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FOREWORD

The STOL Takeoff and Landing Ground Rules Repoxt was prepared by the
Convair Aerospace Division of General Dynainics Corporation under USAF
Contract F33615-7T1-C-1754, Project 643A, '"STOL Tactical Aircraft
Investigation, ' This contract was sponsored by the Prototype Division of
the Air Force Flight Dynamics Laboratory. The USAI Project Engineer
was G, Oates (PT) and the Convair Acrospace Program Manager was

J. Hebert, C, A, Whitney, G. T. Draper, and E, C, Laudeman were
the principal gontributors.
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The research reported was conducted during the period from 7 June 1971
through 31 January 1973. This report was submitted by the author on :
31 January 1973 under contractor report number GDCA-DHG73-001, =
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This report has been reviewed and is approved,

=N Q»..,y
E. J. CROSS,
Lt. Col. USAF

Chief, Prototype Division
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ty ABSTNACT

The takeoff and landing performance of tactical STOL transports {8 entirely
dependent on rough field operational capability, ground rules, and specified criteria. A brief
study was conducted to assess the impact of stall marging, rolling friction, braking friction,
rotation rate, and climb gradient. The STOL handling qualitics criteria that provide allowances
for the relationship of takeoff and landing distances wore briefly investigated. Recommended
guidelines, takeoff and landing ground rules, and minimum flying spced are presented.

The appropriate paragraphs of MIL-F-8785B that should be considered us integral require-
ments when determining STOL performance are: 3.3.9.1, 3.3.9.2, 3.3.9.3, 3.65.2,1,
3.5.2.2, 3.5.2,3, 3.5.3, 3.5.3.7, and 3.5.3,2. Changes are recommended for Paragraphs

3.3.9.Land 3.3.9.3.
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ABSTRACT

The tak 20ff and landing performance of tactical STOL transports is entirely
dependent on rough ficld opcrational capability, ground rules, and specificd
criteriz. A brief study was conducted to assess the impact of stall margins,
rolling friction, braking friction, rotation rate, and climb gradient. The STOL
handling qualitics criteria that provide allowances for the relationship of takcoff
and landing distances were briefly investigated, The recommended guidelines

to be used for tactical STOL transports operating on a 2000-foot CBR 6 ficld are:

A 1000-foot clearway at cach cnd of runway.
Takeoff decision is made at the rotation point.
Three-engine takeoff from decision point.

Rejected takeoff from decision point.

Initial landing flarc~7-1/2 dcgrees to AIM point at 100 feet past the approach
end of the runway.

Waveoff capability at 50 feet or continuc to partial flare and touchdown.
Rolling cocfficient = 0,10,
Braking cocfficient = 0,30 to 0. 50,
, Wheel spinup activates 1ift dumpers and brakes.
Full braking in onc‘ sccond.
Thrust reversal activated in two seconds and is cffective to zero knots.

Indicators or markings for visual cues.

i



The following takeoff and landing ground rules are recommended,

1. Rotation speed greater than or equal to minimum speed (Vg < Vo).
2. Liftoff speed greater than or equal to 1,2 times minimum speed
(V1o 2 1.2 Viin)®
3. Rotation rate less than or equal to 8 degrees per second (éS N deg/sec).
4. Tungendial aceeleration greater thau or cqual to zero (ap < 0,
5. Flaps are sct in the takeoff position at the start of the takcoff run,
Landing

1. Power approach speed greater than or equal to 1. 15 times minimum
speed (Vpp 2 1,15 Vi) or minimum speed plus 10 knots

Y 'V ., +10kt).
min

PA
2. Touchdown speed is cqual to power approach speed (VTD = Vpa).

3. Touchdo'wn, nosc-up attitude greater than or cqual to the static ground
attitude,

4. Rotation rate less than or cqual to cight degrees per sccond (é < 8 deg/scce).

5. Maximum rate of sink less than or cqual to 1000 fect per minute
(R/S = 1,000 fpm)

Minimum flying speed is defined in the takeoff and landing ground rules as being
the greater of:

1. TPowcr-on stall spced with the most critical engine failed, all other
cengines at takeoff power, and out of ground cffect.

2. A spcced limited by reduced forward ficld of vision or extreme nose-
up pitch attitude. ‘

3.  The speed at which abrupt and uncontrollable pitching, vawing, or
rolling occurs in and out of ground cffect condition (i, c., loss of
control about any single axis),

4, The spced which is a safe margin above the speed where intolerable
huffet or structural vibration is encountered.

The appropriate paragraphs of MIL-F=-87858 (Refcrence 1) that should be con-
cidered as integual regairement s when determining STOT, perfarmance ares

3.3.9.1, 3.3.9.2, 3.3.9.3, 3.5.2.1, 3.5.2.2, 3.5.2.3, 3.5.3, 3. 5.3.1, and
3.5.3.2. Changes arc reccommended for Paragraphs 3.3.9.1 and 3.3.9. 3.
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SECTION 1
INTRODUCTION

The objective of this study is to establish the ground rules and criteria to be used
for defining, estimating, and demonstrating performance characteristics and other
parameters associated with takeoft and landing of military STOL transports. At
the present time, standards for determnining the takeoff and landing performance
of military STOL aircraft are inadequate,

The ground operational capability of STOL Transports is directly related to
landing gear design and field comditions. The braking and rolling coefficients can
be much larger than those for a conventional gear on a hard-surface runway.
Typical rolling coefficient on a CBR 6 field is 0.10 and available braking as high
as 0,60 with anti-skid braking and minimumn time delays,

The takeoff and landing performance of STOL aircraft is extremely sensitive
to the selected ground rules and criteria. A brief study was made to assess the
impact of the following items on takeoff and landing performance: stall inargins,
rolling friction, braking friction, rotation rate, and climb gradients.

These ground rule variations were investigated using an externally blown flap
configuration as a representative STOL aircraft. ¥or the ground rules and
criteria that are stability and control oriented the approach was to use
MIL-F-8785B (Reference 1) as the framework from which flying qualitics require-
ments were selected, although some of the basic requirements from MIL-F-8785B
were qualitative or incomplete. In those cases, they were supplemented with
material from other sources, such as MIL-F-83300 (Refercnce 2), or our own
interpretations based on past design experience, The decision to rely on
MIL-F-8785B was arrived at after reviewing some preliminary results of the
stability derivatives sensitivity study being conducted under this contract, and
from study of the Background Intorination and User Guides for both MIL-F-8785B
and MIL-F-83300 (References 3 and 4). In addition, the STOL handling qualities
criteria from Reference 5, which cmphasized the landing-approach mode, were

heavily relied upon for supplemental information.
1-1
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SECTION 2
CURRENT GROUND RULES AND CRUTERIA

The takeoff and landing ground rules supplied by the Air Force for the Configura-
tion Definition activities in Part 1 of this study are shown in Figures 2~1 and 2-2.
Field elevation is 2,500 fcet on 2 93.4°F day (M1L.-STD-210A Hot Day) and the
critical field length is the actual ficld length, 2,000 feet.

