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There is continued pressure upon the designer
to improve aerodynamic performance in the approach
by reducing lamding approach speeds and increesing
rates of descent. Afy times, performance objectives
are set which fail to consider the tradeoff aspects
of high vertical impact velocities with their re-
sultant weight penalties. In this paper the inter-
play between descent capability, landing perform-
ance and structural criterla is examined, with
particular regard to STOL landings. An expression
of the relationship between mean impact sink rate
and design sink rate for the landing gear is pre-
sented which made use of statistical data from a
wide varlety of conventional ofrcraft. The point
is made that the high order of direct 1ift control
inherent in STOL airplanes should produce smaller
differences between mean and design sink rates than
those exhibited historically by such conventional
aircraft, and an alternative method of deriving
this relationship is discussed.

Introduction

The need for interurban short haul trans-
portation systems between city pairs has resulted
in numerocus studies of the relative merits of air
transportation versus high speed railway and high-
way systems. In air transportation systems the
demend exists to provide new aircraft which have
crulse speeds in the order of® 300 to 500 knots, yet
can operate safely and effectively from much short-
er.runways than are used for conventionel aircraft.’
Most séurces indicate that the certified field
length should be less than 2500 feet. A companion
requirement exists for steep climb and descent
gradients to provide sultable obstacle clearance
in confined areas, Glide slope angles of 15° are
frequently indicated as a desirable objective for
the landing approach with 6° belng expressed as
a minimm,

A varlety of V/STOL aircraft have been creat- -

ed, generally in experimental form, which can equal
or better those objectives. The @general means for
securing such performances is a combination of de-
creased lending approach speed and increased rate
of descent. To establish a perspective on glide
slope and rate-of-descent accomplishments in such
aircraft, Figure 1 has been prepared, This figure
sumarizes information contained in a serles of
reports published by the National Aeronautics and
Space Administrati®n and the Federal Aeronautics
Admini stration.
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FIGURE 1 DESCENT CAPABILITY

Each line on this figure represents the minimum
airspeed-maximm glide slope limits for a partic-
ular aircraft based upon pilot evaluation of
handling quelities durlng approach and landing.
The flight evaluations occured prior to 1963 since
most of the reports were published in 1963. In
general, it can be seen that the attaimment of a
15° glide slope can only be realized by high rates
of descent or conversely, by very low forward
speeds.

In reviewing the wealth of published reports
on V/STOL aircraft a pattern is apparent: One
report will deal with the aerodynamic aspects of
the landing problem, another with the structural
aspects. None treat the subject as a combined
problem. It is the purpése of this paper to dis-
cuss these tWo basic subjects as a single problem
in order to highlight the need for combining them
in future studies of STOL operational requirements
and preliminary designs.

The most complete treatment of V/STOL land-

" ing impact criterla is a 1968 study sponsored by

the Air Force Flight Dynamics Laboratory. Review
of the pertinent portion of this study will be
accomplished later in this paper.

Because the rate of descent and forward
speed selected for a glven design essentially set
the landing impact initial conditions, the per-
formance aspect of the landing problem will be
discussed first.

Performance Criteria

In this review, the parameters which dictate
the trajectory of the aircraft from the time the
vehicle is 50 feet off the ground until it is
halted on the ground will be examined. Varlations
in these parameters will be made to determine the
relative effects of each. The range of each para-
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meter investigated is sufficiently large to en-
compass the most extrems values anticipated. This
review will be limited to the specific effects of
the varlous parameters. No attempt has been made
to specify how the variatbons in these parameters
can be achieved for a specific design concept.

In general, the landing problem can be evalu-
ated in terms of four identifiable parts, These
parts, shown pictorially below, consist of the
approach, the transition, the bounce, and the
ground run,
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The Approach

The approach distance (xA) can be defined in
temms of the approach angle ( ¥ ) and the height of
the obstacle which must be cleared. For this study
the commonly specified 50 foot iiigh obstacle will

be used. This relationship is shown in the follow-
ing equation:
x, = 50
tany
Since the approach angle is a function of forward

velocity (vx and the rate of descent (vv), the
approach distance (xA) can be further defined as

