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&stract 

It is becoming increasingly convenient to 
measure and analyze directly the control strategy 
of pilots involved in performing authentic 
tasks -both in simulators and in flight. As a 
result, it is new possible to begin conpiling a 
catalog of engineering descriptions of various 
flight tasks, the associated piloting technique, 
and the perceptual pathways involved. This paper 
describes hm a certain class of helicopter 
flight tasks, namely acceleration/ deceleration 
manewers. can be quantified and put to use in 
the fields of handling qualities, flight train- 
ing. and evaluation of sirmlator fidelity. 'Ihe 
three specific cases include the norms1 speed 
change maneuver, the nap-of-the-earth dash/ 
quickstop, and the decelerating approach to 
hover. All of these manewers share conrson gen- 
eric features in terms of pilot adaptation and 
mathatical description; yet each differs in 
terms of the essential feedback loop structure, 
implications for handling qualities requirwents. 
and simulator fidelity criteria. 
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w Mzural frequency 

Y> Closed-loop natural frequency of () task 

% &ossover frequency 

% 
Effective crossover frequency of () task 

sJbscripts 

a Approach to hover task 

f landing flare task 

r I&h/quickstop task 

U NXUB~ speed change task 

X Fore-and-aft position regulation task 

cl Pitch attitude regulation task 

Introduction 

'Ihe purpose of this paper is to describe, 
using a set of examples, certain elements of an 
approach to handling qualities which can quanti- 
tatively account for the pilotqehicle response 
needs in performing specific flight tasks or 
maneuvers. 'Ihis is accomplished by modeling the 
flight task or maneuver in a way which permits 
the inference of the pilot's loop structure and 
the relative dependence of task perfonrrance on 
various essential and supporting loops. lhis 
cqlements and is fully coupatible with the 
equivalent systems approach to describing the 
vehicle dynsmic~'*~ and, in fact, provides the 
needed context for applying bandwidth criteria3. 

If handling qualities are "those stability 
and dynamic response characteristics of an air- 
craft and its control systen which iupact' the 
pilot's ,$Zliq to complete some useful task or 
mission, then wz rmst be prepared to quantify 
not only the vehicle but also the task. '0sk 
quantification is the real subject of this paper; 
and wz illustrate the concept using examples of 
several kinds of helicopter acceleration/ 
deceleration msnewers. 

Historically, handling qualities requirements 
have not been very closely tied to specific 
flight tasks. 
V/SToL6, 

7his holds for fixed-wing5, 
and rotary-wing aircraft7. &rhaps the 

closest that existing specifications ccnmz to 
dealing with individual flight tasks is the 
fixed-wing handling qualities specification, 
MIL-F-878X, and its three "flight phase categor- 
ies;" hwever, we shall- be dealing with at least 
one or tw, additional tiers of detail in the 

individual task or maneuver description (i.e., 
specific flight tasks and then individual axes of 

.control for each task). With regard to the 
rotary-wing specification, MIiK8501A, there is 
the mention of specific flight tasks in connec- 
tion with various power and speed conditions but, 
again, no quantitative definition. &nce. as 
specialized environments such as NOE have entered 
the scene, it has been necessary to consider 
significantly more stringent response standards 
such as those suggested by Fdenboroxh and 
&rnicke8. A-I example of the level of task 
breakdawn which should be considered is shown in 
mble lg. 'Ihis is based, in part, on careful 
tabulation of Army training objectives. 

Table 1. Army Flight TJ&k.s and hewers 
(btary- and Fixed-Wing) 

lLcwwx 
TAKEOFF TO Hovm 
HOVER 
HOVER CHECKS 
HOVER Tuans 
Fowrao HOVER 

WEAPON DELIVERY 
HOVER FIRE 
RUWIING FIRE 
DIVIIIG FIRE 
Au! 

JNSTRUMENT FLIGHT 
TAKEOFF 

The aim of this paper, then, is to show how a 
more thorqh treatment of individual flight 
tasks and lnaneuvers can result in better 
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understanding of the piloting technique, the 
perceptual pathways, crucial vehicle characteris- 
tics, and the role of supporting pilot loops. 
'Jhe hope is to arrive at a more rational and 
selective approach to handling qualities which 
looks after the key ingredients of any particular 
piloting task. lhis approach can also be useful 
in judging the validity of simulator investiga- 
tions of handling qualities. 