FIELD /

— (NOAMAL ACCFI. REQNT )

6ok Vo

GROUND FRICTION Hp 01

HOTATION RATE 8+ BDFG SEC
LIETORF Vio 'TrVSIALL UM Vgrag * MORNIENGING OUT
1TtV {ENGINF QU
VV() " e 3
Mo VF9IALLENGINES) 11 IENGINE OUT
cLan c 0axc
MAX

TANGENTIAL ACCLLERATION 0
b4 TOFG AENGINE OUT GEAR DOWN OUT OF GROUND EFFICTD

Figure 2-1, Takeoff Ground Rules
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APPROACH

TOUZHDOWN

BRAKING DEVICES ON

BRAKING FRICTION

FIELD —
. LENGTH

WAVEOFF CAPABILITY AT OBSTACLE CHANGES IN POWER
SETTING, FLAP DEFLECTION & THRUST VECTOR ANGLE ONLY

nap - L291ALL ENGINES), 1. 1g LENGINE OUT) AT Vpp

Yap  SUCH THAT PILOT CAN KEEP TOUCHDUWN POINT IN VIEW &
AIRPLANE TOUCHES DOWN MAIN GEAR FIRST
Vo 11xV  (ENGINE QUT)
AP MC
A Y Vs (ENGINE OUT)
.1 ¥2xVgaLL ENGINES)
@ . BOFG./SEC

LAND WITHOUT FLARE

v S 2i3xV
sink 10 22" VSink DESIGN FOR LG

2SECONDS FOR REVERSE THRUST

A TIMEDELAYOF { 1 SECOND FOR BRAKES & FOILERS

Hg+025

- Figure 2-2. Landing Ground Rulces
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SECTION 3
BASELINE CHARACTERISTICS

The externally blown flap configuration was sized using the ground rules and criteria
from Part 1 of this study, as discussed in Section 2. The configuration was designed
to meet the 2, 000-foot takeoff distance over a 50-foot obstacle requirement. The
baseline configuration is summarized in Table 3-1.

Table 3-1. DBaseline Configuration.

Engine GE15/TF2B

Rated Thrust 18,600 1b

Takeoff Gross Weight 148,200 1b

2
Wing Area 1,550 ft
Gross Weight ) 134,200 1b
2

Wing Loading 86,6 Ib/ft
Mid

Thrust/Weight Y 0.55
Mission

Takeoff Distance 2,000 ft

Landing Distance ) 1,320 ft

The GE13/F2B engine wag scaled to a rated thrust of 18,600 lbs,

The general arrangement is shown in Figure 3-1. The engines installed in
single nacelles, utilized annular cascades to reverse thrust, Auxiliary engines
were located in the fuselage to supply boundary layer control on the wing leading
edge device, the elevator, and the rudder, The cross section of the engine
nacclle/wing rclationship shown in Figure 3-2 illustrates the features of the vari-
able-gcometry leading edge flap and the double-slotted trailing edge flap.
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DOUBLE-SLOTTED EXTERNALLY
BLOWN 1.E, FLAPS ( IN LANDING

VARIABLE GEOMETRY L. E, FLAP SPOILER ~ CONFIGURATION)
(INTERNALLY BLOWN)

W\

i - N‘
- D.L,C, SEGMENT

Figure 3-2. Engine Nacelle/Wing Relationship

3.1 TFOUR ENGINE TAKEOFF

The STOL takeoff profile is shown in Figure 3-3a, A rotation speed of 1,08 V.0 is
attained at the 1, 300-foot distance. The aircraft rotates and lifts off at 1, 500 feet
and cleuars the 50-foot obstacle at 2,000 feet. This takeoff mancuver is based on a
liftoff velocity equal to 1.2 times the stall velocity with one engine out,

3.2 REJECTED TAKEOFF

The 2, 000-foot takcoff over the 50-foot ohstacle implies an abort capability, This
is truc only if the takeoff mancuver is performed on a conerete runway (rolling
coefficient cqual to 0,025, On a CBR 6 ficld, the rolling coefficient is much

closer to 0,10, as discussed in Section 4, and the airceraft would require over 920
feet to stop after reaching the decision point (Figure 3-3h). The rotation point

(1, 300 feet) was assumed to be the takeoff decision point. A one second time delay
was uscd before applving braking (b = 0.25), and thrust reversal was applied one
second later on two engines, Thrust reversal supplied by the cascade reversers
decayced linearly to zero at zero knots. The aireraft rolled off the end of the runway
and stopped at 2,220 fect,

An increase of seven pereent in thrust/weight would allow the aireraft to reach
a decision point early and furnish a rejected tokeoff capability, This potential
could also be providad by an improvement in braking cocefficient and thrust reversal
capability.

3.3 THREE ENGINE TAKEOFPF
This assumes one engine out at the takeolf decision point (Figure 3-3¢),  The air-

craft continues to accelerate to a three engine rotation speed (1, 900 feeth and would

d=3
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2,000 I'T
a. FOUR ENGINE TAKEOFF

1,500 FT

1,000 I't LIFTORY

o o (1,500 FT)
50 ROTATION

(1,300 ' STOP(2,220 I'T)

<~ 2 ENGINE

<

1 SEC
60 FT "

1 SEC

b. REJECTED TAKEOFF REVERSE
DECISION POINT THRUST
AT ROTATION (1,300 ¥T) BRAKING APPLIED
WB = 0.,25)

LIFTOFF (2,140 FT)
—
ROTATION (1,900 FT)

¢. THREE ENGINE TAKEOFF

CONTINUE TO
ENGINE OUT ACCELERATE
TO 3 ENGINE

ROTATION SPEED

d. LANDING

WAVEOFT CAPABILITY

AT 66 FT STOP (1,320 F1)

2 ENGINE REVERSE THRUST
=0.25
\f TOUCHDOWN (400 FT)
50 FT
Figure 3-3. Takeoff and Landing Profiles (Bascline EBF Configuration)
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1ift off 1.10 feel past the end ot the runway. Again, an increase in thrust would allow
the airvervaft to rotate cartier and lift off before or at the 2,000-foot distance.

3.4 LANDING ‘

The landing profile is shown in Figure 3-3d. The approach flight path at the 50-foot
obsiacle is 7-1/2 degrees. A no-flave technique is used, and the aiveraft touches
down 400 feet from the edge of the runway. Using the 1- and 2-sccond time delays
for braking and thrust reversal, fae aireraft stops at a d; stance of 1, 320 feet, which
further emphasizes the apparent mismatceh between takeoff and landing requirements,
The airveraft had a waveoff capability above 66 feet.