= 2w
xA - X
vv

Solution of this equation is presented in con-
ventional format by Figure 2 for the speed range
from § to 80 knots and at descent rates of 300,
600, 900, and 1200 feet per minute.
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FIGURE 2 APPROACH DISTANCE ,
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This form of presentation does not provide
the means for readily visualizing the interaction
between these parameters. Accordingly, the same
data have been replotted in the form of a para-
metric carpet, Figure 3.
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FIGURE 3 APPROACH DISTANCE

Now it can be seen that increasing the rate of
descent beyond 600 fpm has negligible benefit at
the low speed of 20 knots and only moderate bene-
fit at the high speed of 80 knots. In essence,
the payoff coames in reducing approach speeds
rather than striving for very high rates of des-
cent.

Reduction in approach speed also has a
powerful effect upon shortening the ground run,
as we shall see later.

The Transition

The transition distance is based upon the
commonly used assumption that the aircraft fol-
lows a circular-arc path as it approaches the
ground. This ass ion results in an impact
velocity of zero fekt per second for all landings.
The landing trajectory for aircraft which utilize
the conventional flare maneuver during transition
closely approximates the circular-arc. For the
purpose of examining the case wherein the STOL
airplane applies power to partially arrest the
rate of descent, proportional reduction in tran-
sition distance has been used. It is believed
that this assumption provides a reasonable
approximation so that values of transition dis-
tance can be calculated for the purpose of es-
tablishing the relative effects of partial tran-
sition on the total landing distance.

Assuming & circular-are trajectory, the
full transition distance can be defined in terms
of the approach speed ( v ), the approach angle
(v ), and the normal acceleration ( n, ) ex-

perlenced throughout the maneuver. This rela-
tionship can be written as follows:

V2 tan

N~

*p

an, 8

where g = gravitational constant, and



A typleal carpet plot, for the case where n,
1s 0,2, 18 shown in Figure L.
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FIGURE 4 TRANSITION DISTANCE

Here 1t 18 apparent that increasing the rate
of descent has a strong detrimental effect upon
total landing distance, especially at the higher
approach speeds.

ounce

Practically speaking, some time delay between
ground impact and the application of brekes and/or
reverse thrust needs to be introcduced, allowing for
pillot reaction and the time delay inherent in mech-
anical systems.

The distance consumed by this allowance is
simply the forward velocity at impact multiplied
by the chosen time delay:

X, = (vx) (time delay)
Even though this is a simple arithmetic

relationship, the carpet plot format, Figure 5,
better 111ustrates the interplay.
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FIGURE 5 BOUNCE DISTANCE

As would be expected, an increase of one
second in bounce time allowance has little effect
upon total landing distance at 20 knots, but
becomes quite significant at 80 knots.

The ground run distance 1s a function of
the forward velocity at touch-down (vx) and the
deceleration rate (\'rv) during the rollout.

This can be expressed as follows:

xX, = Vo?

2 v,

The solution to this equation, for vy values
of 0.3, 0.5 and 0.8g 1s shown in Figure 6. The
0,3 value 18 a reasonsble cne for good brakes an

. dry concrete or macadam. The 0.5 and 0.8 levels

are representative of values attainable with re-
verse thrust.
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FIGURE 6 GROUND DISTANCE

From this figure it 1s apparent that while inclusion
of reverse thrust offers little improvement in total
landing performance at low speeds, it becomes very
powerful et the higher speeds. The va&lue of reverse
thrust 1s further increased when wet runway or off-
runway operations are considered.

Total Landing Distence

In the previous discussion each part of the
landing maneuver was considered separately. Vari-
ations in parameters were made to show the effects
of the entire range of possible wvalues of each on
the approach, transition, bounce, and ground run
distances. The significant factor in determining
whether or not an aircraft can operate from an
area of limited size, however, is the total landing
distance. Consequently, all parts of the landing
maneuver must be examined in cambination with a
view towards establishing the relative effects of
the various parameters which dictate the total
distance. = - )



Figure 7 shows total landing distance wherein
a full transition is employed, one second bounce
time is allowed, and 0.3g ground deceleration is
assumed :
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FIGURE 7 TOTAL LANK. NG DISTANCE

This figure is repeated below in dotted lines
with the addition of a second carpet plot which
shows the same conditions except that the tran-
sitlon has been eliminated:
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FIGURE 7TA TOTAL LANDING DISTANCE