In order to illustrate the above concepts we 
shall consider one class of helicopter flight 
tasks, namely speed changes. E&presenting this 
class are three rather specificmanewers: 

1) Nxmal spee$ change maneuvers 
2) NOE dash/quickstep 
3) Decelerating approach to hover. 

As wa shall see, each involves a unique combina- 
tion of abruptness, pilot compensation, essential 
loop structure, and crucial vehicle features. In 
effect, each maneuver represents a particular 
context for judging handling qualities. 

Technical Approach 

The approach to analyzing the speed change 
maneuvers listed above is adapted from a 
particularly successful and insightful analysis 
of the 
transportlO?di&~ed%rea d?~ct"es~~~onjedf 
closed-loop flight path response for the flare 
maneuver, pilot control strategy was quantified 
in considerable detail. This resulted, in turn, 
in identifying differences between landings per- 
formed in flight and in a simulator, the effects 
of training pilots in flight as opposed to on a 
simulator, and the key features in the pilot or 
aircraft responsible for any landing 
difficulties. 

'Ihe analysis procedure applied to the X-10 
landing flare consisted of identifying the effec- 
tive second-order closed-loop response parameters-l 
(e.g., frequency and damping) and subtracting the 
open-loop aircraft response in order to infer the 
pilot's control strategy. Each of these compo- 
nents, of course, has value, i.e., 

1) Qosed-loop pilot-vehicle respamez 
abruptness or urgency of the task and specific 
context for supporting loops or pilot actions. 

2) cp~loop aircraft re9pmse: specific 
roles or influences of vehicle stability, con- 
trol, and perforumnce characteristics. 

3) Pilot control &rat=: availability of 
cues, ease of compensation, and level of skill. 

&he iuportsnt tool in the X-10 analysis was 
the use of a phase plane plot of the "cormrand 
loop" (extrane outer loop) -in that case height 
versus height rate-of+hange. Based on the phase 
plane trajectory, it WIS observed that the 
landing flare was equivalent to an unforced 
second-order response beginning with a set of 
state initial conditions and a set of state 
ccrmmnds appropriate to touchdawn. lhis is shcwn 
in the sketch in Pig. 1. 

General second-order, 
phase plane 
trajectory w \ 
described by f 

Flare Segment 

Constraint Flare Initiation 

ii f 2&L+ + ub2p = 0 

Figure 1. Phase Plane Depiction 
of Landing Flare 

'Ihe closed-loop danping and natural frequency 
parameters, cf and y, can be found using 
rigorous parameter identification procedures, 
although even simple phase plane estimation 
methods wrk well. The sketch in Pig. 2 outlines 
all that we shall need in order to address the 
speed change manewers of interest here. 

Ebr the landing flare, it was found that a 
fairly large ssnple of pilots preferred a closed- 
loop damping ratio of about 0.7 f 0.1 and a 
closed-loop natural frequency of about 
0.4 f 0.1 radlsec. In terms of an effective 
banckLdth (crossover frequency) and phase margin, 
the DC-10 flare was found to have: 

Crossover Frequency, w 
Cf 

= 0.2 to 0.33 rad/sec 

l&se Margin, 
+% ='70 to go deg 
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htd as 0.83 - 0.6 7 
hpk 

5 

+!d 
pk 

Figure 2. Ebrmalized Phase Plane and 
Relationships for Extracting Closed-Loop 

Dmnping and Natural Frequency 

'Ihese values therefore establish a highly qusnti- 
tative context by which to judge basic airplane 
response characteristics and the degree of pre- 
cision and control of pitch attitude required for 
support of the lauding maneuver. As an example 
we might apply a factor-of-five rule of thunb for 
setting the necessary inner-loop pitch response 
bandwidth. &nce the equivalent-system pitch 
attitude bandwidth requirement for landing in the 
DC-10 should be at least 1 to 1.7 rad/sec - a 
reasonable range of values. 

lhe norm1 speed change maneuver in a heli- 
copter might include takeoff as ~11 as up-and- 
away flight. It is not unlike the corresponding 
maneuver in a fixed-wing aircraft. Cyclic pitch 
(or elevator) and collective (or throttle) are 
coordinated so as to effect an x-axis accelera- 
tion with minimal disturbance to flight path. In 

a helicopter the normal technique for slawing 
dam is to simultaneously pitch up and lower the 
collective. Ihe relative amount of collective 
control change tends to be in direct proportion 
to the airspeed; but, collective control is a 
separate issue which can be handled apart from 
the pitch attitude control, per se. 