3.5 CRITICAL CBR 6 RUNWAY LENGTHS

The baseline characteristics described in the preceding paragraphs indicate an
apparent imbalance between the initial takeoff and landing requirements supplied by
the Air Force for this study. Additional investigations were conducted to resolve
these basic differences.

Tirst, the takeoff decision point (rotation) was restricted to 1, 200 feet. This
was accomplished with a 3-1/2 percent increase in thrust and cnabled the aircratt
to clear the 50-foot obstacle at approximately 1,900 feet. The decision point now
implies a balance in takeoff ficld length, A three engine takeoff was continued from
the decision point and the aircraft lifted off before the 2, 000-foot distance, With
improved braking cocfficients (the potential increase from 0.25 to 0.36 shown in
Section 4), a rejected takeoff could he accomplished and the aireraft stopped within
1,900 fcet., Improvements in thrust reversal, i.c., tull two-engine thrust reversal
down to zcro knots, would reduce the required braking cocefficient to 0, 30 and helow.,

A more realistic landing approach for STOL aircraft would be a 7-1/2 degree
glidescopc to an aim point 100 feet past the approach ¢nd of the mawav., At a
50-foot neight approximately 400 fect from the aim point, the aircraft should have
the capability to waveoff or continue to a partial flare of 3-1/2 degrees and touch-
down 650 feet + 150 feet from the approach end of the runway. The ajireraft would
continue the rollout with a onc-second time delay for braking (pg - 0.30) and stop
within 1, 750 feet without thrust reversal. These projected CBR 6 runwav lengths
arc summarizced in Table 3-2.
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Table 3-2.

Projected CBR 6 Runway Loengths

Decision Lift Touch
Point Ooff Down Stop
(&) v (t) (ft)

Tukcoff
a. Your Engine 1,200 1,400 —— _——
b. Three Engine 1,200 2,000 - —
¢, Rejected 1,200 -— - 1,900
Landing - 300 - 650 + 150 1,750

The suggested CBR 6 takeoff and landing runway lengths 1eflect a vehicle that
is more appropriately sized for a 2,000 feet runway with nominal safety margins, It is
apparent that indicators or markings would be required to furnish appropriate visual
cues for the takeoff decision point, aiin point, an’ touchdown zone., A 1,000-foot
clearway should be available at both ends of the runways, per the original TAC
definition,
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SECTION 4

AIRCRAFT GROUND OPLERATIONAL CAPABILITY

Procedures used for the design of aircraft landing gear flotation components are
adequate for conventional runways but are limited in the provision of related,
meaningful design data for an operation on soils.

A review of avallable mate*al indicates that for hard-surface runways a roll-
ing coefficient of 0,025 and a braking coefficient of 0.30 is available, In other
situations, the runway condition and gear flotation determine the rolling co-
cfficicnt. The available braking coefficient for surfaces in goneral, is influcnced
by the following factors:

1. Delay in brake application :ftex touchdown,

2, Vertical load on the wheels,

3. Runway or ground suxface fricticn characteristics,

4, Tire pressures,

5. Efficiency of the bruke control system,

AZ u consequence, the braking system used on STOL Trarsport Aircraft should
have the foilowing capability:

1. Minimum-delay braking at touchdown ( 1 Sec,),
2, Increase vertical load by automatic lift dumping.

3. Braking main and nose wheels,

4-1
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4, Low tire pressures to increase tire contact area.

5, Use of fully modulated adaptive anti-skid control syctem,

~ " "The efficiency of an anti-skid control system on a commercial four-engine jet
(Convair 880 and 990) is shown in Figure 4-1. Note that for the driest field condi-
~ tions, maximum braking coefficients of 0,55 were demonstrated. The
- .Dehavilland DHC-6 has demonstrated an average deceleration of 0,435 on dry
-—concrete with anti-skid braking on the main gear and spoilers deployed.

L Ll

A procedure for esiablishing the various landing gear comnbinations of tire
7 sizes, spacings and configurations which will allow 200 non-braking passcs of a
- _selectec STOL aircraft on a standardized CBR 6 or equivalent soil surface is
presented in Reference 6. In the present report, techniques for determining the
rolling und braking drag are included to provide a correlation base,

G.6 y
Dryer
0. 5 p
‘Fully Modulated System
0.4 L
Data Based On
A};:fé:‘: o s Flight Test
. " D 19
Coefificient uring 1968
M
B 0.2 }
.1 f  Opeimum \ Fully Modulated System With
Wetter Adaptability to Avallable u
0 A 'l A A A A —t
0 2 4 6 8 10 12 14

Stopping Distance (1,300 F't.)

Figurc 4-1, Brakin, Efficicney on a Commercial Four-Fngine jet Transport
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”An analysis was conducted with the procedure described in Reference 6 on a STOL

- The main and nose tire spacings are given in Figure 4-3.

4,1 TYPICAL ANALYSIS DATA

Transport Aircrai® at an overload mid mission weight of 142,000 pounds, The
‘wheel base, center of gravity locations, and tire dimensions are shown in Figure 4-2,

L | M r TIRE DIMENSIONS
_i_.l_ L = 576 In, 17.00-16 Type I
c€c ¢G4 M= 51,84 In,
FWD AFT -
r N J =190,9 In, D =43.7In.
3 L
) l l D =18.75 In,
‘ Statiy
+ Ground Laine 8 = 35%
(" ¥ -
Canter of Cravity Center of Cravity b = 16- 35 Lnn

of Nese Gear Systam of Main Gezr System

Figure 4-2. Wheel Base, Center of Gravity Locations, and Tire Dimensions

=

AL T

lr-H
N

34 In, >~ N - -

T

34 Iri P C‘i:)

b=
=
%

Figure 4~3, Main and Nouse Tire Spacings
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4.2 ROLLING DRAG

“““Caloulate the following parameters using a per oent deflection (35) under which the
tires will operate on a CBR 6 field,

a, Main Gear e

Single Wheel Load = SWL__ = GWe(F-M
M~ T N

b. Nose Gear . o

_GW (F-1)
Single Wheel Load = SWL__ = F-L

N FoNN

The total aircraft drag was calculated.

Total Drag = SWLN + SWLM

Total Drag == 1405 + 11,630 = 13,035 Lb,

This value diviied by the aircraft weight is the average rolling drag coefficient.