Now the effect of transition upon total land-
ing distance can be seen and can be further eval-
uated in terms of elther descent rates and/or air-
speeds. Elimination of transition has negligible
effect upon total distance at moderate sink rate
but does become significant at the higher rates.
“herefore, 1f a high sink rate were chosen for a
glven airplane design study, elimination of tran~
sition to lmprove landing performance would have
to be evaluated against the increase in vertical
impact velocity, especially if the airplane were
also intended to have a high approach speed.

i Another viewpoint which can be derived here is that

the trensition has little significance if sink
rates and approach speeds are moderate, therefore
the transition could be retained to hold vertical
impact velocities to a minimum,

Figure 8 also shows total landing distance
wherein a half-transition is performed, but the
one second bounce time and 0.3g de.2leration have
been retained:

FIGURE 8 TOTAL LANDING DISTANCE

| This figure i1s repeated below in dotted lines
with the addition of a second carpet plot which
shows the same conditions except that the ground
deceleration has been increased from 0.2 to 0.8g.
(The bounce time has been increased to two seconds
‘also to provide more time for the development of
.reverse thrust.)
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FIGURE 8A . TOTAL LANDING DISTANCE

Now the effect of 8 high level of reverse
thrust can be seen. Reverse thrust has little
.effect at low speeds but becomes very slgnificant
at higher speeds., Also, at the higher speeds, 1t

" 18 evident that rate of descent can be reduced to

a moderate degree without affecting total landing
distance significantly.



Determination of STOL Design Sink Speed

The chosen landing performance criteria
identify a:nominal value of impact velocity. For
landing gear design purposes this nominal value is
considered to be the mean value which has a stat-
istical probability of not being exceeded in 500
out of 1000 landings. Both higher and lower
values exist in the remainder of the landings.
Commonly, the higher value which will only occur
in one out of 1000 landings, on & statistical pro-
bability basis, is used as the design sink speed
for the lending gear. The problem, therefore, is
to determine this value, using the mean sink speed
a8 a basis.

Based on the previous discussion of landing
performance, it is evident that STOL landings may
be evecuted in a variety of ways. The maximm
pe .ormance approach being one in which the glide
path angle is maintained to ground impact. At the
other end of the scale is the one generally employ-
ed by conventional sircraft where the sink rate is
reduced, by some form of flaring, to essentially
Zero, :

Since the glide-path-to-impact mode 1s the
one shich 18 most desirable frem a performance
stand-oint, it is of primary interest. Such land-
ings are analogous to carrier landings. Minimal-
impact landings are analogous to conventional air-
craft and helicopter landings. In view of the
dearth of direct data obtained in the course of
flight testing representative STOL airplane, re-
course must be made to historical data on conven-
tional airplanes and helicopters.

The carrier extreme impact velocity is based
upon a specified mean value and the standard devi-
ation. Collection of considerable data for many
carrier based aireraft reveals that the distribu-
tion of landing impact velocity is approximately
normal. Cognlizance of this fact is reflected in
the MIL-A-8866(ASG) Table IV distribution for
carrier and FCLP landings. This distribution is
related to the fact that the in¥ent for each land-
ing is to approach the deck at a specified approach
engle which results in approximately the mean im-
pact velocity. For STOL landings, where the intent
likewige is to fly & predetermined approach angle,
an appropriate normal distribution of impact
velocities should result if the mean impact veloc-
ity is 8 to 12 feet/sec.

Data collected for the minimal type of land-~
ing where the mean sink speed is very low revealed
that the distribution of impact velocities is
considerably skewed awey from the zero sinking
speéd., Thus, the distribution is not normal.

For STOL landings where the meen sinking
speed could conceivably vary from the low con-
ventional values to the higher values, the problem
of relating mean impact velocity to the distribu-
tion shape needed to be resolved.

A unique solution to this question was in-
cluded in an extensive 1968 study sponsored by the
Air Force Flight Dynamics Laboratory. The follow-
ing material, thru the presentation of Figure 13,
summarizes that solution.