?he main determinant of a helicopter speed 
change is the use of pitch attitude since it can 
be shown that to a 
approximation": 

good first-order 

To this we can add the pilot's closed-loop con- 
trol of attitude in terms of a first-order lag 
approximation involving pitch crossover fre- 
quency, wc , i.e., 

e 

(2) 

Thus a pilot control law can be expressed in 
terms of a pitch attitude conrman d rather than a 
cyclic pitch control conmand, per se. 

lhe basic control strategy for either regu- 
lating or changing speed will involve a speed 
feedback in the W wnnnsnd loop," i.e., as shorn in 
Fig. 3. 'Ihe job of the pilot is to adopt a speed 

Figure 3. Control Strategy for the 
Ibmal Speed Lange hewer 

control strategy, Yp , which will result in an 
effective management %f speed, and wz can obtain 
strong clues of the pilot's control strategy by 
observing a phase plane plot of speed versus 
acceleration. In several available flight cases, 
it can be observed that the phase plane 
trajectory of a speed change is essentially 
second order. Figure 4 shows sme examples. 



I 

Figure 4. TypicalPlight&amples 
of Normal Speed &anges 

The kind of data shawn in Fig. 4 can be re- 
plotted in conventional phase plane terms as 
shm in Pig. 5. even thqh good definition of 
the terminal condition is lacking. mere it is 
so ill-defined, we nust estimate or assu0e a 
closed-loop damping ratio, 5,. A value of 0.7 to 
0.9 is probably reasonable in view of the desire 
to avoid significant overshoot in sny discrete 
manewer. (Recall that for the landing flare a 
damping ratio of 0.7 was measured.) 'Ihe ratio of 
peak pitch attitude change (or x-acceleration) to 
total speed change is directly related to the 
closed-loop natural frequency. According to the 
relationships shorn in Fig. 2. 

w = 2.4 g * 
U AU (3) 

Using the predominant closed-loop response 
and the essential helicopter dynamics, it is thus 
possible to solve directly for the pilot's con- 
trol law, Y 

pu' 

i.e., 0 = 1 + Y l Yc - s2 + 2~93 + 4 
pu u 

(4) 

Terminal 
,Condition 

Initial 
Condition at a 
Steady Forward 

u-u, Velocity\ 

Figure 5. Typical Phase Plane of a 
Ebrmal SpeedChange 

(5) 

Airframe Closed-loop 
Speed Pitch 

Wspmse Rssponse 

and, assuning an integral-plus-proportional speed 
control, 

then 

S3 - 

“C 
+(1+$2+k+)jl) s +gsKl=O 

e e 
(7) 

It can be show that for w ce >> t+ the s3 term 
is negligible and the s2 coefficient is nearly 
unity. (Also Ku is often negligible.) 
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Thus 

2wil + %l md 

5Jp g 

K 4 
I = 25uwu + 't (8) s (9) 

Typical flight data may show a 10 deg pitch 
change for an 80 kt speed change which therefore 
corresponds to an q, of 0.1 rad/sec according to 
Fiqn. (3). For a 5, of 0.7, this muld yield a 
crossover frequency of 0.07 rad/sec and a phase 
margin of about 85 deg. It should also be noted 
that only a pitch attitude cue and a speed cue 
(i.e., indicated airspeed) are needed to accom- 
plish this task. The integral term implies a 
trimming function in parallel with the basic 
pitch attitude connmnd. Thus the basic pilot 
gains (assuning a typically negligible X,, for 
helicopters) would be 

Kb = 0.42 and KI = 0.07lsec ('0) ,U') 

In retrospect it can be seen that the usual 
closed-loop pitch attitude bandwidth (mc ) of 
about 1 rad/sec is not critical to the p&for- 
mance of a the normal speed change umneuver; in 
fact, it could be as low as 0.35 rad/sec and 
still provide adequate support to the task. 
Takeoff time histories for a UR-6O12 seem to 
substantiate these estimates well in that an 
airspeed inverse time constant of about O.l/sec 
and sn attitude inverse time constant of about 
0.33/set can be observed. 

NOEtbsh/@ickstopl%amuver 

This is a far more aggressive variety of 
speed change maneuver than that considered 
above. The NOE speed change-really a position 
change _ also involves use of collective pitch 
to offset height changes and prevent ground con- 
tact. As before, though, wa shall treat only the 
x-axis, i.e., the pilot's control law for effect- 
ing a speed change through use of pitch attitude 
control, and set aside the important collective 
control aspects. (At the same time, wz are es- 
tablishing the context of the collective control 
task.) 