T

- 13,035 = .092

“R 142,000

4.3 BRAKING DRAG

il

Aircraft tire braking drag ratios (R_/P) can be estimated for aircraft operating on
nonslickened (due to rain) soil runways by use of the following equations:

|
e

5B . o0 (2) , 0D 2\ s\ s

P " \D P D 100

7 E

for 0,01 < D < 0,06, where :

(g) is the sinkage ratio previously calculated fcr a given rolling tire

A”M
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= 0,0184 (Main Tire) and 0,0112 (Nose Tire) for the example configuration -

o)
"

vertical load on the tire

w0
1}

percent tire slip

Note that braking sinkages will range from 2 to 4 times rolling sinkages and that
the maximum RB/P in the above equation will occur at a slip velue of between 90 to

= ~100%, This differs from rigid surface performance in that an aircraft on pavement
: obtains maximum braking resistance at between 4 to 20% for max braking. This
value is much less than the 30% slip value given in TM 71-09, The aircraft with
systems that actually 1imit slip (o0 less than 90 to 100% in soil, will experience a
braking resistance that can be calculated from the above equation by using the
appropriate value for 'S",

'The parameter (RB/'P) can be calculated for the nose and main gear and the
braking drag determined by the following expressions:

R
F Malin Gear Braking Drag = (—B) ¢ N__«SWL
P M M
M
amd

RB 1

Nose Gear Braking Drag = <_) e N..e SWL_,
P N N N

The braking drags for the nose and main gear were then calculated for various

values of slippage. These values were then divided by the aircraft weight and are
summarized in Figure 4-4,

T AR, T Y P TREAR 0 1

It can generally be concluded that for STOL operation on a CBR ¢ field the
following assumptions will apply until furthe. in~depth studies are conducted:

1. Rolling Coefficient = 0, 10 »nd Braking Coefficient = 0,30 to 0.50

2. Wheel spinup activates lift dumpers and brakes,

3, Full braking in 1 second and thrust reversal in 2 seconds.
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Figure 4~4, Maximum Braking Coefficient Versus Percent Tire Slip
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SECTION §

AERODYNAMIC PERFORMANCE

The takeoff and landing performance of STOL aircraft is extremely sensitive to
specified ground rules, A brief study was made to assess the impact of various

ground rule items on takeoff and landing performance. The items considered
were:

1. Stoll margins,

2, Coofficient of rolling friction for takeoff,
3. Coefficient of braking friction for landing,
4, Rotation rate during takeoff.,

5. Climb gradient available during approach,
6. Climb gradient available after liftoif.

These ground rule variations were investigated using a digital computer
program being developed during the STOL Tactical Aircraft Investigation, The
.5 “'ne externally blown flap configuration was used as a representative STOL
aiveraac and is shown in Figure 3-1 and described in Reference 7. The Externally
Blown Flap configuration was chosen rather than either the Mechanical Flap plus
Vectored Thrust or the Internally Blown Flap because of greater thrust turning
losses for a given rated thrust, Thus for a constant thrust to weight ratio the

EBF has a lower acceleration capability and consequently is more sensitive to
takeoff and landing ground rules,
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Discussed below are the major factors which impact the performance of
powered lift STOL tactical aircraft during takeoffs and landings. The data
presented are the calculated distances with no field length factors or balanced
field considerations incorporated.

5.1 MINIMUM FLYING SPEED (me)

A power on stall speed is only one of the constraints used in determining the
minimum practical and safe airspeed. Other constraints are maximum allowable

‘angle of attack, buffet, maximum control power and maximum control forces,

Vmin is defined as being the greater of:

1. Power on stall speed with; the most critical engine failed, all other engines
at takeoff power, and out of ground effect.

2, A speed limited by reduced forward field of vision or extreme nose-up
pitch attitude,

3. The speed at which abrupt and uncontrollable pitching, yawing, or rolling
occurs in an out of ground effect condition, i.e,, loss of control about any
single axis, with the most critical engine failed,

4, The speed which is a safe margin above the speed where intolerable buffet
or structural vibration is encountered,

Using the criteria above allows the maximum safe and practical performance
to be extracted from a given configuration.

5.2 TAKEOFF
The major items which contribute to short takeoff ground distances and air distances
arc:
Ground Distances
1. Margin above Vi at which liftoff occurs,
2., Cocfficient of rolling friction.
Air Distance

1. Margin above Vyqpn at which liftoff occurs.

2. Rotation rate from ground attitude to liftoff or climb attitude.

3. Climb gradient involved.
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The takeoff ground rules sclected are presented below and were used during this
study.

1. Rotation speed greater than or equal to minimum speed (Vi < Vinin)-

2, Liftoff speed greater than or equal to 1.1 times minimum speed
(Vpo~ 1.1 Vipyn):
3. Rotation rate less than or cqual to 8 degrees per second (8= 8 deg/sec).

4, Tangential acceleration greater than or equal to zero (aT z 0),

5. TFlaps are set in the takeoff position at the start of che takcoff run.

5.2.1 ROTATION SPEED GREATER THAN OR EQUAL TO MINIMUM SPEED
(VR 2 Vmin)s LIFTOFF SPEED GREATER THAN OR FQUAL TO 1.2 TIMES

MINIMUM SPEED (V. . 21.2V_ ) — A factor of 20 percent above V
LO min min

was selected initially because of gust margin requirements and as being a near
optimum between minimum distance to accelerate from zero ground speed to
liftoff speed and best rate of climb speed. Figure 5-1 shows the ground distance
and Figurc 5-2 the air distance over a 50-foot obstacle for the baseline EBF con-
figuration as a function of takcoff margin and gross weight. As cxpected the
ground distance increases with increasing gross weight and increasing takeoff
margin. In Figure 5-1, at the lower gross weights, there is an apparent minimum.
However, this apparent trend is caused by the constraint that rotation speed be
greater than or equal to Vipjn. At an 8 deg/sce rotation rate the aircraft would
have to start rotation before Vi, is reached to liftoff at the specified margin
above Vipine To compensate for this, rotation is initiated at or greater than
Vmin and the resulting liftoff is at a greater margin above Vipjp than specified.
Air distance, shown in Figure 5-2, decreases as takeoff marvgin inereases but for
margins greater than 25 percent the decrease in air distance becomes fairly con-
stant.

The total distance over & 50-foot obstacle is shown in Figure 5-3. The mini-
mum distance, at a constant gross weight, occurs with » margin of approximately
20 pereent above Vi, This 20 percent margin above Vi also insures that
sufficicnt mancuvering capability, 0.44 normal g's, is available to obviate the
requirement for a minimum mancuver margin,

52,2 ROTATION RATE LESS THAN OR EQUAL TO 8 DEGREES PER SECOND
(89S 8 DEG/SEC) — Total takeoff distance over a 50-foot obstacle as a function of
rotation ratc of constant gross weights is presented in Figure -4, Within the
range considercd, the insensitivity of takecoff distance to rotation rate allows other
considerations to determine rotation rate, Estimates for the EBF baseline con-
figuration show that a pitch acceleration of 16 dcg‘/scc2. as recommended by
Reference 2, would give a pilot rating of 3 1/2, and when integrated over the
rotation period is equivalent to a constant 8 deg/sce rotation rate,

H=31



BASELINE EBF CONFIGURATION
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Figure 5-1, Ground Distance As a Function of Takeoff Margin
and Gross Weight

BASE LINE FBF CONFIGURATION
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Figure 5-2, Air Distance Over 50-Foot Obstacle As a Function of
Takcoff Margin and Grnes Weight
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B BASE LINE EBF CONFIGURATION
' 8( = 25* Alt = 2,500 Ft., Hot Day
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Figure 5-3. 'l'otal Distance Over a 50-Foot Obstacle As a Function of Takcoff
Margin and Gross Weight
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Figure 5-4. Total Takeoff Distance Over a 50-Foot Obstacle As a Function
of Rotation Rate and Gross Weight

5.2.3 COEFFICIENT OF ROLLING FRICTION — As shown in Figure 5-5 the co-

efficient of rolling friction has a significant impact on the takeoff distance. Guide-
lines for this parameter are given in Section 3.0 (0.025 for dry concrete and 0. 10

for a CBR ¢ ficld).