TABIE 1. NUMBER (F DEGREES (F FREEDOM FOR CHI-SQUARE DISTRIBUTION
WHICH FIT SINK SPEED DISTRIBUTION FOR VARIOUS AIRCRAFT
Z =,5 (FpPS) | Zz_ = .001 (FPS) Zp = 001 | NO. OF DEGREES
DATA | .l P P OF FREEDOM | DESCRIPTION
POINT RAFT * || SINK SFEED FOR | SINK SPEED FOR 7 = .5 FOR CHI-SQUARE CF
NO. P=.5 P = ,001 P DISTRIBUTION LANDINGS
1 F-1 2 12.3 "23.6 1.92 31 Carrier
L Qualification
2 F-1 2 12.1 21.9 1.8 45 Carrier
Combat
3 A-1 2 9.8 19,7 2.01 3 Carrier
Qualification
b A-2,A-3,] 2 8.k 7.1 2.04 30 Carrier
A-l Combat
5. F-2 2 10.8 22.9 2,12 26 Carrier
Qualification
6 F-2 2 10.2 21.9 2.15 26 Carrier
Combat !
7 c-1 2 3.2 8.5 2.66 15 Transport -
Berlin Airlift




TABLE 1.

NUMEER OF DEGREES OF FREEDOM FOR CHI-SQUARE DISTRIBUTION

WHICH FIT SINK SPEED DISTRIBUTION FOR VARIOUS AIRCRAFT (Concluded)

Z =,5 (FP8) | 2_ = .001 (FPS)' Z_ = ,001 | NO. (F DEGREES
POINT ATRCRAFT REF. | STNK SPEED FOR | SINK SPEED FOR 7 = .5 FOR CHI-SQUARE aF
No. P =.5 P = .00L p - ° DISTRIBUTION LANDINGS
8 B-1 2 1.6 | 6.1 3.81 7 Hellcopter
H-2 Autorotativeé
} Hellcopter -
9 H-3 2 1.5 5.2 3.47 8 Carrler
. . Power - On
’ 478 Landing At
10 Various: n 1.3 L.3 3.31 9 Wash. Nat.
Transports Al rport
F-3 12 13.24 22,0 1.66 63 Carrier
12 F-4 12 13.58 22.8 1.68 61 Carrler
12 . . . '
13 F-6 12,71 20.5 1.61 ’ n carrier
1k A-5 12 13.56 22,5 1.66 63 Carrler
15 F-7 12 13.4 20,0 1.49 100 Carrier
16 A6 12 12,76 20.7 1.62 70 Carrier
17 MIL-A-8866 18 2.6 9.1 3.50 8 Field
The chi-square distribution has the property
of varying in shape from a skewed distribution to
a nearly normal distribution as a function of
"number of degrees of freedom." Since the chi-
square distribution possesses the general shape °
characteristics of both the extremes of the landing 3 o
impact velocity distributions for which data have E
been collected, (. e., a skewed distribution for
low mean values and a nearly normal distribution 2
for high mean values) it can be shown that the chi- . 57
square distribution epproximstes both ends of the
mean sink speed range. Thus, it can be assumed . L |
that the mid-range of mean impact velocities will &0 80 100

also approximate the chi-square distributiom.

To establish the relaticnship between the
mean impact velocities and the shape of the sink
speed distribution for many different types of
aircraft and the chi-square distribution, the
following procedure was followed. The ratio of the
mean impact velocities which has a probabllity of
.5 to the extrems impact velocity which has a
probability of .001 was calculated for a particular
collection of landing impact data. Then s prob-
ability table for the chi-square dlstribution was
used to determine the "number of degrees of freer
dom" for which the same ratio exists. Thus, a
relationship was established between the mean of a
distribution and the "number ¢f degress of freedom.”
Table 1 presents this relationship for 1T different
data samples which represent car 'er, haslicopler,
and transport operatione plus the currect MIL-A-
8866 (ASG) field landing digtribution. Then the
mean sink speed was plotted against the mumber of
degrees of freedom for the chi-square distribution
in Figure 9.

DEGREES OF FREEDOM FOR CHI-SQUARE DIST.