The basic control strategy for the NOE msn- 
euver involves a range couamnd-loop (Fig. 6) 

since position is of ultimate importance. A 
phase plane portrait of the dash/q+kstop is 
therefore correctly depicted in the R - R plane 
of Fig. 7. Note that ua can handle either the 
dash-quickstop combination or the quickstop alone 
depending upon how uz pick initial conditions, 
but the family of phase plane trajectories would 
be the same. 

Figure 6. Corsnand Ioop for the 
NOE speed (Ibsition) Change 

Terminal 
Initial Condition 
at Rest (dash 
plus quickstop) 

&.ickstopsegment 
\- 

Dash Segment 
Initial Condition 
at a Steady Forward 
Velocity (quickstop 
alone) 

Figure 7. Range Fhase Plane Assuning 
Second-&der Closed-Loop Behavior 

If the NOE speed change is assuned to involve 
both a range and a velocity feedback, then 

'pr 
= KR + KfiS (12) 
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The controlled elanent is the same as before agrees well with the pitch damping (essentially 
except for an additional integration, i.e., pitch attitude bandwidth) swested by 

Eidenborqh and Wernicke8 for the NOE regime. 

yC 
.- 

r * - G+q (' 'It, (13) 
'Ihis bandwidth requirement, of course, is at 
great variance with the pitch dwing specified 
in MIL-K8501A (see Bf. 11). 

-Ihcc- 
Airframe CLosed-Icop 
x-Position Pitch Response 

IkceleratingApproachtoEbwr 

F&sponse 'Ihis is a flight task for which the estima- 
tion of a simple pilot control strategy is 

thus O=Y&Y+ +1 - s2+2~+lrs + or2 (14) 
obscured by the effects of visual perception of 
range. Wen, et a1..13 collected numerous 
approach profiles, such as those shm in Fig. 8; 

and 
but it is not possible to fit simple linear, 
constant-coefficient models as in the previous 
tw cases. 

S3 xu2 
o+(l -w,)s + (gKR - Xu)s + gKR = 0 (15) 

‘e e 

and with the same simplifying conditions as be- 
fore for the s3 and s2 terms, 

I$"7 snd 'k-s 25rUr (16),(17) 

Cbservations made for a UH-1H performing 
quickstops in flight9 were that 

8or 
‘pk - n 

12 (18) 
. 

R max 

e.g., starting fran 40 kt, the peak pitch-up 
during the deceleration was about 40 deg. Based 
on these observations, 

i5 oE 
0 35 .5 

R (nm) 

KR-4$and I$=12 
Figure 8. Typical Approach Profiles 

(1% Masured by &en, et a1.13 

This corresponds to I+ = 0.8 rad/sec and, for It was found, hcwever. that if the "perceived 
% = 0.7, the effective crossover frequency is range" function of Gilinsky'4 was assuned to be 
0.5 rad/sec and the phase margin is 85 deg. 'Ihis operating, i.e., 
is an extraordinarily high bandwidth for an 
x-axis task! Again applying a factor-of-five Perceived 

Range, cm 
bandwidth requirement for pitch attitude, an NOE 
dash/quickstep should require about 2.5 rad/sec 

Wee - nearly sn order of magnitude higher thsn where A is an arpirically obtained perceived 

the normal speed change task. Also, this value 
range constant and R is the actual range, then 
the pilot control strategy for the entire 

227 



approach follcwd by hover is a sinple, 
stationary form suchas shok;n in Fig. 9. 

Figure 9. tkcelerating Approach-to-Ibver 
Control Strategy 

A closed-form solution of the approach pro- 
file can be derived15 in terms of deceleration or 
pitch attitude versus range: 

,. 
. . 

gA0 - R = 
Ki R 

(1 + R/A)3 
(21) 

where Ka is sn effective pilot control strategy 
gain and the effective crossover frequency can be 
expressed as a function of range by 

w =K 
C a a'I&7iX 

The goodness of this model is shawn in 
Fig. 10 along with two fittings to a set of 
flight data -one slightly better at long range 
and the other at short range. 