5.2.4 GRADIENT CAPABILITY — Figure 5-6¢ shows a map of climb grudient
available for the STOL takecoff spectrum. Adequate gradient is available for all
speeds using the EBF bhasgeline configuration, It is recommended that the climb
gradient should meet or exceed the minimums of Reference 8, i,c,, for 4 engine
ajrcraft with one engine failed the climb gradient shall be greater than 3 percent
or 300 FPM rate of climb, whichever is greater.

5,2.5 TANGENTIAL ACCELERATION GREATER THAN OR LGUAL TO 7 ERQ

(ap = 0) — The tangential acceleration, i.c., the acceleration along the flight
path, should be greater than or cqual to zero at all titnes during the takeoff,

5=0
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BASELINE EBF CONFIGURATION

Gf = 25° ALT = 2,500 FT, HOT DAY
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Coefficient of Rolling Friction, uR

Figure 5-5, Tctal Distance Over a 50-Foot Obstacle as a Function
of Rolling Friction and Gross Weight

This constraint is imposed to climinate the potentially hazardous situation where
the aircraft is allowed to decelerate during the airborne portion of the takeoff and
exchange aircraft kinetic energy for altitude. Even though this decelerating
technique yields a small decrease in the takeoff-air distance, as shown in Figure
5-7, it requires the pilot to pushover to a lower flight path angle, in close proximity
to the ground, after the obstacle is clearcd. If the tangential acceleration is equal
to or great>r than zero, however, the takeoff flight path may be continued to an
altitude where a decrease in flight path angle can be accomplished with a higher
degree of confidence.

5.3 LANDINu
The three major aspects of landing performance are:

1. Approach and touchdown spced,
2. Glide slope angle.

3. Decceceleration capability.
Possible inclusion in this list are waveoff requirements and minimum speed.

5=-17
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These items, however are covered elsewhere in this document, Section 5.1 and
.4, The landing ground rules presented below were used for this study:

1. Power approach speed greater than‘or equal to 1,15 times minimum speed
(VpA ©1.15 V5,,) Or minimum speed plus 10 knots (Vpy < Vinin *+ 10 Kts.)

2, The power setting used during approach is constant to touchdown.

3. Touchdown, nose up attitude greater than or equal to the static ground
attitude,

4. Rotation rate less than or equal to 8 degrees per second (8 =8 deg/scce).

5. Moaximum rate of sink less than or equal to 1,000 feet per minute
(R/S < 1,000 FPM).

5.3.1 POWER APPROACH SPEED GREATER THAN OR EQUAL TO 1.15 TIMES
MINIMUM SPEED (Vpp 21.15 Vpjp) OR MINIMUM SPEED PLUS 10 KNOTS

(VpaA 2 Vinin + 10 KNOTS) — The ratio of approach speed to minimum speed is
discussed in Scction 6.3 and is intended as a gust protection measure and maneuver
margin, This minimum spced margin provides @ mancuver margin of approxi-
mately 0,3 normal g's,

5.3.2 TOUCHDOWN SPEED IS EQUAL TO POWER APPROACH SPEED

(Vop = Vp A) — Touchdown specd is sct equal to the power approach speed to
simplify pilot work load and insure inaximum precision in touchdown point, No
rate of sink at touchdown is specified other than the maximum rate of sink during
the approach. The rationale behind a constant air speed - constant sink rate
approach is to maintain a constant attitude throughout the final part of the approach
for flight path precision. Also, with this mcthod a flare close to the ground and
the accompanying inaccuracies in touchdown are avoided.

5.3.3 TOUCHDOWN, NOSE UP ATTITUDE GREATER THAN OR EQUAL TO THE
STATIC GROUND ATTITUDE — The aircraft pitch attitude must he greater than

or cqual to the "three point'" attitude. This constraint is imposed to eliminate nosc-
wheel first landings and the associated control problems.

5.3.4 ROTATION RATE LESS THAN OR EQUAL TO 8 DEGREES PER SECOND
(8 = 8 DEG/SEC) — The rotation rate limit of 8 degrees per sceond is determined
by a level of pitch aceeleration and is discussed further in Section 5,2, 2 above,

5.3, MAXIMUM RATE OF SINK LESS THAN OR EQUAL TO 1000 FEET PER

MINUTE (R/S = 1000 FPM) — The maximum rate of sink was set using guide-
lines suggested by Reference 5. The justification for this maximum is, "that

H=9



pilots are reluctant to exceed a rate of descent of 1000 Ft. /Min. when below an
Even in VIR conditions the time available for making

Tt

altitude of about 200 feoet,
decisions hecomes too short,e . .

v

5.3.6 GLIDE SLOPE ANGLE — The usual requirement for STOL aireraft is a
"steep descent angle”. Specifying an angle, however, is felt to be outside the
scope of this document because of the unicque requirements for cach aireraft design
which specify a minimum glide slopé for; terrain avoidance, ground fire exposure,
cetc. Other aircraft which operate in the STOL environment have no requirement
for a steep descent and need only meet a ground distance constraint. The maxi-
mum permissible glide slope angle however is set by the combination of approash
speed and the maximum rate of sink discussed in Section 5.3.5 above. Glide slope
angle as a function of gross weight is shown in Figure 5-8, and a map of c¢limb/
descent gradient capability for onc gross weight is shown in Figure 5=9, for the
haseline Externally Blown Flap configuration,

BASELINE EBF CONFIGURATION
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Figure 5=8, Glide Slope Angle as a Function of Gross Weight

5¢3.7 DECELERATION CAPABILITY = Deceleration from touchdown to stop can
be accomplished with three major afreraft systems, used cither singly or in com-
bination, Thesc systems include wheel braking, acrodynamic hraking and reverse
thrust. Wheel brakes are the most common form of aireraft deccleration devices