. FIGURE 9 Vvvsnmms OF FREEDOM

This plot shows a. cluster of points in the lower
left hand corner where the mean sink speed and
degrees of freedom are relatively small. These
points repiesent helicopter and conventional trans-
port cperations. Also, the data for field landings
of conventiomal aircraft specified in MIL-A-8866.17,
was plotted to show its relative location to
points reptesenting actual test data. Another
cluster of data points is seen where the mean is

8 to 14 feet/sec and the mmber of degrees of free-
dom 1s batween 20 and 50, These poimts represent
garrier axperience for several types of aircraft,
including propeller aircraft and first generation
Jet aireraft.



The points where the mean is between 12 and 1k
feet/sec and the degrees of freedem are between 60
and 100 represent high performance jet aircraft,
some of which are currently in service.

Since most STOL aireraft will be operated in
the range of mean sink speed values less than 12
feet/sec, the points which are of most interest are
those where the degrees of freedom are less than
30. The pattern of the two groups of points which
have less than 30 degrees of freedom clearly show
that as the mean sink speed inecrease, the degrees
of freedam also increase. If it is assumed that
the relationship between mean sink apeed and
degrees of freedom varies linearly between these
two basic groupings, then a means would be avall-
able for determining the extreme impact velocity
and the sink speed distribution by knowing only
the mean sink speed as determined by the landing
performance requirements. Since there is some
scatter in these two basic groupings of points
the question arises how they should be connected.
In the absence of extensive data to verify the
assumed relationship between the mean sink speed
and the number of degrees of freedom, the extreme
points of each pattern wlll be connected which
lead to the most conservative (1. e., highest)
extreme velues. Hence, points 5 and 17 are
connected to establish the relationship between
mean cink apeed and degrees of freedom.

To show the degree to which the chi-square
distribution fits existing data a comparison of
the chi-square and data point 5 and 17 probability
curves is shown in Figure 10.
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FIGURE 10 A COMPARISON OF CHI-SQUARE AND
DATA POINT 5 AND 17 PROBABILITY
CURVES ' '

To show & typical variation in distributions
and probabilities which would result from using ‘
the proposed relationship between mean sink speed
and degrees of freedom for the chi-square dis-
tribution, Figures 11 and 12 have been prepared.
Figure 12 shows that for mean impact velocity
values of 3, 6, 9, and 12 feet/sec the extreme
values at P = .00l are 9.5, 15.4, 20,3, and 24.5
feet/sec, respectively.
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Pigure 13 shows the proposed relationship
between mean impact velocity values and extreme
impact velocity values based upon the preceding
analysis:
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At this point we have a logical statistical
derivation of the ratio between mean and design
sink speeds which includes the effeet of the
actual value of the mean sink speed upon the dis- .
tribution and upon the maximm value.
bution would require, for example, a design value ‘
of 22 fps if the mean value were 10 fps. Before
adopting Figure 13, however, let's review the
basis upon which it was developed by referring to
Figure 9, repeated herewith for convenience:

60 80 100

Lo

o 20
DEGREES OF FREEDOM FOR CHI-SQUARE DIST.

FIGURE 9 (REPEATED)

The line drawn on this figure was intentionally
drawn to be conservative; i. e., encampass all the
reference aircraft and the conditions under which
they were flown., Thie approach ignores the ques-
tion of the flying qualities of the individual
aircraft and the question of whether or not the
landings were made under the control of a mirror
landing system or similar precision glide path
control. The cluster of points below 20 degrees
of freedom is not of interest in this critique.
The points between 20 and 50 degrees of freedom
represent carrier operations data obtained prior
to 1952 in which the mirror landing system was
not employed; also it is reasonable to assume
that these alrcraft had poorer flylng qualities
than later alreraft would possess. The grouping
of points above 50 degrees of freedom for the
chi-square distribution represent carrier oper-

ations as recent as 1962, and the mirror was ,

believed to have been used in most cases. The
significance here is that the higher degrees of
freedom reduce the ratio between mean and design
sink speeds.

In this critique we have progressed to the
point of recognizing that use of a precision glide
slope display by the pilot, mirror or otherwise,
will reduce the sink speed ratio, It then follows
that alrcraft with some degree of direct or power-
ed 1ift should exhibit lesser sink speed ratios,
8l80.

: Since we are beginning to think of the dis- |
tribution of impact sink speeds as being the result |
of vertical perturbation about the flight path, the
sample deviation of vertical speed will now be used, |
as a frame of reference. Figure 14 relates this
deviation to the mean sink speed.