0’ I 
0 .125 .25 .5 

R (4 

Figure 10. Comparison of Deceleration Profiles 
Betwen Analytical Meland Flight Test lkta 

Note that a value of 0.25 for K, and 500 ft 
for A wuld give a crossover equal to about 
0.035 rad/sec at 0.5 nm, 0.065 rad/sec at 
0.25 nm, and 0.25 rad/sec at hover, i.e., a 
steadily increasing bantiidth. It is particu- 
larly interesting that the model applies to a 
steady hover as ~11 as to the entire speed 
transition. Furthermore, the above estimated 
value of 0 

'a 
at hover agrees ~11 with the 

simulator measurements made by Ringland, et 
a1.,16 using an open cockpit on the NASA knes 
Research Center s.01 six-degrees-of-freedom 
siuulator. Those data shawed hover position 
bandwidth wc = 0.2 rad/sec for three pilots. 

Che 1a.s: observation for this case is that 
the supporting pitch attitude bandwidth require- 
ment wuld be about 1.3 rad/sec, and crucial only 
during the very last portion of the manewer. 
This agrees with the Ringland data16 (the 
measured w was about 1.4 rad/sec) and other 
multiloop klytical approaches as exanplified by 
Ckaig, et a1.,17. 

Ihniliqg Qmlities hplications 

As a result of the above analysis, we have 
defined the x-axis control for three basic heli- 
copter speed change smnewers. In each case 
there wsre variations in cues used and in the 
abruptness and, therefore, the quickness required 
in the attitude response. This is sumnarized in 
Table 2. 

Table 2. Smm-ary of Helicopter Speed 
Change Characteristics 
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It shaild be noted that certain handling 
qualities requirements having fair agreement with 
present standards have been derived fran a 
direct, simple analysis of basic discrete- 
maneuver flight tasks. Furthermore, the 
parsmeters used to characterize the outer-loop 
discrete umneuvers are identical in form to the 
inner-loop regulatory or tracking hctions such 
as attitude control. For exauple we can deal 
with pilot control strategy gains, pilot 
ccupensation. crossover frequencies, N-e 
margins, etc. 

Ihe very limited depth of the foregoing an- 
alysis nLlSt be recognized, however. The amount 
and quality of flight data supporting the nuneri- 
cal results presented is grossly inadequate for 
setting design standards. bta for individual 
flight tasks mJst be gathered systematically for 
reasonably large populations of skilled pilots 
and various vehicle types. Ps shown, analysis 
methods do not require large arrays of vehicle 
state records, therefore extensive flight test 
insttunentation is not really needed. To an 
extent, existing flight and simulator data could 
be reanalyzed. Useful data can also be obtained 
nonintrusively frm flight and simulator investi- 
gations having other priaary objectives. 

A thorough quantitative definition of heli- 
copter flight tasks and manewers should include 
those listed in ?$ble 1 with special emphasis on 
the critical mission segments such as NOE or 
air-to-air combat or difficult operating 
enviromnts such as nighttime, instrunent 
meteorological conditions, or extreme atmospheric 
disturbances. 

Handling qualities are not solely tied to 
"stability and control" but csn also impact "per- 
fornnnce" aspects, especially in extreme 
maneuvers. Fbr example, in normal speed change 
maneuvers (including takeoff) or in an approach 
to hover, large torque transients due to the 
pilot's use of collective pitch are not likely. 
Performance of a very abrupt quickstop, on the 
other hand, requires collective pitch applied 
with connnensurate quickness to avoid ground-tail 
contact or excessive increase in altitude. Ihe 
specific amount of maneuver abruptness (in terms 
of + or w cr ) implied by the quickstop analysis 
presented here is likely to lead to the rotor 
drive-system/fuel-control coupling discussed in 
Ref. 18. The result may be significant rotor 
underspeed/overspeed transients which, in effect, 

limit just haw aggressively the pilot performs in 
a critical situation. It should be further noted 
that the pilot model arising fran the flight task 
analysis can also be used as a tool for urunanned 
corrputer sirmlation in very early design 
stages. Ihus realistic closed-loop investiga- 
tions can be conducted into "stability and 
control" and "performance" interactions. 

The main handling-qualities-related objective 
of the analysis approach presented hss been to 
errphasize the rational, direct relationship be- 
twsen a task and its supporting handling 
qualities features. 

Siuulator Fidelity 

Simulator fidelity is a basic issue in the 
field of handling qualities when flight simula- 
tion is the main source of pilot and performance 
data. Pbrmally simulator fidelity is established 
by focusing on the correctness of dynamic re- 
sponse of the simulator motion and visual systems 
and the vehicle mathenmtical model. The result 
is frequently great simulator system sophistica- 
tion and model complexity. 