H=10



DASE LINE EBF CONFIGURATION
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Figure 5-9. Climb Descent Capability as a Yunction of Velocity

and should be used to their maximum effectiveness. Sample values for braking
friction are shown in ¥igure 5-10 and discusscd in Section 4. For current tech-
nology braking svstems a one second time delay from touchdown to "brakes=-on' is
recommended, This one second delay allows the nose to be lowered to the ground
attitude, the wheels to "spin-up'' to ground speed and for the braking system to be
applied. Acrodynamic braking is considcred only in the sense of symmetrical
spoiler or lift dumper actuation which increases acrodynamice drag but more im-
portantly decreases or eliminates the wing lift and incrcases the wheel brake
cffectiveness., Reverse thrust systems should be used only if, as stated in Refer-
ence 2, they are safe and reliable, and should only be used symmetrically to avoid
assymetric braking and subscquent steering difficulties, A two seonnd delay after
touchdown is appropriate to allow the throttles to be retarded, sclect reverse thrust,
and increase the throttles from the idle position. An increment is also incorporated
into the two second delay to avoid overloading the pilots with diverse tasks during one
short timme delay. Reversc thrust used sheuld be to the maximum available within
design and engine manufacturer's limits.
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5.4 WAVEOFF

The current set of ground rules used for the STOL transport evaluation conducted
during this contract cffort did not specify a requirement pertaining to waveoft
capabilities. The proposed civil regulations, Reference 8, do require waveoff

5-11
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BASELINE EBF CONFIGURATION
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Figure 5-10. Total Landing Ground Distance As a Function
of Braking Coefficient

capability for all engines operating and also with onc engine inoperative. In Refer-
ence 5 it was also concluded that is is necessary that the pilot have the option of
discontinuing the approach at any time before he initiates the landing flare. 1t is
therefore recommended that the proposed takeoff and landing performance ground
rules include requirements for waveoff capabilities. It is felt that the civil regu-
lations arc applicable for waveoff and it is reccommended that the criteria given in
paragraph XX. 66 of Reference 8, as modified helow, be included in the proposed
requirements,

"The steady gradient of climb may not be less than 3.2 pereent or
the steady rate of climb may not be less than 250 feet per minute,
whichever is greater, after the pullout during a balked landing
mancuver with:

(a) The engines at the power or thrust that is available cight
scconds after initiation of movement of the power or thrust
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lever from the minimum flight idle position to the takeoff
- - - - position, or four seconds after initiation of movement of
' the power or thrust lever from the approved power position
to the takeoff position, whichever is more critical,

(b} A climb speed at the start of the waveoff of not more than
the power approach speed (VPA).

{¢) A change in configuration, e.g., retracting landing gear,
partial retraction of flaps, etc,, is allowed."

] A sample case of the waveoff maneuver for the baseline Externally Blown Flap o
- configuration is presented in Figure 5-11,
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Figure 5-11, Waveoff Time History for the Externally Blown Flap
Configuration With All Engines Operating
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SECTION &

STABILITY AND FLIGHT CONTROL

For those aspects of the takeoff and landing performance specification that are
stability and control oriented the approach was to use MIL-F-8785B (Reference 1)
as the framcwork from which flying qualities requirements were selected, al-
though soine of the basic requirements from MIL-F-8785B were qualitative or
incomplete. In those cases, they were supplemented with material from other
sources, such as MIL-F-83300 (Reference 2), or Convair's interpretations based
on past design cxpervience. The decision Lo rely on MIL-F-8785B was arrived

at after reviewing some preliminary results of the stability derivatives sensi-
tivity study being conducted under this contract, and from study of the Back-
ground Information and User Guides for both MIL-F-8785B and MIL-F-83300
(References 3 and 4). In addition, the STOL handling qualities criteria from
Reference 5, which emphasized the landing-approach, were heavily relied upon
for supplemental information. Tenfative commercial STOL Ajrworthiness
Standards in Reference 8 were also reviewed and evaluated, Rationale for

the selected criteria are given in the following paragraphs. From the STOL
Tactical Aircraft Investigation Statement of Work, the handling qualities items

to be considered in providing allowances for the relationship of takeoff and land~
ing distances to power-on speed margins are the effects of engine failure, reaction
time, gusts, flight control system mechanization, and pilot technique,

6.1 ENGINE FAILURE

The effects of engine failure do not appear directly as a power-on stall speed
margin, but they will place restrictions on the minlinwn allowable rotation
speed (VR)' speed over the obstacle (Vz) , and approach speed (Vp A)' Restrict-

ions on VR come about from consideration of thrust loss on the ground during

takeoff roli, and the engine~out minimum control speed for this condition is
designated VM cG References 1, 2 and 8 all contain criteria for establishing
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VM oG’ given in paragraphs 3,3.9.1, 3.8.9.1 and XX, 149 (b) of the respective

specifications, There are no conflicts between the military and commercial
requirements, but the commercial specification does not quantify a means for

determining VM cG* In general, this situation cxists throughout those parts of

Reference 8 which are concerned with flying qualitics. The reason is that the
military flying qualitics specifications arc structurcd for use as contractual
documents, while the civil requirements arc regulatory documents, Con-
sequently, the military specifications arc generally more uscful for aireraft
design purposcs,

The VM cG requirements given in References 1 and 2 are esscentially the

same, It is proposcd that paragraph 3.3.9.1 of MIL-F-8785B he used, with one
modification, as thc criterion for establishing VM Tt The proposcd modification

is that, since the STOL runway will generally be narrower than for CTOL, the maxi-
mum allowable deviation in ground track of 30 Ft. should be reduced for STOL operations,
Typical runway widths are 150 Ft, for CTOIL and 100 Ft. for STOL. The 60 Ft, runway
width per TAC ROC 52-69 is unrcalistic when consideration is given to turning radius,
engine proximity to runway cdge, cte. It is therefore recommended that the 30 Ft,
deviation be reduced by the ratio 100/150, or to 20 Ft. The proposed requirements will
be summarized at the end of this document,

The enginc-out conditions that place restrictions on V2 arc related to thrust

loss after the aireraft becomes airborne and the minimum control speed for this

condition is designatcd VM CA® Criteria for establishing VM CA from Reference 1

arc contained in Paragraphs 3.3.9.2 and 3.3.9.3., Additional airborne, engine-
out criteria are specificd in Paragraphs 3.3.9.4 and 3.3.9.5, but they are not
norm:lly critical design conditions. Refercnce 2 VM CA criteria arc given in

paragraph 3.8.9.2, and in paragraph XX. 149(a) for Reference 8, Here too, there
arc no conflicts hetween the thiee documents, and in this case, Reference 8 does

supply quantitative VM CA criteria, For consistency, it is proposed that the

criteria from MIL-F-8785D, paragraphs 3.3.9.2 and 3,3,9,.3, be used, Once
modification to paragraph 3.3.9.3, which deals with transicnt cffccts, is proposed,
It is recommended that the qualitative eriterion, .. '"dangerous conditions can be
avoided, " be replaced by the requirement that the heading change shall not exceed
20 degrees and the peak bank angle not exceed 15 degreces,