This distri-
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FIGURE 14 SAMPLE DEVIATION OF V,

On this figure same additional aircraft have been
introduced. The grouping of points identified as
108 represents a jJet carrier-based fighter in active
duty with the Navy; landings were all mirror con-
trolled. Point 106 is a variation of the same
airplane which incorporated a direct 1ift comtrol
system which altered 1ift by using deflected flaps
as 8 control surface. Speed variations were a
problem in this airplane and undoubtedly degraded
the pilot's ability to track the mirror. Never-
theless reduction in mean sink rate is evident as
well as a tendency toward a smaller deviatiom.

The three points numbered 105 represent another
version of the point 108 airplane equipped with
BIC. Marked reductions in vertical speed devia-
tions are evident, regardless of mean sink speed.
While this limited evidence is not conclusive due
to small sample sizes, it does imply that standard
ideviations of less than 2 fps should be reasanable.
Recognizing that normal distributions are char-
acteristic of landings in the 8 to 12 fps range,
nultiplying the sample deviation by three will
approximate the corresponding design sink spee

For exsmple, a mean value of 10 fps would require.
16 fps or less for design rather than 22 fps.

Development of Figure 1k generated the desire
to find a means of direetly calculating the stand-
ard deviation of vertical velocity for a proposed
STOL airplane rather than depending upon histori-
cal data not necessarily representative of the
handling .qualities expected in the STOL design.
Review of numerous documents brought to light
an interesting equation published by the U. S. Navy
Bureau of Aeromautics in 1959. While the original
equation centained parameters peculiar to carrier
operations, it was evident that it could be
simplified for the problem at hand. In its simpli-
fied form, the equation will derive the standard
deviation of vertical velocity based upon chosen
values of glide slope tracking deviation and air-
speed deviation at airplane touchdown. )



At the time of its publication by the Navy
in 1959, substentiation of its accuracy was pro-
vided by comparison of measured values to calcu-
lated for a number of Navy aircraft, using data
available at that time. A 1962 Vought Aeronautics
study of carrler landing design criteria, conducted
under Navy sponsorship, included examination of
the original Navy data and augmented it with addi-
tional comparisons. The summary table from the
1962 report is repeated herewith:

_A/P va FPS Ve FPS
Type (Meas.) {calc.)
Fighter 2,90 3.20
Fighter 3.06 . 3.26
Fighter 3.50 3.53
Fighter 2,62 2.87
Attack 2.9 3.12
Fighter 2,14 2.26
Attack 2,63 2.99
Fighter 2.85 3.08
Fighter 2,70 2,97
Fighter 2,52 2.77
Attack 2.5 2.2

Review of thls table shows good agreement between
measured and calculated deviations, The calculated
values were obtained using the test sample values
of carrier operations parameters: glide slope
deviation, deck pitching angle deviation, engaging
speed deviation, mean value of engaging speed,

mean value of glide slope and mean value of deck
pitching angle. ‘

For the generalized STOL problem the deck
pitching parameters become zero and the engaging
speed is the same as horizontal velocity therefore
the simplified equation is::

ov, = 0296 [T (a)F + (DT (ov)*

wherein the standard deviation of vertical wvelo-~
city 1s expressed as a function of mean horizontal
velocity in knots, glide slope deviation in de-
grees, mean glide slope in degrees, and horigontal
velocity deviation in knots.

To illustrate the interplay of these para-
meters Figure 15 has been prepared in carpet for-
mat using as representative values a glide slope
deviation or tracking error of 0.5 degrees and an
alrspeed deviation of T% of the mean alrspeed (the
slight difference between horizontal velocity and
airspeed in still air, due to glide slope angle,
may be ignored.
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FIGURE 15 STANDARD DEVIATION OF va

Space does not permit plotting of some of the re-
presentative alrplanes from Figure 14 on this new
plot for comparison, however if they were plotted
the comparison would be:

Sample Standard

Deviation Deviation

(Fig. 14) (Fig. 15)
Point 105 .9 to 1.4 1.8 t0 2.1
Point 106 2.0 1.6
Point 108 2.5 to 2.9 1.9 to 2.2

Several observations can be made. The point 105
alirplane is probably performing with lesser track-
ing error and airspeed then assumed for the theo-
retical plot since its sample deviation is less
than the calculated standard. The point 106 air-
plane probably had greater alrspeed errors since
its sample deviation is greater (larger airspeed
perturbaticns were a problem in flight test). The
point 108 airplane evidently had somewhat greater
errors in tracking and/or airspeed. All of these
observations should be tempered by the knowledge
that the samples for each of these alrplanes were
small, whereas the statistical base for the
equation was large.