Che criterion for simulator fidelity is the 
extent to which the sinulator induces the same 
piloting technique or control strategy for a 
given task as does the actualaircraftg. Thus we 
might measure pilot control strategy in the simu- 
lator in the manner segested here and conpare it 
to flight. This was done in the case of the 
K-10 landing maneuver" and found to reveal sig- 
nificant differences accounting for landing 
performance problems. In addition, certain ad- 
verse training effects were spotted in term3 of 
pilot control strategy. 

A sinulator fidelity effect which relates to 
the speed change maneuvers analyzed here was 
found in a recent set of unpublished data ob- 
tained fran sn Army UK60 training simulator. 
These data, shm in Fig. 11, describe a quick- 
stop maneuver as performed by an instructor 
flying at low altitude over a runway. 
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Figure 11. C&i&stop Phase Plane Data 
Fran W-60 Training Simulator 

Direct inspection of the phase plane of k 
versus R reveals a constant slope of 0.071 
ft/sec/ft with no apparent preference for 
range. 'lhe approximate closed-loop roots are 
therefore (s + I+ )(s + 0.06s)~. Equation (15) 
can thus be used t8 estimate KR and KR, i.e., 

0 = s3 - + S2 + g KRs + gKR 
“C 

e 

~1 c + (1 +y) s2 + 0.065s 
e e 

hence 

w-9 

(23) ,(24) 

Comparing these values to the 4 deg/lct and 
1 deg/ft, respectively, estimated from flight, we 
see that in the sinulator the closure-rate feed- 
back was more than an order of magnitude smaller 
and that the range feedback was essentially non- 
existent. Having such a disparity should, of 
course, discourage any use of the sirmlator for 
that particular maneuver, but it also can help to 
diagnose the source of stilator fidelity prob- 
lems. in the case cited above, it is likely that 
the main limiting feature was the d-ward field 
of view over the nose. According to the 

sinulator specificationI this was 18 deg, and 
the maximus pitch attitude recorded during the 
maneuver was 13 deg. 

Using, as an example, three specific kinds of 
helicopter speed change maneuvers, we have danon- 
strated haw each of the maneuvers can be modeled 
and interpreted in terns of its ok individual 
pilot control strategy. 'Ihe normal speed change 
maneuver relies only on a speed feedback loop 
with sane proportional-plus-integral conpensa- 
tion. 'Ihe maneuver is mild and requires minimal 
response bandwidth in the supporting pitch atti- 
tude regulation. 

The NOE dash/quickstep contrasts greatly with 
the normal speed change maneuver in terms of 
abruptness and requires both range and closure- 
rate feedbacks. The pilot's aggressiveness in 
the maneuver calls for a very large pitch atti- 
tude bandwidth in order to adequately control the 
vehicle. In addition. the collective pitch con- 
trol response required to support the msnewer in 
terms of height regulation may precipitate 
engine/fuel-control deficiencies in adequately 
controlling rotor rpn. 

The third manewer, the decelerating approach 
to hover, is intermediate to the other tm in 
terms of abruptness but involves pilot perception 
in a special way. It is shorn that the pilot 
control strategy can remain relatively invariant 
throughout the approach and ensuing hover and 
that the main source of closed-loop variation 
arises from the nonlinear effect of range 
perception. 

Ihndling qualities implications can be drawn 
in each case by inspecting the role of vehicle 
dynamics either in the direct response (in these 
cases, speed response) or in the response of 
supporting axes or controls (e.g., pitch attitude 
due to cyclic pitch change). This was denon- 
strated for the simple cases considered here by 
applying a "factor+f-five" inner-loop/outer-loop 
bandwidth criterion. Amore thorough, systematic 
treatment muld, of course, be required to set 
firm handling qualities requirements. 

Simulator fidelity was also addressed in 
terms of the analysis approach illustrated 
here. The main fidelity criterion used was the 
direct, quantitative comparison of the pilot 
control strategy induced in a particular simula- 
tor versus that induced by an actual aircraft 
counterpart. Discrepancies in control strategy 
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can then be used to aid in searching for specific 
sources of deficiencies in the simulator motion 
or visual systars or in the computer mathematical 
models of the vehicle and envirmnt. 

It is smested that the general approach 
illustrated here be applied in a broader, more 
thorqh manner to the field of handling quali- 
ties. The approach provides a rational way to 
account for the handling-qualities needs in sup 

porting a given flight task. It also offers a 
means for evaluating the validity and effective- 
ness of flight simulation tools which nust be 
used in establishing handl'ing qualities 
requirements. 
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