars the form of the commanded pitch input, as opposed
tc a ~ust input through the aircraft equations, has a
normalizing effect with respect to aircraft size, On
the negative side of the picture, the Paper Pilot had
difficulty in stabilizing and then finding the minimum
pilot rating for some of the unstable configurations,
Besides the problem of identifying the proper stabilizing
#ain (Fige. 4), there are preiiminary indications that more
than one set of pilot gain and lead would satisfy the
minimization requirements. This leads to the i~teresting
possibility of two ratings for the same coifigu-ation, and
may explain why different pilots sometime: rate the same
configuration quite differ~ntly, for example, Configurations

1 and 3 of Table 1., Such observations will be clarified
as more complete simulations and data reductions are
accomplished, in particular, if the measurement of pilot
model parameters is emphasized,
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TABLE 1

COMPARISON OF PILOT RATINGS

P Pilot TIPS Pilots
B C
6e1 - - -
S.6 - 2C 2B
6.0 4D 7(5) -
601 6=7D 6 9
6.5 5C 5 -
6.5 10E - 10
6.0 SD 5 -
6.2 |SD(FB) = -
8.0 WOF 647 =
5.3 3C 1=2 =
Se3 AC - -
5.3 6B = 5C
5.8 10E - -
5.3 3C - -
TABLE 2

5D
6=7

7-8E
7
70
6D

‘6D
745D
10F
4C

Compensated
Ratings

6

6

665
10

RMS VALUES, CONFIGURATION 20

®. So
(deg) | (degq)
.78 71
5 5
62 -

6q
(deg/sec)
1452
o4

O

(deg)
o7

8

Su
(ft/sec)

2.1

2.2

PPP ~ Pitch Paper Pilot predictions
SC « Approximate rms values from strip chart,

averages of five runsg, (rms = 1/3 x max value)

edc

stable

DFA - Describing Function Analyzer measurement
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