The next step in developing this example is
translation of the standard deviation relation-
ships into design sink speeds. For simplicity,
the case where the airplane follows the glide
slope to ground impact was chosen. First the
geometric relationship between mean sink speed
and glide slope or airspeed was developed. Then
the mean sink speeds were expanded to design sink



speeds by edding 3 timez the standard deviation
values from Figuare 15. The result is:
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FIGURE 16 DESIGN SINK SPEED

Thus, this figure chows the design sink speed
which results from amy combination of glide slope
and airspeed for the handling qualities criteria
chosen for this example: glide slope deviation
of 0.5 degrees and alrspeed deviation of T%.

The final step is relating this to the
total landing distance when no transition is
employed (i.e. Figure 7A). For visual simplicity
the data is plotted in the more conventiomal !
rectangular coordinate format employed in Figure -

1., In this form the result is:
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FIGURE 17 TOTAL LANDIRG DISTANCE RELATED
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Go this plot two vertical velocity scales are
provided. The ome on the left is the conventional
performance rate of descent in feet per minute at
any combination of airspeed and glide slope. At
|amy chosen point, the corresponding design sink
speed in feet per sacond can be read from the
|right hand scale, The criteria used for this
iexample are:

|

j e Total landing distance s that resulting
from no transition, one second bounce
time, and 0,3g ground deceleration.

e Glide slope tracking deviation is 0.5
degreee.

@ Airspeed deviation is T%.

Summa ry

Adrspeed is the most powerful parameter in
landing performance, regardless of descent rates.
Therefore, reduction of total landing distance
can be achieved most readily by reducing airspeed.

Rate of descent has little effect upon land-
ing performance &t very low alrspeeds. However,
it is effective and worthwhile in the 40 to 80
knot speed range up to values of 600 feet per
mimute. Grester rates of descent yield such small

. @ains in landing performance that their use would
| seem to be justified only in cases where steep

! glide slopes for obstacle clearance had to be
l‘ob'hlmd in cambination with relatively high air-
] speeds,

Glide slope has a progressively greater b
effect upon descent rates as the glide slope angle
ie increased. At the steeper angles, an incre-
!mental increase causes & large increase in rate
'of descent, but has 1little effect upon landing
digtance. The steeper glide slope angles also
cause a rapld increase in the standard deviation
of vertical lmpact velocity, resulting in large
incresses in design sink speed for the landing

gear.

Transition, or the absence thereof, has
'1ittle effect upon landing performance at the
leasger rates of descent, regardless of alrspeed.
Elimination of transition does become effective
when both airspesd and rate of descent are high.

! ~ Reverse thrust is effective at the higher
|&pproach airspeeds regardless of rate of descent,

sink eriteria for STOL air-
planes is virtually non-existent. It can be
derived by statistical evaluation of the landing
time historles of conventional aircraft or it cen
be derived by methods which recognize the super-
ior handling guelities which the STOL airplane
showld bave by virtue of ite direct left control.

. The walue of persuing further development of

10



the handling qualities approach can best he
illustrated by a direct comparison of design sink
speeds. In the following figure, the upper line
is the summary curve from the statistical method
(Figure 13). The lower line was derived from the
handling qualities example which was summarized
in Figure 16,
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'FIGURE 18 COMPARISON OF METHODS

Cmc]hdigg Remarks

This commentary was prepared with several
objectives in mind:

To graphically illustrate the manner in
which the variocus landing performance
parameters interact with each other to
affect total landing distance.

To examine the nature of STOL landing
impact criteria derived from statistical
analysis of historical data obtained with
conventional aircraft.

To introduce the viewpoint that landing
impact criterie for STOL airplanes should
be developed by methods which recognize
the effects of handling qualities upon
landing impact conditlons and to encour-
age develomment of methods for accomplish-
ing this.