A final item concerning cnginc-out control characteristics to be discussed is
the waveoff, Nonc of the flying qualitics documents specifically discuss engine-
out waveoff characteristics, and perhaps it can be rationalized that the enginc-out
wavceoff is a double-failure condition, so that it nced not be considered, However,
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- capability without also requiring that VP 5 never be less than VM

in some cases minimum engine-out climb capabilities in the Power Approach con-
figuration are specified, It would be inconsistent to require engine-out climb
CA in the power
approach configuration, It is therefore recommended that V. >

PP gu pa> Vmea' with

0,3g normal load factor available at Vp A where VM CA is determined from the

criteria in paragraph 3,3.9.2 of MIL-F-8785B, with the airplane in Power Approach
configuration. The reason for proposing a factor of 1,0 for the speed margin between

VM CA and VP A is that, in the operational situation, the remaining engines will be

advanced from approach thrust to takeoff thrust at the pilot's discretion, so that
transient effects should be minimal,

6.2 REACTION TIME

The effects of pilot reaction time will be reflected in those engine-out minimal
control spceds for which transients are a factor, The affected requirements are
those in paragraphs 3.3.9.1 and 3,3.9.3 of MIL-F-8785B. A time delay of at
least 1 sccond is included in the criteria of paragraph 3.3,.9.3. It is recommended

that a time delay of 1 second also be included in the requirements of paragraph
3.3.9.1,

6.3 GUSTS

Gust effects will be considered as one of the factors which influence selection of

the final stall or minimum speed margin, Gust models are given in Section 4.7

of MIL-F-8785B which can be used to evaluate gust sensitivity of individual con-
figurations, but the specifications do not provide means to directly allow for gusts
in the speed margin, More information on this subject is expected to be accumulated
during the simulator studies that will be conducted under this contract, but for
present purposes it is recommended that Reference 5 be used as the standard for
establishing a minimum spced margin for the landing approach flight phase, An
overall speed margin of 15% above minimum airspeed was considered to be
adequate for the aircraft evaluated in Reference 5, and a good discussion of all

the factors contributing to the final selection of a 15% margin is given on pages 12
through 14 of Reference 5, The comments relating to gusts are briefly summarized
below:

""The 15-percent margin was sufficient to account for inadvertent spced
excursions, wind shears, and gusts encountered during the tests, ,.. It
was calculated that this margin permitted any of the following: (1) a
vertical gust of 10 Kts. without buffeting, and larger magnitudes without
oxceeding maximum lift and control limits;,,,"

The above criteria should be considered tentative, since the aireraft evaluated did
not include STOL turbofan-powered lift systems,

6~3

B e e A L W O
il ! s

[T

Wl

il

e

Lk




Surveys of the literature produced no information for the takeoff flight phase com-
parable to the work of Reference 5. However, our takecoff performanoe studies
£ : - have indicated that optimum takeoff field lengths can be obtained by starting the

rotation segment at a speed that will achieve liftoff at 1.2 VMIN' Intuitively, it

would seem that a 20% margin should provide more than adequate gust allowance

for takeoff. 1t is therefore recommended that VL 02 1.2 VMIN'

¢

6.4 FLIGHT CONTROL SYSTEM MECHANIZATION

The identification of a simple, measurable parameter that could be used to relate
flight control system characteristics to power-on speed margins is rather difficult,
Required characteristics for the primary and secondary flight control systems are
specified in Sections 3,5 and 3,6 of MIL.-F-8785B, and therc is little doubt that if
all these required chacacteristics were demonstrated the ajrcraft would receive
acceptable ratings, Detail design of the flight control system usually has not
progressed to the point where compliance with these requirements can be shown
during the early stages of the configuration design cycle, when takeoff and landing
performance is generated. However, the importance of control system characteris-
tics is fllustrated by the following conclusion from Reference 5:

M:\L‘ML\ al i ]L‘\Wmmmﬂl]i‘.‘\nm.‘.l
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"It is concluded that with the generally low level of stability and damping

present on STOL aircraft, the mechanical control characteristics assume

a larger importance in overall handling than they do in conventional o
ailrcraft. The control iriction, gradients, harmony, sensitivity, lags, .- g
etc., are as important as che basic stability and damping of the aircraft,
In fact, in most cases, these are indistinguishable by the pilot and must '
be included in evaluating aircraft stability and control, Insufficient

gsysterzatic work has been done to define acceptable mechanical control
characteristics for STOL cruft;,.."

Bl i

bt i

As to the recommended action for insuring satisfactory flight control system
chavracteristics, it would appear that a gcod start has been mmade in MIL-F-8785B
towards supplying design criteria, although many of the requirements are still
qualitative. In traditional design practice for CTOL aircraft, in-depth analyses
of potential flight control system concepts is not normally accomplished carly

in the predesign phase. Most of the early effort is devoted to properiy sizing the
external aerodynamic stabilizers and control surfaices, with mechanical design
of the flight control system and detailed control force tailoring following at a
later date. With properly sized external surfaces, mechanization and force
tailoring could normaslly be accomplished on a low-risk basis. It is concluded
that the first action required to assure that control system mechanical characteris-
tics do not impose restrictions on STOL takeoff and landing performance would be

et bt i s
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to simply reoxient design philosophy to address, early in the design cycle, those
- flight control system criteria of MIL~F-8785B that have been identified in
Reference 5 as being critical for STOL operations. The most appropriate
requirements from MIL-F-8785B appear to be those in paragraphs 3.5.2.1,
3.5,2.2, 3.5.2.3, 3.5.3, 3.5,7,1 and 3,5.3,2,

6.5 PILOT TECHNIQUE

It is also difficult to establish a quantitative parameter to acoount for the cfiects
of varying pilot technique on takeoff and landing performance. In the past, the
most common means used fo explicitly state these effccts was to apply a factor to
the demonstrated (or calculated) field lengths and/or absorb them into the stall or
minimum speed margins. But there is also the implicit relationship to basic
flying qualities of the airplane, in that the magnitude required for these factors
will be directly related to the goodness or poorness of the basic flying qualities,

In this area there is a conflict between Civil and Military regulations, since
the standaxd practice for commercial aircraft has been to require demonstration
of maximum performance and then multiply those field lengths by factors
(uwsually 1,15 for takeoff and 1/0, 6 for landing) to account for the operational
environment. On the other hand, military requirements in MIL-C-5011A 4o not
specify factors on the demonstrated field lengths, the philosophy being that the
demonstrated performance is to be conducted under conditions representative of an
operational situation, Some additional information is contained in Reference 5,
in which recommendations are made concerning the demonstration of landing
performance. These comments are summarized below:

""The landing performance for STOL aircraft should be demonstrated
under conditions close to an operational environment and factors per-
tinent to that craft should be used for determining the operational field
length, The flight path should be constrained to a designated obstacle
clearance angle as well as a designated landing area, and a task should
be incluied to expose adverse handling characteristics, This is in
contrast to the current procedure of FAR 25 and 121 of permitting a
"maximum effort'' landing demonstration anywhere on a dry runway and
then dividing this distance by 0,6 to cover operational environiments, A
different method is recommended because one factor cannot cover the
effects of gust, runway condition, and landing technique for all STOL
aircraft, "

Based on the above discussions, it i8 proposed that no additional factors be
included in the takeoff and landing field lengths to account for pilot technique, It
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is felt that satisfactory results will be obtained by relying on the speed margins
- proposed in the previous paragraphs and by showing oomplianoe with tho hn.ndnng
qualitles oriteria from MIL-F-8785B and MIL-F-83300, '




E:

i

L

;‘i{
¢

i

UL ELLTI

o T L, AR L

SECTION 7
CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations are the results of the study. The
recommended guidelines o be used for tactical STOL transport with high flotation
gears operating on a CBR 6 field are:

1. 1,000 feet of clearway at each end of runway.

2. Takeoff decision is made at the rotation point.

3. ‘I'hree engine takeoff from decision point.

4, Rejected takeoff from decision point,

5. Initial landing flare =~ 7-1/2 degrees to AIM point at 100 feet past the
approach end of the runway.

6. Waveotf capability at 50 feet or continue to partial flare and touchdown,
7.  Rolling coefficient = 0,10,
8 Braking coefficient = 0,30 to 0,50,
9, Wheel spinup activates 1ift dumpers and brakes,
10, Full braking in 1 second,
11, Thrust reversal activated in 2 seconds and is effective to zero knots,
12, Indicators or markings for visual cues.
These CBR 6 guidelines are shown in Figure 7-1.

The following takeoff and landing ground rules are recommended:
T akeoff

1, Rotation speed greater than or equal to minimum speed (VR =V ).

g
2. Liftoff speed greater than or equal to 1.2 times minimum speed

2
(VLO 1.2 vmin)'

-
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TAKEOF F DECISION POINT

a. FOUR ENGINE TAKEOFF \ 2,000 ¥T
@ROLLING COEFFICIENT = 0.10

1,200 FT_

LIYTOFF LIMIT
(1,500 1'T)
ROTATE & ACCELERATE
ON FOUR ENGINES

800 FT

b. REJECTED TAKEOFF (1,900 ¥1)
®ROLLING COEFFICIENT = 0. 105
@BRAKING COEFFICIENT = 0.30 | SEC FOR DRAKING
®2 ENGINE THRUST REVERSAL IME DELAY | 3 She vor
DOWN 10 ZERO KNOTS P DEL SEC ¥C
THRUST REVERSAL

T ABORT

¢, THREK ENGINE EMERGENCY TAKEOIF
OROLLING COEFFICIENT = 0.10

LIFTOFF

(2,000 FT)

>

R ACCIELERATE
d. LANDING ON 3 ENGINLES
®BRAKING COEFFICIENT = 0.30
OWHEEL SPINUP ACTIVATLS
LIFT DUMPERS & BRAKES

ENGINE OUT

WAVEOFF CAPABILITY MAXIMUM

bl
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M
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w‘“ﬂ b K 20wt v

AT 50 FT OR FLARE STOP
TO 3-1/2 DEG, - TIME (1,750 I'T) E
GLIDEPATIH DELAY - :

1 SEC FOR BRAKING E
500 FT TOUCHDOWN
100 T ZONL 3
- AIM POINT P
AP % 7-1/2 DEG
Figurce 7-1. CBR 6 Ficld Guidelines
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3.  Rotaticn rate less than or equal to 8 degrees per second (§s8 Dog. /Sec.).
4.  Tangential acceleration greater than or equal to zero (a, > 0). T
0. Flaps are set in the takeoff position at the start of the takeoff run,

1, Power approach speed greater than or equal to 1,16 times minimum
speed (VPAz 1.15 me) or minimum speed plus 10 knots

- (VPA> Vmin + 10 Kts,) .
2, Touchdown speed is equal to power approach speed (VTD = VP A).
3. Touchdowh, nose up attitude greater than or equal to the static ground
attitude.

ol |

i

4. Rotation rate less than v equal to 8 degrees per sccond ( 8 < 8 Deg./
Sec.).

& bl

il
b

5. Maximum rate of sink less than or equal to 1,600 feet per minute
(R/Ss 1,000 FPM).

N

Minimum flying speed is defined in the takeoff and landing ground rules as being
the groater of:

o AL

S

1. Power on stall speed with; the most critical engine failed, all other
engines at takeoff power, and out of ground effect,

Wl

2, A speed limited by reduced forward field of vision or extreme nose-
up pitch attitude,

3. The speed at which abrupt and uncontrollable pitching, yawing, or roll-
ing occursin md out of ground effect condition, i,e., loss of control
about any single axis.

4. The speed which is a safe margin above the speed where intolerable
buffet or structural vibration {8 encountered.

E
The appropriate paragraphs of MIL-F-8785B (Reference 1) that should be con- ,zi
sidered as integral requirements when determining STOL performance are: 3
3.3.8.1, 8.3.9.2, 3.3.9.3, 3.5.2,1, 3.5.2.2, 3.5.2.3, 3.5.3, 8,5.3.1, and 3
3.5.3.2, Changes are recommended for Paragraphs 3.3,9,1 and 3,3.9.3, The 4
modified paragraphs are: i




3.3.9.1 Thrust loss during takeoff run, It shall be possible for the
___pilot to maintain control of an airplane on the takeoff surface follow-
ing sudden loss of thrust from the most criticai factor. Thereafter,
it shall be possible to achieve and maintain a straight path on the
takeoff surface without a deviation of more than 20 feet from the path
_originally intended, with rudder pedal forces not exceeding 180 pounds.
For the continued takeoff, the requirement shall be met when thrust
is lost at speeds from the refusal speed (based on the shortest runway
from which the airplane is designed to operate) to the maximum take-
off speed, with takeoff thrust maintained on the operative engine(s),
using only elevator, alleron, and rudder controls. For the aborted
takeoff, the requirement shall be met at all specds below the maximum
takeoff speed; however, additional controls such as nosewheel steering
and differential braking may be used., Automatic devices which normal-
ly operate in the event of a thrust failure may be used in either casc.
A time delay of at least 1 second shall be considered.

Mg e

3.3.9.3 Transient effects — The airplanc motions tollowing sudden
asymmetric loss of thrust when airborne shail not exceed 20 degrees

heading change or 15 degrees of bank angle. A realistic time delay
of at least 1 second shall be considered before initiation of pilot cor-
rective action.
